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Abstract

Study Design: Systematic literature review.

Objectives: Posterior spinal fusion is the golden standard in the treatment of neuromuscular scoliosis. There are different
views on whether pelvic fusion is necessary.

Methods: A systematic literature review according to PRISMA guidelines was performed. A total of 628 articles were screened.
Orriginal articles of neuromuscular scoliosis patients with reference to posterior spinal fusion in the population of <20 years of age were
included. Operative technique with lumbar pedicle screws was required. Case reports, articles with missing data on pelvic parameters
or with a postoperative follow-up of less than 2 years were excluded. A final of 29 original articles were included in the review.

Results: A total of 1611 patients undergoing posterior spinal fusion for neuromuscular scoliosis were included in the analysis
with a mean age of 14.0 £ 1.0 years and a mean number of 15.5 + 0.8 levels fused. Spinal fusion was extended to the pelvis in 1222
cases, while in 389 patients had fusion limited to the lumbar spine. The percentage of main curve correction was slightly higher in
pelvic fusion patients 63 + 10% compared to 58 + 9% in lumbar fusion group, P < 0.001. Pelvic obliquity correction was superior
in the pelvic fusion group, 58% compared to 42% in the spinal fusion group, P < 0.001. Operative time, complication rate and
perioperative bleeding were greater in the pelvic fusion group.

Conclusions: Pelvic fusion in posterior spinal fusion for neuromuscular scoliosis results in small but statistically significant
differences in curve correction and pelvic obliquity but increases the risk for perioperative bleeding and other complications.
The impact on quality of life should be addressed in future research.
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Background

! Department of Pediatric Surgery and Pediatric Orthopaedic Surgery,

In neuromuscular scoliosis (NMS), the abnormal curvature of
the spine affects ambulation, sitting balance and posture, and
can lead to back and costopelvic pain and severe respiratory,
gastrointestinal, or skin problems.'™ Progressive NMS often
requires operative treatment, and once growth has ceased
and sufficient spinal growth has been achieved, instrumented
spinal fusion is the golden standard of the treatment. Scoliosis
in NMS patients is often characterised by pelvic obliquity
(PO), where the pelvic balance is compromised by the
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scoliosis and the contractures and weakness of hip muscles.”
This can be addressed by extending the fusion to the pelvis.
Indications for pelvic fusion are controversial, although pelvic
obliquity >15° and Lonstein & Akbarnia type 2 NMS curves
are the most commonly accepted indications.”®

Most surgical techniques currently used for pelvic fusion
involve iliac or sacral-alar-iliac (S2AI) screws. In previous
publications, the benefits of these methods have been contro-
versial. Pelvic instrumentation in neuromuscular scoliosis has
been shown to improve radiological outcomes and subsequently
facilitate patient management in non-ambulatory individuals.”
Extension of fusion to the pelvis has not affected the walking
ability in ambulatory NMS patients.*” However, a recent pub-
lication has reported an inferior health-related quality-of-life
outcomes in patients with pelvic fusion compared those with-
out pelvic fixation.'® Mobility of the lumbosacral junction may
facilitate transfers and weight shifts."' On the other hand, lumbar
fusion alone can lead to progression in PO requiring revision
surgery to extend the fusion to the pelvis. This has been shown to
be associated with an increased risk of complications including a
doubled reoperation rate (excluding the revision itself) and an
increased risk of infection, implant failure, pseudarthrosis, and
pain compared with initial pelvic fusion.'*"'*

Due to the lack of consensus on pelvic fusion, practice
varies between centres. The literature suggests that non-
ambulatory patients may benefit from pelvic fusion’'>"”
with improved main curvature and correction of pelvic
obliquity (PO).” In ambulatory patients, pelvic fusion has only
been indicated for more severe pelvic obliquity (>15°)."®

The aim of this study was to evaluate the clinical, radio-
logical, and social impact of pelvic fixation in spinal fusion for
NMS patients. The main interest was the role of pelvic fixation
on walking ability in ambulatory patients, and the need for
revision surgery and impact on pelvic obliquity in the non-
ambulatory group. Secondarily we wanted to compare the
outcomes of iliac vs S2AI screw techniques. We hypothesised
that pelvic fixation would not have negative effect on am-
bulation, and an improving effect on correction of scoliosis,
pelvic obliquity, and risk of revision surgery without an in-
creased risk of perioperative complications.

