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Objective: Theoretically, the optimal approach is determined by the status of ossification of
the posterior longitudinal ligament (OPLL) and sagittal alignment. However, there have
long been disputes about the optimum surgical approach of OPLL. This study is to compare
risk-eftectiveness between anterior decompression and fusion (ADF) and laminoplasty and
laminectomy with fusion (LP/LF) for the patient with cervical myelopathy due to multilevel
cervical OPLL.

Methods: We searched core databases, and compared complication and outcomes between
ADF and LP/LF for patients with multiple OPLL for the cervical spine. The incidence of
complications such as neurologic deterioration, C5 palsy, and dura tear was assessed. Chang-
es in JOA score between baseline and final evaluations were assessed for 2 groups. The min-
imal clinically important difference (MCID) was utilized for evaluating clinical significance.
We calculated Peto odds ratio (POR) and mean difference for the incidence and continuous
variables, respectively.

Results: We included data from 21 articles involving 3,872 patients with cervical myelopa-
thy with OPLL. Major neurologic deficits such as paraplegia, quadriplegia developed 2.17%
in the ADF group and 1.11% in the LP/LF group, and POR was 2.16. Mean difference of
JOA score improvement of 2 groups was 1.30, and the mean difference showed a statistical
significance. However, 1.3 points of JOA improvement cannot reach 2.5 points of the MCID.
Conclusion: Anterior surgery often led to rare but critical complications, and the difference
of neurological improvement between 2 groups was below a clinically meaningful level.
Posterior surgeries may be appropriate in the treatment of multilevel cervical myelopathy
with OPLL.

Keywords: Anterior decompression and fusion, Laminoplasty, Ossification of the posterior
longitudinal ligament, Recovery rate, Complication
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INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL) of
the cervical spine is characterized by ectopic bone formation in
spinal ligaments, and one cause of cervical myelopathy. Several
surgical options for cervical OPLL have been established and
involve anterior surgery or posterior surgery. The anterior de-
compression and fusion (ADF) for the treatment of cervical
OPLL is theoretically reasonable, as the lesion exists anteriorly,
and can provide direct decompression to the spinal cord and
can stabilize the involved segments."” However, the procedure
is complex and technically demanding, and is associated with
serious complications, such as intraoperative spinal cord injury,
dura tear, symptomatic cerebrospinal fluid (CSF) leakage, dys-
phonia, dysphagia, graft slippage, and adjacent-segment dis-
ease.””

Posterior decompressive surgery, such as laminoplasty and
laminectomy with fusion (LP/LF), is relatively simple, and known
to achieve good results with low complication rates in the treat-
ment of patients with OPLL.>* However, the effect of indirect
decompression of the spinal cord is limited for patients with
massive OPLL.! Patients may experience such as persistent defi-
cit due to incomplete decompression, C5 palsy, postoperative
pain, postoperative kyphosis and late deterioration because of
disease progression.”'® The optimal approach is known to be
determined by the depth and length of OPLL, sagittal alignment
in the cervical spine, severity of stenosis, and history of previ-
ous surgery.'® However, there have long been disputes about the
optimum surgical approach of OPLL.'*"

Several meta-analyses were comparing anterior versus poste-
rior surgery for cervical myelopathy with OPLL."*** They fo-
cused only on the recovery of neurological status at the final
follow-up, and underestimate clinical implication of the effect
size of the recovery and critical complications of the surgeries.
Information regarding the surgical risks of these treatment op-
tions is critically important for surgical decision making because
severe morbidity such as tetraplegia, paraplegia, and death can
occur.” They did not investigate the risk-effectiveness of the de-
compressive surgery for cervical myelopathy with OPLL.

The primary goal of the study is to compare neurological out-
comes and complications between ADF and LP/LF for the pa-
tients with cervical myelopathy due to multilevel cervical OPLL.
The secondary goal is to introduce appropriate surgical meth-
ods of multilevel cervical myelopathy with OPLL in consider-
ation of the risk-effectiveness.

https://doi.org/10.14245/ns.1938326.163

MATERIALS AND METHODS

1. Search Strategy and Study Selection Criteria

In accordance with the PRISMA (preferred reporting items
for systematic reviews and meta-analyses) guidelines, we per-
formed a meta-analysis of clinical studies that directly compared
ADF and posterior surgeries such as laminoplasty and laminec-
tomy for cervical myelopathy due to cervical OPLL. A system-
atic search of PubMed, Embase, Web of Science, the Cochrane
Database, and KoreaMed was conducted on the 7th of July 2019
independently by 2 separate reviewers CHL and DHK. The
search terms used were “ossification of the posterior longitudi-
nal ligament” AND (laminoplasty OR laminectomy) AND (de-
compression OR corpectomy). Search results were screened by
scanning abstracts for the following exclusion criteria: case re-
ports, letters, comments, reviews, or technical note; animal stud-
ies; duplicate studies; cervical myelopathy not related with OPLL;
single group studies; lack of outcomes of interest (neurological
change, surgical mortality, and complications); and not popula-
tion of interest (adults > 18 years). After removing excluded
abstracts, full articles were obtained, and studies were screened
again more thoroughly using the same exclusion criteria. The
papers that dealt with cervical spondylotic myelopathy without
OPLL, single group studies, thoracic or lumbar spine, other tech-
niques, and diagnostic accuracy were also excluded. If data was
absent in the included studies, we contacted corresponding au-
thors of the papers to request data. The search was not restrict-
ed by language. Any discrepancies between the 2 reviewers were
resolved by discussion after the search and a consensus was ach-
ieved.

