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v

Primary total hip arthroplasty is a remarkable procedure that substantially 
improves the quality of life for patients with end-stage degenerative arthritis. 
However, as the volume of primary total hip arthroplasties increases, the 
absolute number of complications will concurrently increase as well. As 
such, a fundamental understanding of how to identify and accurately diag-
nose such complications is essential. Equally important is the expeditious 
management to address these complications. In this, the first edition of a 
novel book focusing on complications that occur during and after primary 
total hip arthroplasty, a case-based approach to each complication is pre-
sented by an impressive group of international experts. Each chapter includes 
a clinically relevant discussion of the epidemiology, risk factors, preventative 
measures, diagnosis, treatment, and a brief literature review related to some 
of the most common complications. At the completion of each chapter, the 
authors present their solution to the complication. We hope this book helps 
you in your daily practice.

Rochester, MN, USA� Matthew P. Abdel 
Chicago, IL, USA � Craig J. Della Valle

Preface 
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�Case Study

The patient is a 57-year-old with persistent left 
hip pain (Fig. 1.1). The patient failed conservative 
treatment modalities including activity modifica-
tions, various anti-inflammatory medications as well 
as intra-articular injections. He opted for total hip 
arthroplasty in spite of his BMI (41.5 kg/m2) after 
lengthy discussion of the high risk nature of his 
surgery and the potential complications.

Postoperatively, his pain was greatly improved 
(Fig. 1.2). Unfortunately he had developed a foot 
drop after the surgery. He was intact to light touch 
in the distribution of the deep peroneal nerve, 
although somewhat decreased from the contralat-
eral side. As his surgical approach was via a modi-
fied lateral, it was felt that this was likely due to 
retractor placement. He is 4 months out from his 

index procedure with slight improvement in his 
ability to dorsiflex the foot. He continues with 
aggressive physical therapy as well as utilization 
of an ankle-foot-orthotic (AFO) to assist with opti-
mal foot positioning. He has been counseled about 
the nature of the injury as well as the likely prog-
nosis. He understands that it may take a full year 
before it is known to what extent he will resolve 
his nerve palsy.

�Introduction

While the incidence of peripheral nerve injury 
following total hip arthroplasty is rare (1–3%) 
[1], it can be a devastating complication with life 
altering consequences. It is therefore paramount 
to understand not only those patients at risk for 
peripheral nerve injury but also how to recognize 
nerve insult early, and intervene as appropriate.

This chapter will focus on the following:

•	 Definition of types of nerve injuries
•	 Preoperative considerations which may pre-

dispose to nerve injury
•	 Neurovascular anatomy of the hip joint, and 

peripheral nerves at particular risk
•	 Differential diagnosis of nerve injury follow-

ing total hip arthroplasty
•	 Prognosis following nerve insult
•	 Management strategies utilized to minimize 

long-term complications of these injuries

Peripheral Nerve Injury

Matthew C. Morrey, Robert Girling, 
and Mark E. Morrey

M.C. Morrey, MD (*) 
Ortho San Antonio, 2829 Babcock Road, Tower I, 
Suite 106, San Antonio, TX 78229, USA
e-mail: morrey@ortho-sa.com 

R. Girling, MD 
Methodist Physician Group, Methodist Texsan Hospital, 
6700 IH 10 West, San Antonio, TX 78229, USA
e-mail: bobgirling@gmail.com 

M.E. Morrey, MD 
Department of Orthopedic Surgery, Mayo Clinic,  
200 1st St. SW, Rochester, MN 55904, USA
e-mail: morrey.mark@mayo.edu

1

mailto:morrey@ortho-sa.com
mailto:bobgirling@gmail.com
mailto:morrey.mark@mayo.edu


4

�Types of Nerve Injuries

Nerve injuries are categorized into three types 
depending on the mechanism and degree to 
which the neural tissues are insulted.

•	 Neurapraxia is the result of minor injury 
resulting in loss of nerve conduction, but 
recovery is likely complete [2].

•	 Axonotmesis is result of more severe trauma 
when axons are compromised but the sur-
rounding connective tissue remains intact, 
allowing for varying degrees of regeneration. 
Nerve recovery, via Wallerian degeneration, 

occurs at a rate of 1  mm per day and func-
tional recovery is mixed [2].

•	 Neurotmesis is complete nerve division with 
no chance for functional recovery without 
repair [2].

The mechanism of nerve damage during THA 
can be independent or combined, including 
direct trauma, excessive traction, compression, 
ischemia, and or direct injection. Susceptibility 
to these mechanisms is influenced by the amount 
of epineural tissue, mobility of nerve, duration 
of insult, and proximity to manipulation.

�Preoperative Considerations

While the incidence of nerve injury is quite rare, 
there are several patient risk factors that have 
been reported. These include, but are not limited 
to, developmental dysplasia of the hip (particu-
larly with a pre-existing leg length discrepancy 
or a high dislocation), post-traumatic arthrosis, 
female gender, obesity, and a history of pre-
existing sciatic nerve compromise (i.e., sciatica, 
existing neuropathy) [3–5].

Knowledge of these pre-existing conditions 
allows the surgeon to educate their patients as to 
the potential risks of some form of nerve insult at 
the time of surgery. It also should serve to 
heighten the awareness of the treating surgeon to 
the potential of intraoperative nerve injuries dur-
ing surgery, which may help dictate a preferred 
surgical approach and specific retractor place-
ment (or lack thereof).

�Nerves at Risk: Neurovascular 
Anatomy of the Hip

While the neurovascular anatomy of the hip is actu-
ally quite complex, there are several nerves that are 
commonly at risk during total hip arthroplasty based 
on their anatomic location. These nerves deserve 
consideration during all primary and revision total 
hip arthroplasties. We will discuss these key nerves 

Fig. 1.1  Preoperative radiograph demonstrating pro-
found degenerative arthritis in a 57-year-old obese male

Fig. 1.2  Postoperative radiograph demonstrating left 
total hip arthroplasty

M.C. Morrey et al.
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and address surgical circumstances that may make 
them more prone to injury intraoperatively.

The sciatic nerve (supplied by the L4-S3 
nerve roots) is typically located deep to the pir-
iformis muscle within the pelvis, and travels 
deep to the gluteus muscles and superficially to 
the external rotators at the level of the hip joint, 
although anatomic variation of the course of 
this nerve has been well documented (Fig. 1.3). 
Injury to the sciatic nerve is the most common 
nerve injury reported during total hip arthro-
plasty [6, 7]. It is vulnerable during posterior 
exposure of the hip, as well as closure. The sci-
atic nerve requires consideration during all hip 
approaches, as posterior retractor placement 
and/or posterior retraction may lead to possible 
compression. Other causes of sciatic nerve 
palsy include postoperative hematoma causing 

compression [8], and lengthening of the leg 
(which may result in excessive nerve tension). 
The peroneal division of the sciatic nerve 
appears to be more vulnerable than the tibial 
division secondary to both its physical location 
closer to the operative field and a microarchi-
tecture that is less tolerant of stretching injury 
[7]. Lengthening of more than 3  cm has been 
correlated with injury (specifically to the pero-
neal division) and lengthening of more than 
3.8 cm more commonly effects both divisions 
[7]. Isolated injury to the peroneal division will 
result in a foot drop and dorsal foot numbness. 
A complete sciatic nerve injury (secondary to 
additional injury to the tibial division of the 
nerve) adds loss of plantar flexion as well as 
plantar foot numbness. Isolated tibial nerve 
injuries are extremely rare.

Fig. 1.3  Illustration of the most common variants of the sciatic nerve

1  Peripheral Nerve Injury
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The femoral nerve (L2-L4) passes between 
the iliacus and psoas muscles beneath the ingui-
nal ligament as it courses into the thigh. It is most 
susceptible during anterior retractor placement 
during direct anterior and anterolateral 
approaches (Fig.  1.4). Hip hyperextension and 
postoperative hematoma formation are other pos-
sible causes of femoral nerve palsy after total hip 
arthroplasty. Impaired knee extension and antero-
medial thigh to calf numbness can be seen as a 
result of femoral nerve compromise. Femoral 
nerve palsy ranks behind sciatic nerve injury as 
the second most common.

The superior gluteal nerve (L4-S1) travels 
through the greater sciatic foramen above the 
piriformis and innervates the gluteus medius, 
gluteus minimus, and tensor fasciae latae mus-
cles. The nerve, though largely subclinical, is 
more commonly damaged with various lateral 
approaches when compared to the posterior 
approach. It may also be injured during anterolat-
eral dissection between the medius and tensor 
muscles. Dissection greater than 5 cm proximally 

from the superior portion of the greater trochanter 
puts this nerve at risk. Trendelenburg gait and a 
high risk of dislocation secondary to abductor 
weakness are anticipated consequences with 
superior gluteal nerve deficiency.

The obturator nerve (L2-L4) descends through 
posterior fibers of the psoas major, passes behind 
the common iliac artery, along the lateral internal 
iliac artery and in front of the obturator vessels to 
the obturator foramen. The obturator nerve is 
most susceptible during screw placement of the 
acetabular component as is the external iliac 
artery and vein. The anterior quadrants of the 
acetabulum place this nerve at risk resulting in 
adductor weakness, groin pain, thigh pain, or 
even referred knee pain [9].

�Differential Diagnosis of Peripheral 
Nerve Injury Following Total Hip 
Arthroplasty

Diagnosis of nerve injury following total hip 
arthroplasty can be quite challenging and depends 
on several factors, including surgical approach, 
degree of preoperative deformity, intraoperative 
factors (i.e., retractor placement), and onset of 
symptoms.

Careful examination of the patient is impera-
tive to arrive at an accurate diagnosis. This can 
sometimes be challenging in the setting of multi-
modal anesthesia (peripheral nerve blocks, peri-
articular injections, and/or spinal anesthesia) 
used at the time of surgery, which may demon-
strate transient neuropraxic symptoms. As such, 
suspected nerve insult requires close monitoring 
should early intervention be required.

Often, diagnosis of specific nerve injury is evi-
dent by the immediate postoperative physical 
examination. In patients with decreased dorsiflex-
ion of the foot and decreased sensation in the first 
toe web space, insult to the deep peroneal nerve 
division of the sciatic nerve should be considered 
[10]. As previously alluded to, this may be the 
result of intraoperative retractor placement, 
lengthening of the operative extremity, or poten-
tially formation of a compressive hematoma. If the 
latter is suspected, advanced imaging (often in the 

Fig. 1.4  Illustration of the course of the femoral nerve 
about the hip joint. Note the close proximity to the ante-
rior acetabulum

M.C. Morrey et al.
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form of an MRI) may be useful in identifying the 
source of compression, potentially allowing for 
earlier operative intervention in the form of hema-
toma decompression, hemostasis, drain place-
ment, and revision closure [8]. Although isolated 
damage to the tibial division of the sciatic nerve is 
rare, it can occur and is manifested clinically by 
weakness of the knee flexors with the exception of 
the short head of the biceps, which gains its inner-
vation from the peroneal division [11].

The presence of abductor weakness, particu-
larly after lateral or anterolateral approaches to 
hip, can be the result of insult to the superior glu-
teal nerve. Picado et al. [12] reported that even in 
the setting of an uncomplicated total hip arthro-
plasty, electromyography EMG findings suggest 
that there may be varying degrees of insult to the 
superior gluteal nerve. However, the damage is 
transient and there does not appear to be any 
long-term consequences to abductor function by 
24 weeks.

In patients undergoing direct anterior approach 
to the hip, injury to the lateral femoral cutaneous 
nerve should be suspected in patients who pres-
ent with numbness and or paresthesias of the 
anterior aspect of the thigh postoperatively. 
Incision position, dissection plane, retractor 
placement, and tension during soft tissue han-
dling or by traction tables have all been identified 
as a potential means of damage to this nerve.

Modalities for diagnosing nerve injury can be 
somewhat limited. While EMG is frequently uti-
lized, there is still debate as to when to obtain this 
study. Traditionally, this study was ordered no 
sooner than 4–6  weeks after suspected nerve 
insult since examinations obtained earlier often 
appeared normal even in the setting of severe 
nerve compromise [13]. However, some argue 
that there is valuable information pertaining to 
nerve damage immediately after the suspected 
insult. They argue that the distal nerve stump 
continues to conduct after initial injury, allowing 
for localization of the precise location of the 
lesion, as there will be no conduction across the 
actual site of injury. This localization opportunity 
is lost when the distal nerve stump loses its con-
duction potential after about 1  week [13]. It 
would therefore seem that there may be some 

advantages to obtaining early EMGs to assist 
in localization of a suspected nerve injury at the 
time of total hip arthroplasty.

While advanced imaging has limitations in 
terms of localizing nerve injuries secondary to 
signal artifact, there are techniques utilizing MRI 
that have shown some promise in visualizing 
nerve lesions after total hip arthroplasty. Wolf 
et  al. [14] have documented that utilization of 
MRN (magnetic resonance neurography) can 
allow for actual visualization of the fascicular 
distribution of the sciatic nerve such that damage 
to the nerve itself can be highly localized. This 
may of benefit when determining potential for 
early surgical intervention.

�Prognosis Following Nerve Insult 
During Total Hip Arthroplasty

Prognosis for peripheral nerve injury relies on a 
variety of factors including the specific nerve 
injured, the type of neuronal insult, age and gen-
der of the patient, as well as pre-existing factors 
such as sciatica, diabetes, existing neuropathy, 
and history of smoking [15].

Buchholz et al. [16] reported that of the 2–3% 
of patients who demonstrated transient neuro-
logic symptoms, roughly 0.5% had permanent 
nerve damage at the time of final follow-up. As 
reported by Schmalzried et al. [10] patients who 
were suspected to have had a nerve injury intra-
operatively but recovered some motor function 
prior to discharge from the hospital had an over-
all good recovery, with most patients regaining 
near full neurologic function by 7–12  months. 
Patients with dysesthesia, however, have far 
more unpredictable outcomes with many patients 
demonstrating less than satisfactory recovery and 
permanent nerve compromise at final follow-up.

Park et  al. [17] demonstrated that in those 
patients who did develop motor weakness and 
dysfunction secondary to insult to the peroneal 
nerve after primary total hip arthroplasty, only 
50% recovered fully with a mean time of 1 year 
for partial nerve palsy and one and one half years 
for complete nerve palsy. Obesity was found to 
adversely affect functional recovery.

1  Peripheral Nerve Injury
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In those patients who undergo direct anterior 
total hip arthroplasty and experience injury to 
the lateral femoral cutaneous nerve (roughly 
15–20% of patients), the vast majority have near 
complete resolution of their symptoms at 6 
months to 1 year, with no associated functional 
limitations [18, 19].

�Management of Suspected Nerve 
Injury

Management of suspected nerve injury depends 
upon the mechanism and timing of the injury. 
Certain nerve injuries are not appreciable early, 
and thus are not recognized clinically until some-
time after the insulting event. However, one 
should recognize potential nerve injury in the 
postoperative setting based on clinical exam. 
Foremost, all compressive dressings should be 
removed. If the limb has been lengthened, and 
there is suspected sciatic nerve involvement with 
resultant foot drop, the operative side should 
have the hip extended and the knee flexed by 
placing the leg off the edge of the patient’s bed 
(Fig. 1.5). This decreases the tension on the nerve 
and allows it to assume a more relaxed position. 
If the patient develops clinical manifestations of 
a more progressive sciatic palsy in the postopera-
tive period, consideration should be made to 
assess for the potential of hematoma formation 
and compression as this may require urgent sur-
gical intervention [8].

Late management of sciatic nerve palsy follow-
ing total hip arthroplasty may involve operative 
intervention in the form of neurolysis. Regev et al. 
[20] recently reported improved motor and sensory 
function as well as decreased pain in patients who 
underwent interfascicular neurolysis of the sciatic 
nerve after having failed conservative management 
for a minimum of 6 months. They concluded that 
neurolysis can be of benefit and treatment should 
not be delayed greater than 12 months.

Soft tissue procedures can also be considered 
as a means of improving functional deficits sec-
ondary to palsy of the sciatic and/or common 
peroneal nerve. This can be done as either tendon 
to bone transfer or tendon to tendon transfer [21]. 
While several variations of this procedure have 
been described, the majority do appear to restore 
some level of active dorsiflexion of the foot, and 
prevention of flexion deformity in the toes and as 
such could be considered as means of restoring 
function [22].

Suspected injury to the superior gluteal nerve, 
as reported by Picado et  al. [12], is most often 
managed by observation with near full resolution 
expected within 24 weeks following injury. If the 
nerve is more severely damaged (i.e., transected), 
than severe abductor dysfunction and an 
increased risk of chronic instability is likely. 
These patients present with a chronic 
Trendelenburg gait secondary to abductor insuf-
ficiency. Various surgical interventions have been 
proposed to address this issue. Lavigne et al. [23] 
reported that hip stability can be improved with 
the utilization of an Achilles allograft as augmen-
tation for deficient abductors. In their series, six 
of ten patients had no recurrent instability at 
3-year follow-up. More recently, Van Warmerdam 
et  al. [24] described utilization of an Achilles 
sling to improve stability. In their series, seven of 
eight patients had no recurrent instability at 
5-year follow-up.

Diagnosis and management of femoral nerve 
injury after total hip arthroplasty can be difficult. 
However, a similar strategy should be considered 
as is utilized with sciatic nerve injury. Close post-
operative observation and assessment is crucial for 
establishing a diagnosis of insult to these nerves. 
While conservative modalities remain the corner-

Fig. 1.5  Illustration of the patient with the leg extended 
and knee flexed, hanging over the side of the bed, to 
relieve tension off of the sciatic nerve

M.C. Morrey et al.
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stone of treatment [25], early surgical decompres-
sion should not be overlooked when warranted, 
especially in cases of suspected compression from 
postoperative hematoma formation. If treated con-
servatively, it is recommended that EMG should 
be obtained at 6 weeks and 3 months postopera-
tively. If still abnormal at 3 months, MRI should 
be considered [25]. The potential for femoral 
nerve recovery after total hip arthroplasty is related 
to the severity and location of the injury. 
Management of these is best undertaken by an 
interdisciplinary approach between the treating 
orthopedic surgeon, neurologists, and physical 
therapists. Improvements can continue for at least 
1 year after the injury, but the status is unlikely to 
change after 2 years [26, 27].

Management of obturator neuropathy depends 
primarily on the etiology. Surgical decompres-
sion can be beneficial if it is determined that the 
nerve is compromised via fascial entrapment ver-
sus direct compression from hematoma forma-
tion. Prognosis for recovery is determined by the 
nature and chronicity of the nerve insult [28].

Management of suspected injury to the lateral 
femoral cutaneous nerve is almost universally con-
servative with the vast majority resolving within 
6–12 months. However, in those patients with per-
sistent symptoms after 1 year, a multimodal 
approach to their pain may of benefit, often under 
the guidance of a pain management specialist.

�Conclusion

While rare, nerve insult at the time of total hip 
arthroplasty can be a devastating and life-
changing event. It is therefore the responsibility 
of the surgeon to not only have a thorough under-
standing of the anatomy of the hip joint, but also 
to have a heightened awareness of those struc-
tures placed at risk depending on surgical 
approach, potential anatomic variations, and 
multiple host factors.

If a nerve injury is suspected, appropriate clin-
ical examination and documentation is crucial as 
it can dictate further management strategy (con-
servative or operative).

It is imperative that the risk of potential nerve 
injury be discussed with the patient prior to sur-
gery for purposes of full disclosure.
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�Case

An 85-year-old female was scheduled for a left 
THA. After supine positioning for a Watson-Jones 
approach, a 10-cm incision was performed over 
the left trochanter and the joint was exposed. After 
the femoral neck osteotomy, a retractor was placed 
in the anterior superior quadrant (Fig. 2.1). Upon 
placement of the retractor, an intense amount of 
bleeding was encountered and it was determined 
that the iliac artery was injured with overly aggres-
sive placement of anterosuperior retractor. Upon 
identification of the source of bleeding, the anes-
thesiologist was alerted and the wound was 
packed. As the bleeding was under control, there 
was no immediate need for blood transfusion. In 
parallel, the vascular surgeon on call was informed 
and asked for further assistance.

�Introduction

Vascular injuries are a rare but devastating com-
plication after total hip arthroplasty (THA) [3, 4]. 
A recent meta-analysis by Alshameeri et al. [5] 

reports a total of 61 articles describing 138 vas-
cular injuries in 124 patients in the last 22 years. 
However, to avoid a potentially life- or limb-
threatening complication, arthroplasty surgeons 
should be intricately familiar with the anatomy, 
epidemiology and risk factors, causes of injury, 
and potential treatment options [3].

�Epidemiology and Risk Factors

The incidence of vascular injuries during primary 
THA is considerably low. Abularrage et  al. [6] 
found an incidence of 0.04% in a series of more 
than 13,000 primary THA [5]. Other authors 
have reported an incidence of 0.09–0.3% [7–9]. 
The orthopedic surgeon might encounter about 
one vessel injury every 14 years of practice [5]. 
Risk factors can be divided into patient, proce-
dure, and implant-specific.

Patient-specific factors include a clinically 
relevant vascular disease, previous bypass opera-
tions, or revascularization procedures [7, 10–12]. 
A severely calcified atherosclerotic femoral 
artery poses a risk of spontaneous occlusion dur-
ing the manipulation of the leg during total hip 
arthroplasty [7]. Vascular injuries are more com-
mon in female individuals [5]. Due to their ana-
tomical proximity of the aorta to the hip joint, 
procedures of the left hip are at a higher risk for 
vascular injuries [10–12]. Patients who have 
undergone an aorto-bifemoral bypass are at high 
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risk for vascular injury [13, 14]. If such a bypass 
is present, Cameron et al. [13] recommend per-
forming a trochanteric osteotomy to avoid end-
range positioning of the lower extremity. In 
concerning cases, patients should be evaluated by 
a vascular surgeon preoperatively.

Procedure-specific vascular injuries can occur 
either through indirect or direct trauma [15]. The 
most prevalent forms of injury are penetration or 
laceration [5]. Indirect trauma can be caused by 
stretching or compression during exposure, as 
well as dislocation and reduction of the joint. 
Cement extrusion and excessive use of electro-
cautery have been associated with thermal inju-
ries of the vascular walls [16].

Direct trauma secondary to a retractor, scal-
pel, drill, or acetabular reamer can also occur 

[17]. Darmanis et al. [17] reported an increased 
risk of vascular injuries with the use of threaded 
acetabular components. In addition, cement, 
cables or wires, and aberrant placement of screws 
can harm vessels [18]. A quadrant system drawn 
in a lateral view on the acetabulum (Fig.  2.1) 
helps the surgeon to identify areas at risk for ves-
sel injury during the drilling of the screw canal 
and screw insertion [1]. The safest zone is the 
posterosuperior quadrant (Fig.  2.1, zone B). In 
this quadrant, screws with a typical length of 
35  mm may be used. Next, the posteroinferior 
quadrant (Fig. 2.1, zone D) allows screws typi-
cally no more than 25  mm. The anterosuperior 
and inferior quadrants are at high risk for screw 
placement. If necessary, only monocortical 
screws should be used.

Superior
gluteal
artery

Pudendal
branch of
obturator

artery

Acetabular
branch of
obturator

artery

Obturator
artery

Internal
pudendal
artery

Fig. 2.1  Lateral view of the acetabulum showing the 
arteries at risk for injuries during total hip arthroplasty. 
The dotted lines define the safe zones for screw placement 

according to Wasielewski (anterior superior, A; posterior 
superior, B; anterior inferior, C; posterior inferior, D) [1]. 
This figure was modified from [2], copyright Elsevier
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�Anatomy and Situations at Risk

The vascular structures at risk for injuries during 
primary THA include the common iliac, external 
iliac, superior and inferior gluteal, profunda 
femoris, femoral and obturator vessels (Figs. 2.1, 
2.2 and 2.3) [12, 19]. Of these, the external iliac 
and common femoral arteries are involved most 
often [3]. The external iliac vessels follow the 
medial border of the psoas muscle. Harm to this 
vascular complex can occur during every step of 
the procedure if a retractor is placed too far 
medially over the anterior column of the acetab-
ulum (Fig.  2.2). The psoas muscle is the only 
anatomical structure that separates the vascular 
complex from the capsule of the hip joint. That is 
why a retractor in this area should be placed with 
care and as laterally as possible to the surgical 
site. As the belly of the psoas muscle is more 
present proximally, the retractor should also be 
placed as proximally as possible. In addition, the 
iliac vessel can be injured when perforating the 

medial acetabular wall [11, 20]. In the case of a 
dysplastic acetabulum,some authors advocate 
placing the acetabular component as medial as 
possible to obtain sufficient bone coverage [21]. 
However, this puts the iliac vessels at risk for 
injury. If the preoperative planning results in a 
medial position of the acetabular component in 
order to get a good bone coverage and a perfora-
tion of the medial could be possible, the authors 
recommend performing a preoperative angio-
gram to show the anatomical relation between 
the bone and the vessels.

After it has crossed the ilioinguinal ligament, 
the external iliac vessel gives off the common fem-
oral artery that runs anterior and medial to the hip 
joint (Fig. 2.3). Damage of these structures through 
retractors, the excessive removal of anterior osteo-
phytes as well as secondary to forced dislocation or 
reduction has been described [11, 16]. Some 
approaches like the anterolateral and direct anterior 
approach have a higher risk of femoral artery injury 
[1]. The lateral and medial branch of the circumflex 

lliac crest

lliacus

Psoas major

External iliac v.

External iliac a.

Anterior superior
iliac spine

Femoral nerve

Hip joint

lliopsoas

Lateral femoral
circumflex artery

Inguinal
ligament

Pectineus

Femoral
vein

Deep femoral
artery

Femoral
artery

Fig. 2.2  Anterior view on the hip joint demonstrating 
proximity of the external iliac and femoral vessels to 
intraoperatively placed retractors. The psoas muscle is the 

only structure that separates the joint capsule from the 
vascular structures. This figure was modified from [2], 
copyright Elsevier
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femoral artery derive from the profunda branch of 
the femoral artery and are at high risk for injury 
when retractors are placed too far medially over the 
anteroinferior quadrant, as well as during resection 
of the femoral head (Fig. 2.3).

The superior gluteal vessel, a branch of the 
internal iliac artery, can be harmed while placing 
a retractor too far posteriorly or when placing 
screws into the sciatic notch (Fig. 2.1). Wide ace-
tabular and iliac exposure as is occasionally 
required in a complex primary THA (e.g. onco-
logic or post-traumatic) may also place this ves-
sel at risk. The inferior gluteal vessel is also a 
branch from the internal iliac artery and is most 
often injured when placing screws into the pos-
teroinferior quadrant.

�Symptoms and Diagnosis

The most common presenting feature is 
bleeding and a sudden loss of blood pressure 
[5]. If an injury to a major blood vessel is sus-
pected and cannot be visualized (e.g., loss of 
blood pressure after screw placement), an 
intra-abdominal and/or retroperitoneal ultra-
sound or angiogram should be completed 
immediately. About 50% of vascular injuries 
are identified by occult or frank hemorrhage, 
including shock during surgery or within the 
first 24  h thereafter [5]. However, the other 
50% do not manifest until 4  days after the 
index arthroplasty [8], mostly in patients with 
an epidural anesthetic. According to Calligaro 

lliacus muscle

Psoas major
muscle
Femoral artery

Ascending,
Transverse,
Descending,
branches

Lateral circumflex
femoral artery

Medial circumflex
femoral artery

Pectineus
muscle
Deep femoral
artery

Fig. 2.3  Anterior view on the hip joint showing the arteries at risk for injuries during the femoral head cut and place-
ment of retractors. This figure was modified from [2], copyright Elsevier
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et  al. [8] epidural anesthesia can mask isch-
emic rest pain. A vessel injury can also present 
as visibly uncontrolled bleeding, thrombosis, 
compartment syndrome, or false aneurysm for-
mation. False aneurysm formation is often 
identified at a late stage as the symptoms can 
vary and are unspecific. Shoenfeld et  al. [11] 
report an average time to the diagnosis of a 
false aneurysm of 29  month after index sur-
gery. They are not usually diagnosed unless the 
patient complains of unusual swelling and par-
esthesia due to compression of neurovascular 
structures [8]. If suspected, the dressing should 
be immediately removed; an angiogram or CT 
angiogram should be completed, along with 
urgent vascular consultation.

�Treatment

If a vascular injury occurs, endovascular stent-
ing, open exploration including laparotomy, and 
ligation have been reported as being the most 
common interventions [5].

�Preoperative

If any risk factors are present, a careful evalua-
tion of the vascular situation is mandatory. In the 
case of doubt, a vascular surgeon should be con-
sulted to decide whether or not additional nonin-
vasive studies or invasive procedures (such as 
angioplasty, stenting, or bypass) are necessary 
prior to the index arthroplasty.

�Intraoperative

If an anterosuperior retractor is necessary to 
obtain a better overview, it should be placed 
while the hip joint is flexed to relax the femoral 
neurovascular bundle. Before reaming the ace-
tabulum, the bone quality should be meticulously 

checked to prevent an accidental penetration of 
the medial wall. To avoid a vessel injury during 
the drilling of the screw canal and the placement 
of screws, the surgeon should be aware of the 
quadrant system (Fig. 2.1) [1]. A careful drilling 
of the canal with a meticulous observance of the 
loss of resistance at the contralateral cortex and 
an exact measurement of screw length is manda-
tory. If there are doubts, the correct length should 
be verified via intraoperative radiograph prior to 
drilling and placing the screw.

The surgeon and anesthesiologist should be in 
consistent communication if intraoperative 
bleeding is appreciated, or if a change in hemo-
dynamics (i.e., unexplainable hypotension and 
tachycardia) concerning hypovolemic shock is 
appreciated. If necessary, the anesthesia team 
should be prepared for massive transfusion of 
packed red blood cells and factors, as well as 
potentially tranexamic acid [22].

In the event of intraoperative bleeding, the 
source should be identified. An initial attempt 
of compression is reasonable if a single source 
of bleeding cannot be identified. When injured, 
the superior gluteal artery retracts promptly. As 
such, it is recommended to aggressively explore 
the vessel in order to stop the bleeding. If any 
doubt remains, or if the source of bleeding can-
not be identified and adequately stopped, an 
interventional radiologist and/or vascular sur-
geon must be consulted immediately. If an 
injury of the femoral or external iliac vessel 
occurs while the patient is placed in the lateral 
decubitus position, it is recommended to trans-
fer the patient into the dorsal decubitus posi-
tion. For arterial injuries, percutaneous 
endovascular interventions are only possible in 
30% of cases [5]. If the vascular surgeon is not 
able to stop the bleeding through the incision of 
the index arthroplasty, the wound should be 
packed and the patient should be prepared for a 
laparotomy. Upon identification and treatment 
of the vessel injury, the patient can be re-posi-
tioned and the THA should be completed.

2  Vascular Injuries
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�Postoperative

In cases where postoperative bleeding is sus-
pected, a decision must be made to treat the 
patient either with endovascular or open assis-
tance. This decision is usually made in conjunc-
tion with an interventional radiologist and a 
vascular surgeon. It is mandatory not to exceed a 
warm ischemic time of more than 6  h [14]. 
Fasciotomy may be necessary if the warm isch-
emia time is more than this time frame. Parvizi 
et al. [23] reported on fasciotomies due to a com-
partment syndrome in three of five patients with 
vascular injury after THA. In addition, attention 
has to be paid to thromboembolic complications. 
In their series, Shoenfeld et al. [11] found throm-
boembolic events following vessel injury in 46% 
(31 of 68) of the cases.

�Prognosis

Vascular injuries are associated with significant 
complications such as persistent ischemia or neu-
rologic deficits, amputation, and death [5]. The 
overall mortality rate was reported to be 7.8% 
[5]. The ultimate goal is to identify such injuries 
early, followed by immediate treatment.

�Case Solution

A vascular surgeon performed an immediate 
vascular repair, and the THA was completed 
without additional intraoperative complica-
tions. When the patient was transferred to the 
hospital floor, both legs were warm and well 
perfused. Four hours later the patient com-
plained about increasing pain and numbness in 
the operative limb. She was subsequently diag-
nosed with two emboli in the left external iliac 
artery and popliteal artery, with a superimposed 
compartment syndrome. An immediate endo-
vascular intervention and fasciotomy was per-
formed, with revascularization of the iliac 
artery (Figs. 2.4 and 2.5) but not popliteal artery 
(Fig. 2.6). The patient ended up having a below 
knee amputation.

Fig. 2.4  Anterior radiograph before endovascular inter-
vention of the left occluded external iliac artery

Fig. 2.5  Anterior radiograph after endovascular inter-
vention. The left external iliac artery shows sufficient 
blood flow
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�Case Presentation

An 82-year-old female was undergoing an elective 
left primary total hip arthroplasty for end-stage 
osteoarthritis via a posterior approach. The 
acetabulum was reamed gradually and an unce-
mented acetabular component 50-mm Reflec
tion acetabular component; Smith and Nephew; 
Memphis, TN) was inserted without issue. Two 
posterosuperior screws were inserted. A 32 mm 
20° elevated highly cross-linked polyethylene 
acetabular liner was used. The femoral canal was 
prepared with broaches for an uncemented com-
ponent. A cementless femoral component was 
then prepared and utilized. The joint was stable at 
the end of the operation and the closure was per-
formed in layers.

Routine postoperative X-rays showed suspi-
cion of an undisplaced proximal femoral fracture 
(Figs. 3.1 and 3.2). CT scan of the left proximal 

femur was performed and confirmed the fracture 
which compromised the fixation of the proxi-
mally fitting primary stem (Fig. 3.3).

�Epidemiology

Intraoperative periprosthetic femoral fractures 
(IPFs) occur at a higher rate in revision THAs com-
pared to the primary setting. The reported incidence 
of IPF during primary THA is 0.23% for cemented 
stems but this rate increases up to 3% with unce-
mented THA (results from the Mayo Clinic, 2016) 
[1]. The rate during revision THA has been reported 
to be 6% during cemented revision THAs and 19% 
during uncemented revision THAs [2].

Risk Factors [3–6]
	1.	 Patient-related factors

•	 Female sex
•	 Increased age, particularly above 70
•	 Fracture of the neck of the femur
•	 Presence of large bone defects from previ-

ous surgery or ongoing osteolysis
•	 Osteoporosis (primary or secondary to ste-

roids or other drugs)
•	 Vitamin D deficiency
•	 Osteopenia (secondary to rheumatoid arthritis, 

osteomalacia, Paget’s disease, osteopetrosis, 
osteogenesis imperfects, or Thalassaemia)

•	 Previous hip surgery (stress risers within 
the cortex such as screw holes or the ends 
of the plates (Fig. 3.1))

mailto:salazzawi2@gmail.com
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•	 Difficult anatomy (narrow femoral canals, 
developmental dysplasia of the hip [DDH], 
juvenile rheumatoid arthritis [JRA], pre-
existing areas of femoral bone loss)

	2.	 Surgical technique factors
•	 Use of uncemented components
•	 Revision surgery

–– �IPF can occur either during the extrac-
tion of well-fixed implants or while 
inserting the new components. In many 
revision cases, there will be wear debris 
and resultant osteolysis, and hence dam-
aged bone stock. This makes it suscep-
tible for fractures, especially when 
uncemented stems are utilized. In addi-
tion, some revision stems with increas-
ing length may not match the natural 
bow of the femur.

•	 Minimally invasive techniques

�Prevention of IPF

The key to preventing IPF is thorough preopera-
tive surgical planning, assessing risk factors, and 
anticipating potential difficulty [4]. This can be 
achieved through taking a detailed history, an 
adequate clinical examination, and obtaining the 
necessary investigations. Preoperative radio-
graphs should include an anteroposterior (AP) 
pelvis and a lateral view of the operative hip. 
Occasionally, additional imaging such as Judet 
views and/or a CT scan may be required to assess 
bone loss or deformity [7]. It is also essential to 
template the sizes of the components [7].

During primary THAs, the surgeon must 
ensure an adequate and a safe surgical exposure, 

Fig. 3.1  Anteroposterior (AP) image of the left hip follow-
ing primary total hip arthroplasty. The image showed suspi-
cion of an undisplaced proximal femur fracture

Fig. 3.2  Lateral postoperative X-ray image of the left hip 
following primary total hip arthroplasty. The image 
showed suspicion of an undisplaced proximal femur 
fracture

Fig. 3.3  An axial image from CT scan of left proximal 
femur showing an undisplaced periprosthetic fracture
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including appropriate soft tissue releases. In the 
revision setting, the surgeon should be prepared 
for multiple options. The aim is to minimize the 
amount of bone loss while removing the compo-
nents. If the femoral component is well fixed, 
then an extended trochanteric osteotomy (ETO) 
should be considered [7]. Some surgeon may 
elect to place a prophylactic cerclage cable or 
wire at the distal extent of an ETO to prevent 
propagation of a potential future fracture [7].

During canal preparation, attention should be 
paid to the alignment of the bone and the direc-
tion of inserting the reamers, broaches, and final 
femoral component. Eccentric reaming should be 
avoided and areas of bone loss should be pro-
tected. Intraoperative imaging may be useful to 
ensure central placement of the instruments in 
the intra-medullary canal [7].

�Diagnosis and Classification

The key to managing intraoperative periprosthetic 
femur fractures is early recognition. The use of 
suction, normal saline washes, and drying enable 
the surgeon to have a clear view of the bone. The 
surgeon needs to pay attention to the alignment of 
the femur and the direction of instruments (such 
as broaches or reamers) during the preparation or 
insertion of the stem. A sudden change in resis-
tance is highly suggestive of a femoral fracture. In 
addition, using an implant with a size that is inco-
sisting with preoperative templating should raise 
the suspicion of an intraoperative periprosthetic 
femur fracture. Finally, if the real implant 
advances beyond where the broach or trial seated, 
suspicion for an intraoperative fracture should be 
high and an X-ray obtained.

When a suspicion of IPF is raised during sur-
gery, intraoperative radiographs should be 
obtained to confirm the diagnosis [7]. However, 
the absence of clear fracture on the intraopera-
tive images may not be enough to exclude it, 
especially in cases of nondisplaced fractures, or 
if the patient is obese or if the intraoperative 
images obtained or otherwise of poor quality. 
Therefore, it is always important to correlate the 
clinical suspicion with radiographic findings. 
One may consider postoperative images in form 

radiographs and/or CT scan for further evalua-
tion (Fig. 3.2).

�Classification

Intraoperative periprosthetic femoral fractures can 
be classified according to the Vancouver classifica-
tion. It is based on three elements: location, pattern, 
and stability of the fracture. There are three main 
types (A, B, and C). If the fracture involves the 
proximal metaphysis without extension into the 
diaphysis of the femur then it is type A. If it involves 
the diaphyseal bone around the tip of the femoral 
stem then it is type B.  Type C fractures include 
those distal to the stem tip extending into the distal 
metaphysis [7]. Each category (A, B, and C) can 
then be subdivided into (3) subcategories including 
(1) cortical perforations, (2) nondisplaced linear 
cracks, and (3) displaced unstable fractures.

Most recently, this system was modified to the 
Unified Classification System (UCS) described 
by Duncan and Haddad in 2014 (Table 3.1) [8, 9]. 
It has six main types (A, B, C, D, E, and F). Type 
B can further be subclassified into three grades 
similar to the Vancouver type B fractures: 1) the 
implant is well fixed; 2) a fracture with a loose 
implant and good bone stock and 3) a fracture 
with a loose implant and poor bone stock) [8]. 
This system has the mnemonic described in the 
table, which helps understand and recall the clas-
sification Table 3.1 [8, 9].

By applying the UCS into the femur, the six 
types are:

Type A (apophyseal): which includes the greater 
or lesser trochanter

Table 3.1  Mnemonic which helps understand and recall 
the Unified Classification System (UCS) described by 
Duncan and Haddad in 2014

Type Description

A Apophyseal

B Bed of the implant or close to it

C Clear of the implant bed

D Dividing one bone which supports two joint 
replacements

E Each of two bones supporting one joint 
replacement

F Facing or articulating with an implant

3  Intraoperative Periprosthetic Femoral Fracture (IPF)
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Type B (bed of the implant): around or close to 
the femoral stem. It is subclassified into:
B1: Stem well fixed
B2: Stem loose with adequate bone stock
B3: Stem loose with poor bone stock

Type C (well clear of the implant): The femur 
distant from the implant

Type D (dividing the femur between two implants): 
Between a hip and knee arthroplasty

Type E (each of two bones supporting a joint 
replacement): Both the femur and 
acetabulum

Type F: Does not apply to the femur [8]

�Treatment

	1.	 When the fracture is recognized intraoperatively.
The first step to treating an IPF is to recog-

nize the complication and pattern of the frac-
ture. The treatment aims include (1) achieving 
a stable construct, (2) preventing fracture 
propagation, and (3) maintaining good com-
ponent position and alignment [7].

Based on the modified Vancouver classifi-
cation system for intraoperative fractures, 
general treatment strategies include:
•	 A1 (cortical perforation of the proximal 

metaphysis): These are most common during 
revision THA and rarely require additional 
interventions than bypassing the perforation.

•	 A2 (undisplaced fracture of the proximal 
metaphysis): Most of these fractures are 
treated with cerclage cables of wires if the 
stem is stable. Otherwise, a revision diaph-
yseal engaging stem should be utilized 
(i.e., treat similar to an A3 fracture) [7]. 
Nondisplaced great trochanter fractures 
may be treated with protected weight-
bearing and a hip abduction brace.

•	 A3 (displaced fracture of the proximal 
metaphysis): These fractures usually 
involve the medial metaphyseal region, and 
therefore proximal fixation is compro-
mised. Treatment should include conver-
sion to a diaphyseal fitting revision type 
stem [7]. The options are either to use an 
extensively porous-coated cobalt-chrome 

stem [10, 11] or a titanium modular fluted 
tapered stem [12]. If the surgeon decides to 
use a cemented stem, great attention must 
be taken to ensure all the cancellous bone is 
already not removed, forcing cementation 
into a polished canal. In addition, cement 
should not be allowed in the fracture site. 
Displaced great trochanter fractures require 
ORIF.

•	 B1 (diaphyseal cortical perforation): Long 
stems that bypass the perforation by at least 
twice the diameter of the femur [7, 13].

•	 B2 (undisplaced diaphyseal fracture): Most 
of these fractures are usually recognized 
only on the postoperative images. Hence, 
they usually treated with protected weight 
bearing. However, in the presence of an 
unstable fracture pattern like short oblique 
or transverse near the tip of the stem, it is 
advisable to treat like B3 fractures [7]. If 
these are recognized intraoperatively, the 
placement of cerclage wires or cables is 
typically adequate for treatment.

•	 B3 (displaced or unstable diaphyseal frac-
ture): there are two possible strategies that 
can be used here, first to reduce the fracture 
and fix it prior to the insertion of a long 
stem. Second is to impact a long modular 
stem into the intact distal diaphysis to 
achieve axial and torsional stability. The 
modular portions of the implant then can 
be assembled to reproduce optimal proxi-
mal implant length and anteversion. The 
proximal fracture fragments can be reduced 
around the proximal femur and fixed with 
cerclage cables, wires, and/or sutures [14].

It is also beneficial to use cortical allograft 
struts when the patient has poor bone quality 
or the surgeon is unable to bypass the fracture 
with the stem. This can be achieved with 
single or double strut grafts [7].

•	 C1 (perforation that is distal to the stem tip): 
C type fractures are those which extend 
beyond the longest revision stem. In C1 frac-
ture the treatment usually includes bone graft 
to protect the area of perforation [7]. Grafting 
the defect helps avoid leaving a stress riser 
for potential late periprosthetic fracture.
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•	 C2 (undisplaced fracture distal to the stem 
tip): the use of cerclage wires is standard 
with the addition of cortical strut allografts 
if felt to be necessary [7].

•	 C3 (displaced or unstable fracture distal to 
the stem tip): these fractures should be 
treated with open reduction and internal 
fixation (periprosthetic locking plate, 
screws with or without cerclage wires) [7].

	2.	 Treatment when fracture is recognized 
postoperatively.

As previously discussed, many of these 
fractures are first recognized on the immediate 
postoperative X-ray. They are classified and 
generally treated as described earlier in the 
Vancouver classification for postoperative 
periprosthetic fracture. If the fracture is 
missed on the postoperative radiographs, then 
the patient may present with displacement of 
the components and early joint failure, and an 
early revision is usually required [4].

�Literature Review

In general, intraoperative periprosthetic fracture 
is uncommon phenomena especially during pri-
mary THA [15]. Hence, there are only limited 
reports for the outcomes of these patients [15–
18]. A summary of the percentage and outcome 
of intraoperative fractures is provided in 
Table 3.2. IPFs are more common with the use of 
uncemented stems and in revision settings. There 
is also an increased risk of revision during the 
first six postoperative months [16–18].

�Case Solution

Following discussion with the patient, a decision 
was made to proceed with a revision left total hip 
replacement. The preoperative plan was to use a 
diaphyseal engaging stem that bypasses the frac-
ture and provides good distal fixation.

Table 3.2  Outcomes of patients who sustained intraoperative fractures during primary total hip arthroplasty

Intraoperative fractures of the femur during primary total hip arthroplasty

Paper Total number
Uncemented 
implant

Cemented 
implant

No. of 
fracture Comment Outcome

Cameron 
et al. [16]

3316 (primary 
and revision)

1316 2000 116 • � 31: cemented 
primary

�•  Two nonunion

• � 47: uncemented 
primary

• � Two stem 
subsidences

�•  38: revision

Meek et al. 
[17]

211 (all 
revision)

211 – 64 Only 39/64 have 
minimum of 2 year 
follow-up

• � 32 had bone 
ingrowth

�• � One stable fibrous 
ingrowth

Thillemann 
et al. [18]

39,478 
(primary and 
revision)

– – 519 • � 282 patients (0.7%) 
were treated 
nonoperatively

• � Cumulative failure 
rate was 0.9% for 
patients without 
intraoperative 
fracture and 3.4% for 
patients with 
intraoperative 
femoral fracture

�• � 237 patients (0.6%) 
were treated with 
osteosynthesis

�• � Intraoperative 
fractures increase the 
relative risk of 
revision during the 
first six postoperative 
months

3  Intraoperative Periprosthetic Femoral Fracture (IPF)
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The operation was performed through the 
recent surgical wound with a slight extension of 
the incision distally to allow a better exposure for 
proximal femoral shaft. Through a posterior 
approach, the joint was exposed and dislocated, 
the femoral head was removed, and a careful dis-
section was performed to lift the vastus lateralis 
off the femur. A very faint undisplaced fracture 
was identified exiting at the proximal femur. At 
that stage, the uncemented femoral stem was 
extracted. Two cables were passed to reduce and 
hold the fracture. Following this, the femur was 
prepared for an Echelon stem (Smith and 
Nephew) using sequential reamers and a size 17 
reamer achieved good distal fixation. Therefore, 
an uncemented Echelon femoral stem size 17 was 

used and achieved good distal fixation. A trial 
reduction was performed and noted to achieve a 
stable reduction and adequate restoration of leg 
length and offset.

Postoperatively, the patient was allowed to 
mobilize full weight bearing as tolerated. 
Postoperative check X-ray images were satisfac-
tory (Figs. 3.4 and 3.5) and patient continued to 
make good recovery. At 3 months follow-up, the 
patient was completely asymptomatic and has no 
concerns or problem.

�Summary

In summary, periprosthetic fractures are best 
avoided through careful planning, appropriate 
implant choice, and judicious surgery. When they 
occur, they should be recognized intraoperatively 
and stabilized in order to avoid postoperative sur-
prises and costly revision surgery. Patients at high 
risk should be warned about this potential compli-
cation when consenting for the operation.

Fig. 3.4  Anteroposterior (AP) postoperative X-ray image 
of the left hip following revision of the femoral stem into 
a diaphyseal engaging stem that bypassed the fracture and 
provided good distal fixation

Fig. 3.5  Lateral postoperative X-ray image of the left hip 
following revision of the femoral stem into a diaphyseal 
engaging stem that bypassed the fracture and provided 
good distal fixation
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Wound Complications

Tae-Young Kim and Javad Parvizi
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�Case Presentation

A 65-year-old woman underwent a total hip 
arthroplasty for her left hip osteoarthritis. She 
had suffered from the persistent drainage in the 
operative wound 4 days after surgery (Fig. 4.1).

�Introduction

Despite the implementation of numerous mea-
sures, wound-related complications after total 
joint arthroplasty (TJA) continue to be a concern-
ing problem. Wound-related complications are 
associated with increased morbidity, and can ele-
vate the cost of episode of care substantially. 
Carroll et al. [1] reported that superficial wound 
complications occurred at a rate of 9% in total hip 
arthroplasty (THA) and of these 30% required 
readmission to hospital for management. Wound 
complications after THA can occur in the form of 
persistent drainage, hematoma formation, blister-
ing, wound dehiscence, and skin necrosis. Among 
the latter, wound drainage is not an infrequent 
complication that is usually self-limiting and 

stops within a few days after surgery. Drainage 
continuing beyond 48  h after hip arthroplasty, 
especially at high volume, is considered as persis-
tent wound drainage that usually requires inter-
vention. The incidence of serosanguineous 
drainage after primary THA, which persists 
beyond 48 h, is 1.3–3% [2, 3].

�Significance of Wound 
Complications

Wound complications require prompt attention 
as they either arise as a result of deep peripros-
thetic infection (PJI) or pose a serious risk to 
cause such event if left untreated. Superficial 
wound complications, such as surgical site 
infection (SSI) and prolonged wound drainage, 
have been consistently implicated in the devel-
opment of periprosthetic joint infection and 
may increase the risk of subsequent deep infec-
tion by up to 35-fold [4, 5]. Most infections 
present within the first year following surgery 
and may be associated with contamination at 
the time of surgery or in the early postoperative 
period [6]. Each day of persistent wound drain-
age increases the risk of infection by 42% in 
THA [7]. In addition, superficial wound com-
plications, without deep infection, are associ-
ated with patient morbidity and cost to the 
healthcare system, including prolonged hospi-
tal stay, readmission, ongoing treatments, and 
reduced patient satisfaction [4, 5, 8, 9].
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�Risk Factors for Wound 
Complications

Identification and modification of risk factors that 
lead to wound complications can reduce the inci-
dence of subsequent serious problems such as deep 
PJI. As previously mentioned, prolonged wound 
drainage is associated with a higher rate of infec-
tion following THA [4, 7]. Risk factors for persis-
tent wound drainage include malnutrition [2], 
obesity [6, 7, 10, 11], use of aggressive prophylac-
tic anticoagulation such as low-molecular-weight 
heparin or an elevated INR as a result of adminis-
tration of Coumadin [7], and use of a surgical drain 
[7]. There are also reports of some skin preparation 
agents predisposing patients to the development of 
skin blisters and other wound-related problems. 
One such agent that has been implicated is 0.5% 
chlorhexidine in 70% alcohol [1].

�Types of Wound Complications

�Skin Blistering

–– Blisters can be attributed to the movement 
between the skin and the wound dressing over 
time. The dressing type and the technique of 
dressing application, as well as the degree of 
swelling of the skin or allergic response to the 
adhesive material in the dressing, can influ-
ence the incidence of blistering [12, 13].

–– The Delphi Panel [14] suggested that an ideal 
wound dressing that could minimize blister 
formation should conform well to the wound, 

be easy to apply and remove, and allow for 
soft-tissue swelling.

–– Exudate from blisters is sterile but rapidly 
becomes contaminated with bacteria from the 
skin flora after rupture until re-epithelialization. 
Blistering results in breakdown of the epithe-
lia barrier in the skin and can potentially lead 
to infections.

–– The best method for treatment of skin blister-
ing is to burst and drain the blister fluid. The 
roof should, however, be left intact to act as a 
barrier during the process of epithelialization. 
There is no evidence to support the use of anti-
biotics in patients with skin blisters after THA.

�Prolonged Wound Drainage

–– The definition of persistent wound drainage 
varies. The International Consensus Meeting 
(ICM) on Periprosthetic Joint Infection 
defined it as drainage covering an area greater 
than 2 × 2 cm of gauze persisting beyond 72 h 
after total joint arthroplasty (TJA) (Fig. 4.1). 
The ICM recommends that persistent wound 
drainage after TJA should be managed aggres-
sively. The first line of treatment involves 
application of compressive dressing, negative-
pressure wound dressing (VAC), and observa-
tion. If the wound drainage persists beyond 
5–7 days, especially if copious, surgical inter-
vention is recommended [15].

–– Administration of antibiotics for persistent 
wound drainage is discouraged as this may 
mask an underlying infection.

–– Swab culture of a draining wound should not 
be performed as it does not provide any 
information except isolation of organisms res-
ident on the skin [16].

�Skin Necrosis

–– Skin necrosis following THA may be less criti-
cal than total knee arthroplasty because of the 
relative good coverage of soft tissues around the 
hip. Necrosis of skin around the hip does how-
ever require thorough debridement and revision 
closure of the wound if adequate soft tissue 

Fig. 4.1  The persistent drainage was seen in the operative 
wound 4 days after total hip arthroplasty
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exists. Less than 3 cm of superficial necrosis can 
also be treated with local care or delayed clo-
sure. However, skin necrosis more than 3  cm 
often requires treatment with soft-tissue cover-
age and split-thickness skin grafts (STSGs) or 
fasciocutaneous flaps. Full-thickness skin 
necrosis exposing the prosthesis leads to coloni-
zation of the prosthesis, and necessitates resec-
tion arthroplasty and later reconstruction that 
should include soft-tissue flaps.

�Hematoma

–– Hematoma formation around a surgical incision 
impairs soft-tissue healing by increasing the 
wound tension and reducing tissue perfusion. 
The latter may then lead to soft-tissue ischemia/
necrosis. Hematomas can also act as a favorable 
culture medium for pathogens, prevent antibi-
otic access, and lead to infection [4, 17].

–– There are multiple reasons for the development 
of a hematoma after THA. Mortazavi et al. [18] 
reported that the high blood loss, administra-
tion of fresh frozen plasma (FFP) or vitamin K, 
and administration of perioperative therapeutic 
anticoagulation for a preexisting condition and 
hormonal therapy were independent risk fac-
tors for hematoma formation.

–– Hematoma formation is associated with a sub-
sequent PJI [19].

–– Administration of less aggressive, yet effec-
tive, form of venous thromboembolism (VTE) 
prophylaxis, such as aspirin, minimizes hema-
toma formation and reduces the incidence of 
subsequent PJI [20].

�Cellulitis

–– Cellulitis refers to a superficial infection that 
occurs in the skin presenting as a patch of red, 
warm, tender skin over the surgical site. 
Cellulitis is not usually a serious problem and 
typically resolves with appropriate treatment.

–– However, the presence of erythema, swelling, 
and tenderness around the surgical site can 
also be a manifestation of a deep PJI that 

requires further investigation, namely aspira-
tion of the joint to confirm or refute the diag-
nosis of deep PJI [21].

–– Most cases of cellulitis are treated with eleva-
tion, antibiotics, warm compression, and mark-
ing out the involved area for close observation.

–– Rodriguez et al. [22] reported 16 cases of ery-
thematous eruption on the skin within the 
flaps of the surgical incision after primary 
THA over an 8-year period. All the patients 
had a similar onset and appearance of the skin 
eruption, which began at the posterior skin 
flap and spread radially. All were treated with 
antibiotics with complete resolution of the 
eruption within 1–6 days. There were no cases 
of PJI or other sequelae.

–– The cause of cellulitis is unclear. Mainetti 
et al. [23] have reported cellulitis after internal 
fixation using a dynamic hip screw. They sug-
gest that the compromise of the venous and 
lymphatic circulation around the skin flaps 
may have been responsible.

�Wound Dehiscence

–– Dehiscence involves breakdown and opening 
of the surgical incision. A wound may break 
down and open up for several reasons, includ-
ing infection, poor healing, or tension and 
pressure from within the incision due to col-
lection of blood or fluid. Superficial 
dehiscence is usually not serious, but does 
merit close observation. The wound usually 
fills from within by granulation tissue, over a 
period of weeks. Sometimes superficial dehis-
cence may require packing, or application of 
negative-pressure dressing until it heals.

�Differential Diagnosis of Superficial 
vs. Deep-Wound Complications

–– Differentiation between superficial infection 
and deep PJI may be difficult. Local inflam-
mation around the sutures in a wound that 
heals within 3 weeks is likely to be a superfi-
cial infection. On the other hand, an erythema-
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tous, indurated wound with persistent and 
copious drainage is more suggestive of a deep 
infection.

–– As distinction between superficial and deep 
infection is difficult, it is recommended that 
aspiration of the joint be carried out in patients 
presenting with wound-related problems. 
Areas of cellulitis should be avoided when 
completing an aspiration.

�Wound Management

–– Wound management is often a neglected area 
in joint arthroplasty because of the common 
belief that complications such as blistering, 
drainage, and SSI are rare.

–– In recent years, and with economic emphasis 
on minimizing readmission and reoperation, 
there has been increasing interest in imple-
menting strategies that can minimize wound-
related complications.

–– Wound healing is affected by various factors 
related to the host, surgery, and postoperative 
wound care. Wound management will be dis-
cussed by dividing it into local and general 
managements.

�General Managements

�Malnutrition
Preoperative malnutrition has been associated 
with delayed wound healing, longer length of 
hospital stay, and higher incidence of subsequent 
infection [24]. The definition of malnutrition var-
ies but is determined by measuring the serum 
level of transferrin, total lymphocytes, total albu-
min, and prealbumin. Gherini et al. [25] reported 
that only preoperative serum transferrin level was 
strongly associated with delayed wound healing.

�Anticoagulant
Well-designed studies evaluating the effects of 
anticoagulation on wound complication and 
hematoma formation in patients who have under-
gone reoperation for wound-related problems are 
lacking. Parvizi et al. [26] reported that a mean 

INR of greater than 1.5 was found to be more 
prevalent in patients who developed postopera-
tive wound complications and subsequent 
PJI.  Another retrospective observational study 
found that patients who received low-molecular-
weight heparin for VTE prophylaxis had a longer 
time until the postoperative wound was dry than 
those treated with aspirin and mechanical foot 
compression or those who received Coumadin 
(warfarin) for the persistent wound drainage [7].

�Anemia
Preoperative anemia prior to TJA has been asso-
ciated with a prolonged length of hospital stay, 
greater 90-day readmission rates, and need for 
higher allogeneic blood transfusion [27, 28]. 
Therefore, all possible means must be undertaken 
to improve hemoglobin levels prior to TJA. Both 
preoperative anemia and need for allogeneic 
blood transfusions have been associated with 
higher rates of PJI [27]. Hence, blood conserva-
tion protocols were devised to decrease the need 
for postoperative transfusions in anemic patients. 
Patients should have an evaluation to determine 
the cause of the anemia such as colon cancer or 
other causes of a GI bleed can be identified and 
addressed preoperatively.

Tranexamic acid (TXA) is a synthetic deriva-
tive of the amino acid lysine with antifibrinolytic 
properties. A meta-analysis performed by Sukeik 
et al. [21] showed that the administration of TXA 
in THA significantly diminished blood loss and 
need for allogeneic blood transfusion. However, 
it did not show any increased risk of thromboem-
bolic events, infection, or other complications.

A systematic approach to optimizing hemo-
globin levels preoperatively that implements oral 
and possibly intravenous iron, folic acid supple-
ments, and erythropoietin while minimizing 
blood loss intraoperatively by the use of 
tranexamic acid, cell salvage, and induced hypo-
tension has been shown to diminish the need for 
allogeneic transfusion [28].

�Diabetes Mellitus
Diabetes mellitus has been implicated in causing 
higher rate of early wound complication after 
TJA [29] and PJI [30] with the capacity to dou-
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ble the risk of wound complications in patients 
with uncontrolled diabetes [31]. The exact defi-
nition of uncontrolled diabetes is not clear. The 
pending surgical site infection (SSI) prevention 
recommendations by the Center for Disease 
Control have chosen fasting glucose levels 
>200 mg/dL as being indicative of uncontrolled 
diabetes that requires optimization prior to elec-
tive arthroplasty. The threshold for hemoglobin 
A1c that is indicative of uncontrolled diabetes 
remains unknown and its value in predicting risk 
for subsequent infection after TJA is also 
unknown [32]. Jamsen et al. [31] reported that in 
patients without a diagnosis of diabetes at the 
time of the surgery, there was a trend toward a 
higher infection rate in association with a preop-
erative glucose level of >6.9 mmol/L (124 mg/
dL) compared with <6.9 mmol/L. A recent study 
[24] showed that patients with a mean postopera-
tive blood glucose of >200 mg/dL or a preopera-
tive hemoglobin A1C level of >6.7% are at 
increased risk for wound complications follow-
ing elective primary total joint arthroplasty.

�Smoking
Approximately 20% of the adults in the United 
States smoke [33]. Smoking is a modifiable 
patient factor that has been previously shown to 
increase postoperative complications. Nicotine-
mediated vasoconstriction is considered to be the 
primary etiology of these effects [34–36]. 
Nicotine results in decreased blood flow, local 
tissue hypoxia, decreased collagen production, 
and increased platelet aggregation ultimately 
affecting wound healing as well as fracture heal-
ing [37–40].

Duchman et  al. [41] reported that current 
smokers have an increased risk of wound compli-
cations and both current and former smokers 
have an increased total complication risk follow-
ing total hip or total knee arthroplasty.

Several studies have noted that smoking ces-
sation may reverse the risk for all-time complica-
tions as long as it is implemented far in advance 
(4 weeks) of elective arthroplasty [42–46]. 
Moller et al. [46] performed a randomized clini-
cal trial that demonstrated that smoking cessation 
program implemented 6–8 weeks before surgery 

reduced the incidence of postoperative complica-
tions, in particular wound-related problems.

�Local Managements

�Wound Closure
The goals of wound closure are to maximize 
blood flow while minimizing bacterial contami-
nation and dead space around the incision.

We believe that the use of monofilament suture 
for wound closure in patients undergoing THA is 
likely to reduce issues related to wound healing 
by minimizing tissue ischemia and by providing a 
better watertight closure and potential for ingress 
of bacteria into the deeper tissues [15].

A prior meta-analysis has shown that the risk 
of developing a wound infection was four times 
greater when staples were used for wound clo-
sure compared to suture closure [9, 47]. However, 
there was no significant difference between the 
development of inflammation, wound discharge, 
wound dehiscence, skin necrosis, and allergic 
reaction when suture versus staples were used.

�Dressing
–– Wound dressing is probably one of the most 

important aspects of local wound care. An 
ideal wound dressing is one that is:
Permeable: Keeping the wound environment 

appropriately moist while preventing skin 
maceration, and blister formation [48].

Barrier: That prevents ingress of microbes 
into the deeper tissues. In addition it is a 
barrier for entry of water into the incision, 
thus allowing the patients to shower [49].

Occlusive: Resulting in creation of a sealed 
hypoxic environment that accelerates angio-
genesis, mitotic cell division, and leukocyte 
activity, all being critical for wound healing. 
Each dressing change disrupts the fibroblast 
activity around the wound for a period of 
3–4 h for this activity to resume.

–– Dressing change: Frequent dressing changes 
expose the wound to exogenous bacteria and 
increase the risk for SSI, especially when per-
formed in contaminated environment such as 
the hospitals, rehabilitation facilities, and 
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skilled nursing facilities with abundant patho-
gens. Reducing dressing changes not only 
minimizes the cost and pain associated with 
the dressing changes, but it also reduces the 
risk of blistering and skin injury [12].

–– The introduction of recent occlusive dressing 
allows for minimizing dressing changes. The 
first dressing change can occur at 7 days dur-
ing which the critical part of wound healing 
has taken place.

