Liu et al. BMC Musculoskeletal Disorders (2024) 25:515 BMC Musculoskeletal

https://doi.org/10.1186/512891-024-07638-0 .
Disorders

.. ®
Alternate levels versus all levels mini-plate s
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Abstract

Objective The purpose of this study is to compare radiological and clinical outcomes between alternate levels (C4
and C6) and all levels mini-plate fixation in C3-6 unilateral open-door laminoplasty.

Methods Ninety-six patients who underwent C3-6 unilateral open-door laminoplasty with alternate levels mini-plate
fixation (54 patients in group A) or all levels mini-plate fixation (42 patients in group B) between September 2014 and
September 2019 were reviewed in this study. Radiologic and clinical outcomes were assessed. Clinical results included
Visual Analogue Scale (VAS) of axial neck pain and Japanese Orthopedic Association (JOA) score. Radiographic results
included cervical range of motion (ROM), cervical curvature index (CCl), and the spinal canal expansive parameters
including open angle, anteroposterior diameter (APD), and Pavlov's ratio.

Results There was no significant difference in VAS, JOA score, ROM, and CCl between two groups. There was no
significant difference in canal expansion postoperatively between two groups. However, open angle, APD, and
Pavlov's ratio in group A decreased significantly during the follow-up. In group B, APD, Pavlov's ratio, and open angle
were maintained until the final follow-up. There was no hardware failure or lamina reclosure occurred in both groups
during the follow-up. The mean cost of group B was higher than that of group A.

Conclusions Despite the differences in the maintenance of canal expansion, alternate levels mini-plate fixation
can achieve similar clinical outcomes as all levels mini-plate fixation in C3-6 unilateral open-door laminoplasty. As
evidenced in this study, we believe C3-6 laminoplasty with alternate levels (C4 and C6) mini-plate fixation is an
economical, effective, and safe treatment method.
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Introduction

Unilateral open-door laminoplasty, first reported by
Hirabayashi in 1977, is commonly used to treat multi-
segmental cervical compressive myelopathy caused by
ossification of the posterior longitudinal ligament or
spondylotic disease [1, 2]. C3-7 laminoplasty is the most
popular procedure though many variations of lamino-
plasty are developed [3]. However, it was reported that
C3-6 laminoplasty with preservation of muscles attached
to the C2 and C7 spinous processes reduces the inci-
dence of prolonged postoperative axial neck pain and
C2-C7 angle loss [4, 5]. C3-6 laminoplasty was adapted to
multi-segmental cervical compressive myelopathy in our
institution.

To provide enough space for the spinal cord to move
away from anterior compression, adequate enlargement
of the spinal canal is critical in unilateral open-door lami-
noplasty [1, 6]. Traditionally, sutures were used to fasten
the spinous process to the facet joint capsule to keep the
hinge open which was proved effective in resolving neu-
rological symptoms. However, as the absence of rigid fix-
ation, reclosure of lamina was reported during follow-up
[7, 8]. Mini-plate fixation, first reported in 1996, is effec-
tive in preventing lamina closure by providing the lamina
immediately rigid fixation [9]. Usually, the plate is applied
at each level. As mini-plates are costlier, it is also used at
alternate levels to reduce the cost for the patients [1, 6,
10-12]. We performed alternate levels(C4 and C6) fixa-
tion in C3-6 cervical laminoplasty for some patients.

To date, no comparative study on plates used at alter-
nate levels(C4 and C6) or all levels in C3-6 cervical lami-
noplasty has been published. Whether they could achieve
similar radiographic and clinical outcomes is still ques-
tionable. The purpose of this study is to compare radio-
logical and clinical outcomes between alternate levels(C4
and C6) and all levels mini-plate fixation in C3-6 unilat-
eral open-door laminoplasty.

Materials and methods

Radiological imaging studies and medical records of
patients who underwent C3-6 unilateral open-door lami-
noplasty between September 2014 and September 2019
in our institutional were retrospectively reviewed.

