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ABSTRACT
AIm: To compare both the clinical characteristics and incidence of postoperative cervical nerve root palsy in cervical spondylosis
patients treated by posterior total laminectomy, decompression and instrumentation with two different common body positions,
traction bed and plaster bed.
MaterIal and Methods: One hundred and thirty-three patients, with a mean age of 49.5 years suffering from multilevel cervical
spondylosis and treated by laminectomy from 2007 to 2009, were reviewed.
Results: Overall 30 of 133 (22.56%) patients had C5 palsy, of which 14 (19.44%) out of 72 patients were in the plaster bed group,
while 16 of 61 (26.23%) patients were in the traction bed group. The difference was statistically significant (P <0.05).
ConclusIon: The cervical curvature index (CCI) reflected both the change of cervical height and the change of the overall cervical
curvature. CCI was related with the incidence of C5 nerve root palsy postoperatively. The patients in the traction bed group had a
higher nerve root palsy rate and change in cervical alignment because of over traction.
Keywords: Cervical spondylosis, Laminectomy, Surgical complication, Postoperative C5 palsy, Spinal instrumentation.

█

INTRODUCTION

Laminectomy and posterior internal fixation is a common
treatment method for cervical spondylosis. However, C5
palsy can be a significant postoperative complication (3-5,
8-10,12,13,16,17). Patients develop of sensation disorder
and/or persistent pain around the shoulder region which is
dominated by C5. Moreover, there is muscle weakness, or only
motor motion weakness in the C5 sector (15,17). A traction
bed (Figure 1) or a plaster bed (Figure 2) are two common
body positions used during this operation. These two different
methods may be associated with the incidence of C5 palsy
after surgery.
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Our study compared the incidence and radiological and clinical characteristics of C5 palsy in those two groups. The
incidence of C5 palsy combined with posterior decompression
and fusion are also discussed in relation to the findings.
█

MATERIAL and METHODS

The data of 133 patients suffering cervical spondylosis
operated by laminectomy and hardware fusion at the authors’
institutions from 2007 to 2009 were reviewed. The average
clinical postoperative follow-up period was 6 months (range: 3
to 12 months). One hundred and thirty three of the 133 patients
who had complete sets of clinical and radiographic data were
screened. 89 patients were male and 44 were female. The
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mean age at the time of surgery was 47.5 years (range: 24 to
83 years). Progressive myelopathy, 3 or more vertebral levels
involved with spinal canal stenosis on radiographic images
and/or previous anterior cervical fusion were indications for
laminectomy. The areas of decompression were from C3 to C6
(17 cases), C3 to C7 (51 cases), C1 to C7 (6 cases), C2 to C7 (37
cases), C2 to C6 (16 cases) and C3 to T2 (6 cases). Additional
decompression included laminectomy of the posterior arch
at C1 and dome laminotomy at C2. Titanium alligation rods
and lateral mass screws were used in 89 patients and pedicle
screws with titanium rods were used in 44 patients.

position. The JOA score was used to evaluate the severity
of and improvement in cervical myelopathy. The total JOA
score for a healthy patient is 17 points. The recovery rate was
calculated from the surgical scores assessed preoperatively,
postoperatively and at the 6-month follow up.

A cervical brace was used for supporting external stabilization
for 6 weeks after surgery. The concept of postoperative C5
palsy in this study was paresis of the deltoid muscle and/or
sensory deficits with intractable pain in the shoulder region
(C5 dermatome area) that were found after cervical spine
surgery without deterioration of myelopathy. The Japanese
Orthopaedic Association (JOA) scoring system (12) was used
to measure the severity of myelopathy.
The clinical function and physical therapy of patients with
C5 palsy were assayed according to the following: Patients
in which the manual muscle test (MMT, Grade 5: no muscle
weakness; Grade 0: no muscle contraction) of the deltoid
muscle indicated more than one grade of muscle depraved
after operation were classified as severe. Patients without
muscle palsy, but who had apparent C5 dermatome area
sensory deficit or pain alone were categorized as mild. The
others were categorized as moderate.

Figure 1: The patient during the operation in the traction bed.

