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Published online: August 18,2022 To see whether a posterior spinal fusion with pelvic fixation using iliac or sacral
alar iliac screws in ambulatory neuromuscular scoliosis (NMS) patients influences
postoperative ambulatory ability.

METHODS

A retrospective review of all patients with NMS that underwent PSF with fixation
incorporating the pelvis between January 1, 2012 and February 29, 2019. A total of
118 patients were eligible, including 11 ambulatory patients. The primary
outcome was the maintenance of ambulatory status postoperatively. Secondary
outcomes included postoperative curve magnitude, pelvic obliquity, and complic-
ations, comprising infections, instrumentation failure, and any unplanned returns
to the operative room.
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RESULTS

The ambulatory function was maintained in all 11 ambulatory NMS patients. One patient had an
improvement in functional status with equipment-free ambulation postoperatively. An average
postoperative follow-up was 19 mo. The overall complication rate was 19.4% (n = 23) with no
significant differences between the groups in infection (P = 0.365), hardware failure (P = 0.505),
and reoperation rate (P = 1.0). Ambulatory status did not affect complication rate (P = 0.967).

CONCLUSION
Spinal fusion to the pelvis in ambulatory patients with NMS provides effective deformity
correction without the reduction in ambulatory capabilities.
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Core Tip: Neuromuscular scoliosis (NMS) represents a medically and surgically complex disorder that can
have a profound impact on the patient’s quality of life and the ability of their caretakers to provide
adequate care. The purpose of this study is to determine whether posterior spinal fusion with pelvic
fixation using iliac or sacral-alar iliac screws in ambulatory NMS patients affects postoperative
ambulatory ability.
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INTRODUCTION

Neuromuscular scoliosis (NMS) represents a medically and surgically complex disorder that can have a
profound impact on the patient’s quality of life and the ability of their caretakers to provide adequate
care[1,2]. In patients with retained mobility, progression of the neuromuscular disease may result in a
loss of their ability to ambulate. Conversely, in non-ambulatory and wheelchair-bound patients, it can
lead to difficulty in sitting balance, resulting in hand-dependent sitting, development of decubitus
ulcers, and hygiene-related issues[2-4]. The primary goal for patients with NMS is to prevent major
curve progression while restoring coronal and sagittal alignment over a balanced pelvis[2,4,5]. To
achieve this goal, spinal instrumentation must often be extended into the pelvis. Historically, the fusion
of the spine to the pelvis has been taboo, recommended only when pelvic obliquity was > 15 degrees or
in low lumbar curves in which the sacrum is affected by the curve[3,6-8]. In 2002, Tsirikos et al[4]
published their study on cerebral palsy patients who underwent a posterior spinal fusion (PSF) with
extension to the pelvis using a unit rod. In their 24 ambulatory patients that underwent PSF to the
pelvis, only one patient lost ambulatory function secondary to heterotopic ossification of her hips. This
study showed, for the first time, that ambulatory patients who undergo fusion to the pelvis retained
mobility after surgery. Recently, a study by Menger et al[9] has reported the effects of using PSF with
pedicle screws and S2 sacral alar-iliac screws in ambulatory patients with any diagnosis of pediatric
scoliosis. Of their 25 patients, only one patient had a decline in postoperative ambulation. However, no
study to date has specifically evaluated outcomes in ambulatory children with NMS after a PSF using
modern instrumentation. This study aimed to determine whether PSF with pelvic fixation using iliac or
sacral-alar iliac (SAI) screws in ambulatory NMS patients influences postoperative ambulatory ability.

MATERIALS AND METHODS

An institutional review board approval was obtained for this study (IRB# 2018-0161). An informed
consent exemption was also obtained through a waiver. A retrospective review of all patients with NMS
who underwent PSF between January 1, 2012 and February 29, 2019 at a single academic children’s
hospital was performed, yielding 169 patients. Patients were excluded if their fusion did not extend to
the pelvis using iliac or SAI screws, yielding a total of 118 patients for the study. The primary outcome
was the maintenance of ambulatory status postoperatively. Secondary outcomes included postoperative
curve magnitude, pelvic obliquity, and complications, comprising infections, instrumentation failure,
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and any unplanned returns to the operative room (UPRORs). Statistical analysis was performed using
IBM SPSS Statistics, Version 26.0 (Armonk, NY). Pearson’s Chi-Square and Leven’s test for equality
were used as appropriate for all categorical data. Significance was set at an alpha level of 0.05.

RESULTS

A total of 118 patients, including 11 ambulatory patients, were enrolled in the study. Detailed
demographic and diagnosis data of ambulatory and non-ambulatory patients with NMS are included in
Table 1.

