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INTRODUCTION

Hirayama disease (HD) is a benign and self-limiting motor neuron dis-
ease (MND) described for the first time in 1959 as the “juvenile mus-
cular atrophy of the unilateral upper extremity” characterized by pain-
less weakness and amyotrophy in the forearm and hand of a single

Hirayama disease (HD) is a rare, benign, and nonprogressive motor neuron disease (MND)
affecting the upper limbs. It usually presents with weakness and amyotrophy in a single
upper extremity with an insidious onset between adolescence and the third decade of
life. Since its description in 1959, HD has been known under several names and eponyms
in Europe and in Asian countries probably due to its heterogeneous clinical features.
Thus, the unclear nosological classification makes challenging the differential diagnosis
between HD and other neuromuscular conditions, such as MNDs. However, apart from
the nosological difficulties and the lack of evidence-based guideline for diagnosis, the neu-
roimaging is the mainstay for the diagnosis of HD. Indeed, the specific findings on cervical
flexion MRI usually lead to a prompt diagnosis. Here, we reviewed the nosological classi-
fications of HD and its neuroimaging features. Also, we report a case of a 18-year-old boy
who presented to our Clinic complaining of muscle weakness of the left distal upper limb
without other neurological signs. The cervical MR, in the neutral position, revealed a high
T2 signal intensity in the C5-C7 cervical myelomeres as well as the loss of cervical lor-
dosis, whereas, during neck flexion, it showed the anterior displacement of the posterior
dura ad the post-gadolinium T1-weighted imaging enhancement of the posterior epidural
plexus. These findings are typical for HD allowing the diagnosis as well as the differential

diagnosis from other neuromuscular diseases.
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upper limb with an insidious onset between adolescence and the third
decade of life, followed by spontaneous arrest within a few years after
the clinical onset.? Of interest, HD has been described under several
names according to its clinical features; however, it differs from other
incurable MNDs, such as PLS (ie, primary lateral sclerosis), SMA (ie,
spinal muscular atrophy), and ALS (ie, amyotrophic lateral sclerosis),
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because of its benign and nonprogressive course and pathogenesis.
It has been hypothesized that the compression of the spinal cord by
dura mater during neck flexion might induce chronic microcirculatory
changes in the territory of the anterior spinal artery, which supplies the
lower cervical cord, thus causing HD.? The nosological difficulties are
supported by the heterogeneity of HD in clinical presentation, rang-
ing from monomelic amyotrophy to asymmetric or symmetric bilateral
amyotrophy of upper limbs in which the right limb is more affected
(right/left ratio 3:1).2 Hypotrophy usually affects both the hand and
forearm muscles sparing of brachioradialis muscle contributing to the
typical “oblique amyotrophy” of the ventral forearm.* Furthermore, in
many patients, the muscle weakness may worse after the exposure to
a cold environment (ie, cold paresis); however, cranial nerve dysfunc-
tion, sensory disturbances, urinary disturbances, and upper motor neu-
ron signs are usually not seen in HD (with rare exceptions).” Here, we
report a typical case of an adolescent male with a diagnosis of asym-
metric HD supported by typical MRI findings. The purposes of this
review are to discuss the nosological classification of HD, clarifying the
disease’s eponyms according to the clinical features of HD, as well as to

emphasize the MRI findings which allow the prompt diagnosis.

