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Neuromuscular disorders (NMDs) are diseases involving the upper and lower motor neurons and muscles. In patients with NMDs, cervical spinal deformities are a very common
issue; however, unlike thoracolumbar spinal deformities, few studies have investigated
these disorders. The patients with NMDs have irregular spinal curvature caused by poor
balance and poor coordination of their head, neck, and trunk. Particularly, cervical deformity occurs at younger age, and is known to show more rigid and severe curvature at high
cervical levels. Muscular physiologic dynamic characteristics such as spasticity or dystonia
combined with static structural factors such as curvature flexibility can result in deformity
and often lead to traumatic spinal cord injury. In addition, postoperative complication rate
is higher due to abnormal involuntary movement and muscle tone. Therefore, it is important to control abnormal involuntary movement perioperatively along with strong instrumentation for correction of deformity. Various methods such as botulinum toxin injection,
physical therapy, muscle division technique, or intrathecal baclofen pump implant may
help control abnormal involuntary movements and improve spinal stability. Surgical management for cervical deformities associated with NMDs requires a multidisciplinary effort
and a customized strategy.
Keywords: Neuromuscular disorders, Cervical deformity, Abnormal involuntary movement
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INTRODUCTION

The overall prevalence of NMDs is approximately 72.6/100,000
population, ranging from < 0.2/100,000 population to 24.9/100,000
population for each disease (e.g., cerebral palsy, 9.8/100,000 population; multiple sclerosis, 18.8/100,000 population) in previous
studies. Most NMDs have a prevalence lower than 50/100,000
population, making them very rare diseases.2,3
From the perspective of spine surgeons, spinal deformities
which are one of the most challenging problems of the spine,
are well known to be disproportionately common in patients
with NMDs.4 In a previous report, spinal deformities were pres-

Neuromuscular disorders (NMDs) are a heterogeneous collection of various diseases and diagnoses caused by abnormalities in upper motor neurons, lower motor neurons, peripheral
nerves, neuromuscular junctions, and muscles. NMDs frequently involve several organ systems and show various clinical manifestations; for example, Duchenne muscular dystrophy involves
skeletal muscle, smooth muscle, myocardial, endocrine, brain,
and ocular abnormalities, which cause a variety of symptoms.1
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ent in 20% to 70% of cerebral palsy patients, depending on the
severity of the disease, with prevalence rates of 60% in patients
with Friedreich ataxia, 80% in patients with spinal muscular atrophy (SMA), and 85% to 90% in male patients with Duchenne
muscular dystrophy.4-6 Since the prevalence of spinal deformities requiring treatment in the adolescent population without
NMDs is approximately 4 to 7 cases per 1,000, the relative prevalence of spinal deformities in patients with NMDs is clearly
much higher.4
Occipito-cervical or cervical area is a common region with
spinal problems in patients with NMDs. Since the cervical spine
has a wide range of motion and complex functions, involuntary
movement in NMDs can cause the development of an excessive
range of motion, resulting in cord compression that requires
surgical treatment. These factors can generate a wide range of
disorders and alignment pathologies necessitating surgical treatment. In addition to structural parameters such as thoracic kyphosis, other indicators reflecting the severity of NMD such as
the Hoehn and Yahr stage are also associated with cervical positive sagittal malalignment.7 However, although cervical spine
deformities and NMDs have unique characteristics and substantially impact patients’ lives, few comprehensive studies have
focused on cervical deformities in patients with NMDs. Therefore, in this article, we reviewed the existing literature on cervical spinal deformity surgery and sought to identify relevant surgical strategies in patients with NMDs.

