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Introduction

Spondylolisthesis (Spondylos=vertebrae; Listhesis= slippage)
is forward slippage of one vertebra on another and may be the
result of a spondylolysis. The classification by Marchetti and
Bartolozzi"! examines the two broad aetiological groups, namely
developmental and acquired (Table 1). This classification has
relevance to the natural history, risk of progression and
implications of treatment of spondylolisthesis. The Meyerding’s
classification’! is used to describe the severity of spondylolisthesis
by means of the lateral radiograph to assess the relative anterior
translation of the cephalad vertebral body over its distal
counterpart.

Spondylolisthesis is easily recognized yet confusion persists over
its natural history and preferred treatment. A better
understanding of the natural history and the disease pathogenesis
is required to allow an evidence based approach to the management
of spondylolisthesis.

Natural history, pathology and imaging

The incidence of spondylolysis is 5-6 % in the general population,
however the increased prevalence (up-to 12%) noted in adolescents
with Scheurman’s disease, weight lifters, athletes such as football
lineman and gymnasts, signifies that mechanical factors may be
important in the aetiology of this condition.” Several studies
suggest a congenital predisposition to spondylolysis, with
prevalence’s of 27 to 69% among family members of the affected
individuals." Spondylolisthesis is associated with an increased
incidence of sacral spina bifida (28% to 42%) and congenital
deficiency of the sacrum and superior sacral facets.” Tt is thought
that, in a dysplastic spine, repetitive or acute traumatie stress on
the pars inter-articularis leads to structural failure.'® The pars
defect is thought to be primarily acquired and is seen very rarely
in the newborn. The most commonly affected vertebrae are 1.4
and L5, which are the keystones of the lumbo-sacral spine,
providing stability by supporting physiological loads and
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preventing unnecessary motion.

The long-term follow-up studies have shown that the natural
history of this condition is typically benign.*™ Progression,
neurological deficit and low back pain can occur associated in one
study with the Meyerding grade, low sacral index and dise
degeneration.!®!

With regards to progression, in patients with isthmic
spondylolisthesis the incidence of a spondylolysis may be as high
as 70%.19 The risk of progression from spondylolysis to
spondylolisthesis is reported to be small 4% -5%.* The risk factors
that increase the likelihood of further slippage are younger age,
female sex, presence of spina bifida, wedging of the vertebrae,
rounding of the anterior sacral dome and hyperlordosis.'”!

Spondylolisthesis can be visualized using standard lateral films
and forms the basis for Meyerding’s Classification. (Figure 1)
Oblique radiographs are best for detecting spondylolysis. The
Scottie dog sign of Lachapelle is seen on the oblique view as defect
in the collar around the dog’s neck. CT scan and SPECT scans
improve detection rate of spondylolysis. MRI scan is used
preoperatively to assess neurological compression and surrounding
soft tissue and bony anatomy:.

Table 1: Marchetti and Bartolozzi classfication for spondy—
lolisthesis

Acquired
Traumatic

Developmental
High Dysplastic
With Lysis
With Elongation
Low Dysplastic
With Lysis
With Elongation

Acute Fracture

Stress Fracture
Post Surgical

Direct

Indirect
Pathologic

Local

Systemic
Degenerative

Primary

Secondary
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Figure 1: Spondylolysis with Meyerding Grade | spondylolisthesis

Presentation and clinical evaluation

Children and adolescents usually being asymptomatic but
experience an inerease in pain during the pubertal growth period.!
This also occurs in adults with low back pain and sciatica. In the
older adult population, stenosis is more of a feature with pain due
to degenerative changes more prevalent. In children, postural
and gait abnormities due to tight hamstrings are more common.'!

Management

Management decisions for adults with low-grade acquired
spondylolytic spondylolisthesis need to take into acecount the
natural history of the deformity, the severity and duration of
symptoms, and patient’s co morbidities.

The progression of spondylolisthesis depends heavily on
aetiology and age at presentation.

Surgical management depends on symptoms, grade and
aetiology, with decision to operate determined mainly by the
symptoms and which operation to perform, decided by the later
two factors.

We propose that the surgical management could be considered
in three broad groups stratified according to age at presentation.
(Group, I to IIT) and further divided into two subgroups using
suffix A (low grade 0, I, IT) and B (High Grade:- IT, IT and V).

