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Abstract

Study Design: Meta-analysis and systematic review of literature.

Objective: In the late 1990s, spinal surgeons experimented by using maxillofacial fixation plates as an alternative to sutures,
anchors, and local spinous process autografts to provide a more rigid and lasting fixation for laminoplasty. This eventually led to
the advent of laminoplasty mini-plates, which are currently used. The objective is to compare laminoplasty techniques with plate
and without plate with regard to functional outcome results.

Methods: Qualitative and quantitative analyses were performed to evaluate the currently available studies in an attempt to justify
the use of a plate in laminoplasty.

Results: The principal finding of this study was that there was no statistically significant difference in clinical outcome between the
2 different techniques of laminoplasty.

Conclusion: There is not enough evidence in the literature to support one technique over the other, and hence, there is no
evidence to support change in practice (using or not using the plate in laminoplasty). A randomized controlled trial will give a
better comparison between the 2 groups.
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Introduction

Cervical spondylotic myelopathy (CSM) is a degenerative dis-

ease that has seen an evolution of its management over the past

70 years. The earliest decompression techniques were

described in the 1940s using a posterior approach, and later,

in the 1950s, the anterior approach was used via corpectomy.

The posterior decompression technique was originally accom-

plished via multilevel laminectomy with subsequent incorpora-

tion of multilevel fusion techniques to reduce the potential for

late instability and development of postoperative kyphosis.1

Tsuji first described the laminoplasty technique in 1982 as

an alternative to laminectomy as the treatment for CSM.1 The

technique was developed in an effort to eliminate the develop-

ment of instability and kyphosis following laminectomy,2

while achieving minimal reduction in cervical range of move-

ment (ROM).3 The concept revolves around canal expansion

by opening the posterior elements in either a unilateral one-way

hinge trap-door fashion (Hirabayashi technique) or midline

spinous process splitting with bilateral hinges (French-door

technique), but without completely removing the posterior

arch. This in turn allows the posterior spinal musculature to

heal to the residual posterior osseous elements, which lead to

subsequent stability and potential ROM preservation.4 Studies

have indicated that the laminoplasty results in about 30% to
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50% loss of ROM of the cervical spine,5,6 which is much less

than multilevel arthrodesis.

In the late 1990s, spinal surgeons experimented by using

maxillofacial fixation plates as an alternative to sutures,

anchors, and local spinous process autografts to provide a more

rigid and lasting fixation.1,7 This eventually led to the advent of

laminoplasty mini-plates, which are currently used.

However, there is very limited data with regard to the effi-

cacy of these plates in comparison to nonplate techniques.

Given the relatively high costs associated with the use of these

plates,8 both qualitative and quantitative analyses were per-

formed to evaluate the currently available literature in an

attempt to justify its use.

Methods

An experienced librarian conducted an extensive database

search PubMed, Embase, Medline, CINAHL, and the Cochrane

Library for literature published within the past decade. The key-

words used were cervical laminoplasty, plate, plating, and mini-

plate. The search was subsequently filtered for publications

within the period of 2000 to 2013. The database search

results—Medline (27 studies), PubMed (52), Embase (61),

CINAHL (7), and the Cochrane Library (10)—were subse-

quently filtered for duplicates and inclusion criteria, which con-

sisted of publications in English, noncadaveric studies, cohort of

at least 10 patients, and a follow-up period of at least 18 months.

The final results yielded a total of 21 studies, of which only 13

studies used a plate in their laminoplasty techniques (Figure 1).

The outcome measures considered in measuring the efficacy

of each technique included changes in the Japanese Orthopaedic

Association (JOA) scores, Hirabayashi recovery rate (measured

as a percentage of change in JOA score from preprocedure to

postprocedure), Nurick scores, and ROM. Age and gender were

assessed in each study and adjusted for in the final outcomes.

