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1

 Introduction

The current role of nonoperative techniques for 

the cervical spine is controversial, but it is criti-

cal that all spine surgeons have the ability to per-

form a closed reduction in their repertoire [1]. 

Closed reduction may be followed by treatment 

in a halo orthosis or a cervical collar as the defin-

itive method of treatment, or it may be used in 

the initial phase as an adjunct to eventual surgi-

cal stabilization [1]. A closed reduction is almost 

exclusively performed for injuries in the cervical 

spine, but there are a variety of fractures and dis-

locations of the cervical vertebrae that can be 

corrected using closed reduction techniques.

 Indications and Patient Selection

The primary indication for a closed reduction of 

a spinal injury is a displaced cervical fracture or 

dislocation that is either compressing the neural 

elements or a cervical injury that is unstable and 

has the possibility of compressing the neural ele-

ments [2]. Specifically, cervical traction can be 

used to treat cervical facet subluxations/disloca-

tions, AOSpine C type (Translation) injuries, 

burst fractures, displaced odontoid fractures, and 

displaced hangman’s fractures (with the excep-

tion of IIa fractures) [1, 3]. If a patient has an 

incomplete neurologic injury with continued spinal 

cord compression, urgent spinal cord decompres-

sion is recommended [4]. Surgeons should know 

the capabilities of their institution, and if a surgi-

cal decompression cannot be done expeditiously, 

a closed reduction should be performed [2].

 Pre-procedure Considerations

Before inserting the Gardner-Wells tongs, the 

patient must be checked for coexisting injuries. 

If fractures of the skull are discovered, then other 

options should be explored; however not all skull 

fractures are a contraindication to traction (such 

as base of the skull fractures), and so traction 

may still be used if the fracture and its distribu-

tion are thoroughly understood. The use of 

mailto:mmarkowitz22@gmail.com
mailto:alex.vaccaro@rothmaninstitute.com
mailto:alex.vaccaro@rothmaninstitute.com
mailto:gregdschroeder@gmail.com
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Gardner-Wells tongs is contraindicated if there 

are soft tissue injuries near the traction site [1]. 

Another consideration is the choice of traction 

tong to be used during the reduction. Although 

there are tongs that are compatible with MRI, 

these tongs are not able to bear as much weight. 

Therefore when using traction for injuries in 

which a significant amount of weight may be 

needed, such as a C7/T1 facet dislocations, stain-

less steel tongs should be used as opposed to 

MRI compatible tongs [2].

Before any intervention begins, it must be 

assured that the facilities used have the proper 

equipment to handle a reduction, as well as the 

possible complications. This must include access 

to an MRI which is necessary if there is any rapid 

deterioration of neurological signs. Before begin-

ning the procedure, a neurological examination 

should be taken to serve as a baseline for repeat 

neurological exams during the procedure [5].

 Technique

 Gardner-Wells Traction

The first step is clear identification of the injury 

using CT or radiographs of the cervical spine. 

After identification, the patient is prepared in a 

RotoRest bed (KCI, San Antonio, Texas) or 

Stryker bed (Stryker, Kalamazoo, Michigan), and 

the skin is prepped with an iodine solution [5]. 

Most commonly Gardner-Wells tongs are applied 

approximately 5–10 mm above the pinna of the 

ear in line with the external auditory meatus. It is 

critical that the pins are located below the equator 

of the skull to prevent the pins from pulling out 

after weight is applied. The pins should be tight-

ened until the force indicator is approximately 

1 mm above the surface, which is 31 lbs of force 

[1]. Importantly, while the risk of overtightening 

the spring-loaded pins exists, penetration of the 

inner table of the skull leading to abscess or hem-

orrhage is a rare complication. Cadaveric studies 

demonstrated nearly 162 pounds of force were 

necessary to penetrate the inner table of the skull, 

whereas only 30 pounds were needed to secure 

the pins appropriately [6]. A folded towel may be 

used under the patient’s neck in order to get an 

improved angle for the reduction. Intravenous 

narcotics for pain control and muscle relaxation 

can be administered, but it is critical the patient 

be awake and alert and able to participate in a 

reliable neurologic exam [1]. The placement of 

the tongs more anteriorly or posteriorly depends 

on the direction in which the vector of force must 

be applied. Anterior application of the tongs will 

lead to extension of the neck, while posterior 

placement will lead to flexion of the cervical 

spine. Posterior placement of the pins can be ben-

eficial in cervical facet dislocations, as often a 

significant flexion moment is needed in the 

reduction. If an anterior application of the tongs 

is used, they must avoid the temporalis muscle 

and superficial temporal artery and vein [5].

Patient positioning is crucial when adminis-

tering tong traction. While supine positioning is 

preferred, the use of reverse Trendelenburg or the 

application of arm/leg weights should be utilized 

to counteract the traction weight as it is added to 

the skull throughout treatment. When using beds 

designed for traction, often shoulder rests are 

present to prevent translation of the entire body 

when traction is applied [2]. Prior to placing any 

weight on the tongs, a thorough neurologic exam 

should be performed and documented. Similarly, 

every time any weight is added, a thorough neu-

rologic exam should be performed and docu-

mented. If at any time the patient begins to have 

new neurologic symptoms, the closed reduction 

should be aborted, and the patient should undergo 

urgent MR scanning prior to surgical interven-

tion. Traction should begin at 5–10 pounds and 

steadily increased with 5–10-pound increments 

every 10–20 min in concurrence with serial neu-

rologic and radiographic studies [7]. The patient 

must remain alert and oriented and able to par-

ticipate in the exam after the addition of increased 

weight [2]. This method helps prevent over dis-

traction of an already unstable injury as well as 

avoidance of muscle spasms derived from the 

traction itself. It is important to note that physical 

manipulation to recreate some of the deforming 

forces (i.e., increased cervical flexion in a flexion 

distraction injury) may be needed to help unlock 

the injury, but this should be done with caution, 

T.B. Fried et al.
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as excessive manipulation may result in further 

compression on the spinal cord. Additionally, in a 

unilaterally dislocated cervical facet, an axial 

load applied directly to the located facet while 

the head is rotated 30–40° past midline toward 

the injured facet may aid in the reduction [8].

Once reduction has been accomplished, the 

cervical pathology will then dictate the next step. 

In a cervical facet dislocation, once the facets are 

relocated, all but 10–20 pounds of weight can be 

removed, and the patient can remain in the 

RotoRest bed until surgical stabilization is per-

formed. Alternatively the patient may be placed 

in slight cervical extension in a halo vest. If trac-

tion is being used in the setting of a burst fracture 

with retropulsion, the weight needed to decom-

press the spine through ligamentotaxis may 

remain on the tongs (10–20 lbs) until surgical 

decompression occurs.

 Halo Traction

The initial evaluation and the actual reduction 

technique are almost identical when performing a 

reduction with halo traction compared to 

Gardner-Wells tongs; however attachment of the 

halo to the patient is significantly different. 

Initially the ring should be appropriately sized to 

fit with at least 1 cm of clearance between all 

points of the head and attached via the four pin 

sites [7]. With halo traction the optimal pin sites 

anteriorly are the anterolateral areas of the skull, 

about 1 cm superior to the orbital rim, superior to 

the lateral two thirds of the orbit, and inferior to 

the greatest circumference of the skull bilaterally 

[9]. While lateral placement is more ideal, atten-

tion to the temporal fossa is also critical as this 

bone is thin and in close proximity to the muscles 

of mastication and the zygomaticotemporal nerve 

[10]. The exact pin placement posteriorly is not 

as crucial, as the skull is more uniform and 

thicker, and neither neuromuscular nor vascular 

structures are not in harm’s way. Initial data sug-

gested that pins only be inserted with a torque of 

5–6 inches/pound, but that changed when cadav-

eric studies determined up to 10 inches/pound of 

torque can be used to secure pins in place safely. 

Recently, it has been determined that a torque of 

8 inches/pound was preferred during traction- 

reduction with minimal incidence of pin loosen-

ing and infection [9]. While the authors routinely 

use Gardner-Wells tongs for traction if the patient 

is going to require surgery, if the injury is to be 

treated definitely in a halo orthosis, the authors 

will use a halo for traction, and once the reduc-

tion is achieved, the reduction can be locked into 

place with the halo vest orthosis.

 Head-Halter Traction

A third, however rarely used way to perform cer-

vical traction is through a head-halter apparatus. 

This apparatus is preferred by some because it is 

entirely noninvasive; however it is not the 

author’s choice because it is unable to handle the 

same amount of weight as tongs. Head-halter 

traction is also associated with the complication 

of temporomandibular joint pain. As a result of 

these factors, this device is not commonly used 

outside of pediatric atlantoaxial subluxation/fixa-

tion [8].

 Illustrative Case

This is a 45-year-old man who slipped and fell 

down the steps in his house. He was brought to 

the emergency room with severe neck pain, but 

neurologically intact. A cervical spine computed 

tomography (CT) scan demonstrated a Type III 

odontoid fracture that was anteriorly displaced 

by 7.5 mm (Fig. 1.1). The decision was made to 

perform a closed reduction and treatment in a 

halo vest. The patient was placed prone on a 

RotorRest bed, and the aforementioned technique 

for halo traction was performed. Initial radio-

graphs demonstrated continued anterior displace-

ment of the odontoid fracture (Fig. 1.2a), and 10 

pounds of weight was added in a posterior vector, 

and 10 pounds of weight was added in superior 

(distraction) vector (bivector traction). A neuro-

logic exam showed no changes, but radiographic 

alignment also did not change (Fig. 1.2b). 

Another 10 pounds was added in both the 

1 Cervical Traction and Reduction Techniques
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Fig. 1.1 Sagittal (a) and coronal (b) CT scan demonstrating a type III odontoid fracture with 7.5 mm of anterior 

translation

Fig. 1.2 Initial radiographs demonstrated continued ante-

rior displacement of the odontoid fracture (a); 10 pounds 

of weight was added in a posterior vector, and 10 pounds 

of weight was added in superior (distraction) vector (b). 

Another 10 pounds was added in both the posterior and 

superior vectors (c), followed by an additional five pounds 

to the superior vector (d). The patient had no neurologic 

changes, but also had no significant change in radio-

graphic alignment

T.B. Fried et al.
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 posterior and superior vectors, followed by an 

additional five pounds to the superior vector. The 

patient experienced no neurologic changes, but 

there was significant change in radiographic 

alignment (Fig. 1.2c, d). The decision was made 

to gently manipulate the fracture. The weight was 

taken off of the posterior vector, and a small flex-

ion moment was placed by the surgeon on the 

halo. This recreation of the deformity “unlocked 

the fracture,” and then 35 lbs of weight was 

placed in a superior vector, and 10 lbs was placed 

in a posterior vector. No neurologic changes were 

noted after manipulation, and a significant reduc-

tion was achieved (Fig. 1.3a). The halo ring was 

connected to the halo vest, and the weight was 

removed. Final upright radiographs demonstrated 

2.7 mm of anterior fracture displacement, and so 

the patient was treated definitively in a halo 

orthosis (Fig. 1.3b).

 Technical Pearls

• All patients should be awake, alert, and able 

to cooperate with a neurologic exam prior to 

the closed reduction of a cervical spine 

injury. After every incremental increase in 

weight, a repeat neurologic exam must be 

performed.

• The use of a bed designed for a closed reduc-

tion is critical. These beds will often allow for 

multivector traction that allows for both a dis-

traction and a flexion moment. Additionally, it 

is often possible to remove the headpiece to 

create an extension moment. These complex 

vectors may be needed for different fracture 

patterns (such as the one in the case illustra-

tion), and achieving them on a bed not designed 

for cervical traction can be challenging.

• Tong pin placement is critical [1]. When flex-

ion is required a more posterior pin placement 

relative to the tragus of the ear is beneficial, 

and when extension is desired, pins should be 

placed more anteriorly. Additionally, if the 

pins are placed asymmetric, there may be an 

unwanted rotational vector on the cervical 

spine [8].

• If possible have a digital X-Ray machine in 

the room, so time is not wasted as the techni-

cian is running to develop the film.

• Similar to fractures elsewhere, slight manipula-

tion to “recreate the deformity” may be needed 

Fig. 1.3 After gentle manipulation of the fracture, a significant reduction was achieved (a), and final upright radio-

graphs in the halo orthosis demonstrated 2.7 mm of anterior translation (down from 7.5 mm)

1 Cervical Traction and Reduction Techniques
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to allow for fracture site disengagement in 

order to achieve an adequate  reduction. Any 

manipulation should be done with extreme cau-

tion, particularly in patients with spinal cord 

compression.

• If the patient is going to be treated definitively 

in a halo vest orthosis, consider using the halo 

ring for traction rather than Gardner-Wells 

tongs.

 Complications and Strategies 
for Avoidance

Since Fehlings et al. demonstrated superior 

long- term neurologic improvement in patients 

who underwent early decompression of the cer-

vical spinal cord after injury, it is clear that 

expeditiously decompressing the neurologic 

elements is paramount [4]. However, cases of 

neurologic worsening during a closed reduction 

leading to displacement of a large disk hernia-

tion into the spinal cord have made the exact 

treatment algorithm of cervical facet disloca-

tions controversial [11]. Often the diagnosis of a 

facet dislocation can be made on a cross table 

radiograph in the trauma bay, and the quickest 

way to decompress the spinal cord would be to 

perform a closed reduction at that time; however 

at many institutions, surgeons prefer to initially 

obtain an MRI to evaluate for the presence of a 

herniated disk or hematoma. The need for this 

delay was questioned by Vaccaro et al. when 

they reported on nine patients who had dislo-

cated cervical facets. All nine patients had a 

prereduction MRI, and two of the nine had disk 

herniation identified on the MRI. A closed 

reduction was then performed on all patients, 

and none had worsening of their neurologic sta-

tus. Additionally, all patients underwent a post-

reduction MRI, and five patients had a herniated 

disk after closed reduction. Based on these 

results, the authors stated that it was likely safe 

to perform a closed reduction in an awake, alert, 

and cooperative patient [12].

In patients with a cervical facet dislocation, 

the authors propose the following algorithm. If 

the patient has dislocated cervical facets, but is 

neurologically intact or has an incomplete spinal 

cord injury, an initial closed skeletal reduction 

may be safely performed prior to obtaining an 

MRI in an awake, alert, and examinable patient. 

Alternatively, an MRI may be obtained prior to 

an open or closed reduction. The urgency of a 

decompression is significantly less in a neuro-

logically intact patient, and the delay in obtain-

ing an MRI is negligible. Conversely, if the 

patient has a complete spinal cord injury, they 

should undergo a closed reduction as soon as the 

injury is identified, as there is little risk of wors-

ening the neurologic outcome. Any patients who 

are not awake, alert, and cooperative should 

undergo an MRI prior to reduction. Lastly, the 

closed reduction should be stopped immediately 

if the patient begins to have worsening neuro-

logic symptoms.

While halo and Gardner-Wells traction are 

effective methods of cervical traction, the pin 

placements for each may be problematic if placed 

improperly. Halo pin placement should take place 

with the patient’s eyes closed. This is to reduce 

tethering of the skin and to avoid the inability to 

close the eyes. Incorrect anterior pin placement 

has been noted to cause injury to the supraorbital 

and supratrochlear nerve, while penetration 

directly into the frontal sinus or orbit is possible 

with excessive pin tightening [7]. To avoid com-

plication, areas where pin placement can be 

safely applied have been defined at approxi-

mately 1 cm above the orbital rim, remaining 

below the equator of the skull, and above the lat-

eral two thirds of the orbit [9]. It is also of impor-

tance to avoid too lateral pin placement as there is 

risk of compromising the temporalis muscle and 

the zygomaticotemporal nerve. Complications 

include impedance of mandibular motion and 

increased risk of skull penetration in this area. 

Posterior pin sites, while less dangerous to the 

immediate anatomic structures, should be placed 

inferior to the widest portion of the skull but 

superior enough to minimize potential cephalad 

pin migration and to avoid ring impingement on 

the upper helix of the ear [7].

Garner-Wells tongs unlike halo devices only 

require the placement of two pins. Appropriate 

pin site insertion is most effective at 1 cm above 

T.B. Fried et al.
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the pinna, lined up with external auditory meatus, 

and inferior to the equator of the skull [2]. With 

pin site insertion, care must be taken as there is 

risk of puncturing the superficial temporal artery 

or penetration to the temporalis muscle. Similar 

to complications of halo pin placement, effects 

of this complication include impedance of man-

dibular motion and increased risk of skull pene-

tration [7]. Pins should also be angled upward 

with simultaneous tightening on insertion until 

the spring-loaded indicator protrudes 1 mm 

above the flat surface of the pin head. Avoid 

overtightening as it may result in penetration of 

the skull leading to potential abscess or hemor-

rhage [2, 13].

Other issues common to both treatment modal-

ities include loosening and infection at pin sites. 

This is much more of an issue when patients are 

treated definitively in a halo orthosis; however 

this also can happen if patients undergo a closed 

reduction to temporarily stabilize the cervical 

spine, and surgical management is delayed. It has 

been reported that the pins loosen in up to 36–60% 

of patients treated with a halo orthosis. Pin site 

infection has been seen to occur in 20% of patient 

cases [14]. When suspicious of infection exists, 

measures must be taken immediately to prevent 

long-term complications. First, it is appropriate to 

obtain bacterial cultures, begin antibiotic therapy, 

and determine appropriate alternative pin loca-

tion. Rarely the pin can penetrate the skull; failure 

to resolve an infected pin within the skull has 

been seen to cause abscess formation and severe 

neurologic sequelae. Alarming symptoms include 

generalized signs of infection, headaches, sei-

zures, disorientation, and psychosis. While skull 

penetration is often a cause of pin overtightening, 

care must be taken to appropriately fixate the pins 

with the right amount of pressure. Typical pres-

sures to achieve skull penetration are much lower 

than necessary to secure the pins appropriately, 

making this error rare. Application with routine 

pin tightening at 1 day and 1 week after halo fixa-

tion and every 24 h for Garner-Wells tongs has 

been proven safe to secure and minimize pin pen-

etration into the skull [14].

 Conclusion

Devices designed to provide cervical traction 

deliver the necessary support for correction of the 

pathologic process while simultaneously risking 

the development of dangerous complications. 

These complications surrounding cervical trac-

tion vary in severity but should always be 

addressed and corrected immediately upon dis-

covery. Cervical traction is indicated for numer-

ous cervical spine pathologies with the goal of 

spinal reduction and prevention or recovery of 

neurologic damage. While the ideal protocol for 

handling cervical spine pathologies remains con-

troversial, the use of traction-reduction can be 

beneficial for many injuries.
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Abbreviations

CT Computed tomography

MR Magnetic resonance

 Introduction

Cervical orthoses are used to restrict movement and 

maintain proper spinal alignment in patients with a 

wide range of spinal pathology, including trauma, 

deformity, and tumor. Halo vest immobilization 

with pin fixation to the skull has been considered 

the gold standard for external immobilization of the 

cervical spine since it was first introduced by Perry 

and Nickel in 1959 [1]. A number of biomechanical 

studies have quantified the degree of cervical immo-

bilization provided by the halo vest [2–5]. Schneider 

et al. [6] performed a biomechanical evaluation of 

intervertebral motion for seven cervical orthoses in 

45 healthy adult volunteers. The halo vest was the 

most effective orthosis for limiting axial rotation 

and lateral bending. Although the halo vest is most 

effective in restricting motion below the C2 level 

compared to more cranial levels [4], Richter et al. 

[7] demonstrated that it is still the most effective 

brace for restricting motion in the upper cervical 

spine (C1-2,C2-3). The halo may provide superior 

immobilization compared to other braces; however, 

the device is less effective in restricting motion at 

levels with instability and at the occipitocervical 

junction and in cervicothoracic regions [5]. Thus, 

careful clinical and radiographic follow-up of each 

patient should be conducted in all cases of spinal 

instability to ensure that the halo is adequately 

restricting motion and that alternative treatment 

(i.e., surgical fixation and fusion) is not warranted.

External immobilization with the halo device 

has several advantages to surgical fixation and 

fusion. First, the halo device may be motion- 

sparing when treating pathology such as hang-

man’s fractures and odontoid fractures. After the 

injured portion of the spine has healed, the patient 

will most likely regain range of motion, which 

would not be the case with most surgical tech-

niques that require fixation and fusion. Another 

advantage is that the halo device eliminates the 

risks of surgery, which may be substantial in 

some patients, such as those that have suffered 

trauma with multisystem injuries. Finally, halo 

vest immobilization can be used as a temporizing 
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measure to treat highly unstable spinal injuries 

while preparing patients for surgery, and it can be 

used in the operating room for positioning 

because the halo can be attached directly to the 

Mayfield head holder.

Although the halo device may be the most 

effective device for external immobilization of the 

cervical spine, it is not completely benign. The 

halo device has been shown to impair vital func-

tions such as swallowing [8], respiratory function 

[9], and mobilization [10] because of the vest’s 

significant weight and constriction. Complications 

associated with the halo device include infection 

at the pin site, pin loosening, decubitus ulcers, 

cerebral abscess, nonunion, and death [11–14]. 

The elderly are particularly vulnerable to serious 

complications with the halo device. Horn et al. 

[14] performed a retrospective review of patients 

70 years of age or older who were treated with 

halo vest immobilization. Of the 53 patients iden-

tified, four patients developed respiratory distress, 

six developed dysphagia, and ten developed pin-

related complications. Eight deaths occurred, of 

which six were secondary to respiratory distress 

and cardiovascular collapse. Thus, it is imperative 

to consider whether the patient is healthy enough 

to tolerate halo vest placement.

 Indications and Patient Selection

The indications for halo vest application remain a 

topic of considerable debate. Pathological enti-

ties that may be treated with halo vest immobili-

zation include fractures of the cervical spine that 

do not significantly compress the spinal cord or 

spinal nerves. Examples of fractures of the upper 

cervical spine that may be treated with the halo 

vest include: Jefferson fractures, type II and type 

III odontoid fractures, hangman’s fractures, and 

various combinations of C1 and C2 fractures 

[15]. Other indications for the use of halo devices 

include preoperative traction for spinal defor-

mity. Halo-gravity traction has been shown to 

achieve partial correction of cervical deformity 

and may decrease the extent of the osteotomy 

needed to achieve correction of spinal alignment 

in some cases [16].

Absolute contraindications for halo vest 

placement include skull fractures and scalp lac-

erations at the pin sites. Relative contraindica-

tions include elderly patients, impairment of 

pulmonary function, and barrel-shaped chest.

 Preoperative Considerations

Several factors must be considered before nonop-

erative management with a halo vest is attempted. 

One of the most important considerations is 

whether the patient will tolerate halo vest immo-

bilization. Elderly patients and patients with poor 

pulmonary function may not tolerate the signifi-

cant weight and constriction of the halo vest. 

Instead, these patients may require nonoperative 

management with a rigid cervical collar or opera-

tive intervention if more rigid fixation is required 

to treat the instability.

Before application of the halo vest, the com-

puted tomography (CT) of the patient’s head (if 

available) should be carefully analyzed. It is 

important to note the location and extent of the 

frontal sinus in order to prevent perforation of the 

sinus. In additional, the patient should be evalu-

ated for any skull fractures that may preclude 

placement of halo pins.

The preoperative alignment of the cervical 

spine must be evaluated to determine which 

maneuvers are necessary to achieve immobiliza-

tion in the ideal alignment. For example, if the 

patient has a fracture with subsequent cervical 

kyphosis, the patient’s spine may need to be 

immobilized in extension to achieve a more lor-

dotic alignment.

During halo placement, appropriate place-

ment of the pins is key to avoid complications. 

Careful preoperative planning should include 

evaluation of CT of the head to determine the 

location and extent of the frontal sinus. 

Perforation of an enlarged frontal sinus with a pin 

can result in intracranial infection, cerebrospinal 

fluid leak, or pneumocephaly [17, 18]. Options 

for safe zones for the anterior pins include the 

supraorbital location and the frontolateral 

 location. The supraorbital location is 1 cm above 

the lateral two-thirds of the orbital rim (Fig. 2.1). 

R.J. Hlubek and N. Theodore
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This area avoids the supratrochlear nerve, the 

supraorbital nerve, and the frontal sinus [13, 19]. 

The frontolateral location is just anterior to the 

triangular portion of the temporal hairline and 

thus may produce a more cosmetically accept-

able result [20]. For either the supraorbital or 

frontolateral location, another key structure to 

avoid is the temporalis muscle, because pin pen-

etration of the temporalis muscle, given its role as 

a muscle of mastication, is painful. The typical 

posterior pin placement is posterior and cranial to 

the ear in the temporo-occipital region, with the 

pins placed diagonal to the contralateral anterior 

pins [13, 19].

 Surgical Technique

Before the halo vest is applied, intravenous mus-

cle relaxants may be administered to provide 

mild sedative and musculoskeletal relaxant 

effects, as well as analgesic effects. However, it is 

important that the patient be alert enough to 

cooperate with the placement of the halo vest. 

The patient is placed supine on a flat bed, with 

the patient’s cervical spine in a neutral position 

with the cranial-most portion of the head par-

tially overhanging the bed. Strict cervical spine 

precautions should be maintained throughout the 

procedure. The circumference of the patient’s 

head is measured across the greatest circumfer-

ence of the skull, which is approximately one- 

half inch above the ears, to determine the 

appropriate ring size. The ring size should allow 

for 1 to 2 cm between the ring and the skull for 

patient comfort and for cleaning purposes. The 

chest circumference should then be measured at 

the level of the xiphoid process to determine the 

size of the vest. The sternal length is then mea-

sured and is used to determine the vest size.

One of the most important steps in applying 

the halo vest is ensuring that the spine is in an 

ideal alignment. A rolled-up towel may be placed 

under the neck/interscapular region to modify the 

alignment as desired. If the roll is placed closer to 

the interscapular region, then the cervical spine 

Fig. 2.1 (a) Illustration of the halo vest components. (b) 

Locations of the safe zone for the anterior pin (green) and 

the danger zone (red) where the supraorbital nerve resides 

(Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)

2 Halo Vest Immobilization
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will achieve a more lordotic position. If it is 

placed in a more cranial position along the neck, 

then the cervical spine will be in a more kyphotic 

position.

A cotton stockinette liner is then rolled up 

from the patient’s waist to just below the patient’s 

axillae.

With the help of an assistant to ensure that 

strict cervical spine precautions are maintained, 

the patient is logrolled to one side, and the poste-

rior vest is placed before the patient is rolled back 

to the supine position. The anterior vest is then 

applied, and care is taken to ensure that the ster-

nal notch and clavicles are not compressed.

The appropriate pin sites are then chosen (see 

Technical Pearls), and the hair is then clipped at 

the desired sites. The pin sites are prepared using 

sterile technique with chlorhexidine swabs and 

then anesthetized with 1% lidocaine with epi-

nephrine. The patient’s head and neck are stabi-

lized manually by the assistant during placement 

of the ring. The ring should be placed as low as 

possible without allowing it to touch the ears or 

eyebrows. The pins are then placed at their 

desired locations. The pins should be finger tight-

ened in opposing pairs. The pins are then tight-

ened with a torque driver to 8 in-lb in adults and 

4 in-lb in small children. Typically, 4–6 pins are 

used in adult patients, and 8 pins are used in pedi-

atric patients. Studies have shown that 8 in-lb of 

force is safe and optimal for anterior and poste-

rior pin placement [21, 22]. Again, the pins 

should be tightened in an opposing fashion so 

that the ring is equidistant to the skull circumfer-

entially. The jam nuts are tightened against the 

halo ring to prevent inadvertent protrusion of the 

pins. The pins are tightened again after 24 h to 

the same torque initially used.

Once the ring is secured, the head position is 

maintained as the bilateral posterior, and anterior 

rods are attached and secured to the ring via the 

superstructure composed of ring attachment disk, 

distraction assembly, and a transverse rod 

(Fig. 2.1).

All bolts and straps are then rechecked to ensure 

that they are adequately secured. Cervical radio-

graphs are obtained in supine and upright positions 

to ensure preservation of optimal alignment. If 

alignment is not adequate, then the upright rods 

and halo ring may be adjusted accordingly to find 

the optimal position for healing.

Finally, daily hygiene is important for the pre-

vention of pin-site infections. Pin sites should be 

cleaned daily with either hydrogen peroxide or 

normal saline.

 Illustrative Case

 History and Examination

A 40-year-old man presented to the trauma bay 

after a motor vehicle accident. Physical examina-

tion revealed tenderness to palpation in his cervi-

cal spine but no neurological deficits. The patient 

reported no significant past medical history.

 Imaging

CT imaging of the cervical spine demonstrated a 

C2 hangman’s fracture (Fig. 2.2). CT angiogra-

phy revealed a traumatic dissection of the right 

vertebral artery along the distal V2 and V3 seg-

ment. The patient administered a 325 mg dose of 

aspirin for treatment of the dissection and to pre-

vent thromboembolic stroke.

 Treatment

The patient was considered for surgical fixation 

and fusion to treat the hangman’s fracture. 

However, several factors persuaded us to attempt 

treatment with external immobilization with a 

halo vest. First, the patient had no injury to the 

C2-3 disk space and no compression of the spinal 

cord on magnetic resonance (MR) imaging. 

Second, the risk of injury to the left vertebral 

artery during surgical fixation and fusion was 

concerning given the traumatic dissection of the 

right vertebral artery. Third, the patient was 

young and healthy without any contraindications 

for halo placement.

R.J. Hlubek and N. Theodore
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 Outcome

After placement of the halo, upright lateral radi-

ography of the cervical spine was obtained to 

ensure ideal alignment (Fig. 2.3). At the patient’s 

2-month follow-up, CT imaging revealed evi-

dence of a healing fracture, with bone beginning 

to bridge the fracture (Fig. 2.4). The halo vest 

was continued for another month, after which 

flexion/extension radiography of the cervical 

spine was obtained. The radiographs revealed 

complete fusion of the fracture and no instability 

(Fig. 2.5). The halo vest was removed at this 

time, and the patient was placed in a rigid cervi-

cal collar. The purpose of the cervical collar was 

to wean the patient from immobilization of the 

neck muscles and allow him to gradually build up 

his paraspinal muscle strength. This collar was 

continued for 2 weeks, at which time he was 

instructed to wean himself from it as tolerated.

 Technical Pearls

• Appropriate placement of the pins is key to 

avoiding complications. Careful preoperative 

planning should include evaluation of CT of 

the head to determine the location and extent 

of the frontal sinus.

• Safe zones for the anterior pins include a 

supraorbital location or a frontolateral loca-

tion. The supraorbital location is 1 cm above 

the lateral two-thirds of the orbital rim. The 

frontolateral location is located just anterior to 

the triangular portion of the temporal hairline 

and may produce a more cosmetically accept-

able result [20].

• During insertion of the anterior skull pins, it is 

imperative for the patient to close his or her 

eyes to prevent skin bunching.

• Avoid pin penetration of the temporalis 

muscle.

• Posterior pin placement is posterior and cra-

nial to the ear in the temporo-occipital region 

Fig. 2.2 Sagittal 

computed tomography 

(CT) images of the 

cervical spine showing a 

C2 hangman’s fracture 

in a patient who suffered 

a neck injury in a motor 

vehicle accident. CT 

images showing 

fractures of the (a) right 

and (b) left C2 pars 

(Used with permission 

from Barrow 

Neurological Institute, 

Phoenix, Arizona)

Fig. 2.3 After halo placement, proper alignment of the 

spine is verified by upright lateral radiography of the cer-

vical spine (Used with permission from Barrow 

Neurological Institute, Phoenix, Arizona)

2 Halo Vest Immobilization
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and diagonal to the contralateral anterior pins 

[13, 19].

• Care should be taken to place pins completely 

perpendicular to the skull in order to achieve 

the most rigid fixation and prevent slippage 

and subsequent scalp laceration.

• The vest should be carefully inspected after 

placement to ensure that all bony prominences 

are adequately padded in order to prevent skin 

ulcerations.

 Complications and Strategies 
for Avoidance

Pin loosening is the most common complication 

of halo fixation, and compressive forces decrease 

an average of 83% during the halo treatment 

period, thereby compromising immobilization 

[12]. It is important that the pins be torqued to 8 

in-lb, because doing so may help prevent loosen-

ing compared to lower torque pressures. 

Additionally, the torque should be rechecked 

24–36 h after application and retightened if nec-

essary. Periodic follow-up should be established, 

and pin torque should be assessed during the 

clinical visits.

Another potential complication is infection at 

the pin sites. Botte et al. retrospectively reviewed 

179 patients and found the incidence of pin-site 

infections to be 20% [13]. The best protection 

against pin-site infection is sterile technique dur-

ing application of the pins and optimal pin care. 

When applying the halo ring, a 1–2 cm gap must 

be present between the ring and the skull. This 

gap allows for daily cleaning with soap and water.

Injury to the supraorbital and supratrochlear 

nerve is a potential complication of halo vest 

Fig. 2.4 Computed 

tomography (CT) 

images at the patient’s 

2-month follow-up 

revealed evidence of a 

healing fracture with 

bone beginning to bridge 

the fracture. CT images 

showing fractures of the 

(a) left and (b) right C2 

pars (Used with 

permission from Barrow 

Neurological Institute, 

Phoenix, Arizona)

Fig. 2.5 One month 

later, (a) flexion and (b) 

extension radiographs of 

the cervical spine 

revealed no instability 

and complete fusion of 

the fracture (Used with 

permission from Barrow 

Neurological Institute, 

Phoenix, Arizona)

R.J. Hlubek and N. Theodore
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application. This complication can occur if the 

pins are not placed in the appropriate supraorbital 

or frontolateral location. The nerves at risk reside 

in the medial third of the supraorbital rim; there-

fore, no pins should be placed in this area.

Perforation of an enlarged frontal sinus with a 

pin can result in intracranial infection, cerebro-

spinal fluid leak, or pneumocephaly [17, 18]. CT 

of the head should be analyzed before pin place-

ment to evaluate the relevant cranial anatomy, 

and care should be taken to avoid the frontal 

sinus. The frontolateral location of the anterior 

pin is typically farther from the frontal sinus and 

may be a more appropriate location in patients 

with enlarged or aberrant frontal sinuses [20].

Follow-up is critical in patients who are 

immobilized with the halo vest to ensure that 

excessive motion is not occurring [23]. Supine 

and upright radiographs should be evaluated 

immediately after placement of the halo and at 

regular clinical follow-up examinations. If exces-

sive motion is apparent on radiographs, then 

alternative management strategies (e.g., surgical 

fixation) may be warranted.

 Conclusion

Halo vest immobilization can be an effective 

treatment strategy for the management of cervi-

cal fractures and instability. It is imperative to 

consider the patient’s ability to tolerate the weight 

and constriction of the vest prior to its applica-

tion. After the halo has been applied, close clini-

cal follow-up is necessary to ensure that the 

patient is tolerating the vest and that it is effec-

tively immobilizing the cervical spine.
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 Introduction

Cranial-cervical instability can be caused by 

systemic illnesses or traumatic injuries and 

often requires urgent attention and surgical sta-

bilization. The cranial-cervical junction is a 

complex region of the spine with challenging 

anatomical and biomechanical considerations. 

The occipital- C1 joint is responsible for 15° of 

flexion and extension of the cervical spine; 

C1-C2 provides 45% of the axial rotation [1–3]. 

Surgical techniques and fusion constructs have 

evolved over time, mostly because of the his-

torical difficulty of dealing with surgical stabili-

zation and the associated high failure rates [4]. 

In spite of early failures, however, the evolution 

of rigid fixation and the adoption of short-seg-

ment fixation have resulted in fusion rates near-

ing 100% [5, 6]. In this chapter, we discuss the 

causes, both traumatic and systemic, of cranial-

cervical instability and describe its surgical 

management.

 Indications and Patient Selection

 Causes of Cranial-Cervical Instability

Cranial-cervical instability results from laxity or 

disruption of the occipital condyle-C1-C2 rela-

tionship; it is also described as and encompasses 

the terms occipitocervical instability (O-C1) or 

atlantoaxial instability (C1-2). We will focus on 

occipitocervical instability as it relates to cranial- 

cervical instability. Many conditions can lead to 

occipitocervical instability, including congenital 

cranial settling, trauma, rheumatoid arthritis, 

inflammatory arthropathies, tumor burden, and 

infection, and it can also develop after surgical 

decompression (Table 3.1) [5, 7, 8].

mailto:zoher.ghogawala@lahey.org
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 Traumatic Cranial-Cervical Instability

Traumatic occipitocervical dislocation, which is 

defined as the traumatic dislocation of the occipi-

tal condyle and C1 lateral mass (O-C1 joint), is 

the most common presentation of traumatic 

cranial- cervical instability [8]. Patients often 

present with neurological dysfunction consistent 

with acute spinal cord injury, tetraplegia, and cra-

nial nerve deficits, and they often have significant 

hemodynamic instability as a result of lower 

brainstem dysfunction. Diagnosing such an 

injury can be difficult, even with a high index of 

suspicion, with previously reported “missed 

diagnoses” on initial radiographic evaluation in 

up to 75% of patients experiencing trauma [9, 

10]. Most recently, the use of the condylar-C1 

interval (CCI) in adults with cutoffs of 1.5 mm 

was found to have the highest sensitivity and 

specificity for diagnosing atlanto-occipital dislo-

cation (AOD) [11]; the CCI was devised origi-

nally for use in evaluating children for AOD.

In rare scenarios, avulsion-type fracture of the 

occipital condyle may lead to instability at the 

cranial-cervical junction. This is due to the asso-

ciation between avulsion fractures, type III con-

dyle fractures, and a rotational mechanism of 

injury [12].

For cases of cranial-cervical instability, surgi-

cal treatment at O-C1 may be undertaken; how-

ever, additional instability from disruption of the 

alar ligaments, tectorial membrane, and 

transverse- atlantal ligament resulting in C1-2 

rotational and translational instability [8, 13, 14] 

is seen in up to 55% of patients. Thus, O-C1-C2 

fixation/fusion is the most commonly used surgi-

cal fixation technique for traumatic dislocation 

[15–17]. Early surgical treatment with stabiliza-

tion is key for optimizing neurological recovery 

[9, 18].

 Systemic Causes of Cranial-Cervical 
Instability

Patients with systemic causes of instability often 

present with progressive myelopathy, lower cra-

nial nerve (CN) dysfunction (CN IX, X, XI, XII), 

neck pain, and obvious deformities of the cranial- 

cervical region [5, 7, 8]. The symptoms are more 

gradual in onset because of the natural history 

and progression of the systemic illness.

Rheumatoid arthritis (RA) is the inflammatory 

disease that most often affects the cranial- cervical 

junction [8]. RA is a chronic inflammatory pro-

cess characterized by anti-cyclic citrullinated 

peptide and rheumatoid factor. Whereas the cause 

of RA is unknown, its downstream effects are 

well characterized by an immune response that 

causes destruction of the joints, capsules, and 

ligaments. Specific to the cervical spine, patients 

with RA are prone to progressive development of 

a rheumatic pannus or inflamed granulation tis-

sue within the synovial joints capable of produc-

ing collagenases and enzymes that may destroy 

adjacent bone, tendons, and joints. Patients with 

RA presenting with cervical spine issues are 

often elderly and cachectic. Other inflammatory 

arthropathies that may also affect the cranial- 

cervical junction by a similar mechanism include 

Reiter syndrome, psoriatic arthritis, inflamma-

tory bowel disease-associated arthritis, and cal-

cium pyrophosphate deposition disease [19].

Table 3.1 Common causes for cranial-cervical instabil-

ity requiring surgical stabilization

Systemic

Inflammatory Rheumatoid arthritis

Reiter syndrome

Psoriatic arthritis

Inflammatory bowel 

disease-related arthritis

Calcium pyrophosphate 

deposition disease

Infection Bacterial (osteomyelitis)

Fungal

Neoplasm Osteolytic

Osteoblastic

Traumatic/surgical

Trauma Atlanto-occipital 

dislocation (AOD)

Atlantoaxial dislocation

Occipital condyle 

avulsion fracture

Postsurgical After Chiari 

decompression or foramen 

magnum surgery

After upper cervical 

laminectomy

V.M. Ravindra et al.
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O-C1 instability may occur with RA, but 

atlantoaxial and subaxial instability are more 

common. Additionally, cranial settling and/or 

subaxial subluxation – often resulting in debili-

tating pain, spinal cord compression, and neuro-

logical dysfunction – may occur. Although 

cervical involvement of RA is common because 

of the large number of synovial joints, early inter-

vention and advancements in disease-modifying 

antirheumatic drugs such as biologic response 

modifiers have reduced the potential for debilitat-

ing neurological deficit and the need for surgical 

intervention. Still, RA patients with cranial- 

cervical instability who are treated conservatively 

may have a grave prognosis, with a large number 

of patients becoming bedridden and dying of 

their systemic disease [8]; the mortality rate at 

8 years has been reported to be as high as 100% 

[20, 21]. Surgery with fusion for stabilization has 

been reported to promote a twofold increase in 

5-year survival rate; most patients were afforded 

improvement in survival, pain reduction, and 

myelopathy with an increased long-term func-

tional outcome [22, 23].

Infection, tumor burden, and postoperative 

instability after foramen magnum decompression 

(Chiari operation) or upper cervical spine decom-

pression are additional causes for cranial-cervical 

instability [24, 25]. Surgical stabilization may be 

necessary in these cases, but given the erosive 

nature of infection and tumor, specifically osteo-

lytic lesions, the amount of bone available may be 

unsuitable for screw placement [8]. Fusion to the 

occiput can often be performed in these cases, spe-

cifically if there is irreducible subluxation of C1 on 

C2, when the lateral masses of C1 are not suitable 

for placement of hardware or if there has been an 

anterior pannus resection ventral to C1-C2 [19, 26].

The embryological development of the 

cranial- cervical junction is complex [27]; as a 

result, there are numerous congenital conditions 

and developmental anomalies of the cranial- 

cervical junction that can lead to instability. The 

most common congenital cause of occipitocervi-

cal instability is Down syndrome; if marked 

instability is seen in dynamic imaging in these 

patients, then fusion is typically required at a 

young age [28].

 Preoperative Considerations

 Radiographic Measurements

There are several standard radiographic measure-

ments that can be used in diagnosing cranial- 

cervical instability. In 1979, Powers [29] 

developed a ratio for diagnosis of AOD (Fig. 3.1). 

This method is sensitive for the evaluation and 

diagnosis of anterior AOD [30], but a posterior 

dissociation or vertical distraction injury could 

result in a normal value causing misdiagnosis.

The atlantodental interval (ADI) is a standard 

measurement used to evaluate the atlantoaxial 

relationship. As originally described by [31], 

normal values are <3 mm in men and <2.5 mm in 

women on plain X-rays (Fig. 3.2); more recently, 

a threshold of <2 mm on computed tomography 

(CT) imaging has been described [29].

Fig. 3.1 Sagittal CT of the cervical spine without con-

trast demonstrating the measurement of the Powers ratio 

(calculated by dividing the measurement between the tip 

of the basion to the spinolaminar line by the measurement 

from the tip of the opisthion to the midpoint of the poste-

rior aspect of the anterior arch of C1). In the patient shown 

here, the calculation would be 3.16/4.42 = 0.71. A 

ratio > 1.0 suggests cranial-cervical instability

3 Occipitocervical Fusion
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Harris et al. [32, 33] described the use of the 

basion-dens interval (BDI), originally devised by 

[34], and the basion-axial interval (BAI) for diag-

nosing instability. They demonstrated that >95% 

of adults in a normal study population had a BDI 

and a BAI <12 mm. These measurements were 

considered to be at the upper threshold of a nor-

mal measurement, as described by [30] who 

found that CT measurement of the BDI yielded a 

normal value of <8.5. In Fig. 3.3, we demonstrate 

the use of the BDI and BAI in diagnosing cranial- 

cervical instability. The original conception of 

the aforementioned measurements was made on 

plain radiographs, but [30] demonstrated the 

value of using these measures on CT imaging 

which is the most common method of screening 

patients for traumatic dislocation. The use of any 

measurements for diagnosis is typically supple-

mented by the use of magnetic resonance imag-

ing if available and tolerable by the patient.

Restoring cervical alignment to an anatomic 

and physiological position is important in treating 

patients with occipitocervical instability. The cra-

niovertebral angle, which is the angle formed by a 

horizontal line drawn through the spinous process 

of C7 and a line joining the spinous process of C7 

with the tragus [35, 36], can be a reliable indicator 

of head and neck posture [36]. Patients with a 

smaller craniovertebral angle may have forward 

head posture and resulting disability.

 Transoral Decompression 
(Odontoidectomy)

Some cranial-cervical pathological conditions 

may require further decompression from an ante-

rior approach. These can include ventral spinal 

cord compression from a degenerative or inflam-

matory pannus, from ventral spinal cord com-

pression due to intra- or extradural tumor, or in 

the setting of irreducible atlantoaxial subluxation 

with myelopathy and spinal cord compression 

[37]. This approach can afford access to the area 

from the top of C1 to the C2-3 disc space. This 

approach should only be used in patients who are 

free of dental or oral pathology and have a mini-

mum of 2.5–3.0 cm of dental clearance to allow 

adequate exposure for resection of the odontoid 

[38]. Perioperative considerations include airway 

edema, swallowing dysfunction, oral hygiene, 

and injury to the oral cavity (soft palate, tongue).

Although large studies regarding outcomes 

after transoral odontoid resection are lacking, 

Menezes and VanGilder [39] presented a 10-year 

review of 72 patients treated via a transoral- 

transpharyngeal approach to the anterior 

 cranial- cervical junction. They reported two post-

operative deaths and one pharyngeal infection 

requiring a revision operation. All patients in this 

series, however, had improvement in their overall 

neurological function [39]. Recent literature has 

Fig. 3.2 Sagittal CT of the cranial-cervical junction dem-

onstrating the measurement of the atlantodental interval 

(ADI) which is measured by drawing a line from the pos-

terior aspect of the anterior arch of C1 to the most anterior 

aspect of the odontoid, preferably at the midpoint of the 

thickness of the arch in craniocaudal dimension. On 

X-rays, an ADI <3 mm is considered normal in men and 

an ADI <2.5 mm is considered normal in women. On CT, 

an ADI <2 mm is considered normal in all patients

V.M. Ravindra et al.
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questioned the use of the transoral approach 

for odontoid resection; for instance, Goel [40] 

proposed that anomalies once requiring transoral 

surgical decompression may be treated with 

atlantoaxial facetal distraction spacers. However, 

the transoral procedure remains a viable option in 

the treatment of cranial-cervical instability with 

spinal cord compression.

 Surgical Management of Cranial- 
Cervical Instability

Occipitocervical fusion (OCF) is performed to 

correct joint instability caused by trauma, rheu-

matologic conditions, infection, neoplasm, or 

congenital conditions [41]. Although nonrigid 

constructs have previously been described in the 

setting of OCF, rigid fixation involving screws 

with plate or rods is biomechanically superior to 

external immobilization in conjunction with sub-

laminar wiring and bone grafting [42–45].

 Occipitocervical Fixation

In the early twentieth century, instability at the 

cranial-cervical junction was considered inoper-

able and was often fatal [8]. To this day, stabiliza-

tion of the mobile cranial-cervical junction 

presents a surgical challenge and has been associ-

ated with high complication rates. The first surgi-

cal fusion of the cranial-cervical junction was 

performed by Förster in 1927 [46] using a fibular 

strut graft. Early techniques used stand-alone 

onlay bone grafting with or without wiring to 

secure the graft. This technique required the use 

of postoperative halo fixation which caused dis-

comfort and can be associated with significant 

complications [47]. Since then, significant 

advances have been made for fixation to the 

occiput. Wire-based techniques for OCF were 

found to be biomechanically inferior to 

 screw- based fixation [8]. This is especially true 

with respect to resistance of cranial settling and 

axial rotation; additionally, significant neurologic 

Fig. 3.3 (a) Sagittal CT demonstrating the basion-axial 

interval (BAI) and basion-dens interval (BDI). The BAI is 

measured by drawing a line along the posterior cortex of 

the body of the axis and extended cranially. The BAI is the 

distance between the basion and this line (yellow). A nor-

mal value is <12 mm on plain X-ray. The BDI is the dis-

tance from the most inferior portion of the basion to the 

closest portion of the superior aspect of the odontoid 

(blue). A normal value is <12 mm on plain X-ray or 

<8.5 mm on CT imaging. (b) Postoperative CT in a 

grossly unstable (both BAI and BDI >12 mm) patient who 

underwent an occipital-C4 posterior spinal fusion

3 Occipitocervical Fusion
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morbidity may occur with previous graft and 

wire- based methods [43, 48, 49].

Modern techniques now allow for rigid fixa-

tion of the cranial-cervical junction with a high 

rate of fusion success [7, 50]. Fusion rates after 

primary rigid posterior fixation for OCF have 

been reported to be between 70% and 100% [5, 

51–55]. Current constructs used for OCF include 

polyaxial screws heads with either 3.5- or 4.0- mm 

rods, which are bent depending on screw trajecto-

ries and the native and desired occipitocervical 

angle [8]. Most current systems allow for place-

ment of cervical hardware and occipital hardware 

independently, which can later be linked using the 

rod/plate construct. The use of occipital plates 

adds pullout strength to the construct; occipital 

plates are applied most often to the occipital keel 

in the midline [8]. This thick midline keel pro-

vides the highest resistance to pullout and is 

attached to the atlantoaxial screws in the modern, 

modular OCF construct [8, 56]. Some plates pro-

vide an option between fixation in the midline, 

which is superior for axial rotation movements 

and lateral fixation which may improve resistance 

to lateral bending [57] (Fig. 3.4). With the devel-

opment of larger, more versatile occipital plating, 

however, there can be a loss of bony surface area 

for fusion medium, so careful attention should be 

paid to ensuring the presence of adequate bony 

contact to promote arthrodesis [8]. The ease of 

use of the modular systems in OCF have made 

fixation more successful, with an associated 

increased fusion rate; an additional advantage 

includes the reduced need for rigid cervical col-

lars after surgery [5, 58].

 Surgical Technique: Occipital Plate

Presurgical workup includes high-resolution CT 

with coronal and sagittal reconstructions to ver-

ify and confirm the bony anatomy. The thickness 

of the occipital keel is of interest while placing 

the occipital plate. Preoperative traction may be 

necessary to distract the patient into anatomic 

alignment.

Patient positioning is crucial in achieving 

optimal alignment. The patient’s head should be 

secured with rigid cranial fixation – either with 

pin fixation or using a halo ring. The patient is 

gently placed into the prone position; neurophys-

iologic monitoring can be useful, especially in 

patients with highly unstable injuries, severe 

myelopathy, or cranial-cervical compression [59, 

60]. Prepositioning baseline monitoring can pro-

vide a useful reference. The head is then posi-

tioned in a neutral position with a slight military 

tuck [8]; exaggeration of the tuck can lead to 

postoperative dysphagia and chronic muscular 

neck pain. If the head is too extended, the patient 

may have difficulty with mechanical down gaze. 

It is crucial to verify patient positioning by using 

Fig. 3.4 Sawbone 

model depicting the use 

an occipital plate (Figure 

reproduced with 

permission from [80])
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lateral X-ray or C-arm fluoroscopy to ensure the 

lateral masses align and the ears are parallel to 

the floor. To improve venous drainage, the patient 

is placed into slight reverse Trendelenburg posi-

tion with the patient’s back and legs elevated.

Antibiotics are routinely administered preop-

eratively. The planned incision is typically infil-

trated with local anesthetic with epinephrine (1% 

lidocaine with epinephrine 1:100,000), which 

can aid with hemostasis. For transarticular screw 

placement, the trajectory of the screws necessi-

tates a separate stab incision; thus, the sterile 

field should be made large enough to accommo-

date this [61]. The incision should extend from 

the inion, which is palpable along the skull, to the 

level of the C3 spinous process or lower depend-

ing on the operative plan. The incision is carried 

through the fascia to the spinous processes of C1, 

C2, C3, and lower if necessary. Then, a subperi-

osteal dissection is performed to expose C1, C2, 

C3, and lower if necessary. An additional hori-

zontal incision can be made in the fascia 2 cm 

inferior to the inion to access the occiput; a mus-

cular cuff aids in fascial closure and coverage of 

the occipital plate and the associated hardware [8]. 

Careful dissection of the C1 lateral mass around 

the C2 nerve root is necessary to access the entry 

point for the C1 screw. Careful dissection with 

bipolar cautery is used to avoid manipulation and 

injury to the vertebral artery.

Once the cervical instrumentation has been 

placed (see below), attention can be turned to the 

occipital plate. Several occipital plates are avail-

able and approved for use, but a construct and 

design with midline screw placement into the 

bony keel in the midline is best for fixation given 

the thickness of the keel. Any irregularities along 

the surface of the occipital bone can be evened 

using a high-speed drill. The plate is commonly 

positioned 1 cm below the inion. Typically, the 

most superior screw is placed first. A power drill 

with associated drill guide is prepared and set to 

a depth of 6 mm; drilling depth is increased in 

2-mm increments until the ventral cortex is pen-

etrated [8]; the hole is probed to ensure the dura 

mater is not penetrated. After the entire depth of 

the hole has been tapped, a 4.5-mm blunt cortical 

screw is placed. Depending on the design of the 

plate, an additional one or two screws can be 

placed using the same technique.

Once the plate is secured, 3.5-mm rods are 

contoured to fit the screw heads and plate. 

Additional dissection around the C1 arch or C2 

lamina may be necessary to facilitate Songer 

cable placement that can be utilized for interposi-

tional bone graft placement. It is important to 

decorticate all bony surfaces prior to graft place-

ment to enhance and promote arthrodesis. An 

additional screw can be placed through the supe-

rior end of the graft into the occiput.

 C2 Fixation

There are few reports of cranial-cervical fixation 

involving direct fusion of the occiput to C1. It can 

be achieved by using atlanto-occipital transartic-

ular screws placed through an anterior corridor 

with a plate attached to the clivus and the anterior 

portion of C2 as an adjunct; however, the gener-

alized use of this technique has not been adopted 

[14, 62, 63]. The choice for fixation in OCF is an 

O-C1-C2 construct if possible; however, O-C2 is 

used if there is insufficient bone at C1 [5]. 

Depending on bone quality and the degree of 

instability, the fusion constructs can extend to 

C3, C4, or C5 utilizing lateral mass screws and 

may need to extend to the cervicothoracic junc-

tion in cases of severe instability.

There are four screw-based fixation methods at 

C2: transarticular, translaminar, pars, and pedicle 

screws (Table 3.2 and Fig. 3.5a, b). Transarticular 

screw fixation, introduced by Magerl and Seeman 

[64], can be used for fixation of the atlantoaxial 

joint. The screws can then be connected to the 

rostral or occipital end of the construct with plates 

or rods [8]. This technique is an improvement 

biomechanically over the previous rod and wire 

constructs and carries a fusion rate that nears 

100% [43, 44, 50, 65]. Transarticular screw fixa-

tion can be technically challenging because of the 

risk of vertebral artery injury and the need to 

achieve complete reduction prior to screw place-

ment [8]. Up to 23% of patients may have unfa-

vorable vertebral artery anatomy that precludes 

the use of transarticular screws [66–69]. The 
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transarticular screw entry point is 3–4 mm rostral 

and 3–4 mm lateral to the medial portion of the 

C2–3 facet joint. A K-wire is passed 15° medially 

oriented with the superior angle aimed at the C1 

anterior tubercle (60°) [70].

Fixation can also be achieved through the 

placement of a Goel-Harms construct – C1 lat-

eral mass screws in combination with C2 pars or 

pedicle screws [58, 71]. This technique is advan-

tageous when the vertebral artery anatomy is not 

favorable for placement of transarticular screws. 

Its other advantages are the ability to perform 

reduction maneuvers after screw placement and 

the technical ease of placing C2 pars screws [8]. 

Biomechanically, this construct has been shown 

to be of similar strength to the transarticular 

screw construct in cadaveric studies of cranial- 

cervical instability [72]; however, the use of 

pedicle screws at C2 may not be safe in approxi-

mately 9% of patients [73]. C1 lateral mass 

screws are placed by palpating the C1 lateral 

mass with a Penfield 4. A pilot hole is made with 

a 3-mm drill bit at the center of the C1 lateral 

mass. The  trajectory for the screw is typically 

10° medial angulation and aimed at the anterior 

tubercle of C1 on lateral fluoroscopy (Fig. 3.5c). 

Table 3.2 Fixation strategies to C2 in cranial-cervical instability

Technique

Patients with unfavorable 

anatomy (%) Complications/pitfalls

Transarticular (C1-C2) 23 Vertebral artery injury

C2 pedicle/pars 9 (pedicle) Canal violation, vertebral artery injury

C2 translaminar screws Not reported Spinal cord injury (dorsal columns), 

decreased surface area for fusion

Fig. 3.5 (a) Axial CT image cut through C2 with repre-

sentative lines depicting the trajectory for each of the 

screw types (pars, pedicle, and translaminar). (b) Sagittal 

CT image depicting the trajectory for a C1-2 transarticular 

screw. (c) Axial CT image representative of placement 

and trajectory of a C1 lateral mass screw. A C1 pedicle 

screw (not shown) may also be utilized with a similar tra-

jectory with a higher starting point on the arch of C1
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The typical length of a C1 lateral mass screw is 

34–36 mm [71, 74].

C2 pars screws are placed in a trajectory that is 

similar to that of C1-2 transarticular screws but 

much shorter. The entry point is 3 mm rostral and 

3 mm lateral to the inferior medial aspect of the 

inferior articular surface of C2. The screw follows 

a steep trajectory (45–60° with 10–15° medial 

angulation). Screws are typically 16–18 mm in 

length [71, 74].

The entry point for a C2 pedicle screw is located 

in the pars of C2, lateral to the superior margin of 

the C2 lamina, which is 2 mm lateral and 2 mm 

superior to the C2 pars screw entry point. C2 ped-

icle screws require medial angulation of 15° with 

an upward trajectory of 20°. Many patients may 

have narrow pedicles at C2 that are unsuitable for 

screw placement; thus, careful study of preopera-

tive imaging (CT) is necessary.

Translaminar screws can be placed across the 

lamina of C2 in a crossed trajectory and subse-

quently connected by rods to the lateral mass 

screws at C1 [5]. This can be used as a primary 

method of fixation or a salvage technique with an 

advantage of limited risk of injury to the vertebral 

artery; an additional risk, however, is possible spi-

nal cord injury from ventral puncture through the 

lamina which may lead to cerebrospinal fluid 

(CSF) leak and dorsal column injury. Placing C2 

laminar screws is technically less demanding than 

placing C1-C2 transarticular screws or C2-pars/

pedicle screws because the C2 lamina (the largest 

in the cervical spine) provides adequate space and 

visualization, thus obviating the need for naviga-

tion [8]. The entry point is at the junction of the 

spinous process and lamina, with the trajectory 

meeting the slope of the lamina while aiming dor-

sally to avoid canal breach. Bone graft is often 

placed into the C1-2 facet joint.

Translaminar screws attached to C1 lateral 

mass screws are biomechanically equivalent to 

the Harm-Goels construct but inferior to the 

occipital-transarticular screw construct and the 

occipital-C2 pedicle screw construct [72, 75]. An 

additional drawback of the translaminar screw 

technique is the screw head placement and loss of 

surface area of bone to promote a fusion mass [8].

 Allograft Versus Autograft

Historically, the use of autograft was favored for 

promotion of fusion in patients with significant 

cranial-cervical instability because of the natural 

trophic factors present in native bone. However, 

bicortical allograft may provide the same osteo-

conductive conduit for bony fusion as traditional 

autograft [76], with similar biomechanical prop-

erties [77]. Similar use of allograft for success-

ful arthrodesis has been demonstrated in anterior 

cervical fusion [78] and posterior C1-2 fusion 

[79]. Godzik et al. [80] found that patients with 

symptomatic cranial-cervical instability can be 

safely and successfully treated with a one-stage 

OCF with bicortical iliac allograft, with no dif-

ference in fusion rate between allograft and 

autograft groups at 12 months of follow-up 

(≥95% bony fusion in each group). The use of 

autograft can be complicated by donor-site mor-

bidity, mostly pain, which has been reported to 

be as high as 49%. Furthermore, the array of 

available configurations for allograft allows for 

adaptable use (strips, cubes, wedges, and matri-

ces) [80].

 Postoperative Management 
and Care

The use of cervical collar is controversial, thus 

is at the choice of the surgeon. Patients with 

systemic causes of cranial-cervical instability 

that have adequate screw purchase and do not 

suffer from osteoporosis or osteopenia and do 

not take chronic immunosuppressive therapy 

are typically may not be prescribed a rigid cer-

vical orthosis, based on surgeon preference. On 

the other hand, patients with post-traumatic or 

post-surgical cranial- cervical instability are 

typically managed with rigid cervical orthoses, 

and in severe cases of poor nutrition and bone 

quality, a halo adjunct may be used [8]. More 

than just a promotion of fusion and alignment, a 

collar may be used to serve as a reminder to 

patients of the severity of the cranial-cervical 

instability [8].

3 Occipitocervical Fusion



26

 Illustrative Case

History Fourty-three-year-old male was involved 

in a moped accident in Bermuda. He had signifi-

cant neck pain on admission to the hospital.

Physical Exam Posterior cervical spine tender-

ness. Neurologically intact.

Radiographic Imaging. Initial cervical spine 

CT demonstrated ankylosing spondylitis, acute 

type II displaced odontoid fracture and C6-C7 

fracture dislocation (Fig. 3.6).

Initial Treatment The patient underwent ante-

rior cervical fusion and plating at C6-C7 with 

multi-level posterior lateral mass fixation. 

Cranial-cervical instability was evident within 

24 h with increasing basion-dental interval 

(>12 mm) (Fig. 3.7).

Cranial-Cervical Treatment The patient under-

went occipitocervical to upper thoracic fixation 

and fusion to stabilize the instability both at the 

occipitocervical region as well as the C6-C7 level 

in the context of ankylosing spondylitis (Fig. 3.8).

Outcome The patient used a Miami J collar for 

3 months and remained neurologically intact in 

follow-up (Fig. 3.9).

Fig. 3.6 Sagittal CT scan demonstrating C6-C7 fracture 

dislocation and Type II odontoid fracture in a 43-year-old 

male following a moped accident

Fig. 3.7 Following anterior-posterior fusion for the 

C6-C7 injury, craniospinal instability was demonstrated 

by an increased basion-dental interval

Fig. 3.8 Sagittal CT following stabilization of the cranio-

spinal instability using occipital fixation
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 Technical Pearls

• Careful study of preoperative imaging and 

bone morphology can be useful in placement 

and choice of cervical screw type and loca-

tion, specifically for the occipital condyle.

• Because cervical hardware (C1-2 transarticu-

lar screws, C2 pars/pedicle screws) placement 

can be more difficult than the more straight-

forward occipital plate/screw placement, it 

should be undertaken first for patient safety.

• Vertebral artery injuries may occur during 

exposure or hardware placement. If vertebral 

artery injury occurs during placement of the 

first screw, the ipsilateral hardware should be 

placed, and the contralateral side should be 

abandoned to avoid bilateral injury.

• Alignment should be verified both by visual 

inspection and with fluoroscopy prior to final 

fixation.

 Complications and Strategies 
for Avoidance

Complication rates for both major and minor 

complications during occipitocervical surgery 

range from 12% to 30% [5, 7]. Potential compli-

cations include, but are not limited to, wound 

infection, CSF leak, intracranial traumatic hem-

orrhage (epidural, subdural hematoma), hard-

ware failure, nonunion requiring reoperation, and 

fixation in a suboptimal, nonanatomic position 

[5, 7]. Exposure is done through a midline inci-

sion and subsequent subperiosteal dissection to 

expose the occipital bone and dorsal spinal col-

umn. Careful retraction with self-retaining 

devices is used but should be done with little ten-

sion to avoid injury/irritation of the occipital 

nerve and its branches. Preservation of the fascia 

at the inion can allow for coverage of the occipi-

tal plate with tissue, which can help avoid hard-

ware prominence and discomfort. Blunt 

dissection of the arch of C1, rather than Bovie 

electrocautery, is recommended to avoid injury to 

the vertebral artery in the sulcus arteriosus.

The most severe complication that can occur 

during exposure or while fixating C1-2 results 

from vertebral artery injury. Depending on the 

patient’s circulation and vertebral artery domi-

nance, a unilateral injury or occlusion may be 

asymptomatic, but a bilateral injury can result in 

brainstem infarction and death. After a unilateral 

injury, the screw should usually be placed to tam-

ponade the bleeding; hardware should not be 

placed on the contralateral side to avoid bilateral 

injury. Additional care and consideration should 

Fig. 3.9 Postoperative 

lateral radiograph 

demonstrating occipital- 

thoracic fusion
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be given to dural violation and cord injury. If CSF 

leak is encountered while placing the occipital 

screw, placement of the screw should provide a 

permanent solution in most cases. If a CSF leak 

cannot be repaired primarily, CSF diversion 

(lumbar drain) should be considered. If a high 

cervical cord injury is suspected intraoperatively, 

the patient’s clinical and neurological status 

should be assessed with all tools available, 

including neurological monitoring, blood pres-

sure augmentation, and in severe cases abortion 

of the procedure followed by a neurological 

examination.

 Conclusion

There are many potential causes of cranial- cervical 

instability, and thus, there are multiple surgical 

options for fixation of this complex biomechanical 

area. The screw-based techniques have been 

proven to be the most biomechanically sound and 

have increased fusion rates to nearly 100%. 

Although surgery for cranial-cervical instability 

may be technically challenging, thorough knowl-

edge of the anatomy, both bony and vascular, and 

surgical constructs available for the task can 

improve the outcome of the operation and provide 

the patient with successful arthrodesis.
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4

 Introduction

Fusion of the atlantoaxial complex has been 

achieved for decades through various tech-

niques, predominantly through a midline poste-

rior approach. As described below, 

improvements in implant technology have per-

mitted an evolution of posterior techniques over 

the past several decades. Anterior transoral sur-

gery has been described for indications such as 

periodontoid pannus decompression/odontoid 

resection and release of irreducible atlantoaxial 

dislocation [1–3]. Ventral craniocervical tech-

niques and upper cervical plating through a 

transoral approach may be associated with 

wound complications, transoral contamination, 

and potential infection. In contrast, anterior 

approaches for transarticular screws have also 

been described [4, 5]. Approach of the anterior 

cervical spine by the Smith–Robinson approach 

has a long track record of good clinical out-

comes and low associated infection and com-

plication rates for commonly performed 

procedures such as anterior cervical discectomy 

and fusion (ACDF) and odontoid screw fixation 

[6, 7]. An anterior approach for rigid atlanto-

axial joint fusion has the benefit of avoiding 

occipital nerve exposure and manipulation and 

avoiding the potential for postoperative C2 neu-

ralgia [8, 9]. It also provides another safe tech-

nique to the spine surgeons’ armamentarium for 

use in patients with anatomy unfavorable for 

posterior instrumentation [10–14].

Posterior atlantoaxial fixation techniques can 

be broadly categorized into various types includ-

ing wiring, interlaminar clamps, atlantoaxial tran-

sarticular screws, screw–plate system fixation, 

screw–rod system fixation, and hook–screw sys-

tem fixation techniques [15]. Gallie first reported 

the use of sublaminar wires for atlantoaxial fixa-

tion in 1939 [16]. Early techniques for C1–C2 

fixation described by Gallie and Brooks and 

Jenkins utilized laminar wiring with concomitant 

on lay bone graft [17, 18]. Transarticular screw 

(TAS) fixation later demonstrated superior biome-

chanical strength [19] and higher rates of fusion 

[19, 20]. Magerl and Seemann first introduced 

C1–C2 transarticular screw (TAS) fixation in 

1979 [21]. The technique described by Jeanneret 

and Magerl involves placing a transarticular screw 

through the C1–C2 articular surfaces [22]. This 

technique has been used effectively in the stabili-

zation of AAI from a variety of causes. Despite 

reliable stability and high fusion rates, enthusiasm 

for TAS has decreased in some reports due to 

mailto:drlebl@gmail.com


32

potential risk of vertebral artery injury [23]. 

Initially described by Goel et al. [24] and Goel 

and Laheri [25] and later popularized by Harms 

and Melcher [8], C1 lateral mass screw (C1 LMS) 

and C2 pedicle screw (C2PS) posterior fixation 

demonstrated biomechanical stability comparable 

to TAS techniques [26]. A consecutive series of 

319 patients reported by Wang et al. has reported 

a low rate of screw misplacement and no clinical 

manifestation of vascular injury with the C1 

LMS–C2PS technique [27]. Certain anatomic 

variations such as a “high-riding” vertebral artery 

may preclude safe C2PS placement [11, 12]. 

Other techniques for fixation of the atlantoaxial 

joint include the Wright C1 lateral mass–C2 

translaminar (C1LM–C2TL) screw construct and 

the C1 lateral mass–C2 (C1LM–C2) pars screw 

construct [8, 24, 28–33]. C2 translaminar screws 

provide an alternative technique for posterior 

instrumentation [34]. There are limitations that 

may preclude the use of this technique, however, 

such as limited biomechanical strength of the 

lamina, previous C2 laminectomy, and certain 

morphologies of the lamina [35].

 Indications and Patient Selection

The most common indication for atlantoaxial 

fusion is atlantoaxial instability (AAI). AAI is a 

clinical condition with symptoms ranging from 

axial neck pain to life-threatening neurologic 

injury caused by neural compression [36]. AAI 

is characterized by excessive motion at the 

atlantoaxial joint with potential for neurovascu-

lar compromise. The atlantoaxial articulation 

has complex biomechanical properties. The 

anatomy is unique in the sense that this motion 

segment lacks an intervertebral disk between 

the C1 and C2 vertebrae. The stability is pro-

vided primarily by the transverse, alar, and api-

cal ligaments in association with the joints’ 

articular and osseous structures [22]. AAI can 

arise from trauma, rheumatoid arthritis (RA), 

osteoarthritis, infection, Down syndrome, con-

genital anomalies, tumor, and iatrogenic desta-

bilization [37]. In adults, degenerative (RA) and 

trauma are the most common causes of AAI, 

whereas in children congenital conditions such 

as Down syndrome are more common. One 

study found that approximately 13% of patients 

with Down syndrome have asymptomatic AAI, 

while up to 1.5% exhibit neurologic symptoms 

stemming from instability [19]. The results of 

one biomechanical study found that AAI may be 

associated with an anterior atlantodental dis-

tance of greater than 3.5 mm due to laxity or 

incompetence of the transverse atlantal ligament 

[38]. Instability of the atlantoaxial articulation 

may result in catastrophic neurological compro-

mise. Instrumentation and fusion of the C1–C2 

joint is indicated in the setting of clinical or bio-

mechanical instability.

The goals of surgery are to provide stability 

with fixation and bone grafting for biological 

fusion. This may include reduction of the atlanto-

axial motion segment for improvement of align-

ment and decompression of the neuroanatomy. 

The indications for anterior atlantoaxial fusion 

are similar to posterior atlantoaxial fusion and 

include failure of nonoperative treatments, severe 

refractory arthritis of the atlantoaxial joint, unsta-

ble os odontoideum, and progressive neurologi-

cal deficit [9, 39].

Anterior transarticular screw fixation may 

also be a more favorable surgical option in 

patients where posterior fixation is challenged by 

anomalous vascular anatomy which may pre-

clude safe posterior exposure and fixation [8, 

40–42]. For example, various studies estimate 

20–22% of patients are noted to demonstrate a 

high-riding transverse foramen on at least one 

side [10, 14, 43, 44]. Hypoplastic lamina of C2 

may also preclude C2 translaminar fixation. An 

inter-transverse branch of the vertebral artery 

may occur which may make posterior C1 lateral 

mass fixation a less desirable option. Findings of 

a narrow C2 isthmus are seen in 10% of patients 

[13]. Posterior transarticular screw placement 

should not be attempted in patients with high- 

riding foramina and ectatic vertebral arteries and 

in patients in which the C2 isthmus will not 

accommodate a 3.5-mm screw, or other associ-

ated anomalies. The authors recommend meticu-
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lous study of reformatted fine-cut cervical spine 

CT images, potentially including multiplanar 

reformatted images that can allow visualization 

of each screw starting point and trajectory. 

Abnormalities on CT cuts of the foramen trans-

versarium or other bony elements may suggest 

vertebral artery anomaly in which case a CT 

angiogram may help further characterize the vas-

cular anatomy.

The advantages of anterior transarticular 

screws include surgical access through the com-

monly performed anterior approach with preser-

vation of the posterior cervical musculature 

(dynamic stabilizers), reduction of anterior dis-

location of C1 by the patient’s head and neck 

extension in a prone position, and potentially a 

more predictable screw trajectory in relation to 

the vertebral artery, decreasing risk of injury 

[45]. Additional benefits of the anterior Smith–

Robinson approach include a lower risk of post-

operative infection by avoiding posterior 

approaches to the cervical spine [7]. Posterior 

transarticular screw fixations have been associ-

ated with a complication rate as high as 10% in 

the form of superficial infections and occipital 

nerve injury [46–48]. The avoidance of exposure 

of the C1–C2 joint from the posterior aspect may 

also decrease occipital neuralgia [49]. Posterior 

approaches to C1–C2 may not be suitable in the 

setting of revision posterior surgery, anomalous 

vascular anatomy, hypoplastic bone morphol-

ogy, or deficit.

Anterior transarticular screw fixation is con-

traindicated in cases of fixed rotatory atlanto-

axial subluxation and cases in which spinal cord 

decompression is necessary. Rotatory C1–C2 

subluxation is a relative contraindication unless 

it is possible to obtain intraoperative reduction 

with cervical traction or by direct manipulation 

of the C1–C2 articulations. In patients with cra-

niocervical malformations and anatomic condi-

tions that result in an extremely deep and narrow 

surgical field (e.g., platybasia, basilar invagina-

tion, and low mandible projection), posterior 

fixation may be considered [50]. Fixed cervical 

kyphotic deformities or other unfavorable body 

habitus (barrel-chested patients) may prohibit 

anterior C1–C2 exposure as well. Traumatic 

injuries involving intra-articular extension into 

the C1–C2 joints and severe osteoporosis may 

make anterior C1–C2 fixation a suboptimal 

procedure.

 Preoperative Considerations

Prior to any atlantoaxial procedure, the authors 

recommend meticulous study of reformatted 

fine-cut cervical spine CT images. Multiplanar 

reformatted images may be aligned along the 

direction of the C2 pedicle, for instance, and 

allow visualization of each screw starting point 

and trajectory. Abnormalities on CT or MRI 

imaging of the foramen transversarium or other 

bony elements may suggest vertebral artery 

anomaly in which case a CT angiogram may help 

further characterize the vascular anatomy.

Preoperative patient evaluation includes 

inspection of body habitus, range of motion of 

the cervical spine, and any previous anterior cer-

vical surgery. In considering  anterior cervical 

approach that is contralateral to a previous neck 

dissection, direct laryngoscopy may be under-

taken to assess vocal cord mobility and function 

of the recurrent laryngeal nerve.

 Surgical Technique

The patient is positioned supine with the neck in 

slight extension and the shoulders securely taped 

to the patient’s sides with all appropriate pressure 

points padded. Gardner–Wells tongs are placed 

in routine fashion with approximately 10 pounds 

of axial traction for stabilization throughout the 

procedure. A radiolucent operating room table 

such as a Jackson table will permit essential 

intraoperative imaging. The author’s preferred 

technique involves AP and lateral fluoroscopy; 

however, intraoperative navigation may augment 

the technique. Neuromonitoring is performed on 

all cervical spine procedures at our institution. 

The open-mouth odontoid view can be enhanced 

with the aid of a towel or cork in between the 
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patient’s teeth and is checked prior to prepping 

and draping the patient to ensure adequate visual-

ization of the C1–C2 articulation. Use of a radio-

lucent endotracheal tube by the anesthesia team 

facilitates high-quality intraoperative fluoro-

scopic visualization of the upper cervical spine. 

Dental implants may also prohibit optimal intra-

operative radiographic visualization and can be 

assessed preoperatively.

Prior to prepping and draping the patient, it is 

essential that adequate AP and lateral images of 

the C1–C2 articulation are obtained. Also, a 

guide wire or radiopaque wire may be placed on 

the patient’s chest and visualized on lateral fluo-

roscopy to visualize the trajectory of the 

implants and mark out the level of the appropri-

ate skin incision. The author’s experience is that 

the skin incision may be transverse at a level 

similar to a routine ACDF approach given the 

significant cranial angulation of the implant tra-

jectory. It may be necessary to put the patient’s 

cervical spine in neutral alignment or even slight 

flexion to obtain the proper trajectory. In the 

case of any compressive pathology, this should 

be done while checking with neuromonitoring 

repeatedly.

Routine left-sided Smith–Robinson anterior 

cervical approach is performed to expose the 

anterior cervical spine. Gentle peanut dissection 

is performed cranially along the anterior aspect 

of the cervical spine to the C2 vertebrae. A radio-

lucent retractor may be placed on the anterior 

arch of the atlas (Fig. 4.1a). A small-angled 

curette can be placed into the C1–C2 articulation 

to decorticate the atlantoaxial joint articular sur-

face and prepare an adequate fusion bed. Iliac 

crest can be harvested and packed into the articu-

lation with a Penfield instrument. An awl or a 

matchstick burr can be used at the base of the C2 

vertebrae (with care taken to preserve the C2–C3 

disk) for a 1–2-mm pilot hole. The starting point 

can be visualized on AP radiography in the 

medial one-third of the C1–C2 articulation 

(Fig. 4.2). A threaded Kirschner wire (k-wire) 

with protective drill sleeve is advanced through 

the body of C2 in a cranial and lateral trajectory. 

Resistance is felt at the C1–C2 articulation at 

which point a “high-speed light touch” technique 

Fig. 4.1 (a) Placement 

of a radiolucent retractor 

on the anterior arch of 

the atlas. (b) Coronal 

view of threaded 

Kirschner wire 

placement. (c) Sagittal 

view of threaded 

Kirschner wire 

placement
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will allow the guidewire to be advanced under 

lateral fluoroscopy into the C1 lateral mass. The 

authors prefer to use cannulated stainless steel 

screws of 3.5 mm or 4.0 mm diameter depending 

on the patient’s size and anatomy. The threaded 

portion of the screw needs to be placed into the 

C1 lateral mass to permit lag technique compres-

sion across the C1–C2 articulation. A self-cutting 

cannulated partially threaded cortical screw is 

advanced from medial-to-lateral and anterior-to- 

posterior along threaded Kirschner wires under 

image intensification (Figs. 4.1b, c and 4.3). Care 

should be taken to avoid screw advancement too 

far into the occipitocervical articulation.

Most patients can be managed in a cervical 

collar for 6 weeks. Postoperative halo vest is 

rarely used by the authors after anterior atlanto-

axial fusion; however, it may be appropriate if 

Fig. 4.2 Lateral and AP intraoperative fluoroscopy dem-

onstrating starting point and trajectory of threaded k-wire 

inserted from the base of C2, through the C2 vertebral 

body, across the C1–C2 articular surface, and into the C1 

lateral mass

Fig. 4.3 Lateral and AP intraoperative fluoroscopy demonstrating partially threaded screw fixation across the C1–C2 

articulation

4 Anterior Atlantoaxial Fusion
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fixation is suboptimal or bone quality is poor and 

the patient can tolerate halo vest fixation. 

Inpatient postoperative CT scan may be obtained 

to visualize implant position and to obtain a base-

line for subsequent imaging to determine biologi-

cal fusion. Postoperative CT scan to visualize 

fusion as an outpatient may be obtained prior to 

advancing the patient’s activity level (Fig. 4.4).

 Case Illustration

History A 34-year-old male patient presented 

with a diagnosis of chronic atlantoaxial instability 

secondary to an os odontoideum. He complained of 

neck stiffness and denied numbness or weakness.

Physical Examination On examination, the 

patient was neurologically intact and had full 

range of motion of the cervical spine in flexion, 

extension, lateral bending, and axial rotation.

Imaging CT and plain radiographs demon-

strated an os odontoideum. On flexion and exten-

sion radiographs, he had significant atlantoaxial 

displacement (Fig. 4.5). MRI of the brain showed 

Fig. 4.4 Representative coronal CT image demonstrating 

fusion of right C1–C2 articulation 1 year postoperatively 

after C1–C2 anterior screw fixation

Fig. 4.5 Atlantoaxial 

instability of os odontoid 

on flexion/extension and 

lateral plain radiography
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cerebellar infarct with confirmation on CT angio-

gram of bilateral vertebral artery occlusions 

between C2 and C3, collateral reconstitution 

from the right occipital artery, and bridging anas-

tomoses on the left.

Treatment Significant instability at C1–C2 

warranted surgical fusion and an anterior 

approach was selected due to anomalous vascular 

anatomy, which precluded a safe posterior expo-

sure and fixation by C1 LMS–C2PS. The patient 

was treated with anterior transarticular C1–C2 

instrumentation and fusion. Postoperative CT 

scans confirmed acceptable screw placement in 

the axial (Fig. 4.6a, b), sagittal (Fig. 4.7), and 

coronal (Fig. 4.8a, b) planes.

Outcome At 16-month follow-up, the patient 

maintained painless range of motion of the cervi-

cal spine with stable fixation and fusion without 

sensorimotor deficit.

 Technical Pearls

• Prior to prepping and draping, AP and lateral 

radiography are essential to visualize the C1–

C2 lateral mass. Cervical spine alignment may 

be adjusted (with neuromonitoring) to obtain 

the desired alignment for visualized implant 

trajectory.

• Careful study of preoperative imaging study 

will help determine candidates for C1–C2 

anterior transarticular fusion. Multiplanar 

reformatted images can help visualize screw 

trajectory, and any suspicion of aberrant vas-

cular anatomy may require CT angiography 

for evaluation.

• Careful intraoperative visualization of the 

guidewire is essential during screw fixation to 

avoid unwanted k-wire advancement.

• Threaded portion of screws should not tra-

verse C1–C2 joint to allow lag fixation.

• A curette may carefully be passed into the C1–

C2 joint for decortication and subsequent bone 

grafting. A Penfield retractor may be placed 

laterally to avoid injury to the vertebral artery.

Fig. 4.6 (a) Postoperative axial computed tomography 

(CT) demonstrating anterior atlantoaxial screw position in 

the axis. (b) Postoperative axial CT showing tip of screw 

in atlas

Fig. 4.7 Postoperative sagittal computed tomography 

showing anterior atlantoaxial screw position across the 

C1–C2 articulation
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 Complications and Strategies 
for Avoidance

Anterior transarticular screw fixation is not as 

widely utilized as posterior fixation techniques. 

With limited clinical data of outcomes in anterior 

transarticular screw fixation, the literature is thus 

far promising. Polli and Li reported successful 

outcomes without complications in 14 and 8 

patients, respectively [50, 51].

Possible complications include infection, fail-

ure of fixation, and those known to the Smith–

Robinson approach including but not limited to 

injuries of the superior and recurrent laryngeal 

nerve, carotid artery, esophagus, and trachea 

[52–54]. Risks of dysphagia and dysphonia are 

likely to be similar in incidence to that seen after 

odontoid screw fixation.

A study investigating the risk to the vertebral 

artery between anterior and posterior transarticu-

lar screws found no violation using anterior tran-

sarticular screws and risk associated with 19.2% 

of posteriorly placed transarticular screws [55]. 

Lu et al. reported in a biomechanical study that 

an anterior transarticular atlantoaxial screw 

15–25 mm long can be inserted with a lateral 

angulation of 5–25° relative to the sagittal plane 

and a posterior angulation of 10–25° relative to 

the coronal plane [56].

 Conclusion

While posterior techniques for atlantoaxial fixa-

tion have undergone a significant evolution and 

improvements, posterior Goel–Harms techniques 

may be associated with C2 neuropathy, extensive 

muscular dissection, and a relatively high infec-

tion rate. The Smith–Robinson approach provides 

a well-vascularized approach to the high anterior 

cervical spine with minimal muscular dissection 

and low associated infection rate. Anterior C1–C2 

transarticular fixation is a viable technique for 

atlantoaxial fusion in select patients. Multiplanar 

reformatted images can help visualize screw tra-

jectory, and any suspicion of aberrant vascular 

anatomy may require CT angiography for evalua-

tion. Screw trajectory is determined by patient’s 

individual morphology of the C1–C2 complex. 

An “up and out” trajectory allows k-wire place-

ment under image guidance and lag-screw fixa-

tion of the C1–C2 joint. Decortication and grafting 

are essential to obtaining biological fusion.

Fig. 4.8 (a) 

Postoperative coronal 

computed tomography 

(CT) demonstrating 

screw placement through 

the axis. (b) 

Postoperative coronal 

CT showing screw 

placement into the atlas
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 Introduction

The anatomy of the atlas and the axis is unique 

and complex. The odontoid process of the axis 

lies between the anterior atlantal arch and the 

transverse atlantal ligament. These are the major 

contributors to atlantoaxial stability. Any disrup-

tion in the integrity of these structures can result 

in C1-C2 instability [1]. Secondary stabilizers 

include the alar ligaments and their attachments 

to the occiput. The complex anatomy of the atlan-

toaxial region, particularly its proximity to the 

vertebral arteries, spinal cord, and internal carotid 

arteries, differentiates it from the remainder of 

the cervical spine. Therefore, surgical procedures 

in this region are technically demanding and 

require a deep understanding of the surrounding 

anatomy [2, 3].

Atlantoaxial fusion may be performed in a 

wide variety of settings including odontoid frac-

ture, atlantoaxial instability, basilar invagination, 

severe degenerative arthrosis, or neoplasm of the 

atlantoaxial region [2]. Although there is contro-

versy with regard to surgical interventions in the 

setting of an asymptomatic patient, a consensus 

exists for surgical fixation of patients with symp-

tomatic or progressive instability [1, 4].

Multiple surgical techniques have been 

described for posterior C1-C2 stabilization 

including wire fixation, C1-2 interlaminar 

clamps, C1-2 transarticular screws, and C1-C2 

screw-rod constructs, including C2 pedicle, pars, 

or translaminar screws [2, 5]. The aim of this 

chapter is to describe the surgical indications, 

varying fixation techniques, and perioperative 

pearls and pitfalls associated with posterior atlan-

toaxial fusion.

 Indications

Congenital, traumatic, and inflammatory condi-

tions can lead to atlantoaxial instability with or 

without subsequent neurologic impairment. The 

most common diseases include rheumatoid 

arthritis, odontoid fractures, Down syndrome, 

C1-C2 rotatory subluxation, basilar invagination, 

Klippel-Feil syndrome, osteogenesis imperfecta, 

and neurofibromatosis [6–8]. The general indica-

tions for surgical intervention in patients with 

atlantoaxial instability include intractable pain, 

progressive myelopathy, and progressive radio-

logic or neurologic instability [9, 10].

Rheumatoid Arthritis Atlantoaxial instability 

represents the most common manifestation of 
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rheumatoid involvement of the spine [10, 11]. 

The inflammatory changes result in destruction 

of ligaments, cartilage, and subchondral bone 

[12]. Clinical manifestation varies from a com-

pressive myelopathy due to a retrodental pannus, 

to a reducible anterior atlantoaxial subluxation, 

and ultimately to an irreducible anterior and ver-

tical atlantoaxial subluxation [10]. The retroden-

tal hypertrophic pannus is a reaction to the 

instability of the C1-C2 segment, not a direct 

consequence of the inflammatory process [10, 

13]. As such, the pannus generally disappears 

after posterior surgical stabilization. Transoral 

surgery is reserved for cases with a large com-

pressive pannus, irreducible dislocation, or basi-

lar invagination [10, 14–16].

Odontoid Fractures Odontoid fractures occur 

with a bimodal distribution and considerable 

controversy exists with regard to the optimal 

treatment of type II fractures. Nonoperative treat-

ment for geriatric type II odontoid fractures is 

associated with high rates of nonunion and mor-

tality [13]. A stable, asymptomatic pseudarthro-

sis can often be treated with observation, but 

atlantoaxial fusion becomes indicated when 

instability or neurologic decline occur.

Down Syndrome Approximately 15% of 

patients with Down syndrome are affected by 

atlantoaxial instability secondary to aplasia or 

hypoplasia of the odontoid process, laxity of the 

transverse atlantal ligament, or assimilation of 

the atlas. Although they are mostly asymptom-

atic, the instability can progress with rapid neu-

rologic decline due to minor trauma. There are 

no data from which to predict which asymptom-

atic patients will progress or develop symptoms 

[17, 18].

Atlantoaxial Rotatory Subluxation Rotatory 

subluxation has been reported to varying degrees 

following upper respiratory infection or trau-

matic events, particularly in the pediatric popula-

tion. The initial treatment consists of cervical 

traction for 2–3 weeks and is often sufficient to 

correct the deformity [19]. If traction fails, poste-

rior C1-C2 fusion becomes indicated.

Basilar Invagination Several congenital, trau-

matic, inflammatory, or connective tissue disor-

ders can result in basilar invagination (upward 

migration of the odontoid process into the fora-

men magnum). In patients who are symptomatic 

or at risk of progression, anterior decompression 

by transoral odontoidectomy followed by poste-

rior occipitocervical or atlantoaxial fixation is 

often the treatment of choice [10, 20].

Skeletal Dysplasia Patients with spondyloep-

iphyseal dysplasia, achondroplasia, pseudoa-

chondroplasia, Kniest syndrome, and Morquio 

syndrome are at high risk for upper cervical spine 

instability and subsequent spinal cord compres-

sion. These patients may require posterior stabili-

zation and fusion when the instability progresses 

or becomes symptomatic [21].

Atlantoaxial Arthrosis The atlantoaxial articu-

lation lacks an intervertebral disc and all loads 

are transmitted through the articular surfaces. In 

addition, there is a high degree of sensory input 

to this articulation so that atlantoaxial movement 

can be tracked precisely presumably to aid in 

coordination of visual fields. When osteoarthritis 

with or without instability occurs, patients may 

experience disabling suboccipital and occipital 

pain and difficulty with head rotation. This dis-

ease process is likely associated with calcium 

pyrophosphate disease and a destructive arthrop-

athy. Treatment is highly successful with atlanto-

axial arthrodesis.

 Preoperative Considerations

Prior to considering a posterior atlantoaxial 

fusion, it is critical to evaluate the patient’s anat-

omy using plain radiography, computed tomog-

raphy (CT), and sometimes magnetic resonance 

imaging (MRI). Radiography is typically suffi-

cient to diagnose atlantoaxial instability on stan-

dard open-mouth and lateral flexion and extension 

views [22].

Open-Mouth View C1-C2 rotatory sublux-

ation is represented by asymmetry or lateral 
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 displacement of the atlas on the axis by more 

than 2 mm. Traumatic rupture of the trans-

verse atlantal ligament should be suspected 

if combined overhang of the lateral masses 

of C1 on C2 exceeds 8 mm [23].

Anterior Atlantodens Interval (ADI) The ADI 

is identified on the lateral view as the distance 

between the anterior odontoid process and the 

anterior arch of C1. The normal ADI is less than 

3 mm in adults and less than 4 mm in children 

[24, 25], whereas an ADI greater than 4–5 mm 

indicates atlantoaxial instability. Occult instabil-

ity can be identified on the flexion-extension 

views [26]. When the ADI exceeds 8–10 mm, 

surgery is recommended, as this value suggests 

total rupture of the transverse and alar ligaments 

[25].

Posterior ADI This is the distance from the pos-

terior border of the odontoid to the posterior arch 

of C1, which represents the space available for 

the upper cervical spinal cord. The spinal cord 

becomes threatened when the space available for 

the cord (SAC) is less than 14 mm [27]. In rheu-

matoid patients, an ADI less than this value rep-

resents a poor prognosis as many will develop 

neurologic deficits.

Computed Tomography Fine-cut CT images 

with axial, sagittal, and coronal reformatting is 

the best modality for evaluating the bony anat-

omy of C1 and C2. It is especially critical to 

study the CT images prior to attempting place-

ment of C1 and C2 instrumentation since a pon-

ticulus posticus may be present on the C1 arch in 

up to 15.5% of patients [28]. Understanding this 

anatomic variation is important in order to avoid 

injuring the vertebral artery. CT can additionally 

be helpful in evaluating rotatory atlantoaxial dis-

placement [29].

Magnetic Resonance Imaging (MRI) MRI is 

the study of choice to evaluate the integrity of the 

spinal cord and surrounding soft tissues. It is 

especially useful to diagnose transverse atlantal 

ligament rupture in equivocal cases and to evalu-

ate the epidural space in rheumatoid patients with 

a retrodental pannus [30, 31]. Dynamic MRI in 

flexion and extension is valuable in patients with 

clinical signs of myelopathy or cervical pain but 

without radiological changes on flexion and 

extension radiographs or neutral MRI [32, 33].

CT Angiography (CTA) Careful preoperative 

evaluation of the vertebral artery (VA) is manda-

tory to help prevent iatrogenic VA injury and 

avoid postoperative neurologic sequelae. The 

incidence of VA anomalies at the cranio-vertebral 

junction is increased in patients with osseous 

anomalies like Down syndrome. Two common 

VA anomalies are the “C2 segmental type of VA” 

and “fenestration” of the VA. In the former case, 

the VA enters the spinal canal between C1 and C2 

without passing through the C1 transverse fora-

men. In the latter case, the VA bifurcates after 

exiting the C2 transverse foramen – one branch 

follows the typical anatomic course, whereas the 

other branch enters the spinal canal between C1 

and C2, subsequently joining the other branch at 

the cranial aspect of C1. Therefore, preoperative 

CTA in patients with Down syndrome or other 

bony anomalies can minimize the risk of intraop-

erative VA injury [34].

Additionally, the narrow isthmus caused by a 

high-riding vertebral artery can jeopardize the 

VA when performing the Magerl technique, and 

many authors recommend that C1-C2 transartic-

ular fixation be abandoned if the isthmus is too 

narrow [35]. Furthermore, the risk of VA injury is 

higher in patients with isolated C2 fractures, par-

ticularly in type III dens fractures, presence of 

intraforaminal fragment, or comminuted trans-

verse foramen fractures with intraforaminal frag-

ments greater than 1 mm [36]. Finally, in patients 

with systemic diseases like rheumatoid arthritis, 

anatomical variations of the VA and C1 lateral 

mass deformation may increase the risk of VA 

injury [37]. Therefore, preoperative evaluation of 

VA anatomy via CT angiography can help to 

reduce the complication rate related to the VA 

injury.

5 Posterior Atlantoaxial Fusion
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 Surgical Technique

Positioning After endotracheal anesthesia, the 

surgeon places Mayfield tongs to secure the 

occiput. The neurophysiologic monitoring nee-

dles are secured in the appropriate areas, and the 

patient is rotated prone over a draw sheet with the 

arms secured to the side. The surgeon must coor-

dinate with the anesthesiologist in order to stand 

at the head of the bed and hold the Mayfield tongs 

during the turning process. It is best to keep a 

cervical collar in place, if present. Once the 

Mayfield device is secured to the table, the collar 

is removed and the chin is flexed and retracted to 

properly align the cervical spine and optimize 

surgical exposure. The posterior occiput must 

generally be at the same horizontal level as the 

apex of the thoracic spine (in the absence of a 

deformity).

The craniocervical ligament and atlantoaxial 

reduction is checked using biplanar fluoroscopy. 

Correct rotation of the head is checked by assur-

ing that the ears are located horizontally and par-

allel to the thorax. A fluoroscopic image may be 

used to show that the mandible is in neutral rota-

tion indicating correct head rotation. Reduction, 

if required, is achieved by translation and angula-

tion using the Mayfield device. In general, a 

small amount of space between the occiput pos-

terior arch of C1 and C2 should be present on 

lateral images.

Care is taken to assure adequate padding of 

the chest, iliac crests, proximal hips, knees, and 

elbows. The patient’s hair is shaved to the level of 

the external occipital protuberance, and the skin 

is prepped with chlorhexidine and alcohol.

Exposure A midline incision approximately 

75 mm long from the base of the occiput to the 

level of the C3 spinous process is performed. The 

dissection is carried down with monopolar cau-

tery through the subcutaneous tissues to the level 

of the fascia. Using the spinous processes as 

landmarks, the ligamentum nuchae is dissected 

down its midline with monopolar cautery in order 

to remain within the relatively avascular plane 

and avoid undue bleeding. At this point, the most 

prominent cephalad spinous process is C2. Care 

is taken to preserve the attachments of the semi-

spinalis cervicis muscle on the caudal aspect of 

the C2 spinous process. If the landmarks are not 

clear, it is prudent to place a clamp on the pre-

sumed spinous process of C2 to verify the correct 

operative level.

The dissection is then carried cephalad along 

the midline to identify the C1 tubercle and the 

base of the foramen magnum. Doing so will facil-

itate lateral exposure. Care must be taken not to 

violate the thin atlanto-occipital and atlantoaxial 

membranes. Subperiosteal dissection is then car-

ried laterally along the C1 arch, taking care to 

remain on the inferior aspect of the arch as the 

vertebral arteries take a sinusoidal path along its 

cephalad border. The safe zone of the C1 arch is 

within 1.5 cm from the tubercle as this is the 

point where the vertebral arteries ascend into the 

foramen magnum. Next, subperiosteal exposure 

of C2 is continued to the lateral edge of the C2 

lateral masses, taking care not to violate the 

C2-C3 facet joint. The subperiosteal dissection 

for this portion of the exposure is carried out 

bluntly with a periosteal elevator or Penfield ele-

vator, particularly around the C1 arch and lateral 

pars of C2, as this minimizes the risk of VA injury 

that could otherwise occur with electrocautery 

dissection.

If C1 lateral mass screws are to be inserted, 

the C2 nerve root must either be retracted cau-

dally or resected. Some authors, including 

Goel, who first described this technique in 

1988, advocate transection of the C2 nerve to 

facilitate exposure of the C1 lateral mass and 

C1-C2 facet joint [38], since sacrifice of the C2 

ganglion results in suboccipital numbness that 

is typically inconsequential for the patient and 

rarely results in postoperative neuralgic pain 

[39]. Nevertheless, it is our preference to pre-

serve the C2 ganglion and work rostral to it. At 

this point, significant bleeding from the C2 

venous plexus will be encountered. This can be 

controlled with the use of bipolar electrocau-

tery, thrombin-soaked gel foam, and fibrillar 

collagen. Workflow can be optimized by work-

ing back and forth bilaterally and allowing 

adequate time for hemostasis of the venous 

plexuses.

O. Tannous et al.
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 Instrumentation

Many methods of atlantoaxial fixation have been 

described. Wire techniques provide less fixation 

strength and usually require a postoperative halo 

vest. Although wiring methods have fallen out of 

favor since the popularization of screw-rod con-

structs, they may still be useful in patients with 

unfavorable VA anatomy. The two most common 

fixation methods currently used, however, are C1 

lateral mass screws with C2 screws and C1-2 

transarticular screws which will be described 

separately.

 Posterior Wiring Techniques Several posterior 

wiring methods have been described in the litera-

ture. Gallie, in 1939, described C1-C2 sublami-

nar steel wire fixation [40]. In his method, an 

iliac crest bone graft is notched inferiorly and fit-

ted over the spinous process of C2 below and 

leaned against the posterior arch of C1 above. 

The steel wire is passed under the C1 lamina, 

then dorsal to the iliac crest graft, and tightened 

around the spinous process of C2. Sonntag 

described a modification of this technique in 

1991 [41], where the bone graft is fitted along the 

caudal surface of the C1 posterior arch, as 

apposed to leaning it on the dorsal surface of the 

C1 posterior arch. This modification, which uti-

lizes the same wiring technique, but instead 

applies a “press-fit” wedging of the graft, resulted 

in significantly high fusion rates (up to 97%). 

Brooks and Jenkins, in 1978, described another 

wiring method [42] where two separate iliac crest 

grafts are beveled and wedged between the pos-

terior C1 arch, and C2 lamina. These are secured 

with two sublaminar wires, one on each side of 

the midline, passed underneath the laminae of C1 

and C2, and wrapped around each graft, respec-

tively. They reported a 93% fusion rate with this 

technique.

The disadvantage of these wiring techniques 

includes risk of dural or neurologic injury, as 

well as weaker rotational strength than screw-rod 

constructs. In addition, they usually require post-

operative immobilization with a halo-vest device.

 C1 Lateral and C2 Screws The use of C1 lat-

eral mass and C2 pedicle screws was initially 

described by Goel in 1988 [38] and popularized 

by Harms in 2001 [43]. Both reports describe a 

100% fusion rate with this technique, which has 

prompted widespread adoption of this screw-rod 

construct for atlantoaxial arthrodesis.

C1 Lateral Mass Screw Once exposure is com-

plete, the dorsal root ganglion of C2 is retracted 

caudally to expose the start point for the C1 lat-

eral mass screw, which is the midpoint of the 

inferior lateral mass at its junction with the poste-

rior arch (Fig. 5.1a). An alternative start point for 

the C1 lateral mass screw can be on the dorsal C1 

arch, with advancement of the drill, tap, and 

screw through the pedicle analog of C1 (the 

height of the posterior arch at the groove for the 

VA). The advantage of this modification is avoid-

ance of the venous plexus surrounding the C2 

ganglion; however, meticulous preoperative 

measurement is needed to ensure that the height 

of the pedicle analog exceeds 4 mm at the level of 

the groove of the VA [44]. This minimum height 

is absent in 19.2% of patients, which would pre-

clude safe use of the alternative start point [44].

The start point is marked with a 2-mm high- 

speed burr (Fig. 5.1a). The screw track is pre-

pared with a 2.5-mm drill medialized 15–20° and 

with a sagittal trajectory toward the inferior half 

of the anterior C1 arch (Fig. 5.1b, c). It is the 

author’s preference to confirm the sagittal trajec-

tory with fluoroscopic imaging. The drill is 

advanced to the posterior aspect of the anterior 

atlantal arch as lying more anterior is the carotid 

artery. Following drilling and tapping, a 3.5-mm 

polyaxial screw is placed. The length of the screw 

track within the lateral mass is typically 

16–18 mm; however, the base of the screw con-

tains an additional 10-mm unthreaded portion, 

which allows the screw head and tulip to line up 

with the C2 screw and minimizes irritation of the 

C2 nerve root [45]. There is variability in the 

dimensions of the C1 lateral masses, and preop-

erative screw measurement is important. The 

usual total screw length is 30–35 mm.

5 Posterior Atlantoaxial Fusion
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C2 Pedicle Screw The C2 pedicle is defined as 

the portion of bone beneath the superior facet and 

anteromedial to the transverse foramen [46]. 

Prior to attempting a C2 pedicle screw, the CT 

images must be carefully examined to assure 

adequate width of the C2 pedicle. This is best 

measured on the axial images, which allows one 

to measure the distance between the medial 

aspect of the vertebral foramen and medial aspect 

of the pedicle, which must be a minimum of 

4 mm to safely place a pedicle screw. The start 

point of the pedicle screw is within the superior 

medial quadrant of the C2 pars and is marked 

with a 2-mm high-speed burr (Fig. 5.2a). The 

medial border of the pedicle is defined with a 

Penfield 4, which is used as a reference point 

while drilling. The screw track is formed with a 

2.5-mm hand drill directed 20–30° medial and 

cephalad, taking care to hug the medial pedicle 

wall, as the vertebral foramen is at risk laterally. 

The position of the drill is verified on lateral fluo-

roscopic imaging and should lie just below the 

bony isthmus (Fig. 5.2b, c). The track is then 

verified with a blunt-tipped probe, which is 

clamped at the entry point to obtain an accurate 

length, followed by tapping and placement of the 

appropriate length 3.5- or 4-mm polyaxial screw, 

typically 22–26 mm in length.

C2 Pars Screw In cases where the C2 pedicle is 

too narrow to safely place a screw, an excellent 

alternative is the pars screw. The pars (or isthmus) 

Fig. 5.1 (a) Dorsal view showing starting point (circle) 

for C1 lateral mass screw. (b) Lateral view demonstrating 

C1 lateral mass screw orientation (arrow). The screw 

should aim at the superior aspect of the C1 anterior arch. 

(c) Arrows show the slight medial orientation(arrows) of 

C1 lateral mass screws

O. Tannous et al.
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of C2 is defined as the narrow portion of bone 

between the superior and inferior articular facets 

[46]. The start point is typically on the inferior 

quarter of the vertical bisector of the pars, imme-

diately caudal to a ridge that is often present. The 

trajectory for the screw is directed 10–15° toward 

the medial border of the pedicle, with a steeper 

angle than the C2 pedicle screw, and directed 

toward the C1 anterior tubercle. The trajectory 

must be measured on preoperative CT imaging, 

Fig. 5.2 (a) Dorsal view of C2. The medial edge of the 

right pedicle is identified by a Penfield elevator (gray 
line). The starting point for screw insertion (circle) is just 

lateral to the medial edge of the pedicle and is marked by 

a burr. It is located 3–5 mm above the C2-3 facet joint. 

The screw is oriented slightly medial (arrow) (b) (Lateral 

view showing the screw position just below the upper 

edge of the pedicle (gray arrowhead). (c) On the axial CT, 

the screw direction is slightly medial. On the left side, 

there is a medial position of the vertebral artery with 

therefore a high risk of vertebral artery injury

5 Posterior Atlantoaxial Fusion
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as the screw must stop short of the vertebral fora-

men (typically 16 mm in length). The same steps 

for marking the start point and preparing the 

screw track are used, except a high-speed drill 

with a drill stop can be used. The typical length of 

a C2 pars screw is 14–18 mm.

C2 Translaminar Screws This technique, 

described by Wright in 2004, is an excellent and 

relatively safe option in patients with aberrant 

vertebral artery anatomy or with failed pedicle or 

pars screws [47]. The risk of vertebral artery 

injury is essentially eliminated, however, the risk 

of spinal cord injury is still present if the inner 

laminar cortex is breached. Prior to considering 

this technique, the C2 laminae must be measured 

on axial CT imaging to verify that a 3.5- or 4-mm 

screw can be accommodated. After exposure of 

the posterior elements, a 2.0-mm high-speed burr 

is used to create an entry point at the spinolaminar 

junction. One screw will have a rostral entry point 

and the other a caudal entry point on the contra-

lateral spinolaminar junction; this is to ensure that 

the screws’ tracks will not cross. Next, a cervical 

pedicle finder is used to cannulate the contralat-

eral lamina, taking care not to breach the inner 

cortex. After tapping and probing the track, a 

polyaxial screw is placed (typically 3.5 × 30 mm). 

A modified technique includes creating a cortical 

“exit” window at the junction of the C2 facet and 

lamina, which allows the surgeon to confirm the 

lack of inner cortex breach, measure an accurate 

screw length, and obtain bicortical purchase [48].

After C1 and C2 screw placement, appropri-

ate length rods are placed and set screws tight-

ened to proper torque. A crosslink can be placed 

to increase the torsional strength of the con-

struct, which may be advantageous in the 

trauma setting. Bone grafting is performed as 

described below.

C1-C2 Transarticular Screw This technique 

was first described by Magerl et al. in 1979 for 

the treatment of odontoid fracture [49]. Prior to 

considering the C1-C2 transarticular screw, one 

must carefully study the CT images to verify that 

the C2 pedicle is wide enough to accommodate a 

3.5- or 4-mm screw. Once the patient is posi-

tioned, a lateral fluoroscopic image is obtained to 

confirm that the C1-C2 joint is reduced. A malre-

duced joint may increase the risk of vertebral 

artery injury significantly [50]. Another image is 

obtained with a guide wire lateral to the neck 

which allows the surgeon to visualize the trajec-

tory needed for the screw, plan the entry point for 

the percutaneous cannula, and make positioning 

adjustments prior to draping. The skin prepara-

tion must extend to the upper thoracic spine as 

the percutaneous entry point for the drill is typi-

cally at the cervicothoracic junction.

The start point is similar to that of the pars 

screw, but the trajectory must be steeper in order 

to cross the C1-C2 joint and reach the anterior 

border of C1 at the level of the arch (Fig. 5.3a, b). 

Once C1 and C2 are exposed, the start point is 

marked with a high-speed burr. The starting point 

is just lateral to the medial edge of the C2 pedicle 

which is palpated and 5–7 mm above the C2-3 

facet joint. A stab incision in the skin and fascia 

is made 1–2 cm from the midline at the cervico-

thoracic junction. A guide tube is passed percuta-

neously and docked onto the start point followed 

by the passage of a guide wire. The guide wire is 

medialized 10–15° while visualizing the medial 

border of the pedicle with a Penfield 4. The sagit-

tal angle is confirmed with a lateral image to 

ensure the proper trajectory. The tip of the wire is 

placed a few millimeters short of the anterior C1 

tubercle to avoid penetration into the retropha-

ryngeal space. Next, a cannulated drill is 

advanced over the wire, taking care not to bind 

the wire or breach the anterior C1 cortex. The 

drill is removed while maintaining the guide wire 

position; the track is prepared with a cannulated 

tap, followed by advancing the appropriate length 

3.5- or 4-mm cannulated screw.

Decortication Decortication is ideally done 

after screw track tapping and prior to screw 

placement, as the polyaxial screw tulips can 

interfere with exposure. It is best to use a cutting 

burr; however, one must be careful not to weaken 

the screw tracks or injure neurovascular struc-

tures. It is safe to decorticate the middle third of 

the C1 arch; however, the lateral two-thirds must 

be decorticated with care to avoid injury to the 

O. Tannous et al.
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nearby C2 nerve roots and vertebral arteries. 

Again, it is critical to study the preoperative 

advanced imaging and assess the course of the 

vertebral artery.

Bone Graft Although iliac crest bone grafting 

is the gold standard for posterior fusion, this is 

associated with a high potential for donor site 

morbidity. In patients who are biologically com-

promised (smokers, diabetics, immunosup-

pressed, etc.), it may be prudent to harvest 

autograft bone from the iliac crest.

Biomechanics There are many studies evaluat-

ing the biomechanical outcomes of the different 

atlantoaxial fusion techniques [51]. Melcher 

et al. compared the biomechanical properties of 

C1-C2 transarticular screws with Gallie wiring to 

those of C1 lateral mass-C2 pedicle screw and 

rod instrumentation [52]. They found no statisti-

cally significant difference between the two 

 constructs in flexion/extension, lateral bending, 

or axial rotation. Du et al. performed a systematic 

review and meta-analysis of studies evaluating 

the biomechanical stability of various instrumen-

tation constructs for atlantoaxial fusion, includ-

ing C1 lateral mass-C2 pedicle screws, C1 lateral 

mass-C2 pars screws, C1 lateral mass-C2 trans-

laminar screws, and C1-2 transarticular screws 

[53]. Their meta-analysis showed that all con-

structs provided significant stabilization in all 

axes of rotation, except for the C1 lateral mass-

 C2 translaminar construct in lateral bending.

Elliott et al. performed a meta-analysis com-

paring the clinical and radiographic outcomes of 

patients treated with transarticular screws versus 

C1-C2 screw-rod constructs for atlantoaxial 

fusion [54]. They found no difference in 30-day 

mortality or neurologic injury between the tech-

niques. However, there was a higher incidence of 

vertebral artery injury (4.1% vs. 2%) and malpo-

sitioned screws (7.1% vs. 2.4%) and a lower rate 

of fusion (97.5% vs. 94.6%) with the transarticu-

lar screw technique.

Fig. 5.3 (a) The starting point for C1-2 transarticular 

screw insertion is 3 mm above the C2-3 facet in a line just 

lateral to medial edge of the pedicle. The screw is oriented 

to aim towards the center of the C1-2 articulation (arrow). 

(b) The arrow identifies the screw orientation from the 

starting point (circle) in C2, across the C1-2 articulation 

and into the C1 lateral mass. The screw tip should appear 

to be angled end near the superior aspect of the anterior 

arch of C1 (arrow)

5 Posterior Atlantoaxial Fusion
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 Illustrative Case

 History

This is a 66-year-old female pedestrian who was 

struck by a vehicle. She sustained a type II odon-

toid fracture in addition to multiple rib fractures, 

bilateral pneumothoraces, and a clavicle fracture. 

She was initially treated at an outside institution, 

and her cervical spine was stabilized with a hard 

cervical collar. She presented to our institution 

2 months later with severe, intolerable neck pain 

that was exacerbated by neck motion and alleviated 

by immobilization. She had no previous history of 

neck pain. She is a non-smoker and nondiabetic 

and exercised daily prior to her injury.

 Physical Examination

Her examination on presentation revealed a nor-

mal neurologic exam but significant pain in her 

upper neck with cervical range of motion.

 Imaging

Initial radiographic and CT, and MRI imaging 

(Fig. 5.4a–c) demonstrated a nonunion of her 

odontoid fracture with no compromise of her spinal 

canal or spinal cord.

 Treatment

The C2 pedicles were closely examined on CT 

imaging prior to planning the pedicle screws 

(Figure 5.2c). She underwent a C1-C2 fusion with 

a C1 lateral mass-C2 pedicle screw/rod construct 

and iliac crest autograft. (Fig. 5.4d and 5.4e).

 Postoperative Course

Postoperatively, she noted resolution of her 

neck pain once her surgical pain resolved and 

achieved a solid C1-C2 fusion, which was 

noted at 9-month clinical and radiographic 

follow-up.

 Technical Pearls

• Preoperative planning

Preoperative evaluation of the CT is critical as 

there is significant variability in the C2 pedicle 

anatomy as well as the course of the vertebral 

artery. It is not uncommon to encounter C2 pedi-

cles that are too narrow to safely insert a pedicle 

screw in which case C2 pars or translaminar 

screws are an excellent backup option.

Evaluating for the presence of a ponticulus pos-

ticus (osseous arch on the superior aspect of the C1 

lamina that contains the vertebral artery) preopera-

tively is important as this can be confused with the 

C1 lamina. Vertebral artery injury can occur if this 

structure is not appreciated preoperatively.

• Positioning Pearls

Prior to positioning, a roll of gauze is placed 

in the patient’s mouth to allow for adequate open- 

mouth view shots during the procedure.

The chin is tucked to flex the base of the skull 

away from the posterior arch of C1; this facili-

tates the exposure and placement of the C1 lateral 

mass screws.

• C1 Lateral Mass Fixation

Placement of C1 lateral mass screws requires 

adequate exposure. This is associated with signifi-

cant bleeding from the surrounding venous 

plexus. Using hemostatic agents such as thrombin- 

soaked gel foam or fibrillar collagen and alternat-

ing from side to side can optimize the workflow.

The optimal start point for the C1 screw is at the 

junction of the inferior lateral mass and the C1 

arch. In patients with an overhanging arch, the start 

point can be exposed by burring the caudal aspect 

of the arch. Alternatively, in patients with an arch 

thick enough to accommodate a 3.5- mm screw, the 

start point can be created directly on the arch.

• C2 Pedicle Screws

When placing C2 pedicle or transarticular 

screws, it is critical to visualize the medial aspect 

of the C2 pedicle which is typically done with a 

O. Tannous et al.



Fig. 5.4 (a) Initial lateral radiograph of 66-year-old 

female with non-displaced type II dens fracture. (b) 

Coronal CT shows nonunion of dens fracture. (c) Sagittal 

T2-weighted MRI demonstrates increased signal in non-

union of dens fracture. No spinal cord compression is 

present. (d) Postoperative lateral radiographs following 

C1-2 posterior fusion using C1 lateral mass screws and 

C2 pedicle screws. (e) Postoperative open-mouth radio-

graph following posterior C1-2 fusion

Penfield 4. This landmark allows the surgeon to 

safely medialize the screw trajectory while 

avoiding the vertebral artery laterally and the spi-

nal cord medially. This step is also helpful while 

placing a C2 pars screw.

 Complications and Strategies 
for Avoidance

 Vertebral Artery Injury (VAI)

Approximately 20% of patients have a vertebral 

artery with an anomalous course at the level of C1 

and C2 [49, 53]. It is critical to scrutinize the bony 

anatomy of the atlas and axis on CT imaging; fur-

thermore, one should consider a CT or MR angio-

gram if any doubt is present with regard to the 

vertebral artery anatomy. The reported rate of ver-

tebral artery injury is up to 5.8% during C1 lateral 

mass screw placement and up to 8.2% with C1-C2 

transarticular screws [55, 56]. Madawi et al. 

showed that VAI risk increases significantly when 

C1 and C2 are not completely reduced [50].

Neo et al. performed a retrospective survey 

that included 5641 cervical spine surgeries and 

eight cases of VAI with C1-C2 transarticular 

screw fixation [52]. When VAI occurred in the 

screw hole, hemostasis was obtained by tampon-

ade or screw insertion. In contrast, VAI in the 
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“open space” resulted in uncontrolled bleeding 

and necessitated embolization. The authors 

reported no deaths or postoperative neurologic 

sequelae in this study; they recommend prompt 

consultation with an endovascular team if hemo-

stasis cannot be achieved.

 Internal Carotid Artery (ICA) Injury

The internal carotid arteries traverse anterior to 

the lateral masses of C1. Atlantoaxial fusion 

puts this structure at risk since the ideal exit 

point for a bicortical C1-C2 transarticular screws 

and C1 lateral mass screws is the center of the 

C1 lateral mass. Currier et al. performed an ana-

tomic study using computed tomography to 

evaluate the relationship of the ICA to the ideal 

exit point of a bicortical screw through the C1 

lateral mass [57]. They found the mean distance 

of the ICA to the anterior cortex of C1 to be 

approximately 2.9 mm and the ICA lumen 

medial to the foramen transversarium of C1 in 

nearly 85% of cases. They concluded that the 

proximity of the ICA to the anterior arch of C1 

posed a moderate risk of injury in 46% of cases 

and a high risk in 12% of cases. In such cases, 

they advise using unicortical fixation in order to 

mitigate the risk of injury.

 Conclusion

There are multiple posterior fixation options for 

C1-C2 pathology and each with its advantages 

and disadvantages. Pedicle screw-rod constructs 

have gained widespread popularity due to the 

increased biomechanical rigidity and low risk of 

VA injury in the hands of experienced surgeons 

who have a complete understanding of the atlan-

toaxial anatomy as well as the morphometric and 

vascular variations. Preoperative planning and 

evaluation of CT imaging is critical when 

approaching these procedures. CT angiography 

is especially important when aberrant vertebral 

anatomy is suspected. It is our preference to per-

form C1 lateral mass-C2 pedicle screw-rod 

instrumentation when possible; however, older 

wiring/arthrodesis methods have proven invalu-

able in our practice with regard to revision cases 

or patients with unfavorable anatomy or history 

of vertebral artery injury.
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 Introduction

Anderson and D’Alonzo [1] published their cat-

egorization of fractures of the odontoid process 

of the axis in 1974 recognizing the unique chal-

lenges of managing type II odontoid fractures. 

Their series described the outcomes of both those 

treated nonoperatively in tong traction for 

6 weeks and those treated with posterior wiring 

and fusion, and they advocated for the use of 

operative fixation in these patients. While there 

have been significant developments in both non-

operative immobilization and operative fixation 

since that time, operative fixation remains the 

mainstay of treatment for type II odontoid frac-

tures today. In fact, the 2013 Neurosurgery Spinal 

Trauma Guidelines concluded that “Surgical sta-

bilization and fusion of Type II and Type III 

odontoid fractures with dens displacement 

≥5 mm, comminution of the odontoid fracture, 

and/or inability to achieve or maintain fracture 

alignment with external immobilization are rec-

ommended” [2]. In this chapter, we discuss the 

role of anterior odontoid screw fixation for man-

agement of odontoid fractures, its indications, 

and how the procedure is performed. We also 

provide a number of technical pearls and strate-

gies for complication avoidance.

Direct anterior fixation of a fracture of the 

odontoid process or odontoid screw fixation was 

first reported independently by both Bohler [3] 

and Nakanishi in 1982. In the years since, there 

have been many refinements to their techniques 

and new instrumentation developed specifically 

for this procedure. While a number of different 

systems exist, we prefer to use a currently avail-

able system which allows for the insertion of 

non-cannulated screws through an all-in-one 

drill/tap/screw guide tube for reasons which will 

be discussed later in the chapter. The procedure 

below will be described using this system, 

although the technique may be generalized and 

applied to other systems.

There is controversy in the literature over the 

optimal management of acute type II odontoid 

fractures, especially in regard to rates of non-

union between operative and conservative man-

agement. Some authors [4–6] consider the 

concept of a stable fibrous union which can 

be defined as a lack of motion on flexion-exten-

sion radiographs, despite the lack of definitive 

evidence of bony fusion in an asymptomatic 

patient to be a satisfactory outcome. However, 

this “stable fibrous union” concept is not univer-

sally accepted. This has a significant impact 

on reported success rates of any management 

strategy. For example, a retrospective study by 
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Koech et al. [6] examined patients aged 65 years 

or older with type II odontoid fractures treated 

nonoperatively, including 10 who were treated 

in cervical collars alone and 32 in halo braces. 

While only 50% of those in collars and 37.5% of 

those in halo braces had evidence of bony fusion 

at follow- up, all patients except one treated in a 

collar appeared to have developed a stable 

fibrous union. We consider the primary goals of 

anterior odontoid fixation to be stabilization of 

the fracture fragment on flexion-extension 

radiographs and relief of clinical symptoms.

The atlantoaxial interface plays a unique bio-

mechanical role among vertebrae as it is respon-

sible for approximately one-third of the total 

rotation of the cervical spine [7]. As compared to 

other methods of atlantoaxial fixation, odontoid 

screw fixation may offer the benefits of preserv-

ing this motion [8], being less painful than poste-

rior fusion techniques, decreasing risk of 

vertebral artery injury, and having no need for 

bone graft harvest.

 Indications and Patient Selection

The ideal candidates for odontoid screw place-

ment are patients with acute or subacute type II 

odontoid fractures and selected patients with 

shallow type III odontoid fractures [9], Table 6.1. 

In regard to type II fractures, Grauer et al. [10] 

proposed three subtypes which can be used to 

determine optimal management based on several 

characteristics of the fracture. They suggest that 

type IIa, transverse fractures without comminu-

tion or displacement, may be successfully man-

aged with external immobilization. Further, while 

type IIb, displaced transverse fractures or frac-

tures that pass from anterosuperior to posteroin-

ferior, may be optimally treated with odontoid 

screw fixation, they recommend a posterior 

approach for type IIc, fractures passing from 

anteroinferior to posterosuperior or significantly 

comminuted fractures.

Patient age plays an important role in deter-

mining the optimal management of type II odon-

toid fractures. While young, healthy patients may 

be treated with external immobilization, 

Lennarson et al. [11] examined 33 type II odon-

toid fractures treated with halo vest immobiliza-

tion and found that patients above the age of 50 

had a risk of bony nonunion 21 times higher than 

younger patients. In addition, halo vest immobili-

zation in elderly patients with odontoid fractures 

has been associated with increased morbidity and 

mortality [12].

In 1989, Hadley et al. [13] examined 68 

patients of various ages with acute type II odon-

toid fractures treated with nonoperative immobi-

lization and found an overall nonunion rate of 

28%. Furthermore, they found that a dens dislo-

cation of 6 mm or greater had a 78% nonunion 

rate with nonoperative immobilization compared 

with only 10% in those with dens dislocations 

less than 6 mm. It is further discussed in the 

Neurosurgery spine trauma guidelines [2] that a 

greater degree of fracture displacement should 

warrant consideration for operative fixation.

Absolute contraindications to anterior odon-

toid screw placement include comminuted and 

pathologic fractures of the C2 vertebral body, as 

well as other general contraindications to spine 

surgery such as active infection, anticoagula-

tion, etc. Injury to the transverse atlantal liga-

ment (TAL) complex is also an absolute 

contraindication as the C1-C2 complex would 

remain unstable despite screw fixation of the 

odontoid fracture.

Table 6.1 Indications and contraindications for odontoid 

screw fixation

Indications

Acute or subacute type II fractures

Shallow type III fractures

Contraindications

Comminuted fractures

Severe medical comorbidities

Body habitus (barrel chest) or severe 

kyphosis preventing appropriate 

trajectory

Pathologic fractures

Associated transverse ligament injury

Chronic nonunion (>6 months)

Irreducible subluxation/translation of 

dens fragment by >5 mm

M.B. Frenkel and D.J. Hart
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Furthermore, there are also several relative 

contraindications such as an anterior oblique 

fracture, extreme osteoporosis, patient anatomy, 

and fracture age. While Grauer et al. [10] suggest 

that an anterior obliquely oriented fracture is a 

relative contraindication as the screw may cause 

fracture displacement with tightening, we find 

that in some cases, shallow, minimally displaced 

anterior oblique fractures can be successfully sta-

bilized with a regular non-lag screw.

Chronic fractures are also considered to be a 

relative contraindication for odontoid screw 

placement because the presence of fibrous tissue 

prevents reapproximation, and poor bony fusion 

rates have been reported. Some authors have 

described good outcomes in fractures up to 

6 months old by using a specialized technique in 

which a long-tipped right-angle curette is inserted 

into the fracture gap and used to curette out any 

fibrous tissue which has formed [9]. While good 

results have been reported using this technique, it 

is an advanced maneuver which requires special-

ized instruments and it has not been widely 

adopted. In patients with symptomatic/unstable 

chronic odontoid fractures, we recommend pos-

terior C1-C2 arthrodesis.

There are situations in which the patient’s 

anatomy makes an anterior approach difficult or 

even impossible. In individuals with a barrel 

chest, severe thoracic kyphosis or lower cervical 

kyphosis may prevent the correct screw trajec-

tory. In some patients, it may be impossible to 

accurately determine whether the trajectory can 

be reached until they are positioned in the operat-

ing room with fluoroscopy. Patients with possible 

anatomic obstacles should be counseled preop-

eratively about the possibility of needing to con-

vert to a posterior approach.

Dysphagia in the elderly is a well-described 

complication of any anterior cervical approach. 

Dailey et al. [4] reported a 35% incidence of 

dysphagia requiring diet modification and an 

11% incidence of aspiration pneumonia after 

odontoid screw fixation in an elderly popula-

tion. Other studies [14] have found as high as a 

60% rate of dysphagia after anterior approaches 

to the cervical spine. While this is not a true 

contraindication in the majority of patients, it 

should be discussed with the patient preopera-

tively, and a posterior approach may be consid-

ered in those who have preexisting moderate to 

severe dysphagia.

 Preoperative Considerations

Patients with acute type II odontoid fractures 

should be maintained in external immobilization 

prior to surgical treatment. Generally, a hard col-

lar is appropriate and preferred to halo orthosis, 

especially in elderly patients. As with other inva-

sive procedures, anticoagulation should be held, 

if possible, and coagulopathies corrected prior to 

surgery.

In any acute fracture, adequate and appropri-

ate imaging and trauma survey should be per-

formed. Some authors had previously considered 

preoperative MRI for evaluation of transverse 

atlantal ligament (TAL) injury to be mandatory 

before odontoid screw placement; however, more 

recent literature [15] suggests that concomitant 

odontoid fracture and TAL injury is a rare event, 

and MRI for this purpose should be reserved for 

those with neurologic deficits or ADI (atlanto-

dental interval) widening. However, owing to the 

routine technique of hyperextending the patient’s 

head and neck during intraoperative positioning 

for odontoid screw placement (which is neces-

sary to obtain the correct trajectory), we believe 

there is benefit in obtaining a cervical spine MRI 

preoperatively in order to rule out any potential 

sources of neurologic compression which may 

not be imaged well on plain radiograph or CT 

scan. Many elderly patients with odontoid frac-

tures will have pre-injury degenerative spondylo-

sis, stenosis, and/or mid- or lower cervical spinal 

cord compression that could cause neurological 

deterioration with intraoperative positioning 

maneuvers if not otherwise recognized with pre-

operative MRI. Based on local practices, we do 

not routinely obtain preoperative flexion/exten-

sion films in acute fractures because of potential 

concern for additional fracture fragment dis-

placement causing neurologic deficit.

6 Odontoid Screw Fixation
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 Surgical Technique

 Anesthesia Considerations

While awake fiberoptic intubation is commonly 

employed for unstable cervical spine injuries, the 

spacious spinal canal at the level of C1-C2 usu-

ally does not necessitate such strict precautions. 

Intubation techniques requiring hyperextension 

should be avoided, and the goal of minimizing 

spine movement should be discussed preopera-

tively with the anesthesiology team, but there are 

a number of modern intubation techniques such 

as video laryngoscopy which may be used with 

minimal risk to the patient. In cases with greater 

than average displacement of the odontoid frac-

ture and/or preoperative spinal cord compromise, 

this may not apply.

We do not believe that there is great benefit to 

the use of intraoperative electrophysiologic mon-

itoring during screw placement as, with the 

exception of rare, obvious complications such as 

a K-wire placed too deep or severe retropulsion 

of a fragment, there is little risk of intraoperative 

neurologic injury during this procedure, and it is 

unclear whether monitoring would change an 

outcome associated with these types of complica-

tions. We also position the patient under active 

fluoroscopic control, minimizing the chances of 

neurologic injury during the positioning process 

(see below).

 Patient Positioning

The patient is positioned supine on a flat-top 

Jackson table with a large roll placed transversely 

beneath the shoulders. A standard operating table 

is also appropriate, although there can be difficul-

ties with metal pieces of the table obscuring the 

open-mouth fluoroscopy views depending on the 

angle of the patient’s head. The cervical spine is 

then carefully extended and the head supported on 

a gel or foam donut. Arms are tucked at the 

patient’s side with pressure points appropriately 

padded. We then apply light (5–10 pounds) cervi-

cal traction, typically via a soft, padded occipito- 

mandibular traction sling, although many surgeons 

prefer Gardner-Wells tongs. In this often elderly, 

frail patient population, we prefer to avoid the 

additional, although minor, risk of pin-site 

complications.

The use of fluoroscopy is necessary during 

positioning in order to optimize trajectory and to 

ensure that positioning has not caused further 

displacement of the dens. We typically do not 

extend the patient’s neck until lateral C-arm fluo-

roscopy is in place and images can be obtained as 

the spine is positioned. Any undesired sublux-

ation can be immediately identified before fully 

placing the patient into hyperextension. We 

believe this is safer than simply obtaining a post- 

positioning image after the patient is fully hyper-

extended. In patients with a posteriorly dislocated 

dens, alignment can be improved by extending 

the head with an axis of rotation at the atlanto- 

occipital interface while maintaining extension 

of the cervical spine. Conversely, anteriorly dis-

placed fragments can be realigned by flexing the 

head without flexing the cervical spine. Once 

optimal alignment is achieved, light traction is 

applied as described above, more to maintain 

position rather than to achieve any sort of distrac-

tion of the spine.

A radiolucent bite block should be used to 

hold the patient’s jaw open in order to obtain an 

open-mouth odontoid view with fluoroscopy. A 

working view of the dens, fracture line, and body 

of C2 without obstruction from the teeth is cru-

cial. The bite block should be placed with care so 

as not to risk dislocation of the jaw, as anesthe-

tized patients cannot guard themselves against 

this. Preoperative assessment of the patient’s jaw 

opening can be helpful, although difficult to do in 

a hard cervical collar. For our bite block, we typi-

cally use a wine cork, trimmed to an appropriate 

height just short of the patient’s maximal jaw 

opening, with V-shaped notches carved in each 

end for upper and lower teeth (or gums, if 

edentulous).

The use of intraoperative navigation has been 

described for the placement of odontoid screws 

[16]; however, as of this writing, there is no uni-

versally accepted technique for its use. Our tech-

nique (described below) allows for manipulation 

of the fracture fragment intraoperatively if 
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desired, which would immediately compromise 

the accuracy of navigation based on any intraop-

erative imaging obtained prior to such fracture 

manipulation. Should advances in technology 

one day be able to compensate for this, intraop-

erative navigation could play an important role in 

reducing the amount of radiation exposure to the 

patient and operator associated with fluoroscopy.

 Instrumentation System

A unique advantage of the non-cannulated sys-

tem compared to K-wire-based systems is the 

ability to directly manipulate the C2 vertebral 

body relative to the dens which often allows fine 

tuning of the alignment between the dens and the 

body of C2 during screw placement (see below). 

In our experience, this cannot be achieved with 

cannulated K-wire-based systems and is a large 

part of the basis for why we use a non-cannulated 

system. Additionally, non-cannulated screws 

have stronger resistance to fatigue fracture.

 Exposure

After positioning the patient, we place a K-wire 

alongside the patient’s neck in line with the 

optimal screw trajectory, viewed on lateral 

C-arm fluoroscopy. We will then plan a trans-

verse incision at the area where the wire crosses 

the anterior surface of the neck. If a skin crease 

is present within a few millimeters of this loca-

tion, we will adjust accordingly for cosmetic 

purposes. In addition, this maneuver has the 

benefit of confirming that the patient’s anatomy 

is conducive to odontoid screw placement. This 

is the point in the case at which a final decision 

is made whether odontoid screw placement will 

be feasible or if the procedure will need to be 

converted to a posterior fusion. In our experi-

ence, only in rare cases have we been forced to 

convert to a posterior fusion prior to incision 

because a barrel chest or thoracic kyphosis 

made the optimal trajectory impossible to 

achieve. In some cases, preoperative imaging 

will strongly indicate the feasibility of obtaining 

correct trajectory (either for or against) well 

before entering the operating room, but in many 

cases, it can be questionable, with the final 

determination only possible once the patient is 

safely positioned in cervical extension in the 

operating room. In our practice, even in cases 

where we feel quite confident of our chances of 

obtaining the correct trajectory, we still discuss 

the possibility of needing to abort the anterior 

screw and proceed with posterior arthrodesis 

with every patient/family prior to the procedure. 

We reassure them that this decision will be made 

prior to a skin incision being made.

Once successfully positioned, the patient is 

then prepped and draped in a sterile fashion and 

local anesthetic is injected. A skin incision is 

made in the previously determined location (typi-

cally around the C5-C6 disc space level, but we 

base it on our intraoperative localization), and a 

plane is dissected out over the platysma with 

Metzenbaum scissors. We prefer to make a trans-

verse incision through the platysma using elec-

trocautery so that the two edges are easy to find 

and re-approximate at the end of the case.

A standard Cloward-type approach to the 

anterior cervical spine is carried out as one would 

perform for anterior cervical discectomy surgery, 

with dissection down along the medial border of 

the sternocleidomastoid muscle and between the 

carotid sheath and trachea, down to the preverte-

bral fascia. The longus colli muscle is then ele-

vated from the midline so that medial and lateral 

retractor blades may be inserted beneath them 

and connected to the retractor holder.

 Retraction

A special angled retractor is then inserted from 

caudal to cephalad into the prevertebral fascial 

plane after it is dissected up to the level of C1 

using a Kittner dissector. The retractor should at 

least extend past the fracture line on lateral fluo-

roscopy. This retractor blade is then connected to 

the medial-lateral self-retaining retractor and is 

used to protect the soft tissues anterior to C2 

(Fig. 6.1). Subsequent steps are all performed 

under biplanar fluoroscopy.
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 Screw Insertion

A K-wire is inserted at an appropriate trajectory 

and entry point in the inferior endplate of C2. 

This generally will penetrate the anterior-most 

part of the C2-C3 disc space (Fig. 6.2). The opti-

mal location of this is approximately 2 mm pos-

terior from the anterior surface of the body (even 

1–2 mm further posterior than what is shown in 

Fig. 6.2, ideally) and either midline or 3–4 mm 

lateral to the midline if one or two screws are to 

be used, respectively. The K-wire should be 

impacted approximately 4 mm into the bone. It is 

critical that this initial wire enters the inferior 

endplate of C2 and not the anterior cortex of the 

vertebral body as the cortical bone of the end-

plate is stronger and denser than the usually very 

thin anterior cortex. Failure to ensure entry into 

the inferior endplate will often result in postop-

erative construct failure with the screw(s) cutting 

out through the anterior vertebral body of C2 

when the patient extends his/her neck.

Once the K-wire is inserted, a cannulated 

7-mm-fluted-twist drill/rasp is then inserted over 

it and used to rasp a trough in the anterosuperior 

aspect of C3 and the C2-C3 annulus (Fig. 6.3).

The drill guide is then assembled and passed 

over the K-wire. The distal end of this drill guide 

has anchoring spikes that are “walked” along the 

ventral spine until the guide is appropriately 

positioned over the C3 vertebral body (Fig. 6.4). 

An impactor sleeve is then placed over the handle 

assembly (which requires cutting the free end of 

the K-wire) and is tapped with a mallet to impact 

Fig. 6.1 Incision with 

retractor blades in place 

(Courtesy Aesculap)
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the spikes into the C3 vertebra, thus firmly secur-

ing the drill guide to the body of C3. This 

 represents a sort of “point of no return,” and 

before impacting the drill guide into position, 

biplanar fluoroscopy images should confirm cor-

rect trajectory in both planes. At this point, the 

inner guide tube is then advanced forward so that 

it contacts the inferior endplate of C2 and the 

K-wire is removed. From this point forward until 

final screw placement, a firm grasp should be 

maintained on the drill guide with the nondomi-

nant hand, not allowing it to move throughout 

subsequent steps of drilling, tapping, and screw 

placement. This is critical to the use of the non- 

K- wire-based system. As previously mentioned, 

the impacted drill guide can be used to fine-tune 

the alignment of the odontoid fragment relative 

to C2, a feature that cannot be accomplished with 

K-wire-based systems. After ensuring the drill 

guide is firmly seated in C3, one proceeds to drill 

into the C2 vertebral body stopping just before 

the fracture line is reached. Then, if the dens is 

posteriorly dislocated, gentle downward (toward 

the floor or dorsal) pressure on the drill guide will 

Fig. 6.2 Illustration showing K-wire entry point in the 

inferior endplate of C2. The authors would suggest an 

entry point even 1–2 mm posterior to that shown, if fea-

sible (see text) (Courtesy Aesculap)

Fig. 6.3 The fluted drill is inserted over the K-wire and a 

rasp is used to create a trough in the anterosuperior aspect 

of C3 and the C2-C3 annulus (Courtesy Aesculap)

Fig. 6.4 The drill guide is impacted into the anterior C3 

vertebral body (yellow arrowhead) before the K-wire is 

removed and replaced with the drill. The inner guide tube 

is advanced to the inferior endplate of C2 before com-

mencing drilling (blue arrowhead) (Courtesy Aesculap)
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usually cause C2 and C3 to move posteriorly, 

while the dens, C1, and the skull will usually 

remain fixed, thus aligning the fracture. 

Maintaining light cervical traction, as described 

in the patient positioning section, helps with this 

process. Similarly, if the dens is anteriorly dislo-

cated, the drill guide can be “lifted” (toward the 

ceiling or ventrally) while carefully maintaining 

some cephalad pressure to ensure the spikes do 

not disengage from the C3 vertebra which should 

bring C2 and C3 into better alignment with the 

dens. In our experience, these maneuvers can 

easily correct up to ~3 mm of dislocation. In most 

cases, with careful patient positioning as 

described above, the fracture should have less 

than that amount of dislocation prior to this step. 

These maneuvers are easier in acute fractures and 

may be less successful in subacute injuries.

A right-angled drill driver with a depth mea-

surement guide is then inserted through the inner 

guide tube, and a pilot hole is carefully drilled 

through C2 and, if no additional realignment is 

needed (see above), into the odontoid fragment 

(Fig. 6.5). It is critical to drill through the distal 

cortex of the odontoid tip so that bicortical pur-

chase can be achieved during screw placement, as 

the distal tip of the odontoid and the inferior end-

plate of C2 are the strongest cortical surfaces in 

C2. The inner guide tube and drill are then with-

drawn and a tap is inserted and used to tap the pilot 

hole (Fig. 6.6). Both the drill and the tap come 

with calibrated depth markings, although we 

strongly recommend also measuring screw length 

on the preoperative CT scans when selecting a 

screw length. A lag screw is then inserted so that it 

engages the distal odontoid cortex and approxi-

mates the dens to the body of C2 (Fig. 6.7). In the 

scenario mentioned earlier in which there is an 

anteriorly oblique fracture, a lag screw should be 

avoided and a fully threaded screw may be prefer-

able. Once again, throughout the process of drill-

ing, tapping, and screw placement, the drill guide 

must be maintained in position with a firm grip, 

also maintaining any anterior or posterior align-

ment adjustments. In our experience, once familiar 

with the system, the whole process from drilling to 

final screw placement can usually be accomplished 

in about 60–90 s, minimizing fatigue in the hand 

stabilizing the drill guide.

Fig. 6.5 A pilot hole is drilled through the C2 body and 

fracture line and into the dens. It is important to drill 

through the distal cortex of the dens (1–2 mm beyond 

what is shown in this illustration) to achieve bicortical 

screw purchase (Courtesy Aesculap)

Fig. 6.6 The drill is removed and replaced with the tap 

which is then used to tap the pilot hole. This should also 

extend through the distal odontoid cortex, 1–2 mm beyond 

what is shown in this illustration (Courtesy Aesculap)
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If two screws are to be used, then the above 

steps, beginning with K-wire insertion, are 

repeated on the contralateral side. As the frag-

ment should already be approximated in contact 

with the C2 body after placing the first lag screw, 

a fully threaded screw can be used for placement 

of the second screw.

 Closure

The wound is then irrigated, meticulous hemosta-

sis is achieved (the site of spike impaction into 

the C3 vertebral body often oozes after removing 

the drill guide, but this can usually be controlled 

easily with some sort of flowable hemostatic 

agent and a few seconds of gentle pressure), the 

retractors are then removed, and the wound is 

closed in the usual fashion, again similar to the 

surgeon’s preferred techniques for anterior cervi-

cal spine surgery.

 Postoperative Care

Postoperatively, we do not routinely place patients 

in a hard collar unless they have very radiolucent 

bone on radiography or the bone is soft, and mini-

mal insertional torque is experienced during screw 

placement, both indicators of worse-than-usual 

osteoporosis or if the patient has had a bone density 

scan confirming severe osteoporosis. Even in the 

elderly population, this is only rarely necessary, but 

many other surgeons routinely use postoperative 

orthoses and this is per surgeon’s discretion.

 Illustrative Case

An 82-year-old female with no relevant past medi-

cal history presented to the emergency room after 

a ground-level fall at home. She complained of 

neck pain but was found to be neurologically intact 

on examination. A CT scan of her cervical spine 

was obtained (Fig. 6.8) which showed an acute 

type II odontoid fracture. After discussion with the 

patient about management options, she elected to 

proceed with anterior odontoid screw fixation. The 

patient was maintained in a Miami J cervical collar 

until she was taken to the operating theater the fol-

lowing day. The procedure was performed as pre-

viously described and two screws were placed 

(Fig. 6.9). The patient did well postoperatively and 

tolerated a regular diet with no evidence of dys-

phagia. Postoperative CT scan (Fig. 6.10) demon-

strated satisfactory screw placement with bicortical 

purchase. The screws in this case ended up longer 

than they needed to be by about 4 mm, but they 

remain extradural, causing no harm, and this has 

no known consequence to the patient. Contrarily, 

leaving the screws too short to engage the cortical 

odontoid tip will usually result in screw backout 

and construct failure; thus, it is preferable to over-

estimate, rather than underestimate, screw length 

if any error is to be made.

 Technical Pearls

• It is important to achieve bicortical purchase 

of the inferior endplate of C2 and the distal 

odontoid tip with the screw. The inferior end-

plate has much thicker cortical bone than the 

anterior cortex of C2, and thus it is important 

for initial K-wire placement to be in the infe-

Fig. 6.7 A lag screw is inserted into the previously tapped 

pilot hole (Courtesy Aesculap)
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rior endplate, approximately 2–3 mm poste-

rior from the anterior cortex. In order to 

achieve distal cortical purchase in the tip of 

the odontoid, the initial drilling and tapping 

should penetrate through the distal cortex.

• We do not advocate the use of a cannulated 

K-wire system for a number of reasons. These 

include the inherently weaker structure of a 

cannulated compared to a non-cannulated 

screw and an inability to manipulate the rela-

tion of the odontoid fragment to C2 intraop-

eratively with the impacted guide tube as 

described above. In addition, it is important to 

recognize the potential for neurologic injury if 

a drilling K-wire is inserted too far past the tip 

of the odontoid process. Anecdotally, we have 

heard of unpublished cases where a wire has 

been inserted into the brainstem and caused 

severe neurological and vascular arterial 

compromise.

• There is controversy surrounding the use of 

either one or two screws for fixation. Two case 

series have been published which compared 

rates of successful stabilization between those 

patients with either one or two screws placed. 

One of these studies [5] included patients of 

all ages and found no significant difference 

between the groups. The other study [4] 

focused solely on an elderly population and 

found an increase in successful healing from 

56% to 96% with the use of two screws. A bio-

mechanical study [17] found no difference in 

shear or torsional stiffness between one and 

two screw constructs. If the patient’s anatomy 

is favorable, i.e., if the narrowest portion of 

the dens is wide enough to accommodate two 

Fig. 6.8 Preoperative coronal (left) and sagittal (right) CT imaging showing an acute type II odontoid fracture

Fig. 6.9 Intraoperative lateral (left) and AP (right) fluoroscopy views showing the retractor blade elevating the soft 

tissues and the final placement of the screws. Note the trough rasped in the anterosuperior aspect of the C3 body and the 

distal cortical purchase of the screws
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screws side by side (4 mm needed for each 

screw, so at least 8–9 mm width preferred), we 

will routinely place two screws in patients 

over the age of 70.

 Complications and Strategies 
for Avoidance

We recommend manually flexing and extending 

the patient’s head under fluoroscopy at the com-

pletion of the case to detect any instability as a 

result of previously undetected injury to the 

TAL. In very rare circumstances, previously 

undetected gross instability between C1 and C2 

despite good fixation across the fracture line has 

been observed which necessitated posterior 

atlantoaxial fusion with the patient still under 

general anesthesia. While this type of injury is 

best diagnosed preoperatively, this simple 

maneuver at the end of the case can confirm sta-

bility at C1-C2 quickly and easily.

The elderly are at an inherently higher risk 

for dysphagia with any anterior cervical proce-

dure, and this should be taken into account 

when determining a management strategy for a 

patient’s fracture. Intraoperatively, this risk can 

be slightly reduced with gentle dissection of the 

prevertebral fascia and being careful not to ele-

vate or manipulate the hypopharynx more than 

necessary with the superior retractor blade. 

Minimizing operative time and only opening 

the medial-lateral retractor blades as far as nec-

essary both may help reduce dysphagia, 

although this is based on extrapolation from 

studies on ACDF (anterior cervical discectomy 

and fusion) surgery and has not been directly 

studied in odontoid screw fixation cases. 

Postoperatively, our nursing staff routinely per-

forms a simple bedside swallow test before 

resuming a diet.

It is important to accurately measure the screw 

length prior to placement. A longer screw has the 

potential to either protrude too far in front of the 

C2-C3 disc space which could lead to erosion of 

the disc and hardware failure or extend past the 

distal cortex of the dens and cause neurologic or 

vascular injury. This will generally not occur 

unless the screw is much too long (by a centime-

ter or more) or is angulated much too posteriorly 

and breaches the posterior wall of the dens rather 

than emerging from the tip. The latter would rep-

Fig. 6.10 Postoperative coronal (left) and sagittal (right) CT imaging showing the final positioning of both screws with 

good distal cortical purchase, although ideal screw lengths would have been about 4 mm shorter (see text)
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resent more of a trajectory error than a screw 

length error. Too short of a screw could lead to 

poor engagement of the distal cortical bone at the 

odontoid tip and most commonly will lead to 

screw backout with failure of fixation.
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 Introduction

Cervical spondylosis refers to age-related degen-

erative changes of the cervical spine. Over time, 

cervical spondylosis may lead to progressive 

axial neck pain, upper extremity radiculopathy, 

and/or cervical myelopathy. These clinical enti-

ties may result from any of a variety of degenera-

tive changes including disc degeneration, disc 

herniation, facet arthrosis, and osteophyte forma-

tion. Anterior cervical decompression and fusion 

(ACDF) is a commonly utilized surgical treat-

ment option for patients experiencing radiculopa-

thy and/or myelopathy secondary to cervical 

spondylosis that is refractory to nonsurgical man-

agement. Cervical corpectomy, another type of 

anterior decompression, of one or several levels 

can be performed for degenerative conditions, 

neoplasia, and infection.

Anterior cervical decompression was first 

described in 1955 by Robinson and Smith for the 

treatment of degenerative disc disease [1]. Since 

that time, this approach has been modified and 

improved to treat multiple cervical spinal pathol-

ogies including radiculopathy and myelopathy. 

The primary aim of ACDF is physical decom-

pression of neurologic structures, restoration of 

cervical alignment, and achievement of bony 

fusion. Excellent results can be achieved through 

careful patient selection and operative technique. 

The current literature suggests that over 90% of 

patients experience relief of symptoms following 

ACDF when radiculopathy is the primary indica-

tion for surgery [2, 3]. Furthermore, patients suf-

fering from cervical myelopathy also demonstrate 

favorable results postoperatively [2]. The pur-

pose of this chapter is to discuss the surgical indi-

cations and techniques for anterior cervical 

decompressive and fusion surgery. Options for 

optimizing results and avoiding complications 

will also be discussed.

 Indications and Patient Selection

Appropriate patient selection is essential to 

achieving successful outcomes following ACDF. 

The decision to decompress anteriorly as opposed 

to posteriorly depends not only on surgeon exper-

tise but also on the location of neural compres-

sion, alignment of the cervical spine, and the 

number of levels involved. In patients with 

lesions posterior to the spinal cord, such as from 

hypertrophy of the ligamentum flavum, ACDF 

will not relieve the offending lesion. ACDF is 
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suitable for patients with one- to three-level dis-

ease with neurologic compression at the level of 

the disc space and in patients with kyphotic, neu-

tral, or lordotic alignment.

Corpectomy is indicated for patients who have 

cord compression behind the vertebral body 

proper that cannot be addressed through an 

ACDF. This can be due to spondylosis, neoplasia, 

and infection. It is suitable for patients with two- 

or more level disease due to advanced spondylo-

sis with large vertebral body posterior osteophytes 

that extend away from the disc space proper and 

toward the vertebral body. In such cases, per-

forming a complete neurological decompression 

using an ACDF approach can result in substantial 

removal of the intervening vertebral body due to 

the size of the posterior osteophytes. It is often 

preferred to instead perform a corpectomy to 

avoid this scenario.

The number of surgical levels and patient- 

specific factors (i.e., risks for nonunion) should be 

considered carefully when deciding between 

ACDF and corpectomy in patients that have com-

pression localized to the disc space proper. There 

is no ambiguity in the literature that rates of 

pseudarthrosis increase with the number of fusion 

surfaces. For example, a three-level ACDF has six 

fusion surfaces, whereas a two-level corpectomy 

only has two fusion surfaces. In this example, the 

three-level ACDF will be expected to have a 

higher chance of pseudarthrosis. Like the associa-

tion of surgical levels and pseudarthrosis, there is 

also little ambiguity about worse clinical out-

comes with pseudarthrosis in the anterior cervical 

spine. Therefore, it is incumbent on the surgeon to 

carefully weigh all variables (type of graft sub-

strate, type of interbody cage, history of smoking, 

steroids, or antimetabolites) when deciding the 

proper surgery for a particular patient.

Patients presenting with radiculopathy with-

out myelopathy should be considered for ACDF 

if their symptoms fail to improve after a trial of 

nonoperative management and if advanced 

imaging modalities demonstrate neural com-

pression in the neuroforamen of the index level. 

Surgery may also be considered for patients with 

progressive muscular weakness. Patients with 

symptoms consistent with progressive myelopa-

thy or myeloradiculopathy are also candidates 

for ACDF. Other indications for ACDF include 

cervical discitis, anterior cervical epidural 

abscess, cervical spondylolisthesis, and trau-

matic cervical instability. However, ACDF or 

corpectomy with fusion is not a reliable surgical 

option for the treatment of axial neck pain sec-

ondary to degenerative disc disease. Furthermore, 

history of previous cervical radiation, radical 

neck dissection, tracheostomy, severe osteopo-

rosis, vocal cord dysfunction, esophageal injury, 

or preexisting dysphagia is relative contraindica-

tions to ventral surgery.

 Preoperative Considerations

A complete history and physical examination 

should be performed on any patient presenting 

with possible cervical radiculopathy or myelopa-

thy. The patient should be asked about symptoms 

related to myelopathy such as difficulty with but-

toning shirts or problems with gait and balance. 

The patient should also be questioned about any 

nonoperative treatment modalities that have been 

trialed, any recent falls or trauma, problems with 

bowel or bladder function, and any history of 

neck surgery or radiation. In cases of radiculopa-

thy, it is important to ascertain the type and sever-

ity of the arm pain. Patients with a C6 or C7 

radiculopathy may present with pain radiating 

into the ipsilateral trapezius muscle region and/or 

the periscapular or subscapular region. In some 

instances, this will be the sole presenting com-

plaint (i.e., the patient will not have radicular arm 

pain). It is imperative in such patients to perform 

a complete shoulder examination to ensure such 

pain is not due to shoulder or shoulder girdle 

pathology. In such cases, an anesthetic selective 

nerve root block is often helpful as a diagnostic 

maneuver.

A careful observation of the patient is key. 

Ability to use the arms to rise out of a chair can 

offer important clues about pain level and 

strength. Patients with severe radicular arm pain 

sometimes will hold their shoulder in an abducted 

position in order to relieve tension on the affected 

nerve root and, hence, diminish their pain. 
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Observe the cervical alignment and global sagittal 

alignment and note range of forward flexion, 

extension, left and right rotation, and lateral 

bending. A Spurling’s maneuver (a maneuver in 

which the patient extends their neck and turns to 

the symptomatic side before axial compression is 

performed) should be implemented on all 

patients suspected of having a cervical radicu-

lopathy. A neuromuscular examination of the 

upper and lower extremities should be performed. 

Asymmetric motor weakness along with derma-

tomal sensory changes can help localize the level 

of nerve root compression. Biceps, brachioradia-

lis, and triceps reflexes should be tested on both 

upper extremities. Patients with radiculopathy 

often have decreased deep tendon reflexes corre-

lating to the site of compression, whereas patients 

with myelopathy may have hyperactive reflexes 

with possible presence of a Hoffmann sign and/or 

inverted radial reflex(es). Lower extremity 

reflexes should also be assessed for hyperreflexia, 

presence of Babinski sign(s), increased tone, and 

sustained or asymmetrical non-sustained clonus 

as these are potential indicators of myelopathy. 

Gait analysis, including tandem gait and balance, 

should also be assessed in patients who are able 

to ambulate.

Most patients with a cervical radiculopathy do 

not need imaging to make the diagnosis or initi-

ate treatment. If imaging is warranted, initial 

imaging studies include standing anteroposterior, 

lateral, flexion, and extension radiographs of the 

cervical spine. These images will provide infor-

mation about spinal alignment, stability, and 

presence of bony pathology. If further imaging is 

desired, magnetic resonance imaging (MRI) is 

the preferred modality. MRI allows for visualiza-

tion of the soft tissues, neural elements, interver-

tebral discs, and the vertebral artery. MRI can 

also allow for visualization of myelomalacia or 

spinal cord edema. If the patient is unable to 

undergo MRI or if better assessment of bony 

structures is required, then computed tomogra-

phy (CT) myelography is a suitable alternative. 

This imaging modality allows visualization of 

both neural elements and bony structures.

Patients with known anatomical anomalies, 

especially of the vertebral arteries, or a history of 

previous anterior cervical surgical procedures, 

including carotid artery and thyroid surgeries, 

should undergo more extensive preoperative 

planning. Notably, 2.7% of cadaveric specimens 

were found to have tortuous vertebral arteries [4]. 

Therefore, axial images should be reviewed 

intently on every operative case to ensure there 

are no abnormalities of the vertebral artery, spe-

cifically medialization. Previous surgical treat-

ments may also lead to a more difficult approach 

with less definitive anatomic planes or altered 

anatomy. Furthermore, these patients should be 

considered for preoperative evaluation by an oto-

laryngologist for assessment of vocal cord dys-

function secondary to recurrent laryngeal nerve 

injury. If a patient had previous neck surgery and 

the vocal cords are functioning normally based 

on laryngoscopy, then the approach should be on 

the contralateral side. Conversely, if the vocal 

cords are not functioning normally on the side of 

a previous surgery, then the approach should be 

from the same side to avoid damage to the normal 

vocal cord. Finally, patients with a history of 

carotid bruit or carotid artery stenosis should be 

approached opposite the side of the carotid artery 

pathology to minimize the risk of an intraopera-

tive stroke [5].

 Surgical Technique

 Positioning and Approach

Anterior cervical discectomy and fusion is per-

formed in the supine position under general anes-

thesia with endotracheal intubation. Manipulation 

of the neck should be done with caution in 

patients with myelopathy. If the patient cannot 

safely extend the neck without pain or neurologic 

symptoms preoperatively, then fiberoptic assis-

tance may be needed to facilitate the intubation. 

The endotracheal tube should be taped at the cor-

ner of the mouth opposite the side of the planned 

approach. A bump or gel roll is placed  transversely 

under the scapulae to facilitate cervical lordosis, 

but it is important to not exceed the degree of 

extension that the patient can tolerate while 

awake, prior to neurological decompression. The 
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occiput should be placed on a foam doughnut 

with the cervical spine placed in acceptable 

alignment. It is often advantageous to place mul-

tiple towels under the head for patients with cer-

vical kyphosis if the goal of the surgery is to also 

improve alignment. After the decompression(s) 

have been performed, the towel can be sequen-

tially removed to allow the head and neck to gen-

tly assume a more lordotic posture. This is a very 

controlled situation and aids in the deformity cor-

rection. The reconstruction then proceeds per 

protocol.

The bed should be placed in approximately 

20° of reverse Trendelenburg to allow for venous 

drainage and to allow the shoulders to move infe-

riorly to afford better radiographic visualization. 

The elbows and wrists should be padded with 

foam to prevent compression neuropathy. The 

arms should then be tucked at the patient’s sides. 

The shoulders should be taped with downward 

traction to improve visualization of the neck and 

allow for improved exposure of lateral intraoper-

ative imaging by moving the shoulders caudally. 

If an iliac crest autograft is planned, a pillow 

should be placed underneath the ipsilateral but-

tock to elevate the iliac crest. An 8-cm oblique 

line is then drawn 6 cm lateral to the anterior 

superior iliac spine.

Currently, there is no conclusive evidence 

demonstrating improved outcomes or reduced 

complication rates with either a left- or right- 

sided anterior cervical approach [6]. An advan-

tage of the left-sided approach includes the more 

predictable and medial course of the recurrent 

laryngeal nerve on the left side [7]. In contrast, 

the right-sided approach is more comfortable for 

the right-handed surgeon and avoids the thoracic 

duct which is at risk during left-sided exposures 

of C7–T1. Furthermore, there is a theoretically 

decreased risk to the esophagus which lies 

slightly to the left side.

The anatomic landmarks for surgical incision 

are as follows: C3, hyoid bone; C4 to C5, thyroid 

cartilage; and C6, cricoid cartilage. Transverse 

incisions are more cosmetically appealing and 

can be utilized for procedures of any level. For 

surgery of three or more levels, the incision can be 

extended to or past the midline, as well as further 

laterally, and followed by a more extensive release 

above and below the platysma to improve access. 

If a skin crease is present near the desired location 

for incision, then the incision should be made 

within the skin crease, as this is more cosmeti-

cally appealing. If a transverse incision is planned, 

it should lie between the medial border of the ster-

nocleidomastoid (SCM) muscle and the midline. 

Vertical incisions should be made 1 cm medial to 

the border of the SCM. Once the incision is 

marked, the operative field should be isolated 

with circumferential adhesive drapes. Local anes-

thetic is then injected into the incision site.

Adequate exposure is an important part of 

ACDF and corpectomy surgery. The skin should 

be incised with a scalpel to the subcutaneous 

layer. The skin edges can then be elevated with 

small self-retaining retractors. The subcutaneous 

tissue is dissected until the longitudinal muscle 

fibers of the platysma are visible. The platysma 

muscle can be divided either vertically or hori-

zontally with sharp dissection or electrocautery. 

The anterior jugular venous system development 

varies from person to person. It may be seen 

deep to the platysma muscle, although it is typi-

cally located closer to the midline. If encoun-

tered, this vein may be ligated or retracted. The 

loose areolar tissue deep to the platysma should 

be dissected with blunt and sharp dissection to 

facilitate better exposure and retraction. Once 

this layer is developed, the medial border of the 

SCM and lateral border of the strap muscles are 

easily identified.

At this point, it is important to identify the 

carotid sheath by digital palpation and visual 

inspection. The middle cervical fascia must be 

bluntly or sharply dissected medial to the sheath 

and just lateral to the strap muscles. Be mindful 

that the development of the middle cervical fas-

cia varies, and, in patients with a well-developed 

fascial layer, sharp dissection is often an easier 

technique. As one progresses through the anterior 

exposure, it is critical to develop all planes 

equally, as this will afford excellent visualization 

and require less soft tissue retraction while 

 performing work on the spine. The carotid sheath 

should be retracted laterally with a handheld 

retractor to ensure that dissection is carried 
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medial to it, thereby decreasing risk of injury. 

Another retractor should be utilized to mobilize 

and protect the infrahyoid muscles, trachea, and 

esophagus medially. By retracting these struc-

tures medially, the risk of injury to the recurrent 

laryngeal nerve is minimized.

The pretracheal fascia should be penetrated 

bluntly along the medial border of the SCM to 

avoid injury to the thyroid vessels or laryngeal 

nerves. This can be done using Metzenbaum scis-

sors in a spreading fashion. In procedures involv-

ing the C5 or C6 level, the omohyoid muscle can 

be divided to improve visualization. Once this 

layer is developed, the spine can be palpated and 

the esophagus and trachea retracted. If the esoph-

agus and trachea cannot be easily mobilized, the 

esophagus may be adherent to the prevertebral 

fascia or the neck may be overextended. If adher-

ent, the esophagus must be slowly dissected away 

from the prevertebral fascia by using peanut dis-

sector sponges, which minimizes the risk of 

esophageal injury.

At this point, the vertebral level should be 

verified by using a marker and a lateral radio-

graph. It is critical to properly and meticulously 

mark the intended, correct level of surgery in a 

manner consistent with the operating surgeon. 

The authors use a blue marker and a physical 

electrocautery burn mark into the operative 

disc(s). Careful examination of preoperative 

radiographs may reveal anterior osteophytes that 

can help in identification of the correct level. A 

radiographic marker can be placed into the verte-

bral body, as this has been suggested to decrease 

the chance of unintended disc degeneration at 

nonsurgical levels. Placement of a needle within 

a disc space at a non-fused level has been associ-

ated with a three-fold increased risk of develop-

ing degenerative changes postoperatively [8].

Once the level is confirmed, the longus colli 

muscles and anterior longitudinal ligament are 

dissected with electrocautery to the uncovertebral 

joints bilaterally. The authors will intentionally 

decrease the power on the electrocautery at this 

point to decrease the thermal injury to the soft 

 tissues, thereby theoretically decreasing soft tis-

sue edema postoperatively. The longus coli mus-

cles should then be elevated on both sides with 

self-retaining retractors with or without teeth. 

Efforts need to be made to ensure the retractors do 

not migrate from underneath the longus coli as 

this can injure the sympathetic chain, esophagus, 

trachea, or carotid artery. Ideally the longus colli 

muscles should not be divided transversely, as the 

sympathetic chain is located on the anterolateral 

aspect of both muscles.

 ACDF and Instrumentation

At this point, Caspar pins are placed into the 

midline of the cranial and caudal vertebral bod-

ies in a parallel manner into the operative level, 

and distraction across the interspace is per-

formed. Another option for distraction is intra-

operative cervical traction. While this will not 

provide as much as focal traction at the surgical 

level as Caspar pins, cervical traction can be 

useful for maintaining alignment during sur-

gery and increased distraction. One other option 

to consider for traction is the use of two Caspar 

pins per vertebral body and bilateral distractors. 

This is a very powerful method to distract 

across a disc space, and careful attention during 

distraction is necessary to avoid over-distrac-

tion or pin pullout from the bone. Finally, after 

the discectomy is performed, one may also 

employ interspace distractors to achieve the 

amount of desired distraction. After the verte-

bral body and disc are completely exposed, the 

anterior lip of the inferior end plate of the cra-

nial vertebral body should be removed using a 

high-speed burr, rongeur, or Kerrison rongeur. 

Removal of this lip allows the surgeon an 

improved visualization of the posterior disc 

space during discectomy and allows for possi-

ble foraminotomy and/ or posterior longitudi-

nal ligament (PLL) resection, if desired. 

Surgeons may use loupe magnification or the 

operating microscope. It is the authors’ prefer-

ence to use loupes for the approach with a quick 

transition to the operating microscope after the 

final retractors are placed.

Next, the discectomy should be performed. 

The anterior longitudinal ligament and the ven-

tral portion of the annulus should be incised with 
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a 15-blade scalpel to create a 10–12-mm rectan-

gular opening to the uncovertebral joints. The 

blade should be held 90° to the axis of the spine 

such that the sharp end never faces the carotid 

artery. Following incision of the annulus, the ven-

tral portion of the disc is removed using a pitu-

itary rongeur. Next, disc material and cartilaginous 

endplates should be removed using a combina-

tion of 2–3-mm straight and angled curettes, 1–3- 

mm Kerrison rongeurs, and a pituitary rongeur.

A high-speed burr is used to remove any poste-

rior osteophytes and prepare the endplates for 

graft placement. The burden of the posterior 

osteophytes varies considerably depending on the 

extent of spondylosis. A high-speed burr is used to 

remove the osteophytes parallel to the endplates 

to the level of the PLL. This can be done safely 

using an operative microscope. Flattening the sur-

face of both endplates allows for maximal bony 

contact with the graft which encourages fusion. 

The inferior endplate of the rostral vertebral body 

may require more preparation due to the increased 

concavity of inferior endplates. The cortical bone 

should be removed to the deepest layer of the 

natural concavity to create a flat surface and pre-

serve cortical bone. The cortical bone must be 

preserved unless required for adequate decom-

pression or graft subsidence is more likely to 

occur. Multiple punches should be made in the 

endplates with a small angled curette to cause 

bleeding which may increase the likelihood of a 

successful fusion.