Group I-A: Children and adolescent with low grade
spondylolisthesis

The asymptomatic child diagnosed incidentally with a
spondylolysis or low grade spondylolisthesis requires no specific
treatment but should be followed up. Symptomatic children with
low back pain should be investigated to establish the diagnosis
and exclude other causes of back pain. Non-surgical management
primarily consists of activity modification, bracing, physical
therapy and intervention in the form of medications or injections.
Wiltse and Jackson'® proposed that activities need not be restricted
ifa slip is less than 25 percent but if slip is >25% than contact
sports and activities risking back to be avoided.

Steiner and Michelli™ assessed bony healing and clinical

outeomes in 67 patients with spondylolysis or low grade
spondylolisthesis who were treated with a Boston Brace. 12/67
patients showed evidence of bone healing at four months and
78% were reported to have good results.

Surgical treatment may be considered in spondylosis and grade
I slips in those patients who fail to respond to prolonged
conservative management (Figures 1-3). Indications include
progressive slip, intractable back and leg pain and neurological
deterioration.

The role of direct repair is controversial. Where the pars defect
is ecombined with minimal slip, it is an attractive alternative, as
popularized by Buck!"™! and then by Bradford and Iza.'™!
However, this is suitable only in a selected group where no instability
ornerve compression is present. Dai et al" demonstrated union
rate of 94% of pars defect and a satisfactory clinical result in
patients with lumbar isthmic spondylolisthesis and mild
spondylolisthesis in 46 patients. These authors found that use of
MRI was of great assistance in developing the protocol choice of
whether to include facet joint fusion.

In a prospective randomized study Moller and Hedlund™®!
compared the outcome after postero-lateral fusion in patients with
adult isthmic spondylolisthesis or managed with an exercise
program. The functional outcome, as assessed by the Disability
Rating Index and the amount of pain reduction, was better in the
surgically treated group than in the exereise group at both the one
and two-year follow- up assessments.

Group I- B: Children and adolescent with high grade
slips

Surgical treatment is indicated for slips greater than 50% in
both symptomatic or asymptomatic patients. Neurological
symptoms despite non-operative management, progression and
mechanical deterioration generally require some sort of operative
intervention.

The standard surgical treatment in this age is group is bilateral
inter-transverse process fusion in situ (Figures 2a and b). In
slippages of less than 50% this involves a single level fusion from
15-S1, with the fusion extending to 1.4 with more severe slippages.
This approach has shown medium to good results with follow up
to 14 years."™" Isolated decompression without fusion is
contraindicated in children. Wiltse and Rothman'®! suggested
that decompression is rarely required in children, stating that
neurologic deficits improve after fusion.

There is not enough in the literature to recommend the routine
use of instrumentation for children as the results of isolated fusion
are good and fusion is achieved relatively quickly in short time.
There are some reports however of the use of transpedicular
fixation to improve reduction and stabilize the spine hence avoiding
postoperative splintage.

Group II-A: Adults with low grade spondylolisthesis

If non-operative treatment fails the mainstay of surgical
treatment for adult patients with low-grade acquired spondylolytic
spondylolisthesis is fusion, with or without decompression. Direct
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pars repair in adult patients or decompression alone (i.e. using
Gill’s procedure) are operations that are not typically recommended
in adults./!

The fusion techniques available for this deformity can be divided
into those which achieve posterior column stability (i.e,
posterolateral intertransverse fusion [ PLEF]) or those that achieve
anterior column stability (i.e., anterior lumbar interbody fusion
[ALIF']) or when both columns are stabilized.

Group II-B: Adults with high grade spondylolisthesis”

The ideal treatment for symptomatic Meyerding Grade ITI-IV
spondylolisthesis remains controversial, with a variety of
technicques being described./?#!

The radiographic appearance in these patients may be alarming.
However it is worth noting that some adults with high grade
spondylolisthesis have little or no pain. Other patients who present
with low back pain should be evaluated carefully to exclude a dise

Figure 2A: Group | patient treated with in-situ fusion
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Figure 2B: Group | patient treated with in-situ fusion

prolapse more proximally. Physiotherapy should be provided,
but it is prudent to identify adults who have high amount of bony
dysplasia. It is unusual for an acquired type of spondylolisthesis
to progress to a high grade slip. In view of this and the definite
risk of complications especially if any sort of reduction is attempted,
very careful consideration needs to be made regarding the aim of
any intervention and a risk benefit analysis performed for each
individual patient.