2. Inclusion Criteria, Data Extraction, Endpoints, and

Definitions

The goal of the search was to find articles that met the follow-
ing inclusion criteria: direct comparison between ADF and lam-
inoplasty (or laminectomy) for the cervical myelopathy due to
OPLL in adults; clinical outcomes at preoperative and postop-
erative state and/or recovery rate were assessed; surgical com-
plications were assessed; and results were presented as mean +
standard deviation (SD). Studies were included in data extrac-
tion if they reported surgical procedure performed and at least
1 outcome of interest resulting from these surgeries. Character-
istics of the starting study sample, such as the number of patients,
age, sex, country, study period, level, and occupying ratio, were
collected when available. The occupying ratio was defined as a
thickness of the OPLL at the level of the greatest canal narrow-
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ing divided by proper anteroposterior diameter of spinal canal.
For clinical outcome scores, the Japanese Orthopedic Associa-
tion (JOA) scoring system and a recovery rate were used to eval-
uate the neurologic status before and after the operation. The
recovery rate of neurologic outcome was calculated using the
Hirabayashi method as Recovery Rate = (postoperative JOA score—
preoperative JOA score)/(17-preoperative JOA score) x 100%.
These scores measured the severity of neurological status as a
numerical value preoperatively and postoperatively. Conversion
of units to keep data consistent was performed when necessary.
Other outcomes such as complications, operation duration and
amount of blood loss during each surgery, were also retrieved
from the studies either from the writing or tabular data.

3. Quality Appraisal of Studies

Quality assessment was conducted independently in pairs
and a consensus reached by discussion. Study quality was de-
termined for controlled observational cohort studies with the
RoBANS (risk of bias assessment tool for nonrandomized stud-
ies) and for randomized controlled trials with the ROB (risk of
bias) tool. Two authors performed a quality appraisal of the stud-
ies independently, any discrepancies among reviewers were re-
solved through discussion.

4. Statistical Analyses

The relative weight of each study was determined by utilizing
the meta-analytical inverse-variance. This involved computing
the intervention effect estimate and its standard error for each
study. The pooled results of the JOA and recovery rate were an-
alyzed by calculating the effect size based on the mean differ-
ence (MD). All mean and SDs were calculated on the assump-
tion that the data was a normal distribution. The minimal clini-
cally important difference (MCID) was utilized to measure if
the changes to JOA scores were significant enough to make a
clinical difference. The MCID used in this study to determine
clinical significance were 2.5 points for JOA.”** The number of
each complication during the anterior or posterior surgery was
identified, and the Peto odds ratio (POR) was calculated to avoid
statistical problems caused by zero or rare events in each study.
In the case of zero events in one treatment arm, the calculation
of relative measures such as risk ratio and odds ratio necessitat-
ed the use of additional approaches for the case of zero events.
The POR can be calculated without a continuity correction which
is currently the relative effect estimation method of choice for
binary data with rare events.”” For the pooled effects, MD and
95% confidence intervals (CIs) were calculated for continuous
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variables according to the consistency of measurement units.
To assess the heterogeneity of the results of individual stud-
ies, we used the Cochran Q test and the Higgins I* statistic (Q
was <0.1 or I*>50% was used as a threshold to indicate signifi-
cant heterogeneity). Random-effects or fixed-effects models
were used depending on the clinical diversity of each study in-
cluded in the analysis. Publication bias was determined by study-
ing funnel plots, and a statistically significant one-tailed p-val-
ues (<0.05) for the Egger intercept. Statistical analyses of the
pooled data were conducted using the Comprehensive Meta-
Analysis software ver. 3.3 (Biostat, Englewood, NJ, USA).

RESULTS

1. Search Results for Relevant Studies

An initial literature search using the chosen subject headings
identified 149 studies in PubMed, 191 in Embase, 252 in Web
of Science, 1 in the Cochrane Central Register of Controlled
Trials, and 11 in KoreaMed. Among these 604 studies, 265 were
duplicates and were thus excluded. Also, 61 of the 339 remain-
ing papers were excluded from our analysis for being a case re-
port, review article, letter, technical note, or patent. After screen-
ing titles and abstracts, 44 studies about cervical myelopathy
without OPLL and 78 studies about single group studies were
excluded. The remaining 156 studies were subjected to a full-
text review, and another 135 were excluded. These articles were
excluded because the studies used new surgical techniques (n=39),
diagnostic tool (n=22), thoracic or lumbar spine (n=17), not
described clinical outcomes such as JOA or recovery rate (n=54),
and no description of the SD (n=3). Therefore, a total of 21
studies were included in our meta-analysis. Detailed results of
the selection process are shown in Fig. 1. Studies could contrib-
ute to more than 1 analysis.

2. Participant Characteristics

The characteristics of the included studies and participants
are described in Table 1. Eleven studies were conducted in Ja-
pan, 6 in China, 3 in Korea, and 1 in India. Two studies shared
the same patients and reported different outcome variables.***!
Therefore, it is labeled as one. A study was conducted using a
national inpatient database in Japan from April 1, 2010 to March
31, 2016.” Two studies were performed in Japan at that time,
and patients of the studies may be overlapped.'** Both studies
were included and analyzed because they are not redundant pa-
pers. Two studies compared anterior surgery with laminectomy
with fusion,™** and the other 19 compared with laminoplasty.
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Excluded duplicated articles (n=265)

Excluded according to selection criteria
Review, case report, letter, and experiments (n=61)

Thoracic or lumbar disease (n=17)
No description of JOA or recovery rate (n=54)
No description of SD (n=3)

o References identified in database search PubMed (n=149), Embase (n=191),
< Web of Science (n=252), Cochrane Library (n=1), and Korea Med (n=11)
g
= All searched articles (n=604)
Screening of titles and abstracts (n=339)
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E Studies included in quantitative synthesis (n=21)

Fig. 1. Study attrition diagram. OPLL, ossification of the posterior longitudinal ligament; JOA, Japanese Orthopedic Association

Score; SD, standard deviation.

