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e These diseases commonly affect the pulmonary and car-
diac systems, which need to be considered when manag-
ing the scoliosis. .

e Early intervention in Duchenne muscular dystrophy is
recommended to optimize cardiac and pulmonary
function.

bone commonly found in patients with neuromuscular
scoliosis.

Different methods of treating early-onset neuromuscular
scoliosis are being evaluated including growing rods (tra-
ditional growing rods [TGR] and magnetically controlled
growing rods [MCGRY]), vertically expandable prosthetic
titanium ribs (VEPTR), and Shilla technique, but contin-
ued studies are needed to determine their true efficacy.
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Table 12.1 Common diagnoses associated with neuromuscular
scoliosis

Cerebral palsy*

Spinal muscular atrophy®
Myelomeningocele®
Duchenne muscular dystrophy
Arthrogryposis multiplex congenita
Central core disease

Nemaline myopathy

Friedrich ataxia

Spinal cord injury
Myotubular myopathy

Rett syndrome

*Will be discussed in more detail in subsequent chapters

nonoperative management. Progressive deformity can lead
to a variety of challenges in the care of these patients, includ-
ing difficulty with sitting balance or a decline in cardiopul-
monary function. Surgical management often requires a
multidisciplinary approach for preoperative medical optimi-
zation. Risks of surgery are generally higher in this patient
population than in idiopathic scoliosis. However, appropriate
planning and achievement of a balanced spine over a well-
positioned pelvis can lead to good outcomes in the majority
of patients.

Some common causes of neuromuscular scoliosis will be
discussed in other chapters. However, there are many nuances
in the care, both operative and nonoperative of other com-
mon neuromuscular scoliosis etiologies, such as Duchenne
muscular dystrophy (DMD), arthrogryposis, Rett syndrome,
and congenital myopathies. It is important to consider all the
evidence in treating patients with specific neuromuscular
conditions.

12.2 Duchenne Muscular Dystrophy

Duchenne muscular dystrophy (DMD) is an inherited
X-linked recessive disorder isolated to the dystrophin gene
causing an absence in the protein dystrophin [1]. DMD is
usually first diagnosed by 5 years of age. Initial concerns by
parents include delayed walking, clumsiness, or flat feet. It
has been suggested to screen any male not walking by
18 months for DMD [2]. Later concerns by parents, usually
at 4 or 5 years of age, are the inability to keep up with peers
or increased difficulty climbing up stairs. Other clinical find-
ings seen on examination include pseudohypertrophy of the
calves, proximal muscle weakness, Achilles and iliotibial
band contractures, and a positive Gowers’ sign.

In the evaluation of DMD, the initial laboratory test evalu-
ates serum levels of creatine phosphokinase (CPK). The diag-
nosis is then confirmed by genetic testing. In the remaining
one-third of patients, a muscle biopsy is needed to specifi-
cally assess the quantity and quality of dystrophin present.

12.2.1 Spinal Deformity

Spinal deformity is the most critical orthopedic issue for the
patient with DMD. The incidence of scoliosis is approxi-
mately 95%. In patients not medically treated, the onset of
spinal deformity usually occurs at the same time that patients
lose the ability to walk between the ages of 10 and 14 years.
Early onset scoliosis (EOS) is exceedingly rare in patients
with DMD. The risk of progression of scoliosis is also very
high. Smith et al. reviewed the natural history of 51 patients
with DMD and scoliosis, who had no surgical treatment and
were followed until their death [3]. Seventeen of these
patients had curves greater than 90° (33%). The mean rate of
progression was 2.1° per month. In many cases, the curves
continued to progress until the rib cage contacted the ilium.

The spinal deformity associated with DMD differs from
the deformity seen in adolescent idiopathic scoliosis (AILS)
as the rate of progression is greater [4, 5]. Unlike the typical
hypokyphotic or lordotic patient with AIS, most progressive
scoliosis in DMD patients is kyphotic in the sagittal plane.
Wilkins and Gibson suggested two types of spinal deformity
in DMD [6]. The more stable deformity is associated with an
extended position, while the unstable pattern is characterized
by a progressive kyphosis [6, 7]. Oda et al. also utilized sag-
ittal alignment to help differentiate the deformity in DMD
into three types, recommending surgery for the kyphotic
deformities [8].

