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ABSTRACT

Objective: The aim of this study was to clarify the cut-off values of the spinal canal parameters as risk factors for C5 palsy after
posterior cervical spine surgery with and without foraminotomy.

Methods: One hundred three consecutive patients (67 males, 36 females; mean age = 66 years, age range = 27–87
years) with cervical myelopathy who underwent posterior cervical spine surgery at our institution were retrospectively
reviewed and included in the study. The first consecutive 69 patients who underwent posterior cervical spine surgery
with prophylactic bilateral C4/5 foraminotomy were designated as the F (+) group. The subsequent 34 consecutive
patients who underwent posterior cervical spine surgery without prophylactic bilateral C4/5 foraminotomy were
designated as the F (–) group. All patients were then divided into four subgroups. In the F (+) group, patients with
C5 palsy were designated as the F (+) P (+) subgroup (n = 13), while those without C5 palsy were designated as the F
(+) P (−) subgroup (n = 56). In the F (−) group, patients with C5 palsy were designated as the F (−) P (+) subgroup (n =
5), while those without C5 palsy were designated as the F (−) P (−) subgroup (n = 29). Receiver operating characteristic
curves were used to investigate the cut-off values of the spinal canal parameters for the development of postoperative
C5 palsy. The assessed spinal parameters were the gutter positions (GP), laminar inclination angles (LIA), and
postoperative cross-sectional areas (CSA) of the dural sac. The risk ratios (RR) of the spinal canal parameters as
risk factors for C5 palsy were evaluated.

Results: The incidence of C5 palsy was similar between the F (+) group (18.8%) and the F (−) group (14.7%). The cut-off values
for each spinal canal parameter in the F (+) group (GP: 0.82–0.84, LIA: 58.9–62.4°, and CSA: 189.5–200 mm2 ) were similar to
those in the F (–) group (0.81–0.89, 61.7–62.5°, and 197.5–199.5 mm2, respectively). In the RR results for C5 palsy, the LIA was
highest in both groups. The F (+) P (−) subgroup had significantly larger mean CSA at C4/5 and C5/6 (202.3 mm2 and 200.9
mm2, respectively) than the F (−) P (−) subgroup (177.3 mm2 and 178.9 mm2, respectively) (P = 0.0181 and P = 0.0277,
respectively). Prophylactic C4/5 foraminotomy did not specifically prevent postoperative C5 palsy due to foraminal stenosis
at C4/5.

Conclusion: C4/5 foraminotomy should not be recommended for avoidance of C5 palsy. Although the bony spinal parameters
were similar between the F (+) and F (−) groups, the CSA in the F (+) group was significantly than that in the F (−) group in the
patients without C5 palsy.

Introduction

There are many reported risk factors for C5 palsy
after posterior cervical spine surgery. One frequently
reported risk factor for postoperative C5 palsy is
posterior shift of the spinal cord.1-6 Therefore, the
cross-sectional areas of the spinal cord and the
dural sac in the cervical spine might be larger in
patients with postoperative C5 palsy than in patients
without postoperative C5 palsy. Although some stu-
dies have reported that prophylactic C4/5 foraminot-
omy prevents C5 palsy after cervical laminoplasty
(LP),7-9 others have reported that C4/5 foraminotomy
does not prevent the development of C5 palsy after
LP.10–12 Therefore, it remains controversial whether
C4/5 foraminotomy effectively prevents postopera-
tive C5 palsy. Furthermore, the cut-off values of the
bony spinal canal parameters and the postoperative
cross-sectional area of the dural sac (CSA) for the

occurrence of C5 palsy after posterior cervical spine
surgery with andwithout C4/5 foraminotomy remain
unknown. Thus, we do not know the laminoplasty
procedures that should be paid attention to for avoid-
ance of postoperative C5 palsy during LP with and
without posterior fusion.

The purpose of the present prospective study was to
clarify the critical cut-off values for the spinal canal
parameters and assess the effectiveness of C4/5 for-
aminotomy in preventing postoperative C5 palsy.
The assessed spinal parameters included the gutter
positions (GP), laminar inclination angles (LIA),
and CSA.