–– More regular dressing changes may be needed 
in patients with drainage when the dressing is 
saturated.

–– A few studies have shown that wound man-
agement following TJA with the use of an 
occlusive dressing with alginated hydrofiber 
and silver leads to a reduction in the incidence 
of all-time complications including PJI [13, 
48, 50–52]. However, the role of silver in 
reducing wound infection and PJI still remains 
unclear [53–55].

�Surgical Drains
The rationale for the use of surgical drain is to 
reduce hematoma formation and postoperative 
edema, thereby decreasing the possibility of 
infection [56]. There are numerous randomized, 
prospective studies that have failed to prove the 
intended benefits of surgical drains [57–59]. The 
studies have not shown a difference in the inci-
dence of wound-related problems, hematoma 
formation, need for postoperative blood transfu-
sion, range of motion, and duration of the hospi-
talization when surgical drains were used. In 
addition, separate Cochrane meta-analyses have 
shown that the use of surgical drain leads to a 
lower incidence of bruising around surgical inci-
sion but no other benefits [56]. Some authors 
have advocated that not using surgical drains 
would have more benefits for patients undergo-
ing THA, by allowing tamponade and reduction 
of blood loss [60]. Several meta-analyses also 
showed that the routine use of closed-suction 
drainage for elective THA may be of more harm 
than benefit [56, 60].

�Management of Wound 
Complications (Fig. 4.2)

�Nonoperative Management

Wound drainage has been shown to stop in most 
patients between 2 and 4 days postoperatively [2]. 
Persistent wound drainage for greater than 72  h 
after TJA should be managed by wound care [15].

Treatments for persistent wound drainage ini-
tially consist of local wound care (sterile dressing 
and wound cleansing to decrease the bacterial 
contamination) and compressive wrapping.

Negative-pressure wound therapy (NPWT) in 
general surgical patients has been shown to nor-
malize tissue stresses [61], reduce seroma [62], 
and aid healing of surgical wounds in high-risk 
patients (Fig.  4.3) [63]. The use of NPWT is 
75–100 mmHg continuous for 48 h. Pachowsky 
et al. [64] reported in a prospective study of THA 
that NPWT decreased development of postopera-
tive seroma and improved wound healing. The 
effect appears to be greatest in the patients at high 
risk for postoperative drainage, including obese 
patients, large incisions, and revision surgeries.

�Operative Management

Surgical intervention should be considered for 
patients when wound drainage persists beyond 
5 days despite appropriate nonoperative manage-
ment [2, 3, 29, 65]. Surgical treatment consists of 
irrigation and debridement (I&D) of the superfi-
cial soft tissue, with wound exploration and I&D 
of the deep periarticular tissue if there is commu-
nication with the periprosthetic hematoma [2].

Antibiotic treatment should be withheld until 
cultures have been obtained. However, the 
administration of preoperative antibiotics to 
patients with a positive preoperative joint aspira-
tion does not appear to interfere with isolation of 
the infecting organism from intraoperative 
culture samples more than when antibiotics were 
withheld [66–68].
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Exchange of modular components (femoral 
head and acetabular liner for THA) should be 
performed if communication with the deep tissue 
is encountered.

Intraoperative cultures (minimum of three) 
should be taken when performing an I&D for a 
persistently draining wound. Positive cultures 
should be expected in 25% of cases [2, 3]. 
Treatment with intravenous antibiotics and con-
sultation with an infectious disease specialist is 
in order if cultures are positive. The presence of 
purulent fluid at the time of I&D portends a poor 
outcome [2, 29].

�Conclusion

Total hip arthroplasty gives promising results and 
better life quality to the patients, but sometimes 
leads to a disaster outcome owing to the wound 
complications that may cause the deep infection. 
Perioperative managements to prevent the wound 
complications are the first priority. Wound com-
plications would be prevented by careful periop-

Fig. 4.2  Prolonged wound drainage for greater than 72 h 
should be managed by wound care such as compressive 
wrapping and negative-pressure wound therapy (NPWT). 
Patients’ conditions such as malnutrition, stop or change 
of anticoagulation, anemia, smoking, and diabetes melli-

tus are important to manage the wound complication. 
When wound drainage persists beyond 5  days despite 
appropriate nonoperative treatments, surgical treatment 
such as incision and debridement and exchange of modu-
lar components should be considered

Fig. 4.3  The wound was irrigated and compressive dress-
ing with negative-pressure wound therapy (NPWT) was 
applied on the wound
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erative examination and managements of the 
conditions such as malnutrition, stop or change 
of anticoagulation, anemia, smoking, and diabe-
tes mellitus. Wound closure with monofilaments 
without drain would be a reasonable procedure 
during the operation.

Prolonged wound drainage should be started 
with the careful observation with regular dress-
ing change but persistent drainage for greater 
than 72 h should be managed by wound care such 
as compressive wrapping and NPWT as well as 
be aware of the differentiation between superfi-
cial and deep-wound complications. When 
wound drainage persists beyond 5  days despite 
appropriate nonoperative treatments, surgical 
treatment such as I&D and exchange of modular 
components should be considered.

�Case Summary

The patient was on anticoagulant therapy due to 
her cardiac history prior to the THA. Given the 
persistent drainge, the patient returned to the 
operating room for an irrigation and debride-
ment. At the time of the procedure, a hematoma 
above the tensor fascia lata was noted and 
debrided. The wound was irrigated and a com-
pressive dressing with NPWT was applied on the 
wound (Fig. 4.3). The wound was closely moni-
tored with dressing changes. At most recent fol-
low-up, the wound was clean, dry, and intact.
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�Case Presentation

A 66-year-old male who had undergone left total 
hip arthroplasty (THA) for end-stage osteoarthri-
tis (Fig. 5.1) presented with complaints of fever 
to 102 °F, fatigue, wound redness, and persistent 
drainage approximately 2  weeks following his 
left THA. We followed the drainage for a week, 
he continued to drain and did not have any change 
in his symptoms, his C-reactive protein (CRP) 
was 4.1 (normal <0.8  mg/dL), and erythrocyte 
sedimentation rate (ESR) was 40 (normal 1–15 
mm/hr). Due to his persistent drainage and the 
presentation of his surgical incision, we decided 
to perform left hip joint aspiration. Aspiration of 
the joint revealed fluid nucleated cells of 71,500 
uL, with 93% segmented cells. Gram stain was 
positive and cultures grow Staphylococcus 

aureus. Therefore, he was diagnosed with acute 
periprosthetic infection of the left THA.

�Epidemiology

This chapter focuses on periprosthetic total hip 
infection in the early postoperative period, defined 
as within 6  weeks from surgery. Yi et  al. [1] 
reviewed 6033 consecutive primary THAs and 
identified 73 patients (1.2%) who underwent reop-
eration for any reason within the first 6 weeks post-
operatively. Thirty-six (0.59%) of these patients 
were infected according to modified Musculoskeletal 
Infection Society criteria. Studying PJI in the early 
postoperative period did not have the same share as 
did chronic PJI in the literature.

Total hip arthroplasty (THA) is considered one 
of the most successful operations in modern med-
icine and has positively impacted the life of many 
patients, providing mobility and relief from pain 
for a wide range of hip conditions. One of the big-
gest threats to the success of this procedure is 
periprosthetic joint infection (PJI), which can 
convert a highly beneficial procedure into one of 
frustration and disability for the patient. Over 
50 years ago, PJI rates were reported to be as high 
as 7% [2]. Improvements in surgical technique, 
operating room environment, body exhaust sys-
tems, as well as perioperative care (including skin 
preparation, antibiotic prophylaxis, and wound 
management) have led to substantial reductions in 
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the risk of PJI. Currently, the risk is approximately 
1–2%; however this rate has not changed substan-
tially in decades [3] and represents thousands of 
cases each year. The cost of treatment for such 
cases is much higher than treatment for other 
complications of THA, up to $50,000 more per 
case, thus imposing a huge strain on the already 
struggling healthcare system [4].

Internationally, there are similar reports of PJI 
complicating total hip arthroplasty from the UK, 
France, Germany, and Australia [5]. In the UK, 
12–15% of hip revisions are secondary to PJI [5]. 
An in-depth study from France measured the 
direct costs due to revisions of infected THAs, 
and calculated these at just over 32,000 Euros per 
patient, representing 3.6 times the cost of the pri-
mary procedure and 2.6 times the cost of revi-
sions for other indications [6]. A small study 
from Australia assessed the longer term impact of 
infection on several quality-of-life measures in 
patients undergoing hip and knee replacement 
and found substantial detriments to mobility, 
independent living, and psychological health in 
patients whose surgery was complicated by 
infection [7]. In the United States, PJI compli-
cates 1.63% of primary THAs within the first 

2  years in the Medicare population. The Mayo 
Clinic reported a 1.7% infection rate in primary 
THAs over a 28-year period (1969–1996) [8].

Understanding the incidence of causative 
organisms is key to prophylactic antibiotic choice. 
Parvizi et  al. [9] reviewed 9245 primary joint 
replacements. The most commonly isolated organ-
isms in the order of frequency were methicillin-
resistant Staphylococcus aureus (MRSA) (19%), 
methicillin-sensitive Staphylococcus aureus (19%), 
methicillin-resistant Staphylococcus epidermidis 
(11%), and methicillin-sensitive Staphylococcus 
epidermidis (8%). Fifty-three percent of the 
Staphylococcal organisms were resistant to methi-
cillin. Gram-negative organisms were isolated in 
11%, with Escherichia coli and Klebsiella pneu-
moniae being the most common. Polymicrobial 
infection occurred in four patients (5%) [9].

�Risk Factors

Although modern surgical techniques and antibi-
otic prophylaxis have significantly lowered the 
incidence of PJI, it has not been eliminated. 
Therefore, identifying and modifying the preop-
erative risk factors can help mitigate the inci-
dence of PJI. These risk factors can be divided 
into host-related factors and hospital-related 
factors.

Host factors are related to both general health 
and local conditions of the tissues. General health 
concerns are variable, but they all share one com-
mon effect, which is decreasing or modifying the 
host immunity. Obesity increases infection risk by 
3–4.2-fold, with every 1 kg/m2 increase in body 
mass index. In another study, obesity and morbid 
obesity increased PJI by 2.6- and 9.1-fold, respec-
tively. Diabetes mellitus has been identified as an 
independent risk factor for PJI, with an 11% 
increased infection rate associated with perioper-
ative poor glycemic control [10]. This study sug-
gests that tight perioperative glycemic control can 
reduce PJI after THA.  Metabolic syndrome 
includes the presence of increased waist circum-
ference, hypertension, diabetes mellitus, and dys-
lipidemia. Forty percent of the population over 
60 years of age in the United States has metabolic 
syndrome with the incidence likely higher among 

Fig. 5.1  Intraoperative image of the primary left hip 
replacement
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the joint replacement population [11]. Metabolic 
syndrome is associated with increased systemic 
levels of acute-phase response cytokines and 
cortisol, suggesting a miss-regulated immune 
response with an inability to mount an effective 
attack against infectious organisms. It is interest-
ing that the risk of postoperative complications in 
patients with metabolic syndrome was greater 
than the sum of each individual component, sug-
gesting synergistic effect of its concomitant ele-
ments [12]. Malnutrition is also associated with 
an increased risk of both chronic and acute PJI 
[13] and is known to affect innate immunity and 
normal immune response by altering both humeral 
and cell-mediated immunity. Malnutrition can be 
screened for via serum albumin, prealbumin, 
transferrin, and/or total lymphocyte counts. 
Paradoxical malnutrition is common among obese 
and normal-weight patients. If identified preoper-
atively, malnutrition must be corrected, even if 
that means delaying the surgery.

Advanced age is another independent, uncor-
rectable risk factor that decreases patient immu-
nity, exposing them to more risk of PJI [14]. 
Atrial fibrillation and myocardial infarctions 
have also been shown to be independent risk fac-
tors for PJI in a review of large series, possibly 
related to aggressive heparin anticoagulation 
and/or infirm nature of these patients [9, 15]. 
Autoimmune diseases like rheumatoid arthritis 
are associated with a 2.6-fold increase in infec-
tion rates compared to patients with osteoarthritis 
[16]. Psoriasis is another autoimmune disease 
associated with increased infection risk. Organ 
failure, like chronic renal failure, patients on 
dialysis, and those with liver, heart, or kidney 
transplant, are at increased risk for infection. 
Patients with malignancy and those with human 
immunodeficiency virus, particularly patients 
with CD4 counts below 240 cells/mm3, are also 
at increased risk [17–19]. Patient colonization 
with MRSA is a growing concern in modern 
arthroplasty with the prevalence of MRSA in the 
community found to be 0.6–6% in current hospi-
tal screening programs [20]. The presence of uri-
nary tract infection (UTI) after surgery is also 
associated with increased risk for infection [9]. 
However, performing preoperative urine screen-
ing has been proven to be unnecessary [21, 22]. 

Smoking has been shown to increase the risk for 
wound complications and PJI, with a randomized 
controlled trial from Denmark demonstrating that 
cessation or at least 50% reduction in smoking 
decreased wound complications from 30 to 5% 
(p  <  0.001) in patients undergoing total joint 
replacement [23]. Smoking cessation should be 
considered for all patients.

Postoperative host factors that increase the 
risk for PJI include hematoma formation and pro-
fuse wound drainage with an odds ratio of 11.8 
and 1.32, respectively. The risk of deep infection 
subsequent to superficial infection is 10%, with 
the same organism being isolated from both sites 
in most instances [24].

Revision surgery carries a threefold increase 
in the risk for infection [25, 26]. Peel et al. [27] 
have shown that previous PJI increases the risk of 
infection at the same site by 36-fold, while the 
incidence of developing PJI in a subsequent joint 
replacement was 15% [28]. Even after success-
fully treating a PJI, the relative risk of developing 
an infection in a subsequent total joint was 21, 
significantly higher than patients with no such 
history [29].

Hospital-related risk factors have been studied 
as a function of the annual volume of THAs. In a 
review of 5000 Medicare patients, a 69% reduc-
tion in the rate of deep infection and dislocation 
was correlated with hospitals in which more than 
100 THAs were performed annually. Factors 
associated with decreased complication rates 
included private hospitals, academic institutions, 
dedicated orthopedic nursing teams, and laminar 
airflow in the operating room. The most signifi-
cant determinant is increased surgeon caseload, 
which in turn affects the duration of surgery, tis-
sue handling, blood loss, need for blood transfu-
sion postoperatively, operating room traffic, and 
attention to sterility [30, 31].

�Prevention

Prevention of PJI in the early postoperative 
period (first 4–6 weeks postoperatively) revolves 
around identifying and if possible eliminating 
and/or modifying most of the above-mentioned 
risk factors. The single most important factor in 
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reducing postoperative wound infections is anti-
biotic prophylaxis. Optimizing antibiotic cover-
age can protect the local tissue from bacterial 
colonization at the time of surgery and requires 
both optimal timing and type of antibiotic used. 
An effective bactericidal concentration of antibi-
otic should be present in tissues and serum at the 
time that surgery begins. The highest serum and 
bone tissue levels appear to be achieved 
35–40 min after intravenous antibiotic injection 
[32]. For prolonged operations (more than 2.5 h), 
and/or increased blood loss (more than 1000 cm3), 
a second dose of IV antibiotic appears to reduce 
the risk of infection [33]. The duration of postop-
erative antibiotics has been debated, but multi-
center studies have shown no difference between 
24 h, 3 days, and 7 days [34, 35]. A shorter course 
of antibiotic would be more cost effective, and 
reduce side effects and possible development of 
resistance to frequently used agents. Since it is 
very difficult to provide coverage for all organ-
isms causing infections, it is recommended to use 
an agent with excellent protection against the 
most common gram-positive organisms (i.e., 
Staphylococci and Streptococci). The antibiotic 
of choice also must have a low side effect profile, 
be well tolerated by patients, be less likely to 
have resistance development, and possess an 
appropriate half-life. As such, first-generation 
cephalosporins (e.g., cefazolin) is optimal and 
remains the antibiotic of choice for most patients. 
In a randomized controlled study, cefazolin use 
before and after surgery reduced the incidence of 
PJI from 3.3 to 0.9% compared to placebo [36]. 
For patients with penicillin allergy, vancomycin 
or clindamycin can be used as a substitute. 
Vancomycin combined with an antibiotic cover-
ing gram-negative organisms (e.g., gentamicin) 
can be utilized in patients who are colonized with 
MRSA. Nasal decolonization with mupirocin has 
been shown to decrease rates of PJI by 50% 
among patients who test MRSA positive during 
the preoperative screening [37].

From an operative standpoint, frequent irriga-
tion of the wound with pulsatile lavage can be 
helpful [38]. Additional factors to consider include 
the use of dilute betadine lavage (which has been 
shown to decrease the risk of infection [39], fre-

quent glove change, and suction tip change). 
Operative environment control through vertical 
laminar airflow, body exhaust suites, and rein-
forced Gore-Tex gowns decrease dissemination of 
shed bacteria by the surgical team. Limiting opera-
tive room personnel and decreasing room traffic 
also mitigate the risk of infection [40–42].

�Diagnosis

Acute PJI diagnosis can be challenging with 
symptoms being easily confused with normal 
inflammatory response to surgery.

�Clinical Evaluation

Evaluation of the patient with a possible PJI should 
include a thorough history and physical examina-
tion. Items that should be obtained in the history 
include the types of prostheses, date of implanta-
tion, past surgeries on the joint, history of wound 
healing problems following prosthesis implanta-
tion, remote infections, current clinical symptoms, 
drug allergies and intolerances, comorbid condi-
tions, prior and current microbiology results from 
aspirations and surgeries, and antimicrobial therapy 
for the PJI including local antimicrobial therapy. 
While being febrile is traditionally associated with 
infection, it is important to distinguish fever result-
ing from infection from a normal postoperative 
course [43, 44]. A recent study of 100 patients 
undergoing THA and 100 patients undergoing TKA 
showed that the normal postoperative febrile 
response peaked on the first postoperative day and 
normalized by the fifth day. In 19% of patients, the 
maximum body temperature was between 39 and 
39.8 °C [45]. Febrile episodes can be a sign of other 
complications with significant morbidity and mor-
tality, such as atelectasis, hematoma, urinary tract 
infection, fat emboli, or deep vein thrombosis [43].

Another concerning finding is a draining 
wound. The incidence of superficial wound infec-
tions progressing to deep PJI is difficult to assess. 
Gaine et al. [24] reviewed 530 patients with either 
THAs or TKAs and found an over 15% rate of 
wound complications. Six patients had deep PJI 

S.M. Sherif and H.S. Bedair



41

that required operative debridement, while two 
patients required removal of their prostheses. The 
rate of postoperative PJI ranges from 1.3 to 50% 
in patients with persistent wound drainage. 
Postoperative drainage correlates to body mass 
index and type of anticoagulation used. Each day 
of prolonged drainage is associated with up to 
42% increased risk of wound infection in total hip 
patients [46] Ultimately, PJIs have been shown to 
highly correlate to superficial surgical site infec-
tions but they are a poor predictor of ongoing 
problems or periprosthetic infection at 1  year 
post-surgery [47]. As such it is very difficult to 
make a diagnosis of infection during the early 
postoperative period. Wound complications in 
themselves do not confirm the presence of deep 
infection, and additional studies are often required 
to define a diagnosis.

While a draining wound can be very tempting 
to culture, this temptation should be avoided. 
Tetreault et al. [44] investigated 55 patients drain-
ing wounds after total joint arthroplasty with 
wound swabs and found that only 47% of the 
wound swabs correlated with deep cultures. The 
superficial cultures were typically polymicrobial 
and would have resulted in an antibiotic regimen 
change in 41.8% of cases. More importantly, 
superficial cultures yielded microbial growth in 
80% of cases deemed negative for deep infection. 
The authors thus recommended against wound or 
sinus swabs for diagnosis due to possible over-
treatment [48, 49].

�Radiographic Evaluation

Plain radiographs have limited usefulness in the 
early postoperative period as it is premature to 
develop or detect bony radiographic changes 
such as lacy periostitis, osteopenia, endosteal 
resorption, loosening of the prosthesis, and rapid 
progression of osteolysis, finding that can be use-
ful in the setting of chronic PJI. However, they 
are essential to rule out other etiologies that may 
be contributing to the patient’s symptoms.

Magnetic resonance imaging (MRI) is not 
widely used. White et al. [50] have described tech-
nical modifications to traditional MRIs with the 

use of a metal artifact reduction sequence (MARS). 
This allows for better visualization of the bone-
prosthesis interface and adjacent soft tissues, 
although it is not intended for PJI diagnosis [51].

A technetium-Tc99m (99MTc) isotope bone 
scan can be performed in the assessment of a 
failed THA. Although it has a high sensitivity, the 
low specificity for infection limits its use [52]. 
Indium-111-labeled white cell scans have a much 
higher sensitivity in infection, which has been 
found to be 77%, with specificity of 86%, a posi-
tive predictive value of 54%, and a negative pre-
dictive value of 95% [13]. However, this test is 
expensive and time consuming and its utility in 
the acute postoperative period is unknown [53]. 
Other isotopes have been investigated but none 
has demonstrated clinically useful sensitivity or 
specificity. The use of radioactive immunoglobu-
lin G has also been described but has not become 
common, as its sensitivity and specificity were 
similar to those of standard laboratory investiga-
tions [54, 55].

�Laboratory Evaluation

After a complete history, physical examination, 
and review of radiographs, the next step should 
be to measure serological inflammatory markers, 
specifically C-reactive protein (CRP) and eryth-
rocyte sedimentation rate (ESR). These markers 
are strongly recommended for every painful or 
failed THA, regardless of cause of failure, as 
multiple modes of failure can coexist.

Both ESR and CRP are normally elevated dur-
ing the early postoperative period [56, 57]. 
Interpreting the results of these markers during 
the early postoperative period is based on their 
behavior curve. Following uncomplicated sur-
gery, the ESR has been shown to peak approxi-
mately 5  days postoperatively, and remain 
elevated for several months; the CRP has been 
shown to peak approximately 2 days postopera-
tively, and should return to normal within 21 days 
[57]. More importantly, CRP response is not cor-
related with type of anesthesia, estimated blood 
loss, operative time, transfusions, medications, 
age, or gender. As such, any late reversal of 
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downtrend should raise suspicion of, and be con-
cerning for, infection. The CRP level, therefore, 
is more helpful in the evaluation of acute postop-
erative infection, especially if it continues to 
increase after the third postoperative day. The 
optimal cutoff CRP level for acute postoperative 
infection has been studied in acute postoperative 
THA infections confirmed with culture or intra-
operative purulence by Yi et al. [1], with the opti-
mal diagnostic cutoff for infection as measured 
by CRP found to be 93  mg/L (AUC of 93%). 
Given these findings, in the patient with any sus-
picion of infection, we obtain a serum CRP and if 
near or over 100 mg/L, an aspiration of the hip is 
obtained [1, 58].

�Joint Aspiration

When the history, physical examination, and 
inflammatory markers yield a high suspicion of 
acute PJI, aspiration of the joint fluid is indicated. 
Arthrocentesis should be done under ultrasound 
or fluoroscopy to confirm position. In addition, 
the patient should be off antibiotics for at least 
2  weeks to avoid false-negative culture results. 
Synovial fluid is sent for WBC count, differen-
tial, and culture. Yi et al. reviewed 6033 consecu-
tive primary THAs and identified 73 patients 
(1.2%) who underwent reoperation for any rea-
son within the first 6  weeks postoperatively. 
Thirty-six of these patients were infected accord-
ing to modified Musculoskeletal Infection 
Society criteria. The best test for the diagnosis of 
PJI in the early postoperative period after THA 
was the synovial fluid WBC count (AUC = 98%; 
optimal cutoff value 12,800 cells/μL), and syno-
vial fluid differential (AUC = 91%; optimal cut-
off value 89% PMN) [59]. It is important to note 
that these thresholds are quite different than the 
recommended value of 3000 WBC/μL used for 
the diagnosis of chronic PJI. Synovial fluid cell 
count can be adjusted for synovial red blood cell 
(RBC), serum RBC, and serum WBC counts 
according to a formula proposed by Ghanem 
et  al. [60]. Phagocytosed metal debris within 
monocytes may be read as neutrophils by auto-
mated hematology instruments resulting in 

falsely elevated cell counts. In these settings, a 
manual count should be obtained [61, 62].

Newer tests for PJI of the synovial fluids have 
emerged such as leukocyte esterase test and alpha-
defensin peptide. The utility of these tests in the 
acute postoperative period is not known [63, 64].

Organism identification is paramount for anti-
microbial treatment plan. Routine cultures should 
be maintained for 14 days. Extending the incuba-
tion period to 2 weeks will significantly increase 
culture yield particularly in patients who may be 
infected with low-virulence organisms [65, 66]. 
In a study from Mayo Clinic of 897 PJI cases 
(from 1990 to 1999), 60 cases (7%) were culture-
negative periprosthetic joint infections (CN-PJI). 
Prior antimicrobial use has been shown by prior 
investigators to reduce the sensitivity of peripros-
thetic tissue cultures [67].

Frozen section and histology have been used as 
part of the intraoperative evaluation with the crite-
rion value of the histologic diagnosis of infection 
reported to be either five or ten neutrophils per 
high-power field. The sensitivity for the cutoff of 
five neutrophils has been 100%, with a specificity 
of 96%. Using a cutoff criterion of ten neutrophils 
per high-power field did not change the sensitivity, 
but the specificity increased to 99% [68]. The util-
ity of these tests in the acute postoperative phase, 
however, has not been studied.

�Treatment

In the vast majority of cases, surgical manage-
ment is deemed necessary for the treatment of 
acute PJI.

�Irrigation and Debridement (I&D) 
with Modular Exchange 
and Component Retention

Although results are not favorable, irrigation and 
debridement with modular exchange and compo-
nent retention continues to be the most common 
treatment for acute PJI. There is increasing evi-
dence of substantial morbidity and cost of I&D as 
a treatment for acute prosthetic joint. Many centers 
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have reported poor results [69], with most studies 
demonstrated success rates only between 40 and 
50% [70]. Successful outcomes have been reported 
in 71% of acute PJIs [71, 72]. The time between 
the onset of symptoms and initiation of treatment 
has been investigated, where when treatment was 
initiated within 48 h of symptoms, the success rate 
was 56%. Treatment started after 2 days yielded 
success rate of only 13% [73].

During I&D for acute PJI, all necrotic tissue is 
meticulously removed, all modular parts should 
be removed to allow access to as much as possi-
ble of the interface, and irrigation with 9  L of 
sterile normal saline is recommended. The 
implants should be tested for loosening, and if 
found to be loose, retention of the prosthesis 
should be abandoned. Patient should receive an 
extended course of organism-specific intrave-
nous antibiotics in consultation with an infec-
tious disease specialist [71].

�Direct or “Single-Stage” Exchange

Direct exchange with cemented implants in the 
appropriate patient appears to be a reasonably suc-
cessful treatment, but it has been more popular in 
Europe than in North America. Most of the litera-
ture relating to one-stage exchange has been with 
the use of cemented components and the subse-
quent use of antibiotic cement in the setting of late 
infections. Little has been written on the use of 
cementless components [74]. In a recent retro-
spective review of 27 patients who were treated 
with a one-stage exchange using cementless com-
ponents following a primary THA at one of the 
three centers, Hansen et al. demonstrated just over 
a 70% success rate for one-stage exchange for the 
treatment of acute postoperative PJI at a minimum 
of 2 years postoperatively [75]. The hip provides a 
unique opportunity for acute direct exchange in 
the early postoperative period if uncemented com-
ponents are utilized, but are yet to be well fixed.

Based on this rationale, a recent decision analy-
sis by Bedair et al. attempted to pool all the relevant 
data regarding treatment of early infections after 
THA, and mathematically derive the treatment 
regimen that optimizes clinical outcome based on 

cumulative gains in quality of life. Their model 
demonstrated that a one-stage exchange may be 
optimal for treatment of an acute postoperative 
infection assuming that the failure rate of attempted 
debridement and component retention is greater 
than 49% while the success of a one-stage exchange 
is 71% or greater. Thus once the decision has been 
made to reoperate for infection, it appears from this 
analysis that a one-stage exchange may be most 
efficacious with little increase in the time or techni-
cal skill of the treating surgeon [76].

�Two-Stage Exchange Arthroplasty

Two-stage exchange arthroplasty is considered 
the standard of care for chronic PJI and for cases 
of acute PJI with antibiotic-resistant organisms. 
The benefits in the acute stage include the fact 
that uncemented implants usually do not have 
bony ingrowth or ongrowth, allowing for easier 
removal with less bone loss. The procedure 
includes removal of the prostheses, retained bone 
cement (if utilized), and thorough debridement of 
necrotic soft tissue and bone to remove any bio-
film material. Insertion of an articulating antibi-
otic cement spacer is more functional than a 
non-articulating antibiotic spacer [77]. The anti-
biotic spacer improves patient’s quality of life, 
pain, and leg-length discrepancy during the 
interim treatment period [78]. Reports showed 
higher chances of success when using antibiotic 
cement spacer versus nonantibiotic cement 
spacer [79]. Use of combinations of antibiotics 
seems to be synergistic and improves elution. 
Vancomycin is commonly combined with an 
aminoglycoside [80]. The use of oral rifampin 
between stages, in which an antibiotic-loaded 
cement spacer was used, was believed to assist 
with the interruption of the biofilm [81].

Most authors recommend the mixture of at 
least 4 g of the indicated antibiotic per one 40 g 
batch of cement without any systemic side 
effects; however, the type of cement utilized will 
affect elution and this should be considered when 
determining how much antibiotic to be added to 
the cement spacer [81]. Specifically higher vis-
cosity cements elute antibiotics more efficiently, 

5  Acute Postoperative Periprosthetic Joint Infection



44

and hence less antibiotics can be utilized, or con-
versely the use of higher doses of antibiotics 
could translate into high serum levels and the 
associated risks of antibiotic toxicity.

The time between resection and reimplanta-
tion remains controversial. In one study, 22% of 
patients who underwent reimplantation more 
than 22 weeks after the first stage became rein-
fected compared with 14% of those treated within 
6  weeks. A study of 50 consecutive two-stage 
revisions reported a 92% success rate with the 
second stage performed at 3 weeks; the authors 
advocated delaying reimplantation if there are 
signs of persistent infection, wound healing com-
plications, or inadequate bone stock [82].

Following the treatment with IV antibiotics for 
minimum of 6  weeks, systemic inflammatory 
markers are followed up for a downward trend 
from the initial time of infection diagnosis which 
should continue after the antibiotic therapy is dis-
continued. The normalization of these values is 
not necessary [83]. During the reimplantation, hip 
joint aspiration is performed and sent for histologi-
cal and microbiological evaluation. Any signs for 
persistence of infection warrants abortion of reim-
plantation and repeat I&D with spacer exchange.

�Case Solution

Based on the synovial fluid WBC count and dif-
ferential, PJI was diagnosed, and after discussing 
the various treatment options with the patient, a 
one-stage exchange was decided; patient was taken 
to the OR; same approach was utilized; superficial 
layer above the fascia lata was copiously irrigated 
with 3  L; approach was then carried out; all 
implants were removed, taking great care to pre-
serve all the bony structures; deep cultures were 
obtained; femoral canal, acetabulum, and sur-
rounding soft tissue were irrigated with 6 L of anti-
biotic-loaded saline; a new set of the same make, 
model, and size were implanted and secured in 
place; and wound was then closed in standard fash-
ion (Fig. 5.2). Both her preoperative and intraop-
erative cultures grew Staphylococcus aureus. With 
the input of the infectious disease specialists, she 
was put on a 6-week intravenous course of a van-

comycin and oxacillin, and then transitioned to a 
1-year oral course of a first-generation cephalospo-
rin. At the most recent follow-up, 2 years following 
surgery (Fig. 5.3), she remained free of infection 
with an ESR and CRP of 3 and <5, respectively.

Fig. 5.2  Intraoperative image at the single-stage 
exchange; all components were replaced by same model 
and size implants

Fig. 5.3  Two years from the single-stage exchange revi-
sion for periprosthetic infection; note the heterotopic bone 
formation around the left hip
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Venothrombotic Embolus (VTE)

Jay R. Lieberman and Ram K. Alluri

6

�Case Presentation

The patient is a 75-year-old male who has painful 
osteoarthritis of the right hip and requires a total 
hip arthroplasty. Five years ago the patient had a 
left total hip arthroplasty and developed a pulmo-
nary embolism 4 days after surgery. The pulmo-
nary embolism was successfully treated with 
anticoagulation for 3 months and the patient has 
been asymptomatic since that time. The plan is to 
now proceed with a right total hip arthroplasty. 
What type of anticoagulation would this patient 
require postoperatively?

�Epidemiology

Venous thromboembolic (VTE) disease, consist-
ing of pulmonary embolism (PE) and/or deep 
venous thrombosis (DVT), is the third leading 

cause of cardiovascular mortality and affects 
approximately 600,000 Americans each year 
[1–3]. Total hip arthroplasty (THA) is in the high-
est risk category for postoperative VTE compli-
cations and there is general agreement that 
patients undergoing this procedure require VTE 
prophylaxis [4–7]. Overall, routine prophylaxis 
has decreased the risk of symptomatic VTE after 
THA to less than 1% [8, 9]; however, despite sig-
nificant advances in prophylaxis and identification 
of risk factors, VTE remains a relatively common 
reason for emergency readmission and death after 
THA [10–14].

Increased rates of post-discharge VTE compli-
cations are partly due to decreasing inpatient lengths 
of stay after THA. Currently, the proportion of VTE 
events that occur after discharge is greater than 50% 
[8]. The mean time to diagnosis of VTE complica-
tions after THA ranges between 17 and 22 days and 
the risk of developing this complication can extend 
up to 6 weeks postoperatively [15–17].

�Risk Factors Associated 
with Complication

The pathogenic process of VTE formation begins 
in the perioperative period and stems from 
Virchow’s triad of venous stasis, endothelial 
injury, and hypercoagulability. This triad serves as 
a basis for determining the preoperative, 
intraoperative, and postoperative risk factors asso-
ciated with thromboembolic disease after THA.
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�Preoperative Risk Factors

All patients undergoing THA should be assessed 
preoperatively for increased risk of postsurgical 
VTE complications. The most common 
approaches to preoperative risk stratification are 
based on a thorough evaluation of the patient’s 
medical history and occasionally the use of a for-
mal risk assessment tool [18]. The utility of these 
risk assessment tools is unclear and up to 50% of 
patients who develop VTE after THA had no 
identifiable clinical or hemostatic risk factor pre-
operatively (Table 6.1) [19].

Many studies have attempted to identify spe-
cific clinical risk factors that increase the likeli-
hood of postoperative VTE after THA. However, 
reproducibility of these risk factors has been 
limited, largely due to variations in the diagno-
sis and definition (symptomatic versus nons-
ymptomatic) of VTE.  The most commonly 
agreed upon clinical risk factors include 
increasing body mass index, and history of a 

prior VTE episode [19–27]. Age greater than 
70 or 75, cancer, cardiovascular disease, diabe-
tes, hypertension, hormone replacement ther-
apy, peripheral vascular disease, varicose veins, 
and a history of blood clotting disorders are 
potential clinical risk factors for VTE compli-
cations [8, 18, 19, 25–29].

In patients with a history of blood clotting dis-
orders, there may be a genetic component and a 
thorough family history must be obtained. Several 
studies have found higher rates of VTE after THA 
in patients with high homocysteine levels, 
Factor-V Leiden mutation, antiphospholipid anti-
body syndrome, protein-C or S deficiency, anti-
thrombin III deficiency, and prothrombin promoter 
G20210A mutation [19, 26, 30, 31].

�Intraoperative Risk Factors

Intraoperative events during THA significantly 
impact the components of Virchow’s triad and 
contribute to the risk of postoperative VTE com-
plications. Venous capacitance and outflow may 
be reduced during THA, resulting in subsequent 
venous stasis; leg positioning for exposure may 
further exacerbate stasis [32]. Endothelial injury 
may occur during manipulation of the extremity 
during dislocation of the hip or insertion of the 
prosthesis and the endothelium may suffer ther-
mal injury from bone cement’s exothermic reac-
tion [33, 34]. Lastly, hypercoagulability is 
markedly increased due to the release of several 
prothrombotic factors during soft tissue dissec-
tion and subsequent preparation and insertion of 
the femoral component [35].

Several studies have attempted to identify 
modifiable intraoperative risk factors for postop-
erative VTE complications, and particular empha-
sis has been placed on the type and duration of 
anesthesia utilized. Regional versus general anes-
thesia may result in lower risk of postoperative 
VTE because the sympathetic blockade second-
ary to regional anesthesia may result in vasodila-
tion, increased blood flow, and, theoretically, less 
venous stasis. However, the actual benefit of 
regional anesthesia has not been definitively 
determined with regard to VTE complications 

Table 6.1  Preoperative risk factors for venothrombotic 
complications after total hip arthroplasty

Clinical risk factors Hematologic abnormalities

Prior venous 
thromboembolic disease

Antithrombin III deficiency

Advanced age Disorders of plasminogen

Obesity Protein C or protein S 
deficiency

Trauma (pelvis, hip, 
femur, tibia fracture)

Myeloproliferative disorder

Prolonged immobility Heparin-induced 
thrombocytopenia

Coronary artery disease Factor-V Leiden mutation

Congestive heart failure Antiphospholipid syndrome 
and Lupus anticoagulant

Myocardial infarction or 
stroke

Hypertension

Malignancy

ASA score ≥3

Oral contraceptives or 
hormone replacement

Varicose veins

Anderson FA Jr., Spencer FA.  Risk factors for venous 
thromboembolism. Circulation. 2003;107:I9–16. Beksac 
B, Gonzalez Della Valle A, Salvati EA. Thromboembolic 
disease after total hip arthroplasty: who is at risk? Clin 
Orthop Relat Res. 2006; 453:211–24
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and recent systematic reviews suggest there is no 
benefit [26, 36–39]. Duration of the anesthesia 
may also have an impact on the incidence of post-
operative VTE [40, 41].

�Postoperative Risk Factors

Early mobilization and shortened hospital stays 
associated with THA today may prove to be criti-
cal factors in decreasing VTE risk after surgery 
[13, 42].

�Prevention

Clinical practice guidelines established by pro-
fessional organizations have been present for 
over 25  years, providing VTE prophylaxis rec-
ommendations after THA.  The Surgical Care 
Improvement Project (SCIP) and Joint 
Commission on Accreditation of Healthcare 
Organization (JCAHO) mandate that some form 
of VTE prophylaxis be implemented postopera-
tively for THA patients, but do not recommend a 
specific prophylaxis regimen. The most com-
monly referenced guidelines are those published 
by the American College of Chest Physicians 
(ACCP) and the American Academy of 
Orthopaedic Surgeons (AAOS) [18].

The ACCP first established VTE prophylaxis 
guidelines in 1986 and frequently updates them, 
with the most recent being in 2012 [43]. For 
some time, the orthopedic community had sig-
nificant concerns regarding these guidelines 
because there was an increased emphasis on effi-
cacy of a prophylaxis regimen and limited focus 
on safety [44]. The most recent guidelines pub-
lished in 2012 demonstrated that the ACCP had 
clearly listened to the concerns of the orthopedic 
community. The ACCP recommended a variety 
of chemoprophylaxis regimens including aspirin 
and portable mechanical compression devices, 
which were designated as acceptable when com-
pared to no prophylaxis at all. The ACCP guide-
lines did not differentiate between total hip and 
knee arthroplasty regarding selection of an 
appropriate prophylaxis regimen.

In response to the guidelines established by 
the ACCP, the AAOS published their first VTE 
prevention guidelines in 2007 and, most recently, 
a second version in 2011 [26]. In this guideline, 
the AAOS panel did not recommend a specific 
prophylaxis agent or duration.

Currently, the orthopedic surgeon has a multi-
tude of pharmacologic and/or nonpharmacologic 
VTE prophylaxis options available after 
THA. The selection of a prophylaxis regimen is a 
balance between efficacy and safety. The ideal 
regimen is highly patient-dependent and must 
consider each patient’s individual risk of VTE 
formation, postoperative bleeding, or other com-
plications from VTE prophylaxis. The risks, ben-
efits, and best available evidence (Table 6.2) of 
the most commonly used VTE prophylaxis 
modalities will be further discussed in the fol-
lowing sections.

�Pharmacologic Prophylaxis

A complete understanding of the physiologic 
coagulation cascade is essential to understand 
how each of the following six classes of VTE 
chemoprophylaxis agents executes its antithrom-
botic effect: vitamin K antagonists, low molecu-
lar weight heparins (LMWH), factor Xa 
inhibitors, antiplatelet agents, pentasaccharides, 
and direct thrombin inhibitors (Fig. 6.1).

�Vitamin K Antagonists
Warfarin continues to remain one of the most 
commonly utilized agents to prevent VTE events 
postoperatively largely due to its long track 
record [53]. It acts by preventing the carboxyl-
ation of glutamic acid on clotting factors II, VII, 
IX, X and cofactors C and S.  It is orally dosed 
and titrated to a target goal for the international 
normalized ratio (INR). The ACCP recommends 
a range of 2–3 while the AAOS recommends a 
goal INR of two or less [26, 43]. A number of 
randomized trials have compared warfarin to 
LMWH and have demonstrated higher overall 
VTE rates in patients treated with warfarin. 
However, symptomatic VTE rates between the 
two groups are similar and postoperative bleed-
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ing complications are generally lower in the war-
farin group [45, 54, 55]. The major advantages of 
warfarin are that it is an oral agent and the level 
of anticoagulation can be titrated, but its use is 
limited by the need for frequent INR monitoring 
and interactions with other medications and food 
products.

�Low Molecular Weight Heparins
LMWH functions by binding to antithrombin III 
(AT III), which accelerates the subsequent inac-
tivation of thrombin and factor Xa. LMWH is 
administered through a subcutaneous injection 
and requires no monitoring. Currently, LMWH 
is the most commonly used prophylactic agent 

for VTE after THA worldwide [53]. Its efficacy 
has been well documented in numerous random-
ized trials, including those comparing it to war-
farin as previously discussed. Several other 
studies have compared the efficacy of LMWH to 
newer antithrombotic agents that will be dis-
cussed later in this chapter. The dosing of 
LMWH is either 40  mg once daily (European 
regimen) or 30 mg twice daily (North American 
regimen). The limitations of LWMH stem from 
concerns about post-discharge patient compli-
ance regarding subcutaneous injections, its rela-
tively high cost compared to warfarin or aspirin, 
and surgeon concern about increased postopera-
tive bleeding risk.

Table 6.2  Summary of results from clinical trials comparing lovenox with new anticoagulant agents after total hip 
arthroplasty

Study Dosage
Total deep venous 
thrombosisa 

Total pulmonary 
embolism

Major bleeding 
complications

Colwell et al. [45]

Enoxaparin 30 mg BID 3.2% 1.0% 1.2b%

Warfarin INR 2–3 3.1% 0.8% 0.5b%

Record I [46]

Enoxaparin 40 mg daily 3.4%b <0.1% <0.1%

Rivaroxaban 10 mg daily 0.8%b 0.3% 0.3%

Record II [47]

Enoxaparin 40 mg daily 8.2%b 0.5% <0.1%

Rivaroxaban 10 mg daily 1.6%b 0.1% <0.1%

Advance III [48]

Enoxaparin 40 mg daily 3.6%b 0.2% 0.7%

Apixaban 2.5 mg BID 1.1%b 0.1% 0.8%

Re-novate [49]

Enoxaparin 40 mg daily 6.3% 0.3% 1.6%

Dabigatran 220 mg daily 4.6% 0.4% 2.0%

Dabigatran 150 mg daily 7.2% <0.1% 1.3%

Re-novate II [50]

Enoxaparin 40 mg daily 8.6% 0.2% 0.9%

Dabigatran 220 mg daily 7.6% <0.1% 1.4%

Ephesus [51]

Enoxaparin 40 mg daily 9.0%b 0.2% 2.6%

Fondaparinux 2.5 mg daily 4.0%b 0.2% 4.1%

Pentathlon [52]

Enoxaparin 30 mg BID 8.2%b 0.1% 1.0%

Fondaparinux 2.5 mg daily 5.6%b 0.4% 1.8%
aSymptomatic and asymptomatic DVTs
bIndicates a statistically significant difference
Modified with permission from Lieberman JR, Pensak MJ. Prevention of venous thromboembolic disease after total hip 
and knee arthroplasty. J Bone Joint Surg. 2013;95(19):1801–11
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�Direct Factor Xa Inhibitors
Factor Xa inhibitors directly and reversibly inhibit 
factor Xa, which catalyzes the conversion of pro-
thrombin to thrombin. In the United States there 
are currently two factor Xa inhibitors available 
for VTE prophylaxis after THA: apixaban and 
rivaroxaban. Edoxaban is a third agent currently 
approved in Japan for VTE thromboprophylaxis 
following major orthopedic surgery, but its use in 
the United States following THA is pending phase 
III trial results. The ACCP recommends the use of 
Apixaban/Rivaroxaban (grade IB) in patients 
undergoing major orthopedic surgery.

Apixaban is orally administered at 2.5  mg 
twice daily and rivaroxaban is orally adminis-
tered at a dose of 10 mg daily. In randomized tri-
als, both agents have demonstrated greater 
efficacy in preventing VTE after THA in com-

parison to LMWH, without increased risk of 
postoperative bleeding [46–48]. The major con-
cern with the use of these Factor Xa inhibitors is 
the risk of postoperative bleeding and some 
orthopedic surgeons elect to administer the drug 
off label, 18–24 h after surgery, to help minimize 
this risk.

�Antiplatelet Agents
Aspirin functions by irreversibly inactivating 
cyclooxygenase’s formation of thromboxane 
A2  in platelets, thus inhibiting platelet function. 
Interest in aspirin for VTE prophylaxis after THA 
has grown over the past decade as evident by 
recent changes in the ACCP guidelines [34, 44]. In 
the 8th edition of the ACCP guidelines, a grade IA 
recommendation was made against the use of aspi-
rin as a thromboprophylaxis agent [56]; however, 

Fig. 6.1  Coagulation cascade and the sites of action of 
commonly used anticoagulants. Red arrow =  inactivation; 
Green arrow  =  activation; Orange boxes  =  Vitamin 
K-dependent factors sensitive to Warfarin (Modified with 

permission from Leung KH, Chiu KY, Fan CH, Ng FY, 
Chan PK. Review article: venous thromboembolism after 
total joint replacement. J Orthop Surg. 2013;21(3):351–60)
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in the most recent 9th edition, a grade IB 
recommendation was made for the use of aspirin 
as a prophylactic VTE agent following major 
orthopedic surgery when compared to no prophy-
laxis at all [43]. The SCIP guidelines accordingly 
changed and now include aspirin as an acceptable 
agent for VTE prophylaxis following THA.

These recent changes in national guidelines 
were largely driven by results of the Pulmonary 
Embolism Prevention (PEP) trial which demon-
strated a significant difference between aspirin 
and placebo, without an increase in bleeding 
complications, with respect to VTE compli-
cations in all patients with a hip fracture and 
those patients with a hip fracture managed with 
arthroplasty [57]. Unfortunately, the study was 
underpowered to evaluate the efficacy of aspirin 
in patients undergoing elective THA.  Whether 
or not aspirin is as effective in reducing VTE 
complications after THA in comparison to other 
agents remains controversial as nonrandomized 
studies have demonstrated differing results from 
the PEP trial [7]. In a report by Jameson et al. [58] 
from the National Joint Registry for England and 
Wales for THA, overall efficacy was the same for 
LMWH and aspirin and bleeding rates were also 
the same. The selection of a prophylaxis agent 
is a balance between efficacy and safety. Aspirin 
is likely not as powerful an anticoagulant as 
other available chemoprophylaxis agents, but the 
major benefits of aspirin include its oral dosing, 
high rate of patient compliance, and perceived 
lower risk of bleeding [57, 59–61]. The optimal 
dose for aspirin in VTE prophylaxis has not been 
identified, but the most commonly prescribed 
dose is 325 mg twice daily for 6 weeks.

�Pentasaccharides
Fondaparinux is a synthetically manufactured 
polysaccharide that inactivates factor Xa by 
causing a conformational change in AT III, which 
increases the binding of AT III to factor Xa. It is 
administered subcutaneously and its overall effi-
cacy is similar to that of LMWH [51, 52]. It is 
typically injected at 2.5 mg once daily in patients 
greater than 50  kg without a history of renal 
insufficiency. A possible advantage of 
fondaparinux over LWMH is its potentially lower 

rate of heparin-induced thrombocytopenia (HIT) 
and its use in patients already diagnosed with 
HIT [62]. However, concerns regarding postop-
erative bleeding complications have limited the 
use of fondaparinux [63].

�Direct Thrombin Inhibitors
Dabigatran etexilate is orally administered and 
directly binds to the active catalytic site on 
thrombin, reversibly inhibiting it. Dabigatran 
was previously approved only for prevention of 
stroke or atrial fibrillation, but in 2014 the Food 
and Drug Administration (FDA) approved its use 
for secondary prevention of DVTs and PEs. The 
ACCP recommends its use (grade IB) in patients 
undergoing major orthopedic surgery. Dabigatran 
is typically administered once daily at doses of 
either 150  mg or 220  mg and both doses have 
demonstrated similar efficacy to LWMH in pre-
venting VTE complications after THA without 
increasing postoperative bleeding complications 
[49, 64].

�Nonpharmacologic Prophylaxis

�Mechanical Prophylaxis
Recently, increased interest in pneumatic com-
pression devices for VTE prophylaxis following 
THA has developed due to the development of 
mobile compression devices that can be used 
after hospital discharge [44]. The use of pneu-
matic compression devices is predicated on the 
physiological concept that compression of the 
lower extremity venous system decreases 
venous stasis, increases local blood flow, and 
increases local, but not systemic, fibrinolysis 
[50, 65]. The efficacy of these devices in pre-
venting VTE after THA has been assessed since 
the 1980s, but conclusions have been limited by 
the quality of these studies. Initial studies dem-
onstrated pneumatic compression devices to be 
inferior to warfarin in preventing VTE forma-
tion after THA [66–68]. More recent studies 
comparing LWMH to the use of a foot pump or 
mobile compression device suggest similar effi-
cacy between the two modalities but these stud-
ies were underpowered [69, 70].

J.R. Lieberman and R.K. Alluri



55

The aforementioned results led to the ACCP 
recommending (grade IC) mobile pneumatic 
compression devices as a stand-alone measure 
for VTE prophylaxis after THA only if worn for 
at least 18 h per day [43, 71]. The obvious advan-
tage of these mechanical compression devices is 
the absence of postoperative bleeding risk, but 
mechanical prophylaxis is typically discontinued 
at the time of discharge and given recent decreases 
in inpatient stay after THA, this could lead to 
inadequate prophylaxis. The development of por-
table mechanical compression devices has helped 
mitigate this issue and recently published studies 
demonstrate promising results [71]. However, the 
cost of these devices and continued concerns 
regarding post-discharge compliance have lim-
ited their use.

Decreased venous stasis and increased 
regional blood flow can also be achieved through 
postoperative ambulation. Some studies have 
demonstrated a significant decrease in postopera-
tive VTE complications in patients who ambu-
lated early in the postoperative period [13]. The 
AAOS makes a consensus recommendation for 
early mobilization after THA given its potential 
efficacy, minimal cost, and low risk [26].

�Inferior Vena Cava (IVC) Filters
Patients undergoing THA who have increased risk 
for both PE and major bleeding, contraindications 
to chemoprophylaxis, or recurrent PE despite 
therapeutic chemoprophylaxis may be considered 
for IVC filter placement [72]. When placed, these 
filters have the ability to block the passage of 
emboli from the lower extremity venous system 
to the pulmonary circulation. However, there 
have been no randomized studies assessing the 
primary prevention efficacy of IVC filters in pre-
venting PEs. Therefore, the ACCP does not rec-
ommend (grade 2C) the use of an IVC filter as 
primary prophylaxis as opposed to no thrombo-
prophylaxis at all in patients with high risk for 
both PE and bleeding [43]. The AAOS makes an 
inconclusive statement about the use of IVC fil-
ters in this same patient population [26]. The con-
cern is that IVC filters may not reduce symptomatic 
PE rates and that chronic disease may develop if 
filters are left in place [73, 74].

�Duration of Prophylaxis

The exact duration of VTE prophylaxis following 
THA has not been definitively established but there 
is general agreement that prophylaxis should start 
on the day of surgery and continue for at least 
10–14  days [16]. However, extended duration of 
VTE prophylaxis, up to 35 days, has demonstrated 
significant decreases in VTE complications as well 
[75–79]. Currently, the ACCP provides a grade IB 
recommendation for 10–14 days of prophylaxis and 
a grade 2B recommendation for extended prophy-
laxis up to 35 days, while the AAOS does not pro-
vide a specific duration recommendation [26, 43]. 
The ideal duration for postoperative VTE prophy-
laxis remains highly patient-dependent and most 
surgeons base their duration on perioperative risk 
factors for VTE complications after THA [18, 34].

�Summary of VTE Prevention

The selection of an ideal postoperative VTE pro-
phylaxis regimen after THA is of paramount 
importance in the perioperative management of 
arthroplasty patients. As the total number of 
THAs performed annually continues to grow, 
particularly in patients with greater clinical risk 
factors for VTE, an effective and safe prophylac-
tic regimen that minimizes VTE complications 
without significantly increasing postoperative 
bleeding complications must be selected in a 
patient-dependent manner. Further research is 
needed to develop more effective risk stratifica-
tion strategies, allowing for appropriate antico-
agulation strength and duration, while minimizing 
chemoprophylaxis complications. An ideal pro-
phylaxis regimen seeks to prevent symptomatic 
VTE events while limiting bleeding and other 
wound complications.

�Diagnosis

The clinical diagnosis of DVT and PE can be 
extremely challenging as signs and symptoms are 
neither specific nor sensitive for each entity, and 
thus clinical suspicion must always remain high 
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for VTE complications after THA [4, 80]. Thigh 
and calf swelling (85%), localized limb pain 
(78%), positive Homan’s sign (56%), erythema 
(24%), and fever (5%) have been associated with 
the presence of DVT [81–83]. Unfortunately, the 
specificity of these clinical signs is low and less 
than a third of patients with a proven DVT will 
present with a combination of these physical 
exam findings [4].

The clinical diagnosis of PE also remains 
challenging due to the absence of specific exam 
findings and often vague or atypical patient 
symptoms. Classically, PE presents with dys-
pnea (60%) and pleuritic chest pain (80%); 
however, the combination of these findings is 
present in only 40% of patients with proven PE 
[14, 84]. Additional clinical signs of PE may 
include fever (50%), tachycardia (43%), neck 
vein distention (30%), hypoxia (18%), and 
hypotension (10%) [84, 85]. Massive PE can 
present as syncope or sudden death. Due to the 
lack of specificity in clinical exam findings for 
diagnosing PE, several lab tests and clinical pre-
diction models have been developed. The 
D-dimer level may be a useful predictive tool, 
particularly in patients where there is a low clin-
ical suspicion for PE; however, D-dimer levels 
are typically already elevated in postoperative 
patients, making this an unreliable test acutely 
after THA [86]. The Wells score, a popular clini-
cal predictive model, was developed in nonsur-
gical patients and has never been validated in an 
orthopedic population [87].

Given the nonspecific clinical exam findings 
associated with both DVT and PE, their diagno-
sis is dependent on both high clinical suspicion 
and confirmatory testing with advanced imag-
ing. Venography has classically been deemed 
the “gold standard” for the diagnosis of lower 
extremity DVT, but is associated with high cost, 
patient discomfort, and requires the use of con-
trast material [14]. Ultrasound has largely 
replaced venography and is able to detect symp-
tomatic proximal DVTs with near 100% sensi-
tivity in a noninvasive manner [88]. However, 
ultrasound remains user-dependent and reported 
sensitivities of the modality may not be general-
izable to all institutions. Currently both the 

AAOS and ACCP guidelines strongly recom-
mend against routine postoperative screening 
with ultrasound [26, 43].

The diagnosis of PE is also dependent on 
advanced imaging modalities. In all patients 
with suspicion for PE, the treating physician 
should consider obtaining an electrocardio-
gram (EKG), chest radiograph, and/or arterial 
blood gas. Although these initial studies are 
not adequate to diagnose PE, they may serve 
to identify other cardiopulmonary pathologic 
processes that present similarly to PE and thus 
appropriately guide treatment [14]. Pulmonary 
angiography has long served as the benchmark 
for the diagnosis of PE, but it is invasive and 
expensive. Therefore alternative modalities 
including ventilation-perfusion (VQ) scanning 
and computed tomography pulmonary angio-
gram (CTPA) were developed [59]. CTPA 
allows for direct visualization of the clot while 
also identifying other potential pathologic 
processes in a time-efficient manner; how-
ever, it is expensive and has a radiation expo-
sure equivalent to 100–400 chest radiographs 
[59]. VQ scanning requires less radiation and 
provides a cheaper diagnostic alternative, but 
interobserver agreement may be as low as 70% 
in intermediate and low-probability scans [89]. 
When comparing the two imaging modalities, 
CTPA has a higher positive predictive value 
than VQ scans; both have similar accuracy 
when ruling out PE [90].

CTPA has evolved into the primary imaging 
modality to detect PEs and its high sensitivity led 
to an increase in the diagnosis of PE; however, 
there has not been an associated increase in mortal-
ity [91]. The increase in diagnosis is likely due to 
detection of additional small segmental and sub-
segmental emboli which may be secondary to fat 
and marrow debris [91]. There is concern that these 
small emboli are not clinically relevant and that 
patients may receive unnecessary anticoagulation.

Clinical suspicion for VTE complications 
after THA must be individualized on the basis of 
perioperative risk factors, and pretest suspicion 
should guide appropriate ordering of diagnostic 
studies to confirm or exclude the diagnosis of 
DVT or PE.
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�Treatment

The goal of treating lower extremity DVTs after 
THA is to prevent propagation of thrombus, pre-
vent formation of PEs, restore venous patency, 
and decrease the risk of post-thrombotic syn-
drome (PTS). PTS can be a painful and a dis-
abling condition consisting of leg swelling, 
dermatitis/cellulitis, and ulceration which can 
occur in 4–29% of patients after acutely diag-
nosed DVT [92, 93].

The causal relationship between lower extrem-
ity DVT and development of PE remains contro-
versial and not clearly understood. Some 
physicians consider DVT and PE to be distinct 
clinical entities while research has demonstrated 
both strong and weak correlations for developing 
a PE in the setting of a diagnosed lower extremity 
DVT [94–98]. Currently, the AAOS guidelines 
state that there is a lack of evidence establishing a 
clear association between DVT and PE in patients 
undergoing THA, while the ACCP guidelines 
maintain that there is a consistent association 
[26, 43]. The unclear relationship between lower 
extremity DVTs and formation of PE has made 
the treatment of calf clots controversial.

The treatment of PE is focused on decreasing 
and preventing morbidity and mortality. The 
acute and chronic complications of untreated PEs 
include increased pulmonary vascular resistance, 
increased airway resistance, chronic thromboem-
bolic pulmonary hypertension, and mortality [94, 
99]. Although historically there was an estab-
lished link between untreated PE and mortality, 
as more sensitive imaging modalities have devel-
oped, the diagnosis of PE more than doubled 
without a corresponding increase in mortality 
rate [91, 100, 101]. This lends credence to the 
thought that PE is a spectrum of disease ranging 
from large central clots to small subsegmental 
clots [94]. Currently the clinical significance of 
these smaller, asymptomatic occlusions remains 
unclear and it is possible that PEs are being over-
treated in the THA population [59, 91].

In a patient with a diagnosed PE or DVT after 
THA, treatment regimens are highly individual-
ized and must consider the location of the DVT, 
amount of PE pulmonary involvement, and 

risk factors for development of recurrent VTE 
complications. In the setting of diagnosed VTE 
complications after THA, many institutions fol-
low antithrombotic recommendations made by 
the ACCP. Currently, the ACCP makes a strong 
(Grade 1B) recommendation for 3  months of 
anticoagulation for a first time proximal DVT or 
PE in a patient after THA [102]. In patients with 
an isolated distal DVT after THA, the ACCP 
makes a weak (Grade 2C) recommendation for 
3  months of anticoagulation [102]. In patients 
with elevated risk factors for recurrence or in 
patients with previous PE or DVT who rede-
velop VTE complications, consideration should 
be given toward extended or life-long anticoagu-
lation. There are several pharmacologic agents 
available to achieve therapeutic anticoagulation 
and ACCP guidelines currently recommend ini-
tial anticoagulation with LMWH, fondaparinux, 
or rivaroxaban, and long-term anticoagulation 
with warfarin [102]. Although there are sev-
eral other agents (i.e., dabigatran, rivaroxa-
ban, apixaban) also being used for long-term 
anticoagulation. If a patient requires long-term 
anticoagulation, the senior author defers to the 
patient’s primary care physician for selection of 
the appropriate agent.

With parenteral anticoagulation, the ACCP rec-
ommends continuing warfarin for at least 5 days and 
until the INR is 2–3 for at least 24 h. In the setting 
of VTE, LMWH is dosed at 1 mg/kg twice daily or 
1.5 mg/kg daily. Fondaparinux dosing varies based 
on weight: 5 mg daily for patients <50 kg, 7.5 mg 
daily for patients 50–100 kg, and 10 mg daily for 
patients >100 kg. Rivaroxaban is dosed initially at 
15 mg twice daily for 21 days followed by a long-
term dose of 20 mg daily. The senior author tries 
to avoid giving patients in the early postoperative 
period a bolus dose of intravenous heparin because 
of concerns regarding bleeding.

The initiation of therapeutic anticoagulation 
should occur as soon as possible. The surgeon 
must make this decision by factoring in the risks 
of withholding anticoagulation and the risks of 
anticoagulation itself, particularly bleeding lead-
ing to wound complications and increased infec-
tion rates [59]. Consideration should also be given 
toward intra-arterial thrombolysis or surgical 
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embolectomy, in patients with PE and 
hemodynamic instability. Intra-arterial thrombol-
ysis allows for mechanical fragmentation of 
thrombus and is often combined with pharmaco-
logic thrombolysis. Surgical embolectomy may 
best be suited for patients with massive PE who 
require removal of a right atrium thrombus or clo-
sure of a patent foramen ovale. Finally, in patients 
who develop VTE complications while already 
on therapeutic anticoagulation or those with con-
traindications to therapeutic anticoagulation, 
placement of an IVC filter should be considered.

The treatment of VTE complications after 
THA remains a controversial subject. Untreated 
VTE complications may increase mortality rates 
after THA, but unnecessary anticoagulation 
may contribute to increased mortality rates and 
morbidity from postoperative bleeding. Further 
research is needed specifically assessing the 
relationship between DVT and PE and the clini-
cal significance of small, asymptomatic PEs.

�Case Solution

The patient has a prior history of PE after THA so 
he is considered high risk for development of a PE 
with this procedure. There is no evidence-based 
data to guide the orthopedic surgeon with respect to 
management of this problem, but the senior author 
has a protocol that he uses, which starts prior to 
surgery. First, these patients are sent for medical 
evaluation of their overall cardiopulmonary status, 
which often includes a cardiac stress test. Second, 
the patients receive an ultrasound duplex scan. A 
duplex scan is ordered because in some cases these 
patients may have had a simultaneous lower 
extremity blood clot with the PE. This can lead to 
an abnormality in the venous system. If the patient 
develops postoperative lower extremity swelling, 
there is a low threshold to obtain a duplex scan and 
it is important to recognize if the abnormality in the 
venous system was present before the surgical pro-
cedure. The patient diagnosed with the clot on an 
aggressive anticoagulant agent who had a prior PE 
could end up on anticoagulation therapy for life, 
which is associated with morbidity and mortality.

