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Introduction, Natural History, and Pathogenesis of
Spondylolisthesis
Spondylolysis refers to a posterior defect in the vertebral body
at the pars interarticularis [1]. Usually, this defect is due to trauma or from a chronic repetitive loading and hyperextension. If this
instability results in translation of the vertebral body, spondylolisthesis has occurred [1,2]. This process requires a fracture or deformation of the posterior spine elements creating an elongation of
the pars. This condition occurs in all ages with the underlying cause
varying based on age group. If the slip progresses to the point of
neurologic compromise, then surgical intervention may be required
to decompress and stabilize the affected segments [3]. In the absence of motor deficits, a nonoperative course of analgesia, activity
modification, and injections should be tried for several months [4].
The rates of spondylosis and spondylolisthesis vary widely by age
groups. In the pediatric population, spondylosis is present in about
5% of the population, most commonly (90%) at the L5 to S1 motion segment, although pathology at L4 is more likely to be symptomatic [1-9]. Long-term studies estimate that about 15% of those
with a defect (spondylosis) will develop a slip (spondylolisthesis)
[10,11]. In regard to adults, lumbar spondylolisthesis without a defect in the pars is noted in 5% of men, 10% women [12]. It is not
always symptomatic. This degenerative type is usually noted at the
L4 to L5 levels (versus isthmic noted at L5 to S1) [6]. Degenerative
spondylolisthesis is an acquired type of spondylolisthesis occurring
much more frequently and gradually in the adult population [6].
Cohorts with degenerative spondylolisthesis will rarely develop a
high-grade spondylolisthesis [13]. Furthermore, the chronic natural history of this disease process is such that with further degenerative changes, the vertebral segments may eventually stabilize, and
the patients can have subsequent clinical improvements [13].
Repetitive micro-traumas from hyperextension lead to elongated or absent pars interarticularis. This applies additional stress
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to the facet joints and subsequent hypermobility leading to advanced degeneration of the disc space [14]. The reduced disc and
facet stability results in translation of the vertebral body, creating
a stenotic effect on the exiting nerve roots and/or the spinal canal.
In the traumatic setting, a flexion distraction energy may cause a
localized vertebral body failure at this segment, predisposing the
patient to chronic issues if instability develops. Initial evaluation of
lower back pain is first directed by obtaining a history from the patient. This history should pertain to the timeline of pain, radiation
of pain, and inciting events. Careful attention to prior episodes of
trauma should be noted. Low-grade slips and stenotic spinal canals
may decompress and relieve pain with leaning forward or sitting. It
is important to note patient comments such as decreased pain with
pushing a grocery cart or walking upstairs as both common actions
have the spinal column in forwarding flexion [15]. It is also important in any evaluation of extremity issues to inspect circulation as
vascular claudication may mirror or mimic the neurogenic issues.
Classically patients may complain of pain radiating down both buttocks and lower extremities. An evaluation of the patient walking
is also critical to better assess the daily impact this pain or deficits is causing. All physical examinations will include evaluation of
the neurologic function of the arms, legs, bladder, and bowels. The
keys to a thorough exam are organization and patience. One should
evaluate not only strength but also sensation and reflexes. It is also
important to inspect the skin along the back and document the
presence of tenderness to compression or palpable step-off. Performing a straight leg test in a patient positioned supine may also
reveal a stenotic canal [16]. This may also cause local sites of pain
as hamstring contractures are often associated with spondylolisthesis [17]. As mentioned above, a thorough neurologic examination is required. Commonly a patient will have an L5 radiculopathy
resulting in weakness of ankle dorsiflexion and extension of the
great toe. This deficit may also diminish the Achilles tendon reflex.
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An L4 radiculopathy may present with weakness at the quadriceps
and a decreased patellar tendon reflex.
Documentation is paramount as these initial findings will likely
be used as a baseline for all future evaluations.

Evaluation of patients with low-back pain typically includes
anterior-posterior (AP) and lateral radiographs of the impacted
area. Some physicians will obtain radiographs of the entire spine.
A key component to radiographic evaluation is obtaining flexion/
extension films as this helps illustrate vertebral segment stability
[18]. Serial standing lateral radiographs obtained in the clinic will
help track any potential progression of the slip. One of the crucial
measurements to note in regard to slips is the amount of translation
between vertebral bodies. The amount of “uncovering” of one endplate from the other determines the grade. There are four grades
of spondylolisthesis: Grade 1: 0% to 25%, Grade 2: 26% to 50%,
Grade 3: 51% to 75% and Grade 4: 76% to 99% [12-19]. At 100%
displacement, patients have developed spondyloptosis [20]. Grades
1 and 2 are considered low-grade slips [21]. Grades 3 and 4 are considered high-grade spondylolisthesis [19]. An MRI is critical when
evaluating patients with suspected spondylosis and spondylolisthesis. Frequently these patients will initially trail a six-week course of
physical therapy and upon follow-up, if the symptomology is still
present an MRI can be obtained at that time [1]. The focus should be
directed to the T2 weighted sagittal and axial images as these will
illustrate any compression of neurologic elements.