The inclusion criteria were as follows: (1) Diagnosis of
ossification of posterior longitudinal ligament or cervi-
cal spondylotic myelopathy, (2) underwent C3-6 unilat-
eral open-door laminoplasty as the primary surgery, and
(3) mini-plate was used at alternate levels(C4 and C6) or
all levels. The exclusion criteria were as follows: (1) frac-
tures, tumors, and metabolic disorders, (2) structural
spinal deformity, (3) concurrent anterior cervical spine
surgery, and (4) previous history of cervical spine surgery.

Finally, a total of 96 eligible patients were enrolled in
this study. Two alternate levels (C4 and C6) were fixed by
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mini-plates in 54 cases (group A). The other 42 patients
were treated with all levels mini-plates fixation (group B).

Surgical procedures

Before surgery, patients choose alternate levels mini-plate
fixation or all levels mini-plate fixation according to their
own financial situation. All operations were performed
by the same spine surgeon. All bilateral muscles attached
to the spinous processes of C2 and C7 were preserved.
The interspinous ligaments from C3 to C6 were also pre-
served during dissection. For patients with C2/C3 spinal
stenosis, the dome-like laminoplasty was performed to
preserve the integrity of the C2 spinous processes [13].
For patients with C6/C7 stenosis, the partial laminec-
tomy of C7 was performed to preserve the integrity of the
C7 spinous processes. The side with more severe symp-
toms was the open side and the other side was the hinge
side. After elevating the open side of the laminae, mini-
plates with appropriate size were selected and screws
were inserted in per plate. In Group A, mini-plates were
installed on C4 and C6. The spinous processes of C3 and
C5 were fixed to the articular capsule with sutures. Mini-
plates were placed on C3, C4, C5, and C6 in Group B. All
patients were treated with a rigid collar for four weeks
postoperatively [14].

Clinical evaluation

Visual Analogue Scale (VAS) of axial neck pain and Japa-
nese Orthopedic Association (JOA) score system were
used to evaluate the clinical outcome. The neurologi-
cal recovery rate was calculated as (postoperative JOA
score-preoperative score)/(17-preoperative score)*100%
[6, 10]. Operation time, blood loss, hospital stay, and cost
were reviewed for each case. Complications such as axial
symptom, C5 palsy, cerebrospinal fluid leakage, hardware
failure, and lamina reclosure were recorded until the final
follow-up for all patients.

Radiologic evaluation

To assess radiographic changes, we reviewed cervical
X-ray and three-dimensional CT at preoperative, postop-
erative, 3 months, 6months, 1 year, and final follow-up.
Cervical range of motion (ROM) was evaluated on the
flexion and extension radiograph. As described by Ishi-
hara, cervical curvature index (CCI) was used to evalu-
ate cervical lordosis [15]. The open angle, Pavlov’s ratio,
and mean anterioposterior diameter (APD) were used
to assess spinal canal expansion (Fig. 1). The criteria of
reclosure is a 10% decrease in the APD, a 10% decrease
in Pavlov’s ratio, and a decrease of 100 in open angle [16,
17]. All radiological measurements were made by two
authors and the values were averaged.
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Fig. 1 (1) Mean anterioposterior diameter = (c1+c2+c3+c4)/4. Mean Pavlov's ratio = (c1/d1 4 c2/d2 + c3/d3 + c4/d4)/4. (2) Measurement of open angle
on CTimage. (3) Lateral radiograph showing evaluation of the cervical curvature index (CCl) with the Ishihara method: CCl=(a1 +a2+a3+a4)/A. (4, 5) The
cervical range of motion (ROM) was measured on the flexion-extension radiograph. ROM=a+ 3

Table 1 Patient characteristics

Characteristics Group A Group B P
Number of patients 54 42

Gender (male: female) 44:10 33:9 0.723
Age (years) 59.1+98 587+97 0.845
BMI (kg/mz) 266+3.6 256+2.7 0137
Smoking 23 20 0.623
Duration of symptom 8.0(3.0,13.5) 8.0(4.5,18.0) 0.736
(months)

Operation time (minutes)  143.2+34.7 1506+32.5 0.292
Blood loss (ml) 267.6+66.7 282.1£68.0 0.296
Hospital stay(days) 148+29 15.0+2.5 0.657
Cost($) 6436.6+391.8 10904.6+1266 <0.001
Follow-up (month) 57.0(49.8,65.0) 53.5(480,61.0) 0.123
Complications (total) 11 9 0.899
C5 palsy 2 1 0.594
Axial pain 8 7 0.804
Cerebrospinal fluid leakage 1 1 0.686

