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Abstract
Study design Observational cohort study
Objectives To investigate preoperative factors that predict fair outcomes following surgery in patients with proximal cervical
spondylotic amyotrophy (CSA) using electrophysiological and neurological findings.
Setting Yamaguchi University
Methods 54 patients with proximal CSA who underwent surgical treatment of the cervical spine were enrolled. Erb-point
stimulated compound muscle action potentials (CMAP) were recorded from the deltoid and biceps brachii muscles. We
computed the ratio of affected to normal side CMAP amplitudes in two muscles (deltoid and biceps brachii) and regarded the
mean ratio (CMAP-R) as representing the severity of neural involvement. Pre- and postoperative strengths of the most
atrophic muscles were evaluated using manual muscle testing. Improvements in strength were classified as excellent
(5 grades recovered), good (more than one grade recovered), fair (no improvement), or poor (worsened).
Results Surgical outcomes were excellent in 26 patients, good in five, fair in 16, poor in seven. Patients with fair outcomes
had lower CMAP-R than those patients with excellent and good outcomes [P= 0.0099, odds ratio= 0.89 (95% confidence
interval, 0.81−0.97; for a change of 10%)]. Eight patients (15%) had a C5 palsy.
Conclusions CMAP-R could be used as a reliable predictive factor related to a fair surgical outcome. We must pay attention
to the incidence of C5 palsy after surgery.

Introduction

Cervical spondylotic amyotrophy (CSA) is a subtype of
cervical spondylotic myelopathy characterized by muscle
weakness and atrophy in the upper extremities with no or
insignificant sensory deficit and gait disturbance [1]. Based
on the affected muscles in the upper extremities, CSA is
classified into the proximal (scapular, deltoid, and biceps
brachii muscles) and distal (triceps, forearm, and hand
muscles) types [2]. We have previously reported surgical
outcomes and pathologies of proximal CSA using com-
pound muscle action potentials (CMAP) for deltoid and
biceps brachii muscles and central motor conduction time

(CMCT) [3]. We have suggested that surgery of the cervical
spine should be performed in patients in whom the mean
ratio of affected to normal side CMAP amplitudes (CMAP-
R) recorded in deltoid and biceps brachii muscles ranged
from 30 to 50% [3]. When we chose surgical treatment for
some patients, some patients still had fair or poor outcomes
[3]. The preoperative factors related to fair outcomes remain
unclear. We collected data on age, surgical approach,
duration of clinical history (DCH), duration of post-
operative follow-up (DPF), high intensity area on T2-
weighted magnetic resonance imaging (MRI), the number
of levels of spinal cord compression, electrophysiological
findings, and neurological findings. The aim of this study
were to evaluate surgical outcomes in patients with prox-
imal CSA and to investigate preoperative factors that pre-
dict fair outcomes following surgery in patients with
proximal CSA using electrophysiological examination and
neurological findings. In our previous study using a uni-
variate analysis, we have shown that the CMAP-R sig-
nificantly correlated with postoperative recovery [3]. In the
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current study, we investigated the values of CMAP-R and
other collected data in 54 patients with proximal CSA (to
date, case series with the largest sample size) using a
multivariate analysis to confirm the predictive factors of
surgical outcome.

Methods

A retrospective study was performed for 54 patients with
proximal CSA who underwent surgical treatment of the
cervical spine between April 1997 and July 2016 at our
hospital. Mean (SD) age was 61.4 ± 10.0 years and median
DCH before electrophysiological examination was
8.5 months (Interquartile range, 4–13.5). Median DPF was
46 months (Interquartile range, 12.5–60). Anterior approach
was the preferred method of treatment for multilevel cer-
vical myelopathy when less than three surgical segments
were involved. The posterior approach was the preferred
method of treatment for multilevel cervical myelopathy
when the involved surgical segments were equal to three or
more. When the alignment of the cervical spine was
kyphosis, we added fixation with instrumentation (Table 1).
All 54 patients showed severe unilateral atrophy of the
shoulder girdle muscles but the intrinsic muscles remained
intact. We excluded patients with bilateral atrophy of the
shoulder girdle muscles.