Considering that scoliosis typically develops once the
patient becomes wheelchair bound, screening is not required
while the patient is ambulatory. However, once the patient is
unable to walk, radiographic screening should occur every
6 months.

12.2.2 Medical Considerations

In addition to the orthopedic manifestations, there are con-
siderable medical complications associated with DMD. Of
these, the problem that is most concerning for the spine sur-
geon is progressive worsening of pulmonary function.
Muscle weakness, contractures, and spinal deformity result
in a restrictive disease pattern. This progressive decline typi-
cally occurs in the second decade of life, worsens with
increasing age, and ultimately leads to the patient’s death
[9-11].

Kurz et al. demonstrated that age and curve severity nega-
tively affect pulmonary function [4]. Peak forced vital capac-
ity (FVC) occurred at the same time that patients became
unable to stand. Each year following then resulted in a FVC
decline of 4%. If the patient developed scoliosis, an addi-
tional decline of 4% occurred for every 10° of thoracic scolio-
sis. A study by Yamashita et al. also supported the relationship
of scoliosis and decreased pulmonary function [12].
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Since age and thoracic scoliosis were found to be the best
predictors of pulmonary decline, Kurz et al. recommended
early surgical intervention in the DMD patient [4]. Others
have also made similar recommendations. Galasko et al.
demonstrated slightly improved survival and maintenance of
FVC for the first 36 months postoperatively in those patients
who underwent surgery [13]. Rideau et al. found static vital
capacity at 2 years in five surgically treated DMD patients
[14]. Velasco et al. supported spinal stabilization, demon-
strating a significant decrease in the rate of respiratory
decline postoperatively compared with presurgery rates [15].

Some authors have contradicted the positive effects of
surgery on pulmonary function. Their studies found no sig-
nificant difference between the surgical and nonsurgical
group in terms of declining respiratory function [16-18].
Kennedy et al. demonstrated a similar decline in FVC of
3-5% per year in both operative and nonoperative patients
[19]. The criticism of this study was that the surgical patients
had severe scoliosis with pulmonary function too poor to
benefit from surgery [20]. A 2020 study by Farber et al. dem-
onstrated a loss of mean FVC from preoperative to postop-
erative testing in seven patients with DMD by 0.36 L [21].
Saito et al. suggested that more direct measures of respira-
tory muscle strength, such as maximal inspiratory pressure,
maximal expiratory pressure, or sniff nasal inspiratory pres-
sure, may more sensitively demonstrate respiratory function
benefit from scoliosis surgery in DMD [22]. Chua et al. eval-
uated 29 patients with more than 10 years of follow-up and
found that the apical vertebrae of scoliosis did not demon-
strate a significant effect on the pulmonary function, nor did
scoliosis surgery decreased the frequency of chest infections
[23]. A Cochrane Review by Cheuk et al. was unable to give
an evidence-based recommendation regarding the effect of
surgery on pulmonary function since no randomized con-
trolled clinical trials were performed [24].

Prior to any spinal surgery, preoperative pulmonary func-
tion tests should be performed. Common postoperative prob-
lems encountered include prolonged intubation and the need
for permanent tracheotomy. Recently, studies have suggested
that with aggressive postoperative pulmonary management,
patients with low FVC can successfully undergo spinal
fusion [25, 26]. Of the 45 patients prospectively collected,
Harper et al. found no difference in outcomes between
patients with a FVC greater than 30% compared with those
less than 30%, and that the use of BIPAP postoperatively,
even in those without a low FVC, may decrease the time of
ventilatory support without increase in re-intubation rate. We
recommend that if spinal fusion is being considered, early
intervention should be performed before further decline in
pulmonary function. A short duration of ventilatory assis-
tance followed by early extubation and aggressive pulmonary
management minimizes the risk of atelectasis and
pneumonia.

Patients with DMD should also undergo a preoperative
cardiac evaluation including echocardiogram. Cardiac mani-
festations include cardiomyopathy and conduction abnor-
malities [16, 27, 28]. In those patients with severely reduced
cardiac function that cannot be controlled pharmacologi-
cally, surgery may not be an option.

