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Clinical Features and Long-Term Surgical Outcomes of Patients with Cervical Spondylotic

Amyotrophy

Tiefeng Li, Guodong Shi, Lei Shi, Jinhao Miao, Deyu Chen, Yu Chen

BACKGROUND: Cervical spondylotic amyotrophy (CSA)
is not common. The clinical features and long-term surgi-
cal outcomes of patients with CSA are also unclear. We
sought to summarize clinical features, assess long-term
surgical outcomes, and determine the prognostic factors
relevant for patients with CSA.

METHODS: A total of 136 patients with CSA who un-
derwent anterior or posterior decompression during
January 2001 to December 2012 were included. Their
clinical and radiologic data were collected. The surgical
outcome was evaluated using manual muscle test and
improvements in the muscle strength. Correlations between
the surgical outcome and various factors also were
analyzed.

RESULTS: In total, 128 patients underwent anterior
decompression and 8 patients underwent posterior decom-
pression. At the final follow-up, the surgical outcome was
significantly better after anterior decompression compared
with that after posterior decompression. Statistical analyses
showed the type of CSA, duration of symptoms, and asso-
ciation with ossification of the posterior longitudinal liga-
ment were associated with a poor outcome after anterior
surgery (P < 0.05).

CONCLUSIONS: Besides significant muscular atrophy in
one upper extremity, CSA also occasionally presents with
mild atrophy in the other upper extremity, sensory disturbance

in the upper extremities, or hyperflexia in the lower extrem-
ities. Anterior decompression is generally effective in the
treatment of patients with CSA. Preoperative duration of
symptoms, type of CSA, and ossification of the posterior
longitudinal ligament are important predictors for the surgical
outcome.

INTRODUCTION

atients with cervical spondylotic myelopathy (CSM) some-
times present with muscle atrophy in the upper extremities,

with minimal or no sensory symptoms, which is called
“cervical spondylotic amyotrophy (CSA).”*? Crandall et al.*
indicated this subgroup accounted for somewhat less than 7% of
patients with CSM. However, the clinical features and long-term
surgical outcomes of the patients with CSA have never been
clarified.

In 1952, Brain et al.’ first described a case of cervical spondylosis
with muscle atrophy of the upper limbs without sensory disturbance
or pyramidal signs. The dissociated motor loss syndrome in cervical
spondylosis was reported by Keegan.® The characteristic of this
syndrome was that the patients complained of difficulty in raising
their upper extremities due to severe muscle atrophy of deltoid
muscle (Delt), biceps muscle (Bicep), and supinator muscles,
with little sensory deficit in the upper limbs and without any long
tract sign.® Then, Ebara et al.> described an amyotrophic type of
hand myelopathy as wasting and weakness of the extrinsic and
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5684 patients with CSM
Two independent
investigators said “Yes”
| 165 patients with CSA |
153 patients with CSA 12 patients with CSA who
who underwent anterior underwent posterior
decompression decompression
27 patients who did not 4 patients who did not
respond to the invitation or respond to the invitation or
refused to return refused to return
128 patients who 8 patients who responded
responded to the to the invitation and
invitation and returned returned
Figure 1. Selection of the patients with cervical spondylotic amyotrophy (CSA) in this study. CSM, cervical spondylotic
myelopathy.

intrinsic hand muscles with neither sensory loss nor spastic
quadriparesis. However, after studying the clinical characteristics
of CSA, Sobue et al.” suggested a broad definition of CSA. The
main subjective symptoms were dissociated motor loss with no,
or insignificant, sensory disturbance and radicular pain in the
upper limbs, albeit mostly transient. The presence of objective
signs of hyperreflexia in the lower limbs also was acceptable.

To summarize the clinical features and assess the long-term
surgical outcome of these patients with CSA, we reviewed pa-
tients with CSA who underwent anterior or posterior surgery in
our hospital between January 2001 and December 2012, with an
average 8.5-year follow-up (range from 6o to 176 months). We
collected clinical and radiologic data on these patients and
examined potential prognostic factors related to poor outcomes.

