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Abstract: Background: It has been reported that C5 palsy is a potential complication of both anterior and posterior
cervical spine surgery, although several mechanisms of C5 palsy following posterior cervical surgery have been
proposed, few reports about correlative risk factors have been elaborated on C5 palsy after anterior cervical de-
compression and fusion (ACDF). Objective: The purpose of this study was to investigate the correlative risk factors
of C5 palsy after anterior cervical decompression and fusion. Methods: This is a retrospective study. A total of 161
patients (108 males and 53 females) who underwent ACDF between 2007 and 2012 were included in this study.
C5 palsy is characterized by deltoid and/or biceps brachii weakness. The patients were divided into two groups:
one that had experienced C5 palsy (group A) and the other one had not (group B). In both groups, the age, gender,
duration of disease, diagnosis, No. of surgical levels, cervical curvature correction, occupying rate of spinal canal at
C4/5, diameter of the C4/5 foramen, intervertebral height variation, decompression width and preoperative high-
signal intensity zone (HIZ) of spinal cord in T2-weighted MRI at C4/5 were measured and evaluated. The risk factors
of C5 palsy were detected with logistic regression analysis. Results: There were no significant differences in age,
gender, duration of disease, diagnosis, No. of surgical levels, rate of spinal canal at C4/5 and HIZ of spinal cord in
T2-weighted MRI at C4/5. Cervical curvature correction, diameter of the C4/5 foramen, intervertebral height varia-
tion and decompression width had significant differences between the two groups (P<0.05). Logistic regression
analysis revealed that cervical curvature, diameter of the C4/5 foramen, intervertebral height and decompression
width were the pivotal risk factors for the incidence of C5 palsy. Conclusion: For patients with ACDF, greater cervi-
cal curvature correction, narrow diameter of the C4/5 foramen, improper intervertebral height variation and larger
decompression width were the correlative risk factors for C5 palsy after ACDF.
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Introduction studies of C5 palsy after posterior procedure
has been studied intensively [6, 7], whereas the
number of studies about C5 palsy after anterior

cervical decompression surgery is relatively

Anterior or posterior cervical decompression
surgery has been advocated for the treatment

of cervical degenerative diseases [1, 2]. Alth-
ough these two surgical procedures have been
confirmed to yield generally good outcomes, C5
palsy is a potential complication not only after
posterior cervical surgery [3], but also after
anterior decompression surgery [4]. Posto-
perative C5 palsy is defined as deterioration in
muscle strength of the deltoid and/or biceps
brachii by at least one grade on manual motor
testing (MMT) [5]. The prevalence of C5 palsy is
low, but affected patients who have persistent
muscle weakness, brachialgia, or numbness
are dissatisfied with their surgery. The related

small. Thus, the incidence, risk factors and
characteristic of C5 palsy after ACDF have not
yet been fully elucidated. The aim of the pres-
ent study was to clarify the correlative risk fac-
tors of C5 palsy after anterior cervical decom-
pression and fusion.

Materials and methods
Patient population

A total of 189 consecutive patients who under-
went ACDF including the C4-C5 disc level
between March 2007 and December 2012 at


http://www.ijcem.com
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Table 1. Demographic summary in 161 patients

No. patients
Sex
Male 108
Female 53
Age (year) 37-75 (61.80+£9.25)
Duration of disease (month) 2-23(11.10+3.03)

Follow-up period (year) 2-6 (3.70+£1.32)

Diagnosis
CSM 69
CSME 56
OPLL 36
Levels of surgery
One level 19
Two level 82
Three level 60

Preoperative JOA score (points) 12.30+2.90

CSM, cervical spondylotic myelopathy; CSME, cervical
spondylotic radiculomyelopathy; OPLL, ossification of
posterior longitudinal ligament; JOA, Japanese Orthopaedic
Association.

our hospital were studied retrospectively. Ex-
clusion criteria were as follows: (1) preoperative
deterioration of deltoid muscle at grade 3 or
less in the MMT, (2) tumor, (3) trauma, (4) infec-
tion, (5) cervical vertebral fracture, (6) history
of cervical surgery, (7) severe systemic disease
or osteoporosis, (8) lack of adequate follow-up
data. Finally, 161 patients (108 males and 53
females) were included in this study.