Radiographic Examination
All cases had standard radiographic studies. Radiographic
films were reviewed to insure patients had a coincident standing
stance posture, relaxed both shoulders and level vision to see
straight front. Obviating “soldier posture” and other positions
that may affect stance posture, such as a lowered chin (6,13).
X-ray were focused at the center of the C4 level and the
distance of projection was 1.5 m, which was named standard
sagittal view, and the upper boundaries of the radiograph
films were parallel to the hard palate (13). We previewed the
images to evaluate whether they were standardized with
feasible results through preliminary radiographic scanning
before taking actual projection. The measuring software can
be programmed into the imaging system and uploaded into
the database for individual review and measurement. Direct
View software (Kodak) by 3 independent spine surgeons.
Studies were marked with serial numbers and were randomly
assigned into three groups. Each study group was then
randomly picked up by three surgeons whereby all study
groups were rotated until each data group had been measured
and reviewed by every surgeon. Neck alignment was measured
by the Cobb method (Figure 3). The vertebral angle between
C2 and C7 was estimated by the profile visualized in the plain
radiographs in the neutral position before and after surgery.
From this, the change rate of curvature was determined. For
the cervical curvature index (CCI) (Figure 4), the preoperative
and postoperative cervical alignments were evaluated from
the lateral radiographs of the cervical spine in the neutral

Figure 2: The patient during the operation in the plaster bed.

α

Figure 3: The Cobb angle is defined as the angle formed between
a line drawn parallel to the inferior endplate of C2 and a line drawn
parallel to the inferior endplate of C7.
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Statistical Analysis

█

The incidence of postoperative C5 palsy and neurological
function recovery rate (JOA score) in patients from the plaster
group was compared with those from the traction group using
univariate analysis. The unpaired t-test was used to compare
the preoperative and postoperative mean curvature between
the groups, the mean CCI index between the groups, and
the change rate of curvature and change rate of CCI index
comparison between the groups. Statistical significance was
p < 0.05. The mean standard deviation was reported for all
values.
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Figure 4: Cervical curvature index (Ishihara). Line segment A
is drawn between the posteroinferior edge of the C2 and C7
vertebral bodies. The four lines, a1–a4, are drawn perpendicular
to line A from each posteroinferior edge of the C3,C4, C5, and C6
vertebral bodies. The cervical curvature index is the percentage of
the sum of the four segments divided by line segment A.

RESULTS

Overall, C5 palsy was found in 30 of 133 (22.56%) patients, of
which 14 (19.44%) of 72 cases were in the plaster bed group,
while 16 of 61 (26.23%) cases were in the traction bed group
(Table I). This difference was statistically significant (p<0.01),
which is risky regarding developing C5 palsy. The risk when
using the traction bed was 1.35 times higher versus using the
plaster bed. The mean preoperative and postoperative cervical
curvatures between the traction and plaster groups are shown
in Table II. The mean preoperative cervical curvature was
10.27±5.98 and 9.92±5.77, respectively. The difference was
not statistically significant (p >0.05).
The mean postoperative cervical curvature was 11.93±5.02
and 13.51±6.19, respectively, and the difference was also
not statistically significant (p >0.05). However, there were
statistically significant differences between the preoperative
cervical curvatures and the postoperative cervical curvatures
in the plaster group (p <0.05). The mean preoperative and
postoperative CCI index of both groups are shown in Table III.
The only statistical difference was between the preoperative
values in the plaster group. The preoperative CCI index and the
postoperative CCI index in the traction group were 8.32±3.77
and 8.67±5.23, respectively. The comparison between the
change rate of cervical curvature and change rate of CCI
index is shown in Table IV. The pre- and postoperative change
rate of cervical curvature in the plaster group and the traction
groups was 16.17±6.97 and 36.19±12.53, respectively, with
the difference being statistically significant (p <0.05). The
pre- and postoperative CCI index change rate in the plaster
group and the traction group was 4.21±1.92 and 6.84±2.17,
respectively, which was also significantly different (p<0.05).
The mean preoperative JOA score, postoperative JOA
score and the improvement rate are shown in Table V. The
neurological function recovery rate in the two groups was not
significantly different (p >0.05).

