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Abstract 

Hirayama disease is a rare neurological entity that is characterized by initial progressive mus-

cular wasting and weakness of the distal upper limb in young men, followed by a spontaneous 

arrest within several years. The disease is believed to be a result of forward displacement of 

the cervical dural sac and spinal cord induced by neck flexion. It is commonly seen in Asia and 

rarely encountered in the Middle East countries. We report a rare case of a 20-year-old Kuwaiti 

patient presenting with a 10-month duration of gradual left upper limb weakness and wasting. 

We describe his electrophysiological and radiological findings that confirmed the diagnosis, 

and conducted a literature review. Hirayama disease is rarely encountered in clinical settings 

and should be suspected in male patients presenting with unilateral or asymmetrical bilateral 

lower motor weakness of hands and forearms. It is a benign entity, and cervical collar is usually 

the only treatment needed in most cases. © 2020 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Hirayama disease, is a rare entity characterized by unilateral or asymmetrical bilateral 
focal weakness and wasting of muscles innervated by C7, C8, and T1. It shows a gradual onset 
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and benign course that commonly affects young males (male:female ratio of 20:1) between 
the ages of 15 and 25 years [1]. It was first described by Hirayama et al. [2] in 1959 as “juvenile 
muscular atrophy of unilateral upper extremity” and in 1984, Gourie-Devi et al. [3] coined the 
term “monomelic amyotrophy” [3]. 

The incidence of Hirayama disease is low, and it is rarely encountered in the clinical set-
tings. Most case reports in the literature are from Asian countries and it is rarely encountered 
in the Middle East or Arab countries. We report “Hirayama disease” in a 20-year-old male who 
presented with gradual left upper limb weakness and wasting, with “oblique atrophy” and 
“reversed split hand syndrome,” that was confirmed by electrophysiological and radiological 
studies.  

Case Presentation 

A 20 year-old male with no relevant medical history presented with 10 months’ duration 
of weakness and wasting of the hand and forearm on the left side. His weakness and atrophy 
started initially in the small muscles of the left hand and gradually progressed to involve the 
left forearm muscles. There were no other muscles affected in both upper and lower limbs, 
and he did not have any pain, loss of sensation, ptosis, diplopia, dysphagia, cramps, or fascic-
ulations. He had no history of trauma, fever, exposure to toxins or heavy metals, history of 
poliovirus infection, and his family history was negative for similar conditions.  

Neurological examination showed an alert, conscious, and oriented man with normal 
speech and higher mental functions. His cranial nerves were normal. Motor examination 
showed atrophy and weakness (G4/5) of the thenar, hypothenar, interosseous, and forearm 
muscles with sparing of the brachioradialis muscle on the left side (Fig. 1). Deep tendon re-
flexes were 2+ (normal) allover. Superficial and deep sensory examination was normal. Co-
ordination and gait were normal. He had no fasciculations, tremors, involuntary movements 
or abnormal sweating.  

Routine laboratory investigations (complete blood count, renal function tests, liver func-
tion tests, serum electrolytes, thyroid function tests, erythrocyte sedimentation rate, and cre-
atine phosphokinase) were within normal limits. Vasculitic workup (ANA, anti-dsDNA, RF, 
ENA, and CRP) was negative. Plain cervical X-ray showed only loss of cervical lordosis.  

Nerve conduction study showed a low compound muscle action potential (CMAP) ampli-
tude in the abductor digiti minimi while preserved in abductor pollicis brevis during proximal 
and distal stimulation of both Ulnar and Median nerves, respectively. Electromyogram (EMG) 
showed evidence of denervation in C7, C8 distribution with sparing of the brachioradialis 
muscle, and chronic neurogenic changes in thoracic paraspinals on the left side. There was no 
affection of the lower limb muscles.  

Magnetic resonance imaging (MRI) of the cervical spine was performed using a 3T magnet 
in neutral position and showed straightening of the neck with atrophy of the cord opposite 
C5–6. With neck flexion, there was anterior displacement of the posterior dura and enlarge-
ment of the posterior epidural space with increase in the laminodural distance (from 1.4 to 
6.1 mm) (Fig. 2, 3).  