Classification

various classifications have been described for spondylolisthesis. The Wiltse-Newman classification is one of the most widely
used classification systems for spondylolisthesis. This classification
system was originally based on a radiographic review of a large series of patients in which anterior translation of the vertebral body
was found to be related to a defect in the pars interarticularis [1].
Subsequent modifications and classifications have been proposed
to include the Marchetti and Bartolozzi classification system [2,3].
The Wiltse-Newman classification categorizes spondylolisthesis
into five different types: 1) dysplastic 2) isthmic 3) degenerative
4) traumatic and 5) pathologic. 2 As the name suggests, dysplastic
spondylolisthesis is a result of a failure of formation or abnormal
formation of the posterior elements resulting in subsequent instability. The incidence of this type of spondylolisthesis is reported
to be anywhere from 14-21% in the literature [1]. Isthmic spondylolisthesis resulting from a defect within the pars interarticularis is the most common type and accounts for the vast majority of
cases in children and adolescents. It has been subdivided into three
types depending on the etiology of the pars defect.

Degenerative spondylolisthesis, on the other hand, is the most
common form of spondylolisthesis seen in adults. In contrast to the
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dysplastic and isthmic varieties, degenerative spondylolisthesis is
characterized by an intact posterior neural arch. The pathogenesis is thought to be related to chronic degenerative changes within
the spine and posterior elements resulting in the incompetence of
the surrounding ligamentous structures. As a result, degenerative
spondylolisthesis occurs most commonly in individuals older than
fifty years of age and typically at the lumbar 4-5 level. It is also seen
with greater frequency in the African American population and is
disproportionately higher in females [4]. Traumatic spondylolisthesis results from a high-energy injury and is considered a fracture-dislocation involving the posterior elements. Pathologic spondylolisthesis can be divided into 1) local – resulting from the local
destruction of bone or surrounding support structures as occurs in
tumors or malignancy and 2) systemic – such as that occurs from
metabolic bone disease [3]. The Marchetti-Bartolozzi classification
is etiology-based, and aids in conveying the underlying mechanism
and pathogenesis.
Developmental spondylolisthesis can be further divided into
high dysplastic and low dysplastic types. In the high dysplastic
form, the L5-S1 segment is affected and is characterized by wedging
of the L5 segment and there is the presence of a dome-shaped, vertical sacrum.5 The low dysplastic form often presents much later
than the high dysplastic type, with individuals symptomatic in early adulthood as opposed to childhood/adolescence. There are four
types of acquired spondylolisthesis: 1) degenerative 2) traumatic
3) pathologic and 4) post-surgical. The degenerative, traumatic and
pathologic types are similar to that described in the Wiltse-Newman classification. The post-surgical type occurs when iatrogenic
destabilization occurs from aggressive resection of the posterior elements. Traumatic spondylolisthesis can occur secondary to
high-energy injury or secondary to stress or fatigue through the
pars interarticularis. A fracture that occurs through a normal pars
interarticularis is referred to as spondylolytic spondylolisthesis [5].
While both classification systems are used readily in the literature,
many studies fail to differentiate between the dysplastic and isthmic types of spondylolisthesis as it relates to both diagnosis and
treatment. It is for this reason that the Marchetti-Bartolozzi classification has recently been favored [6].

Clinical Presentation

The most common reason for children and adults with spondylolisthesis to seek medical attention is pain or radicular symptoms [7]. The individual may have a history of a previous traumatic
event, but insidious onset is also quite common upon presentation
to a medical care provider. As with most evaluations, a thorough
history and examination assists in elucidating the etiology of symptoms. Patients with spondylolysis or spondylolisthesis may have reproducible pain localized to the lower lumbar spine, which suggesting a traumatic or spondylolytic etiology. Frequently, an individual
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will have pain and difficulty with attempted hyperextension of the
lumbar spine with associated limited flexion and extension. Hamstring contracture is often associated with spondylolisthesis, and
in severe cases, can result in a crouched gait pattern [8]. In severe
spondylolisthesis or spondyloptosis, neurologic changes can occur
to include motor or sensory deficit but even in these circumstances
major neurologic complaints are rare. Tension signs may be present with straight-leg testing (SLR) and in severe cases, bowel and
bladder symptoms can occur. Although often overlooked and not
attempted, a rectal examination should be performed if concern exists about potential compression of the sacral nerve roots.

