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Severe cervical flexion myelopathy with long tract
signs: a case report and a review of literature
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INTRODUCTION: Hirayama disease, a type of cervical flexion myelopathy, is a rare neurological disease characterized by muscular
atrophy of the forearms and hands. Generally, the pathology is limited to the gray matter of the anterior horns in the lower cervical
spinal cord. However, in rare cases the damage can spread to the white matter and present as long tract signs.
CASE PRESENTATION: We report on a 30-year-old female whose onset presented as unilateral muscle atrophy of the right hand in
her teens. Despite conservative treatment using a cervical collar, she developed prolonged bilateral muscle atrophy, sensory
disturbance and spastic gait, along with bladder and rectal disturbances. Her hands were frozen into a ‘claw-like’ gesture and her
intrinsic muscles were highly atrophic. She was unable to unclench her hands. Although the space available for the spinal cord was
large, the spinal cord was highly atrophic. She had local kyphosis with a large (61°) flexion range of motion. During flexion the spinal
cord was stretched, resulting in contact with the posterior wall of the vertebrae. Posterior fusion surgery was performed to prevent
progression of the myelopathy. After surgery, she gained mild improvement in both muscle strength and her hand’s movement.
However, her spastic gait and muscle atrophy remained.
DISCUSSION: Most cases of cervical flexion myelopathy as represented by Hirayama disease have a self-limiting benign prognosis.
However, some cases can develop advanced myelopathy with long tract signs. Long-term follow-up is recommended for these
cases because they may require early surgical treatment.
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INTRODUCTION
Hirayama disease, a nonprogressive, juvenile, spinal muscular
atrophy of the distal upper limbs is a rare neurological disease
characterized by muscular atrophy and weakness of the forearms
and hands.1 The disease primarily affects men aged 10–30 years and
is regarded as a type of cervical flexion myelopathy.2,3 Its pathology is
thought to be due to repeated or sustained flexion causing necrosis
of the anterior horns of the lower cervical cord through chronic
microcirculatory changes in the area of the anterior spinal artery.3,4

Generally, Hirayama disease is considered to be a benign
disorder. While the muscle atrophy initially progresses, sponta-
neous arrest usually occurs several years after onset. However,
there have been a few rare cases of Hirayama disease whose
symptoms progressed in adulthood.5 Here, we report on a rare
female case whose onset was similar to Hirayama disease and
developed advanced myelopathy.

INFORMED CONSENT
The patient was informed that if she agreed, the authors would like to
publish the details of her case in a scientific journal for others to learn
from. The types of non-identifying demographic and medical
information that would be included was discussed with her, and
she gave consent.

CASE PRESENTATION
The subject was a 30-year-old female with no developmental
problems in early childhood. At the age of 12, the patient was
aware of muscle weakness of her right hand and experienced

difficulty throwing and using a tennis racket. By the age of 20, she
frequently incurred burn injuries on her right hand due to
impaired temperature sense. At 26, she frequently stumbled and
needed to rely on the railing to walk down the stairs and was
unable to close a button or use chopsticks. She presented to the
neurology department at our hospital at the age of 28. Upon
examination, the intrinsic and forearm muscles were observed to
be severely atrophic, and the patient demonstrated a spastic gait
along with impaired position sense. A neurologist suspected
severe Hirayama disease and prescribed a soft collar to prevent
flexion. However, as her symptoms gradually deteriorated, she
began to present with staggering gait, frequent micturition and
constipation. At the age of 30 years, she visited Dr. Keizo Hirayama
who proposed a diagnosis of Hirayama disease as a second
opinion. According to his diagnosis, her symptoms initially
presented as Hirayama disease; however, it was more reasonable
to regard her disease as advanced cervical flexion myelopathy.
She returned to our hospital and referred to the orthopedics
department for surgery.

EXAMINATION
Her hands were frozen into a ‘claw-like’ gesture (Figure 1), and
a grip and release test6 was very slow (Supplementary Video 1).
She also had impaired pain and temperature sense and impaired
position sense. She presented with a spastic gait (Supplementary
Video 2) and had problems with her micturition and constipation.
Her deltoid, biceps and brachioradialis muscles were graded at 4
out of 5 in strength. Wrist extensors and triceps were grade 3/5,
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whereas wrist flexor, finger extensor and interosseous muscles
were grades 1–2/5 in strength. Her right biceps', both brachior-
adialis and both triceps' tendon reflexes showed hyporeflexia,
while left bicep's tendon reflex was normal. An inverted triceps
tendon reflex was observed on her left side, which suggested that
the left side C5 myotome was preserved. Her patellar and achilles
tendon reflexes both showed hyperreflexia. Romberg sign and
Babinski reflex were positive. When her neck was placed in a
flexion position, she experienced pain that radiated into the upper
extremities.
A plain radiograph showed 31° of local kyphosis at C4/C7