Clinical scenario

An 18-year-old boy with a noncontributory past medical history pre-
sented to our Neuromuscular Clinic complaining of subtle muscle
weakness of the distal left upper limb in absence of pain or any other
symptoms. This weakness had started 12 months earlier immediately
after a gym training (more precisely, patient was lifting loads). The first
neurological consultation showed a muscle wasting of the left hand,
especially of the interossei muscles; also, nerve conduction studies
(NCS) showed an axonal loss in the left ulnar nerve. Moreover, the
ultrasound imaging of the left upper limb was not contributory, and
the cervical spinal cord MRI only demonstrated the loss of physio-
logical cervical lordosis. Several months later, a spinal cord MRI with
gadolinium administration evidenced the reduction of blood flow in
the left subclavian artery during the left arm was maintained in the
maximum abduction position; the same MRI study, also, showed a
high intramedullary T2 signal at C7 and C8 levels, which was more
pronounced on the left side when considering the axial T2-weighted
sequences. As a consequence, a vascular disease of the upper limbs
was suspected, therefore, the patient underwent thoracic, neck, and
upper limb CT scans with iodate contrast administration, although
relevant findings have not been found. In the meanwhile, the weak-
ness of the left upper limb worsened with subsequent hypotrophy
of the left hypothenar muscles accompanied by severe motor weak-
ness. None of the antiganglioside antibodies (GM1, GM2, GM3, GM4,
GD1a, GD1b, GD2, GD3, GT1a, GT1b, GQ1b, and sulfatides) have
been found. A new neurological examination revealed a motor weak-
ness in the forearm and hand’s muscles, bilaterally, with amyotrophy
involving the left hand (Figure 1A). According to the Medical Research
Council (MRC), the muscle strength of left arm was 2/5 in the first

dorsal interosseous, abductor digiti minimi, and in the finger exten-

sors, whereas it was found to be 4/5 in the other muscles. In the left
hand, the hypothenar atrophy was greater compared to thenar mus-
cles, thus giving the appearance of the “reverse split hand syndrome”
(Figure 1B). The MRC grading of the right arm was 4/5 and 5/5 for
distal and proximal muscles, respectively. Deep tendon reflexes were
reduced in both upper limbs, whereas upper motor neuron signs were
not found. A new NCS with needle-electromyography of the upper and
lower limbs showed the loss of motor axons in the ulnar nerve, bilat-
erally (with the left hand being more affected) and the active denerva-
tion in the left first dorsal interosseous muscle (Table 1). The most com-
mon polyneuropathies were ruled out by serum testing of vitamin B12,
folates, and vitamin E as well as by performing the investigation for
human immunodeficiency virus. Finally, the cervical spinal cord MRl in
both neutral and cervical-flexion positions demonstrated the anterior
shifting of the posterior dura and the post-gadolinium enhancement
of the posterior epidural plexus on T2-weighted and post-contrast T1-
weighted images, respectively (Figures 2 and 3). These findings, as well
as the clinical course, supported the diagnosis of HD. Further neuro-
physiological procedures contributed in demonstrating typical findings
of HD. Indeed, somatosensory-evoked potentials (SEPs) from bilateral
electrical stimulation of the median nerve at the wrist came back nor-
mal, while N13 potential was difficult to elicit during neck flexion;
motor-evoked potentials (MEPs) demonstrated low-amplitude MEPs
from abductor pollicis brevis (ABP) bilaterally. Since the diagnosis of
HD, the patient has refused neurosurgical intervention and has under-
gone conservative treatment: neck immobilization with cervical collar
and physiotherapy. Two years after the diagnosis, no clinical progres-
sion of the disease has been documented; a recent EMG showed no fur-
ther signs of denervation.

The patient signed the informed consent forms for both diagnostic
workup and cervical spinal cord MRI with gadolinium administration.
Furthermore, the patient gave the written consent to use its clinical
data and images for publication purposes.

Definitions and eponyms

Since the descriptionin 1959 by Hirayama et al., HD has been proposed
under several names according to its clinical presentation (Table 2).
The term “Brachial MonoMelic Amyotrophy” (MMA) refers to unilat-
eral and distal amyotrophy of a single upper limb, which may spread
to contralateral limb in about 20% of cases.® However, several atyp-
ical cases have been reported, such as the symmetric amyotrophy of
the distal upper limbs and the monomelic amyotrophy of the proximal
upper limb’s muscles.”® Preethish-Kumar et al. coined the term “Dis-
tal BiMelic Amyotrophy” (DBMA) to describe a symmetrical amyotro-
phy of the distal upper extremities with rapid progression to severe
motor disability and showing similar MRI features with the previously
described entity of MMA/HD (eg, flexion-induced cervical myelopa-
thy at C8-T1 myelomers).? Also, the flexion-induced myelopathy may
spread from C8-T1 myelomeres to two segment higher or lower than
MMA/HD (eg, C5-T1 myotomes), leading to a “Proximal BiMelic Amy-
otrophy” (PBMA) or “Proximo-Distal biMelic Amyotrophy” (PDMA).10
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FIGURE 1 Asymmetric amyotrophy of distal upper limb muscles in patient with Hirayama disease. Moderate to severe muscle wasting of the
left hypothenar and interossei muscles and mild atrophy of the right hypothenar muscles (A); in the left hand, the amyotrophy is more severe in the
hypothenar muscles compared to thenar with the appearance of the “reverse split hand syndrome” (B)