Iflow back pain is present and thought to be due to instability,
there is obviously a wide variety of procedures that can be
performed. The main stay of operative intervention however has
been fusion in-situ with or without instrumentation. Posterior in
sttu arthrodesis without laminectomy has shown to produce good
pain relief with no pseudo-arthroses.*' However, despite the
clinical suecesses, pseudarthrosis rates have been reported up to
40%.%1 In addition, due to the severe stresses imposed, solid
fusion masses without instrumentation (Figure 3) can bend
allowing the spondylolisthesis to progress. To improve the fusion
rates, most proponents of in sifu arthrodesis now advise the
addition of instrumentation with fixation recommended from 1.4
to S1, including 15 pedicle serews if possible. This is now the
procedure of choice for high-grade spondylolisthesis in the adult,
particularly for revision cases with failed arthrodesis.

In terms of overall spinal mechanics, the end result of adults
with a high-grade spondylolisthesis, who have remained minimally
symptomatic during their adolescent and young adult growth
periods, is often a sagitally balanced deformity. Leading to the
conclusion that symptoms must drive treatment rather than

-adiographic appearance.

Attempts at reduction are controversial as is clear that
complications can be severe and extensive discussion with the
patient needs oceur before surgery is planned. With regards to

Figure 3: Group Il B patient treated with in situ pedicle screw fixation
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decision making and risk assessment, it is very important to
establish the nature (developmental or acquired) of the slip. Many
high grade slips are iatrogenic after a destabilizing procedure of
the underlying soft tissues including the dise, ligaments and facet
joints and are akin to post-traumatic kyphosis. Reduction of such
slips are less hazardous than developmental types of slips.
Developmental slips are never aligned normally, thus all tissue
including neurologic tissue must stretch after reduction. Infact
this is similar to the lengthening of congenitally shortened leg
versus a traumatically shortened leg./**!

Reduction manoeuvers may be considered when there is evidence
of segmental instability or when significant sagittal imbalance is
present. Reduction typically needs only to be partial to allow a
reversal of the lumbosacral kyphosis. It has been recognized that
partial reduction of the slip angle and not the percentage of
translation is more important in restoring sagittal balance.

Bradford and Boachie-Adjei®! reported a series of 19 patients
including 6 adults who underwent partial reduction after postero-
lateral arthrodesis. Following posterior laminectomy, the patients
underwent halo-skeletal traction and a staged anterior interbody
arthrodesis. Neurological injury occurred in 3 of the patients,
including a cauda equine syndrome. Reduction of the high-grade
spondylolisthesis improved the sagittal profile of 17 of the 19
patients. The authors concluded that reduction had several
advantages namely improved biomechanical orientation to facilitate
arthrodesis, neurological decompression, correction of the
lumbosacral kyphosis, and restoration of sagittal alignment. They
also felt that the patient’s abnormal posture and gait were a major
disability and that correction of the deformity via partial reduction
was essential.

There have been a variety of different methods of fusion with or
without instrumentation noted in the literature. These are:
Instrumented posterolateral fusion,? 2% anterior lumbar
interbody fusion (ALIF),*" transforaminal interbody fusion
(TLIF),”® Instrumented PLIF Tt seems clear that in terms
of clinical outeomes there is no evidence that any technique is
superior. In addition, the length of follow up is variable, making
comparisons difficult. It is however important to note that
posterior fusions with or without pedicle serew fixation are prone
to loss of reduction. This is not the case with anterior fusion.*”
Ishihara achieved low pain scores and 83% union with 13.3 years
follow up, although, adjacent dise degeneration may become a
significant variable long term. It will be important to determine
the importance of each of these various factors if any rational
approach to the different techniques can be determined in the
future.

In general, therefore techniques that achieve posterior column
stability are the most straightforward and historically the most
popular means of performing fusion.*** Posterior surgical
techniques allow for direct decompression of the neural elements,
deformity correction if desired, and the achievement of stability
with pedicle serew instrumentation. The posterior exposure and
obligatory stripping of paraspinal musculature, has been
postulated as contributing to ongoing low back pain and has been

described as “fusion disease.” In addition, as stated previously,
the PLF does not biomechanically address the anterior column
and is recognized to have a less optimal fusion rate. Even in the
face of a solidly healed PLIF, persistent strain anteriorly may cause
ongoing discogenic low back pain. This was suggested by Barrick
et al®™ in their report of patients who continued to suffer low back
pain despite solid PLF, and who then went on to be successfully
treated with ALIF.