NATURAL HISTORY AND RISK FACTORS
FOR SPINAL DEFORMITY PROGRESSION
IN NMDS
Although the characteristics or types of spinal deformities in
NMDs may be similar in each disease, the natural history or
nuances of each underlying NMD that could affect spinal curvature may be different. The progression of degenerative changes throughout the whole spine in patients with NMDs is more
severe than in patients without NMDs. Spinal deformity is a sequela of childhood-onset NMDs and some adults with NMDs.
The prevalence of scoliosis varied from 33% to 100% in the literature. By understanding the natural history of spinal deformities, we might be able to predict the probability and pattern of
curve progression, and on that basis develop a treatment plan
(e.g., the decision between surgical or conservative treatment),
obtain informed consent from patients, and educate patients
appropriately. However, most existing studies have mainly focused on the natural history of thoracolumbar curvature, and
514 www.e-neurospine.org
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few studies have investigated cervical curvature.8-10 In addition,
as NMDs themselves are rare, there is a tendency for reports to
focus on cerebral palsy, which is a relatively common NMD.11
Generally, it has been reported that deformity curve progression is more common in patients with NMDs than in adolescent idiopathic scoliosis (AIS) patients with similar patterns.12
Also, unlike AIS, deformities in patients with NMDs occur more
frequently along with curve progression, even in adulthood after growth, so NMD patients need constant follow-up in adulthood. The course of NMDs itself affects deformity curve progression. For example, progressive NMDs such as muscular dystrophy are associated with more predictable patterns of deformity progression than nonprogressive NMDs such as cerebral
palsy.4 In a limited number of studies regarding curve progression in untreated neuromuscular scoliosis, most cases of neuromuscular scoliosis were found to occur before 10 years of age.
The amplitude of the curve, whether the curve is thoracolumbar or lumbar, bedridden status, underlying disease severity,
mental retardation, and functional status are factors known to
be related to curve progression. Gu et al.13 reported that patients
with a Cobb angle > 40° by the age of 12 were more likely to experience progression than those with a Cobb angle of ≤ 40° by
the same age among 110 pediatric patients with a diagnosis of
spastic tetraplegic cerebral palsy. Thometz and Simon14 reported that curve progression was 0.8° each year in patients with
curves less than 50°, whereas it was 1.4° in those with a curve
more than 50°; they also reported that progression was more
common in patients with spastic quadriplegia, a thoracolumbar
or lumbar curve, and bedridden status. Some studies have also
investigated spinal deformities in patients with Duchenne muscular dystrophy and pediatric spinal cord injuries, reporting
that both conditions are associated with a high incidence of
spinal deformity and risk of progression.15,16
Apart from the curve progression of the spinal deformity, the
progression of NMDs is known to cause pain and alterations in
skin integrity, difficulty in ambulation and position maintenance,
and most seriously, pulmonary and cardiac compromise, ultimately causing mechanical effects on thoracic volume and compliance. Galasko et al.17 found that deterioration of pulmonary
function occurred simultaneously with rapid spinal deformity
progression in untreated Duchenne muscular dystrophy patients.

CHARACTERISTICS IN CERVICAL
DEFORMITIES WITH NMDS
Cervical diseases in people with NMDs have different charhttps://doi.org/10.14245/ns.2040464.232
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acteristics compared to those in people without NMDs. Cervical deformities in NMD patients are usually more rigid and
have more severe curve and dystonic muscle characteristics.
Furthermore, cervical deformities in patients with NMDs exhibit different characteristics from those in non-NMD patients
with existing cervical spondylotic myelopathy (CSM). According to a study by Nishihara et al.,18 CSM tended to occur at a
younger age in cerebral palsy patients, whereas it was otherwise
most common in patients in their 50s. Additionally, the most
frequently affected sites tended to be at higher levels (e.g., C3–4
and C4–5).18,19 According to White and Panjabi et al.,20 C5–6
has the largest flexion and extension in the subaxial cervical
spine, and lateral bending and axial rotation are greater at C3–4
and C4–5 than at C5–6. However, in cerebral palsy patients,
lateral bending and axial rotation were estimated to be greater
than flexion and extension compared to normal adults. Therefore, C3–4 and C4–5 are most common sites of spondylotic
changes in cerebral palsy patients. In addition, in these cerebral
palsy patients, adult spinal deformity is more likely to recur
with significant stress and strain in the adjacent intervertebral
disc of the fused vertebrae.

