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Abstract
Study Design: Retrospective multicenter study.

Obijectives: To evaluate the surgical outcomes of cervical ossification of the posterior longitudinal ligament (OPLL) in diabetes
mellitus (DM) patients.

Methods: Approximately 253 cervical OPLL patients who underwent surgical decompression with or without fixation were
registered at 4 institutions in 3 Asian countries. They were followed up for at least 2 years. Demographics, imaging, and surgical
information were collected, and cervical Japanese Orthopaedic Association (JOA) scores and the visual analog scale (VAS) for the
neck were used for evaluation.

Results: Forty-seven patients had DM, showing higher hypertension and cardiovascular disease prevalence. Although they
presented worse preoperative JOA scores than non-DM patients (10.5 + 3.1 vs. 1.8 + 3.2; P = 0.01), the former showed
comparable neurologic recovery at the final follow-up (13.9 + 2.9 vs. 14.2 + 2.6; P = 0.41). No correlation was noted between
the hemoglobin Alc level in the DM group and the pre- and postoperative JOA scores. No significant difference was noted in VAS
scores between the groups at pre- and postsurgery. Regarding perioperative complications, DM patients presented a higher C5
palsy frequency (14.9% vs. 5.8%; P = 0.04). A similar trend was observed when surgical procedure was limited to laminoplasty.

Conclusions: This is the first multicenter Asian study to evaluate the impact of DM on cervical OPLL patients. Surgical results
were favorable even in DM cases, regardless of preoperative hemoglobin Al c levels or operative procedures. However, caution is
warranted for the occurrence of C5 palsy after surgery.
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Introduction

Degenerative cervical myelopathy (DCM) is the most common
cause of spinal cord dysfunction and encompasses various
forms of cord compressive disorders that includes cervical
spondylotic myelopathy (CSM), ossification of the posterior
longitudinal ligament (OPLL), disk herniation, and subluxa-
tion." Among these pathologies, OPLL is the major disease
involving ossified spinal ligaments, with most of its cases
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found in Asian countries.>® Around half of the cervical OPLL
patients present with a progression of ossification, which
induces myelopathy in the middle- to older-aged population.
To halt the symptom progression and to improve the neurolo-
gical status, surgical treatment has been frequently performed
due to its effectiveness reported in previous studies.”

Several studies have indicated the association of OPLL
pathology with diabetes mellitus (DM). Kobashi et al. reported
that the frequency of having a history of DM was >20.0% in
patients with OPLL, whereas the ratio was <5.0% in healthy
volunteer.” Furthermore, Akune et al. revealed that abnormal
glycometabolism was positively associated with the extent of
ossification.® Because DM has an adverse effect on the micro-
vascular and nervous systems,”® a concern remains regarding
the relation of this metabolic pathology with surgical outcomes
for the cervical OPLL.

Under the umbrella of DCM, several studies evaluated the
impact of DM on the surgical outcomes,”'* and a recent sys-
tematic review clarified worse baseline neurologic status and
postoperative functional recovery.'> However, those studies
assessed the outcomes for mixed pathologies, such as spondy-
losis and disk herniation in addition to OPLL, and, conse-
quently, the numbers of patients with only OPLL were
inevitably small. Moreover, most studies had patients only
from a single country, which introduced a potential bias when
assessing its comprehensive clinical picture.

Recently, we have established the cervical OPLL database
in collaboration with 4 facilities from 3 Asian countries, which
we believe will have the evidence to clarify the detailed pathol-
ogy and clinical outcomes of the OPLL. The purpose of this
study is to examine the impact of DM on surgical outcomes for
cervical OPLL using this Asian population-based dataset.

Materials and Methods

Subjects

This study included 253 clinically and radiographically con-
firmed cervical OPLL patients who were treated at 4 institu-
tions in 3 countries (China, Korea, and Japan) between 2010
and 2016. All investigators were experienced orthopedic spine
surgeons or neurosurgeons. This study received ethical
approval from the institutional review boards of the participat-
ing institutions: Keio University School of Medicine
(20110142), Yonsei University (2014-1270-001), the 4th
Teaching Hospital of Peking University (202 007-24), Hong
Kong University (UW 17-134).

For patients to be included in the study, they had to meet the
following criteria: (1) evidence of cervical spinal cord com-
pression by the OPLL on magnetic resonance imaging (MRI)
or computed tomography (CT) and (2) no previous cervical
spine surgery. Patients were excluded if they were diagnosed
with active infection, neoplastic spinal disease, rheumatoid
arthritis, or ankylosing spondylitis.

DM was diagnosed if any or all of the following criteria
were met: (1) fasting blood sugar level over 126 mg/dL, (2)

causal blood sugar level over 200 mg/dL, (3) blood sugar level
over 200 mg/dL under 2 hours of 75¢g oral glucose-tolerance
test, and (4) hemoglobin Alc level over 6.5%.'® The patients
were also included in the DM group if they were previously
diagnosed with DM and continued to undergo its treatment.

For surgical techniques, cervical laminoplasty, laminect-
omy, and anterior and/or posterior fixation were chosen at the
discretion of the surgeons at each institute. For the DM
patients, specialists of diabetes at each hospital controlled the
blood sugar levels well in the immediate term during the peri-
operative period.

Data Collection

We retrospectively collected demographic information, medi-
cal history, imaging, surgical summary, and other data for all
subjects, which were followed up at least 2 years after the
surgery. Clinical outcomes were assessed before surgery and
at the final follow-up using the cervical Japanese Orthopaedic
Association (JOA) scores and the visual analog scale (VAS) for
the neck. All surgery-related events that occurred within 30
days of the operation were defined as perioperative complica-
tions. C5 palsy was defined as the deterioration of muscle
strength with one or more grades of manual muscle testing
on the deltoid and the biceps after surgery without any dete-
rioration of other neurologic symptoms.'” Surgical site infec-
tions (SSIs) included both superficial and deep incisional
infection.

Imaging

OPLL classification'® and K-line'® were assessed using plain
radiographs in the neutral position. The occupying ratio was
calculated using the diameters of the spinal canal