The PLL should be inspected for any defects 

through which disc material may have extruded. 

In all cases of myelopathy, the PLL should be 

resected to directly visualize the dura and achieve 

an adequate decompression. In cases of radicu-

lopathy, it is the surgeon’s discretion as to resect 

the PLL. Some argue that it affords an easier 

access into the foramen, while others maintain 

that an adequate direct foraminal decompression 

can be performed without resection of the liga-

ment. When PLL resection is indicated, a 2-mm 

Kerrison rongeur should be used to create a win-

dow in the PLL that is large enough to visualize 

the dura and remove any disc fragments from the 

spinal canal. Neuroforaminal decompression can 

be achieved indirectly through restoration of the 

intervertebral disc height. However, a direct ante-

rior foraminotomy should also be performed. The 

landmark that defines the extent of an anterior or 

posterior foraminotomy is the caudal pedicle of 

the surgical level. The medial portion of the unci-

nate process can be thinned using a high-speed 

burr. It is important at the same time to visualize 

the ventral uncovertebral joint which was 

exposed with longus coli elevation because this 

gives the surgeon a clear understanding of how 

far drilling can progress laterally without putting 

the vertebral artery at risk. The termination of the 

foraminotomy is palpation of the caudal pedicle 

using a micro nerve hook. The authors’ prefer-

ence is to utilize the Rhoton microinstrument set 

for this part of the procedure. A Kerrison rongeur 

or microcurette is also used to remove any osteo-

phytes on the lateral border of the foramen. If 

decompression is adequate, a 1- or 2-mm 

Kerrison rongeur should fit within the foramen 

anterior to the exiting nerve root. Larger Kerrison 

use is discouraged in order to prevent iatrogenic 

nerve root injury.

Interbody grafts provide structural support 

and allow for formation of a solid fusion. Graft 

options include tricortical autogenous bone, 

cortical allogeneic bone, and a variety of syn-

thetic cages. Graft size should be determined 

using trial spacers. The spacers should be 

tamped into place gently with the use of a mallet 

while the disc space is still under distraction. 

The correctly sized spacer should fit snugly 

within the distracted disc space. When using tri-

cortical autograft, the bone should be shaped 

with the anterior height 1–2 mm taller than the 

posterior height to facilitate lordosis of the cer-

vical spine and help avoid posterior retropulsion 

of the graft into the spinal cord. Once the graft 

is selected or created, it should be tamped to a 

position approximately 4 mm anterior to the 

dura and 2 mm posterior to the anterior lip of the 

vertebral endplates. Once the graft position is 

adequate, distraction should be released. The 

graft should then be tested for stability within 

the disc space using a right- angled probe. 

Pinhole sites should be covered with bone wax. 

A lateral radiograph should be taken to confirm 

proper graft placement.
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Although a single-level ACDF procedure can 

be performed without instrumentation, a plate 

provides additional stability, increased fusion 

rates, and prevents segmental kyphosis in patients 

who develop nonunion. The anterior plate needs 

to fit flush on the cervical spine. If the plate rocks 

prior to placement of screws, it will be tilted in 

the final position and this can increase dysphagia 

postoperatively. It must be long enough to allow 

screw placement in both the superior and inferior 

vertebral bodies, but not too long that it overrides 

the adjacent disc, potentially contributing to adja-

cent segment disease. Plates that are within 5 mm 

of the adjacent discs have been demonstrated to 

increase adjacent-level ossification after ACDF 

[9]. Ideally, the prepared endplates should be just 

visible through the screw holes of the plate. Once 

properly positioned, the plate can be secured 

using 14–16-mm screws. Proper angulation of 

the screws is important as screws that violate 

adjacent disc spaces may contribute to the devel-

opment of adjacent segment disease postopera-

tively. Lateral and anteroposterior radiographs 

can be taken to ensure proper placement of 

instrumentation.

 Corpectomy

The surgical approach for a corpectomy and 

ACDF is identical, as are the techniques for plate 

placement. Once the approach is complete and 

the intended surgical levels are confirmed, then 

the Caspar pins are placed above and below the 

body of interest. As an example, if the intended 

corpectomy is C6, then Caspar pins should be 

placed into C5 and C7. After gentle distraction is 

performed, discectomies above and below the 

intended level proceed in an identical manner as 

an ACDF previously described. It is very impor-

tant to have exposed the anterior uncus bilater-

ally at both levels as this is the “lighthouse” of 

this procedure. That is, this important landmark 

will verify throughout the surgery the midline as 

well as the lateral extent of the corpectomy 

trough. One of the major complications of this 

procedure is drilling too far laterally, typically 

onto the contralateral side, which will put the 

vertebral artery at risk.

After the discectomies are performed, a high- 

speed bur is then used to complete a vertical 
trough from the superior uncus to the inferior 

uncus, and this should be done bilaterally. As the 

trough progresses dorsally, a rongeur should be 

used to remove the intervening vertebral body as 

it is a prime source of autogenous bone graft. 

This series of drilling and vertebral body removal 

continues until the posterior longitudinal liga-

ment is encountered. Of note, some bone is 

highly vascular, and it is sometimes necessary to 

revert to a diamond tip bur as this will decreased 

the amount of bleeding. However, use of a dia-

mond tip will add time to the drilling and bone 

removal. Another option for the bleeding bone 

wax, but this should be minimized on biological 

surfaces as it can interfere with graft consolida-

tion. Once all of the bone has been removed, the 

PLL is then resected with a Kerrison rongeur to 

completely expose and decompress the dura. It is 

not uncommon to encounter areas of PLL-dural 

adhesions and care should be taken to avoid a 

durotomy. The Rhoton instrument set is ideal for 

management of these adhesions. If no plane 

between the dura and PLL is achievable, it is 

acceptable to “float” this region of PLL by 

removing all of the PLL around it.

The typical trough length (left to right) in an 

adult should be approximately 16–18 mm. The 

authors rely on the measurement, but also will 

assess adequacy of the decompression by visual-

izing the equator of the dura on both the right and 

left side along the entire superior-inferior extent 

of the decompression. After the dimensions of 

the decompression are measured, the authors 

typically use fibular allograft packed with autog-

enous bone for reconstruction followed by the 

placement of a plate as previously described. 

Such allograft is preferred due to this ability to 

consolidate, as well as its favorable biomechani-

cal properties and cost. There are other options 

for reconstruction, however, that one may 

 consider. These include structural iliac crest bone 

graft and synthetic (e.g., polyetheretherketone) 

or metallic cages which can be expandable or 
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static. Unlike allograft or iliac crest bone graft, 

synthetic or metallic cages have no potential for 

osseous integration, and this should be consid-

ered carefully when choosing a cage type.

Proper placement of the strut graft, or cage, is 

critical. The endplates superiorly and inferiorly 

should be flat and the graft/cage contact with the 

endplate should be optimized to maximize fusion 

and minimize graft/cage migration. A helpful 

technique is to gently distract with the Caspar 

pins, then place the graft/cage, and then release 

distraction. This will afford an acceptable inter-

ference fit. Placement of the plate should pro-

ceed as previously described. It is particularly 

important that the plate is flush against the cra-

nial and caudal vertebral bodies and that screw 

length is optimal to maximize rigidity of the 

construct. Morselized allograft or autogenous 

bone graft can then be applied to the lateral 

aspects of the strut graft/cage if there is enough 

space.

 Hybrid ACDF and Corpectomy

In some instances employing a combination 

ACDF and corpectomy may be necessary 

depending on the pattern of compression. For 

example, consider a patient with cord compres-

sion behind the vertebral body of C5 but also a 

herniated disc with neural compression at C6–

C7. In this scenario, performing a C5 corpectomy 

and ACDF at C6–C7 will address both issues. If 

pathology allows, the authors design a hybrid 

construct with the ACDF inferiorly because it 

provides four points of fixation inferiorly, which 

can be a biomechanically vulnerable aspect of 

the construct depending on global sagittal align-

ment, bone quality, and construct integrity.

Prior to closure, hemostasis should be 

achieved with electrocautery and procoagulants. 

The platysma muscle can be closed with 3–0 

absorbable sutures. The skin is closed with sub-

cuticular absorbable sutures and the incision 

should be cleaned and dressed in standard fash-

ion. The use of drains for anterior cervical sur-

gery is controversial, and the literature has not 

demonstrated  definitively that drain usage pre-

vents symptomatic postoperative hematomas. 

Their use is typically relegated to surgeon prefer-

ence. The authors, however, use 1/8th inch Davol 

drains routinely for anterior surgery. The drain is 

brought through the main incision, and the lay-

ered closure is performed around the drain which 

is pulled typically on the first or second postop-

erative day. The use of rigid external orthoses 

(braces) after anterior cervical fusion is also con-

troversial, and there is insufficient evidence in 

the literature to support their routine use to 

enhance fusion or clinical outcome. Activity fol-

lowing anterior cervical fusion is restricted to the 

activity of daily living for 6 weeks. Thereafter, 

routine patients can slowly resume more activity. 

Patients that want to resume contact activity 

should be further restricted until there is radio-

graphic evidence of mature arthrodesis and only 

after a careful discussion with the surgeon about 

the potential risks with such activity.

 Illustrative Case

History A 63-year-old right-handed male pres-

ents with complaints of numbness and tingling in 

his right arm and right leg over the past 3 years. 

His symptoms have been stable since onset and 

do not vary with activities. However, he did 

notice increasing difficulty grasping and opening 

objects with his right hand. He denies any weak-

ness or numbness in the left upper or lower 

extremity and denies any balance or gait issues. 

His symptoms have failed to improve despite 

several months of physical therapy and multiple 

medications. He denies changes in bowel or blad-

der function.

Physical Examination The patient is able to 

perform reciprocal heel-to-toe walking with 

slight ataxia. The cervical spine appears lordotic 

without tenderness to palpation or paraspinal 

atrophy. He is able to flex his chin to his anterior 

chest without pain. However, extension is lim-

ited, but also painless. Spurling’s test is negative 

bilaterally. Neuromuscular exam is significant 

only for diminished strength and sensation in the 

right upper extremity and right lower extremity.
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Radiographic Imaging Plain radiographs 

including flexion/extension views demonstrated 

multilevel spondylosis with a stable retrolisthesis 

of C5 on C6 (Figs. 7.1 and 7.2).

MRI of the cervical spine demonstrates spinal 

cord compression with myelomalacia at C5–C6 

due to spondylotic changes (Figs. 7.3 and 7.4). 

There is also severe foraminal stenosis at C5–C6 

and C6–C7 on the right side.

Given the clinical findings and confirmatory 

imaging findings, the patient was offered ACDF 

at C5–C6 and C6–C7. His perioperative course 

was uneventful and his preoperative symptoms 

resolved postoperatively. Postoperative imaging 

demonstrated improvement in cervical alignment 

(Fig. 7.5).

 Technical Pearls

• When the patient has a history or imaging 

findings consistent with myelopathy, pre- and 

post-intubation and pre-and post-positioning 

neuromonitoring can be considered.

• Postoperatively, the patient should be kept 

upright to at least 45° to help minimize fluid 

accumulation and edema in the prevertebral 

space.

• Be meticulous when localizing to a specific 

level, and do not accept a suboptimal radio-

graph or fluoroscopic image during the local-

ization process.

• The use of an operating microscope is pre-

ferred by the authors as it has superior optics 

and light source.

• Expose the anterior uncus bilaterally for 

ACDF and corpectomy as it defines the mid-

line and lateral extent of decompression.

• Once the pedicle is palpated during the foram-

inotomy, then the decompression is complete. 

Rarely is there ever anything compressive lat-

eral to the pedicle in a degenerative case.

Fig. 7.1 Sagittal plain radiograph demonstrating multi-

level cervical spondylosis, most advanced at C5–C6 and 

C6–C7, with grade I retrolisthesis of C5 on C6

Fig. 7.2 Flexion/extension radiographs demonstrating stable appearance of spondylolisthesis
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• During a corpectomy, remember to constantly 

reorient oneself to the midline to avoid inad-

vertent drilling too far ipsilaterally or 

contralaterally.

• Plate placement is critical to avoid adjacent 

segment degeneration. Keeping the graft/body 

interface visible through the holes on the ends 

of the plate during screw insertion is a tech-

nique that will keep the plate away from 

adjacent- level discs.

• Preparing the endplates and achieving a sound 

fit with the strut graft is very important during 

corpectomy and reconstruction. It is equally 

important that the plate and screw placement 

is ideal for optimal stability.

 Complications and Strategies 
for Avoidance

Nearly all patients experience some dysphagia 

after ACDF. The dysphagia is usually not clini-

cally significant and improves within the first 

3 weeks postoperatively. Chronic dysphagia is 

uncommon, occurring in approximately 4% of 

patients receiving ACDF [10]. Potential causes of 

delayed-onset dysphagia include plate or screw 

dislodgement causing esophageal obstruction.

Dysphonia may be present in some patients 

postoperatively due to postsurgical swelling. If 

the dysphonia does not improve within 2–3 days 

postoperatively, consider laryngeal nerve injury. 

Most laryngeal nerve injuries are secondary to 

retraction and should recover within 3–6 months. 

However, persistent hoarseness necessitates eval-

uation by an otolaryngologist. Injury to the supe-

rior laryngeal nerve can lead to recurrent 

aspiration, whereas injury to the recurrent laryn-

geal nerve usually manifests as hoarseness, but 

can lead to airway obstruction [10, 11].

A hematoma may also develop postopera-

tively. Usually this occurs within 12 h of the 

operation. If a hematoma is visible or palpable in 

the anterior neck and the patient is experiencing 

Fig. 7.3 T2-weighted MRI demonstrating multilevel 

degenerative changes with suspected early myelomalacia 

and/ or edema

Fig. 7.4 Axial MRI demonstrating severe spinal canal 

stenosis at the C5–C6 level

Fig. 7.5 Anteroposterior and lateral radiographs demonstrating anatomic position and alignment of the cervical spine 

following a two-level ACDF
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dyspnea, the incision should be opened immedi-

ately. A hematoma can be prevented with place-

ment of a drain at the end of the operation.

Postoperative fluid collection may be second-

ary to CSF leak or esophageal injury, both of 

which may lead to devastating consequences for 

the patient, and therefore require urgent surgical 

re-exploration. CSF leak can be avoided by 

watertight closure of incidental durotomies 

encountered during the procedure. Esophageal 

injuries can be minimized with careful use of 

blunt dissection along with gentle retraction of 

the esophagus.

Symptomatic pseudarthrosis may occur post-

operatively. It can be treated with revision ACDF 

or with posterior cervical fusion. Use of plating 

instrumentation decreases the rate of pseudar-

throsis, especially in multilevel ACDFs. However, 

plating may increase the risk of adjacent segment 

disease over time.

Delayed-onset neurologic deterioration may 

result from epidural abscess, graft dislocation, 

subluxation, or intervertebral collapse, all of 

which would require urgent surgical treatment.

 Conclusion

ACDF and corpectomy with fusion are common 

techniques to adequately treat neurological com-

pression with correlative clinical syndromes that 

are not responsive to nonsurgical treatment. In gen-

eral, the surgical approach and techniques used to 

decompress and fuse the anterior cervical spine are 

safe with very low complication rates. It is impera-

tive, however, to maintain attention to detail and to 

carefully consider the various factors that influence 

patient outcomes when selecting a particular sur-

gery, a type of implant, and the graft substrate. 

Typically, the outcomes following anterior surgery 

for radiculopathy, myelopathy, and myeloradicu-

lopathy are very favorable and predictable.
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 Introduction

Cervical disc arthroplasty (CDA) has become a 

widely accepted option for surgical management 

of cervical spondylosis and degenerative disc 

disease (DDD).Unlike the standard anterior cer-

vical discectomy and fusion (ACDF) that aims at 

arthrodesis of the diseased spinal segments, CDA 

allows maintenance of segmental motion at the 

indexed levels [1–5]. Therefore, CDA not only 

maintains physiological neck motion after sur-

gery but also has the theoretical advantage to 

avoid adjacent segment disease (ASD). There 

have been eight prospective randomized control 

(RCT) investigational device exemption trials 

monitored by the United States Food and Drug 

Administrations (USFDA) of these CDA devices, 

with 5–8 years of data published [6–12]. These 

trials demonstrate similar or superior clinical 

results of CDA to ACDF in the relief of 

neurological symptoms for one- and two-level 

spondylosis and DDD [6–8, 13]. The clinical tri-

als also demonstrate that the segmental motion 

was well preserved by each of these artificial 

discs with an averaged range of motion of 

approximately 7–8° during flexion-extension in 

each level treated by CDA [10, 14–16]. 

Maintenance of motion was consistently demon-

strated in a high percentage of patients during 

follow-up of these enrolled patients. However, it 

is still debatable that CDA actually reduced the 

incidence of ASD which was reported to range 

from 0.8% to 2.9% per year after ACDF [3, 17].

Currently, available data suggests that, in 

selected patients, CDA could alleviate neurologi-

cal symptoms caused by cervical spondylosis and 

DDD while maintaining the range of motion at 

the indexed segments after anterior cervical dis-

cectomy [5]. Cervical radiculopathy and myelop-

athy refractory to medical treatment could be 

managed by CDA with low rates of adverse 

events and few reoperations. A successful CDA 

not only decompresses neural tissues but also 

aims to maintain motion. To achieve optimal 

functional outcomes and segmental motion, 

meticulous techniques must be used in perform-

ing CDA operations. Theoretically, the surgery 

for CDA is more demanding than conventional 

ACDF because of the need to preserve motion. 

The pros and cons of current CDAs and the best 

candidates for each specific application remain 

uncertain. Despite very few studies to date 
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comparing these artificial discs, complications 

and adverse effects of all kinds of CDA devices 

are reportedly as low as or even lower than con-

ventional ACDF. Most of the implanted artificial 

discs had few problems and seldom required 

reoperations. Therefore, as the techniques, mate-

rials, and designs of these CDA devices continue 

to improve, the utilization of CDA is likely to be 

more prevalent in the future.

 Indications and Patient Selection

The accepted indications of CDA are one- or 

two-level cervical DDD (e.g., disc herniation) or 

spondylosis from C3 to C7 causing radiculopathy 

or myelopathy that is not responsive to medical 

treatment or physical therapy after 6–12 weeks 

[2, 5, 18]. Candidates for CDA should not have 

cervical kyphosis, facet arthropathy, instability 

(i.e., more than 2–3 mm translation/subluxation 

on dynamic flexion/extension lateral radio-

graphs), ankylosis, or osteoporosis. The best can-

didate for CDA is a young patient who has 

radicular symptoms caused by a herniated cervi-

cal disc without any facet arthrosis. The CDA 

replaces the intervertebral disc and preserves seg-

mental motion but cannot correct facet joint dis-

ease that frequently coexists with DDD in 

patients with severe cervical spondylosis. On the 

other hand, conventional ACDF surgery not only 

removes the diseased disc, but the graft also 

increases disc height as well as enlarging the neu-

roforamen, and is capable of increasing cervical 

lordosis. By alleviation of segmental motion 

between fused vertebral bodies, ACDF immobi-

lizes the facets. Therefore, elderly patients (aged 

over 65 years) with severe spondylosis and those 

who also have facet degeneration or malalign-

ment of the cervical spine are better candidates 

for ACDF rather than CDA.

The FDA trials enrolled patients with one- and 

two-level cervical disc herniation, DDD, or spon-

dylosis and demonstrated similar results for both 

CDA and ACDF for up to 8 years [6, 8, 10–12, 

14–16]. However, these patients with slightly dif-

ferent pathologies and degrees of degeneration 

might have different outcomes in long-term 

follow- up. For example, a patient with radicular 

symptoms from a herniated disc has less degen-

eration than a patient with an osteophytic spur 

causing myelopathy [4, 19].

The theoretical advantages of preservation of 

motion with decompression of the neural tissue 

by CDA include the decreased risk of ASD and 

reoperations. Nevertheless, these potential bene-

fits may not be demonstrated in short-term fol-

low- up. This could explain why the ASD rates 

were very similar among these patients, at least in 

the short- to midterm reports [6, 7, 20]. However, 

longer-term studies are showing possible benefits 

of CDA over ACDF in reoperations. Meta- 

analyses by Luo et al. and Zhong et al. show sig-

nificantly lower rates of reoperation at both index 

and adjacent levels following CDA compared to 

ACDF [21, 22]. One caution is that while CDA 

preserves segmental motion at the indexed level, 

there is also a high chance of continuous facet 

degeneration. Therefore, facet joint arthropathy 

and spondylosis at the indexed level, as well as at 

contiguous levels and ASD, can occur even after 

the most successful CDA surgery.

Currently available data demonstrate that 

patients with medically intractable myelopathy 

or radiculopathy, or both, could be managed with 

CDA. Nevertheless, patients with osteoporosis, 

kyphotic deformity, diffuse idiopathic skeletal 

hyperostosis (DISH), and severe facet disease 

causing ankyloses (i.e., those whose dynamic 

radiographs demonstrate a range of motion less 

than 2–3°) are not considered good candidates 

for CDA. Also, trauma patients who have liga-

mentous injuries causing preoperative instability 

are better suited to ACDF rather than 

CDA. Because the surgery for CDA only aims to 

replace the diseased disc, there is little chance of 

correcting any preexisting deformity, to halt fur-

ther degeneration or to eliminate pain generators 

in the facets. Therefore, the promising results 

should only be expected in selected patients. In 

cervical spines that are too severely degenerated, 

CDA is not likely to yield results as good as 

ACDF because CDA only replaces the disc but 

leaves other pathologies behind.

J.-C. Wu et al.



83

 Preoperative Considerations

All patients in preparation for CDA should have 

an MRI for evaluation of stenosis of the spinal 

canal or neuroforamen. Moreover, reformatted 

CT scans are suggested for the detection of ossi-

fication of the posterior longitudinal ligament 

(OPLL) and calcified discs or osteophytes. For 

patients with segmental OPLL or a large calcified 

disc, anterior discectomy may be associated with 

the unnecessary risk of durotomy and nerve 

injury and may therefore be avoided. Preoperative 

CT scans also provide information about facet 

arthropathy. There is a low chance of preserva-

tion of motion if the facets are severely degener-

ated or fused preoperatively, even after the most 

successful CDA.

Lateral dynamic radiographs, including both 

flexion and extension views, are necessary for 

evaluation of the segmental range of motion and 

global alignment of the cervical spine. Patients 

with preexisting kyphotic deformity, ankylosed 

joints, diffuse idiopathic skeletal hyperostosis 

(DISH), or immobile segment (less than 2–3° of 

motion during flexion/extension) should not 

undergo CDA [2, 20]. Evaluation of bone quality 

is also important prior to surgery, because the pri-

mary stability of CDA depends largely on the 

carpentry and bone quality at the interface. 

Osteoporosis could increase the risk of subsid-

ence or dislodgement of the artificial disc. The 

adverse effects of cigarette smoking found in 

arthrodesis (i.e., ACDF) remain uncertain in 

CDA. Other chronic diseases involving the mus-

culoskeletal system, such as rheumatoid arthritis 

and seronegative spondyloarthropathies, should 

be considered with caution. The midsagittal 

diameter of the segment should be measured to 

assure that the selected implant system has appro-

priate sizes.

The FDA trials enrolled diseased discs from 

C3 to C7 [6–9]. However, the most commonly 

performed levels of CDA are C5-C6, followed by 

C4-C5 and C6-C7. It is usually technically feasi-

ble to perform CDA in C3-C4, though less com-

monly encountered. There has been a case report 

of CDA at C7-T1, but this operation could be 

limited by the access angle in obese patients or 

patients with a barrel chest. After positioning of 

the patient, a lateral fluoroscopy of the cervical 

spine is necessary prior to the CDA surgery for 

confirmation of visualization of the index level 

and that it is properly aligned. A right-sided 

approach for all levels of subaxial cervical spine 

CDA is recommended for right-handed surgeons. 

For patients with prior anterior cervical discec-

tomy or thyroid surgery, a preoperative evalua-

tion of the vocal cord is helpful. An approach 

from the virgin side is suggested if both vocal 

cords are functioning normally. The same side 

approach must be taken when there is unilateral 

vocal cord palsy in order to avoid the risk of per-

manent tracheostomy after surgery. General 

anesthesia (with either a nasal or an oral endotra-

cheal tube) and prophylactic antibiotics are usu-

ally recommended for all patients. Both 

intraoperative neuro-monitoring and periopera-

tive steroids are optional.

 Surgical Technique

Proper positioning of the patient’s neck is essen-

tial for optimal placement of a CDA. The patient 

should be positioned supine with the neck in neu-

tral or slightly lordotic alignment, Fig. 8.1a. The 

targeted level of disc space should be well visual-

ized on biplanar fluoroscopy and both endplates 

should be parallel or slightly lordotic. Shoulder 

retraction is sometimes useful for CDA at the 

caudal levels of the subaxial cervical spine. 

Adequate cushioning underneath the neck and 

head is also required to maintain the orthogonal 

position [2]. Prior to incision, biplanar fluoros-

copy images are obtained to assure proper patient 

position and that imaging will be adequate.

Initially, a standard anterior cervical discec-

tomy is performed. A transverse skin incision 

along one of the preexisting skin creases near the 

indexed level is good for exposure up to 2 levels 

of disc spaces. Dissection between the carotid 

sheath and strap muscles via an avascular plane, 

which is anterior-medial to the sternocleidomas-

toid muscle, allows entry to the prevertebral ret-

ropharyngeal space. The trachea and esophagus 

are retracted and protected medially by  placement 
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Fig. 8.1 (a) The patient 

is positioned supine with 

the head in the neutral 

alignment. It is 

important to avoid neck 

extension. A roll is 

placed behind the neck 

or shoulders and head 

stabilized with a 

doughnut ring. The arms 

will need to be taped 

down to allow adequate 

intraoperative 

radiographic imaging. A 

radiolucent table is 

required that allows 

biplanar imaging. From 

Medtronic Sofamor 

Danek USA, Inc., with 

permission. After 

discectomy and 

foraminal 

decompression, trials are 

used to determine 

implant height and 

anteroposterior 

dimensions. (b) The left 
image shows a too small 

implant. (c) The right 
image shows maximum 

footprint and appropriate 

height. Also the surgeon 

should place the disc 

replacement implant in 

the correct orientation 

that lies parallel to the 

endplates. (d) When 

slots for keels are 

required, the appropriate 

jig is placed, checked 

radiographically, and 

slots created. (e) Final 

anterior view showing 

complete discectomy 

and placement of the 

four rail slots
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of the retractor blades underneath the insertion of 

the collis longus muscles lateral to the anterior 

vertebral bodies. Caution should be taken during 

dissection to avoid injury to the superior and 

recurrent laryngeal nerves which could be associ-

ated with postoperative hoarseness and dyspha-

gia. Fluoroscopic confirmation of the indexed 

level is performed before discectomy. Distraction 

pins are placed into the vertebral bodies to facili-

tate anterior cervical discectomy. In the majority 

of systems, distraction pin placement will control 

milling operations and final alignment so that 

care is needed to assure midline placement of the 

pins. Curettes, Kerrison rongeurs, or high-speed 

drills are commonly used during decompression. 

Generous decompression of the spinal canal and 

bilateral neuroforamen is recommended for each 

level. We typically remove the posterior longitu-

dinal ligament and both uncovertebral joints to 

ensure no disc fragments or osteophytes are left. 

It is essential to balance soft tissue, e.g., if remov-

ing the PLL, it needs to be removed 

symmetrically.

For CDA patients, endplate preparation is 

more critical than in ACDF because the primary 

stability of artificial disc devices largely depends 

on the integration between the interfaces. Caution 

must be taken not to violate too much the cortical 

surfaces; otherwise, it could increase the risk of 

device subsidence or migration. Precise midline 

placement, appropriate sizing (including both 

footprint and disc height), and a proper insertion 

trajectory are extremely important to allow resto-

ration of the physiological range of motion after 

CDA, Fig. 8.1b. Each of the CDA devices has a 

specialized fixation mechanism, such as keel, 

teeth, or dome-shaped designs with screws, 

requiring meticulous installation, Fig. 8.1c.

The cornerstone of CDA surgery consists of 

full decompression and good carpentry, Fig. 8.1d. 

Despite many kinds of artificial discs on the mar-

ket, which have various biomechanical properties 

and require different techniques of insertion, they 

all share a common feature in that thorough 

decompression including removal of the PLL is 

absolutely necessary at the index level. Since the 

devices aim to restore joint function rather than 

fusion, tailor-made installation of the most-fit 

artificial disc allows the best chance to maintain 

mobility for the long term. The accuracy of car-

pentry in CDA surgery might be related to its 

long-term outcomes.

 Illustrative Case

A 55-year-old male presented with right-sided 

radiculopathy and mild symptoms of cervical 

myelopathy that were refractory to medical man-

agement for 4 months. MRI demonstrated disc 

herniations at the C4-C5 and C5-C6 levels. The 

preoperative CT scan also confirmed the forami-

nal stenosis at the right C4-C5 and C5-C6 and 

found no OPLL. The dynamic lateral radiographs 

demonstrated a normal range of motion of both 

disc levels prior to the surgery.

The patient underwent a two-level CDA. The 

symptoms were completely relieved after sur-

gery, and the postoperative radiographs demon-

strated good mobility at both levels (Fig. 8.2a, b). 

The patient has been free of secondary surgery or 

other cervical spine issues at 2.5 years of 

follow-up.

 Technical Pearls

• Complete decompression of the spinal canal 

and neuroforamen is crucial.

• Avoid CDA in patients with incompetent facet 

joints or osteoporosis.

• Resection of bilateral uncovertebral joints and 

posterior longitudinal ligament in every 

patient.

• Appropriate sizing and centering of the device 

is critical.

• Attempts to change the cervical alignment by 

CDA are rarely effective.

 Decompression

The key component of a successful CDA or 

ACDF remains complete decompression. The 

importance of decompression cannot be overem-

phasized in CDA surgery. In conventional ACDF 
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surgery, by insertion of a large enough bone graft 

into the disc space, the effect of indirect decom-

pression automatically increases foraminal 

height, and radicular symptoms are easily ame-

liorated. Further remodeling of osteophytes may 

occur with successful fusion. However, in CDA 

surgery, complete decompression and resection 

of uncovertebral joints is essential because there 

is little advantage to indirect decompression or 

bony remodeling gained by tall interbody grafts. 

On the contrary, during extreme neck range of 

motion (e.g., flexion/extension, axial rotation, 

and lateral bending), the nerve root might be 

impinged by osteophytes or residual disc mate-

rial surrounding the neuroforamen. Therefore, 

we suggest complete resection of the bilateral 

uncovertebral joints, including the asymptomatic 

side. Resection of the posterior longitudinal liga-

ment also assists in visual confirmation of a thor-

oughly decompressed spinal canal. Copious 

venous bleeding might be encountered upon 

decompression of the neuroforamen, and it also 

indicates proximity to the vertebral artery and 

nerve root. Excessive epidural venous hemor-

rhage could be troublesome, but generally it can 

be controlled by temporary packing with hemo-

static agents.

 Placement

Proper positioning of the CDA is extremely 

important for preservation of motion and satis-

factory long-term results [23–25]. Only an accu-

rately positioned, suitably sized artificial disc can 

achieve proper joint kinematics. In lumbar disc 

replacements as little 3 mm, malposition leads to 

poor clinical outcomes.

 Sagittal Alignment

Each level of CDA also requires a thorough con-

sideration of the indexed and the neighboring 

segments, since CDA has very little effect on cor-

rection of kyphosis. Various choices of implant 

sizes (including the footprint and height of the 

artificial discs) should be considered. Excess 

kyphosis or hyperlordosis may lead to edge 

impingement and higher rates of wear.

Fig. 8.2 (a) Flexion radiographs after C4-C5 and C5-C6 total disc replacement. (b) Extension radiographs after C4-C5 

and C5-C6 total disc replacement. Excellent motion at both levels is present

J.-C. Wu et al.
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 Complications and Strategies 
for Avoidance

Some retrospective series reported that a substan-

tial portion of patients would develop heterotopic 

ossification (HO) after CDA [26, 27]. Although 

the HO did not affect clinical outcomes in 

3–4 years of follow-up, the unwanted bone for-

mation might be problematic in the long term. 

The incidence of HO also varied with the method 

of detection (by plain radiographs or CT) among 

studies and different ethnicities. The risk factors 

for HO might include preexisting degeneration, 

elderly male patients, Asian ancestry, multilevel 

DDD, surgical techniques, or design of arthro-

plasty devices [4, 10, 19, 23–25, 27, 28]. In some 

trials, attempts to reduce HO by administration of 

nonsteroidal anti-inflammatory medication were 

recommended. In our opinion, HO could be 

regarded as the accelerated consequence of con-

tinuous degeneration after CDA and has had few 

adverse effects on the clinical outcomes accord-

ing to published studies so far. Given that CDA is 

unlikely to halt further cervical spine degenera-

tion, the heterogeneity among these CDA patients 

could cause different outcomes that might require 

long-term follow-up to demonstrate.

Perioperative management for avoidance of 

complications in CDA and ACDF surgery is very 

similar. Both operations use the same anterior 

cervical approach, so the approach-related com-

plications, such as dysphagia, hoarseness, and 

swallowing difficulty, are theoretically similar 

for CDA and ACDF. The potential advantages of 

CDA over ACDF are less hardware (e.g., no tita-

nium plates and screws are required for most 

CDA) and thus perhaps a lower chance of dys-

phagia after surgery [29].

 Hardware Failure

The ACDF naturally has the risk of pseudoar-

throsis and implant failure (e.g., broken screws). 

The problems with CDA are dislodgement of 

the artificial disc and the issue of wear. One dis-

tinct difference between CDA and ACDF is the 

issue of durability. The ACDF has less chance 

of long- term problems once successful bone 

fusion is achieved since motion is sacrificed.

 Adjacent Segment Degeneration

The most concerning long-term issue regarding 

ACDF is that of accelerated degeneration of the 

neighboring disc. CDA was designed to reduce 

the risk of ASD by preservation of motion at the 

treated level [3]. Recent reports suggest a reduc-

tion of the incidence of ASD by CDA, and all 

reports have unanimously confirmed the effec-

tiveness of CDA in the preservation of mobility at 

the index disc level [7]. For patients with 

multiple- level cervical DDD, preservation of two 

levels of physiological motion by CDA is theo-

retically beneficial and definitely noticeable. In 

order to achieve the goal of preservation of the 

range of motion, the device in CDA must be 

properly installed according to its biomechanical 

design. Therefore, appropriate selection of the 

size and accurate execution of placement of the 

device into the optimal position during CDA sur-

gery is crucial. Studies have demonstrated that a 

large-enough footprint to cover the entire disc 

area and a tight-enough device height to support 

but not to over-distract the neutral disc height 

could lead to less HO formation [23, 24]. 

Although the most optimal carpentry of these 

CDA devices varies among each design and is 

debatable, the aim of CDA remains to restore 

physiological motion of the disc and maintain 

cervical spinal alignment.

 Keys to Success

The key to success of CDA is appropriate patient 

selection and accurate execution of surgical tech-

niques [28, 30, 31]. Although it is not possible to 

reverse the process of aging by CDA, we should 

always try to halt or slow down the ongoing 

degeneration in the subaxial cervical spine. 

Advances in technology would further increase 

the accuracy of installation and the tailor-made 

fitness of CDA devices according to each indi-

vidual’s pathology. Of course, CDA cannot treat 
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every patient with cervical DDD or spondylosis, 

but CDA is indeed superior in motion preserva-

tion to ACDF and is a safe and effective option. 

Long-term follow-up is necessary to determine 

the true efficacy and efficiency of CDA surgery.

 Conclusion

The most commonly accepted indications of 

CDA include cervical disc herniation and spon-

dylosis that involved one or two levels of subax-

ial cervical spine. The neurological improvement 

after CDA is at least non-inferior to the gold stan-

dard ACDF surgery. The safety and effectiveness 

of CDA have been demonstrated by many reports. 

As the techniques, materials, and designs of these 

CDA devices continue to improve, the utilization 

of CDA is likely to be more prevalent in the 

future.
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 Introduction

Posterior cervical fusion is a highly successful 

procedure aimed to achieve arthrodesis and 

maintain alignment. Modern techniques with lat-

eral mass screws and/or pedicle screw fixation 

achieve high rates of success with low complica-

tion rates. The procedures can be used for a wide 

range of indications, and lateral mass fixation 

procedures are relatively easy to master, although 

pedicle screw fixation is more difficult. In addi-

tion, subaxial posterior cervical fixation is exten-

sile and often extended to include atlantoaxial, 

occiput, and across the cervicothoracic junction.

Fixation may be achieved using various ana-

tomic structures of the posterior elements includ-

ing the spinous processes, lateral masses, and 

pedicles. Traditionally, fixation was described 

using simple wire loops around the spinous pro-

cesses. Roy-Camille and Magerl developed lat-

eral mass screw-plate techniques that offered 

more stable fixation, high fusion success, and 

less postoperative bracing [1]. Variable-angle lat-

eral mass screws and rod fixation are now stan-

dard and offer ease of placement over plate 

methods but are more costly. Pedicle cervical 

screw fixation has been championed in Asia and 

improves fixation over lateral mass constructs but 

increases the risk of injury to the vertebral arter-

ies and neural elements. Regardless of the type of 

surgery, meticulous techniques are required as 

fixation is placed in small bony structures in 

close proximity to neurovascular structures.

This chapter will outline the indications and 

technique for subaxial posterior cervical fixation. 

The outcomes and complications will be reviewed 

and tips to gain excellent results while avoiding 

complications will be discussed.

 Indications

Posterior cervical fusion with instrumentation is 

as versatile procedure that can be used to treat a 

variety of conditions, Table 9.1. It has an advan-

tage as being extensile, that is, easily extended 

cranial and caudally.

 Indications for Posterior Surgery 
in Trauma

Subaxial fixation is commonly used for treatment 

of unstable spines as a result of trauma. Instability 

has been defined as the loss of the ability of the 

spinal column to protect the neural elements from 

injury, maintain alignment, development of 

long- term pain, or loss of function. Applying this 
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definition has proved difficult and therefore numer-

ous classification systems have been developed. 

More recently quantitative systems grade severity 

and can aid in surgical decision-making. These 

include the Subaxial Cervical Spine Injury 

Classification System (SLIC) and the Cervical 

Spine Injury Severity Score (CSISS) [2, 3]. In addi-

tion an updated AO classification system has been 

proposed based on injury morphology, facet injury, 

neurologic status, and case-specific modifiers [4].

A posterior approach can be used for most 

unstable injury patterns of the subaxial cervical 

spine. The choice of anterior versus posterior is 

dependent upon many variables such as comminu-

tion, requirement for additional decompression, 

the goal of minimizing the number of levels fused, 

bone quality, and reduction. A cohort study by 

Brodke showed no difference between anterior 

and posterior fusion for three column injuries 

when reduction has been achieved prior to surgery 

[5]. Fracture types where the posterior approach is 

preferred are fractures in ankylosed spines, frac-

ture dislocations with associated vertebral body 

fractures, injuries at the cervicothoracic junction, 

and when reduction of dislocation is required.

 Additional Indications for Subaxial 
Posterior Fusion

The posterior approach is useful as an adjunct to 

multilevel anterior fusion for degenerative condi-

tions, degenerative spondylolisthesis, subaxial 

instability associated with inflammatory condi-

tions, and stabilization of destructive processes 

such as tumors and infections and, when needed, 

to extend fusions from the craniocervical or cer-

vicothoracic regions. Posterior fusion is more 

reliable to gain fusion for anterior pseudoarthro-

sis, although it is not associated with better clini-

cal outcomes than repeat anterior fusion [6].

 Preoperative Considerations

 Surgical Anatomy

Posterior cervical fixation is obtained by attach-

ments to the spinous processes, lateral masses, and 

pedicles. The spinous processes are midline poste-

rior projections extending from the lamina and 

serve as attachments of the nuchal ligaments and 

multifidus muscles. They are largest in size at C2, 

C7, and T1 where the nuchal ligaments are firmly 

attached. The spinous processes from C3–C5 are 

bifid and may be relatively small which limits fixa-

tion opportunities. The C6 spinous process may be 

larger and may or may not be bifid. The base of the 

spinous process can be perforated and a hole can 

be created to allow the passage of wire or cable. At 

C7, the lamina can be wide enough (mean 5.6 mm) 

to accept translaminar screws [7].

 Lateral Mass Anatomy

The lateral masses form an articular column lat-

eral to the spinal canal. Viewed posteriorly, the 

lateral masses are square-shaped with the supe-

rior and inferior borders being the cranial and 

caudal facet joints, Fig. 9.1a. The medial border 

is the valley at the junction of the lamina and the 

lateral mass and the lateral border is the far edge 

of the lateral mass. From the side, the lateral 

masses are parallelogram-shaped with upward 

and downward projects known as superior and 

inferior facet articulations. Anterior to the lower 

half of lateral mass is the exiting nerve root and 

further anterior is the vertebral artery above C6.

 Pedicle Anatomy

The pedicles are small, truncated, cone-like struc-

tures that connect the bodies to the lateral masses. 

The pedicles have a mean transverse diameter of 

Table 9.1 Indication for posterior subaxial cervical fusion

1 Traumatic instability

2 Destructive lesions from tumor, infection, 

inflammatory disease

3 Degenerative instability

4 Pseudoarthrosis

5 Adjunct to anterior fusion

6 Extension to craniocervical and/ or 

cervicothoracic junction
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approximately 5.5–6.5 mm with range 4–8 mm [8]. 

They are taller in the sagittal plane by 2–3 mm. They 

are medial deviated when viewed posteriorly from 

43° at C3 decreasing caudally to 36° at C7, Fig. 9.1c. 

In the sagittal plane, the pedicles have upward angu-

lation of about 7° at C2–C3, neutral at C4–C5, and a 

mean downward angulation of 3–6° at C6 and C7, 

respectively [9]. The pedicles attach to the vertebral 

body near the superior end plate anteriorly and at or 

just below the base of the superior facet joint poste-

riorly. When viewed posteriorly, a lateral notch can 

be identified which is a sulcus along the far edge of 

lateral just below the superior articular facet, 

Fig. 9.1a. The dorsal projection of the C3–C6 pedi-

cle (which is an essential landmark to identify pedi-

cle screw placement) is located 2 mm medial to the 

lateral notch [9]. At C7, the pedicle is located 4 mm 

medial from the lateral notch. There is a wide varia-

tion of individual morphology, and each patient’s 

imaging studies should be carefully examined before 

screw placement is attempted.

 Vertebral Artery

The first part of the vertebral artery ascends from 

its origin off the subclavian artery and passes 

anterior to the C7 transverse process between the 

longus colli and anterior scalene muscles. In the 

second part, the vertebral artery enters the spine 

between the C6 and C7 transverse processes and 

ascends upward to C2 in the foramen transver-

sarium. The vertebral artery can be injured by 

lateral breaches from cervical pedicle screws and 

insufficient outward angulation or from a too 

medial starting point of a lateral mass screw.

 Nerve Root

The exiting nerve roots lie above each corre-

sponding pedicle in front of the lateral masses. 

They can be injured by inferiorly placed (insuf-

ficient cephalad angle) or too long lateral mass 

screws or cervical pedicle screws.

 Bony Anomalies

Bony anomalies from congenital malformations are 

frequently accompanied by vascular  anomalies. In 

these cases, a CT angiogram is recommended before 

screw placement. Similarly, fracture dislocations 

and fractures involving the foramen transversarium 

are associated with vertebral artery injury and a CT 

angiogram is recommended. If there is an arterial 

injury, then the fixation method with the lowest risk 

to the functioning artery should be selected.

Fig. 9.1 (a) Dorsal view of the cervical spine. The lateral 

notch (white arrowhead) is at the sulcus of the pars interar-

ticularis just below the cranial facet joint. The boundaries 

of the lateral mass (box) are the inferior and superior facet 

joints, the lateral edge of the lateral mass, and the valley at 

the junction of the lamina and lateral mass. The junction of 

the lamina and lateral mass is the valley or inflection point 

(black arrow on left side). (b) On the lateral projection, the 

lateral mass is parallelogram-shaped bounded by the supe-

rior facet cranially and inferior facet caudally. (c) Axial 

view of C5. The junction of the lateral mass and lamina is 

seen as a valley (white arrow). Projected anterior and 

slightly lateral (line) is the vertebral artery (red circle). The 

pedicle is oriented 35–45° medially (black arrow)
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 Biomechanics

Biomechanical studies confirm that cervical pedi-

cle screw fixation offers the greatest flexural, lat-

eral bending, and axial stiffness [10]. However, in 

most cases lateral mass screws appear to have a 

sufficient stabilization effect; therefore, the author 

questions the use of cervical pedicle screws 

between C3 and C6 except in exceptional cases as 

the risk of vertebral artery injury is too great. 

Interspinous wire fixation has a long legacy, is 

relatively low cost, and requires significant post-

operative immobilization to be effective but is the 

safest form of fixation.

An important biomechanical principle is to 

match the fixation to the requirements of an indi-

vidual patient. For example, a stable nonunion of 

an anterior fusion may be successfully treated by 

an interspinous wire method. Similarly, a highly 

unstable fracture with comminution of the bodies 

and lateral masses or a tumor with similar mor-

phology may best be treated with cervical pedicle 

screw fixation.

Bone quality is paramount to successful fixa-

tion. Many patients, such as those with rheuma-

toid arthritis, may have osteoporosis or erosions 

from facet arthritis that limit fixation strength 

especially when using spinous process wires or 

lateral mass plates. To gain fixation in such cases, 

pedicle screws could be considered.

 Surgical Technique

 Anesthesia and Positioning

Patients requiring posterior fusion frequently 

have unstable spines and/or spinal cord compres-

sion, therefore requiring special consideration 

during induction and intubation. If cord compres-

sion is present, then the mean arterial pressure is 

maintained at a minimum of 80 mm Hg during 

the procedure which may require vasopressors. 

Intubation is performed with a fiberoptic tech-

nique that allows the least cervical displacement. 

Placing a patient prone with an unstable subaxial 

cervical spine has risks and care must be exercised. 

If traction has been applied, the use of a turning 

frame which rotates around the long axis of the 

operating table can be used while traction is 

maintained. Other considerations are use of a 

four-poster frame with the head controlled in a 

Mayfield device. This is especially useful in 

patients with significant kyphosis such as anky-

losing spondylitis. In unstable conditions, intra-

operative radiographs or fluoroscopy should be 

readily available to check alignment. Patients 

with more stable conditions can be positioned 

prone on a Jackson-type table with the head sta-

bilized with a special foam pillow. The arms and 

sometimes skin are pulled downward to reduce 

skin folds and allow access for radiographic 

imaging. Appropriate preoperative antibiotics are 

given before skin incision.

 Exposure

The skin is incised and the nuchal fascia exposed. 

An incision is made along each spinous process 

and the multifidus muscle stripped off subperios-

teally. The supraspinous and interspinous liga-

ments are maintained to avoid adjacent segment 

kyphosis. Dissection is carried out to the far edges 

of the lateral masses. Radiographic confirmation 

of the level is performed.

 Reduction

If required, facet reduction is performed by man-

ual manipulation of spinous processes or by 

resection of a portion of the superior facet and use 

of a small elevator placed into the dislocated facet 

that acts as a lever to achieve reduction. If kypho-

sis is present, reduction is easiest by using an 

interspinous wire or cable. When fixation crosses 

the cervicothoracic junction, achieving closure 

between spinous process from C6–7 and C7–T1 

can improve sagittal plane alignment. If possible, 

prior to placement of rods, an interspinous cable 

is tensioned between C6–7 and or C7–T1 until the 

spinous processes are compressed, assuming the 

foramen is not stenotic.
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 Fixation

The surgeon has several choices available to 

achieve fixation including monofilament wires, 

braided wires, cables, screws and plates, and vari-

able angle screws and rods. Selection is dependent 

on the severity of the condition being treated and 

bone quality. The author prefers lateral mass fixa-

tion from C3–6 and pedicle screws in C2 and C7.

Rod diameter is important since bending stiff-

ness is proportional to the radius4. Titanium and 

cobalt-chrome rods have a modulus of elasticity 

of 110 Gpa and 220 Gpa, respectively, indicating 

that titanium rods are half as stiff as cobalt- 

chrome rods. Simply increasing the diameter to 

4 mm from 3.5 mm and using cobalt-chrome rods 

increase stiffness by 3.1 times. However, mixing 

cobalt-chrome rods with titanium alloy screws 

may create a potential for galvanic corrosion due 

to dissimilar metals. However, in vivo both met-

als produce an oxide layer (self-passivating) that 

diminishes any battery effect. In the presence of 

motion, such as between a titanium wire and 

cobalt-chrome rod, the passivation layers wear 

off and galvanic corrosion can occur.

 Interspinous Wire Fixation

Interspinous wire fixation was described by 

Hadra in 1890 using silver wire for a fracture dis-

location which required a revision but ultimately 

was a success. Rogers popularized the interspi-

nous wire techniques using stainless steel wire 

and reported success in 30 of 35 patients with 

cervical fractures [11]. Bohlman modified the 

Rogers technique by adding an additional two 

wires to hold bone grafts along the spinous pro-

cesses [12]. Since cables composed of stainless 

steel and titanium became available, they have 

largely replaced wire fixation. Cables can be ten-

sioned under control and conform to bony con-

tours and have lower risk of fracture. Cables 

require a crimping mechanism and do not allow 

adjustment once crimping has been performed. 

Although polymers have been developed as 

potential substitutes, they all suffer from creep 

and potential for loosening over time. Another 

alternative is to use sublaminar wire fixation 

which captures the lamina and rods. This pro-

vides poor fixation having no resistance to axial 

loads, is invasive to the spinal canal, and, in the 

author’s opinion, should be avoided.

To place an interspinous cable, a 3-mm hole is 

placed with a burr on each side of the middle point 

of the cranial spinous process at its base, Fig. 9.2a. 

The hole is enlarged with a towel clip or Leween 

clamp. The cable has a stiff leader and the opposite 

end has a crimp. The leader is shortened and bent 

in a curve and is passed through the hole to the 

opposite side. It is then passed over the spinous 

process through the interspinous ligament. The 

leader is then passed back through the hole thus 

creating a loop around the cranial spinous process. 

The leader is then passed below the caudal spinous 

processes and then through the crimp, Fig. 9.2b. 

The excess length is shortened and the leader 

passed into the tensioning device. Under careful 

observation, tension is applied to the cable, usually 

no more than 30 pounds. The crimp is crushed and 

excess wire sectioned.

 Lateral Mass Fixation

Viewed posteriorly, the square-shaped lateral 

masses are identified. The superior and inferior 

borders are the cranial and caudal facet joints, 

respectively, Fig. 9.1a. The lateral border is the 

outside edge. The medial border is the valley or 

inflection point at the junction of the lateral mass 

and lamina. Deep and anterior to this valley is the 

vertebral artery, Fig. 9.1c. Thus all lateral mass 

screws need to start lateral to this point and angle 

outward. The center of the lateral mass is the 

summit, its highest point, Figure 9.2a.

The starting point for screw insertion is 1–2 mm 

medial to the center of the lateral mass, Fig. 9.2a. 

A starting hole of each lateral mass to be instru-

mented is placed with a 3-mm burr. These should 

be oriented in a relatively straight line.

The screw orientation is upward and out-

ward, usually easily identified by laying the drill 

guide against the next caudal spinous process, 

Fig. 9.3a. The upward direction is about 20–45° 

so that it is parallel to the facet joint surfaces, 
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Fig. 9.3b. The outward angulation is 15–20° and 

is limited by abutment of the spinous process, 

Fig. 9.3c. To place the pilot hole, an adjustable 

drill is used to avoid inadvertent plunging. The 

author uses a k-wire as a drill as it is less likely 

to wrap around a nerve or vessel. Starting at 

12–14 mm, a hole is drilled and then checked 

for perforation. The drill is reset 2 mm and the 

process repeated until desired length or perfora-

tion of the far cortex ensues. Unicortical screws 

are satisfactory in most cases, but for patients 

with poorer bone stock or higher degrees of 

instability, bicortical screws can be placed 

safely and are more effective.

Lateral mass systems use variable head tulip- 

like screws and 3.5–4-mm rods. The appropriate 

length screw is placed maintaining proper 

 orientation. Once the screws are placed, the pos-

terior one-third of the facet joints are decorti-

cated with a burr and packed with local bone or 

bone graft substitute. Rods of appropriate length 

are chosen which may require sectioning. Excess 

rod length should be avoided as it may cause irri-

tation in muscles or impinge on adjacent non-

fused bony structures. Lordosis or kyphosis is 

created with rod contouring as needed. The rods 

are inserted in the tulips and set screws inserted 

and tightened to their desired torque. If needed, 

Fig. 9.2 (a) Interspinous wire technique with cable. 

3-mm holes are placed (black hole) in the base of the 

spinous process. A cable is passed from one side to the 

other and looped around cranial aspect of spinous pro-

cess and back through the hole. It then passes under the 

next caudal spinous process. (b) The cable is passed 

through a crimp and tensioned and then the crimp is 

compressed

Fig. 9.3 (a) The center of the lateral mass is identified on 

the right lateral mass at the summit (cross) of the lateral 

mass. The starting point is marked with a burr 2 mm 

medial to the lateral mass center (circle). The vertebral 

artery (red line) is located anterior to the medial border of 

the lateral mass. The screw orientation is upward 30–40° 

and outward 15–20° on the left lateral mass (arrow) away 

from the vertebral artery. Usually the drill guide will lie 

against the next caudal spinous process. (b) Sagittal view 

showing the screw orientation (line) parallel to the facet 

articulations. (c) Axial view showing orientation of the 

lateral mass screw outward (arrow) angulation away from 

vertebral artery and starting 2 mm medial from the lateral 

mass center
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compression along the rod can be performed but 

this risks screw loosening. A final lateral radio-

graph is obtained.

 Pedicle Screw

Cervical pedicle screws, except at C7 (in 95% of 

cases), are at risk for injury to the vertebral artery, 

and, therefore, complete understanding of the sur-

gical anatomy and identification of landmarks are 

required. The key landmark is the lateral notch of 

the lateral mass, Fig. 9.1a. The lateral notch is the 

most medial part of the pars interarticularis located 

at a sulcus on the far edge of the lateral mass just 

below the superior articular facet [9, 13].

For C3–C6 the starting point is 2 mm medial 

from the lateral notch, Fig. 9.4a. At this point, a 

3-mm starting hole is placed with a burr. The 

pilot hole is orientated medially, the degree being 

determined from imaging and can range from 25° 

to 55°. The angulation is greater at C3 than more 

caudal, Fig. 9.4b [9]. The starting point is more 

lateral when the medial angle is greater. The sag-

ittal angle is neutral from C3–C6 and upward 7° 

at C7. The pilot hole can be created using an awl 

or by a stopped drill technique, checking for per-

foration as one goes deeper. Usually a 22–25-mm 

length hole may be placed. CT, navigation, and 

fluoroscopic aid have all been shown to improve 

accuracy [14, 15].

Prior to screw placement, the facets are decorti-

cated and bone graft material placed into the joints. 

The screws are placed, radiographs are obtained to 

confirm correct positioning, and rods of appropri-

ate length are placed. The set screws are tightened 

to desired torque.

 C7 Fixation

Fixation of C7, like C2, can be safely achieved by 

several means including interspinous wire and 

pedicle, lateral mass, or translaminar screws. In 

general, the author does not recommend stopping 

fixation of multilevel constructs at C7 and would 

include fixation to at least T1 with pedicle screws. 

Combining C7 and T1 pedicle screws provides 

maximum biomechanical strength with low risk 

of injury to the vertebral artery. Longer constructs 

into the thoracic spine are often treated using tran-

sition rods which taper from 3.5 mm for cervical 

fixation to 5.5 mm in the thoracic spine. This taper 

precludes fixation at one level, which is usually 

C7 in the author’s experience. Cervical fixation 

can also be combined with more rostral fixation at 

C2 and even to the occiput. Keeping the points of 

fixation in a line aids rod placement.

Fixation into C7 can be achieved as described 

above by translaminar screws as well. Translaminar 

C7 fixation is achieved by crossing screws and is 

applicable to C2 and C7 [7]. Computed tomogra-

phy or MRI should be scrutinized to assess the fea-

sibility of these techniques and will require a 

minimum of 4-mm inner diameter. The screw 

length is also judged and is approximately 25 mm.

Fig. 9.4 (a) The lateral notch is located at the sulcus of 

the pars interarticularis (arrowhead). The starting point 

for pedicle screw insertion (circle) for C3–C6 is 2 mm 

medial to the lateral notch and is just below the superior 

facet joint. The orientation is medial 25–45° (black 

arrow). (b) The screw is oriented parallel to the superior 

end plate and is angulated slightly downward more cau-

dally. (c) Axial view showing 40° medial angulation 

required for pedicle screw insertion to avoid the verte-

bral artery (red circle)
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A 3-mm burr hole is placed at the base of the 

spinous process in line with the projection of the 

opposite lamina. To avoid impingement of oppo-

site screws, the starting point on one side is 

placed lower and the contralateral slightly higher. 

Using a pedicle finder or stopped drill technique, 

the hole is cannulated toward the opposite lamina 

for approximately 25 mm. During placement the 

hole is checked for perforation. The screw is 

inserted and the opposite side is cannulated with 

the screw placed in similar manner. After screw 

placement, the appropriate facet joints are decor-

ticated and packed with bone graft material. The 

lamina and spinous processes should not be 

decorticated to avoid loss of fixation. Rods are 

placed and all set screws fully tightened. A final 

lateral radiograph is obtained to confirm satisfac-

tory screw position.

 Extending to Thoracic Spine

Extending the fusion from the cervical to thoracic 

spine is becoming more common as there is 

increasing desire to correct sagittal plane deformi-

ties which cause cervical kyphosis, dropped head 

syndrome, and chin-on-chest deformity. The cervi-

cal fixation can be placed as described above using 

lateral mass plates or, if needed, cervical pedicle 

screws. Thoracic fixation is obtained using pedicle 

screws. A stiffer rod is required, and transition rods 

are often utilized, where a 5.5- mm rod tapers to a 

3.5-mm rod or is connected by a joint. These transi-

tions take up space and preclude one level from 

being instrumented, usually C7. The rods require 

contouring, usually cervical lordosis and thoracic 

kyphosis. At the cervicothoracic junction, interspi-

nous wires are placed at C7, and T1 if possible, and 

tensioned to achieve as much lordosis as possible.

 Bone Grafting

The ultimate goal of posterior fixation is to obtain 

arthrodesis. Regardless of the technique, poste-

rior fusion is obtained by decortication and bone 

grafting. Partially decorticating the facet joints 

with a burr provides an excellent area for bone 

union. Decortication can also be performed along 

the laminae and spinous processes depending 

upon fixation. Many bone graft materials can be 

used including autograph, allograft, demineral-

ized bone matrix, and ceramic products. BMP-2 

has been used in posterior fusion but is rarely 

needed as there is a high fusion success in the 

posterior cervical spine.

 Wound Closure

Reattachment of the nuchal ligaments to the spi-

nous processes of C2, C7 and T1 is essential to pre-

vent development of cervical kyphosis. There is a 

tendency for the multifidus muscle to slide more 

anteriorly with the spinous processes becoming 

prominent and loss of the ability to hold the head 

upward. Thus, proper fascial repair is required. 

Multiple interrupted sutures are placed through 

these ligaments and into the periosteum of the spi-

nous processes.

Posterior cervical wounds are at high risk for 

infection, and placement of 1–2-gm vancomycin 

powder into muscles at closure has been shown to 

reduce infection by 80% or more [16].

Since these wound are under tension from shoul-

der motion, the skin is closed with staples or inter-

rupted nylon.

 Postoperative Care

Postoperatively patients with unstable conditions 

are immobilized in a hard collar, while those with 

stable type spines (such as pseudoarthrosis repair 

or in degenerative conditions) may not require 

immobilization.

 Illustrative Case

History A 56-year-old male patient with anky-

losing spondylitis sustained a hyperextension 

injury from a fall and complains of neck pain. He 

was noted to have a preexisting thoracic kyphotic 

deformity and stiff spinal column. He is immobi-

lized in a collar.
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Physical Examination Neurologic examination 

shows a Frankel C central cord syndrome.

Radiographical Imaging CT shows preexisting 

thoracic kyphosis and increased cervical kypho-

sis. A minimally displaced transverse fracture at 

C6–C7 is present, Fig. 9.5a. A displaced laminar 

fracture results in posterior cord compression. 

Fractures of the superior articular facets with 

subluxation are seen on parasagittal CT, Fig. 9.5b. 

The MRI shows a narrow spinal canal and signifi-

cant stenosis at C6–C7 but absence of epidural 

hematoma, Fig. 9.5c.

Treatment He underwent immediate posterior 

decompression of C6–C7, cervicothoracic fusion 

from C3–T6 using lateral mass screws in the cer-

vical spine, pedicle screws in thoracic, and a tran-

sition rod, Fig. 9.5d. Posterior fusion at C6–C7 

with allograft was performed. Postoperative CT 

shows placement of lateral mass screws in C6, 

Fig. 9.5e. The right screw should have started 

Fig. 9.5 (a) Midline sagittal CT of ankylosing spondyli-

tis with extension injury through the body of C7 (arrow) 

and facet joints. There are 3 mm of subluxation and a dis-

placed fracture of the lamina compressing the spinal cord 

dorsally. (b) Sagittal CT through facet joints showing 

transverse fracture of C7 superior facet with 2–3-mm dis-

placement (arrow). (c) A fat-suppressed T2 MRI showing 

spinal canal stenosis caused by subluxation of C6–C7 and 

a displaced laminar fracture (arrow). (d) Postoperative 

lateral radiograph after C3–T6 instrumentation. (e) 

Postoperative axial CT at C6 showing outward direction 

of lateral mass screws away from the vertebral artery. The 

right screw should have started 2 mm more medially. (f) 
Postoperative sagittal CT in the plane of the lateral masses 

demonstrating correct upward angulation of lateral mass 

screws
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1–2 mm more medially but both show outward 

angulation avoiding risk to the vertebral artery. 

Sagittal CT shows correct upward angulation of 

lateral mass screws, Fig. 9.5f.

Outcome He made significant recovery of neu-

rologic function and is now fully ambulatory and 

has excellent hand function. He complains of 

chronic spinal pain which is minimally different 

than prior to injury. His fusion appears healed at 

6 months of follow-up.

 Technical Pearls

• Adjust relative position of head to neck to 

optimize alignment and then confirm by radio-

graphs prior to skin incision.

• Maintain midline soft tissue envelope to avoid 

postoperative kyphosis at adjacent segment.

• Place a small burr hole at the ideal lateral mass 

starting points prior to drilling.

• Drilling from opposite side provides a more 

natural trajectory for the screw, but it can be per-

formed from the ipsilateral side if preferred.

• Use adjustable drill guide or pedicle probe.

• Decorticate facets and place bone grafts.

 Complications

 Surgical Site Infection

Posterior cervical wounds are at high risk for sur-

gical site infections (SSI) with wide ranges from 

1.5 to greater than 10% [17]. Using the American 

College of Surgeons data, Nassr reported a rate of 

2.9% in 5441 patients [18]. Others have reported 

greater than 10% with higher incidences in trauma 

settings. Risk factors for SSI in posterior cervical 

surgery are older age, BMI > 35, chronic steroid 

use, and procedures lasting longer than 3 h [19]. 

The use of 1 gm of intrawound vancomycin pow-

der in posterior wound has been shown to reduce 

SSI by 80–100% although not uniformly [17]. 

Martin found no statistically significant differ-

ences in SSI between control (6.9%) and vanco-

mycin (5.2%) [20].

 Screw Malposition

Coe reported that screw violation of the foramen 

transversarium, neuroforamen, and facet joint 

was 1.5%, 1.0%, and 0.6%, respectively, while 

no patient had screw malposition into the spinal 

canal [21]. Yoshihara noted that 1.1% of patients 

required revision surgery for lateral mass screw 

malposition [22].

Cervical pedicle screw insertion is more chal-

lenging than lateral mass screws with higher 

rates of malposition. Ghori performed a system-

atic review of studies and found pedicle screw 

penetration rates from 6.7% to 30% with two-

thirds being lateral penetration toward the verte-

bral artery [15]. The most important risk factor 

was operative level with higher rates of perfora-

tion occurring more proximally, especially at 

C3, due to smaller size and more medial angula-

tion. Kast reviewed 94 pedicle screws using CT 

and found that only 46 were completely within 

the bone and 20 screws had no more than 1 mm 

of cortical perforation. [23] Another 20 screws 

had minor cortical violation (≤25% of screw 

diameter) and an additional 8 had major viola-

tions. The most common penetrations were 

medially (10.6%) and lateral narrowing of the 

foramen transversarium (10.6%). Anterior and 

lateral perforation of the vertebral body was seen 

in 5.7% of cases and caudal perforation into the 

neuroforamina occurred in 3.1% of patients. 

Only two patients had clinically relevant screw 

malposition. Hojo reviewed 1090 pedicle screws 

placed using fluoroscopy in multiple centers and 

found that 14.8% of screws were malpositioned 

[14]. Four-fifths of screws were laterally mis-

placed, while one-fifth were medially malposi-

tioned. There is a documented learning curve 

with more accurate positioning after 10–20 

cases. Computer navigation-aided screw inser-

tion reduces malposition by 3–5 times [15].

 Neurologic Injury

Neurologic injury is most commonly associated 

with the procedure and not directly to the internal 

fixation. Coe reported that 3.9% of patients treated 
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by lateral mass screws had a nerve root injury but 

only 1.0% were considered to have been caused 

by the screw placement. Two large case series 

(Sekhon, Katonis) reported no nerve root injuries 

in a combined 2688 lateral mass screws.

Cervical pedicle screws similarly have a low 

rate of neurologic complications. Abumi reported 

only 2 nerve root injuries in 712 pedicle screws, 

while Kast had 2 in 96 screws [23, 24]. No spinal 

cord injuries related directly to screw insertion 

were noted. Hojo found that only 1% of patients 

had root injury from misplaced cervical pedicle 

screws [14].

 Fixation Failure

Failure of fixation with loss of lordosis or 

increased translation occurs more commonly 

when crossing the cervicothoracic junction or in 

treatment of more complex conditions such as 

trauma or tumor reconstruction. Prevention is best 

achieved by creation of a load-sharing construct 

using proper anterior reconstruction if possible. 

Using lateral mass fixation, Yoshihara reported 

2.2% and Heller 2.6% of patients had loss of cor-

rection [22, 25]. Hojo found that 2.5% of patients 

treated by pedicle screw fixation had screw loos-

ening, almost exclusively in rheumatoid arthritis 

patients [14]. Correction of sagittal plane defor-

mity, use of orthosis including the halo vest when 

needed, and using longer constructs with more 

points of fixation should be considered to avoid 

fixation failure.

 Poor Screw Purchase

Inadequate screw purchase is not uncommon when 

placing interspinous wire or lateral mass screws. 

When the lateral masses are small or eroded from 

inflammatory diseases, there may be little area for 

screw purchase. Additionally, obtaining the safest 

screw orientation, upward and outward, may lead 

to the screw breaking out during insertion or when 

the rods are loaded into screw heads. Yoshihara 

reported in a systematic review that 1.62% had lat-

eral mass fracture during placement [22]. Careful 

attention to detail during screw insertion and proper 

rod bending is required to avoid excessive pullout 

forces on screws. Creating a starting point with a 

small burr can help to avoid walking of the drill 

laterally which leads to poor purchase when 

drilling. When conditions do not allow adequate 

screw purchase, alternatives include adding lon-

ger constructs, pedicle screws, and combined ante-

rior reconstruction, and use of facet cortical grafts 

should be considered.

 Broken Hardware

The rods used in posterior cervical fixation 

have small diameter (3.5 mm) and usually are 

made of titanium alloy. Titanium alloy is notch 

sensitive which occurs during rod bending 

causing poor fatigue resistance and thus possi-

ble breakage. This is particularly common at 

the craniocervical and cervicothoracic junc-

tion. Use of larger rods (4.0 mm) and pre-bent 

rods will minimize the chance of rod failure. 

When bending rods, try to contour the rod at 

multiple points and avoid creating a sharp bend 

at a single point.

 Vertebral Artery Injury

The vertebral artery is at risk when placing lat-

eral mass screws and pedicle screws from C3 to 

C6. Although theoretically possible, no cases of 

lateral mass screw placement injuring the verte-

bral artery have been reported [4, 22]. Lateral 

breaching of cervical pedicle screws is relatively 

common when analyzed by CT but does not nec-

essarily result in vertebral artery injury. Abumi 

reported one case of vertebral artery injury in his 

first 180 patients treated with cervical pedicle 

screws [26]. Uehara reported 20% of pedicle 

screws violated the pedicle with 75% being lat-

eral toward the vertebral artery although no inju-

ries occurred [27]. In a multicenter study, Hojo 

reported 2 of 283 patients sustained vertebral 

artery injury after cervical pedicle screw place-

ment using the freehand technique as described, 

Abumi [14].
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 Conclusion

Posterior subaxial fusion is commonly performed 

and can be used for a variety of conditions. The 

indications are most frequently secondary to insta-

bility and as adjuncts for treatment of degenerative 

conditions. Interspinous wire or cable fixation is 

less often used but still highly successful. Modern 

instrumentation using lateral mass screws and rods 

is highly effective with low rates of complications. 

Added strength of fixation can be obtained from 

subaxial pedicle screws with the added risk of ver-

tebral artery injury. Meticulous technique is 

required as the area for fixation is limited and neu-

rovascular structures are in close approximation. 

In all cases, proper bone grafting techniques are 

required to obtain ultimate arthrodesis.
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 Introduction

Cervical spondylosis is a common disease pro-

cess that is increasing in frequency given the lon-

ger mean survival age. Individuals with 

symptomatic cervical spondylosis who have 

failed to respond to nonoperative therapy are can-

didates for surgical intervention. The goals of 

surgery in these cases include decompression of 

the spinal cord and/or nerve roots while main-

taining stability either by limiting surgical desta-

bilization or performing an arthrodesis. In this 

chapter we discuss the role of the subaxial facet 

joint in the pathogenesis of cervical spondylosis, 

a brief overview of the biomechanical and ana-

tomical considerations of the subaxial facet joint, 

the surgical technique when placing subaxial 

interfacet spacers, indications, complications, 

and clinical outcomes when using interfacet 

spacers for subaxial spine fusion.

Fusion techniques of the cervical spine have 

been well described and consist of anterior, pos-

terior, or combined anterior and posterior proce-

dures depending on the extent of disease, 

deformity, and history of prior surgery. Cloward 

introduced the anterior discectomy and fusion 

approach in 1958 and it has since gained wide 

popularity due to its safety and efficacy [1]. 

Various posterior fusion procedures have been 

described for the fixation of the subaxial cervical 

spine including interfacet, spinous process, or 

sublaminar wiring, lateral mass or pedicle fixa-

tion with screw/plate or screw/rod instrumenta-

tion, and hook/rod constructs [2, 3]. Recently a 

technique using cervical interfacet grafts has 

been added to as another means of achieving sta-

bilization and arthrodesis. The use of the facet 

joint for fusion has shown promising radiologic 

and clinical outcomes [4–6].

The pathogenesis of cervical spondylosis has 

traditionally been thought to be initiated by disc 

degeneration which translates to changes in other 

aspects of the spinal functional unit. With age, 

there is a natural decrease in disc height which 

triggers a cascade of events which may include 

thickening and/or buckling of the posterior longi-

tudinal ligament and ligamentum flavum, osteo-

phyte formation, foraminal stenosis, vertebral 

listhesis, and facet degeneration. Depending on 

the specific changes and their severity, this 

degenerative process may also produce defor-

mity and/or segmental instability. Recently, an 

alternative hypothesis has been suggested by 

Goel et al. which defines facet degeneration as 

the origin of the spondylotic process [7]. The 

facet joint can undergo degenerative changes 

similar to other synovial joints in the body. Goel 

M. Kerolus, MD • V. Traynelis, MD (*) 

Department of Neurosurgery, Rush University 

Medical Center, 1725 West Harrison Street,  

Suite 855, 60612 Chicago, IL, USA

e-mail: menakerolus@gmail.com;  

Vincent_Traynelis@rush.edu

mailto:Vincent_Traynelis@rush.edu
mailto:Vincent_Traynelis@rush.edu
mailto:menakerolus@gmail.com


106

et al. describes a sequence of events that begin 

with cartilage degeneration and can progress to 

include a number of other pathological changes. 

Sclerosis of the facet joint begins to form, the 

bony pillars of the facet are exposed, and facet 

osteophyte formation, synovial cyst formation 

and capsule calcification become evident [4, 6–

8]. These changes are thought to subsequently 

cause disc degeneration and osteophyte forma-

tion leading to foraminal and central canal steno-

sis. Regardless of the etiology, degenerative 

pathologic changes in the cervical spine may 

result in stenosis, instability, and structural mis-

alignment, all of which are associated with symp-

tomatic radiculopathy and myelopathy. The 

radiographic evaluation of facet arthropathy has 

been reported and graded by computed tomogra-

phy (CT) as described by Pathria et al. where 

Grade I corresponds to facet joint space narrow-

ing, Grade II corresponds to facet sclerosis or 

hypertrophy, and Grade III corresponds to osteo-

phyte formation [9].

The cervical facet has been advocated as a 

strategic location for fusion given its relatively 

large size and surface area, biomechanical 

strength, firmness, and anatomical distance from 

critical neural structures. The interfacet space 

provides an effective means for distraction of the 

spinal segment. The distraction itself will stiffen 

the segment, and if further stabilization is needed, 

the articular pillar is a common site for screw 

purchase [10, 11].

Facet strength was tested in cadavers by 

Raynor et al. in 1985. In fresh and fixated 

cadaveric specimens, the facet was able to 

withstand compressive loads of up to 195 

pounds before either dislocation or loss of fixa-

tion of the vertebral bodies. Even with 50% of 

the facet removed, facet fracture required loads 

of 135lbs [12]. In a separate study Raynor and 

Carter examined the use of the Roy-Camille lat-

eral mass plates in a human cervical spine facet 

injury model. When half of the facet was 

removed, placement of 3.5 mm diameter lateral 

mass screws resulted in a significant decrease 

in the load due to failure at the instrumented 

level. Failure occurred by fracture through the 

screw holes. These authors concluded that fol-

lowing partial medial facetectomy, use of the 

lateral mass plate may result in inadequate 

holding strength, and failure is likely to occur 

through the screw holes [13]. Frequently a 

foraminotomy may result in resection of half of 

the lateral mass which makes screw fixation 

precarious. Interfacet spacers can open the 

foramen and preserve bone for screw purchase 

if that is desired.

Finite element models of the ligamentous cer-

vical spine segments have estimated that the cer-

vical facet joint can be responsible for up to 23% 

of axial loading [4, 14, 15]. Morphometric and 

volumetric analysis of the superior facet of the 

subaxial cervical spine ranges from 7.5 to 12 mm 

in width and the inferior facet of the subaxial cer-

vical spine ranges from 8 to 15 mm in width. The 

smallest facet is at C4 [16, 17]. The distance from 

the inferior facet to the transverse foramen ranges 

from 5 to 7 mm, the furthest at C3 and closest at 

C4 in the subaxial spine [17]. The anatomic rela-

tionship of the lateral mass to the nerve roots, 

spinal cord, and vertebral artery is important to 

understand if one plans to place screws into this 

structure [18–20].

In 2007, Goel described the use of cervical 

interfacet spacers as a new method of facet fixa-

tion [21]. These facet spacers were composed of 

titanium alloy spikes on both sides to provide 

fixation. Multiple holes were made to allow bone 

arthrodesis. Various sizes of the spacers are used 

for distraction and adequate graft size placement 

[6, 7, 21]. These spacers provided indirect neu-

roforaminal decompression while providing a 

large osteoconductive surface for fusion. The 

natural compressive forces applied by the cervi-

cal spine on the facet may also increase the rate 

of fusion [4].

Cervical interfacet spacers assist with an 

increase in the height and diameter of the cervical 

intervertebral foramen and a simultaneous 

increase in the interlaminar distance and interver-

tebral body height. Goel and Shah reported a 

mean increase of 2 mm for interspinous distance 

and an increase of 0.4–1.2 mm in intervertebral 

body distance when cervical interfacet spacers 

were used [6]. Tan et al. found that the use of 

interfacet spacers provide distraction of the 
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foraminal area as high as 18.4% in a cadaver 

study [4]. Maulucci et al. examined the kinetics 

and stiffness of the subaxial cervical spine with 

the use of cervical interfacet spacers. They found 

that the addition of 2 mm or higher interfacet 

grafts provided a significant increase in the 

foraminal area cross-section but did not provide 

any more significant stiffness compared to an 

intact spine. However, when using 3 mm or 4 mm 

spacers without posterior instrumentation, the 

stiffness of the segment increased along with 

foraminal height [22]. Siemionow et al. per-

formed an in vivo study and found a significant 

increase in foraminal area and height with bilat-

eral facet joint cages at a 3-, 6-, and 12-month 

follow-up. However, foraminal area did decrease 

from the 6- to the 12-month follow-up, but this 

was not significant and favorable clinical out-

comes remained [23].

Due to the relatively new development of cer-

vical interfacet spacers, clinical outcomes are 

limited but promising. Goel and Shah reported on 

his series of 36 patients with placement of cervi-

cal interfacet spacers without additional posterior 

instrumentation with 92% of patients having an 

excellent or good outcome. Fusion rates were 

100% at 6-month follow-up based on flexion and 

extension radiographs. However, in their series of 

patients, they reported a non-statistically signifi-

cant loss of lordosis at the levels treated, espe-

cially when longer levels were treated [6]. Tan 

et al. reported similar results in a series of 64 

patients who underwent 154 levels of implanted 

cervical interfacet spacers. This group did not 

show any statistically significant loss of cervical 

lordosis compared to preoperative lordosis. No 

patients developed kyphosis [14]. Kasliwal et al. 

reported on a series of 19 patients with symptom-

atic pseudoarthrosis after anterior cervical 

decompression and fusion. There was statisti-

cally significant improvement in VAS scores for 

neck pain (83% improved, p < .004) and radicu-

lar arm pain (72% improved, p < .007) after a 

mean follow-up of 20 months after posterior 

instrumentation and fusion with facet spacers 

were used. Also, although a small number of 

patients were described in this series, 100% of 

patients fused at the prior levels of pseudoarthro-

sis. Although not statistically significant, there 

was an improvement in cervical lordosis but 

worsening sagittal vertical axis [5].

 Indications and Patient Selection

Patients with symptomatic cervical spondylosis 

treated using the posterior approach who require 

foraminal enlargement or fusion are candidates 

for cervical interfacet spacers. MRI or CT myelo-

gram findings of severe compression or forami-

nal involvement should correlate with the clinical 

scenario. Cervical interfacet spacers can still be 

placed after a prior laminectomy or prior fusion 

as long as the facet is not already fused or com-

promised. Also, facet interfacet spacers can be 

placed at the time of laminectomy and fusion for 

patients have myeloradiculopathy and may be a 

substitute for direct foraminal decompression in 

these cases. Patients with anterior cervical hard-

ware that develop symptomatic pseudoarthrosis 

may benefit from the addition of cervical inter-

space spacers when addressing the fusion with a 

posterior cervical approach. Transitioning a 

straight or kyphotic spine to a lordotic configura-

tion using a posterior strategy can produce or 

exacerbate foraminal stenosis. The risk of creat-

ing iatrogenic foraminal narrowing is minimized 

or even negated by first placing the cervical inter-

facet spacers as they increase the foraminal area 

and height. Interfacet spacers are indicated for 

patients having degenerative spondylolisthesis 

secondary to erosive facet remodeling. In these 

cases, the spacers can provide a reduction force 

and aid in prevention of reoccurrence of 

slippage.

 Preoperative Considerations

Evaluation of a preoperative MRI or CT myelo-

gram should be carefully examined to determine 

the desired approach to the cervical spine. If a 

posterior approach with fusion is needed, cervi-

cal interfacet spacers may be used. Preoperative 

imaging for candidates of cervical interfacet 

spacers should include plain cervical AP, lat-
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eral, and dynamic flexion and extension films. 

Preoperative C2/C7 lordosis, sagittal vertical 

axis, and T1 slope should all be measured pre-

operatively to identify and quantify the degree 

of deformity (if present) and the amount of cor-

rection needed. Dynamic films are important to 

verify stability. CT may also be used to assess 

any prior arthrodesis. If there is a solid arthrod-

esis either anterior or posterior, there is no need 

to place a cervical interfacet spacer.

If a posterior cervical approach is needed, cer-

vical interfacet spacers may be used prior to or 

after a cervical laminectomy. CT, MRI, or CT 

myelogram should be used to assess foraminal 

height and width. Facet width and length can also 

be assessed to make sure there is adequate sur-

face area for the 8 × 8 mm spacer. MRI may be 

used to carefully examine the exiting nerve root 

and vertebral anatomy. If the desired cervical lev-

els involve the C4/C5 disc space, it may be 

worthwhile to address this level first as it is a sen-

sitive nerve root.

Each patient will undergo general anesthesia 

and the operation will be performed in the prone 

position. The patient will need to be on a 

Jackson table using a Mayfield clamp for fixa-

tion. The patient’s arms are placed along the 

body and well-padded over the elbow and hand. 

The C-arm can be placed in the operative field 

and will be used to determine the correct level 

of surgery.

 Surgical Technique

Each patient will be induced using general 

endotracheal anesthesia. The patient is placed 

prone on a Jackson table and the head secured 

with a Mayfield clamp. A midline incision and 

subperiosteal dissection is utilized to expose the 

dorsal cervical spine including the lateral 

masses. Care is taken to avoid detaching the 

muscle insertions onto the C2 spinous process 

or dissecting too far lateral to the articular pil-

lars. It is our practice to place the interfacet 

grafts just after exposure. At this point, the lam-

ina protects the spinal cord and the lateral 

masses have not been compromised by drilling 

or the exposure hampered by instrumentation. 

The intended facet joint is inspected and capsule 

removed. If needed, removal of osteophytes to 

gain access to the joint is done using rongeur or 

high-speed burr. The facet joint is freed of all 

articular cartilage using customized rasps which 

are 8 × 8 mm in width and depth and vary in 

height (2, 3, 4 mm) (Fig. 10.1) (FacetLift, 

Medtronic, Memphis, TN). Each size is used 

twice beginning with the 2 mm rasp and increas-

ing to 3 or 4 mm. The rasp also serves to deter-

mine the size of the graft. If the 3 mm fits very 

snugly, then the 4 mm rasp is not used and a 

3 mm graft placed. It is best to place at least a 

3 mm graft, but in select circumstances only a 

2 mm graft will fit. The interfacet spacer is 

tapped into place and slightly countersunk 

(Fig. 10.2). It is important not to place the graft 

too deeply into the joint or it could impinge the 

nerve root. The C4/C5 level is always addressed 

first followed by the other cervical levels as we 

believe this will minimize the likelihood of 

developing a postoperative C5 palsy. Once the 

grafts are in position, the decompression and/or 

lateral mass fixation is performed. Prior to final 

fixation of the rods to the polyaxial screws, the 

Mayfield device is released and the neck is man-

ually extended to improve lordosis. Hemostasis 

is achieved using bipolar cautery, thrombin-

soaked Gelfoam, or similar hemostatic agents. 

The wound is irrigated and closed in layers.

 Clinical Case

A 42-year-old female with a history of multiple 

sclerosis presented to our clinic after a hydraulic 

door fell on her head. She was suffering from 

severe right-side neck pain which was exacer-

bated with activity. She was also experiencing 

interscapular pain as well as numbness and tin-

gling in the middle three digits of both her hands. 

On physical examination she had neck discom-

fort on flexion and extension with tenderness on 

palpation of her posterior cervical neck. She was 

full strength on individual motor testing but 

found to have hypesthesia in the right C4 derma-

tome. She had normal deep tendon reflexes and 
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no Hoffman’s reflex. A course of conservative 

management with physical therapy, NSAIDs, 

and muscle relaxants was suggested but the neck 

pain remained.

Her radiographs revealed kyphosis at C3/C4 

and loss of lordosis at C4/C5 (Fig. 10.3). Flexion 

and extension cervical radiographs showed 

increased disc collapse at C3/C4 and C4/C5. 

Magnetic resonance imaging (MRI) revealed 

bilateral C3/C4 and C4/C5 foraminal narrowing 

and central canal stenosis.

She underwent a C3/C4 and C4/C5 anterior 

cervical discectomy and fusion (ACDF) which 

resulted in resolution of her symptoms (Fig. 10.4). 

Unfortunately she did not fuse at either level and 

the nonunion was symptomatic. Radiographs 

revealed a new C3 screw fracture and widening 

of the C3/C4 and C4/C5 interspinous space with 

flexion.

She was treated with a posterior fusion using 

cervical interfacet spacers and lateral mass fixa-

tion. The C4/C5 level was addressed first using 

an 8x8x3mm spacer. At the C3/C4 level, an 

8x8x4mm spacer was used. Posterior instrumen-

tation with lateral mass screws and a rod place-

ment was used to secure the reconstruction. 

Postoperative lateral plain radiographs and sagit-

tal CT revealed good placement of the cervical 

interfacet spacers and posterior instrumentation 

Fig. 10.1 Illustration of 

a 2 mm rasp. All rasps 

are 8 × 8 mm in depth 

and width. The height 

changes depending on 

the rasp selected which 

will help determine the 

size of the graft

Fig. 10.2 Illustration of a graft holder and interfacet graft 

which will be lightly tapped into the prepared interfacet 

space

Fig. 10.3 Upright neutral lateral cervical radiograph 

revealing kyphosis at C3/C4 and loss of lordosis at C4/C5
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(Fig. 10.5a, b). Postoperative coronal CT high-

lights the placement of the facet spacers in 

 relationship to the central canal (Fig. 10.6). The 

patient’s pain subsequently improved, and at her 

1-year follow-up, there was radiographic evi-

dence of successful arthrodesis of the facet and 

interbody space at C3/C4 and C4/C5 (Fig. 10.7).

 Technical Pearls

• Interfacet spacers are placed rather easily, 

safely, and quickly. They can be utilized with 

and without supplemental spinal fixation tech-

niques [5, 6]. The “joint hammering tech-

nique” for placement of cervical interfacet 

spacers was first described in atlantoaxial fixa-

tion [21] and then applied to the subaxial spine 

for placement of cervical facet spacers with-

out supplemental hardware [6]. A similar 

technique has been used and described in 

Fig. 10.4 Upright neutral lateral cervical radiograph 

after undergoing a C3/C4 and C4/C5 anterior cervical dis-

cectomy and fusion

Fig. 10.5 (a, b) 

Postoperative neutral 

lateral radiograph (a) 

and parasagittal cervical 

computed tomography 

(b) of the same patient 

after undergoing a C3/

C4 and C4/C5 posterior 

cervical instrumented 

with interfacet spacers 

for symptomatic 

pseudoarthrosis and a 

fractured C3 screw
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patients with the addition of posterior cervical 

instrumentation [5, 14].

• Some caution while impacting the facet spac-

ers should be taken. This may require a fair 

amount of force. Some surgeons could be 

alarmed at what is necessary in terms of the 

degree of impact, but it is totally safe. The key 

is to prepare the interspace correctly and 

choose a graft size that mirrors the interspace 

preparation. Creating a pathway using a burr 

or rongeur may help placement if osteophytes 

are present. Occasionally after placement of 

one graft, the other space seems to be too 

small. This “teetotaler” effect should be man-

aged by re-rasping the joint in question.

• Concerns regarding iatrogenic loss of lordo-

sis or formation of kyphosis with placement 

of cervical interfacet spacers have been 

reported [6]. Tan et al. reported on a series of 

64 patients who underwent 154 levels of 

implanted cervical interfacet spacers. This 

study demonstrated that there was no statisti-

cally significant difference between those 

patients with spacers and those without in 

terms of preoperative and postoperative lor-

dosis. No patient in this study developed 

kyphosis [14]. Goel and Shah reported simi-

lar results with mild loss of lordosis with no 

kyphosis in 36 patients [6]. Kasliwal et al. 

reported on a series of patients who devel-

oped a nonsignificant loss of lordosis but 

with improved outcome with the use of inter-

facet spacers and posterior instrumentation 

after failed anterior instrumentation [5].

 Complications and Strategies for 
Avoidance

Risks involved with the placement of cervical 

interfacet spacers are similar to that of tradi-

tional posterior fixation techniques. Nerve 

injury, spinal cord injury, or vertebral artery 

Fig. 10.6 Postoperative coronal cervical computed 

tomography highlighting bilateral interfacet spacers at 

C3/C4 and C4/C5 in relationship to the central canal

Fig. 10.7 One-year follow-up upright neutral lateral cer-

vical radiograph with evidence of successful arthrodesis 

of the facet and interbody space at C3/C4 and C4/C5
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injury is possible. When impacting the inter-

facet spacer, careful attention to the width of 

the facet and location of the graft in relation-

ship to the spinal canal will negate this compli-

cation. In the summation of all cases of cervical 

interfacet spacers, there have been no reported 

vertebral or neurologic injuries directly related 

to interfacet spacers [5, 6, 14].

 Conclusion

Cervical interfacet spacers is a promising adju-

vant for the treatment of cervical spondylosis 

where both fusion and foraminal enlargement is 

desired. The use of cervical interfacet spacers is a 

safe technique and adds minimal time compared 

to traditional posterior fusion techniques.
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 Introduction

Multilevel cervical stenosis and resultant 

myelopathy can arise from ventral and/or dorsal 

compressive structures. Examples of ventral 

pathology include disc osteophyte complexes, 

spondylotic bars, or ossification of the posterior 

longitudinal ligament (OPLL). These patholo-

gies lead to greater cord compression in the set-

ting of congenital stenosis. Dorsal pathology can 

include hypertrophied or ossified ligamentum 

flavum. There is a wide variety of surgical 

options for addressing multilevel cervical steno-

sis, which can be broadly categorized into ante-

rior, posterior, or combined approaches. Anterior 

approaches can directly address ventral com-

pressive pathology and include procedures such 

as anterior cervical discectomy or corpectomy 

combined with fusion. Posterior options are able 

to directly address dorsal compressive pathol-

ogy, but can also achieve indirect cord decom-

pression by allowing the cord to drift posteriorly 

away from anterior pathology as long as the cer-

vical alignment is not excessively kyphotic. 

Posterior procedures that have been used to 

address multilevel stenosis include multilevel 

laminectomy alone, laminectomy and fusion, 

laminoplasty, and skip laminectomy.

Multilevel laminectomy without fusion was 

traditionally used to effect multilevel neuro-

logic decompression, but was complicated by 

high rates of postoperative kyphosis and is not 

routinely recommended today [1, 2]. Multilevel 

laminectomy with fusion minimizes the risk of 

postoperative kyphosis; however, it does so at 

the expense of cervical motion, requires more 

stringent postoperative restrictions, has higher 

implant costs, has greater risk of complica-

tions, and may be associated with the potential 

for accelerated adjacent segment degeneration 

(ASD).

Laminoplasty is a posterior method for spinal 

cord decompression that was originally devel-

oped as an alternative to multilevel laminectomy 

[3]. Laminoplasty achieves decompression of 

the spinal canal by expanding, but not com-

pletely removing, the posterior laminar arch. 

Laminoplasty achieves decompression from 

ventral pathology by allowing the spinal cord to 
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drift posteriorly [4]. Laminoplasty affords several 

advantages over laminectomy alone. First of 

all, laminoplasty has a much lower rate of post-

operative kyphosis and thus potentially less 

neck pain, deformity, or recurrent myelopathy. 

Laminoplasty also avoids the development of a 

post- laminectomy membrane, which can cause 

recurrent cord compression. Additionally, the 

preservation of bone stock and covering over the 

dura can make a revision posterior operation 

safer and easier to perform than after multilevel 

laminectomies. Laminoplasty is also a motion- 

sparing approach that has the advantage of 

avoiding potential fusion-related complications 

(e.g., nonunion, implant failure, potential for 

accelerated ASD), and patients can also be more 

aggressively rehabilitated in the early postopera-

tive phase.

Skip laminectomy is a newer technique that 

was developed as a less invasive method of pos-

terior cervical decompression with the aim of 

minimizing intraoperative damage to the cervi-

cal extensor musculature that can come with 

laminoplasty [5]. This technique involves per-

forming standard laminectomies at appropriate 

levels along with partial laminectomies of the 

cephalad half of the laminae at other levels 

where the muscle attachments are left undis-

turbed. Using this technique, decompression 

from C3 to C7 can be accomplished with stan-

dard laminectomies of C4 and C6 and partial 

laminectomies of the cephalad half of the C5 

and C7 laminae. A recent systematic review of 

the skip laminectomy literature showed no dif-

ference in postoperative neurological outcome, 

range of motion, and cervical lordosis when 

compared to laminoplasty for the treatment of 

multilevel cervical spondylotic myelopathy [6]. 

However, patients undergoing skip laminec-

tomy did have a shorter operative time and less 

blood loss. Most of the studies included in the 

systematic review did not demonstrate a signifi-

cant difference in the complication rates between 

the two techniques. The same systematic review 

did highlight the fact that almost all of the pub-

lished studies have had small sample sizes, were 

not randomized, and had a high risk of bias. 

Thus, higher-quality, randomized controlled 

studies are needed to better discern and compare 

the outcomes following skip laminectomy for 

the treatment of multilevel cervical spondylotic 

myelopathy.

The purpose of this chapter will be to discuss 

the indications, alternatives, risks, and different 

techniques of cervical laminoplasty.

 Indications and Patient Selection

Cervical laminoplasty is ideally indicated for 

those patients with myelopathy due to multilevel 

spinal cord compression at three or more motion 

segments, little to no spondylotic axial neck pain, 

and preserved cervical lordosis (Table 11.1). 

Preoperative upright neutral lateral radiograph is 

necessary for assessing cervical alignment and 

ensuring there is no significant segmental insta-

bility. It is important to determine whether suffi-

cient posterior cord drift can be achieved after 

posterior decompression by evaluating the 

K-line. This is a straight line that connects the 

midpoints of the spinal canal at C2 and C7. If 

anterior impinging structures, such as OPLL, do 

not intersect or cross posterior to the K-line, then 

adequate drift back can likely be achieved with a 

posterior decompression [4].

Myelopathic patients with significant axial 

neck pain may have poorer results with lamino-

Table 11.1 Indications and contraindications for cervi-

cal laminoplasty

Indications Contraindications

Cervical myelopathy 

involving three or more 

levels

More than 13° of 

cervical kyphosis

Cervical alignment that is 

lordotic

Ventral compressive 

pathology intersects or 

extends posterior to the 

K-line

Ventral compressive 

pathology does not intersect 

or extend posterior to the 

K-line

Primary complaint of 

axial neck pain

Significant segmental 

instability

K.L. Ju et al.
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plasty, as this is a motion-preserving procedure 

and thus not designed to address potential sources 

of spondylotic axial neck pain such as facet 

arthrosis or disc degeneration. Patients with 

 concomitant cervical instability may require a 

fusion procedure, either with a decompressive 

laminectomy or laminoplasty, to avoid any wors-

ening postoperatively. Rheumatoid arthritis is 

also a relative contraindication to laminoplasty as 

these patients may be at higher risk for postoper-

ative instability [7].

 Preoperative Considerations

Preoperatively, it is important to check the 

amount of neck extension and flexion a patient 

can tolerate without developing any exacerbation 

of their neurologic symptoms (e.g., increased 

numbness, Lhermitte’s, etc.) and then take great 

care to never exceed this during the intubation 

and positioning process, especially in a severely 

myelopathic patient. Determining the cranial- 

most level to include in the laminoplasty also has 

important implications. A laminoplasty of C3 

requires detaching some of the extensor muscle 

attachments along the caudal aspect of C2 in 

order to get sufficient exposure to allow the open-

ing of C3. Disrupting these C2 muscle insertions 

has been associated with increased postoperative 

axial neck pain [8] and a greater loss of cervical 

lordosis postoperatively [9]. Fortunately, patients 

with multilevel myelopathy often do not have 

stenosis at the C2/C3 disc level. This is advanta-

geous because then one can start the laminoplasty 

at C4, which only requires dissecting the muscle 

off the inferior portion of C3, allowing all muscle 

attachments on C2 to remain undisturbed. 

However, patients with stenosis above the level 

of the C3/C4 disc (e.g., OPLL behind the C3 ver-

tebral body, stenosis at C2/C3, etc.) may require 

a C3 laminoplasty, necessitating the detachment 

of at least some of the muscle insertions on C2. In 

a study by Michael et al., when the most proxi-

mal laminoplasty level was at C3, the average 

postoperative loss of lordosis was 9° compared to 

only 3° if the most proximal level was C4 [9].

 Surgical Technique

 Positioning

Proper patient positioning is critical for facilitat-

ing a successful surgery and avoiding potential 

complications. Mayfield tongs are typically used 

to immobilize the cervical spine and also prevent 

any pressure on the eyes and face. The patient is 

then positioned prone onto longitudinal bolsters 

on the operative table in order to diminish abdom-

inal pressure, and care is taken to pad the knees 

and lower legs. The foot of the operative bed is 

then flexed up, which bends the knees and pre-

vents the patient from sliding caudally as the 

table is placed into a reverse Trendelenburg posi-

tion in order to decrease venous pressure at the 

surgical site. Next, the shoulders are gently pulled 

caudally and taped in this position to both keep 

them out of the way for lateral x-ray localization 

and also to reduce redundant skinfolds along the 

back of the neck. It is important to not tape the 

shoulders with excessive force, as this may lead 

to a brachial plexus neurapraxia. The neck is then 

placed into a neutral to slightly flexed alignment. 

Avoiding neck extension during positioning is 

important for a couple of reasons. First, neck 

extension generally results in further narrowing 

of the canal diameter and thus can worsen spinal 

cord compression. Second, neck extension results 

in more overlap and shingling between adjacent 

laminae, making the operation more difficult to 

perform. Typically, once the neck position is 

properly set during positioning, it does not need 

to be changed during the laminoplasty procedure. 

However, if one is performing a fusion in con-

junction with laminoplasty, it will be important to 

reposition the neck into an appropriate amount of 

lordosis prior to securing the instrumentation.

 Anesthesia

When operating on myelopathic patients, it is 

important to develop a plan with anesthesia. For 

these patients having symptomatic spinal cord 

compression, anesthesiologists need to avoid 
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neck extension more than what the patient could 

tolerate preoperatively. This may necessitate 

using a video laryngoscope (e.g., GlideScope) or 

even a fiber-optic intubation in patients who can-

not tolerate much neck extension without devel-

oping neurologic symptoms or who have difficult 

airways. Furthermore, it is important to maintain 

adequate spinal cord perfusion intraoperatively, 

being especially mindful during anesthetic induc-

tion and when raising the head to place the patient 

in a reverse Trendelenburg position. There is no 

consensus on the optimal intraoperative blood 

pressure, but keeping the mean arterial pressure 

(MAP) above 80 mmHg is a good guideline. 

Those patients with significant preoperative 

hypertension may require a higher MAP goal 

throughout the surgery. An arterial line can be 

necessary for those with labile blood pressure or 

when cuff readings are not reliable.

 Neurologic Monitoring

Although there are no absolute accepted guide-

lines, intraoperative neurophysiological monitor-

ing is generally used during laminoplasty. Even 

though laminoplasty does not involve deformity 

correction, monitoring still provides potentially 

useful information. Baseline readings should be 

obtained just after positioning to serve as a point 

of comparison throughout the case. Pre- 

positioning baselines in the supine position may 

also be considered in those with severe myelopa-

thy to detect any malpositioning when the patient 

is turned prone, but we do not routinely find this 

necessary. Excessive cervical traction or exten-

sion can adversely affect neuromonitoring sig-

nals due to stretching or increased compression 

of the spinal cord, respectively. Monitoring can 

also help detect cord hypoperfusion, which can 

occur from a drop in blood pressure, oxygen-

ation, or hematocrit. It is also helpful for identify-

ing positioning-related nerve compression in the 

extremities or excessive traction on the brachial 

plexus from forcefully taping the shoulders.

Even though motor evoked potentials (MEPs) 

have generally become the standard of care with 

deformity surgery due to their high sensitivity in 

detecting neurologic injury during correction 

maneuvers, the utility of MEPs during lamino-

plasty remains unclear. MEPs may be more sen-

sitive than somatosensory evoked potentials 

(SSEPs), but they are less specific and thus more 

prone to false-positive results as MEPs tend to be 

more affected by anesthetic and other factors 

[10]. Opponents of using MEPs during lamino-

plasty argue that false-positive results require 

searching for a possible cause, which can lead to 

increased operative time and unnecessary maneu-

vers that can be counterproductive (e.g., remov-

ing fixation devices that may not be problematic, 

converting to a full laminectomy to be certain 

there is no cord compression under the lamina, or 

possibly even aborting the surgery). As a result, 

the authors typically use SSEPs, but not MEPs, 

during routine laminoplasty.

 Exposure

The posterior cervical spine is exposed via a mid-

line longitudinal approach, taking care to stay 

strictly in the midline raphe in order to minimize 

muscle damage and bleeding. Once down to the 

spinous processes, exposure is continued sub-

periosteally along the lamina laterally to just 

beyond the lateral mass-laminar junction. During 

the approach, we do not attempt to preserve the 

supraspinous or interspinous ligaments as the 

spinous processes will ultimately be removed. If 

plate fixation will be used, the central portion of 

the lateral mass will need to be exposed a little 

further to accommodate the plate. However, the 

remainder of the facet joint should be kept intact 

as much as possible. Also, the muscle attach-

ments to C2 and C7 should be left intact when-

ever possible in order to help preserve the 

integrity of the cervical extensor mechanism. 

After exposure has been obtained and the correct 

levels verified with an intraoperative radiograph, 

the interspinous ligaments at the top and bottom 

of the construct are removed. The ligamentum 

flavum at both ends of the construct can also be 

excised at this time with a Kerrison rongeur, or it 

can be removed after the laminae have been 

opened.
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 Creating the Opening Trough

The first step is to create the opening trough. By 

completing the opening trough first, one is able to 

lift up on the lamina and serially test the “springi-

ness” of the hinge to guide how deep the hinge 

trough needs to be burred in the next step. In those 

patients with purely myelopathic findings, the 

authors favor opening from the side with greater 

radiographic compression or clinical symptoms. 

For patients with concomitant root compression, 

foraminotomies are easier to perform on the open 

side, although they can be performed on the hinge 

side. The opening trough is created at the lateral 

mass-laminar junction by using a burr to go 

through the dorsal cortex and cancellous bone and 

thinning down the ventral laminar cortex until 

there is only a thin shell of bone remaining. Our 

personal preference is to use a 3 mm matchstick 

burr to accomplish this. A curette or small 

Kerrison rongeur is then used to remove the 

remaining flake of bone. Sufficiently thinning the 

bone is important as it allows smaller instruments 

to be used, minimizing canal intrusion, epidural 

bleeding, and possible spinal cord injury.

Of note, it is often necessary to focus the burr-

ing along the cephalad aspect of each lamina as 

this is the area that tends to be both thicker and 

potentially covered by the overhang, or “shin-

gling”, of the caudal aspect of the superior lam-

ina. Paradoxically, burring in this cephalad region 

requires extra caution because, whereas the dura 

is protected by the ligamentum flavum along the 

inferior portion of the lamina, there is no protec-

tive flavum along the cephalad aspect of the lam-

ina. As the lamina is thinned, it becomes 

somewhat translucent, and one can appreciate the 

yellowish hue of the underlying ligamentum 

along the caudal aspect of the lamina and, along 

the cephalad aspect, the bluish hue of the under-

lying dura or the crimson of the longitudinal epi-

dural veins. Once this color change is seen, the 

bone is sufficiently thin enough to be removed 

with a curette or small Kerrison rongeur. As the 

lamina is being thinned, a Penfield 4 or angled 

micro-curette can also be used to periodically 

palpate whether the lamina has been completely 

divided or not.

 Creating the Hinge Trough

Next, the hinge trough is created at the contralat-

eral lateral mass-laminar junction. However, this 

time only the dorsal cortex and the cancellous 

bone are burred away, leaving the rest of the ven-

tral bone intact to serve as a hinge. For the same 

reasons as discussed above, deeper burring will 

be needed along the cephalad portion of each 

lamina. As the hinge is progressively thinned, it 

is repeatedly tested for pliability by using a nerve 

hook or curette to lift dorsally along the cut edge 

of the lamina created during the opening trough. 

It is important to not thin the bone excessively in 

order to maintain a “springy” hinge. However, 

great care must be taken whenever testing the 

hinge to ensure that the lamina does not acciden-

tally recoil and slam down onto the dural sac. If 

the hinge becomes completely incompetent at 

some point during the procedure, either through 

excessive burring or hinge fracture, it can be 

reconstructed with a hinge plate that fixates the 

lamina to the lateral mass on the hinge side, 

effectively creating a stable “hinge.” However, 

we have found that hinge plates are generally not 

necessary if stable fixation can be provided on 

the open side. We prefer to use plate fixation to 

keep the laminoplasty open, which typically 

affords enough stability in the setting of an 

incompetent hinge to allow the hinge side to heal 

without the need for a hinge plate.

 Opening the Laminae 
and Application of Fixation

Once the opening and hinge troughs have been 

created, the laminoplasty is sequentially opened 

by lifting the lamina dorsally away from the 

canal one level at a time. The surgeon can 

accomplish this by using a curette to lift dorsally 

on the cut edge of the lamina while the assistant 

places an angled curette or nerve hook along the 

same cut edge to help hold it open. As the lamina 

is being held open by the assistant, the ligamen-

tum flavum at each segment along the opening 

side will come under stretch and is resected with 

a Kerrison rongeur. Similarly, the ligamentum 
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flavum extending across the interlaminar space 

at the cranial and caudal ends of the construct 

should be resected at this time if this has not 

been done already. As the flavum is excised, epi-

dural bleeding may be encountered and should 

be controlled with bipolar cautery or thrombin-

gelfoam. This bleeding can be quite vigorous at 

times, but will often subside substantially once 

the entire length of the construct has been opened 

and the tourniquet effect on the epidural veins is 

released.

Once the entire length of the laminoplasty has 

been opened, fixation is applied to maintain this 

opened position. There are several different tech-

niques for stabilizing and maintaining the 

expanded canal, including sutures passed around 

the base of the spinous process and into the hinge 

side facet (Hirabayashi technique), bone struts 

(either spinous process autograft or rib allograft) 

wedged across the open side from the cut edge of 

the lamina into the lateral mass, or plate fixation. 

The authors prefer plate fixation as it affords 

more secure fixation than the alternative methods 

and is easy and safe to apply. Typically, each 

level is instrumented with two screws placed into 

the lateral mass and either one or two screws into 

the hemi-lamina on the opening side.

According to Matsumoto et al., premature 

laminoplasty closure occurs in up to 34% of seg-

ments with suture fixation, and bone struts can 

dislodge into the spinal canal causing neurologic 

compression [11]. In contrast, a study of 217 

laminoplasty levels with plate fixation alone and 

no supplemental bone graft demonstrated no pre-

mature closures, plate dislodgements, or plate 

failures [12]. In addition, CT scans confirmed 

that 93% of hinges were healed by stringent cri-

teria at 12 months postoperatively and the 

remaining 7% had a stable fibrous union that 

maintained an expanded canal without cord 

compression.

 Foraminotomy

Foraminotomies can be done where necessary. 

However, there is no conclusive evidence on 

whether prophylactic C4/C5 foraminotomy 

decreases the incidence of postoperative C5 root 

palsy. The authors will generally perform a C4/

C5 foraminotomy on the opening side after the 

plate fixation has been applied. However, if a 

foraminotomy is needed on the hinge side, it 

should be performed prior to opening the lamino-

plasty, as this process limits access to the hinge 

side to perform the foraminotomy.

Occasionally, lateral mass fusion is per-

formed in conjunction with laminoplasty. The 

benefit of “laminoplasty and fusion” versus 

“laminectomy and fusion” is that the former 

provides a larger surface area for bony fusion. 

However, this is at the expense of using the 

laminae for local autograft. Additionally, the 

sequence of instrumentation needs to be appro-

priately orchestrated because lateral mass 

screws need to be inserted prior to opening the 

laminoplasty. In general, we prefer laminec-

tomy and fusion over laminoplasty and fusion 

for the reasons above.

 French-Door Laminoplasty

French-door laminoplasty is similar to the open- 

door variant discussed above, but involves cre-

ating a midline opening trough through the 

spinous process and bilateral hinge troughs at 

the lamina- lateral mass junction. The technique 

for creating the opening and hinge troughs is 

identical to those used in the open-door proce-

dure. Once all three troughs are created, the 

hemi-laminae are then opened bilaterally and a 

graft or plate is inserted in the midline to keep 

the two doors open. This technique tends to 

result in less epidural bleeding than the open-

door technique because the epidural veins are 

generally located along the lateral aspect of the 

spinal canal.

We generally favor the open-door technique 

because it is simpler and potentially safer to per-

form because burring is always performed lat-

eral to the spinal cord, thus minimizing the risk 

for direct injury to the spinal cord during the 

creation of either the hinge or opening troughs. 

The French-door technique involves opening 

the canal directly dorsal to the spinal cord and 
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thus carries with it the potential for spinal cord 

compression as instruments are used to create 

the midline opening.

 Open-Door Laminoplasty 
with Unilateral Muscle-Ligament 
Complex Preservation

This is a variation of the traditional open-door 

laminoplasty technique discussed earlier that was 

introduced by Yoshida et al. with the goal of pre-

serving much of the posterior ligaments and mus-

cle attachments along the hinge side of the 

cervical laminae [13]. Proponents of this proce-

dure tout its lower incidence of postoperative 

axial neck pain and better maintenance of post-

operative cervical alignment and range of motion 

[14–16].

With this technique, the paraspinal muscles on 

the opening side are elevated to expose the hemi- 

laminae (Fig. 11.1a). An osteotomy is then per-

formed at the base of the spinous process to 

detach the spinous process from the lamina at 

each of the operative levels (Fig. 11.1b). A hole is 

then burred through the spinous process 

(Fig. 11.1c) so that it can be secured to the opened 

laminae once the laminoplasty is opened. The 

spinous processes with the preserved unilateral 

muscular attachments are then retracted toward 

the hinge side to facilitate exposure of the contra-

lateral lamina-lateral mass junction (Fig. 11.1d), 

completing the bilateral exposure to allow the 

creation of the opening and hinge troughs as dis-

cussed earlier in this chapter. Just prior to creat-

ing the troughs, the hemi-laminae on the opening 

side are decorticated with a burr (Fig. 11.2a). 

Once both troughs are made and the laminoplasty 

opened, a hole is burred through the ipsilateral 

hemi-lamina at each level (Fig. 11.2b). The pre-

viously osteotomized spinous process, with its 

preserved muscular attachments, is now secured 

to the surface of the decorticated hemi-laminae to 

keep the laminoplasty open (Fig. 11.2c). This is 

accomplished by passing titanium cables through 

the drill holes in the spinous process and its cor-

responding hemi-lamina (Fig. 11.2c). A sche-

matic of the final construct is seen in Fig. 11.2d. 

Fig. 11.1 Open-door laminoplasty with unilateral 

muscle- ligament complex preservation. (a) Hemi-laminae 

on the opening side are exposed. (b) Spinous processes 

are detached at each of the laminoplasty levels. (c) A hole 

is drilled through each detached spinous process for later 

reattachment to the opened lamina. (d) The contralateral 

hemi-laminae are exposed
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Finally, the paraspinal muscles on the opening 

side are sutured back to the spinous processes 

and the wound is closed.

 Closure
As with any posterior cervical procedure, a lay-

ered closure of the muscle, fascia, subcutaneous, 

and skin layers is important. After a deep drain is 

placed, the cervical extensor muscles are first 

reapproximated with Vicryl sutures. This is fol-

lowed by figure-of-eight stitches to securely 

close the fascial layer in a watertight fashion. 

With each interrupted figure-of-eight suture, the 

fascia is reattached to the underlying muscle. It is 

important that this fascial layer be accurately 

identified, especially since it may be retracted lat-

erally by the end of the case when the wound is 

being closed. The subcutaneous and skin layers 

are then closed in separate layers and the incision 

covered with a sterile dressing.

 Postoperative Care
Since the goal of laminoplasty is to preserve 

motion, we do not typically put patients in a 

cervical collar postoperatively. In fact, we 

encourage patients to move their necks as toler-

ated after surgery. Patients are instructed to 

work on cervical extension as soon as possible 

and to avoid flexion of the neck. Patients are 

typically discharged 1–2 days after surgery.

 Illustrative Case

History A 78-year-old woman with cervical 

myelopathy involving the upper and lower 

extremities. She complained of progressive gait 

imbalance, hand clumsiness, and numbness and 

tingling involving the hands. She denied pain, in 

either the neck or arms.

Physical Exam Preserved strength in the bilat-

eral upper extremities with the exception of 4/5 

strength in the bilateral finger flexors and interos-

sei. She has 3+ deep tendon reflexes in the 

 bilateral biceps, brachioradialis, and triceps with 

a positive Hoffmann’s and inverted brachioradia-

lis reflex in both arms.

Fig. 11.2 Open-door laminoplasty with unilateral 

muscle- ligament complex preservation. (a) Decortication 

of the hemi-laminae on the opening side. (b) After the 

opening and hinge troughs are created, a hole is drilled 

through each hemi-lamina on the opening side. (c) At each 

laminoplasty level, the spinous process is now secured to 

the previously decorticated hemi-laminae with titanium 

cable. (d) A schematic showing the final laminoplasty 

construct
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Radiographical Imaging Preoperative neutral 

lateral radiograph (Fig. 11.3) demonstrated mul-

tilevel spondylosis with preservation of lordosis. 

Preoperative MRI (Fig. 11.4) showed multilevel 

cord compression from C3 to C6.

Treatment The patient underwent a C4–C6 

open-door laminoplasty and C3 laminectomy 

without complication (Fig. 11.5).

Outcome Postoperatively, she had rapid 

improvement in the numbness and tingling in her 

hands. Over the next several months, her gait 

gradually improved as did the strength in her fin-

ger flexors and interossei. She is over 1 year post-

 op now and has not had any deterioration in her 

neurological status.

 Technical Pearls

• Positioning the patient with some cervical 

flexion helps facilitate the operation by 

decreasing the shingling of the lamina.

Fig. 11.3 Preoperative neutral lateral cervical 

radiographg of a 78-year-old woman with progressive 

cervical myelopathy showing multilevel spondylosis with 

preservation of lordosis

Fig. 11.4 Preoperative cervical MRIg of a 78-year-old woman with progressive cervical myelopathy demonstrating 

spinal cord compression from C3 to C6
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• Keep the patient’s blood pressure normoten-

sive and maintain mean arterial blood pressure 

to a minimum of 80 mm Hg.

• If asymmetric compression is present, it may 

be beneficial to open the laminoplasty on the 

more affected side.

• If unilateral foraminotomies are planned, then 

one should consider making the opening 

trough on the ipsilateral side as foraminoto-

mies are easier to perform on the opening side 

of the open-door laminoplasty.

• The cephalad portion of each lamina is 

thicker and deeper; thus, this region will 

require more burring than the caudal aspect 

of the lamina.

• When creating the hinge trough, repeatedly 

checking how easily the lamina will open is 

critical for avoiding a hinge that is too stiff on 

the one hand or too floppy on the other. Be 

sure that the opening trough is complete 

before proceeding onto making the hinge; oth-

erwise, it will be impossible to judge how 

much to thin the hinge bone because the lam-

ina will still be tethered on the opening side.

• To open the laminoplasty, use a curette to lift 

up on the cut edge of the lamina while the 

assistant places an angled curette or nerve 

hook along the same cut edge and holds the 

lamina open. Repeat this for each level of the 

laminoplasty.

 Complications and Strategies 
for Avoidance

 Axial Neck Pain

Laminoplasty has often been associated with 

symptomatic postoperative axial neck pain. 

However, the literature is not clear as to whether 

this pain is simply a persistence of preoperative 

spondylotic pain or de novo pain postoperatively. 

There are mixed reports on this phenomenon as 

some have published a relatively high rate of 

new-onset postoperative neck pain [17], while 

others contend that persistence of preoperative 

pain is more common [18].

In the authors’ experience, appropriate patient 

selection is the most critical factor to avoiding 

postoperative axial neck pain. Typically, those 

who deny significant neck pain preoperatively do 

not develop long-term axial pain postoperatively, 

which is why we believe laminoplasty is indicated 

for patients without significant preoperative spon-

dylosis or axial neck pain. On the other hand, 

patients with severe preoperative axial neck pain 

who undergo laminoplasty will likely have a 

worsening, or at least lack of resolution, of that 

pain postoperatively. Of note, there is literature to 

support that preserving the C2 muscle attach-

ments diminishes postoperative axial pain [8].

 Loss of Cervical Lordosis

Even though laminoplasty was developed as a 

means to avoid post-laminectomy kyphosis, 

some loss of lordosis does occur even with lami-

noplasty. Fortunately, it is rarely of the cata-

strophic variety that can be seen with multilevel 

laminectomy without fusion. According to Suk 

Fig. 11.5 Postoperative neutral lateral cervical radio-

graph after C3 laminectomy with C4 to C6 open-door 

laminoplasty
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et al., patients tend to lose approximately 5° of 

lordosis after C3–C7 open-door laminoplasty, 

and 11% developed postoperative kyphosis [19]. 

As discussed earlier, a recent study demonstrated 

that starting the laminoplasty at C4 results in less 

loss of lordosis than if the laminoplasty extends 

up to C3 [9]. Another risk factor for postopera-

tive kyphosis is a preoperative lordosis <10°, 

which is why we recommend laminoplasty for 

patients with well-preserved lordosis. Patients 

with kyphotic cervical spines may be better can-

didates for laminectomy and fusion, anterior sur-

gery, or combined anterior-posterior surgery.

 Wound Complications

Postoperative infection can occur, as with any 

surgical procedure, and it is well documented 

that posterior cervical procedures, including 

 laminoplasty, are associated with higher rates of 

infection (approximately 1–2%) than anterior 

cervical surgery. Meticulous attention to sterile 

technique and multilayered closure may be help-

ful in decreasing infection rates. During closure, 

the authors routinely use a subfascial drain and 

approximate the cervical extensor muscles prior 

to performing a watertight fascial closure to 

diminish the dead space within the surgical bed.

 Neurologic Injury

Fortunately, iatrogenic spinal cord injury is a rare 

complication during laminoplasty. As empha-

sized previously, whenever testing the hinge or 

opening the laminoplasty, great care must be 

taken to prevent the laminae from recoiling back 

onto the dura and injuring the spinal cord.

What is more common is the development of a 

postoperative root palsy, which has a reported 

incidence of 5–12% after laminoplasty and most 

commonly affects the C5 root resulting in deltoid 

and/or biceps weakness [20]. C5 root palsies may 

also occur with laminectomy, laminectomy and 

fusion, and even anterior cervical surgery, but 

direct comparison of rates among the different 

approaches remains controversial in the current 

literature. These root palsies tend to be motor- 

dominant, but sensory dysfunction and radicular 

pain are also possible. Although this complica-

tion can present at any point postoperatively, 

from immediately to a few weeks after surgery, it 

typically presents a few days after the procedure. 

Several theories have been proposed as to its eti-

ology, but it is most likely multifactorial and may 

involve stretching of the involved root as the cord 

drifts into the decompressed space. As alluded to 

previously, the utility of prophylactic foraminot-

omy in lowering the rate of postoperative root 

palsy is unclear. Recovery of useful motor func-

tion usually occurs over 6–12 months in the 

majority of patients, though some will be left 

with residual deficits.

 Conclusion

Multilevel cervical stenosis with resultant 

myelopathy is a problem with several possible 

solutions. Multilevel anterior cervical discec-

tomy and fusion can effect neurologic decom-

pression, but pseudoarthrosis, dysphagia, and 

dysphonia are real concerns when multiple levels 

are being addressed. Additionally, conditions like 

OPLL can make an anterior approach less desir-

able. An alternative is multilevel posterior cervi-

cal decompression and fusion; however this 

procedure sacrifices cervical motion and is asso-

ciated with higher implant costs and the potential 

for accelerated adjacent segment degeneration. 

Laminoplasty, on the other hand, is a safe, 

motion-preserving operation that can effectively 

decompress the spinal cord in the properly 

selected multilevel cervical spondylotic myelop-

athy patient, i.e., those with little to no axial neck 

pain, no significant cervical instability, and a lor-

dotic cervical alignment.
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 Introduction

Posterior cervical fusion techniques have been 

employed to address acute as well as chronic 

pathologies. These techniques can be used in 

the setting of trauma or instability requiring 

stabilization of the axial or subaxial spine. 

Alternatively, it can be used for decompression 

and stabilization in the setting of cervical 

spondylotic myelopathy, one of the leading 

causes of chronic degenerative neurologic 

decline [1, 2]. Specifically, minimally invasive 

posterior cervical fusion techniques provide an 

alternative to traditional open procedures. 

Minimally invasive techniques were initially 

limited to decompressive procedures but are 

now commonly used for instrumentation and 

fusion as well [3–5].

The safety and efficacy of minimally invasive 

posterior cervical decompression was initially 

described by Adamson and then subsequently by 

Fessler and Khoo [3, 4, 6]. Wang et al. later 

described the safety and efficacy of minimally 

invasive posterior cervical fusion techniques. The 

long-term results of these minimally invasive 

fusion techniques were described by Wang and 

Levi, where they found no complications or 

pseudarthroses at 2 years. Similar findings were 

again confirmed by Fong and DuPlessis and other 

series [7–9]. Over the last decade, there has been 

a noticeable shift toward minimally invasive pro-

cedures. This is likely multifactorial, including 

improvements in the technology of the tubular 

retractor systems, improvements in intraopera-

tive imaging, and the natural learning curve for 

surgeons incorporating these techniques into 

their practice.

With appropriate patient selection and surgi-

cal technique, minimally invasive procedures can 

achieve the same goal as open procedures while 

minimizing complications.

One of the main advantages to this tech-

nique is that it maintains the integrity of the 

posterior tension band. Additionally, it mini-

mizes muscle dissection, which decreases sur-

gical blood loss and postoperative pain, thus 

shortening hospital stays [10–13]. Finally, it 

also decreases prolonged muscle retraction 

which can lead to devascularization and dener-

vation injury as has been previously described 

in animal models, as well as in the lumbar 

spine [14, 15]. The goal of this chapter is to 

elucidate the process of patient selection for 

such procedures and to detail the nuances of 

the surgical technique.
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 Indications and Patient Selection

 Patient Selection

The choice of surgical approach is largely deter-

mined by the patient’s clinical picture as well as 

image findings. Patients eligible for posterior cer-

vical decompression and fusion include those with 

progressive symptoms of myelopathy including 

motor or sensory deficits, gait instability, and 

bowel or bladder dysfunction. Patients with C1–

C2 instability secondary to chronic processes such 

as rheumatoid arthritis and os odontoideum or 

more acute processes such as odontoid fractures 

can also be good candidates for posterior cervical 

fusion. If cervical pathology extends over several 

segments, a posterior approach is preferred over 

an anterior approach by some surgeons [5]. 

Furthermore, for patients undergoing multi-level 

anterior decompression, posterior supplementa-

tion can be considered to prevent hardware subsid-

ence as bony fusion takes place [16].

Generally, these aforementioned indications 

are suitable for patients undergoing either open 

or minimally invasive techniques. One important 

consideration is that minimally invasive posterior 

cervical fusions are generally limited to three 

vertebral levels.

Patients with a rotatory component to their 

atlantoaxial instability may not be good candidates 

for minimally invasive procedures as the anatomy 

can be distorted. Additionally, in order to correct 

the rotatory component, it may be necessary to 

release the muscular and ligamentous attachments, 

thus making a minimally invasive approach not 

feasible. Patients with a significant kyphotic defor-

mity or sagittal imbalance should not be addressed 

from a solely posterior approach and are not good 

candidates for minimally invasive approaches 

[17]. Finally, the patient’s body habitus is also an 

important consideration as it can make intraopera-

tive visualization of bony landmarks a challenge.

 Radiographic Imaging

Imaging studies including MRI and computerized 

tomography (CT) should be obtained to confirm 

the presence of cervical compressive pathology. 

The most common pathologies causing com-

pression of the spinal cord include osteophytes, 

ossified posterior longitudinal ligament, and 

hypertrophied ligamentum flavum. This can lead 

to intrinsic T2 signal change in the spinal cord or 

myelomalacia if present for prolonged periods of 

time.

Obtaining a CT scan with sagittal and coronal 

reconstructions is particularly important for eval-

uation of the bony anatomy to determine orienta-

tion of the facet joints, the size of the lateral 

masses and pedicles, and the location and course 

of the vertebral artery within the foramen trans-

versarium. If it appears that the vertebral artery 

has a tortuous or unconventional course, a CT 

angiogram can be obtained to evaluate its course. 

This can be useful for surgical planning in order 

to avoid intraoperative injury [18].

Flexion-extension plain radiographs should 

also be part of the diagnostic workup. In the set-

ting of atlantoaxial pathology, flexion-extension 

radiographs can provide information about the 

presence and degree of dynamic instability.

 Preoperative Considerations

 Patient Counseling

The goals of surgery and, specifically, the advan-

tages and disadvantages of a minimally invasive 

approach must be made clear to the patient. 

Rather than reverse neurologic damage, the goal 

of this surgery is to prevent further neurologic 

decline from compressive pathology or instabil-

ity. While this approach attempts to minimize 

complications, there is still the potential for neu-

rologic injury that can be clinically relevant.

These risks include damage to neurologic 

structures including the spinal cord itself or a 

nerve root leading to motor deficits, sensory 

deficits, bowel and bladder dysfunction, or 

focal weakness such as a deltoid palsy. There is 

also a possibility of vascular complications 

such as an epidural hematoma requiring re-

operation or a vertebral artery injury that can 

lead to stroke or death. Additionally, minimally 

invasive approaches introduce the possibility of 

cerebral spinal fluid leaks that can be difficult 
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to repair and can lead to fistulas or wound com-

plications in the long term. Delayed complica-

tions are similar to that of open procedures and 

can include hardware breakdown, failure of 

fusion, or adjacent segment disease.

It is important to counsel patients that if the 

goals of surgery cannot be adequately achieved 

through minimally invasive methods, there is 

always the possibility that the procedure will be 

converted to an open procedure. Patients must 

understand prior to surgery that this does not rep-

resent a failure of the procedure, but rather a 

dynamic intraoperative decision made to suc-

cessfully achieve the goals of surgery while 

avoiding complications.

 Anesthesia and Positioning

Minimally invasive posterior cervical procedures 

are performed under general anesthesia. In all 

patients undergoing an operation for cervical ste-

nosis or instability, particular attention must be 

paid to the alignment of the neck during intuba-

tion. Neutral positioning should be maintained at 

all times. For patients with instability secondary 

to fractures, a cervical collar must be kept in 

place during intubation and an asleep fiberoptic 

intubation should be performed. For patients 

whose symptoms are exacerbated by gentle 

motion or with a tenuous neurologic exam, an 

awake fiberoptic intubation should be consid-

ered. The endotracheal tube should be tightly 

secured using tape. During positioning, the cir-

cuit should be disconnected and the anesthesiolo-

gist should be aware of the endotracheal tube at 

all times to prevent unintentional extubation.

An arterial line should be placed in order to 

monitor mean arterial blood pressure continu-

ously throughout the procedure. The blood pres-

sure should be maintained in the normotensive 

range and can be increased pharmacologically if 

there is concern for decreased spinal cord perfu-

sion during a particular portion of the procedure, 

such as the decompression. A Foley catheter can 

be placed by the surgical team if deemed neces-

sary. A single dose of prophylactic antibiotics 

should be given by the anesthesia team within 

1 hour of start time.

The eyes should be protected with occlusive 

bandages to prevent mechanical injury or chemi-

cal burns from prep solutions during the time the 

patient is in the prone position. The head is fixed 

to a Mayfield three-point fixation device (Integra 

LifeSciences Corporation, Cincinnati, Ohio). 

The patient is carefully turned into the prone 

position on an operating table with two parallel 

gel rolls. The Mayfield head holder is attached to 

the operating table. The head is positioned in 

slight military flexion for fusion procedures of 

the subaxial spine. The degree of flexion can be 

increased during positioning for atlantoaxial 

fusions so as to open up the space between C1 

and C2. In the setting of fractures, a hard cervical 

collar should be in place during the flip, and the 

head adjustments for final positioning should be 

done under fluoroscopic guidance in order to 

reduce and align the fractured segments. If neces-

sary, tape can be used to retract the shoulders 

caudally and should be secured to the operating 

table. The feet should be elevated and the operat-

ing room table should be placed in reverse 

Trendelenburg for final positioning. This, along 

with avoidance of hypotension, helps prevent 

postoperative visual loss. A fluoroscopy machine 

should be available for image guidance through-

out the entirety of the procedure. Alternatively, 

three-dimensional fluoroscopy and CT-based 

image guidance have also been used to increase 

accuracy of hardware placement [19].

 Neurophysiologic Monitoring

Neurophysiologic monitoring should be used 

during all minimally invasive posterior decom-

pression and fusions. Baseline somatosensory 

evoked potentials (SSEPs) and motor evoked 

potentials (MEPs) should be obtained once the 

patient is asleep. If there are residual paralytics 

on board after intubation, it may not be possible 

to obtain baseline signals. In order to obtain reli-

able signals throughout the case, total intrave-

nous anesthesia must be used.
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Any change in neurophysiologic monitoring 

throughout the case must be taken seriously. A 

methodical approach should be taken to address 

this. First, the neurophysiologic monitoring team 

should ensure that all electrodes are appropri-

ately positioned and connected. Second, the 

anesthesiologist must ensure that the patient is 

still under total intravenous anesthesia and that 

the patient has not received any volatile anes-

thetics or paralytics. Third, the surgeon should 

ensure there is no structural compression of the 

neural structures in the surgical field. It may be 

necessary to reverse the steps of the operation 

back to the point where neurophysiologic moni-

toring was stable. Once all of the above steps 

have been confirmed, one can consider increas-

ing the mean arterial pressure greater than 85 to 

increase perfusion to the spinal cord [20]. The 

patient’s core body temperature should also be 

brought to normal ranges as this can affect neu-

rophysiologic monitoring as well as anesthetic 

metabolism [21]. Finally, one can consider a 

wake-up test if none of the aforementioned inter-

ventions have worked.

 Surgical Technique

 MIS Atlantoaxial Fixation

Once the patient is in the appropriate position, 

the fluoroscopy machine should be brought in to 

confirm appropriate reduction at C1–C2. The 

midline is marked and a starting point 2–2.5 cm 

lateral to the midline is chosen (Fig. 12.1). 

Alternatively, a slightly larger midline skin inci-

sion can be made and taken down to the fascia, 

and then the fascial incision can be made off mid-

line. The trajectory is defined by inserting a spi-

nal needle parallel to the C2 spinous process 

under fluoroscopic guidance. This trajectory 

leads to the C2 lateral mass. The skin is incised 

sharply at the previously marked incision cen-

tered around the spinal needle. Monopolar elec-

trocautery is used to dissect through the 

subcutaneous tissues until fascia is reached. A 

small cut is made in the fascia using the monopo-

lar electrocautery, and the smallest dilator from 

the Quadrant retractor set (Medtronic Sofamor 

Danek, Memphis, TN) is passed down to the lam-

ina of C2. It is important to sharply incise the cer-

vical fascia. It is thick and requires a considerable 

amount of force to pass the serial dilators which 

could lead to violation of the canal and spinal 

cord injury if the fascia is not sharply incised. A 

working channel is created by passing serial dila-

tors (Fig. 12.2). The retractor is then placed over 

the dilators and is fixed to the bed using a flexible 

arm (Fig. 12.3). The retractor is opened superfi-

cially with the crank system and then flared out at 

its depth. The dilators are removed taking care 

not to dislodge the positioning of the retractor 

(Fig. 12.4). This provides good exposure from 

the C1 lateral mass to the C3 lateral mass.

The monopolar is used to complete the sub-

periosteal dissection for exposure of the C2 lat-

eral mass. The C2 pars is then traced along its 

superior border until the C1–C2 facet joint is 

reached. It is then dissected and exposed using 

bipolar cautery and scissors. The C2 nerve root 

is coagulated using bipolar electrocautery and 

cut to allow for better visualization of and access 

to the C1–C2 facet joint. This is well tolerated 

with minimal numbness in the C2 dermatome 

distribution and allows for improved surgical 

 visualization as well as increasing the surface 

area for decortication and arthrodesis [22]. The 

dissection is also continued cranially for expo-

sure of the inferior portion of the C1 lateral 

Fig. 12.1 For minimally invasive atlantoaxial fusions, 

the incision should be made 2–2.5 cm off midline. The 

spinous process of C2 can be used as a landmark and this 

can be confirmed with lateral fluoroscopy
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mass. Throughout this dissection, the surgeon 

must always maintain awareness of the location 

of the vertebral artery in the sulcus arteriosus on 

the superior surface of the C1 lamina.

Once the anatomy is adequately exposed, 

focus can be shifted to instrumentation and 

arthrodesis. The C1–C2 facet joint is opened 

using a small upgoing curette. A micro-facet 

shaver (Medtronic Cornerstone, Memphis, TN) 

is used to clean off the C1–C2 facet joint. The 

articular surface is then decorticated. The facet 

joint is packed with allograft bone chips mixed 

with a cancellous matrix, a facet micrograft, or a 

cervical facet unloading implant. The C1 lateral 

mass and C2 pedicle screws are placed under 

fluoroscopic guidance using the trajectory and 

technique described by Harms and Melcher [23] 

(Figs. 12.5 and 12.6). A rod is then cut, fit into 

the polyaxial screw heads, and fixed into place 

with set screws (Fig. 12.7). This is final tightened 

using a torque/counter-torque device. The proce-

dure is completed bilaterally. The wounds are 

copiously irrigated and closed in multiple layers. 

There is no need for the placement of drains 

given the small size of the wounds.

 Subaxial Fixation

The patient is positioned prone as previously 

described and lateral fluoroscopy is used 

 throughout the case. A 2–2.5 cm midline skin 

incision is made with the entry point centered at 

two spinal segments below the intended level of 

instrumentation. Monopolar electrocautery is 

used to dissect through the soft tissues until fascia 

Fig. 12.2 Image that depicts the working channel created 

by the serial dilators. It is important to sharply incise the 

thick cervical fascia prior to passing the dilators so as to 

prevent violation of the canal and injury to neurovascular 

elements

Fig. 12.3 The configuration of the retractor system 

passed over the dilators and fixed to the bed using a flexi-

ble arm. Care must be taken when removing the dilators 

so as to not dislodge the retractor system

Fig. 12.4 Retractor system in place opened superficially 

with the crank system and flared out at its depth to allow 

for adequate visualization from C1 to C3
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is noted. The fascia is sharply incised using 

monopolar electrocautery to allow for the pas-

sage of the dilators. Serial dilators from the 

Quadrant retractor set (Medtronic Sofamor 

Danek, Memphis, TN) are placed in a trajectory 

that is parallel to the facet joint in the sagittal 

plane, hence the reason why the entry point must 

be two levels below the intended level. An 

expandable tubular retractor is placed over the 

dilators, directed superolaterally in the intended 

trajectory of the screw, and then fixed to the bed 

using a flexible bed-mounted arm. Using the 

crank system, the retractor is then opened super-

ficially and flared out at the depth of the expo-

sure. Once the retractor is secured into place, 

monopolar electrocautery is used to clean off the 

overlying muscle and soft tissue so as to expose 

the lateral mass. The facet joints are cleaned off 

using small curettes and are then decorticated to 

act as a surface for arthrodesis.

At this juncture, attention is paid to screw 

placement. With the retractor in place, the supe-

rior, inferior, medial, and lateral borders of the 

lateral mass should be identified for the place-

ment of each hole. The pilot hole can be per-

formed with a high-speed drill or an awl and 

should be placed 1 mm medial and 1mm inferior 

to the hillock of the lateral mass. Next, a power or 

hand twist drill set to a fixed depth is used to drill 

a hole within the lateral mass using the Magerl 

technique [24, 25]. The drill is aimed 20–30° cra-

nially to avoid the neural foramen and 20 to 30° 

laterally to avoid the vertebral artery within fora-

men transversarium.

The hole is then prepared with a 3.5 mm tap, 

and bicortical cervical polyaxial lateral mass 

Fig. 12.5 Lateral fluoroscopic image of placement of C1 

lateral mass pilot hole through a minimally invasive 

approach using a tubular retractor system

Fig. 12.6 Lateral fluoroscopic image of placement of 

C1–C2 screw and rod construct placed using a minimally 

invasive approach

Fig. 12.7 Intraoperative image of the C1–C2 screw and 

rod construct as visualized through the tubular retractor 

system
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screws measuring either 3.5 or 4 mm in diameter 

and 14 or 16 mm in length are placed. Slight 

adjustments of the retractors are made to allow 

for the placement of the screws at adjacent lev-

els. After the screws are placed on one side, a 

connecting rod is placed down the retractor 

lengthwise and then advanced cranially toward 

the superior polyaxial screw head. The retractor 

is then adjusted and lifted up slightly in order for 

the inferior end of the rod to fit into the polyaxial 

head of the screw at the caudal end of the con-

struct. Locking cap screws are then placed and a 

torque/counter-torque device is used to final 

tighten. This same procedure is carried out bilat-

erally. The wound is copiously irrigated. The 

fascial incisions are closed and then the midline 

incision is closed in multiple layers. Again, 

given the small size of the wound, a drain is not 

necessary.

 Postoperative Management

Given the small incisions and minimal muscle 

retraction, the postoperative pain that patients 

experience is minimal compared to open proce-

dures. This is beneficial for purposes of early 

mobilization which helps prevent deep venous 

thrombotic complications. Additionally, the 

blood loss is significantly less during these pro-

cedures [9, 11, 13, 26]. The absence of postoper-

ative anemia precludes the need for aggressive 

resuscitation with intravenous fluids, and this 

also helps patients mobilize more quickly after 

minimally invasive procedures. Finally, patients 

require smaller doses of narcotics which prevent 

postoperative urinary retention and constipation. 

All of these factors shorten the length of the hos-

pital stay and allow patients to begin physical and 

occupational therapy to maximize their func-

tional status.

The decision to use a soft cervical collar, a 

rigid cervical collar, or no collar at all depends 

on the patient’s preoperative pathology and 

intraoperative findings. In the setting of insta-

bility, patients can be kept in a rigid cervical 

collar in the acute postoperative setting. Lateral 

and anteroposterior (AP) cervical spine x-rays 

are obtained either intraoperatively or postop-

eratively to evaluate the spinal instrumentation. 

A CT may be obtained if there is a particular 

concern about the instrumentation secondary 

to intraoperative difficulties. There is no need 

for routine use of steroids postoperatively. 

Nonsteroidal agents should be avoided for 

3 months. The patients should be evaluated at 

2 weeks for an initial neurologic and wound 

check and then followed sequentially with 

x-rays to inspect the hardware as well as assess 

for evidence of fusion.

Illustrative Case A 54-year-old male presented 

to the hospital after a fall while intoxicated com-

plaining of neck pain. A CT of the cervical spine 

for evaluation of trauma revealed a Type II odon-

toid fracture. It was also noted on the preopera-

tive CT scan that the patient had a high riding 

vertebral artery groove and a small C2 isthmus 

(Fig. 12.8). The patient was neurologically intact 

at presentation.

He underwent a C1–C3 minimally invasive 

posterior instrumented fusion. C1 lateral mass 

screws were successfully placed under fluoro-

scopic guidance using the technique described by 

Harms and Melcher [23]. Given the findings on 

the CT scan, the anatomy prohibited the place-

ment of adequate C2 pedicle screws (Fig. 12.9). 

Therefore, the decision was made to place short 

C2 pars screws and extend the construct down to 

C3 for further supplementation (Fig. 12.10). The 

patient remained neurologically intact and his 

neck pain improved after surgery. At his 2-year 

follow-up, dynamic imaging revealed a stable 

construct, and the patient continued to do well 

clinically. It is important to note from this case 

that a minimally invasive approach does not pre-

clude the ability to extend the construct as needed 

based on patient-specific anatomy.

 Technical Pearls

• Minimally invasive cervical fusions are diffi-

cult due to limited access to the anatomic 

landmarks that are normally available in an 

open procedure. One of the keys is being able 
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Fig. 12.8 (a) Sagittal and coronal computerized tomog-

raphy (CT) images revealing a Type II odontoid fracture. 

(b) Sagittal and axial computerized tomography (CT) 

images revealing high riding vertebral artery groove and a 

small C2 isthmus which precluded the placement of C2 

pedicle screws. Consequently, the decision was made pre-

operatively to extend the construct to C3

Fig. 12.9 Lateral fluoroscopic image of the placement of 

C1 lateral mass and short C2 pars screws in a patient 

whose anatomy was not suitable for placement of C2 ped-

icle screws

Fig. 12.10 Lateral fluoroscopic image of the C1–C3 con-

struct for the same patient
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to use fluoroscopic guidance as an adjunct in 

order to correctly place the hardware.

• In the case of atlantoaxial fixation, the identi-

fication of the C1–C2 facet joint and its orien-

tation is critical not only to identify the starting 

point for the C1 lateral mass screw but also 

from an arthrodesis standpoint. Some authors 

advocate for inferior retraction of the C2 nerve 

root. However, we feel that sacrificing this 

nerve root for better visualization of the anat-

omy is one of keys to success in this procedure 

and carries minimal consequence.

 Complications and Strategies 
for Avoidance

Given the limited working space in minimally 

invasive procedures, intraoperative complica-

tions can be difficult to manage. Again, as previ-

ously mentioned, it is crucial to obtain and 

interpret fluoroscopic images as a guide to assist 

in finding the correct anatomic landmarks that 

dictate the starting point for the instrumentation 

so as to prevent misplacing hardware. One of the 

most dangerous complications when performing 

a minimally invasive atlantoaxial fusion is injury 

to the vertebral artery. If this occurs, a screw 

should immediately be placed in the pilot hole to 

tamponade the bleeding. The case should be 

aborted at this point and the contralateral screw 

should not be placed in order to avoid bilateral 

vertebral artery injuries. If vertebral artery injury 

occurs during the approach, it may be necessary 

to hold pressure and convert to an open proce-

dure. The patient will need to have postoperative 

angiography to assess and treat any intraopera-

tive vertebral artery injuries.

 Conclusion

Minimally invasive posterior cervical instrumen-

tation is a valuable technique that should be in the 

armamentarium of all complex spine surgeons. In 

the properly selected patient, these techniques 

reduce approach-related complications, blood 

loss, and postoperative pain, while preserving the 

efficacy of open posterior cervical fusions.
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Correction of Post-laminectomy 
Kyphosis and Cervical Deformity

Melvin C. Makhni and K. Daniel Riew

 Introduction

Multilevel laminectomy is commonly performed 

for patients with cervical stenosis and may lead 

to cervical kyphosis or swan neck deformity. Up 

to 47% of patients who have undergone decom-

pression without concurrent fusion develop post- 

laminectomy kyphosis [1]. Kaptain et al. 

evaluated patients without sufficient preoperative 

cervical lordosis and noted that they had signifi-

cantly higher rates of kyphotic progression post-

operatively than those with adequate preoperative 

alignment [2]. Finite element analysis has shown 

increased flexion after laminectomy, and in vivo 

sheep models have confirmed this finding and 

also shown that endplate chondrocyte apoptosis 

may be involved in the pathway leading to 

kyphotic deformity [3, 4]. Because nearly two- 

thirds of the load in the cervical spine is borne 

through the posterior column, disruption can pre-

dispose to altered biomechanics. However, cur-

rent evidence suggests that careful laminectomy 

with meticulous preservation of facets and mus-

cle integrity can be performed without fusion for 

properly indicated patients with cervical stenosis, 

predominantly those with sufficient preoperative 

lordosis [5–9].

Van Geest et al. showed an 18% rate of post-

operative kyphosis after cervical laminectomy 

for degenerative spinal cord compression; how-

ever, they reported that these cases occurred 

nearly always in patients who had decreased cer-

vical lordosis preoperatively [7]. Li et al. per-

formed a long-term review of patients who had 

undergone multilevel laminectomy for cervical 

spondylotic myelopathy due to stenosis with lig-

amentum flavum hypertrophy [8]. In patients 

who initially had cervical lordosis, they showed 

that at mean follow-up of 12.1 years, the cervical 

curvature index had significantly decreased; 

however, despite a decrease in the amount of lor-

dosis, none had experienced neurologic deterio-

ration, and on average they had only mild pain at 

follow-up.

Cervical deformities present debilitating prob-

lems to patients and have significant impact on 

their quality of life. They can result in not only 

pain and disability from loss of horizontal gaze 

but also myelopathy and radiculopathy as the 

deformity progresses. Severe cases can also result 

in dysphagia and even chest sores from chin-on-

chest deformity. Additionally, they pose difficult 

challenges to surgeons who seek to safely improve 

their patients’ pain, disability, and deformity. 

Before attempting to surgically intervene in these 

cases, it is important to understand the etiology of 

the deformity and also the various operative and 

nonoperative treatment options available.

Cervical deformities can have several different 

etiologies. A clear understanding of the reason 

for the deformity and the history of any previous 
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cervical or other spinal surgeries can help guide 

treatment options. Cervical kyphotic deformities 

are the most common types of deformities 

encountered. Patients can develop cervical 

kyphosis after laminectomy procedures or as a 

result of prior fusion (surgically induced or 

through autofusion, e.g., from ankylosing spon-

dylitis). Scoliosis, tumors, trauma, and compen-

satory change after thoracolumbar deformity or 

correction can all be reasons for loss of normal 

cervical alignment as well.

The goals of surgery must be tailored to each 

individual patient. In general, one major goal of 

surgery is pain control. Another major goal is 

improvement of function which could include 

restoration of neutral horizontal gaze. Another is 

decompression of neural elements that might be 

compromised in progressive deformities. It is 

crucial to achieve a fixed fusion between verte-

bral levels which may require adjunct procedures 

to achieve circumferential fusion. Finally, it may 

be helpful to focus not only on cervical alignment 

but also global spinal alignment to achieve 

regional and global balance.

This chapter will describe various types of 

cervical deformities and develop a framework of 

understanding the conditions and how to 

approach them in a stepwise fashion. First we 

will discuss indications, patient selection, and 

other preoperative considerations. Then we will 

specifically address surgical options for manage-

ment of post-laminectomy kyphosis and fixed 

cervical flexion deformities.

 Indications and Patient Selection

Before surgical intervention, several factors must 

be considered about the patient’s underlying 

pathology and clinical situation. The surgeon 

must elicit what brought the patient to the office, 

whether that may be neurologic compromise, 

pain, inability to maintain horizontal gaze, or 

even cosmesis – or a combination of these. Some 

may also complain of dysphagia or dysphonia as 

a result of sufficient deformity.

Then the patient’s medical status must be 

fully evaluated to determine if they are able to 

tolerate surgery including a full assessment of 

their comorbidities, especially their cardiac and 

pulmonary health. Nutritional, vascular, and 

endocrine workup should also be performed in 

order to optimize postoperative healing and rule 

out deep venous thrombosis and osteoporosis. 

Those with osteoporosis should be considered 

for treatment with metabolic therapies preoper-

atively in order to avoid fractures at end verte-

brae with deformity correction. Additionally, it 

is recommended that patients be weaned off nar-

cotics before surgery. Those on significant pre-

operative doses could require massive doses of 

narcotics postoperatively, predisposing them 

to risks such as respiratory depression and 

pneumonia. Smoking cessation is essential for 

healing before proceeding with any operation of 

the magnitude needed to correct cervical 

deformity.

 Preoperative Considerations

Proper preoperative planning hinges on several 

factors. These help determine whether to 

approach the spine anteriorly, posteriorly, or 

circumferentially and also help determine fusion 

levels:

 1. Flexibility of deformity. Surgery for flexible 

deformities can be performed anteriorly, 

posteriorly, or circumferentially based on 

other considerations. Rigid deformities must 

be treated with osteotomies, regardless of 

whether the rigidity is due to natural diseases 

such as ankylosing spondylitis or iatrogenic 

etiologies as a result of prior fusion. These 

osteotomies can also be done anteriorly, 

posteriorly, or circumferentially.

 2. Neurologic deficit. Presence of neurologic 

compromise may help determine approach. 

An anterior approach may be indicated if there 

is anterior compression or severe foraminal 

compromise that requires direct anterior 

decompression rather than indirect deformity 

correction. Similarly, posterior soft tissue 

scarring may more successfully be managed 

directly.
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 3. Osteoporosis. Poor bone quality necessitates 

circumferential fusion rather than a unilateral 

approach in order to improve the strength and 

stability of the construct.

 4. Other approach-related considerations. The 

patient’s clinical and personal scenario as well 

as their past medical history should be consid-

ered when deciding direction of approach. 

Patients who are singers and those who have 

had prior anterior surgery or anterior radical 

neck dissections may have decreased risk with 

posterior approach. In contrast, a posterior 

approach may be more difficult in patients 

who, for example, have dural ectasia (Fig. 13.1).

 5. Severity of deformity. Patients with severe 

chin-on-chest deformity may be difficult to 

access anteriorly. They may be best suited for 

a posterior or circumferential approach.

 6. Location of deformity. The location of the 

deformity helps determine the distal fusion 

level. In general all laminectomized levels 

should be instrumented. If the deformity is 

focal, correcting it locally should be all that is 

necessary. If the focal deformity is severe, 

such that a posterior correction would leave a 

large anterior gap, it may even be necessary to 

perform an anterior arthrodesis. Anterior 

arthrodesis should also be considered if poste-

rior fixation is deemed to be inadequate. If the 

kyphosis is a compensatory phenomenon due 

to a more distant deformity or otherwise part 

of a more global deformity, full-length radio-

graphs must be considered to plan the order 

and extent of correction.

All patients with post-laminectomy kyphosis 

and cervical deformity should receive routine 

multiplanar radiographs of the cervical spine, as 

well as flexion-extension films to assess and 

reveal the rigidity of the deformity. If the patient 

has a severe local imbalance or global imbalance, 

full-length films are necessary. An MRI can help 

Fig. 13.1 Myelopathic 45-year-old lady status post 

C4–C6 laminectomy for astrocytoma at age 15. Because 

of the patulous dura posteriorly, we elected to perform an 

anterior- only operation. Although the results are not per-

fect, it is a vast improvement and avoided possible dural 

complications
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identify sites compression in patients with neuro-

logic symptoms, and a CT scan can further assist 

with preoperative planning due to its enhanced 

bony resolution. Patients with significant defor-

mity or those undergoing osteotomies may bene-

fit from CT or MR angiogram to better identify 

the course of the vertebral arteries.

 Post-laminectomy Kyphosis

 Overview
Patients with iatrogenic post-laminectomy kypho-

sis can be surgically managed with either anterior-

only or circumferential procedures. Anterior 

compression can be managed with corpectomy and 

discectomy at the offending levels. If only a single-

level corpectomy is required, then an anterior-only 

approach can be considered in patients with suffi-

cient bone quality. Only in those patients with good 

bone quality can one consider anterior-only proce-

dures to restore cervical lordosis. Ideally, these 

patients should also have four to six points of fixa-

tion above and below the level of the corpectomy.

Sole reliance on anterior approach for correc-

tion of post-laminectomy kyphosis had been 

associated with high risk of complications of 

over 60% in patients treated with up to four-level 

corpectomy within a 2.7-year follow-up period 

[10]. In these patients without instrumentation, 

the studies showed a high rate of pseudarthrosis, 

progressive kyphotic deformity, reoperation, and 

graft extrusion despite use of halo vests. With 

instrumentation and adequate immobilization, 

Herman et al. and Steinmetz et al. showed 

improvement in neurologic function and kypho-

sis after performing corpectomies with plate fixa-

tion [11, 12]. These were predominantly one- and 

two-level corpectomies. We recommend circum-

ferential fixation for two or more corpectomy 

levels in order to minimize graft- and plate- 

related complications. In patients who have had a 

laminectomy, the vertebra is divided, and a sub-

sequent corpectomy then separates the vertebra 

anteriorly producing two halves that are only 

connected by soft tissues. With multilevel cor-

pectomies, this results in a highly unstable con-

struct, even with anterior instrumentation.

Whenever possible, anterior cervical inter-

body fusions (ACDF) are preferred over corpec-

tomies, as they have decreased risk of subsidence 

and graft extrusion. Because ACDFs also 

allow for segmental fixation, they are inherently 

more stable than corpectomies. However, if com-

pression located behind the vertebral body 

necessitates a corpectomy, one should minimize 

the number of corpectomy levels and perform 

discectomies whenever possible, with the goal of 

avoiding long corpectomy segments (Fig. 13.2). 

One way to avoid a posterior operation in a 

patient who requires a corpectomy is to perform 

a hybrid procedure with ACDFs above and below 

the corpectomy level(s). With an anterior-only 

construct, we always use at least one ACDF con-

struct at the caudal end which allows for the 

placement of four screws above and below the 

ACDF. This provides distal stability which helps 

to prevent graft-related complications. Park 

reported 23 cases of this hybrid technique, cor-

pectomy, and ACDF with plate fixation, for cor-

rection of post-laminectomy kyphosis [13]. They 

showed a mean improvement from 20.9° of 

kyphosis to 9.6° of lordosis at average 4-year 

follow-up, with significantly improved outcome 

scores and only one pseudarthrosis at one level.

For most patients, however, it is recommended 

that circumferential fusions be performed to pro-

mote fusion and mitigate instability incurred by 

removing the anterior column in levels where the 

posterior elements have previously been removed 

(Fig. 13.2) [14].

 Surgical Technique
Anterior surgical reconstruction can be per-

formed with or without supplemental posterior 

fixation, according to the criteria outlined 

above [13, 14]. For the anterior approach, all 

patients should have appropriate intraoperative 

motor and somatosensory evoked potential moni-

toring; these potentials should be monitored at 

positioning, after application of traction and 

periodically throughout the case, especially dur-

ing deformity correction. Gentle retraction of 

the shoulders with tape, as well as kerlix applied 

to the wrist and extended distally to the foot of 

the bed, can be used to help improve visualiza-
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tion especially when offending vertebral levels 

at the apex of the kyphotic deformity is more 

distal in the cervical spine. With flexible defor-

mities, it is important to make sure that the neck 

is positioned in lordosis prior to prepping the 

skin. A lateral radiograph should be obtained 

after patient positioning to check alignment. 

Adjustment, as needed, can then be performed 

and radiographs rechecked. In cases where the 

deformity is inflexible, the flexible segments 

must be placed into hyperlordosis at the outset 

or the positioning will make correction of the 

kyphotic segment more difficult.

After a standard preoperative cleansing 

regimen of alcohol foam and chlorhexidine, 

standard anterior cervical approach is performed 

at the levels of interest [15]. We recommend a 

transverse incision and mobilization of soft tis-

sue that can allow exposure from C2 to T1 in 

most cases. After radiographic localization, dis-

traction pins are placed into the vertebral bodies 

of interest. They can be angled to converge ante-

riorly so as to help achieve more angular correc-

tion when distracted. The disc space can be 

entered with sharp dissection and the disc 

removed with a pituitary rongeur and curettes. 

Bony resection can be performed with a burr; 

dural tears are minimized with constant motion 

of a side-cutting matchstick burr along the 

superficial aspect of the PLL. Ossified PLL may 

be removed to assist in extension of kyphotic 

deformity.

In patients with osteoporosis or those in which 

at least one ACDF at the proximal and distal ends 

of the construct with at least four fixation points 

above and four to six points of screw fixation 

below the corpectomy levels is not obtainable, 

the construct should ideally be supplemented 

with posterior fixation. Occasionally a single- 

level corpectomy can be fixed with an anterior- 

Fig. 13.2 A 20-year-old female presenting with post- laminectomy kyphosis. Circumferential fusion is obtained using 

hybrid anterior fixation involving a corpectomy and an ACDF
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only operation, but for most patients with 

kyphosis and stenosis, circumferential fusion is 

required. In most situations anterior plating of the 

corpectomy site would help prevent graft extru-

sion; however, in some circumstances (such as in 

patients with significant dysphagia), posterior 

fixation without an anterior plate may suffice. 

The posterior spine must be approached with 

care, given the revision nature of the surgery. The 

scar must be meticulously dissected through with 

awareness of the exposed spinal cord. Sufficient 

posterior fixation consisting primarily of lateral 

mass and pedicle screws can then be applied to 

promote circumferential fusion. Unless there is 

pathology at the cranio-cervical junction, we try 

never to include levels cranial to C2. Usually, the 

highest fixation strength proximally can be 

achieved at C2.

Following surgery, patients should be placed 

in rigid cervical collars for 6 weeks. For exten-

sive intubation, consideration should be given 

to transferring the patient to the ICU intubated 

postoperatively to prevent airway compromise 

in the setting of significant soft tissue 

swelling.

 Rigid Flexion Deformity

 Overview
Flexion deformities can occur for a variety of 

reasons aside from loss of posterior support after 

laminectomy. Rigid flexion deformities must be 

treated with osteotomies; crucial in planning 

surgery is an understanding of the degree of 

 extension correction needed. Osteotomies, 

including posterior column, pedicle subtraction 

and anterior, as well as combinations of the 

three, can help improve alignment, pain, and 

function.

Before deformity correction, the curve should 

be assessed globally to determine if it is compen-

satory to, for example, a thoracolumbar sagittal 

deformity. Examination of the regional and 

global sagittal alignment, as well as the chin- 

brow vertical angle to assess horizontal gaze, 

can help assist with preoperative planning to 

optimize balance and function postoperatively.

Detailed review of the imaging can confirm 

the rigidity of the deformity before performing 

osteotomies. If the curve appears flexible, then 

the neck can be manually manipulated into 

appropriate position and fused with either a pos-

terior, anterior, or circumferential approach. If 

the curve has only a minimal amount of flexibil-

ity, a combination of anterior releases with dis-

cectomies may provide sufficient mobility. If the 

spine does prove to be completely ankylosed, 

osteotomies are the only option to achieving 

angular correction.

Patients should undergo extensive nonopera-

tive treatment for symptomatic improvement 

before undergoing a cervical osteotomy, due to 

the severity of risks inherent in the procedure; 

this could be expedited or circumvented in the 

presence of progressive neurologic deteriora-

tion. In reality, however, for a fixed deformity, 

there is no effective nonoperative treatment.

The choice of an anterior or posterior osteot-

omy is determined by a number of factors. Most 

deformities are amenable to correction either 

anteriorly, posteriorly, or with a combination 

approach [16, 17]. Different surgeons with vary-

ing levels of experience and preference can 

achieve a successful outcome with radically dif-

ferent procedures. In the past, our most common 

approach to deformity correction was posterior, 

utilizing a pedicle subtraction osteotomy. We 

subsequently developed an anterior osteotomy 

technique that we have found to be as fast or 

faster than a posterior osteotomy and associated 

with less blood loss [19].

 Anterior Osteotomy

The anterior approach may be physically difficult 

to access in some circumstances, especially in the 

apex of a rigid deformity. Often, the depth of the 

osteotomy is so deep that the burr has to be held 

at the most distal part of the handle. This makes it 

difficult to control the tip so only surgeons who 

M.C. Makhni and K.D. Riew



141

are highly experienced and comfortable using a 

burr should attempt the anterior approach in a 

severely kyphotic case.

If an anteriorly based osteotomy is to be per-

formed, one must decide which side to approach 

from. If the patient has undergone prior anterior 

surgery, recurrent laryngeal nerve function on the 

previously approached side should be assessed 

preoperatively. If it remains uninjured, the contra-

lateral approach can be utilized, in order to navi-

gate through normal anatomy rather than scar 

tissue. If the prior surgery has damaged the recur-

rent laryngeal nerve on the initial side, the same 

side must be used in order to preserve the integrity 

of the contralateral nerve. If more correction than 

an anterior osteotomy or posterior column osteot-

omy (PCO) is needed, both can be combined, 

which has been shown to yield similar angular cor-

rection than a single pedicle subtraction osteotomy 

(PSO) with lower length of stay and operative 

blood loss [16].

Instead of, or in addition to, a posterior 

approach, an anterior approach can be utilized 

for an anterior cervical osteotomy [18, 19]. 

Positioning may require a setup tailored to the 

individual in order to cushion the head which 

may be elevated off the frame due to kyphosis. 

Gardner-Wells tongs are applied and the head is 

rested on a foam donut and sheets as needed. 

When planning to perform osteotomies, 2.2 kg 

of traction is applied initially with more weight 

applied at osteotomy closure. A standard Smith- 

Robinson approach is utilized, with attention to 

the side of approach as mentioned above if there 

has been prior anterior cervical surgery. 

Divergent Caspar distraction pins are placed at 

kyphotic vertebral segments around the osteot-

omy site, and then the bone is resected with a 

burr to correct the planes of deformity present 

(Fig. 13.3). The bone is resected posteriorly until 

the  posterior longitudinal ligament is reached. 

Laterally, care is taken to avoid iatrogenic injury 

to the vertebral artery. Foraminotomies can be 

performed at these levels prophylactically to 

prevent neural compromise with extension of the 

osteotomy.

Then, extension forces can be applied to 

achieve correction. The padding underneath the 

patient’s head can be removed, and gentle con-

stant pressure can be applied on the patient’s 

forehead. Concurrently, an intervertebral 

spreader can be used for distraction at the oste-

otomy site (Fig. 13.4). Traction is increased at 

this time to 9 or 11.3 kg if needed in order to 

maintain lordosis. A maximally wide and deep 

graft is placed with anterior hardware. This can 

Fig. 13.3 Divergent Caspar pins are placed initially; distraction of the pins introduces lordosis (From Kelly et al. [20] 

with permission)
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all be performed as an anterior-only procedure or 

with adjunctive posterior osteotomy or simply 

instrumentation and fusion for supplemental 

support (Fig. 13.5). Because the center of rota-

tion with an anterior osteotomy is at the poste-

rior aspect of the vertebral body, there is minimal 

stretching of the cord or vertebral artery. In our 

series of 17 patients who underwent anterior 

osteotomies with the average of 23° of mean 

angular correction, no patients had intraopera-

tive neuromonitoring changes or neurologic def-

icits [19]. However, if any of these occur, the 

neural elements must be carefully inspected to 

ensure thorough decompression; less correction 

may be warranted in order to minimize stretch 

on the spinal cord.

 Pedicle Subtraction Osteotomy 
Surgical Technique

The site of deformity and proposed osteotomy 

must be planned in context with the direction of 

approach. Determining how much correction is 

needed will influence which osteotomy to per-

form. As in the thoracolumbar spine, pedicle sub-

traction osteotomies can provide more curve 

correction than posterior column osteotomies. 

The principle also remains that more distally 

based osteotomies allow for larger absolute 

distances of translation than more proximally 

based ones.

If a PSO is needed, C7 is the most desirable 

level for multiple reasons, provided it would be 

suitable to provide correction to the individual’s 

deformity. This allows for decreased risk to the 

vertebral artery which usually lies anterior to the 

foramen transversarium at this level unless it is 

aberrant. The vertebral foramen is also larger at 

this level. As mentioned previously, the more dis-

tal the osteotomy, the greater the translation of 

the proximal vertebra.

Posterior column osteotomies can be per-

formed at a single or multiple levels. In a 

patient with a mobile anterior column, simple 

Ponte osteotomies can achieve correction. In a 

patient with an ankylosed spine, however, 

Smith- Petersen or pedicle subtraction osteoto-

mies must be performed. With both osteoto-

mies, the superior and inferior facets are 

removed, along with the lamina and ligamen-

tum flavum at that level, as well as part of the 

adjacent levels, as needed. With a Smith-

Petersen osteotomy, one creates an opening 

wedge that elongates the anterior column. 

Without adequate posterior fixation, this is 

more unstable than a pedicle subtraction oste-

otomy which is a closing wedge osteotomy 

Fig. 13.4 Extension is obtained using an intervertebral spreader as well as pressure on the patient’s forehead (From 

Kelly et al. [20] with permission)
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with an intact anterior column. In truth, how-

ever, when large corrections are performed uti-

lizing a pedicle subtraction osteotomy, often 

the anterior column opens up. This usually 

occurs when an inadequate amount of the body 

is decancellated from the posterior approach.

 Positioning
Positioning can be difficult due to the kyphotic 

deformity. We utilize the OSI Jackson frame with 

extra padding under the chest which is nearly 

always necessary to support a kyphotic thoracic 

spine. The head is suspended with Gardner-Wells 

tongs with bivector traction (Fig. 13.6) to provide 

neutral and extension moments. Before the oste-

otomy, 20 pounds are suspended from the neutral 

traction rope; after the osteotomy, the weight is 

transferred to the extension rope.

To prevent infections, we square off a large 

area with plastic drapes, ideally 10 cm or more 

past the site of the incision cranially and caudally 

and as wide laterally as possible. We then spray 

alcohol foam over the skin and the plastic drapes. 

After drying, we do a standard prep.

Fig. 13.5 Cervical deformity corrected with anterior cer-

vical osteotomies at C2–C3, C3–C4, and ACDF C4–C5 

followed by posterior revision of hardware and revision 

decompression and fusion C2-T2 with posterior column 

osteotomies at C2–C3 and C3–C4 for patient with achon-

droplastic dwarfism and congenital spinal stenosis pre-

senting with myelopathy

Fig. 13.6 Bivector traction attached to the Gardner-Wells 

tongs, with one rope pulling in line traction and the other 

providing an extension moment
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 Operative Technique
The exposure is a critical part of the case. A 

meticulous exposure in the midline avascular and 

amuscular raphe results in minimal blood loss. A 

poorly done exposure can result in several 100 ml 

during the exposure and throughout the case, as 

the muscles bleed. We dissect down to the spi-

nous processes and then osteotomize the tips of 

the spinous processes with the muscles attached 

to them. From C3 to C6, they are usually bifid, so 

we cut it in the axilla of the bifid process. For 

lower levels that are monofid, we cut the tips of 

the spinous processes obliquely with the paraspi-

nal muscles attached. This allows us to close 

bone to bone at the end of the case, minimizing 

muscle necrosis from sutures.