In the report of Yagi et al.,24 the multifidus and iliopsoas muscles were reported to be small in deformity patients, which were
also correlated with sagittal alignment. In addition, Kim et al.22
and Shafaq et al.23 reported different muscle patterns on the
convex side and the concave side of scoliosis. Due to these
characteristics, the development of neuromuscular spinal deformities tends to progress even after bone growth is completed
because the imbalance of the muscles that support the spine
lasts for a lifetime.14,25,26
Meanwhile, the Research Group on Extrapyramidal Disorders categorized these abnormal movements into 2 major groups,
the first group being disorders of movement and the second
group being disorders of posture and tone.27,28 Disorders of movement include hypokinesia and hyperkinesia, as mentioned above,
while the latter category includes hypertonia and hypotonia,
dystonia, torsion spasm, the cogwheel phenomenon, and rigidity. The characteristics and classification of these abnormal movements should be considered when establishing surgical strategies for spine surgeons. In patients with hyperkinesia and hypertonia, controlling involuntary movements or increased muscle tone is the key to the success of surgery by improving stability and maintaining a balanced position. Hypokinesia and hypotonia require strong instrumentation to fully support the inactive agonist muscles. To date, few studies have reported on
the pathogenesis of cervical deformities. Based on these muscular physiological characteristics in abnormal movement patterns, cervical deformities in patients with NMDs could be bro
adly classified into hyperkinetic and hypokinetic cervical deformities. Hyperkinetic diseases may include cerebral palsy, dystonia, and Parkinson disease, and hypokinetic diseases may include hypertonic cerebral palsy or dystonia, hypotonic amyotrophic lateral sclerosis (ALS), SMA, and myopathy. Depending
on muscle tone, hypokinetic conditions could be classified into
hypokinetic hypertonic types, such as cerebral palsy and dystonia, and hypokinetic hypotonic types such as ALS, myopathy,
and SMA (Fig. 1).
Although there is no separate classification for cervical deformities in patients with NMDs, the spinal scoliosis classification
published by the Scoliosis Research Society (SRS) may also be
applied to cervical deformities. In the SRS classification of NMDs,
neuropathy and myopathy are broadly divided according to the
anatomical location of the causative disease, and neuropathy is
further divided into upper neuropathy and lower neuropathy
(Table 1).4

ETIOLOGY AND PATHOPHYSIOLOGY
In cervical and thoracolumbar deformities, several factors
might be able to cause spinal asymmetries, such as asymmetric
paraplegia, altered strength and muscle tone, intraspinal and
congenital anomalies, impaired sensory feedback, abnormal
spinal balance, and pelvic obliquity. Furthermore, abnormal
movement, which is one of the major characteristics of NMDs,
is well known to cause spinal deformities. Generally, abnormal
movement in NMDs refers to neurological syndromes that include excessive and involuntary or nonspontaneous and nonautomatic movements that occur regardless of weakness or spasticity. Some of these abnormal movements are caused by damage to brain nuclei such as the basal ganglia. Increasing or reducing the inhibitory output activity of abnormal basal ganglia
reportedly causes movement disorders. Depending on the increased inhibitory activity of the motor cortical or brain stem
area, paucity of movement appears, and hyperkinesia such as
chorea or ballism is caused by abnormal neuronal signaling
from the basal ganglia to the thalamus or cortex.21 Consequently, abnormalities in the neuromuscular system result in dysfunction of the muscles that keep the spine in a balanced posture,
which causes the spine to become deformed. Muscle dysfunction or weakening has a significant effect on spine deformities.22,23
https://doi.org/10.14245/ns.2040464.232
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Table 1. Scoliosis Research Society Classification of Neuromuscular Spinal Deformity4

Neuromuscluar kyphosis
Hyperkinetic

Hypokinetic

Primary neuropathies
Upper motor neuron pathologies

Cerebral palsy
dystonia Parkinson
disease

Hypertonic

Hypotonic

Cerebral palsy
dystonia

ALS myopathy
SMA

Fig. 1. Etiology of cervical deformity. ALS, amyotrophic lateral sclerosis; SMA, spinal muscular atrophy.

PERIOPERATIVE EVALUATION AND
ASSESSMENT
Understanding perioperative concerns unique to cervical deformities associated with NMDs can optimize postoperative
care, such as pain control, patient satisfaction, etc. An appropriate history and physical examination must be obtained, as well
as an understanding of the patient’s expectations from the surgery. In addition, the multidisciplinary assistance such as cardiologists, pulmonologist, or pediatrician to ensure the patient is
medically optimized for surgery is very helpful. In their institutional experience with appropriate patient selection and postoperative management aided by excellent anesthesiologists, the
average length of time intubated postoperatively and the average stay of intensive care unit are able to sufficiently reduce between 2 and 3 days. On preoperative radiographic work-up, anteroposterior and lateral scoliosis films are obtained along with
traction and bending films, which assist in determining flexibility of the curve and the appropriate levels for instrumentation.
The need for combined anteroposterior surgery is required to
achieve adequate correction. Preoperative 3-dimensional computed tomography scans may be used specifically to ascertain
the bony anatomy for placement of spinal instrumentation. The
use of preoperative magnetic resonance imaging (MRI) is reserved for those cases whereby spinal cord abnormalities are
suspected.