Similarly to other myopathies, there is an increased risk
of malignant hyperthermia in DMD [29, 30]. In extreme
cases, patients have died intraoperatively from sudden car-
diac arrest. Typically, anesthesiologists refrain from using
anesthetics that trigger malignant hyperthermia in this popu-
lation. Awareness of the risk will maximize the preparedness
of the entire team for these medically complicated patients.
Additionally, Duckworth et al. demonstrated that patients
with DMD had an increased overall rate of postoperative
complications than those with other neuromuscular condi-
tion, including deep wound infection and hepatotoxicity,
which appeared to be unique to DMD patients [31].

12.2.3 Nonsurgical Management of Scoliosis

Spinal deformity in DMD rarely develops in the ambulatory
patient. Therefore, close screening of these patients should
begin when the patient begins using a wheelchair fulltime. In
those rare cases when scoliosis develops in an ambulatory
patient, bracing should not be utilized. Evidence suggests
that bracing in this situation is ineffective and may decrease
the ability to walk [20]. For the nonambulatory scoliosis
patient, bracing has also been discouraged. Previously pub-
lished reports have shown that while there is a decrease in the
rate of progression, orthotics do not prevent the development
of severe scoliosis [2, 32].

Since Drachman et al. demonstrated positive outcomes
with the use of steroids for the treatment of DMD, there has
been much effort to investigate their effects on scoliosis [33].
Corticosteroids have been found to stabilize muscle strength
in DMD for a period of time [34]. Shapiro et al. studied 88
patients who were not treated with steroids at the time they
became wheelchair-dependent and noted that scoliosis was
found in 85 of 88 patients (97%), with a major curve greater
than 30 degrees in 75% of involved patients. Sagittal plane
deformity was seen in 37 of 60 patients(62%) [35]. A recent
Cochrane Review found evidence to support the use of ste-
roids to improve muscle strength and function in the short
term (624 months) [36]. However, it is not completely clear
whether this has an effect on the progression of scoliosis.
Some studies have suggested that similar to bracing, steroids
can delay or limit the progression of scoliosis [37, 38-42]. A
previous prospective study compared 30 DMD patients
treated with deflazacort with 24 matched control patients,
and while they suggested that steroids slowed the progres-
sion of scoliosis, they were unable to demonstrate the pre-
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vention of spinal deformity requiring surgery [38]. More
recently, Lebel et al. compared long-term follow-up of
ambulatory DMD patients receiving deflazacort versus those
not receiving the glucocorticoid [43]. At long-term follow-
up, they found that 20% in the deflazacort group had devel-
oped scoliosis compared to 92% in the nontreatment group.
Koeks et al. published a study of 5345 patients with DMD
from a global database and reported that patients treated with
corticosteroids were less likely to require scoliosis surgery
with statistical significance [44]. A recent multicenter clini-
cal trial by McDonald et al. compared treatment with either
deflazacort or prednisone in ambulatory patients with DMD
over 48 weeks and found a lower rate of functional decline in

patients treated with deflazacort [45]. The use of steroids,
however, has to be balanced with the potential complica-
tions, including weight gain, behavioral problems, fracture,
glucose intolerance, gastrointestinal symptoms, skin
changes, and cataracts [34, 36, 46] (Fig. 12.1). Future direc-
tions for medical management of DMD include gene therapy
aimed at restoring the expression of dystrophin [47].

12.2.4 Surgical Management of Scoliosis

Given that early EOS is rare in DMD, posterior spinal fusion
(PSF) and segmental spinal instrumentation (SSI) are the

Fig.12.1 A 14-year-old male with DMD with multiple chronic compression fractures secondary to chronic steroid use
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standard surgical treatments for scoliosis in DMD. For a
patient with documented progressive scoliosis that can toler-
ate surgery, there is little controversy over the need for surgi-
cal stabilization. The goals are to maintain sitting balance
and patient mobility and minimize the effect of scoliosis on
pulmonary function. Due to the high likelihood of develop-
ing scoliosis, some authors have suggested proceeding with
surgery when patients lose the ability to ambulate [3]. Choi
et al. recently demonstrated as well that even after loss of
ambulation, there is a period of maintained flexibility with
full reducibility of the curve remaining possible, but that the
curve does become structural over time [48]. Most authors
recommend surgery with radiographic evidence of scoliosis
with major curves of 20-30° [20, 49-51].

