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Abstract

Purpose Cervical spondylotic amyotrophy (CSA) is characterized by upper limb muscle weakness and atrophy, without
sensory deficits. The pathophysiology of CSA has been attributed to selective injury to the ventral nerve root and/or ante-
rior horn of the spinal cord. This review aimed to delineate the history of CSA and to describe the epidemiology, etiology,
pathophysiology, classification, clinical features, radiological and electrophysiological assessment, diagnosis, differential
diagnosis, natural history and treatment of CSA.

Methods A comprehensive search of PubMed, EMBASE, Cochrane library and Web of Science databases was conducted,
from their inception to April 3, 2018.

Results Clinically, CSA is classified into three types: a proximal-type (involving the scapular muscles, deltoid and biceps),
a distal-type (involving the triceps and muscles of the forearm and hand) and a diffuse-type (involving features of both
the distal- and proximal-type). Diagnosis requires documentation of muscle atrophy, without significant sensory deficits,
supported by careful neurological, radiological and neurophysiological assessments, with amyotrophic lateral sclerosis,
Parsonage—Turner syndrome, rotator cuff tear and Hirayama disease being the principle differential diagnoses. Conservative
management of CSA includes cervical traction, neck immobilization and physical therapy, with vitamin B12 or E adminis-
tration being useful in some patients. Surgical treatment, including anterior decompression and fusion or laminoplasty, with
or without foraminotomy, is indicated after conservative treatment failure. Factors associated with a poor outcome include
the distal-type CSA, long symptom duration, older age and greater preoperative muscle weakness.

Conclusion Although the disease process of CSA is self-limited, treatment remains challenging, leaving scope for future
studies.

Graphical abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points Take Home Messages
1. Selective damage to the VNR, AH, or both has been associated with CSA.

1. Cervical spondylotic amyotrophy

ol 2. Clinically, CSA is characterized by weakness and atrophy of proximal
2. Etiology (scapular, deltoid, and biceps) or distal (forearm and hand) upper
3. Pathophysiology extremity muscles, with no sensory deficits.
4. Diagnosis 3. Conservative treatment should be the first line of choice, with surgical
5. Differential diagnosis treatment considered after 4 months of non-response.
6. Treatment 4. Distal-type CSA, a longer symptom duration, older patient age, and greater

pre-operative muscle weakness are factors associated with poor outcomes.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-019-05990-7) contains

supplementary material, which is available to authorized users. Cervical myelopathy and radiculopathy secondary to cer-

vical spondylosis are well-known cervical spine disorders.
Extended author information available on the last page of the article Occasionally, patients with cervical spondylosis present
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with weakness and wasting of upper limb muscles, without
significant sensory deficits, a condition known as cervical
spondylotic amyotrophy (CSA) [1-3]. Because of its rarity,
the pathophysiology, clinical features and surgical outcomes
of CSA are not well understood, and consequently, treatment
remains controversial. Therefore, the purpose of our review
was to delineate the history of CSA and to describe its epi-
demiology, etiology, pathophysiology, classification, clini-
cal features, radiological and electrophysiological assess-
ment, diagnosis, differential diagnosis, natural history and
treatment.

Materials and methods

We conducted a structured search of PubMed, EMBASE,
Cochrane library and Web of Science using “cervical spon-
dylotic amyotrophy” as the main search term. Considering
the historical perspective of our review, publication dates
from the inception of each database to April 3, 2018, were
included. The flow diagram of our search is shown in Fig. 1.
A total of 206 relevant publications were identified: PubMed
(n=81), EMBASE (n=75), Cochrane (n=0), Web of Sci-
ence (n=48) and additional sources (n=2). After exclusion
of duplicate titles, 112 publications were retained. Review of

the titles and abstracts reduced the number of articles to 104,
with a further detailed review retaining 68 articles for final
inclusion in the review. The characteristics of these articles
are summarized in Table 1.