The patient received the diagnosis of “Hirayama disease” based on his clinical, electro-
physiological, and radiological characteristics. He was treated with cervical collar in order to 
prevent neck flexion, in addition to physiotherapy. He had a stable course with no progression 
over a 12-month follow-up period.  
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Discussion 

Hirayama disease is a benign form of focal amyotrophy that affects C7, C8, and T1 seg-
mental myotomes with sparing of the brachioradialis, giving the characteristic appearance of 
“oblique amyotrophy,” and sparing the proximal muscles of the upper limb innervated by C5–
6 myotomes. It manifests with gradual unilateral or asymmetric bilateral muscle weakness 
and atrophy in young males and is usually self-limited. It can be associated with autonomic 
dysfunction in distal upper limbs in the form of exaggeration of weakness on exposure to cold 
(cold paresis), cold skin, excessive sweating, and hair loss over the dorsum of the hands, and 
bilateral minipolymyoclonus. Approximately 70% of the patients experience disease progres-
sion within 3 years, and approximately 95% stabilize 5 years after disease onset [4]. 

It differs from classical types of motor neuron diseases because of its self-limited nature 
and the pathological findings of chronic microcirculatory changes in the anterior horns of the 
lower cervical cord. The pathogenesis of Hirayama disease still remains obscure. The first 
pathological study was published by Hirayama et al. [5] in 1987 on a patient after 23 years of 
disease onset and showed necrosis and degeneration of various degrees of large and small 
nerve cells with mild gliosis only in the anterior horns of the spinal cord at C5 to T1, particu-
larly marked at C7 and C8. They suggested circulatory insufficiency in the lower cervical cord 
as the leading cause. However, current neuroradiological techniques are able to show forward 
displacement of the posterior wall of the lower cervical dural canal when the neck is flexed, 
causing marked and often asymmetric flattening of the lower cervical cord, which is presumed 
to be the primary pathogenetic mechanism of Hirayama disease [6, 7]. 

In “Hirayama disease” patients, there is imbalance in growth of the vertebrae and the dura 
mater leading to a “tight dural canal” and “overstretched cord,” which cannot compensate for 
the increased length of the posterior wall during flexion. This causes an anterior shifting of 
the posterior dural wall, with consequent compression of the cord. This compression from 
repeated or sustained flexion of the neck may cause chronic microcirculatory disturbances in 
the anterior portion of the spinal cord may produce necrosis of the anterior horns, which are 
most vulnerable to ischemia [8]. 

Around 1,500 patients were reported in the literature, and these cases were common in 
Asian countries with the largest studies from Japan (333 cases) [9], India (279 cases) [3], and 
China (179 cases) [10]. 

The contribution of family history was rarely observed; however, some susceptibility 
genes such as KIAA1377 and C5ORF42 were proposed [11]. It is believed that certain environ-
mental factors, ethnic background, or cultural and behavioral habits might be involved in the 
susceptibility to the disease. 

Clinical diagnosis is confirmed by electrophysiological and radiological studies. EMG find-
ings are indicative of chronic denervation noted in the C7, C8, and T1 innervated muscles, with 
or without acute denervation potentials (fasciculations, positive sharp waves and fibrillations 
potentials). “Reverse split hand syndrome,” which is characterized by decreased/absent 
CMAP amplitude in the abductor digiti minimi while preserved in the abductor pollicis brevis, 
is usually seen in nerve conduction study. It differentiates “Hirayama disease” from ALS which 
shows classical “Split hand syndrome” [12, 13]. 

In about 25–50% of the cases, non-atrophic asymptomatic muscles (i.e., triceps brachii, 
brachioradialis, biceps brachii, and deltoid muscles) on the affected side sometimes can show 
denervation. Furthermore, the mean ulnar/median CMAP amplitude ratio is significantly 
lower in “Hirayama disease” while abnormally higher in ALS when compared with normal 
subjects. During the progressive phase of the disease, neck flexion could lead to a decrease of 
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F-wave persistency; and in patients with severe wasting, the F-wave may become absent [14, 
15]. 

Routine MRI in neutral position is often reported as normal, but it can also show lower 
cervical cord atrophy or abnormal cervical curvature (straight or kyphotic). However, the 
classical MRI findings of cervical spine in neck flexion include: forward displacement of the 
posterior wall, loss of the posterior dural sac attachment with adjacent lamina, and a well-
enhanced crescent-shaped mass in the posterior epidural space of the lower cervical canal. 
This is thought to represent congestion of the posterior internal vertebral venous plexus as it 
disappears on neutral neck position [7]. The increase in the laminodural space and the pres-
ence of cervical cord flattening during flexion are essential for diagnosis as described by Bo-
ruah et al. [16] in 45 patients with clinically definite “Hirayama disease.” He found that the 
laminodural space at maximum forward shifting of the posterior dural sac ranged from 3 to 
9.8 mm, with a mean distance of 5.99 mm. 