Normal distribution values were expressed as means+standard deviation and
non-normal distribution values were presented as median and inter-quartile
ranges

Statistical analysis

Data were imported into SPSS (version 21.0; SPSS Inc.,
Chicago, Illinois, USA). Normal distribution values were
expressed as meanststandard deviation and were com-
pared using an independent t test. Non-normal distribu-
tion values were presented as median and inter-quartile
ranges and were compared by Mann-Whitney U test.
Categorical variables were compared by Chi-square test.
A Pvalue of less than 0.05 was considered statistically
significant.

Results

Patient characteristics

A total of 96 patients who matched the criteria were
included in this study. Fifty-four patients who under-
went alternate levels plate fixation (C4 and C6) were sub-
divided in group A, including 10 females and 44 males,

with a mean age of 59.119.8 years. The other 42 patients
who underwent all levels plate fixation were subdivided
in group B, including 9 females and 33 males, with a
mean age of 58.719.7 years. The mean follow-up time for
two groups were 57.0(49.8, 65.0) months and 53.5(48.0,
61.0) months respectively. Duration of symptom for
two groups were 8.0(3.0, 13.5) months and 8.0(4.5, 18.0)
months respectively. Hospital stay for two groups were
14.8£2.9 days and 15.0%2.5 days respectively. Opera-
tion time for two groups were 143.21+34.7 min and
150.6%32.5 min respectively. Blood loss for two groups
were 267.6166.7 ml and 282.1+68.0 ml respectively.
There was no significant difference in age, gender, dura-
tion of symptom, follow-up time, blood loss, operation
time, and hospital stay between two groups. However,
the mean cost in group B ($10904.6+126.6) was higher
than group A ($6436.6+£391.8) (P<0.001) (Table 1).

Clinical results

The mean JOA score improved from 9.39+2.27 preoper-
atively to 14.24+1.94 (P<0.05) at the final follow-up with
a recovery rate of 67.03+17.23 in group A and improved
from 9.17%2.05 preoperatively to 14.26+2.11 (P<0.05) at
the final follow-up with a recovery rate of 68.29+20.28
in group B. The mean VAS dropped from 2.50+1.40
preoperatively to 1.19+0.75 at the final follow-up in
group A (P<0.05) and from 2.60%1.27 preoperatively
to 1.00+0.58 at the final follow-up in group B (P<0.05).
There was no significant difference in VAS, JOA score,
and recovery rate of JOA between two groups (Table 2).

Radiologic results
Compared with preoperation, cervical ROM and CCI
had a significant decrease in both groups at the final
follow-up. There was no significant difference in cervical
ROM and CCI between the two groups (Table 3).

In both groups, the APD of the spinal canal and Pavlov’s
ratio significantly increased after surgery. For group A,
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Table 2 Comparison of clinical outcomes between the two

Page 4 of 7

Table 4 Radiologic outcomes in alternate levels mini-plate

groups fixation group
Group A Group B P Fixed Levels Unfixed Levels P

Preoperative Preoperative
JOA score 9.39+227 9.17+£2.05 0621 Anteroposterior diameter(mm) 14.07 +£0.68 14.06+0.68 0.921
VAS score 2.50+£140 260+1.27 0.731 Pavlov's ratio 0.72+0.06 0.72+0.06 0.960
Final follow-up Postoperative
JOA score 14244194 14264211 0.959 Anteroposterior diameter 22074069 2205+068 0878
JOA recovery rate (%) 67.03+17.23 68.29+20.28 0.743 Pavlov's ratio 0.99+0.06" 1.00+0.07" 0465
VAS score 1.19+0.75" 1.00+0.58" 0.179 Open angle(®) 3428+203 3430+2.17 0.945
", P<0.05 compared with the preoperative parameter Final follow-up

Anteroposterior diameter(mm) 22.04+070° 2166+065* 0004
Table 3 Comparison of radiologic outcomes between the two Pavlov’s ratio 098+005" 095006 0.007
groups Open angle(’) 34254205 32.83+2.10° 0001