SURGICAL STRATEGIES FOR CERVICAL
DEFORMITIES AND CASE
ILLUSTRATIONS
The surgical indications for cervical deformities are a progressive ongoing deformity with worsening of the horizontal
gaze, severe pain, dysphagia, skin breakdown, and worsening of
516 www.e-neurospine.org

Cerebral palsy
Spinocerebellar degeneration
Friedreich’s ataxia
Charcot-Marie-Tooth disease
Roussy-Levy disease
Syringomyelia
Spinal cord tumor
Spinal cord trauma
Lower motor neuron pathologies
Poliomyelitis
Other viral myelitides
Traumatic
Spinal muscular atrophy
Werdnig-Hoffmann disease
Kugelberg-Welander disease
Dysautonomia
Riley-Day syndrome
Combined upper and lower pathologies
Myelomeningocele
Primary myopathies
Muscular dystrophy
Duchenne’s muscular dystrophy
Limb-girdle dystrophy
Facioscapulohumeral dystrophy
Arthrogyrposis
Fiber-type disproportion
Congenital hypotonia
Myotnia dystrophica

cardiac or pulmonary compromise.29,30 Recently, as anesthesiologic techniques have developed, it has become possible to actively extend surgical indications for cervical deformities to encompass supportive care in patients with NMDs. Therefore, the
purpose of cervical deformity surgery in patients with NMDs is
to achieve solid fusion, maintaining a balanced position in both
the coronal and sagittal planes and, eventually, maintaining a
horizontal line of gaze and position of the head over the pelvis,
as in surgery for other degenerative or idiopathic deformities.
Surgery also improves swallowing and respiration and prevents
neurological deterioration. However, most importantly, the
https://doi.org/10.14245/ns.2040464.232
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purpose of surgical treatment is not to cure fundamentally the
underlying disease; instead, the ultimate goal of surgery in these
patients is to help them live independently and to restore function as much as possible.
Neurological conditions requiring surgery, such as cervical
myelopathy or radiculopathy, can be caused by either static mechanical factors (bone and ligament) or dynamic factors (muscle and neuron). While static mechanical factors cause neural
compression by stenosis of the spinal canal or neural foramen
from excessive spondylotic changes, dynamic factors involve
repetitive compression due to spine instability caused by sustained involuntary movements in NMDs.31,32 In other words,
static anatomical factors result in problems with stenosis caused
by bone or ligament, and dynamic factors correspond to problems of incoordination of the nerve or muscle. Excessive involuntary movement in NMDs itself not only causes early degenerative changes (degenerative disc, herniated lumbar intervertebral disc, osteophytes), but also spinal instability.33,34 As described above, whatever the underlying disease is, the imbalance in static mechanical and dynamic factors due to biomechanical changes of the neuromuscular structure is thought to
be one of the main causes of neuromuscular spinal deformity.
Therefore, controlling these abnormal movements in NMDs is
an important principle of surgery. Even after successful surgery,
cervical deformity in NMDs is associated with a higher incidence of postoperative complications such as pseudoarthrosis
or instrument failure due to involuntary movement. Therefore,
it is also important to control these involuntary movements
postoperatively. In particular, if dystonic movement is reduced
even for several months after index surgery, it may be possible
to increase the likelihood of achieving fusion. Methods to help
control abnormal involuntary movements and to improve spinal stability in patients with NMDs include botulinum toxin
injection, the muscle division technique, or intrathecal baclofen
pump implantation.
Botulinum toxin binds to cholinergic nerve endings of the
neuromuscular junction, thereby reducing the release of acetylcholine, blocking neuromuscular transmission, and reducing
muscular overactivity. Thus, botulinum toxin injection has been
suggested as a treatment of choice for cervical dystonia.35-37 According to a Cochrane review, botulinum toxin injection in cervical dystonia led to a reduction of 8.16 points on the Toronto
Western Spasmodic Torticollis Rating Scale compared to the
placebo group.38 The successful use of botulinum toxin to treat
cerebral palsy has also been reported.39,40 Nonetheless, variable
effects of botulinum toxin injection in cervical deformity pahttps://doi.org/10.14245/ns.2040464.232