Patients with degenerative spondylolisthesis present with a variety of symptoms depending on the pathologic processes involved.
Patients can have neurogenic claudication resulting from spinal stenosis occurring secondary to listhesis, as well as hypertrophy of the
ligamentum flavum and facet degeneration. Typically, patients will
present with pain radiating down both buttocks and lower extremities with associated numbness and weakness. This may be alleviated by resting or leaning forward – this is in stark contrast to vascular claudication which is associated with pain even at rest. If pulses
are not palpable or pain continues even at rest, a vascular work-up
should be initiated to rule out underlying vascular etiology [21-33].

Treatment Spondylolysis

Frederickson et al., have shown in their study that no patients
with a unilateral pars defect went onto develop spondylolisthesis, and of those patients with a bilateral pars defect, only a small
percentage of patients went onto develop a slip [11]. Non-surgical
intervention includes modification of the activity that may have exacerbated the pain, non-steroidal anti-inflammatory medications
(NSAIDs), physical therapy, stretching, and the use of a lumbosacral
orthosis. Non-operative management has shown a great degree of
success in many studies. Debnath [34] in his series of 42 patients
with symptomatic unilateral stress injuries of the pars or spondylolysis for a minimum of 2-year follow-up. All but eight of the
patients (81%) went onto return to their previous level of activity
without further symptoms after a six-month period of activity re-

striction and bracing. It was not clear [35] whether those patients
who improved also had radiographic evidence of union. Sys et al.
subsequently followed [36] competitive athletes with either a unilateral or bilateral spondylolysis. All patients were initially treated with a period of bracing and activity restriction. All 11 patients
with unilateral pars defects went onto develop osseous union as
determined by subsequent CT scan. Only five out of nine patients
with bilateral defects went onto develop osseous union, but seven
of nine patients reported a good to excellent final outcome. In a recent meta-analysis of patients with either spondylolysis or grade I
spondylolisthesis, 83.9% treated non-operatively had a successful
clinical outcome after at least one year [36].
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In the same meta-analysis, no significant difference was found
when comparing patients treated with or without bracing, implying that bracing may not be necessary for a favorable outcome [36].
Furthermore, lumbosacral orthoses and corsets (Figure 1), have
not been shown to be effective below the L4-L5 level [35-37] .The
authors suggest that it may be the activity restriction and not bracing that may be the more important role in the overall outcome.
There has also been evidence to suggest that the acuity of the fracture may affect overall union but that union is not necessary to have
relief in symptoms [38]. In patients who continue to have pain, and
in those who have not demonstrated improvement despite a course
of extended non-operative treatment, surgical intervention may be
indicated. A direct surgical repair of the pars interarticularis is an
option to address the defect. The ideal candidate is a child or adolescent with a spondylolytic defect cephalad to L5 with an intact
intervertebral disc, absence of radicular symptoms and minimal listhesis; or in a patient with multiple spondylolytic defects at several
levels [39]. A direct repair of the pars offers the advantage of avoiding a fusion thereby preserving motion segments – especially in an
individual with multi-level involvement (Figure 2). Several techniques for direct repair have been described. The Buck technique
involves the use of screw fixation directly across the pars defect
with concomitant bone grafting. In his original series, Buck used
this technique on 16 patients with only one patient having persistent symptoms ultimately requiring a posterior spinal fusion. One
patient required a screw exchange for symptoms resulting from an
excessively long screw and one ultimately required screw removal
and laminectomy for radicular symptoms. All patients except for
the one requiring spinal fusion achieved complete osseous union
of their original defect. Debnath [35] reported on a small series of
patients (eight) treated using Buck’s technique with seven of eight
patients having improvement in their symptoms and return to athletic activity by one year (Figure 3). The one remaining patient ultimately went on to receive a posterior spinal fusion [39,40]. Similar
results were reported by Bradford using a segmental wire fixation
technique [41]. Several other techniques have been described with
variable results in the literature to include the hook screw [41-44].
More recently, Kakiuchi [45] reported his results using a pedicle
screw-laminar hook construct.

Figure 1: Lumbosacral Support as treatment of
spondylolisthesis.
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decreased blood loss and other morbidities associated with an anterior approach.

Figure 2: Direct repair of lytic defect in spondylolisthesis.

Figure 3: Buck’s repair of lytic defect.