With regard to anticoagulation, the senior 
author usually prefers to place these patients 
with prior pulmonary embolism on warfarin for 
6  weeks with a LMWH bridge. The use of 
LMWH bridge therapy is decided upon after 
discussion with the patient’s primary care phy-
sician or cardiologist. The patients receive 
10 mg of warfarin the night of surgery. They are 
given a first dose of LMWH 30 mg beginning 
24 h after the surgery. Mechanical compression 
is also used. LWMH 30 mg twice daily is given 
until the INR is at a level of 2.0 for 2 days. The 
target INR for the warfarin is 2.0. The dosing of 
warfarin on the second day is determined by the 
INR result after the initial dose. Given the 
patient is on two anticoagulant agents, there are 
concerns about bleeding, so the warfarin dose is 
gradually increased.

If the patient has a prior DVT, but not a pul-
monary embolism, then the senior author does 
not use bridging with LMWH; however, warfarin 
is continued for 6  weeks and the target INR is 
still 2.0 in these cases.

Early ambulation is probably very important 
in these patients. These patients should ambulate 
the day of surgery if possible. In addition, these 
patients are prescribed compressions stockings to 
limit venous stasis.

�Summary

Orthopedic surgeons are highly interested in 
VTE prophylaxis because it can lead to death of 
the patient. The goal of prophylaxis is to prevent 
symptomatic DVT and PE. Risk stratification is 
the key to prevent over-anticoagulating some 
patients with subsequent bleeding, while leaving 
some patients at increased risk for VTE because 
of insufficient anticoagulation. Appropriately 
powered multicenter randomized trials with 
well-defined parameters for symptomatic PE and 
DVT are needed to assess the efficacy of various 
agents. In addition, studies are needed to deter-
mine the critical coagulation factors that increase 
the risk of thrombus formation in certain patients 
after THA.
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Evaluation of the Painful Total Hip 
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�Case Example

A 45-year-old female underwent a right primary 
total hip arthroplasty 3 years ago for a diagnosis 
of osteoarthritis. She notes that she never had 
complete resolution of pain following her sur-
gery, with persistent symptoms that have mark-
edly worsened over the last month. Her pain is 
localized to the groin and anterior thigh. She 
denies start-up pain in the thigh, fevers, or 
chills. She has an antalgic gait that favors her 
right side. She also complains of a leg-length 
discrepancy with the right, operative side being 
longer than the left. This discrepancy was mea-
sured to be 2 cm both clinically and radiograph-
ically from her presenting anteroposterior 
radiograph. Her prior posterolateral incision is 
well healed, and she has slight pain with hip 
internal rotation to 20° and extension/external 

rotation of the lower extremity. She also noted 
significant pain when moving from the seated to 
standing position in the groin area. The patient’s 
radiographs demonstrated a well-fixed total hip 
arthroplasty with cementless acetabular and 
femoral fixation (Fig. 7.1).

�Introduction

Total hip arthroplasty (THA) is one of the most 
successful procedures in orthopedics, demon-
strating excellent survivorship and low compli-
cation rates in the treatment of degenerative hip 
disease [1]. Pain relief remains the primary 
goal of THA, yet many patients continue to 
experience persistent pain postoperatively, even 
in the setting of well-fixed and acceptably 
aligned components. Prior reports have noted 
up to 40% of patients to report some pain fol-
lowing their THA, and thus persistent pain fol-
lowing THA remains a concern [2–10]. In a 
prospective investigation of 196 patients less 
than 60 years of age undergoing THA, Nam 
et  al. found 40% of patients report pain in at 
least one location around the hip, with 29% 
reporting groin pain, 25% reporting anterior 
thigh pain, and 20% reporting lateral thigh pain 
when assessed using a pain-drawing question-
naire [11]. Trochanteric pain was noted to be 
very high, with 37% of THA patients reporting 
pain in that location.
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As groin pain is often a presenting symptom in 
patients seeking THA, its presence postoperatively 
remains a major concern for patients. Potential 
causes of groin pain following THA include 
impingement of the femoral neck against the ace-
tabulum or soft tissues, irritation of the iliopsoas 
tendon across the rim of the acetabular component, 
or potential anterior instability with irritation of the 
capsule and anterior musculature [3, 12]. 
Furthermore, numerous factors have been associ-
ated with the occurrence of thigh pain after the use 
of cementless femoral stem fixation in THA includ-
ing a patient’s bone quality, prosthesis design, stem 
size, age, gender, and activity level [13–15].

Given the high prevalence of pain following 
THA, patient education remains critical. 
Surgeons must counsel their patients prior to 
THA that even in the setting of well-fixed and 
acceptably aligned components, there remains 
the risk that some symptoms may persist. 

Mancuso et al., in a telephone interview of 405 
patients undergoing THA, noted that only 43% of 
patients reported all of their preoperative expec-
tations to have been fulfilled following THA [8]. 
In addition, prior reports have noted failure to 
fulfill patient preoperative expectations as the 
primary predictive factor of patient dissatisfac-
tion following total joint arthroplasty [16, 17].

However, while patients may present with a 
painful THA without a clear etiology, it is critical 
that the physician is aware of the wide array of 
identifiable causes of pain following THA that 
require investigation. Potential etiologies include 
infection, component loosening, fracture, soft-
tissue impingement, bursitis, tendonitis, bearing 
surface wear, and synovitis as well as adverse 
local tissue reactions secondary to corrosion at 
modular junctions [12, 18]. Ulrich et al. reviewed 
225 revision THAs performed over a 6-year time 
period at two centers, and noted 51.9% to be 
revised for aseptic loosening, 16.9% for instabil-
ity, and 5.5% for infection. The most common 
causes for revision within 5 years were instability 
and infection [19]. Haynes et  al., in an institu-
tional review of 870 revision THA procedures, 
noted the most common indications for revision 
surgery to be aseptic loosening (31.3%), osteoly-
sis (21.8%), and instability (21.4%) [20]. The 
introduction of highly cross-linked polyethylene 
in total hip arthroplasty has demonstrated excel-
lent wear properties; thus revision specifically for 
periprosthetic osteolysis will hopefully decrease 
and implant longevity will improve [21, 22]. 
However, osteolysis still remains a predominant 
cause of long-term failure, especially in THAs 
implanted prior to the introduction of highly 
cross-linked polyethylene and in malpositioned 
components predisposed to eccentric loading. 
Thus, there are an extensive number of potential 
etiologies of pain following primary THA, and it 
is critical that physicians maintain a systematic 
approach towards the painful THA to avoid a 
missed diagnosis. The purpose of this chapter is 
to review the evaluation and approach to the 
painful THA, including the physical examina-
tion, radiographic analysis, and indications for 
secondary imaging and laboratory studies that 
may guide the physician towards a diagnosis.

Fig. 7.1  Anteroposterior pelvis (a) and cross-table lateral 
hip (b) radiographs demonstrating a cementless total hip 
arthroplasty without signs of radiographic loosening. The 
acetabular component is in approximately 60° of abduc-
tion and 30° of anteversion
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�Patient History and Differential 
Diagnosis

A thoughtful, precise history is tremendously 
valuable in the evaluation of the patient with a 
painful THA. Being thorough can narrow the dif-
ferential diagnosis and focus the diagnostic 
workup considerably. It is helpful to categorize 
pain arising from THA into intrinsic origins and 
extrinsic origins (Table 7.1), and attention should 
be directed towards the location of pain, time of 
onset, severity, character of the pain, precipitat-
ing factors, and relieving elements.

In a patient presenting with a painful THA, it is 
often beneficial to obtain the patient’s prior clini-
cal and operative records, along with implant 
stickers identifying the specific prosthesis utilized. 
This can provide valuable insight into potential 
intraoperative or perioperative complications that 
may have occurred and provide clues towards eti-
ologies of the patient’s pain. In addition, implant 
records allow the surgeon to keep in mind specific 
failure mechanisms that are associated with cer-
tain devices, and they are also useful during preop-
erative planning of a revision procedure.

The temporal onset in particular can provide a 
wealth of clues. If the patient has had pain since 
the index procedure without a pain-free interval, 
then failed fixation of implants, acute infection, 
intraoperative or postoperative fracture, or misdi-

agnosis of the patient’s original disability (lum-
bar spine disease) are all potential causes [23–25]. 
Likewise, delayed pain years after the well-
functioning index arthroplasty is performed is 
suggestive of aseptic loosening; while osteolysis, 
chronic infection, and periprosthetic stress frac-
ture are also included in the differential. While a 
history of multiple dislocations regardless of the 
time of presentation presents a clear diagnosis as 
a potential etiology of pain, more subtle findings 
such as hip instability and increased demand on 
secondary stabilizers of the hip joint may require 
further investigation.

The location can also provide the physician 
with insight into the etiology of pain. Groin or 
buttock pain often indicates acetabular compo-
nent (loosening, uncoverage of component, oste-
olysis), capsular, or iliopsoas dysfunction 
(tendinitis or impingement). Acetabular compo-
nent uncoverage of >5 mm on a cross-table lat-
eral radiograph has been associated with an 
increased likelihood of groin pain following THA 
[8]. Furthermore, in a patient with eccentric poly-
ethylene wear, corrosion at a modular interface, 
or metal-on-metal bearing surface wear, intra-
articular debris may stimulate an inflammatory 
response leading to synovitis and groin pain [26]. 
Less likely origins of groin pain also include her-
nias, metastatic cancer, neuropathy, vascular 
pathology, retroperitoneal abscess, and certain 
metabolic conditions (Paget’s disease) [27–30].

In contrast, anterior thigh pain is often related 
to the femoral component, and can represent 
loosening or an elastic modulus mismatch 
between an uncemented stem and bone in the 
case of end-of-stem pain [5, 31–34]. With the use 
of cementless femoral fixation, it is hypothesized 
that a more physiologic stress transfer with load-
ing of the proximal, metaphyseal femur should 
diminish the incidence of thigh pain, while iso-
lated loading of the diaphyseal region may 
increase its incidence. However, multiple factors 
may predispose a patient to postoperative thigh 
pain including the femoral stem design used, 
stem composition (titanium vs. cobalt-chrome), 
and native femoral anatomy [15, 33, 35]. Cooper 
et al., in a retrospective review of 320 consecu-
tive THAs performed using a proximally coated, 

Table 7.1  Differential diagnosis of the painful THA

Intrinsic origins Extrinsic origins

Infection Lumbar spine disease

Loosening •  Stenosis

•  Cemented prosthesis •  Spondylolisthesis

•  Uncemented prosthesis •  Herniated disc

Periprosthetic fracture Peripheral vascular disease

Stress fracture Neuropathic causes

Implant fracture •  Sciatic, femoral

Dislocation Hernia—femoral, inguinal, 
obturator

Osteolysis Metabolic disease

Adverse local tissue 
reaction

•  Paget’s disease

Heterotopic ossification Metastatic disease

End-of-stem pain 
(modulus mismatch)

Retroperitoneal abscess

Bursitis or tendonitis Retroperitoneal tumor
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tapered wedge femoral stem, found a greater 
canal fill at the distal-third of the femoral stem to 
be a risk factor for failed stem osseointegration 
and pain [15].

One specific symptom often described is 
“start-up” pain, or pain at the initiation of activity 
(often walking) that subsides with increased 
movement. This symptom is often indicative of 
femoral stem loosening or failure of ingrowth 
[36]. This is in contrast to “end-of-stem pain” as 
described by Engh and Bobyn, in which micro-
motion at the tip of the femoral stem (often in an 
implant well fixed proximally) or load transmis-
sion through the tip of the stem to the native 
femur may cause discomfort [34]. Of note, in a 
well-fixed cemented femoral prosthesis, thigh 
pain is rare as bone cement distributes the load 
over the full length of the stem and prevents api-
cal oscillations seen with end-of-stem pain [37]. 
Thus, thigh pain in a patient with a cemented 
femoral prosthesis is often indicative of compo-
nent loosening [38].

Pain localized over the greater trochanter is 
very common following THA and often repre-
sents bursitis. However, it can also be attributed 
to abductor deficiency or fracture of the greater 
trochanter from trauma and/or osteolysis [11, 
39]. Thus, a thorough clinical examination is 
essential to distinguish bursitis from abductor 
deficiency or potential periprosthetic fracture.

Pain that becomes more severe with activity, 
such as walking or standing, and is significantly 
improved with rest, suggests loosening, fracture, 
or vascular/neurogenic claudication. 
Alternatively, rest pain that is constant or night 
pain should raise one’s suspicion for deep infec-
tion or tumor. The surgeon should also inquire 
about postoperative wound drainage, fever, or 
being prescribed a course of oral antibiotics if an 
infectious cause for THA pain is being sought. As 
noted earlier, significant pain that occurs with the 
first few steps the patient takes and then improves 
(“start-up pain”) can occur with a loose or fibrous 
adherence of a cementless femoral component, 
but may also be present due to inadequate acetab-
ular component fixation.

Precipitating and relieving factors should also 
be identified during the patient interview. Pain 

occurring after a fall or other traumatic event 
could be the result of fracture or component sub-
luxation/dislocation. The patient that has a pain-
ful THA after a urologic, gynecologic, or 
gastrointestinal surgery, systemic illness, or den-
tal procedure should be worked up for infectious 
etiology. Additionally, radiating hip pain or 
numbness that has improved with physical ther-
apy, oral steroids, or epidural injections could be 
attributed to lumbar disc disease, a frequently 
missed diagnosis in these patients [23, 25, 40].

�Physical Examination

A comprehensive examination of the patient pre-
senting with a painful THA includes evaluation 
of the hips, knees, and spine. Neurogenic and 
vascular causes of pain should be ruled out. A 
detailed neurovascular examination including 
deep tendon reflexes, sensory assessment, and 
peripheral pulses can often distinguish lumbar 
spine and vasculogenic pain from true hip pain. 
The patient’s gait should be scrutinized for a 
Trendelenburg gait, antalgia, limb-length 
inequality, and muscular deficiencies. A 
Trendelenburg gait often suggests abductor 
weakness whereas an antalgic gait can be sec-
ondary to numerous hip or spinal conditions. 
True limb lengths can be determined with wooden 
blocks and are differentiated from apparent limb 
lengths caused by abduction or adduction con-
tractures, scoliosis of the lumbar spine, or fixed 
pelvic obliquity. Plaas et  al. reported on limb-
length discrepancy in THA in regard to function 
and pain [41]. They found that limping was more 
common in patients with a shorter postoperative 
leg while pain was more common in patients with 
a longer operative leg when compared to patients 
with equal leg lengths (within 3 mm) [41].

The skin of the back and lower limbs is 
assessed for signs of infection (warmth, drainage, 
fluctuance), open wounds, tender bursae (espe-
cially over the greater trochanters), or hernias. 
Additionally, hip and knee arc of motion can pro-
vide valuable information, especially when symp-
toms can be reproduced, for narrowing the 
differential. Pain with passive motion can be the 
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result of infection, fracture, synovitis, or gross 
component loosening. On the other hand, pain 
with active or extreme motion may indicate loos-
ening, instability, or impingement. Pain from ilio-
psoas tendonitis can be elicited with resisted hip 
flexion or passive extension, while pain with ipsi-
lateral or contralateral passive straight leg raise is 
often noted in lumbar spine disease. If based on 
the physical examination multiple potential etiol-
ogies of pain are identified, local anesthetic injec-
tions may prove both diagnostic and therapeutic. 
Ultrasound-guided injections into the iliopsoas 
sheath are often useful in identifying iliopsoas 
tendonitis, while trochanteric bursa or lumbosa-
cral injections may also help to localize a patient’s 
symptoms. Pain due to hip instability or sublux-
ation may be elicited with provocative maneuvers 
such as hip flexion, adduction, and internal rota-
tion (posterior instability), or extension and exter-
nal rotation (anterior instability), although 
significant caution should be used to avoid frank 
dislocation in the outpatient clinical setting.

Lastly, prior to performing the physical exam-
ination in a patient with a prior total hip arthro-
plasty, the authors suggest that standard 
anteroposterior pelvis and lateral hip radiographs 
are obtained and reviewed. In the setting of gross 
implant loosening, instability, or fracture, the 
physical examination should be limited to avoid 
worsening of a patient’s condition (Fig. 7.2).

�Radiographic Evaluation

All patients presenting with a painful primary 
total hip arthroplasty should receive radiographic 
imaging as part of their initial evaluation. Plain 
radiographs, including an anteroposterior pelvis 
and cross-table lateral radiograph of the entire 
prosthesis, can prove tremendously useful in nar-
rowing the differential diagnosis. Radiographs 
may clearly demonstrate subluxation or disloca-
tion of the prosthesis, or even a periprosthetic 
fracture as the etiology of a patient’s pain 
(Fig. 7.3). It is important to first understand the 
“normal” radiographic appearance of a THA, as 
this will help the surgeon recognize abnormali-
ties that may guide them to their diagnosis.

In a primary THA, the acetabular and femo-
ral components may be cemented or nonce-
mented, although most commonly cementless 
fixation is currently utilized in the United States. 

Fig. 7.2  Anteroposterior pelvis (a) and cross-table lateral 
hip (b) radiographs revealing a anteriorly dislocated total 
hip arthroplasty. The acetabular component is grossly 
loose and there is suspected loosening of a long-stem, 
cemented femoral prosthesis

Fig. 7.3  Anteroposterior pelvis radiograph of a patient 
presenting with left hip pain 6 weeks following their pri-
mary THA. Radiographs demonstrate a left medial calcar 
fracture and femoral stem subsidence
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The acetabular component should be assessed 
for component alignment (often with a target of 
approximately 40° of abduction and 20° of ante-
version based on surgeon preference) and appear 
well seated without radiolucencies at the bone-
implant interface. The femoral head should sit 
concentrically within the acetabular component, 
as superior migration of the femoral head 
indicates polyethylene wear. When a cementless 
femoral component is used, the well-fixed com-
ponent demonstrates bone sclerosis and trabec-
ulae extending onto the prosthesis. In the setting 
of a cemented femoral component, the cement 
mantle should be approximately 2 mm thick cir-
cumferentially and absent of radiolucencies at 
the bone-cement or implant-cement interfaces.

The importance of serial radiographs in the 
evaluation of the painful THA cannot be under-
stated as they may guide the physician in assess-
ing component migration, progression of 
radiolucencies or osteolysis, or new cortical 
irregularities that may indicate impending frac-
ture, component subsidence, or potentially infec-
tion. Whenever possible, prior radiographs 
should be analyzed to assess a patient’s progres-
sion to their current state (Fig. 7.4). Furthermore, 
if a patient is suspected to have an etiology of 
pain not in the hip (i.e., lumbar degenerative dis-
ease), imaging of that region should be per-
formed. Lastly, a “pre-arthroplasty” radiograph is 
also useful in determining if there was an appro-
priate indication for the index THA procedure.

Aseptic loosening of a hip prosthesis is most 
reliably diagnosed on sequential radiographs that 
demonstrate component migration or subsidence 
after an infectious etiology is ruled out. It is critical 
that radiographs are performed in a rotationally 
controlled, standardized fashion to avoid a misdi-
agnosis based on variations in image acquisition. 
Loosening of a cementless femoral prosthesis is 
suggested in the presence of radiolucencies at the 
bone-implant interface of approximately 2  mm 
surrounding the component, or progression of 
these radiolucencies [42]. In addition, a “pedestal” 
sign may be seen at the distal end of the stem, indi-
cating endosteal new bone formation due to stress 
transfer distally and the bone’s response to support 
the tip of the stem [43] (Fig. 7.5).

Loosening of a cemented femoral prosthesis is 
suggested in the presence of radiolucencies at the 
cement-bone interface of more than 2  mm sur-
rounding the component or progression of these 
radiolucencies, radiolucency at the implant-
cement interface, or fracture of the cement man-
tle [44]. Furthermore, a grossly loose cementless 
or cemented femoral stem will often fall into a 
retroverted position, which can be appreciated on 
sequential cross-table lateral radiographs. The 
diagnosis of aseptic loosening of an acetabular 
component is assessed in a similar fashion, with 
a circumferential, progressive radiolucency sug-
gestive of component loosening.

Plain radiographs are also useful in the assess-
ment of periprosthetic osteolysis. Osteolytic 

Fig. 7.4  Anteroposterior pelvis radiograph of a well-
fixed, cementless THA performed in 1999 (a) versus the 
same patient in 2015 (b). Sequential radiographs reveal 

eccentric polyethylene wear and significant peritro-
chanteric osteolysis and bone resorption
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lesions are recognized as well-defined radiolucen-
cies that can occur surrounding either the acetabu-
lar or the femoral prostheses [45, 46]. These 
lesions can present far from the articulating sur-
face as hydrostatic pressure can drive joint fluid 
and debris around the prostheses during move-
ment. Oblique radiographs of the pelvis (obturator 
and iliac oblique-Judet views) are often useful in 
defining the extent of osteolysis, yet they still can 
underestimate its true extent. Oblique radiographs 
are also useful in defining the integrity of the ante-
rior and posterior columns (Fig. 7.6), but may miss 
subtle fractures or incongruities. A computed 
tomography scan is increasingly sensitive in defin-
ing the extent of osteolysis and remaining bone 

stock, and can be considered when evaluating a 
patient with significant bone loss [47].

Radiographic findings in the setting of chronic 
infection often include irregular radiolucencies 
suggestive of component loosening, bone 
destruction, and potentially periosteal reaction in 
the setting of a long-standing infection [48] 
(Fig. 7.7). Furthermore, a soft-tissue collection or 
effusion may be seen on radiographs or with 
more advanced imaging. A three-phase techne-
tium bone scan can also be used to help to iden-
tify implant loosening, although this is a 
nonspecific test that cannot differentiate between 
septic an aseptic etiologies and it may demon-
strate increased uptake for several years follow-
ing an uncomplicated THA.  Other potentially 
useful advanced imaging studies include an 
indium-labeled white blood cell scan or a posi-
tron emission tomography scan, although if there 
is suspicion for infection, aspiration of the hip 
joint sending the fluid for a synovial fluid white 
blood cell count with differential and culture 
remains the most reliable and cost-effective 
method of diagnosis.

Numerous advanced imaging modalities are 
available if plain radiographs including oblique 
views fail to reveal a diagnosis. Ultrasound can 
be used to evaluate for the presence of a joint 
effusion or periarticular fluid, and may also detect 
soft-tissue abnormalities such as iliopsoas or tro-
chanteric bursitis. Furthermore, with increased 
awareness surrounding adverse local tissue reac-
tions from bearing surface wear or corrosion, 
ultrasound has been shown to be a useful and 
cost-effective screening tool [18]. However, this 
modality is known to be highly user dependent.

As noted earlier, computed tomography is 
valuable in the evaluation of bone stock sur-
rounding a THA, and also might reveal a frac-
ture not visualized on plain radiography. In 
addition, this modality is useful in the assess-
ment of component positioning, in particular 
acetabular anteversion, in the setting of hip 
instability. However, computed tomography is 
also limited by metal artifact. Magnetic reso-
nance imaging (MRI) with metal artifact reduc-
tion sequences (MARS) can be tremendously 
helpful in the evaluation of soft-tissue masses, 

Fig. 7.5  Anteroposterior right hip radiograph demon-
strating subsidence of a cementless femoral prosthesis and 
femoro-acetabular subluxation. The pedestal formation at 
the distal aspect of the femoral stem and subsidence of the 
calcar of the prosthesis is appreciated relative to the native 
anatomy, both indicating a loose femoral component
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soft-tissue injuries, infection, and adverse local 
tissue reactions. MRI has also been shown to be 
sensitive and specific in the detection of adverse 
local tissue reactions, though the physician must 
understand that the quality of images obtained 
may vary greatly based on the quality of the 
MRI utilized and the skill of the radiologist 
interpreting the images. Advanced imaging 
modalities will be discussed in further detail as 
tools in the diagnosis of perioperative complica-
tions in subsequent chapters of this book.

�Laboratory Evaluation

Laboratory tests are an essential portion of the 
workup of the patient with the painful THA and 
include an erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) followed by 
selective joint aspiration if the serum markers 
are elevated or if clinical suspicion of infection 

is high. Fluid obtained is sent for a synovial 
fluid white blood cell count, differential, and 
culture. These studies together provide abun-
dant information, especially in the setting of 
presumed sepsis. It is the authors’ preference to 
obtain a minimum of an ESR and a CRP prior to 
undertaking a revision THA surgery, although 
the potential for false-positive findings can 
prove problematic. Additionally, if modular 
junction corrosion or failure of a metal on metal 
bearing is suspected, cobalt and chromium lev-
els can be acquired.

The utility of ESR and CRP as indicators of 
infection has previously been reported [49–53]. 
Observing ESR and CRP rates for 1 year in 40 
patients after THA, Aalto et  al. noted that ESR 
was slightly elevated preoperatively, reached a 
peak on postoperative day 6, and decreased with 
time, though at 1 year it was still slightly elevated 
in most patients [49]. On the contrary, CRP was 
normal preoperatively, peaked by postoperative 

Fig. 7.6  Anteroposterior pelvis (a), obturator oblique (b), 
and iliac oblique (c) radiographs of a patient with periace-
tabular osteolysis and a loose, cemented femoral compo-
nent. The anteroposterior view demonstrates osteolysis 

medially and superiorly, while the obturator and iliac 
oblique views demonstrate osteolysis of the anterior and 
posterior columns, respectively

J.R. Petrie and D. Nam



73

day 2, and on average normalized by 3 weeks 
after surgery [49]. Alone, the ESR has a sensitiv-
ity of 60–100% and a specificity of 65–94% in 
the setting of infection [50, 52, 53]. However, 
when combined with the CRP, accuracy in the 
identification of an infected THA is amplified 
[52, 54, 55]. Spangehl et al., in a population of 
202 revision total hip arthroplasties, found that a 
normal ESR combined with a normal CRP has a 
sensitivity of 100% for excluding infection, as all 
infected THAs had at least one elevated inflam-
matory marker [52].

Because of the potential for false-positive cul-
tures (and false negatives), routine preoperative 
aspiration in the setting of a painful THA is not 
practiced at our center. In a group of 270 aspira-
tions obtained prior to revision THA, Barrack 
et  al. had 13% false-positive cultures [56]. 
Instead, if the ESR and/or CRP are elevated, or if 
the patient’s clinical picture is worrisome for sep-

sis, hip aspiration is performed by a skeletal radi-
ologist under fluoroscopic guidance. Cutoff 
values to rule in infection are in alignment with 
the AAOS Clinical Practice Guidelines for peri-
prosthetic joint infection, and will be discussed in 
further detail in subsequent chapters [57].

�Summary

Despite the clinical success of total hip arthro-
plasty, surgeons will often be confronted with a 
patient who returns with a painful THA.  It is 
essential that physicians take a systematic 
approach towards evaluation of these patients 
(Fig.  7.8). Potential etiologies of pain are vast, 
and include infection, component loosening, 
fracture, dislocation, soft-tissue impingement, 
bursitis, tendonitis, bearing surface wear and 
synovitis, hypersensitivity due to metallosis, and 
even implant fracture or failure. Obtaining a thor-
ough history and physical examination is critical 
as it will narrow the differential diagnosis and 
also potentially avoid unnecessary testing. A 
radiographic examination should initially consist 
of anteroposterior pelvis and lateral imaging of 
the effected hip, with full visualization of the 
entire prosthesis. Based on the physician’s differ-
ential, advanced imaging and laboratory markers 
can also be ordered. If an infectious etiology is 
suspected, inflammatory markers and potentially 
a hip aspiration should be performed.

While the potential etiologies of a painful 
THA are vast, a systematic approach will improve 
the likelihood of determining the diagnosis.

�Case Solution

The femoral component consists of a dual-
modular neck prosthesis and a cobalt-alloy fem-
oral head. The acetabular component is in 
approximately 60° of abduction and 30° of ante-
version as measured on anteroposterior pelvis 
and cross-table lateral hip radiographs, respec-
tively (Fig. 7.1a, b). An infectious etiology was 
investigated using an erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), and fluo-

Fig. 7.7  Anteroposterior pelvis (a) and cross-table lateral 
(b) radiographs demonstrating a circumferential radiolu-
cency around the acetabular component and radiolucent 
irregularities at the proximal femur suggestive of chronic 
infection. This patient was diagnosed with a peripros-
thetic infection based on an elevated erythrocyte sedimen-
tation rate, C-reactive protein, and positive hip aspiration 
for Propionibacterium acnes

7  Evaluation of the Painful Total Hip Arthroplasty
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roscopic hip aspiration. The patient’s ESR (5.0; 
normal range 0.0–25.0 mm/h), CRP (0.4; normal 
0.0–9.0 mg/L), and hip aspiration (200 nucleated 
cells/uL, 8% neutrophils; no growth) were all 
normal. Cobalt and chromium levels were 
drawn, with the cobalt elevated at 9.2  ng/mL 
(normal 0.0–0.9 ng/mL) and chromium elevated 
at 2.2 mcg/L (normal 0.0–0.2 mcg/L). Three-
dimensional imaging was performed to evaluate 
for the presence of an adverse local tissue 
reaction, but was unremarkable. Based on the 
patient’s persistent pain the patient elected to 
undergo revision of her right THA to a non-
modular revision femoral stem with a ceramic-
on- polyethylene bearing surface for a presumed 
diagnosis of corrosion. In addition, despite hav-
ing a well-fixed acetabular component, the ace-
tabulum was revised due to its increased 
abduction angle and potential concern for ante-
rior instability given the patient’s physical exam-
ination and pain with extension, and external 
rotation of the lower extremity.

Intraoperatively, as expected both the femoral 
and acetabular components were well fixed. The 
capsular tissues were stained with metal debris 
and corrosion was present at the modular head-
neck junction, but no large adverse local tissue 
reaction was present. The acetabular component 
was in significant abduction, and interestingly the 
prior surgeon had placed an elevated rim acetabu-
lar liner with the elevation located at the posterior-
inferior location of the acetabulum, causing liner 
impingement in extension and external rotation. 
The femoral stem was revised to a non-modular, 
titanium, fully porous-coated femoral stem and a 
ceramic femoral head was used to remove poten-
tial etiologies of cobalt from the prosthesis. The 
acetabular component was revised using a revision 
titanium hemispherical shell with the goal of 
decreasing the abduction angle and improving sta-
bility to allow for equalization of her leg lengths 
(Fig.  7.9). At 1 year postoperatively, the patient 
reports no pain in her right groin or thigh and has 
resumed her baseline activities of daily living.

Fig. 7.8  The evaluation of pain after total hip arthroplasty
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�Case Presentation

A 56-year-old male with a history of previous 
stroke, hepatitis C, and left hip avascular necrosis 
(AVN) presented for evaluation of progressive 
left hip pain at an outside hospital. His physical 
examination was remarkable for a limp, ipsilat-
eral weakness with left upper extremity postur-
ing, as well as a flexion and internal rotation 
contracture of the left hip. His radiographs 
showed femoral head collapse and secondary 
degenerative joint disease (Fig. 8.1).

He subsequently underwent a cementless left 
total hip arthroplasty (THA) and did well until 1 
year postoperatively when he presented with the 
new onset of left hip pain. Radiographs showed 
subluxation of the femoral head (Figs.  8.2 and 
8.3). The patient underwent revision surgery and 
at that time the liner was found to be severely 
worn posterosuperiorly. The cup was revised as 
the locking mechanism was damaged and a 
36  mm femoral head was used; an abduction 
brace was used postoperatively (Fig. 8.4).

Two weeks after the revision the patient dislo-
cated posteriorly (Fig. 8.5). He was treated with 
another revision using an unconstrained tripolar 
construct (Fig. 8.6). Eighteen days later, he again 
dislocated posteriorly and was revised once again 
to a constrained liner (Fig.  8.7). Four months 
later he dislocated yet again (Fig.  8.8a, b) and 
was referred to one of us (GDW) for further eval-
uation and management.

�Epidemiology

Instability is a leading cause of failure of 
total hip arthroplasties [1]. A review of the 
Nationwide Inpatient Sample (NIS) that evalu-
ated 235,857 revision THAs between October 
1, 2005, and December 31, 2010, showed that 
instability is the leading cause of revision at 
22% [2]. Additionally, US Medicare data sug-
gest an overall 3.9% dislocation rate after total 
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hip arthroplasty [3]. When we consider that 
332,000 THAs were performed in 2010  in the 
United States, the need for an understanding of 
the etiology and corresponding treatment of the 
unstable total hip arthroplasty is clear.

�Risk Factors for Dislocation

Classically, patient factors such as neurologic 
and psychological disorders, prior hip surgery, 
and noncompliance all increase the risk of dislo-
cation after THA.  Similarly, post-traumatic 
arthritis is associated with a higher risk of dislo-
cation than primary THA for osteoarthritis [4]. 
Obesity has been linked to both a biomechanical 
predisposition to instability and higher readmis-
sion rates after primary THA [5, 6]. Likewise, 
alcohol abuse has been associated with higher 
general complication rates, including instability, 
after total hip arthroplasty [7]. Advanced age 
and an initial diagnosis of avascular necrosis are 
also associated with dislocation after primary 
THA [8].

Fig. 8.1  Preoperative AP hip demonstrating left hip AVN 
with secondary degenerative changes prior to undergoing 
total hip arthroplasty

Fig. 8.2  AP hip demonstrating subluxation of the femoral 
head

Fig. 8.3  Shoot through lateral hip suggesting subluxation 
of the femoral head

G.D. Wera et al.
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Primary THA performed for an acute femoral 
neck fracture is another high-risk group with 
respect to instability risk [9]. The higher risk of 
dislocation in patients with an acute femoral neck 
fracture probably relates in part to having in most 
cases a relatively normal hip preoperatively with 
high range of motion, which has been shown to 
be a risk factor for dislocation in patients with 
degenerative joint disease as well [10]. Technical 
factors such as surgical approach, soft-tissue ten-
sion and offset, component positioning, impinge-
ment, femoral head diameter, acetabular liner 
profile, and surgeon experience likewise all effect 
the risk of dislocation [11, 12].

Revision THA carries a substantially higher 
risk of dislocation than primary surgery. 
Dislocation rates after revision THA are fre-
quently reported to approach 10% with a history 
of prior dislocation, abductor deficiency, and 
higher Paprosky acetabular bone defects all 
increasing the risk [13].

�Prevention

Avoidance of dislocation is one of the most 
important technical considerations of both pri-
mary and revision total hip arthroplasty. Surgical 
approach has been shown to influence disloca-
tions rates as well. Some data suggest that ante-
rior and anterolateral approaches are associated 
with lower initial dislocation rates after total hip 
arthroplasty [14]. However, additional complica-
tions such as fracture and sensory defects after 
anterior approach total hip arthroplasty may 
negate the stability benefit [15]. The posterior 
approach has been implicated in higher disloca-
tion rates than lateral approaches but diligent 
repair of the short external rotators and capsule 
can minimize instability risk [16, 17]. Therefore, 
conclusive evidence that one approach is superior 
is not evident [18].

Femoral head size and component positions 
are critical components to stability. Larger femo-
ral heads have demonstrated lower initial dislo-
cation rates after primary total hip arthroplasty, 

Fig. 8.4  AP hip after revision of the acetabular component

Fig. 8.5  AP hip demonstrating a posterior dislocation

8  Dislocation After Total Hip Arthroplasty
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particularly in high-risk patients [19, 20]. 
Appropriate implant position has been advocated 
to avoid dislocation and early wear of compo-
nents. Lewinnek et al. described an optimal ace-
tabular position of 15 ± 10° anteversion and lateral 
opening of 40 ± 10° because dislocation rates were 
higher outside the “safe range” [21]. However, 
contemporary studies have demonstrated that 
dislocation rates after THA are low at about 2% 
with more than half of the dislocations occurring 
in cases with acetabular orientation within the safe 
zone [22]. Therefore, component positioning itself 
is probably just one factor that lowers the risk of 
dislocation and careful intraoperative trialing is 
important to lower the risk of instability.

One of the key steps a surgeon can take to 
reduce the risk of dislocation is to identify 
patients who are at high risk as outlined above 
and take measures in those specific cases to 
reduce the risk. Surgeons for example may con-
sider using a larger head size in a patient with 

known risk factors. Another recent option is the 
use of dual-mobility bearings (Fig.  8.9). These 
constructs include a mobile polyethylene insert 
that yields a large jump distance that resists dislo-
cation. While these bearings have their own risks, 
including that of intra-prosthetic dislocation, 
they have been advocated by some surgeons as an 
alternative in patients who are known to be a high 
risk for instability [20].

�Diagnosis

The diagnosis of prosthetic hip dislocation after 
total hip arthroplasty is usually made by plain 
radiographs, history, and physical examination. 

Fig. 8.6  AP hip after revision to an unconstrained tripolar 
construct

Fig. 8.7  AP hip after revision to a modular constrained 
liner

G.D. Wera et al.
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The patient will typically present with a shortened 
limb and external rotation with anterior instability 
or internal rotation with a posterior dislocation; 
confirmation of the direction of instability can be 
made with a shoot through lateral and is important 
to determine appropriate treatment.

Given the importance of component position 
on hip stability, a clear sense of the anteversion of 
the presently implanted components is critical to 
planning appropriate treatment as is an assess-
ment of femoral offset and leg length; all of these 
factors are intimately connected when determin-

ing the overall stability of the hip construct. 
While plain radiographs can be used to assess 
component position (Figs.  8.10 and 8.11), we 
have found preoperative CT to be a more precise 
assessment tool. In order to accurately determine 
acetabular component anteversion, a CT of the 
entire pelvis (not just of the ipsilateral hip) is 
required. Further, in order to accurately deter-
mine femoral component anteversion, the CT 
must include a cut through the ipsilateral epicon-
dylar axis of the knee (Fig. 8.12).

Fig. 8.8  AP hip (a) and lateral (b) demonstrating dislocation of the constrained liner

Fig. 8.9  Operative photograph of a dual-mobility con-
struct featuring a mobile polyethylene insert that yields a 
large jump distance that resists dislocation

Fig. 8.10  AP pelvis demonstrating determination of cup 
abduction to be 41° and within the safe zone of Lewinnek. 
Multiple reference lines are acceptable including a trans-
ischial line, trans-tear drop, or trans-obturator foramen 
line as depicted here

8  Dislocation After Total Hip Arthroplasty
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Other factors that are important to consider 
when evaluating the patient who has dislocated 
include the patient’s perception of their leg 
length. Further, an assessment of abductor mus-

cle strength is critical to perform, given the 
influence of the abductor musculature on hip sta-
bility. Finally, prior to any revision procedure, an 
evaluation for periprosthetic joint infection with 
a serum ESR and CRP, followed by an aspiration 
of the joint if these labs are elevated or if the clin-
ical suspicion for infection is high, should be per-
formed [24].

�Treatment

Nonoperative treatment of the dislocated THA 
includes prompt closed reduction, followed by in 
some cases the use of a knee immobilizer (our 
preference based on cost) or a hip abduction ortho-
sis, and most studies suggest that this strategy will 
be successful in approximately one-half to two-
thirds of patients who dislocate. In a retrospective 
review of first-time and recurrent dislocators fol-
lowing THA, Dewal et  al. found that abduction 
bracing after closed reduction of THA dislocation 
is ineffective in preventing re-dislocation [25]. 
Likewise, Murray et al. found no significant differ-
ence in the 90-day dislocation rate among patients 
who wore a brace compared with the non-braced 
group following revision THA [26].

If the instability has become recurrent, our 
philosophy is to identify and treat the underlying 
etiology of the instability. Prosthetic hip disloca-
tion can be classified according to the primary 
cause of instability including (1) acetabular com-
ponent malposition, (2) femoral component mal-
position, (3) abductor muscle deficiency, (4) 
soft-tissue or bony impingement, (5) late wear of 
a polyethylene liner, and (6) unclear etiology 
(Table 8.1) [27]. In our experience, identification 
and treatment of the primary cause of instability 
are associated with a success rate of 85%.

�Type I Acetabular Component 
Malposition

The appropriate orientation or “safe zone” of the 
acetabular component was described classically 
by Lewinnek as 40° of abduction and 15° of 
anteversion [21]. However, the idea that a single 

Fig. 8.11  Cross-table lateral view demonstrating 38° of 
anteversion with respect to the horizontal film edge as 
originally described by Woo and Morrey [23]

Fig. 8.12  Combined CT scan of the femoral neck and 
ipsilateral trans-epicondylar axis for determining femoral 
component anteversion. It demonstrates retroversion of 
the femoral prosthesis. Wera GD, Ting NT, Moric M, 
Sporer SM, Jacobs JJ, Paprosky WG, Della Valle CJ. The 
Causes and Management of Hip Instability: An algorith-
mic approach. Seminars in Arthroplasty 2015;26(3)131–
135. Reproduced with permission from Elsevier Ltd.
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safe zone exists has been questioned recently 
because up to 58% of dislocated hips occur in 
patients whose acetabular component is within 
the safe zone [22]. Nevertheless, the position of 
implants in cases of unstable total hip arthro-
plasties should be determined. In cases where 
the hip is unstable and the shell is clearly mal-
positioned (retroversion is most common), revi-
sion of the acetabular component and placing it 
in the appropriate anteversion will likely cor-
rect the problem. In general, at this time we also 
maximize femoral head size given its protective 
effect against dislocation; we also consider the 
use of dual-mobility bearings in this population. 
Acetabular component malposition is a leading 
cause of instability after total hip arthroplasty 
[27]. Both plain radiographs and CT scans may 
be utilized to verify implant position (Figs. 8.12 
and 8.13) [28].

�Type II Femoral Component 
Malposition

The incidence of femoral component malposition 
as the etiology of a dislocating hip prosthesis is 
low, with one small series suggesting a rate of 8% 
[27]. Interestingly, radiographic determination of 
femoral component anteversion can be a chal-
lenge on plain radiographs and improving this 
method is a current topic of research [29]. We 
advocate a CT scan in which the transepicondylar 
axis of the femur is included along with the neck 
of the femoral stem (Fig. 8.12). Treatment con-
sists of revision of the femoral component which 
is much more challenging in most cases than 
revision of the acetabular component and hence 
the surgeon should have a clear plan preopera-
tively for removal of what is typically a well-
fixed but inappropriately positioned stem. As 
with all revisions for instability, all aspects of the 
reconstruction must be optimized and we typi-
cally maximize femoral head size at the time of 
revision and once again consider the use of a 
dual-mobility bearing.

�Type III Abductor Insufficiency

The abductor mechanism is composed primar-
ily of the gluteus medius and minimus as well as 
the greater trochanter. Deficiency can arise from 
multiple surgical exposures, neurologic problems, 
greater trochanter nonunion, or superior gluteal 

Table 8.1  Classification system for the unstable THA

Type

Acetabular 
component 
orientation

Femoral 
component 
orientation

Abductor-
trochanteric 
complex Impingement Late wear Intervention

I Incorrect Correct Intact Absent Absent Acetabular component revision

II Correct Incorrect Intact Absent Absent Femoral component revision

III Correct Correct Absent Absent Absent Constrained liner

IV Correct Correct Intact Present Absent 1. Remove sources of impingement

2. Upsize modular head and liner

V Correct Correct Intact Absent Present 1. Modular component exchange

2. Upsize modular head and liner

VI Correct Correct Intact Absent Absent Constrained liner

Wera GD, Ting NT, Moric M, Paprosky WG, Sporer SM, Della Valle CJ. Classification and management of the unstable 
total hip arthroplasty. J Arthroplasty. 2012 May;27(5):710–15. Adapted with permission from Elsevier

Fig. 8.13  CT scan of the pelvis of a patient demonstrat-
ing 19.5° of acetabular retroversion
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nerve injury. In cases of revision total hip arthro-
plasty abductor insufficiency in one series was the 
second leading risk factor for instability after prior 
hip dislocation [13]. In the setting of appropriate 
implant orientation abductor deficiency is a strong 
indication for a constrained liner as large heads 
alone are associated with a high failure rate, with 
some authors recently suggesting a dual-mobility 
bearing as a potential alternative [30]. However, 
limited durability and high failure rates are associ-
ated with constrained liners after total hip arthro-
plasty [31]. In cases of poor bone stock or tenuous 
cup fixation such as Paprosky IIIb acetabulae, 
constrained liners are problematic due to risk of 
shell loosening or catastrophic pullout of the pros-
thesis. In such cases, an initial dual mobility or 
unconstrained tripolar that can be converted to a 
constrained liner in a subsequent reconstruction is 
an attractive alternative. Soft-tissue reconstruction 
in an effort to restore the abductor such as muscle 
transfer has been reported in the literature; how-
ever our own experience with these techniques has 
been mixed [32, 33]. Likewise, various allograft 
reconstructions have been attempted with mixed 
results, especially with respect to gait [34]. This is 
a challenging group of patients and thorough pre-
operative education is required, as in our experi-
ence, the rate of failure and recurrent dislocation is 
clearly highest in this group of patients.

�Type IV Impingement

Impingement is another major cause of instabil-
ity after total hip arthroplasty with a prevalence 
of 9% in one series [27]. Sources of impingement 
may stem from bone, soft tissue, or prostheses 
[35]. Inadequate head-to-neck ratios, length, or 
offset may all contribute to impingement. In 
these cases we recommend removing sources of 
impingement and utilizing a larger femoral head.

�Type V Late Wear of a Polyethylene 
Liner

Late dislocation can present many years follow-
ing a previously well-functioning total hip arthro-
plasty [36]. As the liner wears there is a 

corresponding soft-tissue laxity that may have a 
permissive effect on dislocation [37]. Current 
research has hypothesized that wear-related par-
ticles may cause inflammation and muscle dam-
age around the hip prosthesis, which may 
exacerbate soft-tissue laxity, and contribute to 
further overall instability. Some have suggested 
that ceramic-on-ceramic bearings may produce 
less of this effect and be an additional benefit of 
this bearing couple [38]. Treatment is a modular 
exchange of the bearing surface, once again max-
imizing femoral head size, while ensuring that 
the position of the cup and stem is acceptable; the 
surgeon should have a low threshold to revise 
particularly the cup if anteversion is not within an 
acceptable range.

�Type VI Indeterminate Etiology

The unstable total hip arthroplasty that has appro-
priate component orientation, an intact abductor 
mechanism, no evidence of impingement, and 
lack of causative polyethylene wear is unstable 
for indeterminate reasons. In these difficult cases, 
a constrained liner is the indicated, albeit imper-
fect, solution with a dual-mobility bearing being 
a second alternative. Re-dislocation rates are high 
in this setting, with an odds ratio as high as 7.6 
compared to other etiologies of instability [27].

�Literature Review

The efficacy of revision total hip arthroplasty 
for instability in the literature is variable. As 
described earlier, we believe that a search for the 
primary cause of instability is the key to good 
results, and the variability of prior series may 
relate to blanket solutions without correcting the 
primary problem. Further, it is critical to keep in 
mind that all aspects of the reconstruction must be 
optimized to realize a low rate of recurrent failure.

An isolated exchange of modular components 
is an attractive option given its simplicity and low 
morbidity and registry data suggests that this is 
the most common strategy implemented in revi-
sion of the unstable THA [39]. However particu-
larly variable results have been reported in the 
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literature, highlighting the critical importance of 
thorough preoperative planning and evaluation, 
to ensure that component position is acceptable 
as is soft-tissue balance of the hip. In one series 
12 of 13 patients treated for recurrent instability 
were treated successfully with modular compo-
nent exchange [40]. Similarly, Lachiewicz et al. 
reviewed 23 revisions for recurrent dislocation of 
modular total hip arthroplasty (THA) with reten-
tion of components; of these, there were 17 pri-
mary and 6 revision THAs. They found a 
dislocation rate of 18% at a mean follow-up of 4 
years in the former group and a dislocation rate 
of 50% at a mean follow-up of 3 years in the lat-
ter [41]. Hence, if this strategy is planned, careful 
intraoperative trialing is mandatory as is a low 
threshold for revision of components that are not 
in optimal position.

As discussed above, a large femoral head 
maximizes head/neck ratio and increases the 
jump distance, and their use in the treatment of 
the unstable THA is integral in our experience. 
Highly cross-linked polyethylene has enabled 
increased femoral head size without a clinical 
meaningful increase in wear [42]. Further, in 
their recent retrieval study of 154 metal-on-
polyethylene THAs, Triantafyllopoulos et  al. 
showed that larger diameter heads do not neces-
sarily increase the risk of fretting and corrosion at 
the head/neck taper [43], although this may be 
design dependent. Many authors have described 
favorable outcomes with the use of a large femo-
ral head for the treatment of instability; however, 
most reports include a combination of treatments, 
oftentimes in combination with repositioning of 
the components [12, 42]. It is important to recog-
nize, however, that large heads in and of them-
selves are oftentimes not adequate in the setting 
of abductor-deficient hips [44].

In the setting of recurrent instability sec-
ondary to neurologic impairment, abductor 
insufficiency, and frail patients with well-fixed 
components, constrained acetabular liners 
remain a common yet controversial treatment 
option. Constrained liners are considered a 
salvage operation used in only the most recal-
citrant instability cases in which components 

and soft-tissue balancing have been optimized. 
Constrained liners can lead to accelerate wear 
or acetabular component loosening secondary 
to increased forces at the prosthetic interfaces; 
they have also been shown to decrease range 
of motion [45, 46]. Outcomes associated with 
the use of constrained liners in revision THA 
have been mixed, with dislocation rates ranging 
from 2.4 to 29% [47, 48]. Some of this is design 
dependent, with varying designs associated with 
variable success rates. Recently we have used 
dual-mobility bearings in many cases where in 
the past a constrained liner would have been 
used, and at short-term follow-up, the failure 
rate appears to be lower. Further study in this 
area will be needed to determine the efficacy of 
these bearings in these extreme situations.

Dual-mobility constructs have gained pop-
ularity due to their favorable head-to-neck 
ratio and resistance to dislocation. Like other 
large-diameter options, dislocation rates are 
low compared to head diameters below 36 mm 
[49]. Early results of THAs deemed to be at 
high risk for dislocation have been promising 
[50]. Additionally, dual-mobility bearings may 
be appropriate in cases where a constrained 
liner would have been used, including cases of 
abductor insufficiency. At short-term follow-
up, the failure rate in our experience and in the 
literature appears to be low. In their review of 
228 patients from the Swedish Hip Arthroplasty 
Registry revised for chronic instability, Hailer 
et  al. reported a 2% re-revision rate for recur-
rent dislocation at a mean follow-up of 2 years 
and a survivorship of 99% at 2 years when re-
revision for recurrent dislocation was considered 
the endpoint [51]. Likewise, in their series of 180 
THAs revised to dual-mobility cups for recurrent 
instability, Mertl et al. reported a 4.8% one-time 
re-dislocation rate and a 1.4% recurrent re-dis-
location rate following revision [52]. However, 
dual-mobility bearings do have potential prob-
lems, including the risk of intra-prosthetic dis-
location and concerns regarding wear at the two 
interfaces [49, 53]. Further study in this area will 
be needed to determine the efficacy of these bear-
ings and their long-term survivorship.
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�Case Solution

In the case presented, the patient had a number of 
risk factors for instability, including a prior stroke 
with residual weakness of the extremity and an 
initial diagnosis of AVN.  However, the plain 
radiographs (Fig.  8.7) and a subsequent CT 
(Fig. 8.14) suggested inadequate anteversion of 
the acetabular component (type 1 instability). 
Intraoperative findings were consistent with neu-
tral acetabular component version, and appropri-
ate femoral stem anteversion. The acetabular 
component was removed and a new acetabular 
shell placed in increased anteversion. The hip 
was trialed with the largest head size available for 
the cup and stem (44 mm) and the hip was stable 
throughout a range of motion. The patient has 
had no further dislocations (Fig. 8.15).

�Summary

Management of the unstable total hip arthroplasty 
can be challenging. However, by identifying and 
correcting the primary cause of instability, the 
revision surgeon can provide the patient with the 
best chance of having a stable THA.
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�Case Presentation

A 72-year-old female presented with severe 
right-hip osteoarthritis refractory to conservative 
management. She is status post a left total hip 
arthroplasty 6 years ago and complains of a post-
operative leg-length discrepancy with her left leg 
longer than her right (Fig.  9.1). She also com-
plains of persistent low back pain and has a his-
tory of a lumbar fusion without neurologic 
symptoms. She does not wear a shoe lift but also 
does not feel even when she stands. She is indi-
cated for a right total hip arthroplasty and would 
like her leg-length inequality to be addressed at 
the time of surgery.

�Epidemiology

The incidence of limb-length discrepancy (LLD) 
after total hip arthroplasty (THA) ranges between 
1% and 30% depending on the criteria for what 
constitutes a LLD [1–4]. While some studies 

have reported minimal functional consequences 
with a LLD of up to 2  cm, other studies have 
found that leg length differences greater than 
5 mm to be associated with decreased patient sat-
isfaction [5–8]. Beard et al. [6] found that patients 
with LLD  >  10  mm had significantly worse 
Oxford hip scores and Mancuso and Sculco [9] 
found LLD to be an independent risk factor for 
worse clinical outcome after THA. Symptomatic 
LLD can result in a limp, low back pain, compen-
satory pelvic obliquity, increased energy con-
sumption during gait, and nerve palsy [8, 10–12]. 
These functional limitations, combined with 
patient dissatisfaction, make leg-length problems 
the most common cause for litigation after THA 
[3, 8, 13]. For all of these reasons, achieving 
limb-length equality during THA is important 
and discrepancies should be minimized. 
However, achieving equal limb lengths is not 
always feasible. For example, if the operative leg 
is longer preoperatively, substantial shortening 
at the time of THA can lead to instability. The 
contralateral limb may have been shortened sec-
ondary to previous trauma, infection, skeletal 
dysplasia, or growth plate arrest. Conversely, the 
operative leg typically cannot be lengthened 
greater than 2.5–4 cm due to the risk of sciatic 
nerve injury [8]. Preoperative patient education is 
essential in these situations to modify postopera-
tive expectations, so the patient is prepared for a 
residual LLD after THA.
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�Prevention

The preoperative patient history and physical 
exam should identify any extra-articular sources 
of LLD such as congenital lower extremity limb 
deformities, childhood growth plate arrest, 
trauma, infection, and any previous surgery. The 
history should also include the patient’s subjec-
tive perception of limb-length inequality and use 
of a shoe lift on the operative or contralateral 
side. A tape measure can be used to determine 
true (structural) and apparent (functional) LLD. 
The true, or structural, length of the limb is mea-
sured from the anterior superior iliac spine to the 
medial malleolus. The apparent, or functional, 
LLD is a combination of the structural difference 
in limb lengths in addition to any changes in pel-
vic position or soft-tissue contractures that affect 
the position of the limb. The functional LLD is 
measured on each limb from the umbilicus to the 
ipsilateral medial malleolus. Any patient percep-
tion of leg-length inequality should be quantified 
with block testing in which blocks of varying 
heights are placed below the shorter limb until 
the patient feels equal limb lengths. Any soft-tis-
sue contractures around the hip and knee should 
be identified as this leads to a functional limb-
length discrepancy. 

In addition the patient and radiographs should 
be assessed for the presence of a pelvic obliquity. 
A pelvic obliquity may be primary or secondary 
depending on the source. A primary pelvic obliq-
uity originates from spinal pathology, such as sco-
liosis in the lumbosacral spine or prior lumbosacral 
fusion. A secondary (or compensatory) pelvic 
obliquity is due to structural limb-length differ-
ences or soft-tissue contractures that result in a 
functional LLD. The pelvis compensates for this 
by tilting superiorly or inferiorly in order for both 
feet to be in contact with the ground. Most sec-
ondary (or compensatory) pelvic obliquities are 
flexible and will naturally correct once the soft-
tissue contracture or structural limb-length dis-
crepancy has been addressed. Patients with a 
primary pelvic obliquity more often have a fixed 
pelvic obliquity. The way to differentiate between 
a fixed or flexible pelvic obliquity is to evaluate 
the patient in the standing and seated position 
[14]. A flexible pelvic obliquity will correct (as 
assessed by the location of the iliac crests) in the 
seated position. Radiographs of the patient in the 
case example demonstrate a change in pelvic 
obliquity from the standing to seated position. 
With a history of lumbar fusion, it is unclear 
whether or not this was a fixed or flexible pelvic 
obliquity. EOS radiograph taken in the seated 
position (Fig.  9.2) demonstrates radiographic 

Fig. 9.1  Standing anteroposterior (AP) EOS (Paris, 
France) dual-planar radiograph demonstrating an unce-
mented left THA as well as severe right-hip osteoarthritis. 
Line drawn from the inferior obturator foramen to the 
lesser trochanter of each femur demonstrates a significant 
LLD of 1.4  cm in addition to a compensatory pelvic 
obliquity Fig. 9.2  Seated AP EOS preoperative radiographs dem-

onstrate resolution of pelvic obliquity in the seated posi-
tion confirming that the pelvic obliquity is flexible
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equalization of the iliac crests and confirms that 
the patient has a flexible pelvic obliquity that is 
compensatory and offsets the 1.4 cm limb-length 
discrepancy. Whether a pelvic obliquity is flexible 
or fixed affects preoperative templating and 
planned final limb position. A flexible obliquity 
should correct after surgery and does not have to 
be taken into consideration. A fixed obliquity will 
not correct and must be incorporated into the pre-
operative plan. In the case example, since the pel-
vic obliquity was confirmed to be compensatory 
and flexible, the right leg underwent planned 
lengthening to create leg-length equalization with 
the assumption that the pelvic obliquity would 
correct over time.

The radiographic evaluation of LLD prior to 
THA is critical to create a preoperative plan that 
will adequately restore limb length at the time of 
surgery. Limb-length differences can be measured 
on the AP pelvis radiograph by choosing two 
symmetric points on the pelvis (either the acetab-
ular tear drop, the inferior or superior obturator, 
or the inferior aspect of the ischium) and two 
fixed reference points on each femur (most com-
monly the most medial or apex of the lesser tro-
chanter) [15]. The difference between these two 
measurements reflects the estimated intra-articular 
LLD between the two limbs. In the majority of 
patients undergoing THA, the operative limb is a 
2–3 mm shorter secondary to intra-articular carti-
lage loss and corrects when the native femoral 
head and acetabular center or rotation are restored 
after component placement.

Preoperative templating allows for estimation 
of implant size and expected component position 
in relation to anatomic landmarks. The projected 
leg lengthening at the time of surgery is equal to 
the difference between the projected acetabular 
center or rotation and the femoral head center of 
rotation [16]. The inferomedial aspect of the ace-
tabular component is usually at the level of the 
acetabular teardrop or slightly inferior. The ace-
tabular component should be positioned within 
the superior acetabular dome to the depth of sub-
chondral bone. Next, the center of rotation of the 
femoral head should be marked. The femoral 
component that matches the proximal femoral size 
and shape while restoring the femoral center of 

rotation is selected and the location of the femoral 
neck osteotomy marked and measured in relation 
to the lesser trochanter. Figure 9.3 demonstrates 
the preoperative template of a patient with an 
3 mm intra-articular LLD secondary to cartilage 
wear. With a systematic approach to preoperative 
templating and intraoperative execution the leg 
lengths can be reliably restored (Fig.  9.4). In 
regard to the accuracy of achieving limb-length 

Fig. 9.3  Preoperative template for a patient with a 3 mm 
LLD secondary to right-hip intra-articular cartilage loss

Fig. 9.4  Postoperative standing AP pelvis radiograph 
demonstrating accurate restoration of limb lengths and 
offset in accordance with the preoperative template
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equality, Woolson et  al. [17] used preoperative 
templating to determine the level of neck resection 
and reported that LLD was less than 6 mm in 86 
and 97% within 10 mm after THA.

Occasionally, significant femoral head bone 
loss, or severe flexion and/or external rotation con-
tracture, can make it difficult to accurately template 
and measure limb-length differences and lesser tro-
chanter to center (LTC) distances. Figure 9.5 shows 
an AP pelvic radiograph of a 47-year-old male with 
severe left-hip osteoarthritis with a 20° flexion con-
tracture and 30° external rotation contracture 
(Fig.  9.5). A flexion contracture will reduce the 
LTC measurement, while an external rotation con-
tracture will underestimate true femoral offset 
(Fig. 9.6). In these cases, the contralateral hip can 
be used as a guide for appropriate templating 
(Fig.  9.6). When bilateral soft-tissue contractures 
or bony deformities exist, a computerized tomogra-
phy (CT) scanogram or dual-planar radiographs 
can be utilized to obtain a more accurate assess-
ment of limb length (Figs. 9.7 and 9.8). Utilization 
of the contralateral leg for limb-length measure-
ments allowed for accurate limb-length restoration 
in this patient with resolution of his functional 
limb-length discrepancy (Fig. 9.9).

Utilizing the lesser trochanter to femoral head 
center is an accurate means to recreate the femoral 

head center of rotation but does not take into 
consideration the location of the acetabular com-
ponent. The methods to assess cumulative 
changes in limb position that account for both 
acetabular and femoral component positions 
require the use of intraoperative markers on both 
the femur and pelvis. Commonly a Steinmann 
pin is placed into the ischium and a second pin is 
placed into the greater trochanter prior to hip 
dislocation. This distance is measured, the trial 
components are placed, and the hip is reduced 
and the distance between the two pins mea-
sured to calculate the change in limb length. 
Several measurement calipers have been 
designed to achieve this basic measurement 
method [6, 18–21]. The accuracy of this mea-
surement is dependent on reproducing the same 
leg position for both measurements (before and 
after trial component implantation) as small 
changes in hip flexion of adduction will result in 
inaccurate measurements [22]. The other options 
for assessing both acetabular and femoral com-
ponent position and overall limb length at the 

Fig. 9.5  Preoperative standing AP radiograph of a 47-year-
old male with severe left-hip osteoarthritis in addition to a 
left-hip flexion and external rotation contracture. 
Preoperative templating could not be performed on the left 
hip as the vertical neck length and femoral offset cannot be 
accurately estimated due to soft-tissue contractures

Fig. 9.6  Preoperative template performed on the normal 
contralateral hip allowing for accurate assessment of fem-
oral and acetabular component placement, lesser trochan-
ter to femoral head center distance, and location of 
femoral neck osteotomy. A high-offset femoral stem is 
required to restore normal femoral anatomy. Template 
overlaid on left hip demonstrates decreased projected 
femoral offset due to external rotation contracture
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time of surgery include intraoperative fluoros-
copy, computer-assisted navigation, or robotic 
surgery [18, 23–27]. A recent study comparing 
conventional posterolateral, navigated postero-
lateral, and direct anterior with fluoroscopy 
showed no difference in leg-length accuracy; all 
three methods and approaches demonstrated a 
mean accuracy of 3 mm [26]. Regardless of the 
measurement technique or technology utilized, it 
is important to have a careful preoperative plan 
and a standardized method to assess limb lengths 
at the time of surgery. With a detailed understand-
ing of a patient’s preoperative LLD, presence of 

periarticular contractures leading to a careful 
preoperative template, and use of intraoperative 
checkpoints to assess changes in limb length, the 
risk of unexpected postoperative LLD can be 
minimized.

If substantial lengthening is required intraop-
eratively to obtain adequate stability, suboptimal 
component position should be suspected. In these 
cases, reorientation of the acetabular (more com-
mon) or femoral component (less common) into 
a more or less anteverted position may provide 
adequate stability without leg lengthening. 
Careful trialing along with a low threshold to get 
an intraoperative radiograph in cases that “just 
don’t feel right” will help prevent this inadvertent 
lengthening.