Materials and Methods

Patients
From 2011, 103 consecutive patients (67 males and 36
females) with cervical myelopathy underwent posterior
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cervical spine surgery at our institution andwere included in the present
study (follow-up rate: 93%). The mean age at the time of surgery was 66
years (range, 27-87 years). The first consecutive 69 patients underwent
posterior cervical spine surgery with prophylactic bilateral C4/5 forami-
notomy and were designated as the F (+) group. From 2015, the next 34
consecutive patients underwent posterior cervical spine surgerywithout
prophylactic bilateral C4/5 foraminotomy and were designated as the
F (–) group. Table 1 summarizes the characteristics of the two groups.
All patients with ossification of the posterior longitudinal ligament
(OPLL) who underwent LP had K-line (+) OPLL.13 PDF was used for
patients with K-line (–) OPLL in the neck-flexed position14 or cervical
spondyloticmyelopathy (CSM)withmalalignment. All patients received
intraoperative transcranial stimulation motor evoked potential monitor-
ing of the deltoid and biceps brachii muscles.

All patients were divided into four subgroups. In the F (+) group,
patients with C5 palsy were designated as the F (+) P (+) subgroup
(n = 13), while those without C5 palsy were designated as the F (+)
P (−) subgroup (n = 56). In the F (−) group, patients with C5 palsy were
designated as the F (−) P (+) subgroup (n = 5), while those without C5
palsy were designated as the F (−) P (−) subgroup (n = 29). This study
was approved by the institutional ethics committee according to the
1964 Helsinki declaration, and informed consent was obtained from
all participants.

Operative technique and postoperative treatment
LP included C3 laminectomy and C4-7 laminoplasty with the semi-
spinalis cervicis into C2 (Figure 1).15 PDF included C3 laminectomy,
C4-7 laminoplasty, and posterior instrumented fusion at C2-T1 with
preservation of all muscle insertions at C2 (Figure 1).16 Spinous
process-splitting LP was performed using hydroxyapatite spinous
process spacers at C4-C7 (Figure 1).17 The spacer had a penetration
hole to allow two threads to pass through, and a hole was made in
the lifted laminae at C4-C7 using a surgical bar of 2 mm diameter.
The spacers were grown on a cross and fixed to the lifted laminae at

C4-C7 using two non-absorption threads. The spacers do not come
into contact with the neck extension, as the dorsal face of the
spacers is round in shape (Figure 2). The GP and the LIA were
gradually extended over time in this case series to achieve sufficient
postoperative expansion of the spinal cord and the dural sac in both
groups (Figure 3). In the F (+) group, bilateral C4/5 foraminotomy
was performed immediately before the LP or PDF procedure (Fig-
ure 4). Complete decompression of the C5 nerve root was confirmed
via the smooth insertion of a micro-spatula into the expanded fora-
men (Figure 4). None of the patients required postoperative immo-
bilization with a collar. Patients were permitted to sit up or walk
within 1 week postoperatively, and exercise was resumed within 1
week postoperatively.

Assessment of postoperative C5 palsy
Postoperative C5 palsy was defined as new deterioration of muscle
strength of the deltoid and/or the biceps brachii as detected by man-
ual muscle testing.1

Relationships between the occurrence of postoperative C5 palsy and
the perioperative related factors
Relationships between the occurrence of postoperative C5 palsy and
perioperative-related factors, including diseases (CSM or OPLL), age
at the time of surgery, and surgical methods (C3-C7 LP or C2-T1 PDF).
All patients were divided into two groups based on the age of 66 years
(mean age of the population): younger (age less than 66 years) and
elderly (> 67 years) groups.

Spinal canal parameters and preoperative foraminal diameter at C4/5
The bony spinal canal parameters were measured on postopera-
tive CT using XTREX VIEW (J-MAC System, Sapporo, Japan).18

The GP was defined as the inside distance between bilateral
gutters/the transverse diameter of the spinal canal (Figure 5).18

The LIA was measured as the angle created by the line between
the bilateral facet joints and the line between the rising point of
the inside of the lamina and the inside corner of the lamina on
the spacer side (Figure 5).18 Preoperative transverse diameters of
the bilateral foramina at C4/5 were also measured on the axial
view on CT.19–21 The postoperative CSA at C4/5 and C5/6 were
measured on T2-weighted axial magnetic resonance imaging
using XTREX VIEW (Figure 6).18 The GP and LIA were measured
at 2 weeks postoperatively. The postoperative CSA were mea-
sured at 1 year postoperatively.