A total of 3,872 patients were included in our analyses. Among
studies reporting participants’ information, 1,957 patients un-
derwent anterior surgery such as ADE, and 1,915 patients un-
derwent LP/LE Mean age was 55.9 (95% CI, 52.44-59.35) years
for the ADF group and 56.6 (95% CI, 52.73-60.40) years for the
LP/LF group, male was 64.6% and 67.2%, involved level was
2.72 (95% CI, 2.68-2.76) and 4.10 (95% CI, 4.04-4.16), occupy-
ing ratio was 52.4% (95% CI, 38.93-65.91) and 51.0% (95% CI,
33.30-68.66), and baseline JOA was 9.60 (95% CI, 9.16-10.03)
and 9.43 (95% CI, 9.85-10.01), respectively in Table 2. Involved
spine level has a significant difference between the 2 groups
(p<0.01), and other baseline characteristics have no significant
differences (age, p=0.67; occupying ratio, p=0.21; baseline
JOA, p=0.99) in Table 2.

3. Operative Morbidity and Postoperative Complications
Postoperative complications were depicted in Fig. 2. Major
neurologic deficits such as paraplegia, quadriplegia developed
2.17% in the ADF group and 1.11% in the LP/LF group, and
POR was 2.16 (95% CI, 1.14-4.07, p=0.017). The POR of post-
operative neurologic deficit was significantly high in the ADF

https://doi.org/10.14245/ns.1938326.163

group. The POR of C5 palsy was 0.65 (95% CI, 0.29-1.44), which
showed no statistically significant difference in incidence of C5
palsy based on surgical procedure, although there was a trend
toward high rates with LP/LE Iatrogenic dura tear and CSF leak-
age was 3.74% (62 of 1,658) in the ADF group and 0.96% (13 of
1,453) in the LP/LF group, which showed that the dura tear was
significantly frequent in the ADF more than the LP/LF group
(POR, 3.36; 95% CI, 2.09-5.40).

4. Postoperative Clinical Outcomes

Clinical outcomes, evaluated in terms of the JOA score, were
found to have improved after the surgeries in both the ADF
(MD, 4.72; 95% CI, 4.34-5.10) and the LP/LF (MD, 3.59; 95%
CI, 2.83-4.35) groups. MD of improvement in JOA score be-
tween the 2 groups was 1.30 (95% CI, 0.57-2.03), and the MD
showed a statistical significance in Fig. 3. However, 1.3 points
of JOA improvement cannot reach 2.5 points of the MCID. The
ADF group was also superior to the LP/LF group for the Re-
covery rates, calculated by the JOA score in preoperative and
postoperative state. The MD of recovery rate between 2 groups
was 11.09% (95% CI, 2.66-19.51).
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Table 2. Summary of preoperative values of patients in the ADF and LP/LF group

Variables ADF LP/LF p-value
No. of patients (male %) 1,957 (64.6) 1,915 (67.2)
Mean age (95% CI) 55.90 (52.44-59.35) 56.57 (52.73-60.40) 0.67
Mean level (95% CI) 2.72 (2.68-2.76) 4.10 (4.04-4.16) <0.01
Mean occupying ratio (95% CI) 52.42 (38.93-65.91) 50.99 (33.30-68.66) 0.21
Mean JOA score at baseline (95% CI) 9.60 (9.16-10.03) 9.43 (9.85-10.01) 0.99
ADE, anterior decompression and fusion; LP/LE, laminoplasty and laminectomy with fusion; CI, confidence interval; JOA, Japanese Orthope-
dic Association.
Study name Events / Total Statistics for each study Peto odds ratio and 95% CI

Peto Lower Upper Relative
ADF LP/LF odds ratio limit limit Z-Value p-Value weight

I. Neurologic deficit

Jain, 2005 9/14  1/13 10350 2232 47.991 2986 0003  17.04 —_—

Iwasaki, 2007 ~ 2/27  2/66 2863 0319 25714 0939 0.348 8.32

Masaki, 2007  0/19  1/40 0229 0003 15175 -0.689 0491 2.28

Lin, 2012 1/26  0/30 8618 0.169438.698 1.074 0283 2,60

Koda, 2016 1715 0/16 7.898 0.156398.870 1.033  0.302 2561

Morishita, 2019 15/119211/1192 1365 0630 2956 0789 0430  67.15 ——

Total 2162 1147 4072 2386 0017 o
Heterogeneity: = 32.64%, Tau?= 0.70, P=0.19

Il. C5 palsy .

Tani, 2002 0/14 2712 0.106 0.006 1.787 -1.559 0.119 7.89

Chen, 2011 1722 2/25 0568 0056 5772 -0478 0632  11.82 .

Chen, 2012 0/91  1/41 0040 0001 2762 -1490 0136 354

Lin, 2012 0/26 2/30 0149 0009 2468 -1.329 0.184 8.08 =

Fujimori, 2014 1/12  0/15 0488 0.184 489974 1.118 0.264 4.08

Koda, 2016 1715 1/16 1.069 0064 17.948 0046 0963 7.9

Yoshii, 2016 2139 2/22 0529 0085 4296 -0595 0552 1450 -

Hou, 2017 7/150 47102 1195 0350 4081 0284 0777 4210

Total 0649 0292 1440 -1.064  0.287
Heterogeneity: ’= 2.76%, Tau?= 0.043, P= 0.41

lll. Dura tear

Mizuno, 2006 0/111  2/10 0.000 0000 0002 -4.503  0.000 0.95

Chen, 2011 4/22 0/25 9.830 1289 74.944 2205 0.027 544 —_—

Chen, 2012 5/91  0/41 4465 0652 30570 1524 0.127 6.06

Lin, 2012 2/26 1/30 2327 0231 23471 0716 0474 4.20

Fujimori, 2014 1/12  2/15 0614 0057 6572 -0403 0.687 3.99

Koda, 2016 8/15 0/16 14815 3040 72189 3.336  0.001 8.95 ——

Yoshii, 2016 8/39 1/22 3486 0808 15032 1675 0094 1050 =

Hou, 2017 5/150 3/102 1136 0271 4754 0174 0862  10.94 —_—

Morishita, 2019 29/11925/1192 4185 2127 8236 4145 0000 4896 -

Total 3359 2092 5395 5014 0.000 <o
Heterogeneity: I’= 47.08%, Tau?= 0.98, P= 0.06 0.01 04 1 10 100

Favors ADF Favors LP/LF

Fig. 2. Forest plots of surgery-related complications. Neurologic deficit including paraplegia and dura tear are more frequent in
the anterior decompression and fusion (ADF) group. There Peto odds ratio were 2.16 and 3.36 in terms of deficit and dura tear,
respectively. C5 palsy is more frequent in the laminoplasty and laminectomy with fusion (LP/LF) group, but it has no statistical

significance. CI, confidence interval.

