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The main clinic characteristic of Hirayama disease (HD) is atrophy of the distal muscles in the upper 
limbs. Recently, an increasing number of HD cases have been reported. Many HD patients have 
persistently progressive symptoms and conservative treatments failed. This article aims to review 
the current status of the field and summarizes the main surgical treatment options for patients with 
HD. A comprehensive search of the PubMed and the Web of Science databases was conducted from 
their inception to September 15th, 2022. Search terms included "juvenile muscular atrophy of upper 
extremity", "Hirayama disease" and "surgery". A total of 169 relevant publications were identified 
and 29 articles were finally reviewed. Current surgical treatments for HD are either anterior cervical 
surgery or posterior cervical surgery. The two approaches can effectively stop the disease. However, no 
studies have compared the advantages and limitations of the two surgical methods. The previous view 
that HD can be improved with conservative treatment has been challenged. In many studies, surgical 
treatment has been shown to improve the hand function in patients with HD. However, there is still 
controversy about the methods of anterior and posterior cervical surgery. Future research could focus 
on exploring the advantages and limitations of different surgeries.

1. Introduction

Hirayama disease (HD), also referred to as juvenile 
muscular atrophy of the distal upper extremity, was first 
reported by Keizo Hirayama (1) in 1959. Previously, 
most reports of HD were in Asian countries such as 
Japan, China and India (2-4). Recently, an increasing 
number of HD cases have been reported in regions 
outside Asia. Table 1 summarizes cases of HD reported 
in PubMed in regions outside Asia in the past five years 
(5-32). Developments in imaging and electromyography 
(EMG) examination have improved the understanding 
of HD. Although the pathogenesis of HD is not fully 
understood, two main hypotheses have been proposed. 
The first is the hypothesis of dynamic cervical flexion 
compression. Repeated or continuous flexion of the 
cervical spine causes the posterior wall of the dural sac 
to move forward causing compression of the spinal cord 
that results in microcirculation disorders and chronic 
injury in the anterior horn of the spinal cord (33,34). The 
study of Sun et al. used diffusion tensor imaging (DTI) 
to scan patients with HD also supported the hypothesis 
(35). The other hypothesis is based on growth and 

development. The spinal cord and the dura mater are 
unbalanced during rapid growth and development in 
adolescence. During this time, the posterior roots become 
shortened. In the neutral position, the posterior root is in 
a relaxed state. When the neck is flexed, the shortened 
posterior root pulls the cervical spinal cord forwards 
resulting in compression of the cervical spinal cord and 
HD (2,36). Both hypotheses suggest that repeated and 
persistent cervical flexion is an important causative 
factor in HD.
 Based on the above hypotheses, many physicians 
began to use cervical collar therapy to treat HD patients. 
In 1992, Tokumaru et al. compared 14 HD patients who 
had worn a cervical collar with 18 untreated patients (37). 
The study showed that cervical collar therapy can stop 
the progression of HD in a short period. Another study by 
their team also supported the reliability of this conclusion 
(38). However, conservative treatment has limitations. 
First, some reports showed that many patients still have 
continuous progress of symptoms 10 years after the onset 
of the disease. A small number of patients experience 
rapid progression months to years after symptoms have 
developed (39,40). Second, the efficacy of cervical collar 
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therapy is greatly affected by patient compliance. A study 
showed that most patients wear cervical collars for less 
than half a year due to factors including appearance, 
inconvenience and progression of the disease (41). 
Finally, a study published in 2021 suggested that surgery 
may be better at helping patients with HD achieving 
symptomatic improvement than conservative treatment 
(42).Therefore, in patients with progressive disease, 
surgery should be considered for treatment. At the same 
time, a large number of studies including guidelines 
established by clinical multidisciplinary teams have 
highlighted that surgical treatment can effectively limit 
abnormal flexion of the cervical spine and expand 
the volume of the dural sac (43-46). Based on these 
studies, many HD patients who have failed conservative 
treatment have benefited from surgery. HD has become 
an area of intense research for spinal surgeons. In this 
article, we review the current knowledge of HD and 
provide a review of surgical treatments.
 We conducted a structured search of PubMed and 
Web of Science. Publication dates were included from 
the inception of each database to September 15th, 2022. 
Search terms included "juvenile muscular atrophy of 
upper extremity", "Hirayama disease" and "surgery". 
A total of 169 relevant publications were identified. 
After the exclusion of duplicate publications and a 
further detailed review of the articles, 29 articles were 
finally included in the review. The inclusion criteria 
were case reports focusing on patient surgical treatment 
and prognosis, observational studies and randomized 

controlled trials (RCTs). Reviews, systematic reviews 
and meta-analyses were excluded.