Low-Grade Spondylolisthesis
Patients with low-grade spondylolisthesis should also be subjected to a course of non-operative management given the relatively
benign natural history of the disease process as discussed previously. In those patients with persistent pain, radicular symptoms or
those demonstrating progression of their spondylolisthesis, operative intervention is a viable option. Much of the literature regarding
the optimal surgical procedure, surgical approach as well as the
role for decompression and instrumentation remains controversial.
In situ posterolateral fusion has been well-described in the literature with generally favorable clinical outcomes. In a series of 129
adult patients in a randomized study comparing patients undergoing posterolateral fusion for grade I and II spondylolisthesis with
and without instrumentation for a minimum of 5-year follow-up. At
one year follow-up, both groups achieved radiographic evidence of
fusion (77% for the instrumented and 86% for the non-instrumented group). In another prospective, randomized study by Moller
[44,45], [46-77] adult patients with grade I or II spondylolisthesis
underwent posterolateral fusion with or without instrumentation.
Radiographic fusion was achieved in 65% and 78% respectively
with both groups having significant improvement in their post-operative pain scores. Similar fusion rates are reported in the majority
of the literature irrespective of whether instrumentation was used
or not [47-49]. The theoretical advantages of in situ posterolateral fusion alone include achieving posterior stability at the site of
instability (at the pars interarticularis) with the added benefit of
performing a decompression, if necessary, and the ability to place
instrumentation. Also, when compared to anterior approaches or
circumferential fusion, there is decreased intra-operative time with

There still exists some controversy regarding the need for posterior decompression for patients who have radicular symptoms.
While it would intuitively seem that nerve root decompression
would serve to improve the overall clinical outcome in patients
with radiculopathy, there is literature to suggest otherwise [50].
In a prospective randomized study, Carragee [51] followed 42 patients who had failed non-operative treatment with grade I or II
spondylolisthesis. They were randomized to receive in situ posterolateral fusion with or without decompression. Twenty-two percent of patients who had undergone a posterior decompression
developed a pseudoarthrosis. Interestingly, all 24 patients who had
fusion without decompression went on to achieve radiographic union. One-third of the patients treated with decompression reported an unsatisfactory result in terms of overall pain and functional
scores, whereas only one of the 24 patients treated without decompression had an unsatisfactory result. The results from this study
suggest that added decompression in the setting of posterolateral
fusion for low-grade spondylolisthesis may actually increase the
rate of pseudoarthrosis and worsen clinical outcome. This may be
due to the fact that decompression further de-stabilizes the posterior elements – these results occurred even in the patients who had
received decompression supplemented by instrumentation. Similar results were reported by Garreau de Loubresse [52], reporting
a 30% pseudoarthrosis rate in his series of patient who received
decompression compared to 8% who had received posterolateral
fusion alone.

Similarly, much controversy exists regarding the need for instrumentation in the setting of in situ posterolateral fusion. The
theoretical benefits of adding instrumentation to the fusion construct include added rigidity and stability thereby enhancing fusion
rates and clinical outcomes. Both Moller [46] and Christensen [46]
reported a lower radiographic union rate in those patients who
had fusion with instrumentation whereas others were unable to
demonstrate any clear benefit [47-51]. On the contrary, Carragee
[51] reported only one out of 20 patients developed a pseudoarthrosis when managed with supplementary instrumentation as
opposed to three out of 22 when managed without. Furthermore,
this suggested that instrumentation may play a role in enhancing
fusion rates as the patients who did not receive instrumentation
were exclusively patients who were found to be non-smokers. All
smoking patients had been selected to receive instrumentation. In
further support of instrumentation, Zdeblick [50-53] conducted a
prospective, randomized trial where patients received either no
instrumentation, semi-rigid instrumentation, or rigid instrumentation with pedicle screws (Figure4), The respective rates of fusion
were 81%, 89% and 100%. Similar to Carragee’s study, fusion rates
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were enhanced in the sub-population of smokers. Smoking patients
without instrumentation had a fusion rate of 53% compared to
87% of those who had rigid instrumentation. Despite the variation
in reported clinical and radiographic outcomes after instrumentation, given the relatively recent literature supporting its use in
enhancing fusion, the clear benefit in the subset of patients who
smoke, as well as its added benefit in those undergoing a decompression, rigid pedicle screw instrumentation is recommended in
conjunction with in situ posterolateral fusion.
Anterior lumbar interbody fusion (ALIF) (Figure 5), has also
been reported as an option for the surgical management of lowgrade spondylolisthesis. The ALIF allows for the placement of an
interbody graft which can help restore disc height, kyphosis and allows for indirect decompression of the nerve roots. Any bone graft
placed from an anterior approach allows for compression of the
graft which is biomechanically favorable. However, potential risks
with this approach include injury to the nerve plexus resulting in
retrograde ejaculation as well as the obvious neurovascular injury
from a transperitoneal approach. Furthermore, in those patients
with clear signs of radiculopathy, a direct decompression cannot be
performed as this requires a posterior approach for direct access
and visualization. Most of the literature regarding ALIF has been in
conjunction with a posterior fusion to achieve circumferential fusion. In a retrospective review, Ishihara [54] followed 23 patients
who underwent ALIF for low-grade spondylolisthesis. The overall
fusion rate was 83% with satisfactory low-back pain scores. These
low-back pain scores were found to worsen after the 5-year follow-up. In addition, a significant amount of adjacent segment degeneration was noted both radiographically and on MRI; however,
there was no comparison to pre-operative imaging to see if these
changes had been pre-existing. Cheng [55], has reported in his series 15 of 20 patients (75%) had radiographic evidence of fusion
with a minimum of 10-year follow-up with 95% of patients reporting satisfactory to excellent outcomes. One patient required subsequent posterior spinal fusion; however, it was unclear whether the
remaining four patients who had failed to achieve union went onto
revision surgery.