When patients had muscle atrophy of the fore arm and/or
hand in addition to the shoulder girdle muscles, we sus-
pected amyotrophic lateral sclerosis (ALS) and other motor
neuron diseases. To differentiate motor neuron diseases,
such as ALS and CSA, we performed preoperative elec-
tromyography (EMG) in almost all patients. EMG features
of chronic neurogenic change must be found in patients
with ALS, for example. (A) Motor unit potentials of
increased amplitude and increased duration, usually with an

increased number of phases, as assessed by qualitative or
quantitative studies. (B) Decreased motor unit recruitment,
defined by rapid firing of a reduced number of motor units.
(C) Using a narrow band pass filter (500 Hz to 5 kHz)
unstable and complex motor unit potentials will be observed
[4]. When ALS and other motor neuron diseases were
suspected, we consulted neurologists preoperatively. We
and the neurologists determined that patients with CSA did
not suffer from these diseases preoperatively. This study
was approved by the institutional review board at our hos-
pital (H29-216).

Assessment of the degree of spinal cord
compression

Presence of high intensity area in the spinal cord and the
number of levels of spinal cord compression were evaluated
using axial and sagittal T2-weighted MRI.

Assessment of muscle strength

Pre- and postoperative strengths of the most atrophic mus-
cles were evaluated using manual muscle testing (MMT).
Four surgeons who were certificated by The Japanese
Society for Spine Surgery and Related Research evaluated
MMT at the first medical examination and the latest follow-
up. Two of four surgeons (authors: YI, NN, MF, and HS)
evaluated one patient. Improvements in strength were
classified as excellent (5 grades recovered by MMT), good
(more than one grade recovered by MMT), fair (no
improvement by MMT), or poor (worsened by MMT).

Measurement of CMCT

Self-adhesive surface recording electrodes were placed on
the abductor digiti minimi muscle using a standard
belly–tendon method. Motor evoked potentials (MEP) from
the abductor digiti minimi were recorded during voluntary
contraction. Transcranial magnetic stimulation was deliv-
ered using a round 14-cm outer diameter coil (Magstim,
Machida City, Tokyo). Magnetic stimulus intensity was set
at 20% above the threshold of the MEP during voluntary
contraction. Voluntary contraction of muscles enhanced
MEP amplitudes and shortens the latencies [5]. The effect
of increasing voluntary muscle contraction on the CMCT
and MEP amplitudes to establish the importance of stan-
dardization of the facilitation of central motor conduction
measured by magnetic stimulation [6]. Muscle force was
indirectly assessed from the integrated electrical muscle
activity and expressed as the root mean square and varied
from 0 to 40% of maximal activity. The CMCT decreased
during increasing muscle contraction, reaching constant
values at ∼10–20% the root mean square max.

Table 1 Data of proximal CSA

Mean age (years) 61.4 ± 10.0 (37–83)

Male/female 48/6

Median duration of clinical history
(months)

8.5 (Interquartile range,
4–13.5)

Median duration of postoperative
follow-up (months)

46 (Interquartile range,
12.5–60)

Surgical procedure ASF: 28

Lam+ Fora: 16

Lam: 5

PSF+ Lam: 4

Fora: 1

CSA cervical spondylotic amyotrophy, ASF anterior decompression
with spinal fusion, Lam+ Fora laminoplasty with foraminotomy, Lam
laminoplasty, PSF+ Lam posterior spinal fusion with laminoplasty,
Fora foraminotomy
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CMAP and F-waves were also recorded following
supramaximal electric stimulation (square wave 0.2 ms) of
the ulnar nerve at the wrist. Sixteen serial responses were
obtained and the shortest latency of the F-waves was
measured. All muscle responses were amplified, filtered by
5–5000 Hz, and recorded using standard EMG (Viking
Select: Nicolet Biomedical Madison, WI, USA). The per-
ipheral motor conduction time, excluding the turnaround
time at the spinal motor neuron (1 ms), was calculated from
the latencies of the CMAPs and F-waves as follows:
(latency of CMAP+ latency of F-waves− 1)/2 [7]. Con-
duction time from the motor cortex to the spinal motor
neurons (i.e., CMCT) was calculated by subtracting the
peripheral motor conduction time from the onset latency
of MEP.