Figure 2. A 48-year-old male patient presented with extensive muscle
atrophy in the right upper extremity for more than 18 months, including the
biceps, brachioradialis, triceps, extensor digiti communis, abductor pollicis
brevis, and abductor digiti minimi. Preoperative manual muscle test grade
of the weakest atrophic muscles was 3. At the final follow-up, he showed
an excellent surgical outcome of full recovery after anterior

decompression. (A) Preoperative radiograph. (B) Preoperative magnetic
resonance imaging (MRI) showing multilevel cervical stenosis at C3—C4,
C4—Cb, and C5—C6 levels. (C) Postoperative radiograph showing a 3-level
discectomy was performed. (D) Postoperative MRI showing the
decompression of the spinal cord.
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Figure 3. A 49-year-old female patient presented a distal-type cervical radiograph. (B). Preoperative computed tomography (CT) scan showing
spondylotic amyotrophy cervical spondylotic amyotrophy in the right upper ossification of the posterior longitudinal ligament (OPLL) at C5—C6 levels.
extremity for more than 2 years. The atrophic muscles included extensor (C) Preoperative magnetic resonance imaging (MRI) showing multilevel
digiti communis, abductor pollicis brevis, and abductor digiti minimi. cervical stenosis. (D) Postoperative radiograph showing a combined
Preoperative manual muscle test grade of the weakest atrophic muscles discectomy and corpectomy was performed for this patient. (E).
was 2. At the final follow-up, she showed a fair surgical outcome of no Postoperative CT scan showing OPLL was removed. (F) Postoperative MRI
significant improvement, although a completed decompression of the showing full decompression of the spinal cord.

spinal cord was confirmed by radiologic examinations. (A) Preoperative
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Table 1. Demographic Data of Patients with CSA

Anterior Approach Posterior Approach
Proximal-Type Distal-Type Combined-Type Proximal-Type Distal-Type Combined-Type All Patients
(n = 45) (n = 51) (n = 32) (n=1) (n = 3) (n = 4) (n = 136)
Male/female 28/17 32/19 23/9 1/0 2/1 3/1 89/47
Mean age, years 465 £ 7.3 489 £ 6.7 498 + 756 53 54.3 51.3 48.6 £ 6.8
Preoperative MMT grade 23+02 22+02 20+02 1 2 23 22+£02
Duration of symptoms, months 17.1 £ 589 AL 5.6 245+ 6.8 22 19.3 26.8 194 + 48*
Bilateral involvement (4+/—) 10/35 14/37 7/25 0/1 1/3 2/2 34/102
Sensory disturbance (+/—) 27/18 30/21 18/14 1/0 3/0 N 82/54
Hyperreflexia in lower extremities (+/—) 16/29 19/32 11/21 1/0 21 3N 52/84
Cervical canal stenosis
1-level 16 18 0 0 0 0 34%
2-level 24 27 0 0 0 0 B
3-level 4 3 22 1 1 1 32"
4-level 1 3 10 0 2 3 19*
Kyphosis (+/—) 8/37 10/41 18/14 0/1 0/3 0/4 36/100"
OPLL (+/—) 9/36 10/41 6/26 1/0 3/0 4/0 33/103
HIZ on T2-weighted MRI (4-/—) 29/16 38/23 30/2 1/0 3/0 4/0 105/31*
CSA, cervical spondylotic amyotrophy; MMT, manual muscle test; OPLL, ossification of the posterior longitudinal ligament; HIZ, high-intensity zone.
*P < 0.05 when compared between proximal-type, distal-type, and combined-type subgroup patients.

MATERIALS AND METHODS

Patient Selection

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The study was reviewed and approved by the Ethics
Committee of Changzheng Hospital, Shanghai, China. Written
informed consent was obtained from each patient. This consent
procedure also was approved by the Ethics Committee.

Two independent investigators reviewed our patients who un-
derwent surgery operation for CSM between January 2001 and
December 2012. We identified patients with CSA according to the
criteria of Sobue et al.” as follows: 1) the presence of cervical
spondylosis or ossification of the posterior longitudinal ligament
(OPLL), 2) the presence of diffuse or localized muscle atrophy of
the upper extremity, 3) mild or no sensory disturbance in the
upper extremity, 4) either the presence or absence of hyperreflexia
in the lower extremities, and 5) the absence of gait disturbance.
Only the patients for whom 2 independent investigators said
“yes” were enrolled in this study. Eventually, 128 patients who
underwent anterior decompression and 8 patients who underwent
posterior decompression for CSA responded to the invitation and
made return visits (Figure 1).