Surprisingly, there have also been very few direct comparison
studies of anterior versus posterior surgery for low-grade spondylolisthesis. As far as we are aware, there only exists one study
comparing ALIF with posterolateral fusion and instrumentation.
Kim [56] compared 40 patients who received either ALIF (20 patients) or posterolateral fusion with instrumentation (20 patients)
with all patients having either a Meyerding grade I or II spondylolisthesis. He noted no statistically significant difference between
fusion rates or clinical outcomes in either group with both treatment groups responding favorably. The fusion rates were noted
to be 90% in the ALIF group and 95% in the posterolateral fusion
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group. Similarly, 85% of patients in the ALIF group noted satisfactory results with 90% satisfactory results in the posterolateral
fusion group. The results of this study suggest similar clinical and
radiographic results regardless of surgical approach; however, this
would be better elucidated in a randomized, prospective study. The
idea of performing a reduction in high-grade spondylolisthesis remains controversial; however, there is evidence to suggest it may
not be necessary in low-grade spondylolisthesis. Patients with lowgrade spondylolisthesis obviously have a lower degree of deformity
with less translation and less kyphosis. Furthermore, as already
discussed, the natural history of this disease is relatively benign.
Naderi [57] reported 30 patients with low-grade spondylolisthesis
who all underwent posterolateral fusion with instrumentation. He
purposely did not attempt reduction intra-operatively and evaluated the degree of reduction post-operatively. Ninety-three percent
of patients had evidence of partial reduction and the degree of reduction averaged 20% when compared to pre-operative imaging.
Interestingly, they also noted that in patients with spondylolisthesis
occurring at L4-L5 and those with a more sagittal orientation of the
facet joints to have a greater degree of reduction. It is also noteworthy that 29 of their 30 patients had a grade I spondylolisthesis.

Circumferential fusion encompasses the benefits provided by
both anterior and posterior approaches [55-57]. This can be accomplished by either an ALIF with posterolateral fusion, transforaminal
lumbar interbody fusion (TLIF), or with posterior lumbar interbody
fusion. There have been significantly higher rates of radiographic
union reported in the literature with circumferential fusion. Lauber [58] conducted a prospective study on 39 patients with low
grade spondylolisthesis who received TLIF. 19 of the patients had
degenerative spondylolisthesis. The overall fusion rate was 94.8%
(a separate fusion rate was not given for the non-degenerative
spondylolisthesis group) and the mean Oswestry Disability Index
scores decreased by 10 points. In a separate study by Rosenberg
[59], 22 patients with low-grade spondylolisthesis underwent TLIF.
Clinical results were reported with resolution of radiculopathy in
all patients who had radicular pain with 16 patients reporting complete resolution of their back pain. The only complications include
one patient with a dural tear, one with mild neurologic weakness
which had completely resolved, and two superficial wound complications. Radiographic fusion was not reported in this study. Other
studies have reported on the safety and high fusion rates with TLIF;
however, these have been in conjunction with patients with other
pathology and not isolated to spondylolisthesis (i.e. degenerative
disc disease, disc herniation). Transforaminal lumbar interbody fusion (TLIF) is a relatively recent technique and there is very little
literature directly comparing it to other techniques such as posterolateral fusion [58]. It has been compared to PLIF retrospectively
with lower complication rates, but not in patients exclusively with
spondylolisthesis [59,60].
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Posterior lumbar interbody fusion (PLIF), (Figure 6) has been
compared to posterolateral fusion retrospectively in a few series.
In a study by Madan [61], 21 patients received posterolateral fusion in situ with instrumentation and 23 patients received PLIF.
The patients who underwent PLIF had higher fusion rates (no
pseudoarthrosis) but the patients who had received posterolateral
fusion had better subjective outcome scores. In another study by
La Rosa [62], 18 patients had undergone posterolateral fusion with
17 patients receiving PLIF. At 2-year follow-up, the PLIF group had
no evidence of pseudoarthrosis with better maintenance of correction. Clinical outcome measures for both groups were not found to
be significantly different [60,61]. In a recent review by Kwon [63],
a meta-analysis was performed combining the clinical and radiographic results of multiple studies. They reported fusion rates of
98.2%, 83.3%, and 75.3% for patients who received circumferential, posterior, and anterior procedures respectively. With respect to
clinical outcomes, 86.4%, 79.3%, and 74.8% reported a successful
outcome with circumferential, anterior, and posterior procedures
respectively. In a recent prospective, controlled study by Swan [64],
each group of 50 patients was treated with either posterior spinal
fusion with instrumentation versus circumferential fusion with
anterior and posterior fusion. One pseudoarthrosis was noted in
the circumferential fusion group compared to three in the posterior-only group. Clinical outcomes were also superior in the group
with a combined procedure. Interestingly, radiographic reduction
in the slip angle was only maintained in the group with the group
with circumferential fusion. Consistent with the retrospective review by Kwon, this study suggests superior results with circumferential fusion.