Materials and Methods

A systematic literature review according to the PRISMA
guidelines encompassing the published literature on the
outcomes of short of pelvis vs pelvic fusion was performed. '
PubMed, Embase, and Medline databases were searched using
the terms “neuromuscular scoliosis” in combination with
“spinal fusion” or “pelvic fixation” as keywords. All articles
published before 12th of April 2024 were included in the
review. After removing duplicates, the articles were screened
based on the title and abstract. Original articles of neuro-
muscular scoliosis patients with reference to posterior spinal
fusion in the population of <20 years of age were included.
Non-English papers, studies on adult populations (>20 years

of age), case reports (<3 patients), review articles, technical
notes, expert opinions, articles on surgeries other than spinal
fusion, articles on other types of scoliosis and other unrelated
articles to the topic were excluded. After that a more detailed
full-text review of the relevant articles was carried out, and
articles were excluded if they lacked information on pre- and
post-operative data on major curvature and pelvic obliquity, or
if they had a follow-up of less than 24 months post-
operatively. In addition, only studies in which pedicle
screw instrumentation in the lumbar spine was performed
were included. PRISMA flow chart diagram was created to
illustrate the process (Figure 1).

The selected articles were independently reviewed by two
authors (VS and SK) and approved by the other authors. Data
extraction included patient sample size, sex distribution, age,
pre- and postoperative major curvature, pre- and postoperative
pelvic obliquity, status and type of pelvic fixation, ambulatory
status, blood loss, blood transfusions, risk of revision surgery,
complications (surgical site infection, neurological injury,
death), NMS aetiology, GMFCS (Gross Motor Function
Classification Scale), previous implantation with growth-
friendly management, hip dislocation, and quality of life
outcomes. The mean data for each article were tabulated as
weighted by the number of patients and available individual
data were collected in a parallel table and included in the final
analysis as weighted averages. The NIH approved standard-
ized rating scale was utilized, and a numerical grade was
applied for each article to assess the quality of evidence of
each included individual article. Numerical grades 1-3 were
classified as poor, 4-6 as fair and 7-9 as good and reported in
the Table 1.*°

Comprehensive data analysis was performed using Excel
and JMP Pro 17.0.0. Data-analyses included subgroup ana-
lyses, considering pelvic fixation and different pelvic tech-
niques (S2-Alar-Iliac and Iliac Screws). The normal
distribution assumption was tested visually and statistically
with the Shapiro-Wilkins test, and as the data were not nor-
mally distributed, non-parametric tests were used for the
analysis of continuous data. Wilcoxon rank-sum test and
Kruskal-Wallis test were used respectively.

The main outcome measures were postoperative major
curve and pelvic obliquity angles. Secondary outcome mea-
sures included but were not limited to pre- and postoperative
kyphosis and lordosis curve angles, ambulatory status and
complications.

Results

In total, data of 1611 neuromuscular patients from 29 articles
were analysed. (Table 1.)'*'*2'**7 Spinal fusion was extended
to the pelvis in 1222 patients, referred to as the pelvic fusion
(PF) group. In 389 patients the spinal fusion was extended to
the lower lumbar spine, referred to as the lumbar fusion (LF)
group. Approximately 49% (N = 517/1062) of the patients
were female and the distribution was balanced between the
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Figure |. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only.

groups. There was a mean age difference between the groups,
pelvic fixation group 13.9 + 0.97 years and lumbar fusion
group 14.2 £+ 1.10 years, which was statistically significant,
P <0.001. The number of vertebrae included in the fusion was
similar between groups, 15.6 + 0.8 in PF and 15.3 + 0.6 in LF.
(Table 1.) A minimum follow-up of 24 months was used in
both groups, with a mean follow-up of 38 months in the PF
group and 46 months in the LF group. (Table 2.) The most
common underlying diagnosis was cerebral palsy (CP) (N =
808 [66.1%] in PF and 164, [42.2%] in LF), followed by

Duchenne muscular dystrophy (DMD), myelomeningocele
(MMC) and spinal muscular atrophy (SMA) in both groups.
Five patients in both groups were ambulatory, and the majority
were non-ambulatory, and the ambulatory status remained
unchanged postoperatively. (Table 3).