Average surgical time was 266.0 minutes (95% CI, 205.2-326.7) ~ ADF group (95% CI, 53.4-139.3; Fig. 4). Average intraoperative
in the ADF group and 162.6 minutes (95% CI, 138.3-187.0) in  blood loss was 405.1 mL (95% CI, 138.8-671.5) in the ADF group
the LP/LF group. The LP/LF group demonstrated an average  and 329.8 mL (95% CI, 194.1-465.6) in the LP/LF group, which
operative time that was 96.3 minutes shorter than that of the  did not demonstrate a significant difference between the 2 groups
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper Relative
in means error Variance  limit limit Z-Value p-Value weight
I. Recovery rate
Tomita, 1988 17.620 9210 84817 -0430 35670 1.913 0.056 6.31 _:.——
Goto, 1995 1.100 6.715 45.093 -12.061 14.261 0.164 0.870 7.30
Jain, 2005 4.420 6954 48353 -9.209 18049 0636 0525 721 ——
Masaki, 2007 15.900 8.129 66.076 -0.032 31.832 1.956 0.050 6.74 s
Chen, 2011 38.100 3536 12506 31.169 45031 10774  0.000 8.38 ——
Chen, 2012 2.800 0.738 0.545 1.353 4.247 3.794 0.000 8.86 .
Lin, 2012 5410 0.098 0010 5213 5601 55468 0.000 8.88 .
Sakai, 2012 8.600 8.133 66.153 -7.341 24.541 1.067 0.290 6.74 i
Tian, 2012 9.000 6.354 40.368 -3453 21453 1.417 0.157 744 ——.—
Fujimon, 2014 22.400 10.036 100.730 2.729 42.071 2.232 0.026 5.99 —
Kim, 2015/ Moon, 2019 17.600 7170 51406 3.548 31.652 2455 0.014 712 ———
Koda, 2016 58.100 21079 444310 16.787 99413 2.756 0.006 2.83
Yoshii, 2016 5.800 6693 44796 -7.318 18918 0.867 0.386 7.31 ——
Hou, 2017 -15.000 0.037 0.001 -15.072 -14.928 -410.590 0.000 8.88 .
Total 11.085 4.299 18479 2660 19.510 2.579 0.010
Heterogeneity: = 99.6%, Tau’= 14.42, P= 0.01 50,00 25.00 0.00 25.00 50.00
Il. JOA change -
Tomita, 1988 1.320 0.852 0726 -0350 2980 1549 0121 8.80
Masaki, 2007 1.500 0.711 0506 01068 2894 2108 0035 10.24 ——
Chen, 2011 2.500 0.347 0.120 1.821 3179 7.212 0.000 14.35 _."
Lin, 2012 0.300 0.373 0.139 -0.431 1.031 0.805 0421 14.07 _._
Sakai, 2012 0.600 0.774 0.600 -0918 2118 0.775 0.439 9.57 ——
Fujimori, 2014 1.200 0.934 0872 -0631 3031 1.285 0.199 8.05 L
Koda, 2016 4.000 0.954 0910 2130 5870 4.192 0.000 7.88 L
Yoshii, 2016 0.200 0.544 0296 -0.867 1.267 0.367 0.713 12.13 +
Hou, 2017 0.900 0.290 0084 0332 1468 3104 0002 14.90 . 5
Total 1.298 0.372 0138 0570 2027 3494  0.000 >
Heterogeneity: I’= 76.29%, Tau’= 0.84, P< 0.001 6.00 3.00 0.00 3.00 6.00
Favors LP/LF Favors ADF

Fig. 3. Forest plots of clinical outcomes. The recovery rate was calculated following the formula; Recovery rate = (postoperative
JOA score—preoperative JOA score)/(17-preoperative JOA score) x 100%. Anterior surgery is superior to the difference of im-
provement JOA score and recovery rate. The mean difference of JOA improvement is 1.298, which is not reach the minimally
clinical important difference. JOA, Japanese Orthopedic Association Score; CI, confidence interval; ADE, anterior decompres-
sion and fusion; LP/LF, laminoplasty and laminectomy with fusion.

(MD, 73.0 mL; 95% CI, -67.4 to 213.5).

5. Sensitivity Analysis and Publication Bias

Single elimination of each study affected the overall results of
the meta-analysis in terms of neurologic deficit. Tani et al.” re-
ported that postoperative neurologic deficit occurred 0% (0 of
14) in the ADF group and 33% (4 of 12) in the LP. We could
not find a reasonable cause of this results and it was hard to re-
view the raw data because the study was performed from 1991
to 2000. Therefore, we eliminated the data of Tani et al.*® Sensi-
tivity analysis of the other variables did not affect the overall re-
sults of the meta-analysis. All funnel plots were symmetric, in-
dicating an absence of significant publication bias within the
studies. The Egger test results were 0.67 (p=0.24), -1.04 (p=0.30),
-0.83 (p=0.44), 0.70 (p=0.69), 14.81 (p=0.36), 4.84 (p=0.07),
and 2.38 (p=0.26) for neurologic deterioration, C5 palsy, CSF
leakage, JOA change, recovery rate, operation time, and blood
loss, respectively. These results indicated that there was no sub-
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stantial evidence of publication bias in the dataset.

