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BACKGROUND Hirayama disease (HD), also known as juvenile spinal muscular atrophy, is a rare condition in which flexion of the cervical neck
causes compression and ischemic changes to the anterior horns of the spinal cord. Here the authors presented the first reported case of HD in North
America that was successfully treated via surgical intervention.

OBSERVATIONS The patient was a 15-year boy with insidious onset upper limb weakness and atrophy. His findings were a classic presentation of
HD although his complex history and relative rarity of the disease caused him to remain undiagnosed for months. After conservative management via
cervical collar failed, the patient was successfully treated via C5-C7 anterior cervical discectomy and fusion. The patient’s symptoms stabilized by the
3-month follow-up.

LESSONS The diagnosis of HD is easy to miss because of the lack of reporting and widespread knowledge of this condition in North America. Thus,
when presented with a case of insidious onset limb weakness in a juvenile patient, HD should be placed on the differential list and verified with cervical
flexion magnetic resonance imaging. Additionally, surgical intervention should be considered a safe and effective option for HD when conservative
methods have failed.

https://thejns.org/doi/abs/10.3171/CASE21697

KEYWORDS Hirayama disease; spinal muscular atrophy; ACDF; anterior cervical discectomy and fusion; surgical outcomes

Progressive neurodegenerative disorders cover a broad range of
pathology, including monomelic amyotrophy. Hirayama disease
(HD), also known as juvenile spinal muscular atrophy, is one form
of monomelic amyotrophy. This disease is characterized by com-
pression and progressive ischemic changes to the anterior horns of
the spinal cord upon neck flexion.1 First described in a series of 12
patients by Hirayama et al. in 1959, this condition predominately
occurs in young adult males of Chinese and Indian descent.1–6

Patients most often present with insidious onset unilateral or bilat-
eral atrophy of the muscles of the arms and hands although lower
extremities can be involved as well.3,4,7,8 Magnetic resonance imag-
ing (MRI) of this condition demonstrates largely normal appearance,
causing patients to be undiagnosed for several months.9 Flexion
MRI in these patients demonstrates expansion of the posterior epi-
dural space resulting in compression of the dorsal dura and spinal
cord. There is resultant, disproportionate dysfunction in the anterior

horns of the spinal cord.10 These radiographic findings alongside a
patient’s clinical presentation allow for a confident diagnosis of HD.

HD is commonly a self-limiting condition that is predominately
treated via conservative methods such as a cervical collar.11 Nonethe-
less, disease progression can occur despite conservative management,
leading to considerable limb dysfunction.1,5,8,11 A limited number of
case reports have previously described surgical intervention for this
disorder although none have been reported in North America thus far.
Here we present the first reported case of HD in North America that
was successfully treated via surgical intervention.

Illustrative Case
A 15-year-old boy presented to the clinic with a 6-month history

of progressive right-hand weakness and atrophy. His past medical
history was significant for bilateral distal radial and ulnar metaphy-
seal fractures from an all-terrain vehicle accident at age 13 years.
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After the accident, his hands were pinned and casted from the
elbows down to the proximal interphalangeal joints. He did not
report any sensory symptoms while in the cast or immediately after
removal. One year later, the patient began experiencing weakness
with flexion and extension of the third through fifth digits on the right
hand. He experienced progressive right-hand weakness and func-
tional impairment without sensory symptoms.

Physical examination revealed significant weakness in his right
upper extremity as well as severe atrophy of his right hand and
forearm. The patient was full strength (5/5) in his proximal right
upper extremity, including deltoid and biceps, decreasing distally to
2/5 in his intrinsic hand muscles. Pectoralis asymmetry was also
noted, with slightly smaller musculature on the right side. Patellar

reflexes were increased bilaterally. No fasciculations were detected,
and the patient did not report any upper extremity pain. Additionally,
no family history of neuromuscular or peripheral nerve disorders
was reported. The patient saw several providers, but no diagnosis
was reached because his static cervical spine MRI appeared nor-
mal (Fig. 1). Electromyographic examination revealed marked low
amplitudes of the right median and ulnar muscle action potentials
with normal sensory nerve potentials, indicative of a chronic neuro-
genic process. Based on clinical suspicion, a flexion MRI was per-
formed, and it revealed significant anterior displacement of the
thecal sac, effacement of the subarachnoid space from C5 to C7,
and engorgement of the posterior, epidural veins. A diagnosis of
HD was confirmed (Fig. 2A and B).

Initially, the patient was placed in a Miami J collar (€Ossur) with
hopes that immobilization would suspend disease progression. Unfortu-
nately, the patient’s symptoms worsened at 1-month follow-up, and sur-
gical intervention was recommended. A standard C5-C7 anterior
cervical discectomy and fusion was performed (Fig. 3A and B). The
patient tolerated the procedure well and had a stable neurological
examination after surgery. The patient completed a course of postoper-
ative physical therapy. At the 12-month follow-up, the patient had no
further progression of disease. His intrinsic hand muscles remained
atrophied, and his strength and dexterity did not improve.