The preoperative main curve angle was significantly
smaller in pelvic fusion group, 77.9 + 9.7, in comparison to
80.4 + 13.2 in lumbar fusion, mean difference —2.5, 95% CI
[-3.75 to —1.29], P < 0.001. Also, the postoperative main
curve was significantly lower in the PF group than in the LF
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Table I. Studies Included in the Review.

Journal of Turkish

First Author Year Title Spinal Surgery Patients Quality
Asma et al 2023 Hip displacement does not change after pelvic obliquity correction ] Pediatr Orthop 67 Quality
during spinal fusion in children with cerebral palsy grade
Awwad et al 2015 Correction of severe pelvic obliquity using maximum-width segmental Euro ] Orthop Surg 20 Good
sacropelvic screw fixation: An analysis of 20 neuromuscular scoliosis ~ Traumatol
patients
Baymurat et al 2023 SHOULD PELVIC FIXATION BE INCLUDED IN NEUROMUSCULAR Journal of Turkish 33 Good
SCOLIOSIS surgery? spinal surgery
Beckmann et al 2016 Surgical correction of scoliosis in patients with severe cerebral palsy Euro Spine | 35 Fair
Bouyer et al 2014 Correction of pelvic obliquity in neuromuscular spinal deformities using European Spine 60 Good
the T construct”: Results and complications in a prospective series of ~ Journal
60 patients”
Farshad et al 2022 Pelvic fixation in surgical correction of neuromuscular scoliosis N Am Spine Soc ] 49 Fair
Fuhrhop et al 2013 Surgical treatment of scoliosis in non-ambulatory spastic quadriplegic Spine Deform 28 Fair
cerebral palsy patients: A matched cohort comparison of unit rod
technique and all-pedicle screw constructs
Gaume et al 2024 Pelvic fixation technique using the ilio-sacral screw for 173 Children (Basel) 173 Fair
neuromuscular scoliosis patients
Geiger et al 2023 The indication of fusion to the pelvis in neuromuscular scoliosis is based European Spine 54 Fair
on the underlying disease rather than on pelvic obliquity Journal
Hwang et al 2014 Multiaxial high-modularity spinopelvis (HMSP) fixation device in Euro Spine | 27 Good
neuromuscular scoliosis: a Comparative study
Jain et al 2017 Sacral-alar-iliac fixation in children with neuromuscular scoliosis: World Neurosurg 38 Fair
Minimum 5-year follow-up
Kassab Hassan 2022 S2-alar-iliac screw fixation for paediatric neuromuscular scoliosis: Orthop Traumatol 25 Good
et al Preliminary results after two years Surg Res
Modi et al 2009 Surgical correction and fusion using posterior-only pedicle screw Spine (PhilaPa 1976) 52 Good
construct for neuropathic scoliosis in patients with cerebral palsy: a 3-
year follow-up study
Modi et al 2008 Treatment of neuromuscular scoliosis with posterior-only pedicle ) Orthop Surg Res 26 Good
screw fixation
Moon et al 2011 Pelvic obliquity in neuromuscular scoliosis: Radiologic comparative Spine (PhilaPa 1976) 54 Fair
results of single-stage posterior vs two-stage anterior and posterior
approach
Morales ciancio 2023 Distal fusion in duchenne scoliosis: The relevance of preoperative pelvic Spine Deform 29 Good
et al obliquity. A case series study
Morales ciancio 2023 Distal level in scoliosis surgery for non-ambulatory patients with Spine Deform 167 Good
et al cerebral palsy: is L5 an option? A case series study
Nielsen et al 2019 Don’t you wish you had fused to the pelvis the first time: A comparison Spine (Phila Pa 1976) 295 Good
of reoperation rate and correction of pelvic obliquity
Ozdemir etal 2019 The modified kostuik transilial bar technique has acceptable results in | Pediatr Orthop B 21 Good
neuromuscular spinal deformity correction
Saito et al 2021 Limitations of posterior spinal fusion to L5 for flaccid neuromuscular Spine Deform 45 Good
scoliosis focusing on pelvic obliquity
Schoenleber 2016 Are Sl screws a useful adjunct to iliac screws in long fusions to the  Spine 88 Good
et al sacrum in cerebral palsy?
Shabtai et al 2017 Sacral alar iliac (SAI) screws fail 75% less frequently than iliac screws in ] Pediatr Orthop 101 Good
neuromuscular scoliosis
Soini et al 2023 Health-related quality of life after segmental pedicle screw Acta Orthop 180 Good
instrumentation: a Matched comparison of patients with
neuromuscular and adolescent idiopathic scoliosis
Takaso et al 2010 Surgical correction of spinal deformity in patients with congenital ) Orthop Sci 20 Good
muscular dystrophy
Takei et al 2018 Safety and efficacy of treatment for scolios is secondary to spinal Spine Surg Relat Res 12 Good

