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Abstract

Purpose of Review Spinal deformity is a common issue in pediatric patients with an underlying neurological diagnosis or
syndrome. Management of neuromuscular scoliosis (NMS) is a major part of the orthopedic care of such patients, as the
deformity is often progressive, and may affect gait, seating and positioning. In addition, untreated large spinal deformities
may be associated with pain and/or cardiopulmonary issues over time.

Recent Findings Recent changes in medical management of the underlying disease process appears to alter the natural history of
certain neuromuscular conditions, and in the case of patients with Duchenne’s muscular dystrophy significantly diminish the
incidence of spinal deformity. In the most common diagnosis associated with NMS, cerebral palsy, there is evidence that despite a
high complication rate, surgical management of spinal deformity is associated with measurable improvements in validated
health-related quality-of-life measures.

Summary Spinal deformity is a common finding in patients with neurological diagnoses. It is important for those involved in the
care of these patients to understand the natural history of NMS, as well as the potential risks and benefits to the patient and
caregivers, of surgical and non-surgical interventions.

Keywords Neuromuscular scoliosis - Cerebral palsy - Caregiver/patient outcome studies

Introduction

The term neuromuscular scoliosis (NMS) describes a non-
congenital spinal deformity that occurs in patients with any
type of pre-existing neuromuscular diagnosis (Table 1). NMS
may present at any age; and in many cases progresses relent-
lessly, particularly in patients with more severe neurologic and
systemic involvement. Progressive deformity in these patients
may limit mobility and seating status, and may be associated
with primary or secondary effects on cardiopulmonary func-
tion over time.

Management of NMS includes observation, non-operative
interventions such as bracing, specialized seating systems, and
surgery. The risks of operative and non-operative treatments
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of spinal deformity in this patient population are well-
documented in the literature, but there are few studies with
high levels of evidence. In addition, the potential benefits of
intervention, as well as the effects on quality of life, both for
the patient and caregivers, remain under investigation at this
time. The purpose of this monograph is to review the existing
literature, with a focus on newer reports, regarding this com-
plicated subject, and by doing so generate a description of the
current state of management of NMS in pediatric patients.

Natural History

It is important to understand that the term NMS includes a
large number of underlying diagnoses and pathologies.
While the orthopedic manifestations of many of these pa-
tients may be similar, the nuances and complexity of the
various underlying medical conditions limits complete
generalization. As such, natural history data generated
from patients with more common diagnoses (such as ce-
rebral palsy) tends to be generalized to patients with less
common pathologic situations, but some subtle differ-
ences do exist.

Data from two Swedish studies provides some of the most
complete epidemiologic information in the literature regarding
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Table 1 Common
diagnoses responsible for
neuromuscular scoliosis

Cerebral palsy

Duchenne muscular dystrophy
Myelomeningocele

Spinal muscular atrophy
Friedrich ataxia

Spinal cord injury

the incidence of NMS [1]. These authors assessed the incidence
of NMS in 666 patients with cerebral palsy. They found that the
risk of developing NMS increased with increasing patient age
and GMFCS (gross motor function classification scale) level
[1]. A larger follow-up population study published in 2018
confirmed the findings of the previous study and demonstrated
that approximately 8% of GMFCS V patients had clinical evi-
dence of scoliosis before 5 years of age [2]. By age 20, up to
75% of patients at that functional level had a spinal deformity
with a Cobb angle greater than or equal to 40°.

While limited in number, studies do exist that assess the
natural history of curve progression in patients with untreated
NMS. Fujak et al. [3] reported on patients with untreated spi-
nal deformity secondary to spinal muscular atrophy type II
and III. They found early incidence and rapid progression of
spinal deformity, along with simultaneous deterioration of
pulmonary function. Gu et al. [4] reviewed 110 pediatric pa-
tients with a diagnosis of spastic quadriplegic CP. The authors
determined that those patients with a deformity >40° by the
age of 12 were more likely to progress than those with a curve
of <40° by the same age. Natural history studies regarding
spinal deformity also exist for patients with Duchene’s mus-
cular dystrophy [5, 6] and pediatric spinal cord injuries [7, 8],

Fig. 1 NMS patient with CP and severe curve leading to the ribs resting
on the iliac crest. This has resulted in ulceration

both of which have a known high incidence of spinal defor-
mity and risk of progression.