Neurological outcomes
The pre- and postoperative Japanese Orthopaedic Association
(JOA) scores and the recovery rate (%) of the JOA score were
investigated in all patients. The recovery rate of the JOA score
was calculated as: recovery rate (%) = (postoperative JOA score –
preoperative JOA score)/(17 – preoperative JOA score) × 100. The
follow-up period for these neurological outcomes was 1 year in
all cases.

Statistical analysis
The cut-off values for the occurrence of postoperative C5 palsy were
assessed using receiver operating characteristic (ROC) curves for the
following three factors in the F (+) and F (–) groups: GP, LIA, and CSA.
The risk ratios (RRs) of the risk factors that were set by each cut-off
value for the occurrence of postoperative C5 palsy were statistically
analyzed in each group. Fisher’s exact test, Mann–Whitney U-test,
and Spearman’s rank correlation were used for the statistical analy-
sis. Differences with a P value of less than 0.05 were considered
statistically significant.

Table 1. Summary of F (+) Group and F (–) Group

F (+) group F (–) group

Number of cases 69 34

Operative methods 51 LP 18 PDF 17 LP 17 PDF

Disease (CSM/OPLL; n) 33/18 5/13 13/4 3/14
n: number of patients.
LP: laminoplasty; PDF: posterior decompression and fusion; CSM: cervical spondylotic myelopathy; OPLL:
ossification of the longitudinal ligament.

H I G H L I G H T S

• The present study evaluated the cut-off values of spinal canal parameters
(including the gutter positions, laminar inclination angles, and cross-
sectional areas of the dural sac) as risk factors for C5 palsy after posterior
cervical spine surgery in patients who underwent prophylactic C4/5
foraminotomy (F (+) group) and those who did not undergo foraminotomy
(F (–) group).

• The cut-off values for each spinal canal parameter as a risk factor for
postoperative C5 palsy were similar in the F (+) group and the F (–) group.

• In the patients without postoperative C5 palsy, the mean postoperative
cross-sectional areas of the dural sac at C4/5 and C5/6 in patients who
underwent foraminotomy were significantly larger than in those who did
not undergo foraminotomy .

• Prophylactic C4/5 foraminotomy did not specifically prevent
postoperative C5 palsy due to foraminal stenosis at C4/5.

• Prophylactic C4/5 foraminotomy should not be recommended for
avoidance of C5 palsy, as the incidence of postoperative C5 palsy were
similar between the F (+) group and the F (−) group.
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Results

Incidence of postoperative C5 palsy and neurological outcomes
Of the 69 patients in the F (+) group, postoperative C5 palsy occurred
in 13 patients, giving an incidence of 18.8%. Of the 34 patients in the
F (−) group, postoperative C5 palsy occurred in five patients, giving an

incidence of 14.7%. The incidence of postoperative C5 palsy was
similar in the F (+) and F (−) groups.

The mean preoperative JOA scores, postoperative JOA scores, and re-
covery rates of the JOA scorewere similar in the F (+) (10.2%, 13.1%, and
43.7%, respectively) and F (−) groups (10.0%, 13.2%, and 47.7%,
respectively).

Figure 1. Double-door laminoplasty using hydroxyapatite spinous process spacers at C4-C7 with C3 laminectomy preserving all muscle insertions at C2, and C2-T1 posterior
decompression and fusion. Left: Anteroposterior three-dimensional computed tomographic image of cervical laminoplasty alone (C3 laminectomy andC4-7 laminoplasty).Middle:
anteroposterior and right: lateral radiographs of the C2-T1 posterior decompression and fusion included C3 laminectomy, C4-7 laminoplasty, and C2-T1 instrumented fusion.

Figure 2. Fixation of the spinous process spacers to the lifted laminae.Upper: Hydroxyapatite spinous process spacer with a penetration hole and two non-absorption threads.
Bottom: A hole (black arrow) made in the lifted laminae using a surgical bar. Right: Spacers fixed to the lifted laminae using two non-absorption threads. A white solid arrow:
a lifted lamina at C6; white dotted arrow: dura.
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Relationships between the occurrence of postoperative C5 palsy and
the perioperative-related factors
The disease, age at the time of surgery, and surgical methods were not
related to the occurrence of C5 palsy (Table 2). The mean ages of the

patients were similar between with (66.1 years) and without C5 palsy
(65.4 years).