A summary of demographic data, including pre-
operative diagnoses for the entire patients is
presented in Table 1. According to the pres-
ence or absence of C5 palsy after surgery, the
patients were divided into two groups: one that
had experienced C5 palsy (group A) and the
other one had not (group B). 8 of the entire pop-
ulation had postoperative C5 palsy. The C5
palsy incidence in this study was 5.2%, which is
consistent with the previous literature [8, 9].

Surgical procedures

The operation was performed in back position
after induction of general anesthesia with a
right anterior approach. One level fusion sur-
gery was performed by anterior cervical discec-
tomy and fusion, two levels fusion surgery were
performed by anterior cervical corpectomy and
fusion, and three levels surgery were conduct-
ed by discectomy combined with corpectomy.
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An intervertebral cage with autograft bone
implanted for the discectomy segment. An tita-
nium mesh with autograft bone implanted for
the corpectomy segment. The patients wore
cervical collars for 2 to 3 months postopera-
tively. No cervical instrument such as a halo
vest was used in the postoperative patients.

Clinical assessment

We evaluated the age, gender, duration of dis-
ease, diagnosis, No. of surgical levels between
the two groups. The preoperative Japanese
Orthopaedic Association (JOA) score was com-
pared between the two groups used to evaluate
the severity of myelopathy [10].

Radiological assessment

Radiological analysis was performed on pati-
ents with both preoperative and postoperative
imaging on lateral cervical radiograph, comput-
ed tomography (CT) and magnetic resonance
imaging (MRI). Six radiological parameters were
measured. All measurements were collected by
one independent radiologist who was blinded
to the patients’ information. Changes in cervi-
cal curvature and intervertebral height were
measured on lateral cervical radiograph (Fi-
gures 1, 2). Occupying rate of spinal canal at
C4/5, diameter of the C4/5 foramen and de-
compression width were calculated on CT axial
images (Figure 3A-C). Preoperative HIZ in T2-
weighted MRI at C4/5 was also evaluated
(Figure 3D).

Risk factor analysis

Patient characteristics (include the age, gen-
der, duration of disease, diagnosis, No. of surgi-
cal levels) and the results of their radiological
assessment were considered to analyze risk
factors.

Statistical analysis

Data were presented as mean * standard devi-
ation (SD) or frequency (percentage). Statistical
analyses were performed using the SPSS 17.0
statistical software program (SPSS, Inc., Chi-
cago, IL, USA). An independent samples t test
and Pearson x? test were used to compare the
C5 palsy and non-C5 palsy groups. Multivariate
logistic regression analysis was used for cor-
relative risk factor analysis. The parameter sig-
nificance was evaluated using univariate analy-
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Figure 1. Preoperative cervical curvature = (A), postoperative cervical curvature =p’ (B), cervical curvature varia-
tion =B-B.

sis. Factors with P<0.20 in the univariate analy-
sis were then included in the multivariate analy-
sis. All statistical tests were two-sided and
P<0.05 were considered statistically signifi-
cant.

Results
Demographic data of 8 patients with C5 palsy

C5 palsy developed in 8 patients (5.2%) after
the surgery, of whom 6 were men and 2 were
women. The average age at operation was
58.88 years (range, 37-74), and the average
follow-up period was 3.7 years (range, 2-6). The
occurrence of C5 palsy was within 10 days after
surgery in all patients. The status of the 8
patients were summarized in Table 2. The pre-
operative diagnoses for the 8 cases included 3
CSM cases, 3 OPLL cases, and 2 CSME cases.
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C5 palsy was found in 1 patient who underwent
1 level fusion, 4 patients with 2 levels fusion,
and 3 patients with 3 levels fusion. The mean
MMT score at the onset of C5 palsy was 2.4
(range, 1-3) for the muscle weakness. No fur-
ther surgery was performed for the 10 cases.
When C5 palsy occurred, the patients were
treated with active and passive shoulder range
of motion exercises, rest and drug administra-
tion to prevent contracture of the patient’s
muscles. 5 patients showed full recovery from
their C5 palsy. However, the recovery was in-
complete in other 3 patients.

Comparison of patient characteristics between
group A and group B

Table 3 summarized patient characteristics in
group A and group B. There were no significant
differences between the two groups in terms of
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Figure 2. Preoperative intervertebral height =H (A), postoperative intervertebral height =H’ (B), Intervertebral height

variation =H’-H.

