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Abstract: Objective: To investigate risk factors for C5 palsy following anterior cervical decompression (ACD). Meth-
ods: A retrospective analysis was made on clinical data from 100 patients with cervical spondylotic myelopathy 
(CSM) admitted to the Department of Spine Surgery of The Third Hospital of Hebei Medical University from Janu-
ary 2015 to June 2017. All the patients underwent ACD. In terms of the criteria for diagnosing postoperative C5 
palsy, the patients were divided into the palsy group and the non-palsy group. The patients in the two groups were 
compared in the basic data, the Japanese Orthpaedic Association (JOA) scores, changes in the values of cervical 
lordosis, the sagittal diameters of C4/C5 intervertebral foramina, and the incidence of preoperative hyper-intense 
signal changes within the spinal cord at C4-C5. Multivariate logistic regression analysis was employed for explor-
ing the risk factors for C5 palsy. Results: The patients in the two groups differed insignificantly in basic data (age, 
sex, operative time, intraoperative blood loss, and course of disease). The postoperative JOA scores in the palsy 
group were significantly lower than those in the non-palsy group (P < 0.001). The changes in the values of cervical 
lordosis before and after surgery in the paralyzed group were greater than those in the non-palsy group, but sagittal 
diameters of C4/C5 intervertebral foramina were remarkably larger in the non-palsy group than in the palsy group 
(all P < 0.001). The incidence of preoperative hyper-intense signal changes within the spinal cord at C4-C5 varied 
insignificantly between the two groups. Multivariate logistic regression analysis demonstrated that changes in the 
values (greater than 6.5°) of cervical lordosis before and after surgery, and sagittal diameter (less than 2.2 mm) of 
C4/C5 intervertebral foramina were risk factors for the presence of postoperative C5 palsy. Conclusion: For patients 
with CSM who had undergone ACD, changes in the values of cervical lordosis before and after surgery, changes in 
the values of cervical lordosis, and the sagittal diameter of C4/C5 intervertebral foramina are risk factors for pres-
ence of postoperative C5 palsy.
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Introduction

Clinically, cervical spondylosis (CS) is a com-
mon degenerative disease which severely 
affects patients’ physical and mental health, 
and quality of life [1, 2]. Surgery is necessary 
when the spinal cord is compressed severely. 
Currently, clinically surgical techniques for CS 
are primarily anterior and posterior cervical 
approaches. Postoperative cervical C5 palsy is 
a frequently-seen complication, and is difficult 
to treat clinically [3, 4]. C5 palsy is consider- 
ed to be the clinical manifestation of decreases 
in muscle strength of deltoid muscle or muscu-
lus biceps brachii associated with or without 
shoulder numbness, pain, and other functional 

impairments following cervical decompression 
surgery, without any aggravation of impaired 
spinal cord functions [5, 6]. In recent years, 
with the extensive application of cervical de- 
compression surgery, postoperative C5 palsy is 
increasingly prevalent, which captures increas-
ing attention from relevant scholars.

However, the exact mechanisms for C5 palsy 
remain unknown. The presence of C5 palsy may 
be related to surgery-induced injury, spinal cord 
ischemia-reperfusion injury, spinal cord drift 
after decompression, or segmental lesions of 
the spinal cord [7, 8]. Multiple studies have 
focused on the pathogenesis of C5 palsy after 
posterior cervical decompression, but few have 
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reported on C5 palsy after anterior cervical 
decompression [9-12]. To further explore the 
risk factors for C5 palsy after anterior cervical 
decompression, the current study was desi- 
gned. From January 2015 to June 2017, we ret-
rospectively reviewed the clinical records of 
100 patients with CS who had undergone ante-
rior cervical decompression (ACD) in The Third 
Hospital of Hebei Medical University to eluci-
date the risk factors related to the onset of C5 
palsy, with an expectation to provide more 
experimental evidence for better prevention 
and treatment of C5 palsy.

Materials and methods

Study patients

From January 2015 to June 2017, 100 patients 
with confirmed CS admitted to The Third 
Hospital of Hebei Medical University who had 
undergone ACD were recruited in this study. C5 
palsy was defined as when the patient’s muscle 
strength of the musculus biceps brachii or del-

ment if they presented with the indications for 
anterior cervical decompression (ACD) and 
could actively comply with this study. Patients 
were excluded if they had a history of CS, cervi-
cal ossification of the posterior longitudinal lig-
aments, severe hepatorenal disorder, osteopo-
rosis, tumors, or co-infection. This study was 
approved by the Medical Ethics Committee of 
The Third Hospital of Hebei Medical University, 
and all patients submitted written informed 
consent.