With the development of segmental spinal instrumenta-
tion (SSI) by Luque, there have been major improvements in
the surgical stabilization of DMD spinal deformity [52-54].
SSI has improved fixation in otherwise osteopenic bone and
has minimized the need for prolonged immobilization.

There is little controversy where the fusion should begin,
typically in the upper thoracic spine at T2 [11, 20, 50].
Stopping short of this may allow for cephalic progression of
the curve due to progressive trunk and neck muscle weak-
ness, causing the patient to lose head control. The ideal cau-
dal extent of the fusion, however, continues to be debated.
Fixation to the pelvis is technically more demanding, and
increases both operative time and the potential risk of com-
plications [55, 56]. Some studies have suggested that spinal
fixation to L5 was sufficient in the early-treated patients and
minimal pelvic obliquity [50, 51]. Other studies have recom-
mended fusing to the pelvis at the initial time of surgical
intervention [57-63]. Patients are healthiest at the first sur-
gery. Any attempts to later fuse to the pelvis in those that
have progressive pelvic obliquity will pose a greater risk
with their worsening medical condition. Alman and Kim
reported on 48 DMD patients who underwent spinal fusion
[57]. Thirty-eight patients with less than 10° of pelvic oblig-
uity and 40° curvature underwent fusion and instrumentation
to L5. Of these patients, 32 had progression of their pelvic
obliquity. They found that curves with an apex below L1
were at the greatest risk of progression. Therefore, Alman
and Kim recommended fusion to the pelvis for all curves
with an apex below L1. Spinal fusion in the thoracic and
lumbar spine has traditionally been achieved with the use of
sublaminar wires. With advancements made in instrumenta-
tion, some have chosen to use hooks or pedicle screws for the
stabilization of the deformity. Recent studies involving pedi-
cle screw fixation have demonstrated improved major curve
correction, as well as improved and maintained pelvic oblig-
uity in patients with DMD [64-68]. Another study reported
improved patient function, sitting balance, and quality of life
with pedicle screw constructs [69].

Selection of implants is related to surgeon preference,
cost, deformity, and patient anatomy and is beyond the scope
of this chapter. Currently, our preferred technique is to utilize
pedicle screws throughout the construct. Density of implants
will be determined by bone density, deformity magnitude,
and spinal stiffness (Fig. 12.2).

There are similar choices for instrumentation to the pel-
vis. Options include the Galveston techniques with either
Luque or Unit Rods, Dunn-McCarthy technique with an
S-rod, sacral screw, and iliac screw fixation [56, 58, 70-72].
Each has advantages and disadvantages. The Galveston tech-
nique is subject to loosening and migration of the rod [11]. In
addition, the Galveston technique sometimes requires com-
plex three-dimensional contouring to fit the altered pelvic
anatomy. Iliac screws, on the other hand, are placed individ-
ually into each iliac wing and then connected to the rod
through connectors. A recent study by Peelle et al. demon-
strated equal effectiveness in controlling pelvic obliquity
between the Galveston technique and iliac screw fixation
[72]. Our current preferred method is to utilize sacral-alar-
iliac fixation as described by Sponseller et al. when instru-
menting to the pelvis in DMD patients [73].

Another important consideration in the preoperative plan-
ning for scoliosis surgery is the risk of significant blood loss.
Of all pediatric spine surgeries, Duchenne muscular dystro-
phy has demonstrated, on average, to have the highest mean
blood loss [74, 75]. This is important considering the poor
cardiac reserve in this population. These patients require a
large exposure from the upper thoracic spine to the lower
lumbar spine or pelvis. Proper positioning is crucial to avoid
abdominal compression which can exacerbate blood loss
[76]. The paraspinal muscles can be difficult to elevate sub-
periosteally. Dysfunction of vascular smooth muscle as well
as decreased platelet adhesion is thought to contribute to
increased blood loss [74, 77, 78]. Besides diligent hemosta-
sis intraoperatively, the use of antifibrinolytics may help to
minimize blood loss. Shapiro et al. retrospectively evaluated
the use of tranexamic acid (TXA) in 20 DMD patients and
compared them with 36 control patients [79]. Tranexamic
acid was found to reduce intraoperative blood loss and the
need for homologous transfusion. Another option which has
been studied for adolescent idiopathic scoliosis but not DMD
includes the use of aminocaproic acid [80-82]. Vitale et al.
investigated the efficacy of preoperative erythropoietin on
hematocrit and transfusion rates in neuromuscular patients
[83]. They found no clinical benefit in their treatment group.
Our current practice is to work with anesthesia preopera-
tively to ensure that TXA is administered during surgery, and
to utilize a cell saver system to maximize autologous transfu-
sion in order to minimize usage of homologous blood prod-
ucts. In those patients who have evidence of preoperative
platelet dysfunctions, we will transfuse the patients with
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SITTING