With a planned PSO at C7, the posterior aspect 

of the spine is exposed in the usual fashion. 

Proximally, the instrumentation is placed at least 

four to six points above the osteotomy, depending 

upon the quality of fixation. If the ankylosis 

extends to C2 or even to the occiput, we will usu-

ally go as high as the ankylosed level. This is 

because, with long-standing ankylosis, the spine 

becomes very osteoporotic and prone to screw 

pullout. In addition, patients are at risk for a frac-

ture above the instrumented level. Distally, fixa-

tion should be extended preferably to T3, T4, or 

lower, with a minimum of six points of distal 

fixation for the construct. One cannot use both 

C6 and T1 screws, as, after the closure of the 

osteotomy, they are too close together and inter-

fere with full closure of the osteotomy. With 

extensive corrections, both C6 and T1 screws 

have to be skipped. We usually skip the C6 level 

since, after the closure of the osteotomy, the C6 

screws are too close to the T1 screws to be utiliz-

able. Alternatively, one can use the C6 screws 

and skip the T1 screws, depending upon the fixa-

tion points available for a given patient. The 

proximal and distal fixation levels also are cho-

sen based on the patient’s medical condition, as 

the longer the construct, the longer the operating 

time. In cases with a chin-on-chest deformity in 

the prone position, the patient’s head is pointed 

toward the ground. In such a position, a prolonged 

operation with excessive blood loss increases the 

risk of postoperative blindness. So the operation 

must be performed as expeditiously but as safely 

as possible (Figs. 13.7 and 13.8).

Fig. 13.7 This patient with ankylosing spondylitis had a missed fracture and developed a chin-on-chest deformity, 

which was corrected with an anterior osteotomy/corpectomy, followed by posterior stabilization
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After complete C7 laminectomy and adjacent 

removal of the caudal and cranial halves of the 

C6 and T1 laminae, respectively, the lateral 

masses of C7 are resected. The inferior portion of 

the C6 facet and the superior portion of the T1 

superior facet are removed as well. The C7 pedi-

cle is then entered with a burr, leaving the walls 

intact to protect the nerves and cord. Through the 

pedicle, the body is decancellated, using the burr, 

reverse angle curettes, and tamps (Fig. 13.9). 

Then the pedicle walls are thinned and removed 

and the posterior cortex of the vertebral body is 

pushed anteriorly.

At this point, the rods are placed into the 

screws and the set screws are placed loosely. We 

prefer to use rods that have an articulation that 

allows bending, as it is easier than bending the 

rods. Some of the correction occurs through the 

articulation, but the rods also have to be able to 

slide through the screws distal to the osteotomy. 

The surgeon then holds the Gardner-Wells tongs, 

and the suspending weight is switched to the 

Fig. 13.8 We performed an anterior osteotomy followed 

by posterior stabilization to correct this ear-on-shoulder 

and chin-on-chest deformity. The use of stand-alone cages 

makes it easier to get further posterior correction and is 

faster than multilevel plate fixation

Fig. 13.9 The vertebral body is decancellated after enter-

ing the pedicle in a PSO (From Kelly et al. [20] with 

permission)
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extension rope. By pulling up on the tongs, the 

decancellated body collapses and the osteotomy 

site begins to close down. Once closed, the set 

screws are tightened down. The C7 and C8 nerve 

roots and the cord must be protected throughout 

the resection as well as the closure in order to 

confirm that no overhanging facet from C6 or 

T1 compresses the C7 or C8 nerve roots. 

Neuromonitoring should also be checked 

throughout osteotomy closure, and mean arterial 

pressure should be elevated above 80 mmHg at 

this time; neurologic status can be confirmed 

with a wake-up test as needed. Bone graft is 

added to fuse the spine. One can use the laminec-

tomy bone alone in most cases, as the osteoto-

mized segment usually fuses well.

 Closure
Proper closure of the wound is critical to avoid 

dehiscence and infections. Our infection rate for 

posterior cervical procedures is less than 0.05%, 

even including massive osteotomies and occiput 

to thoracic procedures. Part of this is due to the 

meticulous dissection described above. We also 

irrigate frequently. We then place vancomycin 

powder 1 g in the wound [15], a deep drain, 

followed by thrombin-soaked Gelfoam on top of 

the drain. Gelfoam minimizes the postoperative 

bleeding such that most patients are able to be dis-

charged after an overnight stay. It should not be 

used if a laminectomy has been performed as it 

can expand and compress the cord. We then place 

interrupted sutures every 1 cm using 75–100 

sutures to close a C2 to T4 wound. This prevents 

any dead space where blood can accumulate and 

act as a nidus for infection. If there is greater than 

5 cm of fat, we place a supra-fascial drain also.

 Illustrative Case

A 20-year-old female presented with post- 

laminectomy kyphosis of C3–C6 with axial neck 

pain, stiffness, and myelopathy due to remote his-

tory of C1–C4 laminectomy and radiation treat-

ment for a meningioma (Fig. 13.2). Preoperatively 

she had numbness in her feet worsened with 

extension of her neck, difficulty picking up 

objects, and occasional numbness, pain, and 

subjective weakness in her right hand, as well as 

a positive Hoffman’s sign. Anterior cervical cor-

pectomy was performed at C4 with ACDF at C5–

C6, as well as posterior cervical instrumentation 

and fusion from C3–C4 with revision decompres-

sion C3–C4 to achieve circumferential stabiliza-

tion. Despite having a “flexible” deformity 

without any areas of autofusion, she was very stiff 

and immobile. This is very common in patients 

with long-standing post-laminectomy kyphosis. 

Only partial  correction could be achieved anteriorly. 

We then used dynamic screws to allow for greater 

posterior fixation. However, posteriorly, we found 

osteoporotic bone and could not achieve further 

lordosis without risking instrumentation failure. 

We therefore accepted a suboptimal correction. 

To avoid this, we recommend using a buttress 

type of plate with screws into C5 and C6 but with 

the plate only about 50% of the distance in 

front of the corpectomy to prevent the graft from 

kicking out. By not fixing into C3, one can get 

better posterior correction. The patient did very 

well postoperatively; at 12-week follow-up, she 

reported continued resolution of her symptoms 

and had complete resolution of her neck pain.

 Technical Pearls

• Positioning the cervical spine preoperatively 

can be optimized with traction to achieve 

optimal correction of deformity, especially 

when osteotomies are performed. Increasing 

traction, using an intervertebral spreader, and 

adjunct manual force can help restore lordo-

sis when anterior, and bivector traction can 

assist when posterior.

• Anterior osteotomies may be used in addition 

or instead of posterior osteotomies and may 

allow for comparable correction with decreased 

blood loss.

• Divergent Caspar pins can be placed anteri-

orly in kyphotic deformity; these can then be 

distracted to become more parallel, which 

helps restore lordosis.

• In patients with osteoporosis or those in which 

four to six points of fixation are not achievable 
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above and below sites of corpectomy (ideally 

with ACDFs proximally and distally), the con-

struct should be supplemented with posterior 

fixation.

• In patients with rigid cervical deformity, 

Smith-Peterson or pedicle subtraction osteoto-

mies must be performed. Proximal fixation 

should extend throughout the ankylosed levels 

and at least four to six levels above the oste-

otomy, while there should be at least six points 

of distal fixation.

• Meticulous wound closure technique can help 

decrease infection rates, especially in poste-

rior cervical surgery.

 Complications and Strategies 
for Avoidance

One of the most devastating complications that 

can result from cervical spine deformity surgery 

is paralysis. Protection of the neural elements is a 

primary focus throughout the case. When per-

forming the anterior decompression, a high- speed, 

side-cutting burr is used; by applying gentle 

downward pressure with a continuous sweeping 

motion along the PLL, dural tears are minimized. 

This step can be especially difficult during ante-

rior approach to rigid flexion deformities, some-

times requiring the surgeon to hold the burr at the 

tip to use the full depth of the instrument, so sur-

geon comfort with the burr is a prerequisite. 

Additionally, nerve root compression can be pre-

emptively avoided by performing foraminoto-

mies before osteotomy closure. Communication 

with the anesthesia and neuromonitoring teams 

during osteotomy closure also helps decrease risk 

of overcorrection and neurologic deterioration; a 

wake-up test can be employed for further confir-

mation of neurologic status.

Damage to the vertebral artery can also be life 

threatening. These should be studied carefully on 

preoperative imaging to localize and identify any 

aberrant anatomy so that they can be protected, 

especially during the osteotomies. Also, anterior 

decompression occurs widely until the uncinate 

processes bilaterally; if they are removed, caution 

must be used to free up and protect the vertebral 

artery with a Penfield during uncinectomy.

Hardware failure can occur, especially in 

osteoporotic bone. If insufficient fixation is 

achievable in both proximal and distal directions, 

or in the case of osteoporotic bone, circumferen-

tial fusion can help strengthen the construct. 

Larger screws and grafts can also provide addi-

tional strength. After an anterior extension 

 osteotomy, graft placement slightly posterior 

with a small buttress plate or interference screws 

in the adjacent endplates can be used to prevent 

graft extrusion. An anterior fracture may result 

from closure of a posterior osteotomy if too little 

bone is resected or if the anterior cortex had been 

perforated during a PSO. If there is adequate fix-

ation posteriorly, then no further intervention 

may be needed, although our preference is to flip 

the patient and plate anteriorly with four points of 

fixation above and below the fracture site. 

Postoperative use of a rigid cervical collar can 

also be used to protect fixation, especially in 

osteoporotic patients and those in which osteoto-

mies were performed.

Meticulous, efficient surgical technique also 

can help avoid certain complications. Prolonged 

posterior surgery, especially without appropriate 

padding, can lead to blindness as a result of pres-

sure on the eyes. Patients with prolonged cervical 

surgery or increased blood loss should be consid-

ered for delayed extubation to avoid airway com-

promise. Efficient, minimally tissue destructive 

surgery with decreased blood loss can also 

decrease the risk of surgical site infection.
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Considerations for Approaches 
Crossing the Cervicothoracic 
Junction

James S. Harrop, Jeff Wilson, and Payman Vahedi

 Introduction

The cervicothoracic junction (CTJ) is a challenging 

region for spine surgeons. Anatomically, it is an 

area of transition from cervical lordosis to tho-

racic kyphosis and from medially placed cervical 

pedicles to more laterally placed thoracic ones, 

making posterior spinal instrumentation and fusion 

more technically challenging. Radiologically, 

conventional radiographic images have histori-

cally been difficult to interpret in this area 

because of the superimposed shadows of nearby 

bony structures; however, the issue has been 

resolved to a great extent in recent years with the 

advent of 3D-reconstructed CT scan and high-

resolution MRI. Biomechanically, it is regarded 

as a high stress zone; crossing from the fairly 

mobile lordotic lower cervical to the rigid 

kyphotic upper thoracic spine mandates sophis-

ticated preoperative and intraoperative justifi-

cations for any decompressive surgery or 

instrumentation in this area. Large bending forces 

are encountered at the CTJ, while only smaller- 

sized fixation devices may be used or are avail-

able to provide resistance. From the surgical 

standpoint, anterior approaches to this region are 

confined by the sternum and crowding of neuro-

vascular structures which may pose significant 

postoperative morbidity.

Two main concerns of operating on the CTJ 

are adjacent segment disease (ASD) and treat-

ment failure/pseudarthrosis. Several risk factors 

have been suggested for treatment failure and 

regional instability following cervicothoracic 

junction surgery including multilevel corpectomy 

and laminectomy crossing over the CTJ, history 

of prior surgery, tobacco use, and surgery for the 

correction of deformity. Moreover, because of the 

higher range of flexion/extension movement at 

the CTJ, posterior constructions terminating near 

the CTJ area theoretically have higher risk of 

developing ASD in future [1]. Adjacent level 

stress is most pronounced in flexion- extension 

which represents the most likely construct failure 

mode. Biomechanical data supports rostral and 
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caudal extension of  constructs in some cases, but 

must be supported by clinical outcomes. The sur-

geon should take into account added operative 

time/blood loss, loss of additional motion seg-

ments, and potential morbidity of screw place-

ment when considering extending constructs to 

include C2 and/or T2 in order to offset changes in 

adjacent level biomechanical stress. Herein, we 

describe the relevant surgical anatomy, indica-

tions for the surgery, techniques, and biomechani-

cal issues any spine surgeon must know before 

operating on CTJ area.

 Biomechanics

The contour of the spine consists of five sagittal 

curves which include three kyphotic (occiput to 

C2, T2 to T11, and S1 to coccyx) and two lor-

dotic curves (C2 to T2 and L1 to L5). CTJ is the 

junction of cervical lordosis to thoracic kyphosis. 

The normal lordosis of the cervical spine is 14.4°, 

and the weight-bearing axis is posterior to verte-

bral bodies. A load transmission of 36% and 64% 

is divided between anterior and posterior col-

umns, respectively. Loss of posterior tension 

band after laminectomy in posterior approaches 

to this area or in traumatic cases with posterior 

ligamentous injury shifts the weight-bearing axis 

anteriorly and may gradually proceed to a 

kyphotic deformity. Muscular fatigue and pain 

may also exacerbate the deformity and result in 

spinal cord draping and uncompromised sagittal 

deformity. It is believed that up to 36% of cervi-

cal extension capacity comes from semispinalis 

capitis only [2] and removal of its attachments on 

C2 results in cervical loss of alignment and the 

development of kyphosis [3].

Facets play a pivotal role in the cervicothoracic 

junction. Although both cervical and upper thoracic 

vertebrae are coronally oriented, the transition from 

C6 to T3 vertebrae increases axial rotatory move-

ments while restricting flexion/extension and lateral 

bending motions. This is mainly because of thoracic 

attachments to the rib cage.

Two-column injury biomechanical studies on 

cadavers suggest that posterior instrumentation 

alone is sufficient to stabilize two-column injury 

at the CTJ; however, the length of construct is 

controversial [4, 5]. Nonetheless, three-column 

injury cadaveric studies suggest that posterior 

instrumentation alone is insufficient for stabiliza-

tion of the CTJ and an anterior supplementation 

in combination with posterior instrumentation 

restores stability [5]. However, this has not been 

repeated in clinical studies of injuries at the CTJ.

Adjacent segment disease (ASD) at the rostral 

or caudal segments of a posterior cervical con-

struct may develop over time. The results of a 

cadaveric biomechanical study have found that 

regardless of laminectomy length, marked 

increases in adjacent level range of motion and 

intradiscal pressure at both rostral and caudal 

segments of a C3 to C6 laminectomy model 

occur with increasing construct length [1].

 Surgical Anatomy

The term CTJ denotes the C7 and T1 vertebra 

with intervertebral disk and ligamentous struc-

tures. However, because of biomechanical con-

cerns in surgical procedures on this area, the 

caudal extent may be considered to be down to 

T2 or T3. At the cervicothoracic junction area, 

transition happens from smaller mobile cervical 

vertebrae to larger thoracic vertebrae supported 

by the rib cage. Posterior anatomical structures 

include muscle and bony structures. Major mus-

cles include trapezius, rhomboid, and serratus; 

the trapezius extends from the spinous processes 

of C7 to T10 and attaches onto the scapula, acro-

mion, and posterior lateral third of clavicle.

The anatomy of a lower cervical vertebra 

includes body, thin pedicles and lamina, spinous 

process, transverse process, and lateral masses 

(superior and inferior articulating processes). In 

contrast, lateral masses are absent in the upper 

thoracic spine, and separate articulations exist 

between the body and transverse processes with 

the ribs. Relatively small pedicles allow limited 

margin of error when placing instrumentation; 

moreover, intraoperative fluoroscopic imaging is 

limited to the AP view, as the lateral view is 

 frequently unhelpful due to obscuration from 

 shoulder structures.
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Three important parameters in inserting pedi-

cle screws at this area are transverse pedicle 

angle, transverse pedicle diameter, and pedicle 

height (sagittal pedicle diameter). The width and 

height of the pedicle increases from C5 to T1, 

while the angle between the pedicle and body 

decreases [6]. It becomes increasingly more dif-

ficult to put pedicular screws from T1 to T4 due 

to gradual decrease in the transverse pedicle 

diameter [7, 8, 9]. Pedicle height constantly 

decreases in the thoracic spine from T1 to T12 

and superiorly projecting transverse processes at 

upper thoracic turn to project inferiorly at lower 

thoracic spine [10].

The vertebral artery is main vascular structure 

of the posterior approach in the cervical spine 

which ascends through transverse foramina of C6 

to C2. There is a 5% chance for this artery to tra-

verse the C7 transverse foramina. The possibility 

of this variant anatomy should be considered 

whenever attempting to put a lateral mass or a 

pedicle screw into the C7 vertebra.

Major anatomical considerations in an anterior 

approach are muscular, bony, and critical neuro-

vascular structures. The cricoid cartilage is a land-

mark for C6 level from which the skin incision 

usually starts. Anterior bony structures include 

the sternum, the clavicle, and the first rib. Because 

of their important muscular attachments, the clav-

icle and the first rib play a pivotal role in the sta-

bility of the shoulder girdle. The thoracic inlet is 

composed of T1 posteriorly, cartilaginous tissue 

of the first rib laterally, and the suprasternal notch 

anteriorly. Surgically, important muscular tissues 

include platysma, sternocleidomastoid (SCM), 

scalene, strap, and deep prevertebral (longus colli) 

muscles. SCM originates from two different 

sites – the manubrium of sternum and the clavi-

cle – and runs superolaterally to attach to the mas-

toid process of the temporal bone. It divides the 

anterolateral surface of the neck into two separate 

anterior and posterior triangles. The anterior tri-

angle includes the common carotid artery (CCA), 

internal jugular vein, and the vagus nerve, all 

within the carotid sheath. The posterior triangle is 

divided by the inferior belly of omohyoid muscle 

into supraclavicular and occipital triangles. The 

external jugular vein crosses obliquely ventral to 

SCM and drains into the subclavian vein at the 

base of the posterior triangle. The course of the 

subclavian vein is ventromedial and runs ventral 

to the anterior scalene muscle and joins the inter-

nal jugular vein on the medial border of this mus-

cle to form the innominate vein. The internal 

jugular vein runs deep to SCM within the anterior 

triangle and lateral to the CCA and finally joins 

the subclavian vein at the posterior sternal end of 

the clavicle. The surgeon should be very vigilant 

not to injure the thoracic duct when attempting a 

left approach to CTJ, because it runs an ascending 

course to drain into the junction of the left subcla-

vian and internal jugular veins.

The left subclavian artery originates directly 

from the aortic arch, while the right subclavian 

artery is branched from the innominate artery. 

The two arteries run posterior to the sternocla-

vicular joint and pass within the space between 

anterior and middle scalene muscles.

The vagus nerve is located posterior to the 

CCA and internal jugular vein within the carotid 

sheath and courses back to the sternoclavicular 

joint to give off the right recurrent laryngeal 

nerve. This surgically important branch runs 

anterior to the right subclavian artery and makes 

a loop around it to ascend to the right tracheo-

esophageal groove. Excessive traction on this 

branch will cause paresis of the vocal cord. The 

left recurrent laryngeal nerve loops around the 

aortic arch and with respect to choosing the sur-

gical approach shows little anatomical variation 

from the right side.

The phrenic nerve passes obliquely and ven-

tral to the anterior scalene muscle and then lies 

on the medial surface of this muscle to enter 

CTJ. It crosses the subclavian vein at its posterior 

surface lateral to sternoclavicular joint and enters 

the mediastinum. Every attempt should be made 

to protect the phrenic nerve from injury during an 

anterior approach to CTJ. For this reason, care 

should be taken to detach this muscle as close as 

possible to the first rib.

The cervicothoracic (Stellate) ganglion is 

located within the prevertebral fascia and on the 

anterior surface of C7 transverse process close to 

the first rib. Iatrogenic damage to this ganglion 

leads to Horner syndrome.
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 Indications and Patient Selection

Main indications for surgery include trauma, 

tumor, degenerative disease, rheumatological 

diseases, postsurgical instability, and infection.

 Trauma

Two to nine percent of cervical spine trauma 

occurs at CTJ [11]. The rate of missed lower cer-

vical and upper thoracic spine injuries is high at 

the CTJ due to the fact that conventional radio-

graphic images usually do not provide enough 

data in a trauma setting [11]. Further recon-

structed CT scan and MRI are usually needed to 

exclude the possibility in the case of inadequate 

visualization on plain X-rays [11].

Injuries typically occur as fracture, disloca-

tion, and/or ligamentous injury. Isolated frac-

tures in the posterior bony elements may be 

treated in a cervicothoracic orthosis (CTO) 

unless they are associated with ligamentous 

injury. This can be appreciated by flexion/exten-

sion studies, T2-fat suppressed, or STIR-

MRI. Neurological compromise occurs with 

significant instability, burst fractures, or cervical 

cord contusions. The choice of anterior vs. pos-

terior or combined 360′ approaches is a matter 

of controversy. Although it is primarily a sur-

geon’s choice based on the characteristics of the 

injury, biomechanical studies have shown that 

three-column fractures may mandate a combined 

anterior and posterior approach for instrumenta-

tion and fusion [4, 12].

 Tumor

Locally invasive, primary, and metastatic tumors 

may develop in the CTJ. Pancoast tumor is the 

most common locally invasive tumor in this area. 

It mostly involves the soft tissues and rarely 

affects the vertebral body. Other local tumors, 

such as thyroid or esophageal tumors, may 

encroach on the vertebral body [13, 14]. 

Metastatic tumors are more common than pri-

mary tumors and commonly arise from lung, 

prostate, and breast cancers [13, 14]. Primary 

tumors involving this region may include angio-

sarcoma, lymphoma, chordoma, plasmacytoma, 

schwannoma, osteosarcoma, and giant cell 

tumor [15].

The surgical approach is usually determined 

by several factors including the patient’s life 

expectancy (curative vs. palliative surgery), ante-

rior or posterior spinal cord compression, and the 

presence of instability. Extradural and intradural 

tumors are usually approached posteriorly, while 

anterior cord compression by the tumor generally 

mandates anterior corpectomy and fusion with or 

without posterior instrumentation. To avoid the 

morbidity of a sternotomy, tumors affecting ver-

tebral bodies below C7 may be approached by 

costotransversectomy and transpedicular corpec-

tomy, depending on the specifics of the local 

anatomy [15].

 Infection

Infection can occur de novo or in the postopera-

tive setting, presenting as osteomyelitis and/or 

epidural abscess. Tuberculosis is one important 

primary infection which may cause significant 

kyphotic deformity by destructing the vertebral 

body [6, 16]. An anterior approach with instru-

mentation with or without posterior fusion has 

been shown to be the optimal method to correct 

the deformity when necessary [16].

Postoperative infection is generally treated 

with broad-spectrum antibiotics (4–6 weeks), 

irrigation, and debridement. Usually, there is no 

need to remove posterior instrumentation. If 

instability occurs due to vertebral body 

 involvement or failure of an anterior device, ante-

rior reconstruction with an autograft becomes 

necessary.

 Degenerative Disease

CTJ is not a common location for primary degen-

erative diseases; however, secondary degenera-

tion, namely, adjacent segment disease, may 

develop over time when the prior surgical fusion 
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construct ends at C7. It mostly presents as C7/T1 

disk herniation, and myelopathy is a rare sign 

[11]. An anterior approach (ACDF) is usually 

sufficient to address the pathology. Facet degen-

eration resulting in degenerative spondylolisthe-

sis at C7/T1 is not uncommon. A patient often 

has fusion to C7 and above. Neurologic com-

plaints may be radicular in the C8 distribution or 

myelopathic.

 Rheumatologic Diseases

Ankylosing spondylitis may involve CTJ with 

the development of large anterior syndesmoph-

ytes/osteophytes, and calcification of ALL 

may occur. The characteristic disabling “chin 

to chest” deformity [17], as well as traumatic 

fracture dislocation, may also be seen in the 

context. A combined surgical approach (APA) 

has been recommended to treat “chin to chest” 

deformity [17]. An anterior release is accom-

plished first by anterior discectomy and 

osteophyte(s) resection. The second stage is a 

posterior approach to perform laminectomy, 

osteotomy, and posterior instrumentation and 

fusion. This allows intraoperative correction of 

the deformity by lifting up the head. The final 

stage is anterior instrumentation and fusion 

with iliac crest allograft.

 Postsurgical Instability

Iatrogenic instability may occur after anterior 

multilevel corpectomies or posterior laminecto-

mies crossing CTJ [18, 19]. Because of the afore-

mentioned regional biomechanics, CTJ is subject 

to instability after laminectomy. More vulnera-

bility to flexion stresses may lead to a progressive 

kyphotic deformity with stretching myelopathy. 

It is recommended to use instrumentation after 

laminectomy across CTJ [20]. Moreover, because 

it is a transitional zone, extension to upper tho-

racic vertebrae is also advocated [18]. In an inter-

esting systematic review, Steinmetz et al. defined 

the risk factors for such iatrogenic instability at 

the CTJ as laminectomy without instrumentation 

and multilevel anterior corpectomy and ventral 

fixation [18]. Prior cervical surgery, especially at 

CTJ, deformity correction and smoking are also 

associated with increased failure rate. Also, a 

trend of fusion failure is seen in patients undergo-

ing tumor resection [18].

 Preoperative Considerations

Preoperative evaluation starts with meticulous 

history taking and neurological examination. 

Preoperative counseling is of paramount impor-

tance. Patients with radiculopathy alone are 

counseled that numbness may persist even after 

the surgery and the aim of surgery is to relieve 

pain. Those with myelopathy and motor weak-

ness should be aware that surgery will not cause 

prompt recovery in most cases and the aim of sur-

gery is to stop its progression and then wait for 

recovery. The need for postoperative long-term 

physical therapy should be discussed with these 

patients. Smoking cessation should be discussed, 

as this behavior is associated with an increased 

risk of pseudoarthrosis. Patients are also advised 

about the need to wear a cervicothoracic orthosis 

for 12 weeks postoperatively.

Thorough imaging workup should be done 

preoperatively. This includes plain radiographs 

(AP, lateral, and flexion/extension), 

3D-reconstructed cervicothoracic CT scan, and 

MRI. A lateral swimmer view may be needed to 

visualize the CTJ. Fat-suppressed MRI and 

STIR-MRI are useful adjuncts in cases of trauma 

and tumor surgery.

EMG/NCV is not routinely requested preop-

eratively, but may help to differentiate in equivo-

cal cases. The fibrillation pattern is a hint to 

distinguish radiculopathy from peripheral neu-

ropathy in appropriate patients.

Other preoperative considerations include life 

expectancy in planning for metastasis surgery, 
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preoperative cervical traction for trauma and 

deformity, broad-spectrum antibiotics for infec-

tion, and general health issues compatible for 

protracted anterior and posterior approaches.

 Surgical Technique

 Anterior Approaches

The anterior approach to CTJ was first described 

by Fielding and Stillwell [21] in 1976. Although 

the approach has been simplified over decades, it 

is still unpopular among spine surgeons due to 

the deep location of vertebral bodies caused by 

the thoracic kyphosis, potential risks to vital ana-

tomical structures, and postoperative morbidity. 

The anterior approach has several advantages 

including direct neural decompression, corpec-

tomy and discectomy, deformity correction, and 

anterior column support with appropriate graft 

and instrumentation. Currently, three anterior 

approaches are used to access the lesions of CTJ: 

modified anterior, transthoracic, and sternal split-

ting (transsternal).

 Modified Anterior Approach
The modified anterior approach to CTJ was intro-

duced by Kurz et al. [22] in 1991 and has the 

advantage of exposing C7 to T4 vertebra without 

the need for sternotomy.

Intraoperative neuromonitoring is applied. 

After the induction of general anesthesia, the 

patient is positioned supine, and a rolled towel is 

placed between the two scapulae to extend the 

neck. Adhesive tapes are used to pull the shoul-

ders down. An AP radiograph is taken to deter-

mine the lowest intervertebral disk accessible 

above the sternoclavicular joint. A lateral view is 

then taken to locate the incision. A left-side 

approach is chosen, and the head is turned to the 

right. This is to avoid intraoperative injury to the 

right recurrent laryngeal nerve due to its incon-

sistent anatomy. After the surgical field is pre-

pared and draped, a hockey stick incision is made 

with the transverse limb 2–4 cm above and paral-

lel to the left clavicle extending between the lat-

eral border of SCM and the midline. The vertical 

limb starts from the medial end of the transverse 

line and extends over the manubriosternal junc-

tion. The platysma is divided, and subcutaneous 

flaps are made. Internal and external jugular 

veins are preserved and retracted unless they hin-

der surgical access to CTJ. Sternal and clavicular 

heads of SCM are divided and retracted laterally 

and proximally. Strap muscles are then released 

from the first rib and retracted medially and prox-

imally. Subperiosteal dissection proceeds to 

expose the left half of the manubrium and medial 

third of the clavicle. The clavicle is sectioned 

with a Gigli or oscillating saw at the junction of 

its middle and medial third. The medial third is 

then disarticulated from the sternum and is kept 

to be used as an autograft at the final stage of the 

operation. Care must be taken to avoid injuring 

the left subclavian vein, which runs inferior and 

posterior to the clavicle. Next, a fascial plane is 

found proximally and opened between the carotid 

sheath laterally and the esophagus and trachea 

medially. Richardson retractors are introduced. 

The esophagus, trachea, and brachiocephalic ves-

sels are retracted inferolaterally to the patient’s 

right. The carotid sheath and the left brachioce-

phalic and subclavian veins are retracted infero-

laterally to the patient’s left. This will expose 

longus colli muscles descending on two sides of 

the midline to attach onto the T1, T2, and T3 ver-

tebrae. Because of limited radiographic visual-

ization at this area, these muscles are useful 

landmarks for the midline orientation, as well as 

numbering the vertebrae. Prevertebral fascia is 

opened, and access to the corresponding level is 

achieved. Corpectomy and discectomy are 

accomplished in a standard fashion, and recon-

struction and stabilization are done with auto-

graft or allograft bone (under cervical traction) or 

an expandable titanium mesh cage filled with 

bone grafts. An anterior titanium plate is applied, 

and the wound is irrigated with copious antibiotic 

saline. Platysma, subcutaneous tissue, and the 

skin are then closed in a standard fashion.

 Transthoracic Approach
The patient is intubated by a double lumen tra-

cheal tube. This helps to collapse the right lung 

further during the operation to maximize expo-
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sure. The patient is placed in a left lateral decubi-

tus position and tilted toward the surgeon. An 

incision is made over the third or fourth rib 

extending from the anterior axillary line to the 

lateral border of right paravertebral muscles. 

Trapezius and latissimus dorsi muscles are cut 

over the rib and retracted. The neurovascular 

bundle is detached from the costal groove at the 

inferior margin of the rib with a rib elevator. 

Then, a long segment of rib is cut anteriorly and 

posteriorly with a rib cutter. The rib cage spreader 

is placed, the pleura are opened, a wet sponge is 

put on the right lung, and the right lung is deflated 

and ventrally retracted to expose the upper tho-

racic vertebra. Transthoracic approach is used 

when exposure down to T4 is required; however, 

it cannot be used directly with a low cervical 

anterior dissection. For these patients, a com-

bined transthoracic-transsternal approach may be 

used through a trapdoor approach best described 

by Nazzaro et al. [23]. This combined approach 

enables the surgeon to expose the ventral area 

from C3 down to T4/T5 [23, 24].

 Sternal Splitting (Transsternal) 
Approach
The general setup is similar to modified anterior 

approach in terms of positioning and anesthesia 

considerations. The surgeon can access lesions 

down to T3 level. The incision starts at the ante-

rior border of SCM and extends obliquely down 

to the suprasternal notch and then vertically over 

the sternum to the xiphoid process. After expos-

ing the cervical portion as an ACDF approach, 

the retrosternal space is dissected bluntly and 

then the sternum is cut midline down to the 

xiphoid process with a Gigli or an oscillating 

saw. Sternal retractors are placed, and, after 

retraction of vascular structures, the retropleural 

fascia is identified and dissected meticulously to 

expose the CTJ.

 Posterior Approach

The posterior approach to CTJ is more popular 

than the anterior approaches, because of the sur-

geon’s familiarity to both the anatomy and the 

surgical technique. When combined with costo-

transversectomy, it has the added advantage to 

address ventral pathologies, as well as accom-

plish transpedicular corpectomy in experienced 

hands. Similarly, pedicle subtraction osteotomy 

makes correcting severe kyphotic deformities 

feasible. Fin addition fixation can be applied to as 

many segments as needed.

The patient is positioned prone on the operat-

ing table, and the Mayfield skull clamp is applied. 

All pressure points are safely padded. The shoul-

ders are tucked down with adhesive tape to maxi-

mize radiographic visualization. Anatomical 

localization is confirmed by the lateral view. 

After preparing and draping, a midline skin inci-

sion is made, subcutaneous dissection is done, 

and paravertebral fascia is opened bilaterally 

with electrocautery. Subperiosteal dissection pro-

ceeds to expose cervical lateral masses and tho-

racic facet joints, bilaterally. The exposure of the 

upper thoracic spine might go beyond the facet 

joints, if ventral access is planned via costotrans-

versectomy. Instrumentation is usually achieved 

by inserting pedicular screws at C7 and upper 

thoracic vertebrae. We prefer to choose the entry 

points in line with subaxial cervical lateral mass 

screws to avoid an offset connecting construct. A 

small laminotomy at each level helps to keep a 

safe trajectory by palpating the medial, upper, 

and lower borders of the corresponding pedicle. 

Laminectomy is usually done in a standard fash-

ion to address the pathology at the affected level. 

If the aim is to reverse a kyphotic deformity, an 

attempt should be made after doing laminectomy 

and possible osteotomy by maneuvering the head 

within the three-point-fixation skull clamp. After 

putting the rod connectors and finalizing the con-

struct, posterolateral decortication and bone graft 

material are placed. The wound is irrigated with 

copious antibiotic saline, and posterolateral 

arthrodesis is made by a suitable bone graft. 

Hemostasis is achieved, a Hemovac drain is put 

subfascially, muscular layers are reapproximated 

at the laminectomy site, and sequential closure of 

the fascia, subcutaneous tissue, and skin is done. 

We prefer to use supplemental posterior fusion 

constructs extending from two levels up to two 

levels down at the laminectomy site at the CTJ.
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 Illustrative Case

A 57-year-old male patient presented with neck 

pain and head falling forward. On neurological 

examination, he appeared to have mild gait 

ataxia, intact sensation, and full strength in four 

limbs. MRI of the cervical spine revealed homog-

enously contrast-enhancing epidural soft tissue 

mass with cord compression at T1–T2 with the 

involvement of T1 and T2 vertebral bodies 

(Fig. 14.1). The collapse of T1 and T2 vertebral 

bodies resulted in a local cervicothoracic kypho-

sis and spinal cord stretching at the CVJ. The 

patient underwent C7 and T1 corpectomy plus 

C6–C7 to T1–T2 discectomy via the modified 

anterior cervical approach. A strut graft without 

an anterior cervical plate was placed at the cor-

pectomy site to restore the segmental height and 

to reverse the kyphotic deformity (Fig. 14.2).This 

was supplemented by posterior cervicothoracic 

fusion (Fig. 14.2). Histopathology confirmed the 

diagnosis to be multiple melanoma. The patient 

was referred to the oncology colleagues for adju-

vant therapies. At 5 years follow-up, the patient is 

neurologically intact and has no neck pain or 

tumor recurrence.

 Technical Pearls

• Regardless of the type of anterior approach 

chosen to CTJ, the lowest surgically accessi-

ble vertebrae remains T4.

• Access to the lower cervical vertebra is lim-

ited with transthoracic approach, and it is best 

suited for pathologies affecting T1 to T4 ver-

tebra. Because of the lateral nature of the 

approach, the risk of injury to the sympathetic 

chain is higher than other anterior approaches. 

Often, insertion of a chest tube is necessary at 

the end of procedure.

• Because of the morbidities of transsternal 

approach and no more visualization than other 

sternal sparing approaches, it is rarely used to 

approach CTJ anteriorly.

• During a left anterior approach, working 

medial to carotid sheath will save the thoracic 

duct from injury. Most often, the thoracic duct 

is hidden from the surgeon’s view, and it can 

only be seen after the injury occurs. If 

 diagnosed intraoperatively, primary repair 

should be attempted even on friable tissue.

• Injury to the recurrent laryngeal nerve is 

avoided partly by choosing a left-side anterior 

Fig. 14.1 (a) Post- 

contrast T1 sagittal MRI 

reveals a homogenously 

enhancing tumor 

affecting C7, T1, and T2 

vertebral bodies with 

extension into the 

epidural space. 

Stretching of the spinal 

cord and segmental 

kyphosis due to the 

collapse of the vertebral 

bodies are also evident 

at the CTJ. (b) T2 

sagittal MRI illustrates a 

hypersignal mass 

originating from the 

vertebral bodies at the 

CTJ with apparent cord 

compression but no 

associated myelopathy
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approach. A carefully placed medial retractor 

under the esophagus (and not within the tra-

cheoesophageal groove) also helps to prevent 

injury to the nerve.

• Longus colli muscles have surgical impor-

tance in an anterior approach. Working medial 

to these muscles prevents injury to the sympa-

thetic chain. They are also regarded as surgi-

cal landmarks for the midline and correct 

level.

• External and internal jugular veins and infe-

rior thyroid vessels may hinder anterior access 

to the CTJ in some patients and may need to 

be ligated and cut.

• Anterior reconstruction with autograft bone is 

superior to allograft or synthetic cages in mul-

tilevel anterior corpectomies.

• When closing a pedicle subtraction osteotomy 

during a posterior approach, care should be 

taken to prevent spinal cord buckling by 

removing two-thirds of the rostral and caudal 

lamina.

• Because of the convexity of vertebral bodies 

at the anterior border and the risk of injury to 

vital structures, ventral pedicle screw penetra-

tion should not exceed beyond 80% of the ver-

tebral body on a lateral radiograph.

• In comparison to conventional AP view, a 

slightly oblique AP is better for identifying 

the entry point at the midpoint of the pedicle.

• A posterior fusion may skip C7 for better 

alignment of the connecting rods between 

lower cervical and upper thoracic vertebrae.

 Complications and Strategies 
for Avoidance

The complications can be of a systemic or a 

direct operative cause. Systemic complications 

include deep venous thrombosis, pulmonary 

embolism, and cardiovascular problems in 

elderly patients or prolonged surgeries. Direct 

operative complications include early or late 

complications. Early complications are dyspha-

gia, temporary hoarseness, vocal cord paresis, 

Horner’s syndrome, postoperative hematoma or 

emphysema (tracheal injury), esophageal rup-

ture, lung injury, vascular injury, exaggerated 

preexisting myelopathy, and infection. Late com-

plications include pseudoarthrosis, device fail-

ure, muscular atrophy, and late infection.

Recommended strategies for prevention are as 

follows:

Intraoperative pneumatic compression 

stockings and early initiation of IV anticoagu-

lants (after 24 h) should be used in high risk 

patients. Awake intubation and intraoperative 

Fig. 14.2 (a) 

Postoperative 

reconstructed sagittal 

CT scan of the same 

patient shows 

appropriate placement of 

a strut graft at the 

corpectomy site. (b) 

Sagittal T2WI confirms 

spinal cord 

decompression. The 

restoration of the height 

and the reversal of the 

segmental kyphosis were 

achieved through a 

modified anterior 

cervical approach
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neuromonitoring reduce the risk of postopera-

tive aggravated myelopathy. Any vascular 

injury should be repaired primarily. During a 

left anterior approach, the plane of dissection 

should always stay medial to the carotid sheath 

to avoid thoracic duct injury. In a right anterior 

approach, the retractors should be placed deep 

to esophagus and not within the tracheoesopha-

geal groove to prevent an injury to recurrent 

laryngeal artery. The surgeon should be very 

meticulous about esophageal injury and the 

possibility of occult ruptures should be 

excluded at the end of surgery by the instilla-

tion of Indigo carmine via a retracted nasogas-

tric tube. If leakage happens, primary 

esophageal repair is mandatory to avoid acute 

mediastinitis. A Hemovac drain should be kept 

under the fascia (posterior approach) or pla-

tysma (anterior approach) for 12–24 h postop-

eratively to prevent the formation of 

postoperative hematoma. To decrease the risk 

of pseudoarthrosis, the patient should be 

encouraged to stop smoking. Because the risk 

of pseudoarthrosis grows up with the number of 

anteriorly operated segments, the use of auto-

grafts is advocated for these patients.

 Conclusion

The cervicothoracic junction is a tricky area to 

the spine surgeons in terms of the complex ven-

tral anatomy and biomechanical concerns. A 

spectrum of different pathologies seen elsewhere 

throughout the spinal column may necessitate an 

anterior, posterior, or circumferential approach 

with instrumentation at this area. Anterior surgi-

cal access is limited by the sternum and crowding 

of neurovascular structures which may pose sig-

nificant postoperative morbidity, while the poste-

rior approach is complexed by the anatomy of the 

pedicles and intraoperative X-ray drawbacks. 

Two main postoperative concerns are adjacent 

segment disease and treatment failure/pseudar-

throsis, which usually mandate supplemental 

posterior instrumentation and fusion crossing the 

cervicothoracic junction.
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 Introduction

The first reported case of a thoracic herniated disc 

causing spinal cord compression was published in 

1838 [1], with the next reported case 73 years later 

[2]. The original surgical treatment for herniated 

discs was laminectomy, which was introduced in 

1922 [3]. Unfortunately the procedure was mor-

bid, rendering many patients paraplegic [4]. The 

first lateral approach to the thoracic spine was 

via costotransversectomy in 1900 [5], which was 

subsequently modified for Pott’s disease [6]. A 

modernized approach of costotransversectomy for 

thoracic herniated disc was implemented in 1960 

[7], and it was soon observed to be more effective 

and safer than laminectomy [8]. The first transtho-

racic procedure for herniated disc was described 

in 1958 [9] and was soon deemed as a viable 

alternative to costotransversectomy [10, 11]. The 

original description of an open anterior approach 

to the thoracic spine is from 1928 [12], which 

was subsequently modified in 1969 for scoliosis 

[13]. All of these approaches have evolved with 

time, and  current iterations include microsurgical 

techniques, video-assisted thoracoscopic surgery, 

and minimally invasive surgery [8, 14–21]. This 

 chapter will focus on open anterior and lateral 

approaches to the thoracic spine for the purpose of 

interbody placement.

 Specific Pathologies

The main rationale for an anterolateral approach to 

the thoracic spine is to gain direct access to pathol-

ogy of the thoracic vertebral body and/or disc 

space. For the purpose of interbody placement, 

these approaches provide the largest access corri-

dor for placement of a strut graft and subsequent 

arthrodesis. Operative indications and approaches 

for interbody placement depend on patient symp-

toms and the specific diagnosis seen on imaging, as 

well as the specific anatomical location of any 

pathology. Pathologies to be treated include five 

broad categories: degenerative, neoplastic, infec-

tious, spinal deformity, and trauma. Degenerative 

pathologies can include but are not limited to tho-

racic disc herniation and ossification of the poste-

rior longitudinal ligament (OPLL). Neoplastic 

lesions include most commonly metastatic tumors 

to the spinal column as well as primary bone 

tumors. Infectious etiologies include the spectrum 

from discitis to osteomyelitis and, rare today, tuber-

culous lesions. Deformity can include adolescent 

idiopathic scoliosis and Scheuermann’s kyphosis, 

as well as adult degenerative deformities. Trauma 

includes a variety of fractures or ligamentous inju-

ries that can involve the thoracic spine.
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 Indications for Surgery

In general, surgery should be offered for (1) 

symptomatic lesions that have failed conservative 

therapy, (2) lesions compromising spinal stabil-

ity, and (3) lesions that cause progressive neu-

rological symptoms (i.e., myelopathy, extremity 

weakness, paralysis, bowel or bladder dysfunc-

tion, imbalance, ataxia, and debilitating pain 

refractory to nonoperative treatments). A sim-

plified guideline is that surgery is indicated for 

lesions that cause any neurological deficit and 

lesions that compromise the stability of the spinal 

column in such a manner that normal physiologi-

cal load-bearing activity can lead to neurological 

injury. Stable asymptomatic lesions can be moni-

tored with serial imaging, especially if the surgery 

has potential morbidities. Specific considerations 

for different classes of pathology are discussed 

below. It is important to keep in mind that symp-

toms of thoracic spinal cord compression have 

been described as variable and nonspecific [3, 

22, 23]. The typical chronologic progression of 

symptoms is that of band-like thoracic pain, fol-

lowed by sensory disturbances, and ultimately 

bowel/bladder dysfunction [24–26]. Therefore, 

all other sources of myelopathy should be ruled 

out before proceeding to surgery in pursuit of 

thoracic spine pathology.

 Degenerative Disc Disease

Asymptomatic thoracic disc pathology is com-

mon, with 73% of patients having abnormali-

ties on magnetic resonance imaging (MRI), 

including spinal cord deformation in 29% [27]. 

Asymptomatic disc herniations warrant surgery 

only if there is concern that they may prog-

ress and become symptomatic; however, most 

asymptomatic discs do not become symptom-

atic. Progression of disc degeneration over time 

has been reported [25, 28]. The location, size, or 

laterality of asymptomatic disc herniations does 

not indicate that it is benign, as lateral discs can 

cause severe deficits if they compress a feeding 

vessel, [29] and a small asymptomatic herniation 

has the potential to suddenly enlarge and become 

symptomatic, with severe and sudden neurologi-

cal deficits [30, 31]. Symptomatic herniated discs 

can cause thoracic myelopathy and are most 

commonly found in the lower thoracic region 

between T8 and T11 (Fig. 15.1) [32]. Herniated 

thoracic discs are often central (77–94%) as well 

Fig. 15.1 Example of a calcified herniated disc causing 

spinal cord compression. The patient had clear signs of 

myelopathy on physical examination, including hyperre-

flexia and weakness of his lower extremities. Lesion 

requires an anterolateral approach to best access the disc 

space for safe removal of the calcified disc material
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as calcified (22–65%). A small number of these 

discs are intradural (~6%) [26] and can only be 

treated safely using an anterior/lateral approach.

While occurring predominantly in the cervical 

region, OPLL can occur at any level of the spine 

[33–35]. Long-term longitudinal studies of OPLL 

have shown myelopathy-free survival at 30-year 

follow-up to be 71% [36]. Despite these results, 

there are reports of rapid progression of symp-

toms [37, 38]. Further studies have shown that 

spinal canal stenosis of over 60% and lateral cal-

cification are radiographic risk factors for the 

development of myelopathy [39–41]. Anterior 

decompression and reconstruction within the cer-

vical spine for OPLL have been shown to be safe 

and effective [42–44]. Surgery on thoracic OPLL 

is potentially morbid, with recent studies show-

ing a 14.7–34.6% rate of postoperative neurolog-

ical deterioration [45–47]. Therefore, for the 

young asymptomatic patient, deferring surgery 

while closely following the physical exam with 

imaging correlates is appropriate [44].

 Neoplastic

Surgery for malignancy is indicated for tissue 

diagnosis, neurological decompression, and spi-

nal stabilization (Fig. 15.2). Operative interven-

tion is also appropriate when neoplasms are 

resistant to radiation therapy and for removal of 

isolated recurrences. Surgery has been shown to 

improve quality of life for metastases [48–51], 

but the improvements may be compromised if 

there are postoperative complications [52, 53]. 

Preoperative considerations about whether 

patients are surgical candidates include preopera-

tive functional status, medical comorbidities, life 

expectancy, and need for tissue diagnosis [54–

56], while new evidence suggests that age is not 

an absolute contraindication [57].

 Trauma

Thoracic spinal fractures occur most frequently 

at the thoracolumbar junction, with 50–80% 

between T10 and L2 [58, 59]. This area is more 

susceptible to injury because the thoracic spine 

has additional mechanical stability via the rib 

cage, while the more caudal junctional levels 

undergo transitioning from kyphosis to lordosis 

in conjunction to a change in orientation of the 

facet joints [60, 61]. The most common fracture 

types are compression and burst [61, 62], with 

the traditional teaching being that surgery is con-

sidered for patients with more than 40% height 

loss, 50% compromise of the spinal canal  without 

Fig. 15.2 Example of a metastatic lesion to the T3/T4 

disc space causing spondylolisthesis and spinal column 

instability. Surgery only for tissue sampling and decom-

pression would be inappropriate, as there is risk for spinal 

cord injury with worsening spondylolisthesis. Placement 

of an interbody with fusion would restore spinal align-

ment and provide stability for arthrodesis
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 neurological deficits, or a kyphotic deformity 

greater than 300 degrees [63–65].

 Deformity

Thoracic spine deformity may be congenital, 

idiopathic, degenerative, and as a sequelae of pre-

vious trauma, infection, neoplasm, or surgery. 

Again, it is appropriate to perform surgery on 

symptomatic deformity, including intractable 

axial or radicular pain and progressive neurologi-

cal deficits. Often, surgery is deferred until 

kyphosis is greater than 30 degrees or if there is 

progression of deformity on serial imaging.

 Infectious

With the advent of modern antibiotics, vertebral 

osteomyelitis and discitis without mechanical 

instability or a neurological deficit can be primar-

ily treated nonsurgically [66–69]. Surgery is war-

ranted to identify the causative organism, for 

neurological progression, or osseous deformity 

causing pain. Recent evidence has shown that 

spinal instrumentation within an infected locus, 

including from an anterior approach and with 

tuberculosis, is safe and warranted to confer 

additional stability [70–75].

 Imaging

Adequate imaging is vital before surgery on the 

thoracic spine. Plain radiographs are a versatile 

and fairly inexpensive imaging modality. They 

are sensitive enough to identify vertebral body 

alignment/deformity, fractures, evidence of dis-

citis or spondylosis, osteolytic/blastic lesions 

(malignancy), and calcifications within the spi-

nal canal that are indicative of posterior osteo-

phytes and calcified discs. They can be used 

preoperatively to count the number of ribs and 

vertebral bodies for correlation with intraopera-

tive fluoroscopy and can be helpful for accurate 

intraoperative localization to minimize the risk 

of surgery at an incorrect level. Plain radiographs 

are also useful to assess pulmonary function and 

to identify possible risk factors for complica-

tions, including COPD/emphysema, heart fail-

ure, and pulmonary metastasis. In addition, 36″ 

standing radiographs can be used to assess for 

alignment under physiological loads as well as 

with bending to illustrate whether a deformity is 

fixed or mobile. One caveat with plain radio-

graphs is that it may be ineffectual in patients 

with a large body habitus, as bony anatomy may 

be obscured.

MRI functions as the mainstay imaging 

modality, with sufficient sensitivity and specific-

ity to differentiate disc disease from infectious, 

neoplastic, traumatic, or demyelinating patholo-

gies [76–78]. CT can also be useful and in some 

cases is superior to MRI when imaging bony 

anatomy, calcified discs, and OPLL. It may also 

be used to define bony architecture for surgical 

approaches and instrumentation [23, 79, 80]. CT 

myelography is useful to assess bone anatomy in 

relation to neural structures.

It is important to note that both CT myelogra-

phy and MRI have a relatively high false-positive 

rate when it comes to identifying symptomatic 

disc disease, about 14% for both [23, 81, 82]. In 

rare cases where the pain generator cannot be 

identified, or if there are multiple sites of disc dis-

ease, or no clear pathology at all, provocative dis-

cography has been useful in localizing the 

specific site of axial back pain [83–85]. This pro-

cedure should not be used when there is large 

disc prolapse with cord deformity, as the saline 

injection may cause further disc herniation and 

increase the risk of spinal cord injury.

 Medical Optimization

Patients should be medically optimized before 

any open anterior or lateral approach to the 

spine. These procedures are potentially morbid 

with a risk for major blood loss and can place 

considerable physiological stress on the patient 

in the perioperative period. Plain chest AP and 

lateral radiographs are part of routine screen-

ing for any patient undergoing elective surgery 

and are a useful screening modality for COPD/
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emphysema, heart failure, and pulmonary metas-

tasis. Echocardiography is indicated for those 

patients who may have elements of heart failure. 

Pulmonary function testing is useful to quantify 

pulmonary disease and identify patients whose 

lung capacities may be insufficient to tolerate sur-

gery; this is especially important if the operative 

plan is to deflate a lung and to ventilate with only 

one lung. Marginal surgical candidates should 

undergo these additional tests and excluded if 

there is clinical indication that they may not toler-

ate the procedures. These approaches are known 

to produce severe pain from rib resection, soft tis-

sue retraction, and chest tube placement, which 

is necessary when entering the thoracic cavity. 

Many of these approaches require preoperative 

coordination with an access surgeon, who will 

provide spinal exposure. However, in the case of 

acute neurological deficit, such considerations 

are not feasible, and therefore it is imperative 

that the treating surgeon weigh the potential risks 

of a morbid approach with the potential benefits. 

It is also critical that the surgeon discusses these 

considerations with the patient, if possible, prior 

to undergoing surgery.

 Neuromonitoring

Intraoperative neuromonitoring has efficacy to 

detect spinal cord injury, but its ability to prevent 

injury remains controversial [86–91]. There are 

specific reports of poor sensitivity and specificity 

of neuromonitoring for thoracic spine surgery 

[92, 93]. Neuromonitoring may be used to iden-

tify and avoid potential ischemic injury to the spi-

nal cord, which may occur during ligation of 

radicular arteries [94]. Recent literature has 

shown that three levels of bilateral arterial sacri-

fice are safe without evidence of cord ischemia or 

compromise [95], although there are case reports 

where just a single artery ligation caused spinal 

cord ischemia [96]. The number of segmental 

vessels ligated is proportional to the risk of cord 

ischemia and should therefore be minimized if 

possible [97]. This may be more pronounced if 

the artery of Adamkiewicz (great anterior radicu-

lomedullary artery) is targeted. Localization of 

this vessel, which normally arises from the left 

side from T9–L2, may be achieved using modern 

imaging modalities [98–100].

Ultimately, the specific monitoring modality 

used, whether SSEP, MEP, or EMG, is conten-

tious, as currently there is no universal standard 

of care [101, 102]. It may be able to provide real- 

time feedback about injury to the spinal cord, but 

its utility to prevent injury is still uncertain. A 

baseline reading should be obtained before initia-

tion of surgery, which is used for intraoperative 

comparisons. Changes from this baseline indi-

cate injury, and the surgeon should correlate 

these changes with intraoperative findings. Some 

aberrations from baseline may be caused by 

physiologic changes, anesthetic parameters, or 

technical problems, which are outside the scope 

of this chapter [103–105].

The exact approaches utilized will be dictated 

by the location of pathology. As a general rule, 

T1 to T3 requires an anterior transmanubrial 

approach, T4 to T10 a lateral transthoracic 

approach, and T10 to T12 a lateral thoracoab-

dominal approach, which may be used for upper 

lumbar pathology as well.

 T1–T3: Transmanubrial (Possibly 
with Clavicular Resection)

As compared to the remainder of the thoracic spine, 

surgical pathology in this area is uncommon. In 

patients with long and thin necks, the C7/T1 and 

T1/T2 discs are potentially approachable via the 

standard anterior cervical discectomy approach. 

However, in most patients, a transmanubrial 

approach is necessary and will allow access up to 

the T3/T4 disc space. The transmanubrial corridor 

requires dissection and manipulation of the supe-

rior mediastinum, including the left brachioce-

phalic vein, subclavian veins, aortic arch, and great 

vessels, putting these structures at risk. Other struc-

tures at risk include the carotid sheath and contents, 

trachea, esophagus, recurrent laryngeal nerves, 

sympathetic trunk and stellate ganglion, and pleu-

ral apices. There are several variations to this 

approach [106–108], but this section will cover the 

most commonly used technique.
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The patient is positioned supine with a towel 

roll or bolster between the scapulae to allow for 

head and shoulder extension. Additional exten-

sion can be achieved by lowering the head of the 

operating table. The shoulders are pulled down 

using adhesive tape to allow for lateral fluoros-

copy, but placing too much tension on the shoul-

ders puts the patient at risk for brachial plexus 

injury. Trendelenburg positioning may allow for 

enhanced venous drainage from the operative 

site. An orogastric tube should be placed to help 

identify the esophagus intraoperatively.

An incision through the skin and subcutane-

ous layer is performed along the medial border of 

the right sternocleidomastoid (SCM) muscle or 

along the superior border of the clavicle if a cla-

vicular resection is planned. The incision should 

extend caudally to the sternal notch and then 

down the midline of the manubrium to the sternal 

angle. Platysmal flaps are then elevated while 

ensuring the safety of the anterior jugular vein 

underneath; however, this vessel may be ligated 

if necessary to aid in exposure. The strap muscles 

and the SCM are dissected, and their insertions 

onto the clavicle and manubrium are identified 

and elevated subperiosteally proximally and lat-

erally. Subperiosteal exposure of both the clavi-

cle and the manubrium is performed, which 

requires elevation of the pectoralis major muscle. 

Subperiosteal exposure should also be accom-

plished along the posterior aspect of the manu-

brium with finger dissection. At this point, if 

necessary, the clavicle may be sectioned with 

care, as the subclavian vein is in close proximity 

underneath. Up to the middle of the clavicle may 

be taken, with greater removal improving expo-

sure. After sectioning, it is disarticulated from 

the manubrium and stored for reimplantation 

during closure.

The manubrium is split longitudinally along 

its midline while being careful not to injure the 

mediastinal structures. Sternal retractors are 

placed to help exposure, and the major vessels, 

the pericardium, and the thymus are identified. 

The inferior thyroid artery and vein may be 

ligated to assist in exposure. The thymus and 

surrounding fat are reflected to the right, and the 

trachea, esophagus, and carotid sheath are iden-

tified. The left innominate vein may be sacrificed 

to enhance the exposure. The approach to the 

spine is between the left common carotid and the 

right innominate (brachiocephalic) artery, tra-

chea/esophagus, and thyroid (Fig. 15.3). The 

recurrent laryngeal nerve lies posterior to the tra-

chea and anterior to the esophagus, and so to 

avoid injury, care should be taken to avoid dis-

section or manipulation of this area, including 

during placement of the retractor. The brachio-

Fig. 15.3 The vascular anatomy encountered during the 

transmanubrial approach to the spine. The final corridor to 

the vertebrae during this approach is between the left 

common carotid artery and the right innominate (brachio-

cephalic) artery. This pathway yields a relatively avascu-

lar plane, which upon careful and blunt dissection will 

yield the vertebral column
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cephalic and subclavian veins can be displaced 

inferolaterally to approach the prevertebral fas-

cia, which can be thinned by using a Kitner to 

visualize the longus colli muscles [106, 109]. 

The thoracic duct lives in close proximity and to 

the left of the esophagus from around T4 to 

where it joins with the internal jugular or subcla-

vian vein, and care must be taken to not injure it.

The remainder of the procedure should be per-

formed in a similar fashion as a cervical spine 

anterior cervical discectomy. Briefly, osteophytes 

that narrow the access to the disc space should be 

cleaned away using rongeurs or a high-speed 

drill. A sharp knife is used to incise the anterior 

longitudinal ligament and the annulus fibrosis, 

allowing access into the interbody space. The 

bulk of the disc should be removed with pituitary 

forceps. The superior and inferior aspects of the 

end plates should be prepared by cleaning away 

any residual disc material: an osteotome or vari-

ous curettes are excellent tools for this task. Once 

all the residual disc material has been cleared 

away, the desired interbody device can be placed. 

Additional instrumentation and fusion are often 

required to ensure stability of the interbody 

device (Fig. 15.4). Hemostasis is achieved with 

bipolar cautery and hemostatic agents.

Closure is performed in layers. The sternum 

and manubrium should be wired to approximate 

the split halves. If the clavicle was disarticulated 

and removed, it should be fixed back into place. 

The strap muscles and SCM are reattached to 

their insertion sites and repaired. A drain is 

placed, and the platysma and skin are closed in 

the usual fashion.

 T4–T12: Transthoracic (Possibly 
with Scapula Mobilization)

The transthoracic approach to the spine allows 

for straightforward access from T6 to T12. 

Access to T4 and T5 is possible but requires ele-

vation of the scapula to reach this height.

The patient is intubated with a double lumen 

endotracheal tube to allow for deflation of the 

lung and is subsequently placed in a lateral 

decubitus position. An axillary roll is often nec-

essary to prevent pressure on the brachial 

plexus. The laterality of the surgery should be 

ipsilateral to the pathology. However, the left-

sided approach avoids potential injury to the 

thoracic duct as well as the fragile azygos vein 

and vena cava, and the view is not obstructed by 

Fig. 15.4 (a) Computed tomographic scan of the cervi-

cothoracic junction illustrating a T3 vertebral body frac-

ture with retropulsion into the spinal canal. The dotted 
lines show the rostral and caudal limits to a transmanu-

brial approach to the spinal column. (b) Postoperative 

imaging after a T3 corpectomy with instrumentation and 

fusion was performed on this lesion (Reprinted with per-

mission from Lam and Groff [109])
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the dome of the liver in the lower thoracic 

spine. For the upper thoracic spine, a right-

sided approach avoids the heart, carotid, and 

subclavian vessels. Scoliosis may prompt an 

approach from the convexity, instead of being 

confined within the concavity. A final consider-

ation is if the patient has had previous surgery 

or pulmonary disease which would make access 

to a specific thoracic cavity preferable. The 

patient should be placed at the break of the 

table such that a mild convex curve is created, 

which assists in opening of the rib interspaces.

The location of the incision is determined 

with fluoroscopy; it should be located two rib 

levels cranial to the pathology, and the incision 

itself is oblique along the superior aspect of the 

rib and should reach past the anterior axillary 

line for adequate exposure. The skin is incised, 

and there are often several layers of musculature 

that need to be divided in a layered fashion and 

overlying the rib, including the trapezius, latis-

simus dorsi, rhomboid major, rhomboid minor, 

serratus anterior, and serratus posterior. At the 

rib, a subperiosteal plane is used to dissect away 

the neurovascular bundle from the inferior 

aspect of the rib using an Alexander-Farabeuf 

periosteotome and a Doyen elevator. The rib is 

then cut at the costal junction anteriorly and the 

costotransverse junction posteriorly; it should 

be harvested and used as autograft to enhance 

arthrodesis.

Within the upper thoracic spine, the scapula 

limits exposure, and so additional rib resections 

may be necessary. Alternatively, the scapula may 

be mobilized. If this is the plan, then the incision 

should start from the T1 spinous process and 

travel along the medial/inferior border of the 

scapula. At the most inferior aspect of the scap-

ula, the incision should curve anteriorly along the 

sixth or seventh rib to end at the costal cartilage 

of the third rib. Dissection is performed in a lay-

ered fashion through the musculature (i.e., trape-

zius, latissimus dorsi, rhomboids, serratus 

posterior), which mobilizes the scapula and 

allows it to be retracted proximally and away 

from the operative site. The removal of the rib is 

similar to the procedure described previously, 

with a subperiosteal dissection and harvesting at 

the desired rib being performed while sparing the 

neurovascular bundle.

The lung is then deflated, and the parietal 

pleura incised, allowing access to the thoracic 

cavity. It is possible to dissect the pleura away 

from the chest wall after rib removal, which 

allows for an extrapleural approach to the 

spine and thus no need for a chest tube [110]. 

Extrapleural dissection also has a theoretically 

decreased risk of perioperative morbidity. A rib 

spreader provides rib retraction and eases entry 

into the thoracic cavity, and the lung may be pro-

tected with a malleable retractor covered with a 

sponge.

At this time, it is prudent to again use fluoros-

copy to identify the correct interspace. 

Alternatively, the surgeon may count the ribs by 

palpation within the thoracic cavity. The neuro-

vascular structures should also be identified, 

including the aorta, parietal pleura, azygos veins, 

vena cava, and sympathetic plexus, and avoided 

if possible. The parietal pleura is dissected to 

expose the subperiosteal plane on the interspace, 

with care taken to avoid the segmental vessels if 

possible; these vessels may be ligated but should 

be tied or clipped away from the aorta to avoid 

bleeding. The vertebral bodies and disc space are 

exposed subperiosteally to enhance visualization 

(Fig. 15.5). If necessary, the sympathetic chain 

can be displaced dorsally. The intercostal neuro-

vascular bundle can be used to localize the neural 

foramen. The rib head is removed with a rongeur 

or a drill, allowing full exposure and access to the 

disc space. Additional rib resections may be per-

formed if greater exposure is needed to approach 

multiple levels. The surgeon should be able to see 

clearly the disc margins, the intervertebral fora-

men, and the pedicle above and below the opera-

tive site.

The pedicle below the disc space may require 

removal using a burr and Kerrison rongeurs to 

enhance exposure of the exiting nerve root and 

the thecal sac, as well as osteophytes which 

may crowd the disc space. The disc annulus is 

incised sharply, and the disc material can be 

removed with a pituitary rongeur, a Kerrison 

rongeur, or a drill. The goal at this stage should 

be decompression and preparation of the inter-
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space for arthrodesis, which requires removal 

of as much of the disc as possible. For calcified 

central discs, decompression is ensured if the 

entirety of the thecal sac is visualized and the 

contralateral pedicle can be palpated with a 

blunt instrument. After removal of the disc, 

bleeding of the epidural veins can be treated 

with hemostatic agents or careful bipolar cau-

tery at a low setting. An interbody is placed, 

and the vertebral bodies are instrumented to 

allow for fusion.

Calcified discs with dural adhesions are at the 

highest risk for CSF leak [26, 111]. If a CSF leak 

is encountered, primary approximation for water-

tight closure is always the most ideal treatment 

choice. However, this is often not possible due to 

the narrow working space, or the tear may be so 

large that it is better classified as a dural defect. 

Subsequently, other standard methods of dural 

closures should be attempted, including the mus-

cle, fat, or fascia onlay to plug the hole. The use 

of fibrin glue sealants is common in these situa-

tions. For large CSF leaks or inadequate repairs, 

a subarachnoid drain for CSF diversion should be 

placed as cranial to the dural defect as possible. 

Drains should undergo attempted wean by POD5- 

7, and patients who have a persistent CSF leak 

through the incision despite prolonged drainage 

perhaps need permanent shunting.

At the time of closure, irrigation of the tho-

racic cavity allows for removal of bone fragments 

and dust as well as identification of air leaks 

within the visceral pleura. A chest tube is placed 

along the posterior aspect of the thoracic cavity 

via a separate incision. The parietal pleura should 

be closed, with visual confirmation of lung rein-

flation afterward. The ribs are reapproximated 

with nonabsorbable suture or wire, with the assis-

tance of a rib reapproximator. The overlying 

musculature should be closed in layers and the 

skin closed in the usual fashion. The chest tube 

should be set to water suction and monitored for 

air leakage.

 T10–L2: Thoracoabdominal Approach

This versatile approach allows for spinal access 

from T10 to L2 by partial mobilization of the dia-

phragm to give access to the thorax and retroperi-

toneum. It is important to note that extending the 

incision to the iliac crest does allow for exposure 

of the lower lumbar disc spaces. This approach 

does carry with it unique risks, including injury 

Fig. 15.5 This illustration shows the operative view of 

the bony and vascular anatomy after exposure of a left- 

sided transthoracic approach to the spinal column. The 

descending aorta partially obscures the view, but this ves-

sel may be mobilized with relative ease if necessary. The 

sympathetic chain and ganglia lay just lateral to the verte-

bral bodies, and, if necessary, subperiosteal elevation is 

possible
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to the abdominal viscera, splanchnic nerves, 

sympathetic trunk, thoracic duct, and great ves-

sels, as well as postoperative ileus. It should not 

be performed on patients with respiratory com-

promise or those with adhesions from previous 

retroperitoneal surgery.

The patient is intubated with a double-lumen 

endotracheal tube. A nasogastric tube should be 

placed to assist with intraoperative identification 

of the esophagus. The patient is placed in a lateral 

decubitus position. The approach may be from 

the left or right side, but a left-sided approach is 

advantageous because the liver will not obscure 

the view and the thin-walled vena cava does not 

need to be mobilized. The table should be broken 

to spread out the operative field, with the center 

of break positioned over the site of the incision. 

Fluoroscopy is used to confirm the operative 

level, and an incision is made along the 9th, 

10th, or 11th rib, depending on the location of 

the pathology. Its course starts from the posterior 

angle of the rib and continues anteriorly along the 

rib past the costal cartilage, and once at the ante-

rior surface of the abdomen and before the rectus 

abdominus, it should curve inferiorly to end at 

the level of the pathology. The muscles and fas-

cia are divided in a layered fashion to reach the 

surface of the rib, which is exposed to the costal 

cartilage. The rib is raised subperiosteally, avoid-

ing damage to the neurovascular bundle, and cut 

at the costal junction and the costotransverse 

junction. It may be used as autograft to enhance 

fusion.

The lung is deflated and the pleura is identi-

fied. The retropleural space is entered by blunt 

dissection through the cartilaginous portion of 

the rib. The peritoneum is then swept off the rec-

tus abdominus and the diaphragm with the use of 

fingertip or a sponge stick. The internal oblique, 

external oblique, and transversus abdominis mus-

cles are cut in a layered fashion. Further exposure 

and dissection allow visualization of the psoas 

muscle, and the peritoneum should again be 

swept off of it carefully. The peritoneum often 

covers the diaphragm posteriorly, and after 

sweeping it off it can be clearly visualized. Entry 

into the thoracic cavity is performed by opening 

the rib bed, and the collapsed lung may be further 

retracted with a malleable covered with a sponge. 

At this time, the diaphragm may be sectioned and 

released circumferentially from within the chest 

cavity, being sure to maintain at least 1 cm to 

allow for reattachment of this muscle. If access to 

L1 and L2 is necessary, then the diaphragmatic 

crus may also need to be incised. Suture may be 

placed in the diaphragm remnant to aid closure at 

the end of procedure.

Access to the disc space and placement of an 

interbody is performed as described previously, 

making sure to respect the great vessels and sym-

pathetic plexus. If mobilization of the great ves-

sels is required to access the vertebral body, then 

the intercostal vessels may need to be ligated 

safely and away from their origin. If the psoas 

muscle needs to be mobilized, a subperiosteal 

dissection should be performed to avoid injury of 

the lumbar plexus.

At the time of closure, a chest tube is placed 

using a different entry site. Closure of the wound 

should be performed in layers, including the dia-

phragm, the pleura, and the intra-abdominal mus-

cles. Careful closure of this area is crucial, as any 

defect may allow for the development of a hernia. 

Visual confirmation of lung reinflation should be 

performed before closing the superficial muscu-

lar layer. The skin is closed in the usual fashion.

 Choice of Interbody Device

Depending on whether a discectomy or discec-

tomy with corpectomy is necessary, a variety of 

instrumentation and grafting options are avail-

able (Fig. 15.6). Iliac crest graft either as auto-

graft from the patient or as an allograft from 

cadaveric donor bone is viable. One consider-

ation with iliac crest graft is the potential harvest 

site morbidity. Other structural allografts such as 

a fibular strut or femoral ring allografts can be 

used. As technology has evolved, a variety of 

other synthetic strut grafts have been developed, 

ranging from static titanium cages to expandable 

cages with modular end caps made either out of 

titanium or polyether ether ketone (PEEK). 

Traditionally, these strut grafts were used in con-

junction with an anterior plate secured by screws. 
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Newer implants have emerged with integrated 

plating systems that allow for securing of the 

cage to the bone without the use of a plate. Bone 

grafting options range from locally harvested and 

morselized autografts to a variety of allograft 

products that are available on the market. Other 

biologic extenders such as recombinant human 

bone morphogenetic protein and silicone-based 

bioglasses are also available to help facilitate 

arthrodesis. More recently, a number of allograft 

preparations enriched with mesenchymal stem 

cells have also emerged as grafting options. A 

detailed discussion of all these options is outside 

the scope of this chapter, but numerous options 

exist to promote arthrodesis, and surgeons must 

familiarize themselves with the potential risks 

and benefits of each [112].

 Minimally Invasive Anterior Thoracic 
Approaches

More recently minimally invasive approaches, 

which were initially developed for the lumbar 

spine, have been also adapted for the thoracic 

spine. These techniques most often utilize a mod-

ular expandable retractor which can be used in 

conjunction with a fiber optic light source to 

allow for visualization through a relatively small 

opening. However, these approaches are outside 

the scope of this chapter.

 Illustrative Case
A 59-year-old man with diabetes mellitus and 

hypertension presented to clinic with a 2-month 

history of “pins and needles” in his feet. He 

reported that the sensation traveled up his legs 

and ended in his lower back. He reported axial 

mid-back pain, which was made worse with 

movement. He denied any bowel or bladder 

incontinence, weakness, or numbness. He was 

able to perform his normal activities of daily liv-

ing without difficulty. On examination, his 

strength was intact in both his upper and lower 

extremities, and rectal tone was intact. He had 

diminished light touch in a stocking distribution 

in his bilateral lower extremities. His reflexes 

were 1+ in his upper extremities and 3+ in his 

patellar and Achilles tendons with cross adduc-

tion. A test of pathological reflexes revealed three 

beats of clonus in his bilateral lower extremities, 

as well as positive Babinski’s sign bilaterally. 

MRI of the thoracic spine revealed a large 

gadolinium- enhancing mass that was centered at 

the right T10 pedicle; the mass encroached into 

the vertebral body of T10 and caused impinge-

ment of the spinal cord at that level (Fig. 15.7).

Due to need for tissue sampling for pathology, 

the clear myelopathy on physical exam, and the 

potential for spinal column destabilization due to 

erosion of the vertebral body, the decision for 

operative intervention was made. The operative 

plan was to perform a two-stage surgery. The first 

stage was a posterior approach T9–T11 laminec-

tomy and right facetectomy with resection, fol-

lowed by T9–T11 pedicle screw instrumentation 

and fixation. The second stage of the surgery was 

Fig. 15.6 This AP radiograph is an example of instru-

mentation options. The patient has a T8–L2 pedicle fixa-

tion with a T12 corpectomy and placement of an 

expandable cage
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a right lateral transthoracic approach for T10 cor-

pectomy and resection of tumor. The vertebral 

body defect was repaired with an expandable 

PEEK cage with T9–T11 anterior fusion.

The patient tolerated surgery without any intra-

operative complications. His postoperative course 

was benign; his chest tube was removed on postop-

erative day 3, and he was discharged to inpatient 

rehabilitation on postoperative day 5. Postoperative 

anterior/posterior and lateral x-rays showed good 

placement of hardware and stable construct 

(Fig. 15.8). Final pathology revealed the tumor to be 

a schwannoma. Imaging performed at 1-year fol-

low-up showed gross total resection of the lesion.

 Technical Pearls
• A double-lumen ET tube should be used to 

facilitate lung collapse.

• An access often surgeon is recommended to 

safely reach the desired spinal cord level.

Fig. 15.7 Preoperative MRI of a 59-year-old man who 

presented to the clinic with signs of myelopathy. The 

lesion is centered at the right pedicle and is causing ero-

sion of the vertebral body. There is significant stenosis of 

the spinal canal with impingement on the spinal cord

Fig. 15.8 Postoperative imaging for the patient in 

Fig. 15.7. The patient underwent a two-stage operation. 

The first stage was a T9–T11 laminectomy, right facetec-

tomy, and pedicle screw fixation. The second stage was a 

right transthoracic T10 corpectomy and placement of an 

expandable PEEK cage. The patient continued to do well 

1 year postoperatively
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• For the lateral decubitus position, a beanbag 

or foam bolster may be used to assist in 

 placement, with an axillary roll used to pre-

vent brachial plexus injury.

• Placing the incision over the break in the table 

helps to improve exposure by spreading out 

the operative field.

• If the table is broken during surgery, then it 

should be returned to flat position before instru-

mentation to prevent iatrogenic scoliosis.

• Flexion of the patient’s hips and knees helps 

relax the abdominal musculature.

• For approaching the cervicothoracic junction, 

the recurrent laryngeal nerve has a more reli-

able course on the left, and a left-sided 

approach may be favored.

• For patients with extreme kyphosis, the trans-

manubrial approach may not be successful to 

allow for access to the disc space, and there 

are radiological methods to predict whether 

patients are amenable to this approach [108].

• Preoperative recognition of a calcified disc is 

important for planning of the surgical approach 

and techniques and can be identified with 

plain radiographs or CT myelogram.

• The transthoracic approach is best for treatment 

of calcified disc, and partial corpectomies may 

be needed to ensure safe exposure of the disc.

• The best way to avoid a durotomy is to limit 

manipulation of the thecal sac if possible.

• For the transabdominal approach, a gauze- 

covered finger or a Kitner may be used to dis-

sect out the peritoneum as well as the parietal 

pleura without violating the peritoneum.

• When splitting muscles, their ends should be 

tagged to allow for anatomic approximation 

during repair, especially for the diaphragm.

• Psoas muscle should be mobilized subperios-

teally to avoid injury to the lumbar plexus.

• Due to the potential for blood loss, an intraop-

erative blood salvage device may be useful in 

patients without a history of malignancy or 

infection.

• When it is necessary to ligate segmental arter-

ies, they should be sectioned away from the 

aorta, but ligation should be avoided in gen-

eral to prevent spinal cord ischemia.

• If vessels are taken, prevent hypotension to 

ensure perfusion, especially in the setting of 

severe cord compression, where the cord may 

already have compromised blood flow.

• An intraoperative test occlusion can also be 

performed to assess whether a segmental 

artery is safe to ligate; the vessel can be tem-

porarily clamped for a few minutes to see if 

any signal changes develop on either SSEP or 

MEPs. If no changes are observed, then the 

vessel can be ligated safely and divided.

 Complications and Strategies 
for Avoidance
These procedures are potentially morbid, medi-

cally as well as surgically. The best way to avoid 

a medical complication after surgery is to ensure 

preoperative optimization as well as the appropri-

ate level of postoperative care. Patients should be 

screened to see if they can tolerate the procedure, 

including potentially major blood loss as well as 

lung collapse. Adequate pain management post-

operatively is essential to promote ventilation 

and inflation of the lung, especially with a chest 

tube in place. Thoracic rib blocks by anesthesia 

can provide excellent localized pain control and 

may be safely repeated as necessary. Pulmonary 

toilet using cough, deep breathing exercises, and 

incentive spirometry is important to prevent atel-

ectasis and pneumonia. For the patient with mul-

tiple medical comorbidities, ICU monitoring is 

appropriate.

Accurate and precise localization of a thoracic 

spine lesion is important to prevent surgery at the 

incorrect level. Intraoperative fluoroscopy is used 

to count ribs or vertebral body pedicles superi-

orly until the correct level is reached. However, 

in a small but clinically relevant number of 

patients, variations from normal anatomy in the 

number of ribs and vertebral bodies may poten-

tially lead a surgeon to localize at the wrong level 

if unnoticed preoperatively. Preoperative ante-

rior/posterior and lateral radiographs may be 

used to establish a baseline and correlate with 

intraoperative fluoroscopy. Consultation prior to 

surgery with the radiologist who will be aiding in 

determination of disc level can aid identification 

of correct level. Preoperative marking of the cor-

rect level with a radiopaque dye by interventional 

radiology is also another option. When palpating 

ribs to check the operative level, the second rib is 

15 Open Anterior and Lateral Thoracic Interbody Approaches and Techniques



174

often the most caudal rib that can be easily pal-

pated. The first rib lies inside the second rib and 

may not be easily felt. Fluoroscopy should be 

used to confirm the correct operative level.

Dural openings causing CSF leaks have the 

potential of becoming CSF fistulas, which are 

difficult to treat. Primary, tension-free, and 

watertight repair of any dural opening is ideal, 

but this may be technically difficult to achieve, 

especially with ventral tears. When this is not 

possible, a muscle graft or a pleural flap may be 

used. Processed allograft or xenograft is another 

option. Fibrin glue is useful as an adjunct to rein-

force the suture line [113, 114]. If these tech-

niques are not successful, then the use of a lumbar 

drain for CSF diversion until the dural tear heals 

may be required to prevent a CSF-pleural fistula. 

If there is concern regarding a CSF leak, then the 

chest tube should be removed early before dis-

continuation of the lumbar drain.

 Conclusion

Surgery for thoracic spine disease should be 

offered for symptomatic lesions that have failed 

conservative therapy, compromise spinal stabil-

ity, and/or cause progressive neurological symp-

toms. Preoperative assessment of the specific 

pathology, with evaluation of calcified discs, is 

essential to minimize morbidity. Patients should 

be critically assessed for fitness for surgery and 

medically optimized preoperatively. Approaches 

to the T1–T4 disc spaces frequently require an 

anterior transmanubrial approach, to T4–T10 a 

lateral transthoracic approach, and T10–T12 and 

below a lateral thoracoabdominal approach. An 

access surgeon is often necessary to reach the 

desired level. Postoperative mobilization and 

pain control are needed to minimize morbidity.
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 Introduction

The lateral extracavitary approach (LECA) was 

first described by Capener in 1954 and then modi-

fied by Larson et al. in 1976 [1, 2]. The approach 

affords access to all three columns of the spine, 

and the primary indication of this posterolateral 

intervention is resection of ventral compressive 

pathology on the spinal cord [3]. Anterior decom-

pression and circumferential reconstruction of the 

integrity of the spinal column may be performed 

all through a single incision, and all steps of the 

operation can be accomplished without the need 

for any substantial manipulation of patient posi-

tioning. Moreover, efforts to minimize the inva-

siveness of the operation and reduce the likelihood 

of complications have led to advances in mini-

mally invasive techniques. Now, similar decom-

pression and reconstruction may be accomplished 

with limited muscular disruption [4].

The LECA is one of the numerous options to 

address ventral compressive pathology in the 

thoracic spine, leaving the spinal surgeon with 

numerous considerations. With this chapter, we 

will describe appropriate indications for the 

LECA to assist with decision-making. This will 

be followed by essential preoperative consider-

ations, a detailed review of the surgical steps for 

the classic open LECA, and more recent modifi-

cations to make the operation minimally inva-

sive. This is supplemented by a discussion of the 

essential details of the costotransversectomy and 

transpedicular approaches to the vertebral body. 

These allow for ventral decompression with less 

invasive access, albeit at the expense of a 

decrease in ventral visualization. Following this, 

we will outline the modifications needed for a 

posterolateral approach to the upper thoracic ver-

tebrae (T1–T4) through the lateral parascapular 

extrapleural approach. The chapter concludes 

with technical pearls, a case illustration and a dis-

cussion of potential complications along with 

strategies for avoidance.

 Indications and Patient Selection

The LECA may be employed for posterolateral 

access to compressive thoracic pathology from 

T5 to T12. Lesions from the cervicothoracic 
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junction down to T4 may be approached by the 

lateral parascapular extrapleural approach 

(LPEA) which will also be described within this 

chapter [5]. The LECA or LPEA is certainly not 

the sole option, and spine surgeons are often 

challenged to decide which of the myriad of tech-

niques for decompression of ventral spinal 

pathology is optimal. Broadly these may be 

divided into anterior intracavitary, anterolateral, 

and posterolateral.

The anterior thoracotomy based and modifi-

cations for the upper thoracic spine such as 

trans- sternal, trans-manubrial, and trans-clavic-

ular exposure approaches allow a direct visual-

ization of the anterior and middle columns of 

the spine for decompression and reconstruction 

[6]. However, visualization often comes at the 

cost of approach-specific complications such as 

pulmonary contusions, pleural effusions, atelec-

tasis, and hemothoracies [7]. Less invasive, tho-

racoscopic technologies hold some promise to 

reduce complications, but these techniques are 

less familiar to spine surgeons, and the steep 

learning curve reduces its practicality for sur-

geons who do not perform them routinely [8]. 

An alternative to the intracavitary approach is 

the retropleural approach [9, 10]. This affords 

the benefit of avoiding entrance into the thoracic 

cavity and provides excellent exposure to the 

anterior spinal column. However, challenges 

include an ongoing risk of pleural breach along 

with obtaining appropriate angulation to suffi-

ciently decompress the spinal cord and a risk to 

the segmental arteries. For these reasons and 

more, this approach has yet to garner wide-

spread acceptance.

The posterolateral approaches offer more 

familiarity and are the preferred method for 

many surgeons. These include the transpedicular 

approach, the costotransversectomy, or the 

LECA. Of these three, the LECA affords greater 

exposure and allows for excellent visualization 

[11]. The only anatomical structures of the spi-

nal column falling outside of surgeon visualiza-

tion are the contralateral edge of the vertebral 

body and contralateral pedicle, and, if needed, 

these may often be approached from the contra-

lateral side [12].

The specific pathological indications for a 

posterolateral approach are quite broad. Most 

conditions of the thoracic spinal column that 

result in ventrally oriented compressive forces on 

the spinal cord are amenable to this approach. A 

recent systematic review of the literature con-

ducted by Foreman et al. identified multiple 

series describing the approach to address numer-

ous pathological conditions and include trauma, 

intervertebral disc herniation, tumor, and infec-

tion [3]. A summary of the typical indications for 

LECA may be found in Table 16.1. We strongly 

advocate for the consideration of a LECA where 

a thoracic corpectomy is mandated to achieve 

sufficient decompression and/or resection of 

pathological tissue. We also suggest a LECA for 

cases of calcified, central intervertebral disc her-

niations. Soft laterally oriented thoracic disc her-

niations are most often amenable to treatment by 

a posterolateral microendoscopic thoracic dis-

cectomy [13]. In cases where ventral decompres-

sion is required but patient comorbidities may 

limit LECA as an option, then a transpedicular or 

costotransversectomy approach may be 

 considered; however, more recent modifications 

to the traditional LECA to make it less invasive 

generally make it appropriate even in these 

scenarios.

Table 16.1 Indications for lateral extracavitary approach 

for thoracic spinal decompression and fusion

Trauma
  Vertebral body fracture
   Spinal cord compression

   Painful progressive deformity

Intervertebral disc herniation
  Calcified centralized disc herniations

Tumor
  Extradural

   Vertebral body metastases

   Primary osseous lesions of the spinal column

  Intradural extramedullary

   Meningioma

   Peripheral nerve sheath tumors

Infection
  Osteomyelitis

  Epidural abscess

  Spinal tuberculosis
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 Preoperative Considerations

Accurate intraoperative localization of the cor-

rect surgical level is of paramount importance for 

any surgical intervention involving the thoracic 

spine. While the ultimate localization occurs in 

the operating room, the preoperative steps ensure 

success. It is thus imperative that the presurgical 

imaging includes sufficient anatomical features 

to allow the surgeon to determine that correct 

level of the thoracic pathology. Imaging should 

include the second cervical vertebra to allow for 

a downward count of the vertebral levels or the 

sacrum to allow for an upward count. An upward 

count from the sacrum is preferred because intra-

operatively, it is easier to count in a cranial direc-

tion from the sacrum or from the lowest rib 

because the anatomical relation of the musculo-

skeletal structures of the pectoral girdle can 

obstruct radiographic visualization of the lower 

cervical and upper thoracic spine. All patients 

must also have a preoperative chest radiograph to 

account for the possibility of an additional rib as 

well as a lateral lumbosacral radiograph to assess 

for the presence of a lumbosacral transitional ver-

tebra. Further consideration may be given to 

implementation of an institution level protocol to 

ensure availability of radiology expertise during 

surgical intervention to confirm interpretation of 

level localization. Taking these steps prior to sur-

gical intervention will serve greatly to mitigate 

the risk of operating at an incorrect thoracic level. 

We also suggest that somatosensory evoked 

potentials and motor evoked potentials should be 

arranged preoperatively to ensure they are avail-

able at the time of surgery. These should be initi-

ated once the patient is positioned and then 

monitored throughout the operation to detect any 

changes during the intervention.

 Surgical Technique

There have been numerous modifications to the 

LECA since its early description, but these can be 

generally classified as traditional open approaches 

and minimally invasive approaches. The senior 

author exclusively uses the minimally invasive 

approach; however, both will be described as 

many surgeons prefer the open approach. This 

will be followed by a discussion of the essential 

technical surgical considerations for the costo-

transversectomy and transpedicular approaches. 

This section will conclude with a description of 

the LEPA which may be used to address upper 

thoracic (T1–T4) pathology and afford similar 

access to this region as the LECA does for the 

more caudal thoracic levels.

 Open Lateral Extracavitary Approach

 Surgical Exposure
The patient is positioned prone on a Wilson frame 

or a Jackson table. The side of approach should 

be dictated by side of pathology. The skin inci-

sion may be oriented in a number of ways but two 

often predominate. The first is a long midline 

“hockey-stick” incision with the apex of the cur-

vature located at the level of the pathology 

(Fig. 16.1a) [14]. The other is a curvilinear 

 incision beginning at the midline three levels 

above the pathology and ending at the midline 

three levels below with the apex of the arc 7.5 cm 

off the midline on the ipsilateral side of the 

approach (Fig. 16.1b) [3]. Both afford access to 

the posterior aspect of the contralateral side if 

posterior instrumentation is needed. With the 

Fig. 16.1 Options for cutaneous incision. (a) “Hockey- 

stick” incision with apex of the curve at the level of 

pathology; (b) curved incision with apex of the curve 

approximately 7.5 cm lateral to the level of pathology
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curvilinear incision, the initial dissection is car-

ried down to the thoracodorsal fascia, and the 

cutaneous flap is mobilized across midline. Then 

the spinous processes and lamina are exposed 

through midline subperiosteal dissection at the 

level of the pathology and a level above and 

below. Then dissection is carried laterally at the 

affected level to identify the angle of the ipsilat-

eral rib. Following this, the latissimus dorsi mus-

cle is identified at the lateral edge of the cutaneous 

incision, and a vertical incision is carried down to 

the ribs. The muscle is dissected to free the mus-

cle from the rib cage which facilitates mobiliza-

tion of the ipsilateral latissimus muscle. With the 

“hockey-stick” incision, the skin flap is raised 

with the plane of dissection immediately above 

the thoracodorsal fascia, and the fascia is opened 

in a linear fashion over the spinous processes. 

The fascial incision is then carried out laterally at 

the level of interest, exposing the erector spinae 

muscles. The erector spinae muscles are elevated 

from lateral to medial and then retracted medi-

ally. This may necessitate splitting all or part of 

the erector spinae muscle to achieve sufficient 

exposure. Surgeon preference and familiarity 

will generally dictate the technique selected.

The rib resection is initiated by opening the 

posterior periosteum with monopolar electro-

cautery. A periosteal elevator is used to strip the 

periosteum from the posterior aspect of the rib 

and then carried further to elevate the perios-

teum from the cranial and caudal aspects of the 

rib. The cranial rib edge is easiest to strip from 

medial to lateral, and the inferior edge is easiest 

to strip from lateral to medial. Caution is needed 

to preserve the neurovascular bundle when dis-

secting the caudal aspect of the rib. A curved 

periosteal elevator such as a Doyen rib raspatory 

should be employed to complete the circumfer-

ential periosteal dissection. A guillotine-type rib 

cutter should be used to transect the rib 5–10 cm 

from the costovertebral joint. Remove the trans-

verse process with a Leksell rongeur back toward 

the pedicle and lamina. Incise the costotrans-

verse and costovertebral ligaments with a scal-

pel. Elevate the rib and disarticulate it at the 

costotransverse and costovertebral joints using a 

Kerrison rongeur. If properly dissected, the peri-

osteum, endothoracic fascia, and retropleural fat 

should provide protection against a breach of the 

pleura. Then the rib is transected 5–10 cm from 

the costovertebral joint and removed. The neuro-

vascular bundle is identified, and the intercostal 

nerve is followed to the neural foramen. The tho-

racic nerve root and vasculature may be ligated 

with silk ties followed by sharp division if it is 

felt that additional exposure is needed at this 

stage. The laminofacet on the ipsilateral side 

should be removed with an osteotome, and this 

will be followed by removal of the ipsilateral 

pedicle using a high-speed burr. An inside-out 

method for the pediculectomy will help prevent 

injury to the exiting nerve root by leaving a thin 

rim of cortical bone. This can be carefully 

resected using a Kerrison punch. At this stage, 

there is excellent visualization of the interverte-

bral disc, lateral spinal canal, and vertebral body 

at the pathological level, and attention may be 

turned to the ventral decompression (Fig. 16.2). 

The segmental artery should be identifiable at 

the caudal limit of the concavity corresponding 

to the vertebral body. If it is felt that the intercos-

tal vessel cannot be spared, then intraoperative 

neuromonitoring should be used to monitor for 

potential disruption of a major supply to the spi-

nal cord. A temporary vascular clip should be 

applied and then somatosensory evoked poten-

tials monitored for a few minutes. If there is no 

significant change, then this suggests the vessel 

can be ligated; otherwise, the vessel should be 

spared. The sympathetic chain, located on the 

lateral vertebral surface, should be identified and 

the rami communicantes transected.

 Ventral Decompression
If the nature of the pathology requires corpec-

tomy, the intervertebral discs above and below 

the involved vertebral body are identified and 

resected with sharp dissection. Disc material is 

cleared with curettes and pituitary rongeurs. The 

adjacent endplates should be completely free of 

disc or cartilaginous material to optimize bony 

fusion. A high-speed burr should be used to 

decompress the center of the vertebral body with 

the inside-out method. A thin cortical shell 

should be maintained at the ventral, dorsal, and 
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contralateral edges. Once all pathological tissue 

has been removed, the posterior cortical rim can 

be carefully removed by dissecting between the 

posterior longitudinal ligament with a curette. 

Once the cortical bone is removed, the posterior 

longitudinal ligament should be removed to 

expose the dura mater with careful inspection to 

identify any remaining ventral compression on 

the spinal cord. Any pathology identified should 

be removed, avoiding any manipulation of the 

spinal cord. If necessary, the resection of an addi-

tional adjacent rib may improve exposure and 

allow for adjacent vertebral body decompression 

in a similar manner.

Treatment of calcified central intervertebral 

disc herniations generally does not require a full 

corpectomy. Instead, a working cavity should be 

created around the pathological disc space. 

Beforehand, the lateral edge of the posterior lon-

gitudinal ligament should be identified to ensure 

identification of the spinal canal. Once this 

important anatomical landmark is confirmed, the 

inferior endplate of the cranial vertebral level and 

the superior endplate of the caudal vertebral level 

can be drilled away. A thin rim of cortical bone 

should be maintained along the posterior aspect 

of the vertebral bodies. Then a curette may be 

used to create a dissection plane between the pos-

terior longitudinal ligament and the remaining 

cortex. This can then be pushed into the superior 

and inferior resection cavities above and below 

the disc. Then the remaining calcified disc can be 

pushed inferiorly and removed to relieve the 

compressive forces on the spinal cord without 

requiring undue manipulation.

 Spinal Reconstruction
Generally, in all cases where the decompressive 

steps involved all three columns of the spinal col-

umn, internal fusion and fixation will be needed 

to ensure the maintenance of biomechanical sta-

bility. Allograft, autograft, or synthetic structural 

cages are all options for reconstruction of the 

defect (Fig. 16.3). The choice of graft material is 

typically dictated by the nature of the pathology. 

The anterior graft should be supported with pos-

terior pedicle screw instrumentation. This is typi-

cally done with bilateral pedicle screws inserted 

into at least two levels above and two levels 

below the level of decompression with joining 

posterior rods. If there is concern for instability 

and progressive development of deformity during 

the decompressive stages of the operation, the 

pedicle screws may be placed following the ini-

tial stages of boney exposure and the contralat-

eral rod placed to maintain alignment. The 

ipsilateral rod will then be placed following the 

decompression and ventral reconstruction. If 

there is a preexisting deformity requiring reduc-

tion to attain normal alignment, a rod may be 

placed through the contralateral pedicle screws to 

maintain temporary positioning. Then following 

decompression and ventral reconstruction, the 

ipsilateral rod may be placed and held loosely in 

place by blocker caps. The blocker caps on the 

contralateral rod may then be loosened, and the 

Fig. 16.2 View following removal of the rib (Adapted from Rice et al. [15])
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deformity may be corrected using sequential 

reduction maneuvers and blocker fixation until 

appropriate alignment is achieved. Final blocker 

tightening is then used to maintain the 

alignment.

 Minimally Invasive Lateral 
Extracavitary Approach

Substantial tissue dissection is required for the 

traditional open LECA, and this has compelled 

efforts to reduce the invasiveness of the approach. 

The initial description of a minimally invasive 

lateral extracavitary approach (MI-LECA) was 

presented by Kim et al. in 2009 [12]. The steps 

involved with the decompression are quite simi-

lar to the traditional approach; however, there are 

important differences in the surgical exposure 

and spinal reconstruction.

Initial exposure may be accomplished by 

either a small paramedian cutaneous incision to 

accommodate the tubular dilator or one longer 

midline cutaneous incision to the level of the tho-

racodorsal fascia (Fig. 16.4). Our preference is 

for the longer midline incision. This obviates the 

need for multiple stab incisions for insertion of 

the percutaneous posterior instrumentation, and 

we have found that the larger cutaneous incision 

has minimal impact on postoperative pain and 

recovery. After cutaneous exposure, an initial 

dilator is docked on the lateral facet of the patho-

logical level. Sequential tubular dilators are 

inserted, and once sufficient nontraumatic mus-

cular dilatation is achieved, an expandable tubu-

lar retractor is inserted and fixed in place by a 

table-mounted adjustable arm. The lamina, facet, 

transverse process, costovertebral and costotrans-

verse joints, and the rib head are exposed with 

subperiosteal dissection through the tubular 

retractor using electrocautery in a similar manner 

to the traditional open approach.

The removal of the rib head and proximal seg-

ment of the rib allows for improved ventromedial 

visualization. During rib removal, blunt dissec-

tion of the ventral and inferior aspect of the rib 

can be performed with a Penfield #1 which helps 

avoid injury to the underlying pleura and neuro-

vascular bundle. The rib is then resected distally 

with a Leksell rongeur. This is followed by the 

pediculectomy as previously described which 

affords visualization of the spinal canal and iden-

tification of the posterior longitudinal ligament 

before the stages of ventral decompression are 

performed. The remaining steps of spinal cord 

decompression are similar to the traditional open 

approach, and the spinal column reconstruction 

may be performed by inserting the anterior graft 

through the expandable tubular retractor into 

position (Fig. 16.5a, b).

Following anterior decompression and recon-

struction, posterior pedicle screw instrumenta-

tion is inserted percutaneously. Intraoperative 

fluoroscopy is used to dock a Jamshidi needle at 

the junction of the lateral margin of the superior 

facet and midpoint of the transverse process. 

Next, a Kirschner wire (K-wire) is drilled in 

2 cm, and the Jamshidi needle is removed. The 

K-wire is then advanced into the vertebral body 

using lateral fluoroscopy to visualize depth 

(Fig. 16.6a), and sequential tubular dilators 

(Fig. 16.6b) are used to create a nontraumatic 

pathway through overlying muscle to tap the ped-

icle and insert the pedicle screw (Fig. 16.6c), and 

Fig. 16.3 Ventral reconstruction following decompression (Adapted from Scheer et al. [16])
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Fig. 16.4 Cutaneous 

exposure with the 

thoracodorsal fascia 

intact for a minimally 

invasive lateral 

extracavitary approach. 

This affords sufficient 

exposure for muscular 

dilatation for ventral 

decompression and 

fusion, as well as 

insertion of posterior 

instrumentation without 

requiring multiple 

cutaneous incisions

Fig. 16.5 Minimally 

invasive insertion of an 

expandable titanium 

cage for reconstruction 

of the thoracic spinal 

column after single level 

corpectomy. (a) Lateral 

fluoroscopic image 

showing the positioning 

of the expandable 

tubular retractor (white 
arrow) and the 

expandable titanium 

cage. (b) Intraoperative 

photograph following 

insertion of the cage 

from the surgeon’s 

perspective looking 

down the expandable 

tubular retractor
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this step of the operation is completed with the 

insertion of the posterior rods.

 Transpedicular or 
Costotransversectomy Approaches

In cases where the patient may not require or tol-

erate the lateral exposure afforded by the LECA, 

then a transpedicular approach or costotransver-

sectomy may be considered (Fig. 16.7). The pri-

mary difference between the LECA and the 

costotransversectomy is the lateral extent of rib 

resection. The surgeon should be aware that the 

costotransversectomy will afford less ventrome-

dial visualization, thus making ventral decom-

pression and spinal column resection more 

challenging. With the transpedicular approach, 

the costovertebral articulation complex is left 

intact. This affords much less ventromedial visu-

alization and will make insertion of a graft for 

ventral spinal column reconstruction a challenge 

and often not possible; however, a bilateral trans-

pedicular approach will often be sufficient to 

relieve ventral compression on the thoracic spi-

nal cord and is particularly useful in metastatic 

tumor cases when separation of the tumor margin 

and dura mater is desired prior to radiotherapy.

Maintain artist signiture. A midline cutaneous 

incision is sufficient to provide exposure for both 

the costotransversectomy and transpedicular 

approach. Paraspinal musculature should be dis-

sected from the posterior osseous elements along a 

subperiosteal plane and then retracted in bulk lat-

erally using a self-retaining retractor. Visualization 

of the transverse processes is sufficient for a trans-

pedicular approach; however, if a costotransver-

sectomy is planned, then the dissection should be 

carried further laterally to identify the angle of the 

rib and the costotransverse joint. When perform-

ing a costotransversectomy, the steps of resecting 

the transverse process, costovertebral articulation 

complex, laminofacet, and ipsilateral pedicle will 

proceed in a manner similar to that of the 

LECA. When performing a transpedicular 

approach, the transverse process should be 

removed with a Leksell rongeur, and a laminec-

tomy should be performed to permit palpation of 

the medial wall of the pedicle. The ipsilateral lami-

nofacet can then be removed with an osteotome, 

and a high-speed burr can be used to perform the 

pediculectomy using an inside-out method as pre-

viously described which will afford access to the 

ventrally located compressive pathology.

 Lateral Parascapular Extrapleural 
Approach

The upper thoracic vertebrae are difficult to 

approach surgically because of the parascapular 

shoulder musculature and the narrowing of the 

thoracic cage to reach the thoracic inlet. The lat-

eral parascapular extrapleural approach provides 

a similar ventral exposure as the traditional 

LECA but should be used for neural decompres-

sion and vertebral reconstruction at T1–T4. The 

following description outlines the technical 

details of this exposure as it differs from the tra-

ditional open LECA performed at the lower 

Fig. 16.6 Posterior percutaneous pedicle screw instru-

mentation. (a) Lateral intraoperative fluoroscopic image 

of the K-wires inserted into the thoracic vertebral bodies 

cranial to the lesion; (b) tubular dilatators; (c) insertion of 

the pedicle screws through the tubular dilators
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 thoracic levels; however, the decompression and 

vertebral column reconstruction are largely simi-

lar to the open LECA.

A midline incision down to the deep facial 

plane is made extending from three spinous pro-

cesses above and below the level of the level of 

the lesion. This should be curved lateral to the 

scapular line on the side of approach. The inci-

sion is extended down to the spinous processes, 

and the trapezius and rhomboid muscles are dis-

sected free in the subperiosteal plane. Blunt fin-

ger dissection is used to free the muscle layers. A 

myocutaneous flap that incorporates the skin, 

rhomboid, and trapezius muscles is then reflected 

laterally toward the medial boarder of the scapula 

(Fig. 16.8a). This muscular mobilization will 

induce lateral movement of the scapula and 

increase the lateral exposure to the spinal col-

umn. Next, the splenius cervicis and erector spi-

nae muscles are dissected from the spinous 

processes, and this muscular mass is retracted 

medially toward the contralateral side 

(Fig. 16.8b).

Sufficient exposure to the level of the lesion 

is generally provided by removing the rib at the 

level of interest along with the rib below. This is 

accomplished using the technique outlined in 

the section describing the open LECA. The rib 

should be sectioned laterally at the angle of the 

rib and then disarticulated from the costotrans-

verse and costovertebral joints after subperios-

teal dissection and careful protection of the 

neurovascular bundle running along the under-

side of the rib (Fig. 16.8c). The sympathetic 

chain, located on the lateral vertebral surface, 

should be identified and the rami communican-

tes transected.

The stages of lateral and ventral decompres-

sion and vertebral column reconstruction proceed 

in a manner similar to that described previously 

in the section on open LECA (Fig. 16.8d). Wound 

closure should proceed systematically to ensure 

appropriate layered re-approximation. The sple-

nius cervicis and erector spinae muscles are 

returned from their retracted positioning on the 

contralateral side, and the trapezius and rhom-

boid muscles are returned from their lateral posi-

tioning. The deep and superficial facial layers are 

re-approximated to ensure obliteration of any 

potential dead space.

 Illustrative Case

While the primary indication of the LECA is for 

ventral decompression of the spinal cord, it also 

may be used to provide spinal column recon-

struction in instances of trauma where the pri-

mary issue is painful deformity rather than spinal 

cord compression. In this instance, a 29-year-old 

female presented with a 2-year history of pro-

gressively worsening mid-thoracic back pain that 

began after a motor vehicle collision where she 

Fig. 16.7 Artist rendition of the exposure afforded by 

each of the three posterolateral approaches to the thoracic 

spine: (a) transpedicular approach, (b) costotransversec-

tomy, and (c) lateral extracavitary approach (Adapted 

from Steinmetz et al. [17])
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sustained a T10 compression fracture with 

 subsequent progressive kyphotic deformity 

(Fig. 16.9a).

Surgical intervention was planned to restore 

alignment at the affected segment. An MI-LECA 

as previously described was used. A partial ante-

rior corpectomy at T10 was performed through 

the tubular retractor (Fig. 16.9b). After bony 

resection, a trial cage was inserted to determine 

the appropriate size (Fig. 16.9c), and this was fol-

lowed by inserting an expandable titanium cage 

to correct the segmental deformity (Fig. 16.9d) 

which was followed by posterior instrumentation 

at the final stage. Postoperative standing 

 radiographs demonstrated restoration of spinal 

alignment (Fig. 16.10a, b), and the patient’s 

debilitating pain symptomatology was relieved.

 Technical Pearls

Several important technical surgical consider-

ations were described during the technical 

descriptions of the preceding section; however, 

there are some additional factors that all surgeons 

performing posterolateral access to the thoracic 

spine should be aware of. We have outlined these 

by each stage of the operation.

Fig. 16.9 Intraoperative fluoroscopic images. (a) Lateral 

view demonstrating positioning of the tubular retractor 

and segmental kyphotic deformity at T10 from a chronic 

traumatic compression fracture: (b) Anteroposterior view 

demonstrating the positioning of the tubular retractor lat-

eral to the affected level; (c) Lateral view with insertion of 

the trial spacer following partial anterior corpectomy at 

T10; (d) Lateral view with insertion to the expandable 

titanium cage
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 Exposure Stage

• During intraoperative localization, the ana-

tomic relationship between the vertebral body 

and intervertebral disc space is important. The 

rib belongs to the inferior level of the disc 

space of interest. For example, the seventh rib 

articulates with the transverse process and 

vertebral body of T7 and overlies the T6/T7 

disc space. This recognition is critical to 

ensure appropriate exposure.

• Similarly, it is necessary to accurately identify 

where the transverse process articulates with 

the proximal rib. Aggressive dissection with 

electrocautery in this area may cause an unin-

tended pleural breach or an injury to the neu-

rovascular bundle running along the underside 

of the rib.

 Ventral Decompression Stage

• To protect the thoracic vascular structures, the 

anterior cortex of the vertebral body should be 

left intact whenever possible. The only 

 exception to this is cases where the surgery is 

being performed for tumor resection.

• When decompression is required for a calci-

fied central intervertebral disc herniation, we 

have found it helpful to drill away 2 or 3 mm 

of the pedicle at the caudal level to improve 

medial visualization and enhance surgical 

access to the herniation without requiring 

undue manipulation of the spinal cord.

 Ventral Instrumentation Stage

• It is necessary to ensure that the vertebral 

body endplates adjacent to the site of 

 decompression are sufficiently exposed to 

allow for optimal fusion.

• Care should be taken to remove the anterior 

and posterior lips of the endplates to avoid a 

central separation between the endplates and 

the graft.

• Conversely, excessive iatrogenic destruction 

of the vertebral body endplates should be 

Fig. 16.10 Postoperative 

standing plain film 

radiographs. (a) Lateral 

view demonstrating 

restoration of segmental 

alignment with an 

interbody expandable 

cage at T10 and pedicle 

screw instrumentation 

two levels above and 

below providing posterior 

support; (b) 

Anteroposterior view 

demonstrating the same 

construct
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avoided to mitigate the risk of graft subsid-

ence into the cancellous bone.

 Posterior Instrumentation Stage

• An appreciation of the changing anatomical 

orientation of the thoracic pedicles moving 

caudally in the thoracic spine is important to 

avoid misplaced instrumentation. The thoracic 

pedicles are angled most medially in the upper 

thoracic spine and then become increasingly 

more anteriorly oriented moving caudally 

down to T12.

• When placing percutaneous pedicle screws, 

unintended anterior migration of the K-wire 

through the vertebral body represents a poten-

tial source of complications. An assistant 

should fix the wire with an instrument, partic-

ularly when tapping the pedicle.

• K-wire fracture is another risk during percuta-

neous pedicle screw insertion. It is important 

to maintain a consistent parallel trajectory of 

the K-wire with the pedicle as a loss of align-

ment may lead to a fracture of the K-wire.

 Complications and Strategies 
for Avoidance

The LECA is technically challenging, often the 

interventions are prolonged, and there is a nota-

ble potential for adverse events. Resnick et al. 

reported a 55% incidence of morbidity from a 

series of 33 patients undergoing a traditional 

open LECA for thoracic trauma in the acute set-

ting. Their mean surgical time was approximately 

7.5 h and a mean blood loss of just over 3 l. The 

most common complications were pleural fluid 

collections, pneumonia, and surgical wound 

infections. Moreover, with any large exposure to 

the spine, the potential for cutaneous cerebrospi-

nal fluid leaks is ever present. A number of strate-

gies may be employed to mitigate these risks, and 

these are reviewed in this section.

 Pulmonary Complications

While one of the primary advantages of the 

LECA is the theoretical avoidance of the pulmo-

nary complications associated with an intracavi-

tary anterior approach, there is still a notable risk 

of pulmonary-related adverse events [18]. The 

best approach for avoidance is to stay extrapleu-

ral. Meticulous dissection of the pleura from the 

rib and rib head, as well as gentle retraction of the 

lung, will serve to help avoid an unintentional 

breach of the pleural membrane. Prior to wound 

closure, the operative field should be filled with 

saline irrigation and observed for the presence of 

an air leak. Identified pleural breaches may be 

repaired primarily with nonabsorbable inter-

rupted sutures. If the pleural breach cannot be 

identified or repaired and the air leak persists 

intraoperatively, then a 24-French thoracostomy 

tube should be placed and tunneled to a percuta-

neous exit site inferior to the incision. In the 

instance of a significant pleural fluid collection 

diagnosed postoperatively, it is best to treat this 

with tube thoracostomy because initial thoracen-

tesis has been found frequently to be ineffective 

in preventing recurrence [14].

 Excessive Bleeding

The LECA is often employed when substantial 

decompression is needed. As such, there is a 

notable risk of blood loss, and it is critical to 

ensure that the abdomen is decompressed when 

the patient is placed in the prone position to 

reduce venous stasis and avoidable intraoperative 

bleeding.

When the approach is used for extradural 

tumors of the spinal column, a preoperative tissue 

diagnosis will allow for the recognition of highly 

vascularized pathological lesion types. In such 

cases, preoperative angiographic embolization 

may be undertaken to reduce the risk of intraop-

erative blood loss. Even with preoperative embo-

lization, however, tumor bleeding can still be 

16 Thoracic Lateral Extracavitary Decompression and Fusion
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quite significant. Most often the source of hemor-

rhage is from the tumor bed, and this is best man-

aged with complete removal of all visible tumors 

whenever possible. Bleeding should not be 

treated with bone wax, as this may limit osteo-

genesis and predispose to pseudarthrosis [18]. 

Vigilance for sites of epidural bleeding is impor-

tant, and hemostasis should be attained with 

bipolar coagulation. Identified epidural vessels 

may be coagulated and then sharply dissected 

when needed during the stages of decompression. 

Hemostatic gelatin or other packing agents may 

also be employed as needed while being careful 

not to apply any force on the spinal cord.

 Wound Infections

With large, traditional open exposures, the risk 

for postoperative wound infection is high. This is 

further exacerbated by the presence of hardware 

and, in cases of malignancy, wound breakdown 

from postoperative radiation therapy. For these 

reasons, meticulous multilayer wound closure is 

critical, and the surgical field should always be 

copiously irrigated. A substantial body of evi-

dence has now emerged to support the use of van-

comycin powder as an adjunct to reduce infection, 

and we support its use [19, 20]. Furthermore, the 

use of minimally invasive technique may repre-

sent an opportunity to lower the incidence of 

infection [21, 22].

 Cutaneous Cerebrospinal Fluid Leaks

An incidental durotomy may occur during 

decompression along the thecal sac. At other 

times, tumor erosion may lead to sections of 

absent dura mater. In instances of a discrete dural 

breach, primary repair should be attempted with 

a nonabsorbable 4-0 suture. However, in certain 

cases, this may not be possible. We suggest these 

should be managed with a synthetic dural patch 

onlay and supplemented with fibrin glue. The 

patient should be maintained on strict fully supine 

bedrest for 24 h following the surgery for small 

breaches in the dura; however, at times, larger 

durotomies may necessitate cerebrospinal fluid 

(CSF) diversion with the use of a percutaneously 

inserted lumbar intrathecal catheter. As with 

wound infections, minimally invasive techniques 

may also represent a means of lowering the inci-

dence of postoperative cutaneous CSF leaks [23].

 Conclusion

The LECA represents a well-accepted surgical 

technique to address ventral compressive pathol-

ogy in the thoracic spine. The primary advan-

tages are the ability to address the ventral 

pathology while supplementing the spinal col-

umn reconstruction with posterior instrumenta-

tion, all through a single incision without the 

need for patient repositioning. Modifications to 

the technique such as the LEPA for the upper tho-

racic spine as well as selection of a costotransver-

sectomy or transpedicular approach may be 

employed as appropriate. However, these proce-

dures are technically challenging and should gen-

erally be reserved for those with substantial 

familiarity with spinal interventions. There is a 

notable risk of surgical complications with any of 

these approaches, but the techniques outlined 

within this chapter should serve to reduce the 

risk. Advancements made in minimally invasive 

techniques and technologies have lowered the 

soft tissue destruction required, and it is likely 

that the posterolateral approach to the thoracic 

spine will continue to serve as a mainstay in the 

spinal surgeon’s armamentarium.
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Posterior Thoracic Spinal Fixation

Stephen K. Mendenhall and Saad A. Khairi

 Introduction

Spinal stability is defined as the ability to protect 

the neural structures from damage and to prevent 

neurologic deficit/deformity under normal physi-

ologic loads [1]. Posterior thoracic spinal instru-

mentation is used to restore spinal stability when 

its mechanical functions are disrupted by trauma, 

tumor, infection, degenerative disease, deformity, 

or surgical management of these disorders. The 

particular indications for each disease process 

may be different, but the goal is the same – 

increasing stability, prevention of deformity, 

maintenance of load bearing, and promotion of 

bone fusion.

Posterior thoracolumbar instrumentation is 

divided into rigid and nonrigid constructs. The 

earliest constructs involved wiring the spinous 

process or other posterior elements alone or with 

autograft. These early wiring techniques were 

then replaced with wire-rod techniques. The most 

common technique, Luque wiring, involved sub-

laminar wires wrapped around rods to form a 

segmental nonrigid spine construct. These tech-

niques were considered nonrigid because they 

allowed movement of the spine in the craniocau-

dal direction. Wire-rod techniques were replaced 

with simple hook-based distraction devices that 

were used to correct scoliosis. Early hook-based 

constructs allowed lordosis to be contoured into 

the rod and anchored at multiple points. These 

constructs were significantly more rigid, greatly 

improving fusion rates and greatly decreasing the 

amount of time needed for postoperative bracing 

or cast immobilization.

Posterior thoracic pedicle screw instrumenta-

tion has succeeded posterior hook-rod fixation 

and wiring techniques because it has been proven 

to be biomechanically advantageous, i.e., pedicle 

screw fixation requires fixation to fewer levels, 

allows for laminectomy to be performed at the 

levels to be fused, decreases operative time, and 

reduces construct motion [2–6]. Additionally, 

pedicle screw constructs employ three-column 

spine fixation, whereas hooks anchor to the pos-

terior elements alone and therefore have weaker 

reduction power [7]. In a comparison of pullout 

strength, thoracic pedicle screws were found to 

be significantly stronger than hooks and are rec-

ommended for rigid curves [8]. Although mostly 

supplanted by pedicle screw fixation, hooks are 

still used for salvage procedures, deformity, and 

backup in osteoporotic cases.

Pedicle screw instrumentation of the thoracic 

spine is challenging due to large anatomic vari-

ability and the intimate relationships between the 

bony, neural, vascular, and visceral elements that 

compose and surround the thoracic spine [9–14]. 
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Therefore, the surgeon must have a thorough 

understanding of thoracic spinal anatomy, in 

addition to individual patient anatomy and 

pathology via proper clinical and radiographic 

evaluation to achieve an excellent outcome. The 

purpose of this chapter is to review the indica-

tions, anatomy, biomechanics, and surgical tech-

niques for posterior thoracic spinal fixation.

 Indications and Patient Selection

The main pathologic processes of the thoracic 

spine that require instrumentation are deformity, 

trauma, tumor, and infection. Patients are selected 

for surgery for the following reasons:

 1. Pain that is not improved with nonoperative 

management

 2. Functional limitations not improved with non-

operative management

 3. Deformity progression

 4. Neurologic deficit

Patients who require osteotomies and destabi-

lization of the spine will require posterior tho-

racic pedicle screw and rod instrumentation due 

to the creation of instability by release of the 

facet joints to correct coronal imbalance.

The most common indication for posterior 

thoracic fusion is trauma. There are many differ-

ent types of spine fractures which are destabiliz-

ing to the spine, either creating initial neurologic 

injury or having the potential to cause neurologic 

injury without spinal fixation. Operative 

decision- making in thoracolumbar trauma is 

based on the thoracolumbar injury classification 

and severity score (TLICS). Injury is graded 

based on the morphology of the fracture, integ-

rity of the posterior longitudinal ligament, and 

neurologic status [15].

Patients with tumor or infections of the spine 

often require extensive decompression of the 

vertebral column to treat the underlying pathol-

ogy. When decompression creates spinal insta-

bility, it is typically stabilized with posterior 

instrumentation across the unstable vertebral 

levels.

Exclusion criteria for patients undergoing 

posterior thoracic instrumentation include severe 

osteoporosis, morbid obesity, and multisystem 

trauma. Patients with osteoporosis are generally 

poor spine surgery candidates because reduced 

bone mineral density is associated with higher 

rates of hardware failure. Morbidly obese patients 

have much higher rates of all complication types 

including cardiac, renal, pulmonary, and wound 

complications [16]. Lastly, patients with severe 

multisystem trauma who meet criteria for tho-

racic spinal instrumentation may not be candi-

dates for surgery in general due to coagulopathy 

and risk of death from other immediate injuries. 

The spine surgeon must be able to weigh the ben-

efits of posterior thoracic instrumentation with 

the risks of the procedure for each individual 

patient. Only when the benefits outweigh the 

risks of surgery is spinal instrumentation 

justified.

 Preoperative Considerations

 Anatomy

The thoracic spine consists of 12 vertebral bod-

ies. The vertebral bodies decrease in size from T1 

to T3 and then increase in size to T12 [17]. The 

spinous processes of the thoracic spine are angu-

lated posteroinferiorly and are palpable in most 

individuals. In the midline, a layer of fat sepa-

rates the skin from the thoracic fascia and supra-

spinous ligaments. The muscles of the thoracic 

spine are lateral and deep to this fatty layer.

There are three groups of muscles in the tho-

racic spine: superficial, intermediate, and deep. 

The superficial layer contains the trapezius and 

latissimus dorsi muscles. Deep to these are the 

rhomboid major and minor muscles [18]. The 

intermediate muscle layer contains the serratus 

superior and inferior muscle groups. The deep 

layer contains the erector spinae muscles, which 

consist of the semispinalis, multifidus, and rota-

tor muscles. The thoracolumbar fascia originates 

from the dorsal layer of investing fascia from the 

deep muscle layer and is continuous with the 

transverse abdominis aponeurosis [19].
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Surgical exposure of the posterior thoracic 

spine is performed midline, over the spinous pro-

cesses. Midline dissection minimizes risk to 

nerves innervating the thoracic musculature. The 

superficial muscles are innervated by the spinal 

accessory, thoracodorsal, and C5 nerve root. The 

intermediate muscles are innervated by the ante-

rior rami of thoracic nerves. The deep muscle 

layer is innervated by the posterior rami of the 

thoracic nerves.

The ligaments and joint capsules of the spine 

are responsible for maintaining spinal motion in a 

restricted manner. From superficial to deep, they 

include the supraspinous ligament, interspinous 

ligament, ligamentum flavum, facet capsule, pos-

terior longitudinal ligament, and anterior longitu-

dinal ligament. The supraspinous ligament 

attaches to the tips of the spinous processes. The 

interspinous ligament extends from the root to the 

apex of each spinous process and connects adja-

cent spinous processes. The interspinous ligament 

blends with the ligamentum flavum near the base 

of the spinous process and joins the supraspinous 

ligament at the apex or each spinous process. The 

ligamentum flavum inserts on the undersurface of 

the lamina above and attaches to the top of the 

inferior lamina. The posterior longitudinal liga-

ment (PLL) is a thick band that runs midline along 

the dorsal aspect of the vertebral bodies and inter-

vertebral discs. The PLL has been shown to be 

biomechanically important for posterior instru-

mentation when attempting to perform indirect 

reduction of fractures by means of ligamentotaxis 

[20]. The anterior longitudinal ligament (ALL) is 

a similar structure traversing the ventral aspect of 

the vertebral bodies and intervertebral discs. The 

ALL is important for prevention of hyperexten-

sion and overdistraction [21].

In the thoracic spine, the pedicle width is 

smallest at T4. In general, the pedicle width 

decreases from T1 to T4 and then increases from 

T4 to T12. The pedicle height increases from T1 

to T12 in most patients. For T1 and T2, the pedi-

cles have a medial projection of 30–40°; at T3–

T11, this angle decreases to 20–25°; at T12, the 

angle is around 10° (Fig. 17.1). In the sagittal 

plane, the thoracic angulation is constant between 

10 and 20° downward (Fig. 17.2) [10, 12–14, 22].

The relationships of the nerve roots and thecal 

sac to the pedicle have been well described. The 

thecal sac typically rests against the medial wall 

of the pedicle. The nerve root exits underneath 

the same numbered pedicle at that level. In gen-

eral, the distance from the pedicle to the inferior 

root and superior root increases from T1 to T12 

[10]. Special care should be taken to avoid supe-

rior and inferior breaches in the upper thoracic 

vertebral segments. Additionally, it has been 

shown that the distance from the medial pedicle 

to the thecal sac is shortest in the middle thoracic 

segments [10]. Therefore, medial pedicle breach 

at these levels should be avoided. It is important 

to stress that there exists a wide variety of three- 

dimensional pedicle anatomy mandating thor-

ough preoperative CT pedicle anatomic 

evaluation.

The thoracic aorta is located anterior and/or 

lateral to the thoracic vertebral bodies. Hell 

Fig. 17.1 Axial view. Medial angulation of the pedicle 

and trajectory of pedicle screw placement. T1–T2, 

30–40°; T3–T11, 20–25°; T12, 10°

Fig. 17.2 Sagittal view after pedicle screw placement. 

Thoracic pedicles maintain a downward 10–20° angula-

tion throughout the length of the thoracic spine
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et al. examined the distance from the aortic wall 

to the thoracic vertebral body and found that in 

normal patients, this distance is approximately 

2.5 mm. In addition, the aorta is positioned 

more laterally and posteriorly from T5 to T12 

[23]. Care must be taken when placing thoracic 

pedicle screws in this region to prevent inadver-

tent, catastrophic injury to the aorta. The domi-

nant supply to the anterior spinal cord is the 

anterior spinal artery. In the thoracic and upper 

lumbar region, the anterior spinal artery is 

mainly supplied by segmental radicular arter-

ies. The dominant artery at the thoracolumbar 

region is the artery of Adamkiewicz, which is 

always located between T8 and L3, at T9 or 

T10 in 50% of cases, and coming from the left 

side in 75% of cases [24].

 Biomechanics

Instrumentation of the thoracic spine requires a 

thorough understanding of its biomechanical 

properties. Relative to the cervical and lumbar 

regions, the thoracic spine is relatively less 

mobile except at the cervicothoracic and thoraco-

lumbar regions. The transition areas at either end 

of the thoracic spine are more susceptible to 

destabilization through traumatic injury.

In the thoracic spine, the vertebral bodies sup-

port the axial loading forces and the interverte-

bral discs stabilize the axial loading forces. The 

vertical orientation of the thoracic facets limits 

sagittal motion. The rib cage and sternum pro-

vide a significant amount of stability to the tho-

racic spine in flexion/extension, lateral bending, 

and axial rotation [25]. This has been proven in 

canine models, where unilateral resection of a rib 

head after partial discectomy in a spinal model 

caused a significant decrease in thoracic spinal 

stability [26].

The point of posterior thoracic spinal fixation 

is to preserve neurologic function, maintain 

alignment, correct deformity, and/or provide sup-

port until bony fusion occurs. Before spine sur-

geons can accurately address a specific pathology, 

they must fully understand several key points 

listed below: [27]

 1. What forces are acting on the spine?

 2. In what plane(s) is the spine unstable?

 3. How will instrumentation counteract the 

forces applied to the spine?

 4. What are the destabilizing effects of the oper-

ative procedure itself?

 5. How will the instrumentation affect the forces 

that are passing through the structural grafts?

 6. What is the extent of postoperative muscular 

force?

 7. What is the time course needed for bone 

healing?

In general, the surgeon will evaluate the 

degree of anatomic disruption seen on MRI/CT 

scan or envision the destabilization that will be 

caused by treatment of pathology and use his 

knowledge of the forces applied by instrumenta-

tion to counteract the anatomic disruption. To do 

this effectively, the surgeon must understand the 

different planes in which forces are acting on the 

spine and how well the construct will hold when 

subjected to these forces. Failure to understand 

the forces acting on the spine can lead to overly 

large or inappropriately small fusion constructs. 

The better the surgeon understands the key points 

listed above, the more able he/she will be to 

choose the optimum construct for the treatment 

of a specific surgical pathology.

 Surgical Technique

The posterior approach to the thoracic spine is 

well established and is the workhorse for many 

spine surgeons. Its versatility allows access to the 

osseoligamentous regions of the posterior tho-

racic spine for treatment of trauma, neoplasms, 

deformity, and infection.

Prior to starting the case, all preoperative 

images should be reviewed in detail and made 

available for viewing throughout the procedure. 

The patient is evaluated by an anesthesiologist, 

whose selection of general anesthetic is made 

based on the patient’s comorbidities and the pref-

erence of the spine surgeon.

After induction with general anesthesia, the 

patient is positioned in the prone position on a 
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radiolucent table with chest, thigh, and hip pads. 

The exception to this positioning is patients with 

ankylosing spondylitis. These patients are posi-

tioned using the Jackson table with Wilson Frame 

in order to recreate the normal curvature of the 

thoracic spine before instrumentation. The arms 

can either be tucked at the patient’s side or over-

head on arm boards (Fig. 17.3). It is important to 

ensure that the abdomen is not under tension. 

Abdominal wall tension is transmitted to the infe-

rior vena cava, causing increased caval pressure. 

Increase caval pressure is transmitted to the ver-

tebral venous plexus and can contribute to a sig-

nificant increase in blood loss [28]. Additionally, 

high venous pressures can result in decreased 

spinal cord perfusion, putting the patient at risk 

for neurologic injury [29].

The patient is positioned in a manner that 

approximates normal thoracic kyphosis. This 

step is important to prevent abnormal thoracic 

kyphosis or deformity under-correction after 

instrumentation. The thoracic levels to be 

addressed are then identified using intraoperative 

fluoroscopy, and the incision is planned. A longi-

tudinal line is drawn directly over midline, using 

palpation of the spinous processes at the desired 

level. Typically, the incision is extended one level 

proximal and distal to obtain adequate exposure. 

The patient is then prepped and draped in the nor-

mal sterile fashion.

Surgical localization in the thoracic spine is 

achieved by counting ribs on an AP radiograph 

intraoperatively. Confusion can arise when the 

patient has more ribs than normal, fewer ribs than 

Fig. 17.3 Patient positioning. (a) Patient with arms tucked. (b) Patient with arms overhead on arm boards
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normal, or elongated transverse processes that 

are counted as ribs. The prevalence of cervical 

ribs is 0.05–6% [30]. The prevalence of thoracic 

rib aplasia is approximately 6% [30]. The preva-

lence of a lumbar rib is approximately 1% [30]. 

Elongated transverse processes have a prevalence 

of 2.2% [31]. The overall prevalence of rib num-

ber abnormalities has been estimated to be 8% 

[31]. It is imperative to evaluate preoperative 

imaging to identify rib abnormalities to prevent 

wrong level surgery.

The initial skin incision is made with a No. 10 

blade. Electrocautery is used to deepen the inci-

sion through the subcutaneous tissues. Any 

bleeding is coagulated with care so that the skin 

is not devascularized. After the subcutaneous tis-

sue dissection, the muscles of the back are 

encountered. They are dissected subperiosteally 

from the spinous processes and laminae bilater-

ally to minimize muscular bleeding. In prepara-

tion for pedicle screw placement, the dissection 

is carried out to the lateral edge of the transverse 

processes bilaterally, as illustrated in Fig. 17.4. 

Dissection of the deep muscle layer from the 

lamina out over the lateral transverse process 

edge can be facilitated using Cobb elevators and 

electrocautery. Self-retaining Gelpi retractors are 

then placed, and hemostasis is obtained.

At this point, surgical correction of pathology 

occurs, sometimes involving laminectomy. 

Laminectomy can be performed before or after 

pedicle screw placement. It is our practice to per-

form pedicle screw placement before decompres-

sion, utilizing the lamina as a safe guard in case 

of pedicle screw instrumentation slippage.

In our practice, thoracic pedicle screws are 

placed using intraoperative computed tomogra-

phy (CT) reference-based navigation tools and 

instruments. Image-guided spinal instrumenta-

tion is relatively new and has been shown to be 

highly safe, accurate, and effective [32–35]. It 

should be noted that with the use of intraopera-

tive navigation, patients should be positioned 

with the arms tucked at the sides. This allows 

easier access to the patient when using intraop-

erative CT. The authors feel that an extensive dis-

cussion of CT-navigated pedicle screws is not 

warranted in this book chapter. Instead, the 

 freehand thoracic pedicle screw technique will be 

described. The spine surgeon should understand 

this technique to facilitate a three-dimensional 

understanding of the thoracic pedicle and its rela-

tionship to the nerve roots and thecal sac.

The authors use the freehand pedicle screw 

technique described by Kim et al. [36]. 

Instrumentation is started at the most distal verte-

bra. A Leksell rongeur is used to remove the soft 

tissue attached to each facet joint associated with 

instrumentation (Fig. 17.5). In the lower thoracic 

region (T11–T12), the pedicle screw entry points 

are located at the junction of the bisected 

Fig. 17.4 Posterior thoracic exposure of T7–T10. 

Subperiosteal dissection of the muscle layers, showing 

exposure of the mid-thoracic spine using two Gelpi retrac-

tors. The exposure is carried out to the lateral edge of the 

transverse processes bilaterally
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 transverse process and lamina, directly medial to 

the lateral aspect of the pars. As one progresses to 

the apical mid-thoracic region, the entry point is 

more medial and cephalad. At the mid-thoracic 

region (T7–T9), the entry point is the most medial 

and located at the junction of the proximal edge 

of the transverse process and lamina, just lateral 

to the midportion of the base of the superior artic-

ular process. Above the mid-thoracic region, the 

entry point moves slightly caudally and laterally 

with each successive level. At the proximal tho-

racic region (T1–T2), the entry point is at the 

junction of the bisected transverse process and 

lamina at the lateral pars. As one places each suc-

cessive pedicle screw cranially, these trends 

should be noted and used to make slight adjust-

ments to each successive pedicle screw based on 

the previous level. Once the entry points are 

delineated, a high-speed burr is used to decorti-

cate the entry points (Fig. 17.5).

After decortication, the thoracic gear-

shift probe is placed into the entry point in search 

of a “soft” spot, which indicates entry into the 

cancellous bone of the pedicle. Initially, the gear-

shift should point laterally for safety and advance 

15–20 mm. It is then directed medially and 

advanced down the path of the pedicle to its final 

depth. Preoperative imaging should be used to 

measure the approximate lengths of the instru-

mented pedicles in preparation for this step. It 

should be noted that most spine surgeons use 

intraoperative fluoroscopy to guide gearshift 

Fig. 17.5 Posterior thoracic exposure of T7–T10. A 

Leksell rongeur is used to remove the facet joint capsule 

and soft tissue. A high-speed burr was used to create the 

pedicle screw entry point at the junction of the proximal 

edge of the transverse process and lamina
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probing. Anterior-posterior (AP) fluoroscopy 

views “looking” down the pedicle are used to 

guide the gearshift probe along the length of the 

pedicle using the exact same steps as mentioned 

above. After probing, a ball-tip probe is placed 

into the pedicle and used to feel for medial/lateral 

wall breach. This is a critical portion of the pro-

cedure. A missed pedicle breach could poten-

tially lead to pedicle screw-induced neurologic 

injury postoperatively. If any breach is found, the 

pedicle probe is used to redirect the path for the 

pedicle screw. Once an adequate path is created, 

the ball-tip probe is placed to the base of the tract, 

and the length marked with a hemostat to mea-

sure pedicle screw length.

The pedicle tract is then tapped with a smaller 

diameter screw tract. The tract is palpated for 

breach. If no breach is found, the pedicle screw is 

placed into the pedicle following the same trajec-

tory as the tapping device (Fig. 17.6). The screw 

placement is then confirmed with intraoperative 

fluoroscopy and is tested with electromyography 

(EMG) stimulations utilizing real-time thoracic 

nerve root recordings from the rectus abdominis 

musculature. EMG assesses screws placed from 

T6 to T12. It has been shown that an EMG thresh-

old less than 6.0 mA, with values 65% or less 

from the “average” of all other screws at T6–T12, 

is indicative of a potential medial pedicle screw 

breach [37].

As the life expectancy of the general popula-

tion increases, more patients with advanced age 

and osteoporosis are undergoing spine surgery. In 

this population, surgery typically involves instru-

mented stabilization and reconstruction. Rigid 

instrumentation is associated with high mechani-

cal demand at the implant-bone interface, and as 

bone quality decreases, the risk of mechanical 

degradation at the implant-bone interface 

increases. Several studies have demonstrated that 

screw pullout strength is directly related to bone 

mineral density and that pedicle screws fail by 

stripping the cancellous bone within the pedicle 

tract [38–40]. Longer screws have been shown to 

achieve significantly better fixation, especially 

screws that are placed bicortically [38, 40]. In 

addition, augmentation of the screw tract with 

cement has been shown to increase fixation in the 

osteoporotic bone. Injecting polymethyl methac-

rylate into the screw tract prior to screw place-

ment has been shown to significantly increase 

pullout resistance [41, 42]. 1–3 mL of cement is 

generally recommended for injection since larger 

volumes of cement have not shown benefit in 

regard to pullout strength [43].

After pedicle screw placement is complete, 

laminectomy and/or deformity correction for the 

operative pathology is performed. Rods are cut to 

an appropriate length and bent to maintain proper 

thoracic curvature. They are placed in the screw 

heads bilaterally and finally tightened (Fig. 17.6). 

Depending on the degree of spine instability and 

motion segments instrumented, placement of 

Fig. 17.6 Posterior thoracic exposure of T7–T10. Pedicle 

screws have been placed and unilateral rod fixation 

completed

S.K. Mendenhall and S.A. Khairi



203

transverse rod cross-links is recommended. 

Cross-links have been proven to increase rota-

tional and bending stiffness significantly [44–47]. 

If two cross-links are used, one is placed as prox-

imal as possible and the second as distal as pos-

sible. If the instrumentation exceeds 30 cm in 

length, a third transverse cross-link connector 

should be considered. A high-speed drill is then 

used to decorticate the lateral aspects of the trans-

verse processes, and bone graft material is laid 

along the lateral aspect of the instrumentation 

construct.

Closure of the wound is performed in a 

sequential fashion. The surgeon meticulously 

obtains hemostasis and carefully inspects for 

cerebral spinal fluid (CSF) leak. Bleeding is con-

trolled with electrocautery, and CSF leak is pri-

marily repaired using a 4-0 Nurolon suture and is 

covered with fibrin glue sealant. The wound is 

copiously irrigated with antibiotic irrigation. Two 

grams of vancomycin powder is rubbed into the 

muscle, fascia, and subcutaneous tissues in order 

to reduce postoperative infection rate [48, 49]. 

Typically, an epidural drain is left postoperatively 

to limit the buildup of epidural fluid. The aponeu-

rosis of the paraspinal muscles is reapproximated 

with Vicryl suture. The skin is reapproximated 

with staples or a running Monocryl suture. A 

sterile dressing is applied. The patient is awoken 

from anesthesia and checked postoperatively for 

neurologic deficit.

 Illustrative Case

 History

A 66-year-old previously healthy male presented 

to the emergency department by ambulance after 

a skydiving accident. While approaching the 

ground after deploying his parachute, it malfunc-

tioned around 20–30 feet in the air. He plum-

meted, landed on his feet, and collapsed to the 

ground. There was no loss of consciousness. He 

had back pain immediately after the fall. He was 

able to move his legs after the accident, but they 

were mildly weak. On his way to the hospital, he 

began feeling burning pain down both of his legs 

into the toes. He denied any bowel or bladder 

incontinence.

 Physical Exam

Neurologic examination revealed point tender-

ness to his mid- and lower thoracic spine. He had 

4+/5 strength in his lower extremities. He had 3+ 

patellar and Achilles reflexes without clonus. He 

had normal sensation. Lastly, he was noted to 

have urinary retention and needed intermittent 

catheterization.

 Imaging

CT of the head and cervical, thoracic, and lumbar 

spine were ordered. CT of the thoracic spine was 

remarkable for T7 compression fracture and T12 

burst fracture with retropulsion into the spinal canal 

(Fig. 17.7). MRI was performed to evaluate for spi-

nal cord injury and ligamentous injury to the verte-

bral column. Short T1 inversion recovery (STIR) 

MRI revealed high signal intensity within the T7 

and T12 vertebral bodies, posterior ligamentous 

injury at T12, and spinal cord injury at T12 from 

compression and ischemia caused by the burst frac-

ture (Fig. 17.7). There were no other injuries found 

on clinical exam or radiographic analysis.

 Treatment

Operative decision-making in thoracolumbar 

trauma is based off the thoracolumbar injury 

classification and severity core (TLICS). Injury is 

graded based on the morphology of the fracture, 

integrity of the posterior longitudinal ligament, 

and neurologic status. The following are the 

scores and management decision: 0–3 = nonop-

erative management, 4 = management based on 

surgeon choice, and greater than 4 = operative 

management [15]. The TLICS score for this 

patient is 7, indicating operative management.

The patient was selected to undergo a T5–L2 

posterior thoracolumbar fusion with  laminectomy 

at T12 (Fig. 17.8). The surgical correction was 
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based on the biomechanical considerations dis-

cussed previously. This patient suffered an axial 

loading injury causing a compression fracture at 

T7 and a burst fracture at T12. These injuries lead 

to axial loading instability in the sagittal plane. 

Posterior thoracic instrumentation with pedicle 

screws and rods counteract the axial loading 

instability by providing strength and rigidity to 

the posterior elements. In this case, the most 

unstable portion of the thoracic spine is at T12. 

Laminectomy was performed at this level to 

decompress the spinal cord from the retropulsed 

burst fracture fragments. At the thoracolumbar 

junction, there is greater motion than the other 

thoracic segments, and therefore instrumentation 

was carried down two levels to L2. The construct 

was extended past T7 because the patient has low-

density bone for a male. Extending the instrumen-

tation to T5 will help prevent further degeneration 

of the T7 compression fracture over time.

 Outcome

The patient underwent surgical decompression 

and fusion without complication. He was fol-

lowed up in a clinic at 1 month, 3 months, 

6 months, and 1 year postoperatively. By his 

6-month follow-up, his neurologic exam had 

returned to baseline, and he was ambulating well. 

By 1 year postoperatively, he had evidence of 

radiographic bony fusion from T5 to L2.

Fig. 17.7 Preoperative imaging. (a) Sagittal CT. (b) Sagittal T2 MRI. (c) Sagittal STIR MRI

Fig. 17.8 Postoperative films. (a) AP standing X-ray. (b) Lateral standing X-ray. (c) Axial CT
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 Technical Pearls

• Patient positioning that prevents abdominal 

tension greatly reduces blood loss during spi-

nal surgery.

• The use of intraoperative fluoroscopy should 

be routinely used to confirm the spinal level 

before decompression and instrumentation.

• Careful preoperative measurement of the ped-

icle width and length should be performed 

prior to each posterior spinal fusion to help 

prevent nerve root, thecal sac, and aortic 

injury.

• The distance from the medial wall of the ped-

icle to the thecal sac is closest in the mid- 

thoracic region. Special care should be taken 

at these levels to prevent medial pedicle 

breach.

• Placement of pedicle screws before laminec-

tomy utilizes the lamina as a safe guard for the 

possibility of pedicle screw instrumentation 

slippage.

• Understanding the biomechanics of the spine 

will help build solid fusion constructs that 

counteract destabilizing forces acting on the 

spine.

• Fusion should be considered across the cervi-

cal thoracic junction in cases of C7–T1 

instability.

• Long segment fixation of the thoracic spine 

should incorporate the thoracolumbar junction 

through L5 or the sacrum to prevent adjacent 

segment kyphosis.

• Bracing after spine surgery is controversial. 

Patients with poor bone quality and factors 

that may affect bone fusion should have 

 careful consideration for external orthosis 

postoperatively.

• Smoking cessation prior to spinal instrumen-

tation improves arthrodesis rates.

• Preoperative antibiotics 30 min to 1 h prior to 

surgery are effective at reducing the incidence 

of surgical site infection.

• 1–2 grams of vancomycin powder applied 

before closure is helpful in reducing surgical 

site infection.

 Complications and Strategies 
for Avoidance

Complications associated with posterior thoracic 

spinal instrumentation can be broken down into 

several main categories: (1) patient positioning, 

(2) thoracic spine exposure, (3) instrumentation, 

and (4) postoperative.

The surgical and anesthesia teams are respon-

sible for proper and safe positioning of the patient 

prior to thoracic instrumentation. Detailed atten-

tion is paid to positioning of the neck and limbs 

in the prone position. The neck must be in a neu-

tral position and the limbs properly padded to 

avoid injury to peripheral nerves. There are case 

reports of excessive neck rotation causing carotid 

artery occlusion and resultant stroke [50]. The 

shoulders need to be padded and placed in a neu-

tral position to avoid brachial plexus injury. 

Padding must be placed under the arms at the 

elbow, iliac crests, and knees to prevent skin 

breakdown and pressure ulcer development.

Prone positioning has the risk of ocular com-

plications. Postoperative visual deficits have 

been reported with an incidence as high as 0.1–

0.2% [51]. The most common cause of postop-

erative visual deficit is ischemic optic 

neuropathy (ION). The major risk factors 

include prolonged intraoperative hypotension, 

postoperative anemia, and facial swelling. 

Avoiding or immediately correcting these risk 

factors greatly reduces the incidence of ION 

[52]. Visual deficit can also result from central 

retinal artery occlusion, isolated stroke, or 

embolic phenomenon. While ocular complica-

tions are rare, prevention of such complications 

in high-risk patients (e.g., patients with diabe-

tes, hypertension, history of prior stroke or 

cases with long operative time) is achieved by 

reducing the central venous pressure [53, 54].

Safe thoracic exposure entails a comprehen-

sive knowledge of the local anatomy and neuro-

vascular structures within the region of dissection. 

During posterior thoracic exposure, the neural 

elements are at risk once the spinal canal is 

entered. Care must be taken to avoid plunging 
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instruments into the spinal canal during expo-

sure. This becomes especially true when the 

spine is flexed on the Wilson Frame, revision 

spine surgery, and trauma. Additionally, the cor-

rect level must be identified prior to exposure. In 

one study, 50% of spine surgeons admitted to 

performing a wrong-level surgery at least once 

during their career [55]. Wrong-level spine sur-

gery can be avoided with careful preoperative 

planning and intraoperative localization utilizing 

fluoroscopy.

Pedicle screw placement places the nerve 

roots, thecal sac, spinal cord, and aorta at risk for 

injury. Preoperative imaging should be reviewed 

for any anatomic abnormalities that would 

increase the chance for neurologic injury and 

plans made to circumvent the abnormal anatomy. 

Intraoperatively, anatomic landmarks and image 

guidance, when available, should be used to 

ensure proper screw placement. Pedicle diameter 

and length are measured preoperatively to ensure 

correct screw diameter and length intraopera-

tively. Screws that are “long” and placed on the 

left side of the spine have the potential to injure 

the aorta because of its close proximity to the 

ventral vertebral body. Additionally, screws 

placed on the right side of the body have the 

potential to injure the superior intercostal vessels 

at T4–T5, esophagus at T4–T9, azygous vein at 

T5–T11, inferior vena cava at T11–T12, and tho-

racic duct at T4–T12. Techniques that check for 

medial and lateral breach during pedicle cannula-

tion are essential. Medial and lateral pedicle 

screw breaches have the potential to injure the 

thecal sac and nerve root, respectively.

Many complications associated with instru-

mentation occur due to disruption of the inter-

face between the bony tissue and pedicle screws. 

Wound infection rates have been shown to be 

higher in instrumented spine procedures com-

pared to ones that are non-instrumented and lead 

to erosion of the bone around the pedicle screws 

[56]. Patients with osteoporosis often experience 

early fixation failure or pedicle screw pullout. 

Other conditions associated with hardware fail-

ure include steroid use, smoking, cancer, radia-

tion therapy, and poor nutrition. Poor nutritional 

status in spinal instrumentation candidates 

should be reversed to improve surgical outcome 

[57]. Smoking cessation improves fusion out-

comes [58].

The most common complication after spine 

surgery is postoperative wound infection. The 

incidence reported in the literature is quite vari-

able and ranges from 0.5% to 15% [59–61]. 

This is likely due to variation in case complex-

ity across the different studies examining spine 

infection rates. Infection can be prevented by 

use of prophylactic antibiotics [62]. The most 

effective prophylactic antibiotic agents are 

those that have action against the most common 

bacteria present in tissues adjacent to the surgi-

cal site. Cefazolin is commonly used at our 

institution. It is currently recommended that 

perioperative antibiotics be administered 30 min 

to 1 h preoperatively to ensure adequate levels 

at the surgical site at the time of skin incision 

[63, 64]. In addition to preoperative antibiotics, 

irrigation solutions are commonly used intraop-

eratively. Common irrigants include bacitracin, 

iodine, chlorhexidine, neomycin, and poly-

myxin. There is no clinical evidence that these 

irrigants reduce infection rates in spine surgery, 

but in vitro studies show a significant reduction 

in bacterial counts [65]. More recently, vanco-

mycin powder has gained popularity for reduc-

ing surgical site infections. Typically 1–2 g is 

added generously to the wound upon closure. 

This is the typical practice at our institution. 

There is no class 1 evidence proving vancomy-

cin powder effectiveness, but there are many 

retrospective and prospective studies that vali-

date its everyday use in spinal instrumentation 

surgery [66–72].

 Conclusion

Posterior thoracic spinal fixation is used to restore 

spinal stability when its mechanical functions are 

disrupted by trauma, tumor, infection, degenera-

tive disease, deformity, or surgical management 

of these disorders. Achieving safe and optimal 

results requires a thorough knowledge of the 

anatomy and the biomechanical properties of the 

thoracic spine. Pedicle screw fixation has sup-
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planted previous techniques because of its advan-

tageous biomechanical properties and greater 

reduction power. Familiarity with the instrumen-

tation techniques discussed in this chapter will 

help the surgeon minimize complications while 

enabling the treatment of a wide variety of spinal 

pathologies.
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 Introduction

Vertebral fractures are a major source of morbidity 

in the United States in terms of pain, work days 

lost to patients and families, and dollars spent on 

medical treatment. Osteoporosis accounts for the 

majority of these fractures (85%), with high-

impact trauma (12%) and pathologic fractures 

(3%) accounting for a much lower cohort [1]. 

The incidence of osteoporotic- related spine frac-

ture in the United States is 117 per 100,000 life 

years with the number approaching 2.1 million in 

2016. This is not surprising with the aging popu-

lation and 10 million Americans (8 million 

women/2 million men) meeting the criteria for 

osteoporosis.

Vertebral compression fractures (VCF) are the 

most common fragility fractures followed by the 

hip, wrist, and ankle. Although commonly 

thought to have a benign course, osteoporotic 

fractures are associated with significant morbid-

ity and increased mortality and costs. Once an 

individual suffers a compression fracture, it 

increases the patient’s risk of sustaining a second 

fracture by 5–10 times [2].

Traditionally, nonoperative medical manage-

ment including lifestyle changes (smoking cessa-

tion, diet, supplements), medications (anti- 

resorptive and anabolic), pain control, and brac-

ing has served as the standard of care. Despite 

treatment, many patients have debilitating resid-

ual pain, functional limitations, and decreased 

independence. Open surgery is associated with 

high rates of adverse events in this population 

due to poor fixation and further fracture espe-

cially at adjacent segments and from medical 

comorbidities.

Neoplasm commonly affects the spine in more 

than one-third of cancer patients and is the pre-

senting symptom in 10–15%. Metastatic disease 

from breast, lung, and prostate cancer accounts 

for 60–65% of these cases. In addition, multiple 

myeloma commonly presents with severe osteo-

porosis and spinal fracture. The mechanism of 

bone loss is due to osteoclastic activation and 

resorption of bone architecture that predisposes 

patients to fractures resulting in pain, neurologic 

deficits, and progressive spinal deformity that 

have a severe impact on their quality of life.

Limitations in effective management of VCFs 

in these patients have led to the development of 

percutaneous vertebral augmentation. These tech-

niques include vertebroplasty and kyphoplasty. 
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In both techniques,  polymethylmethacrylate 

(PMMA) is placed percutaneously into the verte-

bral body, although other materials are being 

investigated. Vertebral augmentation provides 

rapid improvement in pain with some restoration 

in vertebral body height and prevention of pro-

gressive deformity. In addition, surgeons have 

begun to use cement augmentation to improve 

pedicle screw fixation. In this chapter, we explore 

the indications and techniques for vertebroplasty 

and kyphoplasty along with the growing use of 

PMMA in open surgery.

 History

Galibert performed the first vertebroplasty in 

France in 1984 where PMMA was used to treat a 

painful hemangioma of the C2 vertebra [3, 4]. 

One year later, vertebroplasty was used to treat a 

compression fracture in an osteoporotic patient, 

and, subsequently, the first North American ver-

tebroplasty was performed at the University of 

Virginia in 1993. Balloon assistance to create a 

cavity and expand the vertebral body, termed 

kyphoplasty, was first reported in 1998, and its 

use became widespread [5–10]. In 2003, in a ran-

domized controlled trial, Diamond et al. demon-

strated the efficacy of vertebroplasty in providing 

rapid and effective pain control after osteoporotic 

compression fractures [11]. Since then, there 

have been many uses for PMMA that are reviewed 

later in this chapter.

 Patient Evaluation and Indications

 Patient Selection

The majority of patients sustaining a compres-

sion fracture from trauma or osteoporotic/patho-

logic etiologies benefit from a trial of nonoperative 

treatment. However, a detailed neurological 

examination must first occur to guide the patient’s 

post-injury course. Most often, compression frac-

tures are first identified on plain radiographs or 

CT. If not already available, three-dimensional 

imaging is used to evaluate the posterior body 

wall and estimate stability. CT may also be used 

to estimate bone mineral density using x-ray 

attenuation, Hounsfield units (HU). Schreiber has 

shown that patients having spinal HU greater 

than 140 have normal bone mineral density 

(BMD), those between 100 and 130 are osteope-

nic, and those less than 100 are likely osteopo-

rotic [12]. Patients with neurologic deficits 

require MRI for a more thorough evaluation of 

the soft tissue and neuro-elements. MRI is useful 

to determine the age of a fracture, and it is always 

indicated when it is believed that spinal metasta-

sis is the etiology of the fracture. If the fracture 

has occurred with low-energy mechanism, a 

dual-energy x-ray absorptiometry (DEXA) scan 

should also be considered to evaluate patient’s 

future risk of fracture.

Most patients with vertebral compression 

fractures should initially be treated nonopera-

tively. Patients who have intractable pain and are 

unable to mobilize should be considered for 

operative intervention. Pain is poorly controlled 

in 20–30% of osteoporotic and metastatic frac-

tures [13, 14]. Radiotherapy oftentimes can help 

the lytic pain due to spinal metastasis-related 

fractures, but can take 1 month to have any pain- 

related benefits and 2–6 months to show any 

bony reinforcement, subjecting patients to high 

risk of further instability during this time period.

The ideal candidate for vertebral augmenta-

tion is a patient with intractable pain localized 

to an acute fracture level that has an intact pos-

terior cortex, who is neurologically intact after 

the fracture, and who has failed conservative 

management. Relative contraindications to 

treatment include vertebra plana, comminuted 

burst fracture, spinal canal compromise greater 

than 20%, epidural tumor extension, myelopa-

thy, and coagulopathy.

 Tumor and Metastatic Disease

Spinal metastasis is involved in over two-thirds 

of patients who die of metastatic disease. These 

bone lesions are in themselves very painful and 
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oftentimes result in vertebral body fractures in 

10–20% of cases. The most common sites of 

disease are the thoracic vertebrae (60–80%), 

 followed by the lumbar (20%) and cervical 

(10%) spine [15].

Spinal metastasis is a painful process involv-

ing intrinsic pain to the vertebra through bony 

erosion and propensity toward fracture. Many of 

these patients have multiple metastases and will 

need to undergo chemotherapy and radiation 

which would be delayed from open surgery due 

to wound healing issues. Still, these patients live 

with substantial pain, oftentimes for the remain-

der of their lives. Vertebral column augmentation 

has been shown to provide quick relief in these 

patients without delaying their primary cancer 

treatments [16]. It can provide palliative relief in 

a variety of tumor and fracture patterns. The 

mechanism of pain relief is believed to be from 

stabilization of the fractures and through thermo-

chemical ablation of pain fibers in the bone 

through the exothermic chemical reaction of 

PMMA.

Classically, vertebroplasty was indicated for 

neoplastic disease in patients having single-level 

compression fractures, without posterior wall 

compromise and without [1]epidural compres-

sion. These indications have recently been chal-

lenged. Liu and colleagues described 104 spinal 

levels in 28 patients all treated with VP and all in 

single operations. Patient pain levels were 

decreased prior to pre-op and maintained these 

levels as well as vertebral body height for 

12 months [15]. Cianfoni treated patients with 

posterior wall erosion and epidural invasion, 

showing low clinically significant, perioperative 

adverse events with good pain relief scores [17]. 

They did recommend that the technique requires 

careful attention to detail in these high-risk 

patients. Although less common, cervical cement 

augmentation has been shown to be an option if 

no open procedure is available [18]. These proce-

dures can also be performed in the setting of mul-

tiple myeloma-related fractures. Due to the 

diversity of cancer-related pain and expanding 

indications for these procedures, vertebral aug-

mentation is an essential part of the spine sur-

geon’s armamentarium.

 An Adjunct to Open Surgery

Recently PMMA along with other biologics 

cements such as calcium phosphate and calcium 

sulfate has been used to augment fixation in open 

surgery [33, 34]. In addition, screw modifications 

to improve fixation have been developed includ-

ing expandable and hydroxyapatite-coated 

screws. In biomechanical models of osteoporo-

sis, both expandable and hydroxyapatite-coated 

screws show greater pullout resistance when fur-

ther augmented with PMMA [19, 20]. Pullout 

strength was noted to be 1.5 times that of equiva-

lent segments in one study [21]. Screw pullout 

strength was the only parameter tested, and more 

complex torsional and directional forces still 

need to be evaluated. Some studies suggest a 

greater amount of bone cement to a point of 

increasing screw pullout strength, and it has been 

suggested that pretreating with kyphoplasty pro-

vides the best pullout strength with reduced tog-

gle [21]. The differing screw augmentation 

techniques are shown in Fig. 18.1. Interestingly, 

augmented pedicle screws can be removed if 

revision is necessary without catastrophic dam-

age to the vertebral body or pedicle.

One strategy for providing screw PMMA 

augmentation is the cannulated and fenestrated 

pedicle screw. A number of modifications of the 

fenestrated screw are available, but no known 

differences in efficacy have been established. 

This screw allows pedicle screw placement and 

then vertebroplasty to be performed through the 

screw fenestrations using a fitted cannulated 

plungerFenestrated pedicle screw technique 

(Fig. 18.2). The PMMA is injected into the body 

as the fenestrations are near the tip, and this can 

be performed minimally invasively or through an 

open incision. All screws should be tapped. 

Prefilling the tapped holes may provide an addi-

tional benefit in resistance to toggle and pullout 

strength [19, 20, 22]. This technique appears 

safe as Klingler reported 157 cannulated and 

fenestrated pedicle screws placed in this manner 

had no cement- or vascular-related complica-

tions [19, 20, 22].

Another indication for vertebral augmentation 

is the treatment of burst fractures in a combined 
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open procedure. Posterior fixation with pedicle 

screws can improve lordosis and sometimes indi-

rectly reduce the retropulsed fragment but often 

will not correct the vertebral collapse and wedg-

ing. Balloon-assisted end plate reduction restores 

vertebral body height and provides for better 

anterior column support. Oner and colleagues 

reported 20 consecutive patients treated by poste-

rior pedicle screw fixation and balloon-assisted 

reduction of the vertebral body and PMMA aug-

mentation. Reduction of kyphosis from 11 

degrees to 1.6 and an average vertebral body 

height restoration from 66% to 81% occurred. 

This correction was maintained over a 17-month 

period. No patients experienced clinically related 

extravasation complications [23].

 Timing

The timing of vertebral augmentation is contro-

versial. The majority of compression fractures 

improve with time, thus making the role of imme-

diate intervention contraindicated in most 

patients [32]. Some authors advocate time peri-

ods ranging from 6 weeks to 1 year [24–26]. 

Fig. 18.1 Elder and colleagues described the pullout 

strength using different strategies for cement augmenta-

tion in fenestrated screws [21]. From left to right: no aug-

mentation, cement down the pedicle track, cement through 

the screw fenestrations, vertebroplasty with cement down 

the pedicle and in the vertebral body, and kyphoplasty 

augmentation with cement down the pedicle and in the 

vertebral body

Fig. 18.2 Fenestrated 

pedicle screw technique 

with fenestrations at the 

tip of the screw similar 

to that seen in Fig. 18.1. 

Once the screw is 

inserted in the standard 

technique, a cannula is 

inserted through the 

screw to the end, and a 

plunger pushes the 

cement out the 

fenestrations into the 

anterior aspect of the 

vertebral body
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There does seem to be a trend toward early inter-

vention showing that patients treated less than 

7 weeks after their fracture event do better from a 

pain standpoint than those treated later [27]. 

Patients who are hospitalized for pain control do 

benefit from early vertebral augmentation. This 

results in shortened hospitalization, fewer read-

missions, and lower overall costs [28].

 Preoperative Considerations

When planning the procedure, the following fac-

tors must be taken into account: the size of the 

vertebral body, the size of the pedicle, if transpe-

dicular or parapedicular approaches will be used, 

if KP or VP is desired, and if unilateral or bilat-

eral needle placement is the chosen technique. A 

wide vertebral body with a severe compression 

deformity and wide pedicles may dictate a bilat-

eral approach to restore height and ensure there is 

enough volume of PMMA to reach both sides 

equally. However, in the smaller vertebral body 

where fracture height restoration is of less inter-

est, a unilateral approach may be sufficient.

Two pedicle approaches are used. 

Transpedicular is used whenever possible dic-

tated by pedicle diameter. In patients with 

diameters <4 mm, a parapedicular approach 

may be used. In this technique, the cannula 

enters the bone, exits along the lateral edge of 

the pedicle, and reenters the vertebral body. 

This is possible in the thoracic spine where the 

rib shields any neurovascular structure. Pedicles 

in the high to mid-thoracic spine may be small 

and severely angled making the parapedicular 

approach the more viable option. The differing 

trajectories for transpedicular and parapedicu-

lar are shown in Fig. 18.3. Vertebroplasty at our 

institution is almost always performed from a 

unilateral approach. Preoperative trajectories 

should avoid the neuroforamina starting high 

on the pedicle with a slightly inferior and 

medial trajectory, planning length, and angles 

of approach.

Due to longer procedural time, at our institu-

tion, kyphoplasty is reserved to single-level defor-

mity or disease in younger patients where the 

level of deformity is believed to cause progression 

of deformity in the future and where fracture 

reduction is believed to have a reasonable chance 

of being accomplished. Vertebroplasty is done 

over multiple levels due to its speed in older 

patients where the goal is pain control and main-

taining fracture stability without reduction.

 Surgical Technique

 Vertebroplasty

This procedure is performed under conscious 

sedation or general anesthesia and should be 

done in a facility with spine surgery capabilities. 

Biplanar fluoroscopy is essential and can be done 

either in the interventional suite or the operating 

room. It can be done with single C-arm alternat-

ing between lateral and AP pictures or by using 

Fig. 18.3 Trajectories showing parapedicular and transpedicular approaches
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dual arms which speed the procedure, especially 

when treating multiple levels.

The patient is positioned prone on a radiolu-

cent operating table, and the face and pressure 

points are padded as well as the elbows and axilla 

to prevent brachial plexus and ulnar injuries 

(Fig. 18.4). We have not found a Foley catheter 

necessary. Although general anesthesia is not 

necessary, trained personnel should administer 

the conscious sedation, and vital signs should be 

continually monitored. The patient is then 

prepped and draped sterilely.

Based on preoperative images, the parapedic-

ular or transpedicular approach is selected. The 

level of interest is then localized using fluoros-

copy, placing the initial mark on the skin just lat-

eral to the superior lateral border of the pedicle of 

interest on the AP image when using transpedic-

ular trajectory (Fig. 18.5). When using the para-

pedicular trajectory, the skin incision should be 

made 7–11 cm off of midline to allow for a more 

medial trajectory. The cranial/caudal trajectory 

should be the same as transpedicular. The skin is 

injected with 1% lidocaine with 1:200,000 epi-

nephrine or 0.5% Marcaine with 1:200,000 

epinephrine down to the pedicle making sure to 

inject the periosteum. A 2 mm incision is then 

made either with an 11 blade or 15 blade knife 

and a No. 11 Jamshidi biopsy needle with trocar 

in place. Fluoroscopy can be used to plan the 

ideal trajectory. If using the transpedicular 

approach, the needle is advanced to the bone and 

located at the superior lateral aspect of the pedi-

cle. Alternating between AP and lateral views, 

the course of the needle should follow the trajec-

tory of the pedicle with slight triangulation end-

ing up in the anterior half of the vertebral body. 

The needle should be advanced in 1–2 mm incre-

ments. When using the transpedicular approach, 

this is usually done bilaterally as the PMMA 

has difficulty reaching the contralateral aspect of 

the body.

When using the parapedicular approach, the 

cannula is initially located on the transverse pro-

cess. The junction of the transverse process and 

the facet is felt, and the Jamshidi needle is walked 

inferiorly until it falls off the inferior edge of the 

transverse process. The entry point is at the lat-

eral vertebral body, immediately caudal to the 

transverse process, and at the lateral junction of 

the pedicle on the AP fluoroscopy. From this 

entry point, the goal is to reach the middle of the 

body on the AP while reaching the anterior half 

of the vertebral body. It should be noted that the 

parapedicular approach theoretically increases 

the patient’s risk for pneumothorax in thoracic 

cases. The location of the needle for unilateral 

approaches is important as the amount of cement 

able to be infused into the body is proportional up 

to a point in pain reduction, and poor needle 

Fig. 18.4 Showing patient positioning with standard C-arm positioning and two C-arms allowing for biplanar fluoros-

copy. This same setup can be done in the interventional suite
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placement can reduce the amount of cement that 

is able to be symmetrically injected [27].

The surgeon should practice safety from 

excessive radiation by using a clamp or lead 

gloves to shield their hands. If multiple levels are 

going to be done, it is preferred to place all 

 needles before cement injections. It used to be 

common practice before cement injection to 

inject a small amount of contrast to visualize the 

venous channels present; however, this practice 

has not been proven to have clinical utility [29]. 

Before injecting the bone cement, the operator 

should check the needle to make sure it is deemed 

to be in a suitable position. If the needle position 

is deemed to be non-ideal, there is the option of 

either replacing the needle or a curved inner can-

nula can be used to deliver bone cement through-

out the entirety of the vertebral body.

There are several cement products on the mar-

ket with differing properties; however, for the 

majority of cases, PMMA is the bone cement of 

choice. In commercial kits, it comes as two parts 

(a methyl-methacrylate polymer powder and a 

liquid monomer), and, once mixing occurs, the 

components begin polymerization. A radio-dense 

material such as barium is added to aid visualiza-

tion. The PMMA is mixed for 3–5 min until it is 

the consistency of hair conditioner and loaded 

into a 10 cc syringe. The cement for vertebro-

plasty is slightly less thick than that for kypho-

plasty, which is more similar to the consistency 

of toothpaste. During the hardening process, 

PMMA undergoes an exothermic reaction which 

may be responsible for some of the pain relief 

experienced from the procedure. After the cement 

is deemed to be at the appropriate consistency, 

the injection tool is connected to the needle. 

