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Spinal fusion for paediatric lumbosacral
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Abstract

Background: Paediatric spondylolisthesis can range from a benign non-progressive asymptomatic condition to rapidly progressive
slips with associated debilitating axial and radicular pain. We reviewed our experience as to the presentation, surgical management
and outcomes following surgery of this relatively rare condition.

Methods: We identified 24 paediatric patients who underwent surgery for spondylolisthesis from 2006-2017. The cohort consisted of
17 females and seven males with a median age of 13 years (IQR 11-14) at the time of surgery. A case note and imaging review was
conducted. Presenting history and examination, aetiology and degree of slip, surgical technique employed, complications and outcome
were analysed.

Results: Most patients presented with a combination of lower back and radicular symptoms, with five having radiculopathy as a single
complaint. Seventeen cases involved instrumentation and 18 interbody fusions, with interbody cages used in 14, and bone graft alone
in four. All but the four uninstrumented interbody fusions were performed with an all-posterior approach. In 11 of grade 1 and 2 slip
cases, the listhesis was completely reduced. Four patients were partially reduced and in six patients, including one spondyloptosis,
fusion was in situ. All patients with radicular symptoms were decompressed surgically, along with those where the listhesis was
reduced. All but one patient has complete resolution of presenting symptoms at latest follow-up. Four patients required re-operation
for complications related to the surgery.

Conclusion: Paediatric spondylolisthesis can be successfully managed employing a variety of techniques. For low grade slips,
reduction and interbody fusion is a safe and reliable method of improving spinal sagittal balance and relieving symptoms related to
nerve root compression and spinal instability. For higher grade slips, reduction was associated with instrumentation failure in two
patients and in-situ fusion via a combined anterior and posterior approach had a better outcome in our patients.

Level of evidence: Level 4 — Case series
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Introduction

Paediatric lumbosacral spondylolisthesis remains a challenging
condition for the spinal surgeon to treat. Low grade slips (<25%)’
are often asymptomatic, follow a benign clinical course and are
as such either undiagnosed or diagnosed incidentally. When
symptomatic, the presenting complaint is usually radicular limb
pain from foraminal stenosis, particularly in the lytic group. Higher
grade slips are frequently progressive and present with disabling
pain, neurological symptoms, abnormal posture or a combination
of these. Indications for surgery and surgical techniques vary
widely, and the superiority of one technique over another has not
been conclusively proven in the literature.?? This is not unexpected
in such a heterogenous patient population.

Historically uninstrumented fusions, either anterior, posterior or
both, were the mainstay of treatment.#® This was complemented
by prolonged casting or bracing and led to satisfactory outcomes
except for a relatively high rate of asymptomatic pseudarthrosis
formation and concerns regarding slip progression. Deformity
correction can however not be fully addressed using this approach.

With more advanced spinal instrumentation, instrumented
posterior fusion in addition to anterior interbody fusion became
increasingly utilised. This approach led to improved radiological
parameters by allowing a degree of reduction. Union rates also
improved.t With the development of posterior-based interbody
techniques and cage technology, decompression, reduction and
interbody fusion became possible through a single posterior
approach. This approach reduces surgical time and morbidity
but may not be safe or appropriate for higher grade slips and
spondyloptosis.”

The purpose of this study is to evaluate the results of operative
treatment for paediatric lumbosacral spondylolisthesis at a tertiary
centre in South Africa. All patients were operated on by a single
surgeon. The variety of techniques employed reflects the learning
curve ofthe surgeon, the advances and availability ofinstrumentation
and increasing understanding of the pathomechanics of this
condition.

Methods

We performed a retrospective review of a prospectively maintained
single surgeon database and identified 24 paediatric patients that
underwent listhesis surgery during a nine-year period (2006-2015)
both at the Red Cross Children’s Hospital and in private practice.
The case records and radiology for these patients were reviewed
and data captured regarding demographic details, presenting
complaint, clinical and radiological findings and surgery performed.
Segmental lordosis was measured using the angle subtended
by the superior edge of the sacrum and the superior edge of L5
vertebra using a variety of radiological software.

Outcome parameters captured were time to radiological union,
residual lumbar kyphosis and resolution of symptoms. Radiological
union was defined as a well-consolidated fusion mass with cross
trabeculation on X-ray and no evidence of progression of the slip
or failure of instrumentation.

Due to the relatively small number of heterogenous cases, only
descriptive statistics were used.

Posterior only decompression and transpedicular
lumbar interbody fusion (TLIF)

The patient was positioned prone and the spine exposed in
the standard fashion. Pedicle screws were inserted in the levels
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adjacent to the listhesis. If available, long-eared reduction screws
were placed in the cephalad vertebrae to facilitate rod connection
and subsequent reduction. In the case of a lytic pathology, which
was the usual indication for this procedure, the rattle/Gill fragment
(loose posterior arch) was removed. It was morselised for graft. The
exiting roots were identified medial to the pedicle and followed out
debriding all the compressive tissue from the pars defect/lysis. An
annulotomy was performed and the disc removed to visualise the
endplates and anterior annulus. On occasion a bilateral annulotomy
was performed to improve disc clearance and release. The TLIF
PEEK (polyetheretherketone) cage was then inserted as anterior as
possible on the inferior vertebra’s endplate prior to rod insertion,
while the posterior disc space was still easily accessible. The
rods were then applied with slow reduction, palpating the exiting
roots for tension and watching for signs of screw pull out. Once
reduced, compression was applied from cephalad to caudal screws
to induce segmental lordosis. Reduction was limited by concern
regarding screw purchase and root tension. Complete reduction
was not attempted in the higher-grade slips.

