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ABSTRACT

Spinal deformities secondary to Myasthenia Gravis (MG) are rarely reported and mainly include
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scoliosis. In this study, we report a case of hyperlordosis with MG origin, which has not been
reported earlier. The patient was a 12-year-old boy who underwent thymectomy at the age of
three, and the disease was well-controlled afterward. One year ago, the patient presented with

fatigue and severe low back pain associated with walking, while his parents noticed his buttocks
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jut out more than normal. The radiologic evaluation revealed a hyperlordosis of 100°. The patient
was treated with a Milwaukee brace and lordosis exercises. One year after the treatment, an

improvement of 27° was observed in the hyperlordosis of the patient. While bracing does not
typically treat a neuromuscular deformity, the present case reveals the value of bracing in the
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treatment of hyperlordosis with MG origin.

1. Introduction

euromuscular spine deformity refers to
spinal deformity secondary to various
neuromuscular disorders, such as mus-
cular dystrophy and cerebral palsy [1].
These deformities result from an imbal-
ance between postural and muscular forces applied to the
axial skeleton during the growth phase and are generally
associated with severe curve progression [1]. Scoliosis
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with concomitant kyphosis is the most commonly re-
ported neuromuscular spine deformity [2]. Hyperlordo-
sis of the lumbar spine secondary to the neuromuscular
origin is rarely reported [1]. Treatment of underlying
neuromuscular disorder may prevent spinal deformity
progression, while some treatments may accelerate it.
Bracing typically does not treat a neuromuscular defor-
mity, and surgical intervention is often necessary to man-
age the deformity in these patients [3].
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Myasthenia Gravis (MG) is the most common autoim-
mune disease of neuromuscular origin characterized by
activity-dependent muscle weakness. Life-threatening
respiratory weakness is the most common MG symptom
in nearly 15% of the patients [4]. Neuromuscular spine
deformity secondary to MG has been rarely reported
and mainly includes scoliosis [5, 6]. To the best of our
knowledge, hyperlordosis secondary to MG has not been
reported in earlier investigations.

In this study, we report a case of a 12-year-old boy,
which was presented with hyperlordosis secondary to
MG and successfully treated with bracing and lordosis-
specific exercises.

2. Case Presentation

A 12-year-old boy was referred to our orthopedic cen-
ter with fatigue and severe low back pain associated with
walking. In addition, the patient’s parents were con-
cerned about his appearance, as the patient’s buttocks
seemed to jut out more than normal. In history taking,
it was turned out that the patient has a history of MG,
which was diagnosed when he was three months old.
The patient had experienced several rounds of pneumo-
nia. Subsequently, the patient underwent thymectomy
when he was three years old. Afterward, the disease was
controlled with pyridostigmine and azathioprine and had
no manifestation until the age of 12 years.

In clinical examination, fatigable muscle weakness
was detected. Neurological examination, including re-
flexes, muscle strength, muscle tone, senses of touch
and sight, coordination, and balance, were normal. Re-

Figure 1. Plain radiographic before the treatment
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petitive nerve stimulation revealed poor ability to send a
signal with fatigue. Anti-acetylcholine receptor antibod-
ies were in the normal range (<0.40 nmol/L). Blocking
antibody and modulating antibodies were in the normal
range as well (<26% and <45%, respectively). Other lab-
oratory indices such as Complete Blood Count (CBC),
comprehensive metabolic panel, and liver function tests
were normal. The electromyography revealed myogenic
changes in the proximal upper and lower extremity. In
radiologic evaluation, a lumbar hyperlordosis of 100°
(T12-S1) was detected (Figure 1). Consequently, the di-
agnosis of hyperlordosis secondary to MG was made.

We decided to treat the hyperlordosis with a standard
Milwaukee brace and lordosis exercises. In this respect,
the Milwaukee brace was custom-molded to the patient
and administered 23 hours a day. Intra-abdominal pres-
sure was retained more than usual to decrease the com-
pressive loading of the spine. The patient was asked to
stop bracing in case of having reflux or breathing diffi-
culty. We applied the brace to provide a posterior pel-
vic tilting and anterior bending of the hip joints, thereby
helping the correction of lordosis. The 1-hour out of
the brace was spent doing exercises, which included
strengthening, stretching, endurance, and resistance ex-
ercise.