Regardless of the diagnosis, the result of a progressive
NMS deformity is similar. In many cases, the deformity may
be associated with difficulties in daily care and positioning, as
well as ambulation (in ambulatory patients) and wheelchair
positioning or sitting balance in those unable to walk or stand.
Secondary effects of these issues on family and caregivers
may become evident. Over time, the deformity may contribute
to pain, alterations in skin integrity (Fig. 1), as well as pulmo-
nary and cardiac compromise secondary to mechanical effects
on thoracic volume and compliance.

Non-operative Management

The initial intervention in most patients with NMS is non-
operative. However, the efficacy of such interventions has
proven to be very limited. Bracing appears to have little effect
on the progression of NMS, acting primarily as an external
support for sitting balance in those patients with flexible
curves. [9, 10]As the deformity progresses, the brace becomes
less effective at either maintaining in-brace correction or
aiding with upright positioning. Olafsson et al. [10] showed
some limitation on curve progression in ambulatory patients
with smaller, lumbar curves. Nakamura et al. [11] demonstrat-
ed improvements in Cobb angle, as well as sitting stability and
caregiver satisfaction in a group of patients treated with a
dynamic 3-point molded brace. Overall, long-term bracing
for NMS is rarely effective.

Custom seating systems are utilized in an attempt to com-
pensate for a pre-existing NMS deformity, and to allow better
upright positioning. Unfortunately, these systems are costly,
and often require significant time to design, fashion and pro-
cure. In many cases, the delivered product no longer fits ade-
quately due to progression of the deformity during the time
between measurement and delivery.

The most direct method of non-operative management of
NMS in some conditions may be the minimization of occur-
rence through forms of medical treatment of the underlying
disease process. This has been evident in patients with
Duchenne’s muscular dystrophy (DMD) treated with steroids.
Prior data on the natural history of patients with DMD was
almost universal development of scoliosis once the patient
becomes non-ambulatory [12]. In 2013, Lebel et al. [13] pro-
vided long-term follow-up of steroid treatment in DMD,
which appeared to alter the natural history for these patients.
The authors demonstrated a significantly increased survival
rate, as well as a significant decrease in the incidence of sco-
liosis, in the steroid treatment group versus an untreated
cohort.

Spinal deformity is a common finding in patients with spi-
nal muscular atrophy (SMA) [14], and is generally associated
with the more severe types of the disease. Non-operative
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management with bracing is rarely used due to potential con-
strictive effects on an already compromised respiratory sys-
tem, as well as minimal efficacy. Early surgical treatment may
be indicated in an attempt to control progression of the defor-
mity [15]. Recent studies have shown significant improve-
ment of motor function in SMA patients treated with intrathe-
cal injections of an antisense oligonucleotide medication
(Nusinersen) versus a group receiving sham injections
[16°¢]. While no long-term studies of this medical treatment
currently exist, it seems reasonable to believe that changing
the natural history of SMA through medical treatment may
have an effect on the incidence and progression of NMS as-
sociated with the untreated disease process.

Operative Treatment

Indications for operative intervention for patients with NMS
many vary with the disease etiology and individual clinical
circumstances of each patient and family. However, the main
indications for surgical treatment in this patient population are
progressive deformity with unacceptable truncal shift or pel-
vic obliquity that affects standing or sitting balance/position-
ing. These patients may have had attempts at non-operative
intervention, but often have received no prior treatment. In the
non-ambulatory patient population, skin ulcerations, difficulty
with hygiene and inability to be positioned adequately in a
wheelchair are among common sources of caregiver dissatis-
faction, which may lead families to seek surgical care (Fig. 1).

As in cases of idiopathic and congenital scoliosis, the
goals of surgery for NMS are to obtain a solid bony ar-
throdesis of the spine to prevent further deformity progres-
sion, to correct the deformity of the spine and pelvis, and to
restore overall standing or seated balance. As the majority
of NMS surgery is performed in non-ambulatory patients,
the fundamental end goal is the creation and long-term
maintenance of upright posture. Technical considerations
in this patient population include the surgical approach
used for the procedure, as well as the proximal and distal
extent of the instrumentation and fusion.