FIGURE 2 Sagittal T2-weighted (A) and pre-contrast T1-weigted (B) cervical MRI images acquired on neutral position demonstrate the loss of
cervical lordosis. Sagittal Short Tau Inversion Recovery image shows mild intramedullary cord hyperintensity (arrow) at the levels of C5-C7.
Flexion T2-weighted image (D) reveals a 6 mm forward displacement of the posterior cervical dural sac associated with a widening of the posterior
laminodural space (arrows). Post-contrast sagittal T1-weigted image (E) shows posterior epidural enhancement (dashed arrows) with

crescent-shaped appearance

FIGURE 3 Axial cervical MRI on the neutral (A) and flexion position (B and C). Spoiled T2*-weighted image at the level of C5 in neutral position
shows a normal spinal cord morphology (A). Spoiled T2*-weighted (B) and post-contrast T1-weighted (C) images at the level of C5 reveal the
forward displacement of the posterior dural sac (arrows in B) with asymmetrical compression of the spinal cord, more prominent on the left side

(dashed arrow in C)
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TABLE 1 Axonal motor loss in the patient with Hirayama disease

MRI IN THE DIAGNOSIS OF HIRAYAMA DISEASE

Motor nerves Latency (ms) Amplitude (mV) Conduction velocity (m/s)

Right median-APB

Wrist 34 8.3

Elbow 7.9 7.9 55.6
Left median-APB

Wrist 4.25 5.6

Elbow 8.1 6.1 59.7
Left ulnar-ADM

Wrist 4 0.3

B. Elbow 7.35 0.5 59.7

A. Elbow 9.9 0.3 353

Axilla 13.45 0.4 47.9
Right ulnar-ADM

Wrist 2.8 4.7

B. Elbow 6.8 4.5 57.5

A. Elbow 8.45 3.8 54.5

Left radial-EIP
Forearm 3.95 8.1

Right common peroneal-EDB

Ankle 3.05 8.9
Fibular head 10.55 8.1 40.0
Knee 11.9 8 59.3

Left common peroneal-EDB

Ankle 3.9 12.8
Fibular head 10.75 11.7 43.8
Knee 12.55 12 44.4

Left tibial knee-AH

Ankle 3.7 7.1
Knee 12 7.9 434
Sensory nerves Latency (ms) Amplitude (uV) Conduction velocity (m/s)

Right median-Digit Il

1 2.6 30.5 617

2 6.65 15.5 N/A
Left ulnar-Digit V

Wrist 2.25 19.7 N/A

Before elbow 5.3 19.3 754

After elbow 6.8 18.2 53.3

Axilla 8.45 15.7 90.9
Left radial-thumb

Forearm 245 14.7 N/A
Left sural-lateral malleolus 44.8

Calf 2.9 14.3 617

Note: Nerve conduction studies show a low-amplitude left ulnar compound motor action potential and a reduced ratio (<0.6) between the abductor digit
minimi and abductor pollicis brevis, bilaterally, supporting the diagnosis.