Due to the variable nature of reported outcomes among the

included studies, a mixed analysis involving both qualitative and

quantitative analyses was performed to thoroughly evaluate the

available literature. The most consistent reported outcome mea-

sure was the JOA score and the Hirabayashi recovery rate, while

reporting of changes in Nurick scores and ROM were extremely

limited. Thus, the focus of the quantitative analysis was limited

to only the Hirabayashi recovery rate as it also adjusted for the

effect size of each individual study.
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Figure 1. Article selection flow chart.
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Statistical Analysis

Statistical heterogeneity was measured using the Q statistic,

with the I2 statistic used to describe the percentage of total

variation across studies due to heterogeneity.9 An I2 value of

0% represents no observed heterogeneity, while values

approaching 100% indicate increasing heterogeneity. To

account for heterogeneity between studies, DerSimonian and

Laird random-effects models10 were used. Weighted effect

sizes were estimated along with 95% confidence intervals for

the Hirabayashi effect outcome, while an inspection of preo-

perative JOA scores was also considered.

Due to the small number of studies considered in the anal-

ysis, stratification to consider subgroups or meta-regression of

the studies to explain heterogeneity was not considered to be

suitable. The presence of publication bias was considered

through the preparation of funnel plots, with the absence of

bias identified from a symmetrical inverted funnel. However,

due to the small number of studies, it was not appropriate to

consider statistical methods to detect or correct for any biases

that were identified.

All analyses were conducted using STATA/SE 12.1 (Stata-

Corp, College Station, TX), with P values of less than .05

considered statistically significant.

Results

In total, 21 studies were identified through our literature search,

excluding duplicates. Due to the discrepancies in the reported

data including lack of reported and/or calculable standard devia-

tions, standard errors, and application of inclusion and exclusion

criteria (Table 1), only 12 of the included studies could be used

in the meta-analysis. The studies are summarized in Table 2.

Systematic Review

The studies were stratified into levels of evidence based on the

guidelines from the Journal of Bone & Joint Surgery (2003).

There were 7 publications that were of level II evidence, and

mostly consisted of prospective studies, while the remaining 14

were of level III evidence, which comprised predominantly

retrospective studies.

Level II
Plate studies. Orabi et al11 described the use of a specific

tailored plate as a modification to the double-door laminoplasty

technique in a series of 22 patients with impressive results—an

improvement of preoperative JOA score from a mean of 7.5 to

15.6, which is equivalent to a Hirabayashi recovery rate of

85.2%. Radiological assessments of outcome were equally

impressive with 0% lordotic changes on cervical X-rays, no

instrumentation failure, and no signs on instability subsequent

computed tomography (CT) and magnetic resonance imaging

(MRI) scans. The reported cervical spinal canal diameter

improvement ranged from 40.7% to 100%. Although described

as a prospective trial, the findings are unfortunately limited by

the lack of a control group and small number.

Asgari et al12 performed a prospective comparison between

2 laminoplasty techniques—bilateral cutting with retro-

positioning laminae with bilateral mini-plate fixation versus

simple open-door technique with unilateral mini-plating. The

differences between the 2 groups were minor, with only the

open-door technique being slightly superior with regard to spinal

canal diameter improvement and complication rates. Overall,

while accounting for both cohorts, the mean JOA score improved

from 11 to 12 postoperatively, which translates to a Hirabayashi

recovery rate of 16.7%, which is vastly contrasting from that

Table 1. PICO Table Describing Inclusion and Exclusion Criteria.

Study Component Inclusion Exclusion

Population � Humans
� Age >18 years
� Patients undergoing laminoplasty with or without mini-plate

fixation for cervical spondylotic myelopathy

� Animal studies
� Pediatrics
� Non-laminoplasty studies
� Less than 10 patients
� Less than 18-month follow-up

Intervention(s) � Laminoplasty with or without mini-plate fixation for cervical
spondylotic myelopathy

� Other methods of treatment of cervical
spondylotic myelopathy

Outcomes � Japanese Orthopaedic Association scores, Hirabayashi recovery
rate), Nurick scores, and range of movement

� No outcome score mentioned or use of different
outcome

Publication � Studies published in English in peer-reviewed journals � Abstracts, editorials, letters
� Duplicate publications of the same study that do

not report on different outcomes
� Single reports from multicenter trials
� Studies with less than 10 patients or less than

18-month follow-up
� Meeting abstracts, presentations, or proceedings
� Narrative reviews
� Articles identified as preliminary reports when

results are published in later versions
Study design � All study design except case reports and review articles � Case reports
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reported by Orabi et al.11 This was further supported by a similar

mean improvement rate on the Nurick score of 12.3%.