Because of the need for a long and extensive instrumenta-
tion and fusion, most NMS patient undergo a posterior spinal
fusion. There are limited reports of isolated anterior instru-
mentation procedures for the management of NMS [17].
Indications for the use of combined anterior and posterior
procedures for NMS have changed over time. In the past,
combined procedures were common in this patient population.
Indications for the anterior portion of the intervention includ-
ed rigid deformities, severe pelvic obliquity, poor posterior
bone for fusion or a historically high risk of instrument failure
and pseudarthrosis with posterior-only surgery. Recent tech-
nical advances in spinal implants (greater use of pedicle-based
implants, greater rod size/stiffness), as well as more wide-
spread use of intra-operative skeletal traction or traction-like
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devices to aid in correction of the deformity, have led to a
significant decrease in the use of anterior spinal procedures
in the NMS population [18, 19¢].

Most NMS patients undergoing deformity correction and
fusion, instrumentation is extended to the proximal thoracic
spine (frequently T1 or T2) to aid in the correction of any
existing thoracic kyphosis. In addition, this proximal exten-
sion may minimize the risks of post-surgical proximal junc-
tional kyphosis. In 2003, Sink et al. [20] reviewed the sagittal
profile of 41 CP patients who underwent spinal arthrodesis.
These authors found a proximal loss of correction or implant
failure in 32% of patients, and found that pre-existing thoracic
hyperkyphosis was a risk factor for failure.

Due to the high incidence of significant pelvic obliquity in
NMS patients, the instrumentation and fusion is often extend-
ed distally to include the pelvis. There is some evidence that
the distal extent of the instrumentation can be limited to the
lower lumbar spine in patients with minimal pre-existing pel-
vic obliquity. Patients with flaccid, or non-spastic NMS (e.g.,
DMD, SMA) may not develop the degree of pelvic obliquity
found in spastic (e.g., CP) NMS patient. Takaso et al. [21]
reviewed 27 patients with flaccid CP with underwent fusion
with distal extent to L5. These authors noted no increase in
pelvic obliquity with no major complications at 2-year mini-
mum follow-up. McCall and Hayes [22] reported their results
comparing fusing to L5 or the sacrum in NMS patients with a
unit rod. These authors found lower rates of blood loss and
complications with stopping the distal construct at LS, with
satisfactory rates of correction of scoliosis and pelvic
obliquity.

However, the vast majority of neuromuscular patients, par-
ticularly those who are non-ambulatory, appear best served by
distal extension of the instrumentation and fusion to include
the pelvis [23]. This allows maximum correction of what is
often severe and rigid pelvic obliquity. Spinopelvic fixation
has evolved over time. In addition, some types of pelvic sta-
bilization have applications to patients with NMS associated
with specific diagnoses. In cases of NMS in patients with
upper lumbar or lower thoracic myeolodysplasia, the
Warner-Fackler rod modification may provide an attractive,
low profile alternative for distal fixation [24]. This method
of fixation is amenable only to patients with NMS associated
with myelodysplasia, due to the unique anatomic and neuro-
logic features of this population. The unit rod, used with either
sublaminar wiring or hybrid hook/wire/screw construct, has a
long history of success in patients with NMS. However, this
device requires significant skills with complex rod bending,
and has been largely replaced with other types of segmental
spinopelvic fixation. The Dunn-McCarthy method of spino-
sacral fixation has been used in some centers with success, but
is of limited use at this time [25].

Once segmental spinal instrumentation became the norm
for management of pediatric spinal deformities, use of iliac
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Fig.2 aand b NMS patient with low body mass index 10 years following
PSF with placement of PSIS starting point iliac bolts. Note the prominent
distal hardware and the exposure of the screw tulip and set screw outside
the wound

screws or bolts and connection of these implants to the main
construct directly or with offset connectors was commonplace
[26]. However, these bolts are placed into the ilium through a
posterior superior iliac spine entry point, which is often an
area of relative prominence in many patients. Coupled with
frequent malnutrition and thin habitus in NMS patients, these
implants may become painful, and may lead to skin break-
down and infection (Fig. 2a,b).

In an effort to minimize this potential complication, the S2Al
(sacral alar iliac screw) has been proposed and validated as a
low profile option for pelvic fixation [27, 28]. This screw is
started adjacent to the S2 foramen, crosses the SI joint, and
enters the ilium. This starting point affords two main benefits
when compared to traditional implants entering the pelvis
through the posterior superior iliac spine. As it is more in line
with the remainder of the lumbar implants, there is generally no
need for a separate connector, which increases the overall sta-
bility of the construct. (Fig. 3) In addition, the screw is placed in
an area of the pelvis with a larger covering soft tissue envelope,
thus minimizing the risk of prominent implants. In a recent
review of 38 patients with NMS and 5-year follow-up after
S2AI screw placement, the authors reported 57% correction
in pelvic obliquity. Only eight patients demonstrated screw lu-
cency, and four patients developed a deep infection [29¢].