Cut-off values of the spinal canal parameters for the occurrence of
postoperative C5 palsy
Table 3 summarizes the cut-off values and areas under the ROC
curves (AUC) for the spinal canal parameters for the occurrence
of postoperative C5 palsy in the F (+) and F (−) groups. In the
F (+) group, the AUC results showed that several cut-off values
for the spinal canal parameters had moderate accuracy (0.70-
0.90) for the prediction of postoperative C5 palsy.22 In the F (−)
group, the AUC results showed that many cut-off values for the
spinal canal parameters had moderate accuracy (0.70-0.90) or
high accuracy (0.90-1.0) for the prediction of postoperative C5
palsy.22 The ROC curves of these parameters in each group are
shown in Figures 7 and 8. The cut-off values for each spinal
canal parameter in the F (+) group were similar to those in the
F (–) group (Table 3).

Figure 4. Cervical laminoplasty with prophylactic bilateral C4/5 foraminotomy. Left: Photograph showing the foraminotomy (arrows). Middle: Anteroposterior three-
dimensional computed tomographic image showing the foraminotomy (arrows). Right: Axial computed tomography.

Figure 3. The gutter position was significantly positively correlated with the C4 laminar inclination angle in the Foraminotomy (+) and Foraminotomy (–) groups. Spearman’s
rank correlation was used for the statistical analysis. Gray circles: patients with C5 palsy; white circles: patients without C5 palsy.

Figure 5. Bony spinal parameters measured on axial computed tomographic
images. Left: Gutter position. (A) Transverse diameter of the spinal canal (B)
Distance between bilateral gutters. Right: lamina inclination angle.
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The RR for C5 palsy occurrence in each group is shown in Table 4.
The RRs of the LIA at C4-C6 in the F (+) group, LIA at C4 and C5, and
GP at C6 in the F (−) group were higher (Table 4).

Relationships between C4/5 foraminotomy and the spinal canal
parameters
In the 18 patients with postoperative C5 palsy, the spinal canal
parameters (GP at C4-C6, LIA at C4-C6, and CSA at C4/5 and C5/
6) in the F (+) P (+) subgroup were similar to those in the F (−) P (+)
subgroup (Table 5). In the 85 patients without postoperative C5
palsy, although the bony spinal canal parameters in the F (+) P (−)
subgroup were similar to those in the F (−) P (−) subgroup, the F (+)
P (−) subgroup had significantly larger mean CSA at C4/5 and C5/6
(202.3 mm2 and 2009 mm2, respectively) than the F (−) P (−) sub-
group (177.3 mm2 and 1789 mm2, respectively) (P = 0.0181 and
P = 0.0277, respectively) (Table 5). Therefore, although bilateral

C4/5 foraminotomy did not contribute to the enlargement of the
bony spinal canal parameters, foraminotomy effectively increased
the postoperative CSA in the patients without postoperative C5
palsy.

Relationships between the preoperative transverse diameter of the
foramen at C4/5 and prophylactic C4/5 foraminotomy
Prophylactic C4/5 foraminotomy did not specifically prevent post-
operative C5 palsy due to foraminal stenosis at C4/5, as the preopera-
tive transverse diameter of the foramen at C4/5 in the F (+) group was
similar to the diameter in the F (–) group in patients with and without
C5 palsy (Table 6).

Discussion

The present study showed that prophylactic bilateral C4/5 foraminot-
omy did not contribute to the enlargement of the bony spinal canal
parameters, including the GP and the LIA. However, prophylactic
bilateral C4/5 foraminotomy effectively resulted in a larger post-
operative CSA in the patients without postoperative C5 palsy. How-
ever, prophylactic C4/5 foraminotomy did not specifically prevent
postoperative C5 palsy due to foraminal stenosis at C4/5.

Figure 6. Axial T2-weighted magnetic resonance image showing the measurement
of the postoperative cross-sectional areas of the dural sac.

Table 2. Distributions of Patients in Each Perioperative Factor

CSM OPLL

P (–) P (+) P P (–) P (+) P

F (+) 30 8 0.2527 F (+) 26 5 0.7076

F (–) 15 1 F (–) 14 4

Younger Elderly

P (–) P (+) P P (–) P (+) P

F (+) 29 8 0.4647 F (+) 27 5 0.6840

F (–) 18 2 F (–) 11 3

C3-7 LP C2-T1 PDF

P (–) P (+) P P (–) P (+) P

F (+) 44 7 >0.999 F (+) 12 6 0.4430

F (–) 15 2 F (–) 14 3
n: Number of patients.
Fisher’s exact test was used for the statistical analysis.
CSM: cervical spondylotic myelopathy; OPLL: ossification of the posterior longitudinal ligament; younger:
patients whose age at the surgery less than 67 years old; elderly: patients whose age at the surgery more than
67 years old underwent; LP: cervical laminoplasty; PDF: posterior decompression and fusion; F (+): patients
who underwent bilateral C4/5 foraminotomy; F (–): patients who did not undergo bilateral C4/5 forami-
notomy; P (+): patients who occurred C5 palsy; P (–): patients who did not occurred C5 palsy.