No ambulatory patient with NMS became non-ambulatory after PSF with pelvic fixation. In one case,
a 19-year-old male that underwent PSF from T1 to the pelvis with SAI screws had an improvement with
the ability to ambulate in the clinic free of mobility aids. Table 2 outlines the differences between major
curve magnitude (MCM) and pelvic obliquity (PO) for both groups preoperatively and postoperatively
and the average change for both parameters.

The major curve magnitude was similar between the groups. However, the preoperative PO was
significantly larger in the non-ambulatory vs the ambulatory group (15.5 degrees vs 7.8 degrees, P <
0.0001). Furthermore, when comparing the total change of MCM and PO between the ambulatory and
non-ambulatory groups, no significant difference was found (MCM P = 0.181; PO P = 0.143). SAI screws
were used in 114 patients, iliac bolts were used in 2 patients, and iliac screws were used in 2 patients.
The type of pelvic fixation used did not affect postoperative ambulatory status (P = 0.965), and all
ambulatory patients had pelvic fixation consisting of SAI screws.

The total complication rate for all patients enrolled was 19.4% (n = 23). The complication profile for
the entire patient population and ambulatory and non-ambulatory groups is summarized in Table 3. No
statistically significant difference was found in reoperation, injection, or hardware failure rates between
the two groups. All patients with hardware failure required revision of spinal fixation. Overall, the
patient’s ambulatory status did not affect the overall postoperative complication rate (P = 0.967).

A small subset of our patients had previous spinal correction surgery, including three ambulatory
and ten non-ambulatory patients. Prior surgery performed included the use of vertical expandable
prosthetic titanium rib (VEPTR) rods (6), an extension of previous posterior spinal fusion (4), previous
staged anterior spinal fusion (2), and the use of growing rods (1). Within this small subgroup, previous
surgery did not affect ambulation (P = 0.209), postoperative infections (P = 0.180), or hardware failure
(0.538). Prior surgery significantly affected the need for reoperation (P = 0.001), despite no significant
difference in infection or hardware failure rates. Prior surgical procedures also significantly affected
curve magnitude (P = 0.044) and PO (P = 0.015).

DISCUSSION

The effect of PSF with pelvic fixation in children with the ability to ambulate has long been an
unclarified question. This study focused on the outcomes of patients with NMS who underwent PSF
with extension to the pelvis using either SAI or iliac screws. In our study, we found that all patients
could ambulate at the same or higher function after PSF with extension to the pelvis. Additionally, we
found no significant difference between ambulatory and non-ambulatory groups in complications,
UPRORs, hardware failure, or postoperative infections.

To date, this is only the second investigation to report on ambulatory patients with NMS undergoing
PSF with fixation to the pelvis using modern pelvic fixation constructs. When comparing our results
with the current literature, our findings are consistent. Tsirikos et al[4] have evaluated the ambulatory
status of 24 NMS patients that underwent PSF incorporating the pelvis using a unit-rod construct. Only
one patient in their study lost the ability to ambulate after fusion to the pelvis, and this was secondary to
heterotopic ossification of the hips and unrelated to the spinal fusion. Patient- and caregiver-reported
outcome questionnaires were also used to assess the postoperative function. Improvements in sitting
ability, head and trunk balance, physical appearance, and respiration were noted without any change in
ambulatory ability. Furthermore, 12 patients in their study underwent preoperative and postoperative
gait analysis. They did not find any significant difference in postoperative gait mechanics in any of these
patients. However, patients in their study received a unit rod in contrast to our cohort, where the
majority had SAI or iliac screws for pelvic fixation. Menger et al[9] have evaluated the effect of PSF with
extension to the pelvis in 25 ambulatory children with scoliosis from various diagnoses. Their patients
included idiopathic, syndromic, neuromuscular, and congenital scoliosis, of which neuromuscular
scoliosis only comprised 28%. They found that all patients retained the ability to ambulate postoper-
atively, with only one patient noting a decreased ability after fusion. Patient-reported outcomes showed
that 25% of the patients noted a change in ambulatory ability while PROMIS T scores completed by
most patients fell within one standard deviation of normal, showing only mild ambulatory deficit
compared to the normal population. Our study supports these findings, showing no change in
ambulation in our patient population.
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Table 1 Patient demographics

Ambulatory Non-ambulatory Total P value

Gender 0.405

Female 4 59 57

Male 7 54 61
Race

Black 2 70 72

White 8 32 40

Hispanic 0 2 2

Asian 0 1 1

Other 1 2 3
Age at surgery 16.91 (4.93) 13.32 (3.32) 13.65 (3.63) 0.122
Average follow-up 18.43 18.43 19.14
Diagnosis