DISCUSSION

We conducted an up-to-date and comprehensive systematic
review and meta-analysis. Especially, we evaluated risks and
benefits associated with the cervical OPLL surgery. There are 2
ways of surgery for patients with cervical myelopathy due to
OPLL. Although anterior surgery accomplished better clinical
outcomes than posterior surgeries at the final follow-up, the
difference between anterior and posterior surgeries did not ex-
ceed MCID. However, postoperative neurologic deterioration
such as paraplegia or quadriplegia that is one of the most criti-
cal complications following spine surgery was more frequent in
anterior surgeries than posterior surgeries. Considering the risk-
effectiveness, posterior surgery such as laminoplasty or laminec-
tomy with fusion may be a safe and effective surgery.

Anterior decompression can remove OPLL directly and offer
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Study name Statistics for each study Difference in means and 95% Cl
Difference Standard Lower Upper Relative
in means error Variance  limit limit Z-Value p-Value weight
l. Operation time (min)
Iwasaki, 2007 125.00 17.74 31476  90.23 159.77 7.06 0.00 15.06
Lin, 2012 36.00 10.58 111.88 1527 56.73 340 0.00 16.08 -.-
Sakai, 2012 117.10 19.10 364.77 79.67 15453 6.13 0.00 14.82
Fujimori, 2014 186.00 28.91 835.81 129.34 24266 6.43 0.00 12.94 i
Koda, 2016 150.00 3119 97258 8888 211.12 4.81 0.00 12.48 ——
Yoshii, 2016 63.90 3345 111876 -1.66 129.46 191 0.06 12.02 +-
Hou, 2017 23.50 4.24 17.95 1520 31.80 5.55 0.00 16.60 .
Total 96.33 21.90 47940 5342 139.25 4.40 0.00 ’
II. Blood loss (ml) Heterogeneity: I>= 93.52%, Tau?= 53.57, P< 0.01 -240.00 120.00 0.00 120.00 240.00
Iwasaki, 2007 49.0 92.3 8519.7 -131.9 229.9 05 06 13.71 —i—
Lin, 2012 247.0 289 8354 1904 3036 85 0.0 17.25 -.-
Sakai, 2012 3.2 63.4 4018.2 1211 1275 0.1 1.0 15.59
Fujimori, 2014 360.0 126.0 158713 113.1 606.9 29 0.0 11.46 ¢
Koda, 2016 -33.0 75.0 56295 -180.1 1141 -04 07 14.86
Yoshii, 2016 -56.8 1604 257222 -371.1 2575 -0.4 0.7 9.40 L
Hou, 2017 -441 71 50.3 -58.0 -30.2 -6.2 0.0 17.72 .
Total 730 71.7 51355 674 2135 1.0 03
Heterogeneity: 1= 94.3%, Tau?= 170.1, P< 0.01 -600.00 -300.00 0.00 300.00 600.00
Favors ADF Favors LP/LF

Fig. 4. Forest plots of intraoperative outcomes. Anterior surgery takes significantly longer operation time than posterior surger-
ies. Mean difference of the time is 96.3 minutes. During the anterior surgery, blood loss is larger, but it has no statistical signifi-
cance. CI, confidence interval; ADEF, anterior decompression and fusion; LP/LF, laminoplasty and laminectomy with fusion.

decompression of the spinal cord with maintaining cervical lor-
dosis. However, anterior surgery is plagued by a high risk of
neurologic decline, CSF leakage, and pseudarthrosis because
spinal cord was severely compressed, and the dura was frequent-
ly attached to OPLL.** Despite this potential risk, the incidence
of complications in patients with OPLL has not been fully es-
tablished because of the relatively small number of patients in-
cluded in previous studies.”” A previous report addressed that
paraplegia occurred from 0% to 14.3% after ADE” In this study,
major neurologic deficits developed 2.17% in the ADF group
and 1.11% in the LP/LF group. The incidence of the complica-
tions was low, but anyone of them may leave fatal sequelae for
both patients and surgeons. A reported incidence of CSF fistu-
las was 5.1%-25% during cervical surgery for OPLL.*** This
meta-analysis displayed that iatrogenic dura tear and CSF leak-
age was 3.74% in the ADF group. Dura tear was closely related
with adhesion to OPLL, the incidence might be underestimat-
ed. CSF leakage can be stopped spontaneously or with lumbar
drainage, but some cases may need revision surgery and prog-
ress meningitis or encephalitis.

The posterior approach provides a relatively simple and safe
means to decompressing the entire cervical spinal cord.'*** How-
ever, patients may experience late deterioration because of pro-
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gressive kyphosis, and expansion of the ossification, especially
in patients with preexisting kyphosis.* Some studies reported
that neurological recovery following ADF was superior to that
following posterior decompression.” In contrast, other studies
reported no significant difference in surgical outcomes between
anterior and posterior decompression.**' Our findings are con-
sistent with previous literature that LP/LF has lower morbidity
and complication rates than ADE and the difference of recov-
ery between the 2 groups was clinically insignificant.

There are several meta-analyses dealt with anterior versus
posterior surgery for OPLL."***7#4 Although all the reported
meta-analyses included 8-13 papers, we found 21 relevant pa-
pers. We tried to find out why other studies did not include the
studies we included, but we could not find it. Our paper may be
more reliable given the definition of meta-analysis which should
synthesize all existing evidence. A meta-analysis by Yoshii et al
used wrong data that was different from the included primary
studies.” Almost all papers concluded that ADF achieves better
neurological improvement compared with laminoplasty in the
treatment of cervical myelopathy due to OPLL.”** In accordance
with previous systematic reviews and meta-analyses, we found
significant superiority of anterior surgery in terms of neurologi-
cal improvement after the surgery. However, they emphasized
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that the difference in neurological improvement was statistical-
ly significant, and overlooked the fact that there was no clinical
significance.

Surgery-related complications are a key factor in deciding
surgical procedure, especially if the complications are fatal. Sur-
geries for OPLL may lead to paraplegia or quadriplegia, it is fa-
tal to the patient even if it is rare. Some papers reported compli-
cation rate including neurologic deficit, hematoma, infection,
and neck pain.'"*** We analyzed the incidence of major compli-
cations such as neurologic deterioration, C5 palsy; and dura tear.
The results showed a significant increase in the risk of neuro-
logical deterioration during anterior surgery. Our findings are
consistent with previous literature that the complication rates
were significantly higher in the anterior group compared with
the posterior group.* Unfortunately, Liu et al.*® reported the
only incidence of each study groups and did not show results of
statistical tests.