Surgical procedures

As far as the surgical technique for treating 
CSM was concerned, ACD was selected for the 
patients. The procedures were as follows: 
under general anesthesia, each patient was 
placed in supine position, with the neck slightly 
out-stretched. A right transverse incision was 
made in the anterior neck. The tissues were 
separated layer by layer. The cervical vascular 
sheath and the visceral sheath were separat-
ed, and advancing into the prevertebral space 
allows the exposure of the anterior surface of 
the spine. A positioning needle was inserted 
into the intervertebral space and confirmed 
using a C-arm x-ray apparatus during the opera-
tion. After disc nucleus spreaders were installed 
in the positions above and below the site for 
discectomy, a transverse incision was made to 
cut the anterior longitudinal ligaments in the 
disc center. The intervertebral disc tissue and 
endplate cartilage were removed with a curette 
and nucleus pulposus forceps. After rinsing the 
lesions with normal saline, the remaining nucle-
us pulposus tissue was removed from different 
angles with nerve dissectors. Thorough decom-
pression was performed until the dura mater 
returned to normal. A bone graft fusion cage in 
suitable size was selected, filled with autolo-
gous bone and then implanted into the corre-
sponding intervertebral space. After it had 
been confirmed in good condition by the C-arm 

Table 1. Basic patient data

Variables Case Age 
(year) Sex CD (mon) OT (min) IOBL 

(mL)
Palsy group 11 48.6±5.1 7/4 28.7±7.5 127.8±12.4 63.5±6.7
Non-palsy group 89 50.6±5.5 41/48 24.8±6.7 130.1±13.2 62.4±5.8
t/X2 1.319 0.199 0.420 0.357 0.201
P 0.192 0.656 0.679 0.722 0.849
Note: CD, course of disease; OT, operative time; IOBL, intraoperative blood loss.

toid muscle had declined 
by at least one level with-
out any aggravation of spi-
nal cord symptoms. En- 
rolled patients with ACD 
were randomly divided into 
the palsy group and the 
non-palsy group. Patients 
older than 18 years of age 
were eligible for enroll-

Figure 1. Comparison of JOA scores of patients be-
fore and after surgery between the non-palsy group 
and the palsy group. *P < 0.001, compared within the 
same group before surgery; #P < 0.001, compared to 
the non-palsy group. JOA denotes the Japanese Or-
thopedic Association.
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x-ray apparatus, the anterior edge of the verte-
bral body was fixed by plates. The surgical 
region was washed and the wound was tightly 
closed to stop bleeding. A drainage tube was 
placed and the incision was sutured layer by 
layer. After surgery, the patients received rou-
tine symptomatic treatment which included 
administration of antibiotics for anti-infection, 
trophic nerve, and rehydration. They were also 
instructed to wear cervical collars. The drain-
age tubes were removed within 24-48 h after 
surgery. Three days after surgery, patients were 
asked to ambulate and do exercise, and the 
cervical collars were taken off at around 3 
months.

Outcome measures

The primary outcomes in this study are inde-
pendent risk factors for postoperative C5 palsy, 
which were evaluated by univariate and multi-
variate logistic regression analyses.

Secondary outcomes comprised the Japanese 
Orthpaedic Association (JOA) scores, changes 
in the value of cervical lordosis, the difference 
in sagittal diameter of C4/C5 intervertebral 
foramina, and the incidence of preoperative 
hyper-intense signal changes within the spinal 
cord at C4-C5. The JOA scores covered motor, 
sensory, and bladder functions. On a scale of 
17 points, lower scores indicated more severe 
spinal cord dysfunction. On the lateral cervical 
spine radiograph, the angle formed by draw- 
ing two lines in parallel to the endplates inferior 
to C2 and C7 vertebra was the Cobb angle.  
The changes in the values of cervical lordosis 
were assessed by the differences in the values 
of the Cobb angle before and after surgery.  
The sagittal diameter of C4/C5 intervertebral 

foramina was defined as the sagittal diameter 
of the intervertebral foramina from the junction 
between the posterior lower border of the unci-
nate process of the upper vertebrae and the 
posterior upper border of the uncinate process 
of the lower vertebrae to the midpoint at the 
junction between the superior and inferior 
articular processes.

Statistical analysis

All the data were processed using SPSS soft-
ware, version 19.0. Quantitative data are de- 
scribed as mean ± sd, with the independent 
samples t-tests used for between-group com-
parisons. Count data were analyzed by the Chi-
square tests. The risk factors for C5 palsy fol-
lowing surgery were evaluated by multivariate 
logistic regression analyses. The included vari-
ables were the indicators which were remark-
ably different between the two groups in uni-
variate analysis, including the JOA scores, the 
changes in the values of cervical lordosis, the 
sagittal diameter of C4/C5 intervertebral fo- 
ramina, and preoperative hyper-intense signal 
changes within the spinal cord at C4-C5 of 
patients. The variables were evaluated by the 
step-wise method. P < 0.05 was set as signifi-
cant difference.