We collected data on patients’ sex, age, type of CSA, preoper-
ative manual muscle test (MMT) results, duration of symptoms,

bilateral involvement, sensory deficit, hyperreflexia in lower ex-
tremities, levels of spinal canal stenosis, presence of cervical
kyphosis, association with OPLL, and presence of high-intensity
zones (HIZ) on T2-weighted magnetic resonance imaging (MRI).

To determine the type of CSA, we examined 7 key muscles in
the upper extremity, including Delt, Biceps, brachioradialis (Bra.),
triceps muscle (Tri.), extensor digiti communis, abductor pollicis
brevis (APB), and abductor digiti minimi. The patients were
classified into 3 subgroups according to the distribution of atro-
phic muscles: proximal type (impairment of Delt, Biceps, and
Bra.), distal type (impairment of Tri., extensor digiti communis,
APB, and abductor digiti minimi), and combined type.

Surgical Approach

All operations were performed in our hospital. The cervical
anterior approach has been described in detailed in previous
reports. To summarize in brief, the affected discs were exposed via
a right-sided anterior approach. We preferred to perform dis-
cectomy for cervical spondylosis and corpectomy also was used
when the disease extended behind the bodies as in the patients
with OPLL. For the patients with CSA, decompression of the von
Luschka joint must be performed.

The superior and inferior uncinate processes were bluntly dril-
led with a high-speed diamond bur and then resected using a
micro-Kerrison rongeur. During partial resection of the uncinate
processes, we carefully ensured that the tip of the micro-Kerrison
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distribution of cervical stenosis.

rongeur always slid along the posterolateral vertebral corners to
clip a very small amount of the compressive osseous lesion and
did not excessively introduce this tip far laterally to avoid injury to
the affected nerve root and vertebral artery (Figures 2 and 3). For
the posterior approach, open-door C3—C7 laminoplasty was per-
formed in selected cases with multilevel OPLL. After laminoplasty,
the suspected nerve roots were further decompressed using fora-
minotomy technique. A 5- to 7-mm length of the foraminotomy
from the medial border of the facet joint to the lateral end of the
bony resection was pursued, and the nerve roots were completely
exposed.

Outcome Assessment
To evaluate the effect of surgical treatment, we used MMT, and
improvements in the muscle strength of the most atrophic and

impaired muscles were classified into 4 grades: 1) excellent, full
recovery, or recovery to an MMT grade of 2; 2) good, 1 grade of
recovery; 3) fair no improvement; 4) poor, worsening effect. Taken
together, we created 2 groups, a good outcome group including
excellent and good outcomes and a poor outcome group including
fair and poor outcomes.

Statistical Analysis

The paired t test was used to detect changes in results of MMT
before surgery and at the last follow-up. The Mann—Whitney U
test for independent samples was used to compare continuous
variables such as age, preoperative MMT results, and duration of
symptoms. The * test was used to compare nominal variables,
such as sex, type of CSA, levels of spinal canal stenosis, bilateral
involvement, sensory deficit, hyperreflexia in lower extremities,
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Table 2. Surgical Outcomes After Anterior and Posterior

Decompression for Patients with CSA

Anterior Posterior
Approach Approach
(n = 128) (n = 8) P Value
Preoperative MMT grade 22 £02 21 £06 0.648
Postoperative MMT grade 34 £03 23 £06 <0.001
Surgical outcome
Excellent 40 0 <0.001
Good 32 2
Fair 37 5
Poor 18 1
CSA, cervical spondylotic amyotrophy; MMT, manual muscle test.

presence of cervical kyphosis, association with OPLL, and pres-
ence of HIZ on T2-weighted MRI. Furthermore, logistic regression
analysis was conducted to determine the factors best correlating to
clinical results. Analysis was performed using SPSS for Windows,
Version 16.0 (SPSS, Chicago, Illinois, USA), and a P value of less
than o.05 was considered significant.