Figure 4: Pedicle screw fixation in spondylolisthesis.

Figure 5: ALIF Technique as method of treatment of
spondylolisthesis.
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Figure 6: PLIF Technique as method of treatment of
spondylolisthesis in addition to pedicle screws.

High-Grade Spondylolisthesis
Compared with low-grade spondylolisthesis, more patients
undergo operative intervention. This is consistent with the known
natural history and is to be expected given the fact that the greatest
risk factors for progression include the original degree of translation on presentation as well as age. Higher degrees of dysplasia and

translation correlate with increasing symptomatology to include
pain and radiculopathy. Harris reported on a small series of patients treated non-operatively without serious neurologic complications and mild pain [9]. As with low-grade spondylolisthesis, the
decision for operative management is likely to be individualized;
however, in young, pre-pubescent patients with high-grade slip
and evidence of dysplasia, surgical intervention is recommended to
manage the increasing likelihood for progression. In situ posterior
spinal fusion without instrumentation has been well-described in
the literature for the management of high-grade spondylolisthesis.
Johnson [65] followed 17 patients who had undergone in situ arthrodesis with an average follow-up of 14 years. No patients developed a pseudoarthrosis and 16 of 17 patients reported excellent results long-term up to 20 years after the procedure. In the previously
cited by Harris9, he also managed a cohort of 21 patients treated
with in situ posterolateral fusion. Only one patient had evidence of
a pseudoarthrosis, three patients had evidence of bending of the
fusion mass, and 95% of patients reported mild or absence of pain
symptoms. Similar results of pseudoarthrosis and clinical outcome
are reported throughout the literature [64-67].
The concerns with posterolateral fusion without instrumentation and decompression are similar to the literature reported for
those patients with low-grade spondylolisthesis. There is a higher
reported rate of pseudoarthrosis as well as lower rates of successful clinical outcome as compared to ALIF alone or circumferential
fusion. Higher rates of slip progression have also been reported for
uninstrumented fusion. In a study by Molinari [68] ,37 patients with
high-grade spondylolisthesis were evaluated after receiving one of
three different surgical options. One subset underwent in situ posterolateral fusion without instrumentation; the second group underwent instrumented posterolateral fusion, and the third set under-
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went reduction, decompression and circumferential fusion. Almost
50% of the patients in the uninstrumented group had a pseudoarthrosis, 2 patients (28%) had pseudoarthrosis in the instrumented
group while all patients in the combined procedure had evidence of
fusion. Similar to the literature on low-grade spondylolisthesis, several studies demonstrate increased rates of arthrodesis as well as
improved clinical outcomes with circumferential fusion. Muschik68
directly compared the results of patients undergoing either uninstrumented anterior in situ fusion (29 patients) or anterior fusion
with posterior instrumented fusion (30 patients). The group that
had undergone circumferential fusion was superior to the anterior
fusion group in all parameters to include rate of pseudoarthrosis
(7% versus 24%), lumbosacral kyphosis, measurable degree of
translation, as well time to fusion. There was no significant difference in overall clinical outcome [69]. In another study by Lamberg
[70], anterior, circumferential, and posterolateral uninstrumented
fusion was compared over an average of 17 years in 83 patients.
The circumferential and anterior fusion groups demonstrated the
highest rate of fusion (96% and 100% respectively) whereas the
posterolateral fusion population had a rate of 86%. The circumferential group also had the lowest Oswestry Index scores. In a very
recent study, Goyal70 reported the first series of patients with highgrade spondylolisthesis to be treated with reduction and TLIF. He
had a small series of 13 patients in whom all but one had developed
radiographic union. All but one patient reported good to excellent
subjective outcome scores. They also averaged a 75% correction of
their pre-operative spondylolisthesis.