Results

Basic data of patients

The basic data (sex, age, course of disease, 
operative time, and intraoperative blood loss) 
were well-matched between the palsy gro- 
up and the non-palsy group, as illustrated in 
Table 1.

Figure 2. Changes in the values of cervical lordosis 
of patients in the two groups. *P < 0.001, compared 
with the non-palsy group.

Figure 3. Sagittal diameters of C4/C5 intervertebral 
foramina of patients in the two groups. *P < 0.001, 
compared with the non-palsy group.
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JOA scores of patients

No significant difference was noted in preoper-
ative JOA scores between the non-palsy gro- 
up and the palsy group (7.6±0.5 vs 7.8±0.7, 
P=0.967). The postoperative JOA scores were 
remarkably higher in both groups than those 
before surgery (P < 0.001), with considerably 
lower JOA scores in the palsy group than in  
the non-palsy group (11.9±1.2 vs 14.6±1.4, P 
< 0.001; Figure 1).

Changes in the values of cervical lordosis of 
patients

The value of cervical lordosis of patients was 
increased by 11.6±1.3 in the palsy group, and 
4.3±0.6 in the non-palsy group, with substan-
tive difference between the two groups (P < 
0.001; Figure 2).

Sagittal diameter of C4/C5 intervertebral 
foramina of patients

The sagittal diameter (2.7±0.5 mm) of the C4/
C5 intervertebral foramen in the palsy group 
was markedly lower than that (3.6±0.7 mm) in 
the non-palsy group (P < 0.001; Figure 3).

Preoperative hyper-intense signal changes 
within the spinal cord at C4-C5

The preoperative hyper-intense signal chang- 
es within spinal cord at C4-C5 were noted in 3 
of 11 patients in the palsy group, and in 13  
of 89 patients in the non-palsy group. There 
was no substantive difference in the propor-
tions of patients with preoperative hyper-
intense signal changes within the spinal cord  
at C4-C5 between the two groups (X2=0.416, 
P=0.519).

Multivariate logistic regression analysis

Multivariate logistic regression analysis was 
conducted with the presence of palsy symptom 
after ACD was utilized as a dependent variable, 
and the postoperative JOA scores, the changes 
in the values of cervical lordosis, the sagittal 
diameter of C4/C5 intervertebral foramina, and 
the preoperative hyper-intense signal changes 
within spinal cord at C4-C5 as independent 
variables. The assigned values for the variables 
are listed in Table 2. The analysis demonstrat-
ed that the changes in the values of cervical 
lordosis, and the sagittal diameter of C4/C5 
intervertebral foramina were high risk factors 
for C5 palsy following ACD (Table 3).

Discussion

C5 palsy, one of the common complications 
after cervical decompression surgery, was first 
introduced by Scoville in 1961 [13]. A retro-
spective analysis on the clinical data of 750 
patients with cervical surgery revealed that the 
rate of overall postoperative C5 palsy was 
approximately 6.7%, of which the rate of post-
operative C5 palsy after ACD was 5.1% [14]. 
Hashimoto et al. reported 8.5% of C5 palsy 
after ACD in patients [15]. In the current study, 
postoperative C5 palsy occurred in approxi-
mately 11% of the 100 enrolled patients who 
had undergone ACD. In this study, C5 palsy was 
diagnosed when the muscle strength of muscu-
lus biceps brachii or deltoid muscle had been 
reduced by at least one level or more. The dif-
ferent incidences of C5 palsy reported might be 
attributed to the diverse criteria for identifying 
declining muscle strength in previous studies. 
The results of the current study indicated no 
remarkable difference was noted in the preop-

Table 2. Assigned values for the variables
Variables Assigned values
Postoperative JOA score 1: JOA score > 8.5

2: JOA score < 8.5
Changes in the cervical lordosis values 1: Cervical lordosis value < 6.5°

2: Cervical lordosis value > 6.5°
Sagittal diameter of intervertebral foramina 1: C4/C5 sagittal diameter > 2.2 mm

2: C4/C5 sagittal diameter < 2.2 mm
Preoperative hyper-intense signal changes within spinal cord 1: No

2: Yes
Note: JOA, the Japanese Orthopedic Association.
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erative JOA scores between the patients with 
C5 palsy and those without C5 palsy, but post-
operative JOA scores were considerably im- 
proved in all the patients, with lower JOA scores 
in patients with C5 palsy than those without C5 
palsy. Previous studies reported better overall 
prognosis of postoperative C5 palsy, and 67% 
of patients had recovered neurologic functions 
within 2 years after surgery, with a mean recov-
ery duration of approximately 4.1 mon [16]. In 
our current study, the differences in JOA scores 
of patients between the two groups might 
affect patient’s satisfaction with the improve-
ments in surgical outcomes.