Hyun et al13 looked at the long-term loss of flexion-

extension ROM associated with laminoplasty over a 5-year

period. They found that the overall ROM was worse in those

with ossification of posterior longitudinal ligament (OPLL) in

comparison to CSM (47.2% vs 72.7%). In addition, the laminar

autofusion was associated with a greater reduction in ROM

(55.6% decrease) in comparison to non-autofusion (13.4%
decrease). The overall mean JOA of both cohorts showed an

improvement from 10.1 to 13.9, which translates into a Hira-

bayashi recovery rate of 55%, which is much more consistent

with other studies.

No-plate studies. Yang et al14 present a prospective series of

12 patients who underwent a modified unilateral open-door

laminoplasty technique using suture anchor fixation with fairly

good reported outcomes. The mean improvement in JOA score

was 6.1 (from 6.9 to 13), with an average Hirabayashi recovery

rate of 60.4%. The spinal canal diameter was improved by a

mean of 49%, and mean ROM reduction was 24%. These out-

comes are fairly consistent with reported literature.

Chen et al15 performed a prospective cohort study looking at

the recovery process of patients with CSM who underwent a

laminoplasty procedure. A total of 98 patients underwent a

double-door laminoplasty procedure and were divided into 2

cohorts based on age (<70 and >70). The mean improvement in

JOA score was 3.2 (11.1 to 14.3), which was equivalent of a

Hirabayashi improvement rate of 50.1%. Interestingly, the

improvement in JOA scores plateaued at 8.7 months, which

is much earlier compared to the other 2 outcome measures—

grasp strength and a 10-second grip and release test—which

were much later at 21.7 and 25.6 months, respectively. Recov-

ery was delayed in the more elderly group as expected. In

addition, a subanalysis of the causes of myelopathy showed

the least Hirabayashi recovery rate with OPLL, followed by

spondylosis and disc herniation.

Okada et al16 performed a prospective randomized con-

trolled trial comparing open-door laminoplasty and French-

door laminoplasty techniques. The average Hirabayashi

recovery rate for open-door laminoplasty was 52.8%, which

was slightly better than French-door laminoplasty at 42% but

was not statistically significant. Complication rates were noted

to be higher in the open-door laminoplasty group, but Short

Form-36 (SF-36) scores and postoperative axial pain were

better improved by French-door laminoplasty.

Sivaraman et al17 performed a prospective nonrando-

mized study comparing skip laminectomy and laminoplasty,

and the findings were significantly in favor of skip lami-

nectomy. The main outcome measure was the percentage of

ROM maintained postsurgery, whereby skip laminectomy

was 84% while laminoplasty was 46%. This ROM reduction

is much more significant if compared to that reported by

Yang et al, but this may be attributable to difference in

laminoplasty technique as double-door laminoplasty was

used in this study. In addition, decompression by skip

laminectomy was found to be better on MRI calculation

of cervical spinal cord cross sectional area (122.9 mm2 vs 98.8

mm2) at 6 months and cervical pain scores on SF-12 (3.45 vs

2.95), both statistically significant.

Level III
Plate studies. Agrawal et al18 performed a retrospective study

assessing the efficacy of laminoplasty with mini-plates as

described by O’Brien in patients with severe CSM based on

Nurick scores. The mean preoperative Nurick score was 4.04,

which improved to 3.16 postoperatively. In the study, it was

found that all patients with duration of symptoms less than

3 years and 50% of the patients with duration of symptoms

between 3 and 6 years had improvement of 1 point Nurick

score, while patients that suffered a duration of symptoms more

than 6 years showed no change in Nurick score postoperatively.

The Nurick score improvement of 0.88 was similar to those

reported by Dimar et al19 (1.47-2.11 to 0.63) and Petraglia et al8

(1.15-2.08 to 0.93).

Jiang et al20 retrospectively reviewed 61 patients with CSM

that underwent laminoplasty and compared the outcomes of

plate versus suture laminoplasty. The mean improvement of

JOA score in the plate group was slightly better than the suture

group (4.3 vs 3.9), while the ROM reduction was slightly less in

the suture compared to the plate group (8.9� vs 9.2�) but neither

finding was statistically significant. The only statistically sig-

nificant finding was the improvement in AP diameter that was

better in plate group (5.1 mm vs 4.5 mm). However, Chen

et al,15 who performed a similar review of 53 patients, found

that the mean improvement of JOA score was slightly better in

the plate group (4.36 vs 4.31), though the difference was not

statistically significant. However, improvement in visual ana-

log scales (VAS) scores (2.41 to 1.17 vs 2.56 to 2.44), axial

symptoms, maintenance of cervical lordosis, and cervical ROM

(39.48 to 36.07 vs 38.52 to 29.52) was statistically significant.