Historical perspectives

Brain et al. [4] first described cases of cervical spondylo-
sis with upper limb muscle atrophy, without sensory dis-
turbance or pyramidal signs, in 1952. In 1965, Keegan
described these cases as a “dissociated motor loss of the
upper extremities with cervical spondylosis” [5], with Sobue
et al. [6] confirming segmental myelopathy as the root cause
of this selective muscle atrophy and recommending use of
the term CSA in 1975. Since then, CSA has been defined
as a clinical syndrome of cervical spondylosis resulting in
severe muscular atrophy of the upper extremities, without
sensory deficit or pyramidal signs [2, 7-10]. Of note, how-
ever, lizuka et al. [11] did include the presence of pyramidal
tract signs in their description of CSA.

Epidemiology

The exact incidence of CSA has yet to be established. In
their case series of 653 patients who underwent cervical

Fig.1 Flowchart of article

. . . . References identified in database
identification and selection

search (n=204)

PubMed(n=81), EMBASE(n=75),
Cochrane Library(n=0) Web of
science(n=48)

l

Additional records identified
through other sources(n=2)

!

[1 12 of records after duplicates removed ]

Screening of titles and
abstracts(n=112)

4.[8 of records excluded

36 of full-text articles excluded, with reasons
Conference paper(n=11)

Japanese language paper (n=20)

Russian language paper (n=1)

Spanish language paper (n=1)

Letter (n=1)

[104 of full-text articles assessed for eligibility ]

French language paper (n=2)

[63 of studies included in this review ]
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Table 1 Characteristics of the
studies included in the review

References

Country of origin

References Country of origin

Kaneko et al. [1] Japan Yanagi et al. [2] Japan
Tofuku et al. [3] Japan Brain et al. [4] United Kingdom
Keegan [5] United States Sobue et al. [6] Japan

Imajo et al. [7] Japan Sasai et al. [8] Japan
Funaba et al. [9] Japan Fujiwara [10] Japan

lizuka et al. [11] Japan Zhang et al. [12] China
Hashiguchi et al. [13] Japan Kameyama et al. [14] Japan

Asaka et al. [15] Japan Srinivasa Rao and Rajshekhar [16]  India

Zhang et al. [17] China Mori et al. [18] Japan
Shinomiya et al. [19] Japan Takebayashi et al. [20] Japan

Tauchi et al. [21] Japan Fujiwara et al. [22] Japan

Wang et al. [23] China Tauchi et al. [24] Japan

Jin et al. [25] China Shibuya et al. [26] Japan

Imajo et al. [27] Japan Ahdab et al. [28] France
Hatanaka et al. [29] Japan Nouri et al. [30] Canada
Mizuno et al. [31] Japan Gebere-Michael et al. [32] Japan
Kumar et al. [33] Ethiopia Iwata et al. [34] Japan

Sasaki and Iwata [35] Japan Koda et al. [36] Japan

Badar et al. [37] India Zhang and Wang [38] China

Inui et al. [39] Japan Jiang et al. [40] China
Uchida et al. [41] Japan Shibuya et al. [42] Japan

Park and Park [43] South Korea Stark et al. [44] United Kingdom
Fang et al. [45] China Iwata et al. [46] Japan

Miller et al. [47] United States Rowland [48] United States
Yamada et al. [49] Japan Ghasemi [50] Iran
Kuwabara et al. [51] Japan Kuncl et al. [52] United States
Ellenberg et al. [53] United States Tauchi et al. [54] Japan

Sonoo et al. [55] Japan Shindo et al. [56] Japan

Jiang et al. [57] China Hatanaka et al. [58] Japan

Zheng et al. [59] China Hirayama et al. [60] Japan
Okumura and Homma [61]  Japan Baxter et al. [62] Canada
Meng et al. [63] China Kong et al. [64] China

Liu et al. [65] China Terai et al. [66] Japan
Dorsen and Ehni [67] United Kingdom  Ebara et al. [68] Japan

spine surgery, Zhang et al. [12] identified seven patients with
a distal-type CSA (incidence rate of 1.1%).