Based on the results of this meta-analysis, we recommend the
posterior surgery in the treatment of multilevel cervical myelo-
pathy due to OPLL. Although ADF accomplished better post-
operative neurological outcomes than LP/LE, the difference was
less than MCID in the neural function recovery between the 2
surgical approaches. The critical complication rates were signif-
icantly higher in the anterior group compared with the posteri-
or group. The surgical trauma associated with ADF was signifi-
cantly higher than that associated with posterior laminoplasty.*
Previous researchers also reported that laminoplasty remained as
the initial treatment for the surgical treatment of cervical OPLL,
and in patients with neurological deterioration and newly de-
veloped clinical symptoms during follow-up, ADF is considered
as a salvage procedure.*>*

Our study is restrained by the following limitations. First, like
all meta-analyses, the results need to be interpreted acknowl-
edging that surgical outcomes vary based on characteristics of
the individual patient such as level of OPLL, occupying ratio,
and sagittal alignment. To reduce the risk of bias and to select
studies to fit the study goal, we used only direct comparative
studies. Although our approach may not be optimal, it allowed
us to provide an objective evaluation of the effectiveness of 2
surgical approach for cervical myelopathy patients with OPLL.
Second, spinal level involved OPLL of the LP/LF group was sig-
nificantly longer than the ADF group, which could influence
the results of this meta-analysis. Exact comparison between the
anterior and posterior surgery was hard because the enrolled
studies were retrospective study and surgeons usually chose
posterior approach to the patients with long OPLL. The inter-
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pretation of the results of this meta-analysis in necessary with
caution because direct comparison was difficult due to the dis-
parity of involved level in the 2 groups. Third, all enrolled stud-
ies were performed in North East Asia. It may induce region
bias, which means that the surgical effectiveness was limited in
that region. However, the incidence of OPLL is high in East Asia,
and rare in Europe and America. Finally, follow-up time varied
between the studies and thus may have influenced our results.
In conclusion, critical complications were significantly fre-
quent during anterior surgery for the patient with multilevel
cervical myelopathy with OPLL, although anterior surgery pro-
vided better neurological recovery than posterior surgery. Ma-
jor complications were fatal even if it is rare, and the difference
of neurological improvement between 2 groups was below a
meaningful level. Posterior surgeries may be appropriate in the
treatment of multilevel cervical myelopathy due to OPLL.

CONFLICT OF INTEREST

The authors have nothing to disclose.

ACKNOWLEDGMENTS

This work was supported by a National Research Foundation
of Korea grant, funded by the Korean government (Ministry of
Education; No. 2017R1D1A3B03028470).

REFERENCES

1. Yoshii T, Sakai K, Hirai T, et al. Anterior decompression
with fusion versus posterior decompression with fusion for
massive cervical ossification of the posterior longitudinal
ligament with a 250% canal occupying ratio: a multicenter
retrospective study. Spine ] 2016;16:1351-7.

2. Iwasaki M, Okuda S, Miyauchi A, et al. Surgical strategy for
cervical myelopathy due to ossification of the posterior lon-
gitudinal ligament: Part 2: Advantages of anterior decom-
pression and fusion over laminoplasty. Spine (Phila Pa 1976)
2007;32:654-60.

3. Wada E, Suzuki S, Kanazawa A, et al. Subtotal corpectomy
versus laminoplasty for multilevel cervical spondylotic my-
elopathy: a long-term follow-up study over 10 years. Spine
(Phila Pa 1976) 2001;26:1443-7.

4. Yonenobu K, Hosono N, Iwasaki M, et al. Laminoplasty ver-
sus subtotal corpectomy. A comparative study of results in

multisegmental cervical spondylotic myelopathy. Spine (Ph-

https://doi.org/10.14245/1s.1938326.163



Kim DH, et al.

Risk-Effectiveness of the Cervical OPLL Surgery

ila Pa 1976) 1992;17:1281-4.

5. Odate S, Shikata J, Soeda T, et al. Surgical results and com-
plications of anterior decompression and fusion as a revi-
sion surgery after initial posterior surgery for cervical my-
elopathy due to ossification of the posterior longitudinal lig-
ament. ] Neurosurg Spine 2017;26:466-73.

6. Iwasaki M, Kawaguchi Y, Kimura T, et al. Long-term results
of expansive laminoplasty for ossification of the posterior
longitudinal ligament of the cervical spine: more than 10
years follow up. ] Neurosurg 2002;96(2 Suppl):180-9.

7. Sakai K, Okawa A, Takahashi M, et al. Five-year follow-up
evaluation of surgical treatment for cervical myelopathy
caused by ossification of the posterior longitudinal ligament:
a prospective comparative study of anterior decompression
and fusion with floating method versus laminoplasty. Spine
(Phila Pa 1976) 2012;37:367-76.

8. Matsumoto M, Chiba K, Toyama Y. Surgical treatment of
ossification of the posterior longitudinal ligament and its
outcomes: posterior surgery by laminoplasty. Spine (Phila
Pa 1976) 2012;37:E303-8.

9. Iwasaki M, Okuda S, Miyauchi A, et al. Surgical strategy for
cervical myelopathy due to ossification of the posterior lon-
gitudinal ligament: Part 1: Clinical results and limitations of
laminoplasty. Spine (Phila Pa 1976) 2007;32:647-53.

10. An HS, Al-Shihabi L, Kurd M. Surgical treatment for ossifi-
cation of the posterior longitudinal ligament in the cervical
spine. ] Am Acad Orthop Surg 2014;22:420-9.

11. Lee CH, Sohn MJ, Lee CH, et al. Are there differences in the
progression of ossification of the posterior longitudinal liga-
ment following laminoplasty versus fusion?: a meta-analysis.
Spine (Phila Pa 1976) 2017;42:887-94.