RESULTS

Clinical Features

There were 89 men and 47 women (men: women 1.9:1), with a mean
age of 48.6 & 6.8 years during operation. The duration of symptoms
averaged 19.4 + 4.8 months. Forty-six patients had proximal-type
CSA, 54 patients had distal-type CSA, and 36 patients had
combined-type CSA. For all the patients, preoperative MMT grade of
the most atrophic muscles averaged 2.2 + o0.2. Among these
patients, 34 (25.0%) patients had mild muscular atrophy in the other
upper extremities; 82 (60.3%) patients had or ever had sensory
disturbance in the upper extremities; and 52 (38.2%) patients pre-
sented hyperflexia in the lower extremities. Cervical canal stenosis
ranged from 1 to 4 intervertebral levels. Thirty-four (25.0%) patients
had 1-level stenosis, 51 (37.5%) patients had 2-level stenosis, 32
(23.5%) patients had 3-level stenosis, and 19 (14.0%) patients had
4-level stenosis. Cervical kyphosis was preoperatively found in 36
(26.5%) patients. Preoperative computed tomography scan revealed
that 33 (24.3%) patients had OPLL. HIZ on T2-weighted MRI was
confirmed in 105 (77.2%) patients (Table 1). Statistical analyses
among the subgroup patients with different type CSA showed the
combined-type patients had longer duration of symptoms, greater
number of cervical kyphosis, spinal canal stenosis, and HIZ on
T2-wieghed MRI.

According to previous reports and our anatomic knowledge, we
defined levels of segmental motor innervation and localization of
the reflex center.® Biceps, Bra., and APB were mostly involved in
muscle atrophy, but cervical stenosis was mostly observed at
C4—Cs and C5—C6 levels. There was no significant consistency
between the levels of muscle atrophy and cervical stenosis in our
patients (Figure 4).

Surgical Outcomes and Prognostic Factors

At the final follow-up, the surgical outcome was significantly better
after anterior decompression compared with that after posterior
decompression. The mean MMT grade of the weakest muscles
improved from 2.2 + 0.2 preoperatively to 3.4 + 0.3 postoperatively
in anterior group (P < 0.01), and from 2.1 & 0.6 preoperatively to 2.3
=+ 0.6 postoperatively in posterior group (P = 0.549), respectively.
Improvement of MMT after anterior surgery was excellent in 40
cases, good in 32 cases, fair in 7 cases fair, and poor in 18 cases.
However, it was good in 2 cases, fair in 5 cases, and poor in 1 case
after posterior surgery (Table 2).

We also performed univariate analyses and multivariate logistic
regression analyses in the patients who underwent anterior
decompression to study other potential prognostic factors besides
surgical approach. Those patients who underwent posterior
decompression were not included because limited number of cases.
Thus, 72 patients were grouped into Group 1 with good outcome,
and other 56 patients into Group 2 with poor outcome. On univar-
iate analyses of surgical outcomes, the type of CSA, duration of
symptoms, and association with OPLL were statistically associated
with a poor outcome after surgery (P < 0.05). The combined-type
CSA patients had a poorer surgical outcome compared with the
proximal-type or distal-type patients, but there was no significant
difference between proximal-type and distal-type patients (Table 3).
Furthermore, the multivariate logistic regression analyses also
showed the same results (combined type of CSA: odds ratio 1.347,
P < o.001; Duration of symptoms: odds ratio 1.836, P = 0.028;
OPLL: odds ratio 4.238, P < o.oo1) (Table 4).

DISCUSSION

CSA was first reported more than 6o years, but several issues
related to this disease remain unsolved, which means that diag-
nosis is difficult and treatment is delayed in clinical practice.™
This is a relatively large-sample (136 cases), retrospective study
of anterior or postoperative decompression for CSA with an
average 8.5-year follow-up. The strengths of this study are that the
clinical and imaging data provide insights into the clinical features
of CSA, and nearly all known factors were included in the analysis
to determine which factor influenced surgical outcome.

In the traditional concept, CSA presented with progressive
muscular atrophy of the upper extremity without any preceding
symptoms or sensory disturbance, in contrast to the typical fea-
tures of spastic paralysis caused by cervical spondylosis or
OPLL."*° The signs and symptoms of CSA usually showed an
insidious onset. However, more than one-half of our patients
presented with minimal or temple sensory disturbance. Most of
them presented with transient or lasting needling pain in the
upper extremities. In addition, more than one third patients
presented with exaggerated deep tendon reflexes in lower
extremities without gait disturbance.