Yang et al21 retrospectively reviewed 141 CSM patients that

underwent either plate-only laminoplasty or laminectomy and

fusion to compare their outcomes. The authors found that there

was no significant differences in the improvement of JOA

scores (Hirabayashi recovery rate: 57.29 vs 58.87) and Nurick

scores (2.40 to 0.65 vs 2.52 to 0.68), but the laminoplasty

patients showed better improvement in Neck Disability Index

(NDI) (34.11 to 14.67 vs 33.74 to 16.8) and VAS scores (2.85

to 1.11 vs 2.59 to 2.15). Complication rates in terms of C5 palsy

and axial pain were also lower in the laminoplasty group.

Maintenance of cervical canal cross-sectional area was similar

for both groups at 24-month follow up, though the overall

increase in area was better with the laminectomy group

(52.68 mm2 vs 31.88 mm2). Overall, loss of ROM was also

greater in the laminectomy group (63.03% vs 15.82%).

Jiang et al22 retrospectively reviewed 26 patients with multi-

level degenerative cervical spine disease that underwent plate-

only open-door laminoplasty. The mean improvement in JOA

score was 4.8 (9.1 to 13.9), which corresponds to a Hirabayashi

recovery rate of 60.7%. There was also a reported average loss

of cervical ROM by 3.2� (30.5� to 27.5�). These results were
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closely mirrored by those from Yang et al,23 who retrospec-

tively reviewed 42 patients who underwent plate laminoplasty

for degenerative cervical disease with a mean improvement of

JOA score of 4.4 (9.5 to 13.9) and a Hirabayashi recovery rate

of 58.9%.

Fujimori et al24 retrospectively reviewed a total of 60

patients who underwent plated laminoplasty to review the out-

comes based on the cause of cervical spondylosis. The mean

JOA scores were improved in both groups (12.8 to 14.5 vs 13.2

to 14.2). VAS scores seemed to be better improved in the CSM

group (4.2 to 2.6 vs 3.6 to 3.1) but was not statistically signif-

icant. The authors also further found that cervical ROM was

more significantly reduced in patients with OPLL compared to

CSM (34.4� to 20.8� vs 32.7� to 24.4�).
Mizuno et al25 performed a retrospective review of patients

with OPLL and compared the outcomes between those who

underwent anterior corpectomy and expansive unilateral lami-

noplasty with mini-plate fixation. Surgery-related outcome was

reported to be good in 80% and fair in the remaining 20%,

although the exact measure was not discussed. Another out-

come measure identified was the change in cervical spine

ROM, which was reduced by a mean of 5.9� (32.1� to 26.2�),
which translate to reduction of 18.1%, which is similar to that

reported by Yang et al.

No-plate studies. Iwasaki et al26 retrospectively reviewed 66

patients who underwent classical laminoplasty for OPLL to

evaluate the factors that predicted outcomes and also the lim-

itations of laminoplasty. The mean improvement in JOA score

at final follow-up was 4.5 (9.2 to 13.7), which was equivalent to

a Hirabayashi recovery rate of 55%. Factors predicting a poorer

outcome were found to be occupying ratio of greater than 60%,

hill-shaped ossification, lower preoperative JOA score, post-

operative change in cervical alignment, and older age at the

time of surgery.

Matsumoto et al27 performed a retrospective analysis of 82

patients that underwent classical laminoplasty to identify risk

factors for closure of lamina given its strong association with

poorer patient satisfaction. Lamina closure occurred in 34% of

the patients. No statistical difference was found between

patients who had a closed or open lamina in mean JOA

improvement scores (9.7 to 13.7 vs 10.6 to 13.3), Hirabayashi

recovery rates (53.9 vs 44.3), neck pain scores, and patient

satisfaction level at final follow-up. The only significant factor

identified to pose a significant risk was the presence of preo-

perative cervical kyphosis.