Segmental pathological changes in the spinal 
cord are one of the key mechanisms for pres-
ence of C5 palsy following ACD. A study stated 
hyper-intense opacities at the C4/C5 segment 
of the cervical spine on T2WI images, implying 
that long-term compression gave rise to patho-
logical changes (degeneration of the spinal 
cord or edema), and caused segmental spinal 
cord dysfunctions, resulting in the presence of 
symptoms of C5 palsy. Therefore, it is consid-
ered that the hyper-intense signals on T2WI 
correlate with C5 palsy [17]. Nevertheless, 
other studies show that the changes in hyper-
intense signals on T2WI are merely unspecific 
changes in inflammation and edema of the spi-
nal cord after compression, and local hyper-
intensity is predominantly found in the gray 
matter surrounding the central canal of the spi-
nal cord [18, 19]. The multivariate logistic 
regression analysis in the current study demon-
strated that there was no correlation between 
C5 palsy following ACD and segment C4/C5 
hyper-intense signals on T2WI. This indicates 
that not all patients with hyper-intense regions 
on T2WI will develop C5 palsy.

In the current study, values for cervical lordosis 
greater than 6.5° was one of the risk factors 
for postoperative C5 palsy. Likewise, another 
study reported greater changes in the values of 
cervical lordosis in patients with C5 palsy than 
in those without C5 palsy, suggesting a greater 
change in the value of cervical lordosis indicate 

a higher incidence of postoperative C5 palsy 
[20]. This might be due to the fact that C5 nerve 
root is shorter than other nerve roots in length, 
and C5 is at the apex of cervical lordosis. An 
excessive correction of the cervical curvature 
may cause damage to C5 nerve root, and sub-
sequent insufficient blood supply of the nerve 
root arteries, ultimately resulting in nerve root 
edema and neurologic impairment. This is basi-
cally in line with the results reported by Baba et 
al. [21].

Cervical nerve root is prone to be compressed 
as it runs along the cervical nerve root groove. 
The intervertebral foramen is the initial part of 
the cervical nerve root groove, and interverte-
bral foramen narrowing inevitably lead to nerve 
root compression, which in turn results in 
edema and neurologic disorder. Postoperative 
C5 palsy has been showed to be associated 
with narrowing of the sagittal diameter of C4/
C5 intervertebral foramina [22]. Another study 
reported that for patients with laminoplasty, C5 
nerve root decompression helps reduce the 
incidence of postoperative C5 palsy [23]. The 
result of the current study demonstrated that 
the sagittal diameter of intervertebral foramina 
was more remarkably reduced in the palsy 
group than in the non-palsy group (P < 0.001). 
Multivariate logistic regression analysis showed 
that sagittal diameter narrowing of C4/C5 inter-
vertebral foramina is an important risk factor 
for C5 palsy after ACD, which is largely consis-
tent with the results reported by Katsumi et al. 
[24].

However, there are still some limitations in the 
current study, which include the small sample 
size of enrolled patients with postoperative C5 
palsy, a single-center study in nature, no long-
term follow-ups of patients, and the defects of 
the retrospective study, as well as the failure to 
fully elucidate the pathogenesis of C5 palsy. In 
the future, additional multi-center prospective 
randomized controlled trials with larger sample 
sizes and diversified imaging indicators are 
required for further validation.

Table 3. Multivariate logistic regression analysis for C5 palsy
Factors β SE Wald Adjusted OR OR (95% CI) P
Changes in the cervical lordosis values 0.747 0.388 6.069 1.845 1.065-1.354 0.003
Sagittal diameter of intervertebral foramina 0.842 0.415 5.374 0.338 0.087-0.814 0.021
Note: OR, odd ratio; CI, confidence interval.
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In conclusion, in the current study, we made a 
retrospective analysis regarding the clinical 
data of 100 patients who had undergone ACD. 
Postoperative C5 palsy occurred in 11 patients. 
However, causes for the presence of C5 palsy 
were complicated, and there were numerous 
compounding factors. The results of the cur-
rent study demonstrated that the changes in 
the values of cervical lordosis and the sagittal 
diameter of C4/C5 intervertebral foramina 
were risk factors for postoperative C5 palsy. 
This, to a certain degree, has a positive effect 
on prevention and treatment of postoperative 
C5 palsy and provides more experimental evi-
dence for clinical prevention of postoperative 
C5 palsy.
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