muscular atrophy fused to lumbar 5 level

(continued)
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Table 1. (continued)

First Author Year Title

Journal of Turkish

Spinal Surgery Patients Quality

Tondevold et al

2020 Should instrumented spinal fusion in nonambulatory children with

neuromuscular scoliosis be extended to L5 or the pelvis?

Tsirikos et al
using pedicle screw instrumentation
Ulusaloglu et al

2012 Surgical correction of spinal deformity in patients with cerebral palsy

2022 Three different techniques for pelvic fixation in the management of
neuromuscular scoliosis in nonambulatory spastic cerebral palsy: A

comparative study of galveston rod, iliac screw, and sacroiliac Acta

Wau et al

2021 lliac screw instrumentation to the pelvis in children with neuromuscular

Spine (PhilaPa 1976) 91 Good

J spinal Disord Tech 45 Good

Orthop Traumatol 101 Good
Turc

Spine Deform 100 Good

and syndromic scoliosis. No lateral connectors and respect sagittal

balance

group at the last postoperative follow-up (29.3 £9.2 vs 33.3 +
10.6, mean difference —4.9, 95% CI [-6.0 to —3.8], P <
0.001). Similarly, the percentage of main curve correction
was significantly better in the PF group than in the LF group
(63% vs 58%, score mean difference 4.9% [95% CI 3.7%—
6.0%], P < 0.001). Concerning sagittal markers, preopera-
tive lumbar lordosis and kyphosis angles were greater in the
PF group. However, the change from preoperative to last
follow-up kyphosis angle was similar between the groups.
The deviation of lordosis values was vast and lordosis
change was minimal between the groups. There was a minor
difference in preoperative pelvic obliquity degree, 21.7 £ 5.1
in PF group in comparison to LF group, 22.0 + 6.2 (mean
difference —0.32, 95% CI [-0.92 — 0.29, P < 0.001].
Postoperative pelvic obliquity was significantly lower in the
PF group, 8.9 + 3.4 than in the LF group, 13.0 + 5.5 (mean
difference — 4.1, 95 % CI [—4.5 to —3.6], P < 0.001]).
Correction of pelvic obliquity was significantly greater in
the pelvic fusion group: 58% vs 42% (mean difference
16.0%, 95% CI [14.3%-17.9%] P < 0.001). The operative
time was significantly longer in the PF group, 354 min
compared to 258 min in the LF group, which was statisti-
cally significant (Mean difference 97 min, CI 95% [87-106],
P < 0.001. There was also a major difference in the intra-
operative blood loss between the groups, 1611 mL in PF and
1091 mL in LF groups (Mean difference 519 mL, CI 95%
[435 — 603], P < 0.001. (Table 2).