Measurement of CMAP

Two authors (YI and MF) who were certificated by The
Japanese Society of Clinical Neurophysiology tested
CMAP. One of two authors evaluated one patient. Erb-point
stimulated CMAP were recorded in the deltoid and biceps in
all patients preoperatively. A disc electrode (diameter,
11 mm) was placed over the middle of the deltoid as an
active electrode, on the acromion as a reference electrode in
the deltoid, over the middle of the biceps brachii muscle, and
on the lateral epicondyle of the humerus in the biceps brachii
muscle. The underlying skin had been treated with an
abrasive solution to reduce impedance and a ground strap
was wrapped around the elbow. The bipolar stimulator probe
provided a pair of bare metal contacts (diameter, 3 mm) with
an adjustable interelectrode distance of 25 mm in our study.
Stimulus intensity was gradually increased until the size of
the recorded response was no longer altered. Measurement
of CMAP included the negative peak amplitude from
baseline to peak. The percent amplitude of CMAP was
calculated in comparison with the contralateral side.

Statistical analysis

Statistical analyses were performed using general purpose
statistical software (StatFlex version 6.0; Artech Co, Ltd,
Osaka, Japan; http://www.statflex.net/).

Preoperative parameters examined as possibly associated
with the surgical outcomes, included surgical approaches
(anterior approach versus posterior approach), CMAP-R, a
ratio of affected to normal side CMAP amplitudes in deltoid
muscle (CMAP-RD), a ratio of affected to normal side
CMAP amplitudes in biceps brachii muscle (CMAP-RB),
age, DCH, DPF, MMT of the deltoid on the affected and
normal sides, MMT of the biceps brachii on the affected
(MMT-BA) and normal (MMT-BN) sides, CMAP ampli-
tudes of the deltoid and the biceps brachii on the affected

and normal sides, high intensity area on T2-weighted MRI,
and the number of levels of spinal cord compression. Uni-
variate statistical analyses were performed using the
Mann–Whitney U test for the comparison of numerical
parameters, and the chi-square test for the categorical
parameters. To identify the preoperative factors associated
with fair versus good/excellent outcomes, multivariate
logistic regression analysis (MLRA) was performed by a
stepwise parameter selection procedure by setting P < 0.1 as
a criterion for inclusion in the regression model. The
probability of patients belonging to the fair group (p) was
computed from the following formula using the partial
regression coefficients (β0, β1, β2, ..., βk) for explanatory
variables (X1, X2, ..., Xk), where k represents the number of
explanatory parameters included in the regression model.

p ¼ 1
1þ eβ0þβ2�X1þβ2�X2þ���þβk�Xk

In this study, a dummy variable indicating the occurrence
of fair outcome was set as the objective variable and all the
above parameters as the explanatory variables. Sensitivity,
specificity, and area under curve (AUC) of the receiver
operating characteristic (ROC) curve were calculated for
assessing the utility of explanatory parameters for the
prediction.

Results

Surgical outcomes were excellent in 26 patients, good in
five, fair in 16, and poor in seven.

MRI

22 patients [excellent, nine; good, two; fair, eight; poor,
three] showed high intensity area on T2- weighted MRI. The
mean number of levels of spinal cord compression was 2.0
(range, 0–4) [excellent, 1.8 (range, 0–3); good, 2.0 (range,
1–3); fair, 2.1 (range, 0–3); and poor, 3.0 (range, 2–4)].

CMAP

CMAP was performed for all 54 patients (Fig. 1). CMAP-R
was significantly higher for patients with excellent, good,
and poor outcomes than with fair outcomes (p < 0.05).
CMAP-RD and CMAP-RB were significantly higher in
patients with excellent and poor outcomes than with fair
outcomes (P < 0.05). CMAP amplitudes of the deltoid on
the affected side was significantly higher for patients
with excellent and poor outcomes than with fair outcomes
(P < 0.05). CMAP amplitudes of the biceps brachii on
the affected side was significantly higher for patients
with excellent and poor outcomes than with fair outcomes
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(P < 0.05). CMAP amplitudes of the deltoid on the normal
side were not significantly different among the groups
(P > 0.05). CMAP amplitudes of the biceps brachii on
the normal side were significantly lower in patients
with excellent and fair outcomes than with poor outcomes
(P < 0.05).

Surgical outcome and CMAP-R are shown in Fig. 2.
Apart from seven patients with poor outcomes, 16, 3, and 2
among those with CMAP-R >30% showed excellent, good,
and fair outcomes, respectively, compared with 10, 2, and
14, respectively, among those with CMAP-R from 15 to
30%. All patients with CMAP-R of <15% displayed fair
outcomes.