There are a number of devices now available, but 

generally they are threaded through the needle 

and have an attachment at the base for the needle 

and for the syringe. The cement is then injected 

under steady pressure. In the lumbar spine, usu-

ally 5–10 cc can be injected safely with decreas-

ing amounts for severe fracture patterns and 

fractures higher in the thoracic spine. During 

injection, care must be taken not to let cement 

Fig. 18.5 Choosing entry point on transpedicular and 

parapedicular trajectories on the AP radiograph. Notice 

the lateral starting point approximately 7–11 cm off of 

midline at the level of the pedicle for the parapedicular, 

whereas the transpedicular is 1 cm off the superolateral 

border of the pedicle of interest
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extravasation course beyond the borders of the 

body. Anteroposterior and lateral images should 

be taken to assess that the cement remains within 

the borders of the body. The spinal canal should 

be critically evaluated as cement extrusion into 

the spinal canals should be avoided. Complications 

related to extravasation are shown in Fig. 18.6.

After the cement is injected and the surgeon 

satisfied with the amount injected and the fluoro-

scopic picture, the injection device is removed, 

and the inner cannula of the Jamshidi needle 

replaced. This needs to be maintained until the 

cement has completely hardened as polymeriza-

tion causes volume expansion of the PMMA 

which can back up into the needle. After the 

PMMA is hardened, the Jamshidi needle is 

removed by twisting motion, and each incision 

can be closed with a monofilament suture. The 

patient should be kept supine for 1–2 h post-op 

and then discharged home after meeting dis-

charge criteria. Neurological examination should 

be performed before discharge.

 Kyphoplasty

Kyphoplasty is a procedure similar to vertebro-

plasty with the exception that an inflatable bal-

loon tamp is inserted into the vertebral body. The 

benefits of this procedure over VP are largely 

radiographic and theoretical. The major benefit 

is some height restoration to acute fractures 

and decreased extravasation of cement due to 

lower injection pressures and compacted bone 

around the cavity which was created [30, 31]. 

Kyphoplasty has been shown to have greater vol-

umes of cement injected per level, better short- 

term pain relief, and better short- and long-term 

kyphosis angles. Long-term clinical outcomes in 

terms of pain at 1 year are similar [30, 31]. The 

downside of kyphoplasty is the longer operative 

times often necessitating general anesthesia. 

Recently, the Kyphon device has come “off pat-

ent” making the procedure more affordable since 

generic devices have entered the market reducing 

costs. Kyphoplasty is often performed bilaterally 

as this allows for maximal height restoration. In 

our experience, end plate restoration is more 

likely to occur in the acute period before frac-

tures organize into the chronic phase.

In kyphoplasty, docking of the needle tends to 

be done in a similar fashion to vertebroplasty 

done by the bipedicular approach (Fig. 18.7). The 

kyphoplasty needle should have a mildly triangu-

lated trajectory and lie in the posterior half of the 

vertebral body. The stylet is moved, and a hand 

drill is used to create a pathway for the balloon. 

The drill should be stopped 3–6 mm from the 

Fig. 18.6 After needle is placed, complications can arise with extravasation of cement into large draining veins, along 

the body into the foramen, into the spinal canal, and out the fracture site into the paravertebral soft tissues
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most posterior aspect of the anterior cortex of the 

body, and, at this point, the drill tip should 

approximate the midline. The drill is then 

removed, and the balloon tamp is inserted. The 

markings on the balloon tamp are on the posterior 

aspect of the balloon, and these markings should 

be at least 5 mm from the tip of the cannula. The 

tip of the tamp should not be less than 5 mm from 

the anterior aspect of the vertebral body to assure 

that inflation will not be inside the cortical bone.

Once the operator is satisfied with the balloon 

position, balloons are inflated with contrast under 

fluoroscopy and with continuous pressure moni-

toring. It is important to make sure that balloon 

tamps do not violate the cortical bone on any sur-

face as this will increase the risk of cement 

extravasation. The balloons should not be inflated 

to more than 220 psi, which is the maximum rec-

ommended pressure. From our experience, stag-

gering the balloon inflation helps delineate the 

level of inflation of each balloon as the contrast 

can obscure visualization if one is fully inflated 

on the lateral imaging. This also aids in symmet-

ric fracture reduction. Once satisfactory inflation 

is achieved, balloons are deflated and removed. 

In the event that the fracture displaces after the 

balloons are deflated, there is the option to keep 

one inflated for the injection of the cement. Small 

cannulas containing PMMA at the consistency of 

toothpaste are inserted. It should be noted that 

this is thicker than the consistency of PMMA 

used for vertebroplasty. These are injected by 

hand, taking care to watch for extravasation. 

Typically cement is injected in small incre-

ments bilaterally to allow for better visualization 

and less fluoroscopy time. Once the surgeon is 

satisfied with the final images and cement has 

hardened, the trocars are removed, and the inci-

sions can be closed with monofilament suture. 

Postoperative imaging can be left to the surgeon’s 

discretion, but oftentimes the patient can be dis-

charged the same day.

 Kiva

The Kiva implant is a polyetheretherketone 

(PEEK-Optima) coil deployment system that 

allows fracture reduction in a controlled manner 

over a removable Nitinol Osteo guidewire. As the 

implant is deployed, the coil stacks upon itself 

adding substance to the body while reducing the 

fractured end plate. Once the coil is completely 

deployed, it forms a hollow cylinder ideally with 

its borders from end plate to end plate. PMMA is 

injected after the device is deployed to fill the 

Fig. 18.7 Balloon-assisted kyphoplasty showing restoration of vertebral body height with packing out of cancellous 

bone to create cavity and filling with cement under low pressure
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center, containing the PMMA within the walls of 

the cylinder as shown in Fig. 18.8a–d.

The Kiva implant is deployed through a uni-

lateral transpedicular approach. The setup is the 

same for both vertebroplasty and kyphoplasty, 

and the procedure can be done under local or 

general anesthesia. The initial needle is placed in 

a similar fashion in the anterior half of the verte-

bral body. It does not have to reach the midline as 

with other unilateral approaches. At this point, 

the stylet for the needle is removed, and the head 

of the device is inserted near the most anterior 

part of the vertebral body. The device is then 

turned medially with the top of the device deploy-

ing the coil. Once the coil is deployed, the implant 

is deployed over the coil slowly increasing the 

Fig. 18.8 (a) KIVA device docking needle is placed in a 

transpedicular trajectory with inner trocar in place. (b) 

Trocar is removed, and KIVA deployment device is 

attached. (c) The coil knob is turned to deploy the coil 

completely. The KIVA device is then deployed over the 

coil using the knob on the other side. The coil is then 

retracted and the device detached, and (d) a 

polymethylmethacrylate- filled plunger fills the center of 

the device through holes in the center of the device in a 

controlled fashion similar to kyphoplasty. The device both 

restores height and decreases radiographic cement 

extravasation
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anterior vertebral body height. Once the graft is 

deployed, PMMA is injected through the deploy-

ing device through the graft into the center of the 

cylinder that the graft created. The graft is then 

detached from the deploying device, and the 

wound is closed.

The Kiva device was recently compared to 

kyphoplasty in the KAST trial. The major finding 

was the Kiva device showed significantly less 

cement extravasation. This can be explained by 

the device’s ability to keep the PMMA central. 

This finding did not result in any difference in 

clinical outcomes. There was also a decrease in 

adjacent level fractures but this failed to meet sig-

nificance. Overall the trial showed that the Kiva 

implant is a safe alternative to kyphoplasty.

 Using Navigation

In a very select set of instances, visualization of 

the vertebral column may be obscured in the 

severely osteoporotic, severely obese, or when 

vertebral levels are near the diaphragm. In these 

patients where the landmarks are obscured, plac-

ing the needle can be very dangerous. Spinal 

navigation in these patients should be considered.

A reference arc should be attached to the spi-

nous process rostral to the most superior level 

that needs to be addressed with the camera at the 

head of the bed. The areas of fracture can be 

localized with C-arm. The patient is then prepped 

and draped, and the O-arm is also draped so as to 

use the biplanar fluoroscopy function of the 

O-arm. Once acquisition is taken, the O-arm is 

moved rostral, and the navigated pedicle access 

needle can be used using three-dimensional navi-

gation for either parapedicular or transpedicular 

trajectories. A Kirschner wire is then placed 

down the needle into the vertebral body, and the 

access needle is removed leaving the K-wire in 

place. If multiple levels are to be done, K-wires 

should be placed at every level that needs to be 

addressed. Vertebral augmentation cannulas are 

then placed over the K-wires, and vertebroplasty 

is performed under the fluoroscopy function of 

the O-arm, and, after all levels are completed, a 

three-dimensional scan can be taken to confirm 

the location of the cement within the body.

Although this technique is substantially more 

time consuming, it provides a greater level of 

safety in those patients with anatomy that one is 

unable to visualize on plain fluoroscopy.

 Illustrative Case

 History of Present Illness

This is a case of an 82-year-old female who has 

a history of osteoporosis confirmed by DEXA 

scan (T scores <−2.5) on calcium supplementa-

tion and teriparatide, who sustained an osteopo-

rotic compression fracture at T10 3 years prior 

to vertebroplasty treatment due to intractable 

pain. She did well after the procedure and 

returned to her prior functional status until 

6 weeks later when, while mopping her floor, 

the patient felt a pop in her back causing her to 

lose her breath and fall to the floor in pain. She 

did not note any numbness, tingling, weakness, 

or loss of continence.

 Physical Examination

Upon initial presentation, she was at her neuro-

logic baseline without deficits. She was alert and 

conversational, oriented x3. She was very tender 

to palpation over her mid to lower back. All 

extremities were moving with 5/5 movement 

with good sensation in all and she did not have 

any perigenital/anal anesthesia.

 Radiographic Evaluation

Her preoperative radiographs are shown in 

Fig. 18.9a, b showing acute compression frac-

tures at T11 and T12.

 Initial Management

She was treated with bracing and pain control, 

and, although she was able to return home, her 

activity level decreased secondary to pain at her 

2- and 6-week appointments. Her standing 
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radiographs looked grossly similar at this 

appointment showing an intact posterior cortex, 

but her son reported that she mainly was sitting 

in her wheelchair without much activity over 

this time period. It was at this point they decided 

she would like to undergo vertebroplasty.

 Procedure and Outcome

The unilateral parapedicular vertebroplasty was 

performed under conscious sedation. Fourteen 

milliliters of PMMA was injected at each level 

without complication. Trajectories are shown in 

Fig. 18.10a and b. In recovery, she felt immediate 

pain relief. Postoperative radiographs show 

excellent cement fill without extravasation 

(Fig. 18.11a, b). At 3 months post-surgery, she 

has returned to her baseline functional status.

 Technical Pearls

• When performing these procedures and espe-

cially when doing multiple levels, biplanar 

fluoroscopy can be used. This can be done in 

an interventional suite or positioning two 

C-arms.

• It is always imperative to obtain true AP and 

lateral images of the targeted vertebrae.

• When doing multiple vertebrae, it should be 

noted that a single batch of cement should 

be kept at cool temperatures to slow polym-

erization. One batch typically can do three 

vertebrae, and, at our institution, no more 

than three levels are ever done at one time 

due to PMMA toxicity and a higher risk of 

adverse events. A larger amount of PMMA 

should be used in kyphoplasty as there 

should be enough bone cement to fill the 

cavity created and the surrounding trabecu-

lar bone.

• When treating a significantly collapsed verte-

bra with kyphoplasty, there are two tech-

niques that have been shown to keep the 

fracture reduced. If there is unilateral col-

lapse, the cavity contralateral to the collapse 

can be filled first, allowing some cement to 

pack the trabecular bone providing a struc-

tural buttress. The second balloon can then be 

withdrawn.

• The second technique can be used in the set-

ting of vertebra plana which re-collapses after 

balloon withdrawal. One milliliter of PMMA 

can be injected into the body, and the balloon 

can be reinserted and inflated allowing cement 

Fig. 18.9 (a) AP preoperative radiographs demonstrating compression fractures at T11 and T12. (b) Sagittal radio-

graphs demonstrating the same pathology
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to harden forming a thin shell of cement. The 

balloon can then be withdrawn and the rest of 

the cavity filled with cement.

 Complications and Avoidance

Preoperative planning must always focus on the 

goals of the surgery while preventing complica-

tions. The two complications that can arise from 

this procedure involve the initial placement of the 

trocars and extravasation of bone cement. Placing 

Jamshidi needles through the neuro-elements can 

be avoided by obtaining true AP and lateral 

radiographs, lining up the end plates, pedicles, 

and facet joints. If the image needs to be improved 

in the osteoporotic patient, magnification on the 

C-arm may be increased, the tube may be brought 

closer to the patient, and the respirations may be 

held until the Jamshidi needle is placed. As stated 

Fig. 18.10 (a) Showing intraoperative parapedicular trajectory in the AP plane reaching the midline. (b) Showing the 

same in the sagittal plane

Fig. 18.11 (a) Showing postoperative AP radiographs and (b) sagittal radiographs post-augmentation. It should be 

noted that with vertebroplasty, end plate reduction and deformity correction are no different than preoperative imaging
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before, the transpedicular approach should start 

on the superolateral aspect of the pedicle to avoid 

damage to the nerve roots. The parapedicular 

approach can be started lateral to the pedicle and 

medial to the costovertebral joint. It should be 

noted that the needle on this approach should not 

be medial to the medial aspect of the pedicle until 

it reaches the posterior aspect of the vertebral 

body to once again avoid nerve root injury and 

damage to the spinal cord. The parapedicular 

approach is usually done in mid to high thoracic 

fractures with transpedicular being reserved for 

low thoracic and lumbar fractures. With these 

precautions taken, the operator can be certain that 

the needle is in good position and has not dam-

aged any of the neural elements.

The most common complication occurring in 

both vertebroplasty (VP) and kyphoplasty (KP) 

is PMMA extravasation that occurs in 11–75% 

of VP patients and 5–38% of KP patients. These 

are radiographic leaks and are rarely symptom-

atic. Symptomatic leaks were reported in 1.48% 

of VP patients and 0.06% of the KP patients 

[30]. This higher leak rate is thought to be caused 

by the higher pressures that VP cement is 

injected under, the lower viscosity of the cement, 

and the ability of kyphoplasty to pack out the 

bone around the cavity that it creates. The major-

ity of these leaks go into the paravertebral soft 

tissue, but extravasation into the spinal canal can 

be catastrophic, and having a spine surgeon at 

the institution available to perform emergent 

decompression is imperative. In order to avoid 

this, it is advisable to do this under live fluoros-

copy and to confirm an intact posterior cortex 

when starting out.

Cement extravasation can be minimized first 

by patient selection, choosing patients with an 

intact posterior cortex if possible. The needle 

should be placed in the anterior two-thirds of the 

vertebral body to allow some room to fill the 

body without reaching the posterior cortex too 

early. It is essential to make sure the PMMA is at 

a consistency thick enough to maintain its integ-

rity. When doing a kyphoplasty, the balloon 

should not be inflated to the point where there is 

any outpouching through any of the cortical 

bone so as not to create any breaches. When 

deploying the PMMA, it should be done in small 

increments 0.2–0.5 ml at one time with frequent 

fluoroscopy. When using the bilateral approach, 

small amounts of PMMA should be placed alter-

nating each side one at a time as on the lateral 

image large amounts of PMMA on one side can 

obscure visualization of the contralateral PMMA 

as it is being deployed. If there is any evidence 

of breaches in the contrast, the procedure should 

be stopped immediately. If vertebroplasty is 

being performed and it is felt that a less than 

adequate amount of contrast has been deployed, 

the cannula can be repositioned. Although most 

cement leaks are clinically inconsequential, if 

there is a significant leak, the patient must be 

examined before leaving the operating room, 

and, in the face of a neurologic deficit, if a deficit 

is appreciated, emergent decompression should 

be considered.

 Conclusion

Vertebral augmentation is a minimally invasive 

technique with expanding indications in the 

fields of oncology, trauma, and metabolic dys-

function providing pain relief, deformity correc-

tion, and spinal stability with minimal surgical 

morbidity and, if careful, low complication rates. 

Surgeon familiarity with these techniques have 

led to utilization of these materials in hybrid 

models both in the augmentation of pedicle 

screw pullout strength and providing anterior 

stiffness to an unstable spine allowing fewer seg-

ments to be fixated. Newer devices are currently 

being developed that may provide greater defor-

mity correction with less chance of cement 

extravasation.
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 Introduction

Degenerative disc disease in the lumbar spine is a 

specific pain syndrome that originates from 

changes and instability patterns within the inter-

vertebral disc. This syndrome is diagnosed by a 

history of clinical complaints, physical findings, 

and neuroradiographic studies. Identifying 

patients with a symptomatic degenerative disc 

who will benefit from interventional treatment is 

challenging. The selection of appropriate treat-

ment modalities depends on the patient’s symp-

toms, physical findings, and diagnostic testing.

Discogenic pain syndromes are a continuum 

of diagnostic categories that involve degenerative 

conditions of the intervertebral disc [1]. These 

clinical syndromes are commonly referred to as 

internal disc disruption (IDD) and degenerative 
disc disease (DDD). These degenerative pro-

cesses occur in the majority of people as the 

result of aging. However, in addition to the 

degenerative patterns seen with aging, certain 

biologic and biomechanical factors predispose 

some people to painful degenerative changes 

within the spinal motion segment. Clinically 

painful discs have been shown to have specific 

patterns of altered stresses in the annulus and ver-

tebral end plates. These heightened stresses 

reflect abnormal biomechanical loading patterns 

across the disc space.

The first clinical report on the treatment of 

symptomatic degenerative lumbar disc disease by 

anterior lumbar interbody fusion (ALIF) was pub-

lished in 1948 [2]. Crock later introduced the term 

internal disc disruption (IDD) based upon a retro-

spective analysis of patients who had continued to 

complain of disabling back and leg pain after oper-

ations for lumbar disc prolapse [3]. Contemporary 

reports of large clinical series of anterior lumbar 

interbody fusion (ALIF) results have shown vary-

ing rates of fusion and differing clinical outcomes 

[4–7]. Loguidice et al. [8] found ALIF had an 80% 

rate of successful fusion and an 80% rate of clini-

cal success. Blumenthal et al. [9] found a 73% suc-

cessful fusion rate and 74% clinical success rate. 

Newman et al. [10] found that 86% of their patients 

with internal disc derangement had successful 

clinical results following an ALIF procedure. A 

successful fusion alone does not guarantee an 

improved clinical outcome [11–14].

Interbody fusion devices have been introduced 

recently that have been used to improve rates of 

fusion, reestablish disc space height, and restore 

normal sagittal contours [15–17]. The design 

characteristics of these implants provide signifi-

cant advantages and benefits over traditional 
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interbody fusion techniques including interseg-

mental distraction, immediate stabilization, and 

facilitation of fusion. The intradiscal fusion 

devices provide mechanical support that pro-

motes fusion and prevents subsidence and disc 

space collapse. Restoration of anatomic disc 

space height and the reduction of any frontal or 

sagittal plane deformities are important in reduc-

ing disabling complaints and enhancing clinical 

outcomes [18–20].

A failed posterior spinal fusion can also be 

salvaged with an ALIF procedure. A posterolat-

eral or intertransverse process fusion provides 

stability in the presence of rotational, transla-

tional, and iatrogenic instability patterns when 

the disc is intact or is not the source of pain. 

However, a posterior or posterolateral fusion 

does not always restore the structural integrity of 

a painful degenerative or unstable lumbar disc. 

During the traditional posterior approach, the 

paraspinal muscles are detached from the poste-

rior spinal elements and transverse processes. 

The loss of their normal anatomic attachment 

sites, formation of scar tissue, and loss of inde-

pendent muscle function compromise the para-

vertebral muscles. Lumbar spine stabilization 

procedures that do not interfere with the posterior 

spinal muscles or that limit posterolateral dissec-

tion offer some significant advantages.

 Indications and Patient Selection

Anterior lumbar interbody fusion (ALIF) is an 

effective treatment for patients with symptomatic 

degenerative discogenic conditions that include 

lumbar spondylosis, instability, and radiculopa-

thy from L3 through the sacrum. One- or two- 

level degenerative lumbar disc disease can be 

treated with stand-alone anterior lumbar inter-

body fusion procedures; however, three-level 

lumbar disc disease can rarely be treated by ante-

rior interbody fusion alone. This condition usu-

ally requires additional posterior segmental 

spinal stabilization.

These treatable degenerative conditions of 

the lumbosacral spine are manifested by persis-

tent back pain and referred leg pain that are 

recalcitrant to nonoperative treatment modali-

ties. Patients often exhibit restricted range of 

motion of the lumbar spine, tenderness to palpa-

tion over the affected lumbar motion segments, 

and paravertebral muscle spasm. They com-

monly describe pain that is exacerbated by 

activities and that is relieved with rest. Sitting 

can be uncomfortable, and patients frequently 

complain of difficulty finding a comfortable 

position. Pain is commonly referred to the but-

tock and posterior aspect of the thigh. This 

referred leg pain pattern rarely extends below 

the knees and radiates in a nondermatomal dis-

tribution into the lower extremities. Objective 

neurologic deficits, such as diminished or 

altered sensation and depressed reflexes, can be 

demonstrated; however, significant motor weak-

ness, such as a foot drop, is rarely seen in 

patients suffering from these degenerative con-

ditions. These patients do not commonly have 

positive sciatic tension signs. Straight-leg rais-

ing usually causes low back pain and referred 

buttock and posterior thigh pain.

Degenerative disc disease can be readily iden-

tified in symptomatic patients with plain radio-

graphic findings. Degenerative changes within 

the lumbar motion segment are evidenced on 

plain radiographs by disc space collapse, radial 

osteophyte formation, and vertebral end plate 

sclerosis. Plain radiographs can also identify spe-

cific patterns of segmental instability by demon-

strating excessive translational or rotational 

segmental motion at the intervertebral disc space. 

Painful instability patterns include spondylolis-

thesis, retrolisthesis, lateral listhesis, rotatory 

subluxation, and scoliosis. These abnormal 

motion patterns may require dynamic stress 

radiographs to be seen. Radiographic criteria for 

sagittal or rotational instability have been estab-

lished and involve angular displacement on a 

flexion-extension lateral radiograph or transla-

tional shift to be considered in this diagnostic 

group. Segmental imbalance and loss of normal 

sagittal contours can also cause painful symp-

toms from the overloading of the facet joint and 

muscle fatigue.

Sagittal plane deformities with more than 

20% subluxation cannot be treated reliably and 
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predictably with a stand-alone anterior interbody 

fusion. Similarly, patients with severe segmental 

instability, as evidenced by more than 5 mm of 

sagittal plane translation on dynamic flexion- 

extension lateral radiographs, are not candidates 

for anterior interbody fusion alone. These patients 

would require additional posterior stabilization.

Imaging studies, such as magnetic resonance 

imaging (MRI), are helpful in identifying degen-

erative disc disease. MRI scans confirm desicca-

tion of the disc and often Modic changes in the 

adjacent vertebral end plates [21]. However, disc 

desiccation, radial annular tears, and high- 

intensity zones documented on MRI are not, by 

themselves, indications for surgery. Correlative 

discography may be helpful in identifying the 

painful disc levels. Importantly, discography can-

not be used alone to identify painful disc levels. 

Discography is often not effective in reproducing 

concordant pain stimulation at the affected level. 

The annulus of the disc can be incompetent, and 

distension of the annular pain fibers is not the pri-

mary source of pain. Discography may be helpful 

in the diagnostic evaluation by assessing adjacent 

spinal segments.

The level of bifurcation of the great vessel is 

highly variable. Most commonly, it occurs over 

the L5 vertebral body. The bifurcation of the ves-

sels should be identified on preoperative neurora-

diographic studies; evaluation of the axial cuts of 

preoperative MRI images or CT scans can help to 

identify the level of the bifurcation. These studies 

are essential when anterior instrumentation is 

being considered to stabilize the intradiscal 

implant. In addition, occult calcification of the 

great vessel can be seen on these studies.

 Preoperative Considerations

Identifying patients with symptomatic degenera-

tive disc disease who will benefit from surgical 

treatment is challenging for the physician. 

Approximately 30% of asymptomatic subjects 

have degenerative changes on plain radiographic 

studies. The selection of appropriate treatment 

modalities depends on the patient’s symptoms, 

physical findings, and diagnostic testing. Only 

one-third of those patients who have pain for 

more than 3 months develop significant disabling 

symptoms that warrant further diagnostic 

evaluation.

Before surgery is considered, patients should 

be treated with vigorous aerobic lumbar condi-

tioning programs that include isometric trunk- 

strengthening exercises and flexibility exercises. 

Nonimpact aerobic exercise, such as swimming 

or warm-water hydrotherapy, is well tolerated by 

these patients. In addition, isometric trunk- 

stabilization strengthening exercises consisting 

of a series of rigorous abdominal and paraspinal 

isometric exercises performed without much 

trunk mobilization have proven beneficial.

Chiropractic manipulation has been found to 

be effective in the treatment of short-duration low 

back pain. Similarly, the use of a nonnarcotic 

anti-inflammatory medication and the use of 

muscle relaxants are indicated for short-term 

relief of pain. The use of narcotic pain medica-

tion for the control of chronic pain is not effica-

cious. Neither bracing nor the use of acupuncture 

offers any substantial advantage in the treatment 

of discogenic pain syndromes.

Patients with previous disc space infection, 

metabolic bone disease, or osteoporosis also can-

not be effectively treated with stand-alone ante-

rior lumbar interbody fusion. The interbody 

fusion cages rest on the bony end plates of the 

intervertebral disc space. In patients with osteo-

porosis, the host trabecular and cortical bone can-

not sustain the stresses from the cages. Microstress 

fractures occur, and the cages subside through the 

end plates and into the trabecular bone of the ver-

tebral body. Subsidence leads to loss of soft tissue 

tensioning and instability at the disc space. 

Subsidence of the implants is also associated with 

loss of lordosis and loss of foraminal height. The 

micromotion associated with subsidence can lead 

to a delayed union or fibrous nonunion.

The overriding concern for the treating physi-

cian is proper patient selection. The majority of 

patients with discogenic pain do not require sur-

gical treatment. Fusion surgery, or arthrodesis, 

should be reserved for patients who are highly 

motivated, carefully selected, and without psy-

chological magnification of their symptoms.
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 Surgical Technique

 Patient Positioning

The patient is placed in the supine position on the 

operating room table. The table must accommo-

date fluoroscopy in both the anteroposterior and 

lateral dimensions. The patient’s arms may be 

tucked to the sides or suspended laterally from 

the table. Importantly, the arm position should 

not interfere with the fluoroscopic visualization 

of the spine. A radiolucent roll is placed under 

the lumbar spine and directly underneath the 

affected lumbar motion segment. The lumbar roll 

increases lumbar lordosis and frequently opens 

the collapsed disc space. This maneuver facili-

tates intraoperative distraction of the disc space 

and often partially reduces any sagittal plane 

deformity.

The lumbar spine is visualized in both the 

anteroposterior and lateral dimensions. The spine 

is checked for rotation. The posterior spinous 

process should be able to be well visualized 

between the pedicles. After a radiographic 

marker is placed on the skin, fluoroscopy is used 

to confirm its optimal position over the disc 

space. The entire abdomen and pelvis are pre-

pared and draped in the surgical field in the usual 

and sterile fashion.

 Open Retroperitoneal Exposure 
of the Lumbosacral Spine

A vertical or transverse skin incision is made 

over the appropriate disc space. The incision is 

sharply carried down through subcutaneous tis-

sues. The ventral portion of the rectus abdominus 

muscle sheath is exposed. The muscle sheath is 

divided vertically approximately 2 cm from the 

midline. The medial border of the rectus abdomi-

nus muscle is bluntly dissected free from the 

muscle fascial sheath, and the rectus abdominus 

muscle is mobilized with blunt dissection and 

retracted laterally.

The arcuate line and posterior rectus sheath is 

visualized. The posterior rectus sheath is often a 

very thin layer overlying the peritoneal sac. First, 

the posterior rectus sheath bluntly separates from 

the peritoneal sac starting inferiorly and working 

superiorly and laterally. The posterior rectus 

sheath can be sharply incised and blunt dissec-

tion continued. A fatty plane is encountered 

directly overlying the psoas muscle. The entire 

peritoneal sac is then easily reflected past the 

midline. The ureter can be seen within the perito-

neal sac crossing the iliac vessels. Care is taken 

to ensure that the left ureter is retracted along 

with the peritoneal contents. The genitofemoral 

nerve is seen lying directly on top of the psoas 

muscle. This nerve should not be mobilized.

The bifurcation of the great vessels occurs 

most commonly over the L5 vertebral body and 

should be identified on preoperative imaging 

studies. The L5–S1 disc space is most often 

located directly inferior to the bifurcation of the 

iliac vein, and the L4–L5 disc space is usually 

found directly lateral to the bifurcation of the 

iliac artery. The L4–L5 disc can be palpated at 

the junction between the bifurcation of the iliac 

artery and the psoas muscle. The sacral promon-

tory and the L5–S1 disc can be palpated directly 

below the iliac vein bifurcation.

 Exposure of the L3–L4 and L4–L5 Disc 
Spaces

The L4–L5 disc space is initially identified with 

gentle palpation along the medial border of the 

psoas muscle adjacent to the bifurcation of the 

iliac artery. The rounded soft annulus is readily 

identified. The L3–L4 disc space can be localized 

in the same plane, approximately 4 cm cephalad 

to the iliac bifurcation.

Direct dissection is carried down on top of the 

disc space through an avascular plane. Once the 

anterior surface of the annulus has been exposed, 

soft tissues can be swept off the disc space medi-

ally and laterally. Segmental vessels tether the 

aorta, vena cava, and iliac vessels. The segmental 

vessels lie in the midportion of the vertebral bod-

ies of L3 and L4.

In exposing the L3–L4 disc space, the seg-

mental vessels above and below the disc space 

must be identified, ligated, and divided. After this 
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maneuver, blunt dissection allows the surgeon to 

mobilize the great vessels well past the midline 

of the disc space.

Exposure of the L4–L5 interspace requires the 

surgeon to mobilize the left iliac artery and vein. 

Once the disc space has been identified, dissec-

tion is bluntly carried cephalad, and segmental 

vessels crossing the midportion of the L4 verte-

bral body are identified, ligated, and divided. 

With blunt dissection, the iliac artery and aorta 

can be gently reflected past the midline. Directly 

under the artery is the left iliac vein. Before the 

vein is mobilized, blunt dissection must be car-

ried out inferiorly along the lateral border of the 

left iliac vein. The recurrent iliolumbar vein 

should be identified. This lateral branch of the 

left iliac vein often needs to be securely ligated 

and divided to adequately mobilize the vein. The 

iliac artery and vein can then be reflected past the 

midline, exposing the L4–L5 disc space.

 Exposure of the L5–S1 Disc Space

The L5–S1 disc space can be palpated gently 

within the bifurcation of the great vessels. Blunt 

dissection is carried down directly on top of the 

left iliac artery. Underneath the artery is the left 

iliac vein. Soft tissues should be separated from 

the vein and bluntly mobilized past the midline of 

the disc. Dissection is carried out superiorly to 

the bifurcation of the iliac vein. All soft tissues 

are then bluntly swept from left to right. The mid-

dle sacral artery and vein are exposed after this 

maneuver. These vessels are sequentially identi-

fied, ligated, and divided; they should not be cau-

terized. The disc space is further exposed with 

blunt dissection. Quite frequently, the left iliac 

vein must be retracted laterally and superiorly.

 Superior Hypogastric Plexus 
and Retrograde Ejaculation
In male patients, retrograde ejaculation (RE) is a 

potential complication of anterior lumbar inter-

body fusion. The reported incidence of retro-

grade ejaculation after anterior lumbar interbody 

fusion varies widely in the literature. Plausible 

causes include direct injury to nerve and inflam-

mation. Proposed various factors related to an 

increased risk of RE include the use of rhBMP-2, 

the interbody implant used, surgical approach, 

surgical technique (use of monopolar electrocau-

tery), and surgeon experience.

The pelvic preaortic sympathetic plexus trav-

els down from the thoracolumbar sympathetic 

chain in the retroperitoneal space. The superior 

hypogastric plexus is the terminal extension of 

this plexus. It lies anterior to the aorta and verte-

bra and covers the iliac bifurcation. The plexus 

has a variable structure. The nerve fibers are most 

commonly found arching over the left iliac artery 

crossing the L51 disc space. The hypogastric 

plexus can be injured by removing prevertebral 

tissue from the front of the L5–S1 disc space or 

by liberal use of electrocautery in the 

bifurcation.

Blunt dissection of presacral tissues, lateral 

retraction of these tissues, and avoidance of elec-

trocautery in the bifurcation preserve the sympa-

thetic plexus. No transverse incisions across the 

disc interspace are made until the annulus is 

clearly exposed and isolated from all soft tissues. 

For transperitoneal midline approaches, the pos-

terior peritoneum must be careful opened. A 

sharp incision should be made over the level of 

the bifurcation and extended inferiorly over the 

L5S1 disc space. Electrocautery should not be 

used. Blunt dissection should begin on the right 

side of the disc space, and soft tissues should be 

swept from right to left across the disc space.

 The Bulldog Discectomy

A complete anterior discectomy is carried out. 

The entire anterior portion of the vertebral body 

should be readily visualized. The rounded ante-

rior surface and anterior longitudinal ligament 

and lateral borders of the annulus should be 

exposed. A radiographic marker is placed in the 

midportion of the disc space. Its position is con-

firmed with fluoroscopy in both the anteroposte-

rior and lateral dimensions. The cartilaginous end 

plates are separated from the bony end plate. 

Great care is taken to preserve the bony end 

plates. Dissection is carried out lateral and 
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 posterior with the disc space. The lateral portions 

of the annulus must also be preserved. The poste-

rior annulus and posterior radial osteophytes may 

be removed under direct visualization. Contained 

disc protrusions and disc herniations can be 

removed through this approach.

Following the thorough discectomy, the disc 

space can be mobilized. Distraction can be 

achieved with the use of serial impacted dilators. 

Expansion of the collapsed disc space re-tensions 

the soft tissues and ligamentous structures sur-

rounding it. Anterior distraction maneuvers often 

reduce sagittal plane deformity (spondylolisthe-

sis, retrolisthesis), reduce lateral plane deformity 

(scoliosis, lateral listhesis), and increase lumbar 

lordosis by tensioning the surrounding soft tissue 

elements. Establishing normal disc space height 

indirectly decompresses the neuroforamina and 

enlarges the neuroforaminal opening. Distraction 

of the disc space tensions the annulus fibrosus 

and compresses the interbody implant.

Disc space distraction should be limited to 

the anatomic restoration of disc space height 

assessed on preoperative standing plain lateral 

radiographs. Anterior intradiscal distraction 

instruments are powerful and can easily over-

come the stabilizing soft tissue elements of the 

disc space. Overdistraction should be avoided. 

Similarly, segmental hyperlordosis of the disc 

space should be avoided. Templates are avail-

able that enable the surgeon to accurately mea-

sure the disc space height of adjacent normal 

discs. Having an understanding of anatomic disc 

space height, the surgeon can anticipate the 

amount of disc space distraction necessary to 

achieve uniform tensioning of the soft tissue 

elements across the disc space in the operating 

room. Fluoroscopy and tactile feedback is used 

to assess disc space expansion and reduction 

and any sagittal deformity during the impaction 

of the disc space distracters.

 Interbody Implants

Structural autografts and allograft impacted 

intradiscal spacers have been a popular graft 

source and have a long and well-documented 

record of clinical safely and efficacy. Advanced 

biomaterial options, such as titanium, resorbable 

polymers, carbon fiber, and PEEK (poly-

etheretherketone) materials, are also available. 

These materials have proven biocompatibility, 

excellent chemical stability, and good mechani-

cal properties. The implants differ in their modu-

lus of elasticity. The PEEK material is comparable 

to bone, which minimizes stress shielding fol-

lowing implantation and is radiographically 

transparent. Synthetic polymers are increasingly 

used as alternatives to titanium not only because 

of their mechanical properties but also because of 

their properties in terms of molding, processing, 

and in vivo radiographic imaging. In assessing 

postoperative fusion, these implants have no 

imaging interference—osteoinduction and bone 

graft maturation can be demonstrated on radio-

graphs without artifact.

Porous metal implants and PEEK implants 

with porous or rough metal coatings have found 

their way into clinical use. Both titanium and 

PEEK materials are currently being enhanced 

with several physical and chemical surface treat-

ments which have been shown to improve osseo-

integration into the host bone. Implant surface 

treatments alter the micrometer- or nanometer- 

scale surface roughness with a high degree of 

precision. These surface treatments promote 

osteoblastic differentiation and foster a specific 

cellular environment that enhances bone forma-

tion. The long-term clinical and radiographic out-

comes from the use of the advanced materials 

have not been established.

The shape of the vertebral body is important 

in planning the depth of insertion of the spinal 

implants. The implants should be recessed within 

the confines of the intervertebral disc space. The 

implants should contact the vertebral apophysis 

but remain well seated within the intervertebral 

disc space. Axial sections of preoperative MRI 

and CT scan will help to document the size of the 

implants to be used.

 Cage Choices
Stand-alone anterior interbody implants can be 

impacted or threaded. The impacted implants are 

driven into the disc space. Preoperative  evaluation 
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of plane radiographs and axial images of the spi-

nal motion segments are important in planning 

and establishing the goals of an anterior inter-

body fusion. Preoperative templating helps to 

ensure that the appropriate interbody fusion cage 

is selected for each interspace. It also aids the 

surgeon in planning the extent of intraoperative 

distraction necessary to tension the annulus fibro-

sus adequately and to reestablish the normal ana-

tomic relationship of the intervertebral motion 

segment. The intradiscal implant should be 

placed parallel to the end plates of the adjacent 

vertebra. The anterior head wall of the device 

should be seated along the anterior margins of the 

vertebral bodies. The device should not penetrate 

the posterior or posterolateral corner of the disc 

space. The shape of the vertebral body must be 

evaluated on axial scans to determine how deeply 

the cages can be inserted in the disc space with-

out risks of posterolateral perforation.

Depending upon the bone quality, the intradis-

cal implant can be used as a stand-alone device or 

supplemental fixation can be used. An anterior 

plate can be fixed to the vertebral bodies. The 

plate must be placed away from contact with 

adjacent vascular structures and therefore is most 

commonly used at the L5S1 disc level. The intra-

discal device itself can incorporate screws or fins 

that insert into the adjacent vertebral bodies. 

Expandable devices within the disc space can be 

used. Hyperlordotic implants should be avoided. 

The implant should match the geometry of the 

disc space following appropriate distraction. The 

implant should not establish segmental 

hyperlordosis.

 Bone Graft/Substitute

The standard for bone grafting in spinal fusion 

procedures has long been autogenous cancellous 

bone harvested from the iliac crest. Autologous 

bone grafts provide osteoinductive and osteocon-

ductive elements that are not immunogenic and 

are usually well incorporated into the transplan-

tation site. Harvesting autogenous bone grafts for 

spinal surgery has been associated with many 

complications; recent publications have also doc-

umented the long-term incidence of donor site 

pain to occur in 22–45% of the patients.

Contemporary bone grafting options eliminate 

the high rates of complications associated with 

autogenous bone harvesting. The biologic activ-

ity and structural composition of these grafting 

materials determine whether these materials are 

used as bone graft extenders or bone graft 

replacements. Human cadaver allograft bone 

products have an osteoconductive scaffold; how-

ever, they have minimal osteoinductive factors.

Demineralized bone matrices (DBMs) are the 

product formed by the acid treatment of allograft 

bone. DBMs do not have structural strength but 

possess osteoconductivity and the osteoinductive 

growth factors. The osteoinductive ability in 

DBMs to stimulate bone regeneration is depen-

dent upon the activity of the bone morphogenic 

proteins (BMPs). DBM does not function as a 

replacement for autograft; it expands the volume 

and enhances the inductivity of autograft but 

does not replace it.

Ceramic scaffolds are not osteoinductive or 

osteogenic. They do not enhance the ability of the 

graft material to form new bone; they have not 

been demonstrated to perform comparable to 

iliac crest autograft in lumbar fusions. They can-

not be used alone in spinal fusions; ceramics are 

not bone graft substitutes.

Platelet gels contain multiple growth factors 

but do not contain any BMPs; they are not 

regarded as osteoinductive. They encourage local 

cellular proliferation but are unable to induce 

bone formation alone and are not capable of 

mediating the process of bone formation. These 

gels have little clinical evidence of their efficacy 

and also cannot be used alone as a bone graft 

substitute.

Only bone morphogenetic proteins are capable 

of inducing the entire bone formation cascade. It 

is this unique property that allows these proteins 

with a suitable carrier to be used as a bone graft 

replacement. Recombinant human bone morpho-

genetic protein-2 (rhBMP-2) is an osteoinductive 

protein that when combined with the proper car-

rier (absorbable college sponge ACS) at an appro-

priate concentration has the potential to obviate 

the need for autogenous bone grafting. The use of 
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rhBMP-2/ACS was shown to be an effective treat-

ment in inducing fusion as well as improving pain 

and function in subjects with single-level lumbar 

degenerative disc disease. The fusion rate in those 

patients treated with rhBMP-2/ACS was signifi-

cantly higher than those patients treated with 

autogenous bone grafts. Recent studies using 

pooled data have confirmed that patients with 

radiographically confirmed fusion had signifi-

cantly better improvements in clinical outcomes 

than those of patients with radiographic nonunion. 

Additional studies have reported decreased reop-

eration rates are caused by the improved fusion 

with the use of rhBMP-2/ACS. Appropriately 

dosed rhBMP-2/ACS can be used in patients who 

are at risk for developing a pseudarthrosis follow-

ing lumbar intradiscal fusion surgery.

 Supplemental Fixation

Supplemental posterior stabilization should be 

considered if there is any residual sagittal or fron-

tal plane deformity following the interbody 

fusion. Patients with osteoporosis, patients at risk 

of pseudarthrosis, patients who have undergone a 

posterior decompression, and those patients 

desiring aggressive postoperative mobilization 

can befit from posterior stabilization.

 Closure

The great vessels are inspected to ensure that there 

have been no injuries. The ureter and retroperitoneal 

structures are also inspected. The wounds are then 

closed, along with any inadvertent perforations in 

the peritoneum. No attempts are made to suture the 

posterior rectus sheath. The anterior rectus sheath is 

approximated with divided absorbable sutures and 

the wound margins are approximated with a subcu-

ticular stitch.

 Oblique Lumbar Approach

A minimally invasive retroperitoneal oblique 

lumbar interbody fusion (OLIF) has been devel-

oped [10]. The minimally invasive OLIF tech-

nique is feasible for exposure from L3 through 

the sacrum. This approach to the lower lumbar 

spine for arthrodesis may be associated with a 

higher incidence of complications than open 

techniques [22, 23].

 Illustrative Case

A 51-year-old white male had incapacitating low 

back pain and referred bilateral leg pain into his 

buttocks and posterior thighs. He had undergone 

an L5–S1 discectomy in the remote past. He had 

no complaints of pain radiating below his knees. 

His symptoms were exacerbated with activities 

and partially relieved with rest. His symptoms 

were recalcitrant to a 6-month course of physical 

therapy, anti-inflammatory medications, and anti-

spasmodic medications.

An anteroposterior lumbar radiograph shows 

bilateral laminotomy defects at L5 (Fig. 19.1). 

A standing lateral radiograph shows 3 mm of 

retrolisthesis at L5–S1 (Fig. 19.2). There is sig-

nificant narrowing of the neural foramina at L5–

S1  secondary to the retrolisthesis and disc space 

narrowing (arrow). Figures 19.3 and 19.4 dem-

onstrate the disc space narrowing, anterior 

osteophyte formation (arrow), and retrolisthesis 

at L5–S1 and normal motion patterns at discs 

above that level.

Fig. 19.1 Anteroposterior lumbar radiograph
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Postoperative anteroposterior (Fig. 19.5) and 

lateral (Fig. 19.6) radiographs show central 

positioning of the interbody cage, expansion of 

disc space height, enlargement of the neural 

foramina, and segmental fixation of the inter-

body fusion device.

 Technical Pearls

• Axial cuts of the MRI or computerized axial 

tomography scan are helpful in documenting 

the dimensions of the intervertebral disc space 

and the size of implants to be used. The shape 

of the vertebral body is important in planning 

the depth of insertion of the spinal implants. 

Fig. 19.2 Standing lateral radiograph shows 3 mm of ret-

rolisthesis at L5–S1 (arrow)

Fig. 19.3 Extension radiograph demonstrates the disc 

space narrowing, anterior osteophyte formation (arrow)

Fig. 19.4 Flexion radiograph shows retrolisthesis at L5–

S1 and normal motion patterns at discs above that level

Fig. 19.5 Postoperative anteroposterior radiograph 

shows interbody cage device
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The implants should be recessed within the 

confines of the intervertebral disc space. The 

implants should contact the vertebral apophy-

sis but remain well seated within the interver-

tebral disc space.

• Position the patient with a roll under the 

affected lumbar motion segment to increase 

lumbar lordosis and facilitate disc space 

distraction.

• Critically assess the vascular structures on 

preoperative MRI. Knowledge of anomalies 

and the location of bifurcation are important 

to avoid iatrogenic injury.

• Perform a complete discectomy under direct 

visualization. This will prevent retropulsion of 

any disc fragments, ensure an adequate fusion 

bed for the intervertebral body grafts, and 

allow for appropriated mobilization of the disc 

for restoration of an anatomic configuration of 

the disc.

• Adequately distract the disc space to the height 

of the adjacent vertebral motion segment. 

Avoid overdistraction and underdistraction.

 Complications and Strategies 
for Avoidance

Intraoperative problems usually involve mobili-

zation of the great vessels. The left iliac vein is 

generally the anatomic structure the surgeon has 

the most trouble adequately mobilizing [24]. 

Inadvertent tears in the vein should be promptly 

repaired using fine sutures. ALIF is a safe pro-

cedure when performed by a combined surgical 

team of vascular surgeon and spine surgeon 

with acceptably low complication rates [23]. 

The team approach results in short operative 

times and length of stay, with rapid control of 

intraoperative vessel injury and low overall 

blood loss.

Patients with previous abdominal surgery or 

calcified vascular disease involving the aorta and 

iliac vessel are not candidates for stand-alone 

anterior interbody fusion. These patients are bet-

ter treated by posterior posterolateral approaches 

to the lumbosacral spine.

Retrograde ejaculation can occur in men after 

this procedure [25]. This problem can be avoided 

by careful blunt dissection, bifurcation of the 

great vessels, and ligation along the lateral border 

of the iliac. Avoiding electrocautery during the 

initial dissection of disc spaces will also limit the 

occurrence of this problem.

Multilevel lumbar fusions (more than two disc 

space levels) are associated with high rates of 

pseudarthrosis. Long lumbar fusions are also 

associated with restricted lumbar motion and 

stress transfer to the sacroiliac joints.

 Conclusion

Anterior lumbar interbody fusions have clinical 

advantages over posterior lumbar approaches. 

Interbody fusion procedures place bone grafts 

within the disc space at the center of rotation of 

the vertebral motion segment. The intervertebral 

area is highly vascular, and the grafts have a wide 

contact area and are inserted in the weight- 

bearing axis of the spinal motion segment. An 

anterior interbody fusion allows the surgeon to 

directly manipulate the spinal motion segment 

through the collapsed disc space. Intersegmental 

distraction enables the surgeon to restore the nor-

mal sagittal plane contours of the spine, achieve 

immediate stabilization of the spinal motion seg-

ment, and facilitate the fusion process without 

damaging the posterolateral soft tissues or mobi-

lizing and retracting neural tissues.

Fig. 19.6 Postoperative lateral radiograph
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 Introduction

Lumbar spinal fusion has evolved as a treatment 

option for symptomatic spinal instability, spinal 

stenosis, spondylolisthesis, and degenerative sco-

liosis [1, 2]. Lumbar spinal fusion is often per-

formed after a posterior decompressive procedure 

when there is evidence of preoperative lumbar 

spinal deformity or instability that could worsen 

after laminectomy alone [3]. When performing a 

lumbar spine fusion, attaining a solid interbody 

arthrodesis through the intravertebral disc space 

has distinct biomechanical advantages when 

compared to intertransverse or posterolateral 

fusions [4]. The advantages of interbody fusions 

include increased surface area for fusion to occur, 

the ability to restore and/or maintain foraminal 

height, and the ability to restore segmental lordo-

sis across the fused segment [4]. Restoration of 

disc space height through placement of structural 

interbody grafts increases foraminal size which 

allows for indirect neural decompression [5, 6]. 

The posterior lumbar interbody fusion (PLIF) and 

transforaminal lumbar interbody fusion (TLIF) 

are effective techniques for lumbar interbody 

fusion via a posterior-only approach, and each 

technique has distinct advantages and disadvan-

tages [3, 4, 7]. The purpose of this chapter will be 

to describe our technique for performing a trans-

foraminal lumbar interbody fusion in a step-by-

step fashion. We will discuss important technical 

considerations as well as specific techniques for 

complication avoidance.

First described by Cloward in 1953, the poste-

rior lumbar interbody fusion (PLIF) involves 

placing two grafts on either side of the interbody 

space after a wide laminectomy and partial face-

tectomy [8]. The pars interarticularis is preserved 

in the traditional PLIF operation, and graft place-

ment is carried out through a direct posterior 

approach which is limited by the amount the the-

cal sac can be retracted to either side. A tradi-

tional PLIF requires retraction of the thecal sac 

and nerve roots to gain sufficient access to the 

posterior disc space through the spinal canal 

which increases the risks of incidental durotomy 

and/or injury to the traversing nerve roots [3].

The transforaminal lumbar interbody fusion 

(TLIF) is a modification of the PLIF that 

approaches the disc space from a more lateral-to- 

medial transforaminal corridor [9] (Fig. 20.1). 

This lateral trajectory is created by a more exten-

sive facetectomy including an osteotomy with 

complete removal of the pars interarticularis and 

its subjacent inferior articular facet. The lateral- 

to- medial trajectory with TLIF has several 
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 advantages over the more direct, medial trajectory 

with PLIF. These advantages include less retrac-

tion of the thecal sac and the traversing nerve 

roots, a decreased in the risk of an incidental 

durotomy or nerve root injury, and the ability to 

fit a larger interbody graft compared with the 

PLIF technique [5, 10]. In the setting of a reop-

eration following prior posterior decompression 

(laminectomy or laminotomy), epidural scar tis-

sue may limit the ability to mobilize and retract 

the neural elements. In these cases a transforami-

nal approach may be advantageous as the lateral- 

to- medial approach allows for avoidance of 

midline epidural scar tissue. The original descrip-

tion of the TLIF procedure involved a unilateral 

facetectomy for unilateral interspace access for 

discectomy and unilateral graft placement. The 

contralateral facet was preserved and can be 

decorticated and used as a fusion surface. Further 

modifications of the original TLIF to include 

bilateral medial facetectomies with removal of 

the pars interarticularis bilaterally or the poste-

rior column osteotomy (chevron or Smith- 

Petersen osteotomy) have been described. The 

benefit of the complete posterior column osteot-

omy is that it allows for a generous bilateral neural 

decompression and facilitates realignment in 

both the coronal and sagittal planes. With a com-

plete posterior column release, segmental dis-

traction across the interspace can be applied 

across the pedicle screws. Distraction across the 

interspace facilitates an aggressive discectomy 

and also allows for placement of large lordotic- 

shaped interbody cages into the anterior half of 

the disc space. After placement of the interbody 

cages, posterior compression is applied utilizing 

the pedicle screws, with the cages acting as ful-

crums, allowing for restoration of segmental lor-

dosis [5]. The combination of a posterior column 

osteotomy with bilateral discectomy and bilateral 

interbody cage placements has been described 

and has the advantage of being able to perform a 

more complete discectomy compared to the uni-

lateral approach [11].

 Indications and Patient Selection

Surgical intervention may be indicated for 

patients with degenerative disc disease that is 

refractory to conservative management. Previous 

studies have demonstrated that lumbar fusion 

Fig. 20.1 Operative corridor PLIF versus TLIF. An axial 

T2-weighted MR at the L4–L5 disc space demonstrating 

the operative corridor for intervertebral disc space access 

during PLIF and TLIF. (a) The operative corridor during 

PLIF is more medial due to the intact facet joints and 

requires retraction of the thecal sac and traversing nerve 

root to gain access to the disc space. (b) TLIF allows for a 

more lateral-to-medial access to the disc space through 

removal of the inferior facet and pars interarticularis

R.F. Heary and J.C. Quinn
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surgery is superior to nonoperative treatment in 

patients with debilitating low back pain and/or 

radiculopathy that have failed conservative treat-

ment [1]. Fusion is also indicated in patients 

with lumbar instability and for correction of spi-

nal deformity including symptomatic spondylo-

listhesis, degenerative scoliosis, and spinal 

stenosis associated with instability [1, 2, 12]. 

Circumferential fusions with interbody graft 

placement have several advantages over postero-

lateral or intertransverse fusions. These advan-

tages include greater surface area for fusion, 

restoration of disc space height for additional 

indirect decompression, and restoration of and/

or preservation of segmental lordosis. Recent 

evidence from the spine deformity literature 

demonstrates the importance of global and 

regional alignment on patient outcomes. 

Inadequate restoration of lordosis or loss of lor-

dosis through these segments can have a dra-

matic effect on the overall lumbar lordosis, 

which can impact sagittal alignment, patient out-

comes, and need for revision surgery. Not restor-

ing adequate lumbar lordosis during lumbar 

fusion may result in mechanical low back pain, 

sagittal malalignment, and increased risk of 

adjacent segment degeneration. Several short-

term studies comparing posterolateral fusions to 

interbody techniques including TLIF have not 

reported a dramatic difference in short term out-

comes. The ability to restore segmental lordosis 

with TLIF is a distinct advantage over PLF and 

may result in more durable long-term outcomes.

When an interbody fusion is considered, it is 

mandatory that an extensive trial of nonoperative 

treatment has been attempted. At a minimum, we 

encourage a trial of physical therapy as well as 

the use of epidural injections. The great majority 

of patients can benefit from optimizing their body 

weight (which frequently involves an attempt at 

dieting) as well as attempting to strengthen mid-

sections using core strengthening exercise pro-

grams. In addition, alternative approaches, which 

may include chiropractic treatment, acupuncture, 

and biofeedback, can be attempted. Only after 

failure of nonoperative treatment attempts for a 

minimum period of 6 months should an inter-

body fusion surgery be considered or offered to 

the patient. It is noteworthy that the majority of 

patients can avoid surgical intervention with a 

comprehensive conservative treatment regimen. 

Advanced radiographic imaging studies are 

reserved for those patients who have failed con-

servative treatments. If the imaging studies con-

cur with the clinical scenario, then an interbody 

fusion surgery may be considered.

 Preoperative Considerations

Preoperative planning should include preopera-

tive anteroposterior (AP) and lateral standing 

36-in. radiographs and flexion/extension lateral 

radiographs of the lumbosacral spine. A mag-

netic resonance imaging (MRI) or a computed 

tomography (CT) myelogram is routinely 

obtained to assist with understanding, comple-

menting, and comparing the anatomy reflected on 

the radiographs and to assess the severity and 

anatomic location of stenosis. These studies will 

serve to better plan the surgical approach regard-

ing side, pedicle size and orientation, nerve root 

location, and disc space height. If unilateral fac-

etectomy is planned, this should always be per-

formed on the most symptomatic side unless 

contraindicated. In very specific cases of disco-

genic pain, discography may be useful in deter-

mining the level of the pain generator; the 

clinician ordering this study must follow very 

selective criteria due to its controversial utility.

Relative contraindications include severe 

osteoporosis and active infections. Anatomic 

variations encountered during surgery including 

conjoined nerve roots or the presence of a high 

takeoff of the traversing nerve root may limit 

access to the disc space from the transforaminal 

approach. If a safe corridor cannot be created 

with mobilization of the neural elements, a con-

tralateral approach should be considered.

 Surgical Technique

 Patient Positioning

Under general anesthesia, the patient is placed on 

a radiolucent Jackson table in the prone position. 

It is essential to extend the hips fully to allow the 
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lumbar spine to achieve maximum lordosis [13]. 

Any hip flexion can be associated with kyphotic 

angulation of the lumbar spine and may predis-

pose to the development of flat-back syndrome 

and adjacent segment disease [14]. Care is taken 

to position the arms in a 90° extension–90° flex-

ion orientation to prevent any stretch or compres-

sion injuries to the peripheral nerves, which can 

occur during prolonged surgery in the prone posi-

tion. It is essential to pad all osseous prominences 

and take precautions to protect the eyes. Placing 

a soft foam cushion around the periphery of the 

face avoids any direct pressure on the eyes, and a 

10° reverse Trendelenburg position can reduce 

the risk of postoperative blindness, a rare but 

debilitating complication. A radiolucent table is 

used to aid in intraoperative fluoroscopic imaging 

in both the coronal and sagittal planes.

 Incision and Exposure

Before the initial skin incision, the operative site, 

including both the lumbar spine and the iliac 

crest regions, is prepared and draped. A preoper-

ative dose of 2 g of cefazolin is administered 

intravenously, and repeat antibiotic dosing of 1 g 

every 2 h is given over the course of the surgery. 

Vancomycin is used in patients with hypersensi-

tivity to penicillin or cephalosporins or those 

known to be carriers of methicillin-resistant 

Staphylococcus aureus. A standard midline 

approach is used. After radiographic confirma-

tion of the correct operative level, the deep lum-

bodorsal fascia is identified and a subperiosteal 

dissection of the posterior elements is performed. 

Care is taken to avoid cauterization of the facet 

joint capsules of the adjacent levels, which will 

not be included in the fusion procedure. The lat-

eral extent of the exposure includes the transverse 

processes at each operative level and the sacral 

alae in cases that extend to the sacrum. When fus-

ing to the sacrum, adequate exposure of the sacral 

alae is essential as the L5–S1 space is the most 

difficult level to achieve successful arthrodesis in 

the lumbar spine. This exposure may require sig-

nificant retraction of the paraspinal muscles in 

larger patients. Large Gelpi self-retaining retrac-

tors are placed to limit compressive forces on the 

paraspinal muscles. In addition, these Gelpi 

retractors work well to allow correct placement 

of pedicle screws by permitting proper medial 

and cranial-caudal orientation of instruments 

during screw placement owing to their smaller 

footprint within the operative field relative to 

other retractors commonly used in the posterior 

lumbar surgery. On an hourly basis, the retractors 

are released for 90 s; during which time the 

wound is irrigated with a pulse lavage irrigation 

system. The retractors are then replaced and the 

procedure is continued. This maneuver of releas-

ing the retractors and irrigating hourly prevents 

excessive ischemia of the paraspinal musculature 

and removes any mechanical debris during pro-

longed operative procedures.

 Decompression

Decompression is undertaken with bilateral 

removal of the spinous processes, laminae, pars 

interarticularis, and the inferior facets of the 

operative levels. In addition, resection of the 

medial and superior portions of the subjacent 

superior facets is helpful in limiting neural retrac-

tion later in the operation when intervertebral 

struts are placed. Importantly, a wide foraminot-

omy is also accomplished by this maneuver. All 

resected bones are cleaned of soft tissue and mor-

selized and saved for use later in the operation as 

autologous local bone graft. This aggressive bony 

decompression provides a generous amount of 

bone graft material. The exposed ligamentum fla-

vum is completely resected. After decompres-

sion, the thecal sac and the exiting and traversing 

nerve roots are well visualized and widely 

exposed.

 Instrumentation

After decompression, pedicle screws are placed. 

The superior, medial, and inferior margins of 

the pedicles are readily palpable at this point 
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which makes placement of the screws easier. 

Lateral fluoroscopy can be used if any concern 

exists regarding the optimal entry site or trajec-

tory for the screw placement. The technique for 

screw placement involves use of a high-speed 

burr to decorticate the entry site. A pedicle 

probe or a drill is then placed to help localize 

the pedicle. After localization of the pedicle, a 

small tap is used to access the pedicle. A ball-

tipped probe is used to confirm that the tapped 

track has not deviated out of the pedicle or that 

it has not violated the far vertebral cortex. 

Based on the preoperative imaging studies, 

sequentially larger diameter taps can be inserted 

with a ball-tipped probe used to confirm the 

adequacy of each tapped track after the larger 

tap is utilized. Routinely, the largest tap used is 

one size, or approximately 0.5–1.0 mm, smaller 

than the screw to be placed. In so doing, the 

screw purchase and insertional torque are 

improved [15].

 Discectomy

In order to facilitate the discectomy and inter-

body placement, a temporary rod is placed oppo-

site the side of the planned discectomy and 

distraction is applied. Use of an offset distraction 

device on the ipsilateral side may improve access 

to the disc space while maintaining distraction. 

With the disc space under distraction, the thecal 

sac and exiting nerve roots are identified and pro-

tected, the disc space is identified, and discec-

tomy is performed. First, the outer annulus 

fibrosis of the intervertebral disc is incised lateral 

to the traversing nerve root. If the medial aspect 

of the subjacent superior facet has been ade-

quately resected, the discectomy can be accom-

plished with minimal or no retraction of the 

exiting or the traversing nerve roots. Pituitary 

rongeurs and bone rasps are used to remove the 

great majority of disc material from the inter-

space. Care is taken to preserve the ventral and 

lateral margins of the annulus to allow the graft 

material, both structural and morselized, to be 

contained.

 Interbody Graft Placement

In all cases, we use generous amounts of autolo-

gous bone graft for both the intervertebral space 

and the posterolateral gutters. Autogenous iliac 

crest graft is combined with the previously pre-

pared local autograft bone. Corticocancellous 

iliac crest autograft may be obtained, through 

either the same incision or a separate incision, 

using bone gouges. Recently, we have modified 

our technique and have started using bone marrow 

aspirates from the iliac crest. Using a large bore 

trocar, the bone marrow is aspirated and no inci-

sion is necessary. A total of 20 mL of combined 

blood/bone marrow is removed for processing. 

This technology allows for concentration of the 

osteogenic precursor cells which are isolated from 

the bone marrow. These cells are combined with 

the previously obtained local bone graft to pro-

duce a generous amount of fusion substrate bone 

for later grafting. The fusion substrate bone is 

packed within radiolucent, carbon- fiber rein-

forced PEEK cages (CFRP cages; DePuy Synthes 

Spine). In our current technique, after a thorough 

discectomy, autologous morselized graft is packed 

into the ventral aspect of the disc space.

A custom-made funnel is positioned through 

the discectomy defect into the ventral disc space. 

The morselized graft material is then introduced 

through this funnel into the ventral disc space. 

After this is completed, two carbon fiber cages 

are packed with the morselized graft material. 

These cages are radiolucent except for tantalum 

beads which are embedded in the extremes of the 

cage and allow fluoroscopic confirmation of cage 

placement. The cages have a lordotic sagittal 

contour with the anterior surface at least 2 mm 

taller than the posterior surface. These cages are 

designed to be inserted straight or in a slight 

oblique manner to allow for lordosis restoration 

when posterior compression is applied. A variety 

of cage heights, lengths, and widths are available, 

and the appropriate sizing is based on the preop-

erative neuroimaging studies and the intraopera-

tive clinical impression. The cages are impacted 

bilaterally so that the dorsal most aspect of each 

cage is countersunk 2 mm ventral to the dorsal 
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margin of the vertebral bodies above and below 

(Fig. 20.2). In cases of spondylolisthesis, a cage 

of shorter depth is used. Additional morselized 

graft is placed between the cages if there is space 

available. By resecting the medial aspects of the 

subjacent superior facets, manipulation of the 

thecal sac and nerve roots is kept to a minimum. 

A nerve root retractor may be used to protect the 

thecal sac, though, often, there is no need to 

retract neural structures. Throughout the cage 

impaction process, all neural structures are 

directly visualized and gently protected.

After placement of the interbody struts has 

been completed, the epidural space is inspected 

to assure that no bone fragments have been 

deposited into the spinal canal inadvertently. At 

this point, we copiously irrigate the wound with 

3 L of warm normal saline to remove mechanical 

debris and assist with hemostasis.

 Posterolateral Fusion

Attention is now directed to the lateral gutters. 

Generous amounts of morselized autograft are 

placed over the decorticated transverse processes 

and sacral alae. This is performed before con-

necting the pedicle screws together to allow for 

the bone to be in direct apposition to the exposed 

donor sites.

 Rod Placement

After placement of the lateral fusion bone, the 

screws are connected to each other with either 

plates or rods. When possible, plates are prefer-

entially used for shorter constructs. The plates or 

rods are contoured in the sagittal plane to achieve 

a lumbar lordosis. When rods are used, cross- 

connectors may be attached to each rod to aid in 

achieving rotational stability. If necessary for 

alignment and if the bone is of adequate density, 

compression of the screws posteriorly can be per-

formed to improve the extent of lordosis able to 

be obtained. Following placement of the instru-

mentation, biplanar radiographs are obtained 

using fluoroscopy.

 Closure

At this point, care is taken to achieve meticulous 

hemostasis. Particular attention is directed to the 

epidural venous structures to confirm control of 

any bleeding sites. Depending on surgeon pref-

erence, suction drains may be placed at this time. 

For single-level fusions, closure is most often 

performed without drain placement; in multi-

level cases, drains are used routinely. When 

used, the drains are routinely brought out through 

two separate stab wounds in the skin. Drains 

Fig. 20.2 Techniques for graft placement during TLIF. 

An axial T2-weighted MR at the L4–L5 disc space dem-

onstrating different approaches for placement of interver-

tebral cages when performing a TLIF. Straight cages may 

be placed in a diagonal fashion across the disc space to 

maximize disc space height restoration (a). Alternatively 

cages may be placed horizontally across the anterior 1/3 

of the disc space which when combined with segmental 

compression acts as a fulcrum for restoration of segmental 

lordosis (b). Bilateral TLIF cages may be placed after 

bilateral facetectomies (c)
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remain in place until output decreases to less 

than 50 mL over a 24-h period. Vancomycin 

powder (1 gm or 2 gms) can be placed into the 

lateral gutters covering the graft material and the 

metallic instrumentation in an attempt to limit 

the likelihood of developing a postoperative 

wound infection. Standard wound closure is per-

formed in layers.

 Illustrative Case

 History

A 59-year-old male with a history of progressive 

mechanical back pain, lumbar stenosis with neu-

rogenic claudication, and bilateral L5 radiculopa-

thies. Extensive conservative management had 

been attempted without improvement. These 

therapies included multiple epidural steroid 

injections and several courses of both land-based 

physical therapy and aquatic physical therapy.

 Physical Examination

On physical examination the patient demon-

strated normal posture and gait. He was able to 

toe and heel walk without difficulty. His lower 

extremity motor strength exam was symmetric; 

5/5 in hip flexion, knee extension, ankle dorsi-

flexion, and plantar flexion; and 4+/5 in extensor 

hallucis longus. His sensory exam was notable 

for paresthesias in an L5 distribution bilaterally, 

and his lower extremity reflexes were diminished 

+1 and symmetric.

 Imaging

Plain radiographs and magnetic resonance (MR) 

imaging showed significant disc degeneration 

which was greatest at the L4–L5 and L5–S1 lev-

els with loss of disc height and severe L4–L5 and 

L5–S1 lateral recess and foraminal stenoses as 

well as a low-grade degenerative spondylolisthe-

sis at L4–L5.

 Treatment

Given the significant disc height loss causing 

severe foraminal stenosis, as well as the degen-

erative spondylolisthesis at L4–L5, a two-level 

TLIF was offered to decompress the nerve roots, 

stabilize the L4–L5 and L5–S1 interspaces, 

restore the disc space heights, and attempt to 

restore the segmental lordosis across the L4–S1 

segments (Figs. 20.3 and 20.4).

 Outcome

The patient tolerated the procedure well with an 

immediate improvement in his radicular leg pain. 

At 6-month follow-up, the patient reported a dra-

matic improvement in his back and leg pain and 

was able to ambulate over a mile pain free. His 

motor strength improved to 5/5 in all muscle 

groups with mild residual paresthesias in the 

right L5 distribution.

 Technical Pearls

• TLIF can be a powerful tool for restoration of 

segmental lordosis. This can be achieved by 

performing a posterior column osteotomy 

(chevron or Smith-Petersen osteotomy) fol-

lowed by compression across the segment. 

This is facilitated by anterior placement of the 

interbody cages which acts as a fulcrum when 

compression is applied across the segment.

• Cages with lordotic shapes are used to main-

tain or restore sagittal plane alignment. In 

addition, the large degree of bony decompres-

sion allows the application of compressive, 

lordotic forces if needed to correct or maintain 

sagittal plane alignment.

• The placement of large bilateral, lordotic 

interbody grafts is both structurally robust and 

biomechanically advantageous for posterior 

column compression and the subsequent res-

toration of sagittal plane alignment. In addi-

tion, utilizing large quantities of autograft 

bone in the disc spaces, in and between the 
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cages, and in the lateral gutters is ideal for 

achieving stable arthrodesis.

• A variety of interbody cages of different 

design made of different materials have been 

developed. Some options include titanium 

mesh cages, wedged structural allograft, 

threaded cylindrical cages, banana-shaped 

cages, and straight cages.

• Straight cages are typically inserted in an 

oblique fashion. Lordosis restoration using 

straight cages relies the anterior height of the 

cage being larger than the posterior height. 

Use of banana cages with a rotatable inserter 

allows for the ability to “steer” the implant 

into a horizontal position along the anterior 

portion of the disc space. With posterior 

 compression the cage acts as a fulcrum and 

allows for a greater degree of segmental 

lordosis.

• Careful, meticulous end plate preparation is 

critical to achieve interspace fusion. Avoid 

violation of end plate during discectomy to 

prevent graft subsidence which may lead to 

loss of indirect decompression.

Fig. 20.3 Case example preoperative imaging. A lateral 

radiograph (a) and sagittal (b) and axial MR of the L4–L5 

(c) and L5–S1 (d) disc space demonstrate an L4–L5 

degenerative spondylolisthesis with significant bilateral 

foraminal stenosis at L4–L5 and L5–S1
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 Complications and Strategies 
for Avoidance

TLIF has been shown to be a safe and effective 

technique for lumbar spine fusion. Complication 

rates for single-level TLIF are relatively low with 

fusion rates of greater than 90% for single-level 

procedures. Rates of transient neurological deficit 

in the range of 2–7% have been reported [16–18]. 

Care should be taken to identify and protect all 

neural structures during discectomy and inter-

body placement to avoid inadvertent injury. 

Following interbody grafting the neural foramen 

should be palpated with blunt probe to ensure 

there is no residual compression of the exiting 

nerve. There have been reports of the develop-

ment of contralateral radicular pain symptoms 

following unilateral TLIF. It is hypothesized that 

with compression and lordosis correction, there is 

risk for increased foraminal stenosis when a fac-

etectomy is not completed. Care must be taken to 

evaluate both foramen on the preoperative MRI 

regardless of which side the symptoms are on.

Hardware complications from misplaced ped-

icle screws are relatively rare with an incidence 

of less than 5% in most studies. Cage migration 

rates have been reported as high as 8% without 

posterior instrumentation. This is a rare compli-

cation with the additional stabilization afforded 

by segmental pedicle screw instrumentation, 

which allows for compression across the inter-

space after graft placement. Appropriate sizing of 

interbody graft, preservation of the anterior annu-

lus, and proper placement within the anterior 1/3 

of the interspace graft migration are important in 

limiting the rates of graft migration. Graft subsid-

ence may occur and result in loss of correction, 

loss of indirect decompression, and hardware 

failure. Factors predisposing to subsidence 

include inadequate graft technique, sizing, end 

plate violation during discectomy, and patient 

factors such as osteoporosis. Biomechanical 

load-sharing properties of the interbody graft are 

predicated on the bony stability of intact end 

plates. Fracture or violation of the end plate dur-

ing the procedure may result in subsidence. To 

minimize this risk, particular care must be taken 

Fig. 20.4 Case example postoperative imaging. 

Postoperative AP (a) and lateral (b) radiographs following 

L4–L5 and L5–S1 TLIFs. Complete posterior column 

osteotomies were performed at each level; discectomy 

and cage placement were performed from the right side at 

both levels. Titanium cages were placed into the anterior 

third of the disc spaces at each level followed by compres-

sion across these segments allowing for a restoration of 

segmental lordosis across the L4–S1 segments
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to appreciate the sagittal orientation of the end 

plates with intraoperative imaging and to main-

tain the trajectory of the instruments parallel to 

this orientation.

Vascular injury during TLIF, though rare, is a 

potentially catastrophic complication that all sur-

geons must be aware of. Violation of the anterior 

annulus may result in inadvertent entry into the 

retroperitoneum with either an instrument or an 

implant, which may lead to catastrophe because 

of the nearby location of the large vessels. During 

preparation of the disc space, implant placement, 

the surgeon must maintain direct visualization of 

the working space. Intraoperative fluoroscopy 

may be used to confirm location of instruments 

during discectomy and during placement of the 

interbody grafts to ensure the anterior annulus is 

not violated. If there is a decline in hemodynam-

ics stability at any point after beginning the dis-

cectomy, the potential of a vascular injury must 

be considered.

 Conclusion

The transforaminal lumbar interbody fusion 

(TLIF) is a safe and versatile procedure and can 

be used to treat a number of degenerative condi-

tions in the lumbar spine. The transforaminal cor-

ridor has advantages over other direct posterior 

approaches in that it provides direct access to the 

disc space and lateral recess with minimal retrac-

tion of neural elements through a lateral-to- 

medial trajectory. TLIF allows for excellent 

fusion rates, the ability to provide indirect 

decompression and restore segmental lordosis 

with relatively low complication rates.
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 Introduction

Pedicle screw fixation has been utilized for the 

surgical management of thoracolumbar spinal 

deformities, degenerative disease, and trauma 

since the middle 1980s [1]. Pedicle screw fixa-

tion creates a rigid construct, establishing a stable 

spine among destabilizing spinal pathologies, 

and further facilitates the process of bone fusion 

after fixation. Initially, pedicle screw fixation was 

performed as an open procedure; however, as sur-

gical techniques evolved, a minimally invasive 

percutaneous screw fixation approach has devel-

oped in the last two decades.

Overall, both open screw fixation and percuta-

neous screw fixation approaches result in similar 

radiographic and clinical outcomes [2, 3]. In the 

twenty-first century, there has been increased 

interest in percutaneous spinal fixation due to its 

less invasive nature, technological advances in 

devices and imaging, less radiation exposure, and 

shorter procedure time. Many physicians that were 

initially trained in the open screw fixation approach 

are starting to embrace percutaneous screw fixa-

tion nowadays. As surgical techniques and devices 

continue to advance, percutaneous screw fixation 

is also being adapted for spine deformity and 

robotic surgery and has demonstrated the ability to 

achieve an equivalent outcome.

In this chapter, percutaneous pedicle screw 

(PPS), facet screw, and iliac screw fixation protocol 

are described. This chapter will detail the indica-

tions/contraindications, preoperative consider-

ations, surgical technique, outcomes, complications, 

and new technology for these procedure.

 Two-Dimensional Image 
Considerations (C-arm)

The major breakthrough for the development of 

the percutaneous technique was the recognition 

and utilization of image guidance when it comes 

to pedicle screw fixation. Fluoroscopy-guided 

method is by far the most common technique 

adopted by spine surgeons in regard to percutane-

ous screw placement. Unlike open surgery, the 

bony landmarks and relative anatomy cannot be 

identified through direct visualization in the per-

cutaneous technique. Thus, the entire percutane-

ous screw placement process relies heavily on a 

series of intraoperative fluoroscopic images. 

Satisfactory intraoperative fluoroscopic imaging 
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is imperative for successful percutaneous screw 

placement in minimally invasive (MIS) spine sur-

gery. A radiological technician is the main person 

that operates the C-arm during a surgery, although 

the spine surgeon is responsible for training the 

technicians and collaborating with them during 

percutaneous screw placement. Therefore, a sur-

geon must have the capability to recognize the 

adequate two-dimensional images acquired by 

C-arm fluoroscopy.

The primary obstacle for intraoperative fluo-

roscopy is obtaining a clear image with properly 

aligned bony structures. A distorted image is usu-

ally caused by malalignment of the bone struc-

ture, in this case, the target vertebrae. Image 

distortion can easily mislead the surgeon, result-

ing in misplacement of the percutaneous screw in 

surgery. To avoid image distortion, the fluoro-

scope should be manipulated to a certain position 

and angle in which the X-ray beam from the 

source lies perpendicular to the vertebrae of 

interest. The optimal image may be difficult to 

capture under certain circumstances, such as 

deformity, osteoporosis, obesity, abnormal anat-

omy, or revision surgery, etc.

A true anteroposterior (AP) fluoroscopic 

image is the first step and might be the most use-

ful image when performing K-wire cannulation 

for PPS (Fig. 21.1). Lateral fluoroscopic image 

is usually the second step and allows the surgeon 

to examine if the guidewire and Jamshidi needle 

are in an appropriate place inside the pedicle and 

vertebral body. The optimal image can be 

achieved with several aids. First, the target verte-

brae should be placed in the center of the image. 

Peripherally placed vertebrae will generate a 

parallax phenomenon. In a true AP image, the 

C-arm needs to be adjusted to an angle that 

makes the superior endplate of the target verte-

brae parallel to the central X-ray beam. 

Therefore, the superior endplate can appear as 

one single superimposed line. The pedicle should 

appear as two oval shadows just caudal and lat-

eral to the single superimposed line of superior 

endplate (Fig. 21.1). The spinous process has to 

be in the true midline of the rectangle image of 

vertebrae to complete a true AP image 

(Fig. 21.2). In a lateral view, the superior end-

plate as well as the anterior and posterior border 

of the target vertebrae should appear as single 

superimposed lines to avoid malrotation of the 

fluoroscopic image. The superior and inferior 

borders of the pedicle shadow need to be super-

imposed while performing lateral fluoroscopy.

The pivotal pearl of the percutaneous tech-

nique is to always perform the whole procedure 

under well-aligned fluoroscopic images. The 

interpretation and knowledge of the fluoroscopic 

images are essential for minimally invasive spine 

surgery.

 Indications and Contraindications

Percutaneous screw fixation is indicated in mini-

mally invasive surgery for cases of instability in 

degenerative disease, thoracolumbar trauma, 

infection, and neoplasia [4]. The cannulation 

technique can also be applied for vertebroplasty/k

yphoplasty and vertebral body biopsy. PPS may 

be advantageous in comparison to open  procedures 

for obese patients since the approach and soft tis-

sue dissection are often more significant in such 

cases. In theory, percutaneous techniques avoid 

Fig. 21.1 Illustration of 

the critical anatomic 

landmarks on a true AP 

image
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the extensive dissection of an open procedure, in 

return reducing the rate of wound infection, intra-

operative blood loss, total operative time, and 

postoperative pain [5].

A contraindication of PPS placement is the 

absence of high-quality intraoperative fluoro-

scopic images. It is unsafe to perform the percu-

taneous procedure if anatomic landmarks are 

unable to be identified on fluoroscopic imaging. 

The situation may be encountered in patients 

with obesity, osteoporosis, spine deformity, and 

congenital abnormality or with inexperienced 

surgeons and C-arm technicians. In these situa-

tions, navigated image guidance or robotic screw 

placement is another option.

 Surgical Technique

 Percutaneous Pedicle Screw

The patient is almost always positioned prone for 

percutaneous pedicle screw (PPS) placement, 

although lateral position is sometimes adopted if 

PPS procedure follows a lateral lumbar interbody 

fusion. A radiolucent table, like the Jackson table 

or Allen table, is mandatory for PPS placement 

because intraoperative AP fluoroscopic images 

are required. The true AP image technique is 

most commonly used for cannulation of the 

K-wire in a PPS procedure.

A well-centered AP image for target vertebrae 

is checked and is the first and most important step 

for PPS placement. Marking the midline can help 

the X-ray technician to properly center the X-ray 

beam repeatably. Jamshidi needles are often used 

for cannulation of the K-wire. The tip of the nee-

dle can be placed laterally to the lateral border of 

the pedicle shadow before skin incision 

(Fig. 21.3). This allows estimation of appropriate 

entry point for Jamshidi needles on the skin under 

fluoroscopy. The distance between the needle tip 

and the lateral border of pedicle is approximately 

1 centimeter (cm), but may vary depending on 

individual patient conditions such as obesity, 

muscularity, body habitus, etc. A 1.5 cm incision 

through the skin and fascia is sufficient for 

Jamshidi needle and screw insertion. Finger pal-

pation of surface bony landmarks may also facili-

tate or enhance recognition of the vertebral body 

anatomy. Simultaneous placement of the Jamshidi 

needle on both sides can save time and reduce 

radiation dose.

Jamshidi needles should dock on the junction 

between the transverse process and the lateral 

border of the facet joint. On AP image, the needle 

tip would appear to be placed at the lateral border 

of the oval shadow of pedicle. The shaft of the 

Fig. 21.2 An adequate anteroposterior (AP) fluoroscopic 

image for L4, undergoing Jamshidi needle cannulation. 

L5 is already cannulated with a K-wire. The shadow of 

superior endplate of L4 is superimposed. The pedicle 

shadow is clear and just caudal to the superior endplate. 

The spinous process is centered at the midline

Fig. 21.3 The tip of the needle is placed laterally to the 

lateral border of the pedicle shadow to estimate the appro-

priate entry point for the Jamshidi needle on the skin
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Jamshidi needle is then adjusted to maintain par-

allel position with the superior endplate on AP 

image. The Jamshidi needle is then advanced into 

the pedicle bone for 2 cm in a proper angle such 

that the tip will not breach the medial wall of the 

pedicle (Fig. 21.4) [6]. The ideal trajectory of the 

Jamshidi needle on AP image is toward the 

medial border of the oval shadow of pedicle. The 

position of the beveled tip will have an influence 

on the direction of needle advancement. If the 

bevel is in the lateral position, the needle will 

tend to advance in a more slightly medial path-

way due to the force vector. In the contrary, the 

needle will tend to move forward in a more lat-

eral pathway when the bevel is positioned medi-

ally. The surgeon can manipulate the bevel 

position to gain a more desirable location of the 

needle tip during its advancement. After 2 cm of 

advancement, an AP image is obtained to show 

that position for the needle tip is just lateral to the 

medial border of the pedicle shadow and the nee-

dle shaft parallel to the superior endplate 

(Fig. 21.5).

The C-arm is then rotated to take lateral fluo-

roscopic images. An aforementioned superim-

posed line of superior and posterior border of 

vertebrae is critical to certify the bony structure is 

well-aligned. Once an optimal image is obtained, 

the tip of Jamshidi needle should be very close to 

the base of the pedicle. The K-wire is then intro-

duced through the Jamshidi needle into the can-

cellous bone of the vertebral body. We recommend 

to advance the K-wire tip to the anterior half of 

the vertebral body on the lateral view. It is impor-

tant to avoid penetration of the anterior cortex 

with the K-wire (Fig. 21.6).

The Jamshidi needle is then removed without 

displacing the K-wire. It is important to palpate 

the bottom of the K-wire and make sure it is 

inside the bone of the vertebral body. The pedicle 

bone and part of the posterior half of vertebral 

body is tapped over the K-wire (Fig. 21.7). Then, 

the cannulated screw is inserted through the 

guidewire in a usual manner. The tapping and the 

screw insertion should follow the trajectory of 

the guidewire (Fig. 21.8). Excessive bending of 

the guidewire during the tapping or screw 

 insertion may result in the unfavorable complica-

tion of breakage and retention of the K-wire 

inside the bone.

After all the screws are placed, the percutane-

ous rod is passed. The proper rod length is 

selected, and the rod is bent as required to correct 

any angular deformities. It is important to pass 

Fig. 21.4 Illustration for the true AP technique. A 

Jamshidi needle is docked on the bony surface at the junc-

tion of the lateral border of the facet joint and transverse 

process (a, oblique view; b, lateral view; and c, AP view). 

The needle is then advanced into the pedicle bone for 

2 cm. The needle tip should not pass the medial border of 

the pedicle shadow under AP image (d, oblique view; e, 

lateral view; and f, AP view) (Adapted from Ref. [6])
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the rod as deeply as possible so as to minimize 

the amount of muscle compressed underneath it 

(Fig. 21.9). There are several different methods 

to pass the rod depending on the system used. 

One of the common systems adopts a swinging 

arm rod inserter which swings the rod in through 

a geometrically constrained arc. In another sys-

tem, the rod insertion is done through one of the 

percutaneous skin incisions under the muscular 

fascia with direct vision. In other circumstances, 

the rod passage for multilevel and deformity 

cases can be challenging but is out of the scope 

for this chapter. The set screws are then inserted 

and torqued as recommended by the manufac-

turer. If required, extension tabs are broken off. 

Fig. 21.5 The position of Jamshidi needle during cannu-

lation. On the right side of the image, a small diameter 

needle is pointing at the 3 o’clock position of the pedicle, 

the ideal entry point. On the left side of the image, the tip 

of the Jamshidi needle already reaches the medial border 

of the pedicle shadow after 2 cm of advancement. This is 

the ideal end point for the needle tip

Fig. 21.6 The lateral view of K-wire cannulation

Fig. 21.7 The tapping of the pedicle bone and vertebral 

body along the axis of K-wire

Fig. 21.8 Percutaneous screw insertion following the tra-

jectory of the K-wire
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Final AP and lateral X-rays are taken to ensure 

the construct is in proper place. In traditional 

open-pedicle screw insertion, stimulus-evoked 

electromyography (EMG) has been applied for 

the detection of screw breach and is considered a 

useful method to reduce the rate of screw mis-

placement. However, the utilization of EMG on 

percutaneous pedicle screw with insulated sleeve 

does not seem to be as reliable as it is in open 

cases. Using a typical stimulation threshold 

(<12 mA), the ability of detecting low-grade 

breached screw is low in percutaneous setting 

[7]. In our opinion, intraoperative imaging 

remains a more reliable assessment than EMG 

for percutaneous pedicle screw.

 Alternative Targeting Methods

If the true AP technique is not feasible or the 

image quality is poor, an owl’s eye image may be 

an alternative method. The owl’s eye image, 

a.k.a. En face view, involves aligning the view 

directly with the long axis of the pedicle [8].  

The owl’s eye image is obtained by starting with 

an AP image, adjusting the sagittal angle, and 

centering on target vertebrae and then rotating 

the C-arm on the axial plane to align with the 

pedicle (Fig. 21.10). When the ideal view of the 

owl’s eye image is achieved, the superior end-

plate shadows should be superimposed and the 

superior articular facet aligned properly with the 

medial border of the pedicle. The skin incision 

should be made directly over the projected image 

of the pedicle. Since the cannulation of the 

K-wire is parallel to the pedicle and X-ray beam, 

the wire usually appears as one spot on the owl’s 

eye image. The depth of the cannulation is deter-

mined before surgery by measuring on the preop-

erative CAT scan or MRI. The process of tapping 

and screw insertion is similar to aforementioned 

AP image procedure. The owl’s eye approach 

requires that the right and left pedicles at any 

given level be targeted independently.

The mini-open technique involves exposure of 

the pedicle screw entry site by splitting the para-

spinal muscles and using an expandable tubular 

retractor to aid visualization. This method is most 

appropriate for short segment (one or two interver-

tebral discs) PPS placement [10, 11]. After serial 

muscle dilators and the retractor are set up prop-

erly, electrocautery is used to dissect the soft tissue 

around the facet joint and transverse process. This 

exposes the bone surface at the junction between 

transverse process and the lateral border of the 

facet joint. The junction is the ideal entry point for 

a gearshift probe or cannulation of guidewire. 

After the pedicle is probed or cannulated with a 

guidewire, the following procedure to tap the ped-

icle and insert the screw is very similar to that of 

open operation. The mini-open method serves as a 

well-combination and modification of minimally 

invasive technique and open screw placement 

with much less tissue destruction than the tradi-

tional open surgery (Fig. 21.11).

 Percutaneous Facet Screws

Transfacet screw can be an alternative choice to 

pedicle screw. Percutaneous facet screws are 

 performed less commonly and have a much shorter 

track record than pedicle screws. NSR – these 

screws are popular among some MIS surgeons. As 

with any percutaneous technique, facet screw 

placement relies heavily on intraoperative fluoros-

copy for guidance. After a small skin incision, for 

an L4–L5 facet screw, a Jamshidi needle is placed 

Fig. 21.9 Placement of the rods in the screw heads
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on the L4 lamina just medial to the inferior L4 

facet. On the AP image, the starting point is at the 

junction of L4 lower endplate and the medial bor-

der of the L5 pedicle. The trajectory should aim 

toward the lateral tip of the L5 lower endplate on 

an AP image. On the lateral image, the trajectory 

should aim for the anterior tip of the L5 lower end-

plate (Fig. 21.12). Once the trajectory has been set, 

the Jamshidi needle can be replaced with guide-

wire or drill guide to establish the tract inside the 

bone. Then the procedure is followed by a stan-

dard percutaneous technique, including a cannu-

lated tap and screws over the guidewire.

 Percutaneous Iliac Screws

Besides percutaneous lumbar pedicle and facet 

screw, the technique of percutaneous iliac screw 

is also described in this chapter. Fluoroscopy is 

also used to perform percutaneous iliac screw 

insertion. The key step is to obtain the “teardrop” 

configuration on C-arm image. The body of the 

ischium is visualized by angling the fluoroscope 

in a “Ferguson” view in the sagittal plane and 

coronal plane. This allowed for the “teardrop” 

configuration of the ischial body to be used for 

K-wire cannulation (Fig. 21.13). This teardrop 

shape is visualized when the projection of the 

inner and outer tables of the ilium overlap both 

medially and laterally. Therefore, targeting the 

“teardrop” configuration provides a proper tra-

jectory for percutaneous iliac screw placement. 

The entry point should be located just ventral to 

the posterior superior iliac spine to avoid hard-

ware prominence. A drill is used to make a pilot 

hole on the cortical bone. A Jamshidi needle is 

then advanced with the tip of the needle kept 

within “teardrop” configuration under fluoro-

scopic guidance. The tract created with Jamshidi 

needle is exchanged with K-wire and followed by 

placement of a cannulated awl, tap, and iliac 

screw. Screw length and diameter are measured 

and planned according to the preoperative CT 

imaging.

 Illustrative Case

 History

A 70-year-old woman presented to our clinic 

with a complicated 20-year spinal history with 

chief complaint of progressively worsening lower 

back and anterior thigh pain for 5 months. The 

pain is bilateral; however, it is more severe on the 

Fig. 21.10 The owl’s eye image (right) is obtained by 

starting with an AP image, adjusting the sagittal angle, 

and centering on target vertebrae and then rotating the 

C-arm on the axial plane to align with the pedicle (α 

(angle, left) (Adapted from Ref. [9])
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right side. Her leg pain is intermittent and can 

cause her legs to go weak and “give out at times.” 

This hinders her ability to stand and ambulate 

normally. She has tried nonsteroidal anti- 

inflammatory drugs (NSAIDs) and physical ther-

apy with no relief of symptoms. She denies any 

bladder or bowel dysfunction.

Her past surgical history is significant for 

three previous lumbar surgeries: an L5–S1 

laminectomy 22 years ago, a L4–L5 laminec-

tomy 20 years ago, and L3–L4 decompression 

and bilateral laminotomies 6 years ago. 

Preoperative imaging demonstrated an L3–L4 

grade 2  spondylolisthesis (Fig. 21.14a). The 

decision was made to perform a L3–L4 right-

sided minimally invasive transforaminal inter-

body fusion with intervertebral cage fixation 

and posterior L3–L4 percutaneous 

instrumentation.

Postoperatively she was noted to have signifi-

cant improvement in her leg pain and ambulation 

(Fig. 21.14b, c).

Fig. 21.11 Illustration 

of mini-open technique 

(Adapted from Ref. 

[10])
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 Technical Pearls

• The entire percutaneous screw placement pro-

cess relies heavily on a series of intraoperative 

fluoroscopic images. Satisfactory intraopera-

tive fluoroscopic imaging is imperative for 

successful percutaneous screw placement in 

MIS surgery.

• To obtain properly aligned bony structures and 

avoid a distorted image, the fluoroscope should 

be manipulated to a certain position and angle 

in which the X-ray beam from the source lies 

perpendicular to the vertebrae of interest.

• A true anteroposterior (AP) fluoroscopic 

image is the first step and might be the most 

useful image when performing K-wire cannu-

lation for percutaneous spinal fixation.

• The tip of the needle can be placed laterally to 

the lateral border of the pedicle shadow before 

skin incision, in order to estimate an appropri-

ate entry point for Jamshidi needles on the 

skin under fluoroscopy.

• Jamshidi needles should dock on the junction 

between the transverse process and the lateral 

border of the facet joint in percutaneous pedi-

cle screw placement.

• The length of the longest axis of lumbar pedi-

cle is approximately 2 cm.

• The tapping and the screw insertion should 

follow the trajectory of the guidewire, in order 

to avoid excessive bending of the guidewire 

and possible breakage.

• The key factor of percutaneous iliac screw is to 

obtain the “teardrop” configuration on C-arm 

image and keep the cannulation and instrumenta-

tion procedure within the teardrop configuration.

Fig. 21.12 The illustration of the trajectory for percutaneous facet screw on AP and lateral view (Adapted from Ref. [12])

Fig. 21.13 The “teardrop” configuration (Adapted from 

Ref. [13])
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 Complications and Strategies 
for Avoidance

With the shift from open-pedicle screw fixation 

toward PPS, fixation advantages include preser-

vation of posterior musculature, decreased intra-

operative blood loss, shorter operative time, 

lower infection risk, decreased postoperative 

pain, shorter rehabilitation time, and hospital 

stay [14]. However, PPS fixation is associated 

with its own complication profile. The most 

common PPS fixation complications include 

screw misplacement, nerve root injury, and 

instrumentation malfunction.

The core limiting factor behind PPS fixation 

is the minimal surgical visibility compromising 

the identification of anatomic landmark grossly. 

The fundamental and most common complica-

tion for PPS fixation is inaccurate screw 

implants. Inaccurate placement can result in 

reoperation, subsequent instability, hardware 

malfunction, or neurologic sequelae like dura 

Fig. 21.14 (a) Preoperative lateral standing X-ray of a patient with L3–L4 grade I spondylolisthesis. (b) Postoperative 

lateral image status post L3–L4 MIS TLIF. The listhesis is almost completely reduced. (c) Postoperative AP image
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tear or nerve root injury. In some rare, yet severe, 

cases, misplacements can cause major vascular 

and visceral injury that can result in devastating 

consequence as limb amputation or even death 

[15]. A German study investigating PPS fixation 

accuracy demonstrated that 27 of 408 (6.6%) 

percutaneously placed screws were misplaced, 

with 19 medial pedicle violations, 6 lateral corti-

cal defects, and only 1 cranial and 1 caudal dis-

placement. Two misplacements resulted in nerve 

root injuries at levels L4 and L5 and required 

open revision. The S1 level showed the highest 

misplacement rate (12%) [16]. The L5 and sacral 

level are known to be associated with the higher 

rates of misplacement. This may be due to their 

proximity to the posterior iliac crest often caus-

ing screws to deviate medially. The other cause 

could be that the axis of L5 and S1 pedicle is 

much more medialized and steep than the other 

levels and the vertebral body tends to be more 

like a triangle on the axial plane. Occasionally 

an ideal AP image for the pedicle shadow at L5 

or S1 is not feasible. In such cases, we recom-

mend to start with a more lateral entry point and 

aim at a more medialized angle. This maneuver 

can prevent the screw from perforating the ante-

rior wall of vertebral body as well as violating 

the spinal canal at the same time. L5 or sacral 

screw misplacement may also be avoided with 

lateral sacral screw placement, although this 

concurrently increases risk of injury to the lum-

bosacral trunk and internal iliac vein, thus mak-

ing it an uncommon alternative [16].

The thoracic spine is a unique challenge for 

PPS fixation. The T1–T7, pedicles are often 

narrow, have varying angles, and decreased 

space from the medial border of the pedicle to 

the spinal cord [17]. For thoracic PPS fixation, 

physicians often use the “in-out-in” technique 

which adopts a more lateral entry point for 

screw placement in order to avoid a medial 

breach [17]. Additional studies report differing 

rates of accuracy, 6.7% of 104 were misplaced 

screws with no neurologic deficits [18] and 

0.29% of 700 misplaced screws with one neuro-

logic complication [4]. Accuracy rates rely 

heavily on spine location (thoracic, lumbar, or 

sacral), operator dependency, and the subse-

quent learning curve. Previous studies have 

found that the majority of misplaced screws 

were implanted in the trial’s initial patients, 

attesting for the procedure’s steep learning 

curve [4, 19]. Traversing this learning curve 

can be more feasible through the use of cadav-

eric training and intraoperative training under a 

physician competent in PPS [20].

Maintaining full control of the guidewire is 

crucial throughout the whole procedure. Once the 

guidewire is lost, it is difficult to re-cannulate. 

Surgeons must control the guidewire while 

manipulating the instrument along the wire. It is 

also critical to follow the trajectory of the guide-

wire during instrumentation and assure the tra-

jectory is parallel to the K-wire. Otherwise, the 

K-wire may potentially break and then be 

retained within the bone.

One of the drawbacks of PPS fixation is radia-

tion exposure due to intraoperative fluoroscopy 

and CT guidance. One study showed that PPS 

was associated with an average of 54% more 

radiation per pedicle screw compared to open- 

pedicle screw fixation [21]. Recent advances in 

CT computer navigation software aim to decrease 

the physician radiation burden, only taking 

images while the team is outside the operation 

room. However, these new 3D fluoroscopy and 

CT protocols depend on having specially 

equipped ORs with trained staff. Though these 

requirements initially increase the cost burden of 

PPS fixation, centers that perform at least 254 

CT-navigated PPS cases a year offset these costs 

by avoiding reoperations [22].

Facet joint and pedicle bone that are sclerotic 

can be very difficult for the advancement and 

cannulation of Jamshidi needles. Occasionally 

the Jamshidi needles have to be replaced with 

direct cannulation of the pedicle with a high- 

speed drill. The tip of the drill is docked on the 

same entry point as a Jamshidi needle would 

place. With careful advancement of the drilling 

tip under X-ray monitoring, we will be able to 

create an accessible pathway into sclerotic bone 

(Fig. 21.15). The drill can then be removed and 

replaced with Jamshidi needles or cannulated 

pedicle probe. The remainder of the step is identi-

cal to usual PPS procedures.
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 Other Considerations

Chapman et al. published a largest series of 1609 

screws comparing the accuracy of PPS to open- 

pedicle screws. It appeared that the breach rate 

was lower with PPS. But the magnitude of 

breach was worse once the PPS had a breach. 

They reported the facet violation was similar 

between both methods [23]. Kwan et al. pub-

lished a study of pedicle screw placement for 

cadaveric thoracic spine and concluded that the 

accuracy of PPS and open screws were similar 

[24]. This study concluded that the percutaneous 

technique with fluoroscopy guidance was safe 

and feasible for thoracic spine fixation. Most of 

the existing studies support these results and 

reinforce that PPS technique is safe and accurate 

compared to the open alternative.

Superior facet violation has also been reported 

with PPS. Superior facet violations may acceler-

ate future adjacent segment degeneration [25, 

26]. Some investigations suggest that poor visu-

alization of anatomical landmarks during PPSF 

increases rates of facet violation reporting 12% in 

PPS fixation versus 5% in open [27] and 8.5% 

(PPS) versus 2% (open) for grade 3 violations, 

respectively [28]. However, other studies show 

no difference in the incidence (18.18% vs. 

18.72%, p = 0.62) [29, 30]. Some studies have 

proposed that a high body mass index (BMI) is a 

risk factor for facet violation.

With the increasing popularity of minimally 

invasive procedures, the PPS technique has been 

used for spinal deformity, often regarded as the 

most difficult and high risk field in spine surgery, 

even in the open setting. Wang et al. evaluated 400 

percutaneous screws using fluoroscopy guidance in 

a 5-year period with CAT scan, with a total breach 

rate of 7.1%. Two percent of the screws had high 

grade pedicle violation (>4 mm, either medial or 

lateral). Only two screws, in two respective patients, 

required revision. The overall rate of facet joint vio-

lation in this series was low (11.2%) compared to 

other percutaneous series. The results from this 

study demonstrated that the outcome and safety 

profile of PPS is favorable for deformity patients. 

However, more studies are required to reinforce this 

evidence of percutaneous screws for deformity [6].

3D image guide is another common option for 

percutaneous screws. The new technology of 

O-arm-guided screw placement provides sur-

geons with three-dimensional images, offering a 

clear perspective. During the procedure, the posi-

tion of all the instruments is well presented in 

axial, coronal, and sagittal views on the O-arm 

monitor. Surgeons may feel more secure with 

Fig. 21.15 (a) The drill is carefully controlled under X-ray monitoring and used to advance into sclerotic bone. (b) The 

trajectory of the drill is identical to that of a usual Jamshidi needle under fluoroscopic image
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comprehensive monitoring during the procedure. 

The downside is that new technology requires 

more OR space, expense, and trained personnel 

and creates more radiation. It should also be 

noted that the O-arm cannot provide real-time 

image as C-arm fluoroscopy does. During the 

step of tapping and screw insertion along the 

K-wire, the surgeon is not able to track the trajec-

tory of the instrumentation and make sure it is 

parallel to that of the K-wire without fluoroscopic 

shots. There is some evidence showing that 

O-arm navigation can improve the accuracy and 

decrease superior facet violations for percutane-

ous screws [30, 31]. One study investigated accu-

racy of CT vs. fluoroscopy, with 96.4% vs. 93.9% 

accuracy for in the lumbar spine and 95.5% vs. 

79.0% in thoracic spine [32]. Meta-analysis stud-

ies also support these findings [33, 34].

Another emerging technology has been robot- 

assisted spine surgery. The surgical robot is able 

to assist surgeons in both open and percutaneous 

settings. Preoperative thin-cut CT image is 

uploaded into the robot software and used for pre-

surgical planning for screw placement. During the 

surgery, the robot “arm” can rotate and indicate a 

desirable trajectory according to the preoperative 

planning. Guidewire is used for cannulation with 

the trajectory provided, followed by tapping and 

screw insertion as the usual percutaneous tech-

nique. Early investigations suggest that robot-

assisted methods are able to achieve excellent 

accuracy of percutaneous screw placement and 

reduce the radiation exposure [35, 36].

 Conclusion

With the ubiquity of the minimally invasive spinal 

surgery, percutaneous spinal fixation has become 

a fundamental skill set. It is important for spinal 

surgeons to familiarize themselves with these per-

cutaneous spinal instrumentation techniques. 

Among all of the methods, percutaneous lumbar 

pedicle screws remain the most popular and reli-

able procedure under fluoroscopic guidance. As 

with all new technologies, percutaneous spinal 

fixation will continue to evolve and become more 

precise and efficient over time.
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 Introduction

Adult spinal deformity is becoming increasingly 

common in our aging US population [1]. In addi-

tion to degenerative etiologies, iatrogenic sagittal 

malalignment complications are more common 

with the increase in lumbar fusion procedures 

being performed. The critical goal in the surgical 

treatment of the adult deformity patient is two-

fold: (1) restoration of anatomic alignment and 

(2) preservation of function.

Sagittal balance and overall global spinal 

alignment have been shown to be one of the 

most important factors associated with improve-

ment in patient outcomes following adult defor-

mity surgery [2]. In the past decade, studies 

have found that restoration of normal or near-

normal spinopelvic parameters correlates 

closely with health-related quality of life 

(HRQOL) and pain measures in both deformity 

and degenerative patients [3]. Although coronal 

alignment has not been as important as sagittal 

alignment, fusing the spine such that the torso is 

balanced over the pelvis within the cone of 

economy in both planes does allow better global 

balance of the spine and is seen as an optimal 

goal [4]. Fusion of the spine with significant 

residual coronal or sagittal malalignment can 

place excessive stresses through both the instru-

mented segments and non- instrumented seg-

ments of the spine contributing to additional 

degeneration, instrumentation failure, and pro-

gression of the malalignment [5, 6].

In this chapter, we will review modern surgi-

cal corrective techniques for spinal deformity 

focusing on lumbar osteotomies that can be uti-

lized to improve sagittal and coronal alignment 

and restore global spinal alignment in the adult 

patient. The origins of these techniques will be 

briefly reviewed to help frame and appreciate the 

advancement of correction methodology that has 

occurred. Utilizing the best available evidence, 

we then will review the indications and patient 

selection as a first step and also discuss the 

decision- making process and preoperative plan-

ning. Lastly, we detail the surgical technique of 

the most common osteotomy types with empha-

sis on complication avoidance. Although varia-

tions exist, three general categories of osteotomy 

have been described: (1) posterior column oste-

otomy (PCO), (2) pedicle subtraction osteotomy 

(PSO), and (3) vertebral column resection (VCR). 
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More recently, the Schwab classification describes 

six anatomically defined osteotomies that are 

commonly accepted and used [7].

 History

The surgical techniques for restoration of spinal 

alignment continue to evolve (Fig. 22.1). The 

posterior column osteotomy (PCO) includes 

both the Smith-Petersen osteotomy (SPO) and 

the Ponte osteotomy. In 1945, Smith-Petersen 

et al. described a posterior extension or chevron-

type osteotomy combined with anterior osteoc-

lasis for single-level correction of kyphosis in 

the setting of ankylosing spondylitis [8]. The 

Smith-Petersen osteotomy involves bilateral 

removal of the facet joints or fusion mass allow-

ing the spine to pivot along the middle column 

increasing segmental lordosis and causing an 

extension in length of the anterior column [9]. In 

modern practice, the SPO is usually performed 

across multiple segments for correction of a 

multi-segmental deformity [10]. The osteoto-

mies can be performed asymmetrically to allow 

for some degree of coronal plane correction [11]. 

Because SPO requires lengthening of the anterior 

column, the patient must have a mobile anterior 

disc in theory; thus, it cannot be optimally effec-

tive across a fully ankylosed segment.

The Ponte-type osteotomy was first described 

by Ponte et al. in 1984 for Scheuermann kyphosis 

and is described as segmental osteotomies fol-

lowed by posterior decompression along unfused 

regions of kyphotic deformity [12]. Although 

today the terms Smith-Petersen osteotomy and 

Ponte osteotomy are used interchangeably, the 

modern technique more closely resembles the 

procedure described by Alberto Ponte. In fact, 

these osteotomies have also become a mainstay 

in correction of coronal plane deformities, such 

as in adolescent idiopathic scoliosis.

Pedicle subtraction osteotomy (PSO) was 

first introduced by Thomasen in 1985 [13]. The 

PSO has further been referred to as a transpe-

dicular wedge procedure, wedge osteotomy, and 

eggshell osteotomy. PSO has found widespread 

use for fixed, angular sagittal plane deformity 

resulting from multiple etiologies [14]. Like 

vertebral column resection (VCR), PSO has 

been associated with significant perioperative 

complications; however, modern advancements 
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in anesthetic management, surgical technique, 

and postoperative critical care have all led to 

improved patient outcomes [15]. Neurological 

injury is the most devastating complication 

when performing osteotomies; evolution from 

the “wake-up test” popularized by Vauzelle in 

1973 to the use of somatosensory evoked poten-

tials (SSEPs) by Nash and motor evoked poten-

tials (MEPs) by Tamaki together has allowed 

direct feedback regarding spinal cord function 

with a high degree of accuracy to more widely 

perform these procedures safely [16–18]. 

Additionally, in part because of the aforemen-

tioned advancements, the utilization of these 

procedures has dramatically increased, as much 

as fourfold, over the last decade [19]. Although 

the complication rate with regard to neurologi-

cal deficit is still significant, neurologic compli-

cations can be minimized with the use of modern 

neuromonitoring techniques [20–22].

Vertebral column resection (VCR) was first 

described by MacLennan in 1922 for the treat-

ment of severe scoliosis via posterior vertebrec-

tomy and postoperative casting [23]. The 

approach to VCR has undergone its own evolu-

tion in the past decades. Bradford described a cir-

cumferential approach when performing a VCR, 

performing a circumferential VCR with concave 

rib osteotomies, convex thoracoplasty, and seg-

mental spinal instrumentation [24]. Often staging 

of anterior and posterior approaches was done 

due to long operative times [25]. Suk et al. 

reported on a posterior-only approach (PVCR) 

allowing for simultaneous control of the spinal 

column and access to the neural elements [26]. 

VCR consists of complete resection of at least 

one vertebral segment through either a posterior 

alone or combined anterior-posterior approach 

for multiplanar correction of severe rigid spinal 

deformity [24]. Often concomitant with the 

PVCR, posterior releases of the ligaments and 

facets via adjacent level PCO’s are done [9].

At present, there are many variations of estab-

lished techniques including hybrid and mini-

mally invasive techniques [27]. Despite these 

 variations, an anatomically based classification 

can provide a common language among spine 

surgeons to describe osteotomy types. A compre-

hensive and widely accepted classification has 

been described by Schwab and Lafage et al. [7]. 

This classification system is based on six ana-

tomical grades of resection (1, 6, through) corre-

sponding to the extent of bone resection and 

increasing degree of destabilizing potential. 

Grades 1 and 2 include PCOs and involve partial 

(Grade 1) or full (Grade 2) resection of the facet 

joints. Grades 3 and 4 represent PSO or extended 

PSO, thus involving resection of the pedicle, par-

tial vertebral body (Grade 3), and possibly the 

cranial disc (Grade 4). Grades 5 and 6 represent 

VCR so that the complete vertebral body and disc 

are removed (Grade 5) or multiple vertebral bod-

ies (Grade 6) and discs. In addition, a surgical 

approach modifier can be added (posterior 

approach or combined anterior and posterior 

approaches).

 Indications and Patient Selection

In general, the type of osteotomy chosen should 

take many factors into consideration including 

but not limited to the severity of deformity and 

underlying pathology, flexibility of the spine, 

bone density/quality, operative goals, surgeon’s 

experience and comfort level, and critical care 

support. Age, regional and global alignment, 

comorbidities, psychosocial status, and amount 

of postoperative activity also influence the 

decision- making process including whether sur-

gical or conservative therapy is indicated. 

Furthermore, symptoms such as radiculopathy or 

axial back pain will also influence the extent of 

decompression and arthrodesis. Patients with 

radicular leg pain were more likely to proceed 

with surgery than those with back pain [28]. 

Furthermore, it has been demonstrated that sagit-

tal spinopelvic alignment varies with age, and 

thus operative realignment goals should also 

account for age with younger patients requiring 

more rigorous alignment objectives [29].

The surgeon should develop an algorithmic 

approach to this complex decision-making pro-

cess. The mnemonic TEAMS can aid in develop-

ing a comprehensive decision: (1) Type of curve, 

(2) End points of deformity, (3) Apex of deformity, 
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(4) Mobile disc segments, and (5) Stable cone of 

economy. Table 22.1 provides a quick reference 

for selection of osteotomy procedure.

 Posterior Column Osteotomy (PCO)

Indications for considering PCO’s would include 

a deformity with a mobile anterior column, where 

adequate disc height and mobility of the disc 

space anteriorly can add to the corrective poten-

tial. The deformity may be either in the sagittal 

plane such as kyphosis or in the coronal plane. 

For sagittal plane deformity, typically symmetric 

shorting of the posterior column yields 1° of cor-

rection per millimeter of bone resected, thus 

requiring correction to be carried out over multi-

ple levels [9]. This type of osteotomy lends itself 

very well to any mild to moderate malalignment 

that is degenerative in origin.

The PCO provides roughly 5–10° of angular 

correction per level. Three PCOs are able to 

achieve a degree of correction comparable to a 

single PSO with no difference in fusion rates or 

patient-reported outcome [9]. A PCO may be 

combined with an anterior release or performed 

as a stand-alone posterior approach. In a patient 

with combined sagittal and coronal deformity 

and shoulder angulation tilted to the concavity, 

an anterior release followed by multilevel PCOs 

can be a useful technique.

Fixed angular deformity and ossification of the 

anterior longitudinal ligament are relative contra-

indications to a posterior column osteotomy. 

Compression of instrumentation after multilevel 

PCO results in gradual, harmonious correction of 

a smooth kyphotic curve rather than angular cor-

rection. The classic indication for a PCO is a long 

smooth kyphosis such as in Scheuermann 

kyphosis. In adult deformities, PCO is often a 

Table 22.1 Criteria for selection of lumbar osteotomy

Posterior column 

osteotomy (PCO)

Pedicle subtraction 

osteotomy (PSO)

Vertebral column

resection (VCR)

Type Gradual or sweeping 

kyphosis

Typically degenerative 

causes; Scheuermann 

kyphosis

1° of correction per 

millimeter of bone 

resection

30 to 40° of correction in 

the sagittal plane at the 

level that it is performed

Examples include 

post-traumatic or 

junctional kyphosis, 

ankylosing spondylitis, 

flat-back deformity

Fixed trunk translation, often 

congenital or neuromuscular 

origin, spondyloptosis, spinal 

tumor, rigid spinal deformity

End points Multi-segment nature

Roughly 10° of angular 

correction per level

Short, angular kyphosis Correction over short segment

Most effective for angular 

kyphosis

Apex Harmonious correction 

over multiple segments

Lengthening of 

anterior column

Pivots at middle 

column

No lengthening of 

anterior column

Shortening of posterior 

column

Correction via three 

columns at a single level

Ideal levels: L2–L4

Asymmetry between the 

length of the convex column 

and length of concave column 

of the deformity

Closure pivots on anterior 

placed cage

Mobility Mobile disc space Mobile disc not required

Fixed disc space

Anterior ankylosis and 

lack of flexibility

Correction over levels with 

anterior ankylosis of lack of 

flexibility

Stable 

zone

Mild to moderate 

sagittal imbalance

Less than 10 cm of 

sagittal imbalance

More than 10 cm of 

sagittal imbalance

More than 80° in the coronal 

plane

Combined severe coronal and 

sagittal imbalance

R. Nazar et al.



269

good option if the patient has a flexible kyphotic 

deformity, as evidenced by correction on hyper-

extension films or supine positioning such as MRI 

or CT scanning (Fig. 22.2). Although an anterior 

gap may be created after SPO, there is typically 

no need for an anterior bone graft. The Zielke 

technique involves multiple PCOs at all levels 

from T10 to the sacrum [10].

 Pedicle Subtraction Osteotomy (PSO)

PSOs can achieve approximately 30 to 40° of 

correction in the sagittal plane at the level that it 

is performed [30]. Closure of the osteotomy 

occurs in a wedge fashion, bringing kyphosis into 

correction via posterior shortening (Fig. 22.3). 

Briefly, the technique consists of resection of the 

entire posterior elements of the vertebral body, 

including pedicles, followed by a wedge-shaped 

removal of the posterior cortex and cancellous 

bone from the vertebral body. A variation 

includes the extended PSO which, in addition, 

incorporates resection of the cranial disc. The 

closure of the osteotomy hinges on the anterior 

column. In the lumbar spine, there is a broad 

anterior cortical surface that can function as a 

rigid pivot for PSO closure helping to prevent 

translation.

PSOs are not commonly used in the distal 

lumbar spine because of limited fixation points 

distally. However, more recent studies suggest 

the lower the PSO is performed, the more physi-

ologic is the restoration of lumbar lordosis as the 

majority of lumbar lordosis is found between L4 

and S1. This appears to also correlate with patient 

satisfaction [31]. The best candidates for a PSO 

are patients with the following conditions: [1] 

sagittal malalignment of more than 10 cm, [2] 

sharp angular kyphosis, and [3] fixed sagittal 

malalignment caused by anterior ankylosis or cir-

cumferential fusion between multiple segments 

[32]. Other indications would include flat-back 

deformity or fixed kyphotic deformity. It is the 

preferred osteotomy for patients with ankylosing 

spondylitis who have sagittal malalignment.

The most common levels for a PSO are L2, 

L3, and L4. Recent studies have shown that the 

level of the PSO (L3 versus L4) does not affect 

the degree of correction; but lower lumbar PSOs 

correlate with an increased correction in pelvic 

tilt [33]. Ideally, the PSO should be performed at 

the apical region of the kyphosis or at the epicen-

ter of the junctional deformity. Recent advances 

in pelvic fixation techniques, such as S2 alar iliac 

screws, have allowed these osteotomies to be 

 performed more distally. Although the overall 

complication rate is high, there is high success 

rate with fusion due to bone contact across three 

columns and low reported rates of pseudarthrosis 

[34]. An extended PSO has been described as the 

wedge of vertebral body resection to include the 

disc space above the decancellated segment. 

Typically an extended PSO is used for correction 

of thoracolumbar junctional kyphosis and focal 

junctional kyphosis including arthrodesis of the 

interspace after the cephalad disc is resected.

 Vertebral Column Resection

The VCR is reserved for malalignment that is 

severe enough that other osteotomies cannot cor-

rect the deformity, especially in patients who 

have combined coronal and sagittal malalign-

ment. It is also more commonly used for rigid 

deformities in the thoracic and thoracolumbar 

spine, whereas PSO is more likely used in the 

lumbar spine. The VCR can result in 40 to 60° of 

correction at a single level.

Indications for VCR include fixed trunk trans-

lation, severe scoliosis (often of a congenital or 

neuromuscular origin), spondyloptosis, spinal 

tumor, rigid spinal deformity of more than 80° in 

the coronal plane, and severe asymmetry 

between the length of the convex column and 

length of concave column of the deformity [24].

The VCR essentially is an extension of the 

three-column resection of the PSO, involving 

opening of the anterior column and closing of the 

posterior column after complete removal of the 

posterior elements and vertebral body, with place-

ment of an anterior cage or strut graft to serve as 

the pivot (Fig. 22.4). Nerve roots can be ligated 

and sacrificed in the thoracic spine to improve 

exposure to the vertebral body. The vertebral body 
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Fig. 22.2 Case example of Ponte osteotomies. (a) 

Standing AP 36-inch scoliosis x-ray of patient with prior 

L4–L5 TLIF. (b) Standing lateral 36-inch scoliosis x-ray 

demonstrates severe sagittal imbalance and rounded 

kyphosis. Disc spaces above L4–L5 fusion are still open. 

(c) Prone hyperextension lateral x-ray demonstrates sig-

nificant correction and relatively mobile discs. (d) 

Instrumentation placed with multiple Ponte osteotomies 

through thoracolumbar junction and upper lumbar spine. 

(e) Standing postoperative AP 36-inch scoliosis x-ray 

demonstrates T4–ilium instrumented fusion. (f) Standing 

postoperative lateral 36-inch scoliosis x-ray demonstrates 

restoration of normal spinal alignment

R. Nazar et al.
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is then completely resected, including the anterior 

cortex. Because the entire vertebra is removed, 

this is a highly unstable osteotomy; the anterior 

cortex is not left as a pivot point, as in the 

PSO. Thus, some type of structural graft, typi-

cally a structural cage, must be placed in the ver-

tebrectomy defect in order to create a pivot point. 

A closing of the posterior portion of the osteot-

omy is then done to correct kyphosis. The surgery 

can be performed by a posterior approach only or 

combined anterior- posterior approach. 

Additionally, more recent data suggest that a 

staged approach is acceptable because of the 

length and complexity of these procedures [35].

 Preoperative Considerations

Scoliosis and other spinal deformities may be 

associated with various systemic diseases 

involving many different systems including car-

diac, pulmonary, musculoskeletal, neurological, 

renal, and more. Furthermore, a patient may 

need optimization of other preexisting medical 

conditions including but not limited to asthma, 

diabetes, heart disease, tobacco abuse, any 

coagulopathies, nutrition, and bone health. 

Recognition of associated conditions and medi-

cal comorbidities, whether part of a syndrome 

or not, may benefit from consultation with a 

medical subspecialist.

It is important for the surgeon and patient to 

have an understanding about management and 

optimization of medical comorbidities before the 

decision is made to operate. Thus, some specific 

recommendations the surgeon (as well as the 

medical physicians) should make include the fol-

lowing: (1) pulmonary optimization, (2) cardiac 

optimization, (3) glycemic control, (4) bone 

health, and (5) nutritional support. Respiratory 
system: Thoracic curves can affect pulmonary 

function, and tobacco abuse is known to nega-

tively affect spinal fusion and increase suscepti-

bility to postoperative infection [36]. Also, 

smoking may place the patient at risk for periop-

erative respiratory infections. It is important to 

Fig. 22.3 Case example of pedicle subtraction osteot-

omy. (a) Standing AP 36-inch scoliosis x-ray of patient 

with prior L2–L5 posterior fusion. (b) Standing lateral 

36-inch scoliosis x-ray demonstrates sagittal imbalance 

with angular kyphosis above prior fusion. (c) Standing 

postoperative AP 36-inch scoliosis x-ray demonstrates 

T10–ilium fusion with pedicle subtraction osteotomy 

through L3. (d) Standing postoperative lateral lumbar 

x-ray demonstrates significant correction through PSO
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Fig. 22.4 Case example of vertebral column resection. (a) 

Standing AP 36-inch scoliosis x-ray of patient with con-

genital kyphosis. (b) Standing lateral 36-inch scoliosis 

x-ray demonstrates L1 dorsal hemivertebra with mild 

kyphosis. (c) CT scan sagittal reconstruction demonstrates 

L1 dorsal hemivertebra with significant encroachment 
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emphasize smoking cessation 4–6 weeks prior to 

surgery to allow recovery of the respiratory sys-

tem [37]. Nicotine blood and urine testing is 

becoming more and more common in presurgical 

evaluation of patients undergoing spinal fusion. 

Cardiac system: High degree curves and pulmo-

nary hypertension place a patient at risk for cor 

pulmonale. In patients with known or suspected 

cardiac compromise, consultation with a cardiol-

ogist during the perioperative period, as well as 

possible invasive cardiac monitoring during sur-

gery, may be warranted [38]. Glycemic control: 
Uncontrolled diabetes mellitus has been found to 

be a risk factor for wound infection, nonunion, 

postoperative hemorrhage, acute renal failure, 

deep vein thrombosis, and mortality [39]. Despite 

the fact that even well-controlled diabetics have 

higher than normal complication rates, every 

effort should be made to maintain tight glycemic 

control in the perioperative setting. Bone health: 

Bone mineral density and physical preparation 

should be considered prior to surgery as well. 

The surgeon should always screen for osteoporo-

sis clinically with a detailed history and obtain 

dual-energy x-ray absorptiometry (DEXA) test-

ing if indicated. A useful tool, if already avail-

able, is the lumbar CT scan of the patient from 

which Hounsfield unit (HU) measurements can 

be obtained to provide both local and global bone 

density without additional cost and minimal 

effort [40]. When appropriate, it is important to 

initiate treatment for poor bone health or refer the 

patient for further management. The benefits of 

pre-habilitation are also becoming more 

evidence- based in terms of optimizing bone 

health, weight, function, and outcomes [41]. 

Nutritional support: Dietary optimization and 

adequate protein intake need to be considered as 

a serum albumin >3.5 g/L and total blood lym-

phocyte count >1500 cells/mm3 are associated 

with a decreased risk of postoperative infection 

and wound breakdown [42].

It is also of great importance to review all of 

the patient’s medications in detail prior to sur-

gery. Try to wean patients off narcotic pain medi-

cations and muscle relaxants if possible to 

decrease tolerance to pain medication. Many pre-

scription medications may be taken safely prior 

to and on the day of surgery such as blood pres-

sure medications; however, several medications 

should be stopped prior to surgery such as blood 

thinners, aspirin, anti-inflammatories, herbal 

drugs, steroids, and some diabetic medications.

The overall clinical appearance and condition 

of a patient with spinal malalignment can help 

customize the surgical approach to individual 

patients. The surgeon and patient need to have 

specific goals for each stage of the surgery includ-

ing decompression, fusion, and deformity correc-

tion. These goals should be individualized so as 

to obtain maximum benefit while minimizing 

complications. Table 22.2 summarizes general 

preoperative considerations prior to the day of 

surgery. The larger or more severe the curve and 

thus corresponding deformity, the more impor-

tant significant correction is to the patient- 

reported outcome of the surgery. Recent studies 

have emphasized the importance of patient- 

perceived self-image with regard to outcomes 

[31, 43].

Preoperative surgical planning can be carried 

out using numerous modeling software systems 

[44]. Many mathematical models for determining 

the degree of correction needed through osteoto-

mies to achieve sagittal alignment have been pro-

posed [11, 45, 46]; however, one should note that 

formulas alone often underestimate the amount 

of correction needed.

The role of the pelvis in standing alignment is 

now well established, and spinopelvic parame-

ters will need to be identified, including pelvic 

Fig. 22.4 (continued) into the spinal canal. (d) Parasagittal 

MRI demonstrates severe stenosis at level of congenital 

deformity. (e) Intraoperative photograph of VCR with 

posterior resection of hemivertebra. (f) Placement of cage 

following complete L1 vertebrectomy. (g) Standing post-

operative AP 36-inch scoliosis x-ray demonstrates L1 cage 

with posterior T11–L3 fusion. (h) Standing postoperative 

lateral 36-inch scoliosis x-ray shows cage reconstruction 

and neutral thoracolumbar alignment
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incidence (PI) and lumbar lordosis (LL). Pelvic 

incidence is a fixed parameter for any given 

patient. Generally speaking, the goal of surgery is 

to restore lumbar lordosis to within +/−9° of the 

patient’s pelvic incidence. Sacral slope (SS) and 

pelvic tilt (PT) are dynamic pelvic parameters 

that measure pelvic version that can change as a 

compensatory mechanism. Patients with spinal 

malalignment often compensate for lost lordosis 

with pelvic retroversion, hip extension, and knee 

flexion leading to the classic “crouched gait” [47]. 

Spinopelvic mismatch is an important driver in 

sagittal malalignment—pelvic retroversion 

becomes exhausted with increasing mismatch, at 

which point the compensation is transferred to 

the lower limbs with differential recruitment 

being affected by age [48].

In addition to gauging how much correction 

should be achieved, complication avoidance 

begins with preoperative planning. 

Multidisciplinary discussion involving the anes-

thesia team and neuromonitoring team should 

emphasize the importance of maintaining normal 

blood pressure throughout surgery to maintain 

adequate spinal cord perfusion and prevent 

 blindness [49]. Patients benefit from arterial and 

central venous monitoring. The coagulation pro-

file and normothermia should be monitored [50]. 

Neurophysiological monitoring with measure-

ment of SSEPs and MEPs is often used for PCOs 

and routinely used for PSOs and VCRs. MEP 

monitoring consists of transcranial, spinal, neu-

rogenic, and muscle MEPs to evaluate descend-

ing motor pathways; as such complexity exist in 

the pathway, there are variations in how various 

institutions monitor MEPs [51]. Obtaining good 

baseline neuromonitoring and being prepared to 

deal with any changes detected are of great 

importance [52]. Patients with preoperative 

myelopathy are difficult candidates for optimal 

neuromonitoring, but often require extensive 

osteotomies. Proper preoperative counseling of 

patients regarding the risks of this complex sur-

gery is essential [53]. Despite patients undergo-

ing spinal deformity surgery being well informed 

about potential risks, studies have shown that 

patients cannot recall most surgical risks dis-

cussed and recall declines over time [54].

 Surgical Technique

 General Principles

At the time of surgery, patients need to be appro-

priately padded and positioned on a radiolucent 

table that permits the abdomen to float freely to 

decrease epidural bleeding and allows gravity to 

assist pulling the lumbar spine back into lordo-

sis. Placing additional chest pads can help to 

achieve further lordosis if the spine is flexible. It 

is recommended that the patient’s head be placed 

Table 22.2 Preoperative considerations for lumbar osteotomies

Patient Symptoms Imbalance Compensation Imaging Correction

Age Back pain Regional 

malalignment

Hip extension Standing

scoliosis 

radiograph

Sagittal vertical 

axis (SVA) < 5 cm

Medical

Comorbidities

Radiculopathy Global

malalignment

Knee flexion Side bending/

hyperextension 

radiograph

Lordosis/pelvic 

incidence 

Mismatch ±9°

Body

Habitus

Claudication Shoulder or

waist asymmetry

Pelvic tilt (PT) CT-myelogram Pelvic tilt goal 

<25°

Tobacco use Bowel/

bladder

Spinopelvic

morphology

Sacral slope 

(SS)

MRI Lumbar lordosis > 

thoracic kyphosis

Quality of life Psychological

distress

Curve

stiffness

Bone quality Natural course

Prior surgery
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level or higher than the heart [55]. Preoperatively, 

the amount of correction that will occur from 

general anesthesia and prone positioning with 

the abdomen dependent can be estimated on 

supine preoperative imaging such as MRI or CT. 

Furthermore, proper positioning and operating 

room setup can aid in closure of the osteotomy. 

For instance, the patient may be positioned on a 

four-poster frame with supports under the thighs 

and hips extended to assist in maintaining or 

increasing lumbar lordosis. Additionally, some 

operating tables allow a break in the table for ini-

tial positioning and the break in the table can be 

reduced to help close the osteotomy when it is 

complete. The four-poster frame can be posi-

tioned with its lower end at the break in the oper-

ating table, and the table is flexed to facilitate 

patient positioning. The flex is reduced and table 

straightened after the osteotomy is completed to 

assist in closure of the posterior wedge. Thus, 

the surgeon needs to be aware that the osteotomy 

gap can be closed while the operating table is 

brought from a flexed to a straight position. The 

level of the osteotomy should be aligned with 

the break in the operating table.

 General Osteotomy Techniques

As previously stated, there are many different 

types of spinal osteotomies, but three general cat-

egories exist and more detailed techniques can be 

found below for each one. However, there are 

some generic steps that all osteotomies share, and 

we will review the general sequence of procedure 

here. It will be a surgeon’s discretion as to whether 

or not to perform preoperative halo- gravity traction. 

Firstly, meticulous exposure is required including 

areas for grafting, decompression, and instrumen-

tation. Secondly, insertion of pedicle screw at pre-

determined levels is completed. Decompression 

(laminectomies) can then be performed at indi-

cated levels including the level of the osteotomy 

and adjacent levels. Any available bone graft is 

removed and saved for later use as fusion mate-

rial. Care should be taken not to tear the dura. A 

temporary rod may be inserted on one side captur-

ing three levels above and below the planned 

resection site to maintain alignment. Next, the 

planned osteotomy is carried out with further 

details provided below. It is important to avoid 

injury to the segmental artery and vein that lie just 

lateral to the vertebral body. Lastly, after closure 

of the osteotomy and hardware placement, bone 

grafting is completed to remaining facet joints 

and transverse processes.

 Posterior Column Osteotomy

PCO includes both SPO and Ponte techniques. 

Furthermore, PCOs include Grade 1 or 2 osteoto-

mies according to the comprehensive anatomical 

spinal osteotomy classification [7]. The inferior 

aspect of the spinous process is removed fol-

lowed by removal of the interspinous ligament 

using a standard rongeur or osteotome. Next the 

ligamentum flavum (LF) is removed with a 

Kerrison rongeur; it is important to highlight that 

the LF arises from the lower half of the anterior 

surface of the cephalad lamina and attaches to the 

posterior surface and upper margin of the caudal 

lamina.

The surgeon must be vigilant not to penetrate 

deeply against the dura or tear the dura. The bilat-

eral facet joints are removed either with a 

Kerrison rongeur, high-speed burr, or combina-

tion. One may choose to remove the LF intact 

during resection of bony elements to aid a barrier 

and protect the dura.

Partial facetectomy, complete facetectomy, or 

asymmetric facetectomy may be performed. For 

partial facetectomy, resection of the inferior facet 

and joint capsule at a given spinal level is done 

versus for a complete facet joint resection where 

both superior and inferior facets at a given spinal 

level are resected. This results in a V-shaped gut-

ter with the width of the gutter typically between 

10 and 15 mm.

Correction is performed gradually over multi-

ple segments at the same time by compression of 

the pedicle screws closing the gap in the posterior 

elements. It is important to ensure that wider cra-

nial and caudal laminectomies are performed so 

as not to trap or compress the thecal sac during 

osteotomy compression. This is done so as to 
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redistribute corrective forces over a large area of 

the spinal column. Rods are set followed by 

decortication before wound closure. A cross table 

radiograph should be taken prior to closure.

 Pedicle Subtraction Osteotomy

PSOs can be customized to patient-specific 

pathology depending on the amount of correction 

needed. The surgeon may resect bilateral pedi-

cles and partial vertebral body; bilateral pedicles, 

partial vertebral body, and cephalad disc; or bilat-

eral pedicles and asymmetric wedge of vertebral 

body. These osteotomies would include Grades 3 

and 4 according to Schwab classification [7].

PCOs can be performed at the upper and lower 

level of the planned PSO vertebra. A wide lami-

nectomy is performed from mid-pars region of 

the vertebra cephalad to the PSO vertebra distal 

to the lower-pars level of the PSO vertebra. The 

laminectomy should be in excess of the posterior 

element closure to minimize dural impingement. 

Furthermore, if there is extensive dural scarring 

from prior surgery, this will also need to be 

resected so that the plane between dura and scar 

is identified and mobilized cranially and caudally 

until normal dura is identified; otherwise, this can 

lead to compression upon closure.

The goal is to isolate and surround both pedi-

cles so that they may be resected down to the 

base of the vertebral body. Of note, the surgeon 

must be careful to protect the exiting nerve roots 

that lie just against the medial and inferior aspect 

of the pedicle. The vertebral body is then decan-

cellated of the cancellous bone to thin out the ver-

tebral body and provide collapse and wedging of 

that segment. The surgeon needs to maintain the 

anterior vertebral body wall to act as the pivot 

point during closure of the osteotomy as well as 

maintain a protective barrier between the surgical 

field and viscera/major blood vessels. This will 

provide significant bone graft in addition to any 

graft harvested from prior PCOs. It is important 

to save all bone to be used later as fusion mate-

rial. Additionally, if performing a traditional 

PSO, the vascularity of the remaining bone seg-

ment should be considered and preserved. Thus, 

if not removing the cranial disc, we recommend 

resection of the pedicle with the cranial cut just 

inside the pedicle itself.

Both lateral portions of the PSO vertebral 

body are exposed subperiosteally with Penfield 1 

and Kittner dissectors, and a wedge of the lateral 

vertebral body is removed from superficial to 

deep. The subperiosteal dissection is of high 

importance to help protect and prevent injury to 

the segmental artery and vein that lie just lateral 

to the vertebral body. The lateral vertebral body 

cuts are made with straight osteotomes in a pre-

cise wedge based upon the desired closure so that 

the pivot point is the apex is the anterior vertebral 

wall. Of note, special retractor blades are avail-

able that allow access to the lateral wall and pro-

tect the segmental vessels. The cancellous bone 

is removed with a combination of curettes and 

rongeurs. Using angled curettes, the cancellous 

bone in the vertebra is pushed anteriorly to fur-

ther create a cavity. Osteotomy contouring can be 

tailored using high-speed drill.

The final step involves dissecting the posterior 

vertebral body wall away from the ventral dural 

surface. An impaction technique is used with 

curettes or specialized impactors to push the pos-

terior wall into the vertebral body, thus freeing up 

the entire ventral dural surface. If extensive ante-

rior resection or thinning of the anterior cortex is 

performed, temporary rod stabilization is required 

to prevent translation. It is important not to place 

excessive stretch or tension on the dura during 

this portion of the procedure. PSO closure is per-

formed by gentle compression across temporary 

rods. If excessive compression is required, the 

resection is likely inadequate. Temporary rods 

are then replaced with permanent rods that cover 

all instrumented segments: segmental pedicle 

screws at all predetermined levels at least three 

levels above and below the osteotomy site.

 Vertebral Column Resection

VCR would include anatomic classification 

Grades 5 and 6 [7]. The extent of resection may 

include a complete vertebra with adjacent discs 

or multiple vertebrae and discs. Posterior alone 
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or a combined anterior-posterior approach may 

be utilized. Please see the general steps for oste-

otomy above; we will begin this discussion as if 

exposure has been completed and pedicle screws 

have been placed.

PCOs are performed above and below the 

planned VCR level, and the posterior exposure is 

similar to the technique described for a PSO 

except that the laminectomy is done for the 

entire lamina of the VCR vertebrae and cephalad 

to the level of pars of the cranial lamina. 

Typically, the entire lamina of the level to be 

resected and the lamina cephalad to the pedicles 

above and caudad to the pedicles below are 

removed. Normally, for a one-level resection 

procedure, a posterior column laminectomy will 

result in a 5–6 cm exposure of the dura and neu-

ral elements. It is important not to minimize the 

posterior column exposure to gain thorough 

access to the spinal cord and/or cauda equina cir-

cumferentially, to aid in the resection procedure 

and also for visualizing any dural impingement 

during the correction.

In the thoracic spine, 5–6 cm of the medial rib 

associated with the level to be resected may be 

removed. Subperiosteal dissection of the medial 

aspect of the rib is performed. It is cut approxi-

mately 5–6 cm lateral to the vertebral attachment, 

and then as much of the rib as possible is removed 

down to the head anteriorly and is kept intact for 

later placement on top of the laminectomy defect. 

This is performed prior to the laminectomy to 

avoid canal intrusion if needed.

Pedicle screws have been placed at the prede-

termined levels. Prior to removing the anterior 

body, a temporary, stabilizing rod should be 

placed and attached to at least two or three pedi-

cle screws both above and below the resection 

area. Classically, a unilateral rod is used; how-

ever, in severe angular kyphotic or kyphoscoli-

otic deformities, bilateral rods are recommended 

to prevent spinal subluxation. In the thoracic 

spine, the surgeon may elect to sacrifice one or 

both of the exiting nerve roots to provide 

increased exposure; however, this is generally not 

done in the lumbar spine, as nerve root function 

is critical to motor function of the lower extremi-

ties. Resection of the thoracic roots should be 

done medial to the dorsal root ganglia to reduce 

the chance of chronic pain. Sacrificing L1 or 

L2 in isolation will produce weakness, but over 

time many patients are able to compensate for the 

loss quite well. Nevertheless, sacrifice of these 

roots is not recommended. Loss of nerve root 

function below L2 will generally lead to a signifi-

cant deficit.

The lateral vertebral body walls are subperios-

teally dissected using protective instruments 

against the anterior and lateral margins to safely 

protect adjacent viscera and vasculature from 

harm. The lateral vertebral body walls are 

removed to allow entrance into the remainder of 

the vertebral body and to facilitate removal of all 

cancellous bone from endplate to endplate of the 

adjacent discs above and below. In primary pro-

cedures, super-periosteal dissection around the 

lateral aspect of the pedicles and vertebral body 

is performed using Penfield elevators. The soft 

tissues and the anterior vasculature are protected 

with either malleable retractors or special lateral 

wall vertebral body elevators. In revision cases, a 

subperiosteal dissection will be required due to 

previous scarring with a similar approach to gain 

access circumferentially around the vertebrae to 

be resected. In both circumstances, the segmental 

vessels are kept lateral in a soft tissue cuff and 

should not be violated if possible; otherwise, they 

may require ligation.

During resection of the pedicles, the surgeon 

must not only be careful of the exiting nerve roots 

but also of the spinal cord/dura when removing 

the concave pedicle as any coronal malalignment 

can allow this to rest against the pedicle. Careful 

dural protection with minimal retraction is the 

goal, and often using a high-speed burr to remove 

bone in high-risk areas is advised. For a scoliosis 

or kyphoscoliosis deformity, resecting the apical 

concave pedicle can be quite challenging since it 

is very cortical, and in a pure scoliosis deformity, 

the entire spinal cord/dural sac is resting on the 

medial concave pedicle which does not have any 

ventral vertebral body associated with it since the 

body is swung lateral and dorsal in its rotated 

position on the convexity. In this regard, using a 

small, high-speed burr is helpful to carefully burr 

away the cortical bone along this concave region.
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The vertebral body is then decancellated of 

the cancellous bone in order to thin out the verte-

bra. Thus, in scoliosis and kyphoscoliosis defor-

mities, the majority of the vertebral body will be 

removed from the convexity of the deformity 

since that is where the vertebral body is located. 

We prefer to perform the concave resection of the 

pedicle prior to the convex removal so there is no 

bleeding into this dependent concave region. 

This also allows the concave spinal cord to drift 

somewhat more medial and remove tension prior 

to going to the convexity for completion of the 

corpectomy. Again, it is important to save as 

much bone as possible to use in fusion later. Also, 

preservation of the cortices allows for temporary 

packing and tamponade of excess bleeding.

Both the anterior and posterior vertebral walls 

have been left intact thus far. The discs cephalad 

and caudad to the VCR are then removed using 

curettes. It is important not to violate the end-

plates of the superior and infero-adjacent regions 

as placement of a structural intracorporeal cage 

may be required. The last part of the vertebral 

resection is the posterior vertebral body wall. It is 

carefully dissected from the ventral dural surface 

and impacted into the vertebral body. Here it will 

be essential to control epidural bleeding with the 

judicious use of bipolar cauterization, topical 

hemostatic agents, and cottonoids. The dural sac 

must be circumferentially freed and exposed and 

then separated from the epidural venous complex 

as well as the posterior longitudinal ligament 

(PLL). The entire body is removed except for the 

anterior shell, as we like to keep a thin rim of 

bone intact on the anterior longitudinal ligament 

(ALL) for fusion purposes. However, if this bone 

is cortical, then it must be thinned to allow easy 

closure of the resection area. It is important not to 

place excessive stretch or tension on the dura 

during this step of the procedure. It is imperative 

that the ventral spinal cord is completely free of 

any bony prominences to avoid impingement 

during closure. This is especially true at the disc 

levels, especially above but also below, as there 

tends to be osteophytic lipping in that region 

which can cause ventral compression if not 

removed.

The deformity is then ready for correction by 

the temporary instrumentation always beginning 

with spinal shortening by convex rod compres-

sion to avoid excessive stretch on the spinal cord. 

This is performed either with individual pedicle 

screws in primary cases where a good bony grip 

of the vertebrae is found or in a construct-to- 

construct closure mechanism utilizing dominoes 

at the apex of the resected area. In this method, 

closing from a construct rod above to a construct 

rod below to distribute the forces of correction 

over several levels is performed. It is imperative 

to compress slowly as subluxation and/or dural 

impingement can occur along the way. In any 

deformity that has a degree of kyphosis, we place 

an anteriorly based structural cage to prevent 

over-shortening of the deformity, and it also acts 

as a hinge to provide further kyphosis correction. 

Typically, the spinal column will be shortened by 

1 to 1.5 cm, an appropriate height and length 

cage will be inserted, and then further closure 

onto the cage to make it snug and fixed will be 

performed as a final correction maneuver. It is 

important to have the anesthesia team elevate the 

mean arterial pressure for cord perfusion and fre-

quently communicate with the neuromonitoring 

team during this step.

Once closure has been fully performed, a per-

manent contralateral rod is placed with appropri-

ate correction maneuvers performed. Then the 

temporary closing rod is removed and a perma-

nent, final rod is placed on the contralateral side 

as well. Appropriate compression and distraction 

forces, in situ contouring, and other correction 

techniques may be performed always being 

mindful of any resultant effect on the resected 

area with respect to subluxation or dural impinge-

ment. Next, adequate alignment is confirmed by 

intraoperative radiographs. Decortication and 

bone grafting follow with copious amounts of 

local graft obtained from the resection procedure. 

The laminectomy defect is covered with the pre-

viously harvested ribs for the costotransversec-

tomy approach. These ribs are split in half 

longitudinally with the cancellous surface placed 

along the entire laminectomy defect from the 

lamina above to the lamina below. This creates a 
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rib “bridge” of bone to protect the dura, as well as 

to provide a posterior onlay fusion. The rib is 

held in place with sutures or a cross-link if there 

is room and no prominence. To confirm the 

absence of impingement, final implant security is 

documented as well as a final circumferential 

check of the exposed dura.

 Illustrative Case (Fig. 22.4a–h)

History A 12-year-old young male presented 

with a visible dorsal prominence at the thoraco-

lumbar junction with mild pain. His parents state 

that this “bump” had increased in size in the pre-

vious 2 years.

Physical Examination On inspection, a visible 

dorsal prominence was seen at the thoracolumbar 

junction. No tenderness. Patient had full motor 

strength in all lower extremity muscle groups, with 

normal sensation. Hyperreflexia was evident with 

patellar tendon reflex testing with 3–4 beats of clo-

nus evident. Babinski reflex testing was equivocal.

Radiographic Imaging Standing AP (4a) and 

lateral (4b) 36-inch scoliosis x-rays demonstrate 

L1 dorsal hemivertebra with mild kyphosis. CT 

scan with sagittal reconstruction (4c) and MRI 

(4d) demonstrate significant encroachment into 

the spinal canal with stenosis and spinal cord 

compression.

Treatment He underwent a vertebral column 

resection (VCR) with posterior resection of the 

hemivertebra (4e). A structural cage was placed 

following completion of the L1 vertebrectomy 

(4f), prior to corrective maneuvers through the 

instrumentation.

Outcome Standing postoperative AP (4g) and 

lateral (4h) 36-inch scoliosis x-rays demonstrate 

L1 cage in place and posterior instrumented 

T11–L3 fusion. His thoracolumbar alignment has 

returned to neutral. At 2-year follow-up, he has 

maintained correction of deformity and has nor-

mal neurologic function.

 Technical Pearls

 General Principles

• A bear hugger placed underneath the operat-

ing table covering the free abdomen aids in 

maintaining normothermia. Preoperatively 

elevating room temperatures to excess levels 

while the patient is exposed aids with this as 

well.

• Placing the head 10° above the heart helps 

minimize the risk of visual complications [56].

• Special attention should always be applied to 

the intraoperative SSEP and MEPS at the time 

of osteotomy closure.

• At the time of closure, the surgeon should 

make sure that blood pressure and hematocrit 

are optimized.

• Patients with a mobile anterior column are 

often able to achieve correction of deformity 

by proper positioning alone.

 Posterior Column Osteotomy

• Compression during closure of SPOs can lead 

to narrowing of the neural foramina which 

necessities a preceding wide facetectomy to 

prevent nerve root impingement. It is advised 

to palpate the foramina and nerve roots of lev-

els involved prior to closure.

• Patients with anterior column fusion are 

unlikely to gain significant correction with 

multiple SPOs, and therefore a PSO may be a 

better option.

 Pedicle Subtraction Osteotomy/
Vertebral Column Resection

• Most ideal in lumbar spine (L3 or L4) or in an 

ankylosed spine.

• Avoid leaving big open disc spaces (consider 

extended PSO, TLIF/PLIF below PSO, ante-

rior fusion).

• Wide decompression of foramen and early 

identification of nerve roots.
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• Leave anterior cortical wall intact to prevent 

translocation.

• Place temporary rods prior to removal of lat-

eral and posterior cortical walls.

• Wide central canal decompression to accom-

modate dural buckling with resection of any 

scarred dura.

• A pedicle pilot hole created at the level of the 

PSO is useful to maintain orientation during 

bony removal.

• By performing the wider portion of the oste-

otomy on the convex side of the curve, coro-

nal correction can be obtained at the same 

time as sagittal correction.

 Complications and Strategies 
for Avoidance

PSO and VCR are technically more demanding 

and associated with longer operative times, 

greater blood loss, and higher risk of neurologi-

cal complications than PCOs [57]. Complications 

related to the surgery include pseudarthrosis, 

proximal junctional kyphosis, instrumentation 

failure, adjacent spinal stenosis/adjacent seg-

ment disease, and infection. Postoperative medi-

cal complications include deep vein thrombosis, 

pulmonary embolus, small bowel ileus or 

obstruction, blindness, myocardial infraction, or 

stroke [58]. Table 22.3 reviews potential compli-

cations along with avoidance and management 

strategies.

Durotomies are sometimes unavoidable, espe-

cially in revision surgery. Emphasis should be 

placed on repair of the cerebrospinal fluid leak 

with direct repair or sealants, as it is important to 

prevent pseudarthrosis.

Neurological complications can be minimized 

with good intraoperative neuromonitoring and 

adequate bony resection; however, radiculopathy 

may be noted postoperatively due to compression 

of nerve roots as they exit the foramina; thus, care 

must be taken to perform a wide facetectomy and 

palpate the nerve roots after osteotomy closure.

Achievement of “ideal global sagittal realign-

ment” has been shown to be protective against 

the development of reoperation and proximal 

junctional kyphosis [59]. Patients of concern may 

be evaluated with postoperative thin-cut CT scans 

to assess osteotomy closure and accuracy of 

implant placement. For all patients, standing AP 

and lateral 14 × 36 inch scoliosis radiographs are 

obtained before hospital discharge and at follow-

 up appointments, typically every 3 to 6 months. 

The patient should stand in a natural position 

without knee flexion or hip hyperextension. 

Correction of the osteotomy should be measured 

using preoperative and postoperative Cobb angles 

on lateral radiographs across the superior and 

inferior endplates of the vertebrae at which the 

osteotomies were performed. Global sagittal bal-

ance should be evaluated using a C7 plumb line 

and noting its relationship to the posterior supe-

rior corner of the sacrum.

 Conclusion

The surgical treatment of spinal deformity is 

challenging. Traditionally, a circumferential 

approach with anterior releases via discectomies, 

followed by posterior instrumentation and fusion, 

has been the standard of care. However, the evo-

lution of posterior approaches and osteotomies 

has allowed the modern era of spinal deformity 

surgery to promote posterior-only procedures. 

Currently, six anatomically defined osteotomies 

are accepted which fall into three general catego-

ries: (1) posterior column resection, (2) pedicle 

subtraction osteotomy, and (3) vertebral column 

resection. When considering an osteotomy for 

deformity correction, it is of great importance to 

match the correct osteotomy required by the 

malalignment. Thus, patient selection, preopera-

tive planning, and decision-making are key to 

success. Restoration of satisfactory sagittal 

global alignment with thresholds of pelvic tilt 

<25°, sagittal vertical axis < 50 mm, and har-

mony between pelvic incidence and lumbar lor-

dosis correlates with health-related quality-of-life 

scores. Furthermore, the surgeon needs to be 

aware of medical comorbidities and general 

health optimization prior to any surgery.

R. Nazar et al.
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 Introduction

Defects of the pars interarticularis, or spondylol-

ysis, represent a relatively common phenomenon 

in the lumbosacral spine creating the clinical 

dilemma of discerning whether its presence is of 

coincidental association or causative in a variety 

of clinical settings. Pars defects may be unilateral 

(20%) or bilateral (80%) and occur at the L5 ver-

tebra in approximately 95% of cases [1–3]. 

Spondylolysis occurs in ~5–10% of the adult 

population but varies widely based on age and 

patient characteristics [1, 2, 4–7]. While there is 

a slight male predominance of spondylolysis, 

progression to spondylolisthesis occurs at a 2:1 

ratio in women compared to men [1, 4].

 Pathogenesis

The pars functions as a bony strut connecting the 

inferior and superior articulating processes of the 

vertebra to the pedicle and lamina. This results in a 

fulcrum-like phenomenon when loading, and 

 translational forces are distributed through the axial 

spine. Biomechanical evidence suggests that the 

anterior aspect of the caudal pars is placed under the 

greatest stress during repetitive extension and rota-

tion movements, particularly in bipedal positions [8, 

9.] This is supported by CT findings that incomplete 

pars fractures typically involve the caudal pars with 

preservation of the rostral section [10]. The L5 ver-

tebra serves as the point of maximal stress as force is 

transferred to the pelvis from the axial skeleton, thus 

the overwhelming prevalence of L5 pars defects in 

comparison to rostral levels (Fig. 23.1) [11].

Risk factors associated with developing spon-

dylolysis and subsequent spondylolisthesis include 

a family history of pars defects, congenital spinal 

defects, and high-level athletics, particularly in 

childhood [2, 12]. It is considered to be predomi-

nantly an acquired defect with early childhood 

rates of pars defects being essentially nonexistent 

until after ambulation begins and with gradual 

increases in prevalence with increasing age [4, 5]. 

Inherent fragility due to an underlying dysplastic 

pars has been postulated to be present in many 

cases, as evidenced by a high rate of familial asso-

ciations with pars defects [13]. In contrast, the 

higher prevalence in certain athletes suggests that 

repetitive stress may result in microfractures grad-

ually resulting in spondylolysis. A combination of 

both predisposed weakness and repetitive trauma 

is likely in most cases [2, 14, 15].

mailto:mcdowellmm2@upmc.edu
mailto:mcdowellmm2@upmc.edu
mailto:kanteras@upmc.edu
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Isthmic spondylolisthesis, or vertebral body 

slippage associated with pars defects, is the most 

common type of spondylolisthesis. Approximately 

70% of adult patients with spondylolysis develop 

some level of slippage; however, in most cases, it 

remains stable and asymptomatic [1, 4, 5]. 

Typically, if the slippage of one vertebra relative 

to the adjacent vertebra is <30%, it rarely pro-

gresses, and the likelihood lessens even further 

with increasing age [4, 5, 16]. Patients with higher 

degrees of spondylolisthesis, particularly those 

with slippage >50%, have a much higher rate of 

progression and subsequent potential for neuro-

logical compromise [16]. Of note, isthmic spon-

dylolisthesis comprises the largest proportion of 

patients who will develop high-grade slippage, 

potentially secondary to the inherent reduction in 

bony structural integrity [17]. Several subclassifi-

cation models have postulated for high-grade 

spondylolisthesis based on etiology and pelvic 

parameters but to date have not been found to con-

sistently conform with clinical decision-making 

to any greater extent than radiographic character-

istics alone [17–21].

 Symptomology

A defect in the pars frequently has no direct con-

sequences, presumably due to the redundancy 

provided by adjacent ligamentous and bony struc-

tures. However, in a subset of this cohort, the lack 

of a rigid connection between articulating joints 

allows for slippage to occur and chronic wear and 

tear on overburdened adjacent structures resulting 

in spondylosis/degenerative changes, both of 

which may result in pain or neurological dysfunc-

tion. Spondylolysis, spondylosis, and spondylo-

listhesis may all be asymptomatic but, when not, 

are most often associated with low back pain 

exacerbated by hyperextension and relieved by 

rest [22]. These symptoms frequently start in ado-

lescence. Spondylolysis represents approximately 

50% of identifiable causes of insidious low back 

pain in pediatric patients but in less than 5% of 

adult patients [23, 24]. Radiculopathy and pro-

gressive spinal deformity may also be present, 

most typically associated with a high-grade pro-

gressive slip [25, 26].

While numbness and weakness in a radicular 

distribution is highly concerning, it is infrequent 

relative to the prevalence of pars defects. When 

radiculopathy is present in patients with an L5 

pars defect, it typically involves the L5 nerve 

root [6, 27]. In rare instances of higher-level 

involvement, cauda equina or cord compression 

is possible. Patients may stand with a hyper-

lordotic posture and flexed knees and hips, 

known as the Phalen-Dickson sign, in order to 

mitigate low back pain [28]. Patients with severe 

 spondylolisthesis may have discontinuity of the 

alignment of spinous processes upon palpation. 

Chronic  spondylolisthesis, particularly high 

grade, may gradually lead to scoliotic deformity, 

Fig. 23.1 Lateral lumbar radiograph (a) and sagittal CT of the lumbar spine (b) demonstrating an L5 pars defect 

(arrows)
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hamstring contracture, abnormal gait, or a com-

bination thereof [29–35].

 Surgical Indications and Patient 
Selection

Spondylolysis and isthmic spondylolisthesis are 

primarily chronic conditions, so it is critical that 

careful consideration be given as patients are 

evaluated and intervention considered. The fol-

lowing are frequent indications for operative 

intervention:

 Failure of Conservative Management

Barring acute, progressive, or severe neurolog-

ical deficits, a trial of conservative manage-

ment is often sufficient to allow symptomatic 

improvement and return to their prior level of 

activity in many patients with pars defects and 

spondylolisthesis [36, 37]. Recommended 

interventions include bracing if tolerated, reha-

bilitation, avoidance of activities that induce 

hyperextension or heavy loading of the lumbar 

spine, and restriction from competitive sports 

when applicable. Symptomatic control, not 

radiographic improvement, is the primary goal 

of management. Conservative management is 

most successful at relieving symptoms in 

patients with less than 50% slippage; however, 

osseous fusion of the spondylolysis may not 

occur despite symptomatic resolution [24, 38–

42]. In the absence of persistent symptoms 

after a course of conservative management, 

long-term improvement is often durable, and 

patients do not require permanent activity 

restrictions or surgical intervention [38, 39, 41, 

43]. Osseous regeneration is most likely to 

occur in adolescent patients, particularly in 

cases of unilateral or partial pars defects [36, 

42]. Athletic adolescent patients with pars 

defects and low-grade spondylolisthesis are 

frequently  successful in returning to their prior 

activity level without surgical intervention [36, 

44, 45].

 High-Grade Isthmic Spondylolisthesis

The degree of spondylolisthesis has been found 

to predict response to conservative manage-

ment. The majority of patients with symptom-

atic pars defects and either no or low-grade (I 

or II) spondylolisthesis are often responsive to 

conservative treatment. However, both adoles-

cent and adult patients with symptomatic high-

grade (III or higher) spondylolisthesis tend to 

ultimately necessitate surgical intervention. In 

a study of 11 patients with symptomatic high-

grade slippage, only one was found to have sat-

isfactory pain relief with conservative 

management [46–48]. This asymptomatic 

high-grade slippage may be monitored, with 

surgical consideration if attributable symptoms 

develop [49].

 Progressive Spondylolisthesis

Progression of spondylolisthesis is more com-

mon in juvenile patients who have not yet reached 

skeletal maturity. Adults, even with higher-grade 

slippage, will more frequently remain stable due 

to gradual autofusion and soft tissue hypertrophy. 

If progressive slippage is noted on interval imag-

ing, controversy exists as to whether or not oper-

ative management is indicated in the 

asymptomatic patient [17, 46, 47]. Patients with 

progressive spondylolisthesis and intractable 

back pain and/or neurological deficits frequently 

benefit from surgical intervention.

 Spinopelvic Alignment

Pelvic parameters and global spinal alignment 

have become increasingly recognized as impor-

tant clinical considerations in patients being eval-

uated with pars defects [50–52]. Sagittal 

imbalance associated with spondylolisthesis may 

require a multilevel corrective procedure should a 

progressive deformity develop [35]. Careful 

assessment of relevant radiographic parameters is 

required and discussed further below.

23 Repair of Pars Defects and Spondylosis
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 Neurological Symptoms

High-grade slippage may result in traction injury 

to the L5 nerve root in the absence of foraminal 

stenosis. Radicular weakness in the L5 distribu-

tion, although uncommon, warrants decompres-

sion of the nerve root. Fusion and, when indicated, 

reduction may improve nerve root function and 

prevent future stretch injury. Numbness does not 

resolve as consistently as other radicular symp-

toms following decompressive surgery.

 Preoperative Considerations

 Imaging

Plain lumbar radiographs are recommended as 

the initial step in the evaluation of patients with 

nonurgent symptomology including low back 

and radicular pain. Flexion-extension views are 

routinely included to assess for dynamic instabil-

ity, particularly in the presence of a preexisting 

spondylolisthesis. Historically, radiographs are 

performed in the anterior-posterior, lateral, right- 

oblique, and left-oblique orientations, but the 

increased availability of computed tomography 

(CT) imaging and its sensitivity for spondyloly-

sis detection have limited plain imaging diagno-

ses [53]. When performed, pars defects are 

identified in > 95% of cases, with the classic 

“scotty dog” sign marred by a “broken neck” 

classical finding (Fig. 23.2) [54, 55]. Other find-

ings on plain radiographs suggestive of spondy-

lolysis, particularly unilateral defects, may 

include sclerosis of the contralateral pedicle or a 

rotated spinous process with the superior aspect 

of the process pointing toward the defect [56].

Simple lateral radiographs are sufficient for 

assessment of the degree of accompanying spon-

dylolisthesis. The most widespread grading sys-

tem is the Meyerding classification system [57]. 

This system divides the degree of slippage by 

25% increments relative to the adjacent vertebral 

body (grade I slippage < 25%, grade II 25% to 

50%, grade III 50% to 75%, and grade IV 75% to 

100%); slippage >100% is termed spondylopto-

sis [57]. This classification schema has been 

strongly associated with prognosis and surgical 

necessity [11]. Meyerding grade 3 and higher 

slips are more often found to be unstable on 

dynamic imaging [11, 52].

Spinopelvic parameters have been found to 

play an important role in spondylolisthesis occur-

rence and progression. The effect of spondylolis-

thesis on global spinal alignment should be 

Fig. 23.2 Lateral lumbar radiograph depicting Meyerding 

grade 5 spondylolisthesis: spondyloptosis. The blue out-

line indicates an intact pars interarticularis in the shape of 

the “scotty dog sign” with intact neck at L4. The red out-

line indicates the broken off “head” of the scotty dog at L5
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considered and corrected when applicable. Sacral 

inclination, the angle between the posterior bor-

der of the sacrum and a vertical line, has been 

associated with progressive spondylolisthesis 

when the angle is greater than 60 degrees [52]. 

Pelvic incidence, the angle of a line from the 

femoral head to the middle of the sacral endplate 

and a line perpendicular from the same point, has 

been found to increase in an approximately linear 

relationship to the severity of spondylolisthesis 

[50]. A high pelvic incidence is associated with 

higher shear stress at the L5–S1 junction and may 

increase the likelihood of slippage over time [17]. 

While most patients with pars defects and spon-

dylolisthesis have lordotic spinal alignment, as 

slip grade progresses, there tends to be a tendency 

toward lumbosacral kyphosis at the L5–S1 junc-

tion. Some data suggest that severe lumbosacral 

kyphosis plays a causative role in slip progres-

sion, and restoration of normal lordosis may be 

useful to correct sagittal balance of the global 

spine [35, 58, 59].

Measurement of the lumbosacral angle, the 

angle of a line parallel to the superior endplate of 

L5 and a line to the posterior aspect of the S1 

body (Fig. 23.3), has a strong correlation with 

kyphosis and avoids the need to measure the 

degenerated L5–S1 junction [30]. In a study 

comparing 20 patients without spondylolisthesis 

to 20 patients with high-grade spondylolisthesis 

by Glavas et al., the mean angle was found to be 

119 and 71 degrees, respectively [59].

Long-cassette x-rays, or “scoliosis films,” are 

increasingly valuable when considering patients 

with significant spondylolisthesis to assess for 

global sagittal alignment as well as the aforemen-

tioned pelvic parameters. CT imaging can be use-

ful in detecting partial pars defects or in 

circumstances where severe degenerative 

changes make interpretation of radiographs dif-

ficult [53]. Non-dynamic spinal parameters can 

be detected by CT imaging as well, but supine 

imaging may not accurately reflect erect spinal 

alignment. Single-photon emission computed 

tomography (SPECT) scans have been used to 

assess pars defects in younger patients who have 

greater potential for bony repair and remodeling. 

Increased uptake on SPECT scans with the pres-

ence of a partial or small pars defect on CT is 

suggestive of local repair processes that may 

occur with conservative management [52, 53]. 

Magnetic resonance imaging (MRI) should be 

obtained in patients with neurological deficits or 

radicular symptoms to rule out other 

explanations.

 Age

Spondylolysis is an interesting phenomenon in 

that the pathology can become symptomatic in 

patients ranging from adolescence to senescence. 

The underlying mechanism is presumed to be 

more due to acute injury and joint instability (or, 

Fig. 23.3 CT of the 

lumbar spine in the 

sagittal plane depicting 

the measurement of the 

lumbosacral angle via 

drawing a line from the 

superior endplate of L5 

to the posterior aspect of 

the S1 vertebral body
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at least, hypermobility) in younger patients, 

whereas arthritic degeneration is frequently cited 

as the root cause in older patients. In contrast to 

the younger cohort, degenerative changes found 

in older symptomatic patients often necessitate 

bony decompression and stabilization to address 

the pars defect and spondylolisthesis. Adult 

patients with comorbidities, particularly those 

with a tobacco history, have a higher rate of 

pseudarthrosis and often require interbody fusion 

graft procedures. In patients with high-grade 

spondylolisthesis, reduction of the slippage can 

be performed to induce spinal realignment and 

nerve decompression. Spinal reduction is easier 

in the athletic adolescent cohort with minimal 

arthritic change; in adults, chronicity of the 

deformity and degenerative changes reduce the 

mobility of the spine and may not be feasible 

based on intraoperative findings. As previously 

noted, adults tend to have a lower frequency and 

degree of slip progression when spondylolisthe-

sis is present. As such, a lower threshold for 

observation in asymptomatic patients, even when 

mild progression is noted, is generally recom-

mended when compared to a young patient with 

progressive changes.

 Reduction

Reduction of high-grade spondylolisthesis remains 

an area of contention, with early authors citing 

neurological injury as a common reason to avoid 

reduction maneuvers, particularly given the high 

rate of excellent outcomes with fusion alone [17, 

60]. With the growing value of global spinal align-

ment and advances in instrumentation and tech-

nique, renewed interest in reduction techniques to 

maximize positive, durable outcomes has evolved 

[61–64]. Reduction of slippage has since proven 

biomechanically advantageous in correcting lum-

bosacral kyphosis and promoting an appropriate 

upright posture. Failure to reduce in the setting of 

severe lumbosacral kyphosis subjects the construct 

to additional shear forces that may increase the 

risk of pseudarthrosis, non- fusion, and ultimately 

slip progression [65–67]. In high-grade spondylo-

listhesis and spondyloptosis, the angulation of the 

vertebral body plays an even greater role in spinal 

imbalance than the slippage itself, necessitating 

dramatic reduction in order to maximize correc-

tion and spinal realignment [50, 51, 58].

New-onset neurological deficits following 

reduction remain the preeminent concern among 

surgical practitioners; however, recent data sug-

gests that carefully selected patients have a lower 

risk of new-onset deficit than in early reports. A 

review of the Scoliosis Research Society morbid-

ity and mortality database conducted by 

Kaswliwal et al. determined that permanent neu-

rological deficit after high-grade spondylolisthe-

sis reduction ranged from 5% to 10% of patients 

in most participating centers, and this rate was 

not statistically higher than permanent neurologi-

cal deficits occurring after in situ decompression 

and fusion alone [68]. Partial reduction to 

decrease the slip angulation may be sufficient to 

reduce the risk of reoperation and restore spinal 

alignment and may reduce the likelihood of a 

neurological deficit in high-risk patients [69].

 Surgical Technique

General indications for surgery include failure of 

conservative management as described above, 

persistent or worsening back pain in conjunction 

with pars non-union or spondylolisthesis, pro-

gressive slippage on repeat imaging, and new or 

progressive neurological deficits [70].