2. Indications for surgical treatment

At present, the surgical treatment of HD aims to relieve 
the compression of the cervical spine and reconstruct 
normal cervical spine alignments. The guidelines 
established by the clinical multidisciplinary team showed 
that surgical treatment can be performed when the 
disease continues to progress after long-term wearing 
of a cervical collar, in patients who cannot tolerate 
the long-term wearing of a cervical collar and when 
symptoms progress (43). In addition, the Huashan 
clinical classification system for patients with HD was 
established in 2021 and its internal consistency was 
primarily verified (47). According to this system, HD 
patients can be divided into types I, II and III. Patients 
with type I HD have typical symptoms such as unilateral 
muscular atrophy without pyramidal tract signs or 
sensory disturbances. If the symptoms do not progress 
within 6 months, the patient is classified as subtype Ia; 
however, if the patient progresses, then the classification 
is subtype Ib. Patients with type II HD have typical 
symptoms accompanied by sensory disturbances or 
pyramidal tract signs. Patients with type III HD have an 
atypical form of HD involving the proximal muscles of 
the upper limbs or bilateral symptoms. Some physicians 
believe patients with HD of type Ib or above need 
surgical treatment (47-49).

174

Table 1. Summary of the cases of HD published in PubMed in regions outside Asia in the past five years (2016-2022)

References

Kieser DC, et al. (6)
Kumar M, et al. (8)
Baumann M, et al. (9)
Lewis D, et al. (5)
Vachon C, et al. (11)
Brems M, et al. (12)
Filiz MB, et al. (13)
McGregor S, et al. (14)
Lolli VE, et al. (15)
Antonioni A, et al. (16)
Galletta K, et al. (17)
Salome M, et al. (18)
Ayas ZO, et al. (19)
Kapetanakis S, et al. (20)
Alpaydin Baslo S, et al. (21)
Chanson JB, et al. (22)
Ay H, et al. (23)
Tolu S, et al. (24)
Kandukuri GR, et al. (25)
Witiw CD, et al. (26)
Macey MB, et al. (27)
Cabona C, et al. (7)
Wang H, et al. (10)
Koutsis G, et al. (28)
Ashour M, et al. (29)
Abreu Tanure A, et al. (30)
Hayden ME, et al. (32)

Cases

1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1
1

Country

New Zealand
United States
Austria
United Kingdom
United States
Belgium
Turkey
Canada
Belgium
Italy
Italy
The Netherlands
Turkey
Greece
Turkey
France
Turkey
Turkey
United States
United States
United States
Italy
United States
Greece
Canada
Brazil
United States

HD, Hirayama disease; ACDF, anterior cervical discectomy and fusion.

Treatment

Collar therapy
Collar therapy
Collar therapy
Collar therapy
Conservative treatment
No treatment
Physical therapy
ACDF
Not reported
Conservative treatment
ACDF
ACDF
Conservative treatment
Conservative treatment
Conservative treatment
Conservative treatment
Conservative treatment
Collar therapy
Conservative treatment
ACDF
Not reported
Conservative treatment
Rehabilitation treatment
Not reported
Posterior surgery
Nerve transfer
Tendon transfer
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muscle strength in the patient had completely recovered 
and the symptoms of upper limbs stopped progressing. 
Imamura et al. (58) reported a case in a 16-year-old HD 
patient who underwent anterior cervical corpectomy 
decompression and fusion (ACCF). The patient was 
in good condition after surgery without complications 
and follow-up at six months showed the symptoms had 
stopped progressing. Wu et al. (59) reported a 34-year-
old patient with advanced HD who underwent ACCF 
surgery and recovered well after surgery. Kohno et al. (51) 
performed ACCF on 4 patients with HD which stopped 
the progression of the disease. Their case illustrates the 
effectiveness of anterior cervical surgery.
 Zhang et al. (60) performed anterior cervical internal 
fixation with or without fusion on 19 HD patients. For the 
internal fixation group, titanium plates and screws were 
used for fixtures during the operation, while the fusion 
group used intervertebral fusion cages or autologous iliac 
bone graft. After an average of 70 months of follow-up, 
the patient had a reduced range of flexion in the cervical 
spine, the lower cervical spine mobility angle was 
reduced, the cervical lordosis was restored and the cross-
sectional area of the spinal cord increased. Liu et al. (61) 
investigated short-term to midterm clinical outcomes 
after ACDF surgery among 115 patients with HD. Their 
study found that most patients showed improvement in 
postoperative cervical sagittal alignments, hand function 
rating scales, and EMG data. Therefore, they concluded 
HD patients can benefit from ACDF surgery. These data 
indicated that anterior cervical surgery has significant 
clinical efficacy and is associated with improvements 
detected on imaging.
 In addition to case control and cohort studies, a 
RCT showed that anterior cervical surgery is effective 
in treating HD. In 2013, Lu et al. carried a prospective 
RCT (45) involving anterior cervical decompression and 
fusion in 48 male HD patients. 24 patients underwent 
ACDF and 24 underwent ACCF. Symptoms were 
assessed and EMG was performed before and after 
surgery. Both groups showed improvements of > 60% 
demonstrating that anterior cervical surgery is effective 
in treating HD.