Group A Group B P *, P<0.05 compared with the preoperative parameter

Preoperative # P<0.05 compared with the postoperative parameter
Curvature index(%) 21.03+3.99 2068+354  0.660
Range of motion(°) 45.26+461 4481 +3.84 0611
Anteroposterior diameter(mm)  14.06+0.67  1393+063 0325 levels, the mean APD increased from 14.0610.68 mm
Paviov's ratio 0724006 0714005 0376 preoperatively to 22.05+0.68 mm postoperatively and
Postoperative decreased to 21.66+0.65 mm at the final follow-up.
Anteroposterior diameter 22074068 2214+065 0622 There was similar result in Pavlov's ratio. For fixed lev-
Paviov's ratio 099+ 006" 1014007 0262 els, Pavlov's ratio increased from 0.72%0.06 preopera-
Open angle() 34084224 34344206 0892 tively to 0.9910.06 postoperatively and was maintained
Final follow-up well at the final follow-up (0.98+0.05). For unfixed levels,
Curvature index(%) 1586+381° 16904355 0.175 it increased from 0.7210.06 preoperatively to 1.00£0.07
Range of motion(’) 31284435  3202+412° 039 postoperatively and decreased to 0.95+0.06 at the final
Anteroposterior diameter(mm) ~ 21.84+067% 2212066 0041 follow-up. As for open angle, there was no significant dif-
Pavlov's ratio 096+006"  1.00£007  0.005 ference between two groups postoperatively (34.28+2.03°
Open angle(®) 33.18+2.28" 34304207 0015 vs. 34.30+£2.17°, P=0.945). There was significant differ-

", P<0.05 compared with the preoperative parameter

# P<0.05 compared with the postoperative parameter

the mean APD increased from 14.06+0.67 mm preopera-
tively to 22.07+0.68 mm postoperatively and decreased
to 21.84+0.67 mm at the final follow-up. For group B,
it increased from 13.93+0.63 mm preoperatively to
22.14+0.65 mm postoperatively and was maintained well
at the final follow-up (22.12£0.66 mm). There was sim-
ilar result in Pavlov's ratio. For group A, Pavlov's ratio
increased from 0.72+0.06 preoperatively to 0.99+0.06
postoperatively and decreased to 0.96+0.06 at the final
follow-up. For group B, it increased from 0.71£0.05 pre-
operatively to 1.01+0.07 postoperatively and was main-
tained well at the final follow-up (1.00+0.07). As for
open angle, there was no significant difference between
two groups postoperatively (34.28 +2.24° vs. 34.34+2.06°,
P=0.892). There was significant difference between two
groups at final follow-up (33.18+2.28° vs. 34.30%2.07°,
P=0.015).

Radiologic outcomes in alternate levels mini-plate
fixation group were assessed. For fixed levels, the mean
APD increased from 14.071+0.68 mm preoperatively to
22.07+£0.69 mm postoperatively and was maintained
well at the final follow-up (22.04+0.70 mm). For unfixed

ence between two groups at final follow-up (34.25+2.05°
vs. 32.83£2.10°, P=0.001). (Table 4)

Complications
A total of three patients reported C5 palsy (2 in group
A and 1 in group B). All patients recovered completely
within three months of conservative treatment. Axial
pain was observed in fifteen patients (8 in group A and
7 in group B). All patients relieved within three months
of oral analgesics. Two patients presented cerebrospinal
fluid leakage (1 in group A and 1 in group B). The drain-
age tube was removed seven days after operation and
the incision of drainage tube was sutured. Both patients
recovered without sequela. There was no significant dif-
ference between the two groups in the rates of axial pain
(P=0.804), C5 palsy (P=0.594), and cerebrospinal fluid
leakage (P=0.686).

There was no hardware failure or lamina reclosure
occurred during the follow-up. All patients demonstrated
bony fusion on the hinge side.

Discussion

Unilateral open-door laminoplasty has become an effec-
tive surgical technique for patients with multilevel cervi-
cal compressive myelopathy [6]. It has been considered
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easy and safe by enlarging the spinal canal and providing
sufficient space to keep the spinal cord away from ante-
rior compression [11].