Complications occurred in 28% of the pelvic fixation group
and 24% of the spinal fusion group (RR 1.14, 95% CI [0.94-
1.34]). The most common complications related to pelvic
fusion were surgical site infection (12.8%, RR 2.26, 95% CI
[1.82-2.69]) and implant related complications (8.1%, RR
31.5, 95% CI [29.5 — 33.5]), while in the lumbar fusion group
the most common complications were respiratory complica-
tions (8.3%, RR 0.27 95% CI [0-0.80]) and surgical site in-
fections (6.3%). Other complications, such as neurological
complications including dural tear and neurological deficits,
urological complications (urinary tract infection or haema-
turia), pseudoarthrosis, proximal junctional kyphosis and skin
issues, were rare. Revision surgery was required in 14% of the

cases in the pelvic fusion group and in 0.8% of the cases in the
lumbar fusion group. (Table 3).

Pelvic obliquity was corrected with iliac screws in 42% of
the pelvic fusion patients (N = 517) and the S2AI method was
used in 8% of the cases (N = 101). In the remaining pelvic
fusion cases, the methods could either not be divided into
S2AI and iliac screw groups or were not reported. Major curve
correction was statistically significantly improved by 66% in
the iliac and 61% in the S2AI subgroups (Mean difference,
4.4%, 95 % CI [—6.6 to —2.1%], P < 0.0002). There was a
clear difference in pelvic correction results between these two
subgroups, pelvic obliquity correction angles of 15.1 = 6.1 for
iliac and 8.6 £ 4.7 for S2AI groups, (mean difference 6.0, 95%
CI[-7.2to —4.7], P <0.001), correction percentages of 61%
for iliac and 43% for S2AI methods, mean difference of 18%,
95% CI (=22 to —14.4%), P <0.001. There was no difference
in complications between the two methods.

The most common GMFCS scores were IV and V, but this
was not reported individually in most reports. There was very
limited data on previous GFSI implantation (no articles),
blood transfusions (3 articles), hip status (no articles), and
quality of life outcomes (4 articles).

Discussion

Based on the current systematic literature review, pelvic
fixation in posterior spinal fusion for neuromuscular scoliosis
patients results in slightly superior curve correction and pelvic
obliquity compared to lower lumbar fusion only, but it in-
creases operative time, complication rate, and intraoperative
blood loss. Iliac screw method seems to be associated with
better correction of pelvic obliquity correction compared to
the S2AI method.

To the best of our knowledge, there are no recent systematic
reviews that address the question of advances of pelvic fix-
ation for posterior spinal fusion in patients with neuromus-
cular scoliosis. Ravindra et al observed the effectiveness of the
S2AI screw technique in their systematic review. They sug-
gested that this technique is effective for pelvic fusion in
patients with neuromuscular scoliosis and has a reasonable
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Table 2. Clinical Characteristics.

Pelvic Fusion Group Mean * SD Lumbar Fusion Group Mean + SD P-value
N 1222 389 N/A
Age, years 13.9 £ 0.97 142 = 1.10 <.001
Sex (F/M) 353/371 164/155 -
Number of levels fused 15.6 £ 0.8 153 £ 06 -
Major curve preop (°) 77.94 £9.73 80.44 + 13.20 <.001
Major curve post-op (°) 25.25 + 10.51 28.90 + 9.42 <.001
Major curve last follow-up (°) 2939 £9.17 3332 + 10.62 <.001
Major curve correction (°) 48 + |0° 46 + 6° 0.0045
Major curve correction percentage 63 = 10% 58 + 9% <.001
Kyphosis preop (°) 43.98 + 18.86 36.83 £ 13.95 0.003
Kyphosis last follow-up (°) 27.16 £ 5.61 3095 + |1.62 0.010
Lordosis preop (°) 27.99 + 31.94 —9.70 + 29.83 <.001
Lordosis last follow-up (°) 25.32 £ 36.46 —791 £ 41.25 <.001
PO preop (°) 21.72 £ 5.08 22.04 £ 6.19 <.001
PO postop (°) 7.58 + 3.24 10.16 + 3.23 <.001
PO last follow-up (°) 8.89 £ 3.35 12.95 + 5.54 <.001
PO correction (°) 13.0£52 9.1 £39 <.001
PO correction % 58 + 16% 42 + 15% <.001
Operative time (min) 354 = 81 258 + 64 <.001
Blood loss (ml) 1611 514 1091 + 758 <.001
Follow-up time (months) 3824 + 17.7 45.50 £+ 16.34 <.001

Table 3. Clinical Characteristics 2.