There is tremendous heterogeneity in the sur-

gical management of pars defects and spondylo-

listhesis, in part due to multiple procedures all 

yielding excellent clinical outcomes. The wide 

range of age at presentation and the degree of 

degenerative and deformational changes remain 

important considerations in the surgical decision- 

making process.

 Direct Repair

Symptomatic patients who fail conservative man-

agement can be considered for direct pars repair 

alone where preservation of ligamentous and 

muscular attachments is desired, such as in 
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younger patients, and where complicating factors 

such as diffuse arthritic changes, spondylolisthe-

sis, and abnormal spinal alignment are absent. In 

this subset of patients, excellent results can be 

obtained in greater than 75% of patients [71].

Direct repair of a pars defect via Buck’s pro-

cedure or a variant has been frequently reported 

as an attractive alternative to fusion procedures 

[72, 73]. Briefly, this procedure is performed by 

a standard lumbar exposure of the lamina and 

defective pars. Fibrotic material in the vicinity 

of the pars is debrided and bony edges decorti-

cated. It is critical to prevent disruption of the 

facet capsules during exposure to prevent future 

joint dysfunction. A screw is inserted from the 

inferior lamina into the pars at a trajectory aimed 

superior and slightly lateral from the starting 

point under direct visualization approximately 1 

centimeter deep to the pars into the pedicle. 

Unilateral or bilateral defects can be packed with 

autograft, allograft, or other fusion-stimulating 

material. This procedure is best performed in 

patients with minimal degenerative disease at 

the level in question. Drazin et al. recommend 

that the intervertebral disc at the level of slip-

page (L5–S1 typically) be at least two-thirds the 

height of adjacent discs and recommend limiting 

the procedure to patients with spondylolisthesis 

of less than 1 centimeter [74]. A variant of this 

technique can be performed in a minimally inva-

sive setting under fluoroscopy [75].

Alternatives to this technique are abundant 

and include the placement of pedicle screws 

with a sublaminar hook attached (Fig. 23.4) and 

segmental wire fixation [76–78]. Segmental wire 

fixation is performed by dissection of the L5 spi-

nous process, lamina, and transverse process 

with careful avoidance of exposing the facet 

joints. A wire may be wrapped around the cir-

cumference of each transverse process and 

secured. Bone graft may be pressed into the wire 

to promote subsequent fusion [79]. For sublami-

nar hook technique, pedicle screws are placed in 

typical fashion after dissection and debridement 

as described in Buck’s procedure. Laminar 

hooks attached to short rods are inserted at the 

level of the inferior aspect of the L5 lamina and 

then secured to the pedicle screws. This has also 

been described using minimally invasive dila-

tors to access the L5–S1 interlaminar space [80]. 

Newer techniques in development include the 

use of intralaminar screws at the junction of the 

spinous process and the lamina, with one screw 

placed slightly more superior in order to allow 

for bilateral placement. These screws are then 

connected via a titanium rod to adjacent pedicle 

screws without the need to transverse the frac-

tured pars [81].

Fig. 23.4 Postoperative 

lateral x-ray 

demonstrating pars 

repair via direct repair
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 Posterolateral Fusion

The most common intervention for the repair of 

pars defects with spondylolisthesis is the postero-

lateral fusion and fixation [70, 82]. This versatile 

procedure, though more invasive, is useful in 

older patients in the setting of degeneration and 

severe vertebral body slippage. It also can be per-

formed in the setting of a bony decompression 

via laminectomy, whereas direct repair typically 

relies upon intact adjacent structures. Bony 

decompression is frequently necessary in the set-

ting of radicular symptoms such as pain or weak-

ness, in which case posterolateral fusion is 

preferable over direct repair even in young ath-

letic patients. The surgical details of standard 

posterolateral fusion are discussed elsewhere in 

this book. Non-instrumented fusion in patients 

with spondylolysis alone or with low-grade spon-

dylolisthesis may be considered in younger 

patients with immobile slips, but in high-grade 

spondylolisthesis, instrumentation is recom-

mended with or without reduction as above.

A common issue that can arise with posterolat-

eral fusion with high-grade slippage is the diffi-

culty in achieving appropriate transpedicle L5 

screw placement. One alternative is to place trans-

sacral S1 pedicle screws of sufficient length to 

extend across the sacral promontory into the L5 

vertebral body to provide stability via tricortical 

purchase utilizing fluoroscopy or image guidance. 

Fibular dowels or, if the L5 vertebral body has 

slipped anterior to the sacrum, a fibular strut via a 

reamed canal can be inserted through the sacrum 

into L5 for added stability [83]. This is particularly 

useful when there is limited trajectory to reach the 

L5–S1 disc space without osteotomy or when 

there is no adjacent contact between the L5 and S1 

bodies to enable interbody graft placement. In 

extreme cases, such as severe spondyloptosis, an 

L5 vertebral resection, also known as a vertebrec-

tomy or spondylectomy, can be performed [84]. 

The lack of bony contact and the tendency of the 

L5 vertebra to descend below the superior sacral 

endplate make this challenging from a posterior 

approach. An anterior, retroperitoneal approach 

can be used to resect the L5 vertebral body, with 

subsequent instrumentation of the L4 vertebral 

body to S1 and placement of an interbody device 

when appropriate [85, 86]. Partial resection of the 

sacral dome may be sufficient to access L5 for 

instrumentation and partial reduction, foregoing 

the need for spondylectomy [87].

 Interbody Fusion

For simple spondylosis or pars defects with mild 

spondylolisthesis, posterolateral fusion is typi-

cally sufficient to ensure lasting symptom reso-

lution and adjacent level stability. However, in 

patients with high-grade slippage, interbody 

support may improve deformity correction and 

provide greater lumbosacral stability by divert-

ing shear forces from that of the instrumented 

construct [17, 67, 83]. In addition, patients with 

symptomatic pars defects with associated degen-

eration such as disc herniations with dynamic 

instability or radicular symptoms may also ben-

efit from interbody fusion in order to address 

both problems simultaneously [88]. Anterior 

column support via an interbody graft can be 

obtained via a posterior or anterior approach, 

based upon the anatomy of the slippage itself. 

The technique for interbody insertion is dis-

cussed elsewhere in this book.

 Illustrative Case

 History and Physical Exam

A 36-year-old gentleman with bilateral pars 

defects presented with 1 year of progressively 

severe mechanical back pain refractory to anti- 

inflammatory medications, oral steroids, injec-

tions, and intensive physical therapy. He endorsed 

increasing radicular pain in the left lateral leg to 

his toes, including numbness in the same distri-

bution. Bending and lifting objects at work sig-

nificantly exacerbated his symptoms. His 

physical examination remained neurologically 

intact, with full motor and sensory function and 

symmetric reflexes; however, extensive postures 

elicited severe midline pain that caused him to 

buckle at the knees.
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 Imaging

MR imaging revealed bilateral L5 pars defects 

(Fig. 23.5) with grade 1 spondylolisthesis and a 

broad-based disc bulge with mild left foraminal 

narrowing when supine (Fig. 23.6). Dynamic 

x-ray imaging revealed the listhesis was grossly 

immobile, and CT confirmed the findings of isth-

mic spondylolisthesis.

 Treatment

The patient was counseled on various operative 

options and ultimately underwent interbody fusion 

to address his radicular and mechanical symptom-

atology. A minimally invasive presacral approach 

was chosen given his young age and normal spinal 

alignment in order to minimize long-term conse-

quences from ligamentous and muscular disrup-

tion. The patient was brought to the operating 

room and placed in the prone position after appro-

priate induction of general anesthesia. After being 

prepped and draped, an incision was made to the 

left of his coccyx, and the presacral space was 

approached and then bluntly dissected. Using a 

guide pin, the sacrum was pierced and the disc 

space entered using sequential dilators (Fig. 23.7). 

A discectomy was performed, and the L5 and S1 

endplates were curetted. A guide pin was then 

inserted through the disc space into L5, and a 

15 mm cage was inserted (Fig. 23.8). Percutaneous 

pedicle screws were placed at L5 and S1 under 

fluoroscopy (Fig. 23.9).

Fig. 23.5 Sagittal cut of the T1 sequence of an MRI of 

the lumbar spine demonstrating the presence of an L5 pars 

defect (arrow)

Fig. 23.6 Axial cut of the T2 sequence of an MRI of the 

lumbar spine demonstrating the presence of a large, 

broad-based disc bulge at L5–S1 resulting in moderate 

left-sided foraminal stenosis

Fig. 23.7 Intraoperative lateral x-ray demonstrating the 

entry of the presacral guide pin into the L5–S1 disc space 

and the advancement of a dilator halfway to target
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 Outcome

The patient was followed for 2 years postopera-

tively. He reported complete resolution of his 

radicular pain and approximately 80% reduction 

in his mechanical back pain at last follow-up. 

Final imaging revealed a solid fusion mass.

 Technical Pearls

• Minimal disruption of ligamentous connec-

tions and preservation of facet capsules should 

be attempted in young patients undergoing 

direct repair of spondylolysis with minimal or 

no spondylolisthesis to reduce risk of 

reoperation.

• High-grade spondylolisthesis implies greater 

instability. Instrumentation at L4–S1 is often 

recommended for patients undergoing pos-

terolateral fusion.

• Partial reduction of high-grade slippage in the 

presence of a significant degree of slip angle 

reduces the shear stress on instrumentation 

and will relieve L5 nerve root tension with a 

low risk of iatrogenic injury.

• If pedicle screw placement across L5 is insuf-

ficient or technically infeasible, tricortical 

purchase via an S1 pedicle screw extending 

into the listhesed L5 vertebral body provides 

stability when incorporated into a construct 

extending rostral to L4.

• Extension of decompression and fusion may 

be required in order to achieve appropriate 

correction of sagittal imbalance and other 

parameters of spinal alignment.

 Complications and Strategies 
for Avoidance

The degree and complication profile is associated 

with the type of surgical procedure chosen to 

address the pars defect and slip [68, 89]. For min-

imally disruptive procedures such as Buck’s pro-

cedure for direct repair of spondylolysis, the 

primary concern is the disruption of soft tissue 

attachments and facet capsules which increase 

the risk of adjacent level disease and reoperation. 

Instrumented fusion has the inherent risk of 

pseudarthrosis and other instrumentation failure 

such as rod fracture or pedicle screw malposition. 

Judicious use of intraoperative imaging to ensure 

appropriate instrumentation is recommended. 

When combined with bony decompression, 

durotomy and neurological injury can be mini-

mized with careful dissection and exposure. As 

Fig. 23.8 Intraoperative lateral x-ray demonstrating the 

successful placement of a L5–S1 interbody graft via the 

minimally invasive presacral approach

Fig. 23.9 Intraoperative lateral x-ray demonstrating the 

completed minimally invasive construct of a L5–S1 inter-

body fusion via the presacral approach
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with all spine surgery, there is a risk of wound 

infection, deep vein thrombosis, pulmonary 

embolism, and pneumonia. Early mobilization, 

fastidious wound care, and appropriate pulmo-

nary toilet should be aggressively encouraged in 

the postoperative period. Reduction should be 

performed with caution, due to the association 

with permanent neurological deficit in up to 10% 

of patients. Prior to reduction, a thorough decom-

pression with unroofing of bilateral nerve root 

foramen should be achieved. Partial reduction 

can be considered when complete reduction is 

anatomically limited. Neuro-monitoring is intra-

operatively performed in almost all cases.

 Conclusion

Pars defects can be a source of significant 

mechanical back pain and can predispose patients 

to secondary spinal disorders, such as spondylo-

listhesis and instability. Both direct and indirect 

methods of repair are available. Direct repair is 

ideal for younger symptomatic patients with iso-

lated pars defects, whereas indirect methods 

including posterolateral fusion and interbody 

techniques allow for management of the pars 

defect in combination with secondary disease 

processes. Critical evaluation needs to be given 

when determining if symptomatology is the 

result of the spondylolysis, particularly in chronic 

situations without neurological compromise or 

progressive radiologic disease or instability.
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 Introduction

Spondylolisthesis, from the Greek roots of spon-
dylos, meaning vertebrae, and olisthesis, mean-

ing to slip, refers to the anterior or posterior 

translational displacement of the vertebral body 

compared to the level inferior to the defect [1, 2]. 

In terms of the adult lumbar spine, this displace-

ment results from a causative defect in bony 

architecture, trauma, or degenerative changes 

over time [3–6]. Spondylolisthesis was first 

described by Herbiniaux, a Belgian obstetrician, 

in 1782 as a bony prominence anterior to the 

sacrum [7]. Later in 1853 a German physician 

Robert reported on specific defects in the pars 

interarticularis, which were first labeled in 1854 

by Killian as spondylolysis [2, 8]. Then in 1881 

Neugebauer suggested that lysis, the elongation 

and angulation of the pars interarticularis, could 

lead to spondylolisthesis [9]. Following in 1888, 

the phenomenon spondyloptosis, Greek root of 

ptosis meaning falling off or down, was termed 

by Neugebauer to describe a vertebra that is com-

pletely displaced [1, 9]. It was then in 1893 that 

Lane posited that spondylolisthesis was due to 

the modification of the interarticular part of the 

fifth lumbar vertebra by pressure from both the 

inferior facet of the fourth lumbar vertebra above 

and the superior sacral process below [1].

 Classification

The most widely used classification system today 

was described by Wiltse (Fig. 24.1), in which he 

divided spondylolisthesis into five main catego-

ries [10–13]. Type I (congenital spondylolisthe-

sis) is derived from an inherited defect of either 

the superior sacral facet, the inferior facet, or 

both, with a gradual anterior translation of the 

vertebra, most commonly seen in L5-S1. Type II 

(isthmic spondylolisthesis) implies the defect to 

be in the isthmus, also known as the pars interar-

ticularis. This type is further subdivided into 

three subtypes: type IIA denotes a stress fracture 

of the pars region, referred to as a spondylolysis; 

type IIB refers to an elongated pars that is the 

product of bony remodeling from repetitive 

stresses; and type IIC, the rarest of the isthmic 

spondylolistheses, is due to an acute traumatic 

fracture of the pars leading to anterolisthesis. 

Type III (degenerative spondylolisthesis) is a dis-

ease of the aging spine that progresses due to 

facet arthritis and remodeling that can result in 

anterolisthesis, retrolisthesis, or rotational defor-

mities and instability. Type IV (post-traumatic 
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spondylolisthesis) results from acute trauma and 

failure to the posterior elements; in contrast to 

isthmic, traumatic spondylolisthesis is not related 

to a direct pars injury. Type V (pathologic spon-

dylolisthesis) is a result of the destructive nature 

of posterior elements from a pathologic process, 

i.e., chronic disorders, infections, malignancy, or 

iatrogenic processes, over a period of time.

In 1982 Marchetti and Bartolozzi then catego-

rized spondylolisthesis into developmental and 

acquired subtypes [14]. The acquired etiologies 

contained iatrogenic (now considered postsurgi-

cal), pathologic, traumatic, and degenerative con-

ditions, whereas the developmental etiologies 

comprised of the elongation of the pars or lytic 

lesions. In 1994 a revised classification system 

further organized the developmental group based 

on the grade of dysplasia, either high or low dys-

plasia [1]. Degenerative spondylolisthesis, 

reported initially by MacNab and later by 

Newman and Stone, is a subtype of the acquired 

form later described by Marchetti and Bartolozzi 

[14, 15]. In that classification, degenerative spon-

dylolisthesis may be either primary or secondary. 

Primary is typically seen in middle-aged women 

presenting with clinical signs of spinal stenosis, 

while secondary is related to a predisposing 

 factor, such as adjacent segment degeneration, 

Fig. 24.1 Wiltse classification (From Wiltse et al. [10])
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causing a slip above a preexisting fusion [1, 14, 

15].

In combination with developmental suscepti-

bilities, certain activities place patients at risk for 

spondylolysis because of the nature of the biome-

chanical stresses imparted on the pars interarticu-

laris [1]. Biomechanical analyses have shown 

that hyperextension and persistent lordosis 

increases shear stresses at the neural arch [16–

19]. This stress during hyperextension of the 

lumbar spine can be seen in activities such as 

gymnastics, weightlifting, diving, football, soc-

cer, cricket, and volleyball [19–29], as well as 

Scheuermann kyphosis, owing to the exaggerated 

lumbar lordosis [30]. The progression of slippage 

during adolescence and the observation that 

females are several times more likely to have an 

increase in deformity suggests a hormonal role in 

the development of spondylolisthesis [31]. The 

slippage can occur as the lumbar spine rotates 

around the sacral dome due to the body’s center 

of gravity being anterior to the lumbosacral joint 

[1]. The age of the patient when these defects 

occur and the individual’s sagittal alignment of 

the spine influence the degree of deformity pro-

gression. Pelvic incidence seems to play an 

important role in the progression of the spondy-

lolisthesis, with a statistically significant increase 

in the chance of slippage as the pelvic incident 

angle increases [32, 33].

Adult spondylolisthesis presents in predomi-

nately two patterns: the isthmic type, resulting 

from abnormalities of the pars intra-articularis; 

and the degenerative type, an outcome of lumbar 

spondylosis with its disc degeneration and insta-

bility causing a physiologic uncoupling of the 

facets in the sagittal plane [34–36].

 Incidence

The incidence of defects in the pars interarticu-

laris is seen in 4% to 6% in the general popula-

tion, which can progress to isthmic 

spondylolisthesis. Isthmic spondylolisthesis, 

with a reported incidence between 2.6% and 

4.4% of general population, is more common in 

males [37]. It is most frequently seen at the L5-S1 

level [38–40]. Around 50% of patients presenting 

with a pars defect do not show evidence of ante-

rior listhesis [1]. Female patients exhibit a lower 

incidence of isthmic defects; however they show 

a higher propensity for slip progression [1]. The 

incidence of isthmic spondylolisthesis also varies 

according to race with 6.4% in white American 

males, 2.8% in black males, 2.3% in white 

females, and 1.1% in black females [1]. Eskimos 

have been shown to have a rate as high as 50% [1, 

3]. Additionally, spina bifida occulta has been 

associated with spondylolysis of the lumbar spine 

in 11.8–35% of patients [41–43]. Although there 

are reports of greater frequency of posterior spine 

defects connected to isthmic spondylolisthesis, 

no etiologic link has been accepted [10, 44, 45]. 

The risk of spondylolisthesis progressing is 

greater in patients that have a midline lumbosa-

cral defect due to the decreased stabilizing effects 

associated with the lack of attachment of the mul-

tifidus muscles to the deficient spinous processes 

[45, 46]. Hence, the deficient or dysplastic poste-

rior elements in spina bifida defects actually 

increase the amount of pars loading, leading to 

the development of isthmic spondylolisthesis and 

thus serve as a risk factor to high-grade (>50%) 

olisthesis progression [41, 47–49].

Degenerative spondylolisthesis is approxi-

mately four to five times more common in 

females than in males (8.4% in females and 2.7% 

in males) and more common in black females 

than in white females [3, 34]. This female preva-

lence is thought to be due to greater ligamentous 

laxity and hormonal effects [50–52]. Degenerative 

spondylolisthesis rarely affects those younger 

than 40 years of age and most frequently involves 

the L4-L5 level. Unlike isthmic spondylolisthe-

sis, degenerative spondylolisthesis occurs much 

less frequently at the L5-S1 level [1]. Factors that 

have been reported to predispose to anterolisthe-

sis at the lumbosacral junction include: a fifth 

lumbar vertebral body that is less deeply seated 

within the pelvis, slim transverse processes of the 

fifth lumbar vertebral body, and an increased 

sacral inclination, all of which are more common 

in women than men [53]. The factors associated 

with an increased risk in women were elevated 

body mass index (BMI), increased age, and 

24 Surgical Management of Lumbar Spondylolisthesis
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increased angle of lordosis, whereas in men only 

an increased age was associated with a higher 

risk of degenerative spondylolisthesis [54]. The 

effect of facet joint orientation is also seen as a 

potential factor in the development of degenera-

tive spondylolisthesis with a more sagittal orien-

tation at the L4-L5 facet joints being associated 

as a cause [55–57]. Even in the absence of symp-

toms from the pars defects themselves, spondylo-

listhesis may lead to clinically significant 

radiculopathy and progressive neurologic deficits 

secondary to nerve root impingement [1].

 Imaging

Initial imaging of the patient can be established 

with plain radiographs, including anteroposte-

rior, lateral, and oblique views. For the antero-

posterior views, a Ferguson view of 15° of 

inclination optimizes the evaluation of lumbar 

transverse process size and disc height at the 

L5-S1 level [58]. When the lateral view is 

obtained with the patient standing, it allows for 

ideal appreciation of the degree of olisthesis in 

spondylolisthesis; additionally, the flexion- 

extension in lateral views helps evaluate the pres-

ence of instability [1]. The benefits of an oblique 

lateral view are the increased ability to detect the 

pars defect, with an oblique lateral view detect-

ing the pars defect in 84% of cases [59], whereas 

the standard lateral view is able to identify it 19% 

of the time [60, 61]. Oblique radiographs are 

associated with significant radiation exposure, 

and they should be sparingly used, as directed by 

a specialist; this holds especially true in the ado-

lescent population. Furthermore, unless the pre-

operative lateral radiographs are obtained with 

the patient standing, it cannot be determined if 

the presence of postoperative spondylolisthesis 

in a patient with poor pain relief after surgery was 

the result of destabilization from the surgery or if 

it was a preexisting condition [1]. Relying only 

on supine MRI imaging for the identification of 

degenerative spondylolisthesis has been demon-

strated to miss the diagnosis in almost one third 

of cases [62]. Table 24.1 [1, 63–67] reviews the 

different choices of imaging techniques and their 

associated benefits in outlining various findings 

in cases of patients with suspected 

spondylolisthesis.

There have been several biomechanical stud-

ies that have successfully recognized that lumbo-

sacral facet joint disease and degenerative disc 

disease may cause degenerative spondylolisthe-

sis [68–72]. While standing lateral flexion- 

extension lumbar radiographs are used to identify 

lumbar spine instability, supine lumbosacral MRI 

is routine in evaluating various lumbar disorders. 

Though degenerative spondylolisthesis is not 

always present in the supine position, the axial 

T2-weighted MRI can detect increased fluid in 

the lumbar facet joints [73–76]. Extensive facet 

effusion (>1.5 mm) is highly predictive of degen-

erative spondylolisthesis at the L4-L5 level in the 

absence of measureable anterolisthesis on the 

supine MRI [74].

In 1932 Meyerding proposed a radiographic 

grading system for spondylolisthesis [77] 

(Fig. 24.2), which is now the most common sys-

tem in use, with the degree of slippage being 

measured as the percentage of distance the ante-

riorly translated vertebral body has moved for-

ward [38]. This classification by Meyerding 

grades the olisthesis as it increases from grades I 

to IV. Spondyloptosis, in which the fifth lumbar 

vertebra has slipped forward over 100% of the 

gliding plane past the sacral promontory, is given 

a grade V; instances of spondylolysis without 

olisthesis is noted as a grade 0 [1]. Other impor-

tant measurements to quantify the sagittal rota-

tion of a vertebral body that may also exist in 

spondylolisthesis are the slip angle and pelvic tilt 

which, like the Meyerding classification, are best 

analyzed using standing lateral radiographs. 

Calculation of the slip angle is achieved by mea-

suring the angle formed by the intersection of 

two lines: the first being a line perpendicular to 

the posterior cortex of the sacrum and the second 

being a line paralleling the inferior end plate of 

L5 [1]. In the normal spine, slip angle values 

should be close to zero, whereas a slip angle 

greater than 55° is associated with a high proba-

bility and increased rate of progression [78]. 

Pelvic tilt, also known as sacral inclination, 

denotes the vertical position of the sacrum. It is 
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the angle formed by the intersection of two lines: 

(a) a line perpendicular to the floor and (b) a line 

parallel to the posterior cortex of the sacrum [1]. 

Normal values usually are greater than 30°; yet 

with an increasing slip, the lumbosacral kyphosis 

is increased; therefore the sacrum is forced into a 

more vertical orientation and decreases the pelvic 

tilt [1]. Proper documentation of the Meyerding 

class, slip angle, and pelvic tilt are advocated as 

part of evaluation of the progression of the defor-

mity [79] (Figs. 24.3 and 24.4).

 Indications and Patient Selection

Initial treatment should consist of pain relief, 

strengthening of core muscle groups, and return 

of range of motion in the lumbar spine. This is 

Table 24.1 Imaging modalities

Imaging modality Benefits Notes

Radionuclide (Technetium 

99 mm) Bone Imaging [1]

Identify pars interarticularis stress 

fractures without a visible bony 

defect

Recent trauma/symptomatic with 

strenuous activity: increased uptake in 

spondylolytic area

Chronic LBP: normal scan if defect is 

chronic, sclerotic, and avascular

SPECT (Single Photon 

Emission Computed 

Tomography) [63–65]

More sensitive than plain 

radiographs or technetium bone 

scan

“Hot scan” suggests increased activity 

(orthotic immobilization may be 

beneficial)

“Cold scan” suggests chronic lesion/not 

metabolically active (unlikely to respond 

only to orthotic immobilization)

CT (Computed Tomography) 

[66, 67]

Gauge degree of spondylolisthesis

Assess healing potential of 

identified pars defect

Superior to plain radiographs in revealing 

dysplastic facets, pars defects, changes in 

apophyseal joints

MRI (Magnetic Resonance 

Imaging) [1]

Soft tissue

Neural structures

No exposure to radiation

Imaging techniques and their relative roles in assessing patients with spondylolisthesis [1, 63–67]

Fig. 24.2 The five grades of the Meyerding grading system [77]. Grade 1, 0–25% of the vertebral body; grade II, 

26–50%; grade III, 51–75%; grade IV, 76–100%; grade V, spondyloptosis
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typically initiated with nonsteroidal 

 anti- inflammatory drugs (NSAIDs), pain manage-

ment, and physiotherapy. Steroid injections into 

the facet joint and epidural space are helpful in the 

acute phase but not recommended for prolonged 

usage, as there are potential complications of this 

medication with long-term use [1]. This is simi-

larly true with the use of narcotic medications, as 

their prolonged use can adversely affect recovery, 

lead to continued disability, and increase the risk 

of addiction [1]. The conservative management of 

spondylolysis includes cessation of strenuous 

activity, rehabilitation with strengthening of the 

abdominal and paraspinal musculature, minimi-

zation of pelvic tilt, and perhaps anti-lordotic 

bracing [80]. There are many factors that influ-

ence potential treatment protocols. Conservative 

management protocols also depend on several 

factors, such as disease involvement (spondyloly-

sis vs. spondylolisthesis), the level and laterality 

of the defect (unilateral vs. bilateral pars defects), 

duration since injury (acute vs. chronic), and the 

age of the patient [81]. Exercises should be 

focused on strengthening the abdominal and para-

spinal musculature, as the local muscular system 

that controls the lumbar spine consists of lumbar 

multifidus, internal oblique, and transversus 

abdominis [82]. Along with exercises that target 

specific core muscle groups with the spine in neu-

tral position, a stretching program to improve 

flexibility and strengthening of hip flexors and 

hamstring stretching is frequently recommended 

[83–85]. Weight loss and aerobic conditioning 

programs are added as necessary. Individual 

patient goals may vary, but in general the ability 

to return to normal activity without restrictions is 

the main objective. The severity of symptoms 

Fig. 24.3 Pelvic parameters. SS sacral slope; PT pelvic tilt; PI pelvic incidence (From Oh et al. [79], with 

permission)

PT

SS

PI

Fig. 24.4 Mathematical relation between pelvic parame-

ters [79]. PI = PT + SS (From Oh et al. [79], with 

permission)
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tends to dictate the management of spondylolysis 

and spondylolisthesis, as most lesions do not heal 

with bony union, but rather become a stable 

fibrous union that remains relatively asymptom-

atic [1]. Patients with low-grade dysplastic spon-

dylolisthesis are less likely than patients with 

isthmic spondylolisthesis to benefit from conser-

vative methods; however conservative therapy is 

still recommended as the initial modality [37].

 Surgical Treatment

The main goals of surgical treatment in spondy-

lolisthesis consist of stabilization of the affected 

levels and decompression of the involved neu-

ral elements. Surgery should be considered in 

patients who have failed a full course of conser-

vative treatment and have persistent severe 

back and predominant leg pain, evidence of 

instability on imaging, documented progressive 

spondylolisthesis, a progression of the neuro-

logic deficit, or cauda equina symptoms [1]. 

Surgical treatment options may be broadly 

divided into two categories: direct repair of the 

pars defects versus arthrodesis of the involved 

segments to prevent slip progression with or 

without decompression of affected neural 

structures.

 Direct Pars Repair

Procedures for direct fixation of pars defects 

(Fig. 24.5) include the Buck’s technique [86], 

Scott wiring [87], repair with an ipsilateral pedi-

cle screw and hook [88, 89], and U-rod technique 

[90, 91]. The Buck’s method is an open technique 

in which the fibrous tissue at the pars defect is 

identified, thoroughly debrided, and stabilized 

with a 4.5 mm stainless steel cortical screw in 

compression [86]. In the Scott wiring technique, 

a stainless steel wire is looped from the trans-

verse processes to the spinous process of the level 

involved and tightened, in conjunction with local 

iliac crest bone graft [87]. In the U-rod technique, 

bilateral pedicle screws are connected through a 

U-shaped rod around the spinous process, thus 

applying compressive forces to enhance healing 

of the bone graft across the defect [90, 91].

 Posterior Fusion with Pedicle 
Instrumentation

Transpedicular fixation has been shown to 

increase the rate of fusion, and a positive correla-

tion has been reported between successful fusion 

and clinical outcomes [93–99]. A trend for 

improved clinical outcome with increased rigid-

ity of fixation has been noted [94]. Pedicle screw 

fixation systems have been shown to be mechani-

cally superior to other fixation devices, while 

allowing for the selective segmental force with-

out extension to adjacent levels [100].

 High-Grade Spondylolisthesis

Multiple factors must be considered in the treat-

ment of high-grade spondylolisthesis [1]. 

Symptomatic patients with high-grade spondylo-

listhesis do not seem to achieve a satisfactory 

outcome with non-operative treatment as com-

pared to those with low-grade spondylolisthesis 

[101]. In high-grade spondylolisthesis, reduction 

of the slip angle rather than the degree of anterior 

listhesis should be the main concern [1]. While 

studies show that patients with greater than 50% 

of slippage may have a poor non-operative out-

come, fusion is in general the treatment of choice 

among spinal surgeons [102]. In determining the 

most appropriate procedure, one must take into 

account all presenting symptoms, neurologic 

function, radiographic findings, clinical defor-

mity, age of the patient, and the surgeon experi-

ence. Treatment approach is influenced by the 

level of spinal maturity, degree of slippage, 

symptoms, the patient’s activity level, and 

expected progression [1]. Surgical stabilization 

through arthrodesis of the affected segment can 

result in improvement and even resolution of the 

neural deficit by alleviating impingement of neu-

ral elements and increasing the stability [103]. 

While the treatment of an asymptomatic adult is 

very rarely surgical, an asymptomatic adolescent 
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may be a candidate for surgical intervention 

because of expected progression of deformity in 

a high-grade slip, which may lead to mechanical 

and neurologic dysfunction [1]. The long-term 

effects of fusion in a young patient must be con-

sidered due to the potential for future adjacent 

segment degeneration [104, 105]. In a skeletally 

immature patient with slippage greater than 50% 

or a mature adolescent with a slip greater than 

75%, operative intervention is recommended 

even if the patient is asymptomatic [106–108]. 

Surgical decompression is also indicated when a 

patient has neural compromise, with a severe 

radiculopathy or bowel/bladder dysfunction 

[109–111].

Reduction of spondylolisthesis has been a 

controversial topic. It has been shown that partial 

slip reduction occurs with the positioning and 

administration of general anesthetic/muscle 

relaxation [112]. Active reduction can also be 

performed after placement of the instrumenta-

tion. There has not been a compelling indication 

to perform an active reduction in cases of degen-

erative spondylolisthesis. In isthmic spondylolis-

thesis partial reduction that aims to correct the 

slip angle has been associated with improved 

postoperative outcomes [113]. Reducing a spon-

dylolisthesis also has limitations and drawbacks. 

The most common postoperative complication is 

neurapraxia of the L5 nerve root. It has been sug-

gested that a wide decompression and thorough 

excision of the Gill fragment may decrease the 

incidence [113–115].

Fusion of the involved level has been widely 

advocated as the definitive treatment of symp-

tomatic spondylolysis [106, 116]. In the Spine 

Patient Outcomes Research Trial (SPORT), a 

prospective evaluation of the 2-year [117] and 

4-year [118, 119] outcomes of 607 patients with 

degenerative spondylolisthesis, patients were 

divided into two enrollment groups, with 50% in 

a randomized cohort and 50% in an observational 

cohort. Pre-enrollment non-operative care was 

not specified, and the type of surgery or non- 

operative treatment during the study period was 

left to the discretion of the treating physicians. 

The study was laden with a significant crossover 

and nonadherence to treatment between the two 

Scott Wiring Pedicle Screw-
Hook

Buck Screw U rod technique

Fig. 24.5 Procedures 

for direct fixation of pars 

defects (From Warner 

and Leahy [92])
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groups, leading to both an as-treated and an 

intent-to-treat analysis of the data. When both the 

randomized and observational cohorts were com-

bined, the as-treated analysis revealed that the 

surgically treated patients had significantly better 

outcome for both pain and function at 2-year and 

4-year follow-ups. This study did not allow com-

parison of types of treatments; therefore it did not 

answer the question of which surgical treatments 

provided better outcomes.

Treatment options in isthmic spondylolisthe-

sis consist of a direct repair of the pars intra- 

articularis [120–123], decompression of the 

neural elements alone [109, 110, 124, 125], 

decompression of the neural elements in con-

junction with an in situ posterior lateral fusion 

[96, 122, 126, 127], decompression of posterior 

lateral fusion with associated pedicular instru-

mentation [96, 128, 129], and decompression and 

reduction of the spondylolisthesis with instru-

mentation and interbody fusion [130–132].

Although all patients should be initially 

treated with non-operative management, large 

multi-institutional studies have demonstrated that 

surgical treatment tends to result in more favor-

able outcomes [117]. While a fusion is firmer and 

solid with instrumentation, prior to these large 

multi-institutional studies, the incremental bene-

fits of instrumentation on clinical outcome were 

not as clear. Although it had seemed rational with 

radiographic imaging showing evidence of insta-

bility, the direct stability offered by instrumenta-

tion was found to increase surgical time, expense, 

and potential morbidity [1]. On the other hand, 

indications for using instrumentation in a patient 

with a collapsed disc space, no motion at the 

spondylolisthetic level, or the presence of osteo-

porotic bone are not as clear [1]. The SPORT 

study successfully recognized an advantage of 

surgical treatment over nonsurgical treatment in 

stenotic patients who had degenerative lumbar 

spondylolisthesis. A comparison of surgically 

treated patients and the control cohort demon-

strated improved outcomes of the surgically 

treated patients at intervals of 3 months and 

12 months, with marginally reduced improve-

ment at 24 months [117]. Additional breakdown 

of this data from the SPORT trial gave insight to 

significant findings. It was demonstrated that 

operatively treated patients with degenerative 

lumbar spondylolisthesis had better outcomes 

than symptomatic stenosis without spondylolis-

thesis [133]. Furthermore, surgical outcome was 

superior in patients with predominately leg pain 

compared to those that presented with primarily 

back pain [134].

In a prospective, randomized study by 

Herkowitz, the comparison of decompression 

alone versus decompression and non- 

instrumented posterolateral spinal fusion in the 

treatment of lumbar spine levels L3-L4 and 

L4-L5 degenerative spondylolisthesis with spinal 

stenosis reported superior clinical results when 

concomitant fusion was performed with the 

decompression [135]. They found that a satisfac-

tory outcome was more than twice as common in 

the fused group (96%) as compared to the decom-

pression without fusion group (44%). The authors 

concluded that the results of surgical decompres-

sion with in situ arthrodesis were superior to 

those of decompression alone.

Lumbar fusion for spondylolisthesis can be 

accompanied by unintended consequences. In 

elderly patients, either vertebral compression frac-

tures of adjacent levels or stress fracture due to the 

bone stock in the osteoporotic bone can occur [1]. 

Instrumentation may also directly harm the supe-

rior facet by either capsular disruption or articular 

facet damage; thus the use of less rigid instrumen-

tation or no instrumentation may be of interest 

because of the theoretical reduction of stress on 

adjacent levels by the presence of a less rigid 

fusion or even a stable pseudarthrosis [1]. A multi-

level decompression without any fusion is cer-

tainly a sensible option for some patients, 

depending on age and comorbidities, even though 

the literature generally supports concomitant 

fusion. A multilevel non-instrumented fusion 

increases the incidence of pseudarthrosis at one or 

more levels, as well as the possibility of flat-back 

deformity; therefore, in some cases, it may be 

appropriate to decompress all of the stenotic levels 

that are symptomatic and perform an instrumented 

fusion at the spondylolisthetic level only [1].
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The role of anterior column support in the sur-

gical management of spondylolisthesis has been 

debated. Anterior column support can be pro-

vided by a posterior lumbar interbody fusion 

(PLIF), a transforaminal lumbar interbody fusion 

(TLIF), or an anterior lumbar interbody fusion 

(ALIF). Newer techniques using lateral trans-

psoas or anterior oblique approaches are also 

being utilized. Possible choices for interbody 

fusion device materials are metallic cages, car-

bon fiber cages, polyetheretherketone (PEEK) 

cages, or bone [1]. Anterior column support can 

be used for treatment of isthmic spondylolisthe-

sis as well as degenerative spondylolisthesis 

[136–140]. Proposed advantages of using inter-

body fusion with PLIF or TLIF as compared to 

posterior instrumented fusion without an inter-

body fusion includes an increased likelihood of 

fusion, better indirect foraminal decompression, 

better reduction of the spondylolisthesis, and bet-

ter restoration of lordosis [137, 138, 140]. Oda 

et al. reported that when anterior column support 

was deficient, the addition of posterior stabiliza-

tion with pedicle screws alone provided inade-

quate stability and resulted in a high level of 

implant strain. In these situations, the addition of 

an interbody cage significantly increased the con-

struct stiffness and decreased hardware strain, 

although it resulted in increased motion at the 

adjacent segment [141].

The Spine Patient Outcomes Research Trial 

(SPORT) performed a cost-effectiveness analysis 

of conservative to surgical treatment of spondylo-

listhesis at 2-year follow-up [142]. The study 

found that surgery significantly improved the 

quality of life in surgical patients compared with 

non-operative treatment. Two-year follow-up 

surgery was not deemed cost effective; however 

at longer follow-up, the procedure is likely to 

meet current cost-effectiveness standards [142].

 Surgical Technique

 Patient Positioning

The patient is placed in the prone position on 

the Jackson table with hips fully extended to 

improve lumbar lordosis. This position also 

minimizes epidural venous distention from 

abdominal compression; additionally it can aid 

in the reduction of spondylolisthesis. A partial 

correction of both the slip angle and the spon-

dylolisthesis can be occasionally seen with 

patient positioning alone. The patient should 

have padding over all areas. Once positioning is 

satisfactory, neuromonitoring signals should be 

checked for baseline comparisons. The intraop-

erative neurophysiologic monitoring (IONM) 

techniques that are commonly used during sur-

gery include both upper and lower SSEPs 

(somatosensory evoked potentials) as well as 

continuous and triggered EMG activity [143].

 Pedicle Screw Placement

We prefer to place the pedicle screws prior to per-

forming the decompression. Dissection should 

provide full exposure of the transverse process 

with meticulous removal of the soft tissues in the 

region of the segment to be fused. Once the exter-

nal landmarks of the pedicles have been identi-

fied, fluoroscopic confirmation can be obtained 

for pedicle identification, hole preparation, and 

proper screw placement. There are two well- 

known methods for pedicle screw placement, the 

Roy-Camille method and the Magerl method. 

Roy-Camille’s screw entrance point is situated at 

the crossing of two lines on a typical bony crest 

with the horizontal line passing through the mid-

dle of the transverse process and the vertical line 

given by the articular process 1 mm under the 

facet joint [144]. Magerl’s direction of the pedi-

cle screw is 10–20° convergent toward the sagit-

tal plane [145]. The point of entry is in the central 

axis of the pedicle, indicated by the intersection 

of the two lines with the vertical line touching the 

lateral border of the superior articular process 

and the horizontal line bisecting the base of the 

transverse process [145]. Confirmatory identifi-

cation of the facet complex can be accomplished 

by using a towel clamp to move the spinous pro-

cess and identify the facet joint and then removal 

of the soft tissues from the surface of the superior 

facet. For the external landmarks of the first 

sacral pedicle, the inferolateral portion of the 

superior S1 facet can be utilized. There are two 
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common sacral screw placements: anterolaterally 

into the ala and anteromedially into the promon-

tory. Each pedicle screw is placed beginning with 

the burr, providing a localization screw for the 

curved pedicle probe, starting with the curve 

directed laterally and then positioned medially 

once the probe is in the vertebral body. The con-

tinuous tactile confirmation, using a pedicle 

feeler, prevents breaching of the lateral and 

medial wall cortex. The depth of the channel can 

be established with a depth gauge. Tapping the 

pedicles for subsequent insertion of the screw 

also requires tactile confirmation of wall stock in 

the pedicles. Pedicle screw size can be deter-

mined on preoperative CT scans, but intraopera-

tive modifications are common. Placement of the 

screw along the same trajectory as the pedicle 

probe and the tap are vital to prevent breaching of 

the lateral and, more importantly, the medial wall 

of the pedicle. The optimal length of the screw is 

one in which about 75% of the depth of the verte-

bral body is obtained, with a critical understand-

ing of not penetrating the anterior portion of the 

vertebral body to avoid injury to both vascular 

and visceral structures in the retroperitoneum. 

After all of the appropriate pedicle screws are 

placed, verification of their exact position can be 

done intraoperatively with fluoroscopy.

 Decompression

Decompressive laminectomy alone is mostly rec-

ommended in patients without spondylolisthesis, 

yet it is also a choice in patients with a low-grade, 

static spondylolisthesis [146]. In order to attain a 

successful decompression, there are three stages 

suggested that are most often seen as a continu-

ous procedure intraoperatively. Central laminec-

tomy is performed and extended pedicle to 

pedicle. The lateral recess is then decompressed, 

confirming thorough bony removal of the medial 

part of the facet joint complex, and the hypertro-

phied ligamentum is then detached. 

Foraminotomies are performed to safeguard full 

decompression of the exiting and traversing 

nerve roots, while preserving most of the facet 

joint and at least 8 mm of pars interarticularis 

[147]. An aggressive decompression can result in 

iatrogenic disruption of the facet joint or pars, 

which could lead to accelerated degeneration or 

instability, respectively [148]. In patients with 

advanced age or comorbid conditions that pre-

clude an extended surgical procedure, we recom-

mend decompression of only the levels with 

critical stenosis. In patients presenting with uni-

lateral symptomatology, particularly radicular 

instead of claudication, a hemilaminectomy can 

be a viable option [149].

 Spondylolisthesis Reduction

Surgical techniques for reduction of spondylolis-

thesis are dependent upon the understanding of 

biomechanics, implant materials, and the goal of 

the surgery. Being mindful not to over- or under-

treat the patient requires an understanding of the 

approach and proper techniques to accomplish a 

reduction that is satisfactory with the appropriate 

construct and planning. Figure 24.9 shows the 

preoperative, intraoperative, and postoperative 

images from a patient with an L5-S1 isthmic 

spondylolisthesis that had a grade III slip. An 

L4-S1 posterolateral arthrodesis was performed 

with L4-S1 posterior instrumentation with pedi-

cle screws and an L5-S1 Gill laminectomy. In 

this case, a rod persuader was used with a cantile-

ver method to carefully reduce the spondylolis-

thesis so not to lose the lordosis and cause a 

subsequent flat-back deformity.

Correction of high-grade isthmic spondylolis-

thesis poses several challenges. In order to mini-

mize complications, proper understanding of the 

correct and altered anatomy must be mastered 

[150]. We recommend full decompression (Gill 

type laminectomy) prior to any active reduction 

attempt. Special attention should be turned to 

removing all “Gill fragment” pieces from the 

foramen and ensuring full decompression of the 

exiting nerve root; i.e., in a case of L5-S1 isthmic 

spondylolisthesis, we focus our attention to 

obtaining full decompression of the L5 nerve 

root. This nerve root is visualized from takeoff, 

all the way to the extraforaminal region. In cases 

of high-grade L5-S1 isthmic spondylolisthesis, 
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we recommend placing bicortical screws in the 

sacrum. Alternatively, iliac screws can be placed. 

In cases where the L5 pedicles are dysplastic and 

rigid fixation is not assured, we recommend plac-

ing pedicle screws in L4.

 Posterolateral Fusion

A posterolateral fusion is considered standard in 

cases of posterior arthrodesis. Once the proper 

placement of the pedicle screws and rods has 

been achieved, with reduction being noted on 

intraoperative fluoroscopic imaging, and an inter-

body cage/implant has been placed, posterolat-

eral fusion can be started with decortication. 

Decortication promotes the fusion process, offers 

a source of vascular supply from the underlying 

cancellous bone, and allows access to pluripotent 

stem cells within the marrow [151]. In posterolat-

eral intertransverse process fusions, the trans-

verse processes and lateral facets are essential 

areas to be decorticated, whereas the pars interar-

ticularis is less beneficial [151]. After the fusion 

sites have been properly decorticated, the graft 

should be placed directly on the sites so as to cre-

ate a fusion mass between the selected levels. 

Recommended grafts to use are maximization of 

the local bone that is properly prepared with 

removal of soft tissues and crushed cancellous or 

demineralized bone matrix (DBM). DBM in the 

form of fiber “boats” filled with local bone and/or 

crushed cancellous grafts can be used to contain 

the graft and allow for exact placement.

 TLIF

Transforaminal lumbar interbody fusion (TLIF) 

techniques have a learning curve that can be 

overcome with experience. Depending on the 

surgeons’ comfort level, training, and expertise 

in performing TILF, there are two main choices 

of either open TLIF or MIS TLIF. Open TLIF 

indications vary, depending on the surgeon’s 

experience, comfort level, and training. Open 

TLIF has the benefit of broader exposure with 

multilevel disease that requires multiple levels of 

fixation or decompression where a minimally 

invasive technique would not be advantageous 

with time, visualization, or high grade of spondy-

lolisthesis. As stated previously in an earlier 

paragraph, the possible choices for interbody 

fusion device materials are metallic cages, car-

bon fiber cages, polyetheretherketone (PEEK) 

cages, or bone [1].

 Open TLIF Technique

It is the author’s preference to perform TLIF 

after screws are placed and the decompression is 

completed. The inferior articular process of the 

cephalad vertebra is removed with an osteotome 

or burr. The superior portion of the superior 

articular process of the caudal vertebrae is then 

resected. The exiting and traversing nerve roots 

are identified and protected. We prefer to use a 

Penfield dissector to protect the exiting root 

superiorly and a Love nerve root retractor to pro-

tect the traversing nerve root medially. After 

complete removal of disc material, cartilaginous 

end plates are scraped using curets, ensuring 

removal of as much cartilage as possible. It is 

important to make sure the cortical bone surface 

is not breach to minimize the occurrence of end 

plate fracture and cage subsidence. We recom-

mend packing of graft material prior to cage 

insertion; it should be noted here that graft vol-

ume is of utmost importance in obtaining ade-

quate fusion, and the authors recommend 

packing of at least 15 cc of graft material. 

Following that, the interbody cage is inserted 

and its position checked with fluoroscopy.

 Minimally Invasive Techniques

Minimally invasive techniques have recently 

gained popularity in the treatment of spondylolis-

thesis with the growing technology that allows 

the percutaneous placement of instrumentation. 

The appeal for minimally invasive surgery stems 

from evidence showing lower rates of complica-

tions, diminished blood loss, and faster return to 

function [152]. Minimally invasive transforami-
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Fig. 24.6 Standing AP 

and lateral radiograph. 

Degenerative lumbar 

spondylolisthesis

nal lumbar interbody fusion (MIS TLIF) has 

been popularized as an alternative to open poste-

rior fusion techniques. This approach seems par-

ticularly useful in cases of degenerative as well 

as isthmic spondylolisthesis.

 MIS Technique [153–156]

MIS TLIF surgery makes use of rigid or expand-

able tubular retractors. The patient is positioned on 

a Jackson frame with hips extended and knees 

flexed to 20–30°. Fluoroscopic guidance allows 

localization of the disc space and corresponding 

facet joint. It is our preference to place guidewires 

prior to decompression and TLIF. After adequate 

placement of guidewires is verified, a 22 mm tubu-

lar retractor is docked on the ipsilateral facet joint. 

Although loupe magnification and headlight can 

be used, we prefer to utilize the operating micro-

scope for the remainder of the procedure. 

Facetectomy is performed using a high-speed burr. 

The interval between thecal sac, exiting and tra-

versing nerve roots, is then identified. Disc prepa-

ration is then performed followed by bone grafting 

and insertion of an interbody device. If a bilateral 

laminectomy needs to be performed, we prefer to 

do so after the spacer is inserted. The table is tilted 

and a series of burr and Kerrison rongeurs can be 

used to achieve full bilateral decompression. 

Screws and rods can then be placed.

The majority of the fusion (contralateral facet 

can be decorticated and grafted) occurs within 

the intervertebral disc space. For this reason, 

meticulous discectomy and preparation of the 

cartilaginous surfaces on both end plates is criti-

cal. Bone grafting is the cornerstone of a success-

ful MIS TLIF procedure. Care must be taken to 

place a maximum amount of bone graft within 

the disc space. We prefer to pack 20–30 cc of 

bone graft material prior to cage insertion.

Although the learning curve is steep, profi-

ciency offers the advantage of faster surgical 

time, diminished blood loss, and lower infection 

rate. Multiple case series have demonstrated 

shorter hospital stay and faster return to function 

[153, 154, 157–160]. In the setting of spondylo-

listhesis, minimally invasive technique can be 

used for the treatment of degenerative (Figs. 24.6, 

24.7, and 24.8) as well as isthmic (Fig. 24.9) 

variants [161, 162]. Active reduction is usually 

not recommended, and it is the authors’ prefer-
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Fig. 24.8 Intraoperative 

fluoroscopy. MIS TLIF 

for degenerative lumbar 

spondylolisthesis

Fig. 24.7 Sagittal and 

axial MRI. Degenerative 

lumbar spondylolisthesis

ence not to perform active reduction, whether in 

an open or minimally invasive setting.

 Illustrative Case

 History and Physical Examination

The patient is a 45-year-old male who presents to 

our clinic with a history of chronic bilateral L5 

radiculopathy. Symptoms are worsened by stand-

ing and walking and are relieved by lying down. He 

had undergone physical therapy for 6 months and 

numerous epidural steroid injections (both inter-

laminal and foraminal). On a physical exam, the 

patient was noted to be obese, with calculated BMI 

of 39. The patient had a normal sensory examina-

tion, and a normal motor examination in all major 

muscle groups with intact reflexes; overall neuro-

vascularly intact.
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 Pre-operative Radiographic Imaging 
(Fig. 24.10)

Standing AP and lateral radiographs as well as 

flexion-extension radiographs show a sacralized 

L5 vertebra with a dynamic grade II/III isthmic 

spondylolisthesis at L5-S1.

 Treatment

The patient underwent MIS TLIF with expand-

able cage at L5-S1.

 Outcome: Follow-up with Post- 
operative Radiographic Imaging 
(Fig. 24.10)

Patient’s follow-up at 6 months states he is 

doing well, no complaints of pain with activity 

or mechanical instability. Radiographic imag-

ing at follow-up shows proper placement of 

cage without subsidence or shifting, no hard-

ware loosening or lucency around hardware. 

The patient was pleased with his outcome and 

was able to resume his activities with no persis-

tent symptoms.

Fig. 24.9 Radiographic images from L5-S1 isthmic spondylolisthesis, grade III slip. Preoperative standing AP, flexion, 

and extension. Intraoperative lateral. Postoperative lateral
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 Technical Pearls

• The use of the prone Jackson frame allows lor-

dosis restoration and partial reduction of 

spondylolisthesis. Maximal lordosis should be 

achieved on the table through the use of thigh 

and hip pads and leg boards.

• Good clinical outcomes can be obtained with 

partial reduction and fusion in the adult isth-

mic spondylolisthesis patients.

• If active reduction is desired, we recommend 

extensive decompression of the exiting and 

traversing nerve roots through a Gill 

laminectomy.

• Active reduction can be achieved by locking 

the distal screws and reducing the rod into the 

proximal screws.

• MIS TLIF can achieve similar outcomes to 

open procedures; however the technique 

requires a learning curve estimated to be 

between 30–40 cases [163–165].

• We recommend the use of a 22 mm rigid tube 

and use of the microscope for the MIS TLIF.

• Arthrodesis in minimally invasive fusions is 

largely depended on interbody fusion; there-

fore, we recommend thorough disc prepara-

tion and bone grafting of at least 15 cc. We 

typically use demineralized bone matrix to 

pack the disc space and local bone graft (har-

vested from facet joint and morcellized) to 

pack the interbody spacer.

 Complications and Strategies 
for Avoidance

The most common complication seen in any 

lumbar fusion surgery is pseudarthrosis, with 

rates that vary from 0% to 39% [166–170]. The 

frequency of pseudarthrosis increases in 

fusions performed for the type IIA (lytic) spon-

dylolisthesis [171]. Radiographic evidence of 

pseudarthrosis includes a lack of bridging 

bone, lucency around the pedicle screws, 

instrumentation failure, the progression of slip 

angle, or an increased vertebral displacement 

[1]. There have been accounts of postoperative 

worsening of spondylolisthesis even with a 

non-instrumented solid arthrodesis [10, 39, 

106, 169, 172, 173]. The majority of these 

reports utilized radiographs and not CT to 

assess the fusion mass; therefore, pseudarthro-

ses might have been attributed to many of these 

cases. An increase in the olisthesis has been 

reported in non-instrumented fusions, provid-

ing a sound argument for instrumented fusion.

Fig. 24.10 Standing AP and lateral radiographs, preoperative, and postoperative imaging of sacralized L5 vertebra 

with an isthmic spondylolisthesis at L5-S1 treated with MIS TLIF and an expandable cage

J.G. Khalil et al.



315

Radiculopathy and neurapraxia are common 

complications. The Scoliosis Research Society 

reported the percentage of neurologic 

 complications that occurred with lytic spondylo-

listhesis surgery is 3.1% [174]. The most com-

mon surgical complication following reduction is 

a radiculopathy. The manipulation during surgery 

can cause direct dural trauma and damage to mul-

tiple sacral and lumbar nerve roots, resulting in 

postoperative neurological deficit [1]. The most 

commonly involved nerve roots are the L5 nerve 

roots, with reports showing variable rates of 

recovery. The highest risk of nerve root injury 

appears to be associated with aggressive reduc-

tions of high-grade listhesis [175–177]. We rec-

ommend wide decompression and Gill 

laminectomy in cases of isthmic spondylolisthe-

sis. As previously mentioned, it is important in 

these cases to ensure full decompression of not 

only the traversing but also of the exiting nerve 

root.

Dural tears are also a common surgical com-

plication [157, 178]. Although small durotomies 

can usually be addressed with placement of fibrin 

sealant, larger durotomies need to be addressed 

by primary closure. In our experience, the occur-

rence of persistent dural leaks is relatively 

infrequent.

 Conclusion

The optimal surgical management of lumbar 

spondylolisthesis is highly dependent upon the 

symptomatology, radiographic anatomy, and sur-

geon’s comfort level. The goals of surgical treat-

ment are to alleviate neurologic symptoms from 

nerve impingement and to stabilize spinal seg-

ments that exhibit abnormal motion.

Decompression typically relies on laminec-

tomy, the removal of all bony and ligamentous 

structures causing stenosis; decompression can 

also be achieved by indirect means through verte-

bral segment height restoration with interbody 

device insertion.

Stabilization is achieved through arthrodesis 

of unstable motion segments. Arthrodesis can be 

achieved through anterior or posterior means. 

The use of instrumentation has been standard 

since multiple reports emerged in the past two 

decades showing superior outcomes. The addi-

tion of interbody grafting and support has gained 

popularity with reports showing increased fusion 

rates when interbody grafting was added. 

Although it was shown to achieve higher fusion 

success and foraminal height decompression, 

clinical studies have not consistently shown 

superior clinical results.

We recommend that surgeons be familiar with 

more than one treatment modality. Careful exam-

ination of the specifics of each case should point 

toward the most appropriate technique.
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 Introduction

Lumbar spinous process fixation for stabilization 

is a technique that has been used for several 

decades. Many early techniques involved wire 

and plate fixation [1–5]. These were intended to 

facilitate arthrodesis; however, they did not gain 

widespread adoption as a result of early failures 

and the perception that they did not provide ade-

quate stiffness and durability. More contempo-

rary strategies for fixation were subsequently 

developed, such as pedicle screw fixation (PSF), 

that proved to be more effective. However, mas-

tery of PSF was found to require substantial 

subspecialty training as it involved anatomic 

structures less familiar than seen in the tradi-

tional posterior midline approaches. In addition, 

PSF increased the potential risk of injury to 

critical neurovascular and visceral structures 

[6–9]. Despite these drawbacks, PSF techniques 

rapidly became the gold standard for thoraco-

lumbar fixation [10–13].

With the advent of percutaneous minimally 

invasive surgical (MIS) techniques for decom-

pression and arthrodesis, PSF was adapted for 

internal fixation in these procedures. The lateral 

to medial axis of the pedicles required early gen-

eration of MIS procedures to use a lateral trans-

muscular approach [14–17]. With the refinement 

of newer fixation technologies, including facet 

screws [18, 19], translaminar facet screws [20, 

21], cortical screws [22–24], and spinous pro-

cess fixation (SPF) [25–28], both open and MIS 

midline techniques for decompression and 

arthrodesis have regained popularity. In addition 

to rigid fixation, a number of motion-preserving 

technologies have also been developed for this 

space and will be discussed in the second half of 

this chapter.

Midline stabilization technologies (MSTs), 

whether for rigid fixation to promote arthrodesis 

or motion preserving, may have advantages over 

more lateral approaches. These include greater 

surgeon familiarity with the midline anatomy, 

improved direct visualization of critical struc-

tures, multiple fixation options, flatter learning 

curve, less need for imaging, and the ability to 

easily extend constructs to adjacent levels (may 

be off label in some cases).

However, there are several theoretical disad-

vantages of interspinous devices [29]. The spi-

nous processes must be preserved which may 

limit the extent of the decompression. Further, 

the midline approach requires muscle stripping 
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that may be more painful, leading to a longer 

recovery and protracted use of pain medications 

[30, 31]. Rigid interspinous fixation devices may 

have less capability to restrict motion and may 

not be as durable as PSF and consequently not as 

effective in promoting arthrodesis [29]. In addi-

tion, these devices may increase interspinous 

flexion and result in sagittal plane imbalance. For 

the motion-preserving technologies, the failure 

of early dynamic devices to prevent progression 

of degenerative disease and/or protect adjacent 

levels from accelerated changes has indicted the 

entire class [32, 29, 33–37]. Newer iterations of 

MSTs have proven to be much more effective 

than their predecessors and in many cases 

approach and even surpass PSF and lateral 

approaches [27, 28, 38].

 Rigid Interspinous Fixation 
for Fusion

Early techniques for interspinous stabilization 

were performed to limit motion in order to pro-

mote arthrodesis. These techniques commonly 

involved the wiring of adjacent spinous pro-

cesses. Unfortunately, these techniques were 

prone to failure due to breakage or tearing out of 

the wires, fracture of the spinous processes, and 

pseudoarthrosis secondary to the inability to 

effectively restrict motion. Fixation devices such 

as the Daab [1] and Wilson [2] plates were an 

improvement but were bulky and also prone to 

failure. With the subsequent development of PSF 

techniques, attention shifted away from the 

midline.

More recently, a number of spinous process 

appliances for rigid fixation to promote arthrod-

esis have been developed (Table 25.1). The Spire 

plate (Medtronic, Memphis TN) was the first to 

come to market with a device consisting of a pair 

of plates with spikes that could easily be applied 

to the spinous processes to provide immediate 

rigid stability [25]. The adoption of this device 

was limited, most likely related to its perceived 

similarity to the X-stop motion preserving device 

(Medtronic, Memphis, TN) that was associated 

with a fairly high rate of failure [32, 29, 33–37].

The Aspen device (Zimmer-Biomet, 

Broomfield, CO) brought design improvements 

over the Spire plate, including a graft-containing 

cylinder of varying diameters that would fill the 

interspinous space. A biomechanical test com-

pared the Aspen device to PSF in transforaminal 

interbody fusion (TLIF) [28] and anterior lumbar 

interbody fusion (ALIF) [27] constructs. In the 

TLIF construct, the interspinous device was as 

effective as PSF in limiting flexion-extension but 

was less effective in axial rotation and lateral 

bending. Similar results were seen in the ALIF 

construct but with an overall reduction in range 

of motion (ROM) that was statistically equiva-

lent to bilateral PSF. The excellent performance 

of this device, especially in flexion-extension, is 

likely related to the large cylinder that fills the 

interspinous space and acts as an extension block. 

It has also been shown that while there is typi-

cally some associated flexion at the index level, 

there is also a compensatory extension at the 

adjacent levels and as such there is no significant 

change in overall sagittal balance [27, 39]. There 

is also an advantage of increased foraminal 

height that can be effective in addressing associ-

ated radicular issues.

One criticism of the Aspen device is its inabil-

ity to provide compression on an interbody 

device and may promote stress shielding and 

eventual pseudoarthrosis. However, fusion rates 

have been shown to be comparable to PSF [40]. 

To further address this potential shortcoming, a 

newer Aspen-like device called Alpine was 

developed (Zimmer-Biomet, Broomfield, CO). 

This translating device allows for distraction and 

compression and also provides a mechanism that 

can expand and fit snugly within the interspinous 

space. A similar device named BridgePoint has 

been also been developed by Alphatec Spine 

(Carlsbad, CA).

Despite the encouraging biomechanical 

results seen with SPF devices [27, 28, 26], their 

performance in clinical practice has been the sub-

ject of debate [29]. Radiographic evidence of 

successful arthrodesis has been demonstrated 

[40, 38]. In our own experience, we typically not 

only see robust fusion mass in the disc space and 

posterolaterally but also between the spinous 
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processes (Fig. 25.1). Radiographic success does 

not necessarily relate to good clinical outcomes. 

However, in the case of SPF, there is evidence to 

suggest that clinical outcomes are favorable and 

comparable to PSF [1, 2, 41, 25, 40].

There are some potential advantages of SPF 

over PSF technologies. As previously discussed, 

the anatomy is familiar to all surgeons. As such, 

very little in the way of training is required and 

the learning curve is relatively flat. There is also 

some evidence to suggest that operative times are 

shorter, there is less blood loss, less pain, and 

quicker recovery [40]. The technique is also safer 

in that there is less risk of injury to neurovascular 

and visceral structures. Typically, less imaging is 

required and thus the dose of radiation to the 

patient is less. The positioning of SPF devices 

places them medial and inferior to the cephalad 

facet complexes (Fig. 25.2a–b), which may have 

implications for mitigating the acceleration of 

adjacent level degenerative changes [40].

 Surgical Indications

Spinous process fixation devices are versatile and 

can be utilized to provide stabilization to promote 

fusion in a number of clinical scenarios. These 

Table 25.1 Select rigid interspinous fixation devices (listings are not comprehensive, nor an endorsement of any indi-

vidual device)

Device Company Prominent feature(s)

Affix NuVasive, San Diego, CA Small footprint, zero-step locking

Aileron, Aileron Expandable, 

Aileron-TRX

LifeSpine, Huntley, IL Custom fit, multiple sizes, large graft 

containment, bullet tip, facilitates 

anterior placement

Aspen Zimmer Biomet, Broomfield, CO Integrated interspinous graft chamber, 

contoured for optimal ventral 

positioning, wide range of sizes

Alpine Zimmer Biomet, Broomfield, CO Provides distraction and compression 

across interspace

BacFuse Pioneer Surgical, Marquette, MI Wide range of sizes

Bridgepoint Alphatec, Carlsbad, CA Provides distraction and compression 

across interspace, large bone graft 

window, large bone contact area

Interbridge LDR Spine (now Zimmer Biomet), 

Broomfield, CO

Facilitates preservation of 

supraspinous ligament, simplified 

insertion instruments and technique

SP-Fix Globus Medical, Audubon, PA PEEK interspinous barrels, zero-step 

locking

Spire, Spire Z Medtronic, Memphis, TN First to market in modern era. Spire Z 

with revised shape to better 

accommodate anatomy

UniVise Stryker, Kalamazoo, MI One-piece implant, streamlined 

instrumentation and locking

Fig. 25.1 Sagittal reconstructed computed tomographic 

(CT) view of an SPF construct demonstrating robust bone 

growth bridging between adjacent spinous processes 

(Alpine, Zimmer-Biomet, Broomfield, CO)
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include posterior interlaminar fusion, posterolat-

eral fusion, ALIF, TLIF alone, TLIF with unilat-

eral pedicle screws, direct lateral fusion, topping 

off long PSF constructs, and in revisions address-

ing adjacent level degeneration.

 Preoperative Considerations
The technique for SPF is relatively straightfor-

ward as the anatomy is familiar and the applica-

tion of the device is not typically challenging. 

However, there are some important consider-

ations in planning, technical nuances, and some 

minor variations depending on the particular 

device. Contraindications include pars defects 

and osteoporosis. However, in the aging spine, 

there may be a significant differential between 

the density of the posterior elements and the 

vertebral bodies, favoring posterior fixation 

(Table 25.2).

 Surgical Technique

A midline incision 4–5 cm in length is planned 

over the rostral and caudal spinous processes to 

be fixated. It is important to remember that the 

rostral spinous process will be in the axial plane 

of the interspace that represents the level to be 

fused (Fig. 25.2a–b). The paraspinal musculature 

is then reflected off of the spinous processes and 

lamina. The facets and transverse processes may 

also be exposed for decompression and arthrod-

esis purposes.

Partial laminectomies can be performed along 

the inferior aspect of the rostral segment and the 

superior aspect of the caudal segment. Redundant 

ligamentum flavum can be resected with Kerrison 

punches. Partial medial facetectomies and foram-

inotomies can also be performed. In the setting of 

a TLIF procedure, a total facetectomy can be 

Fig. 25.2 (a). Anteroposterior (AP) and (b). lateral plain 

radiographic images demonstrating an SPF device 

(Medtronic Spire Z, Memphis, TN) used to stabilize a 

direct lateral interbody arthrodesis (DLIF) procedure 

(Medtronic Clydesdale system, Memphis, TN). Note that 

the SPF device is centered just below the index disc space

Table 25.2 Main contraindications to the placement of 

rigid spinous process fixation devices for the purpose of 

arthrodesis

Posterior spinal elements weakened or missing due to 

prior surgery, trauma, or congenital defect

Pars defect

Morbid obesity

Osteopenia or osteoporosis

Neuromuscular disorder

Smoking

Infection

Contact with other implants of varying metallurgy

Allergy to titanium
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 performed unilaterally. Care must be taken to not 

weaken or fracture the spinous processes during 

decompression or application of the SPF device.

The supraspinous ligament may be removed 

or left intact based on the surgeon’s preference. 

Preservation of this structure is important for the 

application of some motion-sparing devices like 

X-Stop that require it to remain contained within 

the interspinous space. However, for SPF devices 

that provide rigid stabilization by attaching to the 

spinous processes themselves, it may be resected. 

Further, for translating SPF devices that provide 

distraction and compression, it is removed with a 

Leksell rongeur. Next, the interspinous space is 

measured with calipers or trials in order to select 

the appropriately sized device that will maxi-

mally fill the space. For the translating SPF 

devices, this is not necessary, since the device 

may be expanded to fit this space prior to engag-

ing the spinous processes (Fig. 25.3a). In either 

case, the instruments used to prepare the interspi-

nous space or the translating SPF devices can be 

used to apply distractive forces. Careful visual 

inspection, tactile feedback, and the surgeon’s 

judgment are all critical in preventing fracture or 

weakening of the spinous processes through 

these maneuvers. The plates on either side of the 

midline are then compressed so that the spikes 

integral to the medial aspect of the plates engage 

the cortical bone of the spinous processes 

(Fig. 25.3b). Care must be taken to avoid over- 

compression, as this may fracture or weaken 

these structures as well. At this point, some 

devices are self-locking and others require subse-

quent steps to lock the device to the spinous 

processes.

The translating fixation devices can be dis-

tracted and subsequently collapsed and/or com-

pressed rostrocaudally (Fig. 25.3a) and locked to 

secure an interbody graft or device (Fig. 25.3c). 

Many devices have integral graft containment 

capability in the portion of the device that passes 

through the interspinous space. These can be pre- 

or post-packed with graft material. Additional 

graft can be placed over remaining decorticated 

lamina, facets, and/or transverse processes 

(Fig. 25.3d). Final anterior posterior (AP) and 

lateral fluoroscopic imaging is typically per-

formed to confirm adequate placement of the 

instrumentation over the appropriate levels.

 Illustrative Case (Rigid Fixation 
for Arthrodesis)

History A 58-year-old male underwent an L3-4 

microdiscectomy. Initially he responded well, but 

approximately 1 year after surgery, he developed 

new symptoms that were slightly different than the 

previous unilateral L4 radicular pattern. He failed 

conservative management that included physical 

therapy, epidural injections, and facet blocks.

Physical Examination His examination was 

consistent with a bilateral L3 radiculopathy.

Radiographical Imaging MR imaging revealed 

accelerated changes at the L3-4 level with disc 

space collapse, Modic changes, and foraminal 

stenosis (Fig. 25.4a).

Treatment He was taken to surgery for an 

instrumented TLIF procedure with spinous pro-

cess fixation (Figs. 25.4b–c).

Outcome Postoperatively, his radicular pain 

resolved as did his mechanical back pain. At 

2-year follow-up, he remains asymptomatic.

 Technical Pearls

• Preoperative CT scans are helpful to confirm 

that the relevant bony anatomy is sound, that 

there are no pars defects, and for S1 that there 

is a spinous process that is large enough for 

the device to engage.

• Preoperative bone density studies may be mis-

leading and should be interpreted with caution, 

as the posterior elements may be relatively 

sclerotic compared to the vertebral bodies.

• Care should be taken to advance the device as 

far ventrally as possible, so that it rests on the 

lamina rostrally and caudally. It may be 

25 Lumbar Interspinous Devices: Fusion and Motion Sparing



326

 necessary to drill down the medial aspects of 

the facet complexes to achieve proper 

positioning.

• Avoid excessive compression when engaging 

the spiked plates to the spinous processes as 

this may cause a fracture or weakening. The 

spikes, but not the plates, should sink into the 

cortical bone.

• For the devices that allow for distraction and 

compression across the interspace, forces 

should be applied with caution to avoid frac-

ture or weakening of the spinous processes.

 Complications and Strategies 
for Avoidance

The most common serious complication that 

can occur is the fracture of the spinous pro-

cesses. This can lead to pain, migration of inter-

body implants, and pseudoarthrosis leading to 

the need for revision. Fractures can occur intra-

operatively during placement of the device due 

to excessive compression of the spiked plates 

into the spinous processes or by excessive dis-

traction and compression across the interspace. 

Fig. 25.3 Schematic drawing of Alpine XC device place-

ment. (a). The device is inserted into the interspinous 

space and expanded provisionally by rotating the knob on 

the inserter until the graft containment portion of the 

device passing across the midline fills the space. (b). 

Compression is applied securing the spikes along the 

inner aspect of the plates to the spinous processes. (c). 

Final implant configuration. (d). Graft material is packed 

over the exposed decorticated bony elements, around the 

device, and through the interspinous space
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This can be avoided by careful visual inspec-

tion of the spinous processes as these forces are 

applied and attention to tactile feedback that 

provides a subjective but meaningful assess-

ment of bony element strength. The risk of frac-

ture can also be mitigated by positioning the 

device as ventral as possible, where the spinous 

processes are usually wider and stronger as 

they transition to the lamina. The surgeon must 

also counsel the patient preoperatively that if 

the anatomy is not conducive or a fracture 

occurs an alternative fixation technique may be 

required.

Postoperative fractures can occur due to 

excessive activity or trauma/falls. Patients should 

be carefully selected for compliance to activity 

restrictions. In addition, bracing may be used as 

well to limit excessive motion.

Wound dehiscence may occur at a slightly 

higher rate than in other fixation techniques, and 

is likely related to the relatively close proximity 

of the device to the midline and skin surface. 

This risk can be mitigated by performing a 

meticulous multi-layered closure, with coverage 

of the device by muscle and a tight closure of the 

fascia.

 Interlaminar/Interspinous Motion 
Preservation

The concept of motion sparing interspinous tech-
nology was developed as a means to relieve 

symptoms of degenerative spinal disease with 

MIS and without fusion. While multiple devices 

have been introduced, only a limited number are 

available in the US market. The two most influ-

ential dynamic MSTs, the Wallis Interspinous 

Device (Abbott Spine, Abbott Park, IL) intro-

duced for treatment of patients with recurrent 

disc herniations and the X-stop Interspinous 

Spacer (Medtronic, Memphis, TN) for mild to 

moderate stenosis, are no longer available for 

clinical use. Another device, Diam (Medtronic, 

Memphis, TN), intended for use as an indirect 

decompression device for spinal stenosis, failed 

to receive FDA clearance for use in the 

USA. Despite these early failures, there are sig-

nificant benefits to be gained by exploiting the 

posterior midline for motion preserving stabiliza-

tion devices.

Interlaminar and interspinous motion- 

preserving devices represent an evolution of 

Fig. 25.4 (a). Sagittal T2-weighted magnetic resonance 

image of the lumbar spine demonstrating advanced 

degenerative and post-operative changes involving the 

L3-4 disc space. There is marked loss of disc space height 

and Modic changes. (b). AP and (c). lateral plain radio-

graphic views of a Stryker UniVise spinous process fixa-

tion device (Stryker, Kalamazoo, MI) used to stabilize a 

Stryker AccuLIF expandable interbody device (Stryker, 

Kalamazoo, MI) in a TLIF construct
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stabilization technology for the posterior lum-

bar midline approach. Traditional means of spi-

nal segmental stabilization include instrumented 

and non-instrumented fusion, including the 

 interspinous fusion devices discussed earlier in 

this chapter. While stabilization via fusion 

accomplishes clinical goals of improved back 

pain, slowing of the degenerative cascade, 

reduction in intradiscal pressures, and preserva-

tion of foraminal height, it does so at the poten-

tial expense of adjacent level degeneration and 

the possibility of need for further treatments and 

intervention [42–44]. In analogous fashion to 

artificial disc replacement technology, the the-

ory behind interspinous and interlaminar 

motion-preserving stabilization is to accomplish 

the goals of fusion stabilization without the 

downside of adjacent level degeneration and 

dependence on solid bony fusion for clinical 

efficacy.

Currently in the US market, there are only two 

FDA-approved and commercially available 

devices for interlaminar and interspinous motion- 

preserving stabilization. They are Coflex 

Interlaminar Stabilization (ILS) (Paradigm 

Spine, New York, NY) and Superion Interspinous 

Spacer System (ISS) (VertiFlex, San Clemente, 

CA). These devices have different mechanisms 

of action and insertion techniques but share the 

common goal of addressing clinically relevant 

elements of the disease state of lumbar spinal ste-

nosis, while still allowing the index level to main-

tain some degree of motion, thereby minimizing 

impact on adjacent spinal levels. In the case of 

Coflex, the device is designed to preserve normal 

motion of the spinal segment while reducing 

back pain by offloading the facets and slowing 

the degenerative cascade. In contrast, Superion is 

designed as an extension blockade to relieve 

symptoms of neurogenic claudication but allow 

normal flexion.

Lumbar stenosis is not a discrete disease but is 

instead a part of a larger spinal degenerative cas-

cade. Beyond symptoms of neural compression, 

patients with stenosis often progress to develop 

segmental degeneration that is associated with 

facet degeneration, disc collapse, foraminal nar-

rowing, and mechanical back pain with or with-

out instability. Therefore, there is not a single 

surgical solution that may address the totality of 

the disease spectrum.

While many patients with lumbar stenosis will 

benefit from laminectomy alone, there are many 

who will still have mechanical back pain or 

develop recurrent disease [45–47]. In these 

patients, stabilization may offer additional bene-

fits. In the case of Coflex, decompression may be 

performed. Clinical evidence supports significant 

advantages in clinical outcomes, maintenance of 

spinal motion, reduced back and leg pain, and 

preservation of foraminal height in the Coflex 

procedure over decompression alone and decom-

pression with fusion [48–53]. In the case of 

Superion, the primary goal is to relieve symptom-

atic lumbar stenosis in patients with moderate 

stenosis. By virtue of lack of surgical fixation, 

this device allows some degree of maintenance of 

motion but, unlike interlaminar stabilization, the 

maintenance of motion is not the intended mech-

anism of action.

 Indications and Patient Selection

The primary diagnosis in candidates for posterior 

midline motion preserving stabilization is lumbar 

stenosis. These techniques may be considered for 

patients with moderate to severe stenosis without 

gross instability, generally defined as up to grade 

1 spondylolisthesis with sagittal translation less 

than 4 mm on flexion vs. extension, and who 

have failed conservative treatment options. A 

major distinction between the two techniques is 

that patients who have significant back pain in 

addition to stenosis have been shown to benefit 

from Coflex after direct decompression, whereas 

Superion is intended to address only the symp-

toms associated with intermittent neurogenic 

claudication.

Coflex is intended to be an adjunct to direct 

surgical decompression via laminectomy, as 

opposed to the indirect decompression of 

Superion, which does not involve performing a 

laminectomy. Both techniques are aimed at 

addressing stenosis, but in the case of Coflex, 

more severe stenosis can be addressed via the 
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laminectomy than could potentially be relieved 

by indirect distraction alone. By definition, the 

degree of stenosis in Superion must not be so 

severe that the patients are beyond relief by lean-

ing forward or sitting. Additionally, a primary 

goal of Coflex is to relieve the mechanical back 

pain of the diseased segment, particularly as it 

relates to facetogenic disease, as it offloads the 

facets after the direct decompression, while the 

primary goal of ISS is to relieve the neurogenic 

claudication associated with stenosis.

Patients who have symptoms of back and/or 

buttock and leg pain with radiographic confirma-

tion of at least moderate lumbar stenosis at one or 

two contiguous levels from L1 to L5 may be can-

didates for either of these procedures. Table 25.3 

lists notable contraindications for motion-sparing 

procedures. Generally speaking, motion sparing 

is contraindicated in patients who have greater 

than grade 1 spondylolisthesis, gross instability 

on flexion/extension X-rays, moderate to high 

grade deformity or scoliosis, and more than two 

segments of disease requiring surgical decom-

pression. Relative contraindications may also 

include previous back surgeries at index levels, 

osteopenia/osteoporosis, or other severe medical 

or systemic diseases.

 Preoperative Considerations

When considering the appropriateness of ILS 

vs. ISS motion-preserving devices, one must 

consider whether a direct decompression will be 

required or if an indirect decompression will 

suffice. In the case of ISS, the entire success of 

the procedure hinges on whether the implanta-

tion of the device itself will provide enough 

indirect decompression to provide sustainable 

symptomatic relief. A broad distinction of 

whether direct decompression will be required 

or if indirect decompression will suffice is 

whether a patient gains relief of symptoms with 

sitting or bending forward. For patients who fail 

to gain symptom relief with flexion, indirect 

decompression will not be adequate, and the 

surgeon should consider direct decompression. 

The surgeon must also evaluate whether there is 

adequate spinous process anatomy to support 

the implant as poor bone quality or anatomic 

variance may compromise the integrity of the 

implantation.

With ILS, the decompression will be accom-

plished via direct laminectomy. Therefore, the 

preoperative considerations center around 

whether the patient would benefit from post- 

laminectomy stabilization to improve mechani-

cal back pain and prevent recurrent stenosis and 

foraminal collapse. In the case of grossly unsta-

ble patients or patients with moderate to severe 

spinal deformity, fusion remains the gold stan-

dard for stabilization. Also, if the act of decom-

pression will destabilize the spinal segment or 

if the degree of decompression requires exces-

sive laminar removal, then ILS may not be 

feasible.

 Surgical Technique: Interlaminar 
Stabilization

Coflex is the only ILS device FDA approved for 

use in the USA. The surgical technique for ILS 

begins with a modified segmental laminotomy 

and bilateral medial facetectomies with special 

attention paid toward creating a parallel space 

between the adjacent spinous processes and pre-

Table 25.3 Contraindications for interspinous motion 

sparing device placement

Prior fusion or decompressive laminectomy at any 

index lumbar level

Radiographically compromised vertebral bodies at any 

lumbar level(s) caused by current or past trauma or 

tumor (e.g., compression fracture)

Severe facet hypertrophy that requires extensive bone 

removal which would cause instability

Grade II or greater spondylolisthesis

Isthmic spondylolisthesis or spondylolysis (pars 

fracture)

Degenerative lumbar scoliosis (Cobb angle of greater 

than 25°)

Osteoporosis

Back or leg pain of unknown etiology

Axial back pain only, with no leg, buttock, or groin 

pain

Active or chronic infection – systemic or local

Known allergy to titanium alloys or MR contrasting 

agents
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serving portions of the lamina for engagement 

with the U-shaped Coflex device. The  ligamentum 

flavum is resected as part of the decompression 

and to ensure the device can seat properly in the 

interlaminar space. It is recommended that the 

decompression be performed with the patient in a 

prone neutral position to ensure that the decom-

pression is adequate for symptomatic relief but 

not so extensive as to preclude placement of the 

device.

When the decompression is completed, the 

proper-sized implant is selected using trials of 

increasing height inserted into the interlaminar 

space. Once selected, the one-piece titanium 

implant with superior and inferior wings is gen-

tly tapped into the interlaminar position with the 

ventral aspect within 1–2 mm of the dura. Once 

position is confirmed visually, and radiographi-

cally if so desired, the wings are then crimped 

against the superior and inferior spinous pro-

cesses to prevent shearing or loosening. When 

sizing the interlaminar implant, the device 

should fit snugly within the interlaminar space 

but not over-distract the facets by more than 

1–2 mm. It should not introduce kyphosis at the 

segment, as it is intended to stabilize motion 

after direct decompression, not create indirect 

decompression. Ultimately, the Coflex device 

will serve as a stabilizer of segmental motion 

while offloading the facet and posterior intradis-

cal pressures without causing significant altera-

tion in spinal motion.

 Surgical Technique: Interspinous 
Process Distraction

The Superion interspinous process spacer is the 

only interspinous motion-preserving device cur-

rently available for use in the USA. The surgical 

technique relies upon an indirect decompression 

of the spinal canal via the introduction of seg-

mental distraction by leveraging off the spinous 

processes. The patient is placed in a prone posi-

tion and a midline skin incision is made over the 

segment of interest. An incision is made through 

the fascia and supraspinous ligament, and dila-

tors are used to introduce a cannula into the mid-

line interspinous space. An intraspinous gauge is 

then passed through the cannula and used to 

select the appropriate size for implantation. The 

titanium implant is then inserted through the can-

nula and has two cam lobes which are deployed 

inferiorly and superiorly to encompass the corre-

sponding spinous processes. Figure 25.5 pro-

vides an illustration of the surgical technique.

 Illustrative Case (Interlaminar/
Interspinous Motion Preservation)

History A 63-year-old male presents with com-

plaints of progressive mechanical low back pain 

and neurogenic claudication. On a scale of 0 to 

10, he rates both back and leg pain at a maximum 

of 8/10. His pain is significantly worse with 

Fig. 25.5 Illustration showing insertion technique for 

interlaminar stabilization. A parallel channel is created in 

the interspinous process space seen on the left. The device 

is then inserted within this space and the ventral aspect is 

engaged within the interlaminar space, as seen in the 

image on the right. © 2016 Paradigm Spine, LLC. All 

Rights Reserved. Published with permission
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standing and walking and is only partially abated 

with sitting.

Physical Examination Well-developed male 

with appropriate interactions and affect. Strength 

is 5/5 throughout. Gait is antalgic. Sensory is 

intact and reflexes are 2+/5 throughout.

Imaging Upright lumbar radiographs with flex-

ion/extension views reveal a Grade 1 spondylo-

listhesis at L4-5 with less than 4 mm of translation 

on flexion vs. extension. MRI of his lumbar spine 

reveals severe L4-5 central spinal stenosis 

(Fig. 25.6a, b).

Treatment After failure of conservative treat-

ment, he underwent a segmental laminotomy and 

bilateral medial facetectomy at L4-5 with insertion 

of an interlaminar stabilization device (Fig. 25.6c).

Outcome At 2-year postop, he rates his maximum 

back pain at 2/10 episodically and leg pain at 0/10.

 Technical Pearls

 Motion Sparing Interspinous Devices
• These procedures are motion-preserving, not 

motion-creating. Preoperating imaging, 

including dynamic flexion/extension X-rays, 

should be obtained to determine the absence 

of gross instability

• If the surgical decompression results in insta-

bility, then motion-sparing technologies are 

unlikely to be successful

• Careful attention to the extent of spinous pro-

cess, laminar, and facet removal is important 

to ensure proper implantation and functioning 

of the implant.

• For motion-preserving devices depending on 

indirect decompression, ensure that the patient 

gets symptomatic relief when sitting or for-

ward flexion

• If patient does not obtain symptomatic relief 

from sitting or forward flexion, consider direct 

decompression.

Fig. 25.6 (a). Sagittal and (b). axial T2-weighted mag-

netic resonance images revealing severe stenosis at L4-5 

and Grade 1 spondylolisthesis. (c). The lateral plain radio-

graphic image reveals proper placement of a dynamic 

lumbar interlaminar device at L4-5 inserted after direct 

segmental decompression (Coflex, Paradigm Spine, 

New York, NY)
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 Complications and Strategies 
for Avoidance

 Motion Sparing Interspinous Devices

Coflex
The complications associated with this technique 

include wound related issues, inadequate lami-

nectomy and decompression, and poor patient 

selection including those who ultimately require 

a fusion due to their instability. Less common 

adverse events include a 2.8% incidence of 

device-related failures requiring revision and a 

4.2% incidence of late-term ineffective treatment 

requiring revision for a total of 7% of patients 

requiring revision at 5-year postop due to ineffec-

tive treatment [53]. In comparison, in the fusion 

control cohort of the FDA trial 5-year outcomes 

data, there was a 12.1% revision rate due to inef-

fective treatment. Complication avoidance in this 

technique includes standard precautions taken 

with standard laminectomy procedures, with the 

addition of carefully evaluating the patient preop-

eratively for preexistent instability or the possi-

bility of the development of instability from the 

act of direct decompression.

Superion
Potential adverse events of this procedure pri-

marily involve ineffective treatment and/or spi-

nous process fracture. At 2-year follow-up, there 

was a 23.2% incidence of reoperations or revi-

sions reported in the FDA trial data. Additionally, 

there was a 12.1% incidence of spinous process 

fracture and a 13.2% incidence of postoperative 

epidural steroid injection or nerve block at index 

level [54, 55]. Avoidance of therapeutic failure is 

most likely tied to proper patient selection and 

dependence on bone integrity to maintain spinal 

distraction.

 Conclusion

The posterior midline anatomy of the lumbar 

spine is familiar to spine surgeons and presents 

opportunities for rigid and mobile stabilization 

techniques. There are distinct advantages that 

may be gained through use of MSTs over other 

stabilization techniques. MSTs are generally per-

formed using less invasive surgical techniques 

when compared to other methods of spinal stabi-

lization, and they typically do not introduce sig-

nificant morbidity to the surgical procedure. 

Additionally, they may offer greater versatility in 

the case of revision surgeries and limited impact 

or interference with adjacent levels. Two types of 

devices are available including those that are 

intended to result in arthrodesis and those that 

preserve motion. The former are indicated as 

adjuncts to decompression and fusion while the 

later are for treatment of spinal stenosis and 

attempt to avoid fusion.
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The Minimally Invasive 
Retroperitoneal Transpsoas 
Approach

Jacob Januszewski and Juan S. Uribe

 Introduction

Minimally invasive retroperitoneal transpsoas 

approach or lateral interbody fusion (MIS LIF) 

was first introduced by Luiz Pimenta in 2001. It 

is a safe and effective alternative to anterior or 

posterior approaches for lumbar fusion such as 

anterior lumbar interbody fusion (ALIF), poste-

rior lumbar interbody fusion (PLIF), or transfo-

raminal lumbar interbody fusion (TLIF) 

procedures [1, 2]. Advantages include indirect 

neurological decompression with less tissue 

trauma, minimal blood loss, shorter operation 

times, fewer wound issues, placement of a larger 

cage, and early patient mobilization [3–6]. In 

addition, normal stabilizing ligaments are not 

sacrificed as compared to other interbody 

techniques.

MIS LIF was an adaptation of an endoscopic 

lateral transpsoas approach to lumbar fusion as 

described by Bergey et al. [7]. The authors have 

found that the endoscopic lateral transpsoas 

approach to the lumbar spine was a safe method 

to fuse the lumbar vertebrae, which allowed for 

exposure of the lumbar spine without mobiliza-

tion of the great vessels or sympathetic plexus. 

The endoscopic approach led to the development 

of several systems from various manufacturers 

that allow for an MIS lateral retroperitoneal 

transpsoas approach under direct visualization.

Clinical applications of the retroperitoneal 

transpsoas MIS LIF include a wide range of spi-

nal conditions including trauma, adult degenera-

tive scoliosis, degenerative disc disease, 

spondylosis with instability, lumbar stenosis, 

spondylolisthesis, tumor, and adjacent segment 

failure. Research on MIS LIF is very active and 

clinical outcomes appear to be promising. 

However, success of this technique relies heavily 

on careful patient positioning, gentle retroperito-

neal dissection, meticulous psoas splitting with 

directional EMG monitoring, and short retraction 

time.

 Anatomic Considerations

The lateral approach is increasingly becoming 

popular among minimally invasive spine sur-

geons but as a relatively new procedure may still 

be unfamiliar to many trained traditionally in the 

open technique. Because of this, a review of key 

anatomic structures encountered with the lateral 

approach is paramount. In the order encountered, 

the muscles include the external oblique, the 

internal oblique, and the transversus abdominis 

muscle. Once the retroperitoneal space is entered, 
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the quadratus lumborum and psoas muscle are 

then encountered. The details of blunt dissection, 

as opposed to electrocautery, are discussed later, 

but careful attention must be paid in order to 

avoid injuring a traversing lumbar plexus nerve, 

which could lead to postoperative deficits.

 Psoas Muscle

The psoas major (or psoas) muscle is the key 

muscle traversed with blunt dissection during the 

MIS LIF approach. The psoas muscle is a long 

muscle that originates from the anterolateral 

aspect of the lumbar vertebral bodies, transverse 

processes, and their intervening disc spaces [8–

11]. It is comprised of superficial and deep parts 

with the lumbar plexus lying between them. The 

psoas muscle descends anterolaterally, deep to 

the inguinal ligament, where it is joined by the 

iliacus muscle and together they insert into the 

lesser trochanter of the femur. Together they are 

referred to as iliopsoas muscle. As it progresses 

inferiorly from approximately the L1 level, the 

diameter of the psoas muscle steadily increases 

as it is contributed to by insertions at each subse-

quent level. The psoas major muscle receives 

innervations from the second to fourth lumbar 

spinal nerves as tiny intrinsic branches off the 

femoral nerve. The main action of the psoas mus-

cle is hip flexion. In approximately 50% of the 

population, there is a smaller accompanying 

muscle lying on its ventromedial surface known 

as the psoas minor. It originates from the antero-

lateral surface of the twelfth thoracic and first 

lumbar vertebrae and the intervertebral disc 

between them. The psoas minor muscle ends in a 

long flat tendon that inserts into the superior 

ramus of the pubis. A branch of the first or sec-

ond lumbar spinal nerve innervates it, and its 

action is to assist in upward rotation of the hip.

 The Lumbar Plexus

The lumbar plexus is found within the sub-

stance of the psoas muscle. It is a part of the 

lumbosacral plexus, and it is made of the pri-

mary ventral rami of the first four lumbar nerves 

and a contribution of the subcostal nerve (T12), 

the last thoracic nerve. Multiple motor and sen-

sory nerves are given off. The major motor 

branches consist of the femoral (L2–4) and 

obturator (L2–4) nerves. The major cutaneous, 

sensory branches consist of the iliohypogastric 

(L1), ilioinguinal (L1), genitofemoral (L1–2), 

lateral femoral cutaneous (L2–3), and anterior 

femoral cutaneous (L2–4) nerves. Most nerves 

are mixed motor and sensory. The intrinsic 

psoas nerves are the only purely motor nerves, 

and the lateral femoral cutaneous nerve is the 

only purely sensory nerve.

 Motor Nerves

The femoral nerve is a mixed motor and sensory 

nerve that arises from the lateral border of the 

psoas muscle. It has two divisions, anterior and 

posterior. The anterior division gives off the ante-

rior cutaneous nerve and muscular branches. It 

gives motor innervation to the pectineus and sar-

torius muscles. The posterior division gives off 

the saphenous nerve (sensory) and muscular 

branches. It gives motor innervation to the quad-

riceps femoris which is composed of the rectus 

femoris, vastus lateralis, vastus medialis, and 

vastus intermedius.

The obturator nerve is a mixed motor and sen-

sory nerve that arises from the medial border of 

the psoas muscle. It innervates the adductor mus-

cles of the lower extremity. These include the 

external obturator, adductor longus, adductor 

brevis, adductor magnus, gracilis, and the pectin-

eus (inconstant) muscles. It does not innervate 

the obturator internus. It also supplies the sensory 

innervation of the skin of the medial aspect of the 

proximal thigh.

 Sensory Nerves

The ilioinguinal nerve innervates the skin at the 

base of the penis and upper scrotum in males and 

the skin of the mons pubis and labia majora in 

females.
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The iliohypogastric nerve consists of two 

branches that innervate the skin of the lower 

abdominal wall. The lateral cutaneous branch 

innervates the skin of the gluteal region. Of note, 

this nerve can also be injured when harvesting an 

anterior iliac crest bone graft. The anterior cuta-

neous branch innervates the hypogastric or lower 

abdominal region.

The genitofemoral nerve consists of two 

branches, the genital and femoral branches. The 

genital branch innervates the cremaster muscle 

and scrotal skin in males and the skin of the mons 

pubis and labia majora in females. The femoral 

branch innervates the skin over the femoral tri-

angle. This nerve is distinct from the other sen-

sory nerves in that it does not follow a lateral 

trajectory to the site of innervation but rather 

emerges on the anterior surface of the psoas and 

descends on the ventral surface.

The lateral femoral cutaneous nerve inner-

vates the lateral aspect of the thigh. It consists of 

an anterior and a posterior branch. The anterior 

branch innervates the skin of the anterior and lat-

eral surfaces of the thigh, as far as the knee. The 

posterior branch innervates the lateral and poste-

rior surfaces of the thigh, from the level of the 

greater trochanter to the middle of the thigh.

The anterior femoral cutaneous nerve inner-

vates the anterior and medial aspect of the 

thigh.

 Subcostal Nerve

The most cranial nerve that contributes to the 

lumbar plexus is the subcostal nerve. It originates 

from the twelfth spinal nerve (T12) root and 

accompanies the subcostal vessels along the infe-

rior border of the 12th rib. It passes behind the 

lateral arcuate ligament and kidney and travels 

anterior to the upper part of the quadratus lumbo-

rum. The subcostal nerve then perforates the apo-

neurosis of the origin of the transversus abdominis 

muscle and travels between the transversus 

abdominis and internal oblique muscles in a 

medial and inferior course. A lateral cutaneous 

branch pierces the internal and external obliques 

before reaching the costal angle. The subcostal 

nerve continues its course within the abdominal 

wall medially until it reaches the edge of the rec-

tus abdominis where it perforates to give rise to 

the anterior cutaneous branches. It supplies the 

muscles of the anterior abdominal wall, espe-

cially the external oblique, and provides sensa-

tion to the anterior gluteal skin. Irritation or 

injury to this nerve, the potential for which may 

exist when treating the upper lumbar levels with 

lateral transpsoas interbody fusion, may result in 

abdominal wall paresis and pseudohernia [12]. It 

also occasionally communicates with the iliohy-

pogastric nerve to give off a branch to the pyram-

idalis muscle.

 Furcal Nerve

The furcal (meaning forked) nerve is an indepen-

dent nerve with its own ventral and dorsal root-

lets. It most commonly arises at the L4 level 

followed by L3 level as the second most common 

location, but it can be present at any lumbar level 

except for L1. It generally follows the L4 nerve in 

parallel through the neural foramina and is 

located superior and ventral to it extraforami-

nally. It forks and gives off branches to the obtu-

rator nerve, the femoral nerve, and the 

lumbosacral trunk serving as a link between lum-

bar and sacral plexus (Fig. 26.1). Compression of 

this nerve is responsible for atypical presentation 

of sciatica/radicular symptoms or for double 

nerve root contribution in unilateral radiculopa-

thy [13]. Clinical presentation may differ from 

radiographic imaging on the CT myelogram or 

MRI. Sensory distribution may not exactly fol-

low dermatomal patterns corresponding to the 

appropriate level of disc herniation. Because of 

its location, it can be easily injured during lateral 

transpsoas approaches.

 Safe Zones

Early anatomic work related to the retroperito-

neal transpsoas approach by Moro et al. helped to 

establish a safe zone to prevent nerve injuries 

when operating [14]. Specifically, they found that 
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it was safe to traverse the psoas muscle at levels 

L4/L5 and above, with the exception of the 

 genitofemoral nerve, which is at risk between L3 

and L4.

Further studies described the course of the 

plexus and found that the plexus lies within the 

substance of the psoas muscle between the junc-

tion of the transverse process and vertebral 

body, while exiting along the medial edge of the 

psoas distally [15]. It is most dorsally positioned 

at the posterior endplate of L1/L2 with a general 

trend of progressive ventral migration down to 

the level of L4/L5. When a ratio of the distance 

from the posterior vertebral body wall to the 

total disc space length was calculated, it was 

found that there was a 0, 0.11, 0.18, and 0.28 

ratio for L1/L2, L2/L3, L3/L4, and L4/L5, 

respectively. These findings suggest that an 

overly posterior placement of the dilator and/or 

retractor can lead to nerve injuries, especially at 

L4/L5 where the ventral migration is nearly one 

third of the disc space from the posterior verte-

bral body wall.

A cadaveric study by Uribe et al. established 

four different zones and described safe working 

zones for MIS LIF (Fig. 26.2) [10]. The four 

zones represent different quartiles of the verte-

bral body with zone I representing the most ante-

rior and zone IV representing the most posterior 

quartile. The lumbar plexus, along with nerve 

roots, lies within the substance of the psoas mus-

cle and dorsal to zone IV. The genitofemoral 

nerve was the only structure found to be ventral 

to zone III, starting at L2/L3 and progressing 

caudally to L3/L4 and L4/L5.

It was determined that the safe anatomical 

zones to avoid nerve injury from L1/L2 to L3/L4 

are the midpoint of zone III (posterior third of the 

disc space) and the safe zone for L4/L5 is at the 

zone II/III junction (mid disc space). The genito-

femoral nerve is at risk in zone II at L2/L3 and in 

L5
L4 L3

L2
L1

Ilioinguinal N.
Iliohypogastric N. Genitofemoral N.

Femoral N.

Obturator N.
Lateral Femoral
Cutaneous N.

Fig. 26.1 Lumbar 

plexus and furcal nerve 

trajectory. The black 
arrow is located 

approximately where the 

furcal nerve serves as a 

link between the lumbar 

and the sacral plexus. 

Note the close location 

to the femoral nerve and 

the dorsal L4/L5 disc 

space

Fig. 26.2 Safe anatomical zones for MIS LIF. There are 

four quartiles, I–IV, from anterior to posterior. The open 
circles indicate a “safe zone” for placement of the retrac-

tor and for subsequent exposure. From L1/L2 to L3/L4, 

the posterior third is generally safe. At L4/L5, placement 

at the midpoint between zone II and III is generally safe 

since this will decrease the risk of injuring the femoral 

nerve
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zone I at L3/L4 and L4/L5. The ilioinguinal, ilio-

hypogastric, and lateral femoral cutaneous nerves 

in the retroperitoneal space are also at risk since 

they travel obliquely, inferiorly, and anteriorly to 

reach the iliac crest and the abdominal wall out-

side of the psoas in the retroperitoneal space.

The femoral nerve is formed from the branches 

of the L2, L3, and L4 roots found deep in the sub-

stance of the psoas muscle and descending in a 

gradual posterior to anterior fashion. Thus, the 

most likely location of femoral nerve injury is at 

the L4/L5 disc space if the retractor is placed too 

close to zone 3 or zone 4. Injury to the femoral 

nerve in this location would result in a stereotypical 

hip flexion weakness, paralysis of knee extension, 

loss of patellar reflex, and sensory dermal zone III 

deficit [16]. It is important, however, to recognize a 

true neurological weakness from pain limited hip 

flexion weakness secondary to psoas “bruising” 

from muscle splitting during placement of the dila-

tors and the retractor. Pain limited hip flexion 

weakness is isolated to only hip flexion and resolves 

within several hours to up to 72 h postoperatively.

There is a chance of lumbar plexus injury even 

in the early stages of the operation while obtain-

ing access to the retroperitoneal space. Four 

nerves, the subcostal, iliohypogastric, ilioingui-

nal, and lateral femoral cutaneous nerves, are at 

risk of injury at this stage of the operation.

In addition to nerve injury, visceral and vascular 

structures should also be considered. The impor-

tance of meticulous preoperative planning was 

illustrated by Regev et al. in their morphometric 

study looking at the relationship of vascular struc-

tures as it relates to MIS LIF, where they found that 

the safe corridor for performing a discectomy and 

intervertebral cage placement progressively nar-

rows from L1/L2 to L4/L5 [17]. In the presence of 

scoliosis, these corridors can potentially be further 

narrowed. One should also keep in mind that the 

kidneys are in the retroperitoneal space.

 Indications for the Lateral Approach

 Patient Selection

Once the decision to proceed with surgical inter-

vention is made, selecting the most appropriate 

and patient-specific approach can be challenging. 

There are no “one-size-fits-all” constructs for 

spinal deformity. Stand-alone lateral constructs 

should be reserved for patients who are at an 

unacceptably high operative risk for alternative 

conventional or MIS combined approaches and 

free of any spinal instability. Patients with unre-

lievable pain, progressive degenerative scoliosis 

with advanced age, significant comorbidity, and 

significant anesthetic risk should be considered 

for less invasive interventions. Additionally, to 

consider a lateral stand-alone construct, the 

radiographic evaluation should exhibit reason-

able coronal/sagittal balance. Finally, all patients 

being considered for stand-alone constructs 

should be evaluated for the degree of osteopenia 

or osteoporosis. The vertebral body endplate 

strength is greatly dependent on bone density 

[18]. Patients with osteoporosis or advanced 

osteopenia should not be considered for stand- 

alone lateral fusion but rather nonoperative treat-

ment options or a limited decompression. 

However, this can lead to a deformity progression 

and worsening of symptoms.

Surgical considerations for MIS LIF include 

trauma, adult degenerative scoliosis, degenera-

tive disc disease, spondylosis with instability, 

lumbar stenosis, spondylolisthesis, and adjacent 

segment failure. Early outcome studies have 

demonstrated that MIS LIF is associated with 

shorter operative times, minimal blood loss, few 

complications, minimal hospital length of stay, 

and quicker recovery [19, 20]. Long-term out-

comes are generally favorable, with maintained 

improvements in patient-reported pain and func-

tion scores, as well as radiographic parameters, 

including high rates of fusion.

 Degenerative Spine Disease 
and Deformity

Minimally invasive surgery was initially devel-

oped to address morbidity associated with tradi-

tional, open spinal surgery. As the field has 

continued to progress, MIS techniques are 

increasingly used to treat degenerative spine dis-

ease and deformity. The factors that make MIS 

LIF appealing as mentioned above are an obvious 
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draw to surgeons trying to minimize the morbid-

ity associated with traditional open deformity 

correction [21, 22]. Using this technique, coronal 

Cobb angles can be improved [19, 23–25]. Since 

a positive global sagittal imbalance is most 

closely linked to a decreased quality of life, 

health status outcomes, and function, the effect of 

MIS on sagittal Cobb angles, lumbar lordosis, 

and pelvic tilt has been increasingly investigated 

[26]. Sagittal imbalance can lead to higher energy 

requirements to stand and ambulate, leading to 

early fatigue, intolerance to standing, and walk-

ing with compensation through other joints.

The clinical outcomes data regarding defor-

mity correction are encouraging thus far, with 

improved radiographic parameters as well as 

improved clinical results with a lower complica-

tion profile compared to traditional open 

approaches [27]. Up until recently, the main cri-

tique of MIS surgery in deformity correction was 

its inability to improve sagittal balance to the 

same extent as traditional open techniques. 

Sagittal imbalance was traditionally managed 

with posterior shortening osteotomies (such as 

Smith-Petersen osteotomies, pedicle subtraction 

osteotomies, extended pedicle subtraction oste-

otomies, or vertebral column resection), which 

have been reported to have at least 40% compli-

cation rate in adjacent segment degeneration 

(ASD) [28, 29]. Anterior longitudinal ligament 

release (ALR) via the MIS lateral transpsoas 

approach with placement of a hyperlordotic cage 

has been shown to have similar radiographic and 

clinical outcomes as the open techniques, while 

at the same time minimizing complications such 

as blood loss and CSF leak [30].

The learning curve for successful ALR release 

is fairly steep however, and cadaveric dissection 

as well as review of safe zones of the lateral 

approach prior to attempting this procedure 

in vivo is strongly recommended. Injury to the 

great vessels is a major complication of this pro-

cedure and could result in a fatal outcome if 

attention to detail is not observed. After perform-

ing the discectomy with careful attention to end-

plate preparation, a slight curved custom retractor 

is gently passed along the anterior edge of the 

anterior longitudinal ligament (ALL) and posi-

tioned between the large vessels/sympathetic 

plexus and the ventral aspect of the disc. 

Dissection is performed dorsal to the great ves-

sels in order to avoid a catastrophic complication 

at this point. It is also important to avoid mistak-

ing the sympathetic plexus for the lateral edge of 

the ALL at this step, which would lead to section-

ing of the plexus. The ligament is sectioned in a 

sequential fashion using a ligament blade on a 

long handle, easing the curved retractor across to 

the contralateral side of the disc space. Upon 

complete release of the ALL, there is immediate 

mobilization and “fish-mouthing” of the adjacent 

vertebral body endplates. An appropriate hyper-

lordotic poly-ether-ether-ketone (PEEK) cage is 

selected at this point and packed with allograft. 

The cage is anchored to the adjacent vertebral 

body with one or two screws to prevent ventral 

migration into the peritoneal cavity. ALR is fur-

ther backed with posteriorly placed pedicle 

screws for total stability.

Segmental lordosis after ALR is increased by 

14° when posterior elements (spinous process, 

facets, posterior ligaments) are left intact. A fac-

etectomy increases this lordosis to 21–27°. In 

order to match the cage lordosis, a spinous pro-

cess can be resected along with bilateral facetec-

tomy, achieving segmental lordosis of up to 30° 

with 30° cages. The intradiscal angle can be as 

great as 20–24° when posterior elements are 

resected and a 30° cage is used [31]. These results 

are equivalent to open pedicle subtraction 

osteotomies.

As the role of MIS LIF in spinal deformity 

correction is further clarified through further 

research, it is important to keep in mind that the 

ultimate end goal should still be to reestablish 

spinopelvic harmony or the proportional 

 relationships of one regional parameter to 

another as it relates to global spinopelvic align-

ment, as spinopelvic harmony has been directly 

linked to a satisfactory postsurgical outcome as 

assessed by health-related quality-of-life instru-

ments [26, 32]. Four basic radiographic targets 

to aim for in order to achieve spinopelvic har-

mony include: (1) sagittal vertical axis of 

<50 mm or T1-SI < 0°, (2) pelvic tilt of <20°, (3) 

coronal Cobb angle <10, and (4) lumbar lordo-
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sis-pelvic incidence mismatch ±9° [26, 30]. 

Attention to these four goals serves as the foun-

dation for individual, patient-specific, spinopel-

vic realignment in the sagittal and coronal plane. 

Even partial improvements of these parameters 

may translate to better clinical outcomes. 

Addition of ALR to the MIS armamentarium 

allows for greater deformity correction and dif-

ferent MIS surgical approaches to be used 

depending on deformity severity (Fig. 26.9).

Adjacent segment failure is a common com-

plication encountered in patients with prior lum-

bar fusions. Operations to address this issue can 

often involve further posterior muscle dissection 

and revision of the existing instrumentation, all 

while negotiating through previous scar tissue, 

leading to risks of infection and cerebrospinal 

fluid (CSF) leaks. The MIS LIF is an option for 

treatment of adjacent segment failure. A virgin 

corridor is traversed with placement of an inter-

vertebral cage which avoids some of the pitfalls 

of reoperations as mentioned above. In addition, 

if further internal fixation is desired, then a lateral 

plate could be placed without much additional 

difficulty. Literature regarding the specific use of 

the lateral retroperitoneal transpsoas approach is 

lacking for adjacent segment failure revision sur-

geries, but studies related to revision surgery 

using this approach for revision and explantation 

of lumbar total disc replacements have shown its 

effectiveness and low rate of complications by 

avoiding a previous, scarred approach [33–35].

 Trauma

Another area with increased interest for the use 

of the lateral approach is in traumatic thoraco-

lumbar fractures. Traumatic burst fractures 

commonly occur in the thoracic and lumbar 

spine, with many occurring at the thoracolum-

bar junction. The decision of whether or not to 

treat with nonoperative management with exter-

nal orthoses or bedrest versus surgical decom-

pression, instrumentation, and fusion is beyond 

the scope of this discussion. However, when 

surgical treatment is planned for situations 

where there is instability with neurologic defi-

cit, a minimally invasive retroperitoneal trans-

psoas approach is an option.

In a study by Smith et al. with a follow-up of 

2 years, patients treated with lateral corpectomies 

with supplemental instrumentation were found to 

have very favorable operating room times, esti-

mated blood loss, and hospital length of stay 

[36]. None of the patients required reoperations, 

and there was a significant improvement in the 

neurologic status based on the American Spinal 

Injury Association categorization, with none 

experiencing a neurologic decline.

 Preoperative Considerations

The preoperative planning is critical to ensure 

that the patient is a good surgical candidate. 

Preoperative magnetic resonance imaging 

(MRI) is evaluated to ensure that abdominal 

blood vessels will not hinder access to the 

desired disc space. The psoas muscle must also 

be carefully examined on the axial MRI as it 

will elucidate the best side for the approach. 

Psoas muscle that starts to migrate ventrally on 

the disc space at L4/L5 as it normally would at 

L5/S1 is called a transitional psoas. The muscle 

bulk (and therefore the lumbar plexus) of a 

transitional psoas is more ventral and therefore 

puts the femoral nerve at risk during retraction. 

It is not recommended to attempt MIS LIF 

when a transitional psoas is encountered on a 

preoperative MRI. A preoperative AP radio-

graph is also evaluated as it also may determine 

which side will provide the best access to the 

desired level, especially at L4/L5, in relation to 

the iliac crest (Fig. 26.3).

 Surgical Technique

The technique of the retroperitoneal transpsoas 

MIS LIF by our team has evolved with time and 

experience. Significant changes were made to our 

technique in 2010, and these changes have been 

the standard method we currently use for every 

patient. Specifically, the technique below refers 

to use of the transpsoas procedure with a special 
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retractor system. In general, the main principles 

apply to any lateral access system; however, a 

significant difference that will not apply to other 

systems is the use of a directional, triggered 

EMG (t-EMG), which will be explained further 

in this discussion.

The patient is then placed in a true 90° lateral 

decubitus position with the optimal side facing 

up. If a scoliotic deformity is present, the patient 

is placed with the concave side facing up. The rea-

soning for this is that this usually provides better 

access to the L4/L5 disc space if that is an opera-

tive level. In addition, positioning the concave 

side up will allow for access to multiple levels 

through potentially fewer and smaller incisions.

At our institution, patients are placed on a 

Cmax® table (Steris, Mentor, OH), but any 

radiolucent operating table that allows for adjust-

ment of flexion, extension, Trendelenburg/reverse 

Trendelenburg, as well as lateral tilting will suf-

fice. The iliac crest is placed at the level of the 

table break where table flexion occurs. The legs 

are flexed maximally at the knee and hip to relax 

tension on the psoas muscle. A roll is placed 

beneath the axilla to prevent brachial plexus 

injury, and a roll is placed under the iliac crest to 

promote flexion at the iliac crest for improved 

access to the L4/L5 level.

Intraoperative fluoroscopy is then used to 

position the patient in such a manner that a sym-

metric AP image with the pedicles equidistant 

from the spinous processes is achieved. It is 

essential that these images be as accurate and 

symmetric as possible to prevent inadvertently 

dissecting too far anteriorly or posteriorly. 

Caution should be exercised if a prior laminec-

tomy exists over the desired level and spinous 

processes cannot be visualized.

Once properly positioned, the patient is taped 

and secured into place at the iliac crest and chest. 

The ipsilateral hip and leg are then taped to pull 

the iliac crest inferiorly and then secured to the 

table to prevent the patient from moving during 

surgery. The patient is then taped and secured 

into position (Fig. 26.4).

A repeat AP fluoroscopic image is taken to 

ensure that good images are still obtainable, and 

the bed is tilted slightly if correction of the image 

is needed. To ensure exact position of the cage, it 

is imperative that the AP image show perfectly 

parallel endplates of the level being operated on 

and the spinous processes are exactly in the mid-

line and equal distance from each pedicle 

(Fig. 26.5). The relationship of the ipsilateral 

iliac crest and the lowest level to be approached 

are then evaluated. The angle of the disc space in 

relation to the iliac crest should ideally allow 

direct access to the disc space. At this point, the 

table is flexed at the level of the iliac crest just 

enough to give access to the disc space. If there is 

good access to the disc space without needing to 

flex the table, then it is advisable to perform the 

operation without flexing the table. Too much 

flexion of the table can put tension on the lumbar 

plexus and potentially cause nerve injury, so the 

table is flexed as minimally as possible while still 

achieving good access to the disc space.

Lateral fluoroscopy is then used, and the 

patient’s position is modified with Trendelenburg 

or reverse Trendelenburg to obtain images clearly 

displaying the endplates, posterior vertebral cor-

tex, and pedicle, as well as to evaluate the rela-

tionship of the disc space of interest to the 

ipsilateral iliac crest. A guide wire or cross can be 

placed on the patient’s skin to localize the plane 

of the disc space (Fig. 26.6). Palpation of this 

area confirms that the iliac crest will not obstruct 

the pathway to the disc space.

Fig. 26.3 AP radiograph of the lumbar spine. It is crucial 

to evaluate the clearance of the iliac crest (IC) preopera-

tively to determine positioning and operative feasibility
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Fig. 26.4 Lateral 

decubitus positioning for 

MIS LIF. The patient is 

placed on an adjustable 

operative table and 

secured with silk tape. 

There is a bend in the 

table (arrow) to allow 

for better access during 

surgery

Fig. 26.5 Fluoroscopic AP image through the L3/L4 disc 

space. Note the center of the fluoro image must be at the 

operative level. The superior and inferior endplates are 

perfectly lined up and parallel to each other. Spinous pro-

cesses are in the exact midline

Fig. 26.6 Lateral fluoroscopic image showing a cross at 

the perfect docking location for the retractor. Note that 

both superior and inferior endplates are exactly parallel to 

each other. Iliac crest is completely out of the way

An AP image for final positioning is then 

obtained to ensure there has not been any signifi-

cant patient movement and that the images are still 

acceptable. Lateral fluoroscopy is then obtained to 

mark the disc space transversely and the posterior 

third of the disc space vertically. An exception is at 

L4/L5, where the vertical mark is at the middle of 

the disc space based on the anatomic safe zones 

[10]. If one level is to be approached, a single 

transverse incision approximately 5 cm is used. If 

more than one level is to be approached, a single 

vertical incision or multiple transverse incisions 

are used depending on the length of the incisions 

and cosmetic concerns.
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 Operative Procedure

The area is then prepped and draped. An incision 

is made with a #10 scalpel blade to the subcuta-

neous fat. A second posterior incision is routinely 

not used as originally described as this route of 

access may cause injury to the ilioinguinal or 

iliohypogastric nerves [1]. A self-retaining 

retractor is used to help dissect subcutaneous fat 

transversely along the original incision line with 

monopolar cautery until fascia is encountered. A 

transverse incision is then made in the fascia with 

monopolar cautery in line with the disc space. If 

multiple disc spaces are being approached, sepa-

rate fascial incisions are made for each disc space 

to help stabilize the retractor.

Once the fascial incision over the area of inter-

est is completed and muscle is encountered, two 

tonsil hemostats are used to dissect through the 

muscle gently in the plane of the disc space 

through as small an access as possible. Great care 

is taken to ensure the dissection is performed in 

line with the original skin marking for the poste-

rior third of the disc space (or at the mid-vertebral 

body at L4/L5) and that the dissection is not car-

ried too anteriorly (to avoid bowel injury) or too 

posteriorly (to avoid nerve injury). The external 

oblique, internal oblique, and transversus abdom-

inis muscles are identified and dissected until the 

transversalis fascia and retroperitoneal space are 

encountered.

Once in the retroperitoneal space, the quadra-

tus lumborum can be palpated posterolaterally. 

The quadratus can then be followed medially 

until the transverse process of the vertebra of 

interest can be palpated. Then, proceeding fur-

ther medially, the psoas muscle can be palpated.

The first dilator can be inserted at this point, 

guided with the surgeon’s finger anterior to the 

dilator to avoid peritoneal injury. The dilator is 

docked gently on the psoas without traversing 

the psoas. Lateral fluoroscopy is obtained to 

check the position of the dilator to ensure it is in 

correct position (posterior third of the disc space, 

except for L4/L5, in which case the middle of the 

disc space is the target), and the dilator position 

is adjusted as needed. The dilator is stimulated 

for triggered EMG (t-EMG), and the dilator is 

then rotated 360° to check for activity. Typically, 

anything ≥11 mA indicates a safe distance from 

any surrounding neural structure (Table 26.1). 

The dilator is then advanced through the psoas 

muscle until it is docked onto the spine. The 

dilator is again stimulated for t-EMG and rotated 

360° to check for activity. Lateral fluoroscopy is 

again obtained to confirm position of the dilator 

in relation to the disc space as mentioned previ-

ously. If the stimulation of the initial dilator did 

not reveal any concerning t-EMG responses, a 

guide wire is placed through the dilator into the 

disc space to maintain position. Sequential dila-

tors are then used to dilate the psoas muscle and 

stimulated in a similar fashion as described 

above. Once the final dilator is placed, it is stim-

ulated for t-EMG and the responses are 

analyzed.

Sharp decreases in the threshold are not 

uncommon at this portion of the procedure. In 

fact, finding these sharp decreases is advanta-

geous. The position of the femoral nerve can be 

estimated by the location of the sharp decreases 

in the t-EMG threshold. Ideally, the sharp 

decreases will be present when stimulating with 

the dilator posteriorly and increased thresholds 

present anteriorly; thus the femoral nerve can be 

estimated to be posterior to the dilators. This ori-

entation will allow placement and opening of the 

retractor with minimal risk of nerve injury. If 

decreased thresholds are obtained anteriorly, the 

guide wire and dilators are removed and advanced 

more anteriorly so that the dilators are positioned 

anterior to the femoral nerve. The sequence for 

dilator and guide wire placement described above 

is again carried out.

Once the t-EMG stimulation with the final 

dilator verifies decreased threshold responses 

posteriorly and increased threshold responses 

anteriorly, the retractor is then placed over the 

dilators with the retractor blades oriented superi-

orly, inferiorly, and posteriorly. Downward pres-

sure is applied to the retractor during the 

procedure until final placement of the shim blade 

to prevent psoas muscle fibers from creeping into 

the surgical field. The retractor is locked into 

place with the articulating arm while maintaining 

downward pressure. The dilators are removed 
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while the guide wire is kept in place. A light 

source is attached to the inferior blade and used 

in conjunction with suction to visualize the disc 

space while maintaining downward pressure on 

the retractor. The surgeon should be able to visu-

alize “red and white” indicating the disc space 

and small amounts of psoas muscle fibers that 

have crept into the surgical field. If only “red” is 

seen, then too much psoas muscle is in the field to 

visualize the disc space. If only “white” is seen, it 

is possible that the fascia of the psoas muscle has 

not been penetrated which may cause the retrac-

tor to shift if it slides off the fascia during the 

procedure. The field is also inspected for evi-

dence of nerves that could be injured with the 

procedure. Anything suspicious for being a nerve 

is stimulated with manual t-EMG to check for 

EMG activity. Sensory nerves will not stimulate 

with t-EMG, so a high index of suspicion must be 

maintained for an object that does not trigger 

EMG response.

Once it is confirmed that disc space is visual-

ized and no nerves are present in the surgical 

field, lateral fluoroscopy is obtained to check the 

position of the retractor in relation to the disc 

space. The shim blade is engaged into the poste-

rior blade of the retractor but not deep into the 

disc space yet.

The retractor, while maintaining downward 

pressure, is adjusted into the correct position. 

The articulating arm is loosened, and moving the 

retractor in relation to the guide wire helps to 

maintain proper orientation. Once proper posi-

tion is attained on lateral fluoroscopy, AP fluoros-

copy is used to show the superior-inferior relation 

of the retractor blades to the disc space. The shim 

blade is advanced into the disc space and mal-

leted into position firmly with image guidance 

using AP fluoroscopy. The articulating arm is 

then attached and tightened to lock the retractor 

into position. Lateral fluoroscopy is then used to 

“look down” the posterior blade to ensure the 

proper pathway for the remainder of the proce-

dure. The manual t-EMG stimulator is used to 

stimulate the entire surgical field and behind the 

posterior blade. Decreased thresholds elicited 

posterior to the posterior blade are expected and 

desired to ensure the working area is anterior to 

the femoral nerve, which is now protected by the 

posterior blade. The guide wire is then removed.

Once the retractor is in final position, the rest 

of the procedure must be performed as efficiently 

and quickly as possible to reduce the duration of 

retraction of the lumbar plexus. It is recom-

mended that the total retraction time be under 

20 min for a typical interbody placement and 

under 30 min for anterior column reconstruction 

where anterior longitudinal ligament is cut. The 

retractor is now opened minimally to just allow 

discectomy and placement of the interbody graft.

The position of the anterior longitudinal lig-

ament can be estimated by visualizing the slope 

of the anterior vertebral body. The procedure 

should remain as posterior as possible to this 

slope to prevent unwanted rupture of the ante-

rior longitudinal ligament. A wide rectangular 

annulotomy is then made with an annulotomy 

knife. A pituitary rongeur is then used to 

remove disc material. A curved Cobb elevator 

is placed into the disc space with the handle 

Table 26.1 Triggered EMG interpretation

Numeric reading (mA) Color displayed Interpretation

≥11 Green Acceptable

5–10 Yellow Caution

<5 Red Alert
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vertically oriented and malleted under AP fluo-

roscopy guidance until the contralateral annu-

lus is broken. This procedure is repeated with 

the curve of the Cobb elevator in the opposite 

orientation. The box cutter disc shaver is then 

placed in the disc space. Vertical orientation of 

the handle is confirmed, and the box cutter is 

malleted flush with the posterior blade under 

AP fluoroscopy guidance to ensure the end-

plates are not violated. Once the box cutter is 

removed, AP fluoroscopy is used to confirm 

position of the shim blade in the disc space 

which can be malleted into the disc space to 

guarantee the stability of the retractor. Again, a 

pituitary rongeur is used to remove disc 

material.

Depending on the preoperative radiograph, a 

straight or lordotic poly-ether-ether-ketone 

(PEEK) or titanium interbody cage can be filled 

with a variety of biologics. Our practice now is 

to pack approximately 5 cc of cadaveric cancel-

lous bone mixed with mesenchymal stem cells 

(Osteocel Plus®, NuVasive, San Diego, CA) 

into the cage. A graft retainment device is used 

to retain the packed contents in the cage, and 

the cage is then placed in the disc space with a 

vertical orientation of the handle. It is malleted 

into position until the medial radiographic 

marker is in line with the spinous process. The 

graft is then released and the retainment device 

removed. The surgical field is inspected for any 

graft that may have become dislodged during 

placement and removed if identified. The area 

is inspected for any bleeding, and bipolar cau-

tery can be used to obtain hemostasis. The 

articulating arm is loosened and the retractor is 

then closed. The retractor is removed slowly 

from the surgical field while inspecting for any 

bleeding.

Once the retractor is completely removed, 

final AP and lateral fluoroscopic images are 

obtained to ensure proper placement of the graft. 

The operating table is then leveled to assist with 

incision closure. Fascia is closed with interrupted 

0 Vicryl sutures and the subcutaneous layer 

closed with 3-0 Vicryl sutures. The skin is 

approximated with 4-0 subcuticular Monocryl 

suture and dressed with Dermabond®.

 Biomechanics

 PEEK Interbody Cage

An essential component of MIS LIF is the place-

ment of a large interbody cage. Traditionally, 

implant materials have been autograft or allograft 

bone, but issues with fracture, migration, and 

pseudoarthrosis led to the development of syn-

thetic cages such as titanium, carbon fiber, and 

PEEK [37]. Among the synthetic cage materials, 

PEEK has been found to be favorable since it 

shares the same modulus of elasticity as bone 

[38–40]. In addition, it is also nonabsorbable, 

elicits a minimal cellular response, and allows for 

a clear, unobstructed view of new bone formation 

during follow-up exams [41, 42]. The placement 

of a large interbody cage, as accommodated by 

the lateral approach, is an advantage of MIS 

LIF. Large-diameter solid implants are less likely 

to subside compared to small-diameter cages, 

possibly related to a more efficient transfer of 

force to the endplate [43–45].

 Lateral Plate

The MIS LIF can be supplemented with a lateral 

plate that spans across the disc space (Fig. 26.7). 

The titanium plate has a rostral and caudal screw 

hole, and it can come in varying lengths (there is 

also a four-screw hole type which we do not rou-

tinely use due to its larger profile). It is seated on 

two bicortical titanium screws that are placed 

across the width of the vertebral body parallel to 

the adjacent endplate.

Biomechanical comparisons between the lat-

eral plate and stand-alone, unilateral pedicle 

screw, and bilateral pedicle screw constructs have 

demonstrated its increased rigidity compared to a 

stand-alone construct to promote arthrodesis [46, 

47]. The greatest biomechanical advantage of a 

lateral plate is its very favorable range of motion 

restriction in lateral bending with only bilateral 

pedicle screws offering slightly more rigidity. In 

total, however, lateral plates still fall short of uni-

lateral and bilateral pedicle screws, which are 

much more rigid overall.
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Good candidates for a lateral plate supple-

mentation should be free of any significant gross 

instability, since bilateral pedicle screws would 

be best in that situation. For similar reasons, lat-

eral plates may not be optimal for deformity cor-

rection. In addition, bilateral pedicle screws are 

preferred in this situation because lateral plates 

only stabilize one segment at a time compared to 

multilevel stabilization offered by a unified, mul-

tilevel, pedicle screw and rod construct.

 Illustrative Case

History A 67-year-old retired man presented 

with chronic back pain for several years with 

intermittent radiating symptoms in his right leg. 

Walking and standing aggravated the symptoms. 

Pain appeared to be progressively worse through-

out the day. Only sitting slightly relieved the 

pain. He had tried nonoperative therapies includ-

ing physical therapy, epidural steroid injections, 

trigger point injections, and pain management for 

at least 1 year without success. He denied any 

weakness or urinary incontinence.

Physical Examination His focused neurologi-

cal examination was benign. He had full 

Sunderland grade 5/5 strength in bilateral hip 

flexion/extension, hip abduction/adduction, knee 

extension, extensor hallucis longus, and dorsi and 

plantarflexion. His sensory dermal zones (SDZ), 

as previously described, were fully examined 

next [16]. He had full sensation in subcostal, ilio-

hypogastric, ilioinguinal, and genitofemoral 

(SDZ zone 1) nerve distribution, full sensation in 

lateral femoral cutaneous (SDZ zone 2) nerve 

distribution, full sensation in femoral and saphe-

nous (SDZ zone 3) nerve distribution, and full 

sensation in the obturator (SDZ zone 4) nerve 

distribution. His patellar and Achilles reflexes 

were 2+ bilaterally. His muscle tone was normal 

in both lower extremities.

Imaging Preoperatively, full scoliosis computed 

radiography (CR) 15 × 34 inch radiographs were 

ordered including lateral bending films. Lumbar 

and thoracic CT and MRI were also reviewed. 

Preoperative parameters were severe dextrosco-

liosis with a coronal Cobb angle of 54°, CSVL 

2 cm, SVA 12 cm, PT 40°, PI 71°, and LL 35° 

(Fig. 26.8). His dual x-ray absorptiometry scan 

was within normal limits. MRI was reviewed to 

rule out a transitional psoas or abnormal segmen-

tal vessels that could potentiate unexpected 

bleeding. CT was used to evaluate degenerated 

disc spaces and pedicle size.

Treatment He underwent lateral interbody 

fusion from T12 to L5 and an ALIF at L5/S1. He 

had two levels of ALL release at L2/L3 and L3/

L4. This was followed by a second stage poste-

rior percutaneous pedicle screw fixation from 

T10 to the sacrum (Fig. 26.9).

Outcome Postoperative imaging demonstrated a 

coronal Cobb angle of 29°, CSVL 6 cm, SVA 5 cm, 

PT 26°, PI 71°, and LL 74°. His PI-LL mismatch 

was corrected from 36° preoperatively to 4° post-

operatively. His postoperative course was unevent-

ful, and at the 12-month follow-up evaluation, his 

Fig. 26.7 Lateral plate fixation. This is an AP fluoro-

scopic view. Note the intervertebral cage placed spanning 

the entire vertebral body. The screws are placed near the 

subchondral bone
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Fig. 26.8 Anteroposterior and lateral 36-inch radio-

graphs of a patient with severe deformity (red group). (a) 
Preoperative images of a patient with severe deformity. 

(b) Postoperative images obtained after T10/S1 open pos-

terior arthrodesis with osteotomies and with MIS lateral 

interbody fusion with multilevel ALL release showing 

restoration of disc height and improvement in spinopelvic 

parameters

CCA

PI-LL

SVA

PT

Anterior
arthrodesis

Posterior
fixation

Mild Moderate Severe

<30° >30 >30

>30°

>30°

Pedicle screw fixation +
osteotomy

>10cm

<20° 20° - 30°

<25° 25 - 30°

MIS-LIF to neutral
vertebrae + ALLR

MIS-LIF to neutral
vertebrae ± ALLR

Limited MIS-LIF
consider standalone if PT<20°

Percutaneous fixation

<5cm 5 - 9cm

Percutaneous fixation ±
facetectomy

Fig. 26.9 Radiographic subgroups and related surgical 

intervention. Green represents radiographic parameters of 

patients with mild symptomatic deformity and spinopel-

vic compensation. Yellow represents radiographic param-

eters of patients with moderate symptomatic deformity 

and associated lack of sagittal balance with SVA between 

5 and 9 cm. Red represents radiographic parameters of 

patients with severe symptomatic deformity and associ-

ated lack of sagittal balance with SVA greater than 10 cm 

despite maximal pelvic tilt (PT). ALLR ALL release, CCA 

coronal Cobb angle, LIF lateral interbody fusion

J. Januszewski and J.S. Uribe



349

VAS score had improved from 76 to 53, and his 

ODI score had improved from 50 to 30. There was 

no sign of interbody graft subsidence or proximal 

junctional kyphosis (PJK).

 Technical Pearls

• Minimally invasive lateral interbody fusion 

through a retroperitoneal transpsoas approach 

has gained popularity as an alternative to ante-

rior, posterior, and transforaminal interbody 

fusion.

• The approach is straightforward but detail ori-

ented with a need to systematically evaluate 

surgical corridor anatomy and follow stepwise 

surgical steps in order for it to be reproducible 

and predictable

• Beyond thorough understanding of surgical 

anatomy, proper patient selection and preop-

erative workup is paramount for success of the 

procedure. Detailed history and physical 

examinations cannot be underscored enough 

as the most important part of the patient care. 

Not all surgical pathologies can benefit from 

the MIS LIF approach. For example, pathol-

ogy at L5/S1 usually cannot be reached with 

this technique due to the anatomical constraint 

of the iliac crest. Indirect decompression may 

not be adequate for patients with severe spinal 

canal or foraminal stenosis. Previous abdomi-

nal surgery might preclude a safe retroperito-

neal approach.

• Preoperative imaging used for surgical plan-

ning and surgical approach includes plain 

radiographs including flexion and extension 

views along with standing scoliosis and lateral 

bending films, CT, MRI, and/or dual energy 

x-ray absorptiometry (DEXA) scan depending 

on patients’ age and smoking status.

• The relative anatomic position of pathologic 

levels with respect to the ribs and iliac crest 

should be assessed on radiographs. A high 

iliac crest on one side may prompt the surgeon 

to change the surgical approach to the contra-

lateral side. In patients with coronal deformity 

requiring multilevel surgery, the preferred 

approach is from the concave side, as this will 

allow easier access to multiple levels through 

fewer and smaller incisions. For L1/L2 and 

L2/L3 levels, mobilization of the rib may be 

necessary. If not possible, resection of a rib 

may be required for access, although it is usu-

ally not necessary.

• MRI provides detailed anatomy of great ves-

sels, psoas morphology, and the lumbar 

plexus within. Position of other retroperito-

neal structures like location of the colon can 

also be appreciated. Ventral migration of the 

psoas muscle (aka transitional psoas or 

“Mickey mouse ear” psoas) similarly con-

tains a ventrally located lumbar plexus and 

may pose an increased risk of femoral injury. 

Lateral approach should be avoided in such 

cases.

• When the goal of surgery is indirect decom-

pression, several MRI and CT findings can be 

helpful to evaluate for success of lateral trans-

psoas approach. Severely decreased disc 

height, vacuum disc phenomenon on CT, and 

T2 hyperintensity in facets on axial MRI sig-

nify relatively mobile disc/facet joints and are 

associated with restoration of postoperative 

spinal alignment.

• Stepwise and detailed surgical technique is 

described earlier in the chapter; however sev-

eral important technical pearls should be 

underscored. For patient positioning, in gen-

eral, the side without prior surgery and/or the 

side with more favorable psoas and lumbar 

plexus anatomy is chosen. If a scoliotic defor-

mity is present, the patient is placed with the 

concave side facing up.

• The patient should be positioned in a true 90° 

lateral decubitus position with the top of the 

crest just inferior to the table break. Legs 

should be bent at a 45° angle.

• Care must be taken to ensure the patient is not 

rotated. Each level operated on has to be in 

perfect AP and lateral projection. 

Intraoperative fluoroscope is used to ensure 

the pedicles are equidistant from the spinous 
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processes in the AP projection with clearly 

displayed endplates in both AP and lateral 

projections.

• Once the skin is incised and fascia opened, 

two tonsil hemostats are used to dissect 

through muscle gently in the plane of the disc 

space through as small an access as possible. 

The transversalis fascia is also breached and 

opened with the tonsils.

• Finger dissection should be used to separate 

retroperitoneal fat and adhesions off the belly 

of the psoas muscle. The psoas muscle and the 

transverse process should be palpated.

• It is important that the first dilator is posi-

tioned in the bulkiest part of the psoas so as 

not to have too much psoas anteriorly or pos-

teriorly. Once lateral fluoroscopy confirms 

dilator position in the center of the disc space, 

it is advanced until it is docked onto the lateral 

border of the disc.

• The triggered EMG stimulation is delivered 

posteriorly, superiorly, anteriorly, and inferi-

orly to locate the position of the femoral nerve. 

The distance to the nerve is determined by the 

energy required to elicit a discrete threshold 

response, with lower thresholds indicating 

closer proximity. Femoral nerve should always 

be located behind (posterior to) the dilator. If 

t-EMG stimulation has no directionality or is 

somehow questionable, the first dilator should 

be repositioned more anteriorly.

• Total retraction time from the time retractor is 

placed to the time retractor is removed should 

be under 20 min for a routine case or under 

30 min when ACR is performed.

 Complications and Strategies 
for Avoidance

The importance of meticulous attention to detail 

throughout the perioperative period is crucial as 

it may reduce the risk of complications [48]. 

Complications can arise from the result of inad-

equate preoperative planning. For instance, neu-

rovascular structures may be in the way of the 

intended exposure, which may preclude a safe 

corridor for operating. Transitional psoas may 

bring the femoral nerve closer to the docking site 

of the retractor causing irreversible damage from 

nerve root retraction or direct damage. Close 

attention to preoperative MRIs can help avoid 

this from happening. In addition, positioning 

mistakes leading to placement of the nonoptimal 

side positioned up can make access to the L4/L5 

disc space, for example, much more difficult, 

leading to an increased risk of postoperative 

motor or sensory deficits.

 Numbness, Paresthesia, 
and Weakness

The lateral retroperitoneal transpsoas approach is 

a technique that can be challenging since it is a 

nontraditional approach for many spine surgeons 

who are more accustomed to a posterior approach. 

Because of this, it does have a learning curve, and 

the skill at which it is performed is very depen-

dent on experience with the regional anatomy 

and with the approach itself. Small changes in 

technique with this approach can result in dra-

matic changes in patient outcome due to the 

proximity of the lumbar plexus. Real-time EMG 

monitoring is critical to minimize the chance of 

motor nerve injury [5]. However, sensory nerves 

cannot be monitored, thus leaving them suscep-

tible to iatrogenic injury if there is not a thorough 

understanding of the regional anatomy.

The current literature is inconsistent with its 

reporting of postoperative “thigh” symptoms 

which could range from numbness, paresthe-

sias, dysesthesias, or weakness. While injury 

can occur at any level of approach, the rate of 

femoral nerve injury is highest at the L4/L5 

segment. Reports of motor weakness from fem-

oral nerve injury have varied ranging from 

3.4% to 23.7% [48–50]. The rate of paresthe-

sias following MIS LIF can range from 0.7% to 

30% [7, 48, 49, 51], and numbness has been 

reported in 8.3–42.4% [19, 49, 50]. The specific 

nerve distribution may vary as well, but com-

monly affected nerves are the genitofemoral, 

lateral femoral cutaneous, and anterior femoral 

cutaneous nerves. On the postoperative exami-

nation, it is important to distinguish between 
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the different dermatomes of these sensory 

nerves and not to simply report that a patient 

has thigh pain or numbness.

It is important to realize that most motor and 

sensory deficits are transient and do recover with 

50% recovery at 90 days and 90% recovery at 

1 year [49]. This may be a result of the muscles 

and nerves recovering from manipulation, 

 inflammation, and irritation during the operation. 

As a result, it is advisable to fully disclose to 

patients preoperatively that there is a chance of 

motor or sensory deficit following the operation, 

but that the vast majority of cases are transient in 

nature.

As previously stated in this chapter, it is also 

important to recognize a true neurological weak-

ness from pain limited hip flexion weakness sec-

ondary to psoas “bruising” from muscle splitting 

during placement of the dilators and the retractor. 

Pain limited hip flexion weakness is isolated to 

only hip flexion and resolves within several hours 

to up to 72 h postoperatively.

 Abdominal Wall Paresis and Bowel 
Perforation

Abdominal wall paresis, also referred to as a 

“pseudohernia,” has been identified as a potential 

complication of the MIS lateral approach [12]. 

The mechanism is attributed to iatrogenic nerve 

injury during the initial dissection of the abdomi-

nal wall. Consequences include denervation, 

paresis, and bulging of the anterior abdominal 

wall. Associated signs and symptoms include 

swelling, pain, hyperesthesia, or other sensory 

abnormalities. If suspected, it is important to rule 

out a true abdominal hernia in these instances. In 

many cases, spontaneous recovery can occur.

Ogilvie’s syndrome (OS), delayed ileus from 

colonic pseudo-obstruction potentially leading 

to bowel perforation, is another possible com-

plication [52]. While etiology is not completely 

understood, it must be differentiated from acute 

bowel perforation that may be a result of retrac-

tor insertion. OS is clinically identified as 

diminished gastric motility that does not resolve 

on its own in a matter of several days. 

Radiographically it is characterized by dilata-

tion of cecum greater than 9 cm and lack of 

mechanical obstruction on abdominal CT. If not 

diagnosed and treated early, it may lead to colon 

rupture with an associated mortality rate 

between 50% and 71% [53–55]. Initial manage-

ment may consist of bowel rest, indirect decom-

pression with a nasogastric tube, a rectal tube, 

and in some cases colonoscopy for direct 

decompression. Best evidence for medical ther-

apy is available for neostigmine, an acetylcho-

linesterase inhibitor [54, 56]. However, side 

effects may include bradycardia and hypoten-

sion requiring patient monitoring in an intensive 

care setting or at least a telemetry floor.

 Hardware-Related Complications

There have been few reports of complications 

attributed to the hardware implanted such as the 

interbody cage or lateral plate. Dua et al. reported 

a 15% rate of hardware-related complications 

based on a series of 13 patients [57]. These cases 

consisted of two atraumatic coronal plane frac-

tures at L4/L5 in the first 6 weeks of the postop-

erative period.

Our own series has demonstrated a hardware- 

related complication rate of 5.9% in a series of 

101 consecutive cases [58]. The complications 

included three hardware failures and three verte-

bral body fractures. All cases were atraumatic. 

All cases presented with recurrent back pain 

except one which was identified incidentally. All 

hardware failures involved a dislodged lateral 

plate and lock nut(s). The mechanism is unclear 

but may involve a cage subsidence with a fixed 

angle screw, resulting in the screws cutting 

through the vertebral bodies in a coronal plane, a 

stress riser in the area of stress concentration, a 

violation of the endplate during preparation or 

screw insertion, or a malplacement of the hard-

ware lock nuts [57–59].

 Subsidence

As with any technique used for lumbar fusion, 

subsidence of the cage can occur at one or both 

endplates. The subsequent progressive deformity 
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and compression of neural elements can lead to a 

loss of indirect decompression with reduced 

chance of successful fusion and possible reopera-

tion [43, 60].

In a study that included 140 patients and 238 

levels fused in the lumbar spine with a mean fol-

low- up of 9.6 months, we have recently found 

subsidence to be present in 14.3% of the cases 

and in 8.8% of the total levels fused [61]. Only 

2.1% of the patients had symptomatic subsid-

ence, however. Subsidence appears to correlate 

with construct length.

The most important finding, however, was that 

there was a 14.1% rate of subsidence with smaller 

18 mm cages versus only 1.9% with larger 22 mm 

cages, leading to the conclusion that the largest 

interbody cage should be used whenever feasible.

 Rhabdomyolysis

Rhabdomyolysis is a rare, but known, complica-

tion of spinal surgery. In severe cases, acute renal 

failure may result. The first cases of rhabdomy-

olysis and acute renal failure have recently been 

reported following MIS LIF [62]. This potential 

complication should be suspected in appropriate 

cases especially in morbidly obese patients and 

in procedures associated with prolonged opera-

tive times.

 Contralateral Psoas Hematoma

The contralateral psoas hematoma is a rare com-

plication suspected to occur from segmental ves-

sel injury during contralateral annulus release 

[63]. Careful preoperative MRI review should be 

performed to assess the contralateral disc space 

for segmental vessels that may be torn during 

annulotomy. Contralateral leg weakness can 

occur as a result of this complication as a large 

hematoma can compress the femoral nerve caus-

ing symptomatic neuropraxia. Prompt evacuation 

is recommended to prevent permanent injury to 

the lumbar plexus.

 Lateral Incisional Hernia

Lateral incisional hernia came to attention very 

recently and has been often missed or overlooked. 

It likely happens due to inadequate closure of the 

fascia and herniation of the peritoneum through a 

fascial defect. Occasionally loops of small bowel 

may also herniate through the defect along with 

the peritoneum; however, incarceration or stran-

gulation of the bowel has never been reported. It 

is recommended that careful attention be paid to 

fascial closure at the end of the procedure. 

Unbreaking of the operative table may be of ben-

efit in a good closure as it releases some of the 

tension and makes approximation of the fascia 

easier.

 Conclusions and Key Points

The retroperitoneal transpsoas approach is a safe 

and effective alternative to traditional posterior, 

open lumbar techniques. It can be utilized for a 

variety of clinical applications including trauma, 

adult degenerative scoliosis, degenerative disc 

disease, spondylosis with instability, lumbar ste-

nosis, spondylolisthesis, and adjacent segment 

failure. As with most minimally invasive tech-

niques, there is a learning curve to be overcome 

in order to minimize the risk of iatrogenic nerve 

injuries. An integral aspect of this curve is to 

always be aware of the regional anatomy encoun-

tered. It is important to stay within the “safe 

zones” when performing an MIS LIF, staying in 

the posterior third of the disc space at L1/L2, L2/

L3, and L3/L4 or at the midpoint of the vertebral 

body at L4/L5. The patient should be positioned 

in a true 90° lateral decubitus position with the 

top of the crest just inferior to the table break. 

Care must be taken to ensure the patient is not 

rotated. Directional t-EMG can help guide the 

surgeon and alert of any critical distances from 

surrounding motor nerves. Even with this, tran-

sient sensory deficits and, on occasion, weakness 

may occur. It is important to discuss this potential 

with surgical candidates preoperatively.
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 Introduction

Lumbar total disc replacement (L-TDR) is a 

motion-preserving treatment for patients with 

degenerative disc disease (DDD) and debilitating 

mechanical low back pain (LBP) refractory to 

nonsurgical management. L-TDR can be viewed 

as the latest evolution in the surgical treatment of 

DDD based on the logical progression of the 

pathophysiologic understanding of LBP. The 

goal of this chapter is to provide an overview of 

the topic of total disc replacement, with a particu-

lar focus on the operative technique utilized to 

insert these devices. Anecdotal pearls and pitfalls 

have also been included which should be helpful 

and educational for both the experienced and 

novice spine surgeon. As this technology 

becomes more widely accepted and utilized, it 

will be important for all spine surgeons to have at 

least a basic level of understanding of the proce-

dure in order to appropriately educate patients on 

all available treatment modalities.

Low back pain is a significant challenge fac-

ing the modern healthcare system from an epide-

miological, clinical, and economic standpoint. 

Approximately 80% of the population will have 

at least one episode of significant low back pain 

in their lives [1]. In a study by Carragee et al. in 

2004, they found that low back pain cost the US 

healthcare system $50 billion a year and was the 

number one cause of disability in patients 

younger than 45 years old [2]. With the aging 

population, these numbers will likely continue to 

increase over time. Fortunately, the majority of 

pain remains minor and transient, often resolved 

over short periods of time with home manage-

ment of rest, selected exercise, and over-the- 

counter analgesics prior to reaching medical 

attention. Even then, LBP is most often success-

fully managed by nonsurgical management 

including physical therapy, oral medications, or 

more invasive nonsurgical treatments such as epi-

dural steroid injections [3].

As spinal imaging technologies have evolved 

and gained routine use in the evaluation of LBP, 

the list of potential pathological etiologies has 

grown. The identification of the degenerated disc 

on plain radiographs, computed tomography, 

and, most prominently, magnetic resonance 

imaging (MRI) in patients without other clear 
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source of back pain has led to the concept of “dis-

cogenic back pain.” Identification of  degenerative 

disc disease on spinal imaging needs to be inter-

preted with caution as it has been shown that up 

to 30% of asymptomatic individuals have abnor-

mal lumbar spine MRIs, with the majority of 

these revealing degenerative discs [4]. Even after 

careful diagnosis of discogenic back pain, the 

majority of such patients will not ultimately 

undergo surgical intervention, as most will still 

gain sufficient relief by conservative measures to 

avoid long-term disability and maintain a reason-

able quality of life.

Discogenic back pain originates from the 

intervertebral discs and is defined by transverse 

low back pain that in some patients radiates to the 

sacroiliac region and may or may not be associ-

ated with lower extremity claudication and/or 

radicular symptoms. For those patients who fail a 

minimum of 6 months of nonsurgical therapy, 

surgery may be considered. Simple discectomy, 

indicated for neural decompression in treatment 

of radiculopathy and symptomatic spinal stenosis 

due to disc herniation, is not an effective treat-

ment for primary discogenic back pain. Near- 

total removal of the disc and replacement with 

artificial materials (not necessarily with the goal 

of motion preservation) was utilized in early 

efforts to treat degenerative discs in the middle of 

the last century [5, 6]. Modern treatment strate-

gies have focused primarily on arthrodesis of the 

motion segment to treat discogenic back pain that 

has failed appropriate nonsurgical therapy. This 

treatment strategy focuses on not only removal of 

the presumed pain generator (internal disc 

derangement with degenerative annulus) but also 

on stabilizing the motion segment (including 

both the disc and facet joints) preventing further 

painful degenerative change. With appropriate 

patient selection, lumbar arthrodesis has proven 

successful at decreasing pain and improving 

quality of life in select patients diagnosed with 

discogenic back pain [7, 8].

Lumbar arthrodesis is not without limitations 

however. Pseudarthrosis rates following lumbar 

fusion have decreased with the continued devel-

opment of new instrumentation including more 

rigid constructs and interbody fusion techniques; 

however, the rate of this complication continues 

to be problematic and commonly leads to reopera-

tion. Persistent back pain with or without pseud-

arthrosis, as well as reoperation rates, both at 

index and adjacent levels, has made the surgical 

treatment of DDD controversial and has triggered 

a larger public health debate about the effective-

ness of fusion for treatment of LBP [9, 10]. 

Variable rates for adjacent segment pathology are 

reported in the literature depending on inconsis-

tent use and definition by different authors of 

“adjacent segment degeneration,” typically refer-

ring to a radiographic finding and “adjacent seg-

ment disease” which refers to the clinical 

symptoms requiring treatment of these changes. A 

systematic review by Harrop et al. reports a rate of 

adjacent segment disease of 14% across several 

studies including 1216 patients.[9]. In order to 

attempt to address these common sequelae, total 

disc replacements (TDR) were developed.

Modern L-TDR as an alternative to lumbar 

fusion for discogenic back pain began with the 

development of the Charite artificial disc in the 

1980s and was subsequently followed by the 

ProDisc-L (Figs. 27.1a–c and 27.2a) [11, 12]. 

Numerous other artificial discs have been devel-

oped with an evolution of design and materials 

with the Activ-L device the latest to receive US 

FDA approval in 2015 and the M6-L gaining 

widespread usage in Europe (Fig. 27.2b). The 

primary theoretical advantage of L-TDR com-

pared to fusion is the preservation of physiologic 

motion which may lead to less axial back pain as 

well as to decreased rates of adjacent segment 

disease and reoperation. Secondary advantages 

include potential shorter recovery times, as well 

as decreased local postoperative pain owing to 

the anterior retroperitoneal approach versus a 

more standard posterior fusion (this advantage of 

course is lost in comparison to anterior or lateral 

approaches to interbody fusion [10, 13, 14]). Two 

multicenter, randomized, controlled investiga-

tional device exemption trials in the United States 

of the Charite and ProDisc-L artificial disc vs 

lumbar fusion have demonstrated near-equivalent 

safety and preliminary efficacy in relief of back 

pain up to 2 years following surgery [15–17]. 

Furthermore, the theoretical advantage of motion 
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preservation in the lumbar spine and limitation of 

adjacent segment degeneration (ASD) has been 

supported in the literature. The systematic review 

of ASD which demonstrated a rate of 14% in 

lumbar fusion revealed a rate of only 1% (7/595 

patients across 4 studies) in TDR with an approx-

imate average follow-up of 10 years [9].

There are currently only two FDA-approved 

lumbar artificial discs (ProDisc-L, DePuy Synthes; 

Activ-L, Aesculap) that are marketed and available 

in the United States. Lumbar TDR is used primar-

ily to treat discogenic (i.e., axial, mechanical) LBP 

[8]. Given the controversy surrounding the surgi-

cal treatment of DDD in general, many insurance 

carriers do not provide coverage for fusion or 

L-TDR which has affected the utilization of lum-

bar arthroplasty devices [7, 18].

 Indications and Patient Selection

The ideal indications for the treatment of DDD 

with L-TDR include relatively young patient 

(ideally age 18–60 years) suffering mechanical 

LBP (pain exacerbated by activity and somewhat 

relieved with rest) and imaging (generally MRI) 

revealing an isolated degenerative, desiccated, 

and spondylotic disc with little or no facet dis-

ease. The patient should have failed a minimum 

of 6 months of nonoperative treatment. Clinically, 

the evaluation and medical therapies utilized in 

working up a patient for consideration of L-TDR 

are similar to that of any other lumbar surgery. 

The surgeon must focus on the details of the pain 

itself (location, symmetry, timing, radiation, 

exacerbating and ameliorating factors, etc.). 

Fig. 27.1 (a) The Charite artificial disc. (b) Anteroposterior radiograph of Charitie disc placed at L4-L5. (c) 

Postoperative lateral radiograph at L4-L5 of Charitie artificial disc

Fig. 27.2 (a) ProDisc-L artificial disc. (b) Activ-L artificial disc
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Beyond a mandatory thorough neurologic exam, 

specific attention must be given to range of 

motion, posture, and gait [3, 7, 18, 19]. There has 

also been concern with using lumbar disc arthro-

plasty in multilevel disease. It has been the expe-

rience of these authors that multilevel patients 

can do well. In a study by Hannibal et al., they 

compared one-level and two-level ProDisc 

arthroplasty patients. They found no statistically 

significant difference in disability, functional, or 

satisfaction scores between the two groups [20].

There are two categories of contraindications: 

(1) painful conditions not corrected by the 

implant (central stenosis, facet arthropathy, +/−
foraminal stenosis, herniated nucleus pulposus 

with radiculopathy) and (2) conditions that may 

destabilize the spine (scoliosis, spondylolisthe-

sis, spondylolysis, compromise of the posterior 

elements, osteoporosis T-score < −1.0) [19]. 

Although facet disease is a strong relative contra-

indication for this surgery, many do not consider 

foraminal stenosis a contraindication. The disc 

space increases with the prosthesis which often 

causes indirect decompression of the foramen 

[19]. For patients with the aforementioned con-

traindications, fusion procedures remain the gold 

standard.

 Preoperative Considerations 
and Contraindications

The evaluation of a patient with low back pain 

should be thorough and systematic. As with any 

musculoskeletal pathology, the evaluation should 

begin with a comprehensive history and physical 

exam. It is important to ask the patient when they 

experience the pain and what aggravates/allevi-

ates the symptoms. Is the pain worse with flexing 

the low back or extending it? Are there radicular 

symptoms which radiate down the legs or is this 

isolated to the low back? What other therapies 

have they attempted? Many patients will have 

already tried exercise (yoga, home stretching, 

etc.) or even formal physical therapy.

It is important to assess the type of pain and 

the length of pain when assessing a new patient. 

Approximately 80–90% of low back pain resolves 

after 12 weeks with no invasive therapy required 

[21]. It was initially believed that resting and lim-

iting range of motion was the best treatment of 

acute low back pain. Hagen et al. conducted a 

Cochrane review of all clinical trials comparing 

rest vs early active motion for the treatment of 

low back pain [22]. The review showed that there 

was a decreased level of pain and increased func-

tional level in the early motion group. It is there-

fore advisable to begin flexibility and strength 

training in the acute period of low back pain.

Formal physical therapy which focuses on 

strengthening core muscle groups has been 

shown to improve discogenic back pain [23]. In 

addition to therapy, nonsteroidal anti- 

inflammatory medications have also been shown 

to help alleviate symptoms. Some patients have 

already tried corticosteroid injections, and it is 

important to understand where these were placed 

in the spine and what level of relief they pro-

vided. There are many other non-spine patholo-

gies that can cause a similar type of pain. It is 

important to ask questions which would help rule 

out these other causes. Some of the more com-

mon conditions that can cause such pain include 

Crohn’s disease, abdominal aortic aneurysm, 

nephrolithiasis, pancreatic disease, ovarian 

pathology, and tumors. In our practice patients 

also get evaluated by a rheumatologist to rule out 

inflammatory arthropathy such as rheumatoid 

arthritis, psoriatic arthritis, and Lyme arthritis. If 

the pain is not well explained by the spine, make 

sure your patient is receiving the appropriate 

work-up for these other conditions.

The next step in evaluating these patients is a 

physical exam. The initial examination should 

include inspection of the back to look for any 

obvious deformity or overlying skin conditions. 

A standard neurologic exam should be performed 

to assess for strength and sensation in all extremi-

ties. Unlike facet arthropathy which causes low 

back pain with extension, discogenic back pain 

typically causes pain with flexion. Also, in this 

population the straight leg raise is negative. In 

most patients, the pain is reproducible with low 

back palpation. They also frequently have 

decreased range of motion as well as an antalgic 

gait. It is vital to have the patients stand and point 
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to the location of their pain. Waddell signs and 

other psychological overlay components of the 

history should also be defined.

Radiographic evaluation should include plain 

radiographs of the lumbar spine, with a strong 

recommendation to obtain standing scoliosis 

films, as well as CT of the lumbar spine. These 

will serve to help identify degenerative levels but 

more importantly will rule out other confounding 

pathologies such as spondylolisthesis, significant 

facet disease, ankylosing spondylitis, Baastrup 

syndrome, sagittal imbalance, or scoliotic defor-

mity. These bony images will also help to iden-

tify patients that are likely to have osteoporosis 

who might warrant further investigation with 

DEXA scan. Lumbar MRI is the key imaging 

modality for identifying the pathology that is best 

suited for treatment with L-TDR. A degenerative 

disc (most frequently at L4-L5, L5-S1) can be 

identified by a loss of height relative to other disc 

levels, a loss of T2 hyperintense signal (desicca-

tion of the nucleus pulposus), annular defects, 

and Modic changes in the surrounding endplates 

including endplate changes on T1/T2 and espe-

cially STIR signal changes. MRI will also allow 

the surgeon to rule out other pathologies not well 

suited to treatment by TDR including: disc her-

niations in areas difficult to assess via an anterior 

approach, facet arthropathy, clinically significant 

central and lateral recess stenosis, or less com-

mon pathologies such as neoplastic, infectious, 

or intradural processes [7, 19].

Despite the many advantages of advanced 

imaging described above, it is often difficult to 

assess if the pathology seen on imaging is truly 

symptomatic or if the main generator of pain is 

elsewhere. Boden obtained an MRI in a large 

cohort of subjects that had no back pain symptoms 

[4]. Of the patients <60 years old, 20% had pathol-

ogy read by blinded neuroradiologists. In the 

60+-year-old group, 57% were read as having 

spine pathology. Similarly, a study by Borenstein 

et al. showed that incidental spine pathology found 

on MRI in asymptomatic patients was not predic-

tive of low back pain at 7-year follow-up [24].

Unfortunately, when it comes to the spine, 

often the severity of the pathology as seen on clas-

sical imaging (MRI, CT, etc.) does not correlate 

with the severity of symptoms. This is particularly 

true when it comes to discogenic pain. It would 

therefore be useful to have a way to assess the 

level of pain associated with the pathology seen 

on imaging.

Provocative discography is an example of 

functional imaging that has been used to help 

correlate prior imaging with symptoms but 

remains a controversial study in the diagnosis of 

symptomatic DDD [2, 25]. During discography 

individual discs are pressurized using a needle 

inserted under fluoroscopic guidance and a saline, 

radiopaque dye combination. If the low back pain 

is reproduced with this exam, then this may indi-

cate that this particular disc is causing all or a 

portion of the low back symptoms. The utility of 

this modality is controversial. A study by 

Carragee et al. seeking to evaluate the validity of 

provocative discography in diagnosing true dis-

cogenic pain could only establish a positive pre-

dictive value of 50–60% and postulated that 

discography may actually accelerate degenera-

tive changes in the disc [25]. In a prospective 

study Derby et al. performed discograms on a 

large cohort of patients with significant disc her-

niation (Grade III on the Dallas Discogram scale) 

[26]. One group had low back pain prior to the 

study and one group did not. In the group with no 

back pain prior to the study, 100% of the patients 

had a negative or pain-free response to discogra-

phy. In the symptomatic group, 52% of patients 

had a negative discogram despite having clinical 

back pain. Interestingly, this study also showed 

that the positive discogram group had lower pain 

tolerance than the other groups which could cer-

tainly be a confounder. In addition, it has been 

shown in this study, as well as in prior studies, 

that there is less of a correlation between low 

back pain and lower grade tears (Grades 1 and 2) 

which is why only Grade 3 tears were ultimately 

considered. Despite the conflicting evidence on 

the utility of this diagnostic test, many surgeons 

still use it as part of a multifaceted approach to 

assessing low back pain.

Patients who have undergone prior discec-

tomy at the pathologic level remain candidates 

for L-TDR; however, previous (failed) fusion at 

the level in question is a contraindication. Patients 
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with inadequate bone quality (osteopenia with a 

DEXA T-score between −1.5 and −2.0 should be 

considered a relative contraindication, while a 

T-score less than −2.5 is an absolute contraindi-

cation) are at significant risk for implant subsid-

ence or displacement. Similar to any anterior 

spinal approach, there are other relative contrain-

dications related to practical or anatomic limita-

tions often best left to the discretion of the 

approach surgeon. These include but are not lim-

ited to morbid obesity, pregnancy, multiple prior 

abdominal surgeries, certain abnormalities of the 

genitourinary system, and abdominal aortic or 

iliac aneurysm [3, 18, 19].

 Surgical Technique

Appropriate patient preparation prior to surgery 

is imperative. The patient is given a prescription 

for two doses of magnesium citrate for bowel 

preparation 1.5 days prior to surgery. Thirty-six 

hours prior to surgery, the patient drinks the first 

dose and is started on a clear liquid diet. The sec-

ond dose is taken 12 h prior to surgery. For male 

patients they are given the option of sperm dona-

tion prior to surgery.

Under general anesthesia the patient is posi-

tioned supine on a radiolucent operating table 

taking routine care to protect and pad all pressure 

points. A Foley catheter is required to decom-

press the urinary bladder to optimize the working 

corridor. Ureter stents are placed in patients with 

a history of prior abdominal surgery or in patients 

who have only one kidney for whatever reason. 

They are also routinely placed in patients under-

going replacements from L1 to L3 given the 

proximity of the ureters to the operative field. 

The surgeon should be careful not to position the 

patient in too much extension as this can lead to 

postoperative facet irritation syndrome.

Preoperatively, pulse oximeters are placed on 

bilateral great toes. If a discrepancy between these 

devices occurs during the surgery, the retractors are 

temporarily released allowing the left lower extrem-

ity to again be fully perfused. Neuromonitoring is 

not routinely used in our practice, but in more com-

plex patients, it can be considered.

Anteroposterior (AP) and lateral fluoroscopy 

are utilized to identify the level of the replace-

ment as well as the optimal angle of approach. 

The goal is for the spinous processes to be equi-

distant from the medial wall of each pedicle, in 

other words, eliminating all torsional rotation of 

the spine. Fine adjustments to the patient’s posi-

tion are made using rolled blue towels or inflat-

able pads.

The lateral view is then obtained to determine 

the appropriate vertebral levels aiding in the posi-

tioning of the incision. Once the positioning is 

complete and the level is determined, the abdom-

inal and pelvic area are prepped and draped in the 

normal sterile fashion. We feel that the iliac wing 

should be prepped into the field so that, in the 

unlikely event that the arthroplasty must be aban-

doned, the iliac crest can be used as autologous 

bone graft for fusion.

In most circumstances, and certainly in upper 

lumbar or multilevel surgery, an access vascular 

surgery is used. This reduces operative time and 

reduces the amount of retraction time on the great 

vessels. The skin incision and approach are best 

decided by the approach surgeon (typically a 

general or vascular surgeon). Options include a 

midline or para-midline vertical incision for 

transperitoneal or anterior mini-open retroperito-

neal approach (more common). For L5-S1 a 

transverse incision may be utilized. A left-sided 

approach is most common given the greater 

safety and ease in mobilizing the aorta as opposed 

to the inferior vena cava or iliac veins. However, 

right-sided approach may be considered for 

males when done at L5-S1 to avoid disruption of 

the superior hypogastric plexus and potential 

resultant retrograde ejaculation.

Because of the downward slope of the L5-S1 

vertebra, a more distal incision is required to 

accommodate the necessary angle. In general the 

L4-L5 disc is within a few centimeters of the 

umbilicus. The incision is carried down to the 

rectus sheath. The left rectus sheath is incised in 

line with the incision exposing the medial aspect 

of the left rectus abdominal muscle. The edge of 

this muscle belly is lifted to expose the dorsal 

 fascia and arcuate line being careful to preserve 

the inferior epigastric vessels. This layer is 
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incised revealing the peritoneum. This is the 

plane that will be utilized for this surgery. 

Sweeping along this plane toward the left, retro-

peritoneal fat will be observed, and eventually 

the left psoas muscle will be identified 

(Fig. 27.3a). The genitofemoral nerve can be 

identified on the psoas lying just medial to the 

common iliac artery. The iliac vein is dorsal to 

the artery. All soft tissue structures should be 

retracted medially. The middle sacral veins 

should be ligated prior to addressing the disc 

space. If the level desired is proximal to the L5-

S1 disc space, then the great vessels must be 

mobilized by bluntly developing a plane between 

the psoas and iliac vessels. In this approach the 

iliolumbar vein must be identified and ligated 

before mobilizing the great vessels.

Once the anterior spine has been reached, the 

adjacent visceral and vascular structures are 

safely mobilized and retracted (Fig. 27.3b). The 

correct spinal level is confirmed by lateral fluo-

roscopy. The midline must be meticulously iden-

tified by anatomic landmarks and AP fluoroscopy. 