CMCT on the affected side

CMCT was evaluated in 49 patients (Fig. 1). No significant
difference was seen among the categories of surgical out-
comes. Surgical outcome and CMCT are shown in Fig. 3.

 Excellent Good Fair Poor 
CMAP-R (%) 35.3±12.3 30.0±10.6 

         * 
  * 

18.5±10.3 36.3±9.2 

*
CMAP-RD (%) 22.1±11.6 20.2±18.6 

   * 
11.5±10.0 29.9±9.8 

*
CMAP-RB (%) 48.8±21.5 39.9±15.0 

   * 
23.6±15.1 42.6±9.6 

*
CMAP amplitude 
of deltoid on the 
affected side (mV) 

2.9±2.0 1.6±1.9 
   * 

1.5±1.4 3.4±1.1 
*

CMAP amplitude 
of biceps brachii 
on the affected side 
(mV) 

5.2±1.9 4.0±2.6 
   * 

2.9±2.8 5.0±1.6 
*

CMAP amplitude 
of deltoid on the 
normal side (mV) 

10.4±2.5 10.3±1.9 8.7±3.4 11.0±0.7 

CMAP amplitude 
of biceps brachii 
on the normal side 
(mV) 

10.3±3.6 9.2±5.5 

*

10.2±3.1 12.7±0.9 
*

CMCT(ms) 6.5±2.4 7.5±2.0 6.9±2.5 6.3±1.5 

Fig. 1 Relationship between surgical outcome and electrophysiological examination. CMAP-R a mean of affected to normal side CMAP
amplitudes ratios recorded in two muscles (deltoid and biceps brachii), CMAP-RD a ratio of affected to normal side CMAP amplitudes in deltoid
muscle, CMAP-RB a ratio of affected to normal side CMAP amplitudes in biceps brachii muscle, CMAP compound muscle action potentials,
CMCT central motor conduction time

Fig. 2 The relationship between surgical outcome and CMAP-R.
CMAP-R a mean of affected to normal side CMAP amplitudes ratios
recorded in two muscles (deltoid and biceps brachii), CMAP com-
pound muscle action potentials, the box plots represented the mean
value (vertical line) ± SE
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Association between fair outcome and preoperative
factors

We classified surgical outcomes into two groups after
excluding patients with poor outcomes. Patients with
excellent and good outcomes were classified as Group EG,
and those with a fair outcome as Group F. We used uni-
variate analyses to compare the preoperative parameters
listed in the Methods between the two groups. CMAP-R,
CMAP-RD, CMAP-RB, DCH, MMT-BA, and BN, and
CMAP amplitude of the biceps brachii on the affected side
differed significantly between Group F and Group EG (P <
0.05; Table 2). No significant difference between two
groups was seen in the number of the compressed levels and
the presence of high intensity area.

Preoperative factors in Group F

In the MLRA, the dummy variable representing Group F
was set as the objective variable and all preoperative factors
were set as explanatory variables. Using the stepwise
method, patients with fair outcomes had lower CMAP-R
than those patients with excellent and good outcomes [P=
0.0099, odds ratio (OR)= 0.89 (95% confidence interval,
0.81–0.97; for a change of 10%)], but DCH and MMT-BA
did not show significances of P= 0.2203 and P= 0.0643,
respectively (Table 3).

Based on the predicted probabilities, ROC analysis
was performed together with individual parameters of
CMAP-R, MMT-BA, and DCH for comparison. The
AUC of the predicted probability was 0.887, while those
of individual parameters were 0.853, 0.734, and 0.666,
respectively (Fig. 4). The cutoff value computed for
CMAP-R was computed as 25%, at which sensitivity of
detecting Group EG gets equal to specificity of detecting
Group F.

Patients with poor outcomes

Eight patients (15%) had a C5 palsy. Paralysis was noted
after a mean of 5.6 days (range, 0–18) postoperatively. Five
patients underwent anterior decompression with spinal
fusion (C4–C6), three laminoplasty (C3–C7) with for-
aminotomy (C5/6: 2, C4/5 and C5/6: 1). One patient could
get full recovery after 2 years. This patient was categorized
in the excellent group. But seven patients with C5 palsy
could not improve enough after >3 years postoperatively.
These patients were categorized in the poor group.