tients with NMDs have been reported to date. The effects of
perioperative botulinum toxin remain unclear, and further research is needed.
Muscle division aims to reduce involuntary movement by directly destroying overactive muscles. In patients with existing
congenital muscular torticollis, the effect of this procedure remains controversial. However, in a review written by Kim et
al.,41 it was reported that the success rate of surgical release was
81%. In another study, Kim et al.42 reported significant improvement in radiological parameters such as the cervicomandibular
angle and Cobb angle in 87 cervicothoracic scoliosis patients
with congenital muscular torticollis. Side effects include cosmetic changes associated with permanent somatosensory loss
or dysesthesia, scarring, or muscle atrophy.43
An intrathecal baclofen pump might be another treatment
option. Baclofen, an agonist of the gamma-aminobutyric acid
type B receptor, blocks the release of this excitatory neurotransmitter by interfering with voltage-gated calcium channels.44 This
reduces muscle tone and prevents reflexive muscle contraction.
Currently, this technique is used at many centers to treat spasticity and secondary generalized dystonia of cerebral or spinal
origin. However, there is a high rate of complications such as
infection, cerebrospinal fluid leak, and instrument failure (e.g.,
catheter or pump malfunction), and a study reported that the
rate of total adverse events was 37%.45,46
Moreover, in cervical deformities, kyphosis in the sagittal
plane is more common and problematic than scoliosis or angulation in the coronal plane.47 It is also important when planning
deformity surgery in cervical kyphosis to consider whether the
deformity is rigid or fixed and the location of the apex of cervical kyphosis (C0–2 or C3–T1). In the craniocervical junction
(C0–1–2) deformity, craniocervical junctional osteotomy is indicated when the deformity is irreducible and sufficient to result in severe pain, functional impairment, or neurological impairment that cannot be relieved with a surgical decompression
and/or stabilization procedure alone.
When apex of cervical spine deformity is localized at subaxial
spine (C3–T1), surgeons could choose one of several surgical
options according to curve flexibility (flexible vs. rigid) as well
as location of apex of kyphosis (C3–C6 vs. C7–T1). In cases of
a flexible deformity without neurological symptoms, posterior
stabilization (C2–T3) is advocated; when neurological symptoms are present, an additional posterior decompression should
be considered. If deformity is not fully flexible, additional minimal facetectomy or Smith Peterson type osteotomy is indicated.
However, in the clinical setting of rigid cervical kyphosis at the
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midcervical spine with neurological symptoms, the spinal cord
is usually tethered over the subaxial kyphotic segment (C3–6),
leading to neurological symptoms and myelopathy. Therefore,
in the mid cervical spine rigid kyphosis, segmental kyphosis
correction using circumferential osteotomy is required to untether and decompress the spinal cord. In the setting of rigid cervical kyphosis in the low subaxial cervical spine, a C7 or T1 pedicle subtraction osteotomy may be sufficient (Fig. 2).
Based on the physiological characteristics of muscles with
abnormal movement patterns and curve flexibility, as discussed
above, we can develop a customized surgical plan.
1. Hyperkinetic Cervical Deformities
In hyperkinetic cervical deformities, excessive spondylotic