Fig.12.2 (a) Preoperative AP and lateral radiographs of a 16-year-old
male with DMD and thoracolumbar scoliosis. (b) Two-year postopera-
tive radiographs demonstrating stabilization of the scoliosis with a pos-

platelets before the start of the procedure. Postoperatively,
hemoglobin levels are monitored closely to ensure that car-
diac function is not overly stressed.

12.2.5 Long-Term Outcomes

As previously discussed, there is a controversy whether sco-
liosis surgery improves pulmonary function in the DMD
patient. A recent Cochrane Review by Cheuk et al. was
unable to provide an evidence-based recommendation for
scoliosis surgery in DMD [24]. Their reasoning was the lack
of randomized clinical trials. Of the 49 relevant studies
addressing the outcomes of scoliosis surgery, none met their
inclusion criteria for review.

Studies have suggested that spinal fusion does benefit
patients beyond pulmonary function [84-87]. Bridwell et al.
sent questionnaires to 33 patients with DMD evaluating
function, self-image, cosmesis, pain, quality of life, and sat-
isfaction [84]. Patients reported benefits in all categories
with the highest ratings in cosmesis, quality of life, and sat-
isfaction. Granata et al. and Takaso et al. found that sitting
position, aesthetic improvement, and quality of life were all
improved following spinal fusion [69, 85]. More than 90% of
their patients/parents would give their consent again for
surgery.

SITTING

terior spinal fusion and segmental spinal instrumentation with
intermittent pedicle screws and SAI pelvic screws

12.2.6 Duchenne Muscular Dystrophy
Summary

Spinal deformity commonly affects the patient with
DMD. Treatment of this deformity is complicated by pro-
gressive muscle weakness and deteriorating pulmonary
function. Current literature suggests that surgical manage-
ment of the deformity can maintain upright sitting posture,
improve quality of life, and positively affect short-term pul-
monary function. Unfortunately, a lack of randomized con-
trolled trials has prevented formal Level-1 recommendations.
If surgery is considered, however, it should be performed
early when the patient is at his or her maximal health. In
addition, if there is more than mild pelvic obliquity, one
should consider including the pelvis in the instrumentation
and fusion.

12.3 Arthrogryposis Multiplex Congenita

Arthrogryposis or ‘“arthrogryposis multiplex congenita”
(AMCO) is a heterogeneous group of diseases with a similar
phenotype of multiple congenital joint contractures [88, 89].
Currently, there are more than 150 subtypes that are believed
to result from a failure of normal movement in utero. The
etiology for this lack of movement may be myopathic, neu-
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ropathic, or secondary to connective tissue abnormalities
[90]. Amyoplasia is the term used to describe the more clas-
sic disease entity seen in orthopaedics. These patients have a
dysgenesis of anterior horn cells resulting in replacement of
muscle with adipose and fibrous tissue [91].

Patients with arthrogryposis multiplex congenita (AMC)
have significant musculoskeletal deformities secondary to
the contractures. The majority of patients have all four
limbs involved (84%) [88]. Severe equinovarus feet (club-
feet), hip dislocations (unilateral or bilateral), and scoliosis
are commonly seen. Nonorthopedic abnormalities include
inguinal hernias, abdominal wall defects, gastroschisis,
bowel atresia, hypoplasia of the labial folds, and cryptor-
chidism [88]. According to their long-term functional out-
come study on 177 patients with AMC from 15 different
countries, Nouraei et al. reported that 75% of respondents
lived independently of family members, reported lower
physical function scores than the general population, but
similar or higher scores for other quality of life domains of
the SF-36 [92]. In 2021 Verhofste et al. compared 35 AMC
EOS patients with 112 matched idiopathic EOS patients
from the Pediatric Spine Study Group [93]. All patients had
>2 years postoperative growth friendly implant insertion
and were compared for changes in spinal deformity and
early onset scoliosis questionnaire (EOS-24) results. At the
last follow-up, major curve correction and T1-S1 growth
were comparable. AMC patients had poorer EOSQ-24
scores. Complications increased with longer follow-up in
nonambulatory patients.