Etiology and pathophysiology

Different opinions regarding the etiology and pathophysi-
ology of CSA have been put forward. Imajo et al. [7] attrib-
uted CSA to a selective intradural compression of the ven-
tral nerve root (VNR) by posterolateral osteophytes, while
author researchers have suggested that CSA develops from
an intrinsic injury to the anterior horn (AH) of the spinal
cord [13-16]. Some researchers have included injury to the
VNR and/or AH as the cause of CSA, including injury to
the intradural anterior rootlets [17-24]. Injury to the AH
could result from insufficient blood supply, secondary to

stenosis of the spinal canal of the cervical spine or from
compression/stretching of the intra- and extramedullary
vessels with cervical spine movement [1, 9, 25], which
can result in multi-segmental injury and loss of AH cells
[2, 14, 16, 22, 26-30]. Tofuku et al. [3] reported good-to-
excellent clinical outcomes in the treatment of CSA using
hyperbaric oxygen therapy in ten patients, which supports
the hypothesis of circulatory insufficiency to the AH as
being a possible cause of CSA. Confirmation of this spe-
cific pathophysiological pathway, however, is difficult due
to the inherent difficulty in measuring blood flow in the
anterior spinal artery at the level of the cervical spine.
Using spinal cord-evoked potentials, Takebayashi et al.
[20] confirmed AH involvement in distal-type CSA, with
involvement of a greater number of intervertebral levels

@ Springer



2296

European Spine Journal (2019) 28:2293-2301

for distal- compared to proximal-type CSA [12]. Mizuno
et al. [31] reported an association between hypertrophy of
the posterior longitudinal ligament and CSA. Imajo et al.
[7] used the amplitude of the compound muscle action
potential (CMAP) to differentiate between AH and VNR
involvement, with the following criteria proposed: a > 50%
amplitude of the CMAP, compared to the unaffected side
(CMAP of 5-10 mV), being indicative of AH involvement,
with a decrease <50% in CMAP, compared to the unaf-
fected side, being indicative of involvement of both the
AH and VNR. In patients with a normal central motor con-
duction time (CMCT), Imajo et al. [27] proposed that an
increase > 10% in CMAP amplitude, relative to the unaf-
fected side, was indicative of involvement of the VNR. In
their case report of three patients with CSA, Kameyama
et al. [14] identified symmetrical high intensity signals in
the intramedullary region, with a “snake eye”-like appear-
ance (SEA), indicative of intrinsic AH pathology.

Classification and clinical presentation

The muscle atrophy of the upper limbs associated with
CSA is generally classified into two subgroups, according
to the predominant muscles affected: proximal-type CSA
(with atrophy of the scapular muscles, deltoid and biceps)
and distal-type CSA (with atrophy of the triceps and mus-
cles of the forearm and intrinsic muscles of the hand) [7,
17, 18, 23, 25, 27]. However, some authors have classi-
fied CSA into three types: proximal-type (with atrophy of
the deltoid, biceps and triceps), distal-type (with atrophy
of the muscles of the forearm and intrinsic muscles of the
hand) and diffuse-type (with atrophy of both proximal and
distal muscles) [1, 3, 16]. According to Srinivasa Rao and
Rajshekhar [16], distal CSA rarely progresses to include
the proximal musculature, although Gebere-Michael et al.
[32] did report a case of proximal-type CSA, with a bilateral
symmetrical presentation, that progressed to include distal
muscle groups. Generally, CSA affects patients between the
ages of 40 and 70 years, with a unilateral presentation [13,
33]. However, a bilateral presentation is possible [28]. and
Kaneyama et al. [14] did report a case of bilateral proximal-
type CSA with an asymmetric presentation. In the same way,
while CSA is generally associated with drooping shoulders
(due to involvement of the scapular muscles with proximal-
type CSA) [2, 9, 14, 16, 25, 34], Ahdab et al. [28] did report
occurrence of a drooped head in a patient with CSA due
to atrophy of the neck extensor muscles, in addition to the
shoulder girdle muscles.