Fig. 9.7  Standing AP EOS demonstrating severe flexion 
and external rotation contracture resulting in a functional 
leg-length discrepancy. With this biplanar contracture the 
pelvis is unable to compensate with tilt of the hemi-pelvis. 
Without compensatory pelvic tilt, he has a functional LLD 
and stands with his left heel off the ground

Fig. 9.8  Lateral standing EOS radiograph can be used to 
measure the length of each limb and without the shortening 
effect of the left-hip flexion contracture
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�Diagnosis and Treatment of LLD 
After THA

The diagnosis of LLD after THA depends on both 
clinical and radiographic examinations. Foremost, 
it must be determined whether the postoperative 
limb-length differences are functional or struc-
tural. If structural, it must be determined if the 
source is intra- or extra-articular. Patients with 
severe abduction, flexion, or adduction contrac-
tures prior to THA may continue to have a func-
tional LLD postoperatively and may take up to 6 
months to normalize. During this time period the 
patient should avoid wearing a shoe lift [14].

Most patients will accommodate to LLD. Most 
patients with structural limb-length discrepancies 
do not require surgical treatment. Limb-length 
differences of 5 mm or less do not cause signifi-
cant changes in gait and are often not recognized 

by the patient. For symptomatic patients early 
after surgery, physiotherapy for stretching and 
strengthening of the abductors is oftentimes 
helpful, to ameliorate an apparent LLD from an 
abduction contracture. If after several months the 
patient is still symptomatic, several studies have 
demonstrated that a simple shoe lift is satisfac-
tory to ameliorate most functional limitations up 
to 2 cm in those who remain symptomatic [2].

Most patients with a LLD are managed with 
simple observation. The majority of patients with 
LLD will eventually adopt. In a study of 56 
patients with a postoperative LLD mean of 9 mm, 
12 (43%) perceived it at 3 months and 18 (33%) 
perceived it at 12 months postoperatively [28]. 
For those patients with persistently symptomatic 
LLD, most can be adequately treated with a shoe 
insert. Shoe inserts that fit inside shoe wear can 
be used to correct LLD of up to 2 cm. For those 
patients who cannot tolerate shoe inserts and who 
are increasingly symptomatic, surgery may be an 
option. If a THA is performed on a contralateral 
arthritic hip, then limb-length equalization can be 
achieved at the time of surgery (see Figs. 9.1, 9.2, 
9.7, and 9.8). For patients without contralateral 
arthritis, revision surgery to shorten the limb can 
be considered, but should be done with caution to 
avoid postoperative instability. Depending on the 
source of the LLD, revision surgery may entail 
cup revision, modular head exchange, stem revi-
sion, or revision of both components. When evalu-
ating these patients, it is important to determine if 
component anteversion is appropriate. A common 
scenario is inadvertent intraoperative lengthening 
to obtain soft-tissue stability when the underlying 
cause of instability is inappropriate version of the 
cup, stem, or both components. In these situa-
tions, component revision to appropriate version 
may allow the surgeon to substantially shorten 
the limb while maintaining acceptable compo-
nent stability. The risk of postoperative instabil-
ity may also be addressed with the use of a 
semi-constrained (i.e., dual-mobility construct) 
or constrained liner. Parvizi et al. [29] reviewed 
the outcomes of 21 patients who underwent revi-
sion and limb shortening for symptomatic LLD 
and reported that 19 of 21 were satisfied with the 
result without any cases of postoperative instability. 

Fig. 9.9  Postoperative AP pelvis radiograph demonstrat-
ing accurate restoration of leg length and offset with reso-
lution of flexion and external rotation contractures. 
Functional LLD has also resolved with both feet level on 
the ground
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Another option for leg-length equalization is 
acute shortening of the ipsilateral limb through 
the distal femur. While this solution does create 
some compromises (e.g., the knees will be at dif-
ferent heights) it is a technically simple solution 
with low morbidity and risk to the patient [30]. 
Other options for treating significant (greater than 
2 cm) lengthening after THA include distraction 
osteogenesis over an intramedullary nail which 
was performed in two cases with leg equalization 
and improvement of function [31].

�Case Resolution

Even through preoperative radiographic limb-
length discrepancy was 1.4  cm, her functional 
LLD based on block testing was 1 cm and this 
was the amount of planned right-limb lengthen-
ing at the time of THA.  Preoperative physical 
examination and standing and sitting EOS radio-
graphs demonstrated a flexible pelvic obliquity. 
The patient underwent an uncemented primary 
total hip arthroplasty through the posterolateral 
approach. A dual-mobility component was utilized 
in order to decrease the risk of postoperative insta-
bility in an elderly female with a history of previ-
ous lumbar fusion. A 52 mm acetabular component 
was inserted in the native hip center and lengthen-
ing was performed with increasing the desired 
LTC measurement from the native femoral LTC 
measurement. At 6-week follow-up standing 
radiographs demonstrated resolution of pelvic tilt 
(Fig.  9.10). The patient was walking without an 
assistive device, her low back pain improved, and 
limb length subjectively equalized.

�Summary

The preoperative evaluation of any patient under-
going a total hip arthroplasty should include an 
accurate assessment of preoperative limb-length 
inequality. Physical examination can identify 
true and apparent differences in limb lengths 
using a tape measure and blocks of known thick-
nesses. The presence of periarticular contractures 
and pelvic obliquity should be identified and 

incorporated into the preoperative template. 
Standing AP pelvis radiographs allow for intra-
articular structural leg-length differences to be 
calculated. Preoperative templating is essential 
and allows for planned component sizing and 
position to reestablish the acetabular and femoral 
centers of rotation, calculated planned lengthen-
ing, and length of femoral neck osteotomy. 
Intraoperatively, the femoral neck resection 
length and distance from the lesser trochanter or 
the center of the femoral head can be used to 
assess limb length. Intraoperative calipers, fluo-
roscopy, or navigation can also be used to assess 
for the position of both the acetabular and femo-
ral components. The patient needs to be advised 
preoperatively as to what leg-length differences 
can be corrected and those that will remain 
postoperatively. Most postoperative limb-length 
discrepancies are minimal, and are asymptomatic. 
Symptomatic patients can frequently be treated 
with physical therapy in the early postoperative 
period and in the rare case, when they remain 
symptomatic, a shoe lift. When the limb-length 
discrepancies are severe and shoe lifts are inef-
fective, revision surgery can be performed with 
reasonable outcomes.

Fig. 9.10  Postoperative standing AP EOS radiograph of 
the case example demonstrating leg-length equalization 
and near resolution of flexible pelvic obliquity at 4-week 
follow-up. Leg lengthening was planned with increased 
distance of femoral neck resection and increasing femoral 
LTC
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Chronic Deep Periprosthetic 
Infection

Kevin I. Perry and Arlen D. Hanssen

�Case-Based Introduction

A 64-year-old female presented with a total hip 
arthroplasty (THA) performed at another institu-
tion 5 years earlier. She recovered well after her 
index procedure and had no problems with 
wound healing postoperatively. Six months prior 
to presentation she developed increasing groin 
and buttock pain. Her pain was present at rest, 
and aggravated with any activity. Her symptoms 
had increased in severity over the preceding 
weeks but she had remained systemically stable. 
Presenting erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) were 77  mm/1  H 
(reference range 0–29 mm/1 H) and 35 mg/L (ref-
erence range <8.0 mg/L), respectively. She under-
went an aspiration of her hip and the quantitative 
leukocyte count was 13,500 cells with 89% poly-
morphonuclear cells. Her culture returned positive 
for methicillin-resistant Staphylococcus aureus 
(MRSA). Her presenting radiographs are shown in 
Fig. 10.1.

�Epidemiology of Periprosthetic 
Joint Infection (PJI)

Total hip arthroplasty (THA) is a successful and 
durable operation for end-stage arthritis of the 
hip [1]. The number of THAs performed annu-
ally in the United States continues to rise and is 
expected to hit four million by the year 2030 [2]. 
Chronic, deep periprosthetic joint infection (PJI) 
is a rare, but devastating, complication of THA 
that is associated with increased perioperative 
costs, extended duration of hospital stays, and 
compromised patient outcomes [3]. Though the 
incidence of PJI after THA is variable throughout 
the literature, most arthroplasty centers report an 
incidence somewhere between 0.2 and 2% for pri-
mary THAs and 2 and 4% for revision THAs [4–6]. 
Currently, infection is the third most common 
reason for THA revision [7].

�Risk Factors Associated with PJI

Risk factors for the development of infection can 
be categorized into:

	1.	 Non-modifiable patient risk factors
	(a)	 Male gender [8]
	(b)	 Revision surgery [9]
	(c)	 Active malignancy [9].

	2.	 Modifiable patient risk factors
	(a)	 Smoking, alcohol, or drug abuse [10]
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	(b)	 Medical comorbidities [11]
•	 Morbid obesity [8]
•	 Malnutrition, hyperglycemia, uncon-

trolled diabetes mellitus [9]
•	 Rheumatoid arthritis [6]
•	 Preoperative anemia [9, 10]
•	 Cardiovascular disease [12]
•	 Chronic renal failure [10]

	3.	 Intraoperative risk factors
	(a)	 Longer duration of surgery [4, 13]
	(b)	 Increased traffic in the OR [14, 15]
	(c)	 Though several other intraoperative fac-

tors influencing the risk of PJI have been 
proposed and studied (i.e., the use of lam-
inar airflow and the use of full-body 
exhaust suits), none have been consis-
tently proven to increase the risk of infec-
tion after THA [16].

	4.	 Postoperative risk factors

	(a)	 Avoidance of invasive procedures within 
the first 3 months after surgery is recom-
mended, if possible. Theoretically, this 
minimizes the risk of hematogenous 
spread and seeding of bacteria, but the 
specific procedures and the accompany-
ing risk of infection have not been clearly 
established [17].

	(b)	 Increased length of stay has been shown 
to be an independent risk factor for PJI 
and patients should be encouraged to dis-
charge when medically fit [18].

	(c)	 Prolonged wound drainage after THA has 
been associated with an increased risk of 
infection and should be recognized early 
and treated aggressively to prevent PJI 
[19].

�Prevention of PJI

The single most important factor in the preven-
tion of PJI is the use of perioperative prophylac-
tic antibiotics [20]. Though the proper dose, 
duration, and type of antibiotic have not been 
definitively established [11], it is common prac-
tice to administer an antibiotic that targets the 
common offending microorganisms within 1  h 
prior to making skin incision, repeated every 3 h 
intraoperatively, and continued for 24 h postop-
eratively. Recently, there has been increasing 
interest in the routine screening of arthroplasty 
patients for the presence of common offending 
organisms in PJI such as methicillin-sensitive 
Staphylococcus aureus (MSSA) and methicillin-
resistant Staphylococcus aureus (MRSA) [13]. 
There is some evidence that decolonizing these 
patients is associated with a lower risk of PJI [13], 
but further study is needed before this becomes 
standard of practice.

Prior to undergoing elective THA, all patients 
should undergo a thorough medical evaluation. 
Any modifiable risk factors that are identified 
should be optimized prior to surgery. A thorough 
patient history and physical examination in the 
immediate preoperative period are critical to 
ensure that there are no signs of active infection 

Fig. 10.1  AP (a) and lateral (b) radiographs of an 
infected THA upon presentation to our institution. The 
patient presented with a 6-month history of increasing 
groin pain and grew MRSA after hip arthrocentesis
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in the body. Specifically, the skin around the 
operative extremity should be assessed for any 
signs of open wounds or superficial infections. 
Similarly, the oral cavity should be inspected for 
signs of tooth decay or gingival infection or 
abscess. Any active infection that is identified 
should be treated and resolved well prior to 
undergoing elective THA.

Patients should be instructed to thoroughly 
cleanse their skin with a chlorhexidine-based 
solution the night prior to the operation [14]. 
Though reports on hair removal preoperatively 
have been inconclusive [15], the authors still rou-
tinely remove the hair surrounding the surgical 
field. The use of hair clipper is superior to the use 
of a razor for hair removal [16]. The surgical site 
should be prepped thoroughly and in its entirety 
with either an alcohol-based or chlorhexidine-
based preparation as iodine-based preparations 
have proven inferior [17].

Strict adherence to sterile technique during 
surgery is the cornerstone to preventing infec-
tion. The use of sterile drapes, a surgical gown, a 
face mask, and two sets of surgical gloves should 
be routine for all arthroplasty surgeons. Face 
masks prevent contamination from the respira-
tory system and surgical gloves have reported 
perforation rates of 3–18% during primary and 
revision hip and knee arthroplasty [18–22], 
which has been shown to increase the risk of 
infection [23]. Changing the outer gloves peri-
odically throughout a THA appears to reduce sur-
gical glove contamination [19], but its direct 
effect on infection prevention has not been estab-
lished. Limiting traffic in and out of the operating 
room appears to lower the risk of PJI and should be 
encouraged for all arthroplasty surgery [24, 25]. 
Safe, but efficient, surgical technique can mini-
mize the time the wound is open and has been 
demonstrated in numerous studies to decrease the 
risk of infection [4, 26]. In addition, numerous 
topical treatments have been studied. Vancomycin 
powder applied topically to the wound has had 
demonstrated effectiveness in spine surgery [27], 
and appears to achieve effective local concentra-
tions [28] while not interfering with wear patterns 
of THA [29]. Additionally, lavage of the wound 

in a dilute Betadine solution prior to wound closure 
has been associated with lower rates of surgical 
site infection [30] and has been implemented in 
many practices across North America.

�Diagnosis of PJI

All patients being evaluated for infection should 
be assessed with plain radiographs of the hip (an 
anteroposterior [AP] of the pelvis and an AP and 
lateral view of the hip), as well as an erythrocyte 
sedimentation rate (ESR) and a C-reactive pro-
tein (CRP). Radiographs may show lucency 
around the prostheses or scalloping of the sur-
rounding bone [31]. An elevated ESR and a CRP, 
particularly when used in combination, can be 
highly sensitive markers for infection [32]. 
Additionally, all patients with suspected infec-
tion should undergo arthrocentesis of the hip to 
assess the quantitative leukocyte count in the 
synovial fluid and to attempt to culture an offend-
ing microorganism [33]. Though varying cutoff 
levels to diagnose PJI based on synovial fluid anal-
ysis have been reported [34, 35], in the authors’ 
experience, a synovial fluid leukocyte count of 
1700 cells (and/or a leukocyte differential of >65% 
polymorphonuclear cells) is both a sensitive and 
specific marker for late, chronic PJI in patients 
without inflammatory arthropathy.

Though the precise definition of deep PJI 
remains elusive and controversial, the 
Musculoskeletal Infection Society (MSIS) has 
adopted the following definition [36]:

	1.	 There is a sinus tract communicating with the 
prosthesis

	2.	 A pathogen is isolated by culture from at least 
two separate tissue or fluid samples obtained 
from the affected prosthetic joint

	3.	 Four of the following six criteria exist:
	(a)	 Elevated serum erythrocyte sedimentation 

rate (ESR) and serum C-reactive protein 
(CRP) concentration

	(b)	 Elevated synovial leukocyte count
	(c)	 Elevated synovial neutrophil percentage 

(PMN%)
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	(d)	 Presence of purulence in the affected joint
	(e)	 Isolation of a microorganism in one culture 

of periprosthetic tissue or fluid
	(f)	 Greater than five polymorphonuclear cells 

per high-power field in five high-power 
fields observed from histologic analysis of 
periprosthetic tissue at 400 magnification

�Treatment of PJI

The onset of patient symptoms is paramount to 
determining the correct treatment strategy for 
THA PJI.  Periprosthetic joint infection can be 
classified into four categories based upon the 
timing of the diagnosis [37].

•	 Early postoperative infections are considered 
to be <4 weeks after the index arthroplasty.

•	 Chronic infections are infections diagnosed >4 
weeks postoperatively or in patients that have 
had symptoms of infection for >4 weeks

•	 Acute hematogenous infections are character-
ized by the acute onset of symptoms in a pre-
viously well-functioning joint

•	 Infection diagnosed by obtaining positive cul-
tures at the time of THA insertion without 
prior symptoms or diagnosis of infection

In early postoperative and acute hematoge-
nous infections an attempt at prosthesis salvage 
is an option in certain patients. This is tradition-
ally accomplished through an open irrigation and 
debridement, and polyethylene (PE) liner and 
femoral head exchange of the THA [38], fol-
lowed by a course of intravenous (IV) antibiotics 
targeting the offending microorganism. Positive 
cultures obtained at the time of THA implanta-
tion or reimplantation should be treated with 
antibiotic suppression targeting the identified 
microorganism(s).

Patients with late, chronic PJI or patients with 
a failed irrigation and debridement and PE liner 
and femoral head exchange require removal of 
their implants. Although some authors advocate 
for the use of a single-stage exchange in the set-
ting of chronic, deep PJI of the hip [39], the North 
American gold standard is a two-stage exchange 

of the implants [40–42]. Contraindications to 
performing a two-stage exchange are rare and 
include medical comorbidities that preclude the 
patient from safely undergoing surgery or femoral/
acetabular bone stock that is inadequate to allow 
joint reconstruction.

The two-stage exchange protocol varies 
slightly from surgeon to surgeon and institution 
to institution, but in general consists of the 
following:

•	 First stage involves removal of all implants, 
debridement of the infected tissue, culture of 
the infected tissue, and a thorough irrigation of 
the wound.

•	 After completion of the irrigation and debride-
ment, an antibiotic-loaded bone cement 
(ALBC) spacer is inserted into the hip to 
deliver local antibiotics for the weeks following 
the debridement.

The ALBC spacer is available in multiple 
varieties. Historically, a non-articulating spacer 
was used which consisted of an ALBC dowel 
placed into the medullary canal of the femur and 
a dollop of ALBC lightly pressed into the acetab-
ulum. This provided an effective method for local 
antibiotic delivery, but provided poor hip func-
tion during the treatment phase of the infection. 
As such, most North American surgeons have 
migrated toward using an articulating antibiotic 
spacer, when possible. Two distinct types of 
articulating spacers exist. The first design is a 
cement-on-acetabulum articulation that consists 
of a prefabricated femoral component made from 
ALBC that is cemented into the femur after irri-
gation and debridement. This type of spacer is 
available in multiple varieties from several dif-
ferent vendors. The advantage of this type of 
prosthesis is its ease of insertion. The disadvan-
tages are that it is made from lower dose antibiot-
ics than one can mix into cement intraoperatively, 
they are available in a limited number of sizes, 
they have very little offset (and are prone to 
dislocation), and they necessitate a cement-on-
acetabulum articulation which limits patient 
function (compared to metal-on-polyethylene 
designs) and can propagate acetabular bone loss. 
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This type of spacer can also be made from a 
mold, which allows the surgeon to place the 
desired dose of antibiotics into the mold. One 
manufacturer has a modular option, which allows 
the surgeon to vary femoral neck length to opti-
mize stability.

The second design of articulating antibiotic 
spacer available is a metal-on-polyethylene artic-
ulation. This design consists of a cobalt chrome 
femoral component covered with ALBC coupled 
with an all-polyethylene acetabular component 
cemented into the acetabulum. The advantages of 
this spacer are that the surgeon is able to deliver 
higher dose antibiotics than are available in the 
commercially made spacers and that hip function 
is significantly better than with the cement-on-
acetabulum alternative [43]. The disadvantage is 
that these spacers are technically more challeng-
ing to insert. Despite the technical demands 
associated with implanting these spacers, it is 
the strong preference of the authors to use the 
metal-on-polyethylene variety due to the advan-
tages listed above. An antibiotic ratio of 3 g of 
vancomycin, 3.6 g of tobramycin, and 150 mg of 
amphotericin powder per 40  g batch of poly-
methylmethacrylate (PMMA) is preferred at our 
institution when fabricating these articulating 
spacers.

Following the first-stage procedure, the patient 
is treated with IV antibiotics targeting the offend-
ing microorganism, typically for a total of 6 
weeks. Antibiotic selection and duration of treat-
ment are chosen based on the microorganism(s) 
identified and its susceptibilities. The patient is 
then given a period of time (at least 6 weeks) off 
of antibiotics to ensure that the infection has been 
cleared and not temporarily masked by the anti-
biotics. Patients should be evaluated periodically 
between the first and second stages to assess their 
wound, serially follow the inflammatory markers 
(ESR and CRP), and confirm the absence of sys-
temic illness and adverse reaction to the antibiot-
ics. If after a period of (at least) 6 weeks off of IV 
antibiotics the inflammatory markers have 
trended downward or normalized and there are no 
outward signs of infection (draining or erythema-
tous wound), reimplantation can be considered. 
In the setting of persistent elevation of the inflam-

matory markers, synovial fluid analysis of the hip 
can be of benefit. Shukla et al. [44] demonstrated 
that the synovial fluid WBC count, in particular, 
can be useful for identifying persistent infection. 
The authors found that a synovial fluid WBC 
count greater than 3528/μL had 96% specificity 
and 78% sensitivity for identifying persistent 
joint infection and can be a useful tool when con-
sidering reimplantation. Nevertheless, if evi-
dence of infection persists after treatment, or is 
found at the time of reimplantation, definitive 
reconstruction should be delayed and consider-
ation should be given to an additional debride-
ment, antibiotic spacer exchange, and course of 
IV antibiotics.

�Results

The success following a two-stage exchange pro-
tocol for chronic PJI of the hip has been univer-
sally excellent with reported rates ranging from 
85 to 95% [45–48]. The virulence of the offend-
ing microorganism, thoroughness of the debride-
ment, and patient comorbidities all play a role in 
the successful treatment of the chronic THA 
PJI. Optimal treatment outcomes are achieved by 
performing a thorough debridement, accurately 
identifying the offending microorganism, and 
providing appropriate antibiotics based on the 
microorganism’s susceptibilities. Further, opti-
mization of medical comorbidities (such as dia-
betes) and nutrition may improve results.

Toulson et  al. [46] reported on 82 patients 
with infected THA treated with a two-stage 
exchange protocol. At a mean of 2 years of 
follow-up, the original infection was eradicated 
in 78/82 patients and 94% of the patients had 
undergone successful reimplantation. The 
authors concluded that a two-stage reimplanta-
tion protocol is a successful strategy for treating 
infections after THA. Similarly, Hoffman et al. 
[48] reported on 27 patients with chronic PJI of 
the hip treated with a two-stage exchange proto-
col utilizing an articulating antibiotic spacer. Of 
the 27 patients, 26 (94%) remained clinically 
free of infection at an average of just over 6 years 
postoperatively. The authors concluded that the 
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advantages of the two-stage exchange using an 
articulating antibiotic spacer included improved 
patient function during the treatment phase, suc-
cessful treatment of infection, and facilitation of 
reimplantation.

�Case Solution

The patient was scheduled for a two-stage 
exchange of her THA. A PROSTALAC® (Depuy, 
Warsaw, IN) spacer was placed after a thorough 

debridement during the first stage (Fig.  10.2). 
The patient was then treated with a 6-week course 
of IV vancomycin and allowed to remain weight 
bearing as tolerated. Following an 8-week antibi-
otic holiday, the patient’s ESR and CRP had 
returned to normal at 13  mm/1  H and 5  mg/L, 
respectively. The patient was ultimately reim-
planted with an uncemented acetabular compo-
nent and uncemented modular fluted tapered 
femoral component. At 2-year follow-up, the 
patient was infection free without any antibiotic 
suppression (Fig. 10.3).

Fig. 10.2  AP (a) and lateral (b) radiographs after resec-
tion of the implants and insertion of a PROSTALAC® 
(Depuy; Warsaw, IN) spacer for local antibiotic delivery. 
Note that cement has been placed around only the proxi-
mal portion of the femoral implant to facilitate removal at 
the time of reimplantation

Fig. 10.3  AP (a) and lateral (b) radiographs after THA 
reimplantation utilizing an uncemented porous acetabular 
component and an uncemented modular fluted tapered 
stem. The patient has remained infection free at 2 years of 
follow-up
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�Summary

Deep PJI of the hip, though uncommon, is a dev-
astating complication with significant patient 
morbidity. Preventative strategies targeting the 
modifiable preoperative, intraoperative, and 
postoperative risk factors are paramount to mini-
mizing THA PJI. When chronic PJI does occur, 
however, treatment with a two-stage exchange 
protocol provides an excellent treatment strategy 
that has demonstrated consistently good results 
in eradicating infection.
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�Case Examples

Case 1: An 86-year-old female who had undergone 
an uncomplicated total hip arthroplasty presented 5 
months following her surgery after a ground-level 
fall with complaints of pain in her hip. X-rays 
revealed a periprosthetic femur fracture around a 
subsided femoral component (Fig. 11.1).

Case 2: A 45-year-old male with a history of 
slipped capital femoral epiphysis of his left hip 
that was treated with in situ pinning presented 
with end-stage arthritis of the hip (Fig. 11.2a). He 
is 6 ft tall and weighs 245 lbs. He had retained 
hardware from a previous failed attempt at 
removal. During his total hip arthroplasty, the hip 
was dislocated with the screw in place. The screw 
had previously been stripped. The neck cut was 
made, exposing the distal end of the threaded end 
of the screw, which was then extracted in a retro-
grade fashion. The femoral canal was then 
broached for a flat wedge tapered stem and the 
final implant was press-fit into the canal. In the 

recovery room, postoperative X-ray demon-
strated a periprosthetic femur fracture at the tip 
of the femoral component (Fig. 11.2b). This had 
not been noticed intraoperatively.

�Background

The earliest case report of a periprosthetic femur 
fracture after total hip arthroplasty (THA), in 
1954, was of a female who suffered an intertro-
chanteric fracture around the stem of a cemented 
hemiarthroplasty. The fracture was fixed using 
transfixing bolts and wire loops, and the prosthe-
sis was reinserted [1]. In 1964, Parish and Jones 
[2] reported nine cases of femur fractures around 
Austin-Moore and Thompson prostheses. The 
authors classified the fractures according to the 
location of the fracture to intertrochanteric, prox-
imal, mid-shaft, and distal fractures. Two years 
later, Sir John Charnley [3] described a peripros-
thetic femur fracture around a cemented 
Thompson prosthesis. She was treated with bal-
anced traction and the fracture healed after 3 
months [4].

�Incidence

Periprosthetic femoral fractures may occur intra-
operatively, or early or late postoperatively fol-
lowing THA. Depending on the femoral fixation 
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method used, differences in the incidence of 
intraoperative fractures have been reported. An 
incidence of 0.1–3.5% has been reported with 
cemented stems [4, 5]; however, an increase of 
intraoperative fractures has been reported with 
the introduction of uncemented stems [4, 6]. 
Schwartz et  al. [7] studied 1318 consecutive 
uncemented total hip replacement arthroplasties 
and found 39 intraoperative fractures of the femur 
(3%), only half of which were diagnosed intraop-
eratively. A recent study from the Mayo Clinic 
registry [8] showed an intraoperative fracture 
incidence of 0.2% in 15,178 primary cemented 
and 3% in 17,466 uncemented THAs. The 
20-year cumulative probability of postoperative 
periprosthetic femoral fractures was 2.1% after 
placement of a cemented stem and 7.7% with 
uncemented stems. In revision surgery, an even 
higher incidence has been reported. In 1999, 
Berry [9] reported an intraoperative fracture inci-

dence of 3.6% in cemented and 20.9% in unce-
mented revision THAs. A review of the Swedish 
registry showed late femoral periprosthetic frac-
ture to be the third most frequently reported cause 
for reoperations after THA (9.5% of the reopera-
tions), after aseptic loosening and recurrent dislo-
cation [10].

�Etiology and Risk Factors

In a retrospective review of 93 periprosthetic 
fractures, Beals et  al. [11] found that the most 
common mechanism of late fracture was a 
ground-level fall (84%). Several potential risk 
factors for periprosthetic fractures around THA 
have been studied including primary diagnosis, 
age, osteolysis, aseptic loosening, revision, and 
implant design type.

�Primary Diagnosis

A matched case-control study of the Finnish reg-
istry showed that patients who had fracture as 
primary diagnosis for arthroplasty had a 4.4 times 
higher risk of periprosthetic fracture than those 
operated on for other reasons [12]. Similarly, 
analysis of 321 periprosthetic fractures reported 
to the Swedish registry showed that an index 
diagnosis of hip fracture was significantly more 
common than an index diagnosis of osteoarthritis 
or inflammatory arthritis in the fracture group 
(p < 0.001) [10].

�Age

Cook et  al. [5] examined a cohort of 6458 pri-
mary cemented femoral prostheses implanted 
from 1983 to 1999. Patients older than 70 years 
had a 2.9 times greater risk of sustaining a sub-
sequent fracture. It is likely that increased age 
is associated with increased incidence of peri-
prosthetic fractures due to a number of factors 
including osteoporosis, increased risk of falls, 
lower body mass index, higher incidence of oste-
olysis and loose stems, and a higher likelihood of 
having had a revision surgery [13].

Fig. 11.1  Vancouver B2 femoral fracture 5 months follow-
ing total hip arthroplasty with subsequent stem subsidence
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�Osteolysis

Late periprosthetic fracture associated with oste-
olysis has been recognized as a growing problem 
in arthroplasty [14]. The greater trochanter is a 
common area for osteolytic fractures because it is 
a large cancellous bone surface in proximity to 
the source of particle generation. The high stress 
imparted by the abductors in combination with 
the frequency of osteolytic lesions not infre-
quently leads to fracture in this area [14].

�Aseptic Loosening

Loose implants have been demonstrated to be 
risk factors for periprosthetic fracture in several 
studies [10, 15–17]. In a review of 321 peripros-

thetic fractures reported to the Swedish National 
Hip Arthroplasty Register, Lindahl et  al. [10] 
found that a high number of patients had a loose 
stem at the time of the fracture (66% in the pri-
mary THA group and 51% in the revision THA).

�Revision Surgery

Revision total hip arthroplasty is frequently asso-
ciated with bone loss and challenging implant 
fixation. Wear debris and resultant osteolysis can 
reduce available bone stock for fixation at the 
time of revision [13]. In a study of 215 Medicare 
beneficiaries who had periprosthetic femoral 
fracture between 2006 and 2008, a greater risk of 
periprosthetic fracture was associated with hav-
ing had a revision total hip replacement [18]. In a 

Fig. 11.2  (a) Preoperative radiograph demonstrating hip osteoarthritis following slipped capital femoral epiphysis. (b) 
Intraoperative femoral fracture in the diaphyseal region discovered postoperatively
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study of 64 patients who sustained an intraopera-
tive fracture of the femur during revision hip 
arthroplasty with a diaphyseal fitting cementless 
stem, risk factors associated with an intraopera-
tive fracture were a substantial degree of preop-
erative bone loss, a low femoral cortex-to-canal 
ratio, under-reaming of the cortex, and use of a 
large-diameter stem [19].

�Implant Design Type

Little is known about how the design features of 
cementless implants affect a patient’s risk for 
subsequent periprosthetic fracture. In a study of 
111,899 uncemented femoral stems reported to 
the Nordic Arthroplasty Register from 1995 to 
2009, the authors demonstrated an increased risk 
of fractures with the ABG II stem (anatomic 
design) and a decreased risk for the Corail stem 
(wedge design). Given that a wedge-shaped stem 
could be expected to more frequently act as a 
stress riser with its comparatively sharp corners 
compared with a rounded design, the authors 
concluded that these results were difficult to 
interpret [6]. Another study of 3964 primary 
THAs in which an alumina grit-blasted, proxi-
mally hydroxyapatite-coated femoral component 
with an exaggerated proximal taper angle was 
compared to five cementless, proximally fixed 
stems of different design showed an increased 
risk of early and late postoperative femoral frac-
tures in hips implanted with that particular stem 
design. The stem was subsequently discontinued 
by the manufacturer [20]. In cemented stems, 
some studies have shown increased risk of frac-
ture with a polished stem designed to subside in 
the cement mantle [6, 12, 21]. An inadequate 
cement mantle, with implant contact with the 
inner and distal femoral cortex, has been corre-
lated with long-term loosening, femoral osteoly-
sis, and subsequent risk for fracture [21].

�Evaluation

Since the fixation status of the implant is a 
critical aspect to the treatment algorithm, it is 
essential that the examiner elicit any signs and 

symptoms that may suggest implant loosening 
prior to the injury, such as start-up thigh pain. 
The injured limb’s neurovascular status and soft-
tissue condition should be carefully documented. 
Preoperative planning should include identifica-
tion of previous surgical scars, review of previ-
ous operative reports, and appropriate workup 
for infection in patients with previously symp-
tomatic implants. Synovial fluid WBC count and 
neutrophil percentage are the best tests for diag-
nosing prosthetic joint infection and have similar 
cutoff values as when used for detecting infec-
tion in patients without a periprosthetic fracture 
[22]. High-quality standard anteroposterior and 
lateral radiographs of the affected hip and femur 
as well as any previous radiographs, if available, 
should be reviewed in an attempt to determine 
the stability and fixation status of the implant if 
possible [23].

�Classification

The Vancouver Classification (Table  11.1) is 
currently the most widely used and accepted 
and is based on fracture location with subtypes 

Table 11.1  Vancouver classification of periprosthetic 
femur fractures after total hip arthroplasty

Vancouver classification of periprosthetic femur 
fractures

Type Fracture location Subtype

A Trochanteric region AG: fractures that 
involve the greater 
trochanter

AL: fractures that 
involve the lesser 
trochanter

B Around the stem of 
the femoral 
component, or extend 
slightly distal to it

B1: the implant is 
stable

B2: the implant is 
loose and the bone 
stock around the 
femoral component is 
adequate

B3: the implant is 
loose and the bone 
stock around it is 
inadequate to support 
traditional femoral 
implants

C Well distal to the stem
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in the B-type fractures based on implant fixation 
status and bone loss [24].

�Prevention

Prevention of periprosthetic femur fractures 
around total hip arthroplasty begins with care-
ful preoperative planning and identifying 
patients who are at risk of such a complication. 
Attention to preventing and identifying small 
intraoperative fractures is critical so that they 
can be addressed intraoperatively. Prevention 
of late periprosthetic femoral fractures is best 
accomplished through routine clinical and 
radiographic follow-up [13]. Regular monitor-
ing of patients allows for early detection of 
osteolysis and aseptic loosening, and thus facil-
itates timely revision surgery.

In a review by Tsiridis et al. [16], several pre-
ventive measures for periprosthetic femur frac-
tures were identified. Preoperatively, attention 
to careful component templating and identify-
ing at-risk patients is of paramount importance. 
Intraoperatively, fractures could be prevented by 
careful dislocation of the hip and by following 
proper technique of femoral canal preparation 
and careful insertion of the final prosthesis.

In revision settings, it is important to obtain 
adequate surgical exposure, which may involve 
various peri-trochanteric osteotomies to aid with 
prosthetic alignment and component or cement 
removal. Both careful reaming and avoidance 
of eccentric or varus directions when using the 
reamers are important and may be facilitated by 
judicious use of radiographs during femoral prep-
aration and implant insertion. It may be of value 
to strengthen the femur prophylactically by using 
cerclage wires prior to femoral preparation and 
implant insertion, and it is the authors’ practice 
to place a prophylactic cerclage wire just distal 
to the osteotomy site if an extended trochanteric 
osteotomy is used to prevent iatrogenic fracture 
propagation. If a fracture has already occurred, 
cerclage wiring can be used to prevent it propa-
gating further and should be placed sufficiently 
past the most distal extent of the fracture to protect 
the intact femoral canal. Cement removal is most 

safely achieved by splitting it radially and at sev-
eral levels or by using ultrasound. Cortical defects 
and osteolytic lesions should be bypassed when 
possible. Cortical strut grafts may be used prophy-
lactically to reinforce cortical defects and other 
stress risers. Postoperatively, good-quality antero-
posterior and lateral radiographs of the entire 
length of prosthesis should be obtained before 
weight bearing to exclude unrecognized fractures.

�Treatment of Late Periprosthetic 
Femur Fractures

Treatment of periprosthetic fractures after total 
hip arthroplasty is summarized in Table 11.2.

�Type A Fractures

Type AG fractures are stable when minimally 
displaced because they are securely positioned 

Table 11.2  Treatment of femur fractures after total hip 
arthroplasty

Type A (trochanteric)
 •	 AG •	 Trochanteric plate fixation for large, 

markedly displaced fractures

•	 Nonoperative treatment for late, 
osteolysis-related fractures

 •	 AL Nonoperative treatment

Type B (stem region or slightly distal)
 •	 B1 Confirm implant stability, reduction, and 

internal fixation of displaced fractures 
using a locked plate-cable system

 •	 B2 Stem revision, bypass with a long-stem 
prosthesis by minimum of two cortical 
diameters, supplemental cerclage cables 
as needed

 •	 B3 •	 Reconstruction with a long, fluted 
modular stem that engages any 
remaining isthmus, cable fixation of the 
fracture pieces around the proximal 
body of the implant

•	 Allograft-prosthetic composite versus 
proximal femoral replacement in cases 
where fluted stem fixation is not possible

Type C 
(well distal 
to the stem)

Fixation according to the fracture type, 
making sure that the fixation construct 
overlaps the tip of the femoral stem to 
avoid leaving weak segments of bone
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by the tendons of the vastus lateralis and the 
abductors, which prevent further displacement 
and proximal migration. This fracture is usually 
related to wear-debris osteolysis of the greater 
trochanter (Fig. 11.3) [25]. Nonoperative treat-
ment for several months to allow bone healing 
or stable fibrous union before revision for oste-
olysis is typically recommended. A hip abduc-
tion brace may help reduce pain while the 
fracture is healing [14].

If the greater trochanteric fragment is large and 
markedly displaced, and the remaining bone is 
satisfactory to gain fixation, then early revision to 
restore abductor mechanism continuity with inter-
nal fixation of the greater trochanter to its bed or 
to an advanced position may be considered [14]. 
Type AL fractures as an isolated injury can usually 
be ignored unless there is a distal extension 
involving the medial cortex that has destabilized 
the fixation status of the femoral stem [25].

�Type B Fractures

Nonoperative treatment has been practiced in the 
past [3, 26], but because of its high morbidity, sur-
gical treatment of these fractures has been estab-
lished as the preferred treatment. Internal fixation 
may be used either alone or in combination with 
stem revision. The stability of the original implant, 
amount of bone loss, and configuration of the 
fracture itself are the basic factors that influence 
the decision-making process. Lindahl et al. [27] 
found that a major risk of failure in the treatment 
of these fractures is misinterpretation of the sta-
bility of the stem and misclassifying type B2 frac-
tures as type B1, resulting in treatment with plate 
fixation without revision of the stem. This fact 
necessitates a careful assessment of the fixation 
status of the femoral stem in every type B peri-
prosthetic femur fracture with additional confir-
mation intraoperatively.

�Type B1 Fractures
Due to the femoral component being well fixed, 
the principal strategy of type B1 fractures is inter-
nal fixation of the periprosthetic bone without 
femoral revision. Different fixation techniques 
were tested and compared in an in vitro study by 
Schmotzer et  al. [28]. The authors compared 
allograft struts with wire cerclage (18-gauge 
Vitallium, Howmedica), allograft struts with 
multifilament cable cerclage (Dall-Miles, 2 mm 
stainless steel, Howmedica), bypassing the frac-
ture with a long stem (PCA, Howmedica), long 
stem with allograft struts and cerclage, plate 
(Synthes, Paoli, PA) with cables proximally and 
bicortical screws distally, and plate with unicorti-
cal screws (4.5  mm, Synthes) proximally and 
bicortical screws distally. The authors concluded 
that cables were significantly stronger and more 
appropriate than standard cerclage wiring and 
that compression plating with combined proxi-
mal cables and unicortical screws should be pre-
ferred over proximal wire fixation alone [28].

Cable-Plate System
In an early effort to provide rigid fixation around 
the femoral construct of a THA, Berman and 
Zamarin [29] introduced the Dall-Miles plate-cable 

Fig. 11.3  Extensive trochanteric osteolysis and fracture 
around a well-fixed cylindrical stem
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system (Stryker Howmedica, Mahwah, NJ) in a 
case report in 1993. The system included 1.6 and 
2.0 mm braided Vitallium alloy cables, small and 
medium sleeves, medium and large grips, and 
plates of varying length. Cable tensioners were 
used to tighten the cables. It also allowed unicorti-
cal screw fixation with cable augmentation proxi-
mal to the fracture, in addition to bicortical screws 
distal to the fracture.

Four years later, Haddad et  al. [30] docu-
mented their use in a small series of four peri-
prosthetic fractures that all had excellent clinical 
outcomes. The study of Sandhu et  al. [31] 
reported the outcome of 20 fractures treated 
with this system. All of the fractures united with 
no fixation failures over a postoperative period 
of 1–4 years. However, two type B1 fractures 
later collapsed into varus, and both of these 
cases were treated with a plate fixed only with 
cables. Based on these results, the authors rec-
ommended that fixation of the plate with cables 
alone should be avoided because of the torsional 
instability of the construct [32]. Similarly, 
Dennis et  al. [33] in a biomechanical study 
showed that plate constructs with proximal uni-
cortical screws and distal bicortical screws or 
with proximal unicortical screws, proximal 
cables, and distal bicortical screws were signifi-
cantly more stable in axial compression, lateral 
bending, and torsional loading than a plate with 
cables alone, plate with proximal cables and 
distal bicortical screws, or two allograft cortical 
strut grafts with cables. Tsiridis and colleagues 
[34] reported failure by fracture of the Dall-
Miles plate in two out of three B1 fractures. The 
plates were stabilized with cables proximally 
and bicortical screws distally below the tip of 
the femoral component.

Compression Plating
The first description of compression plating of 
periprosthetic femoral fractures was by French 
authors [35]. In 1992, Serocki et al. [36] treated 
ten periprosthetic femur fractures with 4.5  mm 
broad dynamic compression plates. The authors 
identified one limitation of these plates, which 
only allowed 7° and 25° of screw angulation 
when trying to avoid the stem. A prospective 

study of plate fixation of Vancouver B1 fracture 
types was published in 2005 by Ricci et al. [37] 
who evaluated 37 cases. Indirect reduction tech-
niques were applied in all cases, sometimes pre-
serving a soft-tissue bridge over the fracture site 
to minimize the operative trauma to the soft-
tissue envelope, and reduction was achieved 
using fluoroscopy and traction. Fixation was 
accomplished with a standard 4.5 mm broad DCP 
in 27 of the 37 cases, which was secured on the 
bone via unicortical or bicortical screws and 
cables. No strut allografts or cancellous bone 
grafts were used to augment the osteosynthesis 
and all fractures united at an average of 3 months. 
The authors emphasized that the plate must be of 
sufficient length to bypass the implant by a mini-
mum of six screws and that soft-tissue dissection 
should be minimized to preserve blood supply 
and facilitate osteosynthesis.

Locking Plates
Locking plates carry the advantage of both axial 
and angular stability because the screw heads are 
locked to the plate body by a threaded interface. 
They also provide the option of preservation of 
fracture-site vascular supply via use of minimally 
invasive insertion techniques [38]. Fulkerson 
et al. [38] performed a biomechanical compari-
son of standard Ogden plate-cable systems with 
the locking plates for fixation of fractures at the 
tip of well-fixed cemented stems (B1 fractures). 
The locked plating constructs used a 4.5  mm 
broad locking compression plate (LCP) that was 
secured to the cadaveric femur, with three unicor-
tical locking screws proximally and three bicorti-
cal distally. The Ogden constructs consisted of 
stainless steel plates that were fixed via three 
1.8 mm steel cables in the proximal fragment and 
three non-locked bicortical screws distally. The 
locked plate was stiffer than the Ogden plate in 
axial compression and torsional loading, but not 
in lateral bending. The two constructs also 
showed different modes of failure during tor-
sional loading. The LCP failed by lateral cortex 
fracture through the proximal screw holes, and 
the Ogden cable-plate system failed through the 
proximal cable cutting through the lesser tro-
chanter. Locked plate construct cement mantles 
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exhibited no evidence of cracks or gross loosen-
ing at the cement-screw interface.

Cable-ready locked plates with screw holes 
that allow combination of polyaxial locking and 
non-locking screw fixation have gained popular-
ity in fixation of periprosthetic fractures of the 
femur. These plates allow insertion with less 
invasive techniques that allow preservation of 
soft-tissue attachments. Locked screws allow 
better fixation in osteoporotic bone, especially 
when using unicortical screws in the proximal 
fracture segment. Non-locking screws have the 
advantage of being angled to gain fixation in 
bone anterior and posterior to the femoral stem. 
They also allow compression across transverse or 
oblique simple fracture patterns. Cables augment 
fixation in the proximal segment and allow addi-
tion of strut cortical grafts to enhance stability 
and provide a mechanical and potential biologi-
cal advantage in osteoporotic bone. Despite all 
these theoretical advantages, Dehghan et al. [39] 
in a recent systematic review of the literature 
showed that locking plates had a significantly 
higher rate of nonunion (3% vs. 9% P = 0.02) and 
a trend toward a higher rate of hardware failure 
(2% vs. 7%; p = 0.07) compared with cable-plate 
systems. The authors cited suboptimal surgical 
technique (such as inadequate fracture reduc-
tion), overreliance on the locking plate to gain 
stability, and use of an excessively stiff construct 
to bypass the fracture area as potential reasons 
for the higher nonunion rate compared to con-
ventional unlocked plates.

Strut Grafts
In a retrospective review from 4 centers, 40 patients 
with a fracture around a well-fixed femoral stem 
were treated with cortical onlay strut allografts 
without revision of the femoral component [40]. 
Nineteen patients were treated with cortical onlay 
strut allografts alone, and 21 were managed with a 
plate and one or two cortical struts. Thirty-nine 
(98%) of the 40 fractures united, and strut-to-host 
bone union was typically seen within the first year. 
There were four malunions, all of which had <10° 
of malalignment, and one deep infection. There was 
no evidence of femoral loosening in any patient. 
The authors concluded that cortical onlay strut 
allografts act as biological bone plates, serving both 

a mechanical and a biological function and that 
their use, either alone or in conjunction with a plate, 
led to a very high rate of fracture union. Despite the 
lack of a control arm in which only plates are used 
for fixation, the authors suggested that cortical strut 
grafts should be used routinely to augment fixation 
and healing of a periprosthetic femoral fracture. 
They explained that healing of the strut graft to the 
host bone involves formation of a zone of highly 
vascularized mesenchymal tissue. Osteoclasts sub-
sequently create cutting cones in the graft, which is 
then invaded by vascular buds. The graft remodels 
and is at its weakest between 4 and 6 months and 
therefore is vulnerable to mechanical failure unless 
the fracture has already healed [41].

Disadvantages of strut allografts are increased 
cost, potential to transmit disease, and that the 
host femur must be extensively exposed to place 
the struts which may heavily disrupt the blood 
supply that is so critical to healing. On the other 
hand, strut grafts have several advantages. The 
modulus of elasticity of the struts is similar to 
that of the host bone and, thus, they are less likely 
to cause stress shielding. The struts unite with the 
host bone and eventually make the bone stronger, 
in addition to stimulating healing of the fracture 
[42]. The surgeon must therefore weigh the pro-
posed benefit from the additional support pro-
vided to an underlying osteoporotic native bone 
by strut grafts as it heals against the risk of greater 
dissection necessary to apply them [25].

In an attempt to define more specific criteria 
for the use of strut grafts, Corten et al. [43] pro-
posed a surgical algorithm that resulted in union 
of 29 out of 30 periprosthetic fractures treated at 
their center. In addition to maintaining a high 
index of suspicion for stem loosening and for 
testing implant stability intraoperatively if there 
is any doubt, their algorithm called for the use of 
locked plates without strut grafting only in those 
fractures where the medial cortex was not com-
minuted and could be anatomically reduced. The 
authors called for refinement of the current treat-
ment algorithm that is based on the Vancouver 
classification, especially with regard to treating 
B1 fractures in order to define the most appropri-
ate and biomechanically sound fixation option in 
individual situations. Buttaro et  al. [44] recom-
mended caution when using locked plates alone 
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in treatment of type B1 fractures based on their 
results of three plate fractures and three plate 
pullouts in a series of 14 fractures. All of the fail-
ures in their series except one were observed in 
patients in whom a cortical strut allograft had not 
been used. In a review of 16 femoral fractures 
around well-fixed total hip implants, Wood et al. 
[45] recommended using cortical struts in cases 
of failed hardware and revision fixation. It 
appears that the issue of whether lateral plates 
alone provide enough stability for these fractures, 
or do strut grafts need to be added, warrants fur-
ther investigation. We do not use strut grafts rou-
tinely in the fixation of periprosthetic fractures, 
except in cases of severe osteopenia and after 
failed previous locked plate fixation.

�Type B2 Fractures
When the stability of the implant is questionable, 
it must be tested intraoperatively. Pike et al. [25] 
suggested that if the distal aspect of the stem is 
exposed at the fracture site, it may be tested for 
instability by generation of shear force along the 
longitudinal axis between the implant and bone 
or cement proximally. They recommended using 
a pointed reduction forceps on the femur and a 
Kocher forceps grasping the stem tip. If this is not 
possible, a formal arthrotomy is necessary to gain 
adequate exposure to exclude stem loosening.

When the femoral component is loose, extra-
medullary fixation alone has been shown to yield 

poor results. It is recommended that the stem be 
revised to a longer stem to bypass the fracture 
site by at least two cortical diameters when using 
a fully porous stem. Based on the results of an 
in vitro study, Schmotzer et al. [28] postulated 
that newer long-stem revision prostheses that 
provide distal fixation (flutes or porous coating) 
likely improve the stability across the fracture site 
even if no extramedullary support, such as a plate 
or strut graft, is used. O’Shea et al. [46] treated 
22 fractures with a fully porous coated stem 
(Solution, DePuy, Warsaw, IN) and supplemen-
tal cerclage wires with or without a strut graft. 
Of the 22 patients, 17 had a satisfactory outcome 
with a Harris Hip Score >80 while 4 patients had 
subsidence of their stems. One patient devel-
oped a deep infection and was revised to tumor 
prosthesis. Ko et al. [47] treated 12 patients with 
Vancouver B2 fractures with a conical fluted 
stem. At an average follow-up of 56.5 months, 
all 12 reconstructions showed a stable prosthesis 
and solid fracture union. Two patients had poor 
outcomes because of significant leg shortening in 
one patient and a new fracture in the other.

�Type B3 Fractures
Severe proximal femoral bone loss makes it even 
more challenging to achieve good femoral compo-
nent and fracture fixation as is seen in a Vancouver 
B3 periprosthetic fracture (Fig. 11.4). Options for 
treatment of such challenging fractures include 

Fig. 11.4  (a) Vancouver B3 fracture around a temporary hip spacer. (b) Patient underwent a revision with modular 
fluted tapered stem that (c) later subsided and (d) was revised to a larger diameter modular fluted tapered stem
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long cylindrical or fluted stems, with or without 
cortical strut grafting, allograft-prosthetic com-
posite, or proximal femoral replacement. The 
optimal method of reconstruction depends on the 
patient’s physiologic demands, fracture extent 
and location, and degree and severity of bone loss.

Long modular fluted tapered uncemented 
stems with retention of the proximal femur have 
been successfully used by Berry et al. [48] who 
treated eight patients with a modular fluted 
tapered grit-blasted titanium stem. Seven patients 
were available for follow-up. The revision stem 
was potted distally and the fractured fragments 
were pulled together around the stem using cer-
clage cables while preserving their muscular 
envelope. At a mean follow-up of 1.5 years, he 
found that all implants were stable and all frac-
tures had healed. Munro et  al. [49] treated 55 
patients with Vancouver B2 and B3 fractures with 
a modular titanium fluted stem. Cortical onlay 
allografts were used in 14 of the B3 fractures. 
They reported one nonunion, stem loosening in 
one patient, and infection in another patient. 
They did however notice a 24% rate of subsid-
ence on radiographic evaluation.

Springer et al. [50] reported on a series of 35 
Vancouver type B3 fractures treated with revi-
sion arthroplasty. The authors recommended the 
use of allograft-prosthesis composites or tumor 
prostheses in patients with severe damage to the 
proximal part of the femur, and uncemented, 
fluted, tapered stems that gain axial and rota-
tional stability distal to the fracture in select 
cases. In a retrospective case series of 44 
Vancouver B2 (25 patients) and B3 (19 patients) 
periprosthetic femur fractures treated with fluted, 
modular, tapered stems at the same institution, 
the authors reported good radiographic healing 
and stable femoral stems in 43 out of 44 cases 
(98%) at an average follow-up of 4.5 years. Five 
patients (11%) had recurrent instability and two 
patients developed deep infection [51].

In femoral fractures in which bone loss 
extends past the femoral diaphysis, and the 
geometry of the remaining femur will not support 
an uncemented stem, reconstruction with tumor 
prosthesis or an allograft is indicated. Blackley 
et al. [52] reported their experience with 63 total 

hip arthroplasties in 60 consecutive patients 
revised with a proximal femoral allograft-
prosthesis construct. The success rate, defined as 
a postoperative increase in the Harris Hip Score 
of greater than 20 points, a stable implant, and no 
need for additional surgery related to the allograft, 
was 77% (37 of 48 hips). They used a transtro-
chanteric approach and a step-cut osteotomy of 
the femur to stabilize the host-graft junction. 
Stems were cemented into the allograft and press-
fit into the distal femur. Haddad et  al. [53] 
reported on 40 proximal allograft reconstructions 
in which the stem was cemented into the allograft 
and the host femur. There were four early revi-
sions (10%) for infection and allograft nonunion, 
junctional nonunion in three patients (8%), insta-
bility in four (10%), and trochanteric nonunion in 
18 patients (46%). Despite the high revision rate 
(13 out of 40 patients), the authors recommended 
continued use of structural allografts for failed 
total hip replacements with loss of proximal fem-
oral bone.

Klein et  al. [54] reported on a series of 21 
patients with B3 fractures treated with a proximal 
femoral replacement. Intraoperative hip instabil-
ity with adequately positioned components was 
addressed with constrained liners. At the latest 
follow-up, the average Harris Hip Score was 71 
points (range 56–90). All stems were stable at the 
latest follow-up (mean, 3.2 years). Dislocation 
occurred in two hips. The authors concluded that 
proximal femoral replacement for the treatment 
of these difficult fractures is a viable option for 
low-demand patients [54]. Lessons learned from 
this experience suggest that if an allograft pros-
thetic composite or a proximal femoral replace-
ment is used, the risk of instability is high and the 
surgeon should thus consider the use of a con-
strained liner or a dual-mobility bearing.

One technical pearl that may be helpful to the 
surgeon is the liberal use of an extended 
trochanteric osteotomy (ETO) in these challeng-
ing cases [55]. The ETO is made down to the 
fracture site, and the loose stem is more easily 
removed. A prophylactic cerclage wire is then 
placed distal to the fracture site to protect the 
intact femoral diaphysis. In general we have 
found that a modular tapered stem is useful in 
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these scenarios as the isthmic segment for distal 
fixation is frequently short. The distal intact 
diaphysis is reamed for the distal segment of the 
stem, which is then impacted until axial stability 
is obtained. The modular proximal bodies are 
then used to recreate leg length, and once engaged 
in the proper version, the proximal fragments are 
cabled around the revision stem, taking care to 
respect the blood supply. This technique facili-
tates exposure as well as preparation and implan-
tation of the diaphyseal engaging stem under 
direct visualization.

�Type C Fractures

This fracture pattern is characterized by being 
well distal to the implant and is treated based on 
the existing diaphyseal femur fracture algorithms 
except that intramedullary fixation is not viable 
due to the presence of the femoral stem. In addi-
tion, the presence of the femoral stem typically 
necessitates bypassing the tip of the existing fem-
oral stem proximally. A study of 17 patients with 
type C periprosthetic femur fractures treated with 
internal fixation using a locking compression 
plate (LCP) bridging the implant in place showed 
fracture union in all cases. Less invasive surgery 
was performed on 15 patients and open surgery at 
the fracture site in two cases. They reported one 
bending-type mechanical complication of the 
plate [56]. Once again it is important to extend 
the span of the fixation plate past the tip of the 
stem so as to avoid leaving a segment of weak 
bone between the stress risers of the stem tip and 
proximal end of the plate [25].

�Case Solution

Case 1: The fracture was classified as Vancouver 
B2 fracture (i.e., loose stem with adequate bone 
stock). Intraoperatively, the femoral stem was 
noted to be subsided deeply into the femur and 
the fracture was identified running from the 
medial calcar through the lesser trochanter dis-
tally on the anterior aspect. The femoral compo-
nent was removed easily and two cerclage cables 

were passed around the proximal femur, one 
proximal and one distal to the lesser trochanter. 
The femur was then revised with a diaphyseal-
engaging, modular tapered stem. During trial 
reduction, an audible crack was heard and it was 
noted that there was a trochanteric fracture at the 
site of the proximal cable. This was reduced ana-
tomically and fixed with a trochanteric claw 
(Fig. 11.5). The fracture went on to heal and the 
stem was stable at 6 months postoperatively.

Case 2: The fracture was deemed unstable and 
the patient was taken back to the operating room 
for a femoral component revision. Two Dall-
Miles cables were placed around the fracture and 
snugged primarily but not to the terminal tight-
ness. The clamps were left on. The hip was then 
dislocated and the femoral component removed. 
The Dall-Miles cables were tightened further 
leading to an anatomic reduction of the fracture 

Fig. 11.5  Vancouver B2 femoral fracture treated with 
cerclage wire fixation, trochanteric claw plate, and revi-
sion to a modular tapered stem

11  Periprosthetic Fracture of the Femur After Total Hip Arthroplasty



116

fragments. They were clamped appropriately. 
The femur was then revised with a diaphyseal-
engaging, modular tapered stem extending at 
least two cortical diameters past the distal extent 
of the fracture (Fig. 11.6). The fracture went on 
to heal and the stem was stable at 6 months 
postoperatively.
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Acute Pelvic Discontinuities

Nicolas Reina, Matthew P. Abdel, 
and Daniel J. Berry

�Case Presentation

A 70-year-old female with an unremarkable past 
medical history underwent an uncemented right 
total hip arthroplasty at an outside institution. 
During impaction of the press-fit acetabular com-
ponent, a fracture of the posterior column was 
noted by the referring surgeon. The acetabular 
component was then removed and the posterior 
column was plated. A larger acetabular compo-
nent was subsequently impacted with supple-
mental screw fixation (Fig. 12.1a, b). The patient 
was allowed to be partial weight bearing postop-
eratively, but had a subsequent fall. As such, she 
was then transferred to our institution for definitive 
management. Upon presentation, she was short-
ened and externally rotated on the operative limb. 
However, she was neurovascularly intact. Multiple 
radiographs (Fig.  12.2a–d) revealed an acute 
pelvic discontinuity with catastrophic failure of 
the acetabular reconstruction.

�Introduction

Pelvic discontinuities consist of a lack of continu-
ity between the superior hemipelvis and inferior 
hemipelvis. While typically encountered in failed 
total hip arthroplasties (THAs) with massive bone 
loss, acute pelvic discontinuities may also occur 
during primary THAs due to excessive acetabular 
reaming or impaction of press-fit acetabular com-
ponents. A thorough history and physical exami-
nation are paramount, but radiographic analysis 
remains the cornerstone of such a diagnosis. 
Indications of a pelvic discontinuity include a vis-
ible fracture line, obturator ring asymmetry, and 
medial migration of the inferior hemipelvis with 
disruption of Kohler’s line [1].

Many classifications have been proposed to 
describe periprosthetic bone loss in revision 
THAs. Paprosky et al.’s [2] is the most commonly 
utilized scheme, but the American Academy of 
Orthopedic Surgeons (AAOS) [3] also has a clas-
sification scheme available. In the Paprosky clas-
sification, there is no specific classification for a 
pelvic discontinuity. However, they can occur with 
type IIC or IIIB defects. Based upon the AAOS 
classification, pelvic discontinuities are consid-
ered a type IV defect [3]. Berry et al. [1] further 
subclassified these type IV defects into three sub-
types: type IVa (association with cavitary or mild 
segmental bone loss), type IVb (large segmental 
or a combined defect), and type IVc (any lesion on 
a previously irradiated acetabulum).
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�Epidemiology

The true epidemiology of pelvic discontinuities 
after primary THA is difficult to assess. However, 
most literature suggests that the incidence is 
between 1 and 5% [4–6]. The Mayo Clinic 
reported an incidence of 0.9% in 3505 revisions 
[7]. Given the fact that primary and revision 
THAs are projected to increase by 174% and 
137%, respectively, by the year 2030 [8], it is 
likely that pelvic discontinuities will continue to 
be an increasing burden.

�Risk Factors

There are several risk factors that may predispose 
patients to an intraoperative pelvic discontinuity. 
Those factors include:

•	 Female gender [9]
•	 Rheumatoid arthritis [1]
•	 Poor bone quality
•	 History of radiation [1, 10]
•	 Press-fit acetabular components [11]

There are a few scenarios that deserve special 
attention. Postmenopausal women have a partic-
ularly increased risk of acute pelvic discontinuity 
given their smaller acetabuli and lower bone den-
sity [12]. In addition, the use of press-fit acetabu-
lar component is a risk factor for pelvic 
discontinuities. While Springer et  al. [11] high-
lighted the risk of an intraoperative pelvic discon-
tinuity due to over-reaming of the acetabulum, 
others have shown an increased risk of fracture 
with under-reaming and impaction of uncemented 
acetabular components [12, 13].

�Prevention

There are several preventative measures that may 
reduce the risk of pelvic discontinuity during a 
primary THA.  Foremost, a safe and adequate 
exposure of the acetabulum is essential. The 
importance of such an exposure is highlighted by 
the fact that cup malpositioning is more common 
in obese patients where exposure is often compro-
mised [14]. In addition, patients with poor bone 
quality (i.e., postmenopausal females with osteo-
porosis) deserve special attention to avoid overly 
aggressive placement of retractors.

Fig. 12.1  (a) Anteroposterior (AP) pelvic and (b) lateral 
immediate postoperative radiographs of a 70-year-old 
female who underwent an uncemented primary THA at an 
outside institution. On the AP radiograph, there is disrup-
tion of Kohler’s line and asymmetry between the obtura-
tor foramens. On the cross-table lateral, a fracture of the 

posterior column is noted. All of these findings are con-
cerning for an acute pelvic discontinuity. The dotted line 
on the right hemipelvis indicates the disrupted ilioischial 
line, whereas the dotted line on the left side indicates 
the intact ilioischial line. Images courtesy of Michael 
J. Taunton, M.D.
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Once an adequate exposure is obtained, the 
surgeon must carefully ream the acetabulum, 
taking into account the preoperative templating, 
sharpness of the reamers, quality of the host bone, 
and particular implant system being utilized. 
Over-reaming can lead to major defects, particu-
larly when the acetabulum is reamed asymmetri-
cally. In some scenarios, the surgeon may consider 
line-to-line reaming to minimize aggressive 
impaction of the acetabular component. If an 
uncemented acetabular component is impacted 
and an adequate press-fit is not obtained, the 
surgeon should remove the acetabular component 

to ensure that a discontinuity was not inadvertently 
created. Intraoperative imaging in orthogonal 
planes should also be considered if suspicion for 
an intraoperative fracture exists.

�Diagnosis

While a thorough history and physical examination 
are important, most pelvic discontinuities are 
diagnosed on imaging studies. All patients should 
have a basic set of radiographs including an 
anteroposterior (AP) pelvis, AP hip, and a lateral hip. 