Previous reports only described the proximal-type or distal-type of
CSA, and the atrophy is generally divided into 2 subgroups according
to the most severely atrophic muscle: proximal-type (deltoid and
biceps) and distal-type (triceps, forearm, and hand muscles).”*™
However, very few authors have described the combined-type CSA,
and actually various muscles of the upper extremities can be affected
in this disease, resulting from multilevel spinal stenosis (more than
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Table 3. Univariate Analysis of Surgical Qutcome in 128

Patients Who Underwent Anterior Decompression for CSA

Table 4. Multiple Logistic Regression Analysis for the Risk

Factors of Poor Postoperative Outcome After Anterior

one-quarter of our patients). Another feature we noted in our patients
was bilateral involvement.”® Although most of our patients
complained of symptoms in 1 upper extremity, careful neurologic
examination revealed mild deterioration of muscle power in the

Decompression
Group 1 Group 2
Good (n = 72) Poor (n = 56) P Value Variables OR  PValue 95% CI
Sex Age (>50 years) 2.534 0.184 1.073—1.865
Male 47 36 0.325 Combined type of CSA 1347 <0001  1.387—24.458
Female 25 20 Preoperative MMT grade (>3 grade)  0.628 0.053 0.145—0.722
Mean age, years 475 +78 493 £84 0237 Duration of symptoms (>12 months) ~ 1.836 0.028 1.065—6.038
Type of CSA Cervical canal stenosis (>3 levels) 1439 0.084  0.082—14.582
Proximal 28 17 <0.001 OPLL 4238  <0.001 2.458—8.342
Distal 32 19 HIZ on T2-weighted MRI 1.638 0.358 1.823—3.483
Combined 12 2 OR, odds ratio; Cl, confidence interval: CSA, cervical spondylotic amyotrophy; MMT,
Preoperative MMT grade 23+02 21+03 0.065 manual muscle test; OPLL, ossification of the posterior longitudinal ligament; HIZ,
Duration of symptoms, months ~ 15.8 + 6.4 235+ 75 0.032 high-intensity zone; MRI, magnefic resonance imaging.
Bilateral involvement
aF 17 14 0.354
other extremity in 25% of our patients, which exceeded our
B e . expectations. Thus, we considered CSA was closely related to
Sensory disturbance subclinical cervical myelopathy, or an atypical presentation of CSM.
i 43 By 0280 There have been several studies addressing the mechanism of
CSA caused by cervical degenerative disease, but there are still
B & & some controversies. Keegan®’ demonstrated from autopsy findings
Hyperreflexia in lower extremities that selective impingements against the ventral nerve root caused
+ 27 19 0125 this disease. However, others considered that impingement of the
anterior horn caused this disease based on a T2 high-signal in-
i = 37 tensity area on MRI and delayed enhanced computed tomogra-
Cervical canal stenosis phy.”"™* According to electrophysiologic findings, Shinomiya
1-level 19 15 0.199 et al.” proposed that both mechanisms might cause it.
In our patients, we found it was very difficult to distinguish
2-level 29 22 . . . .
clearly between them from MRI, especially in those patients with
3-level 16 13 multilevel spinal stenosis. The presence of sensory symptoms in
4-level 8 6 the upper limbs indicates involvement of the spinal cord in the
; root canal rather than the ventral motor root alone, and the
Kyphosis . . . . . g
presence of pyramidal signs in the lower limbs indicates damage
+ 20 16 0319 to the lateral corticospinal tracts. Although proximal muscular
- 52 40 atrophy could be caused by either root or anterior horn
0PLL compression, distal muscular atrophy was more likely to be caused
by anterior horn compression. Furthermore, our results also
+ 9 16 <0.001 revealed the dissociation between the levels of atrophic muscles
= 63 40 and levels of spinal stenosis. Thus, all clinical findings in patients
HIZ on T2-weighted MR with CSA cannot be explained solely by one mechanism.
There is still much controversy on the surgical options for pa-
+ 4 43 0.285 tient with CSA in the literature; most authors have selected sur-
- 18 13 gical approaches according to their clinical experiences
) . — (Table 5).2”“3"6‘22 Posterior laminoplasty with or without fora-
CSA, cervical spondylotic amyotrophy; MMT, manual muscle test; OPLL, ossification of the . . .
posterior longitudinal ligament; HIZ, high-intensity zone; MRI, magnetic resonance minotomy “,’as reporteq to have comp arable result§ with antel.‘lor
imaging. decompression and fusion, but there were no studies on surgical
approaches based on a similar patient population. Some authors

agreed that the anterior approach was indicated for a patient with
lesions ventral to the cord at 1—2 intervertebral levels, whereas in
the presence of a narrow spinal canal, posterior decompression
was the choice for a lesion involving more than 2 intervertebral
levels.” " However, in our view, anterior decompression is the
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Table 5. Summary of Literature on Treatment and Outcome in Patients with CSA