(Figure 2a). Range of motion was very large (Figure 2b and c).
Especially, the extent of flexional range was 61°. A neutral
MRI revealed a highly atrophic spinal cord between C4 and
C7 (Figure 3a) with the presence of a ‘snake-eye’ appearance
(Figure 3b). In flexion, the MRI showed that the spinal cord
was stretched, resulting in contact with the posterior wall of
the vertebrae (Figure 3c). There was no tethered cord, and
a CT myelogram in flexion showed that there was a space
between the spinal cord and the dorsal part of dura membrane
(Figure 4).
Both motor and sensory nerve conduction tests showed that

peripheral nerve function was within the normal range. However,
there was a significant decrease in the frequency of F waves of the
median nerves, and the amplitude of the compound muscle
action potential of the ulnar nerve was significantly decreased.

An electromyogram revealed severe neurogenic changes to
muscles innervated by the C5 to T1 myotomes.
Her history, examination and electromyogram suggested that

the spinal cord damage was progressive with signs of ascending
bilateral anterior horn cell involvement, as well as pyramidal,
spinothalamic and posterior column long tracts. At the beginning,
she was reluctant to undergo surgery because we informed her
that the recovery was limited and that she had become highly
adapted to her capability of the hands. However, after discussion,
she consented for surgery to prevent progression of myelopathy.
We chose a posterior fixation from C4 to C7 (Figure 5).
We performed neither laminectomy nor duraplasty because MRI
in the neutral position showed that the space for the cord was
large, and flexion CT myelogram showed the dural membrane was
not tight. Bony union was achieved 1 year after surgery. She
gained mild improvement in biceps, wrist extensor and triceps
and was able to unclench her left hand (Supplementary Video 3).
The radiating pain of upper extremities during flexion decreased.
However, her spastic gait and muscle atrophy remained.

DISCUSSION
To the best of our knowledge, there have not been any reported
cases of flexion myelopathy in females that developed both
gait and urinary disturbances. Generally most cases of cervical
flexion myelopathy as represented by Hirayama disease have
a self-limiting benign prognosis. While the muscle atrophy initially
progresses, spontaneous arrest usually occurs several years after
onset. However, this patient developed advanced myelopathy
with long tract signs. We speculated that the reason why the
patient had such a severe myelopathy was because she had a very
large flexional ROM of 61°, with normal female volunteers in their
30s generally showing a ROM in flexion of 27°.7 The local kyphosis
with this large flexion ROM provided a mechanism by which the
severe spinal cord damage was induced.

Flexion myelopathy as a type of cervical myelopathy
Cervical spondylotic myelopathy, which is normally seen in
middle-aged and older patients is the most common type of
cervical myelopathy. In cervical spondylotic myelopathy, the
spinal cord is compressed during extension by a pincer
mechanism, and long tract signs are more common than
segmental-sign-like muscle atrophy. On the other hand, cervical
spondylotic amytrophy usually presents with muscle atrophy in
the upper extremities with little sensory disturbance or long tract

Figure 1. Photograph showing both left and right hands of the
patient illustrating how the severe atrophy of her right side intrinsic
muscles results in a ‘claw-like’ appearance due to an inability of the
patient to fully unclench her right hand.

Figure 2. Radiography taken without contrast showing (a) that C2/C7 (white lines) was 2° of kyphosis and C4/C7 (black lines) was 31° of local
kyphosis. Furthermore, (b) C2/C7 was 63° of kyphosis in flexion and (c) 34° of lordosis in extension.
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signs.8,9 This pathology is thought to be due to selective damage
of the anterior root and/or anterior horn. Because the peak age
of onset of cervical spondylotic amytrophy is different from that of
flexion myelopathy (Hirayama disease), these three diseases,
cervical spondylotic myelopathy, cervical spondylotic amytrophy
and Hirayama disease, are clinically differentiated. However, there
have been reports of a few cases of Hirayama disease that
developed symptoms of gait disturbance and/or proximal upper-
extremity muscle atrophy in middle age after temporary arrest of
symptoms in their teens.10,11 These cases, in addition to ours,
suggest that cervical spondylotic myelopathy, cervical spondylotic
amytrophy and flexion myelopathy can overlap and should be
treated as a kind of myelopathy.12