The surgeon can either make a Bovie mark, or a 

small osteotome can be used to make a superfi-

cial indentation. A wide annulotomy is per-

formed. This is followed by near-total discectomy 

using standard technique of curettes, pituitary, 

and Kerrison rongeurs (Fig. 27.3c). The discec-

tomy is facilitated by interbody distractors to 

open the disc space as well as ultimate resection 

of the posterior annulus and posterior longitudi-

nal ligament. Special attention is given to removal 

of the cartilaginous endplates while maintaining 

the integrity of the bony endplates. Any posterior 

osteophytes or extruded disc material should be 

removed. Following discectomy, only the lateral 

annulus should remain fully intact bilaterally. 

The posterior annulus should be resected to aid in 

disc space mobilization. The posterior longitudi-

nal ligament does not need to be resected except 

in circumstances requiring removal of extruded 

disc material. Retained lateral disc material is at 

risk of displacement into the foramen with place-

ment of the device and should be thoroughly 

removed.

Using AP and lateral fluoroscopy, as well as 

tactile feel, the disc space is measured for height, 

Fig. 27.3 (a) Intraoperative image showing mobilization 

of the retroperitoneal space below the umbilicus. (b) 

Exposure at the L4-L5 disc space. There is wide exposure 

from the left to right side. The aorta (A) and left common 

iliac vessel (CI) is protected. (c) Complete discectomy has 

been performed from left to right side. (d) Placement of a 

Charite artificial disc at L4-L5. (e) Final in situ position of 

the Charite artificial disc
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degree of lordosis, and footprint (depending on 

the specifics of the device in use). Each device 

has its own nuanced surgical technique but typi-

cally involves the following steps. The disc space 

is sized and then trialed, followed by midline keel 

cutting (if necessary for the device in use) and 

ultimately placement of the device itself 

(Fig. 27.3d–e). Once the implants are impacted 

into place, the alignment of the spine should 

again be confirmed with intraoperative fluoros-

copy. Again, strict adherence to midline place-

ment is an absolute necessity for best device 

function. Ideal AP position of the device on lat-

eral fluoroscopy places the device’s center of 

rotation approximately 1–2 mm posterior to the 

sagittal midline of the vertebral body. The integ-

rity of the vertebral bodies should be assessed as 

fractures can occur during insertion. If any frac-

tures are observed or there are any other concerns 

regarding the stability of the implants or bony 

structures, then the implant should be removed 

and an interbody fusion should be performed.

For multilevel surgery, the most distal disc 

space is typically addressed first, and then one 

works proximally to allow for collinear align-

ment of the spine. In multilevel surgery, if there is 

concern that the implant may not be able to be 

placed after the adjacent levels are complete, then 

trial implants should be used first to assure the 

ability to place all implants. Once all levels are 

mobilized and trialed, the hardware can again be 

inserted starting most distally and working proxi-

mally to assure optimal alignment.

All soft tissue structures, including the sympa-

thetic chain, great vessels, ureters, and retroperi-

toneal structures, should be thoroughly 

investigated for any signs of iatrogenic injury. All 

soft tissue bleeding should be controlled by elec-

trocautery, and any bony bleeding should be con-

trolled with bone wax. This is critically important 

to minimize the risk of postoperative retroperito-

neal hematoma formation. Occasionally, epidural 

bleeding is induced, usually from distraction, and 

it should be controlled by applying a small 

amount of Surgiflo (Ethicon, Somerville, NJ 

USA) hemostatic agent or an equivalent product. 

The lower extremity pulses should be reevaluated 

immediately prior to the end of the case.

The wound is then irrigated thoroughly and 

closed in routine fashion. A Gore-Tex patch may 

be placed over the anterior annulotomy to pro-

vide a dissection plane for revision exposure if 

reoperation proves necessary.

 Illustrative Cases

 Case 1

 History
The patient is a 45-year-old female who presents 

to the clinic for progressively severe mechanical 

lower back pain which is exacerbated by physical 

activity and relieved by rest. She has a history of 

right microdiscectomy at L5-S1 2 year prior to 

presentation. The patient has undergone maximal 

nonsurgical management including physical ther-

apy, epidural steroid injections, and selective 

nerve root block. Despite this, her pain remains 

intolerable even on a regimen of chronic narcotic 

therapy centered on fentanyl patches.

 Physical Examination
Physical examination reveals healthy-appearing 

female with appropriate appearance for age and a 

BMI of 26. Neurologic exam revealed normal 

motor, sensory, and reflexes of the lower extrem-

ity. Her gait is normal. She has slight restriction 

in forward flexion at the waist. Her lower back 

reveals a well-healed paramedian scar from her 

microdiscectomy and very mild tenderness to 

deep palpation of the lower back symmetrically 

just off midline.

 Imaging
Imaging includes MRI of the lumbar spine 

without contrast which demonstrates her previ-

ous laminotomy defect, without any evidence 

of recurrent or residual disc herniation at L5-S1 

(Fig. 27.4a). There is, however, a broad-based 

disc bulge at L4-L5 not resulting in any foram-

inal or central stenosis. Both L4-L5 and L5-S1 

disc levels appear degenerative owing to mild 

loss of height as well as loss of T2 hyperin-

tense signal within the nucleus pulposus. 

Provocative discography is performed reveal-
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ing mild/moderate annular degeneration at 

L5-S1 and a posterior annular tear at L4-L5 

(Fig. 27.4b, c). Reproduction of the patient’s 

pain with injection is concordant at L4-L5 and 

L5-S1 with L3-L4 serving as a negative control 

(Fig. 27.4b, c).

 Treatment
Following appropriate explanation of associated 

risks and benefits, the patient elects to proceed 

with (off-label indication) two-level Charite total 

disc replacement at L4-L5 and L5-S1 (Fig. 27.4d). 

Surgery is performed with the assistance of a vas-

cular surgeon for anterior access. There are no 

intraoperative complications. Estimated blood 

loss is 150 mL. Total operating room time is 2 h 

and 55 min. The patient undergoes routine post-

operative care on a neurosurgical floor and is dis-

charged to home in good condition on 

postoperative day 4.

 Outcome
The patient returns to the clinic for routine post-

operative follow-up at 6 and 12 weeks, as well as 

6, 12, and 24 months following her date of sur-

gery. She reports an excellent functional recovery 

with significant diminution of pain. By 24 months 

she is off all narcotic medications and has 

increased her activity level. She reports that she is 

regularly jogging and lifting weights without 

limitation. Upright AP and lateral and flexion/

extension radiographs at 24 months post-op show 

good disc placement with maintenance of normal 

lumbar vertebral motion (Fig. 27.4d).

 Case 2

 History
This patient was a 33-year-old female who first 

presented to the clinic with low back pain. She 

Fig. 27.4 (a) Sagittal 

T2 MRI showing no 

recurrent disc 

degeneration and disc 

degeneration at L4-L5 

and L5-S1. (b) 

Anteroposterior 

discography at L4-L5 

and L5-S1 revealing disc 

degeneration at L4-L5 

and L5-S1. Provocative 

pain response was 

positive at both levels 

but negative at L3-L4 

that served as a control 

level. (c) Lateral 

discography. L4-L5 and 

L5-S1 show abnormal 

degeneration, while 

L3-L4 has normal 

morphology. (d) 

Postoperative lateral 

radiograph following 

L4-L5 and L5-S1 

Charite disc replacement
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worked as a manual laborer which required heavy 

lifting and a significant amount of bending and 

twisting. Over the last several years, the pain had 

intensified such that it was becoming difficult to 

work. The pain was primarily in her lower back, 

but also was present in her buttock and upper 

thighs. She denied any weakness or difficulty 

with coordination in either lower extremity. She 

had failed physical therapy and epidural cortico-

steroid injection.

 Physical Examination
The physical examination was unremarkable. No 

Waddell signs were present and she was neuro-

logically intact.

 Imaging
The MRI showed disc disease at L3-L4, L4-L5, 

and L5-S1 (Fig. 27.5a, b). In addition to the MRI, 

discography was performed to assess for the 

presence of discogenic pain. The exam was posi-

tive for pathology at L4-L5 and L5-S1.

 Treatment
Ultimately, it is the combination of history, phys-

ical exam, and all imaging studies that drives the 

decision to operate and at what levels. Given this 

patient’s overall picture, it was determined to per-

form a three-level lumbar TDR on L3-S1. The 

procedure proceeded with no intraoperative com-

plications, and the implants were placed in good 

alignment (Fig. 27.5c, d). The patient tolerated 

the procedure well and was discharged home on 

postoperative day 3.

 Outcome
Over the next several months, her incisions 

healed well and the incisional pain improved. 

She had significant improvement in her low back 

pain which was present preoperatively. After a 

period of activity restriction, she was able to get 

back to working which meant bending over to lift 

objects which she tolerated well. This operation 

not only provided pain relief and a stable mechan-

ical solution to her problem, but it also allowed 

for the range of motion necessary for a young 

patient to get back to her physically demanding 

livelihood. This example case demonstrates that 

in the right patient, TDR in the lumbar spine can 

be highly efficacious and allows patients to return 

to an acceptable activity level.

 Technical Pearls

• Be sure the patient’s spine is in neutral posi-

tion on the operative table at the start of the 

case. An inflatable pillow may be placed in the 

low lumbar region and utilized to gain better 

access to a collapsed disc space.

• True AP and lateral fluoroscopic views are a 

necessity as the midline and AP position of 

the replacement disc is more crucial to success 

than when using standard interbody fusion 

cages.

• Take special care to preserve autonomic 

nerves in dissection around L5-S1 to avoid the 

complication of retrograde ejaculation in male 

patients by minimizing use of Bovie electro-

cautery in the prevertebral space.

• Do not violate the bony endplates at the dis-

cectomy site; to do so increases the risk of 

device subsidence and ultimate failure.

• Be sure all lateral disc material except for a 

thin rim of annulus is removed prior to placing 

distractors, trials, or the graft in order to avoid 

displacing fragments into the foramina.

• Complete the near-total discectomy in a piece-

meal fashion, checking for retained disc mate-

rial in between each of the sizing/trialing/keel 

cutting steps.

• Resecting the posterior longitudinal ligament 

will allow for the best mobilizing of the disc 

space and creation of the anatomic height and 

lordotic curve. Parallel distractors help expe-

dite this process.

• The lateral annulus should not be released for 

mobilization purposes.

• Proper sizing of the replacement disc which 

maximizes endplate coverage will benefit the 

maintenance of lordosis and proper vertebral 

motion, as well as minimize subsidence and 

may help avoid heterotopic ossification or off- 

midline placement.

• Avoid “overstuffing” the disc space with an 

oversized disc as this can limit motion. When 
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choosing between two heights, generally choose 

the smaller size.

In some cases, coronal realignment is required 

which can add a level of complexity to the case. 

For these situations we suggest the use of a 

3.5 mm AO reconstruction plate (DePuy Synthes 

Spine, Raynham, Massachusetts). A ball-spike 

pusher can be used to manually obtain the appro-

priate coronal alignment, and the plate can be 

applied over the anterolateral vertebral bodies to 

secure the reduction. At this point, the endplates 

can be modified with a chisel in such a way to 

allow for appropriate alignment with the use of 

the implant alone. Through a process of trial and 

error using the trial implants, the bony anatomy 

Fig. 27.5 (a) T1-weighted axial image from a preopera-

tive MRI showing minimal central stenosis. (b) 

T2-weighted sagittal image from a preoperative MRI 

showing minimal disc herniation or canal stenosis at all 

levels being considered for TDR. (c) Postoperative antero-

posterior radiograph following L3-L4, L4-L5, and L5-S1 

ProDisc-L placement. The discs are well aligned in the 

midline and the overall coronal balance is excellent. (d) 

Postoperative lateral radiograph following L3-L4, L4-L5, 

and L5-S1 ProDisc-L placement showing good restora-

tion of disc height and sagittal alignment
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can be modified to assure adequate coronal (and 

also sagittal) alignment. Once this is achieved, 

the final implant is inserted and the 3.5 mm plate 

is removed. Vertebral body pin distractors can 

also be used to achieve coronal and sagittal align-

ment. However, in our experience, these devices 

do not always reproduce anatomic alignment 

which is ultimately the goal. If these devices are 

to be used, caution should be taken to assure ana-

tomic alignment with the help of intraoperative 

fluoroscopy.

 Complications and Strategies 
for Avoidance

Generic complications of any spine operation 

also exist for L-TDR including neurologic 

injury, hematoma formation due to inadequate 

hemostasis, and postoperative infection. 

Furthermore, L-TDR entails the risks and com-

plications unique to anterior spine approaches: 

postoperative ileus, abdominal visceral or vas-

cular injury including injury to iliac vessels, and 

injury to the autonomic nerves of the superior 

hypogastric plexus which can result in retro-

grade ejaculation in males [3, 12]. The most 

feared and dangerous complications include 

major vascular injury. The risk of this complica-

tion is low, particularly if an experienced access 

surgeon is utilized. The ureters are also at risk 

with this exposure, so liberal use of ureter stents 

should be employed. The exposure becomes 

significantly more difficult in patients with a 

BMI of 35 or greater. In our own practice we do 

not offer TDR surgery to these patients. Surgery 

should not be performed on individuals with 

dermatological issues that affect the abdominal 

skin such as eczema, psoriasis, or intertrigo.

Intraoperative complications during discec-

tomy and implant placement can be minimized 

by meticulous technique. Particular care should 

be take when placing and tensioning distractor 

devices in the interspace. Using parallel distrac-

tors with the largest surface area possible can 

help minimize this risk. Fluoroscopy can be help-

ful in preventing these iatrogenic problems. If 

they are encountered, the TDR should be aban-

doned and a fusion should be performed. 

Although rare, occasionally an intraoperative 

durotomy is encountered. Depending on the size 

and location, a primary repair can be attempted 

or a sealant can be utilized. Given our experience, 

we recommend not doing a primary repair in 

most cases. Usually the use of a sealant and the 

application of a fat or muscle patch is enough to 

control the leak, which will resolve over time. 

Normal durotomy care should be carried out 

postoperatively. Some patients have a significant 

concavity to their endplates. This is important to 

identify since keeled devices, even large keels, do 

not work. In these cases spiked implants can be 

utilized to overcome this problem.

Unique risks associated with L-TDR include 

subsidence of the disc replacement into the ver-

tebral body, dislocation of the device from the 

disc space, or undesired ankylosis and fusion 

across the disc space (heterotopic ossification). 

The former two complications can be minimized 

with proper surgical technique. The primary 

means to avoid these complications include pres-

ervation of the bony endplates and proper sizing 

and positioning of the replacement disc. A disc 

that is too short risks dislocation, whereas a disc 

that has too small of a footprint risks either dis-

location or subsidence. Additionally, the risk of 

subsidence increases significantly in patients 

with osteopenia or osteoporosis. In any patient in 

whom these conditions are suspected, such as 

female over the age of 50 or those with a positive 

family history, a preoperative DEXA scan is 

required. If subsidence occurs and the implant 

appears stable, then revision surgery is not 

always necessary. A brace to limit mobility 

should be worn for 6–8 weeks in these patients. 

If there is a fracture through the vertebral body 

or the implant is extruded anteriorly, then a revi-

sion surgery is usually indicated.

The complication of failure to maintain 

motion across the disc space due to fusion is 

largely an issue of patient selection. Patients at 

risk for undesired fusion or ankylosis are those 

older than 60 or those with more diffuse  multilevel 

degenerative/spondylotic change in the lumbar 

spine.

T. Atkins et al.



369

The rare complication of wear debris reac-

tions, such as granuloma or pseudotumor for-

mation, is often unpredictable except in patients 

with known reaction or allergy to any of the 

materials utilized in the replacement disc. If 

this information is known, such patients are not 

candidates for L-TDR [3, 12, 14, 16, 27].

Careful surveillance for thromboembolic 

events is advisable as these patients are at partic-

ularly high risk because of the mobilization of the 

great vessels. Postoperative DVT chemical pro-

phylaxis should be discussed with the access vas-

cular surgeon. Infections are rare but if they do 

occur decompression and fusion procedures with 

or without removal of the hardware are often 

indicated.

 Conclusion

Lumbar disc replacement surgery continues to 

evolve based on our expanding knowledge of 

lumbar segmental biomechanics and results of 

long-term Level 1 evidence-based clinical trials. 

Data from recent long-term multicenter pro-

spective randomized trials as well as meta-anal-

ysis studies reveal superiority to fusion in both 

clinical and radiographic outcomes. Devices 

which permit controlled posterior translation of 

the superior articular facet processes in flexion 

and also limit the over-distraction of the disc 

interspace correlate with improved clinical out-

comes. Careful patient selection, including facet 

joint assessment with appropriate imaging and 

diagnostic pain injections, is recommended 

especially at the L5-S1 level. Expanded indica-

tions include broad-based disc herniations with 

spinal stenosis, multilevel degenerative disc dis-

ease, and hybrid surgical indications. The prin-

ciples of lumbar disc replacement surgery 

include careful patient preoperative evaluation 

and selection, meticulous and careful spine 

access, and appropriate implant selection based 

on vertebral body dimensions. Further assess-

ment of endplate morphology needs to be con-

sidered to ensure optimal clinical and 

radiographic outcomes.
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Abbreviations

ALIF Anterior lumbar interbody fusion

AP Anteroposterior

MIS Minimally invasive surgery

MR Magnetic resonance

TLIF Transforaminal lumbar interbody fusion

VAS Visual analog scale

 Introduction

In 1997, Foley and Smith introduced a parame-

dian transmuscular approach to the lumbar spine 

to perform microdiscectomies through a cylindri-

cal access port secured after dilatation of the 

paraspinal muscles [1]. Building on the familiar-

ity of the transmuscular decompression tech-

niques, surgeons combined well-established 

percutaneous techniques for instrumentation of 

the pedicles. The subsequent development of 

minimally invasive techniques to accomplish the 

goals of lumbar fusion followed a logical step-

wise progression from that minimally invasive 

decompression platform.

From an anatomical standpoint, the parame-

dian transmuscular access to the lumbar segment 

lent itself especially well to transforaminal access 

to the disc space. In short order, the tenets of 

interbody fusion established by Cloward [2] were 

applied to the unilateral transforaminal corridor 

popularized by Harms and Jeszenszky [2, 3]. As 

spine surgeons synthesized percutaneous and 

minimally invasive techniques with experience 

in traditional midline open surgery, the mini-

mally invasive transforaminal lumbar interbody 

fusion (MIS TLIF) arose as the leading proce-

dure for the management of single-level lumbar 

degenerative disc disease.

Currently, three main approaches to the MIS 

TLIF reflect the evolution of the procedure: 

percutaneous microendoscopic, mini-open, and 

hybrid (percutaneous/mini-open) approaches. 

The first main approach that arose was instru-

mentation of the pedicle by a purely percutane-

ous technique with tubular access to the 

segment for decompression and interbody; this 

technique was popularized by groups led by 

Foley and Fessler [4, 5]. The percutaneous 

instrumentation of the pedicle reconciled the 

anatomical challenge of attempting to expose 

pedicle screw entry points through the same 

incision that also exposes the midline elements. 

A percutaneous approach spared the patient the 

lateral exposure needed from a midline 

approach, which was linked with extensive tis-
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sue trauma. Instead, the instrumentation of the 

pedicles was accomplished with direct cannula-

tion of the pedicle through a distinct operative 

site, which was nothing more than a stab inci-

sion. With the percutaneous technique, there 

was no need to widely expose the anatomy, 

with the resultant disruption of the musculature 

and consequential decrease in blood flow 

because of the considerable muscle-retractor 

interface. The benefit of minimizing the extent 

of exposure translated into reduced postopera-

tive discomfort, shorter hospitalizations, and a 

lower risk of infection [5–7].

Refinements to the minimal access ports 

prompted further evolution of the percutaneous 

form of the procedure. Instead of four stab inci-

sions for the percutaneous pedicle fixation and 

the incision for the paramedian transmuscular 

decompression and interbody, an expandable 

minimal access port secured over the facet 

allowed for exposure of the entire transforaminal 

corridor in addition to access to the pedicle screw 

entry point. In this manner, a hybrid percutane-

ous mini-open procedure was described.

However, limitations to the percutaneous pro-

cedure prompted surgeons to consider the applica-

tion of other minimally invasive techniques and 

other minimal access ports. The first limitation was 

the radiation exposure to the surgeon involved in 

percutaneous instrumentation of the lumbar spine 

[8]. The recent availability of computer- assisted 

navigation has minimized this concern. However, 

as MIS TLIF continues to be used more in an 

ambulatory surgery setting, it is unlikely that com-

puter-assisted navigation will increase in this set-

ting given its cost. The second limitation was the 

inability to perform a posterolateral fusion. While 

this inability may be of varying importance given 

the high reliability of interbody fusion, access to 

the transverse processes also provided access to 

the facet joint contralateral to the transforaminal 

approach. Having that access is becoming increas-

ingly important to preserve, if not restore, segmen-

tal lordosis. In a comparison study of anterior 

lumbar interbody fusion (ALIF) and TLIF, Hsieh 

and colleagues [9] demonstrated a two-degree loss 

of lumbar lordosis and a loss in foraminal height in 

a TLIF cohort compared to an ALIF cohort.

To address these limitations, surgeons began 

to explore what has been labeled the mini-open 

TLIF. With this technique, expandable minimal 

access ports are used to directly visualize the 

pedicle screw entry points for instrumentation of 

the spine, and then that same exposure is simulta-

neously used to complete the decompression on 

one side and the posterolateral fusion and a modi-

fied Smith-Petersen osteotomy on the other [10].

The most important element of a minimally 

invasive procedure is that the result can be equiv-

alent to its open counterpart. All surgeons should 

explore the various technologies available as they 

proceed through their learning curves to achieve 

the goals of decompression, stabilization, and 

successful long-term clinical outcomes. 

Throughout that process, a thoughtful analysis of 

the clinical and radiographic outcomes should 

guide each surgeon to the technique that works 

best in his or her hands. Among the radiographic 

criteria that should be scrutinized is the capacity 

to restore foraminal height and segmental lordosis 

in the short term and to achieve radiographic 

union and subsidence of the interbody in the long 

term. Additionally, an analysis of validated clini-

cal outcomes measures should be used to care-

fully examine the patient’s return to functional 

mobility and demonstrate improvements in visual 

analog scale (VAS) leg and VAS back scores. The 

thoughtful analysis of those outcomes, both clini-

cal and radiographic, will lead surgeons to find the 

minimally invasive technique that offers the most 

reliable surgical intervention. In keeping with that 

spirit of refinement, the technique described in 

this chapter represents the technique that evolved 

during the author’s learning curve while perform-

ing over 500 MIS TLIFs.

 Indications and Patient Selection

The most common indications for the MIS TLIF 

are single-level and two-level lumbar degenera-

tive pathologies that include spondylolisthesis, 

recurrent disc herniation (third recurrence), recur-

rent facet cyst, and advanced degenerative disc 

disease with radiculopathy [11]. In the author’s 

experience, three-level lumbar degenerative disc 
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disease may not be outside the realm of minimally 

invasive surgery, but it does tend to be outside the 

realm of the MIS TLIF. A three-level pathology 

may be best treated with a combination of other 

surgical approaches, such as transpsoas interbody 

approaches, minimally invasive decompressions, 

and percutaneous instrumentation.

The ability to proficiently select patients offers 

the greatest likelihood of clinical and radio-

graphic success. Patients with elevated body 

mass indices should be encouraged to make every 

effort to move toward their ideal body mass index 

before surgery and to continue that trend after 

surgery. It has been the author’s experience that 

instituting a core-strengthening program before 

surgery may further facilitate the weight-loss 

goal. Concern for osteoporosis in a patient should 

prompt a bone mineral density study; evidence of 

osteoporosis should prompt consideration of for-

mal treatment for 3–6 months before surgery, but 

should not alter the decision to proceed with a 

minimally invasive approach.

 Preoperative Considerations

After obtaining a history and performing a physi-

cal examination, anteroposterior (AP), lateral, 

and flexion-extension radiographs, along with 

magnetic resonance (MR) images, are obtained. 

The MR image can clearly demonstrate compres-

sion of the neural elements, which should corre-

late with the patient’s neurological examination 

and subjective complaints. MR imaging may also 

adequately demonstrate alignment and allow for 

grading of spondylolisthesis. Patients may pres-

ent with either unilateral symptoms or bilateral 

symptoms. Unilateral symptoms mandate a 

transforaminal approach from the symptomatic 

side. Bilateral symptoms, in the presence of bilat-

eral foraminal stenosis, may mandate bilateral 

facetectomies. In the setting of bilateral facetec-

tomies, bilateral access to the disc space may be 

considered; however, the author’s preference is 

to perform a unilateral transforaminal interbody. 

Careful analysis of the T1-weighted parasagittal 

MR image is critical in assessing the neural fora-

men compromise, which may help in deciding 

whether facetectomy is needed. In the setting of 

central stenosis with symptoms of neurogenic 

claudication, severe foraminal stenosis on one 

side alone may prompt a transforaminal approach 

from that side.

Flexion and extension studies are helpful in 

determining the degree of stability of the seg-

ment. Extension studies are particularly helpful 

in determining how much reduction will be 

obtainable by positioning (Fig. 28.1).

The AP and lateral radiographs will be predic-

tive of the type of imaging that can be obtained 

with fluoroscopy in surgery. It is valuable to 

appreciate a severe coronal imbalance before sur-

gery, so that necessary adjustments can be made 

to the fluoroscope and incision. Figure 28.2 illus-

trates the capacity to adjust the fluoroscope based 

on preoperative imaging. In this patient with a 

severe coronal imbalance to the left, her symp-

tomatic side, an AP preoperative radiograph 

prompted a preoperative AP fluoroscopic image 

to guide the angle for the fluoroscope and to 

guide the markings for the incisions.

Any concern for scoliosis on AP or lateral 

imaging should prompt standing 36-inch scolio-

sis films. It is important to recognize that there is 

an inherent limitation to the amount of lumbar 

lordosis that may be restored in a single-level 

MIS TLIF. In the author’s experience, 12 

degrees of lordosis is at the upper threshold that 

can reliably be achieved. Therefore, a significant 

mismatch in lumbar lordosis and pelvic inci-

dence warrants careful consideration of the 

operative plan.

 Surgical Technique

The operative goals of the MIS TLIF include 

instrumentation of the pedicles, decompression 

of the neural elements, and restoration of the disc 

height and segmental lordosis through interbody 

placement. The operating room, the scrub techni-

cian’s back table, and a Mayo stand should all be 

set up to facilitate the flow of the operation to 

accomplish these goals. The MIS TLIF, which is 
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performed through two paramedian incisions 

with instrumentation placed under direct visual-

ization of the bony anatomy and minimal fluoros-

copy, has a logical progression of three phases: 

instrumentation phase, decompression phase, 

and interbody phase. Creating these distinct 

phases of the operation allows the entire opera-

tive team to anticipate and thereby facilitate, if 

not expedite, each phase of the operation.

 Operating Room Setup

The patient is positioned on a Jackson table that 

has the capacity to rotate, which will facilitate the 

decompression phase. Positioning the patient on 

the Jackson table will also optimize the capacity 

to restore segmental lordosis and minimize blood 

loss by decreasing intra-abdominal pressure. 

Hyperextension of the hips will also optimize 

capturing the maximum lumbar lordosis that can 

be achieved. An electrophysiologist connects the 

patient for neuromonitoring. The operating 

microscope is positioned on the side of the trans-

foraminal approach. The fluoroscope is posi-

tioned with the image intensifier opposite the 

side of the microscope. It is the author’s prefer-

ence not to obtain fluoroscopic images at this 

point unless there is a significant coronal imbal-

ance demonstrated on preoperative AP and lateral 

radiographs. Instead, the bony landmarks are pal-

pated, and the L4–L5 level is approximated on 

the basis of the anterior superior iliac spine. 

However, it is commonplace in other institutions 

to obtain both preoperative AP and lateral fluoro-

scopic images before preparing and draping the 

patient. If the operative level is L3–L4, then the 

planned incisions are shifted upward; for L5–S1, 

the incisions are shifted downward. Two inci-

sions 28 mm in length and 3.5–4 cm from the 

midline are marked (3.5 cm for patients with a 

low body mass index, 4 cm for a high body mass 

index). The patient is prepared and draped with 

the fluoroscope draped immediately into the field 

(Fig. 28.3).

 Instrumentation Phase

Step One: Plan and Confirm Incisions At this 

point in the operation, because the incisions were 

planned with palpation of the bony landmarks, 

the level must be confirmed with fluoroscopy. A 

spinal needle is passed through the midpoint of 

the proposed incision and a fluoroscopic image 

taken. The incision is accordingly adjusted, 

Fig. 28.1 Grade 1 spondylolisthesis. Standing lateral 

neutral, flexion, and extension radiographs demonstrating 

the mobility of Grade 1 spondylolisthesis. (a) Standing 

neutral radiograph revealing a subtle Grade 1 spondylolis-

thesis. (b) Flexion study clearly demonstrating anterior 

translation of the L4 vertebral body on L5. (c) Extension 

study demonstrating near anatomical reduction of the L4 

vertebral body on L5. The extension study predicts how 

much reduction can be achieved just by positioning the 

patient on a Jackson table (Used with permission from 

Barrow Neurological Institute, Phoenix, Arizona)
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Fig. 28.2 Severe coronal imbalance requiring an L4–L5 

MIS TLIF. (a) Anteroposterior (AP) radiograph demon-

strating the severe coronal imbalance (image has been 

flipped to match fluoroscopic images taken at surgery). 

(b) Preoperative photograph shows a Steinmann pin 

placed over the operative segment to plan the incisions 

and adjust the fluoroscope. (c) AP fluoroscope image 

demonstrating a true lateral despite the coronal imbal-

ance. Optimizing visualization of the pedicles with a true 

lateral facilitates instrumentation. (d) Lateral and (e) AP 

fluoroscopic images demonstrating placement of the 

interbody and the pedicle screws (Used with permission 

from Barrow Neurological Institute, Phoenix, Arizona)

Fig. 28.3 Planning and confirmation phase of the MIS 

TLIF. Photographs of the planning and confirmation 

phase. (a) Photograph of the two 28-mm proposed inci-

sions located 3.5 cm off the midline based on landmarks. 

(b) Spinal needles are docked onto the facet to confirm the 

level. (c) Lateral fluoroscopic image confirms the ideal 

placement of the incision parallel to the disc space (Used 

with permission from Barrow Neurological Institute, 

Phoenix, Arizona)
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remarked, and infiltrated with a lidocaine/bupi-

vacaine hydrochloride mixture to begin pain con-

trol. Two incisions 3.5–4 cm lateral to the midline 

and 28 mm long are made. Blunt dissection is 

used to dissect down to the fascia, which is then 

divided with cautery. The division of the fascia is 

slightly more medial than the skin incision, which 

will optimize a trajectory toward the pedicle. At 

L3–L4 and L4–L5, the fascial opening has to be 

more generous in the rostral direction to reach 

rostral pedicle screw entry points. At L5–S1, the 

fascial opening needs to be more generous in the 

caudal direction to reach the sacral pedicle screw 

entry point. Direct palpation of the facet and 

transverse processes should be easily performed 

before beginning the dilatation process.

Step Two: Secure Expandable Minimal Access 
Ports The first dilator is placed over the top of 

the facet on one side and confirmed with a fluoro-

scopic image. The ideal trajectory of the dilator is 

parallel to the disc space in the center of the facet 

(Fig. 28.4). Once the ideal position is captured, 

the first dilator is anchored into position and 

sequential dilators placed on top. As the dilators 

increase in diameter, they will reach a point 

where they will begin to engulf the entire facet. 

There is an unmistakable sensation of the final 

dilator encompassing the entire facet that does 

not allow for movement in any direction. There is 

little utility in subsequent fluoroscopic images 

after confirmation of the initial dilator unless the 

dilators are dislodged. The length of the retractor 

blades is determined by the measurements on the 

outside of the dilator and the expandable minimal 

access which has been secured in position. If two 

surgeons are operating, the process is repeated on 

the contralateral side. If one surgeon is operating, 

the exposure and the instrumentation is com-

pleted on one side before proceeding with the 

dilatation and exposure of the contralateral side. 

Upon completion of securing the minimal access 

ports, the fluoroscope is rolled to the foot of the 

bed and kept there until the exposure of the pedi-

cle screw entry points is completed.

Step Three: Exposure of the Pedicle Screw 
Entry Points Any desire to open the minimal 

access port should be suppressed until the entire 

facet is exposed. Opening the blades of the mini-

mal access port too soon can result in a compro-

mised exposure from a wall of muscle collapsing 

over the anatomy. Under ideal circumstances, a 

thin veil of muscle is all that resides over the top of 

the facet; this muscle can be quickly painted away 

with cauterization. Once the entire facet can be 

visualized, exposure proceeds onto the inferior lat-

eral aspect of the facet where the transverse process 

Fig. 28.4 Securing the minimal access ports. 

Fluoroscopic images demonstrating the securing of the 

minimal access ports. (a) Lateral fluoroscopic image dem-

onstrating the initial dilator docked onto the L3–L4 facet 

joint. (b) Subsequent lateral fluoroscopic image with the 

right-sided expandable minimal access port in position 

and a dilator in position to begin the process on the left 

side. After the second minimal access port is secured, 

exposure of the pedicle screw entry points can begin 

(Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)
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of the caudal segment will be quickly encountered. 

At this point, it is reasonable to begin to open the 

inferior blade of the expandable retractor to further 

visualize the pedicle screw entry point. Within the 

first few minutes of exposure, the caudal pedicle 

screw entry point should come into view.

Following the inferior articular process in the 

rostral direction will locate the pars interarticu-

laris and more rostrally to the pedicle screw entry 

point. With exposure of the pars interarticularis, a 

gradual opening of the rostral blade will provide 

access to the transverse process and the rostral 

facet. It is essential to prevent any disruption of 

the facet capsule of the facet located above to 

mitigate the risk of adjacent segment degenera-

tion. The focus for exposure of the rostral pedicle 

screw entry point should be the transverse pro-

cess and the pars interarticularis first with the 

inferior lateral aspect of the facet last.

Fluoroscopy at this phase is of little utility; 

rather, it should not be used until the transverse 

process of the levels to be instrumented can be 

clearly visualized. The pedicle is reliably at the 

junction of the midpoint of the transverse process, 

lateral inferior facet, and pars interarticularis. 

When all four of these entry points can clearly be 

visualized, the fluoroscope is rolled back into 

position. The drill is then used to make a small 

opening at the junction of these three anatomical 

landmarks after confirmation with a lateral fluoro-

scopic image. A pedicle probe with 15–20 degrees 

of angulation (at L3 or L4) or 20–25 degrees of 

angulation (at L5 or S1) is then used to probe into 

the pedicle with the sagittal trajectory parallel to 

the superior endplate of the vertebral body.

Probing the pedicle is a purely tactile process. 

There is an unmistakable sensation of having the 

tip of the pedicle probe advance as it displaces the 

cancellous bone within the center of the pedicle. 

If significant resistance is met, it is likely that a 

cortical wall has been encountered. Forcing the 

probe at this point is a recipe for a breach. It is a 

worthwhile endeavor to remove the probe, evalu-

ate the entry point, and consider an AP image. If 

the probe advances with a converging trajectory, 

it need not be advanced more than 30 mm. Most 

pedicle probes are graduated with markings every 

5 or 10 mm. If electrophysiological monitoring is 

used, the pedicle probe may be stimulated to 

20 mA. The generation of a compound motor 

action potential will mandate careful evaluation 

of the entry point, an AP image, and identification 

of the breach with a ball-tipped probe [12]. If no 

compound motor action potential is generated, 

the pedicle probe is removed, and the ball-tip 

probe confirms intact medial, lateral, superior, 

and inferior walls along with a bottom within the 

vertebral body. A tap is used to further prepare for 

the pedicle screw. Typically, the hole for the ped-

icle is undertapped by 1 mm (i.e., if the intention 

is to place a 7.5-mm- diameter screw, then a 6.5-

mm tap is used). Knowing the length of the tap is 

also valuable in determining the length of the 

screw. Once the threads of the tap have been bur-

ied, a lateral fluoroscopic image can determine 

the ideal length of the pedicle screw to be placed 

(Fig. 28.5). The process described above is 

repeated for all pedicle screws. If two surgeons 

are operating, simultaneous confirmation of the 

pedicle screw entry points is a strategy to mini-

mize fluoroscopy. After all the pedicles have been 

tapped, all four screws may be secured into posi-

tion. More recent pedicle screw configurations 

allow for either headless screws or lower profile 

tulip heads, neither one of which interferes with 

the decompression phase. An alternative is to 

place guidewires to mark the pedicle screw holes.

 Decompression Phase

Step One: Exposure of the Lamina and Pars 
Interarticularis After successful placement of 

the pedicle screws, the fluoroscope is now rolled 

to the head of the bed and the operating micro-

scope placed into position. The base of the spi-

nous process is exposed, along with the entire 

hemilamina extending out to the pars interarticu-

laris. When all the bony anatomy can be clearly 

visualized from pedicle screw to pedicle screw 

and to the base of the spinous process, drilling of 

the osteotomy cuts may begin.

Step Two: Osteotomy Cuts The first osteotomy 

cut is a horizontal osteotomy made just below the 

rostral pedicle screw (Fig. 28.6). A drill is used to 
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thin the bone down to the ligamentum flavum, 

extending the osteotomy medial into the lamina 

to the junction of the spinous process. The next 

osteotomy is a vertical osteotomy cut that under-

cuts the base of the spinous process so that the 

contralateral recess may be reached. Once again, 

drilling continues until the bone is thinned to the 

level of the ligamentum flavum. Completion of 

the osteotomy cuts allows for removal of the infe-

rior articular process and lamina. Removal of this 

large segment of bone provides a large amount of 

autograft that can be milled and used for graft in 

the disc space. Access to the superior articular 

process and caudal lamina allows for an osteot-

omy of the superior articular process and the 

superior aspect of the rostral lamina. The caudal 

pedicle screw is a guide for the level of the oste-

otomy of the superior articular facet. Extending 

the bone work medially and caudally to the pedi-

cle screw allows for a generous foraminotomy of 

the traversing root and the insertion of the liga-

mentum flavum for the segment.

Step Three: Resection of the Ligamentum 
Flavum After bony resection, the ligamentum 

flavum may be accessed from insertion point to 

insertion point. Rotating the operating table away 

from the surgeon is helpful in accessing the con-

tralateral recess. A plane may be developed over 

the top of the thecal sac with a right-angle ball- 

tipped probe and a Kerrison punch used to resect 

the ligamentum flavum. A piecemeal approach is 

one way to complete the decompression. Another 

viable alternative is to identify the insertion 

Fig. 28.5 Pedicle screw placement sequence. (a) Lateral 

fluoroscopic image with a drill at the junction of the mid- 

transverse process, inferior lateral facet, and pars interar-

ticularis. (b) Pedicle probe with a converging trajectory of 

15–20 degrees parallel to the endplate advances with the 

unmistakable tactile feel of displacing cancellous bone. 

(c) After the integrity of the pedicle is ensured with a ball- 

tipped probe, the pedicle is undertapped. The length of the 

tap threads determines the ideal length of the screw. (d) In 

this case, the 5.5-mm tap measured 37.5 mm and a 

40-mm-long, 6.5-mm-diameter pedicle screw was placed 

(Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)
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points of the ligamentum flavum and resect those 

insertion points with a Kerrison rongeur. An en 

bloc resection of the ligamentum flavum then 

becomes possible and ensures a widely decom-

pressed thecal sac and nerve roots. Typically, 

some ligamentum remains over the exiting nerve 

root, which is resected to clearly visualize the 

location of the exiting nerve root. Completing 

that exposure ensures that the boundaries of an 

expanded Kambin’s triangle may be clearly 

delineated (Fig. 28.7). The medial aspect of the 

Kambin’s triangle (the height) is classically 

defined by the lateral aspect of the superior artic-

ular process [13]. However, in a transforaminal 

approach, the entire facet (along with the lamina 

and pars interarticularis) has been removed, 

which moves the medial aspect of Kambin’s tri-

angle to the lateral aspect of the dural edge and 

the traversing root. The expanded Kambin’s tri-

angle is a more relevant anatomical triangle to 

define the transforaminal corridor.

The resection of the ligamentum flavum allows 

for ready access to the disc space. Little, if any, 

retraction of the traversing or exiting nerve root is 

needed to access the disc space at this point. A 

complex venous network is typically found in the 

vicinity of the pedicle and overlying the disc 

space. It is worthwhile to cauterize that venous 

network before incising the disc space.

Step Four: Discectomy After completion of the 

preemptive cauterization of the epidural veins in 

the vicinity of the pedicle and disc space, a No. 

11 blade on a bayoneted knife handle is used to 

perform a generous annulotomy. Large Kerrison 

rongeurs may be used to enlarge the annulotomy 

as far medial and as far lateral as the exposure 

will allow. A series of downward-angled curettes, 

straight curettes, and straight and forward-angled 

pituitary rongeurs are used to remove the disc 

material. In many cases, there is a far-lateral 

component to the disc extrusion that will require 

removal. Inspection around and under the exiting 

nerve root identifies disc material that may have 

migrated into the axilla or under the nerve root. 

Paddle distractors are inserted into the disc space 

Fig. 28.6 Osteotomy cuts. Artist’s illustration demon-

strating the osteotomy cuts (dashed lines) made with the 

drill to disarticulate the inferior articulate process and the 

lamina of L4 (purple shading). The first osteotomy cut is 

made across the pars interarticularis just beneath the L4 

pedicle screw. The second cut is made at the base of the 

spinous process, undercutting the spinous process and 

drilling the contralateral lamina. Upon completion of 

these two osteotomy cuts, the entire segment can be disar-

ticulated. Then the superior articular process of L5 and the 

L5 lamina (green shading) is drilled and disarticulated, 

offering a generous transforaminal corridor into the disc 

space (Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)

Fig. 28.7 Expanded Kambin’s triangle for MIS TLIF. 

Artist’s illustration depicts the triangle (dashed line) 

formed by the exiting root, the traversing root, and the 

superior endplate of the caudal vertebral body. Completion 

of the laminectomy and facetectomy creates the transfo-

raminal corridor into the disc space. Kambin’s triangle is 

classically defined by the boundaries of the superior end-

plate of the inferior vertebral body, the lateral aspect of the 

superior articulating facet, and the exiting superior nerve 

root (Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)
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and used to restore disc height, facilitating prepa-

ration of the endplates. The goals of the discec-

tomy are to remove as much of the disc material 

as possible, to remove the cartilaginous endplate, 

and to prepare a bleeding cortical endplate with-

out violating it. Concern about violating the cor-

tical endplate has prompted the author to avoid 

cutting interbody paddles and to use only blunt 

paddles to restore height. It is important to note 

that this is the author’s preference and that some 

surgeons routinely use shavers as part of their 

disc preparation.

After 15 min of dedicated disc removal and 

endplate preparation, a point of diminishing 

returns is reached. If less than that amount of 

time is spent, the surgeon may not have opti-

mized the environment for fusion. Spending 

more than that amount of time may not offer any 

more advantage toward achieving arthrodesis.

 Interbody Phase

Step One: Ensure a Complete Discectomy The 

operating microscope is rolled out, the fluoro-

scope is rolled back in, and the bed is rotated to 

the neutral position. Angled interbody curettes are 

then used to ensure that the disc space has been 

optimally prepared. These curettes are graduated 

and their placement within the interbody should 

easily reveal the capacity to reach 40 mm across 

the disc space, which is compatible with rotating 

a large interbody spacer into the disc space. If 

there is any resistance in passing the angled inter-

body curette to 40 mm, it is wise to continue to 

work within the disc space to prepare it. That 

additional investment in time will pay immediate 

dividends when the interbody spacer is placed.

Step Two: Interbody Trials The size of the 

last paddle distractor should be the size of the 

first interbody trial placed into the disc space. 

Typically, the dimensions of Kambin’s triangle 

allow for the trial to be placed without the need 

for retraction of either the exiting or traversing 

root. The tip of the trial is placed into the annu-

lotomy, and the trajectory is set by obtaining a 

lateral fluoroscopic image (Fig. 28.8). The 

interbody is then tapped into the disc space. 

Sizing the interbody space by tactile feel is 

purely subjective. The trialing should continue 

until the interbody trial wedges into the disc 

space and requires a slap hammer to remove. 

Such a fit will result in an ideally sized inter-

body spacer that has an exceedingly low likeli-

hood of migration and high likelihood of 

achieving an arthrodesis. If the trial can be dis-

lodged without a slap hammer, the interbody is 

too small, which may lead to pseudarthrosis or 

migration of the interbody.

Step Three: Placement of the Interbody With 

the size of the interbody selected, morcellized 

bone graft is packed into the disc space through a 

funnel. It is important not to overpack the disc 

space in a manner that will affect placement of 

the interbody. A down-sloping interbody curette 

can be used to distribute the graft into the anterior 

third of the disc space.

The preference of the author is to use a curved 

interbody spacer that is rotated into the disc space 

to occupy as much surface area as possible and 

engage the apophyseal ring. The largest inter-

body spacers currently available are 36 mm in 

length, which when rotated into the disc space 

will occupy that same dimension in width.

Similar to the trialing process, the tip of the 

interbody is placed into the annulotomy, and a 

lateral fluoroscopic image is taken to confirm an 

ideal trajectory into the disc space (Fig. 28.9). 

The interbody is inserted with an oblique trajec-

tory across the disc space parallel to the end-

plates. Once the posterior aspect of the interbody 

has cleared the posterior margin of the disc space, 

the rotation of the interbody can begin. The inter-

body is rotated and advanced until it reaches the 

anterior half of the disc space. When a final AP 

fluoroscopic image demonstrates that the inter-

body is well centered in the disc space, the rods 

may be placed onto the tulip heads of the pedicle 

screws and the construct compressed. Once satis-

fied with the position of the implant and the 

 lordosis, the set screws are tightened according to 

the manufacturer’s recommendations (Fig. 28.9).

Compression of the pedicle screws on the rod 

achieves two key objectives: restoration of seg-
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Fig. 28.8 Trialing the interbody. (a) Lateral fluoroscopic 

image demonstrating placement of the interbody into the 

annulotomy and establishing the ideal trajectory into the 

disc space. (b) The ideal-sized trial wedge, once it is 

moved into position, requires the use of a slap hammer to 

remove. When this criterion has been met, the interbody 

can be placed (Used with permission from Barrow 

Neurological Institute, Phoenix, Arizona)

Fig. 28.9 Fluoroscopy 

sequence of curved 

interbody spacer 

placement. (a) Lateral 

fluoroscopic image 

demonstrating initial 

insertion of the 

interbody in an oblique 

trajectory into the disc 

space. (b) After the 

spacer has cleared the 

posterior margin of the 

disc space, rotation of 

the interbody begins. (c) 

The interbody is rotated 

into position to occupy 

the anterior half of the 

disc space. (d) AP image 

with the interbody in the 

geometric center of the 

disc space (Used with 

permission from Barrow 

Neurological Institute, 

Phoenix, Arizona)

mental lordosis and loading of the interbody 

spacer. It is important when performing TLIF to 

avoid loss of lumbar lordosis [9]. This is avoided 

by placing the largest interbody that is appropri-

ate for the interbody space in the anterior half of 

the disc space under compression preventing the 

loss of lordosis identified in the literature. Also, 

compression loads the interbody spacer, reducing 

the risk of migration. Migration of the interbody 

is a complication that is often described in the 

literature; it is prevented by optimizing the inter-

body graft endplate interface [14]. Compression 

28 Minimally Invasive Posterior Lumbar Fusion Techniques



382

loads the bone graft against the endplates, thereby 

optimizing an environment for fusion by embrac-

ing the principles of Wolff’s law.

 Illustrative Case

 History

A 48-year-old woman presented with progres-

sive, worsening axial back pain and radicular 

right-leg pain.

 Physical Examination

On examination, the patient demonstrated 

absence of a right patellar reflex and 4−/5 

strength of the right quadriceps.

 Radiographic Imaging

MR imaging of the lumbar spine demonstrated 

disruption of the interspinous process ligament, 

widened facets, and a facet cyst compressing the 

traversing nerve root of L4 (Fig. 28.10). Flexion- 

extension studies revealed instability of the seg-

ment (Fig. 28.11). At the time of presentation, her 

Oswestry Disability Index score was 43, her VAS 

pain score for the leg was 8, and her VAS pain 

score for the back was 5.

 Treatment

The patient was taken for an L3–L4 MIS TLIF 

with a right transforaminal approach. With the 

patient positioned on a Jackson table, two inci-

sions were planned 3.5 cm from midline over the 

L3–L4 segment. After the level was confirmed 

with a lateral fluoroscopic image, the incisions 

were made, and cautery was used to divide the 

fascia. Sequential dilatation was performed over 

the L3–L4 facets on the left and right sides. 

Pedicle screw entry points were directly exposed, 

and the pedicles were instrumented as described 

above. Under the operating microscope, a drill 

was used to undercut the spinous process at the 

junction of the lamina and spinous process. 

Another osteotomy cut was made just inferior to 

the L3 pedicle screw, extending to the base of the 

spinous process. After both of these osteotomy 

cuts, the inferior articular process and lamina 

were dissected from the ligamentum flavum and 

removed. The superior articular process of L4 was 

then removed. The L4 nerve root and thecal sac 

were decompressed completely with resection of 

Fig. 28.10 L3–L4 facet cyst and degenerative disc dis-

ease. (a) Sagittal T2-weighted MR image demonstrating 

disruption of the interspinous process ligament. The 

increased signal intensity between the spinous processes 

suggests instability of the segment that would be con-

firmed on flexion-extension studies. The facet cyst caus-

ing central stenosis can be seen. (b) Axial T2-weighted 

MR image revealing the facet cyst to the right, resulting in 

compression of the traversing nerve root of L4. There is 

increased signal within the facet joints bilaterally (Used 

with permission from Barrow Neurological Institute, 

Phoenix, Arizona)
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the ligamentum flavum and the facet cyst. The L3 

nerve root was then exposed with resection of the 

lateral ligamentum flavum.

A complete discectomy was performed, the car-

tilaginous endplate was removed, and the cortical 

endplate was prepared. A 12 × 36-mm interbody 

spacer with autograft and allograft was rotated into 

the midline of the disc space, and rods were placed 

atop the tulip heads of the pedicle screws. 

Compression restored the segmental lordosis and 

the set screws were tightened. The access ports 

were removed and the incisions closed.

 Outcome

The patient was discharged the following morn-

ing with some incisional discomfort, but with 

complete resolution of her right radicular leg 

pain. After 1 month, the patient returned to work 

and was off all narcotic pain medication with a 

weight-carrying restriction of 25 pounds. By the 

second postoperative month, she was at work 

without restrictions or limitations. At her 6-month 

postoperative follow-up, her Oswestry Disability 

Index score was 11, and her postoperative VAS 

pain scores for leg and back were 0 and 2, respec-

tively. At 1-year follow-up, the patient demon-

strated radiographic evidence of interbody fusion 

(Fig. 28.12).

 Technical Pearls

 Instrumentation Phase

• Fluoroscopy: You may feel tempted to rely more 

on fluoroscopy than on direct visualization to 

determine a pedicle screw entry point. Such 

reliance will increase radiation exposure during 

this procedure without increasing the accuracy 

of pedicle screw placement. The advantage of a 

mini-open approach is that it allows direct visu-

alization of the pedicle screw entry point. 

Percutaneous placement of pedicle screws man-

dates fluoroscopy at every step. Direct visual-

ization of the anatomy does not. The mentality 

for fluoroscopy in a mini-open approach should 

be to confirm the entry point that you have 

already determined to be ideal for a pedicle 

screw. After the junction of the pars interarticu-

laris, inferior lateral facet, and transverse pro-

cess has been unequivocally visualized, the use 

of fluoroscopy should be reserved only for con-

Fig. 28.11 Flexion and extension radiographs. (a) The 

lateral flexion study demonstrates not only the anterior 

translation of the L3 vertebral body on L4 but also bone- 

on- bone contact of the inferior aspect of the L3 on the 

superior aspect of L4 at the anterior aspect of the disc 

space. (b) The lateral extension study demonstrates ana-

tomical alignment of the L3 and L4 vertebral bodies. 

Degeneration of the disc space is demonstrated by the 

degree of collapse relative to the segments above and 

below (Used with permission from Barrow Neurological 

Institute, Phoenix, Arizona)
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Fig. 
28.12 Postoperative 

radiographs at 1-year 

follow-up. (a) AP 

radiograph 

demonstrating a 

well-centered interbody 

spacer and converging 

pedicle screws. (b) 

Lateral neutral 

radiograph 

demonstrating 

restoration of the lumbar 

lordosis and disc height 

compared to 

preoperative studies. 

Lateral radiographs (c, 

flexion; d, extension) 

demonstrating the 

absence of motion of the 

vertebral bodies and the 

stability of the segment. 

Arthrodesis can be 

appreciated immediately 

behind the interbody 

spacer and within the 

spacer (Used with 

permission from Barrow 

Neurological Institute, 

Phoenix, Arizona)

firming the entry point itself. The emphasis 

should be on exposing the anatomy.

• Pedicle probing: Probing the pedicle is a purely 

tactile feedback process. Use of a mallet com-

pletely eliminates that feedback loop. A mallet 

will easily force the tip of the pedicle probe 

through a cortical wall, resulting in a breach. 

Resist any urge to ask for a mallet when encoun-

tering resistance while probing a pedicle. 

Instead, when resistance is encountered, begin 

softly probing less medially or more medially 

until the tip of the pedicle probe finds its way 

into the unmistakable trove of cancellous bone.

• Tapping and placing pedicle screws: Use the 

minimal access port as a reference point; spe-

cifically, register the position of the pedicle 

probe within the port. That position will be the 

same for the tap and the pedicle screw. 

Incorporating the relative position within the 

port will further decrease the need for fluoros-

copy and will increase the efficiency of the 

procedure.

 Decompression Phase

• Maintain the ligamentum flavum intact for as 

long as possible. Instead of a piecemeal resec-

tion, strive for an en bloc resection. Such an 

approach mitigates the risk of a cerebrospinal 
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fluid leak and minimizes the action of the 

Kerrison rongeur.

• Extending the bone work caudally to the cau-

dal pedicle screw into the lamina below 

achieves comprehensive foraminotomy and 

exposes the insertion of the ligamentum 

flavum.

• Conjoined root: Removal of the facet, lamina, 

and ligamentum flavum reveals an unmistak-

able continuation of the dura between the exit-

ing and traversing root. The dura drapes over 

the entire disc space. When such an anatomi-

cal circumstance is encountered, it is no lon-

ger feasible to access the disc space, and 

placement of an interbody through that corri-

dor is not an option. Such an anatomical cir-

cumstance is not common, but it is important 

to recognize. The author has encountered this 

situation on only three occasions in more than 

500 TLIFs. At this point, there are two options. 

The first is to proceed to the contralateral facet 

and expose the disc space on that side to deter-

mine whether a viable transforaminal corridor 

will allow access to the disc space. The second 

option is to proceed with a posterolateral 

fusion. In reality, the access and visibility for 

a posterolateral fusion are far superior with a 

paramedian mini-open approach. The absence 

of an interbody means that the arthrodesis will 

rely entirely on the posterolateral fusion. 

Meticulous bilateral exposure of the entire 

transverse process of the rostral and caudal 

vertebrae, along with decortication of the 

entire posterior face of the transverse process 

with generous amounts of morcellized bone 

graft spanning from transverse process to 

transverse process, will optimize an environ-

ment for arthrodesis, despite the absence of an 

interbody.

 Interbody Phase

• Always create the most generous annulotomy 

that the Kambin’s triangle will allow before 

beginning the trialing process. Opening the 

annulotomy with a 4-mm Kerrison rongeur 

medially up to the lateral aspect of the thecal 

sac and laterally at least to the midpedicular 

line will vastly facilitate access to the disc 

space and placement of the interbody.

• Removing the posterior scallop of the disc 

space with either a box-cutting chisel or a 

standard osteotome will facilitate placement 

of the ideal interbody that will address the 

mismatch in height at the center of the disc 

space and the posterior margin of the disc 

space. A No. 4 Kerrison rongeur can also be 

used to level out the scallop.

 Complications and Strategies 
for Avoidance

Complications may arise at three distinct inter-

vals in this type of operation: surgical phase, 

early postoperative phase, and late postoperative 

phase.

 Surgical

Cerebrospinal fluid leak, errant placement of 

instrumentation, and suboptimal decompression 

are the three leading complications that can occur 

during surgery. The risk of a cerebrospinal fluid 

leak can be mitigated by performing the instru-

mentation first, which prevents the need for 

wielding sharp instruments, such as a tap, with 

the neural elements exposed. When instrumenta-

tion is performed before the decompression, the 

neural elements are kept safe by the bony ele-

ments. Furthermore, accomplishing as much of 

the bone work as possible while keeping the liga-

mentum flavum intact prevents an errant pass of 

an instrument or drill. In that manner, the neural 

elements are protected by the ligamentum flavum 

until it becomes time for the decompression with 

the resection of the ligamentum. Every effort 

should be made to complete all drilling before 

exposure of the neural elements.

A suboptimal decompression results in a 

symptomatic patient immediately after surgery. It 

is rarely necessary to perform bilateral decom-

pression, to include bilateral facetectomies, in 

order to adequately address the extent of com-
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pression of the neural elements. However, bilat-

eral decompression may be necessary in patients 

who have bilateral facet arthropathy resulting in 

bilateral severe foraminal narrowing. Such a 

complication may be avoided by detailed history 

taking, examination, and careful review of the 

T1-weighted parasagittal MR images.

 Early Postoperative Phase

The most common early postoperative phase 

complication is migration of the interbody graft 

[14], which may occur for two reasons. First, an 

undersized graft may have been placed at the 

time of surgery; second, violation of the cortical 

endplate may have occurred. It is vital to sense a 

firm placement of the interbody trial. As noted 

previously, it should require a slap hammer to 

dislodge the trial from its position before consid-

ering the height to be appropriate. A curved inter-

body rotated into position is much less likely to 

migrate, especially under compression. The 

action of compression further engages the graft 

endplate interface. Bullet-shaped grafts may 

extrude along the same path they were inserted. 

A curved graft rotated into position is much less 

likely to do so.

 Late Postoperative Phase

Pseudarthrosis and adjacent-level degeneration 

are late complications of this procedure. 

Pseudarthrosis and migration of the graft go hand 

in hand. Thus, the measures to mitigate the risk of 

graft migration or extrusion are the same mea-

sures needed to prevent pseudarthrosis. However, 

pseudarthrosis may occur in a well-positioned 

interbody graft that has not migrated. In those cir-

cumstances, the cartilaginous endplate was likely 

not completely removed from either the inferior 

or superior endplate or both. In that case, the 

interbody is wedged between two sheets of carti-

laginous endplate that will reliably block bone 

growth. The preparation of the endplate is done 

by tactile feel, but it also has a visual component. 

Although direct visualization of the endplate is 

difficult, in the process of removing the disc mate-

rial and preparing the endplate, you may appreci-

ate entire sheets of the cartilaginous endplates 

coming out of the disc space. With regard to the 

tactile feel, you should have the unmistakable feel 

of rasping against cortical endplate as compared 

to cartilaginous endplate. The endplate prepara-

tion phase should never be rushed. Time invested 

in this phase of the operation will mitigate the risk 

of this late complication.

Finally, adjacent segment degeneration may 

be difficult to avoid altogether because it is an 

element of the natural history of lumbar disc 

degeneration. However, certain measures can be 

taken to mitigate that risk. Minimizing the extent 

of exposure is the first measure. The advantage of 

a minimally invasive approach is the capacity to 

perform a procedure without the wide exposures 

that weaken muscle and cause inadvertent injury 

to surrounding structures. The second measure is 

respecting the integrity of the facet capsule at the 

rostral level. While it is essential to expose the 

inferior and lateral aspects of the rostral facet to 

visualize the pedicle screw entry point, that expo-

sure does not require violating the facet capsule. 

Beginning on the transverse process and working 

laterally to medially are the surest ways to pre-

vent inadvertent disruption of the facet capsule.

 Conclusion

The capacity to reliably and efficiently perform 

an MIS TLIF results from the culmination of 

skills developed through minimally invasive 

microdiscectomies and laminectomies. It is a 

 difficult operation to embark upon without that 

minimally invasive skill set. However, once facil-

ity has been achieved with bayoneted instruments 

and minimally invasive techniques, the parame-

dian approach is actually more efficient. The 

direct approach to the facet allows for easier 

access to the anatomy for instrumentation and 

decompression, with less blood loss, less postop-

erative discomfort, and shorter hospital stays. 

The investment in overcoming the learning curve 

pays immediate dividends in the management of 

degenerative processes of the lumbar spine.

L.M. Tumialán



387

References

 1. Foley KT, Smith MM. Microendoscopic discectomy.  

Tech. Neurosurg. 1997;3(4): 301–7

 2. Cloward RB. The degenerated lumbar disc: treatment 

by vertebral body fusion. J Int Coll Surg. 1954;22(4 

Sect. 1):375–86. Epub 1954/10/01

 3. Harms J, Jeszenszky D. The unilateral, transforami-

nal approach for posterior lumbar interbody fusion. 

Orhtopaedics and Traumatology. 1998;6(2):88–99.

 4. Foley KT, Holly LT, Schwender JD. Minimally inva-

sive lumbar fusion. Spine. 2003;28(15 Suppl):S26–35. 

Epub 2003/08/05

 5. Isaacs RE, Podichetty VK, Santiago P, Sandhu 

FA, Spears J, Kelly K, et al. Minimally invasive 

microendoscopy- assisted transforaminal lumbar 

interbody fusion with instrumentation. J Neurosurg 

Spine. 2005;3(2):98–105. Epub 2005/12/24

 6. Holly LT, Schwender JD, Rouben DP, Foley 

KT. Minimally invasive transforaminal lumbar inter-

body fusion: indications, technique, and complications. 

Neurosurg Focus. 2006;20(3):E6. Epub 2006/04/08

 7. O’Toole JE, Eichholz KM, Fessler RG. Surgical site 

infection rates after minimally invasive spinal surgery. 

J Neurosurg Spine. 2009;11(4):471–6. Epub 2009/11/26

 8. Rampersaud YR, Foley KT, Shen AC, Williams S, 

Solomito M. Radiation exposure to the spine surgeon 

during fluoroscopically assisted pedicle screw inser-

tion. Spine. 2000;25(20):2637–45. Epub 2000/10/18

 9. Hsieh PC, Koski TR, O’Shaughnessy BA, Sugrue 

P, Salehi S, Ondra S, et al. Anterior lumbar inter-

body fusion in comparison with transforaminal 

lumbar interbody fusion: implications for the resto-

ration of foraminal height, local disc angle, lumbar 

lordosis, and sagittal balance. J Neurosurg Spine. 

2007;7(4):379–86. Epub 2007/10/16

 10. Mummaneni PV, Rodts GE Jr. The mini-open trans-

foraminal lumbar interbody fusion. Neurosurgery. 

2005;57(4 Suppl):256–61. discussion -61. Epub 

2005/10/20

 11. Wong AP, Smith ZA, Nixon AT, Lawton CD, 

Dahdaleh NS, Wong RH, et al. Intraoperative and 

perioperative complications in minimally invasive 

transforaminal lumbar interbody fusion: a review of 

513 patients. J Neurosurg Spine. 2015;22(5):487–95. 

Epub 2015/02/24

 12. Raynor BL, Lenke LG, Bridwell KH, Taylor BA, 

Padberg AM. Correlation between low triggered 

electromyographic thresholds and lumbar pedicle 

screw malposition: analysis of 4857 screws. Spine. 

2007;32(24):2673–8. Epub 2007/11/17

 13. Hoshide R, Feldman E, Taylor W. Cadaveric analy-

sis of the Kambin’s triangle. Cureus. 2016;8(2):e475. 

Epub 2016/03/24

 14. Bakhsheshian J, Khanna R, Choy W, Lawton CD, 

Nixon AT, Wong AP, et al. Incidence of graft extrusion 

following minimally invasive transforaminal lumbar 

interbody fusion. J Clin Neurosci. 2016;24:88–93. 

Epub 2015/11/19

28 Minimally Invasive Posterior Lumbar Fusion Techniques



389© Springer International Publishing AG 2017 

L.T. Holly, P.A. Anderson (eds.), Essentials of Spinal Stabilization, 

DOI 10.1007/978-3-319-59713-3_29

Cortical Bone Screw Fixation

Mark Benjamin Frenkel, J.J. Renfrow,  
and Charles L. Branch Jr.

M.B. Frenkel • J.J. Renfrow • C.L. Branch Jr. (*) 

Department of Neurosurgery, Wake Forest Baptist 

Medical Center, One Medical Center Blvd, Winston 

Salem, NC 27157, USA

e-mail: mfrenkel@wakehealth.edu;  

jrenfrow@wakehealth.edu; cbranch@wakehealth.edu

29

 Introduction

The cortical bone trajectory (CBT) for lumbar 

pedicle screws was first reported in 2009 by 

Santoni et al. [1] as an alternative to traditional, 

medially directed pedicle screws. Screws placed 

using this trajectory, which has a starting point in 

the pars interarticularis and is more laterally and 

cranially oriented than traditional trajectory ped-

icle screws (TTS) (Fig. 29.1), have come to be 

referred to as cortical bone trajectory screws or 

cortical screws (CS). There are numerous bene-

fits to cortical screws compared to pedicle screws, 

including less muscle dissection, stronger pullout 

strength, and less risk to neural elements. In this 

chapter, we discuss the available clinical and bio-

mechanical literature pertaining to cortical 

screws and indications for their use and review 

the surgical technique of placing cortical screws 

in the setting of a midline lumbar fusion.

As a result of the more medial starting point of 

the cortical screw trajectory, the tulip head of the 

screw is more medially seated than pedicle 

screws. This more medially seated head requires 

less lateral exposure for placement than pedicle 

screws and thus can be performed through a 

smaller midline incision with less muscular dis-

section (Fig. 29.2). One radiographic study com-

pared the fat infiltration ratio, which correlates 

with muscle damage, of the multifidus muscles at 

18-month follow-up in 16 patients who under-

went posterior lumbar interbody fusion (PLIF) 

with cortical screws compared with patients who 

underwent PLIF with pedicle screws. Hung found 

that the smaller dissection afforded by the cortical 

screws induced significantly less multifidus mus-

cle damage which could theoretically help to pre-

vent the development of adjacent-level disease 

[2]. The less invasive properties of cortical screws 

could theoretically decrease postoperative pain, 

shorten operative duration, and minimize blood 

loss, and these outcome measures remain ripe for 

future study.

In both healthy and osteoporotic patients, the 

subcortical and cortical bone of the pedicle is more 

dense than the trabecular bone of the vertebral 

body with the greatest fixation being more depen-

dent on its purchase in this denser bone [3]. The 

cortical bone trajectory was specifically designed 

to maximally purchase the higher  density cortical 

bone of the pedicle [1] (Fig. 29.3). A radiographic 

study examining the density of bone along cortical 

screws and pedicle screws pathways in 180 ran-

domly selected patients found that the cortical 

screw pathway had a statistically significantly 

greater bone density at fixation points compared to 

those along a traditional trajectory [4].
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Numerous biomechanical studies have demon-

strated benefits of this enhanced cortical purchase. 

Several investigators have instrumented cadaveric 

lumbar vertebrae with pedicle screws in one pedi-

cle and cortical screws in the contralateral pedicle 

before subjecting both screws to biomechanical 

testing. Santoni found that cortical screws had a 

30% increase in uniaxial yield pullout load and no 

significant difference in construct stiffness com-

pared to traditional pedicle screws [1]. nceo lu 

found a statistically significant increase in pullout 

strength of cortical screws compared with pedicle 

screws; however, cortical screws had less tangen-

tial stiffness compared to the pedicle screws [5]. 

Cyclical toggling of the screws at increasing 

physiologic loads has demonstrated significantly 

increased resistance to toggling for the cortical 

screw [6]. It has been proposed that this high tog-

gling resistance may be attributable to the angle of 

the cortical screw providing purchase of the thick 

cortical bone of both the inferior and superior 

pedicle isthmus [7]. In regard to multilevel con-

structs, Cheng in one cadaveric study demon-

strated equivalence of cortical screws with pedicle 

screws in stabilization of multilevel low-grade 

spondylolisthesis models [7].

Another cadaveric study compared pedicle 

screws and cortical screw rod fixation in speci-

mens with intact intervertebral disc, transforami-

nal lumbar interbody fusion (TLIF) support, or 

direct lateral interbody fusion (DLIF) support. 

The authors found that the cortical screw group 

had comparable stability in flexion/extension and 

lateral bending when an intact disc was present 

but the pedicle screw group was stiffer during 

axial rotation. There was no difference in stability 

with DLIF. In the TLIF group, they found that the 

pedicle screw fixation was stiffer than cortical 

screw fixation during lateral bending [8]. A sepa-

rate finite element analysis also reported similar 

results, with cortical screws having greater pull-

out strength and superior resistance to flexion/

extension loading but inferior resistance to lateral 

Fig. 29.1 Width of exposure needed for placement of 

cortical trajectory screws (green tissue) compared to tradi-

tional trajectory pedicle screws (blue tissue). Dashed blue 
lines represent the approach trajectory for cortical screws, 

while dashed white lines represent the same for traditional 

trajectory pedicle screws (Courtesy Medtronic)

Fig. 29.2 Cross sections of cadaveric vertebrae previ-

ously instrumented with cortical trajectory screws (left) 
and traditional trajectory pedicle screws (right). The blue 

circle indicates the amount of cortical bone encountered 

along each trajectory (Courtesy Medtronic)
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bending and axial rotation compared to pedicle 

screws [9].

In addition, an in vivo biomechanical study 

comparing pedicle screws and cortical screws 

was performed by measuring the insertional 

torque during screw placement in 48 consecutive 

patients. Matsukawa found that the insertional 

torque of cortical screws was about 1.7 times 

higher than pedicle screws [10].

Aside from increased cortical purchase, sev-

eral other benefits of the medial to lateral and 

caudal to cephalad cortical screw trajectory have 

been reported. A retrospective study of 202 

patients who underwent cortical screw placement 

found the incidence of adjacent cranial facet joint 

violation by the screw, a phenomenon which can 

contribute to the development of adjacent level 

disease, to be lower than or comparable to most 

historical reports of open or percutaneous pedicle 

screw placement [11]. Matsukawa et al. have 

suggested that this unique trajectory may result 

in a lower rate of damage to neural elements, as a 

misplaced screw would be less likely to breach 

medially or inferiorly and injure the thecal sac or 

exiting nerve root [12].

With regard to clinical outcomes, the largest 

published series of patients who underwent lum-

bar fusion with cortical screws included 79 

patients at a single institution with mean follow-

 up of 13 months. Snyder reported only one case 

of screw loosening, two cases of pseudoarthro-

sis, and one case of graft migration in the entire 

population. They had no complications caused 

by misplaced screws in any patients [13]. A ret-

rospective study of ten TLIFs performed with 

cortical screws reported less intraoperative blood 

loss compared with similar cohorts of patients 

who underwent TLIFs with pedicle screws 

placed either via the Wiltse or percutaneous 

approach. Kasukawa also reported good out-

comes at a mean follow-up of 11.4 months with 

no evidence of hardware loosening and fusion 

rates comparable to the other groups [14]. Lee 

performed the first prospective randomized trial 

comparing 40 cortical screw patients to 39 pedi-

cle screw patients in single-level PLIF patients 

who had minimum 12-month follow-up. The 

authors found similar fusion rates and improve-

ment in pain and functional status between the 

two groups. They also observed shorter opera-

tive time, incision length, and less blood loss in 

the cortical screw group [15]. These findings are 

also consistent with a number of other published 

case reports [16–18].

One early report of clinical outcomes had less 

than desirable results, with five of eight patients 

demonstrating evidence of screw  loosening and 

two requiring revision within 1 year [19]. More 

recently, Cheng experienced a unique intraoper-

ative pars fracture while placing cortical screws 

in 2 of 22 patients, one of which was not discov-

ered until the patient subsequently developed 

complications from screw loosening. The frac-

ture spanned from the screw insertion point on 

Fig. 29.3 Lateral (left), superoinferior (middle), and 

anteroposterior (right) fluoroscopic views of a cadaveric 

lumbar vertebra with the trajectories of cortical (green 
line) and traditional pedicle screws (dashed white line) 

overlaid. Note that the trajectory of the cortical screws has 

a more medial insertion point compared to the traditional 

pedicle screw trajectory, as well as a medial to lateral and 

caudal to rostral trajectory (Courtesy Medtronic)
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the lateral border of the pars through the superior 

facet and into the lateral aspect of the pedicle. 

The authors performed a cadaveric study and 

attempted to reproduce the fracture while video 

recording their screw insertion. They were suc-

cessful and discovered that during final screw 

placement, the head of the screw impinged medi-

ally against the lamina and base of the spinous 

process, suddenly deviating the screw trajectory. 

The authors attributed the prior group’s high rate 

of loosening to this phenomenon and recom-

mended leaving the screw proud to avoid hub-

bing, as well as performing laminectomy before 

final screw insertion to attempt to avoid this phe-

nomenon [20]. Similar concerns over the head of 

the screw resting on the junction of the spinous 

process and lamina were voiced by Akpolat et al. 

[21] who were unable to fully insert some screws 

because of fear of damage to the lamina or pars.

As a consequence of the shorter trajectory 

and increased cortical purchase of cortical 

screws compared to pedicle screws, specialized 

screws have been developed for use along this 

trajectory. These cortical bone screws (CBS) 

differ from traditional pedicle screws in that 

they have a shorter distance between threads 

(narrower pitch) and smaller ratio of inner to 

outer diameter [5]. A cadaveric study investi-

gated the differences in pullout strength in both 

a traditional and cortical bone trajectory when 

using two screws which were similar except for 

thread pitch. They found that while the nar-

rower pitch screws provided a small increase in 

pullout strength with both trajectories, it was 

actually the cortical screw trajectory which had 

the most significant impact on pullout strength 

[22]. Wray had similar results and also deter-

mined that their findings remained true in both 

high- and low-density bone groups, suggesting 

benefits of cortical screws in osteoporotic 

patients [23].

 Indications and Patient Selection

The indications for cortical screws appear to be 

the same as those for traditional pedicle screws 

for degenerative lumbar pathology with  segmental 

instability. These include both degenerative and in 

some circumstances lytic spondylolisthesis, lum-

bar stenosis with instability, recurrent disc hernia-

tion, adjacent level degeneration, and 

pseudoarthrosis. There are a number of situations 

in which cortical screws may be preferred over 

pedicle screws. The shorter length and more verti-

cal trajectory of cortical screws relative to pedicle 

screws are less likely to interfere with anterior 

vertebral body screws and thus may be preferred 

when adding posterior instrumentation to these 

patients [13].

As previously discussed, there is biomechani-

cal evidence supporting the use of cortical screws 

in osteoporotic patients, and cortical screws may 

be preferred over pedicle screws in this popula-

tion. Ueno has described a “double-trajectory” 

technique in which pedicle screws and cortical 

screws were placed together in all pedicles in a 

severely osteoporotic patient requiring L1–S1 

fusion and correction for degenerative scoliosis. 

They reported good results at 14-month follow-

 up with no hardware complications [24].

The use of cortical screws for “rescue” of a 

failed pedicle screw has also been examined in a 

cadaveric biomechanical study. Calvert et al. 

stressed pedicle screws to failure in an instru-

mented lumbar spine model and then replaced 

them with cortical screws. They found that in 

addition to retaining 60% of the original pedicle 

screw pullout strength, the rescue cortical screw 

provided similar stiffness to that of the primary 

pedicle screw in flexion/extension and axial rota-

tion. The authors also found similar results when 

testing a pedicle for replacement of a failed corti-

cal screw [25].

Rodriguez et al. reported [16] the use of corti-

cal screws in pedicles already instrumented with 

pedicle screws for treatment of adjacent-segment 

lumbar disease (ASLD) (Fig. 29.4). This method 

allowed for the treatment of ASLD through a 

minimally invasive approach without the need for 

exposure or removal of old hardware. At least 

one group has reported a hybrid technique in 

which they use cortical screws cranially and ped-

icle screws caudally in single-level fusions [26].

Contraindications to using cortical screws 

include cases where competent pedicles are 

M.B. Frenkel et al.
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 lacking, such as in the case of fractured pedicles 

or pedicles affected by a neoplastic or infectious 

process. It may be more difficult to place cortical 

screws when the screw starting point at the junc-

tion of pars and transverse process is absent from 

prior decompression.

The use of cortical screws may be less optimal 

in spondylolytic vertebrae as a finite element 

study demonstrated lower fixation strength in all 

planes of motion compared with a pedicle screw 

construct. One explanation for these findings is 

that pedicle screw relies mainly on the trabecular 

bone within the pedicle for its fixation strength, 

while the cortical screw relies largely on the pars 

and adjacent lamina which is lacking in spondy-

lolytic vertebrae [27].

Cortical screws can be used both with or with-

out additional interbody support. A previously 

mentioned cadaveric study [9] demonstrated that 

cortical screws have similar overall stability com-

pared to pedicle screws in specimens with intact 

intervertebral discs, specimens with TLIF sup-

port, and specimens with DLIF support. It is at 

the surgeon’s discretion whether or not to use 

interbody support with cortical screws, but based 

on this evidence, the decision-making process 

should mirror that of pedicle screws.

 Preoperative Considerations

When planning fixation, the surgeon must always 

keep placement of the more medial head of the 

cortical screw in mind. In a number of scenarios, 

such as extending upward from an old construct 

with pedicle screws or mixing pedicle screws and 

cortical screws in the same construct, the surgeon 

may have difficulty lining up rods between corti-

cal screw and pedicle screw heads. In this cir-

cumstance, the rod would be oriented obliquely 

instead of vertically as it angles from the more 

lateral caudal screw heads.

We perform our cortical screw placement with 

the use of intraoperative fluoroscopy. In the past, 

we have reported [16] the use of intraoperative 

navigation for placement of these screws, and we 

recommend its use when placing a cortical screw in 

a pedicle which is already instrumented with a ped-

icle screw. We have also had good early experience 

with the use of an intraoperative robot for place-

ment of cortical screws. This represents a potential 

advance which provides the benefit of preopera-

tively planning the exact screw trajectory.

Finally, the surgeon should ensure the avail-

ability of appropriate cortical bone screws. As 

previously discussed, screws with a narrower 

Fig. 29.4 Postoperative anteroposterior (left) and lateral 

(right) fluoroscopic imaging of a L3–L4 cortical screw 

construct added above a prior L4–S1 traditional pedicle 

screw construct. Note that cortical screws were added to 

the L4 vertebrae without disrupting the existing tradi-

tional pedicle screws
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pitch provide increased pullout strength over con-

ventional cancellous thread patterns, and we rec-

ommend their use. In general, we use 5.0 mm 

diameter by 30–35 mm in length screws.

 Surgical Technique

After the induction of general anesthesia, we 

position the patient prone on two chest rolls on a 

conventional surgical table. We do not typically 

perform any additional manipulation at this stage 

to increase lordosis as we accomplish this pri-

marily through the use of lordotic interbody 

grafts and compression of the screws during final 

tightening. The correct operative level is identi-

fied using fluoroscopy, and a midline incision is 

marked before prepping and draping in a sterile 

fashion. We do not the routinely use intraopera-

tive monitoring for cortical screw procedures 

which are generally one or two level procedures. 

For single-level operations, we make an incision 

roughly 30–40 mm in length, but this is elongated 

for multilevel procedures. Once incision is made, 

it is extended down through the fascia over the 

paraspinal muscles in the midline. We use the 

minimal access spinal technologies (MAST) 

midline lumbar fusion (MIDLF) system 

(Medtronic, Minneapolis, MN) for retraction. 

Muscle from the spinous process and lamina of 

the operative levels are bluntly dissected with the 

speculum retractor. This speculum retractor has a 

ruler which is then used to determine the appro-

priate MAST retractor blade length. The specu-

lum retractor is rotated 90° and opened so that the 

MAST retractor blade may be inserted between 

the blades of the speculum retractor over the 

operative disc space. The other MAST retractor 

blade is inserted on the contralateral side in the 

same manner. These MAST blades are then 

attached to the retractor device which is then 

used to angle them outward laterally, maximizing 

the operative field visible through the incision. 

The retractor is then opened, exposing the opera-

tive corridor. The surgeon may then either attach 

the light source to the retractor and continue the 

operation using loupes or use the operative 

microscope.

Prior to screw insertion, bilateral PLIF or 

TLIF is performed but can be done unilaterally if 

the surgeon desires. The inferior facets of the 

superior vertebral level to be fused are amputated 

using an osteotome and mallet. This exposes the 

superior facet of the inferior vertebra to be fused 

which is then removed with a Kerrison rongeur. 

This bone is then ground for use as autograft later 

in the case. Some authors have reported that spi-

nous processes must be removed in order to reach 

a necessary angle for the medial to lateral trajec-

tomy [20], and this may be performed now as 

well. The yellow ligament and soft tissues are 

also removed with the Kerrison rongeur to expose 

the dura and disc space and to achieve central and 

lateral recess decompression. The borders of the 

pedicle at the inferior level are identified with a 

Woodson elevator or angled curette.

The dura is gently retracted and annulotomy is 

performed. The disc material is removed with pitu-

itary rongeurs and down-pushing curettes. 

Sequential dilators are used to gradually restore the 

disc space to its normal height, and a template is 

used to determine an appropriate interbody device 

size. Morselized autograft, which may be com-

bined with a biologic extender material, is inserted 

into the central disc space and the implants. The 

interbody devices are inserted with caution to avoid 

injury to traversing or exiting nerve roots.

Once interbody fusion is completed, atten-

tion is turned to screw placement. The starting 

point for the cortical screw is approximately 

1 mm inferior to the transverse process, 4 mm 

medial to the lateral aspect of the pars interar-

ticularis. If the inferior articular process is dis-

rupted due to the patient’s pathology or previous 

surgery, locating an insertion point for the screw 

may be difficult. In these cases, a starting point 

4 mm medial to the lateral aspect of the pars 

may be used as a horizontal starting point with a 

vertical starting point at the level of the superior 

margin of the intervertebral foramen as seen on 

lateral fluoroscopy [28]. Relative to an antero-

posterior view of the pedicle, the optimal screw 

insertion point can be imagined projecting from 

a starting point at the 5 o’clock orientation in 

the left pedicle and 7 o’clock orientation in the 

right pedicle [12].

M.B. Frenkel et al.
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The trajectory of the screws is caudocephalad 

and mediolateral. Matsukawa used in vivo mea-

surements of insertional torque to determine an 

ideal trajectory for placement of cortical screws 

and found it to be 25–30 degrees cranially and 10 

degrees laterally along the inferior border of the 

pedicle [29].

The entry point and trajectory are confirmed 

prior to and during pilot hole drilling using the 

C-arm for fluoroscopic imaging. The entry point 

is made using a high-speed drill with a routing bit 

measuring approximately 2 mm at the tip. During 

drilling, we frequently pause to confirm the tip 

remains in cortical bone by tapping the bit against 

the bottom of the hole. AP and lateral fluoros-

copy can be used to verify the correct screw tra-

jectory. The tip of the drill is slowly advanced to 

approximately 30 mm. We inspect the tract to 

ensure no breach has occurred before tapping 

with the 5.0 or 5.5 mm cortical thread tap. The 

hole is reinspected for a breach after tapping and 

the screw is then inserted. This is repeated for the 

remaining cortical screws to be placed (Fig. 29.5).

For screws placed at S1, we modify our tech-

nique slightly. At this level, we identify the 

medial and superior borders of the S1 pedicle 

during the decompression. The routing drill bit is 

then used to drill a tract with a “straight-in” tra-

jectory into the S1 pedicle. We also place a larger 

diameter screw at this level, usually 7.5 mm.

The rods are inserted and secured with set 

screws tightened under compression to help 

secure segmental lordosis. We then close fascia 

and skin in a usual fashion and cover the incision 

with a topical skin adhesive.

 Illustrative Case

 History

A 74-year-old female presented with complaints 

of radicular pain in the right lower extremity as 

well as midline axial back pain. The pain had 

been present for more than 10 years but had been 

gradually worsening and had recently progressed 

to include numbness and weakness with standing. 

She had undergone multiple epidural steroid 

injections which helped at first but were no longer 

providing her any relief. She endorsed some relief 

when lying flat, but her pain was refractory to pain 

medication. She had also tried physical therapy 

with no relief.

 Physical Exam

On examination, the patient was noted to have an 

antalgic gait. Patellar and Achilles deep tendon 

reflexes were present but decreased in amplitude. 

She endorsed hypoesthesia to light touch in the 

lateral and posterior left lower extremity. She had 

significant pain with straight leg raise on the left. 

All lower extremity muscle groups appeared full 

strength, and she had no signs of myelopathy.

 Radiographical Imaging

Magnetic resonance imaging of the patient’s 

lumbar spine revealed a Grade 1 degenerative 

spondylolisthesis at L5–S1 with disc collapse 

and foraminal stenosis (Fig. 29.6). Dynamic 

radiographs of her lumbar spine demonstrated a 

9 mm anterolisthesis of L5 on S1 which wors-

ened with flexion.

 Treatment

She was taken to the operating suite where a 

MAST bilateral L5–S1 PLIF was performed with 

cortical screws at L5 as previously discussed. 

The described “straight-in” trajectory was used 

for the S1 screws. Her hospital course was 

uneventful, and she was discharged home on the 

second postoperative day.

 Outcome

Lumbar radiographs obtained immediately post-

 op and at 1-month, 3-month (Fig. 29.7), and 

12-month follow-up showed good hardware 

placement with no evidence of screw back out or 

loosening. At her 1-month postoperative visit, she 
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reported an improvement in her leg numbness and 

a resolution of her radicular pain. Twelve months 

postoperatively, she reported a complete resolu-

tion of all her symptoms and noted that she had 

lost 20 lbs through an exercise program she had 

previously been unable to participate in.

 Technical Pearls

• Surgeons may initially use CT-guided navigation 

or both AP and lateral fluoroscopy while gaining 

familiarity with the trajectory to help avoid pedi-

cle breach and optimize bone screw fixation.

• Given the medial trajectory starting point for 

CBT, the technique can be easily incorporated 

with midline minimally invasive systems.

• Visually confirm the lateral pars and trans-

verse process junction before initial pilot drill-

ing. Occasionally contours in the lamina pars 

junction may be misleading and lead to a 

medial screw placement.

• The length of the drill bit must equate to the 

proposed length of the screw. Inadequate drill 

depth may lead to fracture of the lateral corti-

cal wall.

• Should the lateral pars fracture upon insertion 

of the screw, this is easily converted to a 

Fig. 29.5 Postoperative AP (top left) and lateral (top 
right) radiographs demonstrating cortical screw fixation 

of L4 and L5 vertebral bodies. Axial CT imaging in the 

same patient demonstrating screw trajectory in both L5 

(bottom left) and L4 (bottom right)

M.B. Frenkel et al.
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 traditional pedicle screw approach as a sal-

vage technique without requisite addition of 

the adjacent level.

 Complications and Strategies 
for Avoidance

Placement of the screw in S1 requires a slightly 

modified technique. At this level, an alar cortical 

screw trajectory can lead to damage of the travers-

ing L5 roots. In our early experience, 2 of 21 

patients who underwent CBT sacral fixation with 

an attempted alar trajectory required subsequent 

revision due to impingement of the L5 nerve roots. 

We now use shorter screws with a “straight- in” tra-

jectory at S1. The tips of these screws terminate 

within the sacrum. Other authors have described a 

similar trajectory with the tip of the screw pene-

trating the S1 superior end plate [30]. Caution 

should be taken with placement of cortical screws 

at this level, and the surgeon may want to consider Fig. 29.6 Preoperative lateral fluoroscopic imaging dem-

onstrating a Grade 1 spondylolisthesis at L5–S1

Fig. 29.7 Postoperative anteroposterior (right) and lateral (left) fluoroscopic imaging demonstrating the posterior lum-

bar interbody fusion performed at L5–S1 using cortical screws in the L5 vertebral body
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an intraoperative O-arm CT after placement of 

these screws if CT-guided navigation is not used.

Salvage of a pedicle fracture during insertion 

of a cortical screw with a pedicle screw has been 

described in the literature [14] and may be of 

benefit in this situation.

 Conclusion

Cortical bone trajectory screws are an exciting 

new addition to the armamentarium of spinal 

techniques. Their more medial insertion point 

provides for a faster, less invasive exposure than 

traditional trajectory pedicle screws while still 

maintaining similar biomechanical strength.
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 Introduction

The lumbosacral region is important for the 

alignment and movement of the lumbar spine, 

with the L5–S1 segment shown to provide the 

greatest amount of flexion/extension in the lum-

bar spine [1–3]. Due to the considerable motion 

at that segment, long-segment fusions to the 

sacrum have high pseudarthrosis rates at L5–S1. 

Also this may explain the difficulty in achieving 

bony fusion at the lumbosacral segment. In addi-

tion, the high rate of instrumentation failure at 

the lumbosacral junction is related to pseudoar-

throsis, poor bone quality of the sacrum, the com-

plex anatomy, and the substantial biomechanical 

forces at the lumbosacral junction [4].

Pelvic fixation was developed and is used to 

help solve this problem. The first use of pelvic 

fixation was described in the 1980s with develop-

ment of the Galveston technique [5, 6]. In this 

technique, pelvic anchors were inserted at the 

posterior superior iliac spine (PSIS) between the 

inner and outer tables of the pelvis (Fig. 30.1). 

The Galveston technique was a major advance-

ment in addressing the problem of lumbosacral 

pseudarthrosis and set the stage for development 

of the modern pelvic fixation techniques 

described elsewhere in this chapter [4].

 Anatomy

The sacrum and ilium constitute the posterior 

aspect of the pelvic ring and articulate through 

the sacroiliac joint (Fig. 30.2). Although not 

fused, this joint is composed of an irregular yet 

complementary bony cartilaginous surface that 

interlocks the ilium to the sacrum. The sacroiliac 

joint is stabilized by the anterior sacroiliac liga-

ment and the posterior sacroiliac ligament 

(Fig. 30.3). Other ligaments that serve as rein-

forcements include the iliolumbar ligament 

which links the L4 and L5 transverse processes to 

the iliac crest, the sacrospinous ligament which 

connects the ischial spine to the lateral edge of 

the sacrum, and the sacrotuberous ligament 

which connects the whole lateral edge of the 

sacrum and PSIS to the ischial tuberosity [7]. The 

posterior sacroiliac ligament is commonly 

encountered during surgical preparation of the 

iliac crest for a bone harvest or iliac screw place-

ment. Ligaments of the sacropelvis are also 

important in transmission of axial loads through 
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the first sacral segment and through the iliac 

wings to the acetabulum bilaterally by permitting 

a certain degree of shock force absorbance [8, 9].

In addition to having knowledge of the anat-

omy, it is also important for a surgeon instrument-

ing the pelvis to be familiar with how to correlate 

radiographs to anatomic landmarks. Lateral fluo-

roscopy is the most common view utilized in our 

practice as shown in Fig. 30.4A. The most impor-

tant landmarks to note in this view are the greater 

sciatic notch, the femoral heads with the associ-

ated acetabulum, and the anterior inferior iliac 

spine. The greater sciatic notch contains the sci-

atic nerve and superior gluteal artery. The pelvic 

inlet view is a fluoroscopic trajectory parallel to 

the sacrum and is important in visualizing the 

main pelvic ring (Fig. 30.4B). The pelvic outlet 

view is a fluoroscopic trajectory perpendicular to 

the sacrum and can be used in visualizing the 

sacral foramina (Fig. 30.4C). Obturator oblique 

imaging of the pelvis, also named as obturator 

outlet views, can be used to visualize the “tear-

drop” of the ilium. The teardrop signifies the safe 

zone within the iliac bony cortices in which fixa-

tion can be placed (Fig. 30.5).

 Indications and Patient Selection

There are no absolute indications for when to 

instrument the pelvis or whether to stop at the 

sacrum when performing a long-segment con-

struct. Until there is more robust data in the litera-

ture, most of this decision-making is left to surgeon 

preference and comfort level. The benefits of pel-

vic fixation include securing distal fixation, pro-

tecting sacral screws, adding pelvic derotation, and 

protecting/overriding the sacroiliac joint. 

Disadvantages include the extra surgical time it 

Fig. 30.1 Galveston rods, one of the first successful tech-

niques for pelvic fixation, visualized via posterior 

approach

Fig. 30.2 Illustration of 

the articulation between 

sacrum and ilium

O.N. Kashlan et al.
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takes to place the pelvic hardware, the technical 

difficulty in placement via a minimally invasive 

approach, the added risk of greater sciatic notch 

violation of important neurovascular structures 

within, and the possible high profile of the hard-

ware causing pain and ultimately requiring 

removal.

Even with the lack of absolute indications, the 

relative indications for pelvic fixation [1, 4, 5, 

10–13] include:

• High-grade spondylolisthesis (Meyerding 

Grade 3 or higher)

• Unstable sacral fractures

• Sacral tumors requiring sacrectomy

• Long construct with proximal end around or 

past thoracolumbar junction

• Osteoporosis and/or poor sacral fixation

• Lumbar deformity and pelvic obliquity cor-

rection, especially in children with neuromus-

cular deformity

• Three-column osteotomy at the lumbosacral 

junction

• Sacral insufficiency fractures

Sacral insufficiency fractures can also be an 

indication for lumbopelvic fixation [1, 14, 15]. 

These fractures occur in osteoporotic patients, in 

patients with metabolic derangements, and in 

patients with a history of lumbosacral fixation. 

From all the etiologies listed, the most common 

indication is management of long constructs in 

adult deformity patients [1].

There is controversy over what constitutes a 

long construct. A recent review article defines a 

long arthrodesis requiring pelvic fixation as one 

involving five or more levels [5, 16]. Another 

biomechanical study showed that constructs 

extending above L3 should have the sacral screws 

protected by pelvic instrumentation [5, 17]. With 

the lack of guidelines, the final decision rests 

with the surgeon and should depend on specific 

patient characteristics, including patient body 

Fig. 30.3 Important ligaments of the sacrum including 

the anterior sacroiliac ligament, posterior sacroiliac liga-

ment (not shown), and iliolumbar ligament

Fig. 30.4 Important pelvic landmarks on lateral fluoros-

copy (A), pelvic inlet view (B), and pelvic outlet view (C) 

on a patient undergoing a minimally invasive sacroiliac 

fusion (technique not discussed in this chapter). Structures 

labeled are femoral heads (a), greater sciatic notch (b), 

sacrum (c), L5 (d), anterior inferior iliac spine (e), sacro-

iliac join (f), main pelvic ring (g), obturator foramen (h), 

and sacral foramen (i)
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mass index (BMI), nutritional status, bone min-

eral density, and medical comorbidities.

Relative contraindications to placement of 

pelvic instrumentation include patients with poor 

anatomy or previous surgery precluding safe 

placement of hardware [1]. A history of an iliac 

bone harvest does not inhibit the ability to place 

pelvic fixation; however, it is important to deter-

mine if an iliac crest bone harvest was performed, 

as this will affect tactile feedback during place-

ment of hardware as discussed later in this 

chapter.

 Preoperative Considerations

As described above, an important preoperative 

decision is whether pelvic fixation is definitely 

needed at the end of a construct or not. This deci-

sion should be based on multiple factors includ-

ing patient bone quality, BMI, medical 

comorbidities, and goals of surgery. In our prac-

tice, we are more likely to plan placement of pel-

vic instrumentation in patients requiring a long 

construct that also have a history of osteoporosis, 

smoking, high BMI, and diabetes, or in patients 

with sacral tumors requiring a sacrectomy. In 

contrast, in patients with terminal cancer with 

involvement of the lower lumbar spine requiring 

a corpectomy, we are more likely to limit instru-

mentation to the sacrum, as the patient’s lifespan 

likely is shorter than the time it would take for 

pseudarthrosis at the lumbosacral segment to 

occur. In this situation, placement of pelvic fixa-

tion can have risks that outweigh any potential 

benefits. In reality, the decision to place pelvic 

instrumentation is made intraoperatively after 

evaluating the quality of sacral fixation. Specific 

preoperative considerations for each type of 

instrumentation that can be used are discussed 

below. In some cases, such as after iliac crest 

bone grafting, pelvis CT is useful to plan surgical 

technique and to assess adequacy of bone stock.

 Sacral Instrumentation

S1 Pedicle Screw The S1 pedicles are wide with 

less cortical bone to allow for screw purchase. 

Therefore, S1 screws at the end of long constructs 

can be prone to failure [1]. In terms of pedicle 

screw length, the average length of an S1 pedicle 

is 46.9 mm in women and 49.7 mm in men [4, 

18]. Tricortical fixation with S1 screws breaching 

anteriorly through the promontory improves bio-

mechanical stability and should be the goal [1, 

19]. However, even with that improved strength, 

long fusions ending at the sacrum can have fail-

ure rates as high as 44% [4, 20, 21].

S2 Pedicle Screw S2 pedicle screws are not 

used in our practice. They are technically 

demanding due to a narrow safe zone and have 

not been shown to increase construct stiffness [1, 

22, 23]. Because the S2 pedicles are dorsal to the 

biomechanical pivot point, they offer very little 

additional strength for resisting pullout and flex-

ion forces [4, 23, 24].

S1 Alar Screw Alar screws, which are screws 

that start at S1 and are aimed laterally into the 

ala, also have a narrow safe zone and have not 

been shown to significantly reduce pseudarthro-

sis rates clinically [1, 23]. In fact, despite being 

resistant to higher pullout forces, long fusion to 

Fig. 30.5 Obturator outlet view of a salvage procedure to 

replace a misplaced iliac bolt. The misplaced iliac bolt lat-

erally breaches the “teardrop.” The Lenke probe visual-

ized demonstrates adequate trajectory within confines of 

“teardrop” for placement of a new iliac screw

O.N. Kashlan et al.
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the sacrum using these techniques has been asso-

ciated with poor clinical results in addition to 

high pseudarthrosis rates [4, 20, 23].

Dual S1 Pedicle/S1 Alar Screws There are 

devices available that allow for insertion of both 

an S1 pedicle screw and an S1 alar screw, which 

allows for triangulation of these two screws. 

These devices allow for greater construct stabil-

ity when compared to an S1 pedicle screw in iso-

lation [25]. However, these devices also have 

disadvantages, including increased muscle dis-

section, decreased bone surface available for 

fusion, and mechanical inferiority to iliac screws 

[4, 26].

 Pelvic Instrumentation

Iliac Screw (Iliac Bolt) Iliac screws (also called 

iliac bolts) have an attractive biomechanical pro-

file when compared to sacral screws for two rea-

sons: they are divergent from the proximal 

fixation points in the coronal plane, and they are 

longer screws enabling placement anterior to the 

axis of pelvic rotation [1]. Both attributes make 

them better able to prevent pseudarthrosis and 

hardware failure at the distal end of the construct. 

In our practice, bilateral screws are placed when-

ever feasible. Unilateral iliac screw fixation has 

the potential to improve clinical outcomes with-

out compromising biomechanical stability, but 

long-term studies are needed to determine equiv-

alence between unilateral and bilateral iliac screw 

pseudarthrosis rates [1, 27].

S2 Alar-Iliac (S2AI) Screw The S2AI screw 

has the benefit over traditional iliac screws in that 

it minimizes the prominent screws present when 

the PSIS is used as a starting point and also makes 

it easier to attach these screws to the rest of the 

construct (Fig. 30.6). This is due to their starting 

point being more in line with the pedicle screws 

used in the rest of the construct. Not having to 

use an offset connector theoretically takes away 

the additional point where loosening of the con-

struct may occur. The S2AI screw is also noted to 

have greater cortical purchase than the traditional 

iliac screw as it crosses over the cortical bone at 

the sacroiliac joint [28]. The drawback of this 

technique is that this screw traverses the sacroil-

iac joint. In a study of 51 adult patients with S2AI 

screws, there was no evidence of sacroiliac joint 

arthritis or fusion at 2 years or 5 years radio-

graphically [5]. However, the effect of this trajec-

tory on sacroiliac joint arthritis and sacroiliac 

pain continues to be debated.

Galveston Technique The Galveston technique 

has a low pseudarthrosis rate but is associated 

with a high incidence of loosening secondary to 

micromotion at the rod tips within the ilium, 

despite achieving a fusion at the lumbosacral 

junction [4]. When loosening occurs, there is the 

potential for pain and the need for implant 

removal [4]. This technique has been replaced by 

the use of iliac screws (whose pullout strength 

has been shown to be three times greater) and 

S2AI screws [4, 29].

Other fixation techniques that are used rarely 

or mostly have historic significance include the 

sacral sublaminar wires and hooks, the iliosacral 

screws, the Jackson intrasacral rods, and the 

Kostuik transiliac bar [4, 5]. These techniques 

will not be discussed in this chapter.

Comparison of Iliac Screws to S2AI 
Screws There are mixed results regarding which 

method (sacral screws vs. S2AI screws) has a 

lower complication rate. Sponseller et al. found a 

statistically significant improvement in pelvic 

obliquity but no difference in postoperative com-

plications, including infection, dehiscence, and 

hardware loosening, in pediatric patients [30]. 

However, a more recent study retrospectively 

reviewed the pelvic fixation techniques used in 

120 consecutive cases of adult and pediatric 

deformity and showed that there is a clear differ-

ence between the two techniques [31]. The S2AI 

pelvic fixation technique was associated with a 

statistically significant decrease in implant loos-

ening, acute wound infections, delayed wound 

problems, need for revision surgery, and the inci-

dence of persistent posterior pelvic pain 

>3 months after surgery [31]. The reason for the 

decrease in infections was theorized to be lack of 
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the need for tissue dissection over the PSIS, as is 

required during an iliac screw placement. 

However, more prospective studies are needed 

before determining if there is a difference in 

complication rate of either method.

 Surgical Technique

 Sacral Instrumentation

The S1 screw starting point is inferior and slightly 

lateral to the midpoint of the L5–S1 facet joint. A 

pilot hole is drilled at that position. Utilizing flu-

oroscopy or CT image guidance, a trajectory 

pointing toward the sacral promontory is under-

taken. A Lenke probe is advanced by hand until 

the promontory point of the anterior sacral corti-

cal bone is reached. At that point, a mallet is used 

to break through the cortical bone. A pedicle 

screw sized to reach slightly anterior to this point 

is placed. Tapping of the far cortex is useful to 

prevent screw stripping during insertion if it does 

not penetrate the pilot hole. S1 screws can be 

placed via a minimally invasive approach. A 

novel proposed method to place lumbosacral 

screws in a medial-to-lateral trajectory has been 

shown to be a safe alternative to the usual lateral- 

to- medial trajectory described above [32]. The 

potential benefits of these cortical bone trajectory 

pedicle screws include less lateral muscle dissec-

tion, decreased potential for pain, and reduced 

chance of a medial breach resulting in nerve root 

injury.

 Pelvic Instrumentation

Iliac Screw In our practice, a separate fascial 

opening is utilized which is more lateral to the 

midline fascial opening used in the placement of 

lumbosacral pedicle screws. The starting point for 

an iliac screw is found by exposing the PSIS. In an 

attempt to deeply insert the screw head to decrease 

the chance of prominent hardware causing dis-

comfort to the patient, the entry point is below 

(ventral to) the PSIS along the medial aspect of the 

ilium just above the sacrum. After the muscle/liga-

mentous attachments are cleared, the starting point 

is marked with a burr or rongeur. The trajectory is 

from the PSIS to the anterior inferior iliac spine 

and is highly variable, but typically angled 20–45 

degrees caudal and 30–45 degrees lateral [1, 5]. 

Utilizing an iliac probe and gently advancing by 

hand allow for the trajectory to stay between the 

inner and outer tables of the ilium. The screw 

Fig. 30.6 Anteroposterior views of S2AI screws (left) versus iliac screws (right)
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should be positioned just above the sciatic notch. 

Obturator outlet views that show the “teardrop” of 

the ilium and position of the probe or screw within 

the teardrop can be helpful.

In cases where two ipsilateral iliac screws are 

necessary, care must be taken when passing the 

first screw so as to leave enough room for the sec-

ond screw. Either fluoroscopy or CT guidance 

can be used to place these screws. A lateral radio-

graphic view can be utilized to guide the screw 

approximately 1 cm above the greater sciatic 

notch in the supra-acetabular region where the 

thickest part of the ilium allows for optimum 

screw purchase [1]. Screws of up to 100 mm in 

length can be used with this technique. Obturator 

oblique views and iliac oblique views can also be 

utilized to better visualize the thick column of the 

bone just above the greater sciatic notch, also 

known as the “teardrop” and the greater sciatic 

notch, respectively [1]. Iliac screws can also be 

placed in a minimally invasive manner [33, 34].

S2AI Screw The S2AI screw technique involves 

fixation along a pathway between the second 

sacral segment and the anterior inferior iliac 

spine [5]. The starting point for S2AI screws is 

2–4 mm lateral and 2–8 mm inferior to the S1 

foramen. This point aligns on the dorsal aspect of 

the sacral ala, at the midpoint of a line that con-

nects the lateral aspect of the S1 and S2 dorsal 

foramina. The screw trajectory is directed toward 

the anterior inferior iliac spine [1, 4, 5]. Feeling 

the greater trochanter is a palpable landmark for 

this trajectory [5]. After a starting point is found 

and a pilot hole formed using a drill or awl, a 2.5- 

mm drill is pointed 40 degrees lateral and 20–30 

degrees caudal [4]. Using anteroposterior fluo-

roscopy to visualize the pelvis and sciatic notch, 

the drill is advanced slightly past the sacroiliac 

joint. The path of the drill should be within 

20 mm proximal to the greater sciatic notch and 

aimed toward the anteroinferior iliac spine [4]. 

Past the sacroiliac joint, a 3.2-mm drill is used to 

protect against breaking the smaller drill bit in 

the ilium [4]. At this point, obtaining an obturator 

oblique fluoroscopy view with a 30-degree cau-

dal and 30-degree lateral beam visualizing the 

“teardrop” can help avoid a cortical breach [4, 5]. 

The most common screw size is 9 × 90 mm [5]. 

S2AI screw insertion can be also performed via a 

minimally invasive approach, or utilizing image 

guidance [35].

Galveston Technique The Galveston technique 

allows for incorporation of the ilium via insertion 

of rods between the inner and outer tables of corti-

cal bone. The transverse portions of the rods are 

inserted submuscularly and enter the ilium at the 

PSIS [4]. The rods are oriented 30–35 degrees 

caudally and 20–25 degrees laterally [4]. The rods 

cross the sacroiliac joint and contouring can be 

difficult [4, 36]. This technique is used much less 

frequently than the iliac screw or the S2AI screw.

 Illustrative Case

 History

A 62-year-old male with no significant history 

presented with progressive difficulty with bal-

ance, sexual dysfunction, and bladder dysfunc-

tion over the course of a year. He also had pain 

involving his left buttock and hip radiating down 

the posterior aspect of his thigh and calf and stop-

ping at his ankle. The patient noted difficulty 

with ankle plantar flexion over the past 2 years.

 Physical Exam

On physical examination, the patient had full 

strength throughout. His reflexes were normal 

and symmetric. His sensory examination was 

normal.

 Radiographical Imaging

CT scan demonstrated a large destructive lesion 

involving the lower lumbar and upper sacral 

spine on the left (Fig. 30.7). Sagittal T2-weighted 

MRI shows the amount of involvement of the 

sacrum and spinal canal (Fig. 30.8); the  significant 

extension of this mass into the pelvis is not 

shown.
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 Treatment

CT-guided biopsy of the mass was consistent with 

neurofibroma. The patient was then offered surgi-

cal debulking of the mass for symptom control. 

Because of the bony destruction seen at L5 and the 

sacrum, the decision was made preoperatively to 

place iliac screws to achieve fusion across the lum-

bosacral junction. In the operating room, the patient 

was positioned prone and a midline incision uti-

lized. Subperiosteal dissection was carried out with 

exposure of the posterior elements from L3 to the 

midsacrum. After bilateral L4 pedicle screws were 

inserted, attention was then directed to placement 

of iliac screws. Using suprafascial dissection, the 

PSIS was digitally palpated. The fascia was opened 

and the PSIS exposed. Using an osteotome, a bony 

defect was created. Under direct and fluoroscopic 

visualization, the Lenke probe was passed along 

the trajectory to cannulate the iliac wing. The tra-

jectory was probed and found to be without bony 

breach. Iliac bolts of the appropriate length and 

diameter were placed. Dissecting superiorly from 

the primary iliac bolt, entry points were selected. 

Under direct and fluoroscopic visualization, a drill 

was used to create pilot holes. The Lenke probe 

was then passed in an appropriate trajectory to cre-

ate solid bone on palpation. Double iliac bolts of 

the appropriate length and diameter were inserted. 

L4 through S1 laminectomies were performed, and 

the lesion, which was partially extradural and par-

tially intradural, was debulked. Adequate arthrod-

esis was performed. Autograft and allograft 

materials were used to spur bony fusion.

 Outcome

The patient did well postoperatively with 

improvement in his left-sided radicular symp-

toms. His postoperative radiographs demon-

strated normal sagittal balance, restoration of 

lumbar lordosis, and adequate hardware place-

ment (Fig. 30.9).

Fig. 30.7 Coronal CT of lumbosacral spine demonstrat-

ing a destructive bony lesion at the lower lumbar and 

upper sacral spine. Pathology was consistent with 

neurofibroma

Fig. 30.8 Sagittal T2-weighted MRI demonstrating 

extension of the destructive mass into spinal canal. Not 

shown is extension into left hemipelvis
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 Technical Pearls

• In cases where both an S1 pedicle screw and 

an iliac bolt are to be used, having the start-

ing point of the iliac screw more inferior 

than the sacral screw is crucial in order to 

make connection to the rod easier. In our 

practice, a medial-lateral connector is used. 

However, if this is not desired, then a more 

dramatic lordotic bend in the rod combined 

with leaving the S1 screw head slightly 

more lateral and prominent can help with 

this connection [1].

• When a minimally invasive approach is under-

taken to place an iliac screw, contouring the 

rod and connecting the iliac screw to the prox-

imal hardware present a challenge. To solve 

this problem, a hyperacute lordotic bend of 

30–40 degrees at the distal 2–3 cm of the rod 

enables easier connection [33]. This connec-

tion is even more difficult in the presence of 

an S1 screw due to the shorter rod segment 

requiring contouring in two planes to link the 

iliac screw and the S1 screw [33]. As such, an 

option for consideration would be to not place 

an S1 screw when pelvic fixation is enough to 

sustain functional demand and maintain hard-

ware integrity until bone fusion occurs [33].

• During placement of S2AI screws, difficulty 

advancing through the cancellous bone of the 

ilium is commonly caused by abutting the lat-

eral cortex of the ilium [5]. To overcome this 

issue, start more lateral with a more vertical 

trajectory, closely abutting the notch [5].

• Loosening of iliac screws and S2AI screws is 

not an uncommon phenomenon. As long as a 

patient is not having pain due to prominent 

hardware and there is no evidence of pseudar-

throsis across the lumbosacral junction, these 

patients should be followed with serial imag-

ing rather than taken for reoperation.

 Complications and Strategies 
for Avoidance

 Prominent Implants

A common complication associated with iliac 

screws is prominent, painful implants, with a 

prevalence of up to 20% postoperatively [1, 26, 

35]. Another study showed that 22% of patients 

needed to have the screws removed at 2 years [4, 

37]. The strategy to avoid this complication 

includes starting the iliac screw deep to the PSIS 

and removing enough bone at the entry site for 

the screw head to sit comfortably without pro-

truding above the outer margin of the iliac crest. 

Alternatively, if patient anatomy does not allow 

for placement of a non-prominent iliac screw, an 

S2AI screw can be utilized instead. Having non- 

prominent implants can also theoretically help 

with wound healing as it takes pressure off the 

incision. This fact is especially important in 

trauma cases where wound healing can be an 

issue. Options to utilize in high-risk wounds 

include negative-pressure wound therapy and 

vancomycin powder.

Fig. 30.9 Sagittal standing postoperative radiograph 

demonstrating L4-ilium fusion with no sign of hardware 

malposition or failure
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 Potential Need for Interbody Fusion

In adult deformity patients, there is an 11% major 

failure rate when pelvic fixation is used, includ-

ing rod breakage between L4 and S1, failure of 

S1 screws, and prominent iliac screws requiring 

removal [1]. The most important goal in pelvic 

fixation is achieving a fusion at the lumbosacral 

junction. However, if a bony fusion does not 

occur in a timely manner, fixation failure is bound 

to happen, either from implant breakage or loos-

ening [4]. As such, many authors advocate ante-

rior column support through interbody cage 

placement at L4–L5 and/or L5–S1, as this greatly 

improves solid fusion [4, 38–40]. However, this 

point is controversial, as some studies did not 

demonstrate any change in pseudarthrosis rates 

with interbody cage placement when pelvic fixa-

tion and/or recombinant human bone morphoge-

netic protein is used [28, 41]. Even though not 

proven to be of benefit, this should be considered 

in long fusion constructs that extend to the upper 

thoracic spine to remove some of the stresses 

from posterior implants and allow for early bony 

fusion [4].

 Greater Sciatic Notch Breach

During placement of pelvic instrumentation, 

there is potential for injury to the sciatic nerve or 

superior gluteal artery if the sciatic notch is 

breached. To protect against this complication, it 

is of utmost importance to follow the cancellous 

bone as the iliac probe is advanced by hand. If a 

cortical rim is felt, redirection of the probe should 

be entertained. Fluoroscopy or image guidance 

can be used to decrease the risk of breaching the 

greater sciatic notch. More importantly, this com-

plication can be avoided by familiarization with 

sacropelvic anatomy, which can be accomplished 

with the use of cadavers [4]. Moreover, in cases 

where a patient has a history of an iliac bone graft 

harvest, it is important to utilize the different flu-

oroscopic views or place the screw with CT guid-

ance as the tactile feedback from feeling for the 

cancellous bone in the ilium will be altered dras-

tically. In these instances, both cancellous and 

cortical bones are hard, and a breach into the 

greater sciatic notch is more likely.

 Problems with Rod Fracture

Even though newer titanium alloy metals along 

with the use of cobalt chrome or stainless steel 

have reduced the chance of rod fracture, it has not 

been eliminated entirely. In cases of rod failure, a 

4-rod technique can be used where differing 

insertion angles of pedicle screws allow for 

placement of two rods on each side of the con-

struct [42]. In this method, only a subset of pedi-

cle screws on each side are joined by one rod, 

while another joins the rest. This is repeated on 

the other side. Another alternate method of plac-

ing four rods is by utilizing a side-to-side connec-

tor with all pedicle screws being joined by one of 

the rods on each side.

 Pelvic Screw Fracture

In a review of 51 adults treated for spinal defor-

mity with S2AI screws and a minimum 5-year 

follow-up, there were 6 broken screws in 4 

patients [5]. In a similar study of 80 children with 

a minimum follow-up of 2 years, 9 patients had 

fractured S2AI screws, and 3 had pseudarthrosis 

at L5–S1 requiring revision surgery [5]. None of 

the adult patients were symptomatic and there-

fore required no revision [5]. All screws in both 

groups that fractured were 7 mm or less in diam-

eter with the exception of 38-mm screws that 

broke in the pediatric population [5]. Therefore, 

it is advised to use at least 8-mm screws when 

utilizing this technique [5]. Another group dem-

onstrated that adult patients with S2AI screws 

underwent fewer unplanned reoperations for 

symptomatic instrumentation failure, wound 

breakdown, or removal of pelvic fixation because 

of painful prominence than those who received 

iliac screws [28].
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 Conclusion

Pelvic fixation was developed to solve the prob-

lem of achieving adequate fusion at the mobile 

L5–S1 segment. There are no absolute indica-

tions for situations for when to instrument the 

pelvis, but relative indications do exist. As such, 

much of this decision-making is left with the sur-

geon who utilizes preoperative patient character-

istics and intraoperative findings including 

quality of sacral fixation and the amount of stress 

placed on the construct in making the decision to 

instrument the pelvis. The two most common 

methods for pelvic fixation are iliac screws and 

S2 alar-iliac (S2AI) screws. Spine surgeons 

should be comfortable with both methods as 

there are benefits and risks for each method that 

could be individualized to a specific patient.
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 Introduction

Minimally invasive techniques used for arthrod-

esis at the L5–S1 disc space offer advantages 

over the traditional open approaches by allow-

ing relatively easy access to the intended spinal 

level using a smaller incision and less tissue dis-

ruption. This allows for increased biomechani-

cal stability secondary to minimal disruption of 

the muscles, ligaments, and posterior elements. 

These procedures also offer the added advan-

tages of minimal blood loss, decreased postoper-

ative pain, and shorter hospital stays. The most 

widely used MIS approaches for fusion of the 

lumbosacral spine are the posterior lumbar inter-

body fusion (PLIF), transforaminal lumbar inter-

body fusion (TLIF), and anterior lumbar interbody 

fusion (ALIF). These techniques employ either a 

posterior, anterior, or lateral approach to per-

form interbody fusion at the intended level. 

However, all of these approaches have certain 

pitfalls associated with them making them less 

suitable in certain cases [1, 2].

The ALIF procedure employs a retroperito-

neal approach to gain access to the lumbar disc 

spaces. It allows release of the anterior longitu-

dinal ligament (ALL) and restoration of sagittal 

balance using a lordotic graft with a large foot-

print [1]. However, the ALIF procedure is asso-

ciated with disadvantages including muscular 

disruption of the abdominal wall, retraction of 

the iliac vessels, and the need for a vascular or 

general surgeon for exposure. Retraction of the 

great vessels and hypogastric plexus can also 

cause increased rates of deep venous thrombo-

sis and retrograde ejaculation in male patients. 

Resection of the ALL and disruption of the 

annulus can also lead to increased graft and bio-

mechanical instability. Burks et al. reported a 

9.3% incidence of exposure complications in a 

study of 279 patients who underwent the ALIF 

procedure. This included a 7.9% rate of vascu-

lar complications and a 1.4% rate of retrograde 

ejaculation [3].

The PLIF procedure provides a posterior route 

of entry to the L5–S1 disc space. However, bilat-

eral dural sac and nerve root retraction can result 

in increased incidence of CSF leak, nerve root 

injury, epidural fibrosis, and dysesthetic nerve 

root pain syndromes [2].

The TLIF procedure provides exposure to the 

intended disc space through an ipsilateral and/or 

bilateral foraminal approach. It allows for lower 
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rates of exposure complications compared to the 

PLIF [2]. However, it can still be associated 

with dysesthetic nerve root pain syndromes and 

CSF leak. The posterior approaches can also 

lead to lower rates of arthrodesis secondary to 

the use of grafts with smaller footprints, due to 

the limited amount of space available for place-

ment [1].

The trans-sacral approach described first by 

Cragg et al. [4] in 2004 has become a viable 

option for fusion across the lumbosacral spine. 

This approach utilizes a retroperitoneal pre-

sacral corridor for fusion across the L5–S1 

disc space. It offers clear advantages over 

other MIS techniques by minimizing disrup-

tion of musculature and minimizing injury to 

vital neurovascular, abdominal, and pelvic 

structures. It also increases implant and biome-

chanical stability due to complete preservation 

of the annulus and the anterior longitudinal 

ligament [5, 6].

The differential thread pitch of the implant 

provides disc height restoration upon implanta-

tion. Thus, the trans-sacral approach for lum-

bosacral fusion provides increased stability 

and indirect decompression with added distrac-

tion [2].

Outcome analysis of patients undergoing the 

trans-sacral approach has shown promising results 

with improvement in both radiographic and clini-

cal outcome measures. Patil et al. [7] showed that 

in patients who underwent an L5–S1 fusion 

through the trans-sacral approach at a single insti-

tution, long-term follow-up ODI scores were 

reduced from 46 to 22 and VAS scores were low-

ered from 8.1 to 3.6. Of the 49 patients with post-

operative radiographs, 47 (96%) achieved a solid 

fusion. Bohinski et al. [1] showed that at 1-year 

follow-up there was an improvement of 46% and 

50% in the visual analog scale and the Oswestry 

Disability Index, respectively. Overall, the trans-

sacral approach has demonstrated high fusion 

rates, significant improvements in pain and func-

tion, low complication rates, and short hospital-

ization stays [8].

The trans-sacral approach offers an alternative 

method of fusion across the lumbosacral spine 

for certain indications which will be described in 

greater detail below. Our goal is to provide the 

reader with an introduction to this approach and 

provide an overview of the surgical technique, 

technical nuances, and strategies to avoid 

complications.

 Biomechanical Evaluation

The lumbosacral junction experiences high 

amounts of compressive forces resisted mainly 

by the intervertebral disc. It also experiences a 

great amount of shear resisted by the interver-

tebral disc and posterior elements. The ante-

rior column supports 80% of the axial loading 

of the lumbosacral spine. Due to a high amount 

of shear across the anterior column, the rates 

of pseudoarthrosis are relatively increased 

when only posterior stabilization is performed. 

The addition of an anterior load-sharing inter-

body construct along with posterior stabiliza-

tion is warranted to effectively minimize the 

range of motion across this level and restore 

the normal load-sharing properties in some 

cases [5, 9–12, 21].

Akensen et al. [9] showed that in biomechani-

cal testing, the stand-alone trans-sacral approach 

reduced the range of motion by 55% in axial tor-

sion, 41% in lateral bending, and 45% in flexion- 

extension compared to intact specimens. These 

statistically significant values were further 

increased when posterior fixation was applied in 

combination with trans-sacral fixation. On aver-

age, the combination of trans-sacral fixation and 

facet screws decreased range of motion by 70%, 

80%, and 90% in axial torsion, lateral bending, 

and flexion-extension, respectively. When used 

in combination with pedicle screws, the range of 

motion was found to be decreased by 73%, 87%, 

and 88% in axial torsion, lateral bending, and 

flexion-extension, respectively.

Thus the device decreases the amount of 

shear stress across the lumbosacral junction. 

Biomechanical stability is further increased by 

preservation of the facet joints and other liga-

mentous structures [5].
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The approach is especially useful in the case 

of low-grade spondylolisthesis where an axial 

construct can reduce the amount of shear transfer 

across the already compromised posterior ele-

ments during normal range of motion. Fleischer 

et al. [5, 12] performed range of motion testing 

across a destabilized L5–S1 spondylolytic spon-

dylolisthesis cadaveric model using a posterior 

pedicle screw fixation combined with either a 

transforaminal or trans-sacral fusion. It showed 

that a posterior fixation with pedicle screws com-

bined with anterior fusion using the trans-sacral 

approach showed statistically significant reduc-

tion in range of motion in flexion, lateral bend-

ing, and axial torsion when compared to 

stand-alone posterior fixation and/or a combina-

tion of pedicle screws plus transforaminal lum-

bar interbody fusion.

The rate of pseudoarthrosis at the L5–S1 level 

is directly proportional to the number of levels 

fused. The trans-sacral approach can be used to 

decrease nonunion rates in long posteriorly 

instrumented constructs by providing an anterior 

load-sharing construct. This decreases the 

amount of S1 screw strain and increases the sur-

face area available for fusion. Fleischer et al. [12] 

showed that the amount of S1 screw strain was 

significantly reduced in the pedicle screw plus 

trans-sacral group versus the pedicle screw plus 

TLIF group with differences in strain reduction 

of 50% in extension, 29% in lateral bending, and 

24% in axial torsion.

 Indications and Patient Selection

• Indications are similar to other fusion 

approaches and include the following:

 – Lumbosacral pseudoarthrosis (in the absence 

of a previously placed interbody device)

 – Anterior lumbosacral fixation in the setting 

of a long construct ending at the sacrum

 – Spondylolisthesis Grade 1–2 (isthmic or 

degenerative)

 – Degenerative disc disease defined as back 

pain of discogenic origin with degenera-

tion of the disc confirmed by history and 

radiographic studies [4, 6, 11, 13]

 Contraindications

The trans-sacral approach is contraindicated in 

patients who have comorbidities or previous sur-

gery that may compromise the access route through 

the pre-sacral space or cause adhesions of the bowel 

to the sacrum such as Crohn’s disease, ulcerative 

colitis, or previous pelvic or bowel surgery. It is also 

contraindicated in patients who are pregnant and 

have scoliosis that extends to the treated level(s), 

sacral agenesis, severe spondylolisthesis (> Grade 

2), tumor, prior radiation treatment to the sacral or 

pre-sacral anatomy, trauma, or coagulopathy [1, 8].

 Preoperative Considerations

Preoperative imaging such as an MRI, flexion/

extension films, and/or CT scan of the lumbosa-

cral spine should be available to determine the 

patient’s suitability for surgery. It is important 

that these imaging modalities include the tip of 

the coccyx as a detailed anatomical overview of 

the pre-sacral area is important to avoid any pos-

sible damage to the surrounding neurovascular, 

abdominopelvic, and urogenital structures. It 

also helps with assessing the desired trajectory. 

An MRI allows great visualization of the pre-

sacral space. A surgeon is able to preoperatively 

determine the thickness of the pre-sacral fat pad 

and visualize any potential areas of pre-sacral 

scarring and rectal adherence to the sacrum and 

accurately assess the height of the intended disc 

space. If there is any suspicion of bowel adher-

ence, some authors recommend a preoperative 

CT scan with rectal contrast to clearly delineate 

the boundaries of the bowel/rectum and rule out 

any preexisting perforations [6, 13].

Careful considerations should be paid to the 

paired vascular structures in this region because 

subtle anatomical variations could lead to poten-

tial intraoperative vascular injury. If a vascular 

anomaly is suspected, consider a CT angiogram 

preoperatively to avoid any potential injury to the 

neurovascular structures [14].

The MRI of a patient being evaluated for a 

possible trans-sacral fusion at L5–S1 is shown 

(Fig. 31.1). The patient was deemed to be an 
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unsuitable candidate due to his history of previ-

ous bowel surgery which caused bowel adher-

ence to the sacrum. In addition to this, the MRI 

demonstrates a poor trajectory to the intended 

disc space and a pre-sacral vessel traversing 

across midline at S3.

Identifying the midline is highly important for 

this approach. This is considered the safest cor-

ridor as it is normally away from any major neu-

rovascular structure. Preoperative imaging 

should be reviewed to identify this, and this 

should be confirmed intraoperatively using bipla-

nar fluoroscopy. The pre-op MRI of a patient 

undergoing the trans-sacral approach demon-

strates a midline pre-sacral vessel and significant 

amount of pre- sacral scarring (Fig. 31.2).

As with any other surgery that involves instru-

mentation, implantation should be avoided in the 

setting of an active infection. Preoperative antibi-

otics should be administered. Although there is a 

less than 1% risk of bowel injury with this 

approach [6], it is recommended that antibiotics 

Fig. 31.1 (a, b) An MRI of a patient undergoing preoperative planning for a trans-sacral approach

Fig. 31.2 (a, b) A pre-op MRI of a patient that was not a candidate for the trans-sacral approach. (a) A midline pre- 

sacral vessel; (b) Significant amount of pre-sacral scarring
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with appropriate gram-negative and anaerobic 

coverage be administered.

Preoperatively the patient should undergo a 

full bowel preparation the day before surgery. 

This aids in increasing the pre-sacral working 

space, thus facilitating dissection and mobiliza-

tion of the rectum. It also minimizes the risk of 

any bowel injury and minimizes fecal contamina-

tion in case of intraoperative bowel perforation 

[14]. Miralax and Golytely are some of the com-

mon bowel preps used. One should also keep in 

mind that some of these patients have chronic 

pain and are long-term opioid users making them 

constipated and more susceptible to fecal impac-

tion [1, 6].

 Surgical Technique

The patient is prone on the Jackson table. Ideally 

the table should be radiolucent; however, a 

Wilson Frame may be used as a substitute. 

Bolsters are placed under the hips and shoulders. 

A pillow is normally placed underneath the pel-

vis to elevate the sacrum and achieve appropriate 

lumbar lordosis. Thighs should be spread apart 

by placing a pillow between the legs. This allows 

one to drop the hand during the initial approach, 

thus keeping the blunt dissector in contact with 

the sacrum (Fig. 31.3) [1, 2, 4, 14, 18, 20].

A thorough skin prep using chlorhexidine-/

alcohol-based skin prep (Chloraprep) is an 

important aspect of the procedure. Proper tech-

nique can minimize infections and subsequent 

complications. After proper positioning, the 

patient’s skin should be prepped down to the 

anus. 10x10 drapes with mastisol or benzoin can 

be used to cordon off the desired area and exclude 

the anus. If a combined approach is to be utilized, 

the two procedures should be considered separate 

with two sterile areas, changing gloves and utiliz-

ing new instruments for each of them [2, 14].

External landmarks are identified and pal-

pated before skin incision is made. These include 

the tip of the coccyx in the midline and the liga-

mentous arch more laterally. Lateral fluoroscopy 

can be used to accurately identify the tip of coc-

cyx especially in heavier patients. A point 1 cm 

lateral to the tip of the coccyx is the base of the 

incision. The ligamentous arch is then palpated 

and the incision can be extended toward it. Care 

should be taken to stay slightly inferior to the 

ligamentous arch. Orientation of the incision is 

surgeon dependent and can be either horizontal 

Fig. 31.3 Patient 

positioning for the 

trans-sacral approach
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or vertical. Each type of incision offers its pros 

and cons. The horizontal incision may allow for 

lower risk of wound dehiscence and decrease 

scar tissue formation due to the direction of the 

Langer lines. It could also potentially allow for 

more horizontal trajectory correction. However, 

its major drawback is relatively limited anterior- 

posterior trajectory correction. The vertical inci-

sion on the other hand allows for more A/P 

trajectory correction and is more widely used for 

this approach [4, 6, 13, 14].

(a) A paramedian incision (approximately 1 

cm off of midline) just caudal to transverse pro-

cess of the first coccygeal or occasionally the sec-

ond coccygeal level is made. The incision is then 

extended caudally 2–3 cm (Fig. 31.4). (b) A small 

Weitlaner Retractor is then inserted.

This can be retracted medially to be on top of 

the bony coccyx (Fig. 31.5). This allows one to 

use the coccyx as a rigid backstop, thus minimiz-

ing the risk of direct bowel injury with the inci-

sion. We also recommend to incise only the skin 

and to refrain from “hubbing” the skin knife. The 

soft tissue dissection should be continued until 

the dorsal surface of the coccyx is exposed. The 

dissection is then continued laterally and ven-

trally along the coccyx using cautery and/or a 

periosteal elevator with palpation of the bony 

landmarks along the way (Fig. 31.6) [13]..

This is the point of entry to the pre-sacral 

space and should be in the narrow bony part of 

the coccyx inferior to transverse process. After 

the initial incision is made, a 8”curved Kelly 

clamp is used to bluntly dissect down to the pari-

etal fascia. The dissection is then continued 

through the fascial layer which extends laterally 

from the ventral surface of the coccyx. Penetration 

of the fascial layer is necessary to gain access to 

the retroperitoneal space which lies on the ante-

rior face of the sacrum. The finger sweep method 

increases the pre-sacral workspace in an effective 

and safe manner. The operator’s finger is used to 

bluntly dissect tissues away from the ventral sur-

face of the sacrum while pushing the rectum ante-

riorly. This allows creation of a midline pathway 

to the docking site. A decompressed bowel and 

rectal vault due to the bowel prep aids in the 

mobilization process. [13].

At this point a bowel retractor system can be 

inserted to aid in further mobilization and retrac-

tion of the bowel. It is a low-profile polyurethane 

balloon which is inserted after the pre-sacral 

space has carefully been dissected by the curved 

dissector. Prior to deploying the bowel retractor 

system, care should be taken to insert the proper 

amount of contrast. We recommend using 30 cc 

of diluted contrast solution, premixed in a 2:1 

contrast and saline ratio, respectively. It should 

Fig. 31.4 (a) A paramedian incision (approximately 

1 cm off of midline) just caudal (distal) to transverse pro-

cess of the first coccygeal or occasionally the second coc-

cygeal level is made. The incision is then extended 

caudally 2–3 cm. (b) A small Weitlaner Retractor is then 

inserted
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Fig. 31.5 The retractor is medialized to be on top of the underlying coccyx by either the operating surgeon or assitant 

during further dissection

Fig. 31.6 (a) Exposure of the underlying dorsal surface of the coccyx with surrounding ligamentous structures. (b) 

Insertion of a finger to conduct blunt dissection of the pre-sacral point of entry

Fig. 31.7 Insertion of the guide pin
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be noted that overinflation can cause the bowel 

retractor to burst and underinflation can cause 

inadequate retraction. The retractor system can 

be adjusted as necessary. The inserter is then 

removed, leaving the bowel retractor in place.

The blunt dissecting tool is then used to continue 

the dissection. It is advanced cephalad in a midline 

trajectory, always keeping the tip engaged on the 

anterior surface of the sacrum to approximately the 

S1/S2 junction. We recommend using biplanar flu-

oroscopy to maintain a midline trajectory and keep-

ing the dissecting tool in the pre-sacral “safe zone.” 

This is accomplished with “fingertip” control on the 

handle of the dissecting tool and fluoroscopic guid-

ance in both A/P and lateral planes.

Once the proper trajectory is established, the 

blunt stylet is exchanged for the beveled guide 

pin (Fig. 31.8). The tip of the bevel must be 

aligned with the thumbscrew on the handle. The 

beveled guide pin is then docked into the sacrum 

by gently tapping it with a mallet. Under A/P and 

lateral fluoroscopy guidance, the beveled guide 

pin can be tapped through the sacrum and 1–2 mm 

into the L5 vertebral body.

The next step involves removal of the guide 

pin handle and attachment of the guide pin exten-

sion. This is followed by careful removal of the 

dissecting tool over the beveled guide pin using 

the extension attached previously.

A series of dilators are then used to create a 

wider working channel (Fig. 31.9). The 6 mm 

dilator is slid over the beveled guide pin. Use 

the slap hammer to advance the dilator into the 

sacrum approximately halfway to the disc 

space. Remove the 6 mm dilator, leaving the 

beveled guide pin in place, and repeat with the 

8 mm dilator. Remove the 8 mm dilator and 

repeat with the 10 mm dilator assembly. The 

10 mm dilator is assembled together with the 

10 mm dilator sheath, which slides over the 

10 mm dilator body and engages with a pin and 

slot configuration. Advance the 10 mm dilator 

Fig. 31.8 Attachment of the guide pin handle

Fig. 31.9 Series of dilators are used to create a wide working channel
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far enough into the sacrum to ensure the outer 

diameter of the 10 mm dilator sheath is placed 

completely within the sacral cortex. Once the 

10 mm dilator with sheath is docked into the 

sacrum, its body is carefully removed, leaving 

the dilator sheath behind.

A 9 mm cannulated drill is then inserted over 

the guide pin to create a channel within the L5–

S1 disc space by rotating the drill in a clockwise 

direction (Fig. 31.10). Biplanar fluoroscopy 

should be used at all times while drilling [6, 13].

The discectomy is performed using a variety 

of disc cutters of different configurations and 

sizes. The loop cutters are designed to debulk the 

nucleus pulposus and lightly abrade the end 

plates. Tight disc cutters are designed to debulk 

the nucleus and lightly abrade end plates in tight 

disc spaces (less than 2.5 mm). Multiple tissue 

extractors are used to remove the disc material. 

In addition, end plate rasps are available to scrape 

the remaining tissue and cartilage off the verte-

bral end plates. They provide aggressive end 

plate preparation, increasing blood supply and 

providing the necessary fusion bed, similar to a 

curette. A trigger system on the loop cutters 

allows tip angle adjustment to match the angle of 

the end plate.

The discectomy can be thought of as a two- 

step process, utilizing cutters for the first step 

and end plate rasps for the second step. We rec-

ommend starting with the L5 portion of the disc 

and using small radial cutters and then moving 

up to large radial cutters for the center of the 

disc space. This should be followed by small 

and large radial down cutters for the S1 portion 

of the disc space. We recommend using small 

cutters in the direction of least constraint first 

(Fig. 31.11) [4, 13].

Fig. 31.10 The use of the 9 mm cannulated drill

Fig. 31.11 (a) The use of fluoroscopy to confirm accurate position of the disc cutters prior to beginning the discectomy. 

(b) The circular area of discectomy with avoidance of the annulus
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Each cutter should be utilized twice. Use the 

first pass to remove the nucleus pulposus and 

the second pass to prepare the end plates. 

Several tissue extractors should be used to 

remove the loosened disc material (Fig. 31.12). 

This sequence should be continued until the tis-

sue extractors come out clean. The disc space 

should be irrigated and suctioned prior to bone 

grafting.

Bone grafting is performed before drilling 

into the L5 vertebral body to avoid packing the 

defect with bone graft material (Fig. 31.13).  

A beveled bone graft inserter is advanced through 

the working cannula into the intended disc space. 

Approximately 2–3 cc of bone graft per tube is 

inserted into the distal end of the inserter. The 

bone graft material is then slowly pushed into the 

disc space with the plunger. Care should be taken 

not to advance the beveled edge of the tube into 

the L5 vertebral body. The beveled tip allows for 

rotational delivery. One should be careful not to 

deliver bone graft material directly posterior in 

patients who have had a prior discectomy at the 

same level [1, 4].

Fig. 31.12 (a) A tissue extractor and a disc cutter with extracted disc material placed on the surgical field. (b) The use 

of several disc extractors to remove loosened disc material

Fig. 31.13 Bone grafting performed through the beveled bone graft inserter
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For improved bony fusion, the graft material 

should have osteoconductive, osteoinductive, 

and osteogenic properties. Several options are 

available. The bone recovered during the creation 

of the intervertebral tract can be mixed with 

osteoconductive matrices (bone graft extenders) 

with or without osteoinductive properties. Iliac 

crest autograft can also be obtained minimally 

invasively and combined with other agents. 

Approximately 5–8 cc of graft is used. Bone mar-

row aspirate is also a valid option. This is nor-

mally harvested from the iliac crest or the 

vertebral body. The aspirate should then be com-

bined with matrix, ceramic, or allograft chips. 

Using the appropriate bone graft material is 

imperative for good bony fusion and long-term 

stability [1, 8, 9, 13, 15, 22].

After insertion of the bone graft material, the 

beveled guide pin is reinserted. The 10 mm dila-

tor sheath is removed. A 12 mm dilator with 

sheath is passed over the guide pin. The 12 mm 

dilator is subsequently removed, leaving the 

sheath in place. A 10.5 mm drill is then used to 

drill past the S1 end plate. Care should be taken 

not to remove any of the bone graft material dur-

ing removal of the drill.

The beveled guide pin is reinserted and tapped 

into the inferior end plate of L5. A 12 mm dilator 

tamp is then used to advance the 12 mm dilator 

tamp and sheath into the L5 vertebral body so 

that sheath is flushed against the end plate of L5.

The 10.5 mm drill is then used to drill 10–15 mm 

into the L5 vertebral body. Fluoroscopy should be 

used to verify depth at all times. A dilator trial is 

then used to select the appropriate size implant.

At this point a conformable tip tubular retractor 

can be inserted and docked into place. It is a light-

weight option which offers rigidity due to its inner 

metal liner and conformability due to its radi-

opaque silicone tip. The outside liner which is a 

continuation of the silicone tip offers proper lubri-

cation due to its hydrophilic coating. The conform-

able tip tubular retractor has been demonstrated to 

minimize bowel perforations near the promontory.

The assembled implant construct consisting of 

the appropriately sized S1 anchor, distraction rod, 

and L5 anchor is inserted into the conformable tip 

tubular retractor until the superior end is engaged 

with the sacrum. At this point, clockwise rotation 

is applied to insert the implant into the L5 and S1 

vertebral body (Fig. 31.14). Please note that the 

waist section between the anchors should be in 

the L5/S1 disc space to allow for distraction.

The distraction driver is then used to obtain 

the desired amount of distraction as deemed nec-

essary. The varying diameter allows the rod to 

have two different thread pitches. This allows for 

dynamic axial distraction upon implantation with 

restoration of disc height and the potential for 

indirect decompression of the neural foramen [6].

The final step involves insertion of the fixa-

tion rod. We recommend using fluoroscopy to 

ensure that the L5 anchor does not advance dur-

ing this step. Proper fixation can be confirmed 

using fluoroscopy as the tip of the fixation rod 

will be seen protruding from the superior end of 

the L5 anchor.

The next step involves insertion of the fixation 

rod (Fig. 31.14). This brings the entire construct 

together and provides bending stability at the 

L5–S1 section of the implant [13]. Upon com-

pletion, the retractor is removed. The wound 

should be thoroughly irrigated followed by a lay-

ered closure.

Posterior instrumentation can be applied 

either before or after the trans-sacral approach. 

The type of approach used is based solely upon 

the surgeon’s preference.

Fig. 31.14 Insertion of the fixation rod
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 Illustrative Case

 History

A 45-year-old female who presented with low 

back pain and bilateral S1 radiculopathy for 

2 years. Worsening of radicular symptoms noted 

with movement. No saddle anesthesia, bowel/

bladder dysfunction noted. No reported history of 

trauma noted.

 Physical Exam
General: NAD, overweight

GCS 15, alert and oriented

Muscle strength: 5/5 muscle strength noted 

except in B/L planar flexor 4+/5

Sensation: mildly diminished to light touch 

Left > Right S1 dermatomal distribution

Rectal tone: Intact, + perianal sensation to 

pinprick noted

 Imaging
Flexion/extension lumbar spine radiographs: 

Grade 2 isthmic spondylolisthesis at L5–S1 noted 

(Fig. 31.15a)

 Treatment
The patient was deemed suitable for the trans- 

sacral approach and underwent L5–S1 pedicle 

screw placement through a minimally invasive 

approach with subsequent reduction of the spon-

dylolisthesis followed by trans-sacral rod 

implantation to “lock” the reduction in place. 

The postoperative films clearly illustrate satis-

factory placement of the trans-sacral implant 

along with restoration of disc height post-dis-

traction (Fig. 31.15b).

 Outcome
She had a benign postoperative course and serial 

postoperative imaging revealed excellent bony 

fusion.

 Technical Pearls

• A preoperative MRI visualizing the most cau-

dal point of the coccyx or a CT scan with  rectal 

contrast improves the accuracy of the opera-

tive trajectory and allows the surgeon to avoid 

important neurovascular structures [13, 14].

Fig. 31.15 (a, b) Pre- and postoperative films after L5–S1 trans-sacral fusion and pedicle screw fixation
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• Preoperative imaging should be carefully 

reviewed to identify any neurovascular anom-

alies in the midline safe zone.

• The preoperative imaging should also be used 

to check for rectal adherence to the sacrum 

and accurately assess the height of the disc 

space [13, 14, 16].

• Proper patient positioning is extremely impor-

tant for the success of this procedure. The 

appropriate amount of lumbar lordosis should 

be achieved preoperatively by placing pillows 

under the hips to elevate the sacrum prop with 

pads under the hips to elevate the sacrum and 

the patient’s legs apart.

• Complete bowel prep prior to surgery gives 

the additional benefit of the bowel being 

empty and flexible, so it moves forward eas-

ily and helps to decrease the risk of bowel 

injury.

• If a bowel retractor is used, proper dissection 

with the curved dissector is critical to its suc-

cessful deployment.

• When deploying the retractor system, be 

mindful of the amount of contrast injected as 

too much contrast could result in overinflation 

and eventual rupture of the retractor system.

• Proper lumbar lordosis should be ensured 

prior to draping and confirmed by fluoroscopy 

if needed.

• During patient positioning the thighs can be 

spread apart by placing pillows between the 

legs to allow enough working room to drop 

the hand during initial access to keep the tip of 

the blunt dissecting tool in contact with the 

anterior surface of the sacrum.

• To minimize the risk of incision-related bowel 

injury, the coccyx can be used as a rigid back-

stop. Direct bowel injury with the incision can 

also be avoided by incising the skin only and 

never “hubbing” the skin knife.

• The trajectory and placement of the beveled 

guide pin should be confirmed with fluoros-

copy. If the guide pin is improperly positioned, 

it should be removed completely and reposi-

tioned again under fluoroscopic guidance until 

the proper trajectory is achieved.

• When removing the dissecting tool back over the 

guide pin, careful attention should be paid not to 

disengage the guide pin inadvertently. This can 

be avoided by using an extension attachment 

prior to removal of the dissecting tool.

• When removing the drill, continue rotating it 

in a clockwise direction. This allows bone 

pieces to remain in the flutes of the drill during 

removal. These pieces can be later used as part 

of the bone graft.

• Fluoroscopy should be used to confirm accu-

rate position of the disc cutters prior to begin-

ning the discectomy. It should be ensured 

that the cutters are not going too far anterior 

or posterior to ensure the integrity of the 

annulus.

• The flexible blade of the radial cutter should 

be retracted into the cutter sleeve prior to 

insertion and removal from the disc space.

• In patients with a history of discectomy, the 

bevel of the bone graft inserter should be 

aimed anteriorly and laterally to avoid acci-

dental spillage into the spinal canal.

 Complications

According to a large retrospective study, the 

trans-sacral approach had an overall complica-

tion rate of 1.3%.

Some of the complications associated with this 

procedure are the following: infection, bleeding 

complications, bowel/rectal perforation, vascular 

injury, neurological injury, hardware failure, and 

osseous fracture.

The most serious complication associated 

with this approach is injury to the rectum or 

other surrounding abdominal structures. The 

rate of bowel perforation with the trans-sacral 

approach has been reported to be between 0.4% 

and 2.9%. Lindley et al. [6] showed that in their 

study of 68 patients who underwent a trans-

sacral fusion, rectal perforation occurred in 2% 

of the study population. It is important to note 

that one of the patients who developed rectal 

injury in the previously mentioned study had 

preexisting risk factors (prior abdominal surger-

ies, pelvic inflammatory disease, and undis-

closed diverticulitis) making her susceptible to 

bowel injury.
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 Strategies for Avoidance 
of Complications

Detailed preoperative evaluation should be per-

formed on all patients being considered for the 

trans-sacral approach. Preexisting risk factors 

that may compromise the access route through 

the pre-sacral space or cause adhesions of the 

bowel to the sacrum such as Crohn’s disease, 

ulcerative colitis, and previous pelvic or bowel 

surgery, prior radiation treatment to the sacral 

and/or pre-sacral contents should be identified.

A midline sacral trajectory should be identified 

which would allow for a relatively clear pathway 

toward the L5–S1 disc space avoiding intra-abdom-

inal and neurovascular structures. Preoperative 

MRI of the lumbosacral spine with images that 

include the tip of the coccyx should be carefully 

evaluated to determine the patient’s suitability for 

surgery. While advancing the dissecting tool, AP 

and lateral fluoroscopy should constantly be uti-

lized to ensure proper midline trajectory.

 Conclusion

We believe that the trans-sacral approach is a 

viable option for fusion across the lumbosacral 

spine and is especially useful for patients with 

lumbosacral pseudoarthrosis as well as Grade 1 

or 2 spondylolisthesis. In conjunction with poste-

rior stabilization techniques, the trans-sacral 

approach offers a muscle-sparing circumferential 

fusion construct at L5–S1 and effectively 

decreases range of motion in axial torsion, lateral 

bending, and flexion-extension. Patient selection 

and perioperative planning are extremely impor-

tant for the success of this surgery and for mini-

mizing the risk of complications.
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 Introduction

The sacroiliac joint (SIJ) is a complex joint that is 

mobile and innervated and transmits significant 

loads and degenerates with aging. Its range of 

motion is reportedly small with just 2.5° of rota-

tion and less than a millimeter of translation [1]. 

The exact pattern of innervation is debated. 

Hilton’s law suggests that any nerve crossing a 

joint may innervate that joint. In the case of the 

SIJ, there are many possibilities, both dorsal and 

ventral. There are pain receptors within the joint 

as well [2–4]. Load transmission from the trunk 

to the lower extremity occurs through the sacro-

iliac joint. As with all other diarthrodial joints, 

the SIJ can and does develop degenerative joint 

changes that may or may not be symptomatic.

Approximately 15% of low back pain can be 

attributed to SIJ pathology [5]. There is a wide 

spectrum of treatment available. This ranges 

from benign neglect to active physical therapy, 

passive manual therapy, use of a sacroiliac belt, 

injections, radiofrequency ablation, and surgical 

fusion. The role of imaging to diagnose SIJ pain 

is unclear. Typically it is used to rule out tumors 

or infections and, perhaps more importantly, to 

rule out spinal or hip problems. There is great 

overlap in pain perception between the sacroiliac 

joint, hip, and lumbar spine [5] (Fig. 32.1). 

Therefore, lumbar spine and hip imaging should 

be strongly considered prior to committing to a 

diagnosis of SIJ pain. MRI may be useful in the 

workup for inflammatory arthritides (e.g., anky-

losing spondylitis) [6].

The burden of disease for SIJ pain is high, per-

haps even more disabling than hip and knee 

osteoarthritis requiring total joint replacement, 

spinal stenosis requiring decompression, and 

degenerative spondylolisthesis requiring surgical 

treatment [7]. In addition, chronic nonsurgical 

management is likewise expensive. There is no 

compelling data that if left untreated, SIJ pain 

and disability will resolve. The purpose of this 

chapter is to review the diagnostic protocol to 

determine when patients have symptomatic SIJ 

disease, specific indications for surgery, and 

technical points regarding surgical options and 

how to reduce complications.

 Indications and Patient Selection

The best algorithm to determine if the SIJ is a 

pain generator involves physical exam and diag-

nostic injections. There are six provocative tests 

commonly used. Reproduction of usual pain is a 
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positive sign. On applicable tests, these should be 

done on both sides: (1) distraction test, (2) com-

pression test, (3) flexion abduction external rota-

tion (FABER) test, (4) thigh thrust test, (5) sacral 

thrust test, and (6) Gaenslen’s test (see Figs. 32.2, 

32.3, 32.4, 32.5, 32.6, and 32.7).

Multiple studies have shown that if three or 

more of these provocative maneuvers are posi-

tive, there is an 82–94% probability that pain is 

coming from the SIJ [8–10]. Additional useful 

tests include the Fortin finger sign (if pain is 

localized enough that patient can point to it with 

a finger and if this area is at or around the poste-

rior superior iliac spine [PSIS]) and tenderness 

over the PSIS.

Intra-articular sacroiliac injection with an 

anesthetic agent is the currently accepted gold 

standard for confirming a diagnosis of SIJ pain if 

suspected based on physical exam. Based on 

recent studies, it is generally accepted that >50% 

reduction of pain after a local anesthetic injection 

is indicative of sacroiliac joint dysfunction [11, 

12]. Cases with obvious spinal or hip joint etiol-

ogy of their pain based on examination and imag-

ing studies do not need to undergo an SIJ injection. 

Furthermore, those with pain localization above 

the anatomic L5 level, pinpoint midline pain (e.g., 

tailbone pain), diffuse body pain, or zero positive 

provocative test results likewise are not recom-

mended to undergo an injection, as the likelihood 

of SIJ pain is very low, and a false- positive injec-

tion response may only lead to unnecessary and 

unsuccessful interventions. If surgery is contem-

plated, a second or confirmatory injection may be 

considered, especially if there is still some doubt 

as to the diagnosis or if the first injection response 

was not convincingly positive. The authors gener-

ally aim for at least two positive injections prior to 

recommending surgery.

Fig. 32.1 A pelvis Ferguson view of a patient who ini-

tially complained of low back pain. She eventually under-

went lumbosacral fusion, sacroiliac joint fusion, and hip 

arthroplasty. This highlights the difficulty of determining 

the pain generator for some patients who come to clinic 

for low back pain

Fig. 32.2 Distraction 

(gapping) test. This is 

performed with the 

patient supine while the 

examiner, with arms 

crossed, places hands 

over ASIS. Force is 

applied laterally and 

posteriorly over both 

contact areas

S.C. Yson et al.
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An important step when evaluating SIJ pain is 

to evaluate other potentially painful structures. 

Ruling out the hip joint is done by physical exam 

and imaging. The most sensitive physical exam 

maneuver is probably loaded internal rotation. 

Although hip pain is usually felt anteriorly in the 

groin, a small number of hip patients will present 

with primary buttock pain which can be confused 

with SIJ-mediated pain. Femoroacetabular 

impingement (FAI) may be reproduced by pas-

sive flexion, adduction, and internal rotation (hip 

impingement sign) and may be helpful to identify 

labral tears or bony impingement. Groin pain on 

resisted active hip flexion (Stinchfield test) may 

signal intra-articular hip pathology. Clear radio-

graphic joint loss or findings suggestive of bony 

impingement (i.e., pistol grip deformity of proxi-

mal femur, crossover sign of acetabulum) on a 

pelvis AP radiograph also are suggestive. The 

definitive test to rule out hip pathology is an 

Fig. 32.3 Compression 

(approximation) test. 

Best done with patient 

on side-lying position 

with the affected joint 

up. Examiner stands 

behind the patient, puts 

both hands over the iliac 

crest, and applies a 

downward force to stress 

the posterior sacroiliac 

ligaments

Fig. 32.4 Flexion 

abduction external 

rotation (FABER) test. 

Patient is positioned 

supine while examiner 

flexes, abducts, and 

externally rotates the hip 

to bring the foot over the 

contralateral knee. 

Examiner then exerts a 

downward force on 

medial ipsilateral knee

32 Sacroiliac Joint Fusion
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intra-articular local anesthetic injection [13]. 

Relief of the pain by the local anesthetic strongly 

points to the hip as the source of pain. Advance 

imaging (MRI, MR arthrogram) may also be ben-

eficial in some cases.

Diagnosing symptomatic spine pathology 

may be straightforward or difficult. When clear 

radiculopathy that correlates with imaging is 

relieved by a selective nerve root block or by a 

targeted transforaminal epidural steroid injection, 

then confidence is high about the spine diagnosis. 

Radicular pain can be generated by the sacroiliac 

joint, perhaps from cytokine presence near the 

traversing lumbosacral plexus [14]. Facet load-

ing and diagnostic facet blocks can also be help-

ful. Differentiation of axial discogenic pain is 

much more challenging. MRI with Modic end 

plate changes can be suggestive. Discography 

was more commonly used previously but is cur-

rently a source of significant controversy.

Fig. 32.5 Thigh thrust 

test. Also called 

posterior/femoral shear 

test because a shearing 

pressure is applied to the 

sacroiliac joint. Patient 

lies supine and examiner 

stands on the 

contralateral side of 

symptomatic joint. The 

hip and knee at the 

affected side are flexed 

to 90°. Examiner puts 

the right hand behind the 

sacrum to stabilize it and 

uses the left hand to 

push down on the flexed 

knee to exert a posterior 

force

Fig. 32.6 Sacral thrust 

test. The purpose of this 

test is to apply an 

anteriorly directed shear 

force to the sacroiliac 

joint. With the patient 

prone, the examiner puts 

hands over the sacrum 

and applies a downward 

force. Hands are 

positioned as if doing 

cardiac compression 

during a 

cardiopulmonary 

resuscitation

S.C. Yson et al.
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If the physical exam, imaging studies and 

diagnostic injections are all consistent with sac-

roiliac joint pathology and rule out other pain 

generators, then the presumptive diagnosis is 

established. Prior to considering surgery, patients 

should have had a reasonable trial of nonsurgical 

management. At a minimum this should involve 

evaluation and treatment by a skilled physical 

therapist with expertise in the sacroiliac joint and 

spine. Therapeutic steroid injections and radio-

frequency ablations are both commonly used 

nonoperative treatment methods. Lastly, address-

ing non-spinal factors, including medical and 

mental health problems, obesity, osteoporosis/

osteopenia, smoking, opioid dependence, sec-

ondary gain issues, etc., can never be 

overemphasized.

 Surgical Technique

When a trial of nonsurgical management has 

failed, surgery can be considered. More recently 

with the approval of multiple devices, minimally 

invasive techniques have been predominantly 

applied. New devices are regularly being intro-

duced and it is not possible to cover all the 

nuances of each system. Interested surgeons are 

thus advised to reach out to manufacturers to 

avail themselves of individual surgical technique 

guides and videos specific to each system. 

Needless to say, before attempting MIS SIJ 

fusion, the surgeon has to thoroughly study the 

SIJ anatomy and the system he/she is planning to 

use and go through recommended/mandatory 

training offered by manufacturers, including per-

forming the procedure on a cadaver or model.

The authors have utilized two different sys-

tems – one utilizing triangular plasma-sprayed 

titanium rods relying on bony ingrowth to the rod 

at both sides of the joint and a screw-based sys-

tem that allows for joint decortication and bone 

graft placement in a circular area around the 

screw. While both systems are more commonly 

used with C-arm fluoroscopic imaging, the 

authors have extensive experience in placing 

them using computer navigation with intraopera-

tive 3-D imaging.

Fig. 32.7 Pelvic torsion test. Popularly known as 

Gaenslen’s test. Typically performed with the patient 

supine with the leg of symptomatic side dangling on the 

side edge of examining table. Patient is requested to hold 

the contralateral knee as close to the chest as possible. 

Examiner pushes the thigh of symptomatic side down, 

hyperextending the hip. This maneuver can also be per-

formed with the patient lying on the side with the symp-

tomatic side up. This modification is helpful in patients 

who are at higher risk of falling off the table in the supine 

dangling position (e.g., obese patients)

32 Sacroiliac Joint Fusion
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 1. C-Arm Fluoroscopy

Both screw- and rod-based systems uti-

lize transgluteal transiliac sacral fixation. 

The authors prefer to position the patient 

prone, as for most spine surgeries. However, 

patient may also be positioned supine, 

depending on surgeon preference. Generally, 

three intraoperative views are useful – inlet, 

outlet, and lateral. An inlet view is taken 

with the AP beam angled cephalad ~30–45°, 

corresponds to a true axial view of the 

sacrum, and is helpful in assessing for screw 

violation through the anterior sacral cortex 

or into spinal canal. An outlet view is taken 

with the AP beam angled caudad ~30–45°, 

corresponds to a true AP view of the sacrum, 

and is helpful in assessing whether the 

screw/pin has crossed the joint and its rela-

tionship with the sacral foramina. The lat-

eral view is taken along the true lateral plane 

of the body and is helpful for identifying. 

These correspond to an axial view, a true AP 

view, and a lateral view of the sacrum, 

respectively.

Both systems initially require placement of 

a guide pin (Steinmann) on the desired bony 

starting point for each screw/rod. This is best 

localized on a lateral image (Fig. 32.8). The 

two systems that the authors use have different 

suggested pin starting points and trajectories; 

thus, there is no one perfect starting point. 

However, it is important to avoid placing a pin 

above the sacral ala, which is usually seen as a 

faint oblique line coursing below or sometimes 

crossing the S1 endplate; violation of the 

sacral alar cortex may result in L5 nerve root 

injury. It might initially seem counterintuitive, 

but the sacroiliac joint projected on the lateral 

image extends far anterior to the anterior sacral 

margin; in fact, the true synovial portion of the 

joint is its anterior region. Thus, it is certainly 

acceptable and even preferable to have a start-

ing point anterior to the anterior sacral cortex. 

However, when doing so, the pin should be 

directed posteriorly and should be assessed on 

an inlet view prior to advancing the pin across 

the joint, in order to prevent injury to pelvic 

viscera/vessels.

The pin is advanced using a mallet or power 

drill. Once in the ilium, inlet and outlet images 

can be utilized to adjust or confirm the pin’s 

trajectory. Once acceptable pin trajectory is 

confirmed on inlet view, pin advancement is 

performed while taking regular outlet view 

images. This is to ensure that the pins either 

stay short of or avoid the sacral foramina. 

Driving the pins deeper than the medial foram-

inal border increases the risk of canal violation 

and is probably unnecessary in most cases.

The steps are repeated for each implant (2 

or 3, depending on surgeon’s preference). 

Drilling, broaching, and implant placement 

can be performed over the guide pin (Figs. 32.9 

and 32.10). Final inlet, outlet, and lateral 

C-arm images are taken to confirm satisfac-

tory placement of all implants prior to wound 

closure (Fig. 32.11).

 2. Computer Navigation with 3-D Intraoperative 

Imaging

At the authors’ institution, SIJ fusion is generally 

performed using an intraoperative 3-D imag-

ing system (O-arm) paired with a navigation 

system (Stealth) which allows for automated 

image registration. The O-arm is likewise uti-

lized for 2-D fluoroscopic imaging, including 

the requisite inlet, outlet, and lateral images. 

At the beginning of the procedure, a reference 

frame or fiducial marker is attached to a fixed 

bony landmark, typically the contralateral 

PSIS. A 3-D scan is then taken. Navigation is 

utilized for identifying skin entry points, 

placing the guide pins, and selecting implant 

length. Guide pins are inserted through a nav-

igated drill guide. Since the images shown on 

the navigation screen are virtual images, these 

may not correspond to the actual guide pin 

position; thus, it is imperative that pin posi-

tion still be checked with inlet, outlet, and lat-

eral images prior to drilling/broaching/

implant placement. These latter steps are car-

ried out in similar fashion to a non-navigated 

procedure.

S.C. Yson et al.
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 Postoperative Care

Patients are advised early on that they should 

observe 50% partial weight bearing on the 

affected extremity with bilateral axillary crutches 

or walker ambulation for 6 weeks postoperative. 

No lifting greater than 10 lbs., avoid excessive 

bending or twisting activities. Patient is taught by 

the physical therapist regarding ambulation and 

transfer techniques either preoperatively or 

before going home after surgery. Most patients 

stay outpatient overnight (23 h stay), although 

some go home the same day and some stay lon-

ger for pain control issues, particularly those who 

are opioid tolerant/dependent. At the 6-week 

visit, repeat radiographs (pelvis inlet-outlet- 

lateral) are taken; if stable and doing well, patient 

is advanced to full weight bearing. Formal post-

operative physical therapy may be initiated at this 

point, consisting of pelvic stabilization and 

 transversus abdominis strengthening program, 

similar to nonoperative SIJ-focused PT program.

Fig. 32.8 Lateral view 

of the pelvis taken with 

the C-arm. Bony starting 

point using Steinmann 

pin (white arrow) is best 

localized using this view

Fig. 32.9 Intraoperative 

Ferguson view showing 

a broach being driven 

over a guide pin

32 Sacroiliac Joint Fusion
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 Case Example

 History

This is the case of a 58-year-old housewife 

who presented with a 2-year history of right-

sided back pain. She was initially managed by 

a physiatrist. Her symptoms were initially 

attributed to her spine for which L3–L4 facet 

injections and radiofrequency ablations were 

performed and subsequently her right hip for 

which she received diagnostic hip injections. 

She reported no relief from the aforementioned 

procedures. Her Oswestry Disability Index 

(ODI) was 64. Her back pain was 8/10 and 

right leg pain was 2/10.

 Physical Examination

She walks with an antalgic gait and localizes her 

pain at the PSIS (Fortin finger sign). Her pain 

was reproduced by the following provocative 

maneuvers: FABER, thigh thrust, and Gaenslen’s. 

The following exams were negative: sacral thrust, 

pelvic gapping, and compression maneuvers. 

Motor and sensory examinations are normal.

 Imaging

Pelvic inlet, outlet, and lateral views showed 

mild osteophytic spurring and subchondral scle-

rosis seen on both sides of the sacroiliac joints. 

Fig. 32.10 Intraoperative 

Ferguson view showing a 

titanium rod being driven 

over a guide pin

Fig. 32.11 Inlet (a), outlet (b), and lateral (c) views of the pelvis showing proper implant placement

S.C. Yson et al.
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No lesions, fracture, and gross malalignment 

were evident (Fig. 32.12).

 Management and Treatment

The patient underwent a diagnostic (anesthetic) 

injection of the right SIJ which provided com-

plete relief for several hours. She subsequently 

received steroid injection which provided signifi-

cant but temporary relief. She then underwent a 

comprehensive physical therapy for 6 months 

which reportedly did not provide substantial 

improvement. Eventually she underwent mini-

mally invasive SIJ fusion.

 Outcome

At 1 and a half year postsurgery, she reports an 

ODI of 4 and no back or leg pain.

 Technical Pearls

• Evaluate preoperative pelvis inlet-outlet and 

lateral x-rays for sacral dysmorphism [15]. 

Although different terms have been used to 

describe anatomic variations along the same 

spectrum (e.g., sacropelvic dysmorphism, 

lumbosacral transitional segmentation, lum-

barized S1, sacralized L5, etc.), the bottom-

line is that the anatomy in the region is 

different from what is considered typical or 

normal, which may likely require modifica-

tions to implant starting points/trajectories. 

While an anatomic variation does not affect 

diagnosis of the patient’s pain generator one 

way or another, it may have profound implica-

tions on implant placement (Fig. 32.13). The 

lateral sacrum or ala can be vacuous bone and 

provide limited fixation. The best bones within 

the sacrum are the cortices and the subchon-

dral regions. Optimizing fixation in these 

regions is best for fixation but also carries risk 

of injury to neural, vascular, and visceral 

structures.

• Positioning and draping are key. Authors pre-

fer to use a radiolucent, carbon fiber, four- 

poster table; this allows for optimal 

intraoperative imaging. Care must be taken so 

that the pads do not preclude access to the sur-

gical site. Prep and drape must be done with 

care in order to not drape oneself out of the 

necessary entry site. If using O-arm, arm 

boards must be positioned close to the table to 

allow the O-arm gantry to slide cephalad and 

away from the surgical site.

• When using C-arm, the lateral view is critical. 

Ensure that the superior margins of the right 

and left sacral alae and the right and left sci-

atic notches are superimposed as much as 

 possible, thus giving a true lateral image. 

Failure to do so may lead to implant 

malposition.

• When using navigation, working in the sacrum 

could be challenging as the anatomy is very 

different as compared to when using naviga-

tion to place pedicle screws. There are several 

imaging windows available for viewing. 

Fig. 32.12 Pelvic inlet (a), outlet (b), and lateral (c) views of a 58-year-old woman diagnosed with sacroiliac joint 

dysfunction. Mild degenerative changes are seen on both sides of the joint

32 Sacroiliac Joint Fusion



438

While each surgeon may develop his/her own 

preference, the authors have found it useful to 

use three windows simultaneously: (1) a syn-

thetic true AP of the sacrum or outlet view, (2) 

axial window, and (3) coronal window. As 

with navigated pedicle screw placement, it is 

recommended to adjust the instrument trajec-

tory one plane at a time in order to not lose 

orientation.