managed with circumferential fusion with reduction and instrumentation posteriorly while the second cohort was managed with
circumferential fusion without instrumentation [69-72]. They had
no pseudoarthrosis in either cohort but reported improved clinical
outcomes in the group that had received fusion in situ. Again, this
scenario is difficult to interpret as the second cohort was not managed with instrumentation; however, one could argue that added
instrumentation in this cohort would only serve to improve both
radiographic and clinical outcomes (given the trend in favor of instrumentation in the literature).

not well controlled. In the previously cited study by Muschik [69],
patients who did and did not receive a reduction were compared
(reduction group had pseudoarthrosis rate of 7% versus 24%);
however, this comparison may be skewed due to the fact that the
second cohort also received additional posterior instrumentation
which in and of itself may have altered the fusion rates and clinical outcome. Molinari’s [68] study (reduction group had no pseudoarthrosis compared to 7 of 37 total patients without reduction)
also compared patients with and without reduction, but again the
overall results may be altered as patients were not standardized to
receive instrumentation and one specific type of fusion technique.
In a more recent study from Finland, a cohort of 11 patients was

his recent review of his series of 30 patients, he reported a total
of 23 patients with immediate post-operative L5 neuropraxia. At
most recent follow-up, he reports that all but 2 have had total motor recovery with some lingering sensory deficits. An independent
review was conducted on a series of his first 16 patients [74], and
all reported very positive subjective outcomes.

Perhaps the most controversial area in the management of
high-grade spondylolisthesis involves the question of whether reduction is necessary. Proponents of reduction note that reduction
results in increased likelihood of fusion, improved biomechanical
positioning for graft placement, preservation of motion segments,
as well as improvement in lumbosacral kyphosis. One of the biggest
concerns in performing a reduction is the resulting neurologic injury. Much of the literature is difficult to critically evaluate regarding
this issue as many of the studies performed are retrospective and
often times, the control groups have additional variables that are

Several authors recommend partial reduction of the spondylolytic segment due to concern for potential injury to the L5 nerve
root. In a novel study by Petraco [73], a cadaveric study was performed to evaluate the path of the L5 nerve root with attempted reduction of a high-grade spondylolisthesis. He found that the strain
on the L5 nerve root was essentially non-linear. The total strain on
the L5 nerve root with complete reduction of a 100% slip resulted in a strain of 14%. When the first 50% of the slipped segment
was reduced, it resulted in a strain of 4%. The second half of the
reduction resulted in a 10% strain; therefore, 71% of the strain
occurred during the second half of reduction. Furthermore, reduction of the last 12.5% of slip was 6-7 times higher in strain than
reduction of the first 12.5% of slip. This study suggests that partial
reduction may be beneficial in restoring disc height and other lumbosacral parameters while minimizing injury to the L5 nerve root.
Furthermore, this also implies that reduction should probably be
avoided in patients with low-grade spondylolisthesis. In patients
with 100% translation, or spondyloptosis, surgical intervention is
often required as patients tend to have neurologic deficit as well as
poor sagittal balance as a result of extreme lumbosacral kyphosis.
Traditional reduction maneuvers can be difficult from a posterior
only approach as the vertebral segment tends to be in significant
kyphosis and sitting beneath S1. Gaines [74] has published his series as well as technique for management of patients with spondyloptosis. It involves a staged procedure where a vertebrectomy
of L5 is performed through an anterior approach and the patient
is subsequently returned for and L4-S1 posterior spinal fusion . In

Degenerative Spondylolisthesis

As in other types of spondylolisthesis, a prolonged course of
non-operative treatment should be considered. Patients with degenerative spondylolisthesis very rarely develop high-grade spondylolisthesis. The natural history of the disease process is such that
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with further degenerative changes, the affected vertebral segment
will stabilize and patients can have subsequent clinical improvement. Non-operative management can include the use of selective
nerve root injections as well as epidural injections. Operative management can be considered in those patients who do not improve
despite a prolonged non-operative course or in those patients who
continue to deteriorate neurologically or have evidence of bowel/
bladder involvement [75]. Not surprisingly, the treatment options
for patients with degenerative spondylolisthesis are also very controversial. Much of the decision making process needs to be guided
by symptomatology as well as pre-operative imaging. Patients can
have several locations of stenosis or degenerative change that may
be responsible for their neurologic or pain symptoms. Controversies exist regarding the need for arthrodesis as well as the need for
instrumentation.