Abbreviations: ADM, abductor digiti minimi; AH, abductor hallucis; APB, abductor pollicis brevis; EDB, extensor digiti brevis; EIP, extensor indicis proprius;
ms, milliseconds; m/s, meters per second; mV, millivolts; N/A, not available; 'V, microvolts.
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TABLE 2 Nosological classification of the benign and nonprogressive motor neuron diseases

“AWILEY- LS

Eponyms Clinical presentation References
Juvenile muscular atrophy of the unilateral upper Hirayama et al.in 1959 described the unilateral juvenile amyotrophy of 1

extremity the distal upper-limb.
Juvenile nonprogressive monomelic amyotrophy Hashimoto in 1972 coined the term JNPMA because of the unilateral 38

(JNPMA) and nonprogressive amyotrophy of the upper limb.
Monomelic amyotrophy (MMA) As the amyotrophy may involve the upper or lower limb, Gourie-Devi 39

et al.in 1984 labeled the term MMA.
4,40

Juvenile muscular atrophy of the distal upper
extremity (JMADUE)

Juvenile asymmetric segmental spinal muscular
atrophy (JASSMA)

Brachial monomelic amyotrophy (BMMA)

Distal bimelic amyotrophy

Proximal bimelic amyotrophy (PBMA) or
proximo-distal bimelic amyotrophy (PDMA)

Biondi et al. in 1989 coined the term JMADUE because of the
amyotrophy involved only in the distal upper limb.

Pradhan and Gupta in 1997 labeled the term JASSMA because of the
bilateral and asymmetric amyotrophy of the upper limbs.

Gourie-Devi and Nalini in 2003 labeled the term BMMA, which
represents a case of HD, distinguishing it from crural MMA.

Symmetrical amyotrophy of both upper limbs distal muscles.

PBMA is characterized by the bilateral amyotrophy of the shoulder
girdles and arms; PDMA affects bilaterally both proximal and distal
muscles of the upper limbs.

41

However, the absence of sensory, pyramidal, and cerebellar signs, as
well as the presence of a cold paresis are common features of HD
regardless of the type of muscular atrophy. Hence, we should won-
der ourselves whether HD includes MMA or if it may be part of a
broader spectrum of nonprogressive and benign MNDs. Furthermore,
the marked heterogeneity in the clinical presentation makes the diag-
nosis of HD challenging, usually requiring experts and trained neurol-
ogists. Hence, a nationwide Japanese study has outlined the follow-
ing diagnostic criteria required for diagnosis of HD: (1) distally dom-
inant muscle weakness and atrophy in the forearm and hand; (2) dis-
ease onset between ages 10 years and early 20s; (3) unilateral or uni-
laterally dominant symptoms and signs; (4) insidious onset followed
by arrest of progression; (5) lack of sensory disturbances and tendon
reflex abnormalities; and (6) exclusion of other diseases (eg, MNDs,
brachial plexopathy, spinal cord tumors, ulnar neuropathy, etc).1! More
recently, further guidelines, based on 24 statements, have been pub-
lished supporting clinicians in the diagnosis, treatment, and follow-up
of HD. Unfortunately, these recommendations do not represent a stan-
dard for diagnosis.!? In this scenario, as the proposed diagnostic cri-
teria are based mainly on the clinical features, we would highlight the
central role of an accurate cervical spinal cord MRI in both neutral and
neck-flexion positions when HD is suspected to achieve an early and
correct diagnosis.

Further points need some clarifications. Indeed, the use of MEPs and
SEPs in the diagnostic workup is still controversial, since some authors
reported both normal SEPs and MEPs.23 However, a significant reduc-
tion in amplitude of the N13 cervical response during neck flexion in
patients with HD has also been reported.* Of interest, the neurophys-
iological abnormalities of the MEPs have been described in a broad
range (14-100%) of patients with HD.1> Zheng et al. observed a pro-
longation of both central motor conduction time and peripheral motor
latency in a cohort of 41 patients with HD.1¢ According to these stud-

ies, we observed an amplitude reduction of the N13 cervical poten-

tial during neck-flexion and the bilateral prolongation of the peripheral
motor latency when recording by ABPs, after magnetic stimulation of
the cervical roots. These data may support the use of neurophysiology

in HD, but their role in the diagnosis is still unclear.