12.Lee CH, Jahng TA, Hyun SJ, et al. Expansive laminoplasty
versus laminectomy alone versus laminectomy and fusion
for cervical ossification of the posterior longitudinal liga-
ment: is there a difference in the clinical outcome and sagit-
tal alignment? Clin Spine Surg 2016;29:E9-15.

13.Lee S, Chung CK, Kim CH. Risk factor analysis of hinge fu-
sion failure after plate-only open-door laminoplasty. Global
Spine ] 2015;5:9-16.

14.Kim CH, Chung CK, Lee U, et al. Postoperative changes in
moderate to severe nonspecific low back pain after cervical
myelopathy surgery. World Neurosurg 2018;116:e429-35.

15.Kim CH, Chung CK, Choi Y, et al. The efficacy of ultrasonic
bone scalpel for unilateral cervical open-door laminoplasty:
a randomized controlled trial. Neurosurgery 2019 Aug 21
[Epub]. pii: nyz301. https://doi.org/10.1093/neuros/nyz301.

https://doi.org/10.14245/ns.1938326.163

16. Hou Y, Liang L, Shi GD, et al. Comparing effects of cervical
anterior approach and laminoplasty in surgical management
of cervical ossification of posterior longitudinal ligament by
a prospective nonrandomized controlled study. Orthop Trau-
matol Surg Res 2017;103:733-40.

17.Wu JC, Chen YC, Huang WC. Ossification of the posterior
longitudinal ligament in cervical spine: prevalence, manage-
ment, and prognosis. Neurospine 2018;15:33-41.

18.Zhu B, Xu Y, Liu X, et al. Anterior approach versus posterior
approach for the treatment of multilevel cervical spondylot-
ic myelopathy: a systemic review and meta-analysis. Eur
Spine ] 2013;22:1583-93.

19.Yoshii T, Egawa S, Hirai T, et al. A systematic review and
meta-analysis comparing anterior decompression with fu-
sion and posterior laminoplasty for cervical ossification of
the posterior longitudinal ligament. ] Orthop Sci 2019 Mar
21 [Epub]. pii: S0949-2658(19)30073-9. https://doi.org/10.
1016/j.,j0s.2019.03.004.

20.Xu P, Zhuang JS, Huang YS, et al. Is anterior decompression
and fusion superior to laminoplasty for cervical myelopathy
due to ossification of posterior longitudinal ligament? A sys-
tematic review and meta-analysis. ] Spinal Cord Med 2019
Mar 19 [Epub]. https://doi.org/10.1080/10790268.2019.1579
987.

21.Qin R, Sun W, Qian B, et al. Anterior cervical corpectomy
and fusion versus posterior laminoplasty for cervical op-
pressive myelopathy secondary to ossification of the poste-
rior longitudinal ligament: a meta-analysis. Orthopedics
2019;42:e309-16.

22.Qin R, Chen X, Zhou P, et al. Anterior cervical corpectomy
and fusion versus posterior laminoplasty for the treatment
of oppressive myelopathy owing to cervical ossification of
posterior longitudinal ligament: a meta-analysis. Eur Spine J
2018;27:1375-87.

23.Chen Z, Liu B, Dong J, et al. Comparison of anterior cor-
pectomy and fusion versus laminoplasty for the treatment
of cervical ossification of posterior longitudinal ligament: a
meta-analysis. Neurosurg Focus 2016;40:E8.

24.Chen TP, Qian LG, Jiao JB, et al. Anterior decompression
and fusion versus laminoplasty for cervical myelopathy due
to ossification of posterior longitudinal ligament: a meta-
analysis. Medicine (Baltimore) 2019;98:e13382.

25. Morishita S, Yoshii T, Okawa A, et al. Perioperative compli-
cations of anterior decompression with fusion versus lami-
noplasty for the treatment of cervical ossification of the pos-

terior longitudinal ligament: propensity score matching anal-

www.e-neurospine.org 539



Kim DH, et al.

Risk-Effectiveness of the Cervical OPLL Surgery

ysis using a nation-wide inpatient database. Spine J 2019;19:
610-6.

26.Kim B, Yoon DH, Shin HC, et al. Surgical outcome and prog-
nostic factors of anterior decompression and fusion for cer-
vical compressive myelopathy due to ossification of the pos-
terior longitudinal ligament. Spine ] 2015;15:875-84.

27.Noshchenko A, Lindley EM, Burger EL, et al. What is the
clinical relevance of radiographic nonunion after single-lev-
el lumbar interbody arthrodesis in degenerative disc dis-
ease? A meta-analysis of the YODA Project Database. Spine
(Phila Pa 1976) 2016;41:9-17.

28.Jaeschke R, Singer ], Guyatt GH. Measurement of health sta-
tus. Ascertaining the minimal clinically important differ-
ence. Control Clin Trials 1989;10:407-15.

29.Kato S, Oshima Y, Matsubayashi Y, et al. Minimum clinical-
ly important difference and patient acceptable symptom
state of Japanese Orthopaedic Association Score in degener-
ative cervical myelopathy patients. Spine (Phila Pa 1976)
2019;44:691-7.

30. Brockhaus AC, Grouven U, Bender R. Performance of the
Peto odds ratio compared to the usual odds ratio estimator
in the case of rare events. Biom ] 2016;58:1428-44.

31.Moon BJ, Kim D, Shin DA, et al. Patterns of short-term and
long-term surgical outcomes and prognostic factors for cer-
vical ossification of the posterior longitudinal ligament be-
tween anterior cervical corpectomy and fusion and posteri-
or laminoplasty. Neurosurg Rev 2019 Jan 4 [Epub]. https://
doi.org/10.1007/s10143-018-01069-x.

32.Koda M, Mochizuki M, Konishi H, et al. Comparison of
clinical outcomes between laminoplasty, posterior decom-
pression with instrumented fusion, and anterior decompres-
sion with fusion for K-line (-) cervical ossification of the
posterior longitudinal ligament. Eur Spine J 2016;25:2294-
301.