Discussion

In general, CMAP amplitude reflects the number of alive
axons. Erb-point-stimulated CMAP in the deltoid are useful

Fig. 3 The relationship between surgical outcome and CMCT on the
affected side. The thick line showed CMCT was 6.8 ms. CMCT central
motor conduction time, the box plots represented the mean value
(vertical line) ± SE

Table 2 Association between fair outcome and preoperative factors

P

CMAP-R <0.00004*

CMAP-RD 0.0070*

CMAP-RB 0.0002*

Age 0.3424

Duration of clinical history 0.0051*

Duration of postoperative follow-up 0.7580

MMT of deltoid on the affected side 0.1520

MMT of biceps brachii on affected side 0.0016*

CMAP amplitude of deltoid on the affected side 0.0450*

On the normal side 0.0850

CMAP amplitude of biceps brachii on the affected side 0.0099*

On the normal side 0.9688

High intensity areas on T2-weighted MRI 0.3366

The number of levels of the spinal cord compression 0.2860

CMAP-R a mean of affected to normal side CMAP amplitudes ratios
recorded in two muscles (deltoid and biceps brachii), CMAP-RD a
ratio of affected to normal side CMAP amplitudes in deltoid muscle,
CMAP-RB a ratio of affected to normal side CMAP amplitudes in
biceps brachii muscle, MMT manual muscle testing, CMAP compound
muscle action potentials, MRI magnetic resonance imaging

*P < 0.05

Table 3 Preoperative factors of Group F

p OR 95% CI

CMAP-R 0.0099 0.89 0.81–0.97

DCH 0.2203 1.74 0.72–4.24

MMT-BA 0.0643 0.21 0.04–1.10

CMAP-R a mean of affected to normal side CMAP amplitudes ratios
recorded in two muscles (deltoid and biceps brachii), CMAP
compound muscle action potentials, DCH duration of clinical history,
MMT-BA MMT of biceps brachii on affected side, MMT muscle
manual testing, OR odds ratio, CI confidence interval
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to predict the natural history of proximal CSA [8]. Two
authors (YI and MF) examined Erb-point stimulating
CMAP for 28 patients with compressive cervical myelo-
pathy and 88 able-bodied participants in our previous study
[9]. There were few intraobserver variations. The reprodu-
cibility of these CMAP is sufficient [9–11]. Therefore,
CMAP by repetitive Erb stimulation provide a simple,
valid, and noninvasive supplementary test for distinguishing
CSA from motor neuron diseases including ALS [10, 11].
Particularly, patients with CMAP exceeding 50% of the
normal side showed the most complete return of function,
despite severe weakness. Patients in whom the percentage
amplitude of CMAP in the most severely atrophic muscle
was >10% on the affected side than that on the normal side
were able to recover muscle function [12]. We performed
cervical surgery for patients with CMAP-R values of
10–50%. Of these patients, 16 patients resulted fair out-
comes. Group F showed significant positive correlations
with CMAP-R, CMAP-RD, CMAP-RB, DCH, and MMT-
BA, and CMAP amplitude of the deltoid and biceps brachii
on the affected side compared with Group EG (P < 0.05).
This study used MLRA to determine factors related to
Group F. We demonstrated that patients in Group F tended
to have lower CMAP-R values (P= 0.0099; OR, 0.89).
Tauchi et al. reported risks factors for a poor outcome fol-
lowing surgical treatment of CSA [13]. Symptom duration

and preoperative MMT grade were associated with an
increased risk of a poor surgical outcome based on MLRA.
In addition, they recommended surgical intervention for
patients with proximal CSA within about 4 months after the
onset of symptoms if conservative treatment has not been
successful [14]. By our univariate analyses, DCH and
MMT-BA were significantly different between Group F and
Group EG. Therefore, we agreed with their view. However,
there were no electrophysiological findings in their data. In
the MLRA including the electrophysiological findings,
CMAP-R was the only significant preoperative factor rela-
ted to a fair outcome after surgical treatment for patients
with proximal CSA. Uchida et al. reported that the percent
voltage of Erb-point or wrist-stimulated MEP correlated
with surgical outcome [15]. Our results were consistent with
their results.

It is difficult to determine whether surgery of the cervical
spine should be recommended for patients with proximal
CSA because some patients had fair or poor outcomes.
Conversely, some patients had full recovery with con-
servative therapy. We determined a strategy for the treat-
ment of proximal CSA patients using electrophysiological
examination [3]. We should perform cervical surgery for
patients with CMAP-R values of 10–30% and CMCT
values of <6.8 ms and patients with CMAP-R values of
30–50% regardless of CMCT [3].