With regard to involvement of the pyramidal tracts, a
decrease in deep tendon reflexes of the upper extremities
has been reported for both proximal- and distal-type CSA
[18, 35], including the fingers in some patients [9, 25, 36].
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Radiological examination

A high intensity zone, on T2-weighted magnetic resonance
(MR) imaging, indicative of spinal cord compression and
spinal canal stenosis, has been reported for both proximal-
and distal-type CSA [1, 23], in addition to the unique SEA
neuroimaging findings in the spinal parenchyma at the level
of muscle atrophy [32, 37, 38]. Of note, however, in their
detailed MR imaging for three patients with CSA, Mori et al.
[18] did not observe any abnormality in signal intensity in
the intermedullary area. Querin et al. [69] reported that CSA
was associated with gray matter atrophy between C2 and
C6 vertebral levels, with a specific increase in gray matter
density in the motor and extra-motor regions. The increase
in cortical volumes detected in some patients with CSA may
reflect a compensatory mechanism to the progressive gray
matter degeneration of the spinal cord, resulting from central
nervous system plasticity [69]. With regard to the spinal lev-
els involved, proximal-type CSA normally involves C3/4 or
C4/5 intervertebral levels, corresponding to a compression
of the C5 or C6 spinal nerve roots, respectively, while the
distal-type CSA is usually associated with spondylosis of the
spinal canal and the foramen of C5-C6, C6—-C7 or C7-T1
intervertebral levels, with involvement of the C7-T1 nerve
roots [1, 20, 39]. Overall, involvement of the C5—-C6 spinal
segment is most common for distal-type CSA and C4-C5
for proximal-type CSA [12, 16, 40, 41].

Electrophysiological examination

No consistent electrophysiological findings have been
reported. Shibuya et al. [42] identified lower muscle activ-
ity amplitudes of the abductor digiti minimi (ADM), com-
pared to the abductor pollicis brevis (APB), while Jin et al.
[25] reported a normal ADM-to-APB ratio. Jin et al. [25]
reported a lower CMAP ulnar-to-median nerve ratio among
patients with CSA (1.21+0.53%), compared to healthy
controls (1.15+0.23%; P> 0.05). Park et al. [43] identified
the F-wave latency of the ulnar nerve as the only parameter
of statistical significance between patients with CSA and
healthy controls (P <0.001). Stark et al. [44] reported a gra-
dation of abnormalities in electromyographic (EMG) signals
of patients with distal-type CSA, with definite changes in C7
myotome and more severe changes in C8 and T1 myotomes.
Clinical examination, in combination with whole muscle and
single-fiber EMG studies, has confirmed a greater loss of
AH cells at the levels of C8-T1, with a moderate loss at the
level of C7 [44], with no abnormal findings at the level of
thoracic paraspinals and lower limb muscles [1, 32]. With
regard to differential diagnosis, the ADM-to-APB CMAP
amplitude ratio was significantly higher among patients with
ALS compared to controls (P < 0.001), with this ratio being
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lower among patients with distal-type CSA compared to
controls (P <0.001) [45].

Diagnosis and differential diagnoses

The diagnosis of CSA is based on a comprehensive examina-
tion of the clinical presentation and disease course, supple-
mented by neurological examination, imaging and electro-
physiological studies [9, 18], and exclusion of other possible
disorders which might account for the findings [7, 25, 26, 28,
46]. Exclusion of sensory deficit is a consistent (and often
considered to be a mandatory) finding of CSA [5, 11, 21, 23,
34, 39, 45, 46]. Unilateral or bilateral weakness or muscles
atrophy of the upper limbs is additional important clues of
possible CSA, with the possibility of pyramidal signs among
patients with a cervical spondylosis, but without gait dis-
turbances [11, 23, 24, 39, 45, 46]. As previously stated, a
high intensity SEA area on axial T2-weighted MR images
may be of benefit for CSA diagnosis [3, 14, 16]. Clinically,
the symptoms of CSA are similar to those of motor neu-
ron disease and other neurological conditions, underlining
the importance of differential diagnosis, with the principal
differential diagnoses being amyotrophic lateral sclerosis
(ALS), rotator cuff tears, Hirayama disease (HD), Parson-
age—Turner syndrome [47] and posterior interosseous nerve
(PIN) palsy [32, 34].