Fig. 12.2  (a) Anteroposterior (AP) pelvic, (b) oblique, 
(c) AP hip, and (d) cross-table lateral radiographs of the 
above patient when she presented to our institution several 
weeks later. In conjugation, the radiographs reveal an 

acute pelvic discontinuity with catastrophic failure of an 
attempted open reduction and internal fixation with plat-
ing. Images courtesy of Michael J. Taunton, M.D.
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With these views, the anterior column can be 
evaluated via the iliopectineal line, while the 
posterior column can be evaluated via with iliois-
chial line (Fig.  12.1). A disruption in either of 
these lines is concerning for a pelvic discontinu-
ity. Judet radiographs are often very helpful, 
including an iliac oblique and obturator oblique 
[15]. Martin et  al. [16] recently showed that 
radiographic indicators of a pelvic discontinuity 
include either a fracture line identified on two 
orthogonal views (i.e., AP pelvis and true lateral 
radiograph or both Judet views) or a fracture line 
identified on one view (AP pelvis, Judet view, or 
true lateral radiograph) associated with evidence 
of pelvic rotation or pelvic asymmetry (Fig. 12.1). 
The above criteria was accurate in diagnosing 
94% of pelvic discontinuities without advanced 
imaging. Moreover, the combination of an AP 
pelvis, a lateral hip, and Judet views led to an 
accurate diagnosis in nearly all cases.

However, advanced imaging, particularly thin-
cut (i.e., 1  mm) computerized tomography (CT) 
scans are playing an increasing role in both the 
diagnosis and management of patients with pelvic 
discontinuities. When compared to radiographs, 
CT scans incrementally allow for assessment of 
remaining columnar bone, as well as amount of 
remaining superior dome, anterior wall, and poste-
rior wall. Three-dimensional reconstructions are 
increasingly useful for the diagnosis of a pelvic 
discontinuity as well [17]. Contemporary higher 
quality CT scans have been available through the 
use of metal artifact reduction sequences (MARS). 
Additional techniques can lead to more precise 
evaluation. Recently, Fehring et al. [18] reported a 
novel technique where CT scans were reformatted 
into 45° Judet views. This allowed for an increase 
in the sensitivity of diagnosing pelvic discontinui-
ties by 18%.

�Nonoperative Treatment

The treatment of an intraoperative pelvic discon-
tinuity primarily depends on when the discontinu-
ity is recognized. If noted intraoperatively, pelvic 
discontinuities should be treated operatively (as 

noted below). However, if only appreciated 
postoperatively, then a discussion must occur 
between the patient and the surgeon to discuss 
management options. Nonoperative management 
is reserved for frail patients who cannot tolerate a 
second operative procedure.

�Operative Treatment

The surgical treatment of pelvic discontinuities is 
demanding given the fact that both fracture and 
implant fixation must be addressed. The first goal 
is to restore a biomechanically continuous pelvic 
ring connecting the superior and inferior aspects 
of the pelvis (and thus acetabulum). The second 
is to obtain a stable reconstruction based on rigidly 
fixed implants.

�Open Reduction and Internal Fixation 
(ORIF) with Plating

In the majority of acute pelvic discontinuities, there 
is minimal bone loss. As such, open treatment with 
plating of the posterior column and bone grafting 
of the fracture is typically successful [19]. 
Traditionally, plate fixation is achieved by placing 
three screws superior and three screws inferior to 
the pelvic discontinuity. Plate stability is critical as 
it creates compression forces on the fracture to pro-
mote healing. Autologous bone grafting may also 
be considered. After the pelvic ring is restored 
with osteosynthesis, a highly porous uncemented 
acetabular component can be placed with supple-
mental screws through the acetabular component 
and into host bone. If ORIF and plating do not 
provide adequate stability to allow for placement 
of an acetabular component, then one of the 
below reconstructions is recommended.

�Cup-Cage Construct

When stability cannot be achieved with ORIF 
via plating in the setting of an acute pelvic dis-
continuity, consideration should be given to a 
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cup-cage construct [9, 20, 21]. With this technique, 
a highly porous acetabular component is placed 
on host bone with proximal screws placed into 
the ilium and inferior screws placed in the 
ischium. In essence, the acetabular component 
serves as an “internal plate.” Thereafter, a cage is 
placed from the ilium to ischium with supple-
mental superior and inferior screws for additional 
“splinting” of the fracture while healing of the 
construct occurs.

Highly porous implant surfaces have been 
developed that promote bone ingrowth and are 
also associated with higher coefficients of fric-
tion against bone to increase initial implant sta-
bility [10]. Our preference is to use a tantalum 
acetabular component (Trabecular Metal™ 
[TM]; Zimmer; Warsaw, IN) given its high poros-
ity, high coefficient of friction, modulus of elastic-
ity that is similar to cancellous bone, and excellent 
track record in challenging scenarios [10, 22, 23]. 
The cage is fixed to the bone by screws into the 
ilium superiorly with the inferior flange typically 
placed directly into the ischium. As the cup we 
prefer is non-modular, the liner is then cemented 
into the construct, with the least amount of con-
straint preferred to minimize bone-implant loads. 
However, in some rare circumstances, a dual-
mobility construct or constrained liner is needed. 
Ultimately, the stability of the construct is based 
upon the highly porous acetabular component, 
supplemental cage, and numerous additional 
screws for adjunctive fixation [24].

�Distraction Method

A third option in the management of acute pelvic 
discontinuities is the use of the distraction method 
as popularized by Paprosky and Sporer et  al. 
[25]. The method is based upon gaining pelvic 
stability by distraction of the discontinuity 
through elastic recoil of the pelvis, and by fixing 
the superior and inferior hemipelvises to a highly 
porous metal cup or augment with screws, 
thereby unitizing the superior and inferior aspects 
of the pelvis. To date, there is only one published 
report in the revision setting [25].

�Custom Triflange

This is a very limited role for custom triflanges in 
the treatment of acute pelvic discontinuities given 
that a CT scan is required, as is a prolonged manu-
facturing period. In the future, and with the advent 
of rapid 3-D printing, there may be a role for such 
a reconstruction in select group of patients.

�Literature Review

Historically, the sole use of anti-protrusio cages 
and reinforcement rings in the treatment of pelvic 
discontinuities has been associated with high fail-
ure rates, ranging from 50% at 3.3 years of follow-
up [26] to 60% at 6.9 years of follow-up [19].

When adequately managed, acute pelvic dis-
continuities have shown acceptable outcomes. 
Rogers et al. [27] found 100% survivorship free 
of revision at a mean of 34 months in 9 patients 
with acute pelvic discontinuities (i.e., diagnosed 
within 12 weeks of index primary THA) treated 
with posterior column plating and a revision tan-
talum acetabular component. Of note, 67% of 
patients in this series also had autologous bone 
grafting. Stielh et  al. [19] reported ten cases of 
chronic pelvic discontinuities treated with ORIF 
and plating. Eight patients had plating of both 
columns, while one had plating of the posterior 
column and one of the anterior column only. At a 
mean follow-up of 33 months, seven of ten had 
healed. However, there were four revisions at 
most recent follow-up (two for infection and two 
for aseptic loosening).

The cup-cage construct has recently gained 
popularity as an option for reconstruction of 
pelvic discontinuities [21, 28]. While typically 
reserved for chronic pelvic discontinuities, 
similar techniques and principles can be used to 
manage acute pelvic discontinuities that are not 
amenable to ORIF with plating. Abolghasemian 
et  al. [29] compared 26 pelvic discontinuities 
(24 patients) treated with a cup-cage construct 
to 19 patients treated with a cage alone. At a 
mean follow-up of 82 months, 68% of the cage-
alone group had failed, as opposed to 15% in the 
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cup-cage group. As such, the 7-year survival 
rate was 87% for cup-cage group. Amenabar 
et  al. [9] confirmed those findings and later 
reported that 4 of 45 cup-cage patients had to be 
revised for aseptic loosening at a mean follow-up 
of 77 months.

While rarely indicated for acute pelvic discon-
tinuities, minimal literature does exist on the use 
of the distraction method [30]. Sporer et al. [25] 
reported on 20 chronic pelvic discontinuities in 
patients treated with this method. At a short mean 
follow-up of 4.5 years, the authors found that one 
patient had radiographic evidence of loosening 
and was revised. Four additional patients had 
some radiographic evidence of loosening, but 
were not revised as they were asymptomatic.

There is a higher risk of complications follow-
ing revision for pelvic discontinuity. These are 
complex procedures with a substantial risk of 
nerve injury related to the use of cages and 
adjunctive screws as well as a real risk of vascu-
lar injury. Further, most studies suggest a sub-
stantial risk of both dislocation and infection. 
Further, as noted above, even in cases where rigid 

fixation of the implant and pelvis is obtained, 
failure of fixation can also occur.

�Case Solution

In this particular case, the patient had previously 
failed an attempt at open reduction and internal fixa-
tion (ORIF) with a plate and uncemented hemi-
spherical component (with supplemental screw 
fixation). Moreover, there was significant bone loss. 
As such, a custom triflange (Fig. 12.3a, b) was uti-
lized along with 200  cm3 of allograft bone. At 
2 years of follow-up, the patient was fully weight 
bearing without pain, but did require the use of a 
cane given some abductor weakness (Fig. 12.4a–d).

�Summary

Pelvic discontinuity remains one of the most diffi-
cult complications to manage after THA. Careful 
preoperative imaging and planning are the first 
steps before surgery to identify the discontinuity 

Fig. 12.3  (a) Intraoperative figure depicting the pelvic 
discontinuity with dissociation of the superior and infe-
rior hemipelvises. (b) Intraoperative image with the 

custom triflange implanted. Images courtesy of Michael 
J. Taunton, M.D.
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and plan for management. The AAOS classifica-
tion as modified by Berry can be used to assess and 
plan for appropriate management. Guidelines for 
the management of this complication include 
obtaining both rigid fixation of the pelvis and the 
revision implant. Patients should be warned, how-
ever, that the risk of complications and problems 
following this challenging complication is high.
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Wear and Osteolysis 
of Polyethylene Bearings

James A. Keeney
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�Case

A 65-year-old female presents 14  years after 
undergoing a primary left total hip arthroplasty 
(Fig.  13.1). Her hip had functioned well for a 
number of years, allowing her to resume her nor-
mal lifestyle. Over the past 2 years, she has noted 
a progressive increase in left groin and buttock 
pain. Over the past 3 months ago, she has noticed 
a squeaking sensation in her left hip during 
ambulation. She has started to use a cane to help 
manage her pain. The patient was referred for 
evaluation and treatment.

�Epidemiology

Osteolysis and component loosening have been 
identified among the most common mechanisms 
for late total hip arthroplasty (THA) failure [1]. 
During normal activity, wear particles are 
released from metal-on-polyethylene (M-O-P) 
and ceramic-on-polyethylene (C-O-P) bearing 
surfaces. Adhesion and abrasion between the 
femoral head and polyethylene insert are the pri-

mary mechanisms for wear. Hydraulic pressure 
produced during normal hip movement forces 
joint fluid and polyethylene wear debris through 
the “effective joint space” [2].

Areas of the host bone-implant interface that 
are not sealed by circumferential bone contact, 
osseointegration, or polymethylmethacrylate 
(PMMA) cement bonding can allow access for 
polyethylene, metal, ceramic, or PMMA particles 
to the implant-bone interface. When exposed to 
particulate wear debris, macrophages initiate and 
osteoclasts mediate the process of bone resorption 
around initially stable implants [3, 4]. NFkappaB 
ligand (RANKL), produced by osteoblastic stro-
mal cells, fibroblasts, or activated T-cells, binds to 
receptors on the surface of osteoclast precursor 
cells and stimulates them to convert into active 
osteoclasts [5, 6]. Among biomaterials used in 
total hip arthroplasty, polyethylene has the high-
est potential to induce osteolysis, with sub-
micrometer-sized particles more strongly 
associated with the osteolytic process than macro-
scopic debris [7]. Osteolysis also appears to be 
associated with more rapid release of polyethyl-
ene debris from the bearing surface, with higher 
volumetric wear and linear rates greater than 
0.2 mm/year implicated with the development of 
radiographically evident osteolysis [8].

The radiographic presentation of osteolysis 
differs based on the patterns of particle access 
through the effective joint space around cemented 
and cementless total hip arthroplasty prostheses. 
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For cemented components, the osteolytic process 
advances in a linear fashion along the cement-
bone interface, beginning at the joint surface and 
extending to the most distant areas of bone-
implant contact. The patterns of linear osteolysis 
around femoral and acetabular implants were 
first reported by Gruen and DeLee, respectively 
[9, 10]. When osteolysis develops in association 
with well-fixed, cementless components, the pro-
cess results in a focal expansion within areas of 
the bone-host interface where the particles are 
able to gain access (Fig.  13.2) While implants 
may initially remain mechanically stable, pro-

gressive focal (balloon) osteolysis can undermine 
implant fixation and result in late loosening.

�Risk Factors Associated 
with the Complication

A variety of factors have been associated with 
either accelerated wear rates or catastrophic 
polyethylene liner failures. Kennedy et  al. [11] 
reported an association of vertical acetabular 
component malposition with higher rates of oste-
olysis and linear polyethylene wear. Patil et  al. 
[12] estimated that polyethylene liners placed in 
a position >45° of inclination were subject to a 
40% increase in linear wear using a finite element 
analysis model. The utilization of larger head 
sizes and thinner polyethylene inserts has been 
associated with higher rates of wear and osteoly-
sis with conventional polyethylene liners in total 
hip arthroplasty [13]. Berry et  al. [14] reported 
catastrophic polyethylene liner failures only 
among inserts less than 5 mm thick. Polyethylene 
degradation can be accelerated under conditions 
intrinsic to the material. Sterilization processes 
used in the late twentieth century were occasion-
ally performed in an oxygen-containing environ-
ment and this was associated with higher rates of 
wear and osteolysis [15, 16]. This process is 
notably magnified when the polyethylene remains 
in a non-implanted inventory for extended peri-
ods of time (shelf life). Puuolaka et al. [17] noted 
that polyethylene inserts with a shelf life greater 
than 3  years had a substantially higher rate of 
wear and osteolysis than those with a shorter time 
before implantation.

�Prevention

Irradiation introduced during the process  
of ultrahigh-molecular-weight polyethylene 
(UHMWPE) sterilization was noted to have an 
effect of reducing the linear and volumetric wear 
rate of polyethylene [18]. This cross-linking pro-
cess increases the wear resistance of the poly-
ethylene material in exchange for decreasing 

Fig. 13.1  Case example (preoperative AP radiograph)

Fig. 13.2  Focal osteolysis behind a cementless acetabu-
lar component
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its fracture resistance. Several studies have now 
demonstrated a substantial reduction in the wear 
rate of highly cross-linked polyethylene used 
in contemporary total hip arthroplasty through 
the first 10  years after implantation, even when 
performed among younger patients [19–21]. The 
use of a ceramic femoral head has demonstrated 
reduced wear rates when used with a conven-
tional polyethylene bearing, but the benefits have 
not yet been substantiated when coupled against 
a highly cross-linked polyethylene liner [22, 23]. 
Improvements in the durability of highly cross-
linked polyethylene have contributed to the avail-
ability of larger femoral heads for primary total 
hip arthroplasty. Selection of femoral head size for 
an individual patient should take several factors 
into account: patient factors associated with hip 
dislocation (female gender, diagnosis other than 
osteoarthritis), acetabular component size, and 
minimum polyethylene liner thickness, and risk 
for wear of the replaced acetabular liner during 
the expected remaining years of a patient’s life. 
While the stability of hip replacement constructs 
is improved with the use of larger femoral head 
sizes, increased contact between the larger femo-
ral head and polyethylene liner can contribute to 
higher rate of volumetric polyethylene wear [24].

�Diagnosis

The diagnosis of polyethylene wear can be made 
from a review of radiographic imaging studies, 
particularly when the femoral head migrates in a 
superolateral direction (Fig. 13.3). The amount of 
linear wear occurring in an acetabular component 
may be harder to define for components placed 
with less than a 40° inclination angle as wear will 
occur more medial or central within the acetabu-
lar liner. Osteolysis can be noted by the presence 
of osteopenia and loss of normal trabecular archi-
tecture around the implant. Iliac and obturator 
oblique Judet radiographs may be helpful in 
defining the presence of osteolysis, size of the 
defects, and integrity of the posterior and anterior 
columns. Cross-sectional imaging using com-
puted tomography (CT) scan can provide greater 
detail of the characteristics and size of osteolytic 
defects and may be helpful [25] (Fig. 13.4).

Fig. 13.3  Asymptomatic superolateral polyethylene 
wear and associated focal osteolysis

Fig. 13.4  CT scan visualizing posterior column osteo-
lytic defect
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�Treatment

�Nonoperative Treatment

Asymptomatic patients with contained osteo-
lytic defects may be treated without surgery. 
Symptoms of weakness around the hip may be 
addressed with rehabilitation and minor symp-
toms of discomfort may be alleviated with anal-
gesic or anti-inflammatory medication. If a 
nonoperative treatment approach is considered 
for any patient after an initial diagnosis of oste-
olysis, consideration should be given to early 
radiographic follow-up (3–6  months), particu-
larly if the lesion is larger. Annual surveillance 
of nonoperatively treated radiographic osteoly-
sis would be recommended on an ongoing 
basis. Decision making regarding the appropri-
ate timing of surgical intervention has not been 
clearly defined. Factors to consider include the 
age and activity level of the patient, track record 
of the implanted components, and patient pref-
erence. For example, in a younger, fit, active 
patient the threshold to recommend revision 
surgery will oftentimes be lower even if small 
areas of osteolysis are identified whereas con-
tinued observation is typically chosen in elderly 
patients with more medical comorbidities that 
may limit their activity and increase the risks of 
surgery.

�Operative Treatment

Symptomatic patients with loose implants and 
patients with large osteolytic defects that threaten 
long-term implant stability should be approached 
with operative management. A variety of surgical 
approaches may be considered for the treatment 
of polyethylene wear and osteolysis. The specific 
approach that is selected for a given patient is 
dependent on the size of the osteolytic lesion, sta-
bility of the arthroplasty components, integrity of 
the implant’s locking mechanism, availability of 
structural bone for biologic fixation of revised 
components, and consideration of the age and 
overall physical health of the patient requiring 

surgical treatment. The decision to remove well-
fixed components should occur with thoughtful 
consideration of the bone quality behind the 
implant and the availability of implants that are 
best suited to manage a spectrum of deficiencies 
on either the acetabular or the femoral sides of 
the hip. Given that instability is a common com-
plication of isolated bearing surface changes, 
careful consideration must be given to compo-
nent position when determining if component 
revision or retention is more appropriate. 
Regardless of the treatment approach selected, 
exchange of the polyethylene material and femo-
ral head are central components of any revision 
procedure to address the bearing surface “wear 
generator.”

�Component Retention
Component retention and bone grafting of osteo-
lytic defects can be coupled with revision of the 
femoral head and polyethylene liner for patients 
with stable components, contained osteolytic 
defects, and a functioning acetabular liner lock-
ing mechanism [26]. It may also be reasonable to 
consider cementing a new acetabular liner into a 
retained acetabular shell if the locking mecha-
nism is not mechanically sound but the position 
of the component is good and the metal shell is 
large enough to cement the desired liner into 
place [27, 28]. The major reported complication 
associated with a component retention approach 
is postoperative dislocation, and patients with 
smaller acetabular components may have a 
higher rate of mechanical failure of cemented 
liner fixation [29, 30].

There are three major decisions that are made 
during a component retention approach in revi-
sion hip surgery: (1) polyethylene material and 
design, (2) femoral head material, and (3) femo-
ral head size. The decision on implant selection 
should take into account the desire to prevent 
prosthetic component instability—the most com-
mon complication after isolated head-liner 
exchange—and also the considerations of bear-
ing surface wear and potentially adverse impact 
of placing a new modular femoral head onto a 
retained femoral implant.

J.A. Keeney
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Polyethylene Material and Design
Improvements in highly cross-linked polyethyl-
ene materials have been associated with low rates 
of polyethylene wear even when used for young 
and active patients with femoral head sizes 32 mm 
or less [19, 31–33]. Contemporary polyethylene 
bearings provide several options that may be ben-
eficial in different revision settings: neutral or 
elevated rims, neutral or lateralized offset, con-
straint, or combination of a mobile-bearing poly-
ethylene femoral head against a metal acetabular 
liner (dual mobility). Kremers et al. have demon-
strated a low risk for midterm re-revision when 
highly cross-linked polyethylene liners are uti-
lized and no increase in risk of failure associated 
with the use of an elevated rim liner [34]. Specific 
acetabular components may provide the option 
for using either a constrained acetabular liner or a 
dual-mobility femoral head coupled with a metal 
acetabular liner. Both of these may be useful for 
cases where acetabular component position is 
acceptable, but hip abductor musculature does not 
provide adequate dynamic support.

Femoral Head Material
When combined with conventional polyethylene 
acetabular liners, ceramic femoral heads had dem-
onstrated lower wear rates than cobalt chromium 
femoral heads [22]. Although contemporary stud-
ies assessing wear for hips using highly cross-
linked polyethylene have not defined lower wear 
rates when ceramic heads are utilized, consider-
ation may be given for the use of a ceramic femo-
ral head among very young patients who are 
undergoing hip revision surgery for polyethylene 
wear with or without osteolysis. When the retained 
femoral component is made from a cobalt-chro-
mium alloy, the selection of a cobalt-chromium 
femoral head should have limited potential for 
adverse trunnion-related behavior. When the 
retained femoral component is made from a tita-
nium alloy, consideration may be given to the use 
of a ceramic femoral head, particularly if a large-
diameter or long-length femoral head is selected 
[35]. Whenever a ceramic head is considered for 
use in a revision setting, the use of a titanium 
sleeve adapter provided by the femoral component 
manufacturer would be appropriate.

Femoral Head Size
While femoral head diameters ≥36  mm may 
improve hip stability during revision THA, stud-
ies have associated these larger head sizes with 
increased volumetric wear [24, 36]. Selecting a 
larger femoral head size can contribute to a lower 
risk for postoperative dislocation after revision 
during an isolated femoral head and polyethylene 
liner procedure. The decision to select a femoral 
head 36 mm or larger for use during a revision 
surgery should take into account three main con-
siderations: (1) Can adequate stability be 
achieved with a femoral head 32 mm or less? (2) 
Does the diameter of the acetabular component 
support revision to a 36 mm or larger diameter 
femoral head with adequate retained polyethyl-
ene thickness? (3) Does the patient’s age support 
a greater weight being given to the importance of 
hip joint stability over long-term considerations 
of polyethylene wear?

The author performs revision surgery through 
a posterior approach. If the acetabular compo-
nent position is in a low amount of anteversion 
(<20°) and the femoral component is not exces-
sively anteverted, consideration is given for the 
use of a polyethylene liner with an elevated rim. 
A neutral polyethylene liner trial is selected if 
combined femoral and acetabular component 
anteversion is greater than 45°. A constrained 
liner is utilized for patients with inadequate hip 
abductor support (structural or functional) when 
accommodated by the acetabular component 
design. Consideration is occasionally made for a 
dual-mobility component if appropriate for the 
acetabular component system under the same 
considerations. For younger or more active 
patients with an acetabular component <60 mm 
diameter, strong consideration is given for the 
use of a 32 mm femoral head. For older patients 
(>70 years) with acetabular components ≥56 mm 
in diameter, a 36 mm femoral head is generally 
selected. Physiologic age is used to guide femo-
ral head size determination for patients between 
60 and 75  years of chronological age. Cobalt-
chromium femoral heads are used for most 
cases, except in rare cases where corrosion is 
noted on the trunnion where a cobalt-chromium 
femoral head has been removed.
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�Component Revision Approaches
Patients with loose or poorly positioned compo-
nents are treated with component revision. The 
selection of specific implant fixation techniques 
should be guided by an understanding of host 
bone structural support in the acetabulum and 
femur for biologic implant fixation. The author’s 
preference is to utilize the surgically based clas-
sification systems proposed to guide decisions 
on component selection and treatment of major 
bone deficiencies [37–39]. A variety of tech-
niques may be considered in acetabular revision 
surgery for major osteolysis. These may include 
the use of highly porous implants, allograft aug-
mentation of cavitary or structural bone defects, 
porous metal augmentation of structural bone 
deficiency, acetabular distraction with highly 
porous revision components for pelvic disconti-
nuity, impaction grafting, and use of reconstruc-
tion cages [40–46]. For femoral revision surgery, 
commonly utilized treatment options include 
extensively porous coated stems, cylindrical 
monoblock or modular tapered stems, impaction 
grafting with cemented femoral implants, and 
endoprosthetic (oncology) prosthetic reconstruc-
tion [47–50].

�Acetabular Component Revision

Cases with contained acetabular defects can be 
managed with focal bone grafting and revision 
acetabular components. Consideration should be 
given to provide structural support to superolat-
eral defects involving more than 30% of the com-
ponent rim. This may be accomplished using 
either allograft bone or structural augments. A 
variety of revision options exist for the treatment 
of major medial or superomedial structural defi-
ciencies including revision cementless compo-
nents, cup-cage constructs, reconstruction cages, 
or custom acetabular components (Fig. 13.5).

�Femoral Component Revision

The author’s preference is to use monoblock 
cementless femoral components for most femo-

ral revisions where proximal metaphyseal sup-
port is present and diaphyseal fixation of at least 
5–6  mm can be achieved. For cases where a 
bowed femoral component ≥200  mm length is 
used and the proximal femur is intact, flexible 
reaming of the femoral canal between 0.5 and 
1.5 mm greater than the size of the selected fem-
oral implant may be necessary to avoid fracture 
during trial and implant component insertion. 
Placement of a prophylactic cable around the 
femoral diaphysis corresponding to the isthmus 
of the canal may be helpful to prevent intraop-
erative fracture. Femoral deficiencies with an 
intact isthmus, but less than 5 mm of bone avail-
able for biologic fixation, are generally treated 
with a modular tapered stem (Fig. 13.6) which is 
better able to achieve axial and rotational stabil-
ity over a short length of femoral isthmus. For 
patients with severe proximal femoral defi-
ciency, either a modular tapered stem or an 

Fig. 13.5  Reconstruction of an acetabular defect with a 
custom triflange component
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endoprosthetic replacement prosthesis may be 
considered. For patients with severe deficiencies 
of both the metaphyseal and diaphyseal regions 
of the femur, an endoprosthetic replacement 
approach is our preference.

�Case Solution

The patient who presented with polyethylene wear 
debris and focal osteolysis around a well-fixed 
shell was treated with an acetabular component 
revision. The considerations that influenced a 
decision for component revision included the 
patient’s relatively young age, absence of an effec-
tive locking mechanism, and damage to the preex-
isting shell due to loss of the polyethylene liner. 
The acetabular component was removed with a 
specialty tool used to remove the implant, and the 
acetabulum was prepared with expansion of the 
acetabulum and grafting of contained acetabular 
defects. The polyethylene insert was replaced with 
a highly cross-linked polyethylene and was 

increased in size to accommodate a larger femoral 
head to support prosthetic joint stability (Fig. 13.7).

�Summary

Polyethylene wear, osteolysis, and component 
loosening is the most common sequence of late 
component failure in total hip arthroplasty. The 
longevity of contemporary total hip arthroplasties 
appears to have been improved with the introduc-
tion of highly cross-linked polyethylene, but more 
time is necessary to determine whether larger fem-
oral heads can be safely used without an increased 
risk of late failure related to polyethylene wear, 
focal osteolysis, or linear osteolysis and compo-
nent loosening. A well-fixed and well-positioned 
acetabular component with an intact locking mech-
anism may be managed with a component reten-
tion approach as long as periprosthetic stability is 
assessed well and assured. Acetabular component 
revision may be considered for patients with mal-
positioned components, components where 
mechanical stability of the revised acetabular liner 
cannot be achieved, or where revision of the ace-
tabular liner results in prosthetic instability.

Fig. 13.6  Paprosky IIIB femoral deficiency treated with 
modular tapered cylindrical stem

Fig. 13.7  Case example (Postoperative AP Radiograph): 
Acetabular component revised. Primary THA component 
was small without an adequate locking mechanism. 36 
mm cobalt-chromium femoral head used with cobalt-
chromium alloy femoral implant
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�Case Presentation

An 81-year-old healthy female patient presented 
to the clinic with a new onset of grinding and 
clunking sensations during flexion in her right 
hip 15 years after a primary total hip arthroplasty 
(THA). The right hip received a cementless 
SecurFit (Stryker; Mahwah, NJ), a size 7 fem-
oral stem (Stryker) coupled with a cementless 
52  mm SecurFit cup (Stryker) and 32  +  0  mm 
Alumina Forte (BIOLOX forte, CeramTec AG, 
Plochingen, Germany)femoral head resulting in 
a third-generation CoC articulation. The onset 
of the audible grinding and clunking was pre-
cipitated by an event where there was transitory 
acute pain which appeared during a yoga pose. 
Clinical evaluation following the appearance 
of noises demonstrated painless hip movement 
with 0–110° of flexion. However, at 110° of flex-
ion, there was a reproducible crunching noise 

followed by a clunk when moving to extension. 
Radiographic evaluation consisting of both radio-
graphs (Fig. 14.1a, b) and a computer tomography 
(CT) scan (Fig. 14.2a–c) demonstrated a broken 
ceramic liner with ceramic particles embedded 
in the joint capsule. Assessment of the implant 
positioning showed an acetabular cup placed in 
40° of inclination and 19° of anteversion.

�Epidemiology

Despite the superior tribological properties of 
ceramic, these bearings are associated with a 
unique complication—fracture. Since the initial 
development of ceramics, specific efforts have 
been made to lower the fracture rate. Overall, with 
each generation of ceramics, there have been 
improvements in the manufacturing and regula-
tory processing leading to a smaller grain sizes 
and change in composition, hence producing a 
more fracture-resistant material. An evaluation of 
a large number of ceramic heads from the first 
three ceramic generations demonstrated a progres-
sive reduction in the fracture rate [2]. Similarly, a 
clinical evaluation of data acquired from the 
French national agency for safety of drugs and 
medical products (Agence nationale de sécurité du 
médicament et des produits de santé) determined 
improved fracture rate of the femoral head between 
the third and fourth generation of ceramics [3]. 
However, this evaluation concluded that there 
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were no significant changes in the rate of fracture 
for the acetabular liner. Overall, with contempo-
rary bearings the rates of ceramic fracture are 
extremely low [1]. It is estimated that with the 
fourth generation of ceramic the fracture rate is 
very low with liner fractures being more common 
than head fracture (0.03% and 0.003%, respec-
tively) [3]. The fracture rates of various studies 
reporting on ceramic fractures are summarized in 
Table 14.1. Due to the fact that ceramic fractures 
are relatively uncommon with the later generations 
of ceramics, they are generally reported as spo-
radic case reports and smaller retrieval studies. 
This may document higher fracture rates up to 
13.4% [4] which may give a misleading estimate 
to the actual fracture rates. Despite the very low 

rate of fractures associated with modern ceramics, 
it is still a documented phenomenon, which 
requires further surgical intervention.

�Risk Factors

Ceramic fractures can occur either on the head or 
on the liner, and can be spontaneous or as a con-
sequence of trauma. Risk factors can be classi-
fied as those related to implant design, technical 
factors, implant positioning, and/or material 
characteristics.

�Head Fractures
The design factors associated with head fracture are 
head diameter and head length. A 28 mm head size 
has a higher risk of fracturing compared to a 32 or 
36 mm head. A short neck length similarly has a 
higher fracture rate compared to longer neck length. 
These observations are clinically supported and 
believed to be caused by a reduced distance between 
the corner of the bore and outer surface of the head 
which can predispose to fracture formation due to 
ease of crack propagation [5–7]. Thus in our prac-
tice we try to avoid the use of a 28 mm ceramic head 
with a short neck length in order to minimize head 
fracture complication. In addition to lower head 
fracture rates, another potential advantage for large-
diameter heads is linked to increased head-to-neck 
ratio, consequently increasing the range of motion 
while decreasing micro-separation and neck-to-rim 
impingement which may lower ceramic acetabular 
liner rim fracture [8].

Fig. 14.1  Anteroposterior (a) and axial (b) radiographs 
of the right hip demonstrating ceramic fragments embed-
ded in the joint capsule

Fig. 14.2  Computer tomography scan of the right hip with coronal (a), sagittal (b), and axial (c) views of the ceramic 
articulation demonstrating broken ceramic fragments (dashed arrows) and broken ceramic liner (solid line arrows)
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Technical issues are related to the cleanliness 
of the taper, as well as the head impaction force. 
A contaminated taper covered with debris and 
blood can lead to uneven load distribution on the 
head which may facilitate fracture formation [9]. 
The buildup of excessive loads in specific regions 
(point loading) can lead to the ceramic burst frac-
tures. The trunnion is designed with sequential 
threadlike patterns that provide even load distri-
bution onto the femoral head. When the head is 
secured onto the trunnion these threads are per-
manently deformed, locking the head with the 
stem taper. The centralization of the head onto 
the taper is important to obtain optimal head 
alignment and positioning. According to the 
manufacture guidelines this can be surgically 
achieved by a slight turning motion when posi-
tioning the femoral head onto the trunnion fol-
lowed by a sufficient impaction load [10]. 
Positioning of the head without additional impac-
tion is not sufficient for a secure lock between the 
head and the stem taper [10].

�Acetabular Liner Fractures
Similar to ensuring the cleanness of the stem 
taper prior to head impaction, it is important to 
ensure the cleanness of the acetabular shell 
prior to liner insertion as this can prevent point 
loading. Liner insertion and position within the 
cup are critical to prevent liner chipping. It is 
important to recognize that titanium acetabular 
cups can deform up to 0.6 mm upon insertion 
[11]. The deformation of a modular acetabular 
cup might be more critical with the use of a 
larger femoral head size due to the reduced 
liner thickness in order to accommodate the use 
of a larger femoral head in a smaller acetabu-
lum [8]. In such cases, it might be beneficial to 
use a preassembled cup to avoid micro deformi-
ties during impaction.

In contrast to polyethylene liners, which can 
undergo deformation to adapt to the cup, ceramics’ 
inherent rigidity will not tolerate such changes. 
Therefore, in cases where the bone is hard, reaming 
line to line instead of under-reaming may be bene-
ficial in reducing the overall cup deformation. A 
malpositioned or tilted liner within the acetabular 
shell (canted liner) can cause uneven load distribu-
tion, chipping, or dissociation. In case of dissocia-
tion, the liner can be repositioned to a canted state, 
which may lead to fracture [12]. To protect the 
ceramic from potential chipping upon insertion, a 
metal back ceramic liner where the metal exceeds 
the ceramic rim was introduced. However, this did 
not solve the problem and created other problems 
such as neck-to-rim impingement, reduced range 
of motion, and squeaking. It is critical to ensure 
centralization of the liner prior to impaction. 
Following impaction, it is important to inspect that 
the liner is uniformly flush against the cup rim.

Abnormal cup positioning has been shown to 
be associated with impingement, edge loading, 
excessive wear, metallosis, and squeaking [13]. 
The overall importance of cup positioning, 
impingement, and edge loading was further 
explored using a finite elemental analysis model 
[14, 15]. This model demonstrated excessive cup 
anteversion and inclination increased the risk for 
impingement, subluxation, and edge loading 
leading to liner fracture, which is in agreement 
with clinical retrieval studies [16–18]. Despite 
the limited literature regarding ceramic fracture 
and cup positioning, it is important to consider 
optimal cup positioning in order to reduce the 
potential occurrence of a liner fracture and the 
associated complications mentioned previously. 
In summary, in order to prevent ceramic liner 
fracture specific care should be taken when deter-
mining cup positioning, inserting, and securing a 
ceramic component during THA.

Table 14.1  Material properties and fracture rates of ceramic femoral heads and acetabular liners

Ceramic generation Grain size (μm)

Fracture rates: head (%) Fracture rates: Liner 
(%)Willmann [2] Massin et al. [3]

First generation 7.2 0.026 – –
Second generation 4.5 0.014 – –
Third generation 1.8 0.004 0.18 0.086
Fourth generation 0.6 – 0.0013 0.025
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�Diagnosis

The clinical presentation of a broken ceramic 
component may be either symptomatic or asymp-
tomatic. Symptomatic presentation can be varied 
and may present as an acute sharp pain, or an 
audible sound (squeaking/other form of noises) 
which may vary throughout the hip arc of motion. 
Patient assessment should include a thorough his-
tory, physical examination, and radiographic 
assessment. Clinical examination may reveal lim-
ited range of motion and an appearance of clunks, 
grinding, and/or new noises. Radiographic assess-
ment is conducted via anteroposterior (AP) pelvis 
and hip radiographs which may demonstrate 
ceramic particles embedded in the synovium and 
joint capsule (Fig. 14.1). In addition, an eccentric 
position of the head can be detected. A CT scan 
should always be performed to further assess the 
fracture pattern which has a special importance if 
the liner fracture is suspected, as this is more dif-
ficult to detect clinically [19]. Moreover, CT is 
beneficial for assessing component positioning 
and plays an important role in the evaluation of 
patients with newly appeared noise such as 
squeaking. The appearance of squeaking has been 
shown to have a clinical association with ceramic 
fractures [20, 21]. Joint aspiration and synovial 
fluid microanalysis were described as early diag-
nostic tools for ceramic liner fractures [17]. 
Ceramic fragments with a 5  μm diameter were 
associated with the presence of liner fractures. 
However, the role of aspiration in early detection 
of ceramic liner fractures requires further clinical 
assessment using larger patient cohorts.

�Treatment

In the case of a ceramic fracture, revision surgery 
is always recommended and should be performed 
urgently. During revision surgery, multiple irriga-
tions of the joint and a complete synovectomy 
should be performed in order to reduce the 
ceramic particles within the joint, ultimately 
reducing the risk of third-body particle wear. 
Following removal of the ceramic particles, 
inspection of the trunnion and the cup should be 

conducted. In the case of ceramic liner fracture, 
the acetabular metal shell will be damaged or 
deformed and should be replaced. In the case of 
ceramic head fracture, the trunnion most proba-
bly will be deformed due to its direct loading by 
the ceramic acetabular liner. In these cases we 
advocate for stem replacement. In rare cases 
where the femoral trunnion is macroscopically 
undamaged and the stem is well fixed, it is pos-
sible to consider retaining the stem as its removal 
can be associated with increased patient morbid-
ity and impairment in hip function.

Generally, the literature supports the use of 
taper sleeves with a new head if the surface of the 
trunnion is not macroscopically damaged. A 
damaged trunnion surface will require stem 
removal and replacement [22, 23]. If a damaged 
trunnion is retained, it is theorized that it will lead 
to an uneven load distribution on the femoral 
head which can lead to ceramic fractures due to 
point loading [2, 24].

If the acetabular or femoral components are mal-
oriented, removal of the component is advocated.

For bearing selection in revision surgery, the 
literature is in agreement that a CoC or a CoP 
bearing should be utilized [25, 26]. A conversion 
to a MoP is not recommended due to the scratch-
ing effect of the ceramic particles on the metal 
femoral head potentially leading to excessive 
wear of the head and the polyethylene [25, 26]. 
Studies evaluating the use of CoC in revision 
THA show good clinical results [27, 28].

�Literature Review

Ceramic-on-ceramic bearings were developed in 
the 1970s to reduce wear and osteolysis tradition-
ally associated with metal-on-polyethylene bear-
ings. The two tribological properties important 
about CoC bearings are their hardness and wetta-
bility. The higher hardness allows ceramics to be 
highly polished and produce a lower surface rough-
ness, hence providing a high resistance to scratch-
ing and wear. However, ceramics are a brittle 
material. Good wettability provides a uniform thin 
fluid across the bearing interface, which eliminates 
the frictional forces acting across the bearing.
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Ceramics are a nonmetallic material that can 
be classed into crystalline or amorphous struc-
tures [29]. The localized density variation, grain 
size distribution, and porosity of ceramics iden-
tify the variation in their mechanical properties 
[29]. In the early 1970s, alumina was the chosen 
oxide ceramic. Clinical publications of alumina 
CoC demonstrated high clinical failure rates pre-
dominately due to aseptic loosening, and a high 
rate of ceramic fractures [30–32]. This was 
mainly associated with the lack of ingrowth sur-
face and the variability in the manufactured mate-
rial standardization of the alumina [8, 33].

In 1985, the development of zirconia was pro-
moted due to its superior biomechanical strength 
in comparison to alumina [34, 35]. Zirconia has 
three different phases known as monoclinic, 
tetragonal, and cubic. The tetragonal stage is the 
strongest biomechanically; however it is unsta-
ble. Conversion from a tetragonal to a monoclinic 
phase creates a toughened ceramic. However, it 
is associated with volumetric change. Therefore, 
stabilization with yttrium oxide is used in combi-
nation with zirconia. The use of yttrium provides 
small tetragonal particles to exist within a stable 
state below the transformation temperature. In 
case of a crack formation, the tetragonal grains 
within the matrix will fill the void formed of the 
crack while constricted by neighboring grains 
which are still in the tetragonal stage. This fabri-
cation process improved fracture resistance; 
however it produced an increase in surface 
roughness potentially leading to excessive wear 
[36, 37]. Early clinical experiences with zirconia/
alumina and zirconia/zirconia generated large 
volumetric wear. Therefore, zirconia could be 
only coupled with polyethylene [38, 39]. By the 
end of the twentieth century and due to these 
wear characteristics zirconia has been withdrawn 
from the market [40, 41].

The high fracture toughness of zirconia and 
the high hardness and good wear characteristics 
of alumina are the two key material properties 
which are desired to be preserved in modern 
ceramics. Modern ceramics undergo better mate-
rial control and improved manufacturing pro-
cesses which optimize the grain sizes and density. 
Currently, alumina matrix composite is the domi-

nating ceramic in clinical use. Alumina FORTE 
(BIOLOX forte, CeramTec AG, Plochingen, 
Germany) is a third generation of ceramic mate-
rial which is composed of ultrapure alumina, zir-
conia, and yttrium. To further improve the 
fracture resistance of ceramics, a fourth genera-
tion of ceramic was introduced, which included 
the addition of strontium oxides in the form of 
platelets within the alumina matrix. The impreg-
nation of the strontium platelets deflects the path 
of crack propagation, hence improving the frac-
ture resistance, as a higher energy is required to 
cause catastrophic crack propagation.

Table 14.2 represents a variety of clinical 
studies which have reported on ceramic fractures 
for both the acetabular liner and femoral heads. 
However, as discussed previously, the fracture 
rate fluctuates in relation to the cohort size.

Results of revision surgery due to ceramic 
fracture are variable. A multicenter study reported 
on the results of 105 revision THAs due to early-
generation ceramic head fracture. At a mean fol-

Table 14.2  The head and liner fracture rates for the dif-
ferent generations of ceramics

Author
Number of 
hips Fracture rate (%)

Head Cup Total

Ceramic first and second generation
Winter et al. [42] 100 8 0 8
Hannouche et al. 
[43]

3300 0.2 0.2 0.4

Boutin et al. [32] 560 0.5 0 0.5
Griss et al. [30] 130 6.9 0 6.9
Boehler et al. [4] 67 13.4 0 13.4
Ceramic third generation
Koo et al. [6] 367 5 0 1.4
Lee et al. [44] 86 2.3 0 2.3
Park et al. [7]a 577 2.4 1.2 3.6
Lusty et al. [45] 301 0 0 0
Choi et al. [46] 173 0 0.6 0.6
Traina et al. [47] 61 0 1.6 1.6
Ceramic fourth generation
Baek et al. [48]b 94 0 0 0
Hamilton et al. [49] 345 0 0.9 0.9
Hwang et al. (case 
report) [50]

1 – +

Morlock et al. (case 
report) [51]

1 – +

a11/14 broken heads were 28 mm diameter
bOne liner dissociation

14  Complications of Ceramic-on-Ceramic Bearings: Fracture, Stripe Wear, and Squeaking



142

low-up of 3.5  years 33 patients (31%) needed 
further revisions. The survival rate was signifi-
cantly worse when the cup had not been changed, 
when the new femoral head was made of stain-
less steel, when a total synovectomy had not been 
done, and when the patient was less than 50 years 
old [26]. Another study reported on the long-term 
results of eight patients who had revision THA 
due to ceramic fracture. At 10.5 years following 
revision surgery none of the patients had further 
revision surgery. A link between the results and a 
thorough synovectomy performed at the time of 
revision surgery was suggested [52].

The outcomes of revision surgery with newer 
generation of ceramics are limited. A study evalu-
ating 24 THAs undergoing revision of third-
generation CoC due to fracture demonstrated 
unfavorable results when the femoral stem was 
retained as compared to patients in which the stem 
was changed. The authors suggested that a possi-
ble explanation is related to the fact that newer 
generations of ceramics are harder and therefore 
can create larger damage to the Morse taper; thus 
the authors advocated for stem exchange [23].

�Case Solution

Following diagnosis of the fractured liner, the 
patient underwent revision surgery. During the 
procedure, the ceramic insert was found to be 
broken and an effort was made to remove all 
fragments of ceramic, including an extensive 
synovectomy. There were no signs of neck-to-
rim impingement. The acetabular cup was 
removed and a new cup was fixed with two 
screws followed by the insertion of a ceramic 
acetabular liner. The femoral stem taper was 
evaluated and showed no macroscopic surface 
deformation. As such, it was fitted with an adapter 
sleeve and a new ceramic femoral head (revision 
ceramic head). Following revision surgery, the 
hip noises disappeared and the patient had pain-
free full hip range of motion. Postoperative 
radiographs were acceptable (Fig. 14.3). The bro-
ken ceramic fragments and the ceramic head 
were sent to a research laboratory and were fur-

ther analyzed. The femoral head demonstrated a 
characteristic stripe wear pattern and the overall 
volumetric wear rate was high (19  mm3). The 
regions of wear showed a roughened surface with 
grain pullout. The ceramic liner fragments simi-
larly had a roughened appearance when exam-
ined under a scanning electron microscope. The 
ceramic liner showed a characteristic wear region 
on the edge of the ceramic liner representing 
edge loading which is commonly observed in 
ceramic retrievals.

Fig. 14.3  Anteroposterior radiograph of the right hip 
after revision surgery with exchange to a new ceramic-on-
ceramic construct. Note the diminution in the ceramic 
fragments embedded in the joint capsule
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�Edge Loading, Stripe Wear, 
and Reaction to Wear

During the manufacturing process of a ceramic 
acetabular liner, a sharp edge is generated 
inside the rim [53]. During hip movement, the 
femoral head loads against the sharp edge of 
the cup resulting in edge loading [8]. This in 
turn will lead to the formation of long narrow 
area of damage (strip wear), along the femoral 
head and the edge of the cup (Fig. 14.4). Stripe 
wear has been reported for first- and second-
generation ceramic bearing, and initially was 
associated with steep cup angles, revision sur-
gery, and young patients [54]. Since no cup 
coating was found in these early generations of 
ceramic bearings, component migration was 
common. Thus, it was initially hypothesized 
that the formation of the strip wear was linked 
to cup migration. However, similar stripe pat-
tern can be seen in well-fixed and well-posi-
tioned third-generation ceramic articulations 
[55]. A retrieval study of third-generation 
ceramic bearings demonstrated that wear on the 
acetabular component always involved the 
edge [53]. The location of the wear patch may 
indicate whether edge loading occurs during 
deep hip flexion (posterior edge loading) or 
during walking and hip extension (anterior 

superior edge loading) [53]. It was also 
observed that insufficient anteversion will lead 
to posterior edge loading while anterior edge 
loading is associated with increased cup ante-
version and inclination [53, 56]. Posterior edge 
loading is more commonly seen in comparison 
to anterior edge loading, and may be associated 
with micro-separation of the femoral head dur-
ing the swing phase [55]. Neck-to-rim impinge-
ment, bony impingement, medial soft-tissue 
bulk, and reduction in soft-tissue tone can lead 
to subluxation-relocation motion and this can 
produce a wider stripes and scratches along the 
head [53]. Overall, it was suggested that edge 
loading is a normal mechanism in CoC articula-
tions. The wear produced by edge loading is 
unavoidable [45, 53, 57] but considered clini-
cally insignificant as the produced wear vol-
umes are very low to generate osteolysis [8].

Increased wear has been linked to improper 
implant positioning. Therefore, during surgery the 
verification of proper acetabular positioning, soft 
tissue, and hardware impingement is essential. 
The biologic reaction produced by the ceramic 
wear particles differs from the reaction toward 
metal (tissue necrosis) or polyethylene debris 
(osteolysis). Synovium obtained from ceramic 
retrievals demonstrated a small number of macro-
phages predominantly in the fibrous connective 

Fig. 14.4  Ceramic retrieval showing stripe wear patch on the ceramic femoral head (a) and the corresponding edge 
loading mark on the ceramic acetabular liner (b)
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tissue, rare multinucleated giant cells, and mini-
mal necrosis. Therefore, it was suggested that the 
inflammatory changes in the pseudocapsule of 
CoC hips may be clinically insignificant [58]. 
Furthermore it was demonstrated that impinge-
ment between the neck of the stem and the cup 
rim may be responsible for metal debris. Others 
suggested that debris produced by ceramic bear-
ing has an advantage as it produced a dense 
fibrous tissue which can be observed during CoC 
THA revision surgery and might have a role in 
joint stabilization and dislocation prevention [59].

�Squeaking

�Case Presentation

A 78-year-old male presented to the clinic with 
intermitted squeaking from his right hip. The 
squeaking appeared 6 months prior to the clinical 
consultation. Eleven years prior, the patient had 
undergone an uncomplicated right THA due to 
osteoarthritis. The patient received an ABG II 
cementless femoral stem size 4 (Stryker), a 
54 mm cementless ABG II cup (Stryker) with a 
54/32 mm alumina forte third-generation ceramic 
liner, and a 32  +  4  mm ceramic alumina forte 
femoral head. Currently, the patient described 
intermitted sound appearing while arising from a 
chair and during deep hip flexion while playing 
bowls. There is no associated pain or squeaking 
during walking. Physical examination depicted 
excellent pain-free hip range of motion. The 
noise was not reproducible during clinical evalu-
ation. Radiographs showed a well-fixed implant 
with no signs of damage. The abduction angle 
was measured to be 51° (Fig. 14.5).

�Epidemiology

Squeaking is an audible phenomenon most com-
monly described for CoC articulations. However, it 
has also been associated with MoM bearings [12, 
60–63]. Squeaking is defined as a high-pitch, audible 
sound that occurs during movement of the hip joint. 

It is produced by a forced vibration generated by a 
driving force resulting in a dynamic response [64]. 
The forced vibration is a consequence of edge load-
ing, third-body particles, rim impingement, and 
reduction in joint interface lubrication [65]. The 
dynamic response is the amplification of these vibra-
tions in the components. When the amplification 
reaches the human audible range, a squeak can be 
heard. A recent meta-analysis acquiring data from 
the Australian National Joint Registry estimated that 
the rate of self-reported squeaking was 1.2% while 
studies evaluating squeaking with specific question-
naires had a rate of 4.2% [66]. It is estimated that 
0.2% of squeakers will undergo revision surgery due 
to squeaking [66]. Despite the superior tribological 
properties of ceramic articulations within THA, 
squeaking as a complication deters surgeons from 
using CoC bearings. This may partially explain the 
trend in the declined use of CoC bearings within 
THA as reflected by the United Kingdom National 
Joint Registry [67] and the United States [68].

�Risk Factors

Squeaking is a multifactorial phenomenon where 
the different factors are interlinked and probably 
cannot be separated [64, 69]. These multiple fac-
tors are classified in relation to patient character-
istics, implant factors, and surgical factors.

Fig. 14.5  Anteroposterior radiographs of the right hip 
demonstrating ceramic-on-ceramic articulation and 
abduction angle of 51°
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�Implant Factors
Ceramic bearings function optimally under wet 
conditions. Due to their hydrophilic nature, a thin 
fluid film at the articular interface forms [70]. The 
loss of this lubrication layer between the articulat-
ing surfaces reduces sliding and increases friction. 
Other conditions that may facilitate increased fric-
tion at the joint interface (e.g., edge loading, stripe 
wear, metal transfer, and excessive debris) can 
promote formation of more intense vibrations [53, 
64, 71]. If the vibrations are amplified to a fre-
quency of an audible range, a squeak can be heard. 
Laboratory testing utilizing pristine bearings could 
not produce squeaking. However, in the presence 
of edge loading and stripe wear, squeaking can be 
produced [57, 72]. Clinical and retrieval studies 
report on the formation of squeaking 6  months 
from the index THA, but not immediately postop-
eratively, indicating that increased activity levels 
may coincide with the formation of the strip wear 
[45, 53, 57, 73–75]. Retrieval analyses of squeak-
ing hips matched with silent hips showed edge 
loading and stripe wear for both; however the 
patients with squeaking hips had larger stripe scars 
and demonstrated 45 times higher wear rate [57].

Stem design and metallurgy have an effect on 
squeaking. Clinical studies have shown higher 
rates of squeaking when a thin profile stem with a 
thin neck is used [63, 73, 74]. One study reported 
seven times less squeaking rate in patients receiv-
ing the Omnifit stem (Stryker) compared to 
patients receiving an Accolade stem (Stryker). The 
difference in stem geometry, composition, and 
taper dimensions can explain the variations 
between the squeaking rates. These design factors 
can influence the component’s natural resonance 
frequency. Generally, the natural frequency of the 
ceramic component is outside the audible range. 
However, the previously discussed conditions can 
produce vibrations which can be further amplified 
in the stem and cup. Such amplified vibrations can 
bring the sound frequency to an audible range. For 
instance, the thinner stem diameter of the Accolade 
creates a more flexible stem and its small taper 
diameter results in a lower bending stiffness. Both 
of these factors can amplify the vibrations leading 
to an increased stem resonance [76]. In support of 
these observations, an in vitro study showed that 

stiffer (cobalt chrome vs. titanium) and smaller 
stems demonstrated a higher critical friction factor 
that correlates with clinical squeaking [45, 77].

Large-diameter fourth-generation ceramic 
components (>36 mm) were introduced at the end 
of 2008. The clinical outcome results of these 
bearings are limited, with squeaking rates reported 
to be as high as 20.7% [78]. This observation can 
further stress the role of inherent stem resonant 
properties [79]. Large-diameter heads generate 
excessive forces on the trunnion. In suboptimal 
lubrication conditions, these forces can be ampli-
fied lowering the resonant frequency of the stem, 
thus increasing the propensity to squeak.

Patient Factors
Several patient demographic factors such as age, 
sex, height, and weight may play a part in squeak 
generation. A recent meta-analysis showed that 
the only significant patient demographic factor 
was an increase in body mass index [80]. Other 
studies did not show a similar trend; however 
these studies could link squeaking with younger 
patients [69], males [46], and taller patients [63, 
69]. In contrast, others could not show any cor-
relation between squeaking and patient 
demographic factors [74, 75]. Thus, these occa-
sionally conflicting and mixed results preclude 
the clear correlation between specific patient 
demographic characteristics as a potential risk 
factor relating to the occurrence of squeaking. 
Additionally, it has been reported that patients 
with hyperlaxity have a higher rate of squeaking 
[71, 78]. This has been associated with excessive 
range of motion which can lead to impingement, 
micro-separation, and edge loading.

Surgical Factors and Squeaking
Prosthetic component orientation is considered to 
play a role in squeak formation. Acetabular com-
ponent malpositioning can theoretically facilitate 
conditions leading to impingement, edge loading, 
and increased wear. Cup malpositioning can facili-
tate direct impingement between the femoral neck 
and the rim of the cup which can lead to a titanium 
squeak (as opposed to the classical ceramic 
squeak) [56], as reported by a retrieval study [57]. 
While some studies showed reduced risk for 
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squeaking if the acetabular component placed 
within a 25 ± 10° of anteversion and 45 ± 10° of 
inclination [56, 81] other studies did not exhibited 
a similar tendency [46, 63, 74, 75, 80]. Another 
factor related to the soft-tissue tension of the hip 
joint, a loose joint will promote micro-separation 
and subluxation of the head which can further 
facilitate edge wear.

�Prevention

The main prevention to squeaking is by address-
ing the above-mentioned possible elements con-
tributing to squeak formation. These include 
patient factors, implant selection, and meticulous 
surgical technique. Despite no reported clinical 
uniformity, tall, heavy males or patients with 
hyperlaxity should be further cautioned. In order 
to reduce the forces at the taper junction, stem 
resonance, and forces transmitted to the bone 
stem interface, a relatively long and stiff stem 
with a large taper should be preferably chosen. 
This is of significant importance when a large-
diameter (>36  mm) ceramic head is used. 
Meticulous surgical technique, particularly with 
respect to acetabular component positioning, can 
lead to reduced rates of edge loading and prevent 
excessive wear and squeaking. Nevertheless, 
since squeaking is a well-documented complica-
tion that has a psychological implication on 
patients (such as embarrassment and anxiety), 
proper consultation prior to surgery is critical 
[62]. It has been reported that of 24.6% squeak-
ing patients following CoC THA, only 7.5% 
recalled being warned of such a potential compli-
cation prior to surgery [62]. It is important to pro-
vide the patients with a proper realistic outcome 
expectation and appropriate informed consent 
with respect to the possible bearing complica-
tions. This further allows patients to understand 
and agree to the use of ceramic bearings. 
Moreover, besides improving patient psychologi-
cal concerns proper consultations can prevent 
litigation against surgeons.

�Diagnosis

Clinical and radiographic evaluations are the 
diagnostic tools used in the assessment of 
squeaking patients. Clinical assessment involves 
a thorough history and physical examination 
covering patient factors such as age, sex, height, 
weight [46, 64, 69, 71], and ligament laxity [78]. 
A detailed history should be taken with specific 
emphasis on the characteristic of the squeak, its 
reproducibility, its frequency, its association 
with pain, and its relation to specific hip move-
ments. The most common form of squeaking is a 
benign squeak. This type of squeaking is com-
monly non-painful, occasionally reproducible, 
and occurs in deep hip flexion such as squatting 
or rising from a low chair [53]. Pathological 
squeaking usually is reproducible and occurs 
during normal gait cycle in each step. It can be 
associated with pain, and limited hip function, 
and is relatively rare. Generally, it is intolerable 
by the patient and often requires further surgical 
intervention. Pathological squeaking is com-
monly a result of anterior edge loading due to 
component malpositioning, while benign 
squeaking is a result of posterior edge loading 
with well-aligned components [53]. Often a sin-
gle or episodic event of squeaking will be 
reported by the patients. However, these events 
are usually non-reproducible and their nature is 
not clearly defined. Furthermore, limited or 
painful hip range of motion can be coupled with 
other bearing pathologies such as impingement 
and ceramic fracture, which can further be asso-
ciated with noise generation [20, 71].

The radiographic assessment should be 
composed of plain radiographs to evaluate 
gross component malpositioning, implant fail-
ure, or fracture. In the case of persistent 
squeaking, pain, limited range of motion, or a 
suspected ceramic fracture, further assessment 
with a CT scan should be performed. This has 
the potential to better appraise component 
position (anteversion and inclination) and 
detect ceramic fracture [19–21].
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�Treatment

Following patient assessment and evaluation, a 
better understanding on the nature of the 
squeak, associated pathology, and patient 
limitations can be assessed. When squeaking is 
benign and infrequent, patients should be 
closely followed up in clinic. In rare cases 
when pathological squeaking has been diag-
nosed with a significant effect on the patient’s 
quality of life, further surgical intervention is 
advocated. In such cases, the bearing surfaces 
can be surgically repositioned to optimize 
implant location, with additional soft-tissue 
balancing and/or correction of bony impinge-

ment. In the case of well-aligned components, 
the position of the ceramic liner can be 
exchanged to a polyethylene liner in order to 
eliminate squeaking. The diagnosis and treat-
ment algorithm are presented in Fig. 14.6.

�Literature Review

There is wide variation in the reported rates of 
squeaking (between 1 and 20.7%) within the litera-
ture (as noted in Table 14.3). The large variation 
can be explained by diversity in patient and implant 
factors, ceramic generations, interpretation of what 
is defined as a squeak, and investigators’ query.

Squeaking

Clinical evaluation, history, physical 
examination, plain x-ray

Benign squeaking

Counseling/ 
reassurance & 

activity 
modification

Pathological 
squeaking

CT scan

Ceramic fracture, 
component 

malpositioning or 
failure

Revision surgery

No gross 
component failure 
or malpositioning

Significant hip 
function limitation 

severe affect of 
the quality of life

Suspected 
fracture, 

impingement & 
pain

No improvement

Fig. 14.6  Diagnosis and treatment algorithm for squeaking total hip arthroplasty
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�Case Solution

Since the squeaking was intermitted and only 
during deep flexion, not associated with pain, 
and the patient had good hip ROM, combined 
with unremarkable radiograph (Fig.  14.5), 
the squeaking was considered benign and the 
patient was treated conservatively with clinical 
visits every 6 months.
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�Case Example

A 51-year-old male presents with activity-related 
groin pain 2  years after a primary right unce-
mented total hip arthroplasty (THA). The pain 
has been a constant dull ache for the past 
6 months. He localizes the pain to the groin area 
and it is worse with activity. He has occasional 
popping and mechanical symptoms in his hip. 
He denies any fevers or chills. Initially he had 
complete pain relief and he had no issues in the 
immediate postoperative period. An anteroposte-
rior (AP) radiograph of the right hip revealed a 
metal-on-metal THA with a DePuy ASR acetabular 
component, and a Corail stem (Fig. 15.1). A thor-
ough evaluation revealed a serum cobalt level of 
18  ng/mL (normal <3.0), serum chromium of 
9.1 ng/mL (normal <3.0), erythrocyte sedimenta-
tion rate of 8 mm/h (normal <20), and C-reactive 
protein of <0.5  mg/L (normal <1.0). Magnetic 

resonance imaging with metal artifact suppression 
technology revealed a small amount of fluid in 
the area of the greater trochanter measuring 
5 mm × 1.1 cm × 2 cm. However, no pseudotu-
mor or mass was appreciated

�Epidemiology: The Nature 
of the Problem

Metal-on-metal THAs made a resurgence due to 
their improved wear characteristics, promise of 
longevity, and lower dislocation rates in the early 
2000s [1, 2]. By 2006, 35% of primary THAs in 
the United States were MoM articulations. It was 
estimated that over 1,000,000 MoM articulations 
have been implanted worldwide since 1996 [3]. 
Recently, adverse local tissue reactions (ALTRs) 
associated with these bearings have curbed 
enthusiasm for their use identified, in addition to 
the traditional failure mechanisms.

The evaluation of a failed MoM THA must 
begin systematically, and should be similar to the 
evaluation of any problematic THA. Traditional 
modes of failures such as instability, infection, 
tendonitis, aseptic loosening, periprosthetic frac-
ture, and referred pain must be thoroughly evalu-
ated as potential causes of pain before attributing 
the source of the problem to the metal-on-metal 
bearing (Table 15.1) [2, 4, 5]. Once these issues 
have been ruled out, bearing-related problems 
such as tissue necrosis, modular junction corrosion, 
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skin hypersensitivity, and systematic cobaltism 
should also be considered.

Histologically, ALTRs appear as a lymphocytic 
inflammatory response that leads to vasculitis-
induced necrosis of soft tissue and bone. 
The  terms aseptic lymphocytic vasculitis-

associated lesions (ALVAL), pseudotumor, and 
metallosis have all been used as umbrella terms in 
the literature to describe the soft-tissue destruction 
due to metal-metal junctions and articulations in 
THA [1, 2, 4–10]. The more commonly accepted 
term for these problems is adverse local tissue 
reaction. This chapter presents the evaluation and 
treatment of complications unique to THA with 
metal-on-metal articulations.