Kotani et al6 performed a retrospective cohort study com-

paring 2 nonplate laminoplasty techniques—conventional

open-door laminoplasty versus deep extensor muscle-

preserving laminoplasty. The difference in JOA scores

improvement (9.1 to 14.6 vs 8.6 to 13.8) and Hirabayashi

recovery rates (69 vs 65) were not statistically significant. The

use of a new tentative JOA scoring system showed statistically

significant improved cervical spine function (84% vs 63%) and

quality of life scores (61% vs 45%) in the muscle-preserving

group. This was also found to be similar in average VAS scores

at final follow-up, favoring the muscle-preserving group

(4.9 vs 2.3). There were however no statistical differences in

cervical ROM.

Liu et al28 compared anterior cervical discectomy and fusion

(ACDF) with laminoplasty in a retrospective analysis of clin-

ical outcomes, radiographic changes, and complications in 52

patients with multilevel CSM. ACDF was found to be a more

time-consuming procedure (187.78 minutes vs 115.92 minutes)

and caused more operative blood loss (361.11 mL vs

118.48 mL). Both groups had marked improvement in JOA

scores with Hirabayashi recovery rates of 59.79 and 59.54,

respectively. The laminoplasty group had a better preservation

of cervical ROM compared to the ACDF group (11.39% vs

29.45% reduction in ROM). Complications were significantly

higher in the ACDF group.

Seng et al29 also compared laminoplasty with ACDF to

assess for potential advantages of either technique in treating

CSM. A retrospective analysis of 116 patients (64 ACDF; 52

laminoplasty) found laminoplasty had better improvement

of JOA scores in the short term (11 to 13.7 vs 11 to 12.4),

Hirabayashi (37.7 vs 31.8), while ACDF had better NDI scores

in the short term. As found earlier by Liu et al,28 blood loss was

noted to be lower in the laminoplasty group. However, no

statistical difference could be found at the final follow-up at

2 years in terms of JOA score improvements (11 to 13.5 vs 11

to 14.4), Hirabayashi recovery rate (51.9 vs 53.1), NDI, SF-36,

AAOS-NSS, VAS, and cervical ROM.

Given the variability of reported outcomes, a meta-analysis

was performed to obtain a more objective outcome with regard

to the topic.

Meta-Analysis

The trials included a total of 634 patients, with 190 from the

plate group and 444 from the no-plate group. The number of

participants ranged from 29 to 75 for the plate group and

from 27 to 98 for the no-plate group. Length of follow-up

ranged from 20.9 to 122.4 months across both groups. The

mean or median age of participants ranged from 56 to 63.1 years,

with the participants being predominantly male, ranging

from 56% to 86% across studies. The majority of the included

studies were retrospective studies (9), which were at most

level III evidence. In addition, the lack of direct comparison

between laminoplasty techniques allows for only relative com-

parison between outcome measures between the 2 groups, as

statistical significance with P values was not calculable. Stud-

ies are presented in chronological order in Table 1 and in

Figures 2 to 4.

The pooled effect size for the plate group studies was

58.18% (95% confidence interval [CI] ¼ 55.95% to 60.41%)

compared to the pooled effect size for the no-plate group of

60.02% (95% CI ¼ 58.08% to 61.95%). While there was no

evidence of heterogeneity across the plate group, evidence of a

high level of heterogeneity was observed in the no-plate group,

with an I2 value of 86.0% (P < .001). Thus, the DerSimonian

and Laird (DþL) random-effects pooled effect size of 56.57%
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(95% CI ¼ 50.50% to 62.65%) indicates an effect size that is

slightly less that the plate group pooled effect size estimate,

with wider 95% confidence intervals for the no-plate group

reflecting the conservative assessment via the DþL random-

effects method.

Given the Hirabayashi recovery rate takes into account pre-

operative JOA scores, an assessment of differences in preo-

perative scores was conducted for the 5 plate studies and the

7 no-plate studies. There was only evidence of a mild level of

heterogeneity in the plate group (I2 ¼ 34.8%, P ¼ .189) with

mean JOA preoperative score of 9.19 (95% CI ¼ 8.87 to 9.52).

Of the 8 no-plate studies, the Iwasaki26 and Okada16 studies

could not be assessed due to lack of either preoperative JOA

mean or standard deviation values. For the 6 remaining studies,

the mean JOA preoperative score was 9.77 (95% CI ¼ 9.47 to

10.07), although this estimate was based on the random-effects

DþL method due to a high level of heterogeneity in the pre-

operative JOA scores (I2 ¼ 83.7%, P < .001).