Uninstrumented circumferential fusion through a
combined anterior and posterior approach

Patients were positioned supine with a bolster underneath the
lumbar spine to provide hyperextension. Through a retroperitoneal
approach, between the bifurcation of the great vessels, the L5/S1
disc was removed and femoral ring allograft inserted, providing
some reduction of the kyphosis. Following this, the patient was
re-positioned prone, and an uninstrumented posterolateral fusion
performed via the Wiltse muscle-sparing approach. These patients
were immobilised in a lumbosacral orthosis (LSO) incorporating
a thigh. The orthosis was constructed with a bilateral articulation
so that the thigh extension could be alternated every two weeks
to reduce the chance of hip chondrolysis. At six weeks the leg
extension was removed, and the LSO worn until three months post-
operatively.

Table I: Details of 24 patients with paediatric spondylolisthesis

Patients (n) 24
Females (%) 17 (71)
Age at presentation in years (IQR) 13 (11, 14)
Type (Wiltse)

Type 1 — dysplastic 5

Type 2 —isthmic 19
Grade (Meyerding)

1 <25% 8

2 25%-50% 9

3 50%-75% 4

4 75%-100% 2

Spondyloptosis 1
Affected level

L5-S1 22

L4-L5 1

L4-S1 1
Presenting complaint

Lower back pain 4

Radiculopathy 5

Both 15
Lumbar lordosis (IQR) 9°(0°, 16°)

IQR = interquartile range
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Results a combination of lower back pain (LBP) and radicular symptoms.
The radicular symptoms mostly consisted of radicular pain in the L5
The patients’ demographic details, listhesis type and grade as well and S1 distributions. Two patients had loss of motor power and one
as presenting symptoms are summarised in Table I. The majority of patient had urinary incontinence at presentation. This patient had a
our patients had low grade (<50%) isthmic slips and presented with tethered cord that had been surgically released the previous year.

Figure 1a. Eleven-year-old gymnast with grade 2 lytic listhesis L5/S1 Figure 1b. Three months post-operatively. The listhesis has been reduced
employing the posterior only decompression and TLIF technique

Figure 2a. Ten-year old female with grade 4 dysplastic listhesis L5/S1 Figure 2b. One year post-operatively, the patient has been fused in situ
using a combined anterior and posterior approach. She is asymptomatic
and has returned to competitive dancing.
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Table II: Details and results of surgery for the two most frequently performed procedures in our cohort

Patients (n) 16 4
Pre-operative lumbar lordosis (IQR) 9° (0°, 16°) -9° (-30°, 9°)
Post-operative lumbar lordosis (IQR) 21° (12°, 27.5°) 1.5° (-6°, 9°)
Correction of deformity 11° 11°

Surgical time (IQR)
Blood loss (IQR)
Time to fusion (IQR)

IQR = interquartile range

Associated conditions included scoliosis in two patients, and
Marfan syndrome, a lumbarised S1 and a tethered cord in one
patient each.

Fourteen of the patients participated in a wide variety of
competitive sports including, but not limited to, sports associated
with repetitive hyperextension of the spine such as cricket (bowling)
and gymnastics. All these patients had an isthmic spondylolisthesis.

Early in the study period, posterior only decompression and
instrumented fusion with pedicle screws was performed in two
patients with grade 2 isthmic slips. Concerns regarding inability
to improve segmental kyphosis and increase foraminal height
other than with kyphogenic distraction, led to this technique
being abandoned in favour of posterior only decompression and
interbody fusion with the TLIF technique (see Methods section)
for lower grade slips. Sixteen patients underwent this procedure
(Figures 1a and b).

Two patients with grade 1 slips underwent uninstrumented
posterolateral fusion early in the study period and had good clinical
outcome.

Uninstrumented anterior interbody fusion combined with
posterior un-instrumented fusion was performed in four patients
with high grade slips throughout the study period (Figures 2a and
b).

The pre- and post-operative radiographic parameters as well
as the surgical blood loss and duration for the two commonest
procedures are tabulated in Table Il. They are not directly
comparable due to the vast difference in aetiology and deformity.
The antero-posterior procedure was performed for high grade slips.