Pelvic fusion group

Lumbar fusion group

Etiology of NMS (n)
CP
DMD
SMA
MMC
Other

808 (66.1%)
111 (9.1%)
61 (5.0%)
80 (6.5%)
154 (12.6%)

164 (42.2%)
55 (14.1%)

8 (2.1%)
21 (5.4%)
32 (8.2%)

Ambulatory status

Non-ambulatory n = 561

Ambulatory n =5

Non-ambulatory n = 215

Ambulatory n

=5

Complications
Infection
Implant related
Neurological
Respiratory
Cardiovascular
Gastrointestinal
Urological
Pseudoarthrosis
Skin
PIK
Other

Reoperations

337 (27.6%)
156 (12.8%)
99 (8.1%)
11 (0.9%)
25 (2.0%)
3 (0.3%)

3 (0.3%)
8 (0.7%)
6 (0.5%)
7 (0.6%)

5 (0.4%)
14 (4.2%)
170 (14.0%)

94 (24.2%)

22 (5.6 %)
| (0.3%)
3 (0.8%)

29 (7.5%)
3 (0.8%)
3 (0.8%)
3 (0.8%)

0
0
4 (1.0%)

26 (6.7%)

3 (0.8%)
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safety profile. However, they did not address the question of
whether or not to fuse the pelvis or show a comparison with
other types of pelvic fusion.*® Douleh et al. conducted a
narrative review and found that pelvic fusion may result in better
curve and PO correction but may increase the blood loss and
operative time. However, their review did not include any data-
analyses.* The results of the current review support these
previous findings, and add to the literature by presenting sta-
tistical analyses and addressing the issue of complication rate.
The fusion to pelvis group had more implant related compli-
cations (8%), some of which were loosened screws, in com-
parison to lumbar fusion group, in which only one patient
(0,3%) had an implant related complication. However, this may
also be partly explained by chance or limited reporting, as the
pelvic fusion group was much larger than the other group.

The Harms Study Group compared the outcomes of lumbar
vs pelvis fusion groups in CP associated neuromuscular
scoliosis."" The most significant predictors of an unsatisfac-
tory outcome included a pelvic obliquity >17° and dependent
sitting status. The absence of both predictors conferred a 10%
probability of unsatisfactory correction, compared with a 27%
to 44% probability when 1 predictor was present and a 72%
probability when both predictors were present. Patients with a
satisfactory outcome reported better health-related quality of
life (CPCHILD scores) in the lumbar fusion group than in the
pelvic fusion group. Tondevold et al. observed better cor-
rection of both major curve and pelvic obliquity when in-
strumentation was extended to the pelvis in non-ambulatory
children with neuromuscular scoliosis.” In contrast to this
systematic review, there were no significant differences in the
intraoperative blood loss and complications between the
lumbar and the pelvic fusion groups.

Coronal and sagittal balance were variably reported in the
reviewed papers. As an indicator of coronal balance we used
the pelvic obliquity and found a clear difference between the
groups, in favor to pelvic fusion. It must be considered that
although the pelvic fixation method was associated with su-
perior pelvic obliquity and curve correction, for an individual
neuromuscular patient, a few degrees more correction, even
with a statistically meaningful difference, may not be clini-
cally relevant. As lumbosacral mobility provides functional
advantages in transfers and ambulation, the benefits of the
mobility may outweigh the risk of revision surgery. For
clinical outcome and quality of life after fusion/no fusion to
the pelvis, HRQoL would have been a meaningful outcome
measure, but there were very few studies reporting this. Recent
studies have shown improved quality of life in NMS patients
after spinal fusion, but the reported HRQoL outcomes may be
inferior when comparing patients with pelvic fusion to those
without.'>*° Due to the limited data on HRQoL, we analysed
secondary situational variables for clinical outcomes; risk of
reoperation, ambulatory status, and pelvic and spinal pa-
rameters. Again, there was heterogeneity in the trials regarding
risk of reoperation and walking status, which did not allow for
reliable statistical analyses. Similarly, the preservation of