Vitale et al. [17] suggested an MRI protocol including: sagittal T1-weighted and T2-
weighted sequences and axial T2 or T2*-weighted sequence in neutral position; sagittal T2-
weighted sequences and axial T2 or T2*-weighted sequence in a neck-flexion of 25–35 de-
grees in addition to sagittal T1-weighted sequences in neck-flexion before and after gadolin-
ium intravenous administration. Snake-eyes appearance, a radiological finding described as a 
symmetrical bilateral small high-signal-intensity lesion on axial T2-weighted MRI, appears 
during the late stage of “Hirayama disease” and is proposed as an indicator of irreversible 
damage and poor prognosis [18]. 

According to a nationwide study in Japan by Tashiro et al. [4], the following criteria are 
important for diagnosis: (1) distal predominant muscle weakness and atrophy in the forearm 
and hand; (2) involvement of the unilateral upper extremity in most cases; (3) onset between 
the ages of 10 to early 20s; (4) insidious onset with gradual progression for the first several 
years, followed by stabilization; (5) no lower extremity involvement; (6) no sensory disturb-
ance or tendon reflex abnormalities; and (7) exclusion of other diseases. All these criteria were 
fulfilled in our patient. 

Several conditions can be considered in the differential diagnosis of “Hirayama disease” 
including: amyotrophic lateral sclerosis, spinal muscle atrophy, C8-T1 radiculopathy, com-
pressive myelopathy, cervical spondylotic myelopathy, syringomyelia, post-polio syndrome, 
multifocal motor neuropathy, and toxic neuropathy [19]. 

As “Hirayama disease” is considered a self-limited disease and often stops progressing 
after 1–5 years of onset, the mainstay of treatment consists of preventing neck flexion using a 
cervical collar to halt further progression. Its application at an early stage of the disease for 3–
4 years has been advocated with good response [20]. EMG can be used as an indicator to start 
and to stop cervical collar therapy depending on changes of latency and amplitude of motor 
evoked potentials and persistence of F wave on neck flexion [21]. Good prognosis is seen in 
patients with shorter duration of illness and no or mild cord atrophy in neutral neck position 
[20]. 

Surgical intervention has been proposed by some authors; however, patients with 
“Hirayama disease” usually stabilize with conservative treatment, and surgery should be lim-
ited to severe cases that have progressed quickly [22]. Cervical spinal decompression with 
fusion and duraplasty showed good results in selected patients because it gives a permanent 
stable fixation with a shorter period of immobilization [23]. Controlled clinical trials are 
needed to establish firm guidelines for these therapeutic options. 

In conclusion, we presented a rare case report of “Hirayama disease” that is rarely en-
countered in clinical practice in Arab countries. It should be suspected in male patients 
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presenting with unilateral or asymmetrical bilateral lower motor weakness of hands and fore-
arms. It is a benign entity and no treatment other than cervical collar is usually needed in most 
cases. EMG can be used as an indicator to start and to stop cervical collar therapy.  
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Fig. 1. A 20-year-old male with Hirayama disease showing atrophy of the small muscles of the hand and 

forearm on the left side. a In pronation showing sparing of the brachioradialis muscle (oblique atrophy, 

arrow). b In supination.  

 

 

 

Fig. 2. MRI cervical spine with sagittal T2-weighted spin echo images. a In neutral position, showing cervi-

cal cord straightening and cord thinning opposite the C5–6 level that may reflect cord atrophy. b In flexion, 

showing anterior displacement of the posterior dura, enlargement of the posterior epidural space with 

increase in the “laminodural distance” from to 1.4 to 6.1 mm (asterisks) as well as increase in length (ar-

rows). 

 

 



 

Case Rep Neurol 2020;12:291–298 

DOI: 10.1159/000508994 © 2020 The Author(s). Published by S. Karger AG, Basel 
www.karger.com/crn 

Al-Hashel et al.: Monomelic Amyotrophy (Hirayama Disease) 

 
 

 

 

298 

 

Fig. 3. MRI cervical spine with axial T2-weighted gradient echo images in (a) neutral position and (b) in 

flexion. It confirms the anterior displacement of the posterior dura during flexion, resulting in an increase 

of the corresponding laminodural distance. 
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