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Spondylolisthesis and Spondylolysis

Etiology and Pathophysiology:

Spondylolisthesis is the anterior displacement of a vertebral body over the vertebral body below.  Spondylolysis refers to a fracture and separation of the pars interarticularis. Spondylolisthesis often occurs in patients with spondylolysis.  In a combined condition, the anterior displacement of a vertebral body, pedicles and superior articular facets while the posterior elements of the vertebrae remain behind.  


Spondylolisthesis usually occurs in the lumbar spine and occasionally in the cervical spine.  Approximately 75% of all cases occur with L 5 anterior on S1, 20% with L4 anterior on L5 and 5% at higher levels.


Mechanical load analyses of the lumbar spin have shown that L5, particularly the pars interarticularis, is subject to the greatest mechanical stress. Four mechanisms are believed to result in disruption of the neural arch: 

1. unbalanced shear force

2. forced rotation

3. flexion overload

4. degenerative changes


Spondylolysis is no longer believed to be a congenital defect, but a fracture from infancy due to hyperextension (the fracture is generally wide and smooth).  Such a fracture can result from upright posture introduced too early such as placing an infant in a walker or swing for extended periods of time before the child has demonstrated the ability to stand up independently.  Such a finding occurred after the observation that no neonatal autopsy has demonstrated a pars defect and the high incidence in Eskimos (due to traditional carrying of infants) and gymnasts.  However, fracture of the pars can occur in adulthood (the fracture looks narrower, more oblique and jagged).    


Nerve root injury may occur due to impingement, degenerative changes or disk herniation from local instability (usually L4 disk of L5 on S1 spondylolisthesis). 


Nonspondylolytic spondylolisthesis can occur only to grade I due to limitation of movement by the facet joints (degenerative type- Vlasuk).

Differentiation of Spondylolisthesis

	Classification
	Etiology
	Onset
	Location
	Prognosis

	Dysplastic
	Congenital abnormality of L5 or S1 neural arch, affecting 25-35% of symptomatic children.  
	Childhood or adolescence
	L5-S1 facet
	Progression w/ attenuation of pedicles.  Spondylolisthesis should not exceed 25% if posterior elements are present.

	Isthmic
	1( defect of par interarticularis due to elongation, fatigue fracture or traumatic fracture.  Most common type of spondylolisthesis, believed to be secondary to congenital cartilaginous defect. Familial incidence of spondylolysis is 5-10 times higher than in the general population.
	Childhood between ages 5 and 7
	L5 on S1 (90-95% of cases), 75% of cases are bilateral
	Generally painless. Progression is most rapid at 10-15 years of age, during adolescent growth. Progression to slippage after 20 years of age is uncommon.  

	Degenerative
	Degenerative changes in the posterior facet joints cause forward displacement of the vertebra, likely 2( to spondylolysis; four times as common with sacralization of the fifth lumbar vertebrae.
	50 years of age or older; 4 female: 

1 male
	L4 on L5 
	Usually does not exceed 30% unless there is a history of previous back surgery where laminar disruption or pseudoarthrosis formation increases instability.

	Traumatic
	Acute fracture anywhere in the neural arch other than the pars interarticularis
	variable
	variable
	variable

	Pathologic fracture
	Occurs with localized or generalized bone disease in the neural arch
	variable
	variable
	Secondary to  metastatic bone disease, Paget’s disease, and spinal tuberculosis.  


In more advanced cases, nerve root irritation can result in muscle guarding in the lower back resulting in compensatory scoliosis.  If not treated, this functional scoliosis can convert into a structural scoliosis.  

Retrolisthesis: 
Signs and Symptoms:  


Usually cases of spondylolysis and spondylolisthesis in children and adults are painless.  The most common presenting symptom is low back pain.  Radiation may occur to the posterior lower extremity, usually beginning in the second or third decade of life.  


 X ray:  disrupted posterior vertebral line, pars defect (spondylolysis), narrowed disc space

Assessment:

· ROM:  Pain is worse with standing and flexing the lumbar spine.  Pain is better with sitting.  

· Postural evaluation: 

· Increased lumbar lordosis is present. The trunk may be shortened and the abdomen protuberant as a result of  extreme 


forward displacement of L4 on L5 in severe degrees of spondylolisthesis.  In these cases, cauda equina syndrome may occur.

· A transverse umbilical crease is often present on the abdomen.

· Children may sleep with hips and knees markedly flexed.

· Palpation:  

· Tenderness may be elicited near the segment that has move anterior. 

· In the  isthmic type, a “step” may be present on visualization or deep palpation of the posterior elements of the segment above 


the spondylolisthetic joint. 

· In the degenerative type, a “step” may be palpable just below the spinous process of the slipped segment.  

· The hamstrings are usually hypertonic to stabilize the pelvis preventing anterior tilt, limit forward flexion at the hips and 


decrease knee extension.

· Gait:

· “Pelvic waddle”:  Characteristic still-legged, short-strided gait.  Hips rotate forward with each step.  

· Children may run instead of walk or walk on their toes with knees flexed.  

· Orthopedic Tests

· Straight leg test: Magee reports this test will be (-) while Digiovanna reports this test will be (+) with minimal degrees of flexion.

· One–leg standing lumbar extension test:  A positive test is indicated by pain in the back.  A positive test is associated with a 


pars interarticularis stress fracture.  If the lesion is unilateral, then pain is worsened by standing on the ipsilateral leg.  If pain 
results from rotation combined with extension, then it is an indication of possible facet joint pathology on the side of rotation.

· Radiography:  Standing oblique x-ray views demonstrate a decapitated “Scottie dog.”  Bilateral oblique views allow for the diagnosis of spondylolysis.  A comparison of supine and standing radiographs will help evaluate the degree of instability of the defect.  


Grading:  degree of anterior displacement of one vertebra over another on standing lateral radiographs of the lumbar spine 




expressed as % of the AP diameter of the inferior vertebra


I:  
0-25%, 
usually normal PE



II:
25-50%, 
normal PE if early in this stage, possible limited lumbar flexion and hamstring hypertonicity; deformity may occur 






in late stage.



III:
50-75%
postural deformity apparent (see above) 



IV:
greater than 75%



Other methods of grading are used for follow-up of progression.  See Digiovanna p. 450-451.
DDx:

Muscle strain

Herniated Disc

Osteoarthritis

Spinal Stenosis

Scoliosis

Treatment and Management

Digiovanna states that the majority of symptomatic patients respond to conservative treatment without the need for surgical stabilization.  Conservative treatment includes:

1. Daily exercise including Williams flexion exercises and quarter situps.

2. Weight loss in overweight patients relieves postural stress on the defect.

3. Manipulation:  the lesion will likely not be reduced, although it can help identify other sources of referred pain that commonly accompany spondylolisthesis or spondylolysis such as the posterior facet joints, sacroiliac joints and myofascial trigger points.

Surgery is indicated for:

1. Symptomatic grade I or II spondylolisthesis unrelieved by an adequate trial of conservative therapy.

2. Progression of forward displacement.

3. Grade III or IV spondylolisthesis.

4. Postural deformity or significant gait abnormality due to hamstring spasm not relieved by treatment.

Management includes serial x-rays to assess the percentage of forward slip and wear and tear of the sacral base.  
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