4.2. What factors affect the effectiveness of anterior 
cervical surgery?

As mentioned above, many physicians tend to perform 
posterior cervical surgery on HD patients based on the 
fact that posterior surgery can reduce cervical spine 
alignments imbalance. Anterior surgery is also an active 
area of research. A retrospective study by Song et al. (62) 
included 23 HD patients. ACDF were performed and the 
alignment of the cervical spine in sagittal position was 
compared to 21 healthy participants before and after the 
surgery. Specifically, the alignments included the C2-C7 
Cobb angle, the thoracic inlet angle, the C2-C7 sagittal 
vertical axis and the neck tilt angle. The study showed an 

3. Posterior cervical surgery

The literature and key conclusion on posterior cervical 
surgery are summarized in Table 2. Masaki et al. began 
to treat HD patients with surgery as early as 1990 (50). 
They believed that the main cause of the disease was 
increased imbalance of the cervical spine alignment. 
A posterior C2-C6 segmental fusion was performed on 
a HD patient. After surgery, the patient showed signs 
of improved muscular strength. In 1999, Kohno et al. 
performed posterior C4-C5 decompression and fusion 
on 3 HD patients (51). The surgery was successful 
and stopped the progression of the disease. Xu et al. 
performed posterior cervical fixation from the C3-C7 
segment on a patient who had not benefited from 2-years 
of cervical collar therapy (52). Follow-up at three months 
and four years after surgery showed improvements in 
muscle atrophy. Goel et al. postulated that HD patients 
have multiple levels of cervical spine alignment 
imbalance that are not limited to the diseased segment. 
Therefore, they performed C1-C6/C7 posterior fixation 
on 4 patients. The patients were followed after surgery 
and showed no progression of hand symptoms (53).
 Based on the clinical and imaging characteristics 
of HD patients, Konno et al. proposed that the dura 
mater lacks elasticity causing the spinal cord to 
become compressed and flattened and the spinal cord 
moves forward when patients flex their necks. They 
performed a duraplasty and fusion in patients and 
showed improvement of symptoms after surgery (54). 
In 2014, Ito et al. performed cervical duraplasty with 
tenting sutures via laminoplasty on HD patients. Their 
surgery achieved positive results (44). In 2009, Patel 
et al. performed C4-T1 laminectomy and duraplasty to 
treat HD patients. The muscle strength of the patients 
improved significantly after the surgery (55). Brandicourt 
et al. performed a posterior cervical laminectomy and 
posterior venous plexus micro-resection on HD patients. 
All of the patients' symptoms stopped progressing after 
the surgery (56).
 In general, most of the studies on posterior cervical 
surgery are case reports or case series. Compared to 
anterior cervical surgery, there is still a lack of advanced 
evidence-based medical studies to support its effectiveness 
and reliability.

4. Anterior cervical surgery

The literature and key conclusion on anterior cervical 
surgery are summarized in Table 3.