Table 3. Cut-off Values and AUC for the Occurrence of Postoperative C5 Palsy after
Posterior Cervical Spine Surgery

Cut-off
value AUC (95% CI) Sensitivity Specificity

F (+) group:

Gutter position at C4 0.82 0.576 (0.374, 0.777) 0.538 0.625

Gutter position at C5 0.84 0.624 (0.464, 0.784) 0.615 0.661

Gutter position at C6 0.84 0.718 (0.552, 0.884) 0.692 0.750

Inclination angle of
lamina at C4
(degrees)

59.6 0.743 (0.610, 0.876) 0.769 0.661

Inclination angle of
lamina at C5
(degrees)

58.9 0.740 (0.598, 0.881) 0.769 0.607

Inclination angle of
lamina at C6
(degrees)

62.4 0.666 (0.476, 0.856) 0.615 0.768

Cross-sectional area
of the dural sac at
C4/5 (mm2)

200.0 0.670 (0.497, 0.842) 0.846 0.500

Cross-sectional area
of the dural sac at
C5/6 (mm2)

189.5 0.646 (0.476, 0.815) 0.923 0.446

F (–) group:

Gutter position at C4 0.81 0.721 (0.475, 0.967) 0.800 0.759

Gutter position at C5 0.80 0.614 (0.354, 0.873) 0.800 0.517

Gutter position at C6 0.89 0.645 (0.289, 1.00) 0.600 0.897

Inclination angle of
lamina at C4
(degrees)

61.7 0.931 (0.838, 1.000) 1.000 0.793

Inclination angle of
lamina at C5
(degrees)

62.4 0.897 (0.781, 1.000) 1.000 0.759

Inclination angle of
lamina at C6
(degrees)

62.5 0.772 (0.494, 1.000) 0.800 0.828

Cross-sectional area
of the dural sac at
C4/5 (mm2)

197.5 0.862 (0.736, 0.989) 1.000 0.793

Cross-sectional area
of the dural sac at
C5/6 (mm2)

199.5 0.834 (0.672, 0.997) 0.800 0.793

Bold font indicates moderate accuracy (0.70-0.90) or high accuracy (0.90-1.0).
F (+) group: patients who underwent posterior cervical spinal surgerywith bilateral C4/5 foraminotomy; F (–)
group: patients who underwent posterior cervical spinal surgery without bilateral C4/5 foraminotomy; AUC:
area under the receiver operating characteristic curves; CI: confidence intervals.
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Many studies have reported the effectiveness of prophylactic bilateral
C4/5 foraminotomy in preventing C5 palsy after LP.7-9 Katsumi et al.9

reported that the incidence of C5 palsy in 141 patients who underwent
open-door LPwith prophylactic bilateral C4/5 foraminotomywas 1.4%,
which was significantly lower than that in patients without foraminot-
omy (6.4%). In contrast, several studies have reported that prophylactic
C4/5 foraminotomy did not reduce the incidence of C5 palsy.10–12 Liu
et al.10 reported that the incidence of C5 palsy in 70 patients who
underwent open-door LP with prophylactic bilateral C4/5 foraminot-
omy was 5.7%. Therefore, it remains controversial whether prophylac-
tic C4/5 foraminotomy effectively prevents postoperative C5 palsy. In
the present study, although the cut-off values of the bony spinal canal

parameters in the F (+) group were similar to those in the F (–) group,
foraminotomy resulted in a larger postoperative CSA at C4/5 and C5/6
in the patients without postoperative C5 palsy. The smaller postopera-
tive CSA in the F (–) group comparedwith the F (+) groupmay be due to
the inhibition of the expansion of the dural sac at C5, which has the
shortest nerve root of the cervical nerves.23,24

Uematsu et al.25 reported that postoperative radiculopathy can be
prevented by creating LIA after expansion of less than 60°and placing
the bony gutter at themedial side of the intervertebral joint. Similarly,
the mean cut-off value of the laminar inclination angle was 62° in the
F (−) group in the present study. In contrast, Tsuji et al.26 reported that

Figure 8. Receiver operating characteristic curves in the F (–) group. F (–) group, patients who underwent spinal surgery without foraminotomy; AUC, area under the curve.