33.Lin D, Ding Z, Lian K, et al. Cervical ossification of the pos-
terior longitudinal ligament: Anterior versus posterior ap-
proach. Indian J Orthop 2012;46:92-8.

34.Yoshii T, Hirai T, Yamada T, et al. Intraoperative evaluation
using mobile computed tomography in anterior cervical de-
compression with floating method for massive ossification
of the posterior longitudinal ligament. ] Orthop Surg Res
2017;12:12.

35.Tani T, Ushida T, Ishida K, et al. Relative safety of anterior
microsurgical decompression versus laminoplasty for cervi-
cal myelopathy with a massive ossified posterior longitudi-
nal ligament. Spine (Phila Pa 1976) 2002;27:2491-8.

540 Wwww.e-neurospine.org

36. Shin JH, Steinmetz MP, Benzel EC, et al. Dorsal versus ven-
tral surgery for cervical ossification of the posterior longitu-
dinal ligament: considerations for approach selection and
review of surgical outcomes. Neurosurg Focus 2011;30:E8.

37.Kimura A, Seichi A, Hoshino Y, et al. Perioperative compli-
cations of anterior cervical decompression with fusion in
patients with ossification of the posterior longitudinal liga-
ment: a retrospective, multi-institutional study. ] Orthop Sci
2012;17:667-72.

38.Epstein N. The surgical management of ossification of the
posterior longitudinal ligament in 51 patients. J Spinal Dis-
ord 1993;6:432-54; discussion 54-5.

39.Cardoso MJ, Koski TR, Ganju A, et al. Approach-related
complications after decompression for cervical ossification
of the posterior longitudinal ligament. Neurosurg Focus
2011;30:E12.

40.Du YQ, Duan WR, Chen Z, et al. Risk factors and manage-
ment of dural defects in anterior surgery for cervical ossifi-
cation of the posterior longitudinal ligament. World Neuro-
surg 2018;111:€527-38.

41.Chen Y, Liu X, Chen D, et al. Surgical strategy for ossifica-
tion of the posterior longitudinal ligament in the cervical
spine. Orthopedics 2012;35:e1231-7.

42.Nayak NR, Piazza M, Milby A, et al. Surgical approaches for
the treatment of multilevel cervical ossification of the poste-
rior longitudinal ligament: results of a decision analysis. World
Neurosurg 2018;112:e375-84.

43.Liu X, Wang H, Zhou Z, et al. Anterior decompression and
fusion versus posterior laminoplasty for multilevel cervical
compressive myelopathy. Orthopedics 2014;37:e117-22.

44.Feng E Ruan W, Liu Z, et al. Anterior versus posterior ap-
proach for the treatment of cervical compressive myelopa-
thy due to ossification of the posterior longitudinal ligament:
A systematic review and meta-analysis. Int J Surg 2016;27:
26-33.

45. Kawaguchi Y, Nakano M, Yasuda T, et al. Anterior decom-
pressive surgery after cervical laminoplasty in patients with
ossification of the posterior longitudinal ligament. Spine ]
2014;14:955-63.

46.Son S, Lee SG, Yoo CJ, et al. Single stage circumferential cer-
vical surgery (selective anterior cervical corpectomy with
fusion and laminoplasty) for multilevel ossification of the
posterior longitudinal ligament with spinal cord ischemia
on MRI. ] Korean Neurosurg Soc 2010;48:335-41.

47. Tomita K, Nomura S, Umeda S, et al. Cervical laminoplasty

to enlarge the spinal canal in multilevel ossification of the

https://doi.org/10.14245/1s.1938326.163



Kim DH, et al.

Risk-Effectiveness of the Cervical OPLL Surgery

posterior longitudinal ligament with myelopathy. Arch Or-
thop Trauma Surg 1988;107:148-53.

48. Cheng WC, Chang CN, Lui TN, et al. Surgical treatment for
ossification of the posterior longitudinal ligament of the cer-
vical spine. Surg Neurol 1994;41:90-7.

49.Goto S, Kita T. Long-term follow-up evaluation of surgery
for ossification of the posterior longitudinal ligament. Spine
(Phila Pa 1976) 1995;20:2247-56.

50.Jain SK, Salunke P, Vyas KH, et al. Multisegmental cervical
ossification of the posterior longitudinal ligament: Anterior
vs posterior approach. Neurology India 2005;53:283-5.

51. Mizuno J, Nakagawa H. Ossified posterior longitudinal liga-
ment: management strategies and outcomes. Spine J 2006;6:
282s-8s.

52.Masaki Y, Yamazaki M, Okawa A, et al. An analysis of fac-
tors causing poor surgical outcome in patients with cervical
myelopathy due to ossification of the posterior longitudinal

ligament: anterior decompression with spinal fusion versus

https://doi.org/10.14245/ns.1938326.163

laminoplasty. J Spinal Disord Tech 2007;20:7-13.

53.Lee SH, Ahn Y, Lee JH. Laser-assisted anterior cervical cor-
pectomy versus posterior laminoplasty for cervical myelo-
pathic patients with multilevel ossification of the posterior
longitudinal ligament. Photomed Laser Surg 2008;26:119-
27.

54.Chen Y, Guo Y, Lu X, et al. Surgical strategy for multilevel
severe ossification of posterior longitudinal ligament in the
cervical spine. ] Spinal Disord Tech 2011;24:24-30.

55.Tian W, Han X, Liu B, et al. Use sagittal reconstruction CT
for making decisions regarding the surgical strategy for cer-
vical ossification of the posterior longitudinal ligament. Zhon-
ghua Wai Ke Za Zhi 2012;50:590-5.

56.Fujimori T, Iwasaki M, Okuda S, et al. Long-term results of
cervical myelopathy due to ossification of the posterior lon-
gitudinal ligament with an occupying ratio of 60% or more.
Spine (Phila Pa 1976) 2014;39:58-67.

www.e-neurospine.org 541