Visual inspection of the funnel plot for the no-plate studies

indicated that there may be some evidence of publication bias,

with a lack of results in the higher Hirabayashi score range with

high standard error that may reflect smaller studies. However,

given the small number of studies considered, it is also possible

that the Kotani et al6 study with a high Hirabayashi effect size

and low standard error may be an outlier, and is the main cause

of the high level of heterogeneity in the no-plate study.

Considering a sensitivity analysis where the Kotani et al6

study is removed from the no-plate group analysis, there is no

evidence of heterogeneity across the plate group (I2 ¼ 0.0%,

P ¼ .796), with the fixed effects size being 54.92%
(95% CI ¼ 52.50% to 57.34%).

Discussion

The principal finding of this study was that there were no sta-

tistically significant differences in clinical outcomes between the

plate and nonplate laminoplasty techniques. Nonetheless, there

was some evidence to suggest that the postoperative ROM of the

cervical spine was slightly better with nonplate laminoplasty

techniques but remain statistically not significant.

The current evidence base is presented with a number of

limitations: the majority of included studies were retrospective

in nature with relatively small sample sizes and were at most

level III evidence. In addition, the lack of direct comparison

between plate and nonplate laminoplasty techniques only

allowed for relative comparison of outcome measures between

the 2 groups.

The study groups were also plagued with very high hetero-

geneity due to the variability in reported outcomes measures—

both clinical (JOA, Nurick, Hirabayashi recovery rate, and

ROM) and radiological (X-ray, CT, and MRI)—leading to dif-

ficulty comparing outcomes. In addition, the complication and

reoperation rates were not clearly documented in some of the

studies, further accentuating the difficulty for comparison.

The heterogeneity further extends into the variability of

surgical techniques described in both the plate and nonplate

laminoplasty subgroups and the postoperative rehabilitation,

which may affect the outcome measures reported. Furthermore,

the introduction of rigid fixation with plate techniques have led

to a paradigm shift in postoperative rehabilitation protocols that

favor earlier ROM rather than traditional hard-collar bracing,

whose effects on outcome measures were not clearly explored

in the analyzed studies.

Based on the limitations of currently available evidence, this

study is unable to obtain any strong conclusions to support the

routine use of plates in laminoplasty, especially given its costs.

Petraglia et al in their study quoted an estimated cost of a single

laminoplasty plate alone in their institute in New York to be

between $663 and $1967 depending on systems used,

Figure 2. Forest plot comparing the Hirabayashi ES (%) at the end of
follow-up for plate studies. ES, effect size; 1-V, inverse variance; DþL,
DerSimonian and Laird method, weights are estimated from random
effects analysis and contribute to DþL overall estimate.

Figure 3. Forest plot comparing the Hirabayashi ES at the end of
follow-up for no-plate studies. ES, effect size; 1-V, inverse variance;
DþL, DerSimonian and Laird method, weights are estimated from
random effects analysis and contribute to DþL overall estimate.

Humadi et al 379



excluding the costs of allografts and screws required.8 As lami-

noplasty is often performed multilevel, the aforementioned

costs would be expected to at least double if not triple per case

for the plate alone. Sutures or stainless wires instead would

unlikely accrue such instrumentation costs.

An alternative analysis of cost can be inferred based on

reimbursements made by private health funds. In Australia, an

independent organization—Private Healthcare Australia—

has compiled a list of standardized minimum benefits based

on prosthesis used for various procedures for all surgical spe-

cialties.30 According to their data, reimbursements are as fol-

lows: laminoplasty plates (US$760 per plate), screws

(US$200 per screw), cerclage wire (US$12 per wire), anchors

(US$310 per anchor), spacers (US$235 per spacer). Although

these costs seem fairly similar to those quoted by Petraglia

et al in their article, it may not be an accurate reflection of the

cost in other parts of the world due to the high variability in

the global spine market.

The current level of evidence surrounding this topic is

unfortunately insufficient to properly answer the study question

and certainly not adequate to suggest changing practice. A

properly powered prospective randomized controlled study is

required to further investigate and thoroughly evaluate the

study question.
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