• Some systems come with a pin placement 

guide that allows identification of subsequent 

bony starting points on the outer iliac cortex 

after the first pin had been placed. Although 

its use is optional, this may help ensure that 

implants at minimum do not hit each other and 

promote separation. Emerging biomechanical 

data suggests that greater implant separation 

and being in a nonlinear pattern appear to 

achieve greater initial stability.

 Complications and Strategies 
for Avoidance

Implant malposition is a key complication to be 

avoided. This requires appropriate preoperative 

anatomic analysis and adequate intraoperative 

imaging and image interpretation. Large patients 

or low-resolution imaging equipment are typical 

causes. If it is not possible to adequately discern 

the anatomic landmarks, the case should be 

aborted. With the use of advanced intraoperative 

imaging, this is less likely to be a problem. 

Typical problems include entry into the sacral 

neural canal, rarely to the sacral spinal canal, and 

anterior or posterior cortical perforation. With 

passage of instruments over the guide pins, inad-

vertent pin advancement may occur; this may be 

avoided/mitigated by switching to a blunt guide 

pin. Likewise, guide pins may inadvertently 

come out with the instrument. Using a second 

guide pin held by an assistant to gently push the 

guide pin while the drill or broach is being backed 

out helps avoid this problem.

The use of local anesthetic in the surgical field 

helps to lessen the postoperative pain. Enhanced 

recovery after surgery (ERAS) strategy for spine 

surgery population is an emerging concept. The 

authors have no experience on it but the concept 

is promising. This strategy typically uses pre-

emptive multi-pharmaceutical strategy to mini-

mize pain [16].

 Surgical Outcomes

Multiple prospective studies have shown that 

minimally invasive SIJ fusion is a viable treat-

ment option for SIJ pain [11, 17, 18]. Compared 

to nonoperative treatment, SIJ fusion has been 

demonstrated to reduce pain and improve quality 

of life [11, 17]. Long-term retrospective studies 

seem to suggest that favorable outcomes are 

maintained for up to 5 years [19]. Of note, most 

of these outcome studies mainly refer to transil-

iac fixation devices, whether triangular titanium 

rods or hollow anchorage screws [20, 21].

 Conclusion

In summary, the diagnosis of sacroiliac joint pain 

cannot not be easily distinguished from pain 

coming from other sources based on history or 

imaging alone. No single physical examination 

test has been shown to be pathognomonic for sac-

roiliac pain. Performing a composite of tests adds 

to the validity of results (e.g., more positive tests 

lead to a higher likelihood of pain coming from 

Fig. 32.13 Ferguson view of the pelvis showing a dys-

morphic sacrum: upsloping sacral ala (broken white lines), 

prominent mammillary processes (white arrow), and non-

circular S1 foramen (broken black lines)

S.C. Yson et al.
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the sacroiliac joint). Fluoroscopic- or CT-guided 

intra-articular injection is currently the accepted 

reference standard for confirming the diagnosis 

of a painful sacroiliac joint. Once diagnosis is 

confirmed, a trial of nonoperative management 

should be done prior to considering surgery. 

Minimally invasive fusion procedures are now 

available, making surgery less morbid. As with 

other elective surgical procedures, careful plan-

ning is essential to avoiding intra- and postopera-

tive complications.
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 Introduction

An understanding of biomechanical principles is 

crucial to making appropriate decisions with 

respect to proper spine stabilization. Surgeons 

have more methods than ever at their disposal to 

stabilize the spine, and each option has its own 

specific nuances, complications, and advantages; 

thus, understanding the fundamental biomechan-

ical principles that lie at the core of each inter-

vention is crucial to matching the patient’s 

specific requirements to the most suitable con-

struct. This chapter lays the foundation on which 

proper spine stabilization is established and 

hopefully encourages the reader to consider the 

pertinent biomechanical principles to optimize 

patient outcome.

 Basic Principles of Spine 
Biomechanics

 Biomechanically Relevant Spinal 
Anatomy

The main structural element of the spine is the 

vertebral body (VB) which provides the main 

resistance against axial loading. The following 

terms should be defined: (1) the “width” of the 

VB is measured from the right-left direction, (2) 

the “depth” is measured in anteroposterior planes, 

and (3) the “height” is measured craniocaudally. 

The VB is generally cylindrical in shape, where 

the depth and width measurements are typically 

greater than the height. The VB has a rim of cor-

tical bone, an interior of cancellous bone, and is 

flanked craniocaudally by two end plates. 

Furthermore, the width and depth of the VB 

increase as you move caudally down the spine, 

leading to a larger cross-sectional area to accom-

modate for the increased axial loading at the base 

of the spine. An exception to this generalization 

is the L5 VB, which tends to be narrower in depth 

than the L4 VB (Fig. 33.1).

Two adjacent vertebral bodies combine with 

the intervening intervertebral disc and adjoining 

ligaments to compose a functional spinal unit 

(FSU) or motion segment. The intervertebral disc 

serves as a “shock absorber” and a primary stabi-

lizing structure of the FSU [1]. Although the disc 

mailto:benzele@ccf.org
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is vaguely similar in outline to the VB in depth 

and width, the composition is vastly different. It 

consists of the nucleus pulposus (proteoglycans 

suspended in a loose collagenous network) 

located posterocentrally and is surrounded by the 

annulus fibrosus (a fibrocartilaginous ring). 

Similar to the VB, the intervertebral discs 

increase in cross-sectional area in the caudal 

direction, allowing the lower region of the spine 

(e.g., lumbar) to sustain higher axial loading [2].

Moreover, the type of loading influences how 

the disc responds. For example, concentric axial 

loading creates an equally distributed force 

within the disc, while an eccentric axial load will 

bulge the annulus fibrosis on the ipsilateral side 

and displace the nucleus pulposus to the contra-

lateral side. The sharply angulated fibers of the 

annulus fibrosus provides the disc’s main resis-

tance to shearing and rotational forces which 

allows for increased force during a broad range 

of activities. For example, during normal walk-

ing, the compressive axial loading on the discs in 

the lumbar region can be up to 2.5 times the body 

weight. When lifting 14–27 kg objects, the axial 

load can increase further to nearly ten times the 

body weight [3, 4]. Increasing activity requires 

the discs to undergo significant and repetitive 

forces without failure.

Between motion segments of the spine, the 

facet joint is the main load-bearer and stabilizer. 

The orientation of the facet joints differs depend-

ing on the spinal level (e.g., cervical, thoracic, 

lumbar), and these differences allow for contrast-

ing degrees of motion and resistance among 

them. Generally, the pattern of flexibility 

decreases in the cranial to caudal direction. 

Specifically, the facet joint articulations in the 

cervical spine lie in the coronal plane which 

allows for high degrees of motion in flexion, 

extension, and rotation, whereas the lumbar facet 

joint articulations lie in the sagittal plane preserv-

ing flexion and extension but allowing for less 

rotation than in the cervical spine. The thoracic 

facet joint articulations lie in between the coronal 

and sagittal planes and therefore provide an 

“intermediate” range of motion (Fig. 33.2). The 

rib cage also stabilizes the thoracic region by act-

ing as a barrel attached to the spine. Stress, exten-

sion, and ventrally directed forces “load” the 

facets, while flexion and dorsally directed forces 

“unload” the facets. Facet joints take on addi-

tional load-bearing responsibilities when other 

Fig. 33.1 Vertebral 

body diameter versus 

spinal level. The width 

(solid line) and depth 

(dashed line) of the 

vertebral bodies are 

depicted separately 

(Fig. 1.1 in 

Biomechanics of spine 

stabilization, Benzel E, 

ed. Printed with 

permission from Thieme 

Medical Publishing)

A.Y. Chan et al.
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load-bearing structures of the spine (e.g., inter-

vertebral discs) fail as well.

Spinal ligaments also provide important stabi-

lization. Each ligament confers differing strength, 

but together they act as a tension band along the 

length of the spine to resist translational forces. 

This tension band effect is derived from the over-

all tensile strength of the ligaments. Lastly, a 

destabilizing force can result from an imbalance 

in the aggregate musculature which will accentu-

ate strain on the other stabilizing components of 

the spine. The most important musculature is the 

paraspinal muscles and its multiple attachments 

spanning several segments.

 Biomechanical Physical Principles 
and Kinematics

Any force applied to the spine can be decon-

structed into three component vectors that exist 

within a three-dimensional Cartesian coordinate 

system and have fixed orientations. Each force 

can act either directly on the spine or as a lever 

arm that can rotate around an instantaneous axis 

of rotation (IAR) (i.e., a moment arm), which 

creates a bending moment when a force is applied 

perpendicularly. To rephrase, the effect of the 

force on the spine is relative to an IAR that acts as 

a fulcrum and is dependent on where the force is 

applied. The IAR is not a singular, permanent 

entity or property of the spine; rather, the IAR is 

dynamic, changing with every spinal segment 

over the time interval of a movement (i.e., the 

IAR migrates with motion).

The healthy spine allows physiological move-

ment in the ventral-dorsal, right-left, and cranial- 

caudal axes with either a translational or rotational 

component resulting in six distinct potential 

movements that are referred to as degrees of free-

dom (Fig. 33.3). Physiologic range of motion is 

contextual and depends on the spinal region (i.e., 

cervical versus lumbar) and is dependent on the 

orientation and properties of structural components. 
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Fig. 33.2 Facet joint orientation. The relative coronal 

plane orientation in the cervical region (a), the intermedi-

ate orientation in the thoracic region (b), and the relative 

sagittal orientation in the lumbar region (c). The facet 

joint orientation changes substantially in the lumbar 

region; here the facet joint angle (with respect to midline) 

is depicted versus spinal level (d) (Fig. 1.6 in Biomechanics 

of spine stabilization, Benzel E, ed. Printed with permis-

sion from Thieme Medical Publishing)
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Therefore, normal physiologic motion of one 

region of the spine can be considered pathologic 

in another.

External forces can change the physical char-

acteristics of the spine. In theory, the magnitude 

of strain (i.e., the deforming force) of an ideal 

object is directly proportional to the stress 

applied to it (i.e., Hooke’s Law). Biological tis-

sues can deviate to make the relationship 

between strain and stress segmented and nonlin-

ear; this can be described by the load-deforma-

tion curve (Fig. 33.4). First, there exists a neutral 

zone where there is high flexibility at low levels 

of stress which is essential for normal physio-

logic motion. Second, there is a point where 

enough stress is applied to the tissue to cause 

permanent distortion known as the “elastic 

limit.” If additional stress is applied beyond the 

elastic limit, it causes a disproportionate amount 

of strain that eventually leads to failure of the 

tissue. Also important to these concepts is sec-

tion modulus and moment of inertia.

The section modulus is an indicator of the 

object’s strength and therefore reflects the ability 

to resist failure (flexion or yield point of the tis-

sue), whereas the moment of inertia portrays 

stiffness against angular rotation around a rota-

tional axis (i.e., torque) and thus measures the 

object’s distribution of mass around its center.

Fig. 33.3 The six fundamental segmental movements, or 

types of deformation, of the spine along or about the IAR 

are (1) rotation or translation about the long axis of the 

spine (a), (2) rotation or translation about the coronal axis 

of the spine (b), (3) rotation or translation about the sagit-

tal axis of the spine (c), (4) translation along the long axis 

of the spine (a), (5) translation along the coronal axis of 

the spine (b), and (6) translation along the sagittal axis of 

the spine (c) (Fig. 6.1 in Biomechanics of spine stabiliza-

tion, Benzel E, ed. Printed with permission from Thieme 

Medical Publishing)

Fig. 33.4 A typical load-deformation curve depicting the 

neutral and elastic zones (deformation or strain versus 

load or stress) (Fig. 1.20 in Biomechanics of spine stabili-

zation, Benzel E, ed. Printed with permission from 

Thieme Medical Publishing)

A.Y. Chan et al.
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 Spinal Stability Versus Instability

Clinical stability of the spine is equated to the 

ability of the spine to limit patterns of 

 displacement under physiologic loads to prevent 

debilitating deformation or pain [5]. The goal of 

stabilization is to create an architecture of the 

vertebral column to allow fusion or healing (e.g., 

percutaneous screw fusionless constructs) to 

occur and to protect the neural elements. This 

stability is maintained by an active subsystem 

(i.e., the musculature), a passive subsystem (i.e., 

the vertebral column), and a neural-derived 

component.

Destabilization of the spine occurs when the 

spine is unable to resist loads or abnormal spinal 

movements. Instability should be thought of as a 

spectrum that ranges from “stable” to “grossly 

unstable” rather than an all-or-nothing phenome-

non. Thus, defining a standard cutoff for “exces-

sive” is difficult and may vary based on many 

factors including bone integrity, structural anat-

omy, forces applied, etc.

Furthermore, instability can be categorized as 

acute or chronic. Acute instability is described as 

being either overt or limited and associated with 

conditions such as trauma, iatrogenia, infection, 

or malignancy. Overt instability is when the spine 

loses integrity in both the ventral and dorsal ele-

ments, resulting in loss of sufficient support dur-

ing physiologic activities. In other words, 

circumferentially vertebral column integrity is 

lost which prevents the ability to resist sudden 

development of a spinal deformity. Overt insta-

bility should almost always be treated surgically.

In contrast, limited instability is integrity lost 

in only the ventral or dorsal component of the 

vertebral column. It should be noted that limited 

instability usually confers enough support to 

allow most physiologic motions and that it is 

often treated without surgical intervention.

Overt and occasionally limited acute instabil-

ity can progress to a chronic form if left 

untreated, but such can also be the result of 

degenerative changes without an inciting acute 

event (e.g., infection or trauma). Chronic insta-

bility can be categorized, including glacial insta-

bility or dysfunctional segment motion. Glacial 

instability is when the instability progresses 

slowly and steadily, likened to the movement of 

a glacier. Dysfunctional segment motion may 

contribute to the pain experienced without pro-

gression of instability but lacks precise consen-

sus definitions.

 Spinal Column Pathology

The spine can undergo pathological changes due 

to a variety of factors. For example, the spine 

degenerates over the individual’s life due to com-

binations of genetics, health, and life events. 

Degeneration is an expected part of aging. The 

end result is the spine becomes less flexible with 

a lower range of motion as it ages [6–9]. The cer-

vical spine in particular may be most vulnerable 

to these changes because it exhibits the highest 

degree of motion and complexity in certain 

aspects of its anatomy [6]. Another example of 

potential pathology is infection. Vertebral osteo-

myelitis can have devastating consequences like 

paralysis or death [10] and thus must be managed 

quickly and appropriately. Conversely, the inter-

vertebral disc space can become infected and can 

present as a complication following surgery [11], 

though it has been shown to be spontaneous as 

well [12]. Further, the pathogen responsible for 

hematogenous pyogenic infections is often 

Staphylococcus aureus [13]. Ultimately, patho-

logical changes in general can affect the biome-

chanical properties of the spine.

 Spinal Alignment

The alignment of the spine may change due to 

age or pathology which leads to an altered stress 

distribution within the apophyseal joints and 

intervertebral discs. The spine has a conforma-

tion that maximizes tolerance of concentric and 

eccentric loads, allowing for flexibility of physi-

ologic motions. Specifically, the cervical and 

lumbar regions are lordotic in curvature and the 

thoracic curvature is kyphotic; the curves are, 

ideally, of equal summative magnitude, which 

results in a balanced distribution that allows for 

33 Biomechanical Principles of Spine Stabilization
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bipedal upright posture. When lumbar lordosis 

decreases (or thoracic kyphosis increases), the 

moment arm lengthens for each vertebral seg-

ment which results in a greater bending moment 

when a force acts on the spine. Deformities in the 

coronal plane (e.g., scoliosis) occur by the same 

mechanism.

 Spinal Fusions

Stabilization of the spine is ultimately achieved 

by bony fusion. A spinal implant will fail, even-

tually, unless bony fusion occurs prior to fatigue 

of the implant (Fig. 33.5). The structural integri-

ties of the implant and affected bone have con-

trasting courses: the implant is strongest 

immediately and gradually weakens over time 

(i.e., implant failure), while the bone is weakest 

initially and strengthens over time (i.e., arthrod-

esis begets fusion). Thus, a proverbial “race” 

exists between implant failure and fusion of the 

bone, and bone graft should be utilized in most 

instances of internal fixation [1].

 Ventral Fusion

The position of where a ventral bone graft is 

placed matters, especially in the sagittal plane. A 

ventral interbody graft has the advantage of lying 

in the weight-bearing region of the spine and is 

usually at the IAR within the sagittal plane. This 

maximizes axial loading resistance and thus sta-

bilizes the torso. Moreover, the optimal graft is 

also placed within its neutral axis or the location 

that is displaced the least during flexion and 

extension. The position of the ventral graft at the 

IAR in the sagittal plane and neutral axis is most 

optimal if the dorsal spinal stability is not intact. 

However, if the dorsal elements are intact, an 

interbody graft may be positioned more ventrally, 

as the axial loading would be evenly distributed 

between the graft and the dorsal elements [5]. 

Lastly, even distribution of axial loads by placing 

a ventral interbody graft prevents kyphotic defor-

mation in the region of the fusion [14].

Ideally, the consistency and integrity of a ven-

tral bone graft should be similar to that of the ver-

tebral bodies. This prevents graft penetration into 

the adjacent vertebral body or nonunion to occur 

from either a too strong or too weak interbody 

bone graft, respectively (Fig. 33.6). Specifically, 

the vertebral body end plate is weaker toward the 

center and strongest in the periphery; thus, inter-

body devices should account for this strength 

gradient and concentrate loading on the periph-

ery to produce the best outcomes.

 Posterior Fusion

In contrast to ventral fusions, posterior fusions do 

not contribute as much to axial load resistance 

which is intuitive since the ventral anatomy of the 

spine provides almost all of the resistance to axial 
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loading. Therefore, ventral fusions with higher 

compression on the graft confers a faster healing 

rate [15] compared to the fusion rate for a poste-

rior fusion which is under tensile forces which 

have a less stimulatory effects on osteoblast func-

tion. However, the graft resists flexion well due to 

a flexion-resisting moment arm created by the 

distance between the graft and the IAR.

 Fusion with Bone Graft Alone

One of the decisions made in spinal fusions is 

whether an implant is necessary. In some circum-

stances, the bone graft can act alone as a spinal 

instrument by providing structural support with-

out deformation in response to applied forces. 

Allograft or autograft structural bone implants 

are stiff and resist unidirectional forces (mainly 

axial loading) immediately postoperatively, but 

they are contingent on intact tension bands (i.e., 

adequate ligament integrity or supplemental 

instrumentation). Furthermore, the integrity of 

bone grafts is affected by the ratio of cortical to 

medullary bone; the strength of the bone increases 

as the cortex to medulla ratio rises [16]. However, 

stand-alone ventral grafts may provide some 

translational resistance if the graft is placed in 

adequately carved mortise with proper depth. 

Still, the translational resistance is relatively 

weak even with a properly crafted mortise, and 

thus stand-alone grafts between vertebral bodies 

may not resist translational and rotational forces 

adequately.

 Principles of Construct Design

Many spinal constructs provide stability by func-

tioning as a tension band that has adequate 

strength to convert tension into a compressive 

force and provide resistance to bending moments. 

Specifically, a construct attached above and 

below a spinal segment will convert the tension 

into a compressive force that acts on the segment. 

This principle implies the spinal segment can 

withstand additional compressive force. The 

resulting compressive force may help encourage 

fusion. A posterior single-level fixation with cer-

vical hook plates or posterior wire fixation is an 

example of a tension band.

When a weight-bearing component of the ver-

tebral column cannot resist compressive forces 

temporarily (e.g., burst fracture), a construct can 

be used to span the entire length of the damaged 

spinal segment to provide support, as well as 

maintain alignment and proper length. This is 

known as bridge fixation and it allows for load 

Fig. 33.6 The importance of matching the integrity of the 

bone graft bed (the vertebral body) and that of the bone 

graft with ventral interbody fusions cannot be overempha-

sized. If a bone graft that is denser than the vertebral body 

is used, the tendency of the graft to “knife” its way through 

the vertebral body (piston) is significant (a and b). 

Conversely, if the bone graft is less dense and weaker than 

the vertebral body, the bone graft may fail (c). Therefore, 

a bone graft that is of similar density, integrity, and modu-

lus of elasticity to the vertebral body is optimal. It is nei-

ther the weakest nor the strongest link in the “stability 

linkage system” (Fig. 10.5 in Biomechanics of spine sta-

bilization, Benzel E, ed. Printed with permission from 

Thieme Medical Publishing)
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sharing. The placement of dorsal pedicle screws 

and rods to treat a burst fracture is an example.

An implant can act as a buttress for a weak 

point and ideally is implemented on the side of 

the load application where the spine requires 

additional support for stability. A specific exam-

ple is an anterior cervical locking plate system 

because it prevents axial deformity while 

 providing some resistance against shearing or 

compressing.

In a cantilever system, the moment arm can be 

either fixed or non-fixed. When the moment arm 

is fixed, it is perpendicular to the screw, but when 

the moment arm is not fixed, the screw will expe-

rience a three-point moment force that is greatest 

at the fulcrum. In either case, the screw will frac-

ture where the force is greatest.

 Construct Failure

A construct fails when it stops providing the sup-

port necessary to maintain stability. A construct 

undergoes millions of loading cycles and failures 

can occur when inappropriate constructs are 

used. The amount or frequency of stress may 

have been underestimated, the construct poorly 

designed, or improper patient selection may have 

occurred.

Construct failure depends on both the intrinsic 

material property of the device and the amount of 

exposure to stress. Instrumentation will fail when 

the ratio of the applied bending moment and sec-

tion modulus is highest which is the maximum 

stress that can be applied whether this arises from 

an instantaneous or cyclic overload. “Fatigue 

failure” describes the breakage of a construct fol-

lowing repeated bouts of sustained excessive 

force. Technical aspects of the procedure can also 

contribute to failure. For example, manipulating 

the shape of instrumentation (e.g., contouring or 

bending a rod or plate) can create structural 

weakness by altering the point where stress is 

concentrated.

Finally, significant vulnerability of the con-

struct occurs at the implant attachment points. 

The bone may not be sturdy enough to resist the 

loading forces of the construct causing screws to 

loosen or pull out of the bone. The screwhead 

may even fracture from the screw shaft if excess 

force is applied. Multi-segmental constructs with 

long and rigid fixed moment arms may load the 

caudal screws more than the cranial ones and 

thus are associated with a high rate of failure of 

the caudal screws.

 Avoiding Iatrogenic Spinal 
Destabilization

Unintentional destabilization during exposure and 

decompression of the spine, regardless of 

approach, is important as this may impact ultimate 

outcomes. Preserving load-resisting structures 

such as facet joints, interspinous ligaments, and 

muscular attachments minimize the risk of desta-

bilization during a dorsal decompression. 

Resecting roughly one-third to one-half of the 

facet joint is tolerated without development of 

instability, though removing any of the facet joint 

may transfer forces to other areas of the spine 

(e.g., annulus and longitudinal ligaments). This 

may accelerate degeneration over time [17]. 

Further, avoiding excessive resection of the pars 

interarticularis can help preserve lumbar facet 

integrity during laminectomy. Lastly, the interspi-

nous ligament is relatively weak but should be pre-

served during dorsal decompression if possible 

because its long moment arm stabilizes the spine.

Some parts of the ventral spine may be sacri-

ficed, at least partially. In a corpectomy, for 

example, the amount of bone spared in the ven-

tral part of the VB is directly related to the 

strength it can provide. For instance, removing 

the middle and/or dorsal part of the VB may not 

result in instability if the ventral part remains 

intact. Ligamentous disruption can also reduce 

the intrinsic stability of the spine. The anterior 

longitudinal ligament (ALL) and the posterior 

longitudinal ligament strength vary throughout 

the spine (Fig. 33.7). These ligaments are typi-

cally removed in certain procedures, but if it is 

unnecessary to remove a ligament, then it should 

be kept in place.

A.Y. Chan et al.
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 Biomechanics of Non-fusion 
Implants

There are currently three major categories of 

non-fusion implants: nuclear implants, total disc 

replacement (TDR), and posterior stabilization 

devices.

 Nuclear Implants

Nuclear implants replace an injured nucleus 

pulposus, theoretically restoring viscoelastic disc 

function, proper tension within the annulus fibro-

sus, and thus biomechanically relevant load- 

bearing capabilities [18]. The VB in contact with 

the nuclear implant undergoes an adaptive 

remodeling that is probably caused by a shift in 

load concentration. To maximize the outcome, 

the material of the implant should be relatively 

pliable and have a high area of contact with the 

flanking VBs. Nuclear implants are still relatively 

new and additional research is needed to deter-

mine how they are best utilized. Their failure 

mode has been expulsion through entry point.

 Total Disc Replacement (TDR)

For optimal function, total disc replacement 

should restore normal kinematics to the func-

tional spinal unit. This will minimize stress on 

the implant and on adjacent load-bearing struc-

tures. If the replacement disc is not ideal, then 

loading in the anteroposterior or lateral transla-

tional direction could transfer to the facet joints 

which may accelerate their deterioration. 

Biomechanical constraints of the TDR design 

that restrict motion in these directions will ame-

liorate some of this concern and put more of the 

load on the implant and the implant-bone inter-

face [18].

Ideally, a TDR will have a similar IAR as the 

original disc, meaning that a relatively posterior 

IAR will result in a better range of motion since 

this accurately mimics the normal physiologic 

IAR [19]. Additionally, the ratio of rotational to 

translational movement with a disc replacement 

is governed by the radius of curvature which is 

determined by the distance between the IAR and 

the surface of the implant. Essentially, a smaller 

radius confers more rotational movement, while 

a larger radius confers more translational.
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PLL posterior 
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 Posterior Stabilization Devices

Posterior stabilization devices that are currently 

available restrict specific motions, alter load 

transferring, and unload the disc and/or facets. 

Normally these devices maintain a normal or 

slight focal kyphosis of the facet joints because it 

transfers the load from the anterior part of the 

disc to the posterior annulus as well as the facets. 

Another result is that the IAR is altered, causing 

the posterior portion of the disc to become more 

of a fulcrum between the tensile forces derived 

from the disc and the compressive forces that 

exist within the disc itself.

 Technical Pearls

• The end plates of vertebral bodies are weak-

est in the center; optimize placement of inter-

body devices and constructs by focusing the 

load of the spinal column on the edges 

instead.

• Whether the bone graft fits into the mortise is 

crucial. The surgeon should take care to prop-

erly fashion the mortise and the bone graft to 

ensure a tight fit.

• The amount of surface contact between the 

graft and the vertebral body determines how 

much the graft will subside; i.e., the more 

surface contact will result in less subsidence 

because the loading is more evenly 

distributed.

 Conclusion

Understanding the biomechanical principles of 

the spine is crucial to properly treating spine 

pathology that alters its normal properties. This 

chapter briefly describes the more basic princi-

ples that should be considered and contextual-

ized when surgical treatment is appropriate. 

Importantly, surgery is not always appropriate; 

an old adage states that surgery can always be 

done, but never undone [1]. Therefore, meticu-

lous and proper planning for every procedure is 

crucial. The biomechanical principles of the 

spine lie at the foundation of this planning, and 

understanding them will help in avoiding some 

mistakes that cannot be “undone.”
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 Introduction

Low back pain and neck pain are the top con-

tributors to high disability rates worldwide [1] 

with the annual costs for spine care in the United 

States averaging around $90 billion. When con-

servative treatments fail, spinal fusion is often a 

treatment of choice for various conditions includ-

ing deformity, trauma, and degenerative disc dis-

ease. Bone healing and new bone formation are 

key components of spine fusion and are influ-

enced by the local bone environment and graft 

materials. Initial stability in the fusion area is 

achieved with spine instrumentation, while bone 

grafts provide a foundation for bone healing and 

remodeling that happens over a longer period of 

time. While advancements in the fusion technique 

and bone biology have improved fusion success, 

nonunion (pseudarthrosis) remains a main proce-

dural complication. Studies have shown that, 

depending on the approach, number of levels, 

and the type of grafting material, nonunion rates 

in the lumbar and cervical spine can range from 

several percent for single level to up to 60% for 

multilevel cervical procedures [2–4]. Patients 

with non-fused or partially fused segments often 

have poor clinical outcomes and require another 

surgery. The need for a revision surgery and fur-

ther care contributes to extensive medical 

expenditures.

An ideal graft material has all three essential 

characteristics: it is osteogenic (contains mature 

osteoblasts and progenitor stem cells that will 

drive new bone formation), osteoinductive 

(growth factors facilitating stem cell recruitment 

and differentiation), and osteoconductive 

(mechanically stable scaffold with pore sizes that 

promote neovascularization and bone ingrowth). 

Grafting materials used in spine surgery can be 

divided into two major groups: autografts (have 

all the desired properties) and allografts (have 

some of the ideal graft characteristics). Allografts 

can be further stratified based on their function 

when coupled with autograft: graft extenders 

(reducing the amount of autograft needed), substi-

tutes (fully replacing the autograft), or enhancers 

(combined with autograft to enhance fusion). 

Although allograft bone substitutes lack some of 

the properties of autograft, they have  demonstrated 
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similar fusion rates in both preclinical animal 

models and clinical studies. Commonly used 

grafting materials and their properties are summa-

rized in Table 34.1.

 Autograft

Autograft is considered the gold standard among 

graft materials in spinal fusion. It is the only 

material which possesses all three of the neces-

sary elements for bone formation: osteogenic 

cells, an osteoconductive matrix, and osteoinduc-

tive factors [5, 6]. Based on the harvest site, auto-

graft can be divided into two main categories: 

iliac bone crest graft (ICBG) and local bone. 

Local bone is commonly harvested during 

decompression from the lamina, facets, or pro-

cesses. With no extra harvest procedure, local 

bone has advantage over ICBG when it comes to 

harvest morbidities and complications. Local 

bone is a cortical graft which provides immediate 

mechanical stability; however, due to the small 

pore size, cell migration is impaired. This leads 

to lower rates of bone remodeling and long-term 

instability. On the other hand, the iliac crest is the 

most common and frequently used source 

because it has the ability to provide sufficient 

quantities of unicortical, bicortical, tricortical, 

and cancellous bone [7–9]. In addition, the iliac 

crest is easily accessible; during posterior spinal 

fusion procedures, a separate incision is not 

required [9]. Despite being regarded as the gold 

standard, autograft is associated with several dis-

advantages. Donor site morbidity and complica-

tions such as deep infections, fracture, abdominal 

hernia, retroperitoneal hemorrhage, cutaneous 

nerve damage, blood loss, and vascular injury are 

well documented. In several studies, the afore-

mentioned complications have been reported in 

up to 10% of cases [5, 7, 9–12]. Minor complica-

tions, such as superficial infections, superficial 

seromas, and minor hematomas, were reported in 

10–21% of patients [9, 12]. Graft volume is also 

a concern, with studies showing the average vol-

ume harvested from the anterior iliac crest being 

13 cm3 and the posterior iliac crest 30 cm3 [9]. 

The adequacy of these depends on the type of 

procedure and the number of levels included [5, 

9]. Despite these limitations, autograft continues 

to remain the gold standard due to its availability 

and proven track record. Surgeons must thor-

oughly understand the types of autograft, their 

indications, and harvesting techniques.

 Autologous Cancellous Bone

Cancellous bone has a high osteogenic potential 

due to the abundance of osteoblastic stem cells 

and osteoprogenitor cells. The trabecular struc-

ture and large surface area of cancellous bone are 

favorable, as they provide increased osteocon-

duction and promote vascular ingrowth [5, 9, 13]. 

Immediately after graft implantation, hemor-

rhage and inflammation occur [13]. This causes 

the graft site to become rich in inflammatory cells 

and mesenchymal stem cells. Within 48 h of the 

surgical procedure, these cells produce fibrous 

granulation tissue. While this is occurring, 

Table 34.1 Bone grafts used for spine fusions

Properties

Grafts Osteoconductive Osteoinductive Osteogenic

Autograft + + +

Allograft + +/− −
DMB + +/− −
Ceramics + − −
Platelet gels − − +

BMA − + +

BMP − − +

DBM demineralized bone matrix, BMP bone morphogenetic proteins, BMA bone marrow aspirate

Z. Buser et al.
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 macrophages are recruited in order to remove the 

necrotic graft tissue [14]. Most of the graft cells 

do not survive; however, surface osteoblasts sur-

vive and begin to produce new bone. As soon as 

48 h after the surgery, host vessels along with 

osteoblastic and osteoclastic precursors infiltrate 

the trabecular surfaces of the cancellous graft. 

While new blood vessels begin to form through-

out the graft, osteoclasts begin to resorb it. As the 

vascular ingrowth progresses, osteoblasts line the 

dead trabecular surfaces and produce osteoid. 

Through remodeling, which lasts several months, 

necrotic bone is resorbed by osteoclasts while 

osteoblasts form new bone [9, 13]. Thus, the 

incorporation of cancellous autograft occurs 

through simultaneous bone formation and resorp-

tion [14]. Over the next 6–12 months following 

the grafting, newly formed osteoid is mineralized 

into bone and becomes fully integrated with the 

surrounding host bone. Integration is typically 

complete 1 year after the surgery [9, 13, 14].

Cancellous bone graft has been thoroughly 

studied to determine its clinical success. 

Throughout several historical studies, the rate of 

pseudarthrosis when using autogenous cancel-

lous bone ranges from 5 to 44% [6, 7]. Herkowitz 

and Kurz studied the differences in clinical and 

radiographic results between decompressive 

laminectomy and decompressive laminectomy 

with intertransverse-process arthrodesis. The 

arthrodesis was performed with corticocancel-

lous and cancellous bone grafts obtained from 

the iliac crest. Good to excellent results were 

found in 96% of the arthrodesis group and in 

44% of the decompressive laminectomy group. 

Pseudarthrosis was found in 36% of the patients 

in the arthrodesis group, but the clinical results 

were significantly better in the arthrodesis group 

[15]. Fischgrund et al. performed a randomized 

study comparing posterolateral fusion with or 

without instrumentation with autogenous iliac 

crest bone graft [16]. At a 2-year follow-up, 

arthrodesis was successful in 82% of patients 

with instrumentation and 45% of the patients 

without instrumentation. However, the findings 

suggested that there were no significant differ-

ences in the clinical outcomes [16]. Kornblum 

et al. followed up on patients from the previous 

two studies in order to determine the long-term 

effects of pseudarthrosis and successful fusion. 

The clinical outcomes were good to excellent in 

86% of the solid fusion group and in 56% of the 

pseudarthrosis group. Upon evaluating residual 

back and leg pain, the authors found that patients 

in the solid fusion group reported significantly 

lower pain scores in both areas as compared to 

the pseudarthrosis group [17]. The use of can-

cellous autograft has also shown improved 

fusion rates and clinical outcomes in cervical 

spine. Song et al. studied the efficacy of a three-

level anterior cervical arthrodesis with cancel-

lous bone, polyether ether ketone (PEEK) cages, 

and plate fixation in 21 patients [18]. Solid 

arthrodesis, which occurred 10–14 weeks after 

surgery, was found in all 21 patients. Although 

graft site morbidity was not evaluated, SF-36 

and NDI improved after surgery and at final 

follow-up.

 Non-vascularized Autologous 
Cortical Bone

In comparison to cancellous autograft, cortical 

autograft is less osteogenic and less biologically 

active [5, 7, 9]. It is also compact and resistant to 

remodeling and vascular invasion [7, 9]. 

Furthermore, cortical bone has a lower surface 

area which reduces the potential for new bone 

formation. In spite of its drawbacks, it has greater 

mechanical strength than cancellous bone and is 

therefore used to provide structural support [7, 9, 

13, 19]. Resorption of the graft by osteoclasts 

then occurs to allow vascular ingrowth [13, 20]. 

In order for the cortical bone to become fully 

incorporated, creeping substitution occurs. 

During this process, which can continue over the 

next 6 months following the surgery, osteoclasts 

resorb the graft at a high rate, while osteoblasts 

replace it with new bone [5, 9, 14, 21]. During 

creeping substitution, the graft can sustain a 75% 

reduction in strength, and the risk of graft col-

lapse is highest [5, 14, 19]. Structural strength is 

regained within 12–24 months [5, 9], and once 

healed, there is little to no remaining weakness 

[14, 21].
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In several studies the rates of fusion for the 

cortical autograft in anterior cervical fusions 

were 89% or greater [7, 22–25]. Zdeblick and 

Ducker found that the use of tricortical autograft 

in anterior cervical fusions had an 8% nonunion 

after 1 year. Graft collapse was observed in 5% 

of patients as well [25]. Furthermore, Wright 

and Eisenstein assessed 97 patients 1 year after 

anterior cervical discectomy and fusion (ACDF) 

with tricortical iliac crest bone graft. The study 

noted that pseudarthrosis was found in 11% of 

patients who had one-level fusions and 28% of 

patients who had two-level fusions [26]. 

Samartzis et al. performed a radiographic and 

clinical study comparing the fusion rates between 

allograft and autograft in two- and three-level 

ACDF with anterior plate fixation [27]. Out of 

80 patients in the study, 45 received autogenous 

tricortical iliac crest graft along with anterior 

plate fixation. Successful bone fusion was 

achieved in 100% of the autograft group and in 

94% of the allograft group. Within the autograft 

group, approximately 94% of patients with two-

level fusions had good to excellent results, while 

64% of patients with three-level fusions had 

good to excellent results [27].

 Allograft

Allografts are harvested from cadaveric bone and 

are often used as bone graft extenders or substi-

tutes in lumbar and cervical fusions. Allografts 

have good osteoconductive, very minimal osteo-

inductive, and no osteogenic properties. Growth 

factors and cells are removed during graft pro-

cessing to minimize their antigenicity. Commonly 

used forms of allografts are chips, strips, or 

demineralized bone matrix (DBM). Allografts of 

cortical origin provide good structural stability 

and are often used for interbody fusion, but the 

bone remodeling is slow and graft resorption is 

increased. Corticocancellous allografts provide 

minimal mechanical support at the start, but have 

large surface area that allows for better bone 

remodeling and graft resorption [28]. Based on the 

preparation, allografts can be fresh frozen or 

freeze-dried. Freeze-drying reduces immunoge-

nicity more than the freezing procedure; 

however, freeze-dried grafting materials have 

inferior mechanical properties [29].

The main concern with the use of cadaver 

tissues is disease transmission, even though the 

preparation process is extensive. Standards for 

handling and preparation of bone allograft have 

been developed by the American Association 

Tissue Banking. Several cases of human immu-

nodeficiency virus (HIV) and hepatitis transmis-

sion with the use of frozen allograft have been 

reported [30]. In all of the cases, donors and tis-

sues were not adequately tested. Furthermore, 

Mroz and colleagues reported that 96.5% of mus-

culoskeletal allografts between 1994 and 2007 

were recalled due to the poor donor screening, 

graft contamination, and recipient infection [31]. 

Additional challenges with allografts are donor 

age and comorbidities, in particular osteoporosis, 

all of which can significantly diminish the 

mechanical properties of the graft and contribute 

to lower fusion rates.

Structural allografts have been extensively 

used for several decades in single-level anterior 

cervical discectomy and fusion (ACDF) showing 

similar fusion rates to autograft alone [32–34]. 

However, for multilevel ACDFs, there are mixed 

reports on the benefits of allograft substitutes vs. 

autograft [25, 27, 35]. Lumbar spine studies have 

reported excellent outcomes with the use of 

freeze-dried allografts in anterior fusion 

approaches [36, 37]. Furthermore, Butterman 

and coauthors found that the femoral ring 

allograft produced similar fusion rates as iliac 

crest bone graft (ICBG) and better overall out-

comes than ICBG when used in anterior- posterior 

lumbar surgery [38]. Figure 34.1 demonstrates a 

successful lumbar posterior lateral fusion with 

autologous bone chips, cancellous allograft bone 

chips, and bone marrow aspirate.While auto-

grafts have shown superior performance in poste-

rior fusions, allograft graft extenders have 

demonstrated promising results in spine defor-

mity surgeries. Combination of freeze-dried 

allograft and autograft demonstrated high fusion 

rates (92.7%–97.3%) and up to 5.9 degrees loss 

of correction in patients undergoing a fusion pro-

cedure for the treatment of idiopathic scoliosis 

Z. Buser et al.
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[39, 40]. Most common complications with the 

use of structural allografts include nonunion and 

fracture due to the nature of graft material and 

slower rates of incorporation.

 Ceramics

Ceramics are osteoconductive bone substitutes 

without cells and growth factors and limited 

mechanical stability [41]. Although they have a 

brittle structure and reduced shear strength, 

ceramic grafts have very desirable characteris-

tics: biodegradable, unlimited supply, non- 

immunogenic, and no disease transmission. 

Mechanical instability is compensated for with 

the use of internal fixation which helps with the 

load force resistance in the initial period after the 

procedure. Most commonly used ceramic scaf-

folds for spinal fusion are calcium phosphates 

(hydroxyapatite (HA) and β-tricalcium phos-

phate (β-TCP)), calcium sulfates, or a combina-

tion of these materials. Both hydroxyapatite and 

β-TCP have pore sizes similar to cancellous bone 

and have prolonged resorption times. 

Hydroxyapatite is retained in vivo for up to a 

year, whereas the more porous β-TCP typically 

biodegrades in about 6 weeks [42]. When 

implanted within the fusion space ceramic, scaf-

folds support vascular ingrowth and cell migra-

tion leading to new bone formation.

Hydroxyapatite and β-TCP have been used as 

bone graft extenders for both lumbar and cervical 

spine fusion [43]. In a prospective non- 

randomized cohort study, patients underwent 

posterior lumbar fusion with HA + local bone or 

ICBG [44]. At 1-year follow-up, both groups had 

similar fusion rates, with the average fusion mass 

volume being greater in the group with hydroxy-

apatite chips. Similar results were reported by a 

few other cohort studies. On the other hand, Hsu 

et al. found that HA + local bone achieved only 

57% fusion compared to the autograft group [45]. 

Acharya and coauthors compared hydroxyapatite- 

bioactive glass ceramic as a substitute for auto-

graft and found almost no fusion in the 

hydroxyapatite group at 1-year follow-up [46]. 

Several studies explored the viability of HA as a 

graft extender or substitute in cervical fusion 

[43]. Both a randomized controlled trial and 

cohort studies reported similar fusion rates in HA 

group (alone or with local bone) compared to 

autograft. However, graft fragmentation, graft 

settling, and instrumentation-related problems 

were observed more in the HA groups [43]. On 

the other hand, Yoshii T et al. reported similar 

Fig. 34.1 (a) Patient 3 weeks postoperatively from a pos-

terior lateral fusion with autologous bone chips and can-

cellous allograft bone chips, as well as the use of bone 

marrow aspirate. (b) Postoperative image of the same 

patient 8 months after surgery. Note the solid bony fusion 

in the lateral margins of the construct involving the trans-

verse processes
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fusion rates between HA + local and autograft in 

ACDF with less blood loss and no graft fragmen-

tation in the HA + local bone groups [47].

As hydroxyapatite, β-TCP has also been used 

as graft extender in lumbar posterior fusion and 

ACDF. Studies focusing on posterior lumbar 

fusion found that combining β-TCP and local 

bone led to similar fusion rates, outcomes, revi-

sion rates, and complications as autograft group 

[48–51]. In patients who underwent ACDF with a 

combination of β-TCP and HA, fusion rates were 

significantly lower in the first 5 months compared 

to ICBG, reaching solid fusion at 6 months post-

operatively [52]. In addition, the ceramic group 

had shorter operative time, shorter hospital stay, 

and less blood loss. It is important to note that 

most of the studies lacked blinded assessment of 

fusion and patient randomization (various spinal 

conditions and comorbidities).

Calcium sulfate is another ceramic graft occa-

sionally used in spine fusion in combination with 

local bone or bone marrow aspirate. In a postero-

lateral lumbar fusion study, patients who received 

calcium sulfate pellets mixed with local bone 

achieved 88% fusion rates at 1 year, compared to 

100% fusion rates in the ICBG group [53]. 

Similarly, Chen et al. found that in single- and 

two-level posterolateral lumbar fusion, a mix of 

calcium sulfate and local bone produced similar 

fusion rates and bone mass compared to autoge-

nous bone at 30–34 months follow-up [54]. 

However, when calcium sulfate was combined 

with bone marrow aspirate (BMA), fusion rates 

were significantly lower than in the ICBG group 

(46% vs. 91%, respectively) [55].

Silicate-substituted calcium phosphate 

(SiCaP) is another form of ceramic grafting 

material that has been shown to contain some 

osteogenic properties. Two studies evaluated the 

potential of SiCaP in spine fusion; however, their 

results were contradictory. In a randomized clini-

cal trial (RCT), Licina et al. observed 100% 

fusion rates in patients undergoing posterior lum-

bar interbody fusion (PLIF) with SiCaP com-

pared to 89% rate in patients who received 

recombinant human bone morphogenetic protein 

2 (rhBMP-2) [56]. On the other hand, Nandyala 

and colleagues reported lower fusion rates (65%) 

with SiCaP when compared to rhBMP-2 (92%) 

in minimally invasive transforaminal lumbar 

interbody fusion [57].

 Demineralized Bone Matrix (DBM)

In spine fusion, demineralized bone matrix 

(DBM) is used as graft extender or filler. DBM is 

produced from human cadaver allograft bone by 

removing the mineralized component, cells, and 

antigenic markers. DBMs have osteoconductive 

and some osteoinductive properties. The osteo-

conductive matrix consists of type I collagen, 

glycoproteins, calcium sulfate, and debris. The 

osteoinductive properties of DBMs come from 

several growth factors that are preserved during 

the processing. Those growth factors include 

bone sialoprotein, osteopontin, and tumor growth 

factor beta (TGF-β) family [58]. The bone mor-

phogenetic proteins (BMPs) are the most impor-

tant osteogenic factors that carry out progenitor 

cell differentiation toward the mature osteoblast. 

It has been shown that with aging the levels of 

BMPs decrease; however, several other growth 

factors including TGF-β are not affected and can 

further extend the bone formation cascades and 

interactions with BMPs [59]. DBMs are pro-

duced in powder form and are mixed with carri-

ers (calcium sulfate, glycerol, gelatin, etc.) for 

easier delivery. Based on the carrier and the ratio, 

they come in different forms such as putty, gels, 

powder, and chips. Demineralized bone matrix 

has been extensively used in preclinical animal 

models and clinical trials. Rat spine fusion mod-

els have demonstrated great osteoinductive vari-

ability in commercially available DBMs which 

may reflect differences in the BMP content due to 

the donor variability and age [60–62]. In an athy-

mic rat posterolateral fusion model, Wang and 

coworkers demonstrated that Osteofil DBM paste 

had the highest fusion rates (77.8%) overall and 

also at the early time point, 4 weeks [62]. 

However, DynaGraft DBM putty did not produce 

any fusion within the experimental time period. 

Although the donor variability is a main draw-

back, several other posterolateral spinal fusion 

animal studies have demonstrated good results 
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with DBMs alone or in conjunction with auto-

graft [63–65].

Early clinical studies on DBM as bone graft 

extenders for posterolateral spinal fusion reported 

similar fusion rates to the ICBG group as well as 

bone mineralization [66–68]. All of the studies 

concluded that DBM can be a successful graft 

extender reducing significantly the amounts of 

autograft needed to achieve solid fusion. It has 

also been found that DBM putty enriched with 

bone marrow is a good graft substitute for poste-

rior spinal fusion with the fusion rates being com-

parable to DBM + autograft or autograft alone 

[69]. Conversely, An and colleagues [70] prospec-

tively compared the fusion rates of freeze-dried 

allograft-DBM composite and autograft in ACDF 

and found that the allograft-DBM construct 

resulted in a higher rate of pseudarthrosis (33% in 

DBM vs. 22% in autograft). Furthermore, the 

allograft-DBM group had a higher rate of graft 

collapse (≥2 mm and ≥3 mm) than the autograft 

alone. Several studies prospectively evaluated 

DBM with or without autograft packed into poly-

ether ether ketone (PEEK) cages [71, 72]. Park 

et al. observed 97% fusion rates in ACDF patients 

with DBM and local autograft packed in PEEK 

cages, while Moon and colleagues reported fusion 

in 77.8% patients at 25.5 months follow-up 

(mean). However, in the study by Moon et al., 

84% of the patients had some subsidence influ-

encing regional and global alignment [72].

Apart from bone extenders, DBM was used 

as a delivery vehicle for growth factors and 

cells. In a rat posterolateral fusion (PLF) model, 

DBM matrix with adenovirus carrying a Nell-1 

gene or LacZ (control) was implanted at L4-L5 

level, and at 6 weeks postoperatively, microCT 

demonstrated 70% fusion rates in DBM + Nell-1 

group compared to 20% in DBM + LacZ con-

trol group [73].

 Autologous Platelet Gel

Autologous platelet gels are created by concen-

trating platelet-rich plasma, and they can be com-

bined with autograft or allograft. They consist of 

platelets, platelet-derived growth factor (PDGF), 

and TGF-β which promote chemotaxis and pro-

liferation of mesenchymal stem cells and osteo-

blasts. Although the animal studies demonstrated 

promising results with platelet gels in spine 

fusion, clinical data is inconclusive. Two retro-

spective cohort studies looked at the effects of 

platelet gels on fusion rates in posterolateral spi-

nal approach [74, 75]. Both studies found that 

when platelet gel was combined with autograft it 

failed to enhance fusion and it had lower fusion 

rates than autograft alone. In a transforaminal 

lumbar interbody fusion (TLIF) study done by 

Hee and colleagues, platelet gels promoted faster 

bone remodeling; however, there was no increase 

in the overall fusion rates [76]. On the other hand, 

Jenis et al. found similar fusion rates between 

(85%) and autograft supplemented with AGF 

(89%) in one- or two-level PLIF [77]. Autologous 

platelet gels have several disadvantages includ-

ing blood draw and gel preparation, longer sur-

gery time, and higher costs.

 Bone Marrow Aspirates (BMAs)

Unfractionated bone marrow aspirate (BMA) has 

osteoinductive and some osteogenic characteris-

tics. Due to the lack of osteoconductivity, BMA 

is always combined with a collagen or DBM car-

rier. Several studies have evaluated the amount of 

osteoprogenitor cells in aspirated bone marrow 

samples. The colony-forming units that produce 

alkaline phosphatase (CFU-AP) are used to 

determine the number of osteoblastic progenitors 

[78, 79]. Muschler et al. found that the preva-

lence of CFU-AP was 55 per million nucleated 

cells. The authors also studied changes in the 

prevalence of osteoblastic progenitors in relation 

to age and gender. In women, there was a signifi-

cant decrease in the number of osteoblastic pro-

genitors with age. On the other hand, men showed 

a slight increase or no change in the number of 

osteoblastic progenitors with age [78]. In a sub-

sequent study, Muschler et al. determined the 

change in osteoblastic progenitors in relation to 

volume of aspirated bone marrow. As the volume 

of bone marrow aspirated increases, the number 

of osteoblastic progenitors also increases. Due to 
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the increase in volume, however, the sample 

becomes increasingly contaminated by periph-

eral blood. The authors noted a 50% decrease in 

the concentration of osteoblast progenitor cells 

when the aspirate is increased from 1 to 4 millili-

ters [79]. Taghavi and colleagues retrospectively 

reviewed a cohort of patients undergoing instru-

mented revision PLF with autograft only, BMA 

and autograft, and rhBMP-2 on collagen sponge 

[80]. In single-level fusion, all groups achieved 

solid fusion, but in the multilevel the BMA group 

had a 63.6% fusion rate, while the other two 

groups had 100%. Niu and coauthors compared 

the efficacy of BMA with different carriers in 

promoting fusion in single-level PLF study [55]. 

They found that combination of BMA and autog-

enous graft had similar fusion rates to ICBG 

alone (85.7% vs. 90.5%, respectively). However, 

the calcium sulfate and BMA group achieved 

only 45.5% fusion compared to 90.9% with 

ICBG on the control side [55]. In a systematic 

review, Khashan et al. reported several PLF stud-

ies which had similar fusion rates between BMA 

with a carrier and ICBG group, but the overall 

level of evidence was weak [81].

 Bone Morphogenetic Proteins 
(BMPs)

In 1965, Dr. Marshall Urist performed a land-

mark study in which demineralized bone 

implanted into the muscle of a rabbit induced 

bone growth in surrounding tissues [82]. Because 

this bone-forming activity could be extracted 

from the organic component of the bone, Dr. 

Urist theorized that some type of protein or pro-

teins were responsible for these phenomena and 

gave it the name “bone morphogenetic protein.” 

With the advances in recombinant DNA and pro-

tein purification techniques, isolates of the vari-

ous BMPs were procured and studied for their 

ability to induce bone formation. They were cat-

egorized into the transforming growth factor beta 

(TGF-B or TGF-β) superfamily based on their 

primary amino acid sequence [83]. Unlike the 

other members of the family, the BMPs are dif-

ferentiation factors, inducing mesenchymal stem 

cells to differentiate into bone-forming and 

cartilage- forming cells. The effects of BMPs 

occur through ligand-specific receptors found on 

the cell membrane. These receptors are com-

plexes of type I and type II serine-threonine pro-

tein kinases. Upon ligand binding to the type II 

receptor, transphosphorylation occurs in the type 

I receptor. This then leads to phosphorylation of 

intracellular proteins known as Smads, with 

eventual activation of target genes [84]. The most 

extensively studied BMP is the recombinant 

human bone morphogenetic protein 2 (rhBMP-

 2). Validation studies of rhBMP-2 use in the 

spine showed excellent results with essentially 

zero complications [85, 86]. Based on these stud-

ies, BMP2 was FDA-approved for anterior lum-

bar interbody fusions with the use of a specific 

type of threaded cage (LT cages, Medtronic). 

Initial positive results led to widespread off-label 

use. The use of rhBMP-2 in the United States 

increased from 0.7% of all fusions in 2002 to 

more than 50% of primary ALIFs, 43% of PLIF/

TLIFs, and 30% of PLFs in 2007 [87]. It became 

known as the “most successful medical device in 

history,” garnering 40% of the bone graft market 

with annual sales approaching $900 million dol-

lars in 2011 [88].

With widespread use, several complications 

were reported including radiculitis, cyst forma-

tion, seroma formation, endplate resorption, ret-

rograde ejaculation, and ectopic bone formation. 

Because of well-documented reports of adverse 

events occurring with its use in ventral cervical 

spine surgery, the FDA issued a Public Health 

Notification in July of 2008, underscoring “life- 

threatening complications of rhBMP-2 in cervi-

cal spine surgery” [89]. A systematic review in 

2010 by Mroz et al. evaluated the available litera-

ture regarding site- and procedure-specific com-

plication rates with rhBMP-2 [90]. They found a 

high percentage of resorption (44%), graft sub-

sidence (25%), and cage migration (27%) in the 

lumbar spine. Similar results were seen in the 

cervical spine with resorption (43%), but higher 

graft subsidence (43%) was seen. The incidence 

of dysphagia/neck swelling and respiratory diffi-

culties were found to be approximately 6%. This 

systematic review concluded that the complica-
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tions associated with the use of BMP could be 

“substantial.” In 2011 Carragee et al. published 

an article questioning the veracity and reporting 

bias of the initial validation studies for rhBMP-2 

[91]. They found that the rate of complications 

was 10–50 times higher than what was reported 

in the validation studies, critical methodological 

flaws within the studies themselves, and serious 

deficiencies within the peer review process that 

evaluated these studies. Faced with controversy 

and questions, Medtronic turned over all data to 

the Yale Open Data Analysis (YODA) Project. 

YODA was created as a new model to evaluate 

industry-sponsored clinical trials, with the goal 

of increasing transparency, disseminating data, 

and increasing the benefit with mitigation of risk 

to patients. YODA selected two different sites to 

the review the data, the Oregon Health and 

Science University and University of York in the 

United Kingdom. At the Oregon Health Sciences 

University, Fu et al. [92] reviewed 13 randomized 

control trials, 31 other cohort studies, 47 inter-

vention series, and 34 case series and reports. 

Simmonds et al. at the York University reviewed 

11 randomized control trials and 43 other publi-

cations [93]. Both papers commented on the 

methodological flaws in the validation studies, 

namely, a lack of blinding among physicians and 

patients. At the same time, both studies agreed 

that there were no significant differences in clini-

cal outcomes between ICBG and rhBMP-2, a sig-

nificantly higher risk with its use in anterior 

cervical fusions, and increased relative risk that 

did not reach significance with its use in both 

anterior and posterior lumbar fusions. There was 

a significantly increased risk of back and leg pain 

in the immediate postsurgical period when 

rhBMP-2 was used in posterolateral fusions. Fu 

et al. concluded that they could see no clear indi-

cation for the use of rhBMP-2 as there was no 

significant benefit in measured clinical outcomes. 

They also stated that though the overall rates of 

cancer were low, there was an increased risk of 

cancer with rhBMP-2 at 24 months; however, at 

48 months these differences were no longer sig-

nificant. Simmons et al. concluded the use of 

rhBMP-2 resulted in increased fusion rates that 

did not translate into improved clinical outcomes 

and increased back and leg pain with its use dur-

ing the first 6 months. They found trends toward 

increases in cancer, but no significance in this 

regard [93]. Their differing conclusions indicate 

that the results are highly dependent on study 

selection; that if there is an increased risk of can-

cer with the use of rhBMP-2, it is likely small, 

that rhBMP-2 should be used in caution with 

patients that have a history of cancer; and that 

future analysis incorporating more of the data 

can help draw more definitive conclusions.

 Cell-Based Therapies

Cell-based approaches have primarily focused on 

the use of mesenchymal stem cells (MSCs), 

exploiting their potential for differentiation into 

various lineages and their low immunogenicity. 

MSCs have been tested in various animal models 

for spine fusion together with a carrier or as a 

vehicle for the delivery of growth factors [94–

100]. Bone marrow stem cells (BMSCs) in par-

ticular have shown a great potential in promoting 

osteogenesis and have been extensively used in 

in vitro and in vivo models [94, 95, 97–100]. 

However, the disadvantages of BMSC lie in their 

low numbers and the harvest morbidity. Because 

of that, the use of adipose stem cells has gained 

popularity, due to their fairly easy isolation, 

higher numbers of stem cells, and prolonged 

osteogenic potential [96, 98, 100]. Miyazaki 

et al. compared the potential of human bone mar-

row and adipose-derived stem cells transfected 

with BMP2 in inducing fusion in a posterolateral 

rat model. They found that at 8 weeks postopera-

tively animals that have received stem cells 

(either adipose or bone marrow) with BMP 

showed fusion that in most of the cases bridged 

the adjacent levels. Animals with stem cells alone 

however did not form new bone. These results are 

in agreement with other studies showing that pre- 

differentiated stem cells had a higher osteogenic 

potential than naïve cells. Nakajima and coau-

thors reported that the successful fusion was the 

highest in animals that received scaffolds with 

osteogenic stem cells (80%), followed by 

 autografts (66.7%) and non-differentiated stem 
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cells (33.3%) [99]. The clinical use of stem cells 

for spine fusion is being investigated in several 

clinical trials. Khashan et al. conducted a system-

atic review evaluating the efficacy of MSC or 

BMA in conjunction with graft extenders for cer-

vical and thoracolumbar fusions and how they 

compare to autograft [81]. Their review found 

that eligible studies had a low level of evidence 

and there was no clinical evidence on the use of 

MSC as graft extender or substitute [81]. While 

stem cells show great potential to be a powerful 

tool in spine fusions, there are also several limita-

tions, starting with a decline in the number and 

quality of stem with age, metabolic diseases, or 

comorbidities such as smoking. Other obstacles 

are missing cell expansion protocols that will 

maintain a stable phenotype under GMP condi-

tions and the potential for contaminations and 

complications.

 Modulus of Elasticity

In the early stages of spine fusion, the mechani-

cal loading is the key element which balances 

new bone formation and resorption. Various 

implants and instrumentation are used to lend 

initial mechanical support to the fusion site. To 

be considered suitable, those materials have to 

have mechanical properties similar to the host 

tissue (Table 34.2) [101, 102], have the right 

pore size for cell migration and blood vessel 

ingrowth, be biocompatible, and tolerate steril-

ization. Polyether ether ketone (PEEK), titanium 

(Ti), and its alloys are the most commonly used 

materials in spine fusions. PEEK cages are bio-

compatible and radiolucent and their elasticity 

modulus is lower than the cortical bone 

(Table 34.2). Fusion success with PEEK cages 

has been demonstrated in various studies; how-

ever, osteogenic cell migration and adhesion 

were reduced compared to Ti [101, 102]. Studies 

have shown that the addition of hydroxyapatite 

to PEEK increased osseointegration and the 

elasticity modulus (up to 10.6 GPa). Ti and its 

alloys are biocompatible, have great resistances 

to corrosion, have low density, and have been 

used in the spine field for decades [101, 102]. In 

contrast to PEEK, titanium has a very high elas-

ticity modulus (Table 34.2) that is six- to seven-

fold higher than the cortical bone which can 

contribute to subsidence and implant failure. 

Furthermore, Ti and its alloys are not radiolucent 

and have low osseointegration potential in their 

unmodified form. Various modifications have 

been used to improve the elasticity modulus and 

the in- and on-growth of osteoblasts. The most 

common modifications include creation of sur-

face microscale roughness, thermal or chemical 

treatments, and HA coating [101, 102]. HA coat-

ing of Ti in particular has shown good results in 

bone formation, providing good mechanical sta-

bility, and osseointegration properties.

Other materials such as tantalum, polymethyl 

methacrylate (PMMA), and stainless steel have 

been used for spine implants. However, their 

elasticity modulus is very different from the auto-

graft (Table 34.2) which can compromise the 

mechanical stability of the fusion site. The 

mechanical properties of the implant are not only 

important within the fusion site but also influence 

the adjacent, unfused segments and the progres-

sion of intervertebral disc degeneration.

 Surgical Technique Autologous Iliac 
Crest Harvesting

 Anterior

The anterior approach to the iliac crest is used for 

anterior reconstructive procedures. Cancellous or 

corticocancellous grafts can be obtained with this 

Table 34.2 Modulus of elasticity

Tissue or implant material Modulus (GPa)

Cortical bone 12.8–17.7

Cancellous bone 0.4

Stainless steel 190

Ti-alloy 116

PEEK 8.3

HA-PEEK 9.6–10.6

PMMA 2.6

HA 95

Values adopted from Ramakrishna et al. [102]
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method. This approach may be preferable during 

a procedure in which the patient is already supine, 

but a disadvantage is the lower volume of obtain-

able bone. Harvesting from the anterior iliac crest 

should be used only if less than 20–30 cc of the 

bone is required. The patient is positioned supine 

with a bump under the ipsilateral gluteal region 

to accentuate the anterior superior iliac spine 

(ASIS). The incision is made parallel to the hip 

and a wide area should be sterilely draped. At 

least 3 cm of the ASIS needs to be kept intact to 

avoid injury to the insertion of the sartorius mus-

cle and inguinal ligament. The lateral femoral 

cutaneous nerve may have an anomalous course 

in this region and should be avoided. The integ-

rity of the ASIS should not be compromised, or a 

stress fracture can result from the forces of the 

sartorius and rectus femoris musculature.

A 3–6 cm curved incision is placed 3–4 cm 

lateral to the ASIS. The incision, which runs 

superiorly and posteriorly, is made over or just 

below the crest to minimize postoperative pain. 

The fascia should be opened carefully to facili-

tate proper closure at the end of the procedure. 

Inadequate fascial closure increases the risk of 

hernia. The periosteum is incised and elevated 

from the ilium, thus exposing cortical bone which 

can be perforated with a Rongeur or osteotome. 

The iliac tubercle, located 5 cm posteriorly from 

the ASIS, contains a large amount of cancellous 

bone for harvesting. Once the cortex at the brim 

of the ilium has been violated, curettes are used 

to remove the inner graft material. An osteotome 

is used to enter the iliac crest obliquely, thus sep-

arating the inner and outer tables from a central 

graft, which provides a block of bone up to 10 by 

8 cm in size. The muscle and periosteum are left 

attached to the outer ridge of the iliac crest. Wire 

or sutures are used to reapproximate the inner 

and outer ilium. Tricortical grafts require more 

dissection. A 6 cm incision is followed by sub-

periosteal dissection of the inner and outer tables 

of the ilium. Bone graft is harvested at least 3 cm 

posteriorly from the ASIS by using parallel saw 

blades to enter the tables of the ilium. An oscillat-

ing saw is preferable to an osteotome because of 

weakening of the remaining iliac crest that may 

occur with osteotomes. The peritoneal cavity, 

which lies medially, should not be violated. 

Careless dissection of the iliacus from the inner 

wall can injure the iliohypogastric and ilioingui-

nal nerves, femoral nerve, deep circumflex iliac 

artery, and iliolumbar arteries. Once the iliac 

crest is fully exposed, the size of the graft should 

be measured carefully in all three dimensions. The 

graft is fashioned with a reciprocating sagittal 

saw. Final removal of the bone may require the 

use of osteotomies to free the bone from attach-

ments in the inferomedial region. Hemostasis of 

the exposed bony surfaces may be achieved using 

several techniques which include bone wax or 

other hemostatic agents. If necessary, a drain may 

be left in place to avoid formation of a seroma.

 Posterior

For posterior procedures, onlay graft material 

may be needed to supplement the fusion con-

struct. Dorsal spinal surgeries do not require 

structural graft because dorsal instrumentation is 

typically implanted. The advantage of dorsal iliac 

crest grafts is the large volume of available bone. 

Two approaches are available: the bone can either 

be harvested through the midline lumbar incision 

that has been made for the current spinal decom-

pression, or a separate incision can be made lat-

eral to the surgical site. If graft is to be harvested 

from the midline lumbar incision, a fascial inci-

sion is made approximately 6 cm laterally from 

the site of decompression. Dissection risks injury 

to the superior cluneal nerves, which exit from 

the lumbodorsal fascia and course as close as 

6 cm lateral to the PSIS. The fascia over the PSIS 

is incised and elevated from the ilium with elec-

trocautery and a Cobb elevator. Dissection should 

be at least 4 cm lateral to the PSIS to avoid iatro-

genic injury to the sacroiliac joint and neurovas-

cular structures exiting from the greater sciatic 

notch. Externally, the sciatic nerve, superior glu-

teal nerve, and branches of the superior gluteal 

artery travel cephalad after exiting the greater 

sciatic notch. Internally, the superior gluteal 

artery and the ureter are of concern. An opening 
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in the cortical surface, directed caudally, is made 

with an osteotome. Cancellous bone can be 

obtained using curettes or gouges. Bone bleeding 

is controlled by packing the area with sponges 

and applying bone wax or hemostatic agents. The 

defect can be filled with allograft.

If a separate incision is required for bone graft 

harvesting, a vertical incision is made over the 

posterior superior iliac spine (PSIS) with the 

patient in the prone position. The alternative 

transverse incision, if used, should be made cau-

tiously so as to avoid laceration of the cluneal 

nerves. Dissection through the fascia and graft 

removal occurs as described above.

To obtain a corticocancellous graft, a longer 

exposure is used. The incision for the exposure of 

the posterior iliac crest should not exceed 8 cm 

from the PSIS to avoid injury to the superior clu-

neal nerves, which course over the crest. The fas-

cia over the crest is exposed and opened. The 

musculature is elevated using subperiosteal tech-

nique. The dissection should not extend too infe-

riorly to avoid jeopardizing the structures in the 

region of the sciatic notch.

The subcrestal approach is an alternative 

method for obtaining bicortical and cancellous 

graft. An incision 1 cm lateral to the PSIS allows 

exposure as described above. Instead of simply 

perforating the surface of the cortex, however, a 

unicortical window can be cut with osteotomes 

or a saw. Additional cancellous bone can then be 

harvested through the same opening. Care should 

be exerted during closure of the fascial layer to 

avoid damage to the gluteal musculature. With 

meticulous hemostasis, a postoperative drain is 

unnecessary.

 Illustrative Case

 History

Patient is 59-year-old, right-hand dominant 

female with a history of bilateral shoulder blade 

pain, worse on the left. She also has complaints 

of burning in the bilateral T1 distribution. She 

states that the pain is 80% in her shoulder blades, 

10% down her arms in the T1 distribution, and 

10% in her neck. She has had these symptoms for 

approximately 6 months.

 Conservative Treatments

She has had physical therapy which was of no 

significant help. She underwent two epidural ste-

roid injections; the first was at C5-C6 which gave 

her complete relief of shoulder blade pain for 

2 days. The second was at C7-T1 and it helped 

the burning in her arms for approximately a 

week.

 Physical Exam

Her exam is normal except for diminished sensa-

tion in the bilateral C7 and T1 distributions.

 Imaging

Preoperative lateral radiograph shows multilevel 

spondylosis with disc space collapse from C5 to 

T1 (Fig. 34.2). MRI confirms spinal stenosis due 

to broad- based disc bulges from C5 to T1 

(Fig. 34.3). There is disc extrusion at C7-T1 with 

caudal migration also noted.

Fig. 34.2 Preoperative lateral radiograph shows multi-

level spondylosis with disc space collapse from C5 to T1
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 Surgical Treatment

Due to the severity of her symptoms and failure 

of conservative management, the patient opted 

for surgical intervention. The planned procedure 

was a C5-T1 anterior cervical discectomy and 

fusion with harvesting of iliac crest autograft. 

The autograft was harvested through a small inci-

sion, and the cancellous bone was packed into 

PEEK interbody cages (Figs. 34.4 and 34.5).

 Outcome

She had immediate improvement in pain and 

gradual improvement in hand sensation. Her 

fusion progressed and appeared healed on 6- and 

12-month radio-graphs (Figs. 34.6 and 34.7).

 Technical Pearls

• Autologous bone graft (commonly harvested 

from the iliac crest) is the only graft that has 

all the three characteristics needed for bone 

formation: osteoconduction, osteoinduction, 

and osteogenicity.

• Bone grafts can function as graft substitutes, 

graft extenders, or graft enhancers.

• Allograft materials can be fresh, fresh frozen, 

or freeze-dried depending on the harvest and 

preparation.

Fig. 34.3 Pre-op MRI shows stenosis due to broad-based 

disc bulges from C7 to T1. There is disc extrusion at 

C7-T1 with caudal migration also noted

Fig. 34.4 Two-week postoperative radiograph showing 

cancellous bone within the PEEK interbody cages

Fig. 34.5 At 6 weeks postoperative radiograph showed 

early maturation of the autograft
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• Ceramics are easily obtainable in large 

amounts with appropriate pore size for cell 

and blood vessel ingrowth; however, they lack 

mechanical stability.

• Bone marrow aspirates contain cells and 

growth factors, but the quality varies with 

donor age and medical history.

• Irrigate before decorticating so you leave all 

bone dust and fragments in the area to pro-

mote bone healing. No need to wash away 

those small graft particles.

• Decorticate only the dorsal cortex off the 

structure. Expose the cancellous bone which 

promotes bone attachment. No need to decor-

ticate the good cancellous bone away. Don’t 

over-decorticate this cancellous bone which 

you want to leave in place.

• Expose as much of this cancellous bone as 

you can. Decorticate the cortical bone as much 

as possible to create as much surface area for 

new bone to heal. Expose not just the trans-

verse processes but the facet joints and as 

much surface area as possible.

• Place the bone graft as much as you can on top 

of the decorticated bone. Don’t leave it sus-

pended in the paraspinal muscles, but instead 

put the graft right on top of where the bone 

needs to attach. Don’t make it harder for the 

bone to bridge the gap.

• Remove soft tissues from local bone graft. 

The soft tissues attached to the graft particles 

will inhibit bone formation.

• Put your best material right on decorticated 

graft bed.

• Be very careful to examine the evidence sup-

porting the efficacy of the particular product 

you are considering. Often the supporting evi-

dence is poor, or it has in vitro data that does 

not convey any real significant support for 

efficacy.

 Conclusion

A wide array of bone grafting materials has been 

used in spinal fusions in combination with auto-

graft or as a graft substitute. Despite the existing 

literature on each of those graft substitutes, a 

strong level of preclinical and clinical research is 

missing. Understanding the biology of each bone 

allograft is critical for achieving successful spi-

nal fusion. One must be cautious when choosing 

the grafting material and consider all factors such 

as patient’s age, comorbidities, surgery type, and 

number of levels.

Fig. 34.6 Six-month postoperative radiograph showing 

continue maturation of graft

Fig. 34.7 One-year postoperative radiograph showing 

solid interbody fusion from C5 to T1

Z. Buser et al.



467

References

 1. Global Burden of Disease Study 2013 Collaborators. 

Global, regional, and national incidence, preva-

lence, and years lived with disability for 301 acute 

and chronic diseases and injuries in 188 coun-

tries, 1990–2013: a systematic analysis for the 

Global Burden of Disease Study 2013. Lancet. 

2015;386(9995):743–800.

 2. Chun DS, Baker KC, Hsu WK. Lumbar pseudar-

throsis: a review of current diagnosis and treatment. 

Neurosurg Focus. 2015;39(4):E10.

 3. McAnany SJ, Baird EO, Overley SC, Kim JS, 

Qureshi SA, Anderson PA. A meta-analysis of the 

clinical and fusion results following treatment of 

symptomatic cervical pseudarthrosis. Global Spine 

J. 2015;5(2):148–55.

 4. Raizman NM, O'Brien JR, Poehling-Monaghan KL, 

Yu WD. Pseudarthrosis of the spine. J Am Acad 

Orthop Surg. 2009;17(8):494–503.

 5. Muschler GF, Takigami H, Nakamoto C. Principles 

of bone fusion. In: Herkowitz HN, Garfin SR, 

Eismont FJ, Bell GR, Balderston RA, editors. 

Rothman-Simeone the spine. 5th ed. Philadelphia: 

Elsevier Saunders; 2006. p. 385–98.

 6. Miyazaki M, Tsumura H, Wang JC, Alanay A. An 

update on bone substitutes for spinal fusion. Eur 

Spine J. 2009;18(6):783–99.

 7. Sandhu HS, Grewal HS, Parvataneni H. Bone 

grafting for spinal fusion. Orthop Clin North Am. 

1999;30(4):685–98.

 8. Zermatten P, Wettstein M. Iliac wing fracture fol-

lowing graft harvesting from the anterior iliac 

crest: literature review based on case report. Orthop 

Traumatol Surg Res. 2012;98(1):114–7.

 9. Myeroff C, Archdeacon M. Autogenous bone graft: 

donor sites and techniques. J Bone Joint Surg Am. 

2011;93(23):2227–36.

 10. Arrington ED, Smith WJ, Chambers HG, Bucknell 

AL, Davino NA. Complications of the iliac crest 

bone graft harvesting. Clin Orthop Relat Res. 

1996;329:300–9.

 11. Goulet JA, Senunas LE, DeSilva GL, Greenfield 

ML. Autogenous iliac crest bone graft. Complications 

and functional assessment. Clin Orthop Relat Res. 

1997;339:76–81.

 12. Younger EM, Chapman MW. Morbidity at bone graft 

donor sites. J Orthop Trauma. 1989;3(3):192–5.

 13. Stevenson S. Biology of bone grafts. Orthop Clin 

North Am. 1999;30(4):543–52.

 14. Roberts TT, Rosenbaum AJ. Bone grafts, bone sub-

stitutes and orthobiologics: the bridge between basic 

science and clinical advancements in fracture heal-

ing. Organogenesis. 2012;8(4):114–24.

 15. Herkowitz HN, Kurz LT. Degenerative lumbar spon-

dylolisthesis with spinal stenosis. A prospective 

study comparing decompression with  decompression 

and intertransverse process arthrodesis. J Bone Joint 

Surg Am. 1991;73(6):802–8.

 16. Fischgrund JS, Mackay M, Herkowitz HN, Brower 

R, Montgomery DM, Kurz LT. 1997 Volvo award 

winner in clinical studies. Degenerative lumbar 

spondylolisthesis with spinal stenosis: a prospec-

tive, randomized study comparing decompressive 

laminectomy and arthrodesis with and without 

spinal instrumentation. Spine (Phila Pa 1976). 

1997;22(24):2807–12.

 17. Kornblum MB, Fischgrund JS, Herkowitz 

HN, Abraham DA, Berkower DL, Ditkoff 

JS. Degenerative lumbar spondylolisthesis with spi-

nal stenosis: a prospective long-term study compar-

ing fusion and pseudarthrosis. Spine (Phila Pa 1976). 

2004;29(7):726–33.

 18. Song KJ, Kim GH, Choi BY. Efficacy of PEEK 

cages and plate augmentation in three-level anterior 

cervical fusion of elderly patients. Clin Orthop Surg. 

2011;3(1):9–15.

 19. Burwell RG. The fate of bone grafts. In: Apley AG, 

editor. Recent advances in orthopaedics. London: 

Churchill Livingstone; 1969. p. 115–207.

 20. Enneking WF, Burchardt H, Puhl JJ, Piotrowski 

G. Physical and biological aspects of repair in dog 

cortical-bone transplants. J Bone Joint Surg Am. 

1975;57(2):237–52.

 21. Khan SN, Cammisa FP Jr, Sandhu HS, Diwan AD, 

Girardi FP, Lane JM. The biology of bone grafting. 

J Am Acad Orthop Surg. 2005;13(1):77–86.

 22. Gore DR, Sepic SB. Anterior cervical fusion for 

degenerated or protruded discs. A review of one 

hundred forty-six patients. Spine (Phila Pa 1976). 

1984;9(7):667–71.

 23. Krag MH, Robertson PA, Johnson CC, Stein 

AC. Anterior cervical fusion using a modified tricor-

tical bone graft: a radiographic analysis of outcome. 

J Spinal Disord. 1997;10(5):420–30.

 24. Mutoh N, Shinomiya K, Furuya K, Yamaura I, Satoh 

H. Pseudarthrosis and delayed union after anterior 

cervical fusion. Int Orthop. 1993;17(5):286–9.

 25. Zdeblick TA, Ducker TB. The use of freeze-dried 

allograft bone for anterior cervical fusions. Spine 

(Phila Pa 1976). 1991;16(7):726–9.

 26. Wright IP, Eisenstein SM. Anterior cervical dis-

cectomy and fusion without instrumentation. Spine 

(Phila Pa 1976). 2007;32(7):772–4.

 27. Samartzis D, Shen FH, Matthews DK, Yoon ST, 

Goldberg EJ, An HS. Comparison of allograft to 

autograft in multilevel anterior cervical discec-

tomy and fusion with rigid plate fixation. Spine 

J. 2003;3(6):451–9.

 28. Stevenson S, Horowitz M. The response to bone 

allografts. J Bone Joint Surg Am. 1992;74:939–50.

 29. Hamer AJ, Strachan JR, Black MM, et al. 

Biomechanical properties of cortical allograft bone 

using a new method of bone strength measurement: 

a comparison of fresh, freshfrozen, and irradiated 

bone. J Bone Joint Surg Br. 1996;78:363–8.

 30. Tomford WW. Transmission of disease through 

transplantation of musculoskeletal allografts. J Bone 

Joint Surg Am. 1995;77:1742–54.

34 Bone Grafting and Spinal Fusion Options



468

 31. Mroz TE, Joyce MJ, Lieberman IH, Steinmetz MP, 

Benzel EC, Wang JC. The use of allograft bone in 

spine surgery: is it safe? Spine J. 2009;9(4):303–8.

 32. Cloward RB. The anterior approach for removal of 

ruptured cervical discs. J Neurosurg. 1958;15:602.

 33. Brown MD, Malinin TI, Davis PB. A roentgeno-

graphic evaluation of frozen allografts versus auto-

grafts in anterior cervical spine fusions. Clin Orthop. 

1976;119:231–6.

 34. Jagannathan J, Shaffrey CI, Oskouian RJ, Dumont 

AS, Herrold C, Sansur CA, Jane JA. Radiographic 

and clinical outcomes following single-level ante-

rior cervical discectomy and allograft fusion with-

out plate placement or cervical collar. J Neurosurg 

Spine. 2008;8(5):420–8.

 35. Young WF, Rossenwasser RH. An early comparative 

analysis of the use of fibular allograft versus autolo-

gous iliac crest graft for interbody fusion after ante-

rior cervical discectomy. Spine. 1993;18:1123–4.

 36. Kozak JA, Heilman AE, O’Brian JP. Anterior lumbar 

fusion options: techniques and graft materials. Clin 

Orthop. 1994;300:45–51.

 37. Thalgott JS, Fogarty ME, Giuffre JM, Christenson 

SD, Epstein AK, Aprill C. A prospective, random-

ized, blinded, single-site study to evaluate the clini-

cal and radiographic differences between frozen and 

freeze-dried allograft when used as part of a circum-

ferential anterior lumbar interbody fusion procedure. 

Spine (Phila Pa 1976). 2009;34(12):1251–6.

 38. Butterman GR, Glazer PA, Hu SS, Bradford 

DS. Revision of failed lumbar fusions. A com-

parison of anterior autograft and allograft. Spine. 

1997;22:2748–55.

 39. Jones KC, Andrish J, Kuivila T, Gurd 

A. Radiographic outcomes using freeze-dried can-

cellous allograft bone for posterior spinal fusion 

in pediatric idiopathic scoliosis. J Pediatr Orthop. 

2002;22(3):285–9.

 40. Knapp DR Jr, Jones ET, Blanco JS, Flynn JC, 

Price CT. Allograft bone in spinal fusion for ado-

lescent idiopathic scoliosis. J Spinal Disord Tech. 

2005;18(Suppl):S73–6.

 41. Tay BK, Patel VV, Bradford DS. Calcium sulfate and 

calcium phosphate- based bone substitutes. Mimicry 

of the mineral phase of bone. Orthop Clin North Am. 

1999;30:615–23.

 42. Jarcho M. Calcium phosphate ceramics as hard tis-

sue prosthetics. Clin Orthop. 1981;157:259–78.

 43. Buser Z, Brodke DS, Youssef JA, Meisel HJ, Myhre 

SL, Hashimoto R, Park JB, Tim Yoon S, Wang 

JC. Synthetic bone graft versus autograft or allograft 

for spinal fusion: a systematic review. J Neurosurg 

Spine. 2016;27:1–8. [Epub ahead of print]

 44. Lee JH, Hwang CJ, Song BW, Koo KH, Chang BS, 

Lee CK. A prospective consecutive study of instru-

mented posterolateral lumbar fusion using  synthetic 

hydroxyapatite (BongrosHA) as a bone graft 

extender. J Biomed Mater Res A. 2009;90:804–10.

 45. Hsu CJ, Chou WY, Teng HP, Chang WN, Chou YJ. 

Coralline hydroxyapatite and laminectomy- derived 

bone as adjuvant graft material for lumbar postero-

lateral fusion. J Neurosurg Spine. 2005;3:271–5.

 46. Acharya NK, Kumar RJ, Varma HK, Menon VK. 

Hydroxyapatite-bioactive glass ceramic composite as 

stand-alone graft substitute for posterolateral fusion 

of lumbar spine: a prospective, matched, and con-

trolled study. J Spinal Disord Tech. 2008;21:106–11.

 47. Yoshii T, Yuasa M, Sotome S, Yamada T, Sakaki 

K, Hirai T, Taniyama T, Inose H, Kato T, Arai Y, 

Kawabata S, Tomizawa S, Enomoto M, Shinomiya 

K, Okawa A. Porous/dense composite hydroxy-

apatite for anterior cervical discectomy and fusion. 

Spine (Phila Pa 1976). 2013;38(10):833–40.

 48. Dai LY, Jiang LS. Single-level instrumented postero-

lateral fusion of lumbar spine with beta-tricalcium 

phosphate versus autograft: a prospective, random-

ized study with 3-year follow-up. Spine (Phila Pa 

1976). 2008;33:1299–304.

 49. Kong S, Park JH, Roh SW. A prospective compara-

tive study of radiological outcomes after instru-

mented posterolateral fusion mass using autologous 

local bone or a mixture of beta-tcp and autologous 

local bone in the same patient. Acta Neurochir 

(Wien). 2013;155:765–70.

 50. Moro-Barrero L, Acebal-Cortina G, Suárez-Suárez 

M, Pérez-Redondo J, Murcia-Mazón A, López- 

Muñiz A. Radiographic analysis of fusion mass 

using fresh autologous bone marrow with ceramic 

composites as an alternative to autologous bone 

graft. J Spinal Disord Tech. 2007;20:409–15.

 51. Neen D, Noyes D, Shaw M, Gwilym S, Fairlie N, 

Birch N. Healos and bone marrow aspirate used for 

lumbar spine fusion: a case controlled study com-

paring Healos with autograft. Spine (Phila Pa 1976). 

2006;31:E636–40.

 52. Cho DY, Lee WY, Sheu PC, Chen CC. Cage contain-

ing a biphasic calcium phosphate ceramic (Triosite) 

for the treatment of cervical spondylosis. Surg 

Neurol. 2005;63:497504.

 53. Alexander DI, Manson NA, Mitchell MJ. Efficacy of 

calcium sulfate plus decompression bone in lumbar 

and lumbosacral spinal fusion: preliminary results in 

40 patients. Can J Surg. 2001;44:262–6.

 54. Chen WJ, Tsai TT, Chen LH, Niu CC, Lai PL, Fu 

TS, McCarthy K. The fusion rate of calcium sulfate 

with local autograft bone compared with autologous 

iliac bone graft for instrumented short-segment spi-

nal fusion. Spine (Phila Pa 1976). 2005;30:2293–7.

 55. Niu CC, Tsai TT, Fu TS, Lai PL, Chen LH, Chen 

WJ. A comparison of posterolateral lumbar fusion 

comparing autograft, autogenous laminectomy bone 

with bone marrow aspirate, and calcium sulphate 

with bone marrow aspirate: a prospective random-

ized study. Spine (Phila Pa 1976). 2009;34:2715–9.

 56. Licina P, Coughlan M, Johnston E, Pearcy M. 

Comparison of silicate-substituted calcium phos-

phate (Actifuse) with recombinant human bone 

morphogenetic protein-2 (infuse) in posterolat-

eral instrumented lumbar fusion. Global Spine 

J. 2015;5(6):471–8.

Z. Buser et al.



469

 57. Nandyala SV, Marquez-Lara A, Fineberg SJ, Pelton 

M, Singh K. Prospective, randomized, controlled 

trial of silicate-substituted calcium phosphate ver-

sus rhBMP-2 in a minimally invasive transforami-

nal lumbar interbody fusion. Spine (Phila Pa 1976). 

2014;39(3):185–91.

 58. Salih E, Wang J, Mah J, Fluckiger R. Natural 

variation in the extent of phosphorylation of bone 

phosphoproteins as a function of in vivo new bone 

formation induced by demineralized bone matrix 

in soft tissue and bony environments. Biochem 

J. 2002;364(Pt 2):465–74.

 59. Blum B, Moseley J, Miller L, Richelsoph K, Haggard 

W. Measurement of bone morphogenetic proteins 

and other growth factors in demineralized bone 

matrix. Orthopedics. 2004;27(1 Suppl):s161–5.

 60. Lee YP, Jo M, Luna M, Chien B, Lieberman JR, 

Wang JC. The efficacy of different commercially 

available demineralized bone matrix substances 

in an athymic rat model. J Spinal Disord Tech. 

2005;18:439–44.

 61. Peterson B, Whang PG, Iglesias R, Wang JC, 

Lieberman JR. Osteoinductivity of commercially 

available demineralized bone matrix. Preparations 

in a spine fusion model. J Bone Joint Surg Am. 

2004;86-A:2243–50.

 62. Wang JC, Alanay A, Mark D, Kanim LE, Campbell 

PA, Dawson EG, Lieberman JR. A comparison of 

commercially available demineralized bone matrix 

for spinal fusion. Eur Spine J. 2007;16:1233–40.

 63. Choi Y, Oldenburg FP, Sage L, Johnstone B, Yoo 

JU. A bridging demineralized bone implant facili-

tates posterolateral lumbar fusion in New Zealand 

white rabbits. Spine. 2007;32:36–41.

 64. Louis-Ugbo J, Murakami H, Kim HS, Minamide A, 

Boden SD. Evidence of osteoinduction by Grafton 

demineralized bone matrix in nonhuman primate 

spinal fusion. Spine. 2004;29:360–6.

 65. Martin GJ Jr, Boden SD, Titus L, Scarborough NL. 

New formulations of demineralized bone matrix 

as a more effective graft alternative in experimen-

tal posterolateral lumbar spine arthrodesis. Spine. 

1999;24:637–45.

 66. Girardi FP, Cammisa FP Jr. The effect of bone graft 

extenders to enhance the performance of iliac crest 

bone grafts in instrumented lumbar spine fusion. 

Orthopedics. 2003;26:s545–8.

 67. Sassard WR, Eidman DK, Gray PM, Block JE, Russo 

R, Russell JL, Taboada EM. Augmenting local bone 

with Grafton demineralized bone matrix for postero-

lateral lumbar spine fusion: avoiding second site autol-

ogous bone harvest. Orthopedics. 2000;23:1059–64.

 68. Cammisa FP Jr, Lowery G, Garfin SR, Geisler FH, 

Klara PM, McGuire RA, Sassard WR, Stubbs H, 

Block JE. Two-year fusion rate equivalency between 

Grafton DBM gel and autograft in posterolateral 

spine fusion: a prospective controlled trial employ-

ing a side-by-side comparison in the same patient. 

Spine. 2004;29:660–6.

 69. Vaccaro AR, Stubbs HA, Block JE. Demineralized 

bone matrix composite grafting for posterolateral 

spinal fusion. Orthopedics. 2007;30:567–70.

 70. An HS, Simpson JM, Glover JM, Stephany 

J. Comparison between allograft plus demineral-

ized bone matrix versus autograft in anterior cervi-

cal fusion. A prospective multicenter study. Spine. 

1995;20:2211–6.

 71. Park HW, Lee JK, Moon SJ, Seo SK, Lee JH, Kim 

SH. The efficacy of the synthetic interbody cage and 

Grafton for anterior cervical fusion. Spine (Phila Pa 

1976). 2009;34(17):E591–5.

 72. Moon HJ, Kim JH, Kim JH, Kwon TH, Chung HS, 

Park YK. The effects of anterior cervical discectomy 

and fusion with stand-alone cages at two contigu-

ous levels on cervical alignment and outcomes. Acta 

Neurochir. 2011;153(3):559e65.

 73. Lu SS, Zhang X, Soo C, Hsu T, Napoli A, Aghaloo T, 

Wu BM, Tsou P, Ting K, Wang JC. The osteoinduc-

tive properties of Nell-1 in a rat spinal fusion model. 

Spine J. 2007;7:50–60.

 74. Weiner BK, Walker M. Efficacy of autologous 

growth factors in lumbar intertransverse fusions. 

Spine. 2003;28:1968–70.

 75. Carreon LY, Glassman SD, Anekstein Y, Puno 

RM. Platelet gel (AGF) fails to increase fusion 

rates in instrumented posterolateral fusions. Spine. 

2005;30:E243–6.

 76. Hee HT, Majd ME, Holt RT, Myers L. Do autolo-

gous growth factors enhance transforaminal lumbar 

interbody fusion? Eur Spine J. 2003;12:400–7.

 77. Jenis LG, Banco RJ, Kwon B. A prospective study 

of autologous growth factors (AGF) in lumbar inter-

body fusion. Spine J. 2006;6(1):14–20.

 78. Muschler GF, Nitto H, Boehm CA, Easley KA. Age- 

and gender-related changes in the cellularity of 

human bone marrow and the prevalence of osteoblas-

tic progenitors. J Orthop Res. 2001;19(1):117–25.

 79. Muschler GF, Boehm CA, Easley K. Aspiration to 

obtain osteoblast progenitor cells from human bone 

marrow: the influence of aspiration volume. J Bone 

Joint Surg Am. 1997;79(11):1699–709.

 80. Taghavi CE, Lee KB, Keorochana G, Tzeng ST, Yoo 

JH, Wang JC. Bone morphogenetic protein-2 and 

bone marrow aspirate with allograft as alternatives 

to autograft in instrumented revision posterolateral 

lumbar spinal fusion: a minimum two-year follow-up 

study. Spine (Phila Pa 1976). 2010;35(11):1144–50.

 81. Khashan M, Inoue S, Berven SH. Cell based 

therapies as compared to autologous bone grafts 

for spinal arthrodesis. Spine (Phila Pa 1976). 

2013;38(21):1885–91.

 82. Urist MR. Bone: formation by auto induction. 

Science. 1965;150:893–9.

 83. Wozney JM. Overview of bone morphogenetic pro-

teins. Spine (Phila Pa 1976). 2002;27:S2–8.

 84. Graff JM, Bansal A, Melton DA. Xenopus MAD 

proteins transduce distinct subsets of signals for the 

TGF beta superfamily. Cell. 1996;85:479–87.

34 Bone Grafting and Spinal Fusion Options



470

 85. Boden SD, Kang J, Sandhu H, Heller JG. Use of 

recombinant human bone morphogenetic protein-2 

to achieve posterolateral lumbar spine fusion in 

humans: a prospective, randomized clinical pilot 

trial. Spine. 2002;27:2662–73.

 86. Burkus JK, Gornet MF, Dickman CA, Zdeblick 

TA. Anterior lumbar interbody fusion using 

rhBMP-2 with tapered interbody cages. J Spinal 

Disord Tech. 2002;15:337–49.

 87. Ong KL, Villarraga ML, Lau E, et al. Off-label use 

of bone morphogenetic proteins in the United States 

using administrative data. Spine. 2010;35:1794–800.

 88. Bozic K. ORS clinical research forum, AAOS meet-

ing 2/6/12.

 89. FDA Public Health Notification. Life-threatening 

complications associated with recombinant human 

bone morphogenetic protein in cervical spine fusion, 

issued July 1, 2008.

 90. Mroz TE, Wang JC, Hashimoto R, et al. Complications 

related to osteobiologics use in spine surgery: a sys-

tematic review. Spine. 2010;35:S86–S104.

 91. Carragee EJ, Hurwitz EL, Weiner BK. A criti-

cal review of recombinant human bone mor-

phogenetic protein-2 trials in spinal surgery: 

emerging safety concerns and lessons learned. Spine 

J. 2011;11:471–91.

 92. Fu R, Selph S, McDonagh M, et al. Effectiveness 

and harms of recombinant human bone mor-

phogenetic protein-2 in spine fusion: a system-

atic review and meta-analysis. Ann Intern Med. 

2013;158(12):890–902.

 93. Simmonds MC, Brown J, Heirs MK, et al. Safety 

and effectiveness of recombinant human bone mor-

phogenetic protein-2 for spinal fusion. Ann Intern 

Med. 2013;158(12):877–89.

 94. Huang J-W, Lin S-S, Chen L-H, et al. The use of 

fluorescence-labeled mesenchymal stem cells in 

poly(lactideco-glycolide)/hydroxyapatite/collagen 

hybrid graft as a bone substitute for posterolateral 

spinal fusion. J Trauma. 2011;70(6):1495–502.

 95. Abbah SA, Lam CX, Ramruttun AK, Goh JC, Wong 

H-K. Fusion performance of low-dose recombinant 

human bone morphogenetic protein 2 and bone mar-

row derived multipotent stromal cells in biodegrad-

able scaffolds: a comparative study in a large animal 

model of anterior lumbar interbody fusion. Spine. 

2011;36(21):1752–9.

 96. Lopez MJ, McIntosh KR, Spencer ND, et al. 

Acceleration of spinal fusion using syngeneic and 

allogeneic adult adipose derived stem cells in a rat 

model. J Orthop Res. 2009;27(3):366–73.

 97. Wang JC, Kanim LE, Yoo S, Campbell PA, Berk AJ, 

Lieberman JR. Effect of regional gene therapy with 

bone morphogenetic protein-2-producing bone mar-

row cells on spinal fusion in rats. J Bone Joint Surg 

Am. 2003;85-A(5):905–11.

 98. Miyazaki M, Zuk PA, Zou J, Yoon SH, Wei F, 

Morishita Y, Sintuu C, Wang JC. Comparison of 

human mesenchymal stem cells derived from adi-

pose tissue and bone marrow for ex vivo gene 

therapy in rat spinal fusion model. Spine (Phila Pa 

1976). 2008;33(8):863–9.

 99. Nakajima T, Iizuka H, Tsutsumi S, Kayakabe M, 

Takagishi K. Evaluation of posterolateral spinal 

fusion using mesenchymal stem cells: differences 

with or without osteogenic differentiation. Spine. 

2007;32(22):2432–6.

 100. Barba M, Cicione C, Bernardini C, Campana V, 

Pagano E, Michetti F, Logroscino G, Lattanzi W. 

Spinal fusion in the next generation: gene and cell 

therapy approaches. ScientificWorldJournal. 2014; 

2014:406159. doi:10.1155/2014/406159. eCollec-

tion 2014

 101. Rao PJ, Pelletier MH, Walsh WR, Mobbs RJ. Spine 

interbody implants: material selection and modifi-

cation, functionalization and bioactivation of sur-

faces to improve osseointegration. Orthop Surg. 

2014;6(2):81–9. doi:10.1111/os.12098.

 102. Ramakrishna SMJ, Wintermantel E, Leong KW. 

Biomedical applications of polymer- composite materi-

als: a review. Compos Sci Technol. 2001;61:1189–224.

Z. Buser et al.

https://doi.org/10.1111/os.12098
https://doi.org/10.1155/2014/406159


471© Springer International Publishing AG 2017 

L.T. Holly, P.A. Anderson (eds.), Essentials of Spinal Stabilization, 

DOI 10.1007/978-3-319-59713-3_35

Basic Science of Bone Fusion

Joseph A. Weiner and Wellington K. Hsu

 Introduction

Bone regeneration is critical for many orthopedic 

procedures such as fracture repair, osteotomies, 

and spine fusion. Understanding the molecular 

and cellular mediators of bone healing is essen-

tial for the treating surgeon who must ensure that 

the critical components of bone repair are present 

during surgery. Spine arthrodesis is frequently 

performed in the treatment of spine trauma, 

deformity, and complex degenerative disorders. 

With an estimated 413,000 fusion procedures 

performed in the United States annually, the 

number of procedures performed has increased 

by 2.4-fold since 1998 [1]. The success of spine 

surgery in these conditions depends on the rees-

tablishment of spinal stability. While spinal 

instrumentation may afford temporary support, a 

bony union must be formed to provide enduring 

stability.

Failure of fusion, or pseudarthrosis, is asso-

ciated with poor long-term clinical outcomes 

and an increase in the 10-year reoperation rate 

[2, 3]. Recently, pseudarthrosis rates for lum-

bar spine fusions have been reported from 5% 

to 48% [4–6] with a higher incidence in 

fusions spanning three or more spinal levels 

[7]. The rate of nonunion following anterior 

cervical discectomy and fusion (ACDF) can 

vary depending on the number of levels fused, 

the allograft type used, and the surgical tech-

nique; however, it is frequently reported to be 

between 0% and 20% in single- level ACDF to 

over 60% in multilevel fusions [8]. Given the 

rising number of spine fusions performed, it is 

essential that surgeons be aware of the patho-

physiologic processes that can lead to this 

complication. This chapter will review the 

basic biological and physiological principles 

of bone healing in an effort to assist the spine 

surgeon in selecting the most efficacious tech-

niques for achieving successful arthrodesis. 

Furthermore, we will briefly discuss promis-

ing areas of research in the treatment and pre-

vention of pseudarthrosis.

 Basic Science of Bone

 Bone Anatomy and Histology

Bone is a dynamic biological tissue comprised 

of metabolically active cells incorporated into a 

rigid mineralized matrix framework. An under-

standing of the relationship between the ana-

tomic structure and histology of bone tissue is 

J.A. Weiner, MD (*) • W.K. Hsu, MD 

Department of Orthopaedic Surgery, Northwestern 

University Feinberg School of Medicine,  

676 N. St. Clair St., #1350, Chicago, IL 60611, USA

e-mail: Joseph.Weiner@northwestern.edu;  

Whsu@nm.org

35

mailto:Whsu@nm.org
mailto:Whsu@nm.org
mailto:Joseph.Weiner@northwestern.edu


472

critical to understand the process of bone heal-

ing and fusion. On a cellular level, bone consists 

of four main cell types: osteogenic precursor 

cells (stem cells), osteoblasts, osteoclasts, and 

osteocytes [9–11]. Contained within the marrow 

space are numerous other cells types critical for 

hematopoiesis. Osteogenic progenitor cells, a 

derivative of mesenchymal stem cells, serve as 

the cellular reserve of bone tissue. They are 

present within the inner layer of the periosteum 

which envelops the outer surface of bone and on 

the endosteum that lines the medullary surface 

of compact bone. Similarly, these osteogenic 

progenitor cells are also found within the endos-

teum lining the surface of trabecular bone within 

vertebrae.

Osteoblasts, derived from osteogenic pre-

cursor cells, are mature bone-forming cells. 

They secrete osteoid that subsequently under-

goes mineralization, providing strength and 

rigidity. As osteoblasts lay down osteoid, cells 

become incorporated into the matrix and 

become osteocytes, while others remain on 

resorptive surfaces to participate in bone turn-

over alongside osteoclasts. From each osteo-

cyte a web of cytoplasmic processes extends 

through canaliculi to blood vessels and other 

osteocytes, forming a critical network that 

allows bone to function as a living tissue. 

Osteocytes are involved in the control of the 

extracellular concentration of calcium and 

phosphorus, as well as in adaptive remodeling 

behavior via cell-to-cell interactions in response 

to the local environment [12–14].

Osteoclasts, derived from macrophages, 

are multinucleated, bone-resorbing cells 

controlled by hormonal and cellular mecha-

nisms. These cells function in cutting cones 

and dissolve the inorganic and organic matri-

ces of bone and calcified cartilage via the 

release of catabolic enzymes. This process 

results in the formation of shallow erosive 

pits on the bone surface called Howship’s 

lacunae. The delicate balance between osteo-

blast and osteoclast activity mediates the 

metabolic turnover of bone. When these pro-

cesses are disrupted, conditions such as 

Paget’s disease are seen.

 Bone Metabolism

Bone metabolism is under continual regulation 

by a multitude of hormonal factors and local 

mediators, many of which play a critical role in 

bone healing during spine fusion. Three of the 

hormones that play a crucial role in calcium- 

phosphate homeostasis and bone metabolism are 

parathyroid hormone (PTH), vitamin D, and cal-

citonin. PTH increases free serum calcium and 

maintains the body’s extracellular calcium levels 

at a relatively constant level [15–17]. Interestingly, 

while PTH is typically considered to be a bone 

catabolic agent, when delivered intermittently at 

low doses, PTH potently stimulates cortical and 

trabecular bone growth by increasing osteoblast 

proliferation and differentiation, decreasing 

osteoblast apoptosis and reducing the inhibitory 

effects of peroxisome proliferator activator 

(PPAR)γ receptor on osteoblast differentiation 

[15].

Calcitonin, a peptide hormone secreted by the 

parafollicular cells of the thyroid gland, serves to 

counteract the activities of PTH. Rising serum 

calcium levels cause calcitonin to be released in 

an attempt to return calcium levels to a homeo-

static level. More specifically, calcitonin lowers 

blood calcium levels through four mechanisms: 

inhibiting calcium absorption by the intestines, 

inhibiting osteoclast activity, stimulating osteo-

blast activity, and inhibiting renal tubular cell 

reabsorption of calcium allowing excretion in the 

urine [18, 19].

With the finding of the vitamin D receptor 

(VDR) in nearly all tissues and the recent discov-

ery of thousands of VDR binding sites through-

out the genome, the interest in vitamin D and its 

impact on multiple biologic processes has accel-

erated tremendously [20, 21]. In the arena of 

bone metabolism, vitamin D’s role is well estab-

lished. Vitamin D stimulates intestinal and renal 

calcium-binding proteins and facilitates active 

calcium transport [22]. Vitamin D is also critical 

to the process of osteoid mineralization [21]. 

Together, the interplay between vitamin D, PTH, 

and calcitonin helps to maintain bone homeosta-

sis, a process critical to osteoid mineralization 

and normal bone healing following surgery.
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 Principles of Bone Healing

While understanding bone metabolism is critical, 

it does not fully explain the process of bone heal-

ing after a fracture or following fusion surgery. 

Bone healing is dependent on four elements: an 

osteoinductive stimulus, an osteoconductive 

matrix, a source of osteogenic cells, and a viable 

vascular supply (Fig. 35.1). The mechanical envi-

ronment is also vital, as bone is remodeled in 

response to load (Wolff’s law). If any of these 

crucial factors is absent, new bone formation is 

significantly diminished [23, 24].

Osteoinduction is the process of recruitment 

of immature osteogenic precursor cells and sub-

sequent stimulation to differentiate into osteo-

blasts. This process requires a stimulus to trigger 

differentiation of precursor cells into mature 

osteoblasts; often this stimulus comes in the form 

of local growth factors released from platelets, 

macrophages, and fibroblasts in response to bone 

injury [25, 26]. Examples of important growth 

factor mediators include bone morphogenetic 

peptides, fibroblast growth factor (FGF), insulin- 

like growth factor (IGF), platelet-derived growth 

factor (PDGF), and transforming growth factor-β 

(TGF-β). The most widely studied growth factors 

are those in the bone morphogenetic protein 

(BMP) family. BMPs are soluble cytokines of the 

transforming growth factor beta superfamily 

involved in the differentiation, maturation, and 

proliferation of mesenchymal precursor cells into 

osteogenic cells. To date, over 20 types have been 

described and are typically present in only min-

ute quantities in the body. However, two com-

mercial forms of recombinant BMP are available 

for clinical use: rhBMP-2 (INFUSE) (Medtronic – 

Memphis, TN) and rhBMP-7 (OP-1) (Olympus 

Biotech Corporation – Hopkinton, MA) [27]. 

BMPs act via serine-threonine kinase receptors 

found on the surface of target cells and transduce 

their signal via the SMAD pathway, leading to 

nuclear translocation and subsequent expression 

of target genes involved in osteogenesis [28, 29].

Osteoconduction is the physical property of 

the matrix or graft to serve as a scaffold for viable 

bone healing. Physiologically, osteoid deposition 

by osteoblasts serves as an initial osteoconduc-

tive scaffold during fracture healing. 

Osteoconduction allows for neovasculaturization 

and the infiltration of osteogenic precursor cells 

into the fusion or healing site. In the context of 

spine fusion, numerous graft materials such as 

cancellous autografts and allografts, demineral-

ized bone matrix, ceramics, and collagen sponges 

can serve as osteoconductive scaffolds for new 

bone growth to occur [7, 30, 31]. Scaffold prop-

erties such as compressive strength, biocompati-

bility, and pore size determine its ability to 

successfully aid bone regeneration [31, 32].

Osteogenesis refers to the process of creating 

new bone and typically denotes the presence of 

viable mesenchymal stem cells, osteoblasts, and 

osteocytes in a graft material [31]. During the 

early stages of bone healing, these cell types are 

essential to new bone formation and bony union. 

Fig. 35.1 Key elements 

of bone healing. Bone 

healing requires 

interplay between four 

factors: an 

osteoinductive stimulus, 

an osteoconductive 

matrix, a source of 

osteogenic cells, and a 

viable vascular supply
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In spine surgery, osteogenic potential is classi-

cally provided by decortication of the fusion bed 

and supplementation with autogenous graft mate-

rial – the most widely used being iliac crest and 

local bone. The process of decortication exposes 

underlying cancellous bone and releases growth 

factors critical to the recruitment and differentia-

tion of osteogenic progenitor cells. These grafts 

offer a source of viable osteoblasts and stem cells 

that begin the process of bone healing.

 Bone Healing Process

While the mechanism of bone injury in fractures 

is remarkably different than spine fusion, it has 

been established that the process of bone healing 

is extraordinarily similar [33]. Bone healing has 

been classified into three distinct yet overlapping 

phases: early inflammatory, repair or prolifera-

tive, and late remodeling [34]. The inflammatory 

phase begins immediately following a fracture 

with hematoma formation in the injured bone and 

generally lasts 1–3 days [35]. This hematoma 

results from bleeding vessels within the damaged 

periosteum and cancellous bone. The inflamma-

tory phase is mediated via a growth factor cas-

cade, which includes TGF-β, BMPs, FGF, PDGF, 

IGF-1, osteoprotegerin, and VEGF. These factors 

are released from platelets, macrophages, and 

fibroblasts within the local hematoma during the 

first week and serve to begin the process of osteo-

induction and osteogenesis (Table 35.1) [36]. 

During this critical period, cells involved in the 

healing process receive their nutrient and oxygen 

supply from the exposed cancellous bone and 

muscle. Toward the end of the inflammatory 

phase, deposition of matrix results in the forma-

tion of an immature callus.

During the repair or proliferative phase, fibro-

plasia occurs, leading to the replacement of the 

crude callus by immature woven bone over the 

course of several weeks. More specifically, the 

necrotic bone at the margins of the fracture site or 

decorticated bone is resorbed by recruited osteo-

clasts [36]. A periosteal response also occurs with 

angiogenesis and formation of soft callus [37]. 

Within the fracture site or fusion bed, recruited 

mesenchymal stem cells differentiate into chon-

drocytes within the hypoxic fracture regions. 

Within these areas, soft callus will steadily take on 

the appearance of cartilage and help to stabilize 

Table 35.1 Local factors involved in bone healing

Type Source Role

Bone morphogenetic protein Mesenchymal stem cells

Extracellular matrix

Vascular endothelium

Recruitment and differentiation of 

mesenchymal cells

Mineralization of extracellular 

matrix

Fibroblast growth factor Vascular endothelium

Basement membrane

Mitogen

Supports vascularization and bone 

development

Insulin-like growth factor Liver

Paracrine signaling

Activation of osteocytes

Anabolic for bone tissue

Platelet-derived growth factor Platelets

Smooth muscle cells

Activated macrophages

Vascular endothelium

Mitogen for mesenchymal cells

Supports angiogenesis

Vascular endothelium growth factor Vascular endothelium

Smooth muscle

Angiogenesis

Osteoprotegerin (TNF-α[alpha] 

superfamily)

Vascular endothelium

Smooth muscle cells

Osteocytes

Blocks RANK ligand interaction 

with RANK receptor → promotes 

bone formation

RANK ligand Vascular endothelium

Smooth muscle

Osteocytes

Osteoclastic differentiation and 

activation
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the fracture site [36]. Chondrocyte growth and dif-

ferentiation are stimulated by growth factors 

released during the inflammatory phase, including 

TGF-β, BMPs, FGF, PDGF, and IGF-1. Irregular 

woven bone gradually replaces this cartilage via 

the process of endochondral ossification [34].

During the last phase of bone repair, irregular 

woven bone within the callus is transformed into 

lamellar bone. This process occurs when osteo-

clasts resorb the newly woven bone and osteo-

blasts replace this matrix with the lamellar bone. 

Importantly, this remodeling phase leads to resto-

ration of mechanical strength and stability. A criti-

cal aspect of appropriate remodeling is the 

biomechanical force applied to the healing site. 

Lamellae are aligned parallel to the axis of the 

greatest force, and adequate mechanical loading 

is required to augment osteogenesis and generate 

bone with the proper anatomic configuration [38].

Through the concepts of fracture fixation, it 

has been well established that proper biomechani-

cal forces are necessary for bone healing [39]. 

When sufficient osteogenic cells and biologic fac-

tors are present, the course of bone healing is 

influenced mainly by the amount of strain and 

mechanical load across a bone defect. The forces 

across a fracture or bone defect, along with the 

fixation, determine the interfragmentary move-

ment. A stiff fixation minimizes interfragmentary 

movements and results in limited stimulation of 

callus formation, while a flexible fixation can 

enhance the callus formation. However, an unsta-

ble fixation can cause the interfragmentary strain 

to exceed the rupture strain of bone leading to 

nonunion [40]. Ideally, the proliferating osteo-

blasts respond to the mechanical strain, and the 

final product of bone healing has the same biome-

chanical properties of the original bone it replaced.

 Clinical Application of the Basic 
Science of Bone Healing

While the basic science of bone healing can be 

quite complex, it is critical that spine surgeons 

have a thorough understanding of how bone heal-

ing principles apply to their fusion patients. As 

demonstrated above, bone repair in the context of 

spine fusion is a multifaceted process that 

requires five major components: a sufficient pop-

ulation of osteogenic cells, an osteoconductive 

matrix within the region where new bone tissue is 

needed, osteoinductive signals within the fusion 

bed, a local blood supply, and desirable biome-

chanical forces.

Critical components of bone healing

1 Sufficient population of osteogenic cells

2 Osteoconductive matrix

3 Osteoinductive signals

4 Local blood supply

5 Desirable biomechanical forces

A deficiency in any one of those elements can 

have a profoundly detrimental effect on spine 

fusion. To date, numerous systemic factors have 

been identified both in the laboratory and clini-

cally that directly or indirectly impact bone 

regeneration [41–45] (Table 35.2). A working 

knowledge of the bony repair mechanisms can 

allow the surgeon to maximize chances for suc-

cessful fusion.

Table 35.2 Systemic factors/conditions affecting bone 

healing

Positive factors Negative factors

Adequate 

nutrition

Malnourishment (iron deficiency 

anemia, negative nitrogen 

balance)

Vitamin D Vitamin D deficiency

Parathyroid 

hormone

Tobacco

Calcitonin Sepsis

Insulin Corticosteroids

Insulin-like 

growth factor

Calcium deficiency/osteoporosis

Testosterone Nonsteroidal anti-inflammatory 

drugs

Estrogen Adriamycin

Thyroxine Methotrexate

Vitamin A Rheumatoid arthritis

Growth hormone Syndrome of inappropriate 

antidiuretic hormone

Anabolic steroids Castration

Vitamin C
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 Nutritional Deficiency

Nutritional status has been well established as a 

predictor of surgical outcomes in the general sur-

gical literature for decades [46–48]. Nutritional 

deficiencies lead to increased complication rates, 

length of hospitalization, and mortality. The 

impact of poor nutrition on orthopedic proce-

dures and bone healing has more recently 

become a focus of research [49]. Jensen et al. 

established that nearly 35% of patients undergo-

ing elective orthopedic procedures are clinically 

malnourished, defined by serum albumin <3.5 g/

dL [50]. This rate of malnutrition should be 

highly concerning for the spine surgeon because 

of associations with delayed wound healing, 

diminished immunocompetence, surgical site 

infection, prolonged hospitalizations, and poor 

bone healing [51, 52].

Identification of a nutritional deficit in preop-

erative spine fusion patients, especially those 

undergoing an elective procedure, is critical for 

maximizing the chances of a successful outcome. 

While numerous methods such as anthropomor-

phic measurements, skin antigen testing, and 

nitrogen balance studies exist for nutritional eval-

uation, the clinical tests most commonly used to 

assess the nutritional status of surgical patients 

are the serum albumin level and the total lympho-

cyte count. These tests are practical, cost- 

effective, widely available, and highly 

reproducible in the surgical patient population 

[53]. Serum albumin is a representative marker of 

visceral protein mass; decreased levels are due to 

both decreased synthesis and increased catabo-

lism. The conditions leading to decreased albu-

min levels are often found in patients with poor 

functional and nutritional statuses. Furthermore, 

decreased albumin levels are associated with 

poor wound healing, postoperative infectious, 

complications, mortality, and immune suppres-

sion [54]. Serum albumin levels less than 3.5 g/

dL are widely accepted to represent a state of 

malnutrition [55]. Furthermore, the severity of 

the deficiency is correlated with the incidence of 

complications. In 2016, Kamath et al. reported 

that joint arthroplasty patients with preoperative 

albumin <3.0 g/dL had a 15.4% rate of unplanned 

ICU admission compared to 3.8% for patients 

with an albumin 3.0–3.5 g/dL [56].

Similarly, poor nutritional status causes a 

decrease in total lymphocyte count – a marker of 

immune competence [57]. This decrease in 

immune competence is believed to underlie the 

increased risk for surgical site infection in this 

patient population. Current research indicates 

that protein-calorie malnutrition causes a cata-

bolic state which limits the body’s ability to 

undertake anabolic processes, including forming 

new lymphocytes. A total lymphocyte count less 

than 1500–2000 cells/mm3 is considered by most 

authors to represent a clinical state of malnutri-

tion [57].

When this diagnosis is made, correction of all 

nutritional deficiencies should be part of the pre-

operative optimization process. Correction for 

malnutrition is primarily accomplished conserva-

tively through dietary counseling, as well as meal 

fortification with protein and energy-rich foods 

[58]. However, when patients fail conservative 

management, oral nutritional supplements, such 

as Ensure, can be effective in improving nutri-

tional status [55, 59]. Risk factors for correction 

failure include complex medical comorbidities, 

such as gastrointestinal disease, psychiatric con-

ditions, or cancer. These patients should be medi-

cally optimized with the aid of a comprehensive 

care team before undergoing surgery.

 Vitamin D Deficiency

Vitamin D plays a critical role in maintaining 

metabolic bone homeostasis. Vitamin D defi-

ciency, a condition present in 33% of healthy 

young adults and more than 50% of general med-

icine inpatients [60], can have serious deleterious 

effects on bone health. As vitamin D is depleted, 

absorption of calcium decreases and parathyroid 

hormone is upregulated. This hormonal dysregu-

lation can cause an increase in osteoclast bone 

resorption and predisposes patients to osteoporo-

sis, osteomalacia, and fractures [61].

The previously unknown prevalence of vita-

min D deficiency has led to a recent awareness of 

this problem. In 2010, Bogunovic et al. reported 
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that 43% of a 723-patient cohort scheduled to 

undergo an orthopedic procedure were deficient 

in vitamin D [62]. In addition to predisposing to 

fractures, an overabundance of osteoclastic 

resorption may impede bone formation needed 

for spinal arthrodesis [63]. Considering the finan-

cial and clinical burden of pseudarthrosis, knowl-

edge of the prevalence, evaluation, and treatment 

for hypovitaminosis D is critical for all spine 

surgeons.

Despite the established importance of vitamin 

D in musculoskeletal health, most spine surgeons 

fail to recognize the value in testing preoperative 

levels. A 2009 study by Dipaola et al. revealed 

that only 12% of spine surgeons order metabolic 

tests, including serum levels of vitamin D, before 

fusion surgery and only 20% as part of a pseudar-

throsis workup [64]. This is despite the fact that 

nearly 70% of patients with spine pathology are 

insufficient or deficient in vitamin D, those with 

severe pain being the most deficient [65, 66]. 

Numerous studies, both in animal models and 

humans, have established vitamin D as a critical 

mediator of fracture healing [67–70]. More 

recently, Metzger et al. demonstrated that vita-

min D modulates the consolidation of bone after 

grafting for posterolateral spinal fusion in a rat 

model. Specifically, their results indicate that 

increased levels of dietary vitamin D correlate 

directly with the density of the fusion mass [71].

Given the impact of vitamin D on spine 

fusion and the prevalence of deficiency, it is the 

authors’ recommendation that preoperative 

testing of serum vitamin D levels should be 

routine. Thresholds for vitamin D levels which 

are well established in the literature (Table 35.3) 

[61, 72] should be used to institute treatment. 

Patients deficient in vitamin D are typically 

prescribed 50,000 IU of oral vitamin D2 (ergo-

calciferol) per week for 8 weeks followed by 

maintenance therapy of 1500–2000 IU/day 

[61]. Furthermore, the relatively brief treatment 

duration often allows completion before sur-

gery and provides for high patient compliance 

[73]. Given the high prevalence of vitamin D 

deficiency and low risk of treatment, it is also 

acceptable to consider supplementation with 

2000 IU/day of oral vitamin D3.

 Cigarette Smoking

The impact of tobacco smoke on human health 

remains a critical problem facing the orthopedic 

surgeon worldwide. Cigarette smoke has a well- 

established role in the pathogenesis of numerous 

smoking-related disorders including chronic 

obstructive pulmonary disease (COPD), cancer, 

and atherosclerosis [74, 75]. More recently rec-

ognized, smoking also exacerbates musculoskel-

etal disease and presents serious challenges in the 

treatment of orthopedic conditions [76]. In addi-

tion to promoting osteoporosis, degenerative disk 

disease, and surgical site infections, smoking 

impedes osseointegration and bony union – del-

eterious effects associated with higher rates of 

revision procedures [77–79]. In spine surgery, 

smoking has been shown to have a negative 

impact on outcomes with a lumbar pseudarthro-

sis rate nearly double that of nonsmokers (26.5% 

vs. 14.2%) [80].

Defining a single mechanism by which ciga-

rette smoke impedes bone healing is challenging, 

as cigarette smoke contains upward of 4000 dis-

tinct chemical components. However, several 

mechanisms are postulated to be involved. 

Carbon monoxide present in the smoke displaces 

oxygen from hemoglobin, significantly diminish-

ing the capacity for blood to carry vital oxygen to 

proliferating osteoblasts at the site of bone heal-

ing or growth [81]. Nicotine, a potent anti- 

inflammatory and immunosuppressive substance, 

has been shown to have deleterious effects on 

Table 35.3 Serum 25-hydroxyvitamin D [25(OH)D] 

concentrations and health

nmol/L ng/mL Health status

<30 <12 Vitamin D deficiency, leading to 

rickets in infants and children 

and osteomalacia in adults

30 to 

<50

12 to 

<20

Vitamin D insufficiency

≥50 ≥20 Generally considered adequate 

for bone and overall health in 

healthy individuals

>125 >50 Emerging evidence links 

potential adverse effects to such 

high levels, particularly 

>150 nmol/L (>60 ng/mL)
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fibroblasts, red blood cells, and macrophages 

[82–84], in addition to diminishing blood flow to 

tissues by promoting vasoconstriction [84, 85]. 

Numerous other studies have proposed that reac-

tive oxygen species and other pro-inflammatory 

constituents are responsible for the dysregulation 

of bone homeostasis, reduction in bone mineral 

density, and inhibition of fracture healing 

[86–88].

More recent research has identified dioxin, a 

potent carcinogenic by-product of combustion, 

as playing a major role in the inhibition of osteo-

genesis [43]. In vitro and in vivo work has shown 

that dioxin has toxic effects on bone, adversely 

affecting bone growth and remodeling, matrix 

composition, mechanical strength, and osteoblast 

differentiation [89]. These effects occur indepen-

dent of nicotine and have a dramatically larger 

impact. Although the exact mechanism of osteo-

blastic inhibition from smoking remains some-

what unclear, many surgeons currently associate 

nicotine with the negative impact of smoking on 

bone healing. The association of dioxin and the 

AhR pathway with bone healing inhibition from 

cigarettes offers a promising new approach to the 

mitigation of these effects.

With the negative effects of smoking so well 

established, spine surgeons must consider their 

options when treating patients who smoke. All 

patients have both modifiable and non-modifi-

able risk factors that can impact patient out-

comes after spine procedures. Therefore, it is 

critical that modifiable risk factors, like smok-

ing, are minimized before taking a patient to 

surgery. Many have advocated for smoking ces-

sation programs before elective procedures [80, 

90]. These programs have demonstrated that an 

active smoking intervention program started 

6–8 weeks before surgery can halve the fre-

quency of postoperative complications, with the 

greatest effect on wound-related and cardiovas-

cular complications [90]. Furthermore, given 

the emerging evidence that nicotine may not be 

the primary culprit behind inhibition of bone 

healing [43], surgeons should consider nicotine 

replacement therapy as method for increasing 

patient compliance with cessation programs. 

Given the deleterious consequences of smoking 

and the large impact of cessation, preoperative 

counseling and enrollment in cessation pro-

grams are an essential aspect of preoperative 

patient care.

 Bisphosphonates and Teriparatide

With an overall low bone mass prevalence of 

43.9%, there are an estimated 43.4 million 

adults in the United States at increased risk for 

fracture. In 2008, 15.8% of women over the age 

of 55 were prescribed bisphosphonates to 

increase their bone mineral density and reduce 

their risk for fracture [91]. More recently, many 

patients have been prescribed anabolic agents 

such as teriparatide. However, due to the cost of 

anabolic agents, most physicians still recom-

mend anti- catabolic drugs as the first-line treat-

ment for osteoporosis. Bisphosphonates inhibit 

osteoclastic bone resorption, preventing bone 

loss and improving bone strength [92, 93]. 

However, the effect of bisphosphonates on bone 

healing remains controversial. As previously 

discussed, osteoclasts are essential for remodel-

ing during the transformation from immature 

callus into mature bone. The impact on remod-

eling causes adverse effects such as atypical 

femur fractures and osteonecrosis [94]. While 

the association with abnormal remodeling is 

well defined, the overall effect of bisphospho-

nates on bone healing is less clear. A recent 

meta-analysis of eight randomized control trials 

revealed that bisphosphonates do not cause a 

clinically detectable delay to bone healing 

regardless of the timing of bisphosphonate 

delivery [95].

Teriparatide, a recombinant PTH analog, has 

been utilized since 2002 to increase bone mineral 

density in postmenopausal women suffering from 

osteoporosis. Unlike bisphosphonates, teripara-

tide is an anabolic agent that has the ability to 

stimulate new bone formation. There has been 

abundant evidence from animal studies that indi-

cate teriparatide can improve fracture healing 

[96, 97]. Significant improvements in callus vol-

ume, callus mineralization, bone mineral content, 

strength, and rate of successful union at the frac-
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ture site have been demonstrated [98]. However, 

studies in humans have been relatively limited, 

and further research is needed to delineate the 

impact of anabolic agents on bone healing in 

humans. Currently, teriparatide is being used “off 

label” for the management of fractures and non-

unions, as well as perioperative optimization of 

surgical patients.

 Electrical Stimulation

The role for electrical stimulation in bone healing 

has been somewhat controversial. Basic science 

research suggests that pulsed electromagnetic 

field (PEMF) therapy likely enhances bone heal-

ing through stimulation of the calcium- 

calmodulin pathway secondary to the 

upregulation of bone morphogenetic proteins, 

transforming growth factor-β, and other cyto-

kines [99, 100]. A recent meta-analysis of 15 tri-

als, performed in 2016, indicated that that 

electrical stimulation reduced the relative risk for 

radiographic nonunion or persistent nonunion by 

35% and the absolute risk by 15% [101]. Four 

trials found that stimulation produced a signifi-

cant improvement in patient-reported pain scores 

[101]. However, functional outcome data are lim-

ited and further randomized controlled trials are 

needed.

 Clinical Case

 History

A 59-year-old male with grade I degenerative 

spondylolisthesis and severe spinal stenosis at 

L4–L5 causing neurogenic claudication, low 

back pain, and buttock pain. The patient previ-

ously failed conservative management for 2 years 

at which point he underwent open decompression 

and posterolateral spinal fusion at L4–L5. He 

was subsequently pain-free for 1 year and then 

developed recurrent back pain without neuro-

logic symptoms. Standing exacerbates his symp-

toms; sitting or leaning forward temporarily 

relieves pain. The patient has a past medical his-

tory significant for hypertension. Of note, he is a 

current smoker with a 40 pack-year history. A 

complete workup was performed, including post-

operative lumbar CT.

 Examination

Physical examination demonstrated a positive 

straight-leg raising on the right at 30 degrees. The 

remainder of the examination was normal.

 Pretreatment Images

MRI of the lumbar spine demonstrated recurrent 

degenerative spondylolisthesis (Fig. 35.2). CT 

scan of the lumbar spine demonstrated screw 

loosening at L4–L5 and lumbar pseudarthrosis 

(Fig. 35.3).

 Diagnosis

L4–L5 pseudarthrosis.

 Treatment

The patient was informed of the risk factors for 

pseudarthrosis, including smoking, malnutrition, 

and vitamin D deficiency. The patient elected to 

participate in a 6-week smoking cessation pro-

gram and utilized nicotine patches during the 

perioperative period. The patient was subse-

quently revised with a lateral interbody fusion 

with Polyether ether ketone (PEEK) cage at the 

L4–L5 level (Fig. 35.4). A small kit of INFUSE 

and 5 cc of Mastergraft were utilized to promote 

successful arthrodesis.

 Outcome

The patient had radiographic evidence of fusion 

on CT at 6 months. No clinical signs or symp-

toms of pseudarthrosis. Patient denied continued 

low back pain.
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Fig. 35.2 Pre-revision (a) sagittal and (b) axial MRI of the lumbar spine demonstrating recurrence of the L4–L5 

degenerative spondylolisthesis

Fig. 35.3 Pre-revision (a, b) sagittal and (c) coronal CT scan demonstrating radiolucency surrounding the L4 and L5 

pedicle screws and an L4–L5 pseudarthrosis
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 Conclusion

While the basic science of bone healing is com-

plex, it is important that spine surgeons have a 

thorough understanding of how bone healing 

principles apply to their fusion patients. Bone 

healing requires five major components: a suffi-

cient population of osteogenic cells, an osteo-

conductive matrix, osteoinductive signals, a 

local blood supply, and desirable biomechanical 

forces. Deficiency of any one component can 

lead to pseudarthrosis. With that knowledge, it is 

imperative that spine surgeons optimize their 

patients preoperatively by evaluating for and 

correcting nutritional and vitamin D deficiency, 

osteoporosis, and tobacco use. Surgeons must 

understand the importance of stress, strain, and 

osteogenesis to optimize their biomechanical 

constructs and graft choice intraoperatively. 

Finally, surgeons should understand the biologic 

mechanism, clinical role, and efficacy of adjunct 

therapies, such as pulsed electromagnetic field 

therapy and bisphosphonates, on bone healing.
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 Introduction

Spinal deformity encompasses a broad spectrum 

of malalignments, including sagittal, coronal, 

and axial planes. Deformity of the spine may 

include segmental malalignments (olisthesis, lat-

eral subluxation, and rotational subluxation), 

regional deformities such as scoliosis and kypho-

sis of the thoracic and lumbar regions, and global 

deformities with sagittal vertical axis malalign-

ment and truncal shifts in the coronal plane. The 

impact of spinal deformity is determined most 

significantly by sagittal plane parameters [1]. 

Understanding the impact of malalignment on 

health status of patients is important in guiding 

an evidence-based approach to deformity correc-

tion. The purpose of this chapter is to describe 

the impact of deformity on health status and to 

detail principles and techniques for correction of 

spinal deformity.

Deformity of the spine is an important condi-

tion affecting the growing spine and a common 

condition in the aging spine. The burden of dis-

ease on population health is defined by consider-

ation of the prevalence of disease within the 

population and the impact of the disease on 

health of the individual patient [2]. The Institute 

of Medicine has concluded that priorities for 

healthcare research and funding should be based 

upon the burden of disease. The high prevalence 

and impact of adult spinal deformity make an 

evidence- based approach to this condition an 

important healthcare priority. Deformity of the 

spine has a significant and measurable impact on 

health-related quality of life. Patients with symp-

tomatic adult deformity report a health status 

preference for their condition that is significantly 

worse than other common medical conditions [3, 

4]. With an aging population, spinal deformity 

presents a considerable health and financial chal-

lenge to our healthcare economy [5]. Appropriate 

management of the condition may encompass a 

spectrum of options including nonoperative care, 

limited decompression surgeries, limited fusion, 

and complex realignment of the spine [6]. The 

treatment strategy that is most appropriate for the 

individual patient requires consideration of 

symptoms, pathoanatomy, comorbidities, and 

patient preference. Appropriate care strategies 

maximize the expected benefits of care while 

limiting the risks and costs of care [7].

Patients seeking care for spinal deformity 

characteristically present with symptoms that 

may include back pain, radicular symptoms such 

as dermatomal pain, neurogenic claudication, 

weakness or numbness, functional decline, con-

cern about appearance, and disability. Treatment 

is multidisciplinary and comprises nonoperative 
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and operative management strategies [8]. 

Nonoperative care utilizes analgesics, physical 

therapy, and injections to improve patient pain 

and function. Surgical treatment aims to improve 

health status by decompressing the neural ele-

ments, correcting the deformity, and stabilizing 

the spine. The last decade (2000–2010) has seen 

a rapid increase in the operative management of 

spinal deformity with a twofold increase in the 

number of surgeries performed for this condition 

[9]. The rate of rise of surgery in elderly patients 

is greater than the rate of rise in younger popula-

tions [10, 11]. Understanding the principles of 

deformity correction is important to guide an 

evidence-based approach to care that applies 

across the broad spectrum of clinical presenta-

tions, pathoanatomies, and demographics of 

patients with spinal deformity.

 Goals of Deformity Correction

A fundamental principle in deformity correction 

is establishing appropriate goals of care. Goals of 

surgical correction of deformity include improve-

ment of pain, function, appearance, and health 

status of the patient. Improvement in patient-

reported health status (pain, function, self-

esteem) is an important benchmark in assessing 

the effectiveness of surgical management [12–

14]. Patient improvement can be quantified using 

a number of health-related quality of life metrics 

such as the Oswestry Disability Index (ODI), 

EuroQoI five dimensions questionnaire (EQ-5D), 

and Short Form (36) Health Survey (SF-36) [15–

17]. There is a moderate correlation between 

radiographic measures of deformity and health 

status. Specifically, Glassman et al. identified 

global sagittal alignment – the distance of the C7 

plumb line from the posterior margin of the 

sacrum – to be the radiographic parameter most 

highly correlated with clinical health status in 

adult deformity [1]. Sagittal plane deformity is 

more strongly associated with impaired clinical 

health status than coronal plane deformity, but 

there are weak to moderate correlations of clini-

cal health status with coronal plane malalign-

ment. Subsequent research extended analysis to 

the lumbopelvic region, and Schwab et al. identi-

fied the mismatch of lumbar lordosis and pelvic 

incidence and pelvic retroversion as significant 

radiographic correlates with pain and disability 

[18, 19]. The correlation between radiographic 

measures of deformity and health status defines 

specific goals for surgical correction of defor-

mity. In the young adult, the goal of surgical 

reconstruction of the spine is to correct global 

balance so that the C7 sagittal vertical axis (SVA) 

falls within 4 cm of the posterior aspect of the 

sacrum, the lumbar lordosis is within 10º of the 

pelvic incidence, and the pelvic tilt is less than 

20º [18]. Figure 36.1 demonstrates the method 

for calculating SVA, lumbar lordosis, pelvic inci-

dence, and pelvic tilt.

 Indications and Patient Selection

The decision to perform surgical reconstruction 

on the patient with spinal deformity is based 

upon informed discussion between the patient 

and the spine surgeon. Understanding the 

expected benefits of surgery, with knowledge of 

potential risks and costs, is the basis of informed 

choice and appropriate care [20]. Indications for 

surgical correction of spinal deformity include 

pain and functional limitations that are unrespon-

sive to nonoperative care, progression of defor-

mity, neural deficits, and impairment of health 

status related to deformity. In the absence of pro-

gressive deformity or neural deficit, a nonopera-

tive approach focused on improving pain and 

functionality may be an appropriate initial 

approach to care. Nonoperative approaches to 

deformity may encompass analgesics, exercise 

and physical therapy, physiatry, spinal epidural or 

facet injections, and orthotics. Unfortunately, 

despite the significant costs of nonoperative care, 

there is indeterminate evidence (levels 3 and 4) to 

support the efficacy of any specific form of non-

operative care [21, 22]. Studies have shown 

poorer outcomes in symptomatic deformity 

patients treated conservatively compared to 

patients treated surgically [23–25]. While brac-

ing is an effective treatment in preventing 

 progression in the skeletally immature spine [26], 
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bracing has not been shown to successfully slow 

progression of spinal deformity in the mature 

adult skeleton [27], and the authors do not recom-

mend orthotics for this purpose. Orthotics in the 

adult with spinal deformity may be useful inter-

mittently for pain relief and to enable function in 

patients with limitations related to pain with 

movement.

Patients with progressive deformity, symptom-

atic neural compromise, and pain and functional 

limitations that are unresponsive to nonoperative 

care are most appropriate for surgical treatment. 

The operative management of deformity in the 

adult with spinal deformity is characterized by 

significant variability. An appropriate approach to 

care requires a multidisciplinary team skilled in 

preoperative optimization of the patient’s health 

status, intraoperative strategies to decompress the 

neural elements and restore alignment of the 

spine, and postoperative rehabilitation with a 

focus on early mobilization and function. Essential 

members of the team during preoperative optimi-

zation may include primary care providers, cardi-

ologists, pulmonologists, endocrinologists, 

physiatrists, and social workers depending on the 

patient’s comorbidities, disability, and social 

issues. Reversible comorbidities such as poor 

nutritional status, poor pulmonary and cardiac 

function, osteoporosis, obesity, and nicotine use 

should be addressed and treated prior to elective 

surgery [28–30]. Patients with osteoporosis 

(T-score of −2.5 or less) must undergo medical 

Fig. 36.1 Radiographic parameters important in treat-

ment decisions for adult spinal deformity. (a) Lumbar lor-

dosis is measured from the superior endplate of T12 to the 

superior endplate of S1. Pelvic incidence is the angle sub-

tended by a line perpendicular to the midpoint of the supe-

rior endplate of S1 and a line from this midpoint to the 

center of the femoral heads. Pelvic tilt is the angle between 

a line from the midpoint of the superior endplate of S1 to 

the center of the femoral heads and a vertical line passing 

through the center of the femoral heads. (b) Sagittal verti-

cal axis (SVA) is the distance between a plumb line from 

the center of C7 and the posterior-superior margin of the 

sacrum
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treatment to improve their bone quality prior to 

undergoing elective deformity surgery as this can 

reduce the risk of postoperative pseudarthrosis 

and instrumentation failure. These patients should 

be referred to an endocrinologist to consider ini-

tiation of teriparatide, an anabolic agent that stim-

ulates osteoblastic activity and significantly 

improves bone mineral density [31]. While 

bisphosphonates could be considered, these are 

less efficacious than teriparatide in improving 

bone mineral density [32]. Additionally, animal 

studies have suggested that bisphosphonates may 

delay bone remodeling after fusion. The impact 

they have on fusion rates when used in the periop-

erative period in humans is unknown [33]. Those 

patients with low bone mass or osteopenia 

(T-score between −1.0 and −2.5) can be consid-

ered for nutritional supplementation with calcium 

and vitamin D. Preoperative optimization of the 

patient’s health status with treatment of reversible 

medical comorbidities such as osteoporosis may 

limit complications of care.

 Intraoperative Strategies

 Surgical Techniques for Deformity 
Correction

Surgical techniques for deformity correction can 

be grouped into anterior, posterior, and com-

bined approaches. The choice of surgical tech-

nique is influenced by the goals of surgery, 

patient comorbidities, and patient and surgeon 

preference. The observed variability in surgical 

approaches to deformity correction is a reflec-

tion of the broad spectrum of goals and prefer-

ences that guide care as well as the heterogeneity 

in patient presentation.

 Anterior Surgery

 Indications for Anterior Spine Surgery
The anterior approach to the spine is a powerful 

technique for mobilization of the spinal column 

and for correction of spinal deformity. Removal 

of the intervertebral disc, annulus, and anterior 

longitudinal ligament permits excellent mobiliza-

tion of the motion segment in lateral bending and 

rotation. Complete discectomy including end-

plate preparation creates an excellent environ-

ment for bone healing. The advantages of the 

anterior approach include mobilization of defor-

mity and interbody healing. Anterior surgery has 

several applications in spinal deformity.

Anterior instrumented surgery for treatment 

of spinal deformity was first described by 

Hodgson and Stock for the management of 

kyphosis in Pott’s disease and paraplegia. Allen 

Dwyer introduced the anterior approach to the 

spine for the management of scoliosis in 1964 

and published his experience in 1969 [34]. The 

original technique involved a two-stage opera-

tion. The first stage consisted of a posterior 

release with resection of ligaments and facet cap-

sules along the concavity of the deformity. This 

was followed by an anterior operation as a sec-

ond stage in which discectomies were performed 

along the deformity followed by placement of 

screws into the lateral vertebral bodies along the 

convexity. The screws were then compressed 

using cables along the convexity to correct the 

curve [35, 36]. While arthrodesis rates were high, 

the Dwyer approach was associated with late 

curve progression, increased thoracic kyphosis, 

and inadequate vertebral body derotation [36]. 

More rigid anterior fixation systems and the use 

of interbody implants have improved the ability 

to preserve sagittal alignment and maintenance 

of correction in anterior spine approaches.

In deformity correction surgery, the anterior 

approach to the spine can be useful in the thoracic 

and thoracolumbar spine. Anterior surgery may 

permit minimization of the number of levels fused, 

allowing shorter constructs with preservation of 

motion segments [37, 38]. Limitations can include 

pseudarthrosis in the thoracic spine and kyphotic 

decompensation in the lumbar spine. Deviren and 

colleagues reviewed outcomes in 15 adult and 15 

adolescent patients with scoliosis treated with ante-

rior instrumentation and reported 67% curve cor-

rection in adults and 80% curve correction in 

adolescents. All patients achieved solid fusion, and 

there were no cases of kyphotic decompensation or 
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loss of lumbar lordosis [38]. Figure 36.2 is a single 

rod anterior fusion for a Lenke 5C deformity.

Anterior surgery can also be useful in fixed 

multiplanar adult deformity for release and mobi-

lization of rigid spinal deformity and improve-

ment of sagittal and coronal balance. The anterior 

approach can improve the efficacy of arthrodesis 

by involving the large surface of the interbody 

space in the fusion area and by capitalizing on a 

biomechanical environment of compression 

which promotes bone fusion. Indications for 

combined anterior and posterior surgery include 

planned fusion across the lumbosacral junction 

(L5–S1), post-laminectomy deformity, osteopo-

rosis, lumbar pseudarthrosis, and large coronal 

deformities/imbalance (structural curves greater 

than 60º and coronal imbalance greater than 

5 cm). Long posterior-only fusions across the 

lumbosacral junction have a high rate of pseudar-

throsis, and the addition of anterior supplementa-

tion has been shown to improve fusion rates [39, 

40]. Figure 36.3 is an example of a patient with 

osteoporosis and progressive post-laminectomy 

deformity. A posterior-only revision approach 

would have been compromised in healing due to 

absent posterior elements for interlaminar fusion.

Anterior surgery is a powerful tool for increas-

ing segmental lumbar lordosis, particularly in 

patients with lumbar hypolordosis and a high pel-

vic incidence – lumbar lordosis mismatch. 

Studies demonstrate that approximately 70% of 

the total segmental lumbar lordosis comes from 

L4 to S1 vertebral segments, and nearly 50% of 

total segmental lumbar lordosis comes from the 

L5 to S1 segment [41, 42]. Total segmental lum-

bar lordosis also correlates strongly with spinal 

sagittal balance [41]. In patients with hypolor-

dotic deformity and significant sagittal plane 

imbalance, sagittal alignment can be improved 

by restoring lumbar lordosis via L4–S1 anterior 

lumbar interbody fusion (ALIF). Hsieh and col-

leagues reviewed a series of 32 patients treated 

with ALIF and 26 patients treated with transfo-

raminal lumbar interbody fusion (TLIF) and 

found that ALIF was superior to TLIF in improv-

ing lumbar lordosis [43]. ALIF resulted in a 6º 

improvement in lumbar lordosis whereas TLIF 

actually led to a 2º decrease in lumbar lordosis.

Fig. 36.2 A 32-year-old female with Lenke 5C deformity 

and progressive thoracolumbar curvature associated with 

pain. Patient underwent T10–L2 single rod anterior 

fusion. (a) Preoperative anteroposterior (AP) scoliosis 

X-rays. (b) Preoperative lateral scoliosis X-rays. (c) 

Postoperative AP scoliosis X-rays. (d) Postoperative lat-

eral scoliosis X-rays
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Patients with major thoracolumbar or lumbar 

coronal curves often have a compensatory frac-

tional curve at the lumbosacral junction. This 

compensatory curve can be quite rigid in the 

region of L4–5 and L5–S1 and may have a sig-

nificant impact on coronal and sagittal alignment 

of the spine. Additionally, the proximal end ver-

tebra of this lumbosacral fractional curve can be 

significantly tilted. Attempting to correct the 

major thoracolumbar/lumbar scoliotic curve 

without also addressing the fractional curve can 

result in suboptimal coronal correction or even 

worsening of coronal balance postoperatively. A 

balanced correction of the major thoracolumbar 

deformity and the fractional curve is an impor-

tant goal in adult deformity correction. Correcting 

the stiff fractional curve can be accomplished by 

horizontalizing the tilted proximal end vertebra 

via ALIFs at L4–S1. Because the ALIF procedure 

involves removing the anterior longitudinal liga-

ment and the concave annulus, the surgeon may 

apply distractive forces across the disc space to 

horizontalize and derotate the tilted proximal end 

vertebrate. In contrast, TLIFs do not involve sec-

tioning of the anterior longitudinal ligament 

which can result in less correction of a stiff frac-

tional curve than can be achieved with the 

ALIF. Figure 36.4 is an example of a 52-year-old 

female with progressive lumbar kyphosis and 

severe lumbosacral pain. Her trunk shift is 

 ipsilateral to the concavity of the fractional lum-

bosacral curve. Inadequate correction of L4–S1 

compared with the major curve from T11 to L4 

may have resulted in exacerbation of coronal 

plane deformity. An anterior approach to the 

spine at L3–S1 facilitated correction of lumbar 

lordosis and permitted correction of the defor-

mity from T11 to L4 from a posterior approach.

Fig. 36.3 A 68-year-old female with osteoporosis 

(T-score = −2.8) and three prior laminectomies for neuro-

genic claudication. Patient developed post-laminectomy 

deformity with progressive sagittal and coronal plane 

malalignment. The surgical approach was a combined 

anterior fusion with structural allograft at L3–S1 and a 

posterior instrumented fusion at T10–S1. A posterior-only 

revision approach would have been compromised in bony 

healing due to absent posterior elements for interlaminar 

fusion. (a) Preoperative AP scoliosis X-rays. (b) 

Preoperative lateral scoliosis X-rays. (c) Postoperative AP 

scoliosis X-rays. (d) Postoperative lateral scoliosis X-rays
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 Limitations of Anterior Surgery
While anterior surgery – especially when com-

bined with posterior surgery – has been shown 

to have good clinical outcomes in spinal defor-

mity cases, it has been associated with signifi-

cant perioperative morbidity. Any anterior 

approach through the chest wall and into the 

pleural space can lead to decline in pulmonary 

function. Graham and colleagues reported the 

pulmonary function tests of 51 patients with 

scoliosis treated with an anterior procedure 

(thoracotomy, thoracoplasty, and minimally 

invasive thoracoplasty). The authors found a 

significant decline in postoperative pulmonary 

function test values at the 3-month mark com-

pared to preoperative values [44]. Vascular 

complications can also occur, and control of the 

great vessels, segmental vessels, and recurrent 

iliolumbar vein is vital to the safety of the ante-

rior approach. Avulsions of great vessels or 

venous injury can be life threatening.

Neural injury can result from compromise of 

the segmental vascular supply to the spinal cord 

secondary to vessel ligation. Direct nerve trauma 

can also result from retraction and cauterization at 

the neural foramen and within the psoas  muscle. 

The surgeon should be keenly aware of risk fac-

tors for neural injury and paraplegia during the 

anterior approach for spinal deformity correction 

such as intraoperative hypotension, kyphosis, pre-

operative neural deficits, prior ligation of contra-

lateral vessels, and congenital deformity. 

Fig. 36.4 52-year-old female with lumbar hypolordosis 

and a T11–L4 levoscoliotic major curve. She presented 

with progressive deformity and a rigid fractional lumbo-

sacral compensatory curve from L4 to S1. Her trunk shift 

is ipsilateral to the concavity of the fractional curve. 

Correction of the major curve from T11 to L4 without 

adequate correction of the fractional curve from L4 to S1 

may have resulted in exacerbation of the coronal plane 

deformity. An anterior approach to the spine at L3–S1 

facilitated both restoration of the lumbar lordosis and 

reduction of the fractional curve. This permitted correc-

tion of the deformity from T11 to L4 from a posterior 

approach without precipitating further coronal imbalance. 

(a) Preoperative AP scoliosis X-rays. (b) Preoperative lat-

eral scoliosis X-rays. (c) Postoperative AP scoliosis 

X-rays. Patient underwent L3–S1 anterior lumbar inter-

body fusion followed by T10 to pelvis posterior instru-

mented fusion. (d) Postoperative lateral scoliosis X-rays
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Intraoperative neuromonitoring is a valuable 

adjunct as motor evoked potentials and somato-

sensory evoked potentials can signal early changes 

in spinal cord function. Electromyography and 

motor evoked potentials are also useful in detect-

ing injury to peripheral nerves.

Anterior surgery may also result in complica-

tions related to genitourinary injury. Identification 

of the ureter and retraction of the ureter with the 

peritoneum can minimize risk of ureteral injury 

during anterior approach to the lumbar spine. 

Preoperative ureteral stent placement may be 

useful in revision surgery. Retrograde ejaculation 

is a well-reported complication of anterior lum-

bar surgery in men and is due to thermal injury or 

direct injury to the autonomic fibers of the supe-

rior hypogastric plexus supplying the internal 

vesicular sphincter [45].

In addition to the complications of the 

approach, anterior surgery often requires staged 

procedures. This increases the cost of care, recov-

ery time, and length of hospitalization, all of 

which consume more healthcare resources. 

Therefore, the use of anterior surgery should 

offer an incremental benefit over a posterior-only 

approach to add value as a strategy for care.

 Specific Surgical Approaches 
to the Anterior Spine
The anterior spine can be accessed via different 

approaches depending on the location of the spi-

nal pathology. The transthoracic approach pro-

vides an anterolateral corridor that allows spine 

access from T5 to L2. Access above T5 is limited 

by the scapula and is more effective using a trans-

sternal approach. Access between T12 and L2 

requires a thoracolumbar approach with release 

of the diaphragm from the chest wall. The patient 

is placed in the lateral position, and careful atten-

tion is given to protecting the axillary region, 

eyes, and arms. The incision is made along the 

axis of a rib 1–2 segments above the level of the 

uppermost disc to be excised. In kyphosis, the 

incision may be placed at the level of the upper 

disc to be excised. In the setting of coronal defor-

mity, access to the spine is more direct when 

approaching from the convex side of the defor-

mity. Ligation of segmental vessels may compro-

mise segmental vascular supply to the spinal 

cord. This is an important consideration in the 

setting of kyphotic deformity, previous anterior 

surgery, and at the watershed levels (T8–L1).

The thoracoabdominal approach permits 

access to the spine from T8 to the sacrum. The 

thoracolumbar approach requires release of the 

diaphragm from the chest wall and permits conti-

nuity in the exposure of the thoracic and lumbar 

spine. The incision of the diaphragm may begin 

at the costochondral junction anteriorly or from 

the costovertebral junction posteriorly. 

Instrumentation using vertebral body screws is 

difficult below the level of L4 due to the position 

of the iliac crest. However, interbody instrumen-

tation can be extended to the pelvis. It is impor-

tant to identify and mobilize the ipsilateral ureter 

during this approach. Placement of a ureteral 

stent preoperatively may be useful in revision 

surgeries. Vascular considerations include identi-

fication and control of the recurrent iliolumbar 

vein and the L5 segmental vessel. Preoperative 

assessment of aortic calcification is also useful to 

avoid plaque rupture and embolization. 

Abdominal wall pseudohernia after surgery is 

common and can be minimized by direct visual-

ization of abdominal muscle innervation during 

exposure. A direct hernia is prevented by meticu-

lous closure of the transversus abdominis and 

internal oblique, followed by separate closure of 

the external oblique layer and by limiting the dis-

tal extent of the incision.

The paramedian approach gives the spine sur-

geon access from the L2–3 interspace to S1. A 

transverse incision permits access to one or two 

motion segments, whereas a longitudinal incision 

may be used for access from L2 to the sacrum. 

The patient is positioned supine, and a lumbosa-

cral roll is useful in increasing lordosis. The L5–

S1 level is accessed between the common iliac 

arteries as they bifurcate from the aorta. L4–5 is 

commonly exposed lateral to the common iliac 

vessels.

The direct lateral approach to the anterior col-

umn permits access to all disc spaces above L5–

S1. In the lumbar spine, the approach may be 

transpsoas or antepsoas. The direct lateral 

approach significantly reduces the length of the 
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incision and muscle dissection compared to a tra-

ditional thoracoabdominal exposure. The anat-

omy of the transpsoas exposure is variable, and 

the position of the lumbar plexus may preclude 

access to the disc spaces, especially at L4–L5. 

Spinal deformity significantly reduces the safe 

zone for a direct lateral approach to the lumbar 

spine [46]. Intraoperative nerve monitoring is 

useful in identifying motor nerves, but direct 

visualization is important to minimize risk to 

sensory nerves including the ilioinguinal and the 

genitofemoral nerves. Nerve injury may be due 

to direct injury or to retraction against a fixed 

transverse process.

 Posterior-Based Osteotomies

Posterior-based osteotomies encompass a spec-

trum of techniques that enable effective correc-

tion of mobile and rigid spinal deformities. 

Posterior-based osteotomies may be used in com-

bination with an anterior approach in severe sag-

ittal or coronal deformities. The spectrum of 

posterior-based osteotomies can be divided into 

six different grades, as described by Schwab and 

colleagues [47], or six different types as described 

by Berven and Bradford [48]. The six types are a 

continuum with each type building upon the bony 

removal performed in its predecessor. Because 

the bone resection is sequential, from facet resec-

tion to transpedicular resections and corpecto-

mies, the surgeon may often find that facet 

resections alone yield adequate correction or 

progress to a three-column osteotomy if the spine 

is more rigid. Figure 36.5 illustrates the spectrum 

of osteotomies from posterior-based facet resec-

tions to vertebral column resection.

 Types 1 and 2 (Complete Facet 
Resection)
Type 1 and 2 osteotomies both involve a com-

plete facetectomy bilaterally at a given level. 

They involve resection of the posterior elements 

from the mid pars above to the pedicle below, 

including removal of the interspinous ligaments 

and ligamentum flavum. The osteotomy is then 

closed by compressing posteriorly. Ponte (type 1) 

and Smith-Petersen (type 2) osteotomies are 

commonly used terms that fall under this cate-

gory. There are important distinctions between 

the two. The Ponte osteotomy as originally 

described is characterized by deformity correc-

tion through a non-fused disc space anteriorly. 

The osteotomy uses an axis of rotation at the cen-

ter of the vertebra, with distraction of the anterior 

longitudinal ligament and posterior compression 

to realign a mobile spine [49]. The elasticity of 

the anterior longitudinal ligament determines the 

amount of correction that may be achieved at a 

single segment. In contrast, Smith-Petersen oste-

otomy is performed at a level with a fused disc 

space, and correction is gained by osteoclasis of 

the anterior column with a center axis of rotation 

at the posterior longitudinal ligament and ante-

rior column opening [50]. Type 1 osteotomies 

can achieve on average 5–10º of correction per 

level in a mobile disc level; type 2 osteotomies 

may yield up to 30º in patients with a Smith- 

Peterson approach [49, 51].

 Types 3 and 4 (Pedicle Subtraction 
Osteotomies)
Type 3 and 4 osteotomies build upon the poste-

rior element resection performed in type 2 to 

include resection of the pedicles bilaterally at a 

given level with an intraosseous partial resec-

tion of the vertebral body. Heinig described the 

eggshell osteotomy in which the surgeon decan-

cellates the vertebral body from a transpedicu-

lar approach and then achieves correction of the 

spine with a controlled fracture of the decancel-

lated vertebral body [52]. Thomasen described 

the transpedicular wedge resection osteotomy 

in which correction of deformity is gained 

through resection of a wedge of pedicle and 

vertebral body, followed by closure of the 

wedge. The  posterior and middle portions of 

the index vertebral body are resected while the 

anterior vertebral cortex is left intact. The ful-

crum for closure of the osteotomy is the supe-

rior one-third of the vertebral body. This results 

in shortening of the posterior column without 

lengthening of the anterior column [53]. Type 3 

and 4 osteotomies are best applied in the lum-

bar spine for rigid deformities with fused disc 
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spaces. Although it can also be performed in 

the cervical or thoracic spine, the amount of 

sagittal correction achieved from this technique 

is greatest the more distally in the spine it is 

done based upon the distance of the osteotomy 

from C7 (i.e., an L4 pedicle subtraction osteot-

omy leads to greater sagittal correction than an 

L1 pedicle subtraction osteotomy). Pedicle sub-

TABLE 20-1 Spectrum of Posterior-Based Osteotomies

Type Description Diagram Reference

1 Resection of posterior elements from  
mid-pars above to pedicle below with  
realignment of the spine through hinging 
through a mobile disc anteriorly

Ponte

2 Resection of posterior elements from  
mid-pars above to pedicle below with  
realignment of the spine through hinging 
hinging through the anterior column of the
spine which is ankylosed.  The opening
involves osteoclasis rather than movement
through a mobile intervertebral disc

Smith-Peterson

3 Posterior-based transpedicular  
decancellation of the vertebral body  
with realignment through controlled
fracture of the anterior column

Heinig

4 Posterior-based intraosseous wedge resection 
of the vertebral body with realignment through 
osteoclasis of the proximal third of the anterior 
vertebral body

Thomasen

5 Posterior-based wedge resection with extension 
of the osteotomy into the supraadjacent disc and 
realignment hinging on the anterior column at the 
intervertebral space

Modified Thomasen

6 Posterior-based vertebral column resection 
including one or more vertebra with adjacent discs

Suk

Fig. 36.5 Spectrum of 

posterior-based 

osteotomies. Reprinted 

with permission from 

Berven S, Mummaneni 

P. Lumbar pedicle 

subtraction osteotomy. 

In: Zdeblick T, Albert T, 

editors. The Spine. 

Master Techniques in 

Orthopaedic Surgery. 

Third ed. Philadelphia: 

Lippincott Williams & 

Wilkins; 2014. p. 258
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traction osteotomy can achieve between 25 and 

35º of correction depending on the location in 

the spine at which it is performed [54].

 Type 5 (Extended Pedicle Subtraction 
Osteotomy)
Type 5 involves a pedicle subtraction osteotomy 

with wider wedge resection of the vertebral body, 

its superior endplate, and resection of the supra- 

adjacent disc. An interbody spacer can be placed 

into the supra-adjacent disc space to facilitate 

arthrodesis and prevent shortening of the anterior 

and posterior spinal column. The extended pedi-

cle subtraction osteotomy is useful to gain a cir-

cumferential fusion at the level of a three-column 

osteotomy with an open disc above the osteot-

omy. Figure 36.6 demonstrates the stages of an 

extended PSO. The patient is a 62-year-old male 

with flatback deformity and sagittal plane 

malalignment following a prior L2-5 posterior 

instrumented fusion with TLIFs. Symptoms con-

sisted of lower back pain and inability to stand 

upright. An L5-S1 ALIF followed by an extended 

PSO at L2 resulted in excellent correction of his 

sagittal plane deformity.

 Type 6 (Vertebral Column Resection)
The type 6 osteotomy involves complete resec-

tion of one or more vertebral bodies and the adja-

cent superior and inferior intervertebral discs. 

Bradford described the vertebral column resec-

tion from a combined anterior and posterior 

approach [55], and Suk described the posterior- 

based vertebral column resection [56]. This is a 

complex osteotomy that is reserved for rigid mul-

tiplanar deformities and deformities involving 

translation of the trunk. In the thoracic spine, the 

osteotomy requires the surgeon to perform rib 

resection with a lateral extracavitary exposure of 

the vertebral body, often with sacrifice of exiting 

thoracic nerve roots and segmental vessels. The 

vertebral column resection results in circumfer-

ential disconnection of the spine, leading to 

shortening of the anterior and posterior columns. 

An anterior cage may be placed to prevent severe 

shortening of the anterior column and to serve as 

a fulcrum for osteotomy closure.

Figure 36.7 demonstrates a type 6 vertebral 

column resection. The patient is a 62-year-old 

female with severe trunk translation above a prior 

fusion from L3 to S1. Traditional techniques of 

angular correction with segmental compression 

and distraction would be ineffective in correcting 

the deformity because compression of the con-

vexity of the thoracolumbar curve would lead to 

increased trunk shift and compression of the con-

vexity of the lumbosacral curve would increase 

shoulder asymmetry [54]. In cases with severe 

kyphosis and trunk shift, a vertebral column 

resection is most appropriate to facilitate transla-

tion of the trunk relative to the pelvis.

 Limited Versus Extensive Surgery

The surgical approach to spinal deformity is 

characterized by significant variability between 

providers. Surgical correction of spinal deformity 

may involve extensive surgeries with combined 

anterior and posterior approaches to the spine 

and complex osteotomies or more limited 

approaches to the deformity including decom-

pression alone or decompression with a limited 

fusion. The appropriate approach to spinal defor-

mity is the approach which maximizes benefit 

while limiting risk and costs of care [7]. Informed 

choice regarding an appropriate surgical approach 

requires consideration of the goals of care, patient 

preference, and surgeon preference [6]. A decom-

pression alone may be appropriate in patients 

with primarily radicular pain and stable defor-

mity, without progression of curvature and absent 

global sagittal or coronal malalignment [20]. A 

decompression with a limited fusion may be 

appropriate for patients with focal pain or neural 

compression that may require realignment of 

limited segments of the spine. Figure 36.8 illus-

trates a case of a 32-year-old female with adult 

idiopathic scoliosis. Her deformity has not pro-

gressed in the past 8 years, and she is well aligned 

in her global sagittal and coronal measures. She 

presents with limited left L4 and L5 radicular 

pain and significant lumbosacral pain. A limited 

decompression and fusion permit maintenance of 

mobility of the thoracolumbar spine and limited 

morbidity of the surgical approach. More exten-

sive approaches to deformity including combined 

anterior and posterior approaches and multilevel 
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Fig. 36.6 62-year-old male with flatback deformity and 

sagittal malalignment following prior L2-5 posterior fusion 

with transforaminal lumbar interbody fusion and inferior 

L2 to superior L5 laminectomies. (a) Preoperative AP 
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fusions may be most appropriate for patients in 

good health with severe symptomatic deformity 

that is progressive and involves global sagittal or 

coronal malalignment [20].

 Technical Pearls

• Establishing the goals of surgery is a founda-

tional principle in deformity correction. There 

is a correlation between radiographic measures 

of deformity and health-related quality of life 

that can define specific goals for surgical 

reconstruction of the spine: SVA less than 

4 cm, lumbar lordosis within 10º of the pelvic 

incidence, and pelvic tilt less than 20º.

• Ensure each patient has undergone careful 

preoperative optimization with a multidisci-

plinary team prior to elective deformity surgery. 

Identify and treat reversible medical comor-

bidities, consider physiatry for deconditioning 

and obesity, address nicotine cessation, and 

Fig. 36.7 A 62-year-old female with rightward trunk shift 

and progressive kyphosis above a prior limited L3–S1 

spine fusion. A type 6 osteotomy with vertebral column 

resection at L1 and L2 faciliated translation of the trunk 

(without the loss of shoulder balance that may have 

occurred from an angular correction) and significant sagit-

tal plane correction. (a) Preoperative AP scoliosis X-rays. 

(b) Preoperative lateral scoliosis X-rays. (c) Postoperative 

AP scoliosis X-rays. (d) Postoperative lateral scoliosis 

X-rays

Fig. 36.6 (continued) scoliosis X-rays. (b) Preoperative 

lateral scoliosis X-rays. He has an SVA of + 20 cm. Pelvic 

incidence is 80 degrees and lumbar lordosis is 30 degrees, 

with a mismatch of 50 degrees between the two  parameters. 

Pelvic tilt is 39 degrees indicating significant pelvic retro-

version to compensate for the sagittal plane deformity. (c) 

Preoperative CT lumbar spine. He has a solid arthrodesis 

from L2 to L5. (d) Stage 1. AP and lateral intraoperative 

fluoroscopy. He was treated in a staged fashion with an 

L5-S1 ALIF to increase segmental lumbar lordosis and 

improve efficacy of arthrodesis across the lumbosacral junc-

tion. (e) Stage 2. Lateral intraoperative fluoroscopy prior to 

the L2 extended PSO. Notice the kyphosis between the L1 

and L3 pedicle screws. (f ) Stage 2. Lateral intraoperative 

fluoroscopy during the L2 extended PSO. The posterior 

elements were resected from the mid-pars of L1 to the top 

of the pedicle of L3, thus isolating the L2 pedicles bilat-

erally. The L2 pedicles were subsequently removed.  

A wedge of the L2 vertebral body was resected with 

extension into the L1-2 disk space. The osteotomy was 

then closed. Notice the orientation between the L1 and 

L3 pedicles is now lordotic and that a wedge of bone has 

been resected from the L2 vertebral body. The Penfield 

No. 2 indicates bone-on-bone contact between the infe-

rior endplate of L1 and the wedged L2 vertebral body. 

(g) Postoperative AP scoliosis X-rays. (h) Postoperative 

lateral scoliosis X-rays. SVA and lumbar lordosis are 

much improved
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optimize bone mineral density to minimize the 

risks of complications of care.

• Anterior surgery is a powerful tool to restore 

lumbar lordosis in patients with flat back 

deformity and significant pelvic incidence – 

lumbar lordosis mismatch. Anterior surgery is 

also an effective approach to correct a rigid 

fractional lumbosacral compensatory curve 

and increase arthrodesis rates in patients at 

risk for pseudarthrosis.

• Posterior-based osteotomies may be used in 

combination with an anterior approach in 

severe sagittal or coronal deformities. Type 5 

and 6 osteotomies may lead to severe shorten-

ing of the anterior and posterior spinal col-

umns. Place an anterior cage to mitigate 

shortening and serve as a fulcrum for osteot-

omy closure.

• Perform less extensive surgery in patients with 

stable spinal deformity, normal global bal-

ance, and symptoms primarily consisting of 

radiculopathy. Less extensive surgery may 

include decompression alone or limited 

decompression and fusion.

 Complications and Strategies 
for Avoidance

Surgical correction of adult spinal deformity is 

associated with a high risk of perioperative and 

postoperative complications [14, 57, 58]. A key 

Fig. 36.8 A 32-year-old female with adult idiopathic sco-

liosis. She presents with limited L4 and L5 radicular pain 

and significant lumbosacral pain. (a) Preoperative AP sco-

liosis X-rays. Her deformity has not progressed in the past 

8 years. She is well aligned globally in the coronal plane. 