Pathogenesis and clinical presentation

The main pathogenetic hypothesis of HD is that the forward displace-
ment of the lower posterior dural sac during neck flexion might induce
the asymmetrical flattening of the anterior lower cervical cord against
the vertebral bodies causing subsequently the ischemic injury of the
motor neurons located in the spinal anterior horn with the more flat-
tened side corresponding to the more atrophied limb.1” However, it
is still unknown what causes this forward displacement of the dura
mater in HD. Some authors theorized that this asymmetric cord com-
pression might be caused by an unequal right-to-left distribution of the
posterior epidural ligaments, whereas other ones suggested that a dis-
proportion in length between the vertebral column and the dural sac
might be behind the HD pathogenesis. 827 As the imbalance in growth
between vertebral column and dural sac could be accentuated during
juvenile growth spurt, the “disproportion hypothesis” might explain the
juvenile onset and the male preponderance of HD.2°

The role of flexion MRI

MRI has a central role in the diagnostic workup of HD. However,
conventional scans are not adequate and usually fail in the diagno-
sis. Indeed, MRI scans should be acquired with a 1.5-T or 3.0-T scan-
ner in both neutral and neck-flexion positions on the patient lying in
the supine position. The optimal scanning protocol includes the fol-

lowing MRI sequences: sagittal and axial T1-weighted fast/turbo spin-
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TABLE 3 Neuroimaging features of Hirayama disease and their prevalence in the present study and in case series2123-27.30.31

MRI features Key sequences Prevalence
Neutral position
Loss of normal cervical lordosis Sagittal TAWI, T2WI 50-100%
Cord atrophy at C5-C7 levels Sagittal or axial TAWI, T2WI 59-100%
Asymmetric cervical cord flattering Axial TAIWI, T2WI 48-100%
Loss of dural attachment Axial T2WI 65-100%
Intramedullary cord hyperintensity Sagittal or axial T2WI 17-77%
Flexion position
Displacement of the posterior cervical dural sac Sagittal T2WI 100%
Compression of the spinal cord Sagittal or axial T2WI 100%
Epidural flow voids Sagittal or axial T2WI 47-100%
Contrast enhancement in epidural space Sagittal or axial post-contrast TIWI 100%

Abbreviation: WI, weighted imaging.

echo, sagittal and axial T2-weighted fast/turbo spin-echo, sagittal and
axial T1-weighted images with fat saturation acquired before and after
gadolinium administration with a slice thickness of 3-4 mm.2! Flexion
MRI should be acquired with a neck-flexion angle of 35-40° by using a
positioning sponge or a pillow to maintain the flexed position.??

Table 3 provides the principal MRI findings in HD observed in both
neutral and neck-flexion positions. The main findings in the neutral
position are the loss of physiological cervical lordosis, the spinal cord
atrophy at C5-C7 levels, the asymmetric flattening of the spinal cord
on axial images as well as the loss of attachment of the posterior dura
to the subjacent lamina, and an increased T2 signal intensity of ante-
rior cervical horns without signs of extrinsic compression.2%23-27 The
loss of the attachment of the posterior dura in the neutral position
imaging is reported with a sensitivity and specificity of 93% and 98%,
respectively.2® The cord atrophy and the flattening of the spinal cord
in neutral position are associated with a more severe disease and poor
recovery after surgical cervical fusion.26282? The T2 hyperintensity
of anterior cervical spinal horns giving the characteristic “snake eye”
appearance is a typical feature of HD, although it has been variably
reported with a prevalence of 17-77% in patients with a confirmed
diagnosis of HD.21:27.:30.31 Despite these suggestive MRI signs are fre-
quently observed in HD patients, it remains particularly challenging to
identify them on routine nonflexion MRI studies. Indeed, these subtle
sings are frequently overlooked, considering the rarity of the disease
and if not are specifically searched in the context of HD.