Traditionally, the range of laminoplasty was C3-7.
However, the spinal cord is rarely affected at C6/C7
because antero-posterior canal stenosis is rare at C6/C7
and range of motion at C6/C7 is small [3]. To preserve
the C7 spinous process and lamina, N Hosono et al.
prospectively performed C3-6 laminoplasty. Compared
with C3-7 laminoplasty, C3-6 laminoplasty with shorter
operative time, lower incidence of axial neck pain, and
smaller operative wound [3]. C3-6 laminoplasty, preserv-
ing the muscle attached to the spinous processes of C2
and C7, could maintain satisfactory neurologic improve-
ment and reduce the incidence of prolonged postopera-
tive axial neck pain and reduce postoperative loss of C2-7
angle [4]. In our institution, C3-6 unilateral open-door
laminoplasty has been adapted to cervical myelopathy. To
provide enough space for the spinal cord to move away
from anterior compression, the dome-like laminoplasty
technique was used for patients with C2/C3 stenosis and
the partial laminectomy of C7 was performed for patients
with C6/C7 stenosis.

It is critical to maintain the expansion of the spinal
canal in a successful laminoplasty [10]. The traditional
method for keeping the lamina opening is by tying the
spinous process to the articular capsule with sutures.
However, there is risk of spring-back phenomenon due
to the insufficient strength of the sutures [6]. Recent
years, in order to prevent lamina closure, mini-plate
fixation was used to make the lamina fixed immediately
[14]. Usually, the plate is applied at each level. As mini-
plates are costlier, it is also used at alternating levels to
reduce the cost for the patients [1, 6, 10-12]. Wu J et al.
reported that mini-plate fixation in alternate levels (C4
and C6) may better preserve cervical lordosis than that
in alternate levels (C3 and C5) [19]. The cephalic portion
of the C3 lamina is overlapped and obstructed by the dis-
tal portion of the C2 lamina. Some additional exposure
may be required to properly install the instrument dur-
ing C3 plating. So, plating at C4/C6 may maintain more
muscle insertion than plating at C3/C5 [19]. In our insti-
tution, mini-plates are used at alternate levels (C4 and
C6) in C3-6 laminoplasty based on patients’ independent
choice. During operation, the spinous processes of C3
and C5 were fixed to the articular capsule with sutures
and the interspinous ligaments from C3 to C6 were also
preserved during dissection. The plating segments may
provide sufficient support to uphold the non-plating seg-
ments to avoid laminar closure.

The purpose of this study is to determine whether
alternate levels (C4 and C6) mini-plate fixation can
achieve similar radiological and clinical outcomes as all
levels mini-plate fixation in C3-6 unilateral open-door
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laminoplasty. In the present study, there was no signifi-
cant difference in hospital stay, operation time, and blood
loss between two groups. However, alternate levels mini-
plate fixation could reduce the cost. We found that there
are no signifcant diferences in canal expansion postop-
eratively between the two groups. However, open angle,
APD, and Pavlov's ratio decreased significantly in alter-
nate levels mini-plate fixation group during the follow-
up. In all levels mini-plate fixation group, APD, Pavlov's
ratio, and open angle were maintained till the final fol-
low-up. The result showed that all levels mini-plate fixa-
tion was superior to alternate levels mini-plate fixation in
maintaining canal expansion. However, there was no sig-
nificant difference in VAS, JOA score, and recovery rate
of JOA between two groups.

Chen et al. observed suture suspensory fixation in
cervical laminoplasty and came to conclution that the
parameters, such as Pavlov’s ratio, APD, open angles, and
cross-sectional area, decreased along with time, mainly
within 6 months after surgery. The lamina reclosure rate
of suture group was 36.5% [20]. Lee et al. reported that
opened laminae showed approximately 10% decrease in
APD and opening angle after classic Hirabayashi open-
door laminoplasty. They found that laminar closure may
occur primarily within 6 months after surgery and the
fusion of hinge side may prevent further lamina closure.
They observed closure rates of 45.4%, 22.7%, and 44.7%,
respectively based on three different closure criteria: 5°
and 10° decreases in open angle and a 10% decrease in
AP diameter [16]. In the present study, no reclosure of
lamina was observed in any patient during follow-up. The
result might mean that alternate levels mini-plate fixation
is superior to sutures suspension fixation in maintaining
the enlargement of the spinal canal. In alternate levels
mini-plate fixation, the interspinous ligaments and the
ligamentum favum were preserved, the plating segments
provide sufficient support to uphold the non-plating
segments.