Cerebral palsy 5 85 90

Post-traumatic spinal cord injury 0 10 10

Spina bifida 0 7 7

Myopathy 2 0 2

Muscular dystrophy 1 2 3

Spinal muscular atrophy 0 2 2

Alexander’s disease 0 1 1

Charcot marie tooth 1 0 1

Pelizaeus merzbacher disease 0 1 1

Lennox gastaut syndrome 1 0 1

Geroderma osteodysplasia 1 0 1

Table 2 Preoperative and postoperative deformity measurements

Preoperative Postoperative Average correction

Ambulatory
Non-ambulatory

P value

Major curve magnitude  Pelvic obliquity ~Major curve magnitude  Pelvic obliquity =~ Major curve magnitude  Pelvic obliquity

60.1 (28-110) 7.8 (2-14) 26.9 (12-61) 4.7 (0-15) 332 31
70 (12-140) 15.5 (0-47) 26.4 (2-81) 8.3 (0-37) 436 7.2
0221 0.000 0.912 0122

Mean values with range within parentheses, all values in degrees.

JBaishideng®

Adult spinal deformity literature provides further insight into the effects of pelvic fixation with PSF.
A study by Kondo et al[10] has investigated the pre- and postoperative physical function of 30 patients
who underwent long spinal fusion from the thoracic spine to the ilium. They found that all patients had
significantly improved pain, balance, and 6-minute walking test after PSF. Furthermore, they found that
patients with significantly worse preoperative sagittal balance and pelvic tilt had greater improvements
in gait speed, gait endurance, and dynamic balance compared to patients with less significant sagittal
imbalance or pelvic tilt. Yagi et al[11] have investigated the difference between the effect of PSF to the
pelvis with iliac screws and the upper instrumented vertebrae in 30 adult female patients. Gait analysis
was obtained preoperatively and at 12-18 mo postoperatively, showing an improvement in gait pattern
and gait ability. Additionally, Edwards et al[12] have investigated the difference in long PSF from the
thoracic spine to either L5 or the pelvis in 95 adult patients. Their findings were consistent, showing
improved Scoliosis Research Society 24 patient-reported outcomes for both groups and no significant
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Table 3 Complication profile between ambulatory and non-ambulatory groups

Reoperation rate Infection rate Hardware failure rate
Opverall 18.6 12.7 5.9
Ambulatory 18.2 0 9.1
Non-ambulatory 18.7 14 5.6
P value 0.239 0.365 0.505

All values in percentages.

JBaishideng®

difference between them. Our findings, although in a vastly different patient population, are consistent
with the results of these studies.

Our study had several limitations. First, ambulatory patients with NMS requiring PSF were rare at
our institution and only comprised 9.3% of our total patient population. It is possible that a significant
difference might be found between ambulators and non-ambulators with NMS with a larger number of
patients. Second, gait lab analysis was not available for the included patients, making it difficult to
compare the effects of pelvic fixation on postoperative ambulation more objectively. Finally, by not
having long-term postoperative follow-up in all patients, it is possible that some patients had a change
of ambulatory status unknown to our institution. Despite these limitations, our study is the first in the
literature to evaluate the effect of pelvic fixation on postoperative ambulatory status in patients
receiving PSF using modern pelvic fixation instrumentation, demonstrating that the postoperative
complication profile remains unchanged compared to non-ambulatory controls.

CONCLUSION

In conclusion, we found that it is safe for ambulatory patients with NMS to undergo PSF incorporating
the pelvis using modern constructs. Additionally, posterior spinal fusion with extension to the pelvis
has no significant effect on complications, UPRORs, hardware failure, or postoperative infections.

ARTICLE HIGHLIGHTS

Research background
Ambulatory patients with neuromuscular scoliosis are a rare subset of patients in which treatment does
not compromise their ability to ambulate.

Research motivation
Insufficient research has been done to support the effects of posterior spinal fusion incorporating the
pelvis on the ability to ambulate in ambulatory patients with neuromuscular scoliosis.

Research objectives
To report the effect of posterior spinal fusion incorporating the pelvis on the ability to ambulate after
fusion in patients with neuromuscular scoliosis.

Research methods
This is a retrospective analysis of patient function outcomes after undergoing posterior spinal fusion
incorporating the pelvis over a seven-year period at our children’s hospital.

Research results
Of the eleven patients fitting this criterion, no patient lost their ability to ambulate after undergoing
posterior spinal fusion incorporating the pelvis.

Research conclusions
According to our findings, there is no effect on the ambulatory function of neuromuscular patients after
posterior spinal fusion incorporating the pelvis.

Research perspectives
Although more evidence is needed, the experience at our institution would support that posterior spinal
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fusion incorporating the pelvis does not affect the patients” ability to mobilize in ambulatory
neuromuscular scoliosis patients.
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