Six months after the bracing, hyperlordosis was sig-
nificantly improved so that the radiologic evaluation re-
vealed 35° correction in hyperlordosis in the plain radi-
ography, which was obtained inside the brace (Figure 2).
One year after the bracing, the hyperlordosis was further
corrected so that a lordosis angle of 73° was recorded
without the brace (Figure 3). Considering the lordosis
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Figure 2. Plain radiographic 6 months after the treatment while using brace

responsiveness to bracing and lordosis exercises, these
modalities were continued for another year.

3. Discussion
Here, we reported a case of hyperlordosis secondary

to the MG, which was occurred several years after thy-
mectomy. While bracing does not typically prevent the

Figure 3. Plain radiographic 1 year after the treatment
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progression of curves in neuromuscular spinal deformi-
ties, the hyperlordosis was significantly improved in this
case following the application of Milwaukee brace and
lordosis exercises.

Lumbar hyperlordosis of neuromuscular origin is limit-

edly reported in the literature. Vialle et al. [1] reported
lumbar hyperlordosis of neuromuscular origin in 27 pa-
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tients with sitting problems. The underlying neuromus-
cular disorder was cerebral palsy in 23 cases, congenital
myopathy in 2 cases, lumbar meningocele in 1 case, and
occipital meningocele in another case. All patients under-
went surgical treatment, which resulted in significant im-
provement in hyperlordosis and sacral slope in 26 cases.
The mean preoperative hyperlordosis and sacral slope of
the patients were 102.6° and 85.3°. At a mean follow-up
of 5.3 years (range 1-15), mean hyperlordosis and sacral
slope improved 35.3° and 23.7°, respectively. The func-
tional status of the patients was also improved with a
comfortable sitting posture and good sagittal balance [1].
The hyperlordosis of the present case was 100° before the
treatment and 73° one year after treatment. Accordingly,
an improvement of 27° was observed in hyperlordosis of
the present following brace wearing and lordosis exer-
cises, comparable to the improvements observed after the
surgical treatment in the Vialle et al. study.

Spinal deformity in the context of MG is rare and is
mainly presented in scoliosis form [6, 7]. However, to
the best of our knowledge, hyperlordosis secondary to
MG has not been reported in the literature, and there-
fore, the optimal treatment of this condition is unknown.
Olafsson and Al-Dabbagh reviewed the outcomes of 90
patients with various neuromuscular diseases and a pro-
gressive spinal deformity that were treated with a pre-
fabricated Boston-type underarm corrective brace. On
average, 3.1 years (range, 1-5.5 years) after bracing, the
treatment was successful in 23 patients, meaning a <10°
curve progression during the observation period and
good compliance with bracing. The bracing was only
successful in ambulating patients with muscle hypoto-
nia and short thoracolumbar/lumbar curves (<40°) and
non-ambulating cases with spastic short lumbar curves.
They concluded that these types of neuromuscular spinal
deformities might be the only ones that respond to brac-
ing treatment [8]. The present case suggests that bracing
could be an adequate treatment for spinal deformities
with MG origin if the disease is well-controlled by thy-
mectomy and medication.

It should be noted that the risk of intraoperative and
postoperative complications is higher in neuromuscular
spinal deformities when compared with idiopathic spi-
nal deformities [9]. Rumalla et al. reviewed 2154 spinal
surgeries, which were performed for patients with neuro-
muscular scoliosis, and reported an overall complication
rate of 40.1% [10]. Turturro et al. reviewed the outcome
of surgery in a consecutive series of 185 patients with
neuromuscular scoliosis over 30 years and reported a
30% rate of adverse events [11]. Considering the high
rate of complications following the surgical treatment of
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neuromuscular spinal deformities, brace-wearing treat-
ment contains a critical value in these patients. However,
several aspects of bracing need optimization. It is unclear
how long bracing should be applied for the patients. In ad-
dition, it is not known whether the correction remains sta-
ble or the deformity recurs after bracing. Therefore, further
studies are required to specify the value of brace-wearing
in neuromuscular spinal deformities secondary to MG.

4. Conclusion

Neuromuscular hyperlordosis could be a late conse-
quence of MG. While bracing does not typically prevent
the progression of curves in neuromuscular spinal deformi-
ties, the hyperlordosis was significantly improved follow-
ing the application of brace and lordosis exercises in the
present case. This observation reveals the value of brace-
wearing in hyperlordosis secondary to MG in patients in
whom the MG symptoms are adequately controlled.
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