Amyotrophic lateral sclerosis

Both ALS and CSA share common clinical profiles, includ-
ing a typical presentation in middle age and elderly indi-
viduals, making it difficult to distinguish between these
two conditions in the early stages of the disease [3, 21, 48].
However, there are key differences between ALS and CSA.
ALS is characterized by a progressive degeneration of motor
neurons in the primary motor cortex, brainstem and spinal
cord that leads to death [43, 49], with a peak onset between
the ages of 50 and 75 years [50]. Of note, severe atrophy of
the thenar muscles is a rare occurrence in patients with ALS
[43, 51], despite early involvement of the hand in 41-53%
of cases of ALS [51]. Drooping of the head and shoulders,
with paraspinal wasting, is additional important localizing
signs of ALS [52]. Careful electrophysiological examination
of the tongue, facial muscles and the sternocleidomastoid
and/or trapezius muscles, to detect bulbar disease, may be
the key to making the proper diagnosis of ALS [53]. Specifi-
cally, atrophy or fasciculation of the tongue, involvement
of the bulbar muscles, dysarthria and dysphagia, atrophy
of the neck musculature and diffuse atrophy of the muscles
of the upper extremities, while common in ALS [21, 24] or
uncommon in CSA [54]. With regard to electrophysiologi-
cal studies, which play an important diagnostic role in both
ALS and CSA [21, 55], Park et al. [43] confirmed a lower

ulnar-to-median nerve latency ratio and the terminal latency
of the median nerve among patients with ALS (P <0.006).
Shindo et al. [56] also reported an increase in muscle sym-
pathetic nerve activity (MSNA) in a patient with ALS, with
a decrease in a patient with CSA. Sonoo et al. [55] reported
that diffuse fasciculation potentials in the trapezius and
paraspinal muscles were suggestive of ALS but not CSA.
As previously stated, the ADM-to-APB ratio of the CMAP
may also be a differentiating feature of ALS and CSA [51,
57], with a higher ulnar-to-median nerve ratio for ALS than
CSA (P<0.0001) [25]. Hatanaka et al. [58] reported that the
repetitive nerve stimulation (RNS) test for the trapezius mus-
cle had a specificity of 100% and sensitivity of 78% for ALS,
but not for CSA. Zheng et al. [59] reported that decreases in
the CMAP with RNS of the trapezius muscles were useful
to differentiate CSA from ALS. In the same way, abnormal
spontaneous electromyographic activity of paraspinal mus-
cles, associated with three or more thoracic segments, from
T7 to T10, was useful in differentiating ALS from CSA [52].

Rotator cuff tear

Proximal-type CSA, which includes impairment in shoulder
elevation, is likely to be misdiagnosed as a rotator cuff tear.
Rotator cuff tears are typically diagnosed based on physical
findings, disease course and imaging [34]. Assessment of
weakness of the biceps and supinator muscles (which is typi-
cal in addition to the deltoid in proximal-type CSA) can help
to differentiate a rotator cuff tear from CSA [21, 46]. The
shoulder provocation test can also be useful to differentiate
a rotator cuff tear from CSA [34].

Hirayama disease

HD, also known as juvenile muscular atrophy of the distal
upper extremity, was first reported by Hirayama et al. [60],
as a benign motor neuron disease characterized by unilat-
eral atrophy of the muscles of the forearm innervated by the
ulnar nerve, as well as atrophy of the intrinsic muscles of the
hand, including the dorsal and palmar interossei, thenar and
hypothenar muscles and the extensor and flexor digitorum
communis muscles [61]. HD primarily affects males, with
a male-to-female ratio of 20:1, between the ages of 15 and
25 years, compared to a typical onset of CSA in middle age
and elderly individuals [25]. The clinical features of HD are
similar to those of distal-type CSA [25]. In fact, Hashiguchi
et al. [13] did report one case of HD who was diagnosed
with CSA 20 years later. MR imaging in neck flexion is
useful to differentiate between CSA and HD [25]. The ratio
of the ulnar-to-median CMAP amplitude can further assist
in differentiating HD from CSA, with the ratio being lower
among patients with HD than CSA (0.55+0.41%; P <0.001)
[25]. As well, the CMAP amplitude of the APB is lower
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among patients with distal-type CSA than those with HD
(P=0.004), while the ADM-to-APB ratio is significantly
lower among patients with HD (P <0.001) [45].