Figure 3. Occupying rate of spinal canal at C4/5=a/bx100% (A),anterior-posterior diameter of the C4/5 foramen at
the narrowest portion =c (arrows) (B), vertebral trough width =d (C), preoperative HIZ in T2 weighted MRI at C4/5

(arrow) (D).

age, gender, duration of disease, diagnosis, No.
of surgical levels or preoperative JOA score
(P>0.05).

Comparison of radiological results

The radiological findings between the two gro-
ups are summarized in Table 4. In group A,
radiological measurements showed that the
preoperative cervical curvature increased from
6.24°C to 17.65°C postoperatively, and in
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group B it increased from 10.45°C to 17.89°C.
There was a significant difference in cervical
curvature correction between the two groups
(11.25 vs. 7.35, P=0.001). The anteroposterior
diameter of theC4/5 foramen was 2.35 mm in
group A and 3.20 mm in group B, and there was
a significant difference in the diameter of the
C4/5 foramen (P=0.001). The values of decom-
pression width were 16.05 and 13.92 respec-
tively. These differences were statistically sig-
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[95% CI 0.001-0.76], P=
0.034; intervertebral hei-
ght variation. RR 0.03
5 [95% CI 0.001-0.57], P=

Table 2. Characteristics of 8 patients with postoperative C5 palsy

Fusion Time from slurgery Pre-MTT Final-MTT
levels to paralysis (d)

Cases Age Sex Diagnosis

! 3 M M 3 0 > 0.037; and decompressi
2 orow o2 ’ > 5 onwid RRO04 9% 0l

0.001-0.81], P=0.02). Wh-
4 63 M CSME 1 5 5 5 ereas age, gender, dura-
5 37 M OPLL 2 10 5 4 tion of disease, diagnosis,
6 56 M OPLL 3 1 5 4 No. of surgical levels, rate
7 59 F CSM 2 0 5 5 of spinal canal at C4/5
8 74 F CSME 3 2 5 5 and HIZ of spinal cord in

T2-weighted MRI at C4/5
did not significantly affect
the incidence of postoper-
ative C5 palsy (Table 5).

M, male; F, female; CSM, cervical spondylotic myelopathy; CSME, cervical spondylotic
radiculomyelopathy; OPLL, ossification of posterior longitudinal ligament; MTT, manual
motor testing.

Table 3. Comparison of patient characteristics with and without post-
operative C5 palsy

Discussion

Variables Group A Group B P Value As we all know, the tech-
No. of cases 8 153 nique of ACDF is the main
Age (year) 58.88+11.61 61.95+9.13  0.36 surgical procedure for vari-
Sex ous cervical degenerative
Male 6 102 0.92 diseases dug to its direct
decompression. Now the

_Femal_e 2 51 anterior surgery has beco-
Diagnosis me more common than
CsM 3 66 0.95 the posterior surgery. Pos-
OPLL 3 53 toperative C5 palsy is a
CSME 2 34 serious complication of bo-
Duration of disease (month) 9.27+2.30 11.20+3.04 0.08 th posterior approach and
No. of surgical levels 2.25¢0.70  2.23+0.89 0.94 anterior approach. Altho-

Preoperative JOA score 11.16+2.60 12.36+2.91 0.26 ugh it has a relatively good

P<0.05 were considered statistically significant.

nificant (P=0.008). The intervertebral height
variation between the two groups was signifi-
cant difference (P=0.04). However, occupying
rate of spinal canal at C4/5 and preoperative
HIZ in T2-weighted MRI at C4/5 were non-sig-
nificantly different in the two groups.

Postoperative C5 palsy risk factor analysis

To identify correlative risk factors that influence
C5 palsy after ACDF, we performed a logistic
regression. Multivariate logistic regression an-
alyses revealed cervical curvature correction,
diameter of the C4/5 foramen, intervertebral
height variation and decompression width to
be significant risk factors for developing post-
operative C5 palsy (cervical curvature corr-
ection. RR 0.15 [95% CI 0.02-0.97], P=
0.047;diameter of the C4/5 foramen: RR 0.03
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prognosis, it decreased
the quality of people’ liv-
ing. An increased incide-
nce of C5 palsy has been reported for cervical
decompression procedures. Sakaura et al. [8]
have analyzed the literature on C5 palsy pub-
lished from 1986 to 2002. They summarized
that its average incidence after ACDF was 4.3%
(range 1.6%-12.1%), and posterior decompres-
sion surgery was 4.7%. Hashimoto M et al. [4]
reported that the incidence of C5 palsy after
anterior surgery differed from 3.2 to 9.1%,
depending on previous studies. In our study,
the incidence of postoperative C5 palsy con-
curred with previous reports. A few scholars
have investigated the incidence and mecha-
nism of C5 palsy after posterior decompression
surgery [5-7, 11, 12]. But the number of studies
regarding C5 palsy after anterior cervical sur-
gery was smaller than that for posterior sur-
gery, and few suggestions have been made
regarding correlative risk factors of C5 palsy
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Table 4. Comparison of the radiological measurements between group A and group B