�Risk Stratification

Risk stratification is important in the diagnostic 
and treatment algorithms of painful MoM THAs. 
This process is multifactorial as differences in 
clinical presentation exist. Clinical, laboratory, 
and radiographic factors help the clinician strat-
ify patients into low-, moderate-, and high-risk 
categories, which can impact surveillance and 
treatment (Tables 15.2 and 15.3). A patient who 
is asymptomatic with normal serum ion levels, 
appropriately positioned components, and an 
implant with a low failure rate must be evaluated 
differently than a patient who is symptomatic 
with elevated cobalt and chromium levels, a 
malpositioned cup, and an implant with a high 

Fig. 15.1  An anteroposterior (AP) radiograph of the right 
hip revealed a metal-on-metal THA with a DePuy ASR 
acetabular component, and a Corail stem

Table 15.1  Traditional modes of failure for THA that 
must also be considered during the evaluation of a MoM 
THA

Modes of failure

Periprosthetic infection

Osteolysis

Aseptic loosening

Dislocation

Periprosthetic fracture

Iliopsoas tendonitis

Referred radicular pain

Trochanteric bursitis

Table 15.2  The following factors can help surgeons risk 
stratify patients [5]

Factors to consider for risk stratification

Patient factors

Symptoms

Clinical exam

Implant type

Implant position

Radiographs

Infection workup

Metal ion level

Cross-sectional Imaging

Table 15.3  Guide to management

Risk stratification can help guide management

Who needs cobalt and chromium levels?

Who needs a MARS MRI?

What frequency of surveillance?

Who needs a revision THA?

K.A. Fehring et al.
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rate of failure. This risk stratification algorithm 
has been described by Kwon et al. [5].

�Prevention

At this point, the main prevention mode to com-
plications associated with metal-on-metal articu-
lations is to discontinue the use of this bearing 
surface in contemporary THAs.

�Diagnosis

The evaluation of a painful MoM THA is multi-
faceted, focusing on history and physical exami-
nation, plain radiographic assessment, laboratory 
values, and cross-sectional imaging. A thorough 
review of systems must be performed as systemic 
cobaltism has been reported [11].

�Patient History

A thorough patient history is essential in the eval-
uation of a patient with a painful MoM THA 
(Table 15.4).

•	 The location, duration, and severity of pain 
are essential to the evaluation.

•	 The patient should be asked about mechanical 
symptoms such as popping, clicking, or 
ratcheting.

•	 Exacerbating or alleviating factors should be 
noted.

•	 Signs or symptoms of infection must be delin-
eated in the history, as this will change your 
diagnostic and treatment algorithm.

•	 The skin should be inspected for previous 
scars, dermal reaction, or signs of infection.

•	 A complete review of systems may also unveil 
systemic issues due to metallosis (Table 15.5).

�Physical Examination
Physical examination remains important in the 
evaluation of any painful total hip arthroplasty. 
Essential components include the following keys:

•	 The skin should be inspected for previous 
scars, dermal reactions, or signs of infection.

•	 Palpation should be performed to detect any 
areas of pain or a soft-tissue mass.

•	 Complete neurovascular examination.
•	 Range of motion of the hip joint and abductor 

muscle strength testing should be routinely 
performed.

•	 Any gait abnormalities, such as a 
Trendelenburg gait, should be noted.

•	 Is the pain reproduced by supine or reverse 
straight leg raising (radiculopathy)?

•	 Is the pain reproduced by trochanteric palpa-
tion (trochanteric bursitis)?

•	 Is the pain reproduced by resisted hip flexion 
(iliopsoas tendonitis)?

�Radiographic Evaluation
After a complete history and physical, evaluation 
of a painful MoM THA should proceed with stan-
dard radiographs examining the implant type and 
component position, as well as signs of loosening 

Table 15.4  Questions to consider in the evaluation of a 
symptomatic MoM patient

Where is the pain?

How long has the pain occurred?

Was there a pain-free interval?

Is there start-up pain?

Is there thigh pain? (stem or socket pain)

Is there groin pain? (socket pain)

Do they have mechanical symptoms?

Exacerbating activities?

Alleviating activities?

Constitutional symptoms?

Instability events?

Table 15.5  Questions asked during a review of systems

Due to multiorgan toxicity of cobalt and chromium, 
consider the following questions:

Have you had any change in your vision?

Have you experienced any ringing in your ears, 
difficulty hearing, or dizziness?

Have you experienced recurrent rashes?

Do you have a tremor, difficulty remembering things, 
or numbness and tingling in your feet and hands?

Do you have shortness of breath?

Do you have mood swings, fatigue easily, or have 
gained weight lately?
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or osteolysis. One must pay close attention to 
component malposition, as this has been shown 
to correlate with increased ion levels and wear 
[12]. A high-abduction angle or high levels of 
combined anteversion of the components lead to 
diminished bearing lubrication leading to increased 
ion release and soft-tissue reactions [12–16].

�Radiographic Analysis
•	 Radiographic evaluation of the failed THA 

should include an anteroposterior (AP) view 
of the pelvis and a cross-table lateral view of 
the affected hip.

•	 Both the acetabular and femoral components 
should be examined closely for signs of loos-
ening, osteolysis, or ingrowth.

•	 Judet views may be necessary to evaluate for 
osteolysis or loosening.

�Laboratory Evaluation
Following the above evaluation, laboratory 
testing is important in the diagnostic algorithm of 
the painful MoM THAs (Table 15.6). Erythrocyte 
sedimentation rate (ESR) and C-reactive protein 
(CRP) should be obtained to rule out peripros-
thetic joint infection. Unlike MoP THAs, ESR 
and CRP have been shown to be more nonspe-
cific in the evaluation of MoM THA, as patients 
with adverse local tissue reactions (ALTR) with-
out infection have also shown elevated markers 
[17]. Likewise, aspiration results of painful MoM 
THAs can be misleading and must be interpreted 
with caution. Traditional values of 3000 WBC/
mL combined with >80% PMN indicating peri-
prosthetic infection may not apply to those MoM 
THA with ALTR with a propensity for falsely 
positive results [18, 19]. It is therefore important 
to have a manual rather than an automated cell 
count performed as automated counts may misin-
terpret metallic debris leading to spuriously ele-

vated counts. Unfortunately, alpha defensin testing 
may also be falsely positive in these patients. 
In general we have a low threshold to aspirate 
these patients preoperatively in an attempt to 
more definitely rule in or out infection prior to 
operative intervention as the intraoperative 
appearance can also be misleading with puru-
lence commonly identified intraoperatively.

The measurement of serum cobalt and chro-
mium has been used for the evaluation of MoM 
THA [1, 8, 20]. These metal ions are not only 
released from the bearing surface during articula-
tion, but also from modular junctions due to cor-
rosion. In 2010, the British Medicine and 
Healthcare Products Regulatory Agency voiced 
concern over MoM hip implants issuing a safety 
alert recommending cross-sectional imaging in 
any MoM hip arthroplasty patient with cobalt or 
chromium ion levels greater than 7-ppb [10]. 
Although a useful adjunct, ion levels alone 
should not be used as a trigger for revision due to 
their inaccuracy in predicting soft-tissue damage 
in MoM THA. Metal ion levels and their correla-
tion to MoM THA are poorly understood and 
have been unreliable predictors of soft-tissue 
destruction at the time of revision arthroplasty 
[4, 10, 16]. Unfortunately, no current test can pre-
dict periarticular necrosis; however biomarkers 
to detect adverse local tissue reactions are cur-
rently under investigation [4, 10].

The evaluation of a MoM patient is similar to 
the evaluation of a potential periprosthetic infec-
tion (Fig. 15.2). Where the clinician cannot rely 
solely on a single variable to determine the need 

Table 15.6  Laboratory evaluation

Labs

•	 CRP

•	 ESR

•	 Aspiration

•	 Cobalt

•	 Chromium
Fig. 15.2  Multiple variables that should be considered 
when evaluating a MoM THA patient
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for intervention, multiple variables must be con-
sidered and taken into account as a group.

�Advanced Imaging
Cross-sectional imaging in the form of an ultra-
sound or metal artifact reduction series (MARS) 
magnetic resonance imaging (MRI) has been 
used in the evaluation of adverse soft-tissue reac-
tions (Figs. 15.3 and 15.4) [21, 22]. Ultrasound 
has been able to detect soft-tissue lesions, and 
may differentiate these lesions as solid or cystic. 
However, this imaging modality remains operator 
dependent limiting its consistent use in the 
detailed evaluation of soft-tissue lesions. It can be 
efficient and cost effective as an initial screening 
test with high sensitivity [21].

MARS MRI has become the workhorse imag-
ing modality for the evaluation of ALTRs associ-
ated with MoM THAs [21, 22]. MARS MRI 

allows for early detection of soft-tissue lesions 
and the ability to follow MoM THA patients 
longitudinally with serial evaluations.

�Clinical Presentation
The clinical presentation of a patient with an 
adverse local tissue reaction remains variable with 
each patient having an individualized response to 
metal debris. The initial presenting symptoms 
may be pain, mechanical symptoms, abductor 
weakness, instability, or rash (Fig. 15.5) [4, 5].

In addition to symptomatic patients, ALTRs 
have been identified in asymptomatic patients. 
A recent investigation has shown a 31% preva-
lence of cystic ALTRs in asymptomatic MoM 
patients on MARS MRIs [7]. The natural history 
of these lesions remains undefined but calls into 
question the reliability of pain as an indicator of 
bearing malfunction.

�Treatment

Treatment centers on debridement of metal debris 
and removing the MoM articulation from the sys-
tem. Treatment may also be altered by soft-tissue 
or bony destruction from metal debris (Figs. 15.6, 
15.7, and 15.8). Synovectomy with debridement 
of diseased tissue is indicated in all revision 
THAs for metallosis. In modular metal-on-metal 
THAs, a straightforward treatment approach is 
possible with a head-liner exchange where the 
MoM bearing is changed to a ceramic-on-Fig. 15.3  Cross-sectional MRI of a cystic ALTR lesion 

in a MoM THA

Fig. 15.4  Cross-sectional MRI of pseudotumor in a 
MoM THA Fig. 15.5  Rash that can be seen due to metal toxicity

15  Complications of Metal-on-Metal Bearings
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polyethylene bearing; this is preferred to a metal-
on-polyethylene bearing as removal of all cobalt 
from the system makes postoperative serum 
metal-level interpretation easier and in some 
cases corrosion at the modular junction may be 
contributing to ALTR. When a ceramic head is 
utilized, the use of a titanium taper sleeve is sug-
gested to decrease the potential increased risk of 
ceramic head fracture when placed onto a used 
trunnion.

Acetabular revision is indicated when 
revising a MoM THA with a monoblock ace-
tabular component, if the implant is in poor 
position, or if the implant has sharp edges on 
its interior surface (Fig. 15.9). Results of for-
mal acetabular revision have been challenging 
with a 20% complication rate in a large series 
of monoblock MOM revisions with loosening 
and instability being major causes of compli-
cations [23]. This has led to the consideration 
of using a polyethylene dual-mobility con-

Fig. 15.7  ALTR seen intraoperatively with necrotic 
tissue

Fig. 15.8  Abductor deficiency and bone necrosis from 
ALTR

Fig. 15.9  Revision of acetabular component in MoM 
THA case

Fig. 15.6  Metallosis seen intraoperatively
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struct within the existing retained monoblock 
cup provided that it has no sharp internal fea-
tures and is in good position [24]. The use of 
dual-mobility constructs or constraining acetab-
ular components may also be necessary in these 
revision situations due to abductor deficiency 
caused by metallosis. Revision of the femoral 
component is usually not necessary in revision 
THA for metallosis.

�Results of Treatment

The outcomes of revision surgery for metallosis 
in MoM THA are suboptimal. Early results of 
revising monoblock MoM THAs have shown an 
unfortunately high complication rate ranging 
from 20 to 38% [23–30]. The most common 
complications include instability and aseptic 
loosening of the revised acetabular component, 
both which are thought to be secondary to soft-
tissue and bony necrosis (Fig. 15.10) [23–30]. 
An alarming 8.1% rate of infection following 
revision of failed MoM THAs has also been 
reported [17].

�Literature Review

�Biologic Mechanism of Failure 
in MoM THAs

The biologic response to metal particle debris can 
be both systemic and local. Much of the concern 
in THA has been due to the adverse local tissue 
reactions caused by the inflammatory response to 
metal debris. These local responses can result in 
tissue necrosis and adverse soft-tissue reactions. 
The biologic response to metal particles is not 
fully understood. It is likely a type IV hypersensi-
tivity response initiating T-lymphocytes and macro-
phages to create a cytotoxic inflammatory response 
[1, 2, 23]. Each individualized patient may have a 
unique response to metal debris. The delayed hyper-
sensitivity reaction driven by T lymphocytes was 
originally described as aseptic lymphocyte-
dominated vasculitis-associated lesion (ALVAL) 
[24]. Histologically these lesions have an abun-
dance of perivascular lymphocytic reaction leading 
to vessel constriction and necrosis.

�ALVAL/ALTR

The terms ALVAL, ALTR, pseudotumor, and 
metallosis have all been used as umbrella terms in 
the literature to describe adverse local soft-tissue 
destruction due to metal debris from metal-on-
metal articulations and junctions in THA. ALVAL 
is a histologic term denoting an aseptic lympho-
cytic vasculitis-associated lesion. ALTR on the 
other hand is the more accepted term for any 
adverse local tissue reaction around a MoM THA.

ALTR can be the result of bearing debris or 
various types of corrosion produced at different 
metal-on-metal articulations within the total hip 
system. Such corrosion occurs not only at a MoM 
articulation, but can also be seen due to mechani-
cally assisted crevice corrosion at metal-metal 
modular junctions such as the head-neck and 
neck-stem junctions.

Fig. 15.10  Retrieval of fibrous ingrown ASR cup at the 
time of revision
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�Skin Hypersensitivity

Metal-induced hypersensitivity reactions have 
been reported at an incidence of 1% [1]. 
Hypersensitivity following MoM THA appears 
to be low, but surgeons should be aware of the 
possibility of this delayed-type lymphocytic 
response to metal particles when evaluating the 
symptomatic MoM THA [24].

�Articulation Modes of Failure

The unique wear characteristics of MoM implants 
have created problems relating to metal ion 
release and metallosis. The particles produced by 
wear of the articulation are more numerous, but 
smaller in size than the particles produced in 
metal-on-polyethylene bearings. Metal-on-metal 
THAs traditionally have had larger head sizes 
creating a larger surface area. These designs lead 
to dissolution of soluble ions such as cobalt and 
chromium increasing their levels in the joint and 
later the blood. These elevated metal ion levels 
can initiate an inflammatory cascade leading to 
tissue and bone necrosis. Complications such as 
aseptic loosening and lack of cup ingrowth have 
been attributed to equatorial seizing between the 
cup and large head.

Metal-on-metal implants perform best if well 
lubricated. A high-abduction angle or high degress 
of combined anteversion leads to diminished bear-
ing lubrication leading to increased ion release and 
soft-tissue reactions [12–17]. A relatively horizon-
tal cup position may increase lubrication leading 
to improved wear characteristics. Unfortunately, 
the clinical problems seen with metal-on-metal 
articulations were not predicted by simulator tests. 
These tests did not account for edge loading that 
is seen in vivo and thought to be one of the con-
tributing factors to increased wear [25].

�Systemic Cobaltism

Systemic cobaltism has been reported to occur due 
to periprosthetic metallosis from metal-on-metal 
hip arthroplasty. Systemic symptoms of cobaltism 

include tinnitus, fatigue, vision disturbances, 
anxiety, hearing loss, neuropathy, and cardiomy-
opathy [11]. One author noted extremely high 
cobalt levels in those patients with impaired renal 
function [11]. Surgeons should be aware of this 
rare but serious condition when evaluating a symp-
tomatic MoM THA as serum cobaltism is often the 
result of cobalt levels greater than 200 mcg/L [11]. 
The majority of symptoms resulting from cobaltism 
resolve after revision surgery, as well as normaliza-
tion of cobalt and chromium levels.

�Case Solution

A revision THA was performed with removal 
of the monoblock ASR acetabular component 
and placement of another acetabular component. 
A complete synovectomy and debridement of the 
metallosis were performed, along with placement 
of a ceramic femoral head (with a taper adaptor) 
and a highly cross-linked polyethylene liner. 
The patient’s cobalt and chromium levels were 
followed postoperatively and were found to nor-
malize 3 months following revision surgery.

�Conclusion

The evaluation of a symptomatic patient following 
MoM THA remains challenging. It is important to 
consider all common modes of failure associated 
with a conventional THA, in addition to those 
modes of failure unique to MoM articulations. 
A thorough clinical evaluation, in addition to spe-
cialized testing and imaging, is important to make 
the proper diagnosis. The early recognition of 
ALTR is essential for the successful management 
of the MoM patient. A systematic approach involv-
ing a careful history, physical, and radiographic 
examination should be undertaken in each MoM 
patient. Ion levels and cross-sectional imaging are 
useful adjuncts in determining the need for revi-
sion. As in evaluating a patient for periprosthetic 
infection, isolated variables should not trigger the 
need for surgical intervention; rather multiple 
clinical and diagnostic variables should be utilized 
in making such a decision.
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Complications of Modular 
Neck-Stems
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�Case Presentation

A 67-year-old gentleman underwent a left total 
hip arthroplasty (THA) with the use of a dual-
modular femoral neck-stem 24  months ago. At 
20 months postoperatively, he developed persis-
tent pain in the left hip and groin area after a 
minor injury. He was concerned about his increas-
ing symptoms and was subsequently informed by 
his surgeon that he had a recalled femoral stem.

On physical examination, the patient walked 
with an antalgic gait. Examination of his hip 
revealed a well-healed incision with no signs of 
infection. Hip range of motion was limited and 
painful. Weakness of hip abduction was observed. 
No neurovascular deficits were noted on exami-
nation of his left lower limb. Anteroposterior 
(AP) pelvic and AP and lateral radiographs of the 
left hip revealed a well-fixed dual-modular femo-
ral neck-stem THA (Fig. 16.1). Both erythrocyte 
sedimentation rate (ESR) and C-reactive protein 
(CRP) were within normal limits. The patient had 
elevated serum cobalt (17 μg/L) and chromium 

(2 μg/L) levels (laboratory reference range was 
Co <0.3  μg/L, Cr <0.3  μg/L). Metal artifact 
reduction sequence (MARS) magnetic resonance 
imaging (MRI) of the hip showed a complex fluid 
collection suggestive of adverse local tissue reac-
tion (ALTR) (Fig. 16.2).

�Rationale for Modular Taper

Modularity in total hip arthroplasty (THA) allows 
surgeons to optimize implant reconstruction to 
patient anatomy intraoperatively [1]. Modular 
femoral neck-stem THA implants possess inter-
changeable necks, providing additional modular-
ity at the neck-stem interface [2, 3]. Modular 
taper designs have the potential to allow precise 
reconstruction of center of rotation of the hip by 
facilitating adjustments in limb length, femoral 
neck version, and hip offset in order to optimize 
hip biomechanical parameters [4]. Other pur-
ported benefits include facilitation of surgical 
procedures, such as revision arthroplasty [5] and 
minimally invasive surgical techniques [6], as 
well as economic benefit of enhanced implant 
inventory control [7]. Four modularity-related 
failure modes have been described, namely taper 
corrosion-associated adverse local tissue reaction 
(ALTR), modular neck fracture, dissociation of 
the taper junction, and mismatch of the femoral 
head and taper connection dissociation [8–13]. 
Recently, there is increasing concern regarding 

M.H.L. Liow, MD • Y.-M. Kwon, MD, PhD (*) 
Department of Orthopaedic Surgery, Massachusetts 
General Hospital, Harvard Medical School,  
55 Fruit Street, Boston, MA 02114, USA
e-mail: mliow@mgh.harvard.edu; 
ymkwon@mgh.harvard.edu

mailto:mliow@mgh.harvard.edu
mailto:ymkwon@mgh.harvard.edu
mailto:ymkwon@mgh.harvard.edu


162

this stem design as a result of the growing num-
bers of clinical failures due to fretting and corro-
sion at neck-stem taper junction, in a process that 
has been described as mechanically assisted crev-
ice corrosion (MACC) [14].

�History of Modular Taper Corrosion

The first modular neck-stem (ANCA-Fit) was 
designed by Cremascoli (Milan, Italy) and pos-
sessed an elliptical taper for rotational resistance 
[15]. Subsequently, a myriad of dual-taper neck-
stems were introduced [4]. Several of these dual-
taper neck-stem designs have since resulted in 
taper corrosion issues at the proximal neck-stem 
and distal head-neck junctions [16–21]. However, 
it must be noted that taper corrosion is not a new 
phenomenon. Head-neck taper corrosion has 

Fig. 16.1  Anteroposterior (a) and lateral (b) radiographs of a patient with recalled dual-modular femoral neck-stem 
with trochanteric osteolysis  (white arrow) juxtaposed to neck-stem modularity junction (black arrow)

Fig. 16.2  Axial T1 MARS MRI image showing adverse 
local tissue reaction (pseudotumor) (white arrow)
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been described in 1991 by Mathiesen et al. [22] 
between monoblock titanium (Ti) stems and 
cobalt-chromium (CoCr) heads [22]. 
Subsequently, MACC was recognized as a pro-
cess which was dependent on multiple contribut-
ing factors, including taper geometry and 
metallurgical, mechanical, and solution chemis-
try between metal alloys [23]. In fact, several 
studies in the 1970s and 1980s cautioned against 
the use of dissimilar metals in orthopedic 
implants and described varying resistance to cor-
rosion between different galvanic combinations 
of Ti and CoCr alloys [24, 25].

Modular femoral neck-stem THA implants 
have been manufactured with both titanium and 
cobalt chromium alloy modular necks; given the 
preference for titanium alloy femoral compo-
nents, almost all of the “bodies” have been manu-
factured from titanium. While a titanium neck 
prevents the risk of corrosion from the use of 
mixed metals, titanium alloy necks would be 
more susceptible to fracture. Alternatively, 
cobalt-chromium alloy modular necks are stron-
ger and reduce risks of facture; however, being a 
different metallic alloy from the stem, modular 
junction corrosion can occur, leading to early 
failure secondary to adverse local tissue reactions 
(ALTR) [26]. These junctions are subjected to 
axial and cantilever-type bending stresses, lead-
ing to metal-on-metal micromotion. This has 
been known to generate metal ion debris with 
subsequent elevation of serum Co and Cr ion lev-
els [14, 26]. When evaluating a painful modular 
neck-stem, an understanding of the metals uti-
lized to manufacture the modular neck is impor-
tant. To further confuse the matter, some 
manufacturers have made necks of both titanium 
and cobalt chromium alloys at different times.

�Epidemiology of Modular Taper 
Corrosion

The 2015 Australian Orthopaedic Association 
National Joint Replacement Registry Annual 
Report states that 9289 modular femoral neck-
stems were used in primary total hip arthroplas-
ties from September 1999 to December 2014 

[27]. A significantly higher 10-year revision rate 
of 9.7% (95% CI: 8.8, 10.7) was reported for 
modular femoral neck-stems as compared to 
5.1% (95% CI: 4.9, 5.2) for fixed femoral neck-
stems. The main reasons for early revisions in the 
modular femoral neck-stems were due to loosen-
ing/osteolysis, dislocation, and modular neck 
fractures. In 2012, a manufacturer initiated a vol-
untary product recall of two modular femoral 
neck-stems. At that point of time, it was esti-
mated that more than 30,000 patients received 
the recalled modular neck-stem implants world-
wide [28].

�Implant Factors Associated 
with Modular Neck Taper Corrosion

Implant, surgical, and patient factors have been 
identified as likely contributing factors responsi-
ble for taper corrosion in dual-modular neck-
stem THA. Implant factors including taper cone 
angle, taper surface roughness, neck-stem taper 
metallurgy, taper geometry, and femoral head 
size play important roles in influencing extent of 
taper corrosion. Narrow cone-angled tapers have 
greater potential for micromotion and may 
explain higher fretting scores reported at the 
taper base of 11/13 taper designs compared to 
12/14 and 14/16 tapers [29]. Rough-surface 
tapers were initially developed for use in ceramic 
heads and surface roughness has been linked to 
increased fretting in modular MoM head-neck 
taper combinations [30].

In vivo corrosion and MACC are more com-
monly seen in dissimilar alloy pairings (e.g., Ti 
alloy stem and CoCr head), and affect both head-
neck and neck-stem [31]. Conversely, ceramic 
femoral heads have been reported to decrease 
taper tribocorrosion [32]. Taper geometric param-
eters such as length, taper contact area, and resul-
tant lever arm contribute to taper corrosion at both 
the head-neck and neck-stem junctions. Femoral 
stems with longer modular neck lengths had sig-
nificantly higher corrosion scores [33]. This cor-
responds with higher fretting scores noted with 
increased taper contact area [34]. However, there 
have been reports that describe increased edge 
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loading at the base of short taper trunnions [35]. 
Additionally, “long varus” necks demonstrate 
32.7% greater bending moments when compared 
to “short varus” necks [11] which potentiates can-
tilever bending in  vivo and resultant micromo-
tion, fretting, and corrosion [33]. In relation to 
this, beta titanium alloy (Ti12Mo6Zr2Fe, TMZF) 
has shown decreased flexural stiffness and has 
been associated with increased fretting and corro-
sion [36]. These effects may be aggravated with 
the use of larger head sizes (>32  mm), which 
increase torsional forces at the taper trunnion 
[37]. Larger head sizes may increase offset and 
varus neck shaft angle, leading to increased lever 
arm [35], and has been recognized as a contribut-
ing factor in the increased failure rates of modular 
MoM THA [38].

�Surgical Assembly Associated 
with Modular Neck Taper Corrosion

Intraoperative surgical assembly may play an 
important role. In vitro tests have demonstrated 
greatly reduced (>50%) load to failure with a 
contaminated assembly compared to a well-
cleaned assembly [39] and has been shown to 
affect cantilever micromotion of dual-modular 
taper neck-stems [40]. Although impaction tech-
nique and force of impaction have been studied 
in head-neck taper corrosion, the effect of impac-
tion at the modular neck-stem junction has not 
been examined to date. It is recognized that 
cleaning of interfaces before impaction, avoid-
ance of angular mismatch between the neck and 
the stem, and use of similar alloys for the neck 
and the stem are essential in preventing modular 
neck taper corrosion.

�Patient Factors Associated 
with Modular Neck Taper Corrosion

Potential patient factors associated with modular 
neck taper corrosion-related ALTR include metal 
hypersensitivity, body mass index, and activity 
level. Implant-related metal hypersensitivity has 
been reported since 1990s [22]. Although ALTR 

has been associated with taper corrosion secondary 
to MACC, ALTR has also been observed in the 
absence of high wear or metallosis [41–43]. 
Histological examination of periprosthetic tissues 
in dual-taper THA patients undergoing revision 
surgery has demonstrated features suggestive of 
metal hypersensitivity [44, 45]. Although increased 
body mass index (BMI) and increased activity lev-
els would potentially increase the stresses borne by 
the modular trunnions, to date, no correlations have 
been reported between ALTR in dual-modular 
stem neck THA and BMI or increased activity lev-
els [42, 46].

�Systematic Evaluation

A painful dual-modular neck THA can present 
with a myriad of symptoms and may be attribut-
able to various intrinsic and extrinsic causes. In 
general, the clinician should look to rule out 
common cause of pain or failure, including infec-
tion and implant loosening, prior to initiating an 
evaluation for modes of failure specific to a mod-
ular neck-stem. A systematic evaluation should 
include focused clinical history, detailed physical 
examination, laboratory tests, and cross-sectional 
imaging to identify potential differential diagno-
ses in a painful dual-modular neck THA [47, 48]. 
A consensus systematic risk stratification algo-
rithm is available to guide physicians based on 
currently available evidence [49] to initiate 
prompt and appropriate treatment.

�Clinical Evaluation
The physician should obtain a complete history 

when evaluating patients with a dual-modular 
femoral neck-stem total hip arthroplasty. The 
characteristics, site, severity, duration, and onset 
of the pain provide important information [48, 
49]. Joint sepsis must be suspected in patients 
with a history of delayed wound healing, or hip 
pain after recent gastrointestinal or dental proce-
dures. The physician should also ask about any 
discomfort caused by fullness or swelling around 
the hip as this may suggest a fluid collection sec-
ondary to an ALTR. Physical examination should 
begin with inspection of the skin for signs of 
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infection and previous scars. Palpation around 
the hip may reveal the presence of soft-tissue 
masses which again might suggest ALTR. Range 
of motion of the affected hip should be tested as 
reproduction of pain on passive extension and 
active flexion may indicate iliopsoas tendinopa-
thy. Strength of hip abduction should also be 
examined. A comprehensive spine and neurovas-
cular examination is essential to exclude poten-
tial confounding neurogenic and vascular causes 
of pain [48].

Implant Modularity
It is important to recognize that different types of 
material options exist at the neck-stem junction 
of a dual-modular femoral neck THA [49]. 
Different combinations of neck and stem materi-
als may be used at the neck-stem modular junc-
tion of dual-taper stem THAs, and include:

	(a)	 Titanium modular neck on titanium stem (Ti/Ti)
	(b)	 Cobalt-chromium modular neck on titanium 

stem (CoCr/Ti)
	(c)	 Cobalt-chromium modular neck on cobalt-

chromium stem (CoCr/CoCr)

To date, the majority of taper corrosion-related 
adverse tissue reactions have been reported in 
dual-modular neck femoral THAs with cobalt-
chromium modular necks on titanium stem mod-
ular junctions (CoCr/Ti).

�Inflammatory Markers and Hip Joint 
Aspiration
Serum inflammatory markers (ESR and CRP) are 
frequently elevated in a setting of taper corrosion 
and this can occur in isolation, or may suggest pres-
ence of concurrent or isolated periprosthetic infec-
tion (PJI) [50, 51]. Taper corrosion may also mimic 
the diagnosis of PJI and this warrants hip aspiration 
for culture and differential counts [52]. However, 
synovial fluid counts are also affected by the pres-
ence of metallic debris which requires manual 
counting to reduce errors from metallic debris con-
tamination or the erroneous measurement of dead 
white blood cells [53]. Although ESR and CRP 
have limited value in the diagnosis of PJI in 
dual-modular neck implants with corrosion, these 

inflammatory markers may be useful in excluding 
PJI. In addition, there should be a low threshold to 
perform synovial fluid hip aspiration in the setting 
of elevated inflammatory markers as the intraoper-
ative appearance can be deceiving with purulent 
material frequently seen. Hence, a preoperative 
aspiration with a cell count and culture can be very 
useful to perform preoperatively to avoid confu-
sion at the time of surgery. Newer methods to 
determine the presence of infection such as leuko-
cyte esterase strip tests, alpha defensin, and PCR 
methods may be potentially useful to detect PJI in 
the presence of taper corrosion in dual-modular 
neck-stem THA patients although some reports 
have suggested false-positive alpha defensin test-
ing in patients with corrosion reactions [54].

�Serum Metal Ion Levels
Cobalt and chromium ion levels are influenced 
by the implant type, metallurgy, design of neck 
and stem taper interface, head size, and position-
ing of the implant [49]. Elevated metal ion levels 
have been documented in dual-modular neck-
stem THA patients with taper corrosion-related 
adverse tissue reactions [4, 14, 55]. In general, 
the magnitude of elevation, however, has been 
lower in dual-modular neck-stem THA patients 
when compared to MoM bearing THA patients 
[49]. In addition, a preferential elevation of 
cobalt relative to chromium, resulting in an 
increase in Co/Cr ratio, is also commonly 
observed in patients with symptomatic corrosion 
[56]. A management algorithm based on the con-
sensus systematic risk stratification statement of 
the American Association of Hip and Knee 
Surgeons, the American Academy of Orthopaedic 
Surgeons, and the Hip Society stated that 
although metal ion levels alone should not be 
relied on as the sole parameter to determine revi-
sion surgery, threshold of cobalt level >5 μg/L 
and Co/Cr ratio >5 are useful clinical diagnostic 
adjuncts in the systematic clinical evaluation for 
taper corrosion-related adverse tissue reactions in 
patients with dual-modular taper THA [49].

The mechanism that leads to differential ele-
vation of cobalt relative to chromium remains 
poorly understood [26]. It has been hypothesized 
that, in contrast to MoM bearing surface wear, 
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the predominant ion release at modular taper 
junction may be chemical corrosion process that 
involves chromium precipitating as chromium 
orthophosphate and more soluble cobalt dissipat-
ing as free ions [57]. Metal ion levels have been 
reported to decline to near-normal levels within 
3 months following revision surgery and removal 
of a dual-taper modular neck-stem THA [58]. In 
addition, metal ion levels can be difficult to inter-
pret in patients with systemic renal disease, addi-
tional MoM bearings in conjunction with 
dual-modular neck-stem THAs, and bilateral 
dual-modular neck-stem THAs. Therefore, while 
metal ions are useful as an adjunct investigation, 
it must be noted that metal ion levels should not 
be used in isolation to determine clinical recom-
mendation for surgery.

�Radiographic and Cross-Sectional 
Imaging

Focused review of serial plain radiographs to 
identify loosening, osteolysis, trochanteric, and/
or calcar erosion must be noted as they may be 
associated with taper corrosion (Fig.  16.1). 
Currently, ultrasound (US) or metal artifact 
reduction sequence (MARS) magnetic resonance 
imaging (MRI) is the preferred cross-sectional 
imaging modality of choice. Common MARS 
MRI abnormalities include the presence of a 
thickened capsule in association with an effusion 
(Fig.  16.2). Other typical findings include ilio-
psoas and abductor tendinopathy, peri-tendinous 
collections, and presence of metallic debris.

Both ultrasound and MARS MRI have been 
reported to be highly sensitive (92–100%) and 
specific for the detection of MoM THA-related 
pseudotumors (96–100%) [59]. Ultrasound is not 
affected by soft-tissue artifacts, and can discrimi-
nate solid from cystic lesions. Ultrasound assess-
ment is operator dependent and does not allow 
the surgeon to perform preoperative planning nor 
longitudinal comparisons [60]. In addition, its 
inconsistency in evaluating the deep structures, 
especially in obese patients, is a potential disad-
vantage [61]. MARS MRI is a highly sensitive 
modality for detection of solid and cystic ALTR 

(pseudotumors); however, the potential disad-
vantages include an increased scanning duration, 
the obscuration of periprosthetic tissues by metal 
artifacts, and the costs [62].

�Surgical Management

Management of a patient with a painful dual-
modular neck-stem THA presenting with elevated 
metal ion levels and evidence of pseudotumor 
with bone or muscle damage warrants revision 
surgery. Revision surgery for dual-modular neck-
stem THA necessitates a thoughtful approach to 
reduce intraoperative complications. Meticulous 
and careful debridement must be performed to 
remove the pseudotumor while protecting neuro-
vascular structures. Removal of the well-fixed 
stem is technically challenging, requiring avail-
ability of instruments such as high-speed burrs, 
flexible thin osteotomes, and customized neck-
stem extractors. Techniques such as simple and 
extended trochanteric osteotomies, high-speed 
needle-point burrs, and stack pin techniques have 
been described for stem removal [63, 64]. Stem 
removal may affect remnant proximal bone stock 
and fixation of the revision prosthesis stem.

Following removal of dual-modular femoral 
stem, acetabular component assessed to be loose 
intraoperatively is revised with a highly porous 
tantalum acetabular cup with multiple screws and 
highly cross-linked polyethylene liner. In the 
presence of reactive tissue necrosis, the area of 
necrosis is extensively debrided except in the 
close proximity of neurovascular structures. The 
use of modularity at the time of revision such as 
titanium modular tapered femoral stems is fre-
quently required to optimize intraoperative sta-
bility in the setting of significant tissue necrosis. 
The largest diameter ceramic femoral head com-
patible with the acetabular component is used to 
maximize head-neck ratio in order to further 
optimize intraoperative stability.

The revision surgery may result in an increased 
complication rates and re-revision rates due to dis-
locations and recurrence of ALTR in the setting of 
well-fixed femoral stem requiring removal and 
adverse tissue reaction. The precise etiology of 
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ALTR recurrence after revision for symptomatic 
ALTR remains largely unknown. The potential 
contributing factors for ALTR recurrence is likely 
to be multifactorial related to surgical, patient, or 
implant factors. Incomplete surgical debridement 
and inadequate removal of pseudotumor during 
the first revision may contribute to ALTR recur-
rence. However, extensive debridement needs to 
be performed safely juxtaposed to neurovascular 
structures. Inherent patient metal hypersensitivity 
may be a contributing factor. ALTR recurrence has 
also been suggested to be secondary to taper corro-
sion at head-neck taper junction of metal-on-poly 
bearings or at modular taper junction of revision 
femoral stem used at initial revision surgery.

Patients with dual-taper THA are often con-
cerned about the systemic elevation of metal ion 
levels and inquire about the time required to 
return to normal. In the vast majority of patients 
with elevated cobalt and chromium ion levels, 
metal ion levels decline to very low or undetect-
able levels following revision surgery with the 
serum cobalt and chromium levels declining on 
average by 32 and 21% at 6 weeks post-revision 
surgery. Further data is needed to determine the 
long-term outcomes and surgical complication of 
dual-taper modular neck-stem THA patients who 
have undergone revision surgery.

�Histopathology Analysis

Recent studies have reported corrosion-related 
ALTR (pseudotumors) or aseptic lymphocyte 
dominated vasculitis-associated lesions (ALVAL) 
occurring in dual-modular neck THAs, which 
were initially described as complications of 
metal-on-metal (MoM) bearings [14, 16–18, 20, 
33, 65, 66]. Although ALTR has been linked to 
modular junction mechanically assisted crevice 
corrosion (MACC) and elevated metal ion levels, 
ALTR has also been observed in the absence of 
high wear or metallosis [41–43]. Current evi-
dence has indicated that the process is complex 
and multifactorial, with a spectrum of histologi-
cal features being noted in periprosthetic tissues 
of dual-taper modular neck-stem THA patients 
undergoing revision. The histological features 
indicate tissue reactions consistent with metallic 

wear and metal hypersensitivity [44, 45]. Despite 
a correlation that exists between elevated metal 
ion levels and patients with pseudotumors, no 
dose-dependent relationship has been observed 
between metal ion levels and histological 
responses.

�Implant Retrieval Analysis

Retrieval analysis allows close examination of 
failed implants and study of damage patterns at 
the neck-stem junction of dual-taper modular 
THAs. Cyclic cantilever motion and bending of 
the neck at the head-neck and neck-stem inter-
faces have been described [33]. Higher contact 
area, increased taper surface roughness, narrow 
cone-angle tapers, decreased flexural rigidity of 
beta titanium, longer neck lengths, and increased 
head sizes have been reported to contribute to 
higher fretting and corrosion scores in the 
retrieval analysis of dual-taper modular femoral 
stems [29, 30, 33–35, 37, 40, 67].

�Case Solution

The patient was counseled on the risks and ben-
efits of revision surgery and elected to proceed 
with revision surgery. A revision THA of the left 
hip was performed through a posterior approach. 
Upon entering the joint capsule, a large rush of 
metallic sludge was extruded from the joint. 
Extensive debridement was necessary for the 
large pseudotumor lesion and significant abduc-
tor necrosis. A “top-out” technique was per-
formed for femoral stem extraction utilizing 
high-speed burrs, without the need for extended 
trochanteric osteotomy (ETO). The use of a tita-
nium revision modular stem was necessary due to 
the proximal metaphyseal bone deficiency and to 
optimize intraoperative stability secondary to 
extensive abductor necrosis (Fig. 16.3). The ace-
tabular cup was retained as it was assessed to be 
well positioned and stable intraoperatively. A 
ceramic femoral head and highly cross-linked 
polyethylene liner was utilized. The patient toler-
ated the surgical procedure and had no neurovas-
cular deficits postoperatively.
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�Outcome

The patient returned to playing golf. At 6 months 
postoperatively, cobalt and chromium metal ion 
levels declined to 0.4 μg/L and 0.4 μg/L, respec-
tively, from initially elevated serum metal ion 
levels of cobalt 17 μg/L and chromium 2 μg/L 
pre-revision surgery.

�Summary

There should be a low threshold to conduct a 
systematic clinical evaluation of patients with 
dual-modular neck-stem THAs as early recog-
nition and diagnosis will ensure prompt and 
appropriate treatment. As painful dual-modu-
lar neck-stem total hip arthroplasties have var-
ious intrinsic and extrinsic causes, patients 
should be evaluated utilizing systematic risk 
stratification algorithms. Although specialized 
tests such as metal ion analysis and cross-sec-
tional imaging modalities such as MARS MRI 
and ultrasound should be used to optimize 
clinical decision making, overreliance on any 

single investigative tool in the clinical decision-
making process should be avoided. Further 
research is required to gain understanding of 
implant, surgical, and patient risk factors asso-
ciated with taper corrosion in dual-modular 
neck-stem THA.
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�Case Presentation

The patient is an 80-year-old female who pre-
sented with 9 months of pain in the groin follow-
ing a primary total hip arthroplasty (THA), done 
through a posterior approach 3 years earlier. 
Implanted components included a cementless 
acetabular component 50 mm in diameter with a 
highly cross-linked polyethylene liner, a cement-
less titanium stem, and a 36 mm cobalt chromium 
alloy femoral head with a standard neck length. 
Preoperative evaluation included plain X-rays 
(Fig.  17.1) that showed well-fixed, acceptably 
sized, and positioned components. An erythro-
cyte sedimentation rate (ESR) was 30 mm/h and 
a serum C-reactive protein (CRP) was 
<5.0 mg/L. As there was no evidence of loosen-
ing and the evaluation for infection was negative, 
serum metal levels were obtained that showed a 

serum cobalt of 9.54 parts per billion (ppb) and a 
serum chromium of 0.72 ppb.

The patient’s serum metal levels are highly 
consistent with an adverse local tissue reaction 
(ALTR) caused by corrosion at the modular 
head–neck junction following a metal-on-
polyethylene bearing THA, with a serum cobalt 
level that is both greater than the serum chro-
mium level and more than 1 ppb. A more careful 
evaluation of the plain X-rays (Fig. 17.1) shows 
a small lytic lesion just inferior to the tear drop 
and possibly small lytic areas at the lateral aspect 
of the acetabulum and in the calcar area. The 
patient subsequently had an MRI that was consis-
tent with an ALTR and the patient was indicated 
for revision surgery. At the time of surgery, 
purulent-appearing fluid was identified within 
the joint (Fig. 17.2) and gross corrosive material 
was identified at the modular head–neck junction 
(Fig. 17.3). Local damage to the soft tissues was 
seen, consistent with an adverse local tissue reac-
tion, but the abductors were intact. A manual 
synovial fluid white blood cell count showed 30 
white blood cells (wbc)/μL; however a differen-
tial could not be calculated given the high num-
ber of dead cells in the sample. After careful 
trialing to ensure adequate stability, the modular 
liner was exchanged, and after manual cleaning 
the femoral taper with a lap sponge, a 36 mm +4 
BIOLOX® (CeramTec, Plochingen, Germany) 
delta ceramic head with a titanium taper sleeve, 
was impacted onto the stem (Fig. 17.4).
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�Introduction

Modular heads were first introduced in the 1980s 
and became the standard of care by the early 
1990s [1]. One advantage of modularity at the 

head–neck junction is the ability to make small 
adjustments to a head size, offset, and length to 
optimize soft-tissue tension, joint stability, leg 
lengths, and overall hip biomechanics. 
Additionally, modularity allows surgeons to 
choose from a variety of bearing materials, rang-
ing from cobalt–chromium (CoCr) to ceramic, 
individualized for each patient. Furthermore, 
revision surgeries may be simplified if the revi-
sion only requires a head and liner exchange 
allowing a well-fixed, properly positioned stem to 
be retained (e.g., in managing an acute peripros-
thetic joint infection [PJI]). However, while 
advantages remain, this chapter discusses the 
potential disadvantages of modularity at the 
head–neck junction, and offers potential solutions 
to the recently seen problems of corrosion at the 
head–neck junction.

�Corrosion: Definitions

Corrosion refers to the environmental degradation 
of a material that occurs on its surface due to a 
series of electrochemical reactions (reduction–

Fig. 17.1  Preoperative AP (a) and shoot through lateral (b) images show well-fixed, appropriately sized, and posi-
tioned components

Fig. 17.2  Purulent material obtained at the time of surgery
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oxidation reactions); for metallic materials the 
degradation products are in the form of metal 
ions, metal salts, and/or adducts of metal ions 
such as metalloproteins. Passivation is a process 
that limits corrosion in which a thin layer, typi-
cally tens of nanometers in thickness, forms on 
the metal surface. In the case of surgical implant 
alloys, this layer consists of an oxide of one or 
more of the alloying elements. For titanium alloy 
implants, the passivating layer is composed of 
titanium oxides, whereas for CoCr alloys and 
stainless steel, the passivating layer is composed 
primarily of chromium oxide. Normally, with no 
external forces acting on the system to disrupt 
this passive layer, the transport of ions and/or 
electrons is impeded limiting the redox reactions 
involved in corrosion.

Eight different modes of corrosion have been 
described: uniform, galvanic, fretting, crevice, 
pitting, intergranular, selective, and stress [2].

•	 Uniform corrosion is the inevitable oxidation 
and reduction reactions all metal surfaces 
undergo when immersed in electrolyte solutions 

which involves the entire metal surface; 
however, uniform corrosion is virtually unde-
tectable with metals used for total hip arthro-
plasty due to the highly resistant alloys that 
are used for the prosthetic components.

•	 Galvanic corrosion occurs between two dif-
ferent metals and requires physical contact in 
an electrolyte to enable the ion transfer. This 
contact between two different metals in a con-
ducting solution is associated with an electro-
chemical potential difference in which one 
metal acts as a cathode and the other as an 
anode, facilitating the redox reactions 
involved in corrosion. For the spontaneously 
passivating metals used in orthopedic implant 
alloys, galvanic corrosion is impeded by the 
passivation layers.

•	 Fretting corrosion is due to mechanical forces 
that disrupt the passive layer and allows for 
unimpeded redox reactions of the metal 
surface.

•	 Crevice corrosion refers to corrosion within 
an area shielded from the surrounding envi-
ronment, such as in cracks and crevices. 

Fig. 17.3  Corrosive debris seen at the head–neck 
junction

Fig. 17.4  BIOLOX® delta ceramic head with a titanium 
taper sleeve after impaction onto the taper

17  Corrosion at the Modular Head–Neck Junction
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The local solution chemistry within the crevice, 
characterized by low pH and low oxygen ten-
sion, destabilizes the passive film leading 
again to unimpeded redox reactions.

•	 Pitting corrosion is similar to crevice corrosion. 
However, the localization is symmetric, with a 
downward propagation of pits and holes cre-
ated at sites on the metal surface adjacent to 
high-energy features of the underlying metal.

•	 Intergranular corrosion occurs at the grain 
boundaries where impurities tend to segregate 
and where the mismatch in crystalline orienta-
tion leads to higher local reactivity. 
Intergranular corrosion is seen in cast alloys 
more commonly than wrought alloys.

•	 Selective leaching is preferential corrosion of 
specific structures within the alloy. Selective 
leaching is seen especially in multiphase alloys, 
since certain elements are more susceptible to 
corrosion. These susceptible elements dissolve 
out first and leave behind more stable elements. 
Although this corrosion results in loss of mate-
rial on the surface, this process also aids in pas-
sivation due to the inherent higher corrosion 
resistance of the remaining elements.

•	 Stress corrosion describes redox reactions 
accelerated by mechanical stress leading to 
amplification of the material loss. Also termed 
corrosion-enhanced fatigue, cracks can grow 
along grain boundaries and other high-energy 
structures due to the applied stress in conjunc-
tion with redox reactions and the formation of 
solid corrosion products.

These eight different modes of corrosion can 
occur simultaneously and can be synergistic such 
that the actual corrosion process occurs synergis-
tically (e.g., at modular junctions of a total hip 
arthroplasty). The manufacturing method, 
implant design, material selection, metallurgical 
history, and surface finish, in addition to the 
chemical and mechanical environment (i.e., pH, 
oxygen tension, presence of micromotion, and 
stresses on the implant), all affect the magnitude 
of corrosion.

In addition to defining and understanding the 
definition of corrosion, another important category 
of material degradation is wear. Wear is defined 

as material loss from the surface of a material due 
to contact and relative motion with a second 
body. Fretting is a specific type of wear relevant 
to total hip implants as it describes material loss 
due to micromotion (typically less than 100 μm) 
between two materials under a sustained load [2]. 
All modular head–neck junctions are subject to 
fretting [3, 4]. As mentioned above, fretting 
disrupts the outer passive oxide layer and allows 
for unimpeded redox reactions (corrosion) in 
the contact zone between the head and the neck. 
This is exacerbated by the crevice geometry of 
the contact zone. Since fretting initiates and 
potentiates this corrosion process, it has been 
described as “mechanically assisted crevice corro-
sion” (MACC) [5]. Many aspects of the geometry, 
assembly, and material properties of the trunnion 
and head can influence MACC, highlighting the 
complexity of this process.

Tribocorrosion is a term that is increasingly 
being used to describe the combined and syner-
gistic mechanical and electrochemical (redox) 
processes that occur at metal contact zones. 
Tribocorrosion includes both wear and corrosion 
and is relevant when describing material degrada-
tion at metal bearing surfaces and metal contact 
zones in modular junctions.

�Corrosion at the Head–Neck 
Junction: Incidence and Overview

Although the use of metal-on-metal (MoM) 
THAs has been almost entirely abandoned, the 
catastrophic consequences seen as a result of 
metal bearing wear in MoM THAs have led to 
increased scrutiny and caution at other metal–
metal junctions, most notably the head–neck 
junction. History has shown that with an increase 
in modularity, where metal contacts metal, com-
plications due to fretting, corrosion, and wear 
debris may become clinically relevant over time 
and thus must be studied and followed clinically. 
While protocols and clinical algorithms exist for 
the workup and management of MoM THAs, the 
ideal management of a “tribocorroded” THA 
remains unclear. Part of what makes taper corro-
sion so difficult as a clinical problem is that no 
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threshold has been established to predict what 
amount of tribocorrosion products at the trunnion 
produce clinically significant complications, spe-
cifically an adverse local tissue reaction (ALTR).

While the incidence of clinically significant 
corrosion at the modular head–neck taper has not 
been quantified, McGrory et al. reported an inci-
dence of 1.1% in a population of patients having 
undergone a primary total hip replacement of one 
particular design [6]. In a consecutive series of 
569 revision THAs, 1.8% of the revision surger-
ies were performed due to ALTR associated with 
MACC at the head–neck junction in patients with 
a metal-on-polyethylene bearing THAs [7]. 
Another center reported that of 519 revision THA 
cases between November 2011 and December 
2013, 3.3% were to treat ALTR (i.e., pseudotu-
mors) due to trunnion corrosion in metal-on-
polyethylene THAs [8]. However, one of the 
challenges to determining the incidence of ALTR 
in association with MACC is that the presence of 
MACC at the head–neck junction does not 
always lead to a clinically significant ALTR that 
will require revision surgery. In a study of a 
recalled dual-modular stems, even some patients 
with abnormal imaging or lab values, such as 
elevated metal ion levels, were asymptomatic. In 
all asymptomatic cases in which the implants 
were removed because of the recall, there was 
macroscopic evidence of corrosion [9]. What is 
concerning about patients with “silent” corrosion 
is that in a retrieval study, when presenting clinical 
symptoms were correlated to assessed corrosion 
and wear damage found in retrieved implants, 
more severe abductor destruction and bone loss 
were seen when there was a preponderance of cor-
rosion, whereas those cases with a preponderance 
of wear and less corrosive damage had more mod-
erate soft-tissue involvement [10].

The presence and amount of tribocorrosion 
debris at the head–neck junction are determined 
by many factors. Material properties, including 
the inherent elastic modulus, flexural rigidity, 
and reactivity of the comprising elements, are 
believed to play a large role. Furthermore, the 
taper geometry, size, design, and lateral offset 
also play a role. Patient-specific factors have also 
been shown to affect fretting at the modular 

head–neck junction—male gender, younger age, 
and longer implantation time have all been shown 
to lead to increased fretting; however, body mass 
index (BMI) did not show a correlation [11]. 
Surgeon-controlled factors such as maintenance of 
clean and dry conditions during intraoperative 
engagement of the head–taper junction, and the 
application of impaction forces sufficient to engage 
the head–neck taper, have also been shown to affect 
tribocorrosion at this location [12, 13].

�Component Material

The femoral head material is likely the most sig-
nificant factor leading to ALTRs associated with 
MACC. In simple terms, femoral heads are either 
made out of metal or ceramic. With improve-
ments in metallurgy and manufacturing, implant 
materials have had enhanced longevity and resis-
tance to tribocorrosion. However, they still harbor 
the potential for tribocorrosion corrosive damage. 
The metal used for the femoral stem in contempo-
rary implants is usually a titanium alloy 
(Ti–6Al–4V or Ti–Mo–Zr–Fe), and less com-
monly a cobalt–chromium–molybdenum alloy. 
Titanium (Ti) is inherently more inert than CoCr, 
but has inferior wear properties, a lower elastic 
modulus (i.e., is less stiff), and poor abrasion resis-
tance (is more susceptible to surface deformation 
and wear as it slides along another metal).

Cobalt–chromium alloys have a higher abra-
sion resistance than titanium alloys making them 
more suitable for metal–metal head–neck junc-
tions. Cobalt–chromium and its outer oxide layer 
are also harder than titanium, making it more 
resistant to fretting. Nevertheless, studies com-
paring Ti–Ti, CoCr–CoCr, and CoCr–Ti head–
neck junctions have shown the least tribocorrosion 
in Ti–Ti components, owing to the superior cor-
rosion resistance of Ti alloys. Not only is tita-
nium more inert, but it has been hypothesized 
that titanium’s superior ability to “cold-weld” 
once the head has been engaged with the trunnion 
prevails over the expectedly inferior properties, 
such as less resistance to fretting and lower stiff-
ness [11]. Nitriding, which hardens metal surfaces 
by heat treating to diffuse nitrogen into the surface, 
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has also been described to reduce the amount of 
fretting and corrosion [14].

Ceramic heads or ceramicized metal heads 
(such as Oxinium® [Smith and Nephew; Memphis, 
TN]) have desirable wear properties, have high 
resistance to abrasion or scratching, are chemically 
inert in bulk form, have increased strength com-
pared to metal counterparts, and have lower coef-
ficients of friction against highly cross-linked 
polyethylene (HXLPE). Oxinium® is a zirconium 
alloy metal substrate whose surface is transformed 
by oxidation into zirconium oxide, so that the outer 
surface has the properties of a ceramic material. 
This allows for the head to have the superior 
wear properties of a ceramic articulating surface 
while at the same time maintaining the toughness 
(strength and ductility) of metal, therefore reduc-
ing the susceptibility to fracture. Overall, the 
surface hardness of Oxinium® is reported as two 
times greater than CoCr. In addition, Oxinium® is 
much less brittle than alumina ceramic, and is 
also 20% lighter than CoCr [15, 16].

Studies have shown that metal heads are asso-
ciated with greater tribocorrosion damage than 
ceramic heads [17–19]. The low levels of corro-
sion products in ceramic-metal modular head–
neck junctions are likely the reason that ALTRs 
associated with this combination have been 
rarely, if ever, reported.

In regard to the stem, either Ti alloy or CoCr 
stems are commonly used. Stainless steel (SS) 
stems are now rarely used in North America due 
to their inferior corrosion resistance. The corro-
sion seen between SS and CoCr at the head–neck 
junction was even greater than that seen with 
CoCr–CoCr pairings [20]. Since titanium is less 
stiff compared to cobalt chrome, with an elastic 
modulus of approximately half, a titanium taper 
would be expected to bend more and therefore 
have a greater potential for fretting and corrosion 
due to the elastic incompatibility between the 
neck and head. While the lower elastic modulus 
of Ti more closely matches the surrounding bone 
and is generally considered a beneficial charac-
teristic of Ti femoral stems due to reduced stress 
shielding, the lower flexural rigidity of a titanium 
trunnion compared to a CoCr trunnion predis-
poses such couplings to MACC. When considering 
these pros and cons with the previously discussed 

comparison between metal and metal modular 
head–neck junctions that demonstrated that Ti–Ti 
combinations had the least amount of corrosion 
compared to CoCr–CoCr and CoCr–Ti interfaces 
[11], there seems to be a theoretical advantage for 
Ti–Ti components if choosing metal-on-metal 
head–neck junction. Titanium alloy heads, how-
ever, have inferior wear performance coupled 
with polyethylene bearing surfaces than CoCr 
alloy. Nonetheless, the superior tribocorrosion 
performance of Ti–Ti modular junctions provides 
the rationale for current treatment recommenda-
tions for treatment of trunnions with tribocorro-
sion damage in the setting of well-fixed femoral 
stem. In this situation, the use of a ceramic femo-
ral head with a titanium taper sleeve is recom-
mended to minimize further potential for ongoing 
corrosion at the head–neck junction while avoid-
ing the potential occurrence of a ceramic burst 
fracture from stress concentrations on a damaged 
trunnion.

�Taper Design and Size

The size of the taper has also been shown to have 
an impact on MACC at the head–neck junction. 
The smaller “11/13” taper showed evidence of 
greater susceptibility to micromotion and fretting 
compared to the larger, stiffer “12/14” taper [11]. 
Smaller tapers give the advantage of greater range 
of motion by maximizing the head–neck ratio, 
thereby protecting against dislocations. However, 
with less surface area for an interference fit and 
decreased flexural rigidity, smaller tapers can 
have increased micromotion leading to MACC. 
Furthermore, the shorter, narrower trunnion 
decreases the skirt and allows for greater range of 
motion without impingement. However, this can 
increase edge loading at the trunnion base as the 
base is brought closer to the taper [21, 22].

�Head Size

It is believed that the adoption of larger head 
sizes was a major factor leading to the complica-
tions seen with MoM THAs. Thus, various 
studies have looked at head size in relation to the 

M.B. Cross et al.



179

incidence of tribocorrosion at the head–neck 
junction. One proposed theory is that larger heads 
increase the frictional torque seen at the articular 
bearing surface, which is then transferred to the 
modular junction as torsional forces, leading to 
increased tribocorrosion. Based on finite element 
modeling, heads larger than 40 mm are predicted 
to have increased tribocorrosion [23], but studies 
looking at heads less than 40 mm show varying 
results. Some retrieval studies show that increas-
ing head size does have an impact on the amount 
of corrosion of the head–neck junction [23, 24], 
whereas other retrieval studies show that there is 
no statistically significant effect of head size on 
the amount of corrosion [12, 25]. Thus, currently, 
the impact of head size on corrosion on the head–
neck junction is unresolved.

�Local and Systemic Effects 
of Corrosion Products

When complications after a THA are suspected 
to be due to tribocorrosion, standard practice 
includes ordering tests to rule out other causes of 
the symptoms. The workup should include stan-
dard radiographs, metal-artifact reduction 
sequence (MARS) magnetic resonance imaging 
(MRI), serum metal levels (such as cobalt, chro-
mium, and titanium levels), and inflammatory 
markers including ESR and CRP to rule out 
infection. Infection has been associated with 
metallosis, and therefore should be considered 
concomitantly in the diagnostic workup. If infec-
tion is suspected, an aspiration can be helpful. 
Advanced three-dimensional (3-D) imaging such 
as MARS MRI is useful in assessing the soft tis-
sues surrounding the implant to look for evidence 
of muscle/tendon damage, pseudotumors, syno-
vitis, osteolysis, and fluid collections. No current 
cutoffs exist for metal levels that suggest destruc-
tive ALTRs, so clinical judgment should be used 
to assess the patient’s clinical signs and symp-
toms, imaging, and overall function. If the patient 
feels comfortable with monitoring progression, 
blood metal levels can be followed to ensure that 
there are no drastic changes that would suggest 
implant failure or imminent complications. If the 
choice is made to proceed with a revision surgery, 

metal levels have been shown to decrease dra-
matically by 6–12 weeks and generally return to 
normal within 6–12 months [26].

Cobalt–chromium is a commonly used metal 
in joint replacement devices, and therefore blood 
tests to measure cobalt and chromium metal are 
available. With corrosion reactions, cobalt is 
often found at higher concentrations than chro-
mium in the serum, in part because Co is inher-
ently more soluble. Conversely, chromium has 
the tendency to precipitate and is found in greater 
concentrations as deposits on the retrieved 
implant components and in periprosthetic tissues. 
While serum titanium levels can also be drawn 
and followed over time, the usefulness clinically 
is far less than Co and Cr.

Cobalt, chromium, and titanium can be 
involved in redox reactions and can therefore 
release reactive oxygen species that can have 
cytotoxic effects from oxidative damage to pro-
teins, lipids, and nucleus of cells [27]. Titanium 
wear products found in surrounding tissues are 
usually of the same composition as the original 
implant unlike CoCr debris that may not have the 
same composition of Co and Cr as the base alloy 
[28]. Titanium is far less soluble than either Co or 
Cr, and may explain, at least in part, why tita-
nium debris is better tolerated than CoCr debris.

As a consequence of the widespread failure of 
large head metal-on-metal implants, the surgeon 
has become aware of the local complications that 
can arise when excessive metal is released from 
an artificial joint into the surrounding tissues. 
Pain, instability, stiffness, ALTR (which includes 
local tissue necrosis, aseptic lymphocyte-
dominated vasculitis-associated lesion [ALVAL] 
pseudotumors, and osteolysis), implant loosen-
ing, and predisposition to infection have all been 
shown to occur as a result of metal wear debris 
[29, 30]. Systemic effects and systemically ele-
vated metal levels have also been reported in 
association with tribocorrosion. However, the 
lack of specificity of the symptoms makes it dif-
ficult to prove that the systemic manifestations 
were a direct result from the metal levels. On the 
other hand, what is nearly universally regarded as 
a direct result of excessive metal release from 
tribocorrosion is ALTR in all its forms including 
pseudotumors, ALVAL, periprosthetic tissue 
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necrosis, and osteolysis. A higher risk for ALTR 
has been reported in females likely resulting from 
differences in metabolism of metal, storage ability 
(both cellular/extracellular and fat stores), as well 
as differences in renal excretion [31, 32].

�Surgical Treatment

When revising a patient for ALTR due to MACC 
at the head–neck junction, or when tribocorrosion 
is visibly seen when revising a THA for another 
unrelated reason, the overall goal of treatment is to 
remove the debris generator(s), clean the trunnion 
as much as possible, and debride any inflamma-
tory or necrotic soft tissues and bone. Thorough 
debridement of the affected tissues should be per-
formed to allow remaining healthy tissues and 
bone to heal successfully. However, caution should 
be used not to remove so much tissue that the joint 
becomes unstable. With ALTRs, turbid, brown, or 
gray joint fluid can be extensive and this may be 
confused with infection. An intraoperative frozen 
section and joint fluid for a manual cell count and 
differential can be sent if any doubt exists whether 
an infection is present. If the original femoral com-
ponent is well fixed and well aligned, and consists 
of a Co–Cr femoral head, the head should be 
removed and replaced with a ceramic head, ideally 
with a titanium sleeve, to minimize the chance of 
future tribocorrosion at this interface. Prior to 
impacting the ceramic head with the titanium 
sleeve on to the trunnion, every attempt should be 
made to clean the corrosion products off of the 
trunnion while not further damaging the trunnion. 
If the surgeon deems the trunnion damage to be 
severe placing the neck at risk for fracture, the 
femoral stem should be removed instead of using 
the technique described above. In the majority of 
revision surgeries for taper corrosion, resolution of 
pain and symptoms and normalization of metal 
levels have been reported [33].