Cervical kyphosis

Craniocervical
deformity

Subaxial
deformity

Flexible
deformity

Craniocervical
junction
osteotomy

SmithPetersen
osteotomy

Fixed
deformity
C3–6
subaxial

C7–T1
subaxial

Circum
ferential
osteotomy

C7 or T1 PSO

changes and severe dynamic instability can occur as a result of
excessive involuntary unusual movements, and these sustained
problems eventually lead to myeloradiculopathy and malalignment of the cervical spine. Therefore, the focus of surgical treatment should be placed on decompression of the neural element
and strong mechanical fixation to prevent pseudoarthrosis or
instrument failure. Control of abnormal involuntary neck movements, such as through botulinum toxin injection, is critically
important for achieving a successful surgical outcome. In addition, correction of the deformity is also very important. Kim et
al.39 reported that botulinum toxin injection significantly lowered the incidence of a second operation in a 5-year follow-up
study of 24 athetoid cerebral palsy patients. In addition, the kyphotic group of patients with cerebral palsy had a higher rate of
non-favorable outcomes. According to Lee et al.,48 Neck Disability Index improvement was higher in the cervical deformity
correction group than in the noncorrection group, and in terms
of functional outcomes, hand grip power improved more in the
correction group. Therefore, neural decompression along with
correction of cervical deformity is the ideal strategy for providing better long-term surgical outcomes in hyperkinetic NMD
patients with CSM.
1) Case illustration

Fig. 2. The surgical decision-making process in cervical deformity osteotomy. PSO, pedicle subtraction osteotomy.

A 50-year-old man presented with progressive weakness of
both upper and lower extremities that had started several years
ago. He had a history of C3-4-5 cervical anterior discectomy
and fusion more than 10 years ago. On physical examination,
the patient complained of both shoulder and arm pain, and both
Hoffman signs were positive. Clinically, the patient showed involuntary movement of the neck preoperatively and had a dys-

A

B

Fig. 3. (A) Preoperative x-rays in the hyperkinetic patient. (B) Postoperative x-rays in the hyperkinetic patient.
518 www.e-neurospine.org

https://doi.org/10.14245/ns.2040464.232

Lee JJ, et al.

Surgical Strategies for Neuromuscular Cervical Deformities

1) Case illustration

tonic posture (Supplementary video clip 1). Preoperative x-rays
showed severe cervicothoracic kyphoscoliosis (Fig. 3A), and
MRI demonstrated signal change of the cord and a stenotic lesion. We first performed C5-6-7 anterior cervical discectomy
and fusion with a stand-alone implant and demineralized bone
matrix anteriorly,49 and at the same time, the sternal head of the
sternocleidomastoid muscle was bilaterally divided (Supplementary video clip 1). Then, 7 days later, C2-3-4-5-6-7-T1-2-3-4-5 fusion was performed posteriorly (Fig. 3B). There was no change
on intraoperative monitoring (IOM) during surgery. Botulinum
toxin injection was performed for 4 weeks after surgery.

A 30-year-old woman presented with chin on chest deformity 1 year previously. She had a history of intellectual disability
and epilepsy. Her posterior neck pain increasingly deteriorated
even after conservative treatment including cervical brace application and pain block, and the patient had difficulty in ambulation and maintaining a horizontal gaze. However, there was
no weakness or paresthesia on physical examination. Clinically,
the patient showed hypokinetic movement of the neck preoperatively and had a dystonic posture (Supplementary video clip
2). The preoperative chin brow vertical angle was -57.0° and the
cervical Cobb angle was -67.3° (Fig. 4A). First, we performed
anterior cervical discectomy and fusion on C3-4-5-6-7 with
cutting of the bilateral sternal tendons of the sternocleidomastoid muscle. In the second stage, C2-3-4-5-6-7-T1-2-3-4 fusion
was performed posteriorly with facetectomy at C3-4-5-6-7 (Fig.
4B). No changes were found on IOM during surgery. A perioperative botulinum toxin injection was also performed to control
hypertonic muscle activity.

2. Hypokinetic Hypertonic Deformities
Patients with hypokinetic hypertonic deformities show little
movement, but abnormally increased muscle tone. This causes
neck pain and prevents horizontal gaze maintenance. When
considering surgical treatment, it is necessary to first check for
the presence of other underlying neurological disorders, and
then to support the cervical spine with strong circumferential
fusion. As in hyperkinetic patients, it is also necessary to control the activity of hypertonic muscles through techniques such
as botulinum toxin injection, muscle division, or intrathecal
baclofen pump implantation.

3. Hypokinetic Hypotonic Deformities
One of hypokinetic hypotonic types is dropped head syndrome (DHS). This refers to the chin on chest deformity in cervicothoracic spine due to severe weakness of the cervical para-

B

A

https://doi.org/10.14245/ns.2040464.232

Fig. 4. (A) Preoperative x-rays in the hypokinetic hypertonic patient with drop head symptom. (B) Postoperative x-rays in the hypokinetic hypertonic patient with drop head symptom.


www.e-neurospine.org

519

Lee JJ, et al.