Measurements Group A Group B P Value
Cervical curvature correction () 11.29+£3.91 7.35+2.90 0.001~*
Occupying rate of spinal canal at C4/5 (%) 38.10+5.35 34.9245.02 0.087
Diameter of the C4/5 foramen (mm) 2.35+£0.30 3.20+£0.43 0.001*
Vertebral trough width (mm) 16.05+£2.48 13.92+2.18 0.008*
Preoperative HIZ in T2 weighted MRI at C4/5
Have 3 70 0.93
Not have 5 83
Intervertebral height variation (mm)
<3 2 102 0.04~*
>3 6 51

*Statistically significant.

Table 5. Logistic regression analysis for the risk factors of postoperative C5 palsy

. Univariate Multivariate#
Variables
RR (95% Cl) p Value RR (95% Cl) p Value
Age 1.44 (0.63-3.30) 0.39
Sex 1.50 (0.79-7.69) 0.63
Diagnosis 0.87 (0.36-7.14) 0.77 0.27 (0.02-3.14) 0.30

Duration of disease 5.05 (0.99-25.88) 0.05

0.97 (0.44-2.17) 0.95

3.90 (1.11-13.66) 0.03 0.86 (0.09-8.12) 0.89
Cervical curvature correction 0.26 (0.08-0.71 0.008 0.15 (0.02-0.97) 0.047*
Occupying rate of spinal canal at C4/5 0.75 (0.28-2.06 0.18 0.26 (0.02-3.30) 0.299

)
( )
Diameter of the C4/5 foramen 0.13 (0.01-0.76) 0.02 0.03 (0.001-0.76) 0.034*
( )
( )

No. of surgical levels
Preoperative JOA score

Vertebral trough width 0.16 (0.03-0.79 0.03 0.04 (0.001-0.81) 0.037*
Preoperative HIZ in T2 Weighted MRI at C4/5 1.41 (0.32-6.09 0.65

Intervertebral height variation

0.17 (0.03-0.86) 0.17

0.03 (0.001-0.57)  0.02*

#The multivariate model includes variables with P<0.20 by univariate analysis. *Statistically significant.

after ACDF. In the present study, a multivariate
logistic regression analysis of its correlative
risk factors has been performed, and the
mechanism of C5 palsy after ACDF has been
preliminarily investigated.

Numerous investigators have analyzed the
cause of C5 palsy after cervical decompression
surgery but none has provided definite evi-
dence of its mechanism. There are various hy-
potheses regarding the etiology of postopera-
tive C5 palsy. One is that C5 palsy was consid-
ered to result from direct C5 root injury due to
the surgical procedure [13]. They proposed that
surgical instruments may injure neural tissue.
However, with the improvement of surgical te-
chnique for both anterior and posterior ap-
proaches, the incidence of C5 palsy has not sig-
nificantly reduced [3]. Tanaka et al. [14] had not
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observed abnormal events by transcranial elec-
tric motor-evoked potential monitoring during
surgery, so they considered that C5 palsy is not
associated with intraoperative injury and this
hypothesis cannot explain the development of
C5 palsy occurred several days after the sur-

gery.

Another theory concerns a tethering effect. In
1996, Tsuzuki, et al. [15] presumed that the
tethering phenomenon of nerve roots might
cause C5 palsy as the result of a shift of the
spinal cord in association with anchoring of the
nerve root at the edge of the uncovertebral
joint or the superior facet after tethering. This
hypothesis appears to be concerned with the
anatomic features of C5, which includes the C5
root is shorter than the other segments’ roots,
and the C5 segment is usually at the level
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where the extent of posterior shifting of the
cord is thought to be greatest [16]. However,
some authors pointed out that there was no
correlation between the incidence of C5 palsy
and the posterior shift of the cord [5, 17].