�Conclusion

Tribocorrosion at the modular head–neck junction 
can vary greatly from limited to severe damage, 
and consequently the clinical ramifications can 

vary. Patients may be asymptomatic or have clin-
ical signs and symptoms of an ALTR requiring 
revision. Further studies are required to attempt 
to delineate metal-level thresholds and to opti-
mize clinical algorithms for the management of 
these difficult patients.
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�Case Presentation

An 83-year-old female patient presented with 
significant pain in her left hip. She had under-
gone a left total hip arthroplasty (THA) 4 years 
ago for osteoarthritis at an outside hospital. She 
did well until 4 months prior to presentation 
when she started to complain of pain. One month 
prior to her presentation she was found to have a 
dislocated hip and a migrated acetabular cup and 
was then referred to our institution. She denied 
any constitutional symptoms such as fever, chills, 
or night sweats. Outside operative records and 
implant stickers revealed that she had a 52 mm 
porous, spiked acetabular component and a flat 
wedge taper femoral component with a 36 mm 
femoral head. Her radiographs demonstrated an 
uncemented THA that was dislocated, as well as 
an acetabular component that had migrated and 
was grossly loose (Fig. 18.1). The patient’s eryth-

rocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) were 30  mm/h and 24.5  mg/L, 
respectively. A hip aspiration demonstrated 912 
cells with 57% neutrophils, and no bacterial 
growth at 14 days.

�Epidemiology

Aseptic loosening of acetabular and/or femoral 
components is one of the main complications 
following THA.  An investigation of all revision 
total hip arthroplasties (THAs) recorded in the 
Healthcare Cost and Utilization Project Nation
wide Inpatient Sample Database found that 
mechanical loosening was the second most com-
mon cause for revision surgery at 19.7% among 
revision THAs performed between October 1, 2005, 
and December 31, 2006 [1]. In a separate study that 
involved two centers over a 6-year period, Ulrich 
et  al. [2] found that aseptic loosening was the 
most common reason for failure at 51.9%, with the 
majority developing after 5 years of follow-up.

For cemented THAs, the 25-year survivorship 
free of revision or removal for aseptic loosening 
for the primary Charnley THA was found to be 
86.5% in one study of 2000 hips [3]. The original 
Exeter cemented femoral stem (Stryker 
Howmedica, Kalamazoo, MI) was found to have 
a survivorship of 93.5% free for aseptic loosening 
at 33 years of follow-up in a study of 33 hips [4], 
while the Exeter Universal cemented femoral 
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component (Stryker Howmedica) had a survivor-
ship of 100% free for aseptic loosening at 17 
years of follow-up in another series of 325 hips 
[5]. Hybrid THAs (i.e., those with an uncemented 
acetabular component and a cemented femoral 
stem) have also demonstrated satisfactory survi-
vorships [6]. Furthermore, cementation has been 
associated with an increased survivorship of the 
femoral stem in patients ≥80 years of age [7].

The use of uncemented components for pri-
mary THAs has seen worldwide increase over the 
last 5–10 years [8]. Several studies have reported 
excellent long-term survivorship of various unce-
mented acetabular and femoral components [9–
15]. A long-term follow-up of a randomized 
controlled trial between cemented and uncemented 
primary THAs revealed that uncemented compo-
nents demonstrated increased survivorships for all 
causes as the end point [14]. An analysis of the 
Nordic Arthroplasty Register Association identi-
fied that uncemented implants had a reduced risk 
of revision for aseptic loosening [16]. However, a 
review of various worldwide registries found that 
cemented fixation offered a lower risk of revision 
in patients older than 75 years [8].

�Risk Factors

Several risk factors have been postulated to be 
associated with aseptic loosening after 
THA.  These can be subcategorized into (1) 
patient factors, (2) component factors, and (3) 
surgical technique factors.

�Patient Factors

The patient factors that have been determined to 
date to be potential risk factors for THA aseptic 
loosening include

•	 Obesity
•	 Bone quality
•	 Activity level
•	 Patient genetics

Obesity has become identified as a risk factor 
for several THA complications such as infection 
(superficial and deep) and dislocation [17–19]. 
The effect of obesity on aseptic loosening is cur-
rently controversial. A recent study found that 
obesity (body mass index [BMI] >30 kg/m2) was 
associated with early total hip revision for aseptic 
loosening [20]. The authors found a 4.7 relative 
risk of THA early revision for aseptic loosening/
osteolysis of obese patients compared to non-
obese patients. However, a separate recent study 
that looked at the effects of BMI on the risk of 
complications and reoperations found that 
increasing BMI was not a risk factor for mechan-
ical failure or aseptic loosening [17].

Patients with poor bone quality, such as in 
osteoporosis, have been found to be associated 
with aseptic loosening of cemented THAs [21]. A 
study that matched 78 patients with loose 
cemented THAs to a group of 49 patients with 
stable implants found that patients with a loose 
component had significantly lower periprosthetic 
and lumbar spine bone mineral density [21]. 

Fig. 18.1  Anteroposterior (AP) view of the pelvis (a) as 
well as AP view of the left hip (b) and cross-table lateral 
X-ray of the left hip (c) demonstrate a dislocated left THA 

with uncemented components. The acetabular component 
has flipped and migrated. The femoral stem appears to be 
well fixed
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However, male patients have been found to have 
increased rates of aseptic loosening with the 
Charnley cemented THA [3, 22–24]. This finding 
may be secondary to harder bone that leads to a 
poor cement mantle.

It is currently not clear if activity level is a risk 
factor for aseptic loosening in THA. However, it 
is possible that increasing the load or stress on an 
implant may increase the risk of failure due to 
loosening. Two relatively recent studies identi-
fied increased patient activity level as a risk fac-
tor for component loosening [25, 26]. Flugsrud 
et al. [25] found that men with higher recreational 
activity levels were at increased risk of acetabular 
component loosening in a group of cemented and 
cementless acetabular cups, while Lübbuke et al. 
[26] identified an increased rate of revision of the 
femoral component for aseptic loosening in 
patients with high levels of activity. This associa-
tion between increased activity and higher asep-
tic loosening rates could be explained by bearing 
surface wear.

Lastly, the impact of our genetic makeup has 
become of interest as a potential cause for early 
THA failure due to aseptic loosening. The study 
of single-nucleotide polymorphisms (SNPs) has 
increased to identify genetic variability that can 
increase the risk of component aseptic loosening 
in both cemented and uncemented THAs. Several 
papers in the literature have identified variation 
within specific genes that are associated with 
osteolysis [27, 28]. Furthermore, some studies 
have found specific polymorphisms that are asso-
ciated with THA aseptic loosening [29–32].

�Component Factors

Advances in THA implant material and design 
have been devised to promote THA longevity. 
Both cemented and uncemented components have 
undergone various modifications over the years to 
minimize THA failure. There are currently vari-
ous acetabular cup and femoral stem options from 
several companies, including cemented and unce-
mented options, with excellent early to long-term 
survivorship [5, 10–13]. The main THA compo-
nent material factor that potentially has played the 

largest role in improving THA longevity is the 
conversion of conventional polyethylene to highly 
cross-linked polyethylene (HXLPE) acetabular 
liners. One recent study identified significantly 
more osteolysis in patients that received a THA 
with conventional polyethylene liners compared 
to those that received a HXLPE liner at 10 years 
of follow-up [33]. One of the longest studies to 
date also found that THA with conventional poly-
ethylene liners had significantly more osteolysis 
and were considerably more likely to be revised 
than those with a HXLPE liner at 13 years of fol-
low-up [34].

While the use of metal-on-polyethylene 
(HXLPE) bearings has been the most widely 
used articulation, alternate bearing surfaces have 
also been utilized with the goal of reducing wear 
rates and improving THA longevity, especially in 
younger, more active patients. Such bearing sur-
faces include metal-on-metal, ceramic-on-
ceramic, and ceramic-on-polyethylene. These 
bearings have shown reduced wear rates com-
pared to metal-on-polyethylene; however some 
may be at a cost, considering the evolving under-
standing of the effects of metal-on-metal bear-
ings, both locally and systemically [35–38]. 
Furthermore, the observation of corrosion at the 
modular head–neck junction leading to “trun-
nionosis” has prompted some surgeons to utilize 
a ceramic-on-HXLPE articulation although it is 
unclear if this will lead to a clinically relevant 
reduction in wear or failure rates [39–42]. 
Additionally, one study that compared metal-on-
polyethylene (conventional) with ceramic-on-
ceramic and metal-on-metal bearing surfaces at 
10 years of follow-up found that metal-on-metal 
articulations had higher aseptic loosening rates 
than ceramic-on-ceramic bearings [43].

�Surgical Technique Factors

Proper surgical technique and component posi-
tioning are critical to the early and long-term suc-
cess of a THA.  It is becoming increasingly 
evident that revision rates are increased with sur-
geons that have a reduced volume practice [44, 
45] or lower surgical skill [46]. A recent study 
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found that patients who received a THA by a sur-
geon who performed ≤35 primary THAs the year 
prior were more likely to experience instability 
or early revision [45]. Component malposition 
may increase contact stresses and edge loading 
and in turn may increase wear rates, which can 
lead to aseptic loosening. For example, a recent 
long-term study found that the position of a 
cemented acetabular component at the anatomic 
hip center for Crowe type-II dysplastic hips 
resulted in less aseptic loosening rates compared 
to cups placed at a nonanatomic hip center [47].

For cemented implants, improper cementing 
technique, particularly of the femoral compo-
nent, can lead to early loosening and THA fail-
ure. First-generation cementing techniques lead 
to approximately a 30% loosening rate at 10 
years [48]. However, the rate of aseptic loosening 
in cemented femoral stems has significantly 
decreased with the introduction of enhanced 
cementing techniques [49].

For uncemented THA components, initial sta-
bility is vital to allow for bone ingrowth or 
ongrowth. Selecting the appropriate implant size 
is critical to achieve an adequate press fit and ini-
tial stability. Therefore, undersizing an unce-
mented acetabular or femoral component is a risk 
factor for aseptic loosening.

�Prevention

Given that THAs are mechanical devices, com-
plete prevention of aseptic loosening may not be 
achievable. A certain amount of component wear 
may be inevitable. However, early loosening can 
be minimized and the longevity of the implants 
can be optimized. Aseptic loosening prevention 
relies on exacting surgical technique combined 
with optimal patient and implant selection.

Patient weight reduction is becoming an 
increasingly important part to preoperative 
patient optimization [50, 51]. Not only does it 
benefit their overall general health, but it can 
also decrease complications associated with 
THA including infection, instability, and early 
aseptic loosening. Counseling patients on appro-
priate activities that are compatible with implant 

longevity may also be helpful. While it is 
encouraged that patients remain physically 
active following surgery, they can alter the types 
of activities, such as avoiding high-impact sports 
that involve significant running or jumping.

The choice of THA implants can also help to 
reduce the risk of aseptic loosening. If a polyeth-
ylene liner is selected as part of the articulation, 
then choosing HXLPE will likely improve the 
THA longevity for younger, more active patients. 
As previously noted, however, longer term stud-
ies are still required to confirm the long-term 
superiority of HXLPE over conventional poly-
ethylene past 10 years. One recent study found a 
100% survivorship for aseptic loosening in 
young, active patients (≤65 years old) at a mini-
mum of 10  years of follow-up [52]. Alternate 
bearings may also reduce the risk of wear and 
loosening. However, they may cause other com-
plications such as adverse local soft-tissue reac-
tions and systemic manifestations from metal 
ions seen with metal-on-metal bearings or 
squeaking and ceramic fractures that are associ-
ated with ceramic-on-ceramic bearings.

Proper surgical technique can also minimize 
early implant loosening and increase the durabil-
ity of the components. Appropriate component 
positioning of the acetabular cup (version, incli-
nation, and medialization) and femoral stem (ver-
sion, coronal alignment, and sagittal alignment) 
is critical to the success of the reconstruction. For 
cemented components, particularly a cemented 
femoral stem, proper third- or fourth-generation 
cement techniques have been shown to improve 
THA longevity [5, 49]. Contemporary cementing 
technique relies on appropriate femoral canal 
preparation with pulsed lavage and drying, place-
ment of a femoral canal restrictor, use of a cement 
gun, vacuum cement mixing, retrograde canal 
filling, use of femoral stem centralizers, and most 
importantly application and maintenance of pres-
surization during the cementing process and fem-
oral stem placement [53]. Finally, for uncemented 
components, it is important to obtain implant ini-
tial stability by choosing the correct implant size. 
Acetabular cups may be augmented with screws 
to further increase stability depending on the sur-
geon’s preference [54].
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�Diagnosis

�Patient Symptoms and Signs

Aseptic loosening can be a challenging diagnosis 
to make in some cases or it can be fairly evident 
as in the case example presented. Evaluation 
begins with a thorough patient history and physi-
cal examination. Patients will typically present 
with pain in their affected hip. The pain is usually 
worsened by joint loading with either standing or 
weight bearing. Patients can also complain of 
“start-up” pain whereby they report significant 
pain by changing from a seated to a standing 
position and taking the first few steps of walking. 
For aseptic loosening of the acetabular compo-
nent, pain is typically located deep in the groin 
area, while femoral component loosening is usu-
ally associated with thigh pain. Patients should 
also be queried for any history of constitutional 
symptoms that are suggestive of infection, such 
as fever, chills, or night sweats.

�Radiographic Analysis

Radiographic analysis for implant loosening 
begins with obtaining the appropriate radio-
graphs. These include an anteroposterior (AP) 
view of the pelvis, and AP view of the affected 
hip, and a cross-table lateral view of the same hip. 

It is also helpful to review previous radiographs 
(if available) to identify any change in radiolucent 
lines, osteolysis, or component position. It is then 
important to specifically look at each component 
in detail on all views to look for evidence of loos-
ening. The radiographic signs of loosening can be 
quite subtle and may require image magnification 
to identify a radiolucent line or a comparison 
between sequential radiographs of specific mea-
surements from the implant and anatomic land-
marks such as the greater trochanter.

A radiographic review of the acetabular 
component requires knowledge of the three 
DeLee and Charnley zones, which were ini-
tially described to demarcate the circumference 
of cemented cups as seen on the AP hip view 
[55]. These zones are separated by a vertical 
line that extends superiorly and a horizontal 
line that extends medially, both from the center 
of rotation of the femoral head. Zone 1 corre-
sponds to the superolateral portion of the ace-
tabulum, zone 2 is the medial portion of the 
acetabulum, and zone 3 is the inferior part. 
Each zone is assessed for radiolucent lines or 
areas of osteolysis that can be indicative of 
loosening. Gross component migration is diag-
nostic for acetabular cup loosening (Fig. 18.2). 
While these zones were initially described to 
assess for loosening of cemented acetabular 
components, they are also used for uncemented 
acetabular cups (Fig. 18.3).

Fig. 18.2  Preoperative radiographs of a 64-year-old 
female with severe rheumatoid arthritis who presented 
with a failed left THA that was dislocated. Anteroposterior 
views of the pelvis (a) and left hip (b) along with a cross-

table lateral X-ray of the left hip (c) show a cemented 
acetabular component and a cemented monoblock femo-
ral stem. Her cemented acetabular cup had loosened and 
migrated superiorly with two broken screws in the ilium
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Radiographic assessment for femoral stem loos-
ening requires a thorough review of the femoral 
component on all views. Seven zones that surround 
the femoral component as seen on the AP hip radio-
graph have been described by Gruen et al. [56] to 
analyze stem loosening (Fig. 18.4b). These zones 
were originally described for cemented stems. 
However, they have been applied to uncemented 
stems as well. Each zone is reviewed for evidence 
of radiolucent lines or osteolysis.

Certain criteria have been described to deter-
mine the likelihood for a cemented stem to be 
loose. These criteria, described by Harris et  al. 
[57], have been used to determine if a cemented 
stem is definitely loose (Fig.  18.4), probably 
loose, or possibly loose (Table 18.1). While these 
criteria have been used for cemented stem loos-
ening, stem subsidence is an expected evolution 
of polished, tapered, collarless cemented femoral 
stems and contributes to force transmission to the 
femur [58–60]. Therefore, stem subsidence with 
these stems, which is observed with a radiolucent 
line at the stem-cement interface in Gruen zone 1 
at the superolateral portion of the shoulder of the 
stem, does not indicate loosening. However, 
radiolucencies or migration at the cement–bone 
interface can infer a loose stem.

Loosening of uncemented femoral stems 
(Fig.  18.5) has been predicted using criteria 

described by Engh et  al. [61]. An unstable 
implant is determined by continued migration or 
stem subsidence within the femoral canal. 
Increased cortical density can also be seen at the 
calcar and at the tip of the stem. Fibrous 
ingrowth is seen by radio-opaque lines that 
completely surround the stem without progres-
sive subsidence and stable bone ingrowth 
defined as the lack of subsidence and lack of 
radio-opaque lines around the stem.

Radiographic analysis of the articulation is 
also important when assessing for component 
loosening. Conventional polyethylene has been 
shown to wear and is determined by the eccen-
tric location of the femoral head within the 
acetabular cup. This finding is particularly 
important because the wear particles from con-
ventional polyethylene wear have been shown 
to cause osteolysis, which can lead to compo-
nent loosening. It is important to closely follow 
patients with eccentric wear to recognize pro-
gressive or symptomatic osteolysis, which is an 
indication for surgery to prevent further pro-
gression and bone loss. Replacement of the 
polyethylene liner with a HXLPE liner is usu-
ally performed along with changing the femoral 
head. Bone grafting of the osteolytic lesions 
can also be performed depending on their size 
and location.

Fig. 18.3  Presenting radiographs of a 56-year-old male 
patient who presented with left hip pain following a THA 
that was performed for post-traumatic arthritis at an out-
side institution. Anteroposterior (AP) view of the pelvis 
(a), AP radiograph of the left hip (b), and cross-table lat-
eral view of the left hip (c) demonstrate a radiolucent line 
surrounding the entire circumference of the cup in all 

three zones suggestive of a loose acetabular component. 
Note the plates and screws along the posterior column and 
wall of the acetabulum used for fixation of his original 
acetabular fracture. The three zones by DeLee and 
Charnley (a) are depicted by a vertical dotted line and 
horizontal dotted line that meet at the center of rotation of 
the femoral head
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�Infection Analysis

Once loosening of one or both THA component(s) 
is diagnosed, it is important to rule out infection as 
the cause of implant loosening (particularly early 
loosening within 2 years of the index THA). The 
infection workup begins with an erythrocyte sedi-
mentation rate (ESR) and a C-reactive protein 

(CRP). If those blood tests are elevated, or if the 
clinical suspicion for infection is high, then a hip 
aspiration is indicated to obtain a synovial fluid 
white blood cell count, differential, and culture. 
Given that one study identified 4% of periprosthetic 
joint infections that occurred with a normal ESR 
and CRP [62], a joint aspiration may be warranted 
with any suspicion based on the history and physi-
cal examination, especially if surgical intervention 
is planned. Once infection has been preoperatively 
evaluated and ruled out, a diagnosis of aseptic loos-
ening can be made. However, intraoperative pathol-
ogy and cultures should still be considered.

�Treatment

Once aseptic loosening of the acetabular and/or 
femoral components has been diagnosed, the 
patient can be treated either nonoperatively or 
operatively. Aseptic loosening of the acetabular 
and/or femoral components can be treated nonop-
eratively depending on the patient’s symptoms and 
comorbidities. A discussion can be had with the 
mildly symptomatic patient, particularly if they 

Fig. 18.4  Anteroposterior (AP) radiograph of the pelvis 
(a), AP view of the left hip (b), and cross-table lateral 
X-ray of the left hip (c) of a 54-year-old male patient who 
is known for juvenile idiopathic arthritis and underwent 
bilateral THAs approximately 30 years ago along with a 
left acetabular component revision in 2012. His radio-
graphs demonstrate a radiolucent line surrounding the 

entire femoral stem at the implant–cement interface, 
migration of the femoral component into a varus align-
ment, and evidence of cement–bone loosening in Gruen 
zone 1 (b). The patient is also known for bilateral revision 
total knee arthroplasties, which explains the distal femoral 
stem in (b) and (c). The seven Gruen zones are also dem-
onstrated around the femoral stem (b)

Table 18.1  Harris et al. [57] criteria for cemented femo-
ral stem loosening

Probability of 
stem loosening Criteria/description

Definite 
looseninga

1. Migration of the femoral stem
2. Migration of the cement mantle
3. Fracture of the femoral stem
4. Fracture of the cement mantle

Probable 
loosening

A continuous radiolucent line that 
surrounds the stem at the cement–
bone interface

Possible 
loosening

A radiolucent line at the cement–bone 
interface that surrounds more than 
50% of the femoral stem but less than 
100% of the stem

aPresence of one of the four criteria meant that the stem 
was definitely loose
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are medically infirmed and/or minimally active 
who are not greatly limited on a plan of nonopera-
tive treatment with close follow-up. If progression 
of symptoms or radiographic evidence of further 
bone loss from osteolysis or component migration 
is documented, then surgical intervention becomes 
increasingly warranted.

Once surgical management becomes required, 
it is important to confirm that periprosthetic joint 
infection has been ruled out as described above. 
Proper preoperative planning is then initiated to 
plan for the desired surgical instruments and revi-
sion components. Foremost, prior operative 
records and implant stickers should be obtained, 
particularly if one of the components is to be 
retained to ensure that appropriate trials and 
replacement parts are available. Even if both 
components are to be removed, definitive identi-
fication will oftentimes assist with implant 
removal as specific devices may be required or 
helpful to easily remove them.

Templating is also paramount to achieving a 
successful outcome. It is important to plan and 
template for the loose component as well as for an 
implant that appears stable, which may prove to 
be loose when tested intraoperatively or require 
removal for exposure, component malposition, 
component recall, or implant mismatch. The lack 
of infection is further confirmed intraoperatively 
by sending specimen(s) to pathology to rule out 

acute inflammation and an odd number of tissue 
cultures to rule out bacterial growth.

�Literature Review

The majority of papers that analyze outcomes of a 
specific implant type, implant size, bearing surface, 
age group, or THA for a particular hip pathology 
also report survivorship free from aseptic loosen-
ing. Several national and institutional registries 
have also been created to further analyze THA 
complications and survivorship of both cemented 
and uncemented components as well as various 
bearing surfaces. It is therefore difficult to com-
pletely summarize the literature on aseptic loosen-
ing given the numerous reports on its association 
with various clinical scenarios. With the identifica-
tion of specific patient risk factors, improvements 
in component materials, and surgical technique, the 
long-term survivorship of cemented and unce-
mented THAs is improving. However, with the 
increasing placement of THAs in younger patients, 
it is critical to continue to study the long-term 
results of these implants to be able to ensure lon-
gevity of these mechanical devices.

The use of uncemented components has seen a 
worldwide increase over the last several years 
and remains the most popular method of fixation 
in North America [8]. Furthermore, uncemented 

Fig. 18.5  Anteroposterior (AP) radiographs of the pelvis 
(a), AP view of the right hip (b), and cross-table lateral 
view of the right hip (c) of a 69-year-old male patient who 
presented with right hip and thigh pain following a pri-

mary THA approximately 8 years earlier along with a 
revision procedure performed 1 month postoperatively for 
instability at an outside institution. A 1 mm thick radiolu-
cent line can be seen around the entire femoral stem sug-
gestive of fibrous ingrowth or loosening
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implants coupled with HXLPE liners have 
demonstrated encouraging results over mid- to 
long-term follow-up with little osteolysis and no 
cases of aseptic loosening [33, 34, 52].

Little is currently known as to why some 
patients develop early aseptic loosening and some 
do not. The identification of a particularly genetic 
susceptibility has become of interest. As men-
tioned previously, mutations in specific genes and 
gene pathways have been discovered as potential 
explanations for implant loosening. However, this 
knowledge is still in its infancy and requires fur-
ther study and understanding [63].

�Case Solution

The preoperative plan consisted of acetabular 
component revision using a cementless acetabular 
component with multiple screws for fixation and 
a dual-mobility articulation for enhanced stability 
via an anterolateral exposure given that was her 
previous approach (Fig.  18.6). A template was 
also created for the femoral component in the 
event it was found to be loose, malpositioned, or 
otherwise required revision. Intraoperatively, the 
cup was easily removed and had no evidence of 
any bone ingrowth or ongrowth (Fig.  18.7). 
Intraoperative pathology was negative for acute 
inflammation and multiple specimens were sent 
for culture, which were all negative. The femoral 
stem was well fixed and appropriately positioned 
and was therefore retained; a fourth-generation 
ceramic head was utilized with a titanium (revi-
sion) adaptor sleeve. At 2 years from surgery, the 
patient is functioning well (Fig. 18.8).

�Summary

Aseptic loosening is one of the most common com-
plications following primary THA, but seems to be 
less common with contemporary implants and tech-
niques. Several potential risk factors exist that may 
increase the probability to develop aseptic loosen-
ing; however several remain controversial. Genetics 
and SNPs are becoming increasingly understood as 
key players in aseptic loosening. Some risk factors 

are modifiable such as obesity, activity level, 
implant material, and surgical technique which can 
decrease the chance of component aseptic loosen-
ing. The diagnosis is achieved with patient history, 
physical examination, and radiographic assessment. 
Infection must be ruled out with appropriate blood 
work and potentially a hip aspiration, especially if 
surgical treatment is planned. Patients can be man-
aged either nonoperatively or operatively depend-
ing on the clinical presentation, medical 
comorbidities, and goals of the patient.

Fig. 18.6  Anteroposterior radiograph of the left hip that 
was templated for a highly porous-coated revision acetabu-
lar shell. A modular fluted tapered stem was also templated 
in case the femoral component was loose or required 
removal for exposure or trunnion damage. The length of a 
potential extended trochanteric osteotomy was also mea-

Fig. 18.7  Intraoperative photograph of the extracted 
loose acetabular component which demonstrates a lack of 
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�Case Presentation

A 54-year-old female with a diagnosis of right-hip 
osteoarthritis underwent a primary uncemented 
total hip arthroplasty through the posterolateral 
approach with a highly cross-linked polyethyl-
ene liner and a 36  mm ceramic femoral head. 
Postoperative radiographs demonstrated accurate 
restoration of femoral offset and leg length. Five 
months postoperatively the patient complained of 
an insidious onset of right groin pain that was 
exacerbated by stair climbing and driving. Physical 
examination demonstrated pain in the right groin 
with resisted hip flexion and with passive hip 
extension. Laboratory values, including C-reactive 
protein and erythrocyte sedimentation rate, were 
within normal limits. An anteroposterior pelvic 
radiograph (Fig. 19.1a) demonstrated a well-fixed 
52  mm uncemented acetabular shell and unce-
mented femoral stem. On the cross-table radio-
graph (Fig.  19.1b), however, the acetabular 
component was noted to have low anteversion and 

13  mm of anterior component overhang. The 
patient underwent an ultrasound-guided local 
anesthetic injection and corticosteroid into the 
psoas bursa that provided a transient relief of 
symptoms. At 6-month follow-up, the patient con-
tinues to complain of activity-related groin pain.

�Epidemiology

The evaluation of a patient with persistent pain 
(>3 months) after total hip arthroplasty (THA) 
can be a diagnostic challenge. Pain after THA 
may present in the lateral hip, groin, buttock, 
flank, or thigh. The two most common intra-artic-
ular causes for persistent groin pain include asep-
tic loosening and periprosthetic joint infection 
(PJI). There are several extra-articular sources of 
periarticular pain including heterotopic ossifica-
tion, vascular lesions, referred pain from the spine 
or abdomen, lateral femoral cutaneous nerve 
injury, and soft-tissue inflammation. Soft-tissue 
inflammation originates from either trochanteric 
bursitis or iliopsoas tendonitis [1]. Anterior ilio-
psoas tendonitis, or impingement, has been 
reported in up to 4% of patients after total hip 
arthroplasty [1–5]. Symptoms can occur within 
months of THA or present several years later.

Anatomically, the iliopsoas tendon is the distal 
confluence of the psoas and iliacus muscles which 
passes anterior to the acetabular rim to insert onto 
the lesser trochanter. The iliopsoas is a powerful 
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hip flexor and weak external rotator [6]. The ten-
don is bordered posteriorly by a bursa which may 
become intracapsular after anterior capsulectomy 
during THA. Iliopsoas impingement or tendinitis 
most often occurs at the level of the acetabular 
psoas recess but can occur anywhere along its 
musculotendinous course. A proud acetabular 
screw may irritate the iliacus muscle along the 
inner table of the ilium, a protruding anterior ace-
tabular component can injure the iliopsoas tendon 
at the level of the acetabulum, and a prominent 
femoral collar can rub the mostly tendinous inser-
tion at the level of the lesser trochanter. The ante-
rior border of the acetabulum, the convex surface 
of the femoral head, and the overlying anterior 
capsule act like a pulley around which the ilio-
psoas tendon runs and anything that increases the 
likelihood of direct contact of the iliopsoas tendon 
with the acetabular or femoral components can 
potentially cause iliopsoas inflammation and 
subsequent tendonitis and groin pain.

�Risk Factors

Anything that results in the mechanical irritation 
of the iliopsoas muscle or tendon is a risk factor 
for iliopsoas impingement. This most commonly 
originates from an acetabular component that 
projects past the anterior wall resulting in abra-
sion of the iliopsoas tendon at the level of the 
psoas recess. Insufficient acetabular anteversion 
produces a prominent and sharp acetabular com-

ponent projecting past the anterior rim [7]. 
Cyteval et al. [8] reported on eight cases of ilio-
psoas impingement and found that acetabular 
overhang >12 mm was a significant risk factor for 
groin pain. Oversized acetabular components 
(>6  mm compared to the native femoral head 
size) have also been associated with an increased 
risk of postoperative groin pain [9]. Excessive lat-
eralization of the acetabular component will also 
increase the amount of bony uncoverage and ante-
rior component prominence. Patients with ante-
rior wall deficiency may also be at increased risk 
due to insufficient anterior bony coverage of the 
acetabular component. An oversized, lateralized, 
acetabular component with decreased anteversion 
or frank retroversion has the highest risk for ante-
rior acetabular component prominence and ilio-
psoas impingement. Less common causes for 
iliopsoas tendonitis that have been reported in the 
literature include retained cement, excessively 
long screws projecting into the iliacus muscle 
[10], and a prominent acetabular cage [11].

On the femoral side, tendon impingement can 
also occur as the tendon wraps around the femoral 
neck to insert in the lesser trochanter, which is a 
posteromedial structure. For this reason osteo-
phytes along the anterior aspect of the femoral neck 
may lead to tendon impingement [7]. In one report 
a prominent femoral collar produced iliopsoas ten-
donitis and was treated with revision to a collarless 
prosthesis with resolution of symtpoms [13]. The 
authors advised the use of a collarless cemented 
component when a low neck cut is planned as a 

Fig. 19.1  Anteroposterior (a) and cross-table lateral (b) radiographs demonstrating well-fixed acetabular and femoral 
components with reduced acetabular component anteversion and 13 mm of anterior component overhang
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collared prosthesis may rub against the tendon 
insertion on the lesser trochanter. Large femoral 
head metal on metal and hip resurfacing had a 15% 
reported rate of groin pain [14]. And while adverse 
reaction to meta debris must first be excluded, 
authors have hypothesized that the increased in 
groin pain was secondary to abrasion of the ilio-
psoas tendon as it articulated with the large femoral 
head and the sharp transition point at the inferior 
margin. This led to the development of an anatomi-
cally contoured large-diameter femoral head with 
the peripheral region contoured to stay within the 
articular margin [15]. There are also circumstances 
in which iliopsoas tendonitis may occur without 
identfication of an underlying risk factor [16].

�Prevention

The risk of iliopsoas tendonitis can be minimized 
with careful attention to cup position and its rela-
tionship to the anterior wall of the acetabulum. 
The posterior, anterolateral, and direct anterior 
surgical approaches all allow for palpation of the 
anterior acetabular wall and the acetabular com-
ponent should be flush, or slightly recessed with 
the native anterior acetabular rim. The acetabu-
lum should not be reamed more than 6 mm of the 
native femoral head diameter in order to reduce 
the risk of peripheral rim prominence which has 
been correlated with increased rates of groin pain 
after THA [17]. In patients with a deficient ante-
rior wall, increased anteversion and greater cup 
medializaiton may be necessary to avoid anterior 
overhang. Prevention of iliopsoas impingement on 
the femoral side includes removal of all osteo-
phytes from the anterior aspect of the femoral 
neck, avoiding complete resection of the anterior 
capsule, and avoiding the use of a large-collared 
femoral component, especially when combined 
with a low femoral neck resection.

�Diagnosis

Iliopsoas impingement presents with anterior groin 
pain that is exacerbated with hip flexion activities. 
The workup for a patient who presents with pain 

after a total hip arthroplasty should include a 
clinical history, physical exam, laboratory tests to 
rule out PJI, and radiographic imaging. A systemic 
approach to the evaluation of a painful total hip 
arthroplasty reliably excludes other causes of pain 
after THA since iliopsoas tendonitis, or iliopsoas 
impingement, is a diagnosis of exclusion.

A comprehensive history and physical are 
essential to determine the underlying cause of 
pain. Symptom onset from time of surgery, loca-
tion, duration, intensity, inciting activities, rest 
pain, and pain quality are all important features 
in the history. A history of postoperative wound 
drainage raises concerns for underlying PJI and 
must be ruled out. Periarticular pain within the 
first 6 weeks after surgery should be treated con-
servatively with activity modification, use of an 
assistive walking device, focused physical ther-
apy, and nonsteroidal anti-inflammatories. Pain 
that persists after 6 weeks should be investigated 
further with imaging and possibly laboratory val-
ues depending on the clinical presentation. The 
characteristic clinical history for iliopsoas ten-
donitis is groin pain with activity and that 
resolves with rest. Activity-related groin pain is 
worse with hip flexion maneuvers such as climb-
ing stairs or getting into or out of a car. Getting in 
and out of a car is particularly painful, and the 
majority of patients if not all complain of this, and 
commonly have to lift the affected leg when enter-
ing a low vehicle. Driving is particularly painful 
for patients with a right THA as alternating 

between the brake and gas pedal requires repeated 
hip flexion. Rising from a deep-seated position 
with hips flexed past 90° can also exacerbate 
groin pain symptoms.

On physical examination, gait should be 
assessed for evidence of start-up pain that could 
indicate component loosening. An antalgic or 
Trendelenburg gait may suggest other sources of 
THA dysfunction as walking on level ground is 
usually not painful in patients with iliopsoas 
impingement. On supine examination, hip range 
of motion should be assessed for hip positions 
that trigger pain. A positive Stinchfield’s test due 
to psoas activation and irritation with straight leg 
raise against gravity is common, but is less pain-
ful than when the hip is externally rotated. The 
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most provocative test is positive groin pain with 
resisted hip flexion and pain with passive hip 
extension. As with any complete physical exam, 
the hip area should be assessed for other areas of 
tenderness, presence of any swelling or masses, 
appearance of the incision, nerve root tension 
signs, and a distal neurovascular exam.

Every patient with a persistently painful THA 
should be assessed for PJI with laboratory studies 
including erythrocyte sedimentation rate and 
C-reactive protein. If elevated, a fluoroscopic- or 
ultrasound-guided hip aspiration is recom-
mended. Any patient with persistent groin pain 
and a metal-on-metal articulation should be eval-
uated with serum cobalt and chromium serum 
metal ion levels and cross-sectional imaging, 
whether that be an ultrasound or magnetic reso-
nance imaging. Recently, adverse reaction to 
metal debris, pseudotumor formation, and soft-
tissue necrosis has been reported in articulations 
with cobalt–chrome femoral heads on highly 
cross-linked polyethylenes [18]. Mechanically 
assisted crevice corrosion at the head–neck junc-
tion between the cobalt–chrome head and tita-
nium stem, known as trunnionosis, produces 
metallic debris that can trigger this adverse tissue 
response. For this reason, serum metal ion testing 
should be included in the complete laboratory 
profile for patients with groin pain and a cobalt–
chrome femoral head and titanium alloy stem. 
Iliopsoas impingement could be the first symptom 
associated with adverse soft-tissue reactions and 
should prompt further investigation.

Every patient with persistent pain after THA 
should have anteroposterior (AP) and lateral 
imaging of the pelvis and femur. The AP pelvis 
radiograph should be evaluated closely for any 
signs of prosthetic loosening of the acetabular or 
femoral component. The AP pelvis radiograph 
can also be evaluated for leg length and offset 
restoration. Serial radiographs should be 
reviewed if available for the presence of progres-
sive radiolucencies or component migration. The 
cross-table lateral radiograph provides important 
information on the position of the acetabular 
component in relation to the anterior wall and 
allows for objective measurement of component 
overhang. The amount of overhang is measured 
from the anterior bony rim of the acetabulum to 

the anterior rim of the acetabular component on 
the cross-table radiograph. Computer tomography 
(CT) also provides information on component 
version and anterior overhang of the acetabular 
component. A CT scan can also provide a more 
detailed assessment when body habitus obscures 
component visualization on plain radiographs. 
Moreover, a CT scan can visualize prominent 
screws within the inner pelvic table, and their 
position in regard to the psoas muscle.

Ultrasound is another excellent imaging 
modality to assess for fluid collections and ten-
don quality. Fluid collections will appear as 
hypoechoic areas located anterior to the femoral 
neck. The iliopsoas muscle may appear swollen 
and inhomogeneous and closely juxtaposed over 
a prominent cup. Dynamic US evaluation can 
also be performed during resisted hip flexion. In 
sagittal sonograms, the iliopsoas tendon may 
overlie and impinge on the protruding acetabular 
component [19]. A contralateral ultrasound 
examination can be performed for comparison 
and may be particularly useful if the patient has a 
contralateral asymptomatic THA. The benefits of 
ultrasound are that it is inexpensive, and nonin-
vasive, and does not expose the patient to radia-
tion but it is highly technician dependent to 
obtain accurate studies.

A diagnostic injection of local anesthetic and 
possibly corticosteroid into the psoas sheath is 
helpful to confirm a diagnosis of iliopsoas tendon-
itis. Ultrasound or CT can be used to guide the 
needle, and once confirmed to be in the psoas 
sheath, local anesthetic with or without corticoste-
roid can then be injected. This injection is both 
diagnostic and potentially therapeutic and groin 
pain resolution suggests the iliopsoas tendon as the 
underlying cause of pain. In addition, when the 
diagnostic injection is performed using ultrasound, 
fluid within the psoas bursa and mucoid degenera-
tion of the tendon can be directly observed.

�Treatment

Initial treatment of acute or chronic iliopsoas ten-
donitis should always be nonsurgical. Nonsurgical 
treatment includes rest and activity modifications 
including limiting stair climbing and driving. In 
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additional, nonsteroidal anti-inflammatory 
medications and possibly physical therapy can 
reduce symptom intensity and duration. If symp-
toms do not improve, an injection or local anes-
thetic and corticosteroid into the iliopsoas tendon 
sheath may provide lasting relief. The literature is 
varied on the outcome of local injection on pain 
resolution. Nunley et  al. [20], in a group of 27 
patients with presumed iliopsoas tendonitis, found 
that 21 (78%) were treated satisfactorily with fluo-
roscopically guided steroid injections. Radiological 
analysis of those who responded to an injection 
compared to those who went on to require surgery 
did not reveal any differences between the groups. 
In addition, the authors found that several patients 
responded positively to a second injection and 
were able to avoid surgery. Jasani et al. [21] found 
that all 9 patients in their series benefited from a 
CT-guided injection, but the resolution of pain 
was temporary with 8 patients having a recur-
rence of pain 3.6 months after the injection on 
average. A recent review by Lachiewicz [25] 
examined the results of several studies and esti-
mated the success of nonsurgical treatment for 
iliopsoas tendonitis to be 39%.

If nonoperative management fails, surgical 
treatment is recommended. The surgical options 
include arthroscopic or open tendon release or 
more commonly, an isolated acetabular revision 
with or without concurrent iliopsoas tendon 
debridement or release. Release of the iliopsoas 
tendon can be performed either arthroscopically 
or open and is a surgical option when radiographs 
do not show significant acetabular component 
overhang. Tenotomy provides satisfactory results 
without significant loss of hip flexion force at final 
follow-up [22]. Tenotomy consists of sectioning 
only the tendon fibers at the insertion site on the 
lesser trochanter. The iliopsoas tendon at the level 
of the anterior rim of the acetabulum is 44% ten-
don and 55% muscle belly and release of the 
entire tendinous portion is all that is necessary 
[23]. Van Riet et  al. [23] reviewed 9 patients 
undergoing an arthroscopic iliopsoas tendon 
release and reported no complications with satis-
factory relief of symptoms in all patients [24]. 
The degree of acetabular component overhang 
was not recorded in this study.

In the United States, Trousdale et  al. [2] first 
reported on two patients with anterior groin pain 
after primary THA and diagnosed iliopsoas 
impingement. Both patients had significant ace-
tabular component overhang and both were treated 
successfully with acetabular component revision 
[2]. Acetabular revision is usually recommended 
when the cross-table radiographs or CT scan 
shows significant protrusion in front of the anterior 
bony acetabular rim. The iliopsoas tendon and 
bursa, if inflamed and enlarged, can also be 
debrided. The component is then removed and a 
new hemispherical cup is inserted with medical-
ization and/or additional anteversion to ensure that 
the acetabular component is below the bony ace-
tabular rim. The results of surgical management 
are generally favorable and a recent literature 
review [25] found an overall success rate of 92% 
(65 of 71 hips) at a mean of 23 months postopera-
tively. Dora et al. [5] reported on 22 cases of ilio-
psoas impingement treated with either tenotomy 
or cup revision. Acetabular overhang was not 
recorded and they found equivalent outcomes 
between the two groups with a much lower com-
plication rate in the tenotomy group. This is the 
only paper in the literature to report a high com-
plication rate with cup revision and may be 
related to the number of threaded cups revised 
and the use of reinforcement rings at the time of 
revision. Standard hemispherical cups revised to 
hemispherical cups with screws, as reported in 
other studies, have demonstrated a lower rate of 
surgical complications [3, 7, 12, 25].

The Mayo Clinic experience includes 49 
patients treated for a diagnosis of iliopsoas 
impingement after THA [26].  Twenty patients 
were treated nonoperatively and 29 patients were 
treated with surgery (21 with acetabular revision 
and 8 with iliopsoas tenotomy). Fifty percent of 
patients treated with iliopsoas injections had 
complete resolution of symptoms. The other ten 
patients treated nonoperatively continued to have 
symptoms but had not undergone surgical treat-
ment. The majority (12/20) of patients underwent 
more than one injection. The remaining 29 
patients who failed conservative management 
went on to cup revision or iliopsoas tenotomy. 
Overall the rate of symptom resolution after 
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operative management was 76%, lower than the 
overall 92% success rate reported in a recent sys-
tematic literature review [25]. In a subgroup anal-
ysis, acetabular revision was highly successful in 
patients with at least 8 mm of preoperative ace-
tabular component prominence with groin pain 
resolution in 12 of 13 patients (92%). Iliopsoas 
tenotomy improved groin pain in all patients 
when there was less than 8 mm of overhang. In 
contrast, only 33% patients with a cup promi-
nence >8 mm experienced improvement of groin 
pain with tenotomy alone. For the 29 patients in 
the operative group, there were no medical or 
surgical complications. The surgical manage-
ment of iliopsoas impingement is relatively 
uncommon, so this retrospective review is not 
powered to make definitive conclusions on surgi-
cal management but the results support the proto-
col of cup revision rather than tenotomy in cases 
of significant acetabular overhang [25].

�Case Resolution

Due to the failure of 6 months of conservative 
management and >8  mm anterior component 
overhang, the patient was indicated for acetabular 
component revision. The acetabular component 
was noted intraoperatively to be uncovered anteri-
orly and inferiorly, and fraying was noted in the 
iliopsoas tendon. A new 54 mm acetabular compo-

nent was medialized and anteverted and the tendon 
was debrided but not released (Fig. 19.2a,b). At 6 
months postoperatively, the Harris Hip score 
improved to 96 with complete resolution of groin 
pain and restoration of desired activity.

�Summary

The diagnosis of anterior iliopsoas impingement 
and tendinitis should be considered in patients 
with groin pain and functional disability after 
THA.  Patient history and physical examination 
findings usually suggest the iliopsoas tendon and 
bursa as the site of pathology. In addition to 
standard imaging, evaluation should include a 
cross-table lateral radiograph and, if necessary for 
visualization of the anterior acetabulum, a CT scan. 
An image-guided diagnostic injection of the 
iliopsoas sheath is strongly recommended to con-
firm the diagnosis. Although a trial of nonsurgi-
cal management is warranted, 50% of patients 
will have persistent groin pain and will require 
repeat injections or surgery. Iliopsoas tenotomy 
or resection alone is recommended in patients 
with minimal acetabular overhang. Acetabular 
revision is appropriate when there is significant 
acetabular overhang on the cross-table lateral 
radiograph or CT scan and patients can expect a 
75–90% chance of groin pain resolution after sur-
gical treatment.

Fig. 19.2  The above patient underwent revision of the acetabular component with increased anteversion as noted on 
the anteroposterior hip (a) and cross-table lateral (b) radiographs. Patient had groin pain resolution without postoperative 
complication
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�Introduction

�Case Presentation

This patient is a 75-year-old male who presented 
for evaluation of right hip and thigh pain with 
inability to ambulate. The patient had undergone 
primary and revision total hip arthroplasties 
(THAs) at an outside hospital 10 and 5 years ago, 
respectively. There was no history of recent 
trauma or history of wound healing complications 
surrounding both of his surgeries. The patient did 
not endorse or exhibit any signs or symptoms of 
infection.

Radiographs upon initial presentation revealed 
a failed metal-on-metal THA with a fractured 
right modular femoral stem (Fig.  20.1). 
Additionally, the patient had elevation of both 
blood cobalt (35.3 μg/L (normal <1.0 μg/L)) and 
chromium levels (13.3 μg/L (normal <5.0 μg/L)) 
as well as erythrocyte sedimentation rate 
(39  mm/h (range 0–15)) and C-reactive protein 
(1.4 mg/dL (normal <0.8)). Hip aspiration with a 
manual cell count confirmed leukocytosis 
(WBC  =  5400) with a neutrophil differential 

of 73%. Based on these findings, the patient was 
recommended to undergo a two-stage procedure 
to treat both his broken right femoral component 
and deep prosthetic joint infection. Intraoperative 
cultures were positive for Staphylococcus aureus.

�Epidemiology

Total hip arthroplasty (THA) has been shown to 
be durable, reproducible, and reliable in relieving 
pain and improving function in patients with hip 
arthritis [2]. Implant fracture fortunately occurs 
very infrequently following THA. The Australian 
Orthopaedic Association National Joint 
Replacement Registry reported a cumulative revi-
sion rate for implant breakage of 2.8% as the prin-
cipal cause for all revision THAs. The prevalence 
for each individual component was as follows: (1) 
implant breakage stem (0.9%); (2) implant break-
age acetabular (0.8%); implant breakage acetabu-
lar insert (0.8%); and implant breakage head 
(0.3%) [3]. Other authors have also reported simi-
lar rates of failure [4].

�Risk Factors

Failures of THA implants are multifactorial and 
can be due to (1) implant design; (2) implant 
materials; (3) surgical technique; and (4) patient 
factors. While no amount of in  vitro material 
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testing can predict behaviors of the eventual 
implant in  vivo, certain mechanisms of failures 
for the various components of the hip prosthesis 
have been identified.

	1.	 Acetabular component breakage
Breakage of the acetabular component is 

rare. In the literature, acetabular implant frac-
ture is usually described in cemented all-
polyethylene cups with severe wear and 
osteolysis [5]. Metal acetabular component 
breakage has also been described in cases 
with catastrophic wear of the bearing surface 
and metallosis [6, 7]. Improvements in metal-
lurgy, prosthesis design, and understanding of 
the importance of polyethylene thickness to 
long-term survivorship of hip implants have 

decreased the incidence of acetabular compo-
nent fractures.

	2.	 Acetabular liner failures
Liner breakage is also relatively rare. 

Polyethylene liners can fracture or dissociate 
from the acetabular component [8]. Wear 
characteristics and acetabular component 
position can significantly affect reliability and 
durability of acetabular liners [9]. Suboptimal 
acetabular component position, thin polyeth-
ylene, and large heads can lead to increased 
edge loading, rapid wear, impingement, and 
hip instability. Rimmed and lipped liners are 
particularly susceptible to impingement and 
fatigue failure [10] (Fig. 20.2).

Liner dissociations are either due to fail-
ures of the acetabular locking mechanism or 
failure of the surgeon to fully engage the liner 
at the time of surgery. While improvements in 
design have significantly improved the 
strength and reliability of acetabular compo-
nent locking mechanisms, incomplete liner 
seating, impingement, and fatigue failure of 
the polyethylene liner tabs can still lead to dis-
sociation of the liner from the acetabular com-
ponent [11, 12] (Fig. 20.3).

	3.	 Femoral component fractures—Non-modular
Non-modular femoral implant fractures 

occur in general due to lack of proximal femo-
ral support or impingement. Cemented or 
uncemented stem breakages were traditionally 
attributed to lack of proximal implant support 
in the setting of distal fixation resulting in 

Fig. 20.1  AP and lateral radiographs of the right hip and 
femur demonstrating a fractured modular, bi-body stem 
with associated periprosthetic femur fracture. Note the 
severe proximal femoral bone loss

Fig. 20.2  Fractured polyethylene liner. The outer rims of 
the liner are most susceptible to repetitive impingement 
and fatigue fractures
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cantilever bending eventually leading to 
fatigue failure of the implant [13] (Fig. 20.4). 
Usually described in extensively coated femo-
ral components, the primary risk factor is the 
size of the femoral component with stems less 
than 13.5  mm in diameter being at greatest 

risk [14]. Other risk factors include nonunion 
of an extended trochanteric osteotomy and 
high patient weight [15]. Femoral components 
can also fail at the neck of the prosthesis due 
to implant impingement and notching and/or 
crevice corrosion leading to eventual fracture 
[16] (Fig. 20.5).

	4.	 Femoral component fractures—Modular
Femoral components that include a modular 

neck can break at the neck–body junction 
(Fig. 20.6) [17, 18]. Modular necks have been 
made of both titanium alloys and cobalt chro-
mium alloys by various manufacturers. The 
advantage of a cobalt–chromium alloy neck is 
that they are stronger and less prone to break. 
however corrosion is a risk and this failure 
mechanism has been well described leading to 
the recall of several implants. Alternatively tita-
nium alloys can be utilized that are not associ-
ated with corrosion if the stem is also made of 
titanium; however the neck is more prone to 
breakage. The precise mechanism of failure is 
unknown but there is evidence supporting a 
fretting fatigue mechanism with subsequent 

Fig. 20.3  (a) AP and lateral radiographs of the left hip 
demonstrating a dissociated polyethylene liner. (b) 
Retrieved liner and ceramic ball head. Note the deforma-

tion of the liner rim and the metallosis on the femoral head 
associated with articulation with the underlying acetabu-
lar shell

Fig. 20.4  AP and lateral radiographs of the left hip dem-
onstrating a broken fully porous-coated femoral compo-
nent. The mechanism of failure is due to lack of proximal 
femoral support leading to cantilever bending and fatigue 
fracture
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propagation of a bending mechanism leading 
to failure [19]. The strength of the taper and 
proper taper engagement and impaction can 
also significantly affect implant reliability.

Stems that include modularity between the 
proximal and distal segments (so-called bi-body 
stems typically used for revision procedures) 
can also break at the modular junction 
(Fig. 20.1). Breakage at this junction leads to 
the redesign of several of the first-generation 
modular, bi-body revision stems that were 
introduced in the late 1990s and early 2000s. 
These breakages were similarly associated 
with excessive body weight and inadequate 

proximal bone support [20]. Modifications to 
the design have included enlargement of the 
taper junction, hardening of the modular 
taper junction, and improved instrumenta-
tion to ensure proper proximal and distal seg-
ment taper engagement that all have led to a 
dramatic decrease in the prevalence of this 
complication.

	5.	 Ceramic ball head fractures
Utilization of ceramic ball heads has 

increased due to their favorable wear properties 
and concerns with corrosion at the head–neck 
junction when cobalt–chromium alloy heads 
are utilized [21]. While material and manufac-
turing improvements have continually 
decreased the rate of ceramic ball head fractures 
over the past 15 years, occasionally failures can 
still occur. Most fractures occur within the first 
5 years following implantation and alumina 
matrix composite ceramic heads are less likely 
to fracture compared to pure alumina ball 
heads. Additionally, a 28 mm ball head is more 
likely to fracture compared to larger ceramic 
ball head sizes. Finally, and most importantly, 
taper design, taper contamination, and proper 
impaction significantly affect the fracture risk 
for ceramic ball heads [22, 23].

	6.	 Ceramic liner fractures
Ceramic liner fractures have also decreased 

in frequency over the same time period but are 

Fig. 20.5  (a) AP radiograph of the right hip demonstrating a fracture of the femoral component at the neck of the implant, 
secondary to impingement with resultant femoral stem notching. (b) Intraoperative image of the broken implant

Fig. 20.6  Intraoperative image showing breakage of a 
modular neck femoral component. Specialized instru-
ments or extensile approaches to the femur such as an 
extended trochanteric osteotomy are necessary for safe 
implant removal
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presently more common in contemporary 
practice when compared to ceramic femoral 
head fractures. Elimination of lipped liner and 
sandwich-type ceramic insert designs have led 
to the overall reduction in ceramic liner frac-
tures [24]. Modern ceramic liner fractures 
most frequently occur within the first 24 
months following implantation: pointing to 
surgeon and implant-related factors as the 
underlying causes for failure [25]. Risk factors 
for ceramic liner breakage include (1) poor 
component position, (2) incomplete seating of 
the ceramic implant, (3) liner chipping during 
insertion, and (4) hip instability [26].

�Prevention

The causes of implant breakage following THA 
are multifactorial. Unanticipated consequences of 
design, materials, and modularity have contrib-
uted to the fractures of certain implant designs. 
However, proper planning, good surgical tech-
nique, and adherence to sound principles of hip 
reconstruction can minimize the risk of implant 
failure in hip arthroplasty.

The process begins with proper preoperative 
planning and careful implant selection. In most 
instances, the degree of bone loss or deformity 
will dictate the type of implant required for fixa-
tion and reconstruction. In cases where the native 
medullary canal is extremely narrow, avoidance 
of a long, small monoblock extensively coated 
femoral component may be prudent. Furthermore, 
if a smaller (less than 13.5  mm) fully porous-
coated femoral component is used in conjunction 
with an extended trochanteric osteotomy, strut 
augmentation of the osteotomy site may impart 
additional proximal support and stability [15]. 
Modularity should be used only when necessary 
in order to eliminate another potential interface 
for failure. Finally, selection of implants with 
good track records can reduce risks for implant 
breakage following hip arthroplasty.

Good surgical technique and adherence to 
sound principles of hip reconstruction are critical 
to minimize postoperative complications. Proper 
acetabular component position can minimize 
wear, impingement, and instability. Additionally, 

adequate surgical exposure and circumferential 
engagement of the locking mechanism can mini-
mize liner-related complications. This is particu-
larly true for ceramic liners. Most modern liner 
fractures are due to incomplete seating and chip-
ping of the ceramic liner during implantation 
[27]. Proper taper assembly and femoral head 
impaction can minimize the risk of ceramic head 
breakage.

�Diagnosis

Diagnosis for the broken hip implant can range 
from the subtle to the obvious. Depending on the 
failed implant, a patient’s complaint can range 
from noise and mild discomfort to severe pain and 
inability to walk. A detailed history and physical 
exam form the foundation of the workup for a 
painful THA.  Characteristics of symptoms such 
as onset, timing, and events that exacerbate pain 
and symptoms can give clues to the type of fail-
ure. Additionally, any prior history of trauma, 
infection, and rest pain should be elucidated. 
While most implant breakages are easily visual-
ized on plain X-rays, in some cases the findings 
can be quite subtle (Fig.  20.7a, b). Similarly, 
breakage of a ceramic liner can be difficult to 
visualize on plain X-rays and the surgeon should 
have a low threshold to get a CT scan to identify 
liner breakage if the patient presents with new 
onset of pain, crepitation, or noise from the hip.

All painful THAs should undergo a compre-
hensive workup for infection. Simply because an 
implant is broken does not necessarily preclude 
the possibility of concurrent infection. Failure to 
recognize an underlying infection will result in 
recurrent failure. Finally, serial radiographs 
should be reviewed and evaluated for subtle 
changes in implant and component position 
(Fig. 20.8).

�Treatment

Successful management of the broken implant 
requires a systematic approach. From proper 
diagnosis and understanding why the first implant 
failed to removal of broken implants and eventually 
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to definitive reconstruction, each of these steps is 
critical to maximizing success and minimizing 
complications.

The first step in the surgical management of a 
patient with a broken hip implant is to carefully 
and safely remove the failed component; this is 
often challenging as removal features are often-
times made nonfunctional secondary to the 
breakage of the implant. The principal goal is to 
minimize bone loss and not compromise subse-
quent reconstruction. An extensile approach to 
the hip including an extended trochanteric oste-
otomy is often required to visualize the interfaces 
for safe removal of the hip implants. In cases of a 
ceramic fracture, a complete synovectomy and 
thorough debridement are critical to removing 
sharp, fragmented ceramic particles that can com-

promise subsequent reconstruction due to third-
body wear. Specialized instruments such as cup 
explant osteotomes, high-speed burrs, trephines, 
and implant-specific handles or extraction devices 
in cases of modular implants can simplify the 
procedure (Fig. 20.9).

Revision surgery must follow sound principles 
of hip reconstruction. In cases of acetabular com-
ponent and liner fractures, emphasis on proper 
acetabular component position, engagement of 
the locking mechanism, and minimum polyethyl-
ene thickness can help decrease the risk for sub-
sequent failures. On the femoral side, the revision 
femoral component must be sized appropriately 
in order to achieve axial and rotational stability. 
Frequently, bony pedestals or retained cement 
can be obstacles to proper implant sizing and 
therefore proper establishment of the true femo-
ral canal prior to instrumentation is recom-
mended. Finally, an intraoperative radiograph 
prior to definitive implantation can help confirm 
appropriate sizing of the femoral component.

The choice of bearing following revision for 
implant breakage depends on the situation and 

Fig. 20.7  (a) AP radiograph of a broken extensively 
coated femoral component. Note the subtle discontinuity 
of the lateral border of the implant. (b) Magnified view of 
the broken femoral implant. The resultant cantilever 
bending leads to fatigue fracture of the implant over time

Fig. 20.8  AP and lateral radiographs of the left hip dem-
onstrating a ceramic ball head fracture. Notice the loss of 
sphericity and fragmentation of the femoral head. These 
particles are extremely sharp and abrasive and must be 
removed to prevent subsequent third-body wear

G.-C. Lee
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mode of prior implant failure. In most cases, revi-
sion to a conventional bearing (metal or ceramic 
ball on polyethylene) is reasonable and satisfac-
tory. An exception to this rule is when the revi-
sion THA is being performed for fractured 
ceramic implants. In this specific instance, a 
ceramic ball head should be used as they are 
harder and more scratch resistant compared to 
conventional metal ball heads. When the femoral 
component is retained during these cases, a 
ceramic ball head with a titanium inner sleeve 
should be used for reconstruction [28].

�Literature Review

Due to the rarity of implant fractures, there are 
mostly case reports and a few small clinical series 
dealing with this complication. Sadoghi et al. [1] 
performed a systematic review of the literature 
looking at this specific problem. The authors ana-
lyzed 23 studies and found that the risk for 
implant breakage following THA was 304 per 
100,000. Femoral stem and ball head fractures 
were more common than acetabular component 
failures.

Revisions for failed acetabular components 
are usually associated with catastrophic wear. 

Results for reconstruction are usually favorable 
using modern uncemented acetabular compo-
nents [7, 29, 30]. Liner failures can occur as a 
result of wear, impingement, and dissociation 
from the acetabular component. Acetabular com-
ponent orientation has been shown to affect the 
stress distribution of highly cross-linked polyeth-
ylene liners. Compared to conventional polyeth-
ylene, highly cross-linked polyethylene is more 
brittle and thus more susceptible to plastic 
deformation and fracture. Lam et al. [31] demon-
strated that excessive inclination and extreme 
version were associated with increased peak 
stress magnitudes concentrated on the rim notch 
and locking groove regions of the acetabular 
components. Additionally, current trends of max-
imizing femoral head sizes for a given acetabular 
cup diameter have led to increasing utilization of 
relatively thinner polyethylene liners which fur-
ther reduces the resistance to fatigue and failure. 
Consequently, revision for polyethylene liner 
complications often requires revision of the ace-
tabular component orientation to improve wear 
properties and hip joint kinematics.

The results for revisions for broken femoral 
components have also been favorable provided 
that sound principles of reconstruction are fol-
lowed. Callaghan et al. [32] reviewed a series of 

Fig. 20.9  Trephines utilized to remove distal segment of a diaphyseal engaging stem
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53 revision THAs performed for fractured 
cemented femoral stems, and at 5.2 years follow-
up, excellent clinical ratings were reported in 64% 
of patients with 6 mechanical failures. Furthermore, 
Steno et al. [33] reported on a case series of three 
broken extensively coated femoral components 
revised to larger fully porous-coated femoral com-
ponents. The authors reported no refractures at 
short-term follow-up. Finally, Lakstein and col-
leagues [20] reported on a series of six tapered 
modular femoral component fractures undergoing 
revision THA. The authors found that a high body 
mass index was a risk factor for implant fracture. 
All patients underwent revision using taper modu-
lar stems with additional strut or allograft augmen-
tation when required. At 1–6-year follow-up, five 
patients had successful reconstruction and one 
patient had early implant subsidence requiring 
reconstruction using an allograft prosthetic com-
posite. Consequently, long-term survivorship of 
femoral components requires proximal bone sup-
port and both axial and rotational stability.

Revision surgery for fractured ceramic com-
ponents has been shown to provide variable clini-

cal results. Allain et al. [34] reported on a series of 
105 revisions performed for ceramic head frac-
tures and found that the survivorship at 5 years 
was 63%. The authors reported a high reoperation 
rate and also worse survivorship when the ace-
tabular component was retained, a metal head 
was used for revisions, age was younger than 50 
years, and a complete synovectomy was not per-
formed at the time of revision. More recently, 
Sharma and colleagues [35] reported on a series 
of eight ceramic fractures revised to a metal-on-
polyethylene articulation performed with a com-
plete synovectomy. At 10-year follow-up, there 
were no increased failures; increased wear; or 
lesser function compared to six matched patients 
undergoing revision using similar implants for 
other diagnoses. Interestingly, the authors did not 
see any adverse effects of using metal heads at 
the time of revision surgery. However, others 
have reported catastrophic wear following 
ceramic fracture revision using conventional 
metal ball heads [36]. Therefore, a thorough 
debridement of fracture ceramic particles is key 
to minimize the risk for third-body wear.

Fig. 20.10  AP and lateral radiographs of the right hip and femur demonstrating definitive reconstruction using a 
cemented, segmented, proximal femoral replacement megaprosthesis

G.-C. Lee
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�Case Solution

Following successful infection control, the 
patient underwent reimplantation THA using a 
cemented, proximal femoral replacement due to 
bone loss and inadequate proximal bone support. 
At 5-year follow-up, there was no evidence of 
loosening or implant failure (Fig. 20.10).