Of the 16 patients that underwent posterior-only decompression
and TLIF, 12 had an excellent outcome in terms of radiographic
union and presenting symptom resolution. Four patients in this
group experienced complications. Two patients, both of whom
had high grade dysplastic slips, had loss of fixation in the early
post-operative phase. In one, the complication occurred while in
hospital and the instrumentation was revised to include L4 with
a satisfactory result. The other patient lived remotely and was
asymptomatic. The complication was only detected on routine
three-month post-operative X-ray. He was initially observed, and
fixation was removed at 18 months post-operatively. He remained
asymptomatic despite the unreduced position. One patient, with
very slight (MRC grade 4) L5 weakness pre-operatively developed
worsening weakness in the L5 distribution post-operatively.
Surgical exploration was performed, and the reduction decreased
to reduce traction on the nerve root, yet the foot drop persists at 2
years follow-up. One patient who had a grade 2 isthmic listhesis,
developed proximal junctional kyphosis above the level of the
fusion, which is of uncertain clinical significance.

There were no complications in either of the uninstrumented
fusion groups.

Of the two patients that had posterior-only instrumented fusion
without TLIF, one had catastrophic instrumentation failure with screw
fracture and slip progression. This was finally revised by extending

135 min (110, 150)
300 ml (250, 500)
6 months (3, 15)

182 min (145, 260)
193 ml (150, 220)
7.5 months (3,12)

fixation from L4 to the pelvis. The patient was asymptomatic at the
latest follow-up.

Discussion

The goals of treatment in spondylolisthesis are first to relieve
symptoms such as radicular pain and hamstring tightness, secondly
to prevent slip progression and thirdly to improve or correct the
lumbosacral deformity. This can be achieved to varying degrees by
employing a variety of surgical techniques.

Uninstrumented posterolateral fusion in situ has been used with
satisfactory results for the treatment of all grades of slips.58 Concerns
regarding this procedure are slip progression, a high rate of non-
union requiring revision surgery, and the inability of this procedure
to address the lumbosacral kyphosis.*5 Though believed to carry
a lesser risk of neurological injury, in situ fusion was associated
with the development of cauda equina syndrome in 12 patients with
grade 3 and 4 slips in a series by Schoenecker et al.® and can
therefore not be assumed to be without risk. In order to address
these concerns, various modifications have been introduced.
Circumferential uninstrumented fusion by means of a combined
anterior and posterior approach have succeeded in improving
fusion rates as well as addressing the kyphosis to a minor extent.*
Posterior instrumentation has also been attempted in isolation, but
in our experience, this method of fixation is inadequate to maintain
the reduction and allow for an optimal fusion environment.

The addition of an anterior interbody fusion using either allograft
or a fusion cage has the benefit of improving the lumbosacral
kyphosis and providing a larger surface area for fusion to occur. In
lower grade slips the interbody cage indirectly decompresses the
stenotic foramina providing reliable relief of neurological symptoms
arising from nerve root compression. In our series, neurological
symptoms were improved in all patients except the one case that
developed a foot drop post-op. The lumbar kyphosis was corrected
by 11° and fusion was achieved at a mean of 6 months.

Reduction of severe slips remains a controversial subject.>* By
reducing the lumbosacral kyphosis, spinal sagittal balance can be
improved or restored with the hope of preventing the long-term
effects of sagittal imbalance.’® Some authors also postulate that
by creating a more favourable biomechanical environment by
means of reduction, fusion rates will improve.5'! To the contrary,
certain other authors found no difference in clinical outcomes with
reduction compared to in-situ fusion.’? This risk of neurological
damage was believed to be enhanced by attempting reduction
of the listhesis,*” but has been shown to be safe in more recent
publications.® In our experience, reduction is safe in lower grade
slips when performing posterior only decompression and TLIF.

The risk of neurological damage is low in low grade slips and was
seen in only one of our patients who had a grade 2 slip. Attempted
reduction led to instrumentation failure in two of our patients who
had grade 3 and 4 slips respectively, but no neurological sequelae
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were noted with reduction of severe slips. According to a recent
literature review by Longo et al., there was no significant difference
in the rate of neurological injury between patients that underwent
reduction and those that did not.® This study does not comment
on the grade of slip in the reported articles but concludes that
reduction is safe and leads to better spinal alignment and lower
pseudo-arthrosis rates. In order to minimise the risk of neurological
sequelae, the sacral dome can be resected and the L5 nerve
roots mobilised. Extending the fusion to L4 may also prevent
instrumentation failure, although sacrificing an additional motion
segment should be avoided if possible.

Conclusion

Symptomatic spondylolisthesis can be managed successfully using
a variety of surgical approaches. Of the 24 patients included in
our study, 23 (96%) had satisfactory outcomes at final follow-up.
Four patients (17%) required re-operation for complications and
only one (4%) remains symptomatic at an average follow-up of
22 months.

For the treatment of low grade slips (<50%) the authors’ preferred
method of treatment is posterior decompression and TLIF
Uninstrumented posterolateral fusion is another good option for
low grade slips but requires a prolonged period of immobilisation,
rendering it a less attractive though simpler and less expensive
option. For higher grade slips we found that circumferential
uninstrumented fusion by means of a combined anterior and
posterior approach had the best results; however, reduction and
instrumented fusion is also a safe and reliable option.
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