Discussion
Observations

The patient is an adolescent boy with insidious-onset upper limb
weakness and atrophy. Although he had a classic presentation for
HD, his diagnosis was missed by several providers. The delayed
diagnosis may be attributed to unfamiliarity with this rare entity in
North America. Although no global epidemiological studies on HD
have been conducted, Tashiro et al. completed the largest nation-
wide survey of HD to date in Japan. Of the 2,260 facilities they
queried, only 333 cases of HD were reported.11 These rates are
likely even higher than what would be seen in Western countries
given the paucity of reports on HD to come out of Europe and
North America. Presently, only a single case series exists on
patients with HD in North America. Ghosh et al. performed a

FIG. 1. Nonflexion sagittal T2-weighted cervical MRI appearing largely
normal with some slight narrowing in the C4-C6 region.

FIG. 2. A: Flexion sagittal T2-weighted MRI showing extreme compression of the C4-C7 region. B: Flexion
axial MRI showing compression of C4-C7 region.
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retrospective review of pediatric patients at the Cleveland Clinic
over 10 years and found a total of six children with a confirmed
diagnosis of HD.12 All patients had the classic physical examination
findings of unilateral or bilateral upper extremity weakness without
sensory loss, and they were successfully managed via cervical col-
lar. Because of the high likelihood of misdiagnosed and undiag-
nosed patients with HD, it is uncertain how prevalent this condition
is in the United States. It is clear that continued reporting and edu-
cation on this topic are essential when it comes to patient care.

The patient’s past medical history of bilateral radial and ulnar
fractures may have distracted from the cardinal features of HD and
delayed diagnosis. Although the timing and location of the trauma
coincided closely with the patient’s symptomatology, the insidious
unilateral arm weakness and lack of sensory symptoms should
have raised suspicion for HD. The workup for HD first begins with a
thorough physical examination. Symptoms are most often unilateral,
but bilateral presentation is possible.13 In most patients, deep ten-
don reflexes are normal although hyperreflexia can be present, as
in this case.13 Electrophysiological studies can be helpful for diag-
nosis. The results of these studies most often display high ampli-
tude polyphasic action potentials in the tested nerves.14 A flexion
MRI is perhaps the most conclusive diagnostic tool in HD workup.
With the patient’s neck flexed forward, MRI reveals the pathogno-
monic anterior displacement of the lower cervical dural sac with flat-
tening of the cervical cord.15 Therefore, if HD is on the differential,
flexion MRI is critical to establish the diagnosis.

The prevailing pathophysiological theory for the findings seen on
flexion MRI is that disproportionate growth may occur during ado-
lescent development, with vertebral growth outpacing that of the
spinal cord. It leads to chronic compression and ischemic changes
to the cervical cord during neck flexion. This condition is largely
self-limiting and resolves within 1 to 3 years in most patients.15 Cur-
rently, first-line treatment consists of conservative management via
a cervical collar. In cases in which conservative management fails

to arrest disease progression, surgical intervention is pursued. The neces-
sity of surgical intervention in HD is still debated, and few reports exist in
the literature. A literature search on this topic yielded 16 reports encom-
passing 110 patients with HD treated via surgical methods.13,16–30 Of
these 110 patients, 104 (94.5%) were male and 6 (5.5%) were female.
The average age for the surgical patient was 19.5 years. Surgically
treated patients were Chinese (82.7%), Indian (6.4%), Taiwanese
(4.5%), Japanese (2.7%), French (2.7%), and Spanish (0.9%). In all
cases, patients reported stabilized or improved strength in the affected
limb(s). Although there may be a reporting bias, the generally favorable
outcomes in the literature as well as our own case indicate that surgical
intervention is a safe and effective option for refractory HD.

Lessons
HD is easy to miss because of the lack of reporting and widespread

knowledge of this condition in North America. It is likely that numerous
cases of HD have gone undiagnosed and untreated due to a lack of
awareness on this topic. Reports have indicated that early recognition
and intervention are crucial in preventing severe and irreversible damage
to the cervical spinal cord.31–33 Thus, when presented with a case of
insidious-onset limb weakness in a juvenile patient, HD should be
considered and verified with cervical flexion MRI.

Surgical intervention should be considered a safe and effective option
in treating refractory cases of HD. Whereas conservative therapy with a
cervical collar is a first-line treatment, numerous reports have demon-
strated successful surgical treatment for refractory cases.17,18,26,28 Sev-
eral techniques have been used successfully to treat this condition,
including anterior cervical decompression and fusion, posterior instru-
mented fusion, and laminectomy.34 Among these treatments, anterior
cervical discectomy and fusion is the most commonly reported, likely
because of its high efficacy and low complication rates.30 It is also impor-
tant to note that early surgical intervention can help prevent permanent
neurological sequelae.35 Surgical intervention should be considered
early in patients with progressive neurological changes.

FIG. 3. A: Postoperative coronal radiograph displaying successful anterior cervical discectomy and fusion
from C5 to C7. B: Postoperative sagittal radiograph displaying successful anterior cervical discectomy and
fusion from C5 to C7.

J Neurosurg Case Lessons | Vol 3 | Issue 10 | March 7, 2022 | 3



Conservative methods are still the primary line of treatment. One
reason these approaches may fail is due to noncompliance. If this
is the case, improved patient education and a heightened emphasis
on the importance of a strict treatment regimen may avoid the
unnecessary risks of surgery.
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