Surgical Strategies for Neuromuscular Cervical Deformities

Table 2. Summary of conditions associated with dropped head
deformity53
Type of condition
Neurological

Dropped head
syndrome
Underlying pathology

Specific diagnosis
Amyotrophic lateral sclerosis
Parkinson disease
Multiple system atrophy

Primary
neurologic
diseases

Postpolio syndrome
Cervical myelopathy

Malignant

Chronic inflammatory polyneuropathy
Tardive dyskinesia
Neuromuscular

Myasthenia gravis
Lambert-Eaton myasthenic syndrome

Muscular
Primary inflammatory

Polymyositis
Scleromyositis
Isolated inflammatory axial myopathy

Primary noninflammatory

Nemaline myopathy
Inclusion body myopathy
Mitochondrial myopathy
Congenital myopathy
Fascioscapulohumeral dystrophy
Isolated neck extensor myopathy

Secondary

Postradiation neck extensor myopathy
Anterior scar contracture
Postbotulinum toxin injection
Cushing syndrome
Carnitine deficiency
Hypothyroidism
Hypokalemia
Hyperparathyroidism

Other

Malignancy
Postsurgical

spinal muscle (extensors), which is sometimes, unlike other
fixed cervical deformity, correctable with passive neck extension. DHS is known to be caused by weakness of the posterior
cervical muscle or involuntary contraction of the anterior cervical muscle accompanied by various diseases (Table 2).50,51
There is sometimes an isolated neck extensor myopathy that
causes weakness of the cervical extensor muscle regardless of
underlying neuromuscular diseases or inflammatory myopathy.52
When establishing a treatment plan, it is necessary to understand the underlying pathology such as neuromuscular disease
or autoimmune disease. Proper medical management of under520 www.e-neurospine.org

Myelopathy+poor
gen performance

Benign or
correctable

Cervical dystonia

Short seg.
decomp/
fusion

Isolated neck
ext. myopathy

Nonsurgical
treatment

Fail

Surgical
treatment

Myelopathy+NDI
good performance

Evaluate benefits
of surgery/
conservative

Deformity
correction

Fig. 5. The treatment algorithm in dropped head syndrome.
ext., extensor; seg., segment; NDI, Neck Disability Index.
lying conditions should be preceded and then surgical treatment
is considered for patients who failed in nonsurgical treatment.
In the absence of underlying disease, such as isolated neck extensor myopathy, steroid injection or bracing and strengthening
exercise has been proposed as the first line treatment. In the
case of malignant course primary neurologic disease which is
not responding to these conservative treatments, the benefits of
surgical treatment and conservative treatment should be
weighed. If not, nonsurgical treatment should be considered the
first-line management, and then if it fails, surgical treatment
will be the second line management option. Even in this case,
surgeons should consider whether correction of the deformity
is necessary or not according to the patient’s general health status or neck disability (Fig. 5).50,52,53
1) Case illustration

A 62-year-old woman presented with progressive quadriparesis and intractable neck pain. She had a history of cervical tumor resection surgery 29 years ago. On physical examination,
both arms and both legs had a manual muscle testing grade of 3.
Clinically, the patient showed hypokinetic hypotonic movement
of the neck preoperatively, with a dystonic posture (Supplementary video clip 3). We performed anterior cervical discectomy
and fusion at C3-4-5-6 with an allobone graft and autologous
bone. Then, on the same day, C2-3-4-5-6-7-T1-2 fusion was
performed posteriorly with a autologous iliac bone graft (Fig.
6A, B). No changes were found on IOM during surgery.

https://doi.org/10.14245/ns.2040464.232
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B

A

POSTOPERATIVE COMPLICATIONS

highest complication rate. In addition, mortality was also reported to be higher in patients with neuromuscular scoliosis
and congenital scoliosis (0.3% each). Despite variations depending on the patient or surgical parameters, the complication rate
in NMD patients is also expected to be higher than that in nonNMD patients.
Owing to preexisting underlying diseases, as well as difficulties in the operation itself, patients with NMDs have more complications. According to Toll et al.,56 a 27% complication rate
was reported among 102 patients, and nonambulatory status,
pulmonary comorbidity, and history of seizure were the risk
factors for complications. In addition, it was reported that a diagnosis of myelomeningocele and higher intraoperative blood
loss were associated with a high risk of complications. Respiratory disorders like pneumonitis and pulmonary distress causing reintubation or prolonged intubation due to respiratory muscle problems are frequently observed.
Nutritional imbalances are also very common in patients
with NMDs, which can lead to increased rates of postoperative
complications infections. Moreover, cardiomyopathy, thromboembolic disease, gastroesophageal reflux, ileus, bladder dysfunc-