Authors No. of Patients Type of CSA Treatments Follow-up Outcome
Ebara et al., 19887 7 Distal-type: 7 ADF: 1 N/A 6 (85.7%) improved
LAM: 6
Matsunaga et al., 1993'° 2 N/A ADF: 2 N/A 1 (50%) improved
Kaneko et al., 2004' 6 Distal-type: 6 LAM: 6 2 years 4 (66.7%) improved
Fujiwara et al., 2006" 32 Proximal-type: 24 LAM: 32 78 months 22 (92%) of proximal-type improved
Distal-type: 8 3 (38%) of distal-type improved
Uchida et al., 2009"" 51 Proximal-type: 37 ADF: 51 2.6 years 23 (62%) of proximal-type improved
Distal-type:14 5 (35.7%) of distal-type improved
Srinivasa Rao et al., 2009" 7 Distal-type: 7 ADF: 7 465 months 6 (85.7%) improved
Inui et al., 2011 90 Proximal-type: 59 Conservative: 56 5.0 £ 2.6 years 22 (40%) of conservative treatment improved
Distal-type: 25 Surgery: 34 28 (82%) of surgery improved
Combined-type: 6
Imajo et al., 2012" 24 Proximal-type: 24 ADF: 11 50 months 14 (58.3%) improved
LAM: 13
Tauchi et al., 20137 59 Proximal-type: 41 ADF: 8 2.7 years 41 (69.5%) improved
Distal-type: 18 LAM: 45
PDF: 6
Zhang et al., 20167 88 Proximal-type: 52 ADF: 69 5.2 years 50 (56.8%) improved
Distal-type: 36 LAM: 19
Wang et al., 20147 28 Proximal-type: 12 ADF: 28 26.6 months 11 (91.7%) of proximal-type improved
Distal-type: 16 6 (37.5%) of distal-type improved
Improved means patients who gained 1 or more grades of muscle power improvement determined by MMT (excellent or good outcome).
CSA, cervical spondylotic amyotrophy; ADF, anterior decompression and fusion; LAM, laminoplasty with or without foraminotomy; N/A, not available; PDF, posterior decompression and fusion;
MMT, manual muscle test.

first choice regardless of the number of spinal canal stenosis,
because pathogenic lesion leading to CSA comes from the ventral
side of the nerve root or anterior horn. Posterior decompression is
an alternative option for the cases with multilevel OPLL, on which
anterior decompression is impossible or very difficult.

Several prognostic factors of CSA have been reported in previ-
ous studies.™ >3 The analyses in our study showed the patients
with longer duration of symptoms, combined-type CSA, and
association with OPLL had a poorer surgical outcome. A close
association between disease history and recovery of muscle power
in the patients with CSA has been proven in many studies.”*® It
generally is believed that a lengthy period of cord compression
causes irreversible injury to the spinal cord. Thus, Uchida et al.*®
suggested that surgical treatment of CSA required urgent action.

Most studies reported that the surgical outcome for distal-type
CSA was inferior to the outcome for proximal-type CSA. One
possible reason is that the distal type basically involves impinge-
ment against the anterior horn, which has less ability than the
ventral nerve roots to regenerate. Other reason may be the longer
distance from the spinal cord to muscle in the distal type than in
the proximal type.”'®** However, our study showed the
combined-type CSA patients had the poorer surgical outcome
compared with proximal or distal-type CSA, which was charac-
terized by longer duration of symptoms, greater number of cer-
vical kyphosis, spinal canal stenosis, and HIZ on T2-wieghed MRI.

In fact, clinical observation found combined-type CSA always
began from proximal or distal-type CSA. We think it is the late
stage of progression of CSA disease.

In addition, our results showed that OPLL was a new prognostic
factor related to poor surgical outcome. This condition could be
more common in Chinese and other Asian patients, and the
morbidity reached 24.3% in our patients with CSA. The hard
compression lesion means longer disease history and more
serious damage to the neurologic elements.

One weakness of this retrospective study is that our patients did
not have the results of electrophysiology examinations, which
contribute to investigate the pathophysiology of different type of
CSA. The results of electrophysiology examination also help us to
distinguish CSA from amyotrophic lateral sclerosis and other
motor neuron diseases."”"> Another weakness of this study is that
most of our patients were treated by anterior decompression; thus,
we could not perform a direct comparison of surgical outcome
between anterior and posterior approach on a similar patient
population.