Lee et al. [30] recently compared traditional iliac screws to
S2AI screws in NMS patients. There were no differences be-
tween the groups in regard to postoperative complications or
infections. S2AI screws were noted to have a significantly
lower rate of implant failure than traditional iliac screws; how-
ever, the rates of complications were equivalent for the two
patient cohorts.

Complications

It is well documented that the risk of intraoperative and post-
operative complications is higher in patients treated surgically

= e

Fig. 3 Upright AP full-length radiograph of a NMS patient who
underwent distal fixation with S2AI screws. Note that the screws are in
line with the remainder of the fusion construct

for NMS when compared to idiopathic scoliosis patients man-
aged with surgery [31]. The most common complications of
operative treatment of NMS patients are blood loss, infection,
respiratory distress, gastrointestinal distress, implant-related
complications, and death [32, 33].

Several large series of patients with NMS and rates of
complications have been published recently. Rumalla
et al. [34] reviewed 2154 NMS fusion cases from 2002
to 2011 from a national inpatient database, and reported
an overall complication rate of 40.1%.Turturro et al. [35]
reviewed a single center consecutive series of 185 NMS
patients over a 30-year time period. These authors report-
ed a rate of adverse events that approached 30%, but
specified that the rate of complications that affected the
final care of the patient was approximately 9%. Cognetti
et al [36°] reviewed the Scoliosis Research Society
Morbidity and Mortality Database from 2004 to 2015
and reported 1385 complications in 29,019 patients, a rate
of 6%. These authors noted that over the study period,
there was a 3.5-fold decrease in the rate of complications,
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with a notable decrease in wound infections, respiratory
complications, and implant-related complications. Toll
et al. [37] reviewed 102 patients and found a rate of com-
plications of 27%. Eighty percent of those were consid-
ered major complications. These authors found that pa-
tients with preexisting pulmonary conditions and higher
intraoperative blood loss were at higher risk of developing
complications.

There is frequently a risk of considerable blood loss as-
sociated with NMS surgery due to the lengthy dissection
needed for the extensive fusion, as well as other complicat-
ing patient-related issues. Patients with NMS (especially CP)
are known to have the highest risk of blood loss in posterior
spinal fusion surgery [38]. Several strategies can be utilized
to manage intraoperative blood loss in NMS patients. These
include use of intraoperative hypotension to diminish perfu-
sion to the dissection field, use of autologous return of in-
traoperative blood loss to the patient [39] (CellSaver,
Haemonetics, Braintree, MA) and the use of anti-
fibrinolytic medications [40] during the surgical procedure.
In a recent report by Hardesty et al [41¢], the use of a bipolar
sealant device (Aquamantys, Medtronic, Minneapolis, MN)
can diminish intraoperative blood loss and decrease rates of
transfusion for NMS patients.

Rates of postoperative infection in neuromuscular scoliosis
patients in some series can exceed 20%. These risks are in-
creased due to the inherently fragile nature of the patient, as
well the extensive surgery and physiologic load on the patient
postoperatively Furthermore, many of these patients are sus-
ceptible to post-operative infection with different (and in some
cases more virulent) organism than idiopathic patients.
Strategies to diminish risk of infection may include restoration
of adequate nutritional status of the patient prior to surgery
[42] and use of aggressive intravenous and local antibiotics at
the time of surgery [43].

In a large 30-year review of a single center experience
with infection following spinal fusion for neuromuscular
scoliosis, Ramo et al. [44] reported a deep infection rate of
10% in a cohort of 428 patients. Seventy-three percent of
the infections were diagnosed within 12 months. Risk fac-
tors for infection included myelomeningocele, high body
mass index, and incontinence. Modifiable surgical factors
associated with risk of infection included inadequate pro-
phylactic antibiotics and drain usage. If a postoperative
infection occurs, it should be treated aggressively with a
combination of operative debridements and parenteral an-
tibiotics. Use of negative pressure wound suction systems
can also be a beneficial adjunct in the care of NMS patients
with a deep wound infection [45]. While a post-operative
infection may be a lengthy ordeal, recent data has demon-
strated that the risk of subsequent or recurrent deep infec-
tion is low in those patients who undergo comprehensive
management of a post-operative spinal infection [46¢].
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Outcomes

Determining the outcomes of care for patients with NMS has
proven to be challenging. In light of the risk of complications,
both surgical and medical, multiple authors have attempted to
assess the benefits of surgical stabilization of NMS [47, 48e¢].
As the vast majority of NMS treated surgically involves min-
imally or non-ambulatory CP patients, almost all efforts to
determine outcomes have been performed on this cohort of
patients. Difficulties with direct patient communication have
led to use of the parents or other caregivers as surrogates in
many studies.