Several authors have provided good results treating patients
with isolated decompression with fusion. In a large retrospective
review of 290 patients by Epstein [76], 82% of patients reported
a good to excellent result in those treated with isolated decompression. However, of the patients that were selected, none had
evidence of instability on flexion/extension radiographs pre-operatively. Only 2% of patients required a repeat surgery for instability
or recurrence of symptoms. In a prospective study, Kleeman [77]
reported favorable outcomes using a modified technique of decompression where complete excision of the ligamentum flavum was
undertaken through a modified laminotomy. Of the 51 patients,
only 15 had true degenerative spondylolisthesis. Eighty-percent
of patients reported a good to excellent outcome and only 13% of
patients had progression of their slip (the remaining 87% had no
change). Arthrodesis should be considered in patients who have
pre-operative evidence of instability on dynamic radiographs. Other authors have reported much less favorable results and advocate
concomitant fusion with decompression. In a large meta-analysis
by Mardjetko [78] of 216 patients, patients who received four different procedures were evaluated – those who received isolated
decompression, decompression with uninstrumented fusion, decompression with fusion and instrumentation (not pedicle screws),
and decompression and fusion with pedicle screw instrumentation.
He found a significant difference with 90% of patients undergoing
fusion reporting satisfactory clinical outcomes compared to 69%
without fusion. In another frequently cited study, Herkowitz [79]
prospectively evaluated 50 patients with degenerative spondylolisthesis treated with decompression with or without posterolateral
fusion. Twenty-four of 25 patients in the fusion group reported
good to excellent clinical results even with nine pseudoarthroses.
Only 28% of the patients who had undergone fusion had increased
post-operative slip, whereas 96% of the patient with isolated decompression had increased translation.
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Similarly, much controversy exists regarding the need for instrumentation concomitantly with arthrodesis. While the literature
has demonstrated in the cases of non-degenerative spondylolisthesis that increased fusion tends to correlate with improved clinical
outcome (hence the argument for instrumentation as it has been
shown to enhance fusion rates), there has been conflicting data
with respective to degenerative spondylolisthesis. In an important
prospective, randomized study by Fischgrund [80], 67 patients
were randomized to receive decompressive laminectomy and arthrodesis with or without instrumentation. He reported a fusion
rate of 82% in the instrumented group compared to 45%; however,
there was no significant difference found in the overall outcome.
Therefore, while the fusion rate was significantly improved with
instrumentation, the authors concluded that instrumentation may
be unnecessary as it does not improve the overall clinical outcome.
Conversely, Kornblum [81] followed 47 patients prospectively
(originally from the Herkowitz and Fischgrund’s studies followed
to long-term) who all received decompression with uninstrumented fusion to determine the overall fusion rate and their associated
clinical outcomes. 86% of patients who achieved radiographic evidence of fusion had a good to excellent clinical outcome compared
to 56% of the patients with a pseudoarthrosis. Contrary to the previous study, Kornblum demonstrated that the final clinical outcome
is correlated with the presence of a successful fusion. Furthermore,
in a recent meta-analysis , a clear benefit was demonstrated with
concomitant fusion as opposed to isolated decompression; however, they could not conclude that instrumentation resulted in an
improvement in clinical outcome (despite the fact that instrumentation clearly demonstrated an increase in successful fusion).

ALIF and circumferential fusion have been very sparely reported in the literature. A few authors [82-84] have reported satisfactory results in their small retrospective series of patients with
ALIF; however, they all concede that it may have a limited role in
advanced stages of disease or in older patients given the extensive
involvement of disease posteriorly that would only be addressed indirectly through an anterior approach. Similarly, very little has been
published on PLIF and TLIF. Previously cited, Lauber [58] evaluated
a small series of 39 patients who had undergone TLIF for isthmic
and degenerative spondylolisthesis (19 patients). He reported a total fusion rate of 94.8% but no individual fusion rate was given for
the patient with degenerative spondylolisthesis. Interestingly, patients in the degenerative group continued to have improvement in
their clinical outcome scores throughout the 2-year follow-up. Given the paucity of literature on interbody fusion, further literature
to include randomized, clinical trials will be necessary to elucidate
the role of circumferential fusion in this population. As is evidenced
by the many studies that were evaluated, there is still quite a bit of
controversy regarding the optimal treatment for spondylolisthesis.
We attempted to evaluate many of the studies that are common-
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ly presented in the literature and critically evaluate them. Further
prospective, randomized studies are needed to best ascertain the
optimal approach in terms of fusion and patient outcomes.
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