Natural history

CSA is characterized by unilateral (and sometimes bilateral)
severe motor weakness and wasting of muscles of the upper
extremities that does not progress beyond a few myotomes.
Sensory loss and pyramidal signs are typically absent or
clinically insignificant. Of note, CSA follows a self-limited
course, with the symptoms typically stabilizing for years
after an initial progressive course.

Conservative treatment

It is vital that conservative treatment be the first line of inter-
vention for CSA, particularly in the early stage of the disease
and include cervical traction, immobilization of the neck,
using a collar, and physical therapy, with administration of
vitamin B12 or E also having been shown to be effective
for some patients [14, 18, 32, 39, 62]. Shibuya et al. [26]
also reported a recovery in motor function in three patients
with CSA after administration of prostaglandin E1. Tofuku
et al. [3] reported marked improvement in muscle strength
(measured by manual muscle testing) with hyperbaric oxy-
gen (HBO) therapy, with a mean increase in strength from
1.9/5 before treatment to 4.4/5 after HBO treatment. Start-
ing with conservative treatment for a few months allows
for monitoring of progression in symptoms, which is more
likely for a progressive neurological disorder, such as ALS,
and less likely for CSA.

Surgical treatment

Once the diagnosis of CSA is confirmed, surgical treat-
ment can be useful to halt disease progression [9]. How-
ever, there is currently no consensus as to the best surgical
approach for the treatment of CSA, with both anterior cervi-
cal decompression and fusion or posterior decompression
(laminoplasty, with or without foraminotomy) having been
used [1, 18, 19, 23, 39, 40, 62]. In addition, complications
of anterior or posterior decompression for CSA are similar
to those experienced with surgical management of cervical
degenerative disease and include instrument failure, graft
extrusion, pseudoarthrosis, subsidence, C5 nerve palsy, axial
pain, fusion failure and a high rate of adjacent segment dis-
ease [20, 64, 70-72]. In order to reduce complications, it is
important to choose an appropriate individualized treatment
as to maximize the chance of optimal neurological recovery,
while minimizing the risk of complications [70]. Anterior
decompression is effective for the treatment of most patients
with CSA [18, 19, 23, 41, 64, 65], with an improvement rate
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of 66.7% having been reported at a mean follow-up period
of 46.5 months [16]. Although anterior decompression pro-
vides optimal neurological recovery, this surgical approach
is often being used in patients with one or two compres-
sive lesions [16, 17, 22]. Recently, it has been reported that
posterior decompression is also effective, particularly for
patients with three or more compressive lesions [20, 39, 41].
Interestingly, most Japanese studies have identified lamino-
plasty as the treatment of choice for patients with distal-
type CSA [16]. Terai et al. [66] reported resolution of the
muscle weakness at 6 months post-surgery, in three patients
with CSA treated using a Tandem keyhole foraminotomy.
Dorsen et al. [67] reported on the effectiveness of decom-
pressive laminectomy and foraminotomy in improving mus-
cle strength and bulk among patients with CSA, 4—12 years
after surgery. Fujiwara et al. [22] reported on the effective-
ness of laminoplasty and foraminotomy in most patients
with CSA, with good-to-excellent results achieved in 78%
of cases. Sasai et al. [8] reported that microsurgical poste-
rior foraminotomy, combined with laminoplasty, is a ben-
eficial treatment option, improving deltoid muscle strength
in approximately 80% of cases. In fact, one study reported
better outcomes with foraminotomy and laminoplasty than
anterior decompression among patients with multi-segmen-
tal stenosis [8]. In their case series of 28 patients with CSA,
Takebayashi et al. [20] reported excellent outcomes in 18
cases using selective laminoplasty combined with forami-
notomy, with good outcomes achieved in nine cases. Bax-
ter et al. [62] reported on the use of nerve transfers as an
alternative surgical treatment to restore shoulder function in
patients with proximal-type CSA. Kumar et al. [32] reported
that multi-muscle nerve transfer improved overall shoulder
function, achieving a mean abduction range of motion of
91°, with 111° of shoulder flexion, 23° of external rotation
and 110° of elbow flexion.