Several literature also compared clinical and radio-
logical outcomes between alternate levels and all levels
mini-plate fixation in cervical laminoplasty. Wang et al.
reported that patients with alternate levels of mini-plate
fixation showed lower JOA recovery rate, smaller APD
and open angle compared with all levels mini-plate fixa-
tion [10]. In their study, plates were used at alternate lev-
els (C3, C5 and C7). There was no suture between the
spinous process and the articular capsule at C4 and C6,
which may explain their results. In contrast, Zhang et al.
observed that, although the open angle in the alternative-
level group was significantly reduced during follow-up,
satisfactory clinical outcomes were achieved with both
alternative-level (C3, C5, and C7) and full-level (C3-C7)
fixation [6]. According to Zhang et al., the open angle
loss might be due to the following two reasons: (1) the
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measurement of open angle may also be affected by
hyperosteogeny at the open end of the sutured segment;
and (2) there may be a slight loss of open angle at suture
segments before the fusion of the hinge side [6]. In this
study, radiologic outcomes in alternate levels mini-plate
fixation group were assessed. For fixed levels, the mean
APD, Pavlov's ratio, and open angle were maintained
well at the final follow-up. Our result indicated that
open angle, APD, and Pavlov's ratio in alternative levels
mini-plate fixation group decreased significantly during
the follow-up. There may be a slight loss of canal expan-
sion at suture segments before the fusion of the hinge
side. However, no lamina reclosure was observed in any
patient. For patients who underwent alternate levels (C4
and C6) mini-plate fixation laminoplasty, the spinous
processes of C3 and C5 were fixed to the articular cap-
sule with sutures and the interspinous ligaments from C3
to C6 were also preserved during dissection. The plating
segments may provide sufficient support to uphold the
non-plating segments to avoid laminar closure. There
was no difference in clinical outcomes between the two
groups at last follow-up. So, alternate levels mini-plate
fixation (C4 and C6) in C3-C6 laminoplasty might be a
safe, effective, and economical fixation method.

In the context of China’s new medical reform, the price
of internal fixation has decreased significantly. So it may
not save as much money as it used to. But we think our
research has some value. First, even if the price of inter-
nal fixation is reduced, alternate levels mini-plate fixa-
tion may reduce some of the burden on patients. Second,
price of internal fixation may not have declined in other
countries, and this study is a reference for patients in
other countries. Third, our results show that alternate
levels mini-plate fixation can achieve the same clini-
cal outcomes, and therefore alternate levels mini-plate
fixation is feasible. This can reduce some surgical proce-
dures, because fewer surgical procedures can reduce the
risk of error.

The loss of ROM and CCI were seen in our result. There
was no significant difference in ROM and CCI between
two groups. The main reasons may be the destruction of
posterior cervical structure and the restriction of cervi-
cal spine after operation [6]. In our study, we performed
C3-C6 laminoplasty preserving the muscle attached
to the spinous processes of C2 and C7 and encouraged
patients to exercise four weeks after surgery. It may help
to preserve ROM and CCI. The common complications
after laminoplasty were C5 palsy and axial pain. Our
result showed no significant difference in the incidence of
C5 palsy and axial pain between the two groups.

Some limitations should be noted. As our study is a
retrospective single-institution study, randomized con-
trolled studies are needed to confirm these results. In
addition, there was substantial selection bias because
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patients choose alternate levels mini-plate fixation or all
levels mini-plate fixation according to their own financial
situation.

Conclusion

Despite the differences in the maintenance of canal
expansion, alternate levels mini-plate fixation can achieve
similar clinical outcomes as all levels mini-plate fixation
in C3-6 unilateral open-door laminoplasty. As evidenced
in this study, we believe C3-6 laminoplasty with alternate
levels (C4 and C6) mini-plate fixation is an economical,
effective, and safe treatment method.
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