CONCLUSIONS

CSA is not very common in clinical practice. This study focuses on
the clinical features and surgical outcomes of the patients with
CSA. Besides significant muscular atrophy in one upper extremity,

WORLD NEUROSURGERY 121: E172-E180, January 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY E179


www.journals.elsevier.com/world-neurosurgery

TIEFENG LI ET AL.

ORIGINAL ARTICLE

OUTCOMES OF PATIENTS WITH CSA

it also occasionally presents with mild atrophy in the other upper
extremity, sensory disturbance in the upper extremities, or
hyperflexia in the lower extremities. There is no significant cor-
relation between the levels of muscle atrophy and the levels of

REFERENCES

1.

10.

. Ahdab R,

Akiyama N, Kitamura H, Yoshimura Y,
Tsuchiya T, Shiokawa A. Dissociated motor loss in
the upper extremities with cervical spondylosis, a
report of autopsy case. Nippon Seikeigeka Gakkai
Zasshi. 1980;54:303-310 [in Japanese].

. Ebara S, Yonenobu K, Fujiwara K, Yamashita K,

Ono K. Myelopathy hand characterized by muscle
wasting. A different type of myelopathy hand in
patients with cervical spondylosis. Spine (Phila Pa
1976). 1988;13:785-791.

Creange A, Benaderette S,
Lefaucheur JP. Cervical spondylotic amyotrophy
presenting as dropped head syndrome. Clin Neurol
Neurosurg. 2009;111:874-876.

. Crandall PH, Batzdorf H. Cervical spondylotic

myelopathy. ] Neurosurg. 1966;25:57-66.

. Brain WR, Northfield D, Wilkinson M. The

neurological manifestations of cervical spondy-
losis. Brain. 1952;75:187-225.

. Keegan JJ. The cause of dissociated motor loss in

the upper extremity with cervical spondylosis.
J Neurosurg. 1965;23:528-536.

. Sobue I, Kato H, Yanagi T. Clinical characteristics

and classification of cervical spondylotic myelop-
athy. Rinsbo Seikeigeka. 1975;10:999-1006 [in
Japanese].

. Holman PJ, Benzel EC. Physical and neurologic

examination. In: Benzel EC, ed. Spine Surgery. 2nd
ed. 136—140. Philadelphia, PA: Elsevier, Churchill
Livingstone; 2005.

. Matsumoto M, Fujimura Y, Toyama Y. Usefulness

and reliability of neurological signs for level
diagnosis in cervical myelopathy caused by soft
disc herniation. J Spinal Disord. 1996;9:317-321.

Jiang SD, Jiang LS, Dai LY. Cervical spondylotic
amyotrophy. Eur Spine J. 2011;20:351-357.

II.

12.

13.

14.

15.

16.

17.

18.

19.

Uchida K, Nakajima H, Yayama T, Sato R,
Kobayashi S, Kokubo Y, et al. Anterior and pos-
terior decompressive surgery for progressive
amyotrophy associated with cervical spondylosis: a
retrospective study of 51 patients. ] Neurosurg Spine.
2000;11:330-337.

Kaneko K, Taguchi T, Toyoda K, Kato Y,
Azuma Y, Kawai S. Distal-type cervical spondylotic
amyotrophy: assessment of pathophysiology from
radiological findings on magnetic resonance im-
aging and epidurally recorded spinal cord re-
sponses. Spine (Phila Pa 1976). 2004;29:E185-E188.

Srinivasa Rao NV, Rajshekhar V. Distal-type cer-
vical spondylotic amyotrophy: incidence and
outcome after central corpectomy. ] Neurosurg

Spine. 2009;10:374-379.

Gebere-Michael SG, Johnston JC, Metaferia GZ,
Wuhib MZ, Fernandez HH. Bilateral symmetric
cervical spondylotic amyotrophy: a novel presen-
tation and review of the literature. ] Neurol Sci.
2010;290:142-145.

Shinomiya K, Komori H, Matsuoka T, Mutoh N,
Furuya K. Neuroradiologic and electrophysiologic
assessment of cervical spondylotic amyotrophy.
Spine (Phila Pa 1976). 1994;19:21-25.

Matsunaga S, Sakou T, Imamura T, Morimoto N.
Dissociated motor loss in the upper extremities.
Clinical features and pathophysiology. Spine (Phila
Pa 1976). 1993;18:1904-1967.