Timing of surgery

Tauchi et al. [21] proposed that surgical treatment should be
considered after 4 months from the onset CSA symptoms, in
the absence of benefits of conservative treatment. This was
supported by Jiang et al. [40] who recommended waiting at
least 2-3 months after symptom onset, considering that a
large number of patients show recovery of muscular weak-
ness with conservative treatment over time. Tauchi et al. [54]
recommended early surgical treatment for patients with CSA
who do not respond to conservative treatment, as well as for
those with severe preoperative muscle weakness and those
with distal-type CSA. A decrease of 30-50% in the CMAP
amplitude of the deltoid and biceps muscles has also been
suggested as an indication for surgical treatment [27]. Of
note, Meng et al. [63] recommended surgery as the first line
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of treatment for patients with proximal-type CSA, especially
those with serious spinal cord compression.

Prognosis and factors associated with a poor
outcome

Outcomes of surgical treatment have been reported to be
worse for older than younger patients [18, 39], as well as
for patients with lower manual muscle grades before sur-
gery [21, 54, 62], multi-segmental compression [7, 39] and
a longer duration of symptoms [17, 18, 21, 39, 54, 62, 64].
Treatment outcomes are usually better for proximal- than
distal-type CSA [12, 17, 22, 23, 40, 41, 54, 63]. There are
several possible reasons why outcomes are better for proxi-
mal- than distal-type CSA. Foremost, the distal-type CSA
is usually associated with AH injury, with the AH having
a lower capacity for regeneration than the VNR, the latter
being more commonly implicated in proximal-type CSA [12,
17, 22]. Secondly, the average duration of symptoms tends
to be longer among patients with distal- than proximal-type
CSA, with a longer duration of symptoms being associated
with worse outcomes [17, 22]. Lastly, AH involvement, with
or without VNR compression, is a risk factor for poor surgi-
cal outcomes [7, 17, 19, 22, 39, 64]. Although outcomes are
better for proximal- than distal-type CSA, Ebara et al. [68]
reported outcomes for distal- than diffuse-type CSA. Moreo-
ver, a CMAP amplitude > 10 mV on the normal side and a
CMAP amplitude > 50% on the affected side are typically
associated with full recovery of deltoid and biceps function,
despite severe preoperative weakness [7], with fair outcomes
reported for patients with a CMAP amplitude <30% of the
normal side [27, 62].

The presence of a high signal intensity change on
T2-weighted MR imaging can be used as prognostic fac-
tors for patients with CSA [11, 18], although the findings
of Tauchi et al. [54] do not support this conclusion. lizuka
etal. [11] proposed that pyramidal tract signs could be used
as a prognostic factor, although Inui et al. [39] reported that
pyramidal tract signs did not have any prognostic value,
either among patients treated conservatively or those treated
surgically.

Conclusion

Selective damage to the VNR, AH or both has been associ-
ated with CSA. Clinically, CSA is characterized by weak-
ness and atrophy of proximal (scapular, deltoid and biceps)
or distal (forearm and hand) upper extremity muscles, with
no sensory deficits. Conservative treatment should be the
first line of choice, with surgical treatment considered after
4 months of non-response. Distal-type CSA, a longer symp-
tom duration, older patient age and greater preoperative

muscle weakness are factors associated with poor out-
comes. Although the disease process of CSA is normally
self-limited, the treatment of CSA remains a challenge for
spinal surgeons. Future studies should focus on clarifying
the pathogenesis of CSA and providing strong evidence of
diagnostic methods.
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