Table I: The Nerve Root Palsy Degree of the Traction Group and the Plaster Group

Number of
Patients

Nerve root palsy
severe

moderate

mild

Percentage

Traction

61

7

6

3

26%

Plaster

72

4

5

5

19%

133

11

11

7

22%

Total

Table II: The Preoperative and Postoperative Mean Curvature in the Two Groups

A

B

61

72

Preoperative Mean Curvature

10.27±5.98

9.92±5.77

>0.05

Postoperative Mean Curvature

11.93±5.02

13.51±6.19

>0.05

>0.05

<0.05

Number of Patients

p value
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p value
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Table III: The Preoperative and Postoperative Mean CCI in the Two Groups

A

B

61

72

Preoperative Mean CCI

8.32±3.77

8.19±3.92

>0.05

Postoperative Mean CCI

8.67±5.23

8.75±4.96

>0.05

>0.05

<0.05

Number of patients

p value

p value

CCI: Cervical curvature index (Ishihara)

Table IV: The Change Rate of the Curvature and Cci in the Two Groups

A

B

61

72

Change rate of curvature

16.17±6.97

36.19±12.53

>0.05

Change rate of CCI

4.21±1.92

6.84±2.17

>0.05

Preoperative Joa Score

Postoperative Joa Score

Improvement Rate

A

9.52±3.15

14.42±2.72

63.21±35.32%

B

9.49±3.29

14.51±2.93

69.32±38.57%

Number of patients

p value

Table V: The Preoperative and Postoperative Joa Score in the Two Groups

█

DISCUSSION

This study sought to determine the incidence of C5 palsy,
a common postoperative complication in patients that have
undergone a decompressive laminectomy using two common
body positions, traction bed and plaster bed. Out of 133
patients reviewed who underwent a posterior decompressive laminectomy secondary to myelopathy, 22% of them
presented with C5 nerve root palsy. Radiographic data from
these patients were independently reviewed to determine
the predisposing factors that may result in this complication.
The mean curvature, change rate of curvature, CCI index and
change rate of CCI index were compared. The results of our
study suggest that the incident rate of C5 palsy is significantly
higher in patients in the traction bed position as compared
to the plaster bed position. There were statistically significant
changes in the mean CCI index and change rate of curvature
postoperatively as compared to preoperatively in the traction
group, with no statistical change in the plaster group. In addition, the change rate of curvature and change rate of CCI index
were significantly greater in the traction group as compared to
the plaster group. These results suggest that excessive traction can occur while using the traction bed body position leading to C5 palsy in these patients.
In a previous review of patients treated with posterior
decompressive laminectomy, the incidence rate was 4.6%
(range:0% to 30%) (7). The results of our study show a higher
incidence rate of 22%. It is not clear to us why our incidence
rate is higher. However, there are certain clinical factors that

may affect the incidence rate. There are differences in surgical
techniques (2,12,16), and/or inclusion criteria of the study
(13). In addition, the concept of C5 palsy needs to be defined
for different institutes to compare the studies. Postoperative
paresis of the upper extremities can develop after cervical
surgery and the most common nerve is C5. Most C5 palsies
have been shown to occur unilaterally and have little effect on
the muscles bilaterally (6,10,18).
The most common C5 palsies were detected around a week
after the operation (4,20). The latency period may be longer,
from 2 to 4 weeks in some cases (4). Other cervical nerve
palsies (C6, C7, or C8), in isolation or combination, have
been reported with lower incidence (4,15). Unfortunately, the
pathomechanism of C5 palsy after laminectomy is unknown,
although there are several hypotheses regarding its etiology
(4,13):
(1) C5 palsy is caused by tightening up of the nerve root when
shifting posteriorly to the spinal cord and it is also relevant to
anchoring the nerve root at the edge of the uncovertebral joint
and/or the superior facet (5,16,17,19).
(2) Iatrogenic nerve root injury during operation (11).
(3) Spinal cord reperfusion injury during operation (4).
(4) Reperfusion injury leads to radicular artery blood
supply decrease and causes ischemia. Consequently, for
patients with posterior laminectomy and instrumented
fusion, other risk possibilities may also be present (4). For
example, instrumentation damage, ‘‘lag correction effect’’,
Turk Neurosurg 26(2): 280-285, 2016 | 283
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of CCI index for the plaster bed group was more than 2.63%
compared with the traction bed group (p<0.05). The CCI index
reflected both the change of cervical height and the change
of the overall cervical curvature, so excessive intraoperative
traction and the use of internal fixation may have resulted in
the increase of C5 nerve root palsy.