Figure 7. Receiver operating characteristic curves in the F (+) group. F (+) group, patients who underwent spinal surgery with foraminotomy; AUC, area under the curve.
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a cutoff value of 53.5° for the LIA predicted the development of C5
palsy in 190 patients who underwent open-door LP. The reason for
the larger mean cut-off value of the LIA in the F (−) group in the
present study than in the study by Tsuji et al.26 may be due to the
difference in the LP procedures; double-door LP vs. open-door LP.

Bilateral C4/5 foraminotomy did not contribute to the enlargement of
the LIA in the present study, as themean LIA at C4-C6 in the F (+) P (−)
subgroup (57°-59°) were similar to those in the F (−) P (−) subgroup.

Bilateral C4/5 foraminotomy did not reduce the incidence of post-
operative C5 palsy in the present study. A meta-analysis reported that
the incidence of postoperative C5 palsy over the last decade was 6.3%
(range, 1-29%).27 In the present study, the incidences of postoperative
C5 palsy in the F (+) and F (−) groups were very high (18.8% and 14.7%,
respectively), as we gradually extended the bony spinal canal over
time in this case series to achieve sufficient expansion of the spinal
cord and the dural sac in both the F (+) and F (−) groups, and to
examine the effects of C4/5 foraminotomy in the F (+) group (Figure 3).
These bony spinal canal parameters, including the GP and the LIA,
were not mentioned in detail in the previous studies that investigated
the effectiveness of C4/5 foraminotomy in preventing postoperative
C5 palsy. There is currently no definitive method for preventing C5
palsy after LP, as the degree of bony spinal canal expansion cannot be
precisely controlled. However, surgeons shouldmake the LIA at C4-C6
in the F (+) group, or the LIA at C4 and C5 and the GP at C6 in the F (−)
group, carefully to avoid C5 palsy from the results of the RR.

Preoperative foraminal stenosis at C4/5 has frequently been reported
as a risk factor for C5 palsy after posterior cervical spine surgery.19–21

Lee et al.21 reviewed 116 patients who underwent open-door LP for
CSM and reported that a foraminal diameter at C4/5 of less than 2mm
was significantly related to C5 palsy in the binary logistic regression
test. In the present study, the patients with postoperative C5 palsy who
had undergone C4/5 foraminotomy had a similar mean preoperative
transverse foraminal diameter at C4/5 (2.8 mm) to that in the patients
with postoperative C5 palsy who had not undergone C4/5 foraminot-
omy (2.3 mm). Therefore, C4/5 foraminotomy did not specifically
prevent postoperative C5 palsy due to foraminal stenosis at C4/5.

The most important limitation of this study was the small number of
cases. A larger sample size is needed to confirm the significance and
relevance of our findings.

In conclusions, C4/5 foraminotomy should not be recommended for
avoidance of C5 palsy. Although the bony spinal parameters were
similar between the F (+) and F (−) groups, the CSA in the F (+) group
was significantly than that in the F (−) group in the patients without
C5 palsy.

Ethics Committee Approval: This study was approved by the Institutional Ethics
Committee of Odate Municipal General Hospital (approval number 30-09).

Informed Consent: Informed consent was obtained from all participants.

Author Contributions:Concept - K.T.; Design - K.T., T.Y.; Supervision - T.Y., K.W., Y.I.;
Materials - K.T., T.Y., E.S.; Data Collection and/or Processing - K.T., T.Y.; Analysis and/
or Interpretation - K.W., E.S., Y.I.; Literature Review - T.Y., K.W., G.K.; Writing - K.T.;
Critical Review - G.K.