CMCT is used to electrophysiologically evaluate the
corticospinal tract function and for diagnosing disorders of
the corticospinal tract [16–18]. We reported the normative
value of the CMCT to be 5.2 ± 0.8 ms (mean ± SD) for
participants exerting a slight effort regardless of age and
body height [18]. These measurements were considered to
be abnormal when they exceeded the normal mean value by
>2.0 standard deviations. We suggested that patients with
CMCT values ≥6.8 ms have compressive cervical myelo-
pathy and those with CMCT values <6.8 ms have only the
ventral nerve root disorder. Therefore, we considered it
necessary to perform surgery in patients with a CMCT
value ≥6.8 ms to prevent the deterioration of myelopathy.
Seventeen of twenty-four patients with excellent, one of
three patients with good, seven of sixteen patients with fair,
and four of six patients with poor outcomes had a value
<6.8 ms in the current study. Many patients with excellent
outcomes did not have myelopathy. We recommend cervi-
cal surgery for myelopathic patients to prevent the dete-
rioration of myelopathy and nonmyelopathic patients to
improve muscle strength.

Patients with poor outcomes

Eight patients (15%) had a C5 palsy. The mean reported
incidence of C5 palsy following surgery for cervical com-
pression myelopathy using the anterior approach is 4.3%

Fig. 4 ROC curves for CMAP-R, DCH, and MMT-BA in predicting
Group F status postoperatively. The AUC of the predicted probability
was 0.887, while those of individual parameters were 0.853 for
CMAP-R, 0.734 for DCH, and 0.666 for MMT-BA, respectively.
ROC receiver operating characteristic, CMAP-R a mean of affected to
normal side CMAP amplitudes ratios recorded in two muscles (deltoid
and biceps brachii), PP predicted probability, DCH duration of clinical
history, MMT-BA MMT of biceps brachii on the affected side, AUC
area under curve
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(range, 1.6–12.1%) [19]. The incidence of C5 palsy for
proximal CSA was very high compared with that for other
diseases. Kaneko et al. reported the pathology of C5 palsy
[20]. The C5 nerve root was innervated predominantly for
the deltoid compared with those at other cervical inter-
vertebral lesions, probably due to the segmental gray matter
lesions of the C6 spinal cord in patients with cervical
myelopathy at the C4–5 level. Weakness of the deltoid must
be clinically apparent if postoperative C5 radiculopathy has
occurred in patients whose C5 nerve root is innervated
predominantly for deltoid muscles. We considered this
pathology as a sure indication of proximal CSA. The out-
come of patients with C5 palsy was not good, because they
had severe C5 and /or C6 anterior horn and/or ventral root
disorders preoperatively. Imagama et al. reported that 67%
of patients with C5 palsy achieved complete recovery [21].
We therefore think there is an increased risk of persistent C5
palsy in patients with proximal CSA. CMAP-R, CMAP-
RD, CMAP-RB, and CMAP amplitude of deltoid on the
affected and normal sides, CMAP amplitude of biceps on
the affected side, age, DCH, and high intensity area on T2-
weighted MRI did not differ significantly between patients
with excellent outcomes and those with poor outcomes.
CMAP amplitude of biceps brachii on the normal side of
patients with poor outcomes was significantly higher than
that of patients with excellent outcomes (P < 0.05). Patients
with poor outcomes should have achieved excellent out-
comes as a result of the electrophysiological findings. We
could not find differences between patients with excellent
and poor outcomes in our data.

Limitations to our study should be kept in mind when
interpreting the results. The sample size was relatively small.
The study may have been underpowered to identify any
significant difference regarding surgical outcomes. However,
to the best of our knowledge this represents the first report to
identify preoperative factors related to patients with fair out-
comes using electrophysiological examinations and the cur-
rent study had the largest patients with proximal-type CSA.

In conclusion, CMAP-R could be used as a reliable
predictive factor related to a fair surgical outcome following
surgery in patients with proximal CSA. The incidence of C5
palsy for proximal CSA was very high compared with that
for other diseases. We must pay attention to the incidence of
C5 palsy after surgery.

Data availability
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study are available from the corresponding author on rea-
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