�Summary

Improvements in prosthesis design and manufac-
turing have significantly increased the reliability 
of THA implants used today. Implant breakage is 
fortunately a rare complication. The etiology is 
often multifactorial and an understanding of the 
various mechanisms of implant failure is neces-
sary to prevent recurrence. Diagnosis and suc-
cessful treatment of patients with broken hip 
implants require a systematic approach and 
adherence to the principles of good surgical tech-
nique and hip reconstruction.
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�Case Presentations

�Case #1

A 70-year-old gentleman presented 1.5 years 
after a femoral neck fracture treated with a 
bipolar hemiarthroplasty through an anterolat-
eral approach. The patient experienced pain in 
the right groin and buttock, and was utilizing 
narcotics for his pain. On exam, the patient was 
fixed in 20° of hip flexion and slight external 
rotation. The right leg is slightly short com-
pared to the right. He was neurovascularly 
intact in the lower extremities. He had a history 
of diabetes, high blood pressure, and coronary 
bypass grafting with six stents. On radiographic 
examination, he had Brooker type IV hetero-
topic ossification of the right hip (Fig. 21.1a–c). 
A CT scan revealed that most of the bone was 
located anterolaterally (Fig.  21.2). His unce-
mented femoral component was well fixed. A 
bone scan revealed increased uptake around the 
right hip (Fig. 21.3).

�Case #2

A 78-year-old gentleman presented 2.2 years 
after a left total hip arthroplasty performed for 
osteoarthritis through a posterior approach. At 
the time of surgery, the physician noted an ace-
tabular defect and placed bone graft and BMP 
into the acetabulum. A deep venous thrombosis 
mandating 6 weeks of low-molecular-weight 
heparin complicated his postoperative course. 
The patient noted a progressive decrease in 
motion, as well as an increase in groin pain since 
surgery. On exam, the left hip was fixed at 25° of 
flexion with a 10° adduction contracture. It was 
difficult to examine hip muscular strength, but 
the abductors and flexors did fire with attempted 
range of motion. There were two large bony pro-
trusions on the lateral aspect of his hip next to the 
greater trochanter. He was neurovascularly intact 
in the lower extremities. On radiographic exami-
nation, he had Brooker type IV heterotopic ossi-
fication of the left hip (Fig.  21.4a, b). His 
uncemented femoral and acetabular components 
were well fixed.

�Epidemiology

Brooker’s [1] original classification of hetero-
topic ossification (HO) found that 20% of 100 
consecutive patients treated with THA devel-
oped some level of HO. Eighty-four percent of 
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Fig. 21.1  (a) AP radiograph, (b) frog leg lateral radiograph, (c) cross-table lateral radiograph of right-hip bipolar 
arthroplasty with Brooker IV heterotopic ossification

Fig. 21.2  Axial CT cut at the level of lesser trochanter 
revealing significant heterotopic ossification about the 
right hip

Fig. 21.3  Three-phase bone scan of the hip revealing sig-
nificant uptake around the right hip
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those THAs were performed through a lateral 
approach, and the rest through a trochanteric 
osteotomy. The HO was classified (Table 21.1) 
as Brooker I in 7%, II in 5%, III in 7%, and IV 
in 2% [1]. Recent reviews have found that the 
overall incidence of HO following primary THA 
is from 10 to 60% depending on the risk factors 
studied [2–13]. Differences in technique and 
approach have been identified in the epidemiol-
ogy of HO with a rate of HO in direct anterior 
THA ranging from 19 to 41.5%, posterior THA 
from 10 to 27.5%, and anterolateral THA of 
34% [10–13]. It is important to note that the 
severity of the HO by Brooker classification 
varies widely by article since HO that forms 
after THA is often minor and not clinically sig-
nificant [14]. Brooker III or IV is more clini-
cally relevant than Brooker I [15]. Brooker III 
HO has been reported to occur in 1.4–19% and 
Brooker IV in 0–5% [7, 10, 11, 13, 16].

�Risk Factors

Heterotopic ossification after total hip arthro-
plasty can have a devastating impact on clinical 
function, and is often unpredictable. It is impor-
tant, however, to inventory the risk factors for 
HO and to better understand the epidemiology of 
HO as reviewed above to better prevent its occur-
rence. Heterotopic ossification occurs when mes-
enchymal cells present in bone marrow, 
periosteum, muscle, and fascia differentiate into 
osteoprogenitor cells. This transformation occurs 
within 18 h after the index surgical procedure. An 
osteoid matrix is then calcified. HO consists of 
mature lamellar bone with trabeculae formation 
in soft tissue [17].

A previously ankylosed hip has been identified 
as perhaps the highest risk for HO, with an odds 
ratio of 9.85 in one study [18]. In general, patients 

Fig. 21.4  (a) AP radiograph, (b) frog leg lateral radiographs of left total hip arthroplasty with Brooker IV heterotopic 
ossification
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who have post-traumatic arthritis, spinal cord 
injuries, diffuse idiopathic skeletal hyperostosis, 
ankylosing spondylitis, or had multiple operations 
on the hip are at higher risk [19–22]. Male gender 
has been identified as twice the risk for HO than 
female gender, but female patients over the age of 
65 with osteoarthritis approach the same risk as 
men [23]. Rheumatoid arthritis may be protective 
for the development of HO [18]. There is a higher 
incidence of HO with a trochanteric osteotomy, 
lateral or anterolateral approach, previous hip sur-
gery, sub-trochanteric femoral osteotomy, and 
male gender or combination of any of these fac-
tors [2, 7, 10, 22, 24, 25]. Resurfacing hip arthro-
plasty may have a greater risk of grades III and IV 
HO than patients with THA [16]. Revision THA 
or those with excessive bleeding may also be at 
higher risk [26]. Additionally, patients with sec-
ondary arthritis because of congenital hip disease 
had a statistically significantly higher incidence of 
HO compared with those with osteoarthritis [27, 
28]. Approach for THA and effect on incidence of 
HO have been widely studied and results are 
extremely variable form study to study. 
Unequivocally, more disruption of muscle tissue 
or release of progenitor cells into the musculature 
places patients at higher risk of HO.

�Prevention

The complete pathogenesis of HO is unknown, 
but surgical trauma to soft tissue or bone appears 
to induce the process. Current prophylactic mea-
sures generally adhere to one or more of the fol-
lowing three principles: disrupting the relevant 

inductive signaling pathways, altering the rele-
vant osteoprogenitor cells in the target tissue, or 
modifying the environment conducive to hetero-
topic osteogenesis [29].

There are a multitude of surgery-related fac-
tors that may modify the environment regarding 
heterotopic osteogenesis. Incision length, 
approach [6, 9, 11], localized tissue trauma and 
muscle damage [30] and ischemia [31], blood 
loss, anesthetic type, and length of surgery may 
all contribute to the local inflammatory response. 
Pulsed lavage may also spread osteoblast precur-
sors, thereby creating an osteoconductive envi-
ronment [11]. Smaller incisions may reduce the 
“zone of injury” to the skin and underlying soft 
tissues and subsequent risk of HO formation. 
However, if the smaller incision leads to a more 
difficult procedure, and more muscle damage, 
HO may be increased. Common intraoperative 
principles to avoid HO include the suctioning of 
marrow contents during femoral broaching, irri-
gating any bone dust on muscle tissue, and avoid-
ing any muscular dissection that is not necessary. 
These principles again are based on limiting the 
spread of osteoblast precursors.

Several studies suggest that nonsteroidal anti-
inflammatory drugs (NSAIDS) are efficacious in 
preventing HO after THA [32–39]. Indomethacin 
is one of the most commonly used agents and 
inhibits PGE2 via COX-1 downregulation and 
osteoprogenitor cell differentiations to osteo-
blasts. A typical treatment dose of 25 mg three 
times a day or 75 mg once a day has been shown 
to be efficacious if given directly after surgery 
[40]. More recently, naproxen 500 mg twice daily 
has been shown in a prospective double-blind 
placebo-controlled trial to lower rates of HO 
after hip arthroscopy from 46 to 4% [41].

A number of randomized trials have compared 
nonselective NSAIDS to selective NSAIDS. In a 
study by Saudan et  al. [42], patients were allo-
cated to receive either ibuprofen 400  mg three 
times daily or celecoxib 200  mg twice daily. 
There was an incidence of Brooker II and III HO 
in 13% in the ibuprofen group, and 5.1% in the 
celecoxib group [34]. However, in systematic 
reviews [37, 43], there have been no differences 
identified in the selective versus nonselective 

Table 21.1  Brooker classification [1] of heterotopic 
ossification

Class I: Islands of bone within the soft tissues about the 
hip

Class II: Bone spurs from the pelvis or proximal end of 
the femur, leaving at least 1 cm between opposing bone 
surfaces

Class III: Bone spurs from the pelvis or proximal end 
of the femur, reducing the space between opposing 
bone surfaces to less than 1 cm

Class IV: Apparent bone ankylosis of the hip
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NSAIDS in the prevention of HO. Yet selective 
NSAIDs have enhanced compliance due to gas-
trointestinal side effects compared with the non-
selective NSAIDs [37]. The beneficial action of 
NSAIDS for prophylaxis against heterotopic ossi-
fication is attributed to the inhibition of cyclooxy-
genase 2 (COX-2) enzyme, an inducible enzyme 
in the osteoblasts. COX-2 is the enzyme that cata-
lyzes the first reaction of arachidonic acid toward 
prostaglandin formation. The increased concen-
tration of prostaglandins, especially PGE2, results 
in new bone matrix production and thus in hetero-
topic ossification formation [44].

Utilizing NSAIDS to prevent HO has been 
presented as an adjunctive medication for the 
sole purpose of prevention of HO.  However, 
patients who received aspirin for DVT prophy-
laxis compared to warfarin experienced a 
decreased incidence and severity of HO [34, 39, 
45]. Cohn et al. demonstrated a rate of 0% Grade 
III or IV HO in a cohort of 35 hips after THA 
treated with aspirin for DVT prophylaxis. The 
dosage that has been studied in multiple studies is 
aspirin 325 mg twice daily for 6 weeks [39].

Prevention with perioperative radiation treat-
ment (RT) for prophylaxis of HO has been widely 
studied [20, 46–49]. RT is attractive as compli-
ance is 100%, there is a low side effect profile, 
and it avoids the possible gastrointestinal compli-
cations of NSAIDs. Since the postoperative treat-
ment may be uncomfortable for patients, our 
center prefers immediate preoperative treatment. 
Historically, treatment included 2000  cGy over 
10 days. However, recent studies have demon-
strated efficacy at a single dose of 500 cGy [48]. 
Ionizing radiation appears to interfere with the 
processing of nuclear DNA during cell division 
and inhibits transformation of pluripotential 
mesenchymal cells [48]. RT also influences the 
cellular responsiveness to BMP-2-signaled osteo-
blast differentiation [50]. Because treatment is 
directed at a local area, adverse reactions are lim-
ited to this region, mitigating systemic reactions 
[51, 52]. Cost is much higher than NSAID treat-
ment, provided that there are no complications 
due to NSAID use. In an analysis of patients who 
were diagnosed with a malignancy after hip 
replacement, there was a 4% rate of malignancy 

in a cohort of 238 patients who had RT, compared 
with a 7% rate of malignancy in a control group 
of 476 patients who did not have RT. No patients 
in the radiation group had a malignancy in the 
field of radiation, demonstrating reasonable 
safety of RT for HO prophylaxis [52].

�Diagnosis

The diagnosis of HO is made at postoperative vis-
its both by physical exam and radiographic evalu-
ation. Range of motion may be significantly 
reduced or eliminated altogether. Patients often 
complain of achy pain that has been progressive 
with concurrent decrease in motion. Decreased 
range of motion correlates with higher grades of 
HO [15]. Occasionally, contractures in flexion and 
adduction cause additional difficulties for activi-
ties of daily living. Primary classification is made 
by the system of Brooker [1]. Once the initial diag-
nosis of HO has been made, a CT scan may be 
obtained to provide the clinician a more detailed 
view of the locations and extent of the HO, and its 
relationship to anatomical structures including 
muscle and the sciatic nerve—especially if opera-
tive intervention is planned. If there is concern that 
the HO may still be in an immature state, a bone 
scan may help the clinician by showing little activ-
ity in the bone at a safe time to remove.

�Treatment (Operative 
and Nonoperative)

Range-of-motion limitations due to HO itself will 
not respond to physical therapy. However, gentle 
stretching and strengthening may prevent further 
stiffness, and encourage improved gait, and opti-
mal positioning and function of the limb. NSAIDS 
may be helpful on a more chronic basis to reduce 
inflammation associated with impingement due to 
the excessive bone. Generally, after 1 year [53] 
the bone is considered to be matured, and at that 
time if the decreased range of motion and pain are 
bad enough, excision may be contemplated. Pain 
as the only reason for excision may be a contrain-
dication for operative management. Heterotopic 
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bone usually does not cause pain after maturation 
is complete [53]. However, the perception may 
continue and lead to a chronic pain syndrome that 
removal cannot fully resolve. In one study, 
patients who had HO excised for pain only, none 
had complete resolution of symptoms [54].

A careful preoperative plan is needed. Prior 
operative reports will help the surgeon know the 
prior surgical approach and any complications or 
issues noted in the initial procedure. The surgeon 
may have to perform an approach that they are not 
familiar to due to the prior approach, or location 
of HO. Implant design and manufacturer should 
be noted as in many cases implant exchange is 
necessary to gain access, or to enhance stability. 
Constraint or dual-mobility constructs may be 
considered as HO oftentimes includes much of 
the abductor muscle mass with a consequent high 
risk of postoperative instability.

Radiographs or CT scan should be reviewed to 
again determine the location of the bone relative to 
anatomical structures. Specifically, if the HO is 
near the sciatic nerve, preparation to isolate the 
sciatic nerve and perhaps perform a neurolysis 
should be made. Prior to revision for HO excision, 
perioperative radiation therapy, and postoperative 
NSAID treatment should be considered to give the 
best chance for non-recurrence of the HO.

Intraoperatively, painstaking care must be 
taken to identify the HO, and carefully remove it 
from native tissues. A good technical tip is to find 
the border of normal tissue and progress to the 
joint along the abnormal tissue, removing HO off 
of normal bone until the joint is reached. Often an 
osteotome or a Cobb elevator can aid in pushing 
the tissue off of the HO. Typically the HO has to 
be removed in piecemeal fashion to continue to 
gain access. Bleeding may be encountered if the 
HO invades normal tissue, and preparations 
should be made for increased blood loss. 
Autogenous blood recycling may be considered 
if available. As mentioned above, care should be 
taken around the neurovascular structures. The 
surgeon must be aware that these structures may 
be adjacent to, or perhaps in the middle of, the 
HO. Again, careful review of preoperative imag-
ing will assist. Neurosurgical consultation could 
be made if the surgeon is not comfortable with 

neurolysis. If appropriate preparations are made, 
and careful and efficient surgical technique is 
employed, safe and effective removal of HO will 
be achieved.

�Results of Treatment, Pitfalls, 
and Complications

In cases of significant HO formation after THA, 
where pain and limitation of function are signifi-
cant, excision may be entertained as described 
above. Delaying excision for at least 1 year until 
the bone has matured and formed a stable fibrous 
capsule will improve results and allow the bone 
to be removed [53]. A bone scan revealing 
decreased activity may also aid in the timing of 
surgery [54]. Alkaline phosphatase levels are 
often elevated with immature HO, and return to 
normal that may indicate maturing of the HO 
[53]. Attempting removal before this time has 
been shown to have inferior results, and more 
difficult removal. However, there is significant 
debate that the bone may be removed earlier with 
perioperative radiation as soon as the HO is clini-
cally important [55]. After excision of HO, 
patients may expect an average of an increase in 
flexion range of motion (ROM) of 30°–40°, 
abduction–adduction of 20°–30°, and internal–
external rotation of 20°–30° [54, 56]. Although 
not well studied, it is important to note that pain 
is generally improved for most patients, but in 
modest amounts for many patients [54].

Complications of HO excision follow many of 
the normal complications of revision total hip 
arthroplasty. Extensive dissection may lead to 
sciatic nerve direct or stretch injury leading to 
long-standing neuropraxia. When removing HO 
from the undersurface of the abductor musculature 
there is a risk of damaging the superior gluteal 
neurovascular bundle which may lead to further 
defects in the abductors. In cases of significant 
ankyloses, osteotomy of the femur may be 
required to lift up the abductors and gain access 
to the joint.

Often large amounts of bone and tissue, up to 
1 L, may be removed during excision of HO. This 
may lead to cases of instability due to a large 
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dead space, or dislocation due to impingement if 
bone is selectively removed in one range of 
motion. Component position and range of motion 
before impingement must be inspected closely. A 
low threshold for dual-mobility or constrained 
constructs may be entertained in those patients 
that do exhibit instability intraoperatively.

The results of radiation after HO excision are 
encouraging. RT should be given either right 
before or the day after excision, but may be effec-
tive out to 3 days after excision [57, 58]. Using 
500–2000 cGy in one dose has been shown to be 
safe and effective in prevention of recurrence of 
HO after excision in the setting of THA [48, 54, 
58–60]. Recurrence rates of HO after RT are 
5–15% clinically significant HO [58, 59]. 
Concerns remain for fixation of newly implanted 
uncemented implants, and shielding of these 
implants may be indicated during RT to prevent 
lack of bony ingrowth [58].

�Case Solutions

�Case #1

It was discussed that the patient would need to 
wait until he was at least 2 years out from the prior 
procedure to allow for maturation of the hetero-
topic ossification. While a bone scan is not nor-
mally obtained, he did have one at the outside 
facility, which did underscore the activity in the 
bone at the less than 2-year point (Fig. 21.3). At 
2.5 years after the index procedure and after dis-
cussion of further nonoperative care, the patient 
felt that he would like to proceed with surgical 
intervention. Approximately 2 h prior to the proce-
dure, the patient underwent radiation treatment of 
the right hip area of 700 cGy without difficulty.

The revision was performed using a modified 
Hardinge approach to the hip joint, exposing the 
large anterior bar of heterotopic ossification. HO 
extending posterolateral up to the ilium was also 
identified and removed. The hip was then dislo-
cated, and the femoral component was well fixed 
and well positioned. A hemispherical uncemented 
shell was placed with screws. Due to the concern 
of instability after massive heterotopic removal, a 

dual-mobility construct was selected. That pro-
vided good restoration of leg length and good sta-
bility to external rotation, hyperextension, position 
of sleep, 90° of flexion, and internal rotation at 
90°–50° before soft tissues limited further internal 
rotation (Fig.  21.5). The wound was thoroughly 
debrided and irrigated. The range of motion at 
completion of the case was well past 95° of flexion 
and a 60° rotation arc. The abductors were repaired 
with nonabsorbable sutures. The patient was 
placed on indomethacin 75 mg daily for 2 weeks. 
The patient was allowed to weight bear as toler-
ated with dislocation precautions.

At latest follow-up of 2 years, the patient has 
95° of flexion, external rotation of 45°, and inter-
nal rotation of 10° with near full extension and 
has minimal pain. Radiographic examination 
reveals no reformation of heterotopic ossification 
(Fig. 21.6a, b).

�Case #2

After discussion of further non\operative care, the 
patient felt that he would like to proceed with sur-
gical intervention. Approximately 2 h prior to the 
procedure, the patient underwent radiation treat-
ment of the left hip area of 700 cGy. The prior inci-
sion was utilized and the hip approached via a 
posterior approach. The gluteus maximus inser-
tion was localized to help identify the sciatic nerve 
and a vessel loop was placed around it distally. 
The nerve was then traced proximally and was 
found to be displaced around the acetabular region. 

Fig. 21.5  Intraoperative photograph revealing severely 
limited internal rotation of the right-hip joint
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The normal-appearing nerve distally flattened sig-
nificantly as it passed toward the sciatic notch 
around the bony prominence of heterotopic ossifi-
cation (Fig. 21.7). Neurolysis over a segment of 
about 15 cm was performed. Proximal control of 
the nerve was obtained above the bony lesion.

After mobilization of the nerve so that it could 
be retracted posteriorly, the hip was approached 
anteriorly to remove the heterotopic bone which 
was present there in massive amounts. This was 
accomplished through a modified Hardinge 
approach, dividing the gluteus medius and vastus 
lateralis and reflecting the anterior portion with a 
wafer of trochanteric bone anteriorly. This 
allowed identification of the heterotopic bone 
which was deep to the gluteus medius muscle, 
and beginning distally in the normal femur, work 
was continued proximally, identifying the hetero-
topic ossification that began well below the lesser 
trochanter, and progressively identifying the het-
erotopic bone and removing it with an osteotome, 
gradually working around the anterior portion 

and medial portion of the femur, freeing this up 
of soft-tissue attachment all the way up to the 
level of the joint. A large mass of bone anteriorly 
was removed. Gradually the acetabular compo-
nent was identified by removing heterotopic bone 
and scar. There was HO along and superior to the 
trochanter, and this was removed from the ante-
rior direction, identifying and taking care to 
retract the nerve posteriorly; this was well away 
from the course of any sharp instruments such as 
osteotomes. After removing the anterior hetero-
topic bone, the hip was still ankylosed due to 
additional bone that was posterior. Attention was 
then taken posteriorly and osteotomes were uti-
lized to complete the heterotopic bone removal 
and finally free up the hip and restore motion 
(Fig. 21.8). Working progressively from both the 
anterior and posterior aspects of the hip, the vast 
bulk of the heterotopic ossification was removed, 
and the hip was dislocated anteriorly.

The modular head was disimpacted from the 
stem. The femoral component was found to be 

Fig. 21.6  (a) AP radiograph, (b) frog leg radiographs of right total hip arthroplasty after removal of heterotopic bone
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secure. Additional heterotopic bone encasing the 
proximal femur was gradually removed, decreas-
ing the size and bulk of the femur and trochan-
teric area, particularly posteriorly to prevent 
impingement. After identifying the entire rim of 
the cup, the cup was found to be neutral in orien-
tation and very much under-anteverted. Cup 

revision was needed to insure stability. The new 
cup was impacted into position with good resto-
ration of anteversion and inclination for hip sta-
bility and excellent coverage by host bone. After 
placement of the acetabular liner, a 40  mm +0 
head was selected. This was impacted into posi-
tion, and the overall stability of the hip was quite 
good. The hip was still quite stiff due to the scar 
and soft-tissue changes about the hip, though 
flexion was possible to about 70°. There was 
good rotation and no impingement with rotation 
of the hip, even in an adducted position. The 
abductor mechanism was then repaired. The glu-
teus maximum attachment to the femur distally 
was repaired. Remnants of the posterior capsular 
structures were repaired to the posterior aspect of 
the femur and gluteus medius attachment. A deep 
drain was left. The fascia was closed, and the skin 
was closed in a normal fashion. The patient was 
allowed to weight bear as tolerated with disloca-
tion precautions.

At latest follow-up of 2 years, the patient has 
95° of flexion and has minimal pain. Radiographic 
examination reveals minimal reformation of het-
erotopic ossification (Fig. 21.9a, b).

�Summary

The exact physiologic cause of heterotopic 
bone remains elusive. However, we continue to 
make gains in the assessment of risk factors, 
prevention, and effective management of het-
erotopic bone. Basic science research will con-
tinue to refine our knowledge of the underlying 
genetic causes of HO as well. However, arthro-
plasty surgeons must remember that in addition 
to the preoperative and postoperative modula-
tion of medications or radiation treatments, 
damage of the muscle and soft tissue remains 
the cause of the heterotopic bone. Efforts to 
reduce the trauma to those tissues while per-
forming a well-done total hip arthroplasty will 
result in superior patient outcomes.

Fig. 21.7  Intraoperative photograph of left hip with the 
sciatic nerve isolated with blue nerve band

Fig. 21.8  Intraoperative photograph of heterotopic bone 
removed from left hip

21  Heterotopic Ossification



222

References

	 1.	Brooker AF, et al. Ectopic ossification following total 
hip replacement. Incidence and a method of classifi-
cation. J Bone Joint Surg Am. 1973;55(8):1629–32.

	 2.	Vastel L, et al. Heterotopic ossification after total hip 
arthroplasty: risk factors and prevention. Rev Rhum 
Engl Ed. 1998;65(4):238–44.

	 3.	Toom A, Haviko T, Rips L. Heterotopic ossification 
after total hip arthroplasty. Int Orthop. 2001;24(6): 
323–6.

	 4.	Spinarelli A, et al. Heterotopic ossification after total 
hip arthroplasty: our experience. Musculoskelet Surg. 
2011;95(1):1–5.

	 5.	Sneath RJS, et al. The effect of pulsed irrigation on 
the incidence of heterotopic ossification after total hip 
arthroplasty. J Arthroplasty. 2001;16(5):547–51.

	 6.	Pai VS.  Heterotopic ossification in total hip arthro-
plasty. The influence of the approach. J Arthroplasty. 
1994;9(2):199–202.

	 7.	Higo T, et al. The incidence of heterotopic ossification 
after cementless total hip arthroplasty. J Arthroplasty. 
2006;21(6):852–6.

	 8.	Goel A, Sharp DJ. Heterotopic bone formation after 
hip replacement. The influence of the type of osteoar-
thritis. J Bone Joint Surg Br. 1991;73(2):255–7.

	 9.	Bal BS, et al. Heterotopic ossification after 2-incision 
total hip arthroplasty. J  Arthroplasty. 
2010;25(4):538–40.

	10.	Newman EA, et al. Incidence of heterotopic ossifica-
tion in direct anterior vs posterior approach to total 
hip arthroplasty: a retrospective radiographic review. 
Int Orthop. 2016;40:1967–73.

	11.	Edwards DS, et  al. Posterior mini-incision total hip 
arthroplasty controls the extent of post-operative for-
mation of heterotopic ossification. Eur J Orthop Surg 
Traumatol. 2015;25(6):1051–5.

	12.	Corrigan CM, et  al. Heterotopic ossification after 
hemiarthroplasty of the hip—a comparison of three 
common approaches. J  Clin Orthop Trauma. 
2015;6(1):1–5.

	13.	Biz C, et  al. Heterotopic ossification following hip 
arthroplasty: a comparative radiographic study about 
its development with the use of three different kinds 
of implants. J Orthop Surg Res. 2015;10(1):176.

	14.	Shehab D, Elgazzar AH, Collier BD.  Heterotopic 
ossification. J Nucl Med. 2002;43(3):346–53.

Fig. 21.9  (a) AP radiograph, (b) frog leg lateral radiographs of left total hip arthroplasty after removal of heterotopic 
bone

M.J. Taunton



223

	15.	Vasileiadis GI, et  al. Effect of heterotopic ossifica-
tion on hip range of motion and clinical outcome. 
J Arthroplast. 2015;30(3):461–4.

	16.	Rama KRBS, et  al. Heterotopic ossification after 
surface replacement arthroplasty and total hip 
arthroplasty. A randomized study. J  Arthroplasty. 
2009;24(2):256–62.

	17.	Thomas BJ. Heterotopic bone formation after total hip 
arthroplasty. Orthop Clin N Am. 1992;23(2):347–58.

	18.	Zhu Y, et al. Incidence and risk factors for heterotopic 
ossification after total hip arthroplasty: a meta-analysis. 
Arch Orthop Trauma Surg. 2015;135(9):1307–14.

	19.	 Iorio R, Healy WL. Heterotopic ossification after hip 
and knee arthroplasty: risk factors, prevention, and 
treatment. J Am Acad Orthop Surg. 2002;10(6):409–16.

	20.	Maloney WJ, et al. Prophylaxis for heterotopic bone 
formation after total hip arthroplasty using low-dose 
radiation in high-risk patients. Clin Orthop Relat Res. 
1992;280:230–4.

	21.	Thilak J, et  al. Risk factors of heterotopic ossifica-
tion following total hip arthroplasty in patients with 
ankylosing spondylitis. J Arthroplasty. 2015;30(12): 
2304–7.

	22.	Kaliyaperumal K, Sathappan SS, Peng LY. Total hip 
arthroplasty for ankylosed hip secondary to hetero-
topic ossification. J Arthroplasty. 2008;23(3):470–5.

	23.	Eggli S, Woo A.  Risk factors for heterotopic ossifi-
cation in total hip arthroplasty. Arch Orthop Trauma 
Surg. 2001;121(9):531–5.

	24.	Regis D, Sandri A, Sambugaro E. Incidence of hetero-
topic ossification after surface and conventional total 
hip arthroplasty: a comparative study using anterolat-
eral approach and indomethacin prophylaxis. Biomed 
Res Int. 2013;2013:293528.

	25.	Aljurayyan A, Tanzer D, Tanzer M. Acute revision hip 
arthroplasty: a previously unrecognized risk factor for 
heterotopic ossification. Eur J Orthop Surg Traumatol. 
2016;26(2):183–8.

	26.	Fransen M, et  al. Determinants of heterotopic ossi-
fication after total hip replacement surgery. Hip Int. 
2009;19(1):41–6.

	27.	Pakos EE, et al. Heterotopic ossification after total hip 
arthroplasty (THA) in congenital hip disease: com-
parison of two different prophylactic protocols. Clin 
Transl Oncol. 2009;11(2):103–8.

	28.	Pakos EE, et al. Prevention of heterotopic ossification 
in high-risk patients with total hip arthroplasty: the 
experience of a combined therapeutic protocol. Int 
Orthop. 2006;30(2):79–83.

	29.	Zimmermann SM, et al. Prevention of heterotopic ossi-
fication: an experimental study using a plasma expander 
in a murine model. BMC Surg. 2016;16(1):29.

	30.	Anthonissen J, et  al. The role of muscular trauma 
in the development of heterotopic ossification after 
hip surgery: an animal-model study in rats. Injury. 
2016;47(3):613–6.

	31.	Ahrengart L, Sahlin K, Lindgren U.  Myositis ossi-
ficans after total hip replacement and perioperative 
muscle ischemia. J Arthroplasty. 1987;2(1):65–9.

	32.	Barthel T, et  al. Prophylaxis of heterotopic ossifica-
tion after total hip arthroplasty: a prospective random-
ized study comparing indomethacin and meloxicam. 
Acta Orthop Scand. 2002;73(6):611–4.

	33.	Beckmann JT, et  al. The effect of NSAID prophy-
laxis and operative variables on heterotopic ossi-
fication after hip arthroscopy. Am J  Sports Med. 
2014;42(6):1359–64.

	34.	Bek D, et  al. Aspirin decreases the prevalence and 
severity of heterotopic ossification after 1-stage 
bilateral total hip arthroplasty for osteoarthrosis. 
J Arthroplasty. 2009;24(2):226–32.

	35.	D'Lima DD, et al. Indomethacin versus radiation ther-
apy for heterotopic ossification after hip arthroplasty. 
Orthopedics. 2001;24(12):1139–43.

	36.	Grohs JG, Schmidt M, Wanivenhaus A.  Selective 
COX-2 inhibitor versus indomethacin for the preven-
tion of heterotopic ossification after hip replacement: 
a double-blind randomized trial of 100 patients with 
1-year follow-up. Acta Orthop. 2007;78(1):95–8.

	37.	Kan SL, et al. Nonsteroidal anti-inflammatory drugs 
as prophylaxis for heterotopic ossification after total 
hip arthroplasty: a systematic review and meta-
analysis. Medicine (Baltimore). 2015;94(18):e828.

	38.	Lavernia CJ, et  al. Celecoxib and heterotopic bone 
formation after total hip arthroplasty. J Arthroplasty. 
2014;29(2):390–2.

	39.	Nunley RM, et al. Aspirin decreases heterotopic ossi-
fication after hip resurfacing. Clin Orthop Relat Res. 
2011;469(6):1614–20.

	40.	Macfarlane RJ, et  al. Pharmacological treat-
ment of heterotopic ossification following hip and 
acetabular surgery. Expert Opin Pharmacother. 
2008;9(5):767–86.

	41.	Beckmann JT, et  al. Effect of naproxen prophylaxis 
on heterotopic ossification following hip arthroscopy: 
a double-blind randomized placebo-controlled trial. 
J Bone Joint Surg Am. 2015;97(24):2032–7.

	42.	Saudan M, et  al. Celecoxib versus ibuprofen in the 
prevention of heterotopic ossification following total 
hip replacement: a prospective randomised trial. 
J Bone Joint Surg Br. 2007;89(2):155–9.

	43.	Vasileiadis GI, et  al. COX-2 inhibitors for the 
prevention of heterotopic ossification after 
THA. Orthopedics. 2011;34(6):467.

	44.	Raisz LG. Potential impact of selective cyclooxygen-
ase-2 inhibitors on bone metabolism in health and dis-
ease. Am J Med. 2001;110(Suppl 3A):43S–5S.

	45.	Cohn RM, Valle AGD, Cornell CN.  Heterotopic 
ossification is less after THA in patients who receive 
aspirin compared to coumadin. Bull NYU Hosp Jt 
Dis. 2010;68(4):266–72.

	46.	Han CD, Choi CH, Suh CO. Prevention of heterotopic 
bone formation after total hip arthroplasty using 600 
rad in single dose in high risk patient. Yonsei Med 
J. 1997;38(2):96–100.

	47.	Kienapfel H, et  al. Prevention of heterotopic bone 
formation after total hip arthroplasty: a prospective 
randomised study comparing postoperative radiation 

21  Heterotopic Ossification



224

therapy with indomethacin medication. Arch Orthop 
Trauma Surg. 1999;119(5–6):296–302.

	48.	Padgett DE, et al. The efficacy of 500 centigray radia-
tion in the prevention of heterotopic ossification after 
total hip arthroplasty: a prospective, randomized, 
pilot study. J Arthroplasty. 2003;18(6):677–86.

	49.	Strauss JB, et al. Cost of radiotherapy versus NSAID 
administration for prevention of heterotopic ossifica-
tion after total hip arthroplasty. Int J  Radiat Oncol 
Biol Phys. 2008;71(5):1460–4.

	50.	Pohl F, et  al. Radiation-induced suppression of the 
Bmp2 signal transduction pathway in the pluripotent 
mesenchymal cell line C2C12: an in vitro model for 
prevention of heterotopic ossification by radiotherapy. 
Radiat Res. 2003;159(3):345–50.

	51.	Kjaersgaard-Andersen P, et al. Heterotopic bone for-
mation after total hip arthroplasty in patients with 
primary or secondary coxarthrosis. Orthopedics. 
1990;13(11):1211–7.

	52.	Sheybani A, et  al. Risk of radiation-induced malig-
nancy with heterotopic ossification prophylaxis: a 
case-control analysis. Int J Radiat Oncol Biol Phys. 
2014;89(3):584–9.

	53.	Ahrengart L, Lindgren U.  Functional significance 
of heterotopic bone formation after total hip arthro-
plasty. J Arthroplasty. 1989;4(2):125–31.

	54.	Cobb TK, et  al. Functional outcome of excision of 
heterotopic ossification after total hip arthroplasty. 
Clin Orthop Relat Res. 1999;361:131–9.

	55.	De Smet K, Pattyn C, Verdonk R. Early resection of 
heterotopic ossification after total hip arthroplasty: a 
review of the literature. Hip Int. 2002;12(4):383–7.

	56.	Warren SB, Brooker Jr AF.  Excision of het-
erotopic bone followed by irradiation after 
total hip arthroplasty. J  Bone Joint Surg Am. 
1992;74(2):201–10.

	57.	Childs III HA, et al. A prospective evaluation of the 
timing of postoperative radiotherapy for prevent-
ing heterotopic ossification following traumatic 
acetabular fractures. Int J  Radiat Oncol Biol Phys. 
2000;47(5):1347–52.

	58.	Seegenschmiedt MH, Makoski HB, Micke O. 
Radiation prophylaxis for heterotopic ossification 
about the hip joint—a multicenter study. Int J Radiat 
Oncol Biol Phys. 2001;51(3):756–65.

	59.	Chao ST, et  al. External beam radiation helps pre-
vent heterotopic bone formation in patients with a 
history of heterotopic ossification. J  Arthroplasty. 
2006;21(5):731–6.

	60.	Lonardi F, et al. Preoperative, single-fraction irradia-
tion for prophylaxis of heterotopic ossification after 
total hip arthroplasty. Int Orthop. 2001;25(6):371–4.

M.J. Taunton



225© Springer International Publishing AG 2017 
M.P. Abdel, C.J. Della Valle (eds.), Complications after Primary Total Hip Arthroplasty, 
DOI 10.1007/978-3-319-54913-2

A
Abductor insufficiency, 83, 84
Acetabular component breakage, 204
Acetabular component malposition, 79, 82, 83, 86
Acetabular liner failures, 204
Acetabular safe zone, 6
Acetabulum, 12
Acute hematogenous infections, 100
Acute periprosthetic, 37
Adverse local tissue reactions (ALTRs), 151, 157, 161, 

163, 173, 177
Anemia, 30
Anteroposterior pelvis, 69, 70, 72, 73, 75
Antibiotic-loaded bone cement (ALBC) spacer, 100
Aseptic loosening

bone ingrowth/ongrowth, 191
cemented and uncemented components, 190
component factors, 185
epidemiology, 183–184
infection analysis, 189
patient factors, 184–185
patient symptoms and signs, 187
prevention, 186
radiographic analysis, 187–188
surgical technique factors, 185–186
treatment, 189–190

Aseptic lymphocytic vasculitis-associated lesions 
(ALVAL), 152, 157, 167

Asymptomatic superolateral polyethylene wear, 129
Avascular necrosis (AVN), 77

B
BIOLOX®, 173
BIOLOX®delta ceramic head, 175
Bone-implant interface, 127
Brooker classification, 216
Brooker IV heterotopic ossification, 214

C
Cable-Plate System, 110, 111
Cefazolin, 40
Cellulitis, 29

Cemented femoral stem loosening, 189
Cementless acetabular component, 128
Ceramic ball head fractures, 206
Ceramic liner fractures, 206
Ceramic-on-ceramic (CoC)

acetabular liner and femoral heads, 141
acetabular liner fractures, 139
anteroposterior and axial radiographs, 138, 142
audible grinding and clunking, 137
computer tomography, 138
crystalline or amorphous structures, 141
diagnosis, 140
edge loading, stripe wear and reaction to wear, 143–144
epidemiology, 137–138
extensive synovectomy, 142
head and liner fracture rates, 141
head fractures, 138–139
material properties and fracture rates, 139
metal-on-polyethylene bearings, 140
scanning electron microscope, 142
treatment, 140
yttrium oxide, 141
zirconia, 141

Ceramic-on-polyethylene (C-O-P), 127
Chronic PJI, 99–101, 103
Cobalt–chromium alloys, 177, 179
Compression plating, 111
Computed tomography pulmonary angiogram (CTPA), 56
Computerized tomography (CT), 92, 122, 198
Corrosion

modular head–neck junction
crevice, 175
fretting, 175
galvanic, 175
incidence and overview, 176, 177
intergranular, 176
local and systemic effects, 179, 180
passivation, 175
pitting, 176
selective leaching, 176
stress, 176
tribocorrosion, 176, 180
uniform, 175
wear, 176

Index



226

C-reactive protein (CRP), 37, 41, 72, 73, 97, 99, 161, 
173, 183, 189

Crevice corrosion, 175
Crowe type-II dysplastic hips, 186
Culture-negative periprosthetic joint infections  

(CN-PJI), 42
Custom triflanges, 123, 132
Cyclooxygenase 2 (COX-2), 217

D
Dabigatran etexilate, 54
Deep periprosthetic joint infection (PJI), 97
Deep PJI, 99
Diabetes mellitus, 30, 31, 38
Diaphyseal-engaging stem, 116
Dislocation, THA

case solution, 86
diagnosis, 80, 82
epidemiology, 77
literature review, 84, 85
prevention, 79, 80
risk factors, 78, 79
treatment

abductor insufficiency, 83, 84
acetabular component malposition, 79, 82, 83, 86
femoral component malposition, 78, 83
impingement, 84
indeterminate etiology, 84
late wear of polyethylene liner, 84

Dual-planar radiograph, 90, 92

E
End-of-stem pain, 68
Erythrocyte sedimentation rate (ESR), 37, 41, 72, 73, 97, 

99, 161, 173, 183, 189
Extended trochanteric osteotomy (ETO), 21, 114, 167
Extensive trochanteric osteolysis, 110

F
Femoral component fractures

modular, 205
non-modular, 204, 205

Femoral component malposition, 78, 83
Femoral nerve, 6
Fresh frozen plasma (FFP), 29
Fretting corrosion, 175
Functional LLD, 90

G
Galvanic corrosion, 175

H
Head–neck junction. See Modular head–neck junction
Hematoma, 29
Heparin-induced thrombocytopenia (HIT), 54

Heterotopic ossification (HO)
abductor mechanism, 221
bipolar hemiarthroplasty, 213
deep venous thrombosis, 213
diagnosis, 217
epidemiology, 213–215
heterotopic bone encasing, 221
heterotopic ossification, 219, 220
intraoperative photograph, 219
lesser trochanter revealing, 214
modified Hardinge approach, 219, 220
osteotomes, 220
prevention, 216–217
risk factors, 215–216
three-phase bone scan, 214
treatment (operative and nonoperative), 217–218
treatment, pitfalls and complications, 218–219

Highly cross-linked polyethylene (HXLPE), 178, 185
Hip arthroplasty, 4, 6, 7, 12

neurovascular anatomy, 4–6
prognosis, 7, 8

I
Iliopsoas impingement, 197, 198

acetabular and femoral components, 196, 200
case resolution, 200
diagnosis, 197

cobalt–chrome head and titanium, 198
CT, 198
groin pain, 197
iliopsoas tendonitis, 197
periarticular pain, 197
serial radiographs, 198
Stinchfield’s test, 197
THA dysfunction, 197
ultrasound, 198

epidemiology, 195, 196
prevention, 197
risk factors, 196
treatment, 198–200

Iliopsoas tendonitis, 195–199
Impingement, 84
Implant breakage, 204–207

case solution, 211
ceramic ball head fracture, 208
diagnosis, 207
dissociated polyethylene liner, 205
epidemiology, 203
fatigue fracture, 208
fractured polyethylene liner, 204
intraoperative image, 206
literature review, 209, 210
mechanism of failure, 205
periprosthetic femur fracture, 204
prevention, 207
risk factors

acetabular component breakage, 204
acetabular liner failures, 204
ceramic ball head fractures, 206

Index



227

ceramic liner fractures, 206, 207
femoral component fractures, modular, 205, 206
femoral component fractures, non-modular,  

204, 205
treatment, 207–209
Trephines, 209

Indomethacin, 216
Inferior Vena Cava (IVC) Filters, 55
Intergranular corrosion, 176
Intraoperative periprosthetic femoral fracture (IPF), 22, 23

classification, 21–22
CT scan, 19, 20
diagnosis, 21
diaphyseal engaging stem, 23
Echelon stem, 24
postoperative X-ray images, 24
postoperative X-rays, 19
prevention, 20–21
primary total hip arthroplasty, 23
proximal femoral shaft, 24
risk factors, 19, 20
THAs, 19
total hip arthroplasty, 19
treatment

A1 (cortical perforation of the proximal 
metaphysis), 22

A2 (undisplaced fracture of the proximal 
metaphysis), 22

A3 (displaced fracture of the proximal 
metaphysis), 22

B1 (diaphyseal cortical perforation), 22
B2 (undisplaced diaphyseal fracture), 22
B3 (displaced or unstable diaphyseal fracture), 22
C1 (perforation that is distal to the stem tip), 22
C2 (undisplaced fracture distal to the stem tip), 23
C3 (displaced or unstable fracture distal to the 

stem tip), 23
postoperatively fracture, 23

Irrigation and debridement (I&D), 32
with modular exchange and component retention,  

42, 43

J
Joint Commission on Accreditation of Healthcare 

Organization (JCAHO), 51
Juvenile idiopathic arthritis, 189

L
Limb-length discrepancy (LLD)

case resolution, 95
diagnosis and treatment after THA, 94, 95
dual-planar radiograph, 90
epidemiology, 89
functional, 94
left-hip osteoarthritis, 92
pelvis radiograph, 91, 94
preoperative radiographs, 90
preoperative templating, 91, 92, 95

prevention, 90–93
radiographic evaluation, 91

Liner failures, 209
Locking compression plate (LCP), 111–112, 115

M
Magnetic resonance imaging (MRI), 71
Malnutrition, 39
Mechanically assisted crevice corrosion (MACC), 162, 

167, 176
Metabolic syndrome, 39
Metal artifact reduction sequences (MARS), 41, 71, 122, 

161, 166, 179
Metal-induced hypersensitivity, 158
Metal-on-metal (MoM) bearings

ALVAL/ALTR
articulation modes of failure, 152, 158
skin hypersensitivity, 158
systemic cobaltism, 158

case solution, 158
DePuy ASR acetabular component, 152
diagnosis, patient history

advanced imaging, 155
clinical presentation, 155
laboratory evaluation, 154
physical examination, 153
radiographic analysis, 154
radiographic evaluation, 153

epidemiology, 151, 152
literature review, 153

biologic mechanism of failure, 157
prevention, 153
risk stratification, 152, 153
treatment, 155–157

Metal-on-polyethylene (M-O-P), 127
Methicillin-resistant Staphylococcus aureus (MRSA),  

38, 97
Methicillin-sensitive Staphylococcus aureus  

(MSSA), 98
Minimally invasive insertion techniques, 111
Modular fluted tapered stem, 168
Modular head–neck junction

component material, 177, 178
corrosion

crevice, 175
debris, 175
fretting, 175–178
galvanic, 175
incidence and overview, 176, 177
intergranular, 176
local and systemic effects, 179, 180
pitting, 176
selective leaching, 176
stress, 176
tribocorrosion, 176, 180
wear, 176–179

head size, 178, 179
surgical treatment, 180
taper design and size, 178

Index



228

Modular neck-stems
femoral stem, 161
hip abduction, 161
rationale, 161–162

Modular taper corrosion
ALTR, 164, 167
axial T1 MARS MRI image, 162
clinical evaluation

hip abduction, 165
implant modularity, 165

cobalt and chromium metal ion levels, 168
dual-taper neck-stem designs, 162
epidemiology, 163
histopathology analysis, 167
implant factors, 163–164
implant retrieval analysis, 167
inflammatory markers and hip joint aspiration, 165
intraoperative surgical assembly, 164
intrinsic and extrinsic causes, 164
MACC, 163
metallic sludge, 167
meticulous and careful debridement, 166
neurovascular structures, 166
radiographic and cross-sectional imaging, 166
serum cobalt and chromium levels, 167
serum metal ion levels, 165–166
titanium neck, 163

Musculoskeletal Infection Society (MSIS), 99

N
Negative-pressure wound therapy (NPWT), 32, 33
Neuorontomesis, 4
Neurolysis, 220
Neuropraxia, 4
NFkappaB ligand (RANKL), 127
Nicotine-mediated vasoconstriction, 31
Nonpharmacologic prophylaxis

IVC filters, 55
mechanical prophylaxis, 54, 55

Nonsteroidal anti-inflammatory drugs (NSAIDS), 216

O
Obesity, 38
Obesity and nerve injury, 7
Open reduction and internal fixation (ORIF) with  

plating, 122
Osteoconductive environment, 216
Osteolysis, 127, 129
Oxinium®, 178

P
Paprosky IIIB femoral deficiency, 133
Pelvic discontinuities, 122, 123

case solution, 124
complications, 124
diagnosis, 121, 122
epidemiology, 120

literature review, 123–124
nonoperative treatment, 122
operative treatment

cup-cage construct, 122, 123
custom triflanges, 123
distraction method, 123
ORIF with plating, 122

ORIF with plating, 121
overview, 119
postoperative radiographs, 120
prevention, 120, 121
risk factors, 120

Peripheral nerve injury
case study, 3
differential diagnosis, 6, 7
management, 8, 9
neurovascular anatomy of hip, 4–6
overview, 3
preoperative considerations, 4
prognosis, 7, 8
types, 4

Periprosthetic femur fractures, 110–113
aseptic loosening, 107
Austin-Moore and Thompson prostheses, 105
classification, 108–109
Dall-Miles cables, 115
evaluation, 108
implant design type, 108
incidence, 105–106
osteolysis, 107
prevention, 109
primary diagnosis, 106
revision surgery, 107–108
slipped capital femoral epiphysis, 105, 107
temporary hip spacer, 113
treatment, 109
trochanteric claw, 115
type A fractures, 109–110
type B fractures, 110–115
type B1 fractures

cable-plate system, 110–111
compression plating, 111
locking plating, 111–112
strut grafts, 112–113

type B2 fractures, 113
type B3 fractures, 113–115
type C fractures, 115
vancouver B2, 105, 106

Periprosthetic joint infection (PJI), 27, 28, 165, 195
case solution, 44, 102
clinical evaluation, 40, 41
complication, 97, 103
diagnosis, 40, 99, 100
direct or “single-stage” exchange, 43, 44
epidemiology, 37, 38, 97
hip arthrocentesis, 98
I&D with modular exchange and component 

retention, 42, 43
joint aspiration, 42
laboratory evaluation, 41, 42

Index



229

prevention, 39, 40
adherence to sterile technique, 99
arthroplasty surgery, 99
Betadine solution, 99
chlorhexidine-based solution, 99
face mask, 99
MSSA, 98
perioperative prophylactic antibiotics, 98
Vancomycin, 99

radiographic evaluation, 41
risk factors, 38, 39

intraoperative, 98
modifiable patient, 97, 98
non-modifiable patient, 97
postoperative, 98

THA reimplantation, 102
treatment, 42

acute hematogenous infections, 100
ALBC spacer, 100
articulating antibiotic spacer, 101
chronic infections, 100
ESR and CRP, 101
intravenous (IV) antibiotics, 100
IV antibiotics, 101
PMMA, 101
postoperative infections, 100
two-stage exchange, 100, 101, 103

two-stage exchange arthroplasty, 43, 44
Pharmacologic prophylaxis, 51

antiplatelet agents, 53, 54
direct factor Xa inhibitors, 53
direct thrombin inhibitors, 54
low molecular weight heparins, 52
pentasaccharides, 54
vitamin K antagonists, 51, 52

Pitting corrosion, 176
Pluripotential mesenchymal cells, 217
Polyethylene, 129
Polyethylene bearings, 130, 131

acetabular component revision, 132, 133
component retention approach

bone grafting, 130
femoral head material, 131
femoral head size, 131
polyethylene material and design, 131
revision hip surgery, 130

component revision approaches, 132
diagnosis, 129–130
epidemiology, 127–128
femoral component revision, 132–133
left total hip arthroplasty, 127
nonoperative treatment, 130
polyethylene wear and osteolysis, 130
prevention, 128–129
risk factors, 128

Post-thrombotic syndrome (PTS), 57
Post-traumatic arthritis, 188
Pre-arthroplasty radiograph, 70
Preoperative AP hip, 78
Preoperative patient education, 89

Primary THA, 79
Procedure-specific vascular injuries, 12
Profound degenerative arthritis, 4
Prolonged wound drainage, 28
Propionibacterium acnes, 73
PROSTALAC®, 102
Prosthetic component orientation, 145
Psoriasis, 39
Pulmonary Embolism Prevention (PEP), 54

R
Radiation treatment (RT), 217
Revision THA, 79
Rheumatoid arthritis, 187
Right-hip osteoarthritis, 195

S
Sciatic nerve anatomy, 4–6
Selective leaching, 176
Single-nucleotide polymorphisms (SNPs), 185
Skin blistering, 28
Skin hypersensitivity, 158
Skin necrosis, 28
Smoking, 31
Split-thickness skin grafts (STSGs), 29
Squeaking

case presentation, 144
deep flexion, 148
diagnosis and treatment, 146, 147
epidemiology, 144
implant factors

ceramic bearings function, 145
patient factors, 145
stem design and metallurgy, 145
surgical factors, 145–146

prevention, 146
third- and fourth-generation ceramic bearings, 148
treatment, 147

Stainless steel (SS), 178
Start-up pain, 68
Stress corrosion, 176
Strut allografts, 112–113
Superficial vs. deep-wound complications, 29, 30
Surgical Care Improvement Project (SCIP), 51
Surgical site infection (SSI), 27, 31
Suspected nerve injury, 8, 9
Symptomatic LLD, 89

T
Templating, 190
Total hip arthroplasty (THA), 27, 28, 37, 49, 52, 65, 

69–72, 77
case solution, 73, 74
dislocation (see Dislocation, THA)
evaluation, 74
groin pain, 66
laboratory evaluation, 72, 73

Index



230

Total hip arthroplasty (THA) (cont.)
patient dissatisfaction, 66
patient history and differential diagnosis, 67, 68
physical examination, 68, 69
radiographic evaluation

acetabular and femoral components, 69
aseptic loosening, 70
component loosening, 70
computed tomography, 71
femoral prosthesis, 70
findings, 71
imaging modalities, 71, 72
lumbar degenerative disease, 70
MRI, 71
plain radiographs, 69, 70
serial radiographs, 70
soft-tissue collection, 71

Total joint arthroplasty (TJA), 27, 28
Tranexamic acid (TXA), 30
Trephines, 209
Tribocorrosion, 176, 180
Two-stage exchange arthroplasty, 43, 44

U
Ultrahigh-molecular-weight polyethylene (UHMWPE), 128
Ultrasound (US), 166
Unified Classification System (UCS), 21
Uniform corrosion, 175
Unstable THA, classification, 83
Urinary tract infection (UTI), 39

V
Vancomycin, 40, 99
Vascular injuries

anatomy and situations at risk, 13, 14
epidemiology and risk factors, 11, 12
symptoms and diagnosis, 14, 15
treatment

case solution, 16
intraoperative, 15
postoperative, 16
preoperative, 15
prognosis, 16

Venous thrombotic embolus (VTE), 50–55
anticoagulants, 53

case solution, 58
clinical trials, 52
diagnosis, 55, 56
epidemiology, 49
prevention

duration of prophylaxis, 55
nonpharmacologic prophylaxis, 54, 55
pharmacologic prophylaxis, 51–54

prophylaxis, 29
risk factors

intraoperative, 50, 51
postoperative, 51
preoperative, 50

treatment, 57, 58
Ventilation-perfusion (VQ) scanning, 56

W
Watson-Jones approach, 11
Wound complications

case presentation, 27
management

anemia, 30
anticoagulation, 30
diabetes mellitus, 30, 31
dressing, 31, 32
malnutrition, 30
nonoperative management, 32
operative management, 32, 33
smoking, 31
surgical drain, 32
wound closure, 31

overview, 27
risk factors, 28
significance, 27
superficial vs. deep-wound, 29, 30
types

cellulitis, 29
hematoma, 29
prolonged wound drainage, 28
skin blistering, 28
skin necrosis, 28
wound dehiscence, 29

Z
Zirconia, 141

Index


	Preface
	Contents
	Contributors
	Part I: Acute Postoperative Complications
	1: Peripheral Nerve Injury
	 Case Study
	 Introduction
	 Types of Nerve Injuries
	 Preoperative Considerations
	 Nerves at Risk: Neurovascular Anatomy of the Hip
	 Differential Diagnosis of Peripheral Nerve Injury Following Total Hip Arthroplasty
	 Prognosis Following Nerve Insult During Total Hip Arthroplasty
	 Management of Suspected Nerve Injury
	 Conclusion
	References

	2: Vascular Injuries
	 Case
	 Introduction
	 Epidemiology and Risk Factors
	 Anatomy and Situations at Risk
	 Symptoms and Diagnosis
	 Treatment
	 Preoperative
	 Intraoperative
	 Postoperative

	 Prognosis
	 Case Solution
	References

	3: Intraoperative Periprosthetic Femoral Fracture (IPF)
	 Case Presentation
	 Epidemiology
	 Prevention of IPF
	 Diagnosis and Classification
	 Classification
	 Treatment
	 Literature Review
	 Case Solution
	 Summary
	References

	4: Wound Complications
	 Case Presentation
	 Introduction
	 Significance of Wound Complications
	 Risk Factors for Wound Complications
	 Types of Wound Complications
	 Skin Blistering
	 Prolonged Wound Drainage
	 Skin Necrosis
	 Hematoma
	 Cellulitis
	 Wound Dehiscence

	 Differential Diagnosis of Superficial vs. Deep-Wound Complications
	 Wound Management
	 General Managements
	 Malnutrition
	 Anticoagulant
	 Anemia
	 Diabetes Mellitus
	 Smoking

	 Local Managements
	 Wound Closure
	 Dressing
	 Surgical Drains


	 Management of Wound Complications (Fig. 4.2)
	 Nonoperative Management
	 Operative Management

	 Conclusion
	 Case Summary
	References

	5: Acute Postoperative Periprosthetic Joint Infection
	 Case Presentation
	 Epidemiology
	 Risk Factors
	 Prevention
	 Diagnosis
	 Clinical Evaluation
	 Radiographic Evaluation
	 Laboratory Evaluation
	 Joint Aspiration
	 Treatment
	 Irrigation and Debridement (I&D) with Modular Exchange and Component Retention
	 Direct or “Single-Stage” Exchange

	 Two-Stage Exchange Arthroplasty
	 Case Solution
	References

	6: Venothrombotic Embolus (VTE)
	 Case Presentation
	 Epidemiology
	 Risk Factors Associated with Complication
	 Preoperative Risk Factors
	 Intraoperative Risk Factors
	 Postoperative Risk Factors

	 Prevention
	 Pharmacologic Prophylaxis
	 Vitamin K Antagonists
	 Low Molecular Weight Heparins
	 Direct Factor Xa Inhibitors
	 Antiplatelet Agents
	 Pentasaccharides
	 Direct Thrombin Inhibitors

	 Nonpharmacologic Prophylaxis
	 Mechanical Prophylaxis
	 Inferior Vena Cava (IVC) Filters

	 Duration of Prophylaxis
	 Summary of VTE Prevention

	 Diagnosis
	 Treatment
	 Case Solution
	 Summary
	References


	Part II: Chronic Complications
	7: Evaluation of the Painful Total Hip Arthroplasty
	 Case Example
	 Introduction
	 Patient History and Differential Diagnosis
	 Physical Examination
	 Radiographic Evaluation
	 Laboratory Evaluation
	 Summary
	 Case Solution
	References

	8: Dislocation After Total Hip Arthroplasty
	 Case Presentation
	 Epidemiology
	 Risk Factors for Dislocation
	 Prevention
	 Diagnosis
	 Treatment
	 Type I Acetabular Component Malposition
	 Type II Femoral Component Malposition
	 Type III Abductor Insufficiency
	 Type IV Impingement
	 Type V Late Wear of a Polyethylene Liner
	 Type VI Indeterminate Etiology

	 Literature Review
	 Case Solution
	 Summary
	References

	9: Prevention and Treatment of Limb-­Length Discrepancy in Total Hip Arthroplasty
	 Case Presentation
	 Epidemiology
	 Prevention
	 Diagnosis and Treatment of LLD After THA
	 Case Resolution
	 Summary
	References

	10: Chronic Deep Periprosthetic Infection
	 Case-Based Introduction
	 Epidemiology of Periprosthetic Joint Infection (PJI)
	 Risk Factors Associated with PJI
	 Prevention of PJI
	 Diagnosis of PJI
	 Treatment of PJI
	 Results
	 Case Solution
	 Summary
	References

	11: Periprosthetic Fracture of the Femur After Total Hip Arthroplasty
	 Case Examples
	 Background
	 Incidence
	 Etiology and Risk Factors
	 Primary Diagnosis
	 Age
	 Osteolysis
	 Aseptic Loosening
	 Revision Surgery
	 Implant Design Type

	 Evaluation
	 Classification
	 Prevention
	 Treatment of Late Periprosthetic Femur Fractures
	 Type A Fractures
	 Type B Fractures
	 Type B1 Fractures
	Cable-Plate System
	Compression Plating
	Locking Plates
	Strut Grafts

	 Type B2 Fractures
	 Type B3 Fractures

	 Type C Fractures

	 Case Solution
	References

	12: Acute Pelvic Discontinuities
	 Case Presentation
	 Introduction
	 Epidemiology
	 Risk Factors
	 Prevention
	 Diagnosis
	 Nonoperative Treatment
	 Operative Treatment
	 Open Reduction and Internal Fixation (ORIF) with Plating
	 Cup-Cage Construct
	 Distraction Method
	 Custom Triflange

	 Literature Review
	 Case Solution
	 Summary
	References

	13: Wear and Osteolysis of Polyethylene Bearings
	 Case
	 Epidemiology
	 Risk Factors Associated with the Complication
	 Prevention
	 Diagnosis
	 Treatment
	 Nonoperative Treatment
	 Operative Treatment
	 Component Retention
	Polyethylene Material and Design
	Femoral Head Material
	Femoral Head Size

	 Component Revision Approaches

	 Acetabular Component Revision
	 Femoral Component Revision

	 Case Solution
	 Summary
	References

	14: Complications of Ceramic-on-­Ceramic Bearings: Fracture, Stripe Wear, and Squeaking
	 Case Presentation
	 Epidemiology
	 Risk Factors
	 Head Fractures
	 Acetabular Liner Fractures

	 Diagnosis
	 Treatment
	 Literature Review
	 Case Solution
	 Edge Loading, Stripe Wear, and Reaction to Wear

	 Squeaking
	 Case Presentation
	 Epidemiology
	 Risk Factors
	 Implant Factors
	Patient Factors
	Surgical Factors and Squeaking


	 Prevention
	 Diagnosis
	 Treatment
	 Literature Review
	 Case Solution

	References

	15: Complications of Metal-on-Metal Bearings
	 Case Example
	 Epidemiology: The Nature of the Problem
	 Risk Stratification
	 Prevention
	 Diagnosis
	 Patient History
	 Physical Examination
	 Radiographic Evaluation
	 Radiographic Analysis
	 Laboratory Evaluation
	 Advanced Imaging
	 Clinical Presentation


	 Treatment
	 Results of Treatment

	 Literature Review
	 Biologic Mechanism of Failure in MoM THAs

	 ALVAL/ALTR
	 Skin Hypersensitivity
	 Articulation Modes of Failure
	 Systemic Cobaltism
	 Case Solution
	 Conclusion

	References

	16: Complications of Modular Neck-Stems
	 Case Presentation
	 Rationale for Modular Taper
	 History of Modular Taper Corrosion
	 Epidemiology of Modular Taper Corrosion
	 Implant Factors Associated with Modular Neck Taper Corrosion
	 Surgical Assembly Associated with Modular Neck Taper Corrosion
	 Patient Factors Associated with Modular Neck Taper Corrosion
	 Systematic Evaluation
	 Clinical Evaluation
	Implant Modularity

	 Inflammatory Markers and Hip Joint Aspiration
	 Serum Metal Ion Levels


	 Radiographic and Cross-Sectional Imaging
	 Surgical Management
	 Histopathology Analysis
	 Implant Retrieval Analysis

	 Case Solution
	 Outcome
	 Summary
	References

	17: Corrosion at the Modular Head–Neck Junction
	 Case Presentation
	 Introduction
	 Corrosion: Definitions
	 Corrosion at the Head–Neck Junction: Incidence and Overview
	 Component Material
	 Taper Design and Size
	 Head Size
	 Local and Systemic Effects of Corrosion Products
	 Surgical Treatment
	 Conclusion
	References

	18: Aseptic Implant Loosening
	 Case Presentation
	 Epidemiology
	 Risk Factors
	 Patient Factors
	 Component Factors
	 Surgical Technique Factors

	 Prevention
	 Diagnosis
	 Patient Symptoms and Signs
	 Radiographic Analysis
	 Infection Analysis

	 Treatment
	 Literature Review
	 Case Solution
	 Summary
	References

	19: Iliopsoas Impingement After Primary Total Hip Arthroplasty
	 Case Presentation
	 Epidemiology
	 Risk Factors
	 Prevention
	 Diagnosis
	 Treatment
	 Case Resolution
	 Summary
	References

	20: Implant Breakage
	 Introduction
	 Case Presentation

	 Epidemiology
	 Risk Factors
	 Prevention
	 Diagnosis
	 Treatment
	 Literature Review
	 Case Solution
	 Summary
	References

	21: Heterotopic Ossification
	 Case Presentations
	 Case #1
	 Case #2

	 Epidemiology
	 Risk Factors
	 Prevention
	 Diagnosis
	 Treatment (Operative and Nonoperative)
	 Results of Treatment, Pitfalls, and Complications
	 Case Solutions
	 Case #1
	 Case #2

	 Summary
	References


	Index