Along the same lines, [/Heureux et al'®?! and Lia Rosa et al®*!
have reported that, in adult low-grade spondylolisthesis patients
treated with PLF] the correction in slip angle that was achieved
intraoperatively was lost over time as the result of progressive disc
space degeneration anteriorly. This again suggests

that the rigidity of a solid PLIF does not necessarily protect the
disc from the

biomechanical loading that can induce further degenerative
changes.

Group Ill-A and B

Adults older than 40 with low Grade spondylolysis and
spondylolisthesis

Degenerative spondylolisthesis rarely exceeds Grade T and IT
and is common in elderly females usually affecting the lumbar 4-
5 segments. In these patients the initial treatment is non-operative.
However, persistent or recurrent back or leg pain or neurogenic
claudication with significant reduction in quality of life and failure
of conservative trial of treatment, along with progressive neurology
or bladder or bowel symptoms, are all indications for surgery.

The mainstay of surgical treatment is decompression and the
goal here is to relieve radicular symptoms and neurogenie
claudication. Fusion is required more often where instablilty is
predominant and primary complaints are long standing backache
due to degenerated discs and facet joints. Instrumentation may
improve fixation results but is also associated with a higher
complication rate.

There has long been controversy whether isolated decompression
is ever indicated. Lombardi et al®! reviewed the results of
decompression alone in 47 patients with a follow up of 2-7 years.
The results were much better for partial facetectomy and isolated
fusion compared with complete facetectomy.

Herkowitz and Kurz!™! in a prospective study compared the
results of decompression alone and decompression with fusion in
50 patients. The fusion group showed better outcomes and lesser
progression of the slip, at mean follow up of three years. Other
studies have also shown better results with fusion and are
marginally better with instrumented fusion.”**™ The Cochrane
database was against fusion while Swedish Spine Study Group
concluded in favour of fusions, consistent findings being that
instrumentation in posterior fusions increased the fusion rate.**!

Anterior fusion posterior decompression has also been found to
achieve good results compared with, presumably stabilising
effectively and achieving indirect decompression by improving
dise height.?%37 Satomi et al,'* reported 77% good results in 27
patients with ALIF as compared to 56% good results with posterior
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decompression in 14 patients.

Adjunets to the biology of fusion such as Bone Morphogenic
Proteins and other Bone substitutes have been used. Johnsson et
al® compared the results of fusion using BMP and without BMP
and found no difference in fusion rate. Boden et al*”' however in
their study showed improved fusion rates and better clinical results
with use of Bone Morphogenic Protein and bone substitute
hydroxyappatite and tricalecium phosphate. Dynamic stabilization
devices include spinous process distraction devices, ligaments
across the pedicle serews and semi-rigid plastic or metallic devices
across the pedicle serews.*!! There is no clear consensus over the
results or use of these devices in surgery for spondylolisthesis
hence they cannot be recommended at this stage. They may
however in the future offer an alternative to solid fusion particularly
in the young age group where long term adjacent disc degeneration
may be problematic.

Maintaining balance in degenerative spondylolisthesis

Bednar*?! reported the outcome of posterior instrumented
fusion for degenerative spondylolisthesis with reduction of the
listhesis using a pedicle screw. Though clinical results were good
but loss of disc height was evident in radiological follow up. This
study advocates the use of inter-body graft if reduction is
attempted.

Conclusion

Spondylolysis and spondylolisthesis of developmental in origin
are found in 5% of children and 7% of the adults. Most patients
have no symptoms and their condition remains stable, those with
symptoms and higher grade slips require further investigation.
Surgical management should take into account the natural history
of the disease, the age at presentation and the severity of the slips.
Children respond well to bracing and bony fusion using the Wiltse
approach. The management in adults should focus on the
symptoms related to instability, dise¢ degeneration and spinal
alignment. Developmental spondylolisthesis should be
differentiated from acquired spondylolisthesis that usually
presents later in life leading to spinal stenosis, instability and root
canal stenosis. Careful patient selection and clinical patterns will
determine the choice of surgical procedure from simple
decompression to fusion. Instrumented fusion improves the fusion
rate however complications from insertions of serews also inerease.
Dynamic instrumented fusion concept is appealing but long-term
results are being evaluated.
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