Similar to patients with other neuromuscular disorders,
pulmonary function should be closely monitored periopera-
tively in patients with AMC. Li et al. have described risk

-

factors for pulmonary dysfunction in patients with AMC,
including both scoliosis and BMI as independent risk fac-
tors [94].

12.3.1 Spinal Deformity

The incidence of scoliosis in AMC is reportedly found
between 30% and 67% [95, 96] (Fig. 12.3). The deformities
are similar to other neuromuscular conditions with lumbar
and thoracolumbar curves predominating [97, 98]. The
curves are frequently stiff. Progression of the deformity can
be rapid, up to 6.5° per year [98]. The earlier the presentation
of scoliosis, the more severe the curve may become and the
more likely it will be associated with pelvic obliquity.
Increased lordosis is also frequently seen.

Scoliosis is typically refractory to orthotic management
[97, 98]. Patients with AMC will frequently develop scolio-
sis early in life. There is minimal literature that has evaluated
the treatment of EOS in these patients. Recently, Astur et al.
and the Chest Wall Spinal Deformity Study Group evaluated
ten children with AMC who underwent treatment with the
use of the vertical expandable prosthetic titanium rib
(VEPTR) device and found it to be an effective treatment
method in these patients [99]. Using this rib-based distrac-
tion device, they obtained 37% correction of scoliosis and
29% correction of kyphosis. They also found improved tho-
racic volume. Six complications occurred in four patients in
a total of 62 procedures performed. Proximal junctional
kyphosis appeared to remain a problem; however, in this
cohort, reoperation rates were reported to be as high as
28.6% at 4 years for patients with AMC [100]. Other than

Fig.12.3 (a) A 5-year-old male with progressive kyphoscoliosis secondary to AMC. (b) Patient was treated with magnetically controlled growing

rods (MCGR)
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this series, few studies have evaluated growing spine tech-
niques in patients with AMC.

In older children and adolescents, PSF and SSI remain the
standard and appear to be effective in preventing progression
of the scoliosis. However, correction of the curves appears to
be modest, about 35% [97]. Yingsakmongkol and Kumar
reported slightly increased correction (44%) with a com-
bined anterior and posterior fusion [95]. These series are
dated, however, and do not assess surgical outcomes with
current segmental instrumentation. In some cases, instru-
mentation was not used. If pelvic obliquity is present, fusion
to the pelvis should be attempted. Evaluation for hip contrac-
tures should be evaluated preoperatively in the event that the
final spinopelvic position impacts sitting ability [101]. Care
should also be taken when positioning patients. Their stiff
joints and osteopenia place them at increased risk of devel-
oping pathologic fracture.

12.4 Rett Syndrome

First described in 1966, Rett syndrome is a progressive neu-
rologic disorder that affects one in 20,000 females [102,
103]. Patients initially appear normal at birth but then pro-
ceed through four stages of deterioration. The first stage typi-
cally has an onset between 6 and 18 months with
developmental stagnation. The second stage (1-3 years of
age) is characterized by lost language skills and autistic
behaviors. In the third stage (2-10 years of age), patients
may have seizures, exhibit some intellectual disability, and
have repetitive hand motions. In the fourth stage, patients
develop spasticity and muscle wasting. Scoliosis is most
likely to present in this final stage.

12.4.1 Spinal Deformity

The musculoskeletal manifestations of Rett syndrome
include lower extremity contractures, coxa valga, and scolio-
sis [103, 104]. The spinal deformity is similar to other neuro-
muscular diseases with a long C-shaped curve being the
most common [105, 106]. However, patients can also present
with a single thoracic or double major curve. Large curves
are frequently associated with pelvic obliquity. As a patient
gets older, so does the prevalence of scoliosis, particularly if
the ability to ambulate is lost [107, 108]. Curve progression
has been suggested to be more rapid than in idiopathic sco-
liosis or other neuromuscular scoliosis. Lidstrom et al. dem-
onstrated greater that 15° per year of progression in the final
stage of Rett syndrome [109]. For this reason, it has been
recommended that patients are evaluated every 6 months fol-
lowing 5 years of age [110].