(b) Preoperative lateral scoliosis X-rays. She is also well 

aligned globally in the sagittal plane. (c) Postoperative AP 

scoliosis X-rays. She was treated with a limited fusion 

from L4 to S1 with the goal of alleviating her radicular 

pain. (d) Postoperative lateral scoliosis X-rays

J.N. Orina and S.H. Berven
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principle in deformity correction is ensuring that 

both the surgeon and the patient have a thorough 

understanding of potential complications so an 

informed decision can be made by both parties 

regarding surgical intervention and strategy. 

Recognition of potential complications encour-

ages the surgeon to anticipate adverse events and 

exercise prudence in selecting the techniques, 

tools, and implants that best achieve the goals of 

deformity correction while minimizing the risk 

of harm to the patient. In addition to the compli-

cations specific to anterior surgery discussed pre-

viously, perioperative complications may include 

neurological injury and causes of revision sur-

gery such as pseudarthrosis and proximal junc-

tional kyphosis (PJK).

Neurological injury can occur intraoperatively 

from direct trauma to the neural elements by 

instrumentation or surrounding bony and soft tis-

sue structures during deformity correction. 

Deformity correction can also lead to neural 

injury from elongation of the spinal cord or a 

compromise of its vascular supply. The incidence 

of neurological injury depends on many factors 

including surgical approach, use of osteotomies, 

presence of kyphosis, and revision surgery [59]. 

Sansur et al. reviewed the Scoliosis Research 

Society Morbidity and Mortality Database and 

identified 4980 cases of patients with adult sco-

liosis treated between 2004 and 2007. Ninety 

patients experienced a neurological complication 

(1.8%). Of these 90 patients, 71 (78.9%) patients 

experienced a nerve root injury, 11 (12.2%) 

patients had an incomplete spinal cord injury, 1 

(1.1%) patient had a complete spinal cord injury, 

and 5 (5.6%) patients had cauda equina syndrome 

[60]. Lenke et al. reported a much higher rate of 

motor deficits in patients with complex three- 

column osteotomies, with measurable deficits in 

lower extremity motor scores in 22.2% of patients 

after surgery [61].

Intraoperative spinal cord and nerve root mon-

itoring is appropriate for use in complex spinal 

realignment surgery. Somatosensory evoked 

potentials, motor evoked potentials, and electro-

myography are valuable adjuncts for early detec-

tion of neurological injury and rapid treatment of 

reversible causes. Motor evoked potentials pro-

vide direct monitoring of the corticospinal tracts 

and are the most sensitive neuromonitoring 

modality for detecting spinal cord injury. If any 

changes in neuromonitoring occur, the intraop-

erative Stagnara wake-up test can be performed 

to directly examine the patient’s neurological 

function.

Pseudarthrosis and proximal junctional 

kyphosis are complications that are common 

sources of revision surgery. Kim et al. retrospec-

tively reviewed 144 patients with adult spinal 

deformity undergoing long fusions to the sacrum 

and reported a pseudarthrosis rate of 24% [62]. 

Similarly, Dickson et al. retrospectively reviewed 

171 patients undergoing lumbar pedicle subtrac-

tion osteotomy and found a pseudarthrosis rate of 

10.5% [63]. In the authors’ practice, strategies to 

avoid pseudarthrosis in adult spinal deformity 

include consideration and modification of patient 

factors (obesity, nicotine use, osteoporosis), 

meticulous preparation of the fusion surface, and 

use of recombinant human bone morphogenetic 

protein (rhBMP) for bone grafting. Studies have 

shown the use of rhBMP to be associated with 

significantly lower rates of pseudarthrosis com-

pared to use of iliac crest bone graft [64]. 

Complications reported in the literature to be 

associated with rhBMP use include radiculopa-

thy, seroma, and heterotopic ossification as well 

as possible tumorigenicity [64]. Thus, the sur-

geon should carefully balance these risks and 

benefits when considering its use.

Proximal junctional kyphosis is defined as a 

postoperative proximal junctional Cobb angle 

greater than or equal to 10º between the inferior 

endplate of the uppermost instrumented vertebra 

and the superior endplate of the two vertebrae 

supra-adjacent and an increase in the proximal 

junctional Cobb angle greater than or equal to 10º 

from preoperatively. The reported incidence var-

ies widely, from 10 to 40% [65, 66]. Risk factors 

include the proximal instrumented level selected, 

combined anterior-posterior surgeries, correction 

of SVA greater than 5 cm, and osteoporosis [67, 

68]. Strategies to prevent PJK include avoiding 

terminating a construct at a level that has 10 or 

greater degrees of proximal junctional kyphosis 

preoperatively. Additionally, the surgeon should 
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avoid overcorrecting patients with significant 

sagittal plane deformity given the risk of PJK 

developing in patients with a change in SVA from 

preoperatively to postoperatively of greater than 

5 cm. Future research may be aimed at designing 

techniques to reconstruct the posterior tension 

band at the proximal levels.

 Conclusion

Spinal deformity has a significant and measur-

able impact on health-related quality of life. The 

principles of deformity correction are based upon 

defining appropriate goals of care including pre-

senting symptoms, radiographic alignment goals, 

patient safety, and patient and physician prefer-

ence. There is a broad spectrum of surgical 

options for deformity correction, and the presence 

of variability in surgical approaches is a clear 

indication of the absence of a uniform consensus 

regarding an evidence-based approach to care. 

Informed choice regarding a surgical approach 

to deformity in the adolescent and the adult 

requires information on the natural history of 

deformity progression, symptoms, patient comor-

bidities, and patient and surgeon preference. A 

dogmatic or monolithic approach to deformity 

correction is not appropriate, and the most appro-

priate approach to care is the one that maximizes 

patient benefit while minimizing the risks and 

costs of care.
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 Introduction

Since its introduction in the mid-1990s, image 

guidance has been gaining popularity among 

spine surgeons [1–4]. Image guidance technol-

ogy allows the surgeon to navigate the patient’s 

anatomy on preoperative or intraoperative images 

by tracking surgical instruments in three- 

dimensional (3D) space using infrared light. With 

standard pedicle screw insertion techniques, mis-

placement rates of up to 29% [5–8] and neuro-

logic injury rates of up to 7% [9] have been 

reported [10] in the literature. With widespread 

utilization of 3D image guidance for pedicle 

screw placement, the malposition rates have been 

significantly decreased [11, 12]. With continual 

technological advancement, 3D image guidance 

technique has become even more user-friendly 

and efficient for spine surgeons.

A significant step forward in this process 

was the introduction of cone-beam computed 

tomography (cbCT) registration for spinal 

image guidance. During cbCT acquisition, 

multiple fluoroscopic images are obtained 

while the device rotates around the patient. 

These images are then reconstructed into a 3D 

data set, essentially a CT scan, which can then 

be navigated after the data is transferred to the 

image-guided system. Advantages of 3D cbCT 

image guidance include the ability to register 

multiple vertebral segments at once without the 

need to expose the bony dorsal elements, and, 

therefore, it is now being utilized in minimally 

invasive spinal surgery procedures.

This chapter will review the key concepts that 

are critical in completing a successful image- 

guided spinal surgery. Though the use of image 

guidance is increasing in spinal surgery, this 

technology is still not used by a majority of spine 

surgeons. A large part of the literature concerning 

spinal image guidance describes its use in open 

procedures, with a smaller part of the literature 

reporting on minimally invasive procedures. 

Spinal image guidance has been used as an 

adjunct for instrumentation placement from the 

ilium to the occiput [13–21].

 Indications and Patient Selection

 Patient Factors

Obese patients pose a challenge to the spine sur-

geon for multiple reasons. Placement of instrumen-

tation in obese patients can be quite challenging 
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due to the lack of fluoroscopic visualization of the 

anatomy. Image guidance can be particularly use-

ful in these patients for visualizing the anatomy 

when used in conjunction with cbCT. Though 

cbCT image quality can be degraded in obese 

patients, the images are typically adequate enough 

to allow visualization of the essential anatomy by 

the surgeon.

Image guidance also proves useful in patients 

undergoing revision spinal surgery. When expos-

ing the spine in these patients, image guidance 

can help the surgeon avoid dural penetration 

through previous laminectomy defects while at 

the same time allow for maximum exposure of 

the remaining bony elements. Additionally, in 

patients with previous fusion mass and obscura-

tion of anatomical landmarks, image guidance 

allows for 3D visualization of the spine for 

instrumentation placement.

In minimally invasive cases, the location of 

the skin incisions can be ascertained with image 

guidance to allow the best trajectory to the under-

lying spinal anatomy. Additionally, percutaneous 

non-cannulated pedicle screws can be placed 

without the use of K-wires, thereby decreasing 

instrumentation costs for the hospital since non- 

cannulated screws typically cost less than cannu-

lated screws [22].

In trauma cases, careful attention needs to be 

directed toward navigation accuracy given the 

instability of the spine. To minimize inaccuracy, 

the surgeon can place one screw on each side of 

the fracture and then use a temporary rod in these 

screws to help minimize the motion across the 

fracture while placing the remaining screws. In 

the upper cervical spine, drilling the holes for all 

the screws to be placed should be accomplished 

prior to tapping and placing screws. This is 

because drilling typically results in less move-

ment of the spine and the subsequent navigation 

inaccuracy that can occur as a result.

 Regional Consideration

 Cervical Spine
To easily maintain line of site between the navi-

gated instruments and the tracking camera, the 

reference arc should be located between the 

camera and the region of the spine that is to be 

navigated. In our experience, the Mayfield head 

holder allows a stable and rigid fixation point for 

the reference arc during posterior cervical spine 

surgery and is preferred over placing the refer-

ence arc on a cervical spinous process [16]. This 

way, the reference arc does not get in the way of 

instrumentation placement. Additionally, with 

the tracking camera located at the head of the 

bed, the instruments can be easily tracked as the 

line of sight is maintained. It is also possible to 

place the arc at the most distally exposed spinous 

process; however, due to the flexibility of cervi-

cal spine, the position of the arc can be moved 

during spine instrumentation and introduces 

errors in the accuracy. Also, if the reference arc is 

placed on the most distal spinous process, then 

the camera should be located at the foot of the 

bed so as to keep the reference arc between the 

tracking camera and the navigated instruments. 

In addition, acquisition of images should be per-

formed following dissection to expose bone anat-

omy and also after the placement of retractors. 

After image acquisition with the retractors in 

place, the table position and the retractors should 

not be moved. Such movement can cause inac-

curacy of navigation due to mobility of the cervi-

cal spine in relation to the reference arc, which is 

attached to the skull via the Mayfield head holder. 

Especially, Trendelenburg or reverse 

Trendelenburg movement of the table can cause 

dramatic shift of the patient’s weight in either 

direction and change the position of the cervical 

spine. The shift can also occur when the retrac-

tors are repositioned in the cervical spine.

 Thoracic
For posterior approaches to the thoracic spine, 

the reference arc should be placed on the most 

superiorly exposed spinous process, and the 

image acquisition should take place after the 

bony anatomy is exposed as to minimize errors in 

accuracy. For anterior and lateral approaches to 

the thoracic spine, the use of cbCT 3D navigation 

system is challenging due to the difficulty of 

placing the reference arc. The size and depth of 

the bore, patient positioning, and orientation 

make the use of 3D navigation difficult in these 

cases. In the author’s experience, utilizing surgi-
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cal landmarks and fluoroscopy-based imaging as 

guides for the procedure is preferable in these 

cases. Alternatively, percutaneous placement of 

reference arc in the iliac crest can be done; how-

ever, the access surgeon may find the arc to be 

impedance during the exposure. The spine sur-

geon should keep in mind that navigation is use-

ful for bone anatomy and not typically useful in 

delineating the adjacent vascular anatomy or 

soft-tissue structures.

 Lumbar
Spinal navigation systems have been adapted to 

lateral approaches to the lumbar spine for inter-

body fusions in patients with spinal deformity, 

spondylosis adjacent to a previous fusion, or 

degenerative disc disease. The dissection, discec-

tomy, and implant tools can be paired to naviga-

tion. Use of navigation can simplify patient 

positioning and eliminate the need to spend OR 

time to perfectly align the pedicle and disc space 

with anteroposterior and lateral fluoroscopy. In 

lateral lumbar cases, preoperative planning with 

proper placement of the reference arc is crucial. 

We have found that placing a percutaneous refer-

ence arc into the posterior iliac crest serves better 

than placing into the lateral iliac crest. This 

allows the reference arc to be seen by the camera 

while still being close enough to the operative 

field to maintain accuracy and stays out of the 

line of sight to the operative tools. Once the navi-

gation accuracy is confirmed and the patient posi-

tioning is finalized, the navigated discectomy and 

interbody implant can be performed safely and 

efficiently. If a navigated interbody placement 

tool is not available to the surgeon, then the 

image-guided probe can be inserted into the disc 

space to ascertain the trajectory and depth that 

the cage should be inserted.

In large deformity cases requiring iliac instru-

mentation, the reference arc can still be placed on 

the most superiorly exposed spinous process. In 

degenerative scoliosis patients, the spine is typi-

cally stiff enough that, in our experience, naviga-

tion has been accurate for placement of iliac and 

sacral fixation, even when the reference arc is 

placed on a spinous process in the upper thoracic 

spine. In pediatric and adolescent scoliosis cases, 

the spine is more flexible and the reference arc 

may have to be placed at shorter distances to the 

instrumented levels to maintain navigation accu-

racy. In these instances, multiple registration 

spins with the cbCT device may have to be 

accomplished as the reference arc is moved.

 Preoperative Considerations

There are many factors that a surgeon must con-

sider before starting image-guided spinal fusion. 

In some institutions, spinal image guidance is 

accomplished by point-matching registration 

from a preoperative CT scan. An advantage of 

this is that a preoperative CT scan is usually of 

higher quality than an intraoperative cbCT scan. 

However, a preoperative CT scan is performed 

when the patient is in a supine position. Because 

of this, single-segment registration is typically 

needed because of intersegmental shifts in the 

patient’s spine that occur in the prone position. 

Additionally, a thorough dissection of the dorsal 

spinal bony elements is needed with this tech-

nique to be able to match points to the preopera-

tive CT scan. This can be tedious and add OR 

time. It is also more difficult to perform point- 

matching registration in a patient who has had a 

previous laminectomy. The Fluoromerge tech-

nique allows for the surgeon to acquire an antero-

posterior and lateral fluoroscopic image of the 

spinal anatomy of which the navigation system 

will use to perform the registration to a preopera-

tive CT scan. This technique is advantageous 

over the point-matching technique in that a 

tedious dissection of the spine is not needed and 

it can be performed in patients who have had pre-

vious laminectomy. This technique can also be 

used for minimally invasive cases. Because this 

technique navigates from a preoperative CT scan, 

the same disadvantage exists with intersegmental 

motion that can occur between the supine posi-

tion of the spine during the preoperative CT scan 

and the prone position of the spine at surgery, 

which can result in navigation inaccuracy when 

instrumenting multiple segments.

Other preoperative considerations include 

patient factors, positioning, neuromonitoring, 
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and different surgical tools depending on the 

type of spinal fusion. At our institution, the sur-

geon, the residents, and the operating room staff 

meet on the morning of the surgery to review the 

surgeries for the day and discuss all necessary 

setups in the operating room to decrease poten-

tial disruption in the workflow during the cases. 

For all image-guided spine surgeries, a surgeon 

must be aware of key steps for completing a suc-

cessful surgery. The typical operating room must 

be set up in a manner that allows for efficient 

surgical workflow. Our operating room setup is 

demonstrated in Fig. 37.1. This setup allows for 

easy maneuvering of O-arm in and out of the 

surgical field with the navigation camera pointed 

toward the reference arc. As stated earlier, the 

line of sight between the camera and navigated 

instruments is best maintained when the refer-

ence arc is located in between the tracking cam-

era and the navigated instruments [23]. Details 

of important preoperative considerations are 

described below.

 Surgical Table Selection

Surgical table selection is critical for the success 

of image-guided spine surgery. An ideal surgical 

table should allow for easy patient positioning, 

exposure, and intraoperative imaging. Many 

operating room tables can be used for 2D fluoros-

copy as long as the patient is positioned appropri-

ately. For 3D image guidance using the O-arm, 

the apparatus should be able to fit around the 

patient on the table and move up and down with-

out any obstruction from the base of the surgical 

table. Standard operating room tables may hinder 

one’s ability to perform imaging with cone-beam 

CT-based imaging systems such as the O-arm. 

The dimensions and designs of the Jackson table 

allow the maintenance of the patient’s lumbar 

lordosis in the prone position [24]. In addition, it 

does not have a base obstructing movement along 

the long axis of the patient and table. The Jackson 

table enables the O-arm to be positioned along 

any level of the spinal axis. The table is well 

designed for imaging purposes, with its core 

structure such that the table has minimal 

radiodense metal resulting in minimal radio-

graphic artifact.

 Sterile Draping

Sterile draping can be a source of frustration and 

delays if not done properly. Draping the entire 

O-arm is quite cumbersome, and the device can 

be contaminated during image acquisition. In 

addition, the sterile cover can become loose and 

can get caught when the O-arm is being closed. If 

this occurs, the O-arm has to be manually opened 

to remove the jammed drape. To circumvent this 

frequently encountered problem, covering of the 

patient in a 360° circumferential manner with 

sterile drapes is a much more efficient way to 

maintain sterility of the field (Fig. 37.2). However, 

the reference arc on the patient cannot be covered 

by the sterile drape and has to be visible to the 

camera on the navigation system.

 Registration Process

The registration process is a critical step in deter-

mining the accuracy of image acquisition and 

subsequent navigation information. There are 

multiple sources of error during this critical step; 

thus, the surgeon must validate and assess accu-

racy of navigation on a continuous basis. The size 

of the pedicle, size of the screw, and distance to 

the isthmus or narrowest point on the pedicle 

determine the margin of error in screw placement. 

In the midcervical spine, the mid-thoracic spine, 

and the thoracolumbar junction, there is a maxi-

mum permissible translational error of less than 

1 mm and rotational error of less than 5° [25]. 

This leaves little room for any error in pedicle 

screw placement. Intraoperative image acquisi-

tion and registration should therefore be per-

formed after surgical access is completed to avoid 

angular and translational movements that may 

occur with exposing the spine and subsequently 

alter the image registration. With open midline 

access, image acquisition and registration should 
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Anesthesiology

IMAGING WORK STATION
Infrared camera and Viewing screen

Position 1

O-ARM

Surgeon

Surgeon

OR Tech

Operating room nursing

station

Nursing
Foot end

Position 2

Instrument

Table Nursing

Instrument

Cautery

Body

WarmerTable

JACKSON TABLE

Head end with

Allen attachment

/ Mayfield head

holder / Gardner

tongs

Workstation located at cranial end

Fig. 37.1 Outline of OR setup for a spinal fusion case 

with the image guidance camera and viewing screen 

placed cranially (Position 1). The O-arm can be moved in 

and out of position depending on the case and location of 

imaging required. The camera and screen can be moved to 

the foot end of the table (Position 2) for certain cases to 

obtain a clear line of sight and images for navigation
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be performed after completing exposure neces-

sary to perform instrumentation in order to elimi-

nate motion-related inaccuracy. The deep 

retractors should also be left in situ, especially for 

mobile cervical spine segments. In contrast, per-

cutaneous minimally invasive instrumentation 

may begin immediately after the intraoperative 

registration procedure without prior anatomical 

landmark dissection, as significant manipulation 

of the surgical field and landmarks do not occur in 

these procedures [26]. If body warmers are used 

intraoperatively, they should be temporarily 

turned off to maintain visibility of the reference 

arc during registration. Additionally, movements 

during respiration and image acquisition can 

cause significant changes and inaccuracies with 

registration so respirations are temporarily held 

during the registration process to minimize errors 

secondary to motion artifact.

The surgeon should avoid changing the posi-

tion of the table and attempt to avoid any poten-

tial movements with instruments that may cause 

distortion of the anatomy. Excessive force on the 

spine during screw placement should be avoided. 

In areas of excessive mobility, such as traumatic 

injury to the spine or when navigating cervical 

segments, all holes for the screws should be 

drilled first under navigation as this maneuver 

results in the least force being applied to the 

spine. Tapping and screw placement should occur 

after all the holes are drilled as these maneuvers 

can result in movement of the spine relative to the 

reference arc and subsequent navigation inaccu-

racy. Navigation accuracy should be continu-

ously checked, and if inaccuracy exists, then the 

surgeon at least has the holes for the instrumenta-

tion drilled and can freehand place the screws 

into the already drilled holes. Navigation is ben-

eficial in identifying complex bone anatomy, 

maintaining midline orientation in rotary 

 scoliosis, and identifying important anatomic 

structures during complex tumor cases where 

they may be involved or displaced. Key land-

marks need to be marked out prior to bone 

removal as navigation may become inaccurate 

the more the spine is manipulated.

Fig. 37.2 Intraoperative photographs demonstrating our 

draping technique. (b) Sterile tube drape is designed with 

a great deal of redundancy to accommodate the O-arm; 

therefore, it can easily get stuck while the gantry tries to 

close and open. (b) Our sterile draping technique requires 

filling the surgical wound with antibiotic irrigation solu-

tion and using surgical split-sheet drapes to circumferen-

tially enclose the patient while keeping the reference arc 

just above the drapes. (c) With gantry closure there is no 

contact between the patient, the reference arc, and the 

tube. Following image acquisition, these drapes are 

removed and procedure is continued
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 Radiation Exposure to the OR Staff 
and the Patient

With minimally invasive spinal instrumentation 

using active fluoroscopy, radiation exposure to 

the surgeon and the OR staff has been an increas-

ing concern. In a prospective study, Bindal et al. 

reported a mean fluoroscopy time of 1.69 min per 

case, with a mean radiation exposure of 27 mRem 

to the surgeon’s torso (under a lead apron), 76 

mRem to the surgeon’s dominant hand, and 32 

mRem to an unprotected thyroid during transfo-

raminal lumbar interbody fusion procedures [27]. 

With cbCT-based 3D image guidance techniques, 

radiation exposure to OR staff and the surgeon 

can be minimized. Nottmeier et al. report no radi-

ation exposure when standing 10 feet behind the 

lead shield during O-arm image acquisition [28]. 

Radiation scatter from the O-arm was not a con-

cern when this simple precaution was undertaken. 

Radiation exposure to the patient during cbCT-

based image acquisition is approximately half the 

radiation dose of a 64-slice CT scanner [29], 

which is well below the recommended annual 

limit of 5 Rem to the torso as set forth by the 

National Council on Radiation Protection and 

Measurements [28]. Thus, utilization of cbCT 

registration techniques eliminates the risk of radi-

ation exposure to the surgeon and OR staff while 

at the same time resulting in less radiation expo-

sure to the patient as compared with registration 

techniques that utilize preoperative CT scans.

 Surgical Technique

 General Principles

Surgeons must remember that 3D navigation 

images are generated at the time of image acquisi-

tion, which means images are not in real time 

when surgeons are instrumenting the spine. The 

surgeon must use the navigation system as an 

adjunct and cannot be used to replace thorough 

knowledge of spinal anatomy. The surgeon must 

verify navigation accuracy on continuous basis 

and be cognizant of inaccuracy when the anatomic 

landmark does not correlate with navigation.

 Verification and Sequence 
of Instrumentation

Before placing any instrumentation into the 

spine, the surgeon must verify the accuracy of the 

registration by correlating anatomic landmarks to 

what is shown on the navigation screen. This can 

be accomplished by placing a navigation wand 

on exposed lamina, spinous processes, or trans-

verse process to verify navigation accuracy. It is 

known that increased distance from the reference 

arc and longer duration of surgery are two main 

factors that will negatively affect accuracy. Based 

on previous investigation, there is an average of 

3 mm inaccuracy in 7% of the patients when sur-

gery is three levels away from the reference arc 

and inaccuracy of 3 mm in 17% about 1 hour into 

surgery in the lumbar region [30]. Therefore, the 

registration is most accurate immediately after 

image acquisition and registration and before the 

interbody or decompression tasks of the proce-

dure are performed. In patients with degenerative 

spines, we have accurately placed instrumenta-

tion in the sacrum with the reference arc placed 

on an upper thoracic spinous process. However, 

in more flexible spines such as adolescent scolio-

sis or trauma, navigation inaccuracy is more 

likely at distances further away from the refer-

ence arc. To maximize navigation accuracy and 

efficiency, pedicle screw placement should be the 

initial step of the procedure. In our experience, it 

is beneficial to begin with the pedicle screw 

insertion at the level that is furthest away from 

the reference arc and then proceed proximally 

toward the level closer to the reference arc. The 

rationale for this sequence of instrumentation is 

that the accuracy of navigation will remain more 

accurate closer to the reference arc, while the 

accuracy at the most distal segment will degrade 

as the time goes on. In addition, the accuracy of 

navigation can also be affected by pedicle screw 

placement itself. In our practice, we revalidate 

and recheck the accuracy of navigation after 

completing pedicle screw placement at each level 

with known anatomic landmark (e.g., spinous 

process, lamina, or other bony landmarks). If 

inaccuracy is detected, then we will obtain a new 

intraoperative scan to update the navigation 
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images. As a principle, when using the pedicle 

probe, extreme downward pressure should be 

avoided to prevent pedicle breaches. It can also 

cause shift in bony anatomy and degrade naviga-

tion accuracy.

 Pedicle Screw Insertion Technique

A starting point is chosen based on anatomic 

landmark in an open case and verified with the 

navigation screen. In minimally invasive cases, 

the pedicle screw starting point is chosen based 

on the navigation. After a satisfactory starting 

point is chosen, a plan is created in the naviga-

tion computer system. This plan must be meticu-

lously created along the long axis of the pedicle 

without bony breaches. The size and trajectory 

of the screws can be chosen, and this plan can be 

locked in, which will overlay this information 

over the navigation images. Then, a pilot hole is 

created at the starting point with the high-speed 

burr. The initial passage through the pedicle tract 

is made with either a handheld power drill with 

an image- guided drill guide or a sharp image-

guided pedicle probe. A ball-tipped sounder is 

used to confirm that there are no bony breaches, 

and the image-guided pointer is passed down the 

tract to confirm the proper trajectory. Then, 

image- guided undertapping further develops the 

tract, followed again by sounding. An image-

guided screwdriver is then utilized to deliver the 

screw in the path. If there is concern about pedi-

cle breach, the screw is immediately removed. 

The proper trajectory can be accomplished by 

passing the navigated pointer down the intended 

path, placing a Kirschner wire (K-wire) along 

that path, and placing a cannulated screw with 

the navigated screwdriver over the K-wire. 

However, as illustrated in the case below, even 

percutaneous screws can be placed without a 

K-wire when navigation is used. After all instru-

mentation has been placed, we obtain new 

images using O-arm to confirm proper place-

ment of hardware. If pedicle screw malposition 

is noted during this step, then we can revise the 

screw using an updated scan.

 Minimally Invasive Percutaneous 
Pedicle Screw Insertion

Image guidance can be used to place percutane-

ous cannulated pedicle screws using a K-wire. In 

this technique, an image-guided Jamshidi needle 

is used to place the wire using guidance. Image- 

guided taps and screwdrivers are then used to tap 

the pedicle and place the screw over the K-wire. 

An advantage of this technique is that the surgeon 

can easily locate the pedicle entry point as the 

instruments follow the K-wire. However, live 

fluoroscopy is typically not used with this tech-

nique so inadvertent advancement of the K-wire 

may go unnoticed. Additionally, K-wires can 

fracture with the tip remaining in the vertebral 

body. With image guidance, K-wires do not have 

to be used as the surgeon can use a sharp image- 

guided awl to enter the pedicle. An image-guided 

tap is then used to tap the hole in which a non- 

cannulated screw can be placed [22].

 Image-Guided Implant Placement

Three-dimensional image guidance technique 

can be helpful in the placement of interbody 

grafts and cages. In author’s experience, this 

technique can be applied when performing direct 

lateral interbody fusion (DLIF) or extreme lateral 

interbody fusion (XLIF) procedures. Patient 

positioning is crucial in these surgeries to open 

up the space between the top of iliac crest and the 

bottom of the rib cage. The patient is positioned 

in lateral decubitus position on Wilson frame and 

secured with strong adhesive tapes and straps 

(Fig. 37.3). A Jackson table is recommended 

since this allows easy access for O-arms to move 

in and out. The navigation arc can either be taped 

onto the patient’s body (Fig. 37.4a) or it can be 

securely tapped into iliac crest (Fig. 37.4b). It is 

important to ensure that the arc is not taped on 

top of the Bair Hugger or loose drapes: if so, the 

position of the arc can move rendering image 

guidance unreliable. In addition, position of the 

arc has to be cleared from the trajectory of your 

image-guided tools; therefore, this has to be 
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checked prior to the beginning of the case 

(Fig. 37.4b). After patient positioning and the 

 navigation arc are secured using either method 

described above, the case can begin. In our expe-

rience, the navigation wand can be used periodi-

cally throughout the case to determine the extent 

of the diskectomy, implant location, and trajec-

tory of implant (Fig. 37.5). It should be noted that 

spinal image guidance is FDA approved in cases 

in which the reference arc is attached to the bone. 

Taping the reference arc to the skin is an off-label 

use of the technology and does have a higher 

incidence of navigation inaccuracy.

 Illustrative Case

This 39-year-old male presented with symptomatic 

L5–S1 degenerative disc disease (DDD) confirmed 

by discography (Fig. 37.6). Surgical intervention 

was an image-guided, minimally invasive L5–S1 

transforaminal lumbar interbody fusion (TLIF).

A Jackson table was used with the patient in 

the prone position. A percutaneous reference arc 

was used in this case and placed on the right iliac 

crest. Following patient registration with the 

O-arm, the location of the paraspinal incision was 

Fig. 37.3 Patient positioning in DLIF or XLIF proce-

dure. Wilson frame on top of Jackson table is our pre-

ferred setup for this procedure. The patient is positioned 

in lateral decubitus position, so that the space between the 

bottom of rib cage and the top of iliac crest is at the apex 

of Wilson frame, allowing maximal access to this region. 

Jackson table allows easy access for O-arm to move in 

and out

Fig. 37.4 (a) The navigation arc can either be taped or 

(b) securely tapped into patient’s iliac crest. It is important 

to ensure that the arc is not on top of Bair Hugger or loose 

draping when it is taped. The most important step when 

securing the navigation arc is to ensure the position of 

navigation arc does not interfere with the trajectory of 

navigation tools; therefore, situation like this does not 

happen
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ascertained on the skin so as to give appropriate 

trajectory to the pedicles and interbody space. 

After the incision was made and extended through 

the fascia, the probe was then placed down onto 

the facet joint, and the navigation accuracy was 

checked (Fig. 37.7). Once adequate navigation 

accuracy was confirmed, the navigated awl was 

placed down onto the pedicle entry point, and a 

virtual plan was sized to the pedicle. This plan 

was then locked, and the awl was tamped into the 

pedicle prior to removing it, which created a pilot 

hole (Fig. 37.8). The navigated awl was then 

inserted into the pilot hole, and the pedicle was 

tapped. The pilot hole was at the base of the plan 

and was easily found with the navigated tap. 

Although an option, K-wires were not used dur-

ing this case. After the pedicle was tapped, a probe 

was inserted to palpate the pedicle walls 

(Fig. 37.9). The screw was then placed with the 

navigated screwdriver, and the process was 

repeated for each pedicle (Fig. 37.10). Prior to 

wound closure, the O-arm was used to check 

instrumentation placement, and the patient was 

followed as an outpatient in clinic with serial 

radiographs (Fig. 37.11).

 Technical Pearls

• In-line force is essential when placing instru-

mentation with image guidance. If a pedicle is 

significantly angled medially, then the sur-

geon will have a tendency to push the instru-

ments against the paraspinal muscles to obtain 

Fig. 37.5 Navigation 

information can be 

useful in determining 

the level of discectomy 

and extent of discectomy 

and estimating the size 

of the interbody graft as 

well as the location and 

depth of the implant

Fig. 37.6 Sagittal T2-weighted MRI showing L5–S1 

degenerative disc disease
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adequate medial trajectory of the instrument 

down the pedicle. In these cases, the image- 

guided instrument shafts can bend, which 

results in the instrument tip appearing to be in 

the pedicle when actually it is lateral to the 

pedicle.

• If there is any question as to the location of 

the instrument tip in the pedicle, then the sur-

geon should relax the grip and pressure on the 

instrument so as to return the instrument to its 

true trajectory. The actual position of the 

instrument can then be determined on the 

Fig. 37.7 (a) The navigated probe is used to mark the location of the skin incision. (b) The navigated probe placed 

down on the facet joint to check navigation accuracy

Fig. 37.8 (a) The navigated awl is placed on the pedicle entry point, and a virtual plan is positioned and sized. (b) After 

the plan is locked into place, the awl is tamped down the pedicle thereby creating a pilot hole
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navigation screen, and corrective action can 

be taken if necessary.

• Transfascial screw placement may be required 

in patients with a low-set lumbosacral junc-

tion in which trajectory down the pedicle is 

impeded by the paraspinal muscles that can-

not be adequately retracted secondary to the 

iliac crest. In these instances, placing the 

screw transfascially through the muscle allows 

for appropriate trajectory without being 

impeded by the need to retract or push against 

the paraspinal muscles (Fig. 37.12).

• The pedicle can be sized via an intraoperative 

plan. If the pedicle is being tapped and the sur-

geon desires a larger screw, then the projected 

tap size can be adjusted on the navigation sys-

tem to ascertain the largest diameter screw 

that the pedicle can accommodate (Fig. 37.13). 

The advantage of this technique is that the 

screw should lie in the same exact position as 

the tap as it appears on the navigation screen, 

thereby allowing the largest diameter screw to 

be placed without a pedicle breach.

• In the navigation window, the surgeons should 

periodically check all views (axial, sagittal, 

Fig. 37.9 (a) The pedicle is tapped with the navigated tap. (b) The pedicle is probed with the navigated probe to check 

for pedicle breach

Fig. 37.10 Placement of the pedicle screw with the navi-

gated screwdriver
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coronal, trajectories 1 and 2) to ensure that the 

pedicle screw is following the saved plan. If 

there is deviation from the saved plan, the sur-

geon should stop advancing the screw and 

relax all pressure on the screw. If there are 

any concerns of breach based on tactile feed-

back or navigation images, then the screw 

should be revised. The authors prefer the tra-

jectory 1 and trajectory 2 views on the 

Medtronic navigation system and the inline 1 

and inline 2 views on the BrainLab naviga-

tion system.

• We recommend using a pedicle probe in tho-

racic and lumbar spine since probes are safer 

than high-speed drill. We use high-speed drill 

for lateral mass screws in cervical spine and 

pedicle screw at C2. With high-speed drill, 

you do not have the tactile feedback when 

probing into the pedicle; thus, we prefer using 

the probe whenever possible. In cervical spine 

where ventral pressure can cause a large shift 

in bony anatomy, a high-speed drill can be an 

effective tool to probe into the pedicle/lateral 

masses.

Fig. 37.11 (a) Intraoperative cbCT scan. (b) Postoperative X-rays showing adequate instrumentation placement

Fig. 37.12 Placement 

of a transfascial screw to 

allow for in-line force to 

be applied to the 

instrument without the 

need for pushing the 

instrument against the 

paraspinal muscles

37 Image-Guided Spinal Stabilization



518

 Complications and Strategies 
for Avoidance

 Wrong-Level Surgery

Wrong-level surgery is a potential pitfall. The 

lack of visual anatomical landmarks, a steep 

learning curve, and tactile feedback readily avail-

able in open surgery make the risks of wrong- 

level screw insertion higher with minimally 

invasive techniques [31]. To ensure the correct 

level, the lumbosacral junction should be used as 

a point of reference in cases involving lumbar 

and lower thoracic spine. It is extremely impor-

tant to thoroughly review preoperative imaging 

prior to surgery to identify anatomic variations 

such as sixth lumbar vertebra, which can result in 

counting errors intraoperatively. For mid-tho-

racic spine, the reference arc placed on the spi-

nous process serves as a marker, and its location 

should be confirmed by counting levels from the 

lumbosacral junction using the fluoroscopy func-

tion on the cbCT device prior to implementing 

the scan for registration. In general, the reference 

arc should always be included in the cbCT scan 

in these cases to always serve as a point of refer-

ence for confirmation of appropriate levels. 

During navigation, the image-guided platform 

will allow the field of view to be expanded for 

visualization of the lumbosacral junction and/or 

reference arc to confirm appropriate levels. Once 

appropriate levels are confirmed, the field of 

view can be zoomed in to allow better visualiza-

tion of the spinal anatomy for instrumentation 

placement.

 Pedicle Breach and Redirection 
Technique

If pedicle breach is suspected after screw place-

ment, then the screw can be redirected with 

 guidance of navigation. Adequate redirection of 

previously misplaced pedicle screws can be 

challenging secondary to the tendency of the 

redirected screw to follow the tract of previ-

ously misplaced screw. After removing the pre-

viously misplaced pedicle screw, a new starting 

point can be selected using the navigated pointer 

tool and residual bony anatomy. Occasionally, 

the same starting point with a new screw trajec-

tory has to be utilized because of lack of resid-

ual anatomy. A new screw plan must avoid bony 

breaches and communication with the previous 

screw tract. To confirm the proper redirection of 

Fig. 37.13 The image-guided tap size can be adjusted on the navigation system while the tap is in the pedicle to allow 

for proper sizing of the screw to the pedicle
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pedicle screw, the image-guided pointer can be 

placed in the new tract before the final screw 

placement. In addition, a ball-tipped sounder 

can provide tactile feedback to confirm the 

breaches. If there is still a concern of breach, 

then a cannulated screw with the navigated 

screwdriver over the K-wire can be used to redi-

rect the pedicle screw. Yoon et al. reported suc-

cessful redirection of 50 pedicle screws in 30 

patients with 0% breach rate using cbCT-based 

3D image guidance [32]. Although there are 

many strategies available to redirect pedicle 

screws after pedicle breach, the redirection of 

pedicle screws using 3D image guidance can be 

safe and effective.

 Conclusion

Image guidance technology can be a useful 

adjunct tool for spine surgeons for both open 

and minimally invasive spine surgeries. With 

technological advancement, integration of 

image guidance technology into the surgical 

workflow is becoming more seamless and effi-

cient. It must be remembered that this technol-

ogy cannot replace a surgeon’s working 

knowledge of surgical anatomy, and the sur-

geon should not rely on image guidance alone 

for placement of spine instrumentation. In this 

chapter, we summarized and presented our sur-

gical techniques and strategies that were for-

mulated through experience. The authors hope 

that the readers find this chapter helpful in 

identifying and avoiding potential pitfalls with 

utilization of image guidance technology. This 

chapter can serve as a guide to close a gap in 

the learning curve associated with image-

guided spinal surgery.
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 Introduction

Neurophysiologic intraoperative monitoring 

(NIOM) tests spinal cord integrity classically by 

monitoring nervous system conduction between 

the limbs and head. Intact conduction confirms 

intact spinal tracts. Multiple modalities can be 

examined which test different components of the 

neurologic function. Somatosensory evoked 

potentials (SEPs) test dorsal column function and 

can be tested more or less continuously. If SEP 

findings deteriorate, the neurophysiology team 

alerts the surgeon to changes. These changes may 

potentially forewarn of imminent complications 

and can do so in time for interventions to reverse 

or halt complications. Motor evoked potentials 

(MEPs) usually are tested periodically. While 

MEPs are more specific for identifying potential 

motor complications, they are not performed 

continuously. Electromyography (EMG) moni-

toring often accompanies SEP and MEP. It is 

used most often to screen for root compression, 

e.g., with pedicle screw implantation. Multiple 

modalities can be monitored simultaneously 

(Fig. 38.1).

The neurophysiology team establishes base-

line values early in a procedure. These values 

may be obtained prior to positioning or after the 

patient has been positioned, depending on sur-

geon preference. The baseline findings are com-

pared to current status of amplitude, latencies, or 

presence of discharges during the remainder of 

the procedure. Changes from baseline are the 

basis for alerts. The thresholds for alerts typically 

are predetermined, such as a 50% amplitude drop 

in the SEP cortical peak amplitude.

Preoperative assessment can refine monitor-

ing tactics. Preexisting conditions that influence 

monitoring techniques include diabetes, older 

age, and peripheral neuropathy, which can alter 

tactics for lower extremity SEPs. Myelopathy 

resets expectations for ease of finding baseline 

signals and heightens desire for obtaining base-

lines before positioning.

 Somatosensory Evoked Potentials

Somatosensory evoked potentials typically are 

recorded from the median or ulnar nerve of the 

upper extremities and peroneal or posterior tibial 

nerves in the lower extremities. They are used for 

a variety of NIOM purposes, most often for spi-

nal cord monitoring.

mailto:mnuwer@mednet.ucla.edu
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 Stimulation

Ulnar nerve pathway testing begins with stimula-

tion applied at the wrist. Stimulus intensity of 

20–40 mA is above the motor threshold to pro-

duce fifth finger abduction. The ulnar nerve is 

used rather than the median nerve for cervical 

cases. That is because the ulnar pathway gives 

more complete cervical spinal cord coverage. 

Ulnar monitoring can be used in lumbar cases 

because of the risk of ulnar palsy due to arm posi-

tioning [1].

Posterior tibial nerve stimulation is used for 

lower extremities in many cases. Stimulation is 

delivered posterior to the medial malleolus. The 

peroneal nerve also is set up for monitoring 

patients who have a peripheral neuropathy and 

diabetes or whose age is greater than 65 years. 

The peroneal nerve is stimulated where it crosses 

the fibular head just below the knee. By preparing 

both nerves, the team can choose which produces 

the better results. Posterior tibial nerve stimula-

tion produces plantar foot bending. Peroneal 

nerve stimulation produces foot dorsiflexion. 

Without the use of neuromuscular junction block-

ade, these movements can become disruptive 

during surgery and can limit the stimulus inten-

sity used.

Nerves are stimulated at rates of several per 

second. Stimulation in older patients often is 

around 2.5 per second, whereas twice as fast can 

be used in young patients. Faster rates result in 

smaller amplitude peaks [2]. Faster stimulation 

rates produce SEP tracings more quickly. The 

monitoring team adjusts the rate to find the best 

“rate vs. amplitude” trade-off. For example, for 

low amplitude baseline potentials, a typical strat-

egy is slowing the stimulation rate to improve 

peak amplitudes.

Commonly 300 stimulation repetitions are 

needed to obtain each evoked potential trial. In 

some cases, background noise and low amplitude 

peaks require larger sample sizes, e.g., 500–1000 

repetitions. Two minutes is needed to acquire 300 

repetitions at a 2.5 stimulation rate producing a 

new SEP tracing. Electrocautery and other 

 problems can prevent recording and slow this 

ideal rate of acquiring new tracings.

Fig. 38.1 Multimodality monitoring simultaneously 

assesses four-limb somatosensory evoked potentials, four- 

limb motor evoked potentials, the multichannel ongoing 

electromyogram, and several channels of ongoing electro-

encephalogram. A chat dialog box communicates notes to 

the remote supervising neurophysiologist. This typical 

spinal surgery page allows the monitoring team to over-

view many modalities. Other available screen pages focus 

on specific modalities in greater detail

M.R. Nuwer
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 Recordings

The main recording electrodes are placed at the 

scalp and neck. Scalp site named locations use 

the modified 10% extension of the 10/20 system 

[3]. Extra scalp recording channels are helpful in 

finding the highest amplitude cortical peaks. 

Flexibility in scalp recording channels is desir-

able as opposed to always using a preset record-

ing montage. Individual patients’ peaks are seen 

at different scalp locations because the generator 

dipoles vary among patients in their geometric 

orientation on gyri and in sulci. Scouting for best 

sites early in the case can locate optimal or ade-

quate monitoring channels for an individual 

patient. The monitoring team should not feel con-

strained to use a simple cookbook formula to 

always monitor every patient using the identical 

simple techniques. An example of monitoring 

over half an hour is illustrated in Fig. 38.2a.

A cervical recording electrode is placed over 

the fifth cervical spinous process for thoracolum-

bar spinal cases. During cervical surgery, a sub-

stitute site is the mastoid or ear. A peripheral 

recording channel may be used over the shoulder, 

lumbar spine, or popliteal fossa.

The recording low filter usually is set to 30 Hz. 

The high filter is set between 500 Hz and 

1500 Hz. A higher setting records more back-

ground noise, whereas a lower setting attenuates 

the cortical peak amplitude. The notch filter 

removes the 50 or 60 Hz line noise commonly 

encountered in the operating room. Unfortunately, 

SEPs themselves have a 50–60 Hz basic fre-

quency so the notch filter can attenuate the 

desired SEP peaks. The notch filter also can pro-

duce artifact that can mimic SEP peaks. The best 

tactic to eliminate electrical environmental noise 

is turning off responsible equipment rather than 

turning on the notch filter.

 Interpreting Changes

Ulnar nerve pathway measurements are the corti-

cal N20 (from the primary somatosensory cor-

tex), the subcortical N18 (midbrain-thalamus), 

and the cervical N13 (mid-cervical spinal cord) 

peaks [4]. See Fig. 38.3b. Both latency and 

amplitude are measured. For posterior tibial or 

peroneal SEPs, measurement is to the P37 (pri-

mary somatosensory cortex) amplitude and 

latency (Fig. 38.3b). A subcortical P30 (cervico- 

medullary) peak also may be found in a cervical 

channel. Classically, a 50% drop in amplitude is 

considered the criterion for raising an alarm. A 

10% increase in latency is a secondary criterion 

for alarm (Table 38.1).

Amplitude is reduced by anesthesia. Inhalation 

anesthetics attenuate cortical peak amplitudes. 

Inhalation agents affect subcortical N18 and P30 

peak amplitudes less. Bolus medications tran-

siently affect cortical peak amplitudes, e.g., after 

a propofol bolus (see Fig. 38.4). Anesthetic fade 

is the gradual cumulative effect of anesthesia 

reducing cortical peak amplitudes. For SEPs, 

fade is more noticeable in the first 40 min after 

induction.

The monitoring team quickly must decide 

whether technical problems, surgical problems, 

or anesthesia or systemic issues caused the 

observed change. Technical problems include 

loose electrodes or equipment malfunction. 

Systemic problems include hypothermia, hypo-

tension, and hypoxia. Anesthesia effects are con-

sidered. If no obvious causes are identified, the 

surgeon and anesthesiologist are alerted.

In response to an alert, the surgeon reviews 

steps undertaken in the past 20 min. Some sur-

gical maneuvers or actions may take 20 min to 

alert SEPs. The delay between surgical action 

and SEP alert may be because of the gradual 

accumulating physiologic effect of some com-

pression or stretching or more marginal degrees 

of ischemia or secondary autonomic vaso-

spasm. Many alert responses are available to 

the surgeon, anesthesiologist, and monitoring 

team [5]. See Table 38.2 for a summary of cer-

tain responses to monitoring alerts.

 Clinical Risk of Change

SEP amplitude decreases do not always predict an 

adverse neurologic outcome. A several minute 

50–80% decrease in SEP amplitude poses only a 
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small to modest risk of postoperative deficit. See 

Fig. 38.5 for an example of tracings. That is true 

especially if the SEP amplitude subsequently 

returns to baseline. If SEPs are abruptly com-

pletely lost and remain absent for the remainder 

of the case, the risk of adverse outcome is 50–75%.

 Motor Evoked Potentials

Motor evoked potentials (MEPs) monitor corti-

cospinal tracts. This is a particularly important 

modality because of the importance of preserving 

Fig. 38.2 Typical routine reproducible SEPs and MEPs 

in waterfall displays. (a) Posterior tibial nerve SEPs 

shown with a moderate amount of background variability, 

10 ms/div, 0.5 uV/div. (b) MEP muscles are abductor hal-

luces (AH), medial gastroc (MG), tibialis anterior (TA), 

and abductor pollicis brevis (APB), 10 ms/div, 100–

1000 uV/div. A stimulus artifact is seen at the beginning 

of each MEP recording column. The double pulse tech-

nique shows in the artifact as the brief first artifact fol-

lowed by the longer second stimulus artifact

M.R. Nuwer
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motor function. MEPs use transcranial electrical 

(tce) stimulation.

 Stimulation

tceMEP electrodes are secured at the scalp near 

the motor cortex over each hemisphere. An anode 

electrode is placed 2 cm anterior to C3 or C4 scalp 

sites, and a cathode electrode is at Cz or CPz, with 

sites named according to the 10% extension of the 

10–20 electrode systems [3]. Sometimes alternate 

scalp sites obtain better responses.

Stimulus intensity of 200–400 mA usually is 

adequate. Stronger stimulation sometimes is used 

as high as 600 mA, which may correspond to 

1000–1200 mV. The stimulus pulse width is set 

to 0.05 ms, with a longer pulse width used if 

responses are difficult to find.

Single MEP pulses usually fail to produce 

adequate responses. A brief stimulus train is 

effective in many patients. Simple pulse trains 

are five to seven stimuli each separated by a 1.0–

3.0 ms interpulse interval. This train builds up 

excitatory postsynaptic potentials at spinal ante-

rior horn cells. It results in the cell firing an action 

volley and in recordable tceMEP muscle 

activity.

Double pulse trains are more effective than 

simple pulse trains. An initial priming of two to 

three pulses is followed by an inter-train interval 

of approximately 10 ms. The second train is like 

a regular simple pulse train of five to seven 

pulses. The first train primes anterior horn cells; 

the second train more effectively discharges the 

anterior horn cells.

Each tceMEP pulse discharges corticospinal 

axons in the cerebral hemispheres. Stronger 

intensities discharge axons in deeper white mat-

ter. Strong stimuli can shorten muscle response 

latencies by discharging corticospinal axons at 

deeper anatomical levels.
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Fig. 38.3 Examples of the peaks seen in normal short 

latency (a) median nerve and (b) posterior tibial nerve 

SEP testing. Negative potentials are upward deflections 

here. Recording sites EPi and EPc are at shoulders ipsilat-

eral and contralateral to the side stimulated; C5Sp and 

T12 over the 5th cervical and 12th thoracic spine; PF, K, 

and IC at the popliteal fossa, knee, and iliac crest; and Ci, 

Cc, C’z, and Fz on central and frontal scalp. The several 

standard peaks are identified here From [4]
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 Recording

Electrodes in arm and leg muscles record tce-

MEP responses. Both proximal and distal limb 

muscles are often chosen. Distal sites are often 

more responsive to MEP because of their 

greater representation of those muscles in the 

motor cortex. Recording from several sites in 

each limb is appropriate because good results 

may appear in one muscle group, whereas only 

marginally recordable or absent results appear 

in other muscles. Figure 38.2b illustrates 

MEPs. At baseline, tce stimulation intensity is 

gradually increased until adequate muscle 

recordings are found.

The tceMEP muscle responses are polyphasic 

complex compound muscle action potentials 

(CMAPs) at each site. Primary measurement is 

the CMAP amplitude. Secondary criterion is the 

complexity of the response in terms of the num-

ber of polyphasic turns in the response.

MEPs also can be recorded from the epidural 

space. These recordings measure axon volleys 

from the corticospinal cord. This technique, 

known as D-wave, detects direct conduction of 

the corticospinal track. D-waves are recorded 

Table 38.1 Intraoperative neuromonitoring alert criteria

Somatosensory evoked potentials
Stimulation site 

or type of test

Criteria for change Which recordings are 

affected

Common kinds of change

Median or 

ulnar

50% decrease in 

amplitude

N20 cortical peak

N13, P14 cervical peak

Abrupt, bilateral, peripheral, 

or anesthesia-related

10% increase in latency N20 cortical peak

N13, P14 cervical peak

Could be temperature-related

Completely absent signal N20 cortical peak

N13, P14 cervical peak

Abrupt, bilateral, peripheral, 

or technical

Posterior tibial 

or peroneal

50% decrease in 

amplitude

P37 cortical peak

N30 cervical peak

Abrupt, bilateral, peripheral, 

or anesthesia-related

10% increase in latency P37 cortical peak

N30 cervical peak

Could be temperature-related

Completely absent signal P37 cortical peak

N30 cervical peak

Abrupt, bilateral, peripheral, 

or technical

Motor evoked potentials
Spinal cord 

monitoring

Complete loss of MEP At all or most muscles, 

two to four in each limb

Lowers only or 

uppers + lowers

80% amplitude loss Excludes peaks small at 

baseline

Polyphasic loss of phases Measures turns or 

complexity in recordings

Increase of stimulation 

current >100 V

Subject to anesthetic 

fade in long cases

D-waves 50% decrease in 

amplitude

Loss seen distally, 

preserved rostrally

Avoid inadvertent movement 

of electrodes

Electromyography
Spontaneous Neurotonic discharge Muscle recordings 

associated with a root

Mechanical, thermal, ischemic

Irritability Muscle recordings 

associated with a root

Baseline disorder, mechanical, 

thermal, ischemic

Triggered EMG Threshold response in 

milliamperes

Muscle recordings 

associated with a root

Assesses medial wall breach 

or proximity to nerve
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using epidural electrodes either bipolar or with a 

nearby reference. Since the very small amplitude 

of D-waves decreases more caudally, they are 

more easily recorded at cervical and upper tho-

racic levels.

 Safety

MacDonald [6] found few adverse events associ-

ated with tceMEP stimulation. Tongue and lip 

lacerations are occasionally reported. The stimu-

lation activates not only cerebral hemisphere 

axons but also muscles on the skull surface, 

resulting in a brisk jaw muscle contraction. A 

mouth guard is placed as a precaution prior to 

surgery and checked again after turning the 

patient prone for spine surgery. Seizures are rare; 

many teams monitor EEG during tceMEP as a 

precaution just to check for any adverse EEG dis-

charges associated with stimulation. One should 

consider monitoring EEG in the case of patients 

with epilepsy. The electrical field during stimula-

tion fills a small area in the head. It does not 

spread significantly to the thorax so that metal 

placed in the neck or thorax is generally consid-

ered relatively safe. That includes a cardiac pace-

maker, although in that case anesthesiologist 

should monitor the EKG when MEP stimulation 

is used. Cardiac arrhythmia is not likely due to 

tce stimulation which does not significantly travel 

beyond the head. Minor scalp burns are rare. No 

spinal epidural recording electrode complica-

tions were found for the D-wave technique. 

Relative contraindications include epilepsy, 

cortical lesions, convexity skull defects, raised 

intracranial pressure, cardiac disease, proconvul-

sant medications or anesthetics, and cardiac 

pacemakers. Absolute contraindications include 

intracranial electrodes (e.g., Parkinson’s deep 

brain stimulators) and vascular aneurysm clips. 

One report suggests that implant devices are not 

adversely affected by MEP [7]. Unexplained 

intraoperative seizures and cardiac arrhythmias 

are relative indications to avoid MEP stimulation. 

With appropriate precautions, the benefits of 

MEP monitoring outweigh the associated risks.

 Interpretation

Many monitoring teams use all-or-none crite-

ria for MEP alerts due to a tendency for poten-

tials to vary. If the potential is present and then 

Fig. 38.4 Anesthesia 

effect: SEP ulnar nerve 

N20 cortical peaks in a 

waterfall display. Six 

tracings are displayed 

over 75 min. At 20 min 

before the present time 

(second trace from the 

bottom), a tracing shows 

a sudden drop in N20 

cortical peak amplitude. 

A propofol bolus caused 

this change
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disappears, that is possibly an alarm. The mon-

itoring team takes into account that muscle 

response’s baseline amplitude because low 

amplitude, simple responses may disappear 

just due to anesthesia fade. The monitoring 

team also takes into account the responses 

from other muscles in the same limb. If a limb 

has several muscles with good well-defined 

MEP responses, the loss of just one may not be 

of clinical significance. Some variable ampli-

tude changes are common. A small potential 

may disappear upon anesthesia fade or for no 

Table 38.2 Responses to intraoperative monitoring alert

Anesthesia team Maintain or achieve mean arterial pressure 

(MAP) above 70 mmHg

Higher MAP if cord already is 

compressed

Review anesthesia changes in the past 20 min

Review any boluses given For all drugs administered

Assess depth of anesthesia Is EEG burst suppression? Is 

BIS <45? Consider lightening

Replace gas agents with TIVA

Check hemoglobin/hematocrit Is Hgb >10 g/dl? Replace if 

questionable

Check I/O status Replace if questionable

Check blood pressure cuff If one arm SEP lost

Check arm position, reposition arm If one arm SEP lost

Check train of four For remaining blockade effects

Prepare for possible wake-up test

Monitoring team Repeat trials of MEPs, SEPs Rule out false alarms

Check electrodes, impedances, connections, 

settings

Evaluate for technical failures

Check technical settings Did screen display sensitivities 

reset? Did stimulus setting 

reset to off?

Check stimulus artifacts As same as before the change

Consider rebooting If questioning software error

Increase stimulation intensities, change 

recording parameters

To reestablish signals, many 

technical changes may help

Evaluate the potential effect of anesthesia 

changes, boluses, MAP, other systemic factors

As clues toward an anesthesia 

cause

Review recent subalert SEP and MEP changes Clues are anesthetic vs. 

technical vs. clinical-surgical

Surgeon Stop current manipulation

Search for mechanical compression or 

ischemia

Retractor, hematoma, 

osteophyte, bone fragment, 

hardware

Consider further decompression of spinal cord If preexisting cord compression

Reduce spinal column distraction Especially if recently distracted

Consider hardware removal For example, pedicle screws

Consider imaging X-ray, CT or MRI

Further action Increase MAP further

Consider wake-up test Takes time to awaken, 

especially with propofol

Pause surgery, await return of signals Consider abort surgery

Administer steroids

Consider calcium channel blockers
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particular reason. A sudden loss of all MEPs 

from several muscles in one limb is a  reason 

for an alert. Sudden loss of all MEPs from both 

lower extremities is a clear reason for an alert, 

especially in the absence of an anesthetic rea-

son for the loss.

Other monitoring teams apply a more graded 

method to assess an alert [8]. In this alternative 

system, an 80% amplitude loss is considered 

sufficient to raise an MEP alarm [9, 10]. In 

another alternative scoring system, the degree of 

polyphasic turns in the MEP tracing is counted. 

Fig. 38.5 Amplitude loss during a cervical case. The sur-

geon reported that he bumped the cervical spinal cord. (a) 

Left and right leg SEP cortical peaks decreased abruptly 

and then partially improved and remained stable. 100 ms/

div, 0.5 uV/div. (b) Two repetitions of MEP testing just 

after the event. Prominent stimulus artifacts are present at 

the start of each recording column. Left and right sided 

recordings from deltoid, abductor pollicis brevis, and 

abductor hallucis channels show good, brief responses
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For example, an alert may be raised if a poly-

phasic response becomes simplified to just two 

phases. See Fig. 38.8 for an example of a case in 

which an 80% loss of MEPs guided clinical 

decision- making. Some teams increase the tran-

scranial current until a motor response is found. 

An increase more than 100 mA from the base-

line threshold is the criterion to raise an alarm 

[11]. When monitoring D-waves along with tce-

MEPs in intramedullary tumor resection, rela-

tively stable D-waves predict good motor 

outcome even if MEPs are lost [12, 13]. A for-

mula combining loss of phases, loss of ampli-

tude, delayed latency, and other parameters may 

be more stable and more predictable than any 

one parameter alone [14], although this formula 

is not yet available on most commercial 

equipment.

Anesthesia plays a significant role in the abil-

ity to obtain MEPs. Classically, total intrave-

nous anesthesia (TIVA) was required, and 

neuromuscular blockade must be avoided. 

Neither of those ideal requirements is com-

pletely true. Some inhalation anesthesia can be 

tolerated, especially in younger patients with 

robust baseline MEPs and no preexisting neuro-

logic conditions. Inhalation anesthesia may be 

poorly tolerated among older patients with pre-

existing neurologic conditions, e.g., elderly 

patients with cervical myelopathy. A continuous 

low-dose drip of neuromuscular blockade, one 

that still allows three of four responses on the 

train of four test, can temper the excess MEP 

body movement.

D-waves persist despite neuromuscular junc-

tion blockade, since they are direct recordings of 

spinal axon volleys. Recording electrode move-

ment during surgery can attenuate them. They 

can be used along with tceMEPs. When neuro-

muscular blockade is required, they offer a pos-

sible method for following motor pathways.

Anesthetic fade, as was mentioned for SEP, is 

the gradual cumulative effect of anesthesia reduc-

ing peak amplitudes. For MEPs, anesthetic fade 

is more noticeable as the case proceeds over 

hours. Peaks that start as low amplitude, simple 

MEP muscle responses may be expected to dis-

appear over hours due to anesthetic fade.

The clinical decision to raise a tceMEP alert 

can be complex. The decision integrates which 

muscles changed, how many muscles changed, 

the loss of phases or degree of amplitude change 

(80% loss vs. total loss), how robust were base-

line recordings in those muscles, whether anes-

thesia fade is occurring, whether inhalation 

anesthesia has increased, and whether a bolus of 

centrally active medication recently was given.

 Electromyography

EMG can monitor peripheral motor pathways 

from the limbs or trunk during surgery. EMG 

monitoring can check for neurotonic discharges, 

or A-trains, which are signs of nerve injury [6]. 

Lesser degrees of nerve irritation produce motor 

unit CMAP discharges seen in the EMG record-

ings. EMG is also used to assess placement of 

pedicle screws or passage of a dilator through 

psoas muscle. EMG monitoring is conducted in 

the absence of neuromuscular blockade or with 

minimal continuous drip blockade with three of 

four responses in train of four testing. EMG mon-

itoring tests motor pathways, but not sensory or 

autonomic function.

 Recordings

Needle electrodes are inserted into muscles 

innervated by roots, nerves, or spinal levels at 

risk during surgery. Electrodes are uninsulated 

over an extended portion of the needle shaft, 

unlike traditional needle electrodes used in out-

patient EMG diagnostic testing. Recordings are 

monitored in real time. High-frequency filters are 

set to 3 k–10 kHz.

Many channels are used, one for each muscle 

recorded. Often ten or more muscles are moni-

tored, e.g., five from each limb on the left and 

right side at the level of surgery. Proximal and 

distal muscles are chosen, and muscles should 

represent the regions at risk in the particular sur-

gery. In the cervical region, EMG is covered 

through muscles across the relevant root levels 

which often include recording sites chosen from 
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among trapezius, deltoid, biceps, triceps, bra-

chioradialis, flexor carpi ulnaris, flexor carpi 

radialis, abductor pollicis, and abductor digiti 

minimi. It is more difficult to monitor the upper 

thoracic region with EMG, but electrodes care-

fully inserted in intercostal muscles or placed in 

paraspinal muscles are sometimes used. For 

monitoring for the T6 through L1 levels, the rec-

tus abdominal muscles are monitored typically 

with electrodes placed at upper, middle, and 

lower abdominal levels. In the lumbosacral 

region, EMG is covered through muscles across 

the relevant root levels which often include 

recording sites chosen from among iliopsoas, 

quadriceps, adductor magnus, biceps femoris, 

tibialis anterior, medial gastroc, extensor digito-

rum brevis, and flexor hallucis. Needle electrodes 

in the anal sphincter sometimes are added when 

the conus or cauda equina region is included in 

the surgical region. Vocal cords are monitored 

with surface electrodes, instead of needle elec-

trodes, which are attached to the sides of the 

endotracheal tube when the recurrent laryngeal 

nerve is at risk in cervical surgery.

 Triggered EMG

Pedicle screw testing is performed to assess if the 

screw is placed correctly. If the medial wall is 

breached, the screw can injure a nerve or the spi-

nal cord. To use EMG as a placement aid, the 

walls of the guide hole and the screw itself can be 

stimulated electrically. If the guide hole wall is 

breached or the screw breaches the medial pedi-

cle wall, low-intensity electrical stimulation will 

stimulate a nearby nerve or the spinal cord. Nerve 

stimulation results in EMG discharges from mus-

cles in that dermatome. Pedicle screws are stimu-

lated at constant current up to 20–25 mA in 

lumbar levels. Stimulation at upper thoracic lev-

els may be conducted up to 15 mA, a lower inten-

sity because the tested bone is thinner. Triggered 

EMG for cervical instrumentation may be used at 

lower intensity levels still.

Stimulation of pedicle screw may fail in sev-

eral circumstances. The screw itself may be 

unsuitable for stimulation studies. Some screws 

are coated with hydroxyapatite to help bone 

ingrowth and osseointegration into the screw. 

The hydroxyapatite coating is an electrical insu-

lator. Other screws are titanium and have been 

anodized which produces an electrically insulat-

ing titanium oxide coating. Both hydroxyapatite 

and titanium oxide impede adequate electrical 

conduction from the screw during stimulation 

studies. A polyaxial screw construct, i.e., when 

the mobile head is not firmly connected to the 

shank, causes a gap where electrical conduction 

may not bridge the gap. Testing electrical stimu-

lation at the head will not necessarily give correct 

results about a wall breach.

Pedicle screw stimulation is about 85% accu-

rate at generating an EMG response when a 

medial wall breach occurs [15]. That is well 

below the ideal 100% sensitivity. Some failures 

are due to screw deficiencies. Chronically injured 

nerves are more difficult to make respond to elec-

trical stimulation, and some are silent despite a 

breach. Sometimes the NIOM team does not 

monitor the correct muscles, or suitable muscles 

are not readily available, e.g., around L1 or at 

upper thoracic.

Stimulation also can be delivered through a 

dilator as it is passed through the psoas muscle 

during a lateral transpsoas approach to the lum-

bar spine in minimally invasive procedures. The 

goal is to identify nerves adjacent to the dilator 

tip and to avoid damage to the nerve if the dilator 

were to be advanced.

 Interpretation

EMG recordings are monitored continuously in 

real time. During the baseline portion of the pro-

cedure, any ongoing irregular background CMAP 

activity is observed. Baseline ongoing activity 

may result from the pathophysiology that is the 

reason for the surgery, e.g., radiculopathy. EMG 

channels usually are silent during the baseline 

recording. When a surgeon causes mechanical 

compression or stretches a nerve or root, such as 

placing a retractor too close to a nerve, a series of 

CMAPs may be seen. A greater degree of com-

pression or stretching can result in a continuous 
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EMG interference pattern. A classical sign of 

more acute irritation or injury is a neurotonic dis-

charge, or A-train, a dense high-frequency EMG 

discharge often lasting 30–45 s [16].

Pedicle screws are stimulated at constant cur-

rent of up to 20 mA for lumbar and lower intensi-

ties at more rostral levels. Figure 38.6 illustrates 

an example of a recording during pedicle screw 

testing. In clinical settings a stimulus intensity 

threshold is checked. At lumbar and lower tho-

racic spinal levels, a threshold 10 mA is generally 

considered adequate. A threshold of 5 mA or 

lower is considered a sign of a wall breach. 

Values for thresholds are lower for higher spinal 

levels, i.e., cervical spine. Osteoporosis also pro-

duces lower thresholds through poorly mineral-

ized bone. If a testing suggests that a screw is 

malpositioned, then the surgeon can reposition it. 

Checking the guide hole before screw placement 

is often undertaken as a safety precaution at the 

surgeon’s option.

EMG monitoring detects most, but not all, nerve 

injuries. Signs of nerve injury can appear tran-

siently. If not watched consistently, a neurotonic 

Fig. 38.6 Electrical stimulations were applied to the 

right L4 pedicle screw at 8 mA. Responses are seen at the 

right vastus lateralis, tibialis anterior, and biceps femoris 

muscles. This 68-year-old woman had a left L3–L4 lateral 

transpsoas approach for lumbar stenosis followed by pos-

terior spinal fusion with instrumentation. This suggested a 

medial pedicle wall breach. 150 ms/div, 200 uV/div

M.R. Nuwer



533

discharge can appear briefly, disappear, and be 

overlooked by the monitoring technologist and 

physician. Not all nerve injuries produce an EMG 

discharge. A nerve might be cleanly cut but gen-

erate no discharges [17]. A chronically com-

pressed nerve is not so sensitive for generating 

discharges. Since compressed or chronically 

injured nerves are the ones for which surgery 

most often is undertaken, EMG monitoring fails 

to detect some compressive, mechanical, or isch-

emic nerve injuries. EMG monitoring is useful 

because it detects most nerve injuries, even 

though it fails to detect about 15%.

For lateral transpsoas dilator stimulation, 

stimulations should not produce muscle responses 

except for the local direct response of psoas itself. 

Figure 38.7 illustrates muscle responses recorded 

during dilator stimulation. A sufficient group of 

muscles should be monitored relevant to the level 

through which the dilator is passed, recognizing 

Fig. 38.7 Stimulation is delivered through a lateral trans-

psoas dilator at 7 mA intensity. This 68-year-old woman 

had a left L3–L4 lateral transpsoas procedure for lumbar 

stenosis. Muscles tested are vastus lateralis, tibialis ante-

rior, biceps femoris, and medial gastroc. The stimulus 

artifact is seen in several channels, followed by an EMG 

discharge in the left vastus lateralis channel. A small 

response also had been seen in the left tibialis anterior 

channel. This showed proximity to an L4 nerve root. 

500 ms/div, 200 uV/div
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that nerves from higher lumbar level also may be 

encountered. Monitoring from too few muscles 

may miss relevant responses. This technique 

assesses monitored motor pathways only, but not 

sensory or autonomic nerves. The dilator is 

 stimulated and responses sought repeatedly as 

the instrument tip is advanced in small incre-

ments. The less current needed to trigger a mus-

cle response, the closer the dilator is to the motor 

nerve in question.

 Spinal Cord Monitoring

SEP and MEP techniques monitor the spinal 

cord. SEP and MEP often are used together. SEP 

monitors continuously, whereas MEP is tested 

intermittently as needed. MEP carries disadvan-

tages such as stimulation-related movement and 

restrictions on inhalation agents. For reasons 

such as those, some cases are monitored with 

SEP alone.

False alerts are false-positive monitoring 

events, i.e., alerts without postoperative neuro-

logical deficits. Many may be true detections of 

neurologic risk which averted a postoperative 

deficit because the surgeon responded. Those 

could be called true save events. Methodologically 

one cannot differentiate between false alerts and 

true saves. Investigations in animal models show 

that failure to respond to SEP alerts carries a high 

risk of an adverse postoperative deficit [18–23]. 

Similarly, in those studies, responding to alerts 

prevents postoperative deficits. Such literature 

supports strongly the conclusion that NIOM 

alerts are effective in reducing adverse postopera-

tive outcomes.

False-negative monitoring is the highly unde-

sirable outcome when the patient awakens with a 

new neurologic deficit despite no NIOM alert. 

NIOM false-negative events are very rare during 

spinal cord monitoring [24] (Table 38.3).

SEPs and MEPs in clinical practice detect 

spinal cord impairment relatively early in the 

course of complications. The clinical alerts 

occur early enough to avert many deficits. The 

American Academy of Neurology and American 

Clinical Neurophysiology Society published an 

evidence- based assessment of NIOM spinal cord 

monitoring [25]. That assessment included Class 

1 and 2 studies of MEP and SEP alerts [26–37]. 

The joint assessment concluded, based on the 

published evidence, that NIOM is established as 

effective to predict an increased risk of the 

adverse outcomes of paraparesis, paraplegia, and 

quadriplegia in spinal surgery. The assessment 

went on to recommend interventions to attempt 

to reduce the risk of adverse neurologic out-

comes when alerts occur.

A large multicenter study [24] evaluated more 

than 100,000 spinal surgery cases. Surgical out-

comes over 7 years for a cohort of 184 surgeons 

Table 38.3 Neurologic outcome prediction rates for SEP 

monitoring in spinal surgery

Total procedures 
monitored

51,263 (100%)

False-negative (FN) rate: neurologic postoperative 
deficits despite stable SEPs

Definite 34 (0.063%)

Equivocal 13 (0.025%)

Delayed onset 18 (0.035%)

Total 65 (0.127%)

False-positive rate: no neurologic deficits despite SEP 
changes

Definite 504 (0.983%)

Equivocal 270 (0.527%)

Total 774 (1.510%)

True-positive (TP) rate: neurologic deficits predicted 
by SEP changes

Definite 150 (0.293%)

Equivocal 67 (0.131%)

Total 217 (0.423%)

Neurologic deficits (FN plus TP)

Definite 184 (0.356%)

Equivocal 80 (0.156%)

Delayed onset 18 (0.035%)

Total 282 (0.550%)

True-negative rate: no neurologic deficit and stable 
SEPs

Total 50,207 (97.94%)

These data are from the multicenter outcome study of SEP 

spinal cord monitoring by 153 US surgeons [11]. Note the 

very low rate of definite false-negative cases (0.063%). 

Equivocal cases were transient or minor degrees of 

impairment. Delayed onset cases awoke from surgery 

intact but developed impairment within the first day 

postoperatively
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were tracked, among which half the cases were 

monitored. Outcomes compared cases with and 

without monitoring and compared monitored 

cases against historical controls for the same 

cohort. Monitoring was associated with a 60% 

reduction in paraparesis and paraplegia. False- 

negative cases were very rare, less than 0.1%.

More recent evidence-based outcome studies 

continue to find similar diagnostic and prognostic 

reliability for SEP and tceMEP spinal cord moni-

toring. Kobayashi [10] found two false-negative 

SEP and tceMEP monitoring cases during sur-

gery for intramedullary spinal cord tumors. He 

found a high sensitivity (95%) and specificity 

(91%) for intraoperative spinal cord monitoring 

and favorable accuracy especially for spinal cord 

tumor, spinal deformity, and ossification of the 

posterior longitudinal ligament (OPLL). 

Pastorelli [38] found 100% sensitivity and 98% 

specificity for spinal deformity surgery. Lee and 

colleagues [39] found excellent sensitivity and 

specificity and yet noted C5 palsy cases with 

weakness onset hours after surgery. Monitoring 

cannot accurately predict impairment with a 

future onset.

Sala [13] used historical controls and assessed 

motor exam changes with McCormick grading. 

The aggregate motor ability grade improved 

+0.28 in monitored patients, whereas without 

monitoring it deteriorated to −0.16 (p < 0.002).

Studies have assessed both SEP and MEP, but 

no definitive comparison has been done. Each 

monitors a different spinal pathway. SEP can be 

performed continuously, whereas MEPs are inter-

mittent. MEP produces movements, so some sur-

geons use them sparingly. Some reports show 

MEP changing a few minutes before SEPs during 

alerts, if the MEPs were done at just the right time.

 Staffing

NIOM requires a knowledgeable, experienced 

team both for the technical skills and for the clin-

ical interpretations. Staffing NIOM services 

includes three individuals with different kinds of 

skills, knowledge, ability, training, and experi-

ence: (a) In the operating room, a technologist 

runs the equipment and applies the electrodes. 

If the monitoring professional is remote, the 

technologist arranges for Internet connectivity 

and assists with communication. A trained, certi-

fied EEG technologist usually fills this role. The 

recognized US national technologist’s certificate 

is Certified in Neurophysiologic Intraoperative 
Monitoring (CNIM). (b) A professional with sub-

stantial knowledge, training, and experience in 

intraoperative monitoring assists the technologist 

in decision-making and problem solving and 

helps train technologists to perform their jobs 

well. (c) A licensed physician, knowledgeable 

about both neurophysiology and medicine, con-

tinuously monitors the findings, makes determi-

nations about alerts, and discusses the meaning 

of the changes. The physician is in the best posi-

tion to recommend changes in anesthesia, sur-

gery, wake-up testing, or medical interventions. 

The physician integrates NIOM findings with the 

patient’s medical history. The physician provides 

medical quality assurance. Among these three 

positions described above, one person may fill 

more than one role. For example, some physi-

cians serve both the second and third roles when 

they are sufficiently expert in NIOM. Sometimes 

a highly skilled nonphysician PhD neurophysi-

ologist fills the second role, while a physician 

fills the third role.

In general, neither the operating surgeon nor 

the anesthesiologist is charged with interpreting 

and problem solving the neurophysiologic moni-

toring. Rather, a third physician neurophysiolo-

gist carries out that service, one who is able to 

devote full attention to problems that require 

detailed time and effort. Many cases involve such 

decision-making to judge whether developing 

changes require an alert to the surgeon, modify 

tactics to meet the individual patient’s clinical 

circumstances, integrate findings with anesthetic 

and surgical events, improve quality of record-

ings, eliminate artifacts, or overcome technical 

problems. The physician neurophysiologist has 

extended special training in clinical neurophysi-

ology and intraoperative monitoring. That brings 

to the case the knowledge about the monitoring 

literature and lore, ability to communicate effec-

tively, skills at technological tricks to improve 
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recordings, and experience with many events as 

they may occur during cases.

The monitoring neurophysiology physician 

may be outside the operating room supervising 

remotely [40]. Continuous communication with 

the operating room is needed. The simple remote 

monitoring method screen displays only what the 

technologist selects on the operating room equip-

ment screen. Advanced remote monitoring 

method allows the neurophysiologist to change 

among various screens and to manipulate the 

data. This advanced method allows the monitor-

ing physician to monitor at his or her discretion 

all aspects of the case rather than being simply 

dependent on the technologist to display one 

aspect. The advanced method is desirable because 

it allows for an independent assessment of mul-

tiple aspects of data and different views of an 

evolving clinical situation.

Alternative models to traditional monitoring 

include (a) automated monitoring, (b) surgeon- 

directed monitoring, (c) technologist-directed 

monitoring, and (d) proctored monitoring. 

Automated monitoring deploys a computer algo-

rithm to search recorded signals, score peaks for 

desired criteria, and identify if alert criteria are met. 

No person checks the computer’s answer, and the 

data itself may not be readily accessible for an 

expert’s review. Surgeon-directed monitoring has 

the disadvantage that the surgeon is generally not 

trained in the technical details, problem solving, 

artifact elimination, tactics for improving record-

ing quality, or the monitoring literature and lore. 

The surgeon is too busy to pay ongoing attention 

to the tracings. Technologist-directed monitoring 

without a neurophysiologist supervisor has the 

disadvantage that many technologists are not 

familiar with the literature in the monitoring 

field, not in a position to answer questions about 

why signals changed, and often monitor in a sim-

ple cookbook fashion. Unsupervised technolo-

gists do mistake real clinical changes for technical 

problems and may fail to raise timely alerts.

Proctoring differs from traditional active 

monitoring by the dilution effect of divided 

attention. The proctoring physician may super-

vise many online cases simultaneously, e.g., up 

to six or ten at a time. Attention is divided among 

all those cases. The proctoring physician relies 

on the technologist to screen for significant 

events and to bring them to the physician’s atten-

tion. When events or problems occur, the tech-

nologist asks for the physician’s advice or 

intervention. In contrast, the traditional active 

monitoring neurophysiology physician super-

vises few cases, e.g., one to three at a time [41]. 

In the traditional monitoring model, the neuro-

physiology physician gives substantial attention 

to each case. The monitoring physician is 

actively involved with each case and identifies 

changes that the technologist may have missed. 

This brings to the case a professional level of 

attention and decision-making. Whenever a phy-

sician is supervising remotely more than one 

case, he or she must be able to turn over the addi-

tional cases to a colleague when one case 

requires individual attention.

In one study of common practices [40], phy-

sicians who monitored at their local hospitals 

typically supervised one case and one-quarter of 

the time supervised two or three simultaneous 

cases. For monitoring remotely at multiple dis-

tant hospitals, one-quarter of the time physicians 

supervised four or more simultaneous cases. 

During busier portions of the workday, that 

remote distant caseload could exceed six simul-

taneous cases.

An unfortunate example of surgeon-directed 

monitoring was published. The case claimed to 

show a failure of MEP spinal cord monitoring 

[42]. The authors reported a thoracic case in 

which upper extremity MEPs disappeared, 

whereas lower extremity MEPs were preserved. 

The patient awoke paraplegic. The authors 

reported this as a false-negative MEP monitoring. 

Figures showed that the authors were unaware 

that they had mixed up the arms and the legs in 

their technical setup. The case actually was a 

true-positive MEP alert, not a false-negative lack 

of change. No neurophysiology team was used to 

assist the surgeon for reviewing the setup and 

data. An important lesson is that neurophysiol-

ogy teams are needed, ones with the substantial 

skills, knowledge, ability, training, and experi-

ence in monitoring to set up, recognize, and cor-

rectly interpret monitoring tracings.
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Multiple spinal pathways and tests can be 

monitored at the same time. The monitoring 

team displays ongoing status for multiple moni-

tored tests on a single screen simultaneously. 

Figure 38.1 shows a combined display of 

somatosensory, motor, EMG, and EEG channels. 

The monitoring physician can also change the 

view to other screens as desired to view detailed 

trends for individual modalities which display 

data over hours on particular channels.

 Illustrative Case

A 30 M was admitted with traumatic cervical 

fractures, subluxation, and cord compression. He 

had trauma also to his head, chest, and abdomen. 

He arrived at the emergency department on a 

backboard. On exam he was alert, his power was 

5/5 in all extremities, sensation was intact C5-T1 

and L2-S1, and DTRs were normal with downgo-

ing toes. Imaging showed left C5 facet fracture, 

subluxed right C5 facet, kyphotic deformity, 

anterolisthesis of C5 on C6, and mild cord 

compression.

After initial treatment with cervical traction, 

he was brought to the operating room for instru-

mented fusion. At the time of positioning on the 

table, baseline MEPs and SEPs were robust. 

Upon prone positioning, SEPs and MEPs lost 

80–90% amplitudes. See Fig. 38.8. The surgeon 

was alerted, and the patient was returned to the 

supine position. Upon returning to supine posi-

tion, the MEPs and SEPs returned to baseline. 

After 10–15 min of normal SEPs and MEPs, 

prone positioning again was attempted with the 

same extensive signal attenuation. The patient 

again was returned to the supine position. A 

wake-up test showed that the patient was able to 

move all extremities. The surgery was postponed. 

Patient was taken to the ICU in a halo brace. 

Imaging revealed good spinal alignment. The 

patient was brought back to the OR 2 days later 

for spinal fusion. On that second date, the moni-

toring showed no significant events and remained 

at the normal baseline. The surgery proceeded 

without incident, and he was discharged neuro-

logically intact.

 Technical Pearls

• Set up both peroneal and posterior tibial nerves 

for lower extremity SEPs in patients who:

 – Are older than 65 years

 – Have diabetes

 – Have a peripheral neuropathy

• Use alternate scalp recording sites if scalp sig-

nals are small.

• Set up foot and leg MEP channels in cervical 

cases along with arm and hand channels.

• Set up for EMG at least five muscles in arms 

for cervical and at least five muscles in legs 

for lumbar cases.

• For upper lumbar cases, consider including 

iliopsoas muscle for MEPs.

• Slow the SEP stimulus repetition rate to 

improve amplitude in small signals.

• Increase the SEP stimulus repetition rate to 

obtain results faster when signals are high 

amplitude.

• Avoid using the notch filter with SEP and 

MEP because it can produce ringing artifacts 

and reduce SEP amplitudes.

• Expect anesthetic fade over long cases, and 

avoid false alarm alerts based on this 

attenuation.

 Complications and Strategies 
for Avoidance

• Tongue and lip bites are avoided with well- 

placed MEP bite blocks; check they don’t dis-

lodge with prone positioning.

• To avoid burns, use ground plates instead of 

needle ground leads.

• Secure leads well to avoid dislodging elec-

trodes, e.g., during position changes and table 

movement.

• Take care to avoid needle sticks when turning 

patients; consider placing some needle elec-

trodes after positioning.

• Record some EEG channels along with MEPs 

to identify any nonconvulsive seizures result-

ing from stimulation.

• Avoid MEP stimulation adjacent to deep brain 

stimulation electrode implantation sites or 
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other brain electrode implantation sites. 

Cochlear implants have been shown to be safe 

for MEPs.

• Avoid pedicle screws with hydroxyapatite or 

anodized coating or a polyaxial screw con-

struct, because they may conduct electrical 

testing poorly and give false results in trig-

gered EMG testing.

• Use ulnar SEPs in lumbar cases to check for 

impending nerve palsy from arm and shoulder 

position problems. When a unilateral periph-

eral ulnar SEP is lost, reposition the arm and 

shoulder, adjust taping, deflate the BP cuff, 

and check stimulating electrodes.

• Avoid “automated” SEP and MEP interpreta-

tion software, which are subject to “interpreta-

tion” errors.

• Monitoring technologist should remain in the 

room attending to your case, screening the 

data for technical and clinical changes. The 

technologist should not cover multiple cases 

simultaneously. Absence of a technologist can 

miss critical changes and leave no one to 

respond to technical problems.

Fig. 38.8 (a) Baseline supine, left on left, right on right, 

pairs of MEP stimulations at flexor digiti minimi, tibialis 

anterior, and abductor hallucis muscles. (b) Upon prone 

positioning, MEPs lost 80% amplitudes. The SEPs also 

lost >75% amplitudes (not shown). (c) Upon returning to 

the supine position, the potentials returned to close to 

baseline, no longer in an alert status
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• Monitoring neurophysiology physician may 

be remote. The physician should avoid simul-

taneously supervising too many cases. Divided 

attention causes lack of attention to detail, 

which can result in delay identifying critical 

changes. Attention to detail for an individual 

case drops off when simultaneously monitor-

ing. Surgeons should ask that their monitoring 

physicians limit the number of simultaneous 

cases or at least be aware of how many other 

cases are being monitored.

 Conclusion

Intraoperative neurophysiologic monitoring 

involves SEP, MEP, and EMG. In experienced 

hands, monitoring reduces the risk of postopera-

tive adverse neurologic outcomes, e.g., reducing 

by 60% the risk of paraplegia and paraparesis. 

SEP is continuous, whereas MEP is performed 

intermittently. Both constrain the choice of anes-

thesia, MEP more than SEP. Pedicle screw testing 

with EMG is moderately successful in detecting 

medial wall breach, but occasional breach or 

nerve impingement can be undetected for a vari-

ety of reasons described here. The monitoring 

team requires a technologist in the room and a 

neurophysiology physician supervisor who can be 

remote. A variety of tactics are now well known 

for obtaining good recordings in a surgical set-

ting. Limits of normal variability have been estab-

lished as alarm levels for alerting the surgeon.
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Balloon-assisted kyphoplasty, 218, 219

Barrel chest, 59

Barrel chest/thoracic kyphosis, 61

Basilar invagination, 43

posterior atlantoaxial (C1-C2) fusion, 44

Basion-axial interval (BAI), 21

Basion-dens interval (BDI), 21

Biological fusion, 32

Biomechanics

C1-C2 instrumentation, 51

Biomechanics, posterior thoracic spinal fixation, 198

Biplanar fluoroscopy, 46, 83, 215, 420, 421

Biplanar fluoroscopy images, 63

Bipolar cautery and scissors, 128

Bipolar electrocautery, 46, 128

Bisphosphonates and teriparatide, 478–479

Bivector traction, 143

Bleeding bone wax, 75

Blue marker, 73

Blunt dissecting tool, 420

Body mass index (BMI), 403–404

Bone graft, 32, 98, 453, 454, 463, 465, 466

C1-C2 instrumentation, 51

fusion with, 447

internal fixation, 446

mortise, 450

ventral, 446

Bone graft extenders, 456

Bone graft/substitute, 233, 234

Bone healing, 453

after fracture/fusion surgery, 473

biomechanical forces, 475

bisphosphonates and teriparatide, 478–479

chondrocyte growth and differentiation, 475

cigarette smoking, 477, 478

components of, 475

description, 473
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Bone healing (cont.)
diagnosis, 479

electrical stimulation, 479

examination, 479

history, 479

inflammatory phase, 474

lamellae, 475

local factors, 474

nutritional deficiency, 476

osteoconduction, 473

osteogenesis, 473

osteoinduction, 473

pretreatment, 479, 480

repair/proliferative phase, 474

systemic factors/conditions, 475

treatment, 479

vitamin D deficiency, 476, 477

Bone health, 271, 273

Bone marrow aspirates (BMAs), 458–460, 466

Bone marrow stem cells (BMSCs), 461

Bone metabolism

anatomic structure and histology, 471

biological tissue, metabolically active cells, 471

calcitonin, 472

hematopoiesis, 472

hormonal factors and local mediators, 472

PTH, 472

VDR, 472

Bone mineral density (BMD), 212

Bone morphogenetic proteins (BMPs), 171, 233, 460, 461

Bone quality, 83

Bone regeneration

orthopedic procedures, 471

Bone wax, 364

Bony anomalies, 93

Bony coccyx, 418

Bowel and bladder dysfunction, 126

Bowel retractor system, 418

Box cutter disc shaver, 346

Brachial plexus, 167

Brachial plexus injury, 166

Brachiocephalic and subclavian veins, 166–167

Broken Hardware, 101

Burr and Kerrison rongeurs, 168, 169

Burst fractures, 212, 213

C
Cadaveric biomechanical study, 392

Cadaveric bone, 456

Cadaveric lumbar vertebra, 389, 391

Cadaveric thoracic spine, 262

Cadaveric vertebrae, 389, 390

Cage choices, 232, 233

Calcified disc, 83, 169, 173

Calcium sulfate, 458

Cancellous allograft bone chips, 457

Cancellous bone, 454, 455

Cancellous graft, 462

Canine models, 198

Cannulated K-wire system, 66

Cannulation technique, 252

Cardiac arrhythmia, 527

Cardiac optimization, 271

Cardiac pacemaker, 527

Cardiac system, 273

C-arm fluoroscopy, 252, 434–436

SIJ

inlet, outlet and lateral, 434, 436

intraoperative Ferguson view, 435

broach, 434, 435

titanium rod, 434, 436

intraoperative views, 434

lateral view, pelvis, 434, 435

mallet/power drill, 434

Carotid bruit or carotid artery stenosis, 71

Carotid sheath, 72, 83

Cartilaginous endplates, 74

Caspar pins, 73, 75

Caudal pedicle, 74

C1–C2 articulation, 34

C2–C3 disc space, 62

C1–C2 facet joint, 129

C1–C2 fixation, 31, 33, 34

C1–C2 instrumentation

biomechanics, 51

bone graft, 51

C1 lateral mass screw, 47, 48

C2 pars screw, 48, 50

C2 pedicle screw, 48, 49

C2 translaminar screws, 50

decortication, 50, 51

posterior wiring techniques, 47

transarticular screw, 50, 51

wire techniques, 47

C1–C2 transarticular screw, 50, 51

Cefazolin, 206

Cell-based therapies, 461, 462

Central intervertebral disc herniations, treatment of, 183

Ceramic scaffolds, 233

Ceramics, 457, 458, 466

Cerebral spinal fluid (CSF), 79, 174, 192, 203, 341

Certified in Neurophysiologic Intraoperative Monitoring 

(CNIM), 535

Cervical corpectomy, 69

Cervical deformity, 135, 140–147

anterior osteotomy (see Anterior osteotomy)

complications and strategies, 147

CT scan, 138

decompression, neural elements, 136

dysphagia and chest sores, 135

etiologies, 135

finite element analysis, 135

flexion-extension films, 137

indications, 136

kyphotic, 136

laminectomy, 135

MRI, 137

neurologic deficit, 136

operative and nonoperative treatment, 135
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osteoporosis, 137

patient selection, 136

preoperative planning, 136–138

and post-laminectomy kyphosis  

(see Post- laminectomy kyphosis)

quality of life, 135

spinal cord compression, 135

surgery, 136

Cervical disc arthroplasty (CDA)

and ACDF (see Anterior cervical discectomy and 

fusion (ACDF))

adjacent segment degeneration, 87

alleviate neurological symptoms, 81

and ASD (see Adjacent segment disease (ASD))

clinical results, 81

clinical trials, 81

complications and strategies, 87, 88

and DDD (see Degenerative disc disease (DDD))

decompression, 85, 86

functional outcomes, 81

hardware failure, 87

indications and patient selection, 82

maintenance of motion, 81

meticulous techniques, 81

myelopathy, 81

placement, 86

preoperative considerations, 83

radiculopathy, 81

RCT, 81

sagittal alignment, 86

segmental motion, 81

success, 87, 88

surgical management, cervical spondylosis, 81

surgical technique, 83–85

Cervical facet, 106

Cervical fractures, 15

Cervical injuries

case study, 3

complications, 6, 7

complications avoidance, 6

indication, 1

patient selection, 1

pin sites infection, 7

pre-procedure considerations, 1, 2

Cervical instability, 13, 15

Cervical interfacet grafts, 105

Cervical interfacet spacers, 107–109

clinical case, 108–110

complications and areas of avoidance, 111–112

indications and patient selection, 107

preoperative considerations, 107, 108

surgical technique, 108

technical pearls, 110, 111

Cervical kyphotic deformities, 136

Cervical laminoplasty

axial neck pain, 122

history, 120

indications, 114, 115 (see Laminoplasty)

loss of cervical lordosis, 122, 123

neurologic injury, 123

outcome, 121

patient selection, 114, 115

physical exam, 120

preoperative considerations, 115

radiographical imaging, 121

surgical technique

anesthesia, 115–116

exposure, 116

foraminotomy, 118

French-door laminoplasty, 118, 119

hinge trough, 117

neurologic monitoring, 116

open-door laminoplasty, unilateral muscle- 

ligament complex preservation, 119–120

opening the laminae and application of fixation, 

117, 118

positioning, 115

treatment, 121, 122

wound complications, 123

Cervical lordosis, 107, 122, 123

Cervical lordosis to thoracic kyphosis, 149

Cervical myelopathy, 113, 120

Cervical spine, 60, 69

image guidance technology, 506

Cervical Spine Injury Severity Score (CSISS), 92

Cervical spondylosis, 69, 105

and DDD, 81, 82, 88

and facet joint arthropathy, 82

pathogenesis of, 105

Cervical stenosis, 113

Cervical stenosis/instability, 127

Cervicothoracic junction (CTJ)

anterior approaches, 149

ASD, 149

biomechanically, 149

biomechanics, 150

cervical lordosis to thoracic kyphosis, 149

complications and strategies, 157, 158

degenerative disease, 152, 153

flexion/extension movement, 149

infection, 152

left anterior approach, 156

longus colli muscles, 157

morbidities of transsternal approach, 156

neck pain and head falling, 156

neurological examination, 156

post-contrast T1 sagittal MRI, 156

posterior approach, 155

postoperative reconstructed sagittal CT scan, 156, 157

postsurgical instability, 153

preoperative evaluation, 153, 154

radiologically, 149

rheumatologic diseases, 153

smaller-sized fixation devices, 149

surgical anatomy

anterior approach, 151

anterior triangle, 151

C7 and T1 vertebra, 150

lateral masses, 150

left subclavian artery, 151
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Cervicothoracic junction (CTJ) (cont.)
lower cervical vertebra, 150

muscular tissues, 151

pedicle screws, 151

phrenic nerve passes, 151

posterior anatomical structures, 150

posterior triangle, 151

SCM, 151

subclavian vein, 151

VA, 151

vagus nerve, 151

surgical technique

anterior approaches, 154–155

trauma, 152

treatment failure/pseudarthrosis, 149

tumor, 152

Cervicothoracic orthosis (CTO), 152

C2 Fixation, 23–25

C7 Fixation, 97, 98

Charite artificial disc, 358, 359

Chest tube placement, 165

Chevron/Smith-Petersen osteotomy, 240, 245

Chin-on-chest deformity, 135, 144

Chiropractic treatment, 241

Chronic dysphagia, 78

Chronic fractures, 59

Chronic spondylolisthesis, 286

Cigarette smoking, 83, 477, 478

Circumferential fusions, 241

C1 lateral mass screw, 47, 48

C1 lateral mass–C2 (C1LM–C2), 32

C1 lateral mass–C2 translaminar (C1LM–C2TL), 32

Clavicular resection, 165–167

C1 LMS–C2PS technique, 32

Clinical case, cervical interfacet spacers, 108–110

Closed reduction, 1–3, 5, 6

Cloward-type approach, 61

Cobb elevators, 200, 345

Coccyx, 417

Coflex Interlaminar Stabilization (ILS), 328

Colony-forming units-alkaline phosphatase (CFU-AP), 459

Common carotid artery (CCA), 151

Complete facet resection, 495

Complete facetectomy, 275

Compound muscle action potentials (CMAPs), 526

Compression (approximation) test, 430, 431

Compression fracture

osteoporotic, 212, 221

preoperative radiographs, 221

single-level, 213

trauma or osteoporotic/pathologic etiologies, 212

VCF (see Vertebral compression fractures (VCF))

Computed tomography (CT), 106, 108

myelography, 71

posterior atlantoaxial (C1–C2) fusion, 45

reference-based navigation tools, 200

Computer navigation, SIJ, 434

intraoperative 3-D imaging system (O-arm)

computer navigation, 434

Concave pedicle, 277

Condylar-C1 interval (CCI), 18

Cone-beam computed tomography (cbCT), 505

Congenital spondylolisthesis, 299

Construct design, biomechanics principal, 447, 448

Construct failure, 448

Contemporary bone grafting options, 233

Contralateral approach, 141

Contralateral psoas hematoma, 352

Copious venous bleeding, 86

Coronal imbalance, 373, 375

Coronal plane deformities, 266

Corpectomy

and ACDF

allograft or iliac crest bone graft, 76

anterior uncus bilaterally, 75

bleeding bone wax, 75

caspar pins, 75

complications, 75

diamond tip, 75

discectomies, 75

fibular allograft, 75

hybrid, 76

plate placement, 75

PLL-dural adhesions, 75

Rhoton instrument, 75

strut graft, 76

Corpectomy surgery, 72

Cortical bone, 74

Cortical bone screws (CBS)

biomechanical studies, 390

cadaveric lumbar vertebra, 389, 391

cadaveric study, 392

cadaveric vertebrae, 389, 390

clinical outcomes, 391

complications and strategies, 397, 398

cyclical toggling, 390

fat infiltration ratio, 389

finite element analysis, 390

healthy and osteoporotic patients, 389

history, 395

in vivo biomechanical study, 391

indications, 392, 393

outcome, 395–397

patient selection, 392, 393

and pedicle screws, 390

physical exam, 395

placement, 389, 390

PLIF, 389

preoperative, 393, 394

pseudoarthrosis, 391

radiographic study, 389

radiographical imaging, 395, 397

surgical technique, 394–396

TLIFs, 391

treatment, 395

TTS, 389

tulip head, 389

Cortical bone trajectory (CBT)

complications and strategies, 397, 398

history, 395
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indications, 392, 393

lumbar pedicle screws, 389

outcome, 395, 396

patient selection, 392, 393

physical exam, 395

preoperative, 393, 394

radiographical imaging, 395

surgical technique, 394, 395

treatment, 395

Cortical graft, 454

Cortical screws (CS)

and CBS, 390

and CBT screws, 389

contraindications, 392

cortical screws, 389

indications, 392

interbody support, 393

intraoperative fluoroscopy, 393

intraoperative monitoring, 394

in mind, 393

in osteoporotic patients, 392

and pedicle, 390

PLIF, 389

properties, 389

straight-in trajectory, 395

Corticocancellous allografts, 456

Corticocancellous grafts, 462, 464

Corticocancellous iliac crest autograft, 243

Corticospinal cord, 526

Costotransversectomy, 155, 161

Costotransversectomy approach, 187, 278

C2 pars screw, 48, 50

C2 pedicle screw, 48, 49

Cranial-cervical instability, 21–23

allograft vs. autograft, 25

C2 fixation, 23–25

case study, 26

causes, 17

complication avoidance, 27

complication rates, 27

occipital fixation, 26

postoperative management, 25

radiographic measurements, 19, 20

surgical management, 18

antibiotics, 23

occipital plate, 22, 23

OCF, 21

surgical stabilization, 19

systemic, 18, 19

transoral decompression, 20, 21

traumatic, 18

Cranio-cervical junction, 140

Crank system, 130

Cricoid cartilage, 151

Crohn’s disease, 415

CT angiography (CTA)

posterior atlantoaxial (C1-C2) fusion, 45

CT myelogram, 107, 108

CT-navigated pedicle screws, 200

C2 translaminar screws, 50

Curative vs. palliative surgery, 152

Cutaneous cerebrospinal fluid leaks, LECA, 192

D
Dallas Discogram scale, 361

Decompression phase, 377–380, 384, 385

MIS TLIF

bone work, 385

conjoined root, 385

discectomy, 379, 380

exposure, lamina and pars interarticularis, 377

ligamentum flavum, 384

osteotomy cuts, 377–379

resection, ligamentum flavum, 378, 379

Decompressive laminectomy, 309, 455

Decortication

C1-C2 instrumentation, 50, 51

Deep muscle layer, 196

Deformity

cervical (see Cervical deformity)

flexibility, 136, 146

location, 137

rigid flexion, 140

severity, 137

swan neck deformity, 135

Deformity correction. See also Anterior spine surgery

global sagittal alignment, 488

goals of care, 488

indications, 488

patient improvement, 488

patients selection, 489

radiographic parameters, 488, 489

reversible comorbidities, 489

sagittal plane deformity, 488

surgical techniques, 490

Degenerative disc disease (DDD), 227, 228, 513, 514

and cervical spondylosis, 81, 82

diagnosis of symptomatic, 361

FDA trials, 82

hybrid surgical indications, 369

and LBP, 357

with L-TDR, 359

multiple-level cervical, 87

risk factors, 87

spinal imaging, 358

surgical treatment, 358, 359

Degenerative disease, 252

CTJ, 152, 153

Degenerative scoliosis, 241

Degenerative spondylolisthesis, 299

Deltoid palsy, 126

Demineralized bone matrices (DBMs), 233, 456,  

458, 459

Dens

anteriorly dislocated, 64

and C2 during screw placement, 61

cause neurologic/vascular injury, 67

dislocation, 58

displacement, 57
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Dens (cont.)
fragment, 58

posteriorly dislocated, 63

Diagnosis of SIJ pain, 429, 430

Diffuse idiopathic skeletal hyperostosis (DISH), 82, 83

Direct anterior fixation, 57

Direct lateral interbody fusion (DLIF), 390, 512

Direct pars repair, 305, 306

Disc osteophyte complexes, 113

Discectomies, 73, 75

CTJ, 154

decompression phase, MIS TLIF, 379, 380

disc cutters, 421

end plate rasps, 421

history, 425

interbody phase, MIS TLIF, 380

TLIF, 243

utilizing cutters, 421

Discogenic back pain, 358

Discogenic pain syndromes, 227

Discography, 229

Displaced transverse fractures, 58

Distraction (gapping) test, 430

Distraction pins, 85

Divergent Caspar pins, 141, 146

Dorsal iliac crest grafts, 463

Double pulse trains, 525

Double-lumen endotracheal tube, 170

Double-trajectory technique, 392

Down syndrome, 32, 45

posterior atlantoaxial (C1-C2) fusion, 44

Doyen elevator, 168

Drill guide, 62, 63

Dropped head syndrome, 98

Dual S1 pedicle/S1 alar screws, 405

Dual-energy x-ray absorptiometry (DEXA), 212, 273

D-wave, 526, 527, 530

Dynamic radiographs, 83

Dysmorphic sacrum, 437, 438

Dysphagia, 59, 67, 85, 87

Dysphonia, 78

E
Echocardiography, 165

Eggshell osteotomy, 266

Electrocautery, 61, 73, 200, 522

Electromyography (EMG), 165, 202

A-trains, 530

compression/stretching, 531

electrical stimulation, 532

lateral transpsoas dilator stimulation, 533, 534

monitoring, 532

nerve injury, 532

neurotonic discharges, 530

osteoporosis, 532

pedicle screws, 532

recordings, 530, 531

triggered, 531

Electrophysiological monitoring, 377

EMG/NCV, 153

Endoscopic lateral transpsoas approach, 335

Endotracheal anesthesia, 46, 108

Endotracheal tube, 71

Enhanced recovery after surgery (ERAS) strategy, 438

Epidural hematoma, 126

Epidural injections, 241

Erector spinae muscles, 182

Esophageal injuries, 79

Expandable tubular retractor, 185

Extended pedicle subtraction osteotomy, 497

Extreme lateral interbody fusion (XLIF), 512

Extreme osteoporosis, 59

F
Facet arthropathy, 106

Facet arthrosis/disc degeneration, 115

Facet degeneration, 105

Facet joint arthropathy, 82

False-negative MEP monitoring, 536

False-negative monitoring, 534

Fascial incision, 182, 344

Fascial layer, 418

Femoral nerve, 336, 339, 344

Femoroacetabular impingement (FAI), 431

Fenestrated pedicle screw technique, 214

Fiberoptic assistance, 71

Fiber-optic intubation, 116

Fiberoptic technique, 94

Fibrillar collagen, 46

Fibrin glue, 174

Fibular allograft, 75

Fibular strut or femoral ring allografts, 170

Finger dissection, 350

Finger sweep technique, 418

Finite element analysis, 135

Finite element models, 106

Fixation Failure, 101

Fixed angular deformity, 268

Fixed trunk translation, 269

Flat-back syndrome, 242

Flat-top Jackson table, 60

Flexible bed-mounted arm, 130

Flexible deformity, 140, 146

Flexion abduction external rotation (FABER) test,  

430, 431

Flexion-extension plain radiographs, 126

Flexion-extension radiographs, 58

Fluoromerge technique, 507

Fluoroscopic guidance, 257, 263

Fluoroscopy-guided method

pedicle screw fixation, 251

Fluted drill, 63

Fluted-twist drill, 62

Focal weakness, 126

Foley catheter, 127

Foraminal area, 107

Foraminotomies, 73, 74, 106, 141

cervical laminoplasty, 118
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Fortin finger sign, 430

Four-screw hole type, 346

Frankel C central cord syndrome, 99

Freehand pedicle screw technique, 200

Freeze-dried allograft, 456

French-door laminoplasty, 118, 119

Functional spinal unit (FSU), 441

Furcal nerve trajectory, 338

Furcal nerves, 337

Fusion approach, 105

Fusion techniques, 105

G
Gadolinium-enhancing mass, 171

Gaenslen’s test, 433

Gait analysis, 71

Galveston rods, 402

Galveston technique, 407

pelvic instrumentation, 405

Gardner-Wells tongs, 60, 141, 143, 145

Gardner-Wells traction, 2, 3

Garner-Wells tongs, 6, 7

Gauze-covered finger/Kitner, 173

Gelfoam, 146

Gelpi retractors, 242

Generous decompression, 85

Genitofemoral nerve, 337, 338

GlideScope, 116

Glycemic control, 271, 273

Goel–Harms techniques, 38

Grade 1 spondylolisthesis, 373, 374

Graft extender, 458

Graft holder, 109

Graft retainment device, 346

Graft/cage, 76

Grafting materials in spine surgery, 453

Granuloma/pseudotumor formation, 369

Greater sciatic notch breach, 410

Groin pain, 431

Guillotine-type rib cutter, 182

H
Halo Traction, 3

Halo vest immobilization, 58

advantage, 9

cervical spine, 13

complications, 10, 14, 15

complications avoidance, 10

CT imaging, 12–14

external immobilization, 9

halo vest components, 11

history and examination, 12

indications, 10

outcomes, 13

patient selection, 10

pin fixation, 9

preoperative alignment, 10

surgical technique, 11, 12

Hardware failure, 147

Harm’s technique, 47

Harm-Goels construct, 25

Head-Halter Traction, 3

Health-related quality of life (HRQOL), 265, 487, 488, 

499, 502

Hematoma, 78

Hemi-laminae, 119

Hemostasis, 108, 155, 463

Herniated disc, 161

Heterotopic ossification (HO), 87

High-grade isthmic spondylolisthesis, 287

High-quality intraoperative fluoroscopic images, 253

High-speed burr, 73–75

High-speed drills, 85

Hilton’s law, 429

Hinge trough, 117

Hip flexion, 336

Hirabayashi technique, 118

Hoarseness, 87

Hockey-stick incision, 181, 182

Hoffman’s sign, 146

Hoffmann sign, 71

Hook-based distraction devices, 195

Hooke’s Law, 444

Horacic rib blocks, 173

Hounsfield unit (HU) measurements, 273

Hounsfield units (HU), 212

Hydroxyapatite (HA), 457, 458, 462

Hyperlordosis, 86

Hyperreflexia, 71

Hypertrophy

ligamentum flavum, 69

Hypopharynx, 67

I
Iatrogenic foraminal narrowing, 107

Iatrogenic instability, 153

Iatrogenic spinal destabilization, 448, 449

Iliac bone crest graft (ICBG), 454

Iliac crest autograft, 72

Iliac crest bone graft (ICBG), 456

Iliac crest graft, 170

Iliac screw (iliac bolt), 405–407

Iliac screws to S2AI screws, 405, 406

Iliohypogastric nerve, 337

Ilioinguinal nerve, 336

Iliolumbar ligament, 401–403

Iliopsoas muscle, 336

Image guidance technology, 511–514, 516

3D cbCT, 505

cervical spine, 506

DLIF/XLIF, 513

fluoromerge technique, 507

interbody graft, 514

intersegmental motion, 507

intersegmental shifts, 507

intraoperative cbCT scan, 514, 517

intraoperative photographs, 510
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Image guidance technology (cont.)
Jackson table, 513

K-wires, 514

lumbar, 507

navigated awl, 514, 515

navigation window, 516

O-arm, 508, 509

OR staff, 511

paraspinal muscles, 514

patient factors, 505, 506

pedicle, 514, 516

pedicle breach, 518, 519

pedicle screw

navigated screwdriver, 514, 516

postoperative X-rays, 514, 517

radiation exposure, 511

redirection technique, 518, 519

registration process, 508, 510

skin incision, 514, 515

sterile draping, 508, 510

surgical table selection, 508

surgical technique

implant placement, 512, 513

minimally invasive percutaneous pedicle screw 

insertion, 512

pedicle screw insertion technique, 512

principles, 511

verification and sequence, instrumentation,  

511, 512

symptomatic L5–S1, 513, 514

tap size, 516, 518

thoracic, 506, 507

three-dimensional (3D) space, 505

transfascial screw, 516, 517

wrong-level surgery, 518

Image-guided spinal instrumentation, 200

Immobile segment, 83

Incision-related bowel injury, 425

Indirect decompression, 349

Inferior endplate, 65

Instantaneous axis of rotation (IAR), 443, 444, 446, 447, 

449, 450

Instrumentation phase, 374, 376–378, 383, 384

MIS TLIF

electrophysiological monitoring, 377

exposure, pedicle screw entry points, 376, 377

fluoroscopy, 377, 383, 384

inferior articular process, 377

pedicle probes, 377, 384

pedicle screw placement sequence, 377, 378

plan and confirm incisions, 374, 376

secure expandable minimal access ports, 376

tapping and placing pedicle screws, 384

Interbody cage

decompression tasks, 511

fusion procedures, 511

grafts, 512

implant, 507

size, 514

Interbody fusion, 292

Interbody fusion devices, 227

Interbody grafts, 74

Interbody implants

advanced biomaterial options, 232

allograft impacted intradiscal spacers, 232

cage choices, 232, 233

porous metal and PEEK implants, 232

structural autografts, 232

synthetic polymers, 232

vertebral body shape, 232

Interbody phase, 380, 381, 385

MIS TLIF

complete discectomy, 380

fluoroscopy sequence, 380, 381

Kambin’s triangle, 385

placement, 380

posterior scallop, disc space, 385

restoration of segmental lordosis, 380–381

trials, 380, 381

Interfacet graft, 109

Interfacet spacer, 106, 108, 110

Interlaminar and interspinous motion-preserving devices, 

327, 328

Interlaminar stabilization, 328–330

Interlaminar/interspinous motion preservation, 330, 331

Intermediate muscle layer, 196

Internal carotid artery (ICA) injury

posterior atlantoaxial (C1-C2) fusion, 54

Internal disc disruption (IDD), 227

Interspinous devices

arthrodesis, 325, 326

complications, 326, 327

disadvantages, 321

fusion fixation, 322–327

indications and patient selection, 328, 329

lumbar spinous process fixation, 321

MIS techniques, 321

MSTs, 321

preoperative considerations, 324, 329

PSF, 321

surgical technique, 324, 325

versatile and stabilization, 323

Interspinous ligament, 197

Interspinous process distraction, 330

Interspinous spacer, 327, 328

Interspinous Wire Fixation, 95, 96

Intertransverse-process arthrodesis, 455

Intervertebral disc herniation, 180

Intervertebral spreader, 141, 142

Intoxicated complaining of neck pain, 131

Intra-articular sacroiliac injection, 430

Intracavitary approach, 180

Intracranial electrodes, 527

Intraoperative 3-D imaging system (O-arm)

computer navigation, 434

Intraoperative complications, discectomy, 368

Intraoperative electrophysiologic monitoring, 60

Intraoperative fluoroscopy, 173, 342, 349

percutaneous spinal fixation, 252

Intraoperative navigation, odontoid screws, 60
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Intraoperative neuromonitoring, 154

Intraoperative radiographs/fluoroscopy, 94

Intubation, 94

Intubation techniques, 60

Inverted radial reflex(es), 71

Investigational device exemption (IDE), 358

Ischemic optic neuropathy (ION), 205

Isthmic spondylolisthesis, 286, 299

J
Jackson table, 108, 181, 199, 241, 253, 417, 513

Jamshidi needle, 252–257, 259, 261, 262

Joint hammering technique, 110

K
Kambin’s triangle, 379, 385

KAST trial, 221

Kerrison punch, 182

Kerrison rongeur, 73, 75, 116, 117, 275, 394

Kerrison rongeur/microcurette, 74

Kerrison rongeurs, 85

Kinematics and biomechanical physical principles,  

443, 444

Kirschner wire (K-wire), 184

Kittner dissector, 61

Kiva, 219–221

K-wire-based systems, 61, 63

K-wire cannulation

PPS, 252

K-wires, 186

Odontoid screw fixation, 62, 63

Kyphoplasty (KP), 252

advantages, 218

balloon-assisted kyphoplasty, 218, 219

bipedicular approach, 218

clinical outcomes, 218

complication, 224

history, 212

inflatable balloon tamp, 218

PMMA, 219

pullout strength, 213

single-level deformity, 215

Kyphoscoliosis deformities, 277, 278

Kyphosis, 75, 82, 86, 94, 96, 98–100, 135, 163, 173,  

268, 269

post-laminectomy (see Post-laminectomy kyphosis)

Kyphotic angulation, 242

Kyphotic curves, 150

Kyphotic deformity, 82, 83, 126

L
Laminectomy, 135, 138, 161, 200, 278, 379

CTJ, 155

Laminoplasty

advantages, 114

anterior approaches, 113

ASD, 113

asymmetric compression, 122

Axial Neck Pain, 122

cephalad portion, 122

cervical myelopathy, 113

cervical stenosis, 113

development, post-laminectomy membrane, 114

dorsal pathology, 113

Loss of Cervical Lordosis, 122, 123

motion-sparing approach, 114

multilevel, 113

Neurologic Injury, 123

OPLL, 113

positioning, 121

posterior method, spinal cord decompression, 113

posterior procedures, 113

skip, 114

unilateral foraminotomies, 122

ventral pathology, 113

wound complications, 123

Lateral extracavitary approach (LECA)

complications and strategies for avoidance

cutaneous cerebrospinal fluid leaks, 192

excessive bleeding, 191, 192

pulmonary complications, 191

wound infections, 192

illustrative case, 187–189

indications and patient selection, 179–181

overview, 179

preoperative considerations, 181

surgical technique

lateral parascapular extrapleural approach,  

186, 187

MI-LECA, 184–186

open lateral extracavitary approach, 181–184

transpedicular/costotransversectomy  

approaches, 186

technical pearls

exposure stage, 190

posterior instrumentation stage, 191

ventral decompression stage, 190

ventral instrumentation stage, 190, 191

Lateral femoral cutaneous nerve, 337, 463

Lateral fluoroscopy, 343–345

Lateral incisional hernia, 352

Lateral interbody fusion

anatomic considerations

furcal nerves, 337

lumbar plexus, 336

motor nerves, 336

psoas major muscle, 336

safe zones, 337–339

sensory nerves, 336, 337

subcostal nerves, 337

biomechanics

essential component, 346

illustrative case, 347–349

lateral plate, 346, 347

complications and strategies for avoidance

abdominal wall paresis and bowel  

perforation, 351
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Lateral interbody fusion (cont.)
contralateral psoas hematoma, 352

hardware-related complications, 351

lateral incisional hernia, 352

numbness, paresthesia, and weakness, 350, 351

rhabdomyolysis, 352

subsidence, 351, 352

indications for lateral approach

degenerative spine disease and deformity, 339–341

patient selection, 339

trauma, 341

operative procedure, 344–346

preoperative considerations, 341–343

surgical technique, 341–343

technical pearls, 349, 350

Lateral mass anatomy, 92, 93

Lateral mass fixation, 95–97

Lateral mass screw-plate techniques, 91

Lateral mass-laminar junction, 116, 117

Lateral parascapular extrapleural approach (LPEA), 180, 

186–188

Lateral plate fixation, 347

Lateral thoracic approach, 161

and anterior (see Anterior and lateral thoracic 

approach)

Leksell rongeur, 200

Ligamentum flavum (LF), 275

decompression phase, MIS TLIF, 378, 379

Ligand-specific receptors, 460

Limited vs. extensive surgery, 497–499

Liquid monomer, 217

L3–L4 and L4–L5 disc spaces exposure, 230–231

L5–S1 disc space exposure, 231

Local anesthetic, 61

Local bone, 454

Long-tipped right-angle curette, 59

Longus coli muscles, 73, 157

Lordosis, 82, 96, 135, 163, 241

Lordotic curves, 150

Low back pain (LBP), 357, 453

arthropathy, 360

cost, 357

and DDD, 357

discogenics, 359

healthcare system, 357

history, 364–366

imaging, 364–367

and lower grade tears, 361

mechanical, 359

by nonsurgical management, 357

outcome, 365, 366

pathophysiologic, 357

physical examination, 364, 366

replacement technique (see Lumbar total disc 

replacement (L-TDR))

SIJ fusion, 429

spinal imaging technologies, 357

thorough and systematic, 360

transverse, 358

treatment, 358, 360, 365, 366

Low-energy mechanism, 212

Lower cervical kyphosis, 59

Lower extremity reflexes, 71

Low-grade spondylolisthesis, 415

Lumbar

arthrodesis, 358

image guidance technology, 507

Lumbar disc arthroplasty, 359, 360. See also Lumbar 

total disc replacement (L-TDR)

Lumbar disc replacements, 86

Lumbar fusion, 335

Lumbar interbody fusion, 413

trans-sacral (see Trans-sacral lumbar interbody fusion)

Lumbar lordosis (LL), 274, 488, 491–493, 499

Lumbar motion preservation, 327–332

Lumbar osteotomy

adult spinal deformity, 265

anesthesia and neuromonitoring team, 274

bone health, 271, 273

cardiac optimization, 271

cardiac system, 273

clinical appearance, 273

complications and strategies, 280, 281

criteria for selection, 267, 268

decision-making process, 265

decompression (laminectomies), 275

degenerative etiologies, 265

evolution, 266

glycemic control, 271, 273

history, 279

HRQOL, 265

indications and patient selection, 267–271

LL, 274

medical comorbidities, 271

medications, 273

meticulous exposure, 275

neurophysiological monitoring, 274

nutritional support, 271, 273

outcome, 279

pain measures, 265

PCO (see Posterior column osteotomy (PCO))

physical examination, 279

PI, 274

preoperative complication, 273, 274

preoperative surgical planning, 273

principles, 279

PSO (see Pedicle subtraction osteotomy (PSO))

pulmonary optimization, 271

radiographic imaging, 279

respiratory system, 271

sagittal balance and spinal alignment, 265

scoliosis, 271

spinal deformity, 265

spinopelvic mismatch, 274

surgical technique, 274–279

treatment, 279

VCR (see Vertebral column resection (VCR))

Lumbar pedicle screws, 389

Lumbar plexus, 336, 338, 345

Lumbar plexus injury, 339
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Lumbar spinal fusion, 239

Lumbar spine, 342, 456

Lumbar spondylolisthesis

classification, 299–301

complications, 314, 315

description, 299

high-grade, 305–308

history and physical examination, 312

imaging, 302–304

incidence, 301, 302

initial treatment, 303

outcomes, 313

patient selection, 303–305

posterior fusion with pedicle instrumentation, 305

pre-operative radiographic imaging, 313, 314

surgical technique

decompressive laminectomy, 309

open TLIF technique, 310

patient positioning, 308

pedicle screw placement, 308, 309

posterolateral fusion, 310

reduction, 309–310

TLIF, 310

surgical treatment

direct pars repair, 305, 306

treatment, 313

Lumbar total disc replacement (L-TDR)

Activ-L artificial disc, 358, 359

advantages, 358

and DDD (see Degenerative disc disease (DDD))

anecdotal pearls and pitfalls, 357

ASD, 358, 359

ball-spike pusher, 367

Charite artificial disc, 358, 359

complications and strategies, 368–369

coronal realignment, 367

discectomy, 358

discogenic back pain, 358

indications, 359–360

lumbar arthrodesis, 358

motion preservation, 358, 359

patient selection, 359–360

preoperative and contraindications

advantages, 361

anterior spinal approach, 362

bone quality, 362

cochrane review, clinical trials, 360

facet arthropathy, 360

MRI, 361

musculoskeletal pathology, 360

non-spine pathologies, 360

nonsteroidal anti-inflammatory  

medications, 360

physical exam, 360

physical therapy, 360

provocative discography, 361

radicular symptoms, 360

radiographic evaluation, 361

ProDisc-L artificial disc, 358, 359

pseudarthrosis rates, 358

spinal imaging technologies, 357

surgical technique, 362–364

Lumbosacral fusion, 401, 414

and pelvic fixation (see Pelvic fixation)

high rate, instrumentation failure, 401

Lumbosacral junction, 414

Lumbosacral pseudoarthrosis, 415

Luque wiring technique, 195

M
Magerl technique, 45, 130

Magnetic resonance imaging (MRI), 109, 341

posterior atlantoaxial (C1-C2) fusion, 45

Manubriosternal junction, 154

Manubrium, 166, 167

Maturation of graft, 466

Mayfield clamp, 108

Mayfield device, 108

Mayfield skull clamp, 155

Mayfield tongs, 46

Mean arterial pressure (MAP), 116

Medial-lateral self-retaining retractor, 61

Mesenchymal stem cells (MSCs), 171, 461

Metastatic disease

vertebral augmentation, 212, 213

Metastatic tumors, 152

Methodical approach, 128

Methyl-methacrylate polymer powder, 217

Meticulous, 147

Meticulous exposure, 144, 275

Meticulous techniques, 81, 91

Metzenbaum scissors, 61, 73

Meyerding classification system, 288

Meyerding grading system, 303

Miami J cervical collar, 65

Mickey mouse ear psoas, 349

Micro nerve hook, 74

Micro-facet shaver, 129

Microsurgical techniques, 161

Midline lumbar fusion (MIDLF) system, 394

Midline stabilization technologies (MSTs), 321

Minimal access spinal technologies (MAST), 394, 395

Minimally invasive, 433, 512

SIJ fusion (see Sacroiliac joint (SIJ) fusion)

Minimally invasive lateral extracavitary approach 

(MI-LECA), 184–186

Minimally invasive posterior cervical fusion techniques, 

126–132

anatomic landmarks, 131

atlantoaxial fixation, 133

C1–C3, 131

chronic pathologies, 125

complications and strategies, 133

decompression and stabilization, 125

intoxicated complaining, neck pain, 131

lateral fluoroscopic image

C1 lateral mass and short C2 pars screws, 131, 132

C1–C3 construct, 131, 132

patient selection, 126
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Minimally invasive posterior cervical fusion  

techniques (cont.)
postoperative management, 131

preoperative

anesthesia, 127

neurophysiologic monitoring, 127, 128

patient counseling, 126, 127

positioning, 127

radiographic imaging, 126

safety and efficacy, 125

surgical technique

MIS atlantoaxial fixation, 128–130

subaxial fixation, 129–131

Type II odontoid fracture, 131

Minimally invasive retroperitoneal transpsoas approach, 335

Minimally invasive surgery (MIS) techniques, 161,  

321, 339

bone grafting, 311

degenerative lumbar spondylolisthesis, 311

description, 310–312

facetectomy, 311

Minimally invasive transforaminal lumbar interbody 

fusion (MIS TLIF)

ALIF, 372

ambulatory surgery, 372

AP, 373

bilateral symptoms, 373

clinical and radiographic outcomes, 372

flexion and extension studies, 373, 374

history, 382

indications, 372–373

minimal access ports, 372

mini-open TLIF, 372

MR imaging, 373

operation intervals

early postoperative phase, 386

late postoperative phase, 386

surgical, 385, 386

outcome, 383, 384

patient selection, 372–373

percutaneous instrumentation, 371, 372

percutaneous procedures, 372

physical examination, 373, 382

posterolateral fusion, 372

preoperative, 373

radiographic imaging, 382, 383

surgical technique

decompression phase, 377–380

instrumentation phase, 374–378

interbody phase, 380–382

operating room setup, 374, 375

TLIF, 372

transmuscular decompression techniques, 371

treatment, 382, 383

unilateral symptoms, 373

VAS leg, 372

MIS atlantoaxial fixation, 129, 130

anatomy, 129

C1–C2 facet joint, 129

flexible arm, 128, 129

fluoroscopy machine, 128

intraoperative image, C1–C2 screw and rod, 129, 130

lateral fluoroscopic image

C1 lateral mass, 129, 130

C2 pedicle screws, 129, 130

midline, 128

monopolar electrocautery, 128

C2 nerve root, 128

retractor system, 128, 129

serial dilators, 128, 129

torque/counter-torque device, 129

trajectory, 128

working channel, 128, 129

Modified anterior approach

CTJ, 154

Modulus of elasticity, 462

Monopolar cautery, 46

Monopolar electrocautery, 128–130

Morselized autograft, 394

Morselized graft material, 243

Motion preservation, 358, 359

Motion segments, 441, 442

Motion sparing interspinous devices

coflex, 332

superion, 332

Motion sparing interspinous technology, 327

Motion-sparing approach, 114

Motion-sparing surgery, 114

Motor deficits, 126

Motor evoked potentials (MEPs), 116, 127, 165, 267

all-or-none criteria, 527

alternative scoring system, 529

alternative system, 529

amplitude, 528

anesthesia, 530

anesthetic fade, 530

baseline supine, 530, 538

clinical decision, 530

corticospinal tracts, 524

D-waves, 530

EEG channels, 537

false-negative, 536

foot and leg channels, 537

monitoring D-waves, 530

recording, 526, 527

safety, 527

and SEPs, 521, 537

spinal cord monitoring, 534–536

stimulation, 525

sudden loss, 529

Motor nerves, 336

Multiple myeloma, 211

Muscles in thoracic spine, 196

Muscular fatigue, 150

Muscular tissues, 151

Musculature, 168

Musculoskeletal allografts, 456

Musculoskeletal pathology, 360

Musculoskeletal system, 83

Myelomalacia, 71
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Myelopathic patients, 114

Myelopathy, 69–71, 81, 82, 85, 126, 135, 162, 274

Myeloradiculopathy, 70

N
Nasogastric tube, 170

Navigated image guidance, 253

Navigation accuracy, 510

Near-total discectomy, 363

Neck pain, 453

Neoplastic lesions, 161, 163

Nerve injury, 111

Nerve root retractor, 244

Nerve roots, 197

Neural tissue, 82

Neuroforamen, 82, 83, 85, 86

Neurologic deficit, 136

Neurologic injury, 100, 101, 123, 368

Neurologic monitoring

cervical laminoplasty, 116

Neuromonitoring, 33

thoracic spine surgery, 165

Neuromuscular blockade, 530

Neuromuscular examination, 71

Neurophysiologic intraoperative monitoring (NIOM), 

521, 530–534

cervical traction, 537

complications and strategies, 537–539

EMG (see Electromyography (EMG))

MEPs (see Motor evoked potentials (MEPs))

multimodality monitoring, 521, 522

preoperative assessment, 521

SEP (see Somatosensory evoked potentials (SEP))

spinal cord monitoring, 534, 535

staffing, 535–537

traumatic cervical fractures, 537

Neurophysiologic monitoring, 127, 128

Neurosurgery Spinal Trauma Guidelines, 57, 58

New bone formation, 453

Non-cannulated system, 61

Non-fusion implants

nuclear implants, 449

posterior stabilization devices, 450

TDR, 449

Non-K-wire-based system, 63

Nonoperative management, 10

Non-spine pathologies, 360

Nonsteroidal agents, 131

Nonsteroidal anti-inflammatory drugs (NSAIDs), 258

Nonsteroidal anti-inflammatory medications, 360

Non-vascularized autologous cortical bone, 455, 456

Normal durotomy, 368

Nuclear implants, 449

Nutritional support, 271, 273

O
Oblique lumbar interbody fusion (OLIF), 234

Obturator nerve, 336

Obturator outlet views, 402, 404

O-C1 instability, 18, 19

Occipital plate, 22, 23

Occipital-thoracic fusion, 27

Occipitocervical fusion (OCF), 21

Occipitocervical instability, 20

Odontoid fractures, 4, 43

posterior atlantoaxial (C1-C2) fusion, 44

Odontoid fragment, 64

Odontoid process, 57

Odontoid screw fixation

biomechanical study, 66

cannulated K-wire system, 66

complications and strategies for avoidance, 67, 68

flexion-extension radiographs, 58

indications and contraindications, 58

indications and patient selection, 58–59

inferior endplate, 65

management of odontoid fractures, 57

nonoperative immobilization, 57

and odontoid process, 57

operative fixation, 57

outcomes, 57

postoperative CT scan, 65, 67

preoperative considerations, 59

retractor blade elevating, 65, 66

stable fibrous union” concept, 57

successful stabilization, 66

surgical technique

anesthesia, 60

closure, 65

exposure, 61

instrumentation system, 61

patient positioning, 60, 61

postoperative care, 65

retraction, 61, 62

screw insertion, 62–65

type II odontoid fracture, 57, 58, 65, 66

Ogilvie’s syndrome (OS), 351

Open lateral extracavitary approach

spinal reconstruction, 183, 184

surgical exposure, 181, 182

ventral decompression, 182, 183

Open-door laminoplasty, 119, 120

with unilateral muscle-ligament complex  

preservation

closure, 120

contralateral hemi-laminae, 119

decortication, hemi-laminae, 119, 120

muscle attachments, 119

paraspinal muscles, 119

posterior ligaments, 119

postoperative care, 120

spinous process, 119

Open-mouth fluoroscopy views, 60

Open-mouth view

posterior atlantoaxial (C1-C2) fusion, 44, 45

Operating room setup

MIS TLIF, 374, 375

OSI Jackson frame, 143
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Ossification of the posterior longitudinal ligament 

(OPLL), 83, 85, 113–115, 123, 161, 163,  

164, 535

Osteoblastic progenitors, 459

Osteoblasts, 455, 472

Osteoclasts, 455, 472

Osteoconduction process, 473

Osteoconductive graft material, 453

Osteoconductive matrix, 458

Osteogenesis process, 473

Osteogenic graft material, 453

Osteoinduction process, 473

Osteoinductive graft material, 453

Osteomyelitis, 161

Osteophytes, 167

Osteoporosis, 82, 83, 137, 139, 146

Osteoporotic bone, 146, 147

Osteotome, 463

Osteotomies, 140, 265

classification, 267

PCO (see Posterior column osteotomy (PCO))

PSO (see Pedicle subtraction osteotomy (PSO))

VCR (see Vertebral column resection (VCR))

Osteotomy, 140–147

anterior (see Anterior osteotomy)

Osteotomy cuts

decompression phase, MIS TLIF, 377–379

Ostoperative coronal cervical computed tomography, 111

Oswestry Disability Index (ODI), 414, 436, 488

P
Pancoast tumor, 152

Parallel distractors, 368

Paramedian incision, 418

Parapedicular approach, 215, 216

Paraspinal muscles, 119

Parathyroid hormone (PTH), 472

Parkinson’s deep brain stimulators, 527

Pars interarticularis

conservative management failure, 287

description, 285

etiology and pelvic parameters, 286

functions, 285

high-grade isthmic spondylolisthesis, 287

inherent fragility, 285

isthmic spondylolisthesis/vertebral body slippage, 286

L5 pars defect, 285, 286

neurological symptoms, 288

pelvic incidence, 289

plain lumbar radiographs, 288

progressive spondylolisthesis, 287

risk factors, 285

simple lateral radiographs, 288

SPECT scans, 289

spinopelvic alignment, 287

spinopelvic parameters, 288 (see also Spondylolysis)

symptomology, 286, 287

unilateral/bilateral, 285

Partial facetectomy, 275

Patient factors

image guidance technology, 505, 506

Patient-specific approach, 339

Pedicle anatomy, 92, 93

Pedicle breach, 197, 202, 518, 519

Pedicle cervical screw fixation, 91

Pedicle screw, 97

insertion technique, 505, 512

K-wires, 506

navigated screwdriver, 514, 516

navigation accuracy, 511

placement, 505, 511

Pedicle screw fixation (PSF), 251, 305, 321

Pedicle screw instrumentation, 195

Pedicle screw placement

axial view, 197

sagittl view, 197

Pedicle screws, 347

VCR, 277

Pedicle subtraction osteotomy (PSO), 142, 495–497

ankylosing spondylitis, 144

anterior osteotomy, 144, 145

C7 level, 142, 144–146

chin-on-chest deformity, 144

closure, 146

complications, 267

complications and strategies, 280, 281

decancellated, 145

eggshell osteotomy, 266

Gardner-Wells tongs, 145

indications and patient selection, 269, 271

instrumentation, 144

lumbar/ankylosed spine, 279

meticulous exposure, 144

neurological injury, 267

neuromonitoring, 146

osteotomize, 144

positioning, 143

posterior column osteotomies, 142

principle, 142

proximal and distal fixation levels, 144

spinous processes, 144

SSEPs, 267

surgical technique, 276

thoracolumbar spine, 142

transpedicular wedge procedure, 266

and VCR, 266

vertebral body, 145

vertebral foramen, 142

wedge osteotomy, 266

Pelvic fixation, 406, 407

anterior sacroiliac ligament, 401–403

BMI, 404

description, 401

greater sciatic notch breach, 410

history, 407

iliolumbar ligament, 401–403

indications, 402–404

interbody fusion, 410

lateral fluoroscopy, 402, 403
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medical comorbidities, 404

misplaced iliac bolt, 404

obturator outlet views, 402, 404

outcome, 408, 409

patient bone quality, 404

patient selection, 402–404

pelvic instrumentation, 405–406

pelvic screw fracture, 410

physical exam, 407

posterior sacroiliac ligament, 401–403

prominent implants, 409

PSIS, 401

radiographical imaging, 407, 408

rod fracture, 410

sacral instrumentation, 404–405

sacroiliac joint, 401

sacrum and ilium, 401, 402

surgical technique, 406–407

pelvic instrumentation, 406, 407

sacral instrumentation, 406

treatment, 408

Pelvic incidence (PI), 274, 488, 489, 491, 499, 500

Pelvic instrumentation, 406, 407

Galveston technique, 405, 407

iliac screw (iliac bolt), 405

iliac screws to S2AI screws, 405, 406

S2AI screw, 405, 406

surgical technique

iliac screw, 406, 407

S2AI screw, 407

Pelvic retroversion, 488

Pelvic screw fracture, 410

Pelvic tilt (PT), 274

Pelvic torsion test, 430, 433

Penfield elevators, 277

Percutaneous facet screws, 256, 257, 259

Percutaneous iliac screws, 257, 259

Percutaneous pedicle screw (PPS)

accuracy rates, 261

advantageous, 252

C-arm, 254

complication, 260

contraindication, 253

contraindications, 252, 253

drawbacks, 261

facet joint and pedicle bone, 261

guidewire, 261

indications, 252, 253

in-out-in technique, 261

Jamshidi needle, 253–255

K-wire, 254, 255, 261

K-wire cannulation, 252

lateral lumbar interbody fusion, 253

minimal surgical visibility, 260

mini-open method, 256

mini-open technique, 256, 258

misplacement, 261

muscle dilators and retractor, 256

O-arm, 263

open-pedicle screw fixation, 260, 262

open-pedicle screw insertion, 256

owl’s eye image, 256, 257

placement, 253

placement of rods, 255, 256

radiolucent table, 253

robot-assisted spine surgery, 263

rod insertion, 255

spinal deformity, 262

superior facet violation, 262

thoracic spine, 261

3D fluoroscopy and CT protocols, 261

3D image guide, 262

Percutaneous spinal fixation, 253–257, 259

bony structures, 259

complications and strategies, 260–262

contraindications, 252, 253

history, 257, 258, 260

indications, 252, 253

intraoperative fluoroscopic images, 259

Jamshidi needles, 259

MIS spine surgery, 252

and open screw fixation, 251

pedicle screw fixation, 251

radiographic and clinical outcomes, 251

surgical technique

percutaneous facet screws, 256, 257, 259

percutaneous iliac screws, 257, 259

PPS, 253–256

teardrop configuration, 259

two-dimensional image (C-arm), 251–253

Percutaneous techniques, 252

Periosteal/penfield elevator, 46

Periosteum, 463

Peritoneum, 170

Phalen-Dickson sign, 286

Phrenic nerve passes, 151

Physical electrocautery burn mark, 73

Pituitary rongeur, 74

Platelet-derived growth factor (PDGF), 459

Platelet-rich plasma, 459

Platysma, 61, 154

Platysma muscle, 72

Platysmal flaps, 166

Pleural breach, 191

Poly-ether-ether-ketone (PEEK), 170, 340, 346, 459, 462

Polyetheretherketone (PEEK-Optima) coil deployment 

system, 219

Polymethylmethacrylate (PMMA), 212–219, 221, 222, 

224, 462

Polyphasic response, 530

Ponte osteotomies, 266, 269, 270

Ponte techniques, 275

Poor Screw Purchase, 101

Posterior anterior atlantodens interval (Posterior ADI), 45

Posterior approach

CTJ, 155

Posterior atlantoaxial (C1-C2) fusion, 46–51

ADI, 45

atlantoaxial arthrosis, 44

basilar invagination, 44
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Posterior atlantoaxial (C1-C2) fusion (cont.)
C1 lateral mass fixation, 52

C2 pedicle screws, 52

CT, 45

CTA, 45

Down syndrome, 44

history, 52

ICA injury, 54

imaging, 52, 53

MRI, 45

odontoid fractures, 44

odontoid process, 43

open-mouth view, 44, 45

physical examination, 52

positioning, 52

posterior ADI, 45

postoperative course, 52

preoperative planning, 52

rheumatoid arthritis, 43, 44

rotatory subluxation, 44

secondary stabilizers, 43

skeletal dysplasia, 44

surgical technique

exposure, 46

instrumentation, 47–51

positioning, 46

surgical techniques, 43

and transverse atlantal ligament, 43

treatment, 52

VAI, 45–47, 53, 54

Posterior cervical approach, 108

Posterior cervical fusion, 125

minimally invasive (see Minimally invasive posterior 

cervical fusion techniques)

Posterior column osteotomy (PCO), 141, 142, 240

complications and strategies, 280, 281

indications and patient selection, 268–270

Ponte osteotomy, 266

SPOs, 266, 279

surgical technique, 275, 276

Posterior foraminotomy, 74

Posterior fusion, 446, 447

Posterior instrumentation, 423

Posterior longitudinal ligament (PLL), 73–75, 139,  

197, 278

decompression, 85

OPLL, 83

resection, 86

uncovertebral joints, 85

Posterior lumbar interbody fusion (PLIF), 335, 389, 413, 

414, 458

vs. TLIF, 239, 240

Posterior method

spinal cord decompression, 113

Posterior osteophytes, 74

Posterior osteotomies, 146

Posterior sacroiliac ligament, 401–403

Posterior stabilization devices, 450

Posterior superior iliac spine (PSIS), 401, 405–409,  

430, 464

Posterior thoracic exposure, 200

Posterior thoracic instrumentation, 196

Posterior thoracic pedicle screw instrumentation, 195

Posterior thoracic spinal fixation

illustrative case

complications and strategies for avoidance,  

205, 206

history, 203–204

imaging, 203

outcome, 204

physical exam, 203

technical pearls, 205

treatment, 203, 204

indications and patient selection, 196

overview, 195, 196

preoperative considerations

anatomy, 196–198

biomechanics, 198

surgical technique, 198–203

Posterior thoracolumbar instrumentation, 195

Posterior tibial nerve stimulation, 522

Posterior transarticular screw fixations, 33

Posterior wiring techniques, 47

Posterior/femoral shear test, 432

Posterior-based osteotomies

bone resection, 495

complete facet resection (types 1 and 2), 495

extended pedicle subtraction osteotomy (type 5), 497

grades and types, 495

mobile and rigid spinal deformities, 495

pedicle subtraction osteotomies (types 3 and 4), 

495–497

vertebral column resection (type 6), 497

Posterior-only approach (PVCR), 267

Posterolateral approach

pathological indications for, 180

Posterolateral fusion (PLF) model, 292, 310, 372, 459

TLIF, 244

Posterolateral intervention, 179

Posterolateral/intertransverse process fusion, 228

Post-laminectomy kyphosis

ACDF, 138, 139

anterior-only or circumferential procedures, 138

C3–C6, 146

circumferential fusions, 138

complications and strategies, 147

laminectomy, 138

and neurologic function, 138

single-level corpectomy, 138

surgical technique, 138–140

Postoperative DVT chemical prophylaxis, 369

Postoperative neutral lateral radiograph, 110

Postoperative visual deficits, 205

Postsurgical instability

CTJ, 153

Post-traumatic spondylolisthesis, 299–300

Powers ratio, 19

Precise midline placement, 85

Preoperative imaging, 349

Preoperative imaging, cervical interfacet spacers, 107
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Pre-sacral, 414–418, 420, 426

Presurgical imaging, 181

Pretracheal fascia, 73

Prevertebral fascia, 154

Previous pelvic/bowel surgery, 415

Proctored monitoring, 536

ProDisc-L artificial disc, 358, 359

Progressive spondylolisthesis, 287

Protecting sacral screws, 402

Provocative discography, 361

Proximal junctional kyphosis (PJK), 501

Pseudarthrosis, 70, 79, 455, 456

Pseudarthrosis rates, 358

Pseudarthrosis/treatment failure, CTJ, 149

Pseudoarthrosis, 87, 107, 401, 415

lumbosacral, 415

Pseudohernia, 351

Psoas major muscle, 336

Psoas muscle, 173, 341

Pulmonary complications, LECA, 191

Pulmonary function testing, 165

Pulmonary optimization, 271

Pulmonary toilet, 173

Pulse oximeters, 362

Q
Quadrant retractor set, 128

Quadratus lumborum, 344

R
Radicular symptoms, 360

Radiculopathy, 69–71, 74, 79, 81, 82, 85,  

432, 531

Radiographic marker, 73

Radiographic measurements, 19, 20

Radiographic visualization, 72

Radiolucent bite block, 60

Radiolucent table, 253

Randomized clinical trial (RCT), 458

Real-time EMG monitoring, 350

Recombinant human bone morphogenetic protein 2 

(rhBMP-2), 460

Redirection technique, 518, 519

Regeneration, bone, 471, 473, 475

Registration process, 508, 510

Respiratory system, 271

Retractor blade elevating, 65, 66

Retractor system, 128, 129

Retrograde ejaculation (RE), 231, 236

Retroperitoneal transpsoas approach

anatomic considerations

furcal nerves, 337

lumbar plexus, 336

motor nerves, 336

psoas major muscle, 336

safe zones, 337–339

sensory nerves, 336, 337

subcostal nerves, 337

biomechanics

essential component, 346

illustrative case, 347–349

lateral plate, 346, 347

complications and strategies for avoidance

abdominal wall paresis and bowel perforation, 351

contralateral psoas hematoma, 352

hardware-related complications, 351

lateral incisional hernia, 352

numbness, paresthesia, and weakness, 350, 351

rhabdomyolysis, 352

subsidence, 351, 352

indications for lateral approach

degenerative spine disease and deformity, 339–341

patient selection, 339

trauma, 341

operative procedure, 344–346

preoperative considerations, 341–343

technical pearls, 349, 350

Retropharyngeal space, 83

Retropleural approach, 180

Retropleural fascia, 155

Retropleural space, 170

Rhabdomyolysis, 352

rhBMP-2, 461

Rheumatoid arthritis (RA), 18, 19, 83, 115

posterior atlantoaxial (C1-C2) fusion, 43, 44

Rheumatologic diseases

CTJ, 153

Rhoton instrument, 75

Rhoton microinstrument, 74

Rib cage, 442

Rib resection, 165, 182

Rib, removal of, 183

Richardson retractors, 154

Right-angled probe, 74

Rigid cervical collar, 131

Rigid deformity, 140

Rigid flexion deformity, 140

Rigid spinal deformity, 269

Robotic screw placement, 253

Rod diameter, 95

Rod fixation, 91

Rogers technique, 95

Rongeur, 73

Rotatory subluxation

posterior atlantoaxial (C1-C2) fusion, 44

Roy-Camille lateral mass plates, 106

S
Sacral dysmorphism, 437

Sacral instrumentation

dual S1 pedicle/S1 alar screws, 405

S1 alar screw, 404, 405

S1 pedicle screw, 404

S2 pedicle screw, 404

surgical technique, 406

Sacral insufficiency fractures, 403

Sacral screws vs. S2AI screws, 405
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Sacral slope (SS), 274

Sacral thrust test, 430, 432

Sacroiliac joint (SIJ) fusion, 433, 434

C-arm, 437

chronic nonsurgical management, 429

complications and strategies, 438

compression (approximation) test, 430, 431

diagnose, 429

diagnosing symptomatic spine pathology, 432

diagnostic injections, 429

distraction (gapping) test, 430

dorsal and ventral, 429

dysmorphic sacrum, 437, 438

FABER test, 430, 431

FAI, 431

fortin finger sign, 430

groin pain, 431

Hilton’s law, 429

hip and lumbar spine, 429

hip joint, 431

history, 436

imaging, 436, 437

indications, 429–433

internal rotation, 431

intra-articular, 430

LBP, 429

load transmission, 429

management and treatment, 437

MRI, 429

navigation, 437

outcome, 437

patient selection, 429–433

pelvic torsion test, 430, 433

pelvis Ferguson view, 429, 430

physical exam, 429, 433

physical examination, 436

pin placement guide, 438

positioning and draping, 437

postoperative care, 435

preoperative pelvis inlet-outlet, 437

sacral thrust test, 430, 432

surgical outcomes, 438

surgical technique

C-arm fluoroscopy, 434

computer navigation, 3-D intraoperative  

imaging, 434

MIS, 433

therapeutic steroid injections and radiofrequency 

ablations, 433

thigh thrust test, 430, 432

Sacrum, 181

Safe zones, 337–339

S2AI screw, 407

S1 alar screw, 404, 405

S2 alar-iliac (S2AI) screw, 405, 406

Sawbone model, 22

Scalp recording channels, 523

Scalp site, 523

Scapula mobilization, 167–169

Scheuermann kyphosis, 161, 268

Sciatic notch, 402

Sclerosis, facet joint, 106

Scoliosis, 168, 271, 277, 278

Scoliosis films, 289

Screw augmentation techniques

pullout strength, 213, 214

Screw malposition, 100

Screw-based fixation methods, 23, 24

Securing distal fixation, 402

Segmental artery, 182

Self-retaining retractor, 344

Semispinalis cervicis muscle, 46

Sensory deficits, 126

Sensory dermal zones (SDZ), 347

Sensory nerves, 336, 337

Serial dilators, 128, 129

Seronegative spondyloarthropathies, 83

Severe degenerative arthrosis, 43

Severe scoliosis, 269

Severe thoracic kyphosis, 59

Short T1 inversion recovery (STIR) MRI, 203

Silicate-substituted calcium phosphate (SiCaP), 458

Silicone-based bioglasses, 171

Simple pulse trains, 525

Simple wire loops, 91

Single-level ACDF procedure, 75

Single-level corpectomy, 138, 139

Skeletal dysplasia

posterior atlantoaxial (C1-C2) fusion, 44

Skip laminectomy, 114

Smith–Petersen osteotomy (SPO), 142, 266, 275

Smith–Robinson approach, 31, 33, 34, 141

Soft cervical collar, 131

Soft tissue dissection, 252

Soft tissue retraction, 165

Solid arthrodesis, 455

Somatosensory evoked potentials (SSEPs), 116, 127, 267

amplitude, 523

amplitude loss, cervical case, 524, 529

anesthesia effect, 523, 527

anesthetic fade, 530

bolus medications, 523

clinical risk, 523–524

cortical peak amplitude, 521

inhalation agents, 523

intraoperative neuromonitoring alert criteria, 523, 526

and MEPs, 521, 537

monitoring team, 523

peroneal and posterior tibial nerves, lower  

extremity, 537

posterior tibial/peroneal, 523, 525

recordings, 523, 524

responses to intraoperative monitoring alert,  

523, 528

spinal cord monitoring, 534–535

stimulation, 522

Space available for the cord (SAC), 45

S1 pedicle screw, 404

S2 pedicle screw, 404

Spinal alignment, 445, 446
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Spinal anatomy

biomechanics

facet joint orientation, 442, 443

FSU/motion segment, 441

motion segments, 442

rib cage, 442

stabilization/destabilizing, 443

type of loading influences, 442

VB, 441, 442

Spinal canal, 83, 85

Spinal column pathology, 445

Spinal cord decompression

posterior method, 113

Spinal cord edema, 71

Spinal cord injury, 111

Spinal cord monitoring

NIOM, 534, 535

Spinal deformity. See also Deformity correction

health-related quality of life, 487

intraoperative spinal cord and nerve root  

monitoring, 501

limited vs. extensive surgery, 497–499

malalignments on health status, 487

neurological injury, 501

nonoperative care, 488

perioperative and postoperative complications, 500

PJK, 501

pseudarthrosis, 501

symptoms, 487

treatment strategy, 487

Spinal fusion

autologous platelet gel, 459

BMAs, 459, 460

BMPs, 460, 461

bone fusion acquisition and spinal implant  

integrity, 446

cell-based therapies, 461, 462

ceramics, 457, 458

DBM, 458, 459

illustrative case

conservative treatments, 464

history, 464

imaging, 464–465

outcome, 465

physical exam, 464

surgical treatment, 465

modulus of elasticity, 462

posterior fusion, 446, 447

surgical technique autologous iliac crest harvesting

anterior, 462, 463

posterior, 463, 464

technical pearls, 465, 466

ventral fusion, 446, 447

with bone graft alone, 447

Spinal instrumentation, 521

NIOM (see Neurophysiologic intraoperative 

monitoring (NIOM))

Spinal metastasis, 212, 213

Spinal osteotomy

types, 275

Spinal reconstruction, 183, 184

Spinal stability, 195

Spinal stability vs. instability, 445

Spinal stenosis, 241, 300, 307

Spinal tumor, 269

Spine arthrodesis, 471

Spine biomechanics

avoiding iatrogenic spinal destabilization, 448, 449

biomechanical physical principles and kinematics, 

443, 444

bone graft, 450

construct design principles, 447, 448

construct failure, 448

non-fusion implants, 449, 450

spinal alignment, 445, 446

spinal anatomy, 441–443

spinal column pathology, 445

spinal fusions, 446–447

spinal stability vs. instability, 445

VB, 450

Spine deformity, 241

Spine fusion

modulus of elasticity, 462

Spine instrumentation, 506, 519

Spine stabilization, 505

image guidance (see Image guidance technology)

Spine surgery

cervical spinous process, 506

image-guided, 508

Spinopelvic alignment, 287

Spinopelvic mismatch, 274

Spinous process fixation (SPF), 321, 323–325, 327

Spinous processes, 46, 118, 144, 252

Spondylolisthesis, 244, 372–374

athletic adolescent patients, 287

chronic, 286

etiology and pelvic parameters, 286

family history, 285

flexion-extension views, 288

grade 1/2, 426

grade 1–2 (isthmic/degenerative), 415

grade 2 isthmic, 424

high-grade isthmic, 287

isthmic, 286

low-grade, 415

progressive, 287

spinopelvic parameters, 288

spondylolytic, 415

Spondylolisthesis and spinal column instability, 163

Spondylolysis

age, 289–290

Buck’s procedure, 291

complications, 294–295

high-grade reduction, 290

history and physical exam, 292

interbody fusion, 292

MR imaging, 293

outcomes, 294

posterolateral fusion, 292

segmental wire fixation, 291
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Spondylolysis (cont.)
surgical technique, 290–292

treatment, 293, 294

unilateral/bilateral defects, 291

Spondylolytic vertebrae, 393

Spondyloptosis, 269

Spondylosis, 70

Spondylotic bars, 113

Spurling’s maneuver, 71

Square-shaped lateral masses, 95

Stable fibrous union” concept, 57

Staffing IONM services, 535–537

Standard rongeur/osteotome, 275

Sterile draping, 508, 510

Sterile fashion, 61

Sternal retractors, 155, 166

Sternal splitting (transsternal) approach

CTJ, 155

Sternocleidomastoid (SCM) muscle, 72, 83,  

151, 166

Sternum, 167

Stimulus-evoked electromyography (EMG), 256

Strap muscles, 72, 83, 154

Structural allografts, 456, 457

Structural autografts, 232

Strut grafts, 76, 170

Subaxial cervical spine, 83, 105

kinetics and stiffness of, 107

morphometric and volumetric analysis, 106

Subaxial Cervical Spine Injury Classification System 

(SLIC), 92

Subaxial facet joint, 105

Subaxial fixation

minimally invasive posterior cervical fusion 

techniques, 129–131

Subaxial posterior cervical fusion

anatomic structures, 91

arthrodesis and alignment, 91

biomechanics, 94

bony anomalies, 93

complications

broken hardware, 101

fixation failure, 101

neurologic injury, 100, 101

poor screw purchase, 101

screw malposition, 100

SSI, 100

vertebral artery injury, 101

history, 98

indication, 91, 92

fracture types, 92

multilevel anterior fusion, 92

posterior surgery in trauma, 91, 92

lateral mass screw-plate techniques, 91

meticulous techniques, 91

nerve root, 93

outcome, 100

pedicle anatomy, 92, 93

pedicle cervical screw fixation, 91

physical examination, 99

preoperative considerations

lateral mass anatomy, 92, 93

surgical anatomy, 92

radiographical imaging, 99

rod fixation, 91

simple wire loops, 91

surgical technique

anesthesia, 94

bone grafting, 98

C7 Fixation, 97, 98

exposure, 94

extending to thoracic spine, 98

fixation, 95

interspinous wire fixation, 95, 96

lateral mass fixation, 95–97

pedicle screw, 97

positioning, 94

postoperative care, 98

reduction, 94

wound closure, 98

treatment, 99, 100

variable-angle lateral mass screws, 91

vertebral artery, 93

Subcostal nerves, 337

Subcrestal approach, 464

Subperiosteal exposure, 46, 166

Superficial muscle layer, 196

Superion Interspinous Spacer System (ISS), 328

Superior and inferior facet articulations, 92

Superior facet violation, 262

Superior hypogastric plexus, 231

Supplemental posterior stabilization, 234

Supraspinous ligament, 197

Surgeon-directed monitoring, 536

Surgical site infections (SSI), 100

Surgical table selection, 508

Surgical techniques

ACDF

anterior longitudinal ligament, 73

blue marker, 73

carotid sheath, 72

corpectomy, 75–76

decompression(s), 72

fiberoptic assistance, 71

hybrid ACDF, 76

iliac crest autograft, 72

and instrumentation, 73–75

left-sided approach, 72

longus coli muscles, 73

physical electrocautery burn mark, 73

platysma muscle, 72

pretracheal fascia, 73

radiographic marker, 73

right-sided approach, 72

supine position, 71

transverse incisions, 72

trendelenburg, 72

cannulated pedicle screws, 512

CBS

caudocephalad and mediolateral, 395
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general anesthesia, 394

interbody fusion, 394

intraoperative monitoring, 394

lordotic interbody grafts, 394

MAST, 394

morselized autograft, 394

PLIF/TLIF, 394

postoperative AP and lateral radiographs, 395, 396

retracted and annulotomy, 394

single-level operations, 394

yellow ligament and soft tissues, 394

CDA, 83–85

cervical laminoplasty

anesthesia, 115–116

exposure, 116

foraminotomy, 118

French-door laminoplasty, 118, 119

hinge trough, 117

neurologic monitoring, 116

open-door laminoplasty, unilateral muscle- 

ligament complex preservation, 119–120

opening the laminae and application of fixation, 

117, 118

opening trough, 117

positioning, 115

CTJ

anterior approaches, 154–155

image guidance technology

implant placement, 512, 513

minimally invasive percutaneous pedicle screw 

insertion, 512

pedicle screw insertion technique, 512

principles, 511

verification and sequence, instrumentation,  

511, 512

K-wires, 512

LECA

lateral parascapular extrapleural approach,  

186, 187

MI-LECA, 184–186

open lateral extracavitary approach, 181–184

transpedicular/costotransversectomy  

approaches, 186

L-TDR

anterior spine, 363

AP, 362, 363

discectomy, 363

doses of magnesium citrate, 362

Foley catheter, 362

general anesthesia, 362

L5-S1, 362, 363

lateral fluoroscopy, 362, 363

mobilization, retroperitoneal space, 363

multilevel surgery, 364

near-total discectomy, 363

neuromonitoring, 362

pulse oximeters, 362

soft tissue structures, 364

upper lumbar or multilevel surgery, 362

vertebral levels, 362

minimally invasive posterior cervical fusion 

techniques

MIS atlantoaxial fixation, 128–130

subaxial fixation, 129–131

MIS LIF, 341–343

MIS TLIF

decompression phase, 377–380

instrumentation phase, 374–378

interbody phase, 380–382

operating room setup, 374, 375

odontoid screw fixation

anesthesia, 60

closure, 65

exposure, 61

instrumentation system, 61

patient positioning, 60, 61

postoperative care, 65

retraction, 61, 62

screw insertion, 62–65

PCO, 275, 276

pelvic fixation

pelvic instrumentation, 406, 407

sacral instrumentation, 406

percutaneous facet screws, 256, 257, 259

percutaneous iliac screws, 257, 259

posterior atlantoaxial (C1-C2) fusion

exposure, 46

instrumentation, 47–51

positioning, 46

posterior thoracic spinal fixation,  

198–203

post-laminectomy kyphosis, 138–140

PPS, 253

PSOs, 276

SIJ

C-arm fluoroscopy, 434

computer navigation, 3-D intraoperative  

imaging, 434

subaxial posterior cervical fusion

bone grafting, 98

C7 Fixation, 97, 98

exposure, 94

extending to thoracic Spine, 98

fixation, 95

interspinous wire fixation, 95, 96

lateral mass fixation, 95–97

pedicle screw, 97

postoperative care, 98

reduction, 94

wound closure, 98

TLIF

closure, 244, 245

decompression, 242

discectomy, 243

incision and exposure, 242

instrumentation, 242, 243

interbody graft placement, 243, 244

patient positioning, 241, 242

posterolateral fusion, 244

rod placement, 244
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Surgical techniques (cont.)
trans-sacral lumbar interbody fusion, 417–423

vertebral augmentation

Kiva, 219–221

KP, 218, 219

navigation, 221

VP, 215–221

Surgical technique autologous iliac crest harvesting

anterior, 462, 463

posterior, 463, 464

Swan neck deformity, 135

Symptomatic pseudoarthrosis, 107

Symptomatic spondylolisthesis, 241

Symptomatic/unstable chronic odontoid fractures, 59

T
Tantalum, 462

tceMEP muscle responses, 526

Teardrop configuration, 257, 259

Technologist-directed monitoring, 536

Teetotaler effect, 111

t-EMG, 344, 345, 350, 352

TGF-β, 459

Thigh thrust test, 430, 432

Thoracic

image guidance technology, 506, 507

Thoracic aorta, 197

Thoracic disc herniations, 180

Thoracic interbody placement, 161

Thoracic spine, 98, 179, 181, 189, 191, 192, 277

Thoracic spine deformity, 164

Thoracic spine surgery, 161

anterior and lateral (see Anterior and lateral thoracic 

approach)

imaging, 164

neuromonitoring, 165

symptoms, 162

trauma, 163, 164

Thoracoabdominal approach:T10–L2, 169, 170

Thoracolumbar fascia, 196

Thoracolumbar injury classification and severity score 

(TLICS), 196, 203

Thoracolumbar junction, 163

Thoracolumbar sagittal deformity, 140

Thoracolumbar trauma, 252

Thoracoscopic technologies, 180

3D-reconstructed cervicothoracic CT scan, 153

Thrombin-soaked gel foam, 46

Thromboembolic events, 369

Thyroid/esophageal tumors, 152

Titanium (Ti), 462

Torque/counter-torque device, 129

Total disc replacement (TDR), 357, 449

lumbar (see Lumbar total disc replacement (L-TDR))

Total intravenous anesthesia (TIVA), 530

Trachea, 83

Traditional trajectory pedicle screws (TTS), 389

Transabdominal approach, 173

Transarticular screw (TAS), 31, 32

Transarticular screw fixation, 32

Transforaminal lumbar interbody fusion (TLIF)

advantages, 239, 240

cages with lordotic shapes, 245, 246

chevron/Smith-Petersen osteotomy, 240, 245

complications and strategies, 247–248

description, 240

discectomy, 240

history, 245

imaging, 245

indications, 240–241

laminectomy/laminotomy, 240

lateral-to-medial trajectory, 239

outcome, 245

patient selection, 240–241

physical examination, 245

vs. PLIF, 239, 240

posterior column osteotomy, 240

preoperative planning, 241

restoration of segmental lordosis, 245

surgical technique

closure, 244, 245

decompression, 242

discectomy, 243

incision and exposure, 242

instrumentation, 242, 243

interbody graft placement, 243, 244

patient positioning, 241, 242

posterolateral fusion, 244

rod placement, 244

treatment, 245–247

Transforaminal lumbar interbody fusion (TLIF)  

support, 390

Transition rods, 97

Transitional psoas, 349, 350

Transmanubrial approach (clavicular resection):T1–T3

brachial plexus injury, 166

brachiocephalic and subclavian veins, 167

CT scan, 167

dissection and manipulation, 165

manubrium, 166, 167

osteophytes, 167

Platysmal flaps, 166

positioned supine, 166

SCM muscle, 166

sternum, 167

structures, 165

subperiosteal exposure, 166

vascular anatomy, 166

Transoral Decompression, 20, 21

Transoral surgery, 31

Transpedicular approach, 180, 187, 215

Transpedicular/costotransversectomy approaches, 186

Trans-sacral lumbar interbody fusion

ALIF, 413

ALL, 413

biomechanical stability, 413

biomechanical testing, 414, 415

bowel retractor, 425

complications, 425, 426
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contraindications, 415

description, 414

disc height restoration, 414

discectomy, 425

and facet screws, 414

fluoroscopy, 425

high fusion rates, 414

history, 424

imaging, 424

incision-related bowel injury, 425

indications, 415

L5–S1 disc space, 413

low-grade spondylolisthesis, 415

lumbosacral fusion, 414

motion testing, 415

outcome, 414, 424

patient selection, 415

physical exam, 424

PLIF, 413, 414

posterior fixation, 415

preoperative imaging, 415–417, 425

pseudoarthrosis, 415

retractor system, 425

shear stress, 414

surgical technique

biplanar fluoroscopy, 421

blunt dissecting tool, 420

bone grafting, 422, 423

bony coccyx, 418

bony fusion, 423

bowel retractor system, 418

cannulated drill, 421

coccyx, 417

conformable tip tubular retractor, 423

discectomy, 421

distraction driver, 423

finger sweep, 418

guide pin handle, 420

iliac crest autograft, 423

implant insertion, 423

insertion, fixation rod, 423, 424

Jackson table, 417

ligamentous arch, 417

paramedian incision, 418

patient positioning, 417

posterior instrumentation, 423

pre-sacral space, 418

series of dilators, 420, 421

soft tissue dissection, 418

thorough skin prep, 417

tissue extractor and disc cutter, 422

type of incision, 418

TLIF, 413

treatment, 424

Transthoracic approach (scapula mobilization):T4–T12

axillary roll, 167

bone fragments and dust, 169

bony and vascular anatomy, 168, 169

burr and Kerrison rongeurs, 168, 169

calcified discs, 169

chest tube, 169

CSF leak, 169

CTJ, 154, 155

fluoroscopy, 168

left-sided approach, 167

location of incision, 168

lung, 168

musculature, 168

ribs, 168, 169

right-sided approach, 168

scoliosis, 168

upper thoracic spine, 168

Transthoracic-transsternal approach, 155

Transverse atlantal ligament, 43, 58, 59

Transverse incision, 344

Transverse skin incision, 83

Trapdoor approach, 155

Trauma, 9, 12

CTJ, 152

MIS LIF, 341

Traumatic injuries, 33

Traumatic occipitocervical dislocation, 18

Trial spacers, 74

β-tricalcium phosphate (β-TCP), 457, 458

Tricortical autograft, 74, 456

Tricortical fixation, 404

Tricortical grafts, 463

Triggered EMG (t-EMG), 344, 345, 531

Tuberculosis, 152

Tuberculous lesions, 161

Tubular dilatators, 186

Tubular retractor, 189

Tumor

CTJ, 152

vertebral augmentation, 212, 213

Tumor growth factor beta (TGF-β), 458

Two-column injury biomechanical studies

CTJ, 150

Two-dimensional image (C-arm)

percutaneous spinal fixation, 251–253

Type II odontoid fractures, 57–59, 65, 66, 131, 132

Type III odontoid fractures, 57, 58

U
Ulcerative colitis, 415

Ulnar nerve pathway, 522, 523

Ultimate localization, 181

Uncovertebral joints, 85, 86

United States Food and Drug Administrations (USFDA), 81

Upper cervical spine, 34

Upper thoracic spine, 168, 180

Upright neutral lateral cervical radiograph

one-year follow-up, 111

Upright neutral lateral cervical radiograph, 109, 110

V
Vagus nerve, 151

Vancomycin, 242
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Variable-angle lateral mass screws, 91

Vascular aneurysm clips, 527

Vascular complications, 126

Ventral compressive pathology, 179

Ventral decompression, 182, 183

Ventral fusion, 446, 447

Ventral pathology, 113

Vertebral artery (VA), 93, 147, 151

Vertebral artery injury (VAI), 101, 111, 112

posterior atlantoaxial (C1–C2) fusion, 45–47, 53, 54

Vertebral augmentation

adjunct to open surgery, 213, 214

body height, 212
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