On the flexion sequences, the loss of dural attachment and the for-
ward displacement of the posterior cervical dural sac which is asso-
ciated with a widening of the posterior laminodural space, prominent
epidural flow voids, and post-gadolinium enhancement of the posterior
epidural plexus represent the pathognomonic imaging features.2>-27.32
Among them, the forward displacement of the posterior dural sac is
the most relevant sign for the diagnosis of HD on flexion MRI. This dis-
placement is associated with a compression of the spinal cord leading
to the asymmetrical reduction of its anteroposterior diameter.33 How-
ever, it is worth considering that the mild displacement of the posterior

dural sac may occasionally be observed in normal subjects. Neverthe-
less, the degree of displacement is significantly greater in HD patients
(6-9 mm) when compared to normal subjects (1-4 mm); also, in normal
conditions, there is a physiological compensation through the intrinsic
expansion of the spinal canal in flexion position.?”-33 Lai et al. suggested
the MRI-based ratio between the anteroposterior diameter of the max-
imal forward displacement of the dural sac and the anteroposterior
diameter of the spinal canal as a measure distinguishing between HD
(increased ratio in flexion position) and normal subjects.3 This ratio
obtained in flexion position has been shown to be directly related to
disease length in a subsequent study conducted by Shao et al. evalu-
ating 64 patients with HD.3* Moreover, the epidural flow voids might
be detected on T2-weighted images as linear hypointense structures
in the enlarged epidural space. They are caused by engorgement of
the posterior epidural venous plexus during neck flexion, and they are
not seen in neutral position. Hou et al. investigated the appearance
of MRI features at different neck-flexion angles in 45 patients with
HD.22 In that study, the anterior displacement of cervical dural sac and
the epidural flow voids were significantly more common at 35° com-
pared to 20° (75% vs. 100% and 44% vs. 85%, respectively).22 Also,
the post-contrast enhancement is observed in the posterior epidural
space with a characteristic crescent-shaped appearance.?>27:35 The
posterior epidural enhancement typically disappears when the neck
returns to neutral position, thus confirming itself to be a congested
posterior internal vertebral venous plexus rather than a vascular
malformation.

The combination of these MRI features in both neutral and flexion
positions provides a high specificity for the diagnosis of HD.3%31 In the
study by Gotkine et al., all the patients presenting with the typical MRI
features on the cervical flexion MRI had a confirmed HD, while the
patients with progressive weakness of the distal upper limb’s muscles
without these neuroimaging features had the diagnosis of ALS.%? In a
multicentric cohort study published by Lehman et al., the combination
of neutral and flexion imaging features had a sensitivity and specificity
of 71% and 100% for the diagnosis of HD, respectively.3!
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CONCLUSIONS

This review highlights the importance of performing a dynamic flex-
ion and extension cervical MRI in young patients with otherwise unex-
plained progressive weakness and amyotrophy of the upper limb. In
this particular setting, the dynamic flexion and extension MRI is the
best diagnostic tool for the diagnosis of HD and it is also useful in the
differential diagnosis between HD, incurable, and progressive MNDs,
such as distal SMA, ALS, PLS, post-polio syndrome, and curable con-
ditions, such as cervical myelopathy, syringomyelia, multifocal motor
neuropathy with conduction block, and neuralgic amyotrophy.3¢ At
difference with incurable MNDs and degenerative diseases that are
characterized by a poor prognosis, the early diagnosis of HD allows
to prompt treatment, thus favoring a good recovery. Conservative
treatment is the most common choice providing neck immobilization
with collars, physiotherapy, and absolute avoidance of neck flexion
positions, whereas surgical treatment is recommended in progressive
patients who do not respond to conservative treatment.®” Hence, HD
should be considered as a part of wider spectrum of benign and non-
progressive MNDs ranging from MMA to juvenile asymmetric segmen-
tal spinal muscular atrophy (JASSMA), DBMA, PBMA, and PDMA.14
According to this viewpoint, our case would resemble a JASSMA in
which the left upper limb is more affected than the right. Finally, given
the heterogeneity of the MMA spectrum disorder, the cervical spinal
cord MRI plays a key role to identify the dynamic cervical cord com-

pression leading to the diagnosis of HD.
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