4.1. Is anterior cervical surgery effective?

Paredes et al. (57) admitted a Caucasian male with 
HD, and cervical collar therapy was ineffective. They 
chose C5-C6 anterior cervical discectomy and fusion 
(ACDF). One year after the surgery, the lower limb 
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imbalance of the cervical spine alignments in HD patients 
compared to healthy individuals, and the imbalance can 
be corrected by ACDF. Another study carried out by the 
team concluded that preoperative sagittal alignment of 
the cervical spine in HD patients may be a predictor of 
postoperative outcomes (49). In addition, the study of Lu 
et al. pointed out that HD patients have increased stress 
in the entire cervical spine and it can be relieved by 
ACDF (63).
 A study by Zheng et al. (46) showed that ACDF for 
HD patients can immediately eliminate the abnormality 
of the F wave in the flexion position of the neck. The 
results showed ACDF can help to restore not only the 
nerve conduction in the cervical spinal cord but also 
the muscle strength of the upper limbs. Also, Wang et 

al. (64) showed that ACDF can promote the functional 
reconstruction of upper motor neurons. By measuring 
brain functional magnetic resonance imaging (fMRI) 
and handgrip strength before and after surgery, they 
found that the contralateral and ipsilateral cortex were 
simultaneously activated before surgery. After surgery, 
the observed pathological activation decreased and the 
handgrip strength increased.
 Studies have analyzed the factors that affect surgery 
outcomes. Zou et al. (65) retrospectively analyzed 40 
HD patients and performed ACDF on these patients. 
The patients were followed for an average of 18 months 
and Odom scores were recorded after surgery. Based 
on the scores, the patients were divided into effective 
and ineffective groups and the imaging findings were 

Table 2. Summary of the studies about posterior cervical surgery

References

Ashour M, et al. (29)
Masak T, et al. (50)
Kohno M, et al. (51)
Xu Q, et al. (52)
Goel A, et al. (53)
Konno S, et al. (54)
Ito H, et al. (44)
Patel TR, et al. (55)
Brandicourt P, et al. (56)

Thakar S, et al. (42)

Type of study

Case report
Case report
Case report
Case report
Case report
Case report
Case report
Case report
Case report

Case control study

HD, Hirayama disease.

                                                   Key conclusion

Patient got symptom improvement with Posterior cervical surgery.
Patient got symptom improvement with posterior C2-C6 segmental fusion.
Patient got symptom stabilization with posterior C4-C5 decompression and fusion.
Patient got symptom improvement with posterior cervical fixation from the C3-C7 segment.
Patient got symptom improvement with posterior C1-C6/C7 posterior fixation.
Patient got symptom improvement with posterior duraplasty and fusion surgery.
Patient got symptom improvement with posterior duraplasty surgery.
Patient got symptom improvement with C4-T1 laminectomy and duraplasty.
Patient got symptom improvement with posterior cervical laminectomy and posterior venous 
plexus micro-resection.
Compared with conservative treatment, cervical duraplasty can help HD patients get better 
clinical and electrophysiological improvement.

Table 3. Summary of the studies about anterior cervical surgery

References

McGregor S, et al. (14)
Galletta K, et al. (17)
Salome M, et al. (18)
Witiw CD, et al. (26)
Paredes I, et al. (57)
Imamura H, et al. (58)
Wu W, et al. (59)
Kohno M, et al. (51)
Zhang H, et al. (60)
Liu S, et al. (61)

Lu F, et al. (45)
Song J, et al. (62)

Lu X, et al. (49)

Zheng C, et al. (46)

Wang HL, et al. (64)
Zou F, et al. (65)

Song J, et al. (62)

Yu Q, et al. (66)
Wang H, et al. (67)

Lu X, et al. (63)

Type of study

Case report
Case report
Case report
Case report
Case report
Case report
Case report
Case report
Cohort study
Case control study

RCT
Cohort study

Case control study

Cohort study

Cohort study
Case control study

Case control study

Case control study
Case control study

Cohort study

HD, Hirayama disease; ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy decompression and fusion.