As with the natural history of cervical deformities, there have
been few reports of postoperative complications limited to cervical deformities in NMD patients. According to Smith et al.,54
123 adult cervical spinal deformity patients had a 9.2% mortality rate at a mean of 1.2 year following surgery. In a review of 14
retrospective studies, Etame et al.55 reported mortality rates
ranging from 3.1% to 6.7% and major medical complication
rates ranging from 3.1% to 44.4% in 399 cervical deformity patients. Generally, thoracolumbar deformity surgery in patients
with NMDs is more likely to have higher complication rates
than that in non-NMD patients.56-58 Rumalla et al.57 reported an
overall complication rate of 40.1% in patients undergoing fusion surgery out of 2,154 neuromuscular scoliosis patients between 2002 and 2011. In a review study of the Scoliosis Research
Society Morbidity and Mortality database, Reames et al.59 reported that complications occurred in 1,971 cases out of a total
of 19,360 cases (10.2%), including 6.3% in patients with idiopathic scoliosis, 10.6% in patients with congenital scoliosis, and
17.9% in patients with neuromuscular scoliosis, which was the
https://doi.org/10.14245/ns.2040464.232

Fig. 6. (A) Preoperative images in
the hypokinetic hypotonic patient.
(B) Postoperative x-rays in the hypokinetic hypotonic patient.
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tion, nerve injury with worsening of preoperative neurological
status, endocrine problems, and death also occur frequently.
Therefore, it is very important to provide preoperative nutritional support and to control underlying diseases in patients
with NMDs.60
The rates of complications related to surgical procedures are
also high (wound infection, 6% to 15%; fixation failure, 15%;
and pseudarthrosis, 7% to 28%). These are much higher frequencies than have been reported in patients with AIS. Increased
blood loss during surgery due to lengthy dissection for extensive fusion is also a very important issue in patients with NMDs.
Meanwhile, from 2004 to 2015, Cognetti et al.58 reported that
there were 1,385 complications (6%) in 29,019 patients in the
Scoliosis Research Society Morbidity and Mortality Database.
These authors reported that there was a 3.5-fold decrease in
complications during the study period, and wound infections,
respiratory complications, and implant-related complications
were noticeably reduced.

CONCLUSIONS
Neuromuscular causes of cervical deformities should be treated differently from static nonneuromuscular cervical deformities. Hyperkinetic cervical deformities have a high risk of postoperative pseudoarthrosis, neurologic deterioration, hardware
failure, and progression of kyphosis. Therefore, when selecting
the surgical treatment method for NMD, it is critically important to select an appropriate treatment method according to
physiological muscle characteristics (e.g., whether the patient
has a hyperkinetic, hypokinetic, hypertonic, or hypotonic pattern of abnormal movement). Perioperative botulinum toxin
injection helps to control hyperkinetic neck motion. Dystonic
muscle division is required to control intractable hyperkinesia.
The understanding of pathophysiologic characteristics of cervical deformities associated with NMDs is serving to improve
surgical management and decisions. If a surgical treatment for
a cervical deformity with NMDs is preferred, a strong circumferential instrumentation is mandatory.
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SUPPLEMENTARY MATERIALS
Supplementary video clips 1 and 2 can be found via https://
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doi.org/10.14245/ns.2040464.232.v1, https://doi.org/10.14245/
ns.2040464.232.v2, and https://doi.org/10.14245/ns.2040464.232.v3.
Supplementary video clip 1: Clinical video of the patient showing hyperkinetic involuntary movement and surgical procedure
of muscle division. Supplementary video clip 2: Clinical video
of patient showing hypokinetic hypertonic involuntary movement. Supplementary video clip 3: Clinical video of patient showing hypokinetic hypotonic muscle movement.
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