Pathomechanism of flexion myelopathy
There are several theories regarding the pathology of flexion
myelopathy. The most common one is the ‘over-stretch’
theory.13,14 In this theory, there is a disproportion of growth
between the spine and the spinal cord, making the spinal cord
relatively short compared to the spine.15,16 During flexion, this

results in the cord and dura being stretched by 17.6% between
C2 and T1 at maximum.17–19 As the spinal cord takes the shortest
pathway through the spinal canal,20 this results in the spinal cord
not only being stretched but also pressed into the posterior wall of
the vertebrae during flexion.4 In addition, some researchers have
proposed the tight dural canal theory.2,21 In this theory, a
nonelastic dural membrane compresses the spinal cord into the
vertebral body. In support of this, some studies have reported that
microscopic examination revealed that the dural membrane
harvested from flexion myelopathy shows a loss of both elastic
fiber and normal wavy structure.22–23

Some reports have shown that the spinal cord was damaged
only by maintaining the neck in a flexed position.24–26 This
mechanism is supported by a three-dimensional finite element
model.27 During mild flexion, the stresses are concentrated in
the gray matter, especially the anterior and posterior horns.
This model may correspond to typical Hirayama disease. On
the other hand, during severe flexion, in addition to the stresses
placed on gray matter, there are also high levels of stress on
the white matter.
In the present case, there was ‘snake-eye’ appearance between

the C4 and C7 segments, suggesting cystic necrosis in the

Figure 3. A magnetic resonance image (MRI) revealing atrophy of the spinal cord resulting in a ‘snake-eye’ appearance. (a) Sagittal MRI
showing the area of lesion. (b) Axial MRI showing ‘snake-eye’ appearance (open arrow). (c) MRI taken during flexion, showing a stretched
spinal cord, resulting in contact with the posterior wall of the vertebrae (open arrow).

Figure 4. A computer topography (CT) myelogram in flexion
showing a space between the spinal cord and the dorsal dura
membrane.

Figure 5. Radiography taken post-operatively showing the success-
ful C4–C7 posterior fusion.
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gray matter. However, the spread of the cystic necrosis to
the white matter was unclear because of the severe atrophy of the
spinal cord.
The growth spurt associated with puberty is thought to be

associated with the onset of flexion myelopathy.12 This may be the
reason why men are predominantly affected. Normally, the
motoneuron pools in the anterior horn are distributed through
a few upper and lower segments. As a result, transverse damage
limited to a single segmental level does not induce muscle
atrophy because compensatory reinnervation prevents damage.
This explains how the onset of flexion myelopathy usually lags
a few years behind puberty-associated growth spurts, as muscle
atrophy only becomes obvious after the damage spreads to a few
upper and lower segments.12

Treatment options
In a small number of cases, the slow process of the disease
and limited response to therapy make it difficult to achieve
a consensus for treatment. Normally, a cervical collar is the first
choice for flexion myelopathy.28 However, while a cervical collar is
thought to be effective during the early phase of the disease when
muscle atrophy is mild, surgery is usually the preferred method for
treating advanced cases. Surgery can be considered as fusion
surgery (anterior or posterior) and duraplasty. Although there
were some differences in severity of symptoms, a review of the
literature revealed 19 authors reporting 62 surgically treated
cases5,14,29–44 (Table 1). In most of these cases, the primary
symptom was unilateral muscle atrophy. However, there were
several reported cases showing mild, long tract signs such as
hyperreflexia of the lower extremities, while only four cases
showed gait disturbance.5,14,29,34

In a comparison of operative methods, 7 surgeons performed
posterior fusion29,31,34,36,39–40,43 (13 cases), 5 surgeons
performed anterior fusion32,35,41–42,44 (16 cases) and 5 surgeons
performed duraplasty5,23,30,33,38 (16 cases). Additionally,
two surgeons performed either posterior (5 cases) or anterior
fusion (12 cases). The choice of surgery was mainly based on the

surgeons’ preference and/or concept of the pathogenesis rather
than clinical characteristics like age, severity of myelopathy and
radiographic parameters. Most of the reports found that surgery
improved grip power, although muscle atrophy remained.

CONCLUSION
Most cases of cervical flexion myelopathy as represented by
Hirayama disease have a self-limiting benign prognosis. However,
some cases can develop advanced myelopathy with long tract
signs. Long-term follow-up is recommended for these cases
because they may require early surgical treatment.
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