Table 4. Risk Factors of the Bony Spinal Canal Parameters for the Occurrence of C5
Palsy after Posterior Cervical Spine Surgery in Descending Order Based on the Risk
Ratios in Each Group

Risk factor Risk ratio

F (+) group:

Inclination angle of lamina at C4 > 59.6° 4.598

Gutter position at C6 > 0.84 4.500

Inclination angle of lamina at C5 > 58.9° 3.854

Inclination angle of lamina at C6 > 62.4° 3.657

Gutter position at C5 > 0.84 2.489

Gutter position at C4 > 0.82 1.708

F (–) group:

Inclination angle of lamina at C4 > 61.7° ∞

Inclination angle of lamina at C5 > 62.4° ∞

Inclination angle of lamina at C6 > 62.5° 10.667

Gutter position at C4 > 0.81 8.364

Gutter position at C6 > 0.88 7.840

Gutter position at C5 > 0.80 3.556
F (+) group: patients who underwent posterior cervical spinal surgerywith bilateral C4/5 foraminotomy; F (–)
group: patients who underwent posterior cervical spinal surgery without bilateral C4/5 foraminotomy.

Table 5. Spinal Canal Parameters on CT and MRI in Patients Who Underwent
Posterior Cervical Spine Surgery with and without Foraminotomy

Patients with C5 palsy (n = 18)
F (+) P (+) sub-
group (n = 13)

F (−) P (+) sub-
group (n = 5) P

Gutter position at C4 0.82 ± 0.10 0.84 ± 0.10 0.7298

Gutter position at C5 0.85 ± 0.07 0.82 ± 0.09 0.5871

Gutter position at C6 0.86 ± 0.08 0.85 ± 0.13 0.8823

Inclination angle of lamina at C4
(degrees)

63.7 ± 5.5 68.0 ± 5.0 0.1833

Inclination angle of lamina at C5
(degrees)

62.7 ± 5.8 67.4 ± 6.0 0.1529

Inclination angle of lamina at C6
(degrees)

63.9 ± 8.4 65.7 ± 9.4 0.7301

Cross-sectional area of the dural
sac at C4/5 (mm2)

233.2 ± 53.9 222.8 ± 22.5 0.3004

Cross-sectional area of the dural
sac at C5/6 (mm2)

222.7 ± 49.8 225.8 ± 33.8 0.9607

Patients without C5 palsy (n = 85) F (+) P (−)
subgroup (n= 56)

F (−) P (−)
subgroup (n = 29)

P

Gutter position at C4 0.82 ± 0.07 0.80 ± 0.08 0.1785

Gutter position at C5 0.85 ± 0.07 0.82 ± 0.08 0.2278

Gutter position at C6 0.80 ± 0.06 0.79 ± 0.07 0.1681

Inclination angle of lamina at C4
(degrees)

58.9 ± 5.3 57.7 ± 4.8 0.2700

Inclination angle of lamina at C5
(degrees)

57.8 ± 4.7 59.1 ± 4.1 0.2142

Inclination angle of lamina at C6
(degrees)

59.4 ± 6.0 58.2 ± 5.9 0.3397

Cross-sectional area of the dural
sac at C4/5 (mm2)

202.3 ± 50.8 177.3 ± 40.6 0.0181

Cross-sectional area of the dural
sac at C5/6 (mm2)

200.9 ± 42.5 178.9 ± 35.5 0.0277

The Mann–Whitney U-test was used for statistical analysis. Bold font indicates a significant P-value.
F (+) P (+) group: patients who underwent posterior cervical spinal surgery with bilateral C4/5 foraminotomy
who developed postoperative C5 palsy; F (-) P (+) group: patients who underwent posterior cervical spinal
surgery without bilateral C4/5 foraminotomy who developed postoperative C5 palsy; F (+) P (–) group:
patients who underwent posterior cervical spinal surgery with bilateral C4/5 foraminotomy who did not
develop postoperative C5 palsy; F (–) P (–) group: patients who underwent posterior cervical spinal surgery
without bilateral C4/5 foraminotomy who did not develop postoperative C5 palsy; CT: computed tomogra-
phy; MRI: magnetic resonance imaging.

Table 6. Preoperative Transverse Diameter of the Foramen at C4/5 in Patients Who
Underwent Posterior Cervical Spine Surgery with and without Foraminotomy

Upper - extremities
with C5 palsy

Foraminotomy (+) (14
upper - extremities)

Foraminotomy (−) (5
upper - extremities) P

Foraminal diameter
at C4/5 (mm)

2.8 ± 0.7 2.3 ± 0.5 0.1908

Upper - extremities
without C5 palsy

Foraminotomy (+) (124
upper - extremities)

Foraminotomy (−) (63
upper - extremities)

Foraminal diameter
at C4/5 (mm)

3.3 ± 1.0 3.3 ± 1.2 0.6882

Mann–Whitney U-test was used for the statistical analysis.
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