Another hypothesis is that C5 palsy might be
associated with damage of the gray matter of
the spinal cord. Because HIZ in the spinal cord
on postoperative T2-weighted MRI was found in
patients with C5 palsy [18]. Hashimoto M et al.
[19] proposed that the presence of HIZ on
T2-weighted MRI preoperative might be one eti-
ology of C5 palsy. Some researchers speculat-
ed that local reperfusion injury in the spinal
cord and deterioration of gray matter might be
correlation with C5 palsy, by HIZ on T2-weighted
MRI newly or expansively after surgery [3, 20].
However, Seichi et al. [21] found no difference
of the expansion of HIZ on T2-weighted MRI in
patients with or without C5 palsy. In our study,
logistic regression analysis demonstrated that
HIZ on T2-weighted MRI preoperative was not a
risk factor of C5 palsy after ACDF.

Therefore, the mechanisms of postoperative
C5 palsy were still controversial. To find the risk
factors of C5 palsy with multivariate studies is
particularly important. In this study, significant
risk factors for the development of postopera-
tive C5 palsy included cervical curvature cor-
rection, diameter of the C4/5 foramen, inter-
vertebral height variation and decompression
width were found by multivariate logistic regres-
sion analysis. We proposed that increased cer-
vical curvature may be a risk factor of C5 palsy,
in the present study, patients with C5 palsy
tended to have greater cervical curvature cor-
rection than those of patients without C5 palsy
(P<0.05). Tanaka N et al. [14] implied that the
correction of the cervical alignment might be a
cause of C5 palsy after cervical laminoplasty
due to posterior shift of the spinal cord. Hojo et
al. [22] found that the change in the C2-7 angle
with C5 palsy was significantly larger than that
without C5 palsy. This indicated that the magni-
tude of change in cervical curvature correlated
with postoperative C5 palsy. We considered
that greater correction of cervical curvature
might increase the tension of C5 nerve root due
to anatomic factor and result in C5 palsy after
ACDF. Recently, several studies have described
the relationship between C5 palsy and preop-
erative C4/5 foraminal stenosis. Some authors
[6, 23] observed significant narrowing of the
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C4/5 foramen in preoperative CT axial images
between palsy group and non-palsy group.
Some surgeons [6, 23, 24] noted that prophy-
lactic C4/5 foraminal decompression can
decrease the incidence of C5 palsy which sup-
ported the above opinion. Our findings revealed
a significant difference in preoperative C4/5
foraminal stenosis in patients with C5 palsy
and suggested that diameter of the C4/5 fora-
men was a risk factor for C5 palsy. Our results
demonstrated that the decompression width
with C5 palsy was significantly larger than that
without C5 palsy (15.69 vs. 14.38 mm,
P<0.001). This result suggested that decom-
pression width is associated with C5 palsy.
Odate et al. [25] analyzed 32 patients with
postoperative C5 palsy after ACDF, they rev-
ealed that patients with C5 palsy had larger
decompression width compared with non-palsy
group and suggested excessive wide decom-
pression may enhance C5 palsy development.
Saunders [26] also stated that restriction of
the decompression width to less than 15 mm
could prevent C5 palsy after ACDF. Our results
support the above hypothesis. This may result
from increased root traction force caused by
excessive anterior dural expansion. There had
no papers investigated the relationship be-
tween C5 palsy and intervertebral height varia-
tion by now. Kawakami et al. [27] revealed that
patients with improper enlargement of interver-
tebral height may cause axial symptom. In our
study, we found that =3 mm intervertebral
height variation may increase the incidence of
C5 palsy. Excessive enlargement of interverte-
bral height could increase the tension of nerve
root and cause root paralysis.

There are several limitations of this study. One
is that our study may be limited in the sample
size of C5 palsy cases, and the risk of Type 1
error is high with so few events. A larger num-
ber of patients will be required to confirm our
conclusions. The other one is this is a retro-
spective study, although our results are statisti-
cally significant, retrospective study has inher-
ent limitations. Hence, further studies with a
prospective design are required.

In conclusion, for patients with ACDF, greater
cervical curvature correction, narrow diameter
of the C4/5 foramen, improper intervertebral
height variation and larger decompression wi-
dth were the correlative risk factors for C5 palsy
after ACDF. Our findings may be valuable for
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surgeons considering ACDF. Surgeons should
consider proper correction of cervical curva-
ture, decompression of C4/5 foramen steno-
sis, <3 mm intervertebral height variation and
restriction of the decompression width to
reduce the incidence of C5 palsy.
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