Bracing has been found to be largely unsuccessful in pre-
venting the progression of scoliosis [105, 106, 110]. It, how-
ever, can be used to delay the need for surgical intervention
to allow for more truncal growth. Posterior spinal fusion and
segmental spinal instrumentation are the treatment of choice
for the progressive scoliosis. In those patients who are non-
ambulatory, it is recommended to fuse from the upper tho-
racic spine to the pelvis to prevent delayed decompensation
or pelvic obliquity. Ambulation is possible in patients with
Rett syndrome and can be positively affected by surgery.
Harrison et al. demonstrated no loss of ambulation in all five
patients who walked preoperatively, and improvements in
some patients [106]. Overall, PSF and SSI are successful in
halting curve progression and improving spinal balance in
the sitting and walking patient. Improvement in activities of
daily living has been seen following spinal fusion in Rett
syndrome patients, and data from Downs et al. have even
suggested an increased life expectancy following spinal
fusion [111, 112]. However, perioperative medical complica-
tions can be high, especially pulmonary (63%) and gastroin-
testinal (37%) in some series [113, 114]. Recent data suggest
that perioperative pulmonary complications may be higher in
patients with Rett syndrome even compared with those with
other neuromuscular diseases [115, 116].

12.5 Congenital Myopathies

Congenital myopathies are a heterogeneous group of disorders
characterized by weakness and hypotonia from birth [117].
Typically, the diseases have similar clinical findings but are
classified based on histologic and microscopic findings.
Central core disease, nemaline myopathy, and myotubular
myopathy are just a few of the multiple congenital myopathies
wherein scoliosis has been described [118-122]. They are
genetically transmitted and can have variable penetrance.

12.5.1 Spinal Deformity

The musculoskeletal abnormalities associated with these dis-
orders include congenital hip instability, foot deformities,
other joint contractures, as well as scoliosis [121]. The curves
are similar to other neuromuscular curves with a long, thora-
columbar shape. Kyphosis can also be associated with the
deformity. As scoliosis progresses, it often becomes rigid.
Rigid spine syndrome, as described by Dubowitz, has often
been associated with these diseases and other congenital
muscular dystrophies [123, 124].

If the patients present early and have flexible curves, sco-
liosis may be amenable to management with an orthosis.
Those patients who fail bracing or present with large and
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rigid curves, should undergo spinal fusion. Similar consider-
ation as with other neuromuscular scoliosis must be given to
the health and age of the patient. Poor pulmonary function
has been associated with congenital myopathies [122]. At a
minimum, patients should undergo preoperative pulmonary
function testing. These patients are also at increased risk of
developing malignant hyperthermia [118]. The anesthesiolo-
gist should be made aware of this before the day of surgery
so that adequate preparation can be done.

Depending on the severity of the disease, patients may
present with EOS. Those that demonstrate progression with
the use of an orthosis may require surgical treatment with
growth friendly surgery. However, there has only been one
study adequately evaluating the short term results of “grow-
ing rods” in these patients [93]. Those patients that present
later in life do well with a posterior spinal instrumentation
and fusion. Anterior release can be done for the large rigid
curve if the patient can tolerate the exposure. In the nonam-
bulatory patient with pelvic obliquity, the fusion should be
extended to the pelvis.

Similar principles to other neuromuscular diseases should
be followed when treating patients with congenital myopa-
thies. Posterior fusion is the treatment of choice. The need
for traction or fusion to the pelvis should be determined on
an individual basis. Depending on bone quality, a brace can
be used postoperatively to support the instrumentation.
Particular attention, however, has to be made toward the
increased risk of hyperthermia.

12.6 Conclusion

Neuromuscular scoliosis represents spinal deformity sec-
ondary to neurologic or muscular disease of various etiolo-
gies, each with their unique management challenges. The
progressive deformity can lead to multi-system downstream
effects, which should be considered during the management
of the scoliosis. Nonoperative management is less effective
at preventing progression than in idiopathic curves. Surgical
management usually requires long-segment fusion to the
pelvis; however, less-invasive and growth-friendly strategies
are being utilized but will require additional studies to deter-
mine long-term efficacy.
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