Fujiwara Y, Tanaka N, Fujimoto Y, Nakanishi K,
Kamei N, Ochi M. Surgical outcome of posterior
decompression for cervical spondylosis with uni-
lateral upper extremity amyotrophy. Spine (Phila Pa
1976). 2000;31:E728-E732.

Inui Y, Miyamoto H, Sumi M, Uno K. Clinical
outcomes and predictive factors relating to prog-
nosis of conservative and surgical treatments for
cervical spondylotic amyotrophy. Spine (Phila Pa
1976). 2011;36:794-799.

Imajo Y, Kato Y, Kanchiku T, Suzuki H,
Yoshida Y, Funaba M. Prediction of surgical

20.

2I.

22,

23.

24.

cervical stenosis. Anterior decompression is generally effective in
the treatment of patients with CSA regardless of the numbers of
cervical stenosis. Preoperative duration of symptoms, type of CSA
and OPLL are important predictors for the surgical outcome.

outcome for proximal-type cervical spondylotic
amyotrophy novel mode of assessment using
compound action potentials of deltoid and biceps
brachii and central motor conduction time. Spine
(Phila Pa 1976). 2012;37:E1444-E1449.

Tauchi R, Imagama S, Inoh H, Yukawa Y,
Kanemura T, Sato K, et al. Risk factos for a poor
outcome following surgical treatment of cervical
spondylotic amyotrophy: a multicenter study. Eur
Spine J. 2013;22:156-166.

Zhang J, Cui C, Liu Z, Tong T, Niu R, Shen Y.
Predisposing factors for poor outcome of surgery
for cervical spondylotic amyotrophy: a multivariate
analysis. Sci Rep. 2016;6:39512.

Wang H, Li H, Jiang Y, Lu F, Chen W, Ma X.
Evaluation of characteristics and surgical out-
comes in cervical spondylotic amyotrophy. Indian J
Orthop. 2014;48:511-517.

Uchida, Nakajima H, Sato R, Kokubo Y,
Yayama T, Kobayashi S, et al. Multivariate analysis
of the neurological outcome of surgery for cervical
compressive myelopathy. ] Orthop Sci. 2005;10:
564-573.

Tsuboi Y, Tokumaru Y, Hirayama K. Clinical dif-
ference between “proximal” and “distal” type of
cervical spondylotic amyotrophy. Rinsho Shinkei-
gaku. 1995;35:147-152 [in Japanese].

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 11 June 2018; accepted 11 September 2018

Citation: World Neurosurg. (2019) 121:¢172-e180.
https.//doi.org/10.1016/j.wneu.2018.09.072

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2018 Elsevier Inc. All
rights reserved.

E180

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WwNEU.2018.09.072


http://refhub.elsevier.com/S1878-8750(18)32118-1/sref1
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref1
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref1
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref1
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref1
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref2
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref2
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref2
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref2
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref2
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref3
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref3
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref3
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref3
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref4
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref4
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref5
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref5
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref5
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref6
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref6
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref6
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref7
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref7
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref7
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref7
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref8
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref8
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref8
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref8
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref8
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref9
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref9
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref9
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref9
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref10
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref10
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref11
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref12
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref13
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref13
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref13
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref13
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref14
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref14
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref14
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref14
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref14
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref15
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref15
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref15
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref15
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref16
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref16
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref16
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref16
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref17
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref17
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref17
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref17
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref17
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref18
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref18
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref18
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref18
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref18
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref19
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref20
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref20
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref20
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref20
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref20
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref21
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref21
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref21
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref21
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref22
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref22
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref22
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref22
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref23
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref23
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref23
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref23
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref23
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref24
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref24
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref24
http://refhub.elsevier.com/S1878-8750(18)32118-1/sref24
https://doi.org/10.1016/j.wneu.2018.09.072
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.09.072

	Clinical Features and Long-Term Surgical Outcomes of Patients with Cervical Spondylotic Amyotrophy
	Introduction
	Materials and Methods
	Patient Selection
	Surgical Approach
	Outcome Assessment
	Statistical Analysis

	Results
	Clinical Features
	Surgical Outcomes and Prognostic Factors

	Discussion
	Conclusions
	References