Figure 5: When the height of the cervical vertebra after traction
is increased and the cervical curvature decreased, the front
margin of the vertebra was relatively pexic, while the posterior
gap increased and the overall height of the posterior margin of the
centrum increased.

When the height of cervical vertebra after traction increased
and the physiological curvature decreased, the front margin
of the vertebra was relatively pexic, while the posterior gap
increased and the overall height of the posterior margin of the
centrum increased. The spinal cord within the spinal canal
was gradually distracted and drifted backward (Figure 5). This
would be analogous to a forcibly bent bow naturally spread
(Figure 6). With the bow spreading, the bowstring (spinal cord)
was gradually tensed. Though the bow depth decreased, the
distance between bowstring and bow-top obviously increased
and traction occurred between the nerve root and spinal cord.
The C5 nerve root was on the top of the cervical spinal cord
and would obviously be stretched; at this time palsy would
be the most common. It seemed that this theory could also
explain why it was easier for the signal change of the adjacent
spinal segment for patients with nerve root palsy to emerge.
In addition, traction of the spinal cord would cause internal
vasospasm leading to vasoconstriction. If elongated in this
way, it would cause a local metabolic disorder, and spinal cord
signal would change or worsen. The solution of reducing the
incidence of C5 palsy after operation could include decreasing
the tension on the C5 nerve root, for instance, a prophylactic
foraminotomy (12), durotomy (16) or limiting shifting of the
posterior section of the spinal cord by preventing aggressive
opening of the lamina during laminectomy (13,14).

Figure 6: When a bow is forcibly bent outward, the bow naturally
spreads resulting in the bowstring (spinal cord) being gradually
tensed. Though the bow depth decreased, the distance between
the bowstring and bow-top obviously increased and traction
between the nerve root and spinal cord appeared.

pulling the anterolisthetic vertebra posteriorly may cause
iatrogenic foraminal stenosis (1,13). However, all of these
are assumptions regarding C5 palsy development and do
not have significant evidence supporting them. Exact proof
with sufficient research samples, scientific analysis and clear
radiographic films demonstrating the injured nerve root injured
has not been reported (7). C5 nerve palsy can be detected by
the weakness of the deltoid muscle and the degree may also
indicate the prognosis of the patient. Most of the cases were
fully recovered within six months in this study, while those
cases with a deltoid strength higher than MMT grade 3 after
surgery recovered faster than cases with only MMT grade 1.
All the patients of the mild group recovered to MMT grade 5
within 3 months. The other published paper indicated similar
findings (1,10). In the current study, the average change rate
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Additional cervical alignment must be considered. Takemitsu
et al believe that the roots and spinal cord tension can be
increased when correcting the alignment from the posterior
of the cervical spine using instrumentation more than without
correction (13). Our study also found that the patients in
the traction bed group have much higher nerve root palsy
rate and a significant change in cervical alignment because
of excessive traction. Therefore, we believe that avoiding
excessive traction during surgical decompression procedures
and appropriate traction relaxation before final fastening
may reduce the incidence of C5 nerve root palsy. Patients
undergoing decompressive laminectomy using a traction bed
for patient positioning have a much higher C5 palsy rate than
those patients who were treated using a plaster bed for patient
positioning. There was a statistically higher change in cervical
alignment, likely caused by overtraction. The CCI index
reflected both the change of cervical height and the change of
the overall cervical curvature, and is related to postoperative
C5 nerve root palsy. Avoiding excessive intraoperative
traction and providing appropriate traction relaxation during
decompression procedures before final fastening may reduce
the incidence of C5 nerve root palsy.
█

CONCLUSION

The incidence rate of cervical spondylosis patients who
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developed cervical nerve root palsy after treatment by posterior
total laminectomy decompression and instrumentation using
two different common body positions, traction bed and
plaster bed was determined. A statistically higher incidence
of postoperative C5 palsy association with cervical alignment
was found in patients where the traction bed was used.
Excessive traction should be avoided when performing
instrumented decompressive laminectomy.
█
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