walking ability could not be analysed, as almost all the patients
in both study groups were non-ambulatory already before
surgery; however, the ambulatory status remained unchanged
for all patients after surgery. The literature on the influences of
pelvic fixation on ambulatory status in NMS patients is limited
but based on the current knowledge pelvic fixation does not
affect the ambulatory status of the patients.”’ A more detailed
comparison of different etiologies for neuromuscular scolio-
sis, i.e. cerebral palsy, would have been clinically useful.
However, most of the reviewed papers did not provide sub-
group data comparing the outcomes of underlying etiology for
neuromuscular scoliosis.

Revision pelvic surgery after index lumbar fusion is as-
sociated with a high risk of complications. The neurological
disease with medical comorbidities may also limit the addi-
tional procedures.'> Matsumoto et al. found several risk
factors associated with a higher risk of surgical site infection
(SSI), with non-ambulatory status, neuromuscular etiology,
pelvic instrumentation and operative time having the highest
relative importance.’” Many of these risk factors apply to the
NMS patient population. Nielsen et al presented a study with
almost twice as many reoperations after revision surgery and
extension to the pelvis compared to those patients who re-
ceived pelvic fusion at the time of the index surgery."’ Re-
vision pelvic fusion also has a similar operative time and blood
loss compared to the index lumbar fusion. Due to the even
higher risk of complications in this patient population in the
revision surgery, it is necessary to consider the risks and
benefits of pelvic fixation during the index surgery.

Ahonen et al. describe in their recent publication, that op-
erative treatment of neuromuscular scoliosis reduces mortality
in children with cerebral palsy.”* Traditionally, NMS fusions in
children with CP include pelvic fusion nationwide in Finland.
Tsirikos et al state that the estimated survival time after NMS
spinal fusion in children with CP averages 11 years,” but
Ahonen et al describe significantly longer survival rates.*’
Revision surgery after spinal fusion is often challenging and
carries a greater risk of complications.'? For this reason, not all
children can tolerate a revision, which argues in favor of pelvic
fixation during the first operation. However, considering
postoperative functional capacity and quality of life, pelvic
fixation is not trouble-free. According to the literature, quality of
life after lumbar fusion is superior in comparison to pelvic
fusion.'® This makes our inquiry relevant and topical.

We fully acknowledge that this review is inherently limited
by the heterogeneity of the available literature. Not all studies
reported complete data on several parameters such as ambu-
latory status, complications, and pelvic fixation techniques. In
addition, most of the data were not normally distributed so non-
parametric statistical analyses were performed. Our study
protocol and review criteria were tight in order to address this
specific issue. A strict 2-year follow-up period was chosen, as
loss of correction during the first two postoperative years has
been described previously.” This excluded many reports, in
which the range of follow-up time was insufficient. In addition,
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a strict limitation in terms of instrumentation (instrumentation
with lumbar pedicle screws) and patient age was also applied to
reliably assess the outcomes of modern treatment methods for
NMS surgery in the paediatric population.

Conclusions

With reference to the current literature, posterior spinal fusion
in neuromuscular scoliosis patients extending to the pelvis
appears to provide small improvements in radiological
measures of curve correction and pelvic obliquity compared to
fusion extending to the lumbar vertebrae only. The compli-
cation rate, operation time and perioperative bleeding also
increase with extended surgery. However, the impact on
quality of life, ambulation, and risk of revision surgery due to
latter continuation of the fusion to the pelvis remains still
unknown. Further research is needed to address these clini-
cally important issues.
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