                                                   Key conclusion

Patient got symptom stabilization with ACDF.
Patient got symptom stabilization with ACDF.
Patient got symptom stabilization with ACDF.
Patient got symptom improvement with ACDF.
Patient got symptom improvement with C5-C6 ACDF.
Patient got symptom improvement with ACCF.
Patient got symptom improvement with ACCF.
Patient got symptom improvement with ACCF.
Patients can benefit from anterior cervical surgery; fusion and fixation have similar efficacy.
Patients showed improvement in cervical sagittal alignments, hand function rating scales, and 
electromyographic data after ACDF surgery.
Patients can benefit from anterior cervical surgery; ACDF and ACCF have similar efficacy.
HD patient have an imbalance of the cervical spine alignments compared to healthy individuals 
and the imbalance can be corrected by ACDF.
Preoperative sagittal alignments of the cervical spine in HD patients may be a predictor of 
postoperative outcomes.
ACDF for HD patients can restore nerve conduction in the cervical spinal cord and restore 
muscle strength.
ACDF for HD patients can promote the functional reconstruction of upper motor neurons.
The degree of spinal cord flatness, spinal atrophy, and postoperative spinal cord recovery is 
related to the outcome of ACDF for HD patients.
Age of onset, course of the disease, physiological reflexes and pathological reflexes were risk 
factors that affect the outcome of ACDF for HD patients.
Loss of attachment is an important factor affecting surgical outcomes in patients with HD.
In addition to neck flexion MRI, dynamic X-ray is also an important reference index for 
selecting surgical segments in patients with HD.
HD patient have increased stress in the entire cervical spine and can be relieved by ACDF.
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compared across the two groups. The data indicated 
that the degree of spinal cord flatness, spinal atrophy, 
and postoperative spinal cord recovery is related to 
the outcome of the surgery. Another retrospective 
study by Song et al. (62) included 210 patients who 
underwent ACDF. The Odom score was recorded after 
surgery, and the patients were divided into effective and 
ineffective groups. The age, gender, age of onset, course 
of the disease, cervical alignment, physiological and 
pathological reflexes, and involvement of the bilateral 
extremities were compared across the groups. The 
authors concluded that four factors, age of onset, course 
of the disease, physiological reflexes and pathological 
reflexes were risk factors that affected the outcome of the 
surgery.
 The above studies have confirmed reliability and 
effectiveness of anterior surgery for HD. In addition, 
a preliminary exploration of the factors affecting the 
surgical effect was also carried out in these studies. 
However, the choice of surgical segments remains 
controversial.

4.3. How many segments and which segments should be 
chosen?

The first question is how many segments should be 
chosen. Paredes (57) chose one segment. In the study of 
Zhang et al. (60), there are examples of choosing three 
segments. Lu et al. (45) and Zheng et al. (46) chose two 
segments and believed that fusion of the two segments 
could limit the abnormal movement of the cervical spine 
while retaining sufficient cervical spine mobility. The 
study of Yu et al. (66) showed that when the longitudinal 
separation range is ≥ 5 cervical segments, longer segment 
fusion may be required to further improve the surgical 
efficacy in such patients. Wang et al. (67) proposed that 
as the cervical spine pressure of HD patients changes 
when standing and lying down, previous studies only 
using magnetic resonance imaging (MRI) to determine 
stability of the cervical spine are not comprehensive. 
They then conducted a retrospective analysis of 50 HD 
patients and measured the Cobb angle of the cervical 
spine and the range of motion of the cervical spine with 
dynamic X-ray imaging and MRI. The study concluded 
that two imaging techniques should be used to select 
the most appropriate surgical segments. The unstable 
segment of the dynamic position X-ray is also a factor 
that should be considered. Clinical guidelines (43) and 
update reviews (48) indicate that patients with HD 
always have an imbalance in the cervical spine sagittal 
alignments. In addition, the patient also has imaging 
manifestations characterized by loss of attachment 
between the posterior dural sac and the subjacent lamina, 
and the clinical symptoms are mainly hand dysfunction. 
Therefore, the selection of surgical segments needs to 
combine dynamic X-ray, neck flexion MRI and EMG.
 In summary, many studies have confirmed the 

effectiveness and reliability of anterior surgery. However, 
there is still a lack of reports comparing anterior and 
posterior cervical surgery.

5. Conclusions

With an improved understanding of the clinical 
manifestations and pathogenesis of HD, an increasing 
number of cases are being diagnosed. The treatment 
of HD can be divided into conservative and surgical 
treatments. When conservative treatment fails to 
stop progression, surgery can be used. However, 
the indications for surgery remain controversial and 
more evidence is required to support its use. Surgical 
treatments can be divided into anterior and posterior 
cervical surgery. These two surgical methods can 
effectively stop the disease. Anterior cervical surgery has 
more detailed studies concerning the choice of surgical 
methods, surgical segments, and prognosis. However, no 
study has demonstrated superiority of either approach. 
Future research should focus on exploring surgical 
indications and comparing the advantages and limitations 
of anterior and posterior cervical surgery.
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