Cassidy et al. [49] compared two groups of institution-
alized patients with CP in 1994. One group was managed
surgically, and a similar group was managed non-opera-
tively. The authors found no difference in pain or pulmo-
nary issues, decubiti, or time for daily care. They did find
that the majority of the patient caregivers felt that those
patients treated surgically were more comfortable than
those who were not.

In 2003, Jones et al. [50] published a prospective eval-
uation of 20 CP patients with NMS who underwent spinal
deformity correction and fusion. They utilized a validated
questionnaire that was given to parents and permanent
caregivers of the patients preoperatively, at 6 months
and then at 1 year postoperatively. They found that while
there were no differences between pre- and postoperative
assessments of physical function, comorbidities or paren-
tal health, there were significant improvements in appar-
ent patient pain, happiness, and parental satisfaction at
one-year post surgery as reported by the caregivers.
Bohtz et al. [51] reviewed 50 consecutive patients with
CP who had a minimum 2-year follow-up after spinal
arthrodesis. They administered modified version of the
“Caregiver Priorities and Child Health Index of Life with
Disabilities” to the caregivers of the patients, and found a
satisfaction rate of 92% with the procedure.

More recently, multiple reports have been published that
focus on the pre- and postoperative evaluation of this pop-
ulation utilizing the CPCHILD instrument given to the
parents or caregivers. Jain et al [52¢¢] queried a multicenter
registry of GMFCS level IV and V CP/NMS patients man-
aged with surgical correction and fusion whose caregivers
had completed preoperative and 2-year postoperative
CPCHILD evaluations. They found that most caregivers
felt that the overall quality of life, health, and comfort
had improved with surgical management. In addition, spi-
nal stabilization was ranked second only to gastrostomy
tube placement as the most beneficial intervention in the
patients’ lives by greater than 70% of the respondents.

Finally, Miyanji et al [53e¢] reported on the 5-year fol-
low-up of a cohort of severely involved NMS patients
managed surgically for whom the caregivers completed
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the CPCHILD questionnaire. Reports from the caregivers
of 69 patients were analyzed. While they found a high
overall complication rate (> 50%), there was no significant
correlation between complications and scores postopera-
tively at any point in the follow-up period. In addition,
there were significant improvements in personal care, po-
sitioning, and comfort throughout the period of evaluation.

It appears that there is evidence to support a positive
effect of surgical treatment on patient outcomes in NMS
studied, despite a known high rate of complications.
While the data is indirect, as the patients themselves are
often unable to participate in the evaluation process, at
5 years follow-up there is statistically significant evidence
generated through validated instruments that supports sur-
gical intervention. Longer follow-up will be necessary to
determine whether these results persist over time, and
questions regarding the effect of surgical management
on patient life expectancy will remain.

Conclusion

Neuromuscular scoliosis (NMS) in children may occur in as-
sociation with multiple diagnoses. The vast majority of the
literature reports on patients with NMS associated with cere-
bral palsy, although NMS occurs with a high incidence in
patients with Duchenne’s muscular dystrophy and spinal mus-
cular atrophy as well. In general, a greater level of neurologic
involvement correlates with the incidence, severity, and pro-
gression of the deformity.

In some diagnoses, medical management to limit the
neurologic involvement and progression may limit the
onset and progression of NMS (e.g., DMD and SMA).
However, for severely involved patients with cerebral
palsy and associated NMS, surgical management is often
the only option other than supportive care. The risks of
complications in patients after surgical intervention for
NMS remain high, despite maximal prophylactic mea-
sures. Long-term assessment of the benefits of spinal fu-
sion and instrumentation for NMS is ongoing. Recent
studies have shown that use of validated questionnaire
instruments, such as the CPCHILD, demonstrates posi-
tive effects of surgery for the patient and caregivers in
most cases.
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