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Objective: Although the lamina open angle of making hinges is closely related to the outcomes of French-door
laminoplasty (FDL) for treatment of cervical spondylosis, there have been no methods to predict the lamina open angle
preoperatively as yet. The aim of this study was to investigate the accuracy of predicting the laminal open angle using
our newly designed sharp rongeur, and to compare the postoperative outcomes and complications between the methods
of making hinges using the newly designed sharp rongeur and the traditional high-speed micro-drill during the FDL.

Methods: This was a single-center retrospective study. Following the approval of the institutional ethics committee, a
total of 39 patients (Male: 28; Female: 11) diagnosed with cervical spondylos who underwent FDL in our institution
between January 2018 and May 2019 were enrolled. Patients were divided into two groups based on the method of
making hinges (sharp rongeur: 22 cases; high-speed micro-drill: 17 cases). The average age at surgery was 59.1 years
(range: 16–85 years). The radiological parameters, clinical outcomes, modified Japanese Orthopaedic Association
(mJOA) scale score, and the recovery rate of mJOA were recorded and compared between the groups, respectively.
The radiological parameters and clinical measurements at pre- and post-operation stages were compared using the
paired-sample t-test, the Wilcoxon signed-rank test, and the Friedman’s test, and variables in the two groups were
analyzed using an unpaired Student’s t-test or a Mann–Whitney U test.

Results: The average follow-up period was 20.4 months (range: 14.0–25.9 months), the postoperative open angle
was 60.13� � 3.69� in the rongeur group with 22.78� � 4.34� of angular enlargement, which was significantly lower
than that of 68.96� � 1.00� in the micro-drill group with 32.75� � 4.22� of angular enlargement (U = 19.000,
p < 0.001). The rongeur group showed a higher fusion rate (34.1% vs 14.7%, χ2 = 11.340, p = 0.001), and a lower
fracture rate of the lamina (7.8% vs 25.5%, χ2 = 14.185, p < 0.001) at 1-month post-surgery, compared to the micro-
drill group. There were no significant differences in the clinical outcomes and postoperative complications between
the two groups (p > 0.05), except in the recovery rate of mJOA scores (0.836 � 0.138 vs 0.724 � 0.180,
U = 115.000, p = 0.042) and neck disability index (NDI) at the final follow-up (7.55 � 10.65 vs 14.71 � 8.72,
U = 94.000, p = 0.008).

Conclusions: The special sharp rongeur with a tip angle of 20� could be a preferred method to make hinges dur-
ing FDL, which can predict the laminal open angle accurately and enlarge it to about 23�, thus reducing the frac-
ture rate and accelerating the bony fusion of hinges compared with the outcomes of the traditional micro-drill
method.

Address for correspondence Fuxin Wei, PhD, Department of Orthopaedic Surgery, The Seventh Affiliated Hospital of Sun Yat-sen University,
No. 628, Zhenyuan Road, 518170, Shenzhen, Guangdong, China; Email: weifuxin@mail.sysu.edu.cn
Ningning Chen, Lanzhe Yu, Xizhe Liu, and Guoliang Chen contributed equally to this study.
Received 2 October 2021; accepted 24 August 2022

3349
© 2022 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY TIANJIN HOSPITAL AND JOHN WILEY & SONS AUSTRALIA, LTD.

Orthopaedic Surgery 2022;14:3349–3357 • DOI: 10.1111/os.13505
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0002-1336-8379
https://orcid.org/0000-0002-7545-6876
mailto:weifuxin@mail.sysu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/


Key words: Cervical expansive laminoplasty; French-door laminoplasty; Lamina open angle prediction; Outcomes; Sharp
rongeur

Introduction

French-door laminoplasty (FDL) is widely used to treat
cervical spondylosis. In this process, the lamina is sagit-

tally split in a double door manner to produce sufficient
canal expansion for better surgical outcomes.1,2 However,
there are some postoperative complications associated with
FDL that may affect the clinical outcomes, such as C5 nerve
root palsy, a decrease in the cervical dynamic range of
motion, laminar fracture, spinal cord injury, and cerebrospi-
nal fluid (CSF) leakage.3 Amongst these, axial neck pain
(ANP) and C5 nerve root palsy (C5-NRP) are reportedly the
most common complications, with an incidence rate of
45%–80%3 and 4.7%, respectively.4,5 Clinical investigations
have suggested that the pathogenesis of both ANP and
C5-NRP could be linked to the post-surgical posterior spinal
cord movement. However, the exact reason remains
unknown. Uematsu et al. has reported that the excessive
open angle may increase the rates of ANP and C5-NRP inci-
dences.6,7 Lee et al.8 has shown that the laminal fracture rate
could be as high as 20.7% while performing FDL for the
treatment of cervical spondylosis. The reason for this sec-
ondary complication might be the excessive depth of hinges
or laminal opening angle during surgery.

Currently, the high-speed micro-drill has been rou-
tinely used in clinical practices to make hinges during the
cervical expansive laminoplasty. However, controlling the
hinge depth or laminal open angle width is difficult during
the surgery, which may potentially increase the risk of lami-
nar fracture.9 In Uematsu’s opinion, an optimum opening
angle should be kept within 60�, which could prevent post-
operative radiculopathy.6 Notably, it has been found that
laminar fracture could also induce ANP onset.10 Technically,
fluctuations in the optimal gutter depth and laminal open
angle width largely depend on the operator’s experience.
Currently, the open angle measurement, which cannot be
predicted before surgery,11 is usually estimated using postop-
erative computed tomography (CT) scan. Prediction of the
hinge-gutter depth exceedingly depends on the operator’s
experiences, resulting in either excessive canal expansion or
insufficient open-door laminoplasty in most cases, leading to
unsatisfactory clinical outcomes. Thus, it is of vital impor-
tance to precisely predict the measurements of laminal open
angle and gutter-depth and to find out an innovative and
effective surgical technique to create accurate hinges during
the FDL.

To do so, we specially designed a sharp rongeur with a
tip angle of 20�, the technique of making hinges using
rongeur has been successfully applied in the FDL procedure
based on our previous experiences.12 However, the clinical
outcomes and postoperative complications in making hinges

using the newly designed sharp rongeur remained indefinite.
Moreover, to the best of our knowledge, there have been few
studies reporting the construction of an innovative surgical
technique to make hinges using the newly designed sharp
rongeur during FDL.

Therefore, the major aims of this study were: (i) to
evaluate the accuracy of predicting the laminar open angle
using this newly designed sharp rongeur during FDL; (ii) to
determine if there would be any differences in the radiologi-
cal outcomes, the clinical outcomes, and the postoperative
complications in making hinges using this sharp rongeur, as
compared with the traditional high-speed micro-drill used in
FDL; and (iii) to establish an innovative and effective surgical
technique to create precise hinges using this sharp rongeur.

Methods

Patients
This study was approved by the Institutional Review Board
(the research and experimental animal ethics committee of
the seventh affiliated hospital of Sun Yat-sen university, cer-
tificate No.2018SYSUSH-002). Between January 2018 and
May 2019, 39 patients with cervical spondylosis accepted
FDL, performed by the same chief surgeon in the study hos-
pital. Patients voluntarily agreed to participate in this study
and signed the approval for required surgeries. We used the
STROBE cross-sectional reporting guidelines.13

Patients were included based on the criteria as follows:
(i) with the diagnosis of multi-segmental cervical spondylosis
(≥3 segments) caused by cervical spinal stenosis (develop-
mental or degenerative), based on patients’ clinical manifes-
tations and concordant imaging examination; (ii) with
complete medical records and follow-up (1, 3, and 12 months
after surgery, and the final follow-up); and (iii) without neu-
rological symptoms resulting from spinal cord compression
of thoracic or lumbar spine. The exclusion criteria: (i) with
musculoskeletal trauma, infections, tumors, surgery, or other
neurological disorders; (ii) without complete clinical data;
and (iii) those followed up less than 1 year.

Based on the method applied for hinge formation dur-
ing the FDL, patients were divided into two groups: the
sharp rongeur group (n = 22, 15 males and 7 females) and
the high-speed micro-drill group (n = 17, 13 males and four
females). The average age at surgery was 59.1 years (range:
16–85 years), and the average follow-up period was
20.4 months (range: 14.0–25.9 months).

Sharp Rongeur
We specially designed a sharp stainless steel rongeur with a
tip angle of 20� (Figure 1, the patent application has been
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registered for the rongeur design, Qing Niu Company,
Suzhou, China). This specially designed angular sharp
rongeur could create hinges of “V” shape to ensure that the
two sides of the hinge touch each other closely after expan-
sive laminoplasty, ideally enlarging the laminar open angle
about 20�.

Surgical Procedures
The FDL was performed following Kurokawa’s method
with slight modifications.12 Bilateral hinges were made with
the 20� sharp rongeur or the high-speed micro-drill at the
border of the laminae and facets based on the group classifi-
cation (Figure 2(A)). Subsequently, the spinal canal enlarge-
ment was achieved by opening the split lamina bilaterally
with a spreader, and a sizeable hydroxyapatite spacer was
tied to bridge the bilateral edges of the laminae and fixed
with wires (Figure 2(B)).

Patients could sit up with a soft neck collar and walk
at 24 hours post-surgery. Removal of the soft collar was
allowed 1 week after the surgery. All patients were then
encouraged to start range of motion and isometric muscle
strengthening exercises of the neck as early as possible.

Clinical and Radiological Analysis
The operative time and amount of blood loss using this pro-
cedure were recorded. At the time of pre-operation, at 1, 3,
and 12 months after surgery, and the final follow-up, the
neurological status, and clinical outcomes were evaluated
using the visual analog scale (VAS), Neck Disability Index
(NDI),14 and modified Japanese Orthopaedic Association
(mJOA) scale.15,16 The recovery rates using mJOA scores
were calculated according to the previous study.16

Routine anteroposterior, lateral, and dynamic X-ray
and CT scans were performed before and immediately after
the surgery, at 1, 3, and 12 months and the final follow-up
(except the dynamic X-ray at 1 month). The laminar open
angle was determined by measuring the angle between the
lamina and the coronal plane in the CT scans, and this post-
operative angle was defined as the open angle (Figure 3).
Angles of bilateral sides were then averaged. The C2-7 Cobb
angle and the cervical dynamic range of motion (ROM) were
also assessed and compared based on our previous study
(See supplementary data Figure 1).12 The bony fusion time
and the fracture rate of the hinges were also recorded and
compared. The criteria of fusion followed the guidelines
described by Rhee et al.,17 which was defined as the disap-
pearance of hinge lines, and both the ventral and dorsal cor-
tices were bridged with bone without any distinct visible line
on the CT images. All images were assessed by two
researchers independently and repeated three times. Concor-
dance Correlation Coefficients (CCC) were used to assess the
concordance between the two researchers, and the CCCs of
all the measured variables were more than 0.75, which indi-
cated satisfactory concordance.

A B

FIGURE 1 The sharp rongeur with a tip angle of 20�. (A) The scale was

labeled at the tip of the sharp rongeur. (B) The sharp rongeur was

designed with the tip angle of 20�

FIGURE 2 The illustrative diagrams of the sharp rongeur. (A) Bilateral hinges were made with the 20� sharp rongeur or the high-speed micro-drill at

the border of the laminae and facets. (B) A sizeable hydroxyapatite spacer was tied to bridge the bilateral edges of the laminae and fixed with wires
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Statistical Analysis
The SPSS (version 25.0, IBM Corporation, Armonk, NY) was
used for the statistical analysis. Quantitative data are presented as
the mean � standard deviation (SD). The data including age at
surgery, mJOA score, recovery rates of JOA, NDI, Cobb angle,
ROM between the two groups were compared by the unpaired
Student’s t-test. The mJOA score, recovery rate of mJOA, VAS,
NDI, Cobb angle, ROM, preoperative angle of surgical segment,
postoperative angle of surgical segment, enlargement of open
angle, operative time, blood loss between the two groups were
compared by the Mann–Whitney U test. The laminar fusion
rate, laminar fracture rate between the two groups were com-
pared by the chi-squared (χ2) test. The gender, complications
between the two groups were compared by the Fisher’s exact test.
The VAS and NDI of drill group were compared between preop-
erative and final follow-up by a paired-sample t-test. The VAS
and NDI of rongeur group and open angle of each group were
compared between preoperative and final follow-up by a
Wilcoxon signed-rank test. The JOA, NDI, and VAS of each
group were compared at follow-up period by a Wilcoxon
signed-rank test. p value <0.05 indicated a significant difference.

Results

Patients’ Demographics
No significant differences were observed between these two
groups concerning age, sex, mJOA score, VAS score, NDI,

Cobb angle, and the cervical dynamic ROM before surgery
(Table 1). There were also no significant differences in the
operative time and perioperative blood loss between the
groups (Table 2).

Clinical Outcomes
Both groups showed significant improvements in scores of
NDI (the rongeur group: 19.23 � 10.12 vs 7.55 � 10.65,
Z = -3.801, p < 0.001, the drill group: 18.59 � 7.27 vs
14.71 � 8.72, t = 2.125, p = 0.049) and VAS (the rongeur
group: 3.841 � 3.368 vs 0.932 � 1.482, Z = �3.415,
p = 0.001, the drill group: 4.824 � 3.459 vs 1.029 � 1.700,
t = 4.820, p < 0.001) at the final follow-up (p < 0.001,
Table 3). No significant differences were also observed in the
mJOA and VAS scores at any given time point between the
groups. However, much lower NDI scores (7.55 � 10.65 vs
14.71 � 8.72, U = 94.000, p = 0.008) were detected in the
rongeur group compared to that of the drill group at the
final follow-up (Table 3 and Figure 4). There were no signifi-
cant differences in the recovery rates based on mJOA scores
between the groups at 1, 3, and 12 months post-operation.
The rongeur group showed a higher recovery rate in mJOA
scores compared to that of the drill group at the final follow-
up (0.84 � 0.14 vs 0.72 � 0.18, U = 115.000, p = 0.042,
Figure 4).

Radiological Outcomes
As shown in Table 4, there were no significant differences
in the laminar open angles between the groups pre-
operatively. After the operation, open angles in the
rongeur and drill groups were significantly increased by
22.78� � 4.34� and 32.75� � 4.22�, respectively, compared
to those before operation (rongeur group: Z = -4.107,
p < 0.001; drill group: Z = �3.621, p < 0.001). The

A B

FIGURE 3 The radiological measurement of lamina open angle. The

laminar open angle was defined as the angle between the line along the

lamina and the line drawn parallel to the posterior border of the

vertebral body in the exact axial section. (A) The lamina open angle

before operation; (B) The lamina open angle after operation

TABLE 1 Patient demographics

Groups
Age at surgery

(years)
Gender

(male:female)
Preoperative
mJOA score

Preoperative
VAS score

Preoperative
NDI

Preoperative
Cobb angle (�)

Cervical ROM
before surgery (�)

Rongeur (n = 22) 59.32 � 11.33 15:07 10.46 � 3.47 3.84 � 3.37 19.23 � 10.12 11.89 � 17.06 38.91 � 10.73
Drill (n = 17) 58.88 � 16.68 13:04 10.71 � 2.49 4.82 � 3.46 18.59 � 7.27 11.82 � 13.09 39.58 � 13.93
t or U 0.097 / 185.000 165.000 185.000 184.500 186.500
p value 0.923 0.725 0.967 0.547 0.967 0.944 0.989

Abbreviations: mJOA, modified Japanese Orthopaedic Association; NDI, neck disability index; ROM, range of motion; VAS, visual analog scale.

TABLE 2 Comparison of surgical parameters

Groups Operative time (min) Blood loss (mL)

Rongeur (n = 22) 177.1 � 36.9 111.4 � 48.6
Drill (n = 17) 158.6 � 47.8 126.5 � 98.2
U 130.500 182.500
p value 0.110 0.900
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predictive enlargement of the laminar open angle was
about 20� using the sharp rongeur, however, the actual
enlargement was 22.78� � 4.34� on average, which showed
significant differences compared to the drill group
(32.75� � 4.22�, U = 19.000, p < 0.001).

Based on the criteria of bony fusion at 1-month post-
surgery,17 45 out of 132 hinges were fused in the rongeur
group (Figure 5), and the fusion rate was 34.1%. While, in the
drill group, only 15 out of 102 hinges were fused, and the

fusion rate was only 14.7%, which was significantly lower com-
pared with that of the rongeur group (χ2 = 11.340, p = 0.001).
At 3 months post-surgery, fusion rates in the rongeur and drill
groups were 89.4% and 82.4%, respectively, and all hinges were
fused within 12 months. There were no significant differences
in the fusion rates between the groups at 3 (χ2 = 2.416,
p = 0.120) and 12 (χ2 = 0, p = 1.000) months after surgery.
The representative CT imaging of hinges in the rongeur and
drill groups are shown in Figures 6 and 7, respectively.

TABLE 3 Comparison of mJOA score, NDI and VAS

Parameters Pre-op
1 month
post-op

3 months
post-op

12 months
post-op Final follow-up χ2 p value

mJOA score Rongeur (n = 22) 10.46 � 3.47 12.55 � 2.79 13.48 � 2.17 14.75 � 1.74 15.95 � 0.83 79.289 <0.001
Drill (n = 17) 10.71 � 2.49 12.94 � 2.07 14.12 � 1.64 15.27 � 1.42 15.26 � 1.03 59.120 <0.001
t or U �0.263 183.000 �1.010 154.000 119.000 / /
p value 0.794 0.922 0.319 0.362 0.055 / /

NDI Rongeur (n = 22) 19.23 � 10.12 26.23 � 16.31 20.73 � 12.61 13.36 � 10.20 7.55 � 10.65 61.695 <0.001
Drill (n = 17) 18.59 � 7.27 24.12 � 12.04 17.12 � 9.57 15.59 � 8.16 14.71 � 8.72 27.522 <0.001
t or U 185.000 183.000 0.981 155.000 94.000 / /
p value 0.967 0.922 0.333 0.377 0.008 / /

VAS Rongeur (n = 22) 3.841 � 3.368 2.955 � 2.781 2.250 � 2.181 1.455 � 1.738 0.932 � 1.482 50.887 <0.001
Drill (n = 17) 4.824 � 3.459 3.353 � 3.061 2.441 � 2.436 1.206 � 1.668 1.029 � 1.700 42.229 <0.001
U 165.000 182.500 185.500 176.500 180.500 / /
p value 0.547 0.900 0.967 0.769 0.856 / /

Abbreviations: mJOA, modified Japanese Orthopaedic Association; NDI, neck disability index; Post-op, postoperative; Pre-op, preoperative; VAS, visual analog
scale.

FIGURE 4 The clinical outcomes between groups based on the mJOA (A), VAS (B), NDI (C) and the recovery rate of mJOA (D). (A) There were no

significant differences in the mJOA score between groups at any time-point. (B) There were no significant differences in the recovery rate of mJOA

score between groups at any time-point, except that at the final follow-up. (C) No significant differences were found in the VAS score between groups

at any time-point. (D) There were no significant differences in the NDI between groups at any time-point, except that at the final follow-up. *p < 0.05

TABLE 4 Comparison of laminar open angle

Groups Preoperative angle of surgical segment (�) Postoperative angle of surgical segment (�) Enlargement of open angle (�)

Rongeur (n = 22) 37.35 � 3.86 60.13 � 3.69 22.78 � 4.34
Drill (n = 17) 36.21 � 3.92 68.96 � 1.00 32.75 � 4.22
U 155.000 2.000 19.000
p value 0.377 <0.001 <0.001
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In the rongeur group, 10 out of 132 laminas were
found fractured in the first CT scan after surgery, with the
laminar fracture rate of 7.8%, while in the drill group, 26 of
102 laminas were fractured, having a fracture rate of 25.5%.
There was a statistical difference between the groups
(χ2 = 14.185, p < 0 0.001).

There were no significant differences in Cobb angles
and cervical dynamic ROMs between the groups at each time
point pre- and postoperatively, as shown in Figure 8 and
Table 5.

Surgery-Related Complications
In terms of ANP, only one patient in the rongeur group
complained about mild axial pain, and three of 17 patients

in the drill group also showed similar symptoms but without
significant differences between the groups (Fisher’s exact test,
p = 0.300). One patient was suffering from the superficial
infection in the drill group, and another patient from super-
ficial fat liquefaction in the rongeur group. Both were cured
after medications and dressing changes. The other common
complications, such as C5-NRP and lamina closure, were not
detected in both groups.

Discussion

In this current study, we demonstrated a novel method of
making hinges using a newly designed sharp rongeur to

enhance radiological and clinical outcomes in French-door
cervical expansive laminoplasty compared with the outcomes
of the traditional micro-drill method.

FIGURE 5 The CT scans with axial section of the

cervical spine between groups. (A, B, C, D) CT scans in

the rongeur group showed that the hinges fused at

1 month postoperatively. (E, F, G, H) CT scans in the

drill group showed that the hinges were found fused

until at 3 months postoperatively

FIGURE 6 The CT scan of a 55-year-old male patient in the rongeur

group. The line of the hinges at C4-6 disappeared and both the ventral

and dorsal cortices are bridged with bone without distinct line at

4 weeks after surgery, which demonstrated that the hinges fused

successfully. C: cervical

FIGURE 7 The CT scan of a 61-year-old male patient in drill group. The

line of the hinges was still distinct at 4 weeks after operation. C:

cervical
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The Newly Designed Sharp Rongeur Enhances the
Accuracy of the Prediction of the Open angle and Hinge
Creation
The laminal open angle in the cervical laminoplasty is closely
related to the prognosis, suggesting that the open angle
should be less than 60�.6 The excessive open angle may cause
posterior spinal cord movement increasing the rates of post-
operative ANP and C5-NRP.7,18 In this study, the postopera-
tive open angle in the rongeur group was significantly less
than that in the drill group. In agreement with previous sug-
gestions that the open angle should be no more than 60�,
owing to the preoperative laminar angle of about 36�–37�,
we designed the sharp rongeur with a tip angle of 20� to
make hinges during the FDL. Ideally, the rongeur was able
to limit the shape and depth of the hinges and enlarge the
laminal open angle at about 20�. The open angle enlarge-
ment was 22.78� on average using this sharp rongeur, which
was greater than 20�. That might be due to the repeated
manipulation of biting during the operation. Indeed, it was
difficult to predict the open angle precisely before the opera-
tion. However, we could estimate the approximate enlarge-
ment of the laminal open angle preoperatively using this
sharp rongeur, which was helpful for surgeons controlling
the angle.

In our opinion, the use of the high-speed micro-drill
to make hinges during the cervical laminoplasty could be
more vulnerable to removing excessive bone fragments along
the hinge line. Consequently, this caused the excessive open
angle and an increased rate of postoperative laminar fracture,
which was significantly different from the preoperative

estimations.9,19 Here, results showed that the fracture rate of
the lamina in the rongeur group was significantly lower than
that in the drill group. This demonstrated that it was much
safer to make hinges using our newly designed sharp rongeur
during FDL.

The Designed Sharp Rongeur Enhances more
Satisfactory Radiological and Clinical Outcomes for
FDL, Compared to the Traditional High-Speed Micro-
Drill
Considering the thermal effect, the application of high-speed
micro-drills can stop excessive blood loss due to a localized
increase of temperature during the surgery.20 However, our
study detected that there was no statistical difference in
terms of intra-operative blood loss between the groups. As
concerned, skilled operators and tamping hemostatic mate-
rials can effectively reduce the intra-operative bleeding using
this sharp rongeur.

The reduction of cervical ROM is one of the major
complications of cervical laminoplasty.21 The cervical ROM
decreases by 30%–70% after laminoplasty, depending on the
surgical method, the number of vertebrae involved in sur-
gery, the open angle, functional exercise, and the wearing
time of the neck collar.22 Several studies have reported that
the destruction of the C7 structure may lead to the missing
of the cervical ROM.23–25 There was no significant difference
in the cervical ROM between the groups in our study, indi-
cating that the use of sharp rongeur to make hinges did not
cause a further reduction in the cervical ROM compared

FIGURE 8 The radiological outcomes between groups based on the cobb angle (A), change rate of Cobb angle (B), ROM (C) and retention rate of

ROM (D). There were no significant differences in the cobb angle (A), change rate of cobb angle (B), ROM (C) and retention rate of ROM between

groups at any time-point (p > 0.05)

TABLE 5 Comparison of cervical dynamic range of motion (�, ROM)

Groups Preoperative 3 months after operation 12 months after operation Final follow-up

Rongeur (n = 22) 38.91 � 10.73 21.97 � 7.95 25.15 � 9.94 26.43 � 11.11
Drill (n = 17) 39.58 � 13.93 22.80 � 9.29 26.74 � 9.99 28.38 � 11.05
t or U 186.500 �0.301 �0.491 163.000
p value 0.989 0.765 0.626 0.510
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with the high-speed micro-drill procedure. Consequently,
the occurrence rate of axial symptoms, which were posi-
tively related to the reduction of the cervical ROM, also
showed no significant difference between the groups.23,26,27

Of note, there was no occurrence of C5-NRP in both
groups, which might be due to the relatively small sample
size in this study.

It is noteworthy that the NDI and recovery rate of the
mJOA score in the rongeur group showed significant
improvement at the final follow-up compared to that of the
drill group, although there were no significant differences
between the groups in the early period. We speculated that
the use of this sharp rongeur could reduce the manipulation-
related destruction of the facet joints compared to the
high-speed micro-drill technique and thus could delay the
degenerative processes of the cervical spine, which could help
in improving clinical symptoms.

An Innovative and Effective Surgical Technique to
Create Precise Hinges Using this Sharp Rongeur
during FDL
Lamina closure is also a common complication of postopera-
tive cervical laminoplasty.28 The percentage of postoperative
re-closure has been reported to be 34%. The major reasons
include the weak fixation and the delayed union or non-
union of the gutters.29 The bone structure at the cervical
lamina consists of the dorsal, ventral, and cortical bones, as
well as the cancellous bone between these two parts. During
the laminoplasty, a fracture could form on one or both sides
of the lamina.30 Ideally, the ventral-cortical bone at the
lamina should be partially intact after surgery, forming an
incomplete fracture. Fracture healing gradually arises at the
hinges postoperatively. However, if the ventral cortex rup-
tures, the healing could be inevitably prolonged.28 Studies
have reported that the excessive removal of the cancellous
bone can lead to delayed union or non-union of bones, and
bone healing is better if the lamina is thicker.17 In our study,
a specially designed sharp rongeur was used to safely make
hinges avoiding the rupture of ventral-cortical bone and
maintaining the hinges in “V” shapes. This method would
allow the two sides of the hinge to touch each other closely,
which was demonstrated to accelerate the fusion time and
reduce the laminar fracture rate. Functional mechanisms of
the sharp rongeur could be postulated as: first, the enormous
heat generated during the use of the high-speed drill may
induce bone cell apoptosis, loss of local blood supply, and
enhancement of local osteoclast activity, resulting in the del-
ayed union,31 in agreement with the previous study that irre-
versible apoptosis of the bone cells could be induced by
heating at 47 �C for 60 s or at 55 �C for 30 seconds,32 the
shape of the hinge gutter made by sharp rongeur was similar
to a triangle, compared to the gutter made by bone drilling,
which could make the inner walls of the gutters closer and
be benefitted to the bony fusion, and finally, the inner walls
of gutters made by rongeur were relatively rough, which was
conducive to the migration and crawling of osteocytes.

Limitations and Strengths
The current study has several limitations. This was a retro-
spective study, and the sample size might be insufficient.
Besides, we did not evaluate the long-term efficacy of the
FDL using the newly designed sharp rongeur. Further study
would be needed to expand the sample size, extend the
follow-up time, and clarify the association of long-term out-
comes with the instrument types being used for making
hinges. Nonetheless, we controlled all our measurements as
these data were measured by three independently experi-
enced clinical spine surgeons. Despite the relatively small
size, and inadequate follow-up time, the results of our study
also provide certain important information for future high-
quality study. Moreover, the specific mechanism of sharp
rongeur to promote the healing of the hinges is being
conducted.

Conclusion

Use of the special sharp rongeur with a tip angle of 20�

could be a preferred method to make hinges during
FDL, which can predict the laminal open angle accurately
and enlarge it to about 23�, thus reducing the fracture rate
and accelerating the bony fusion of hinges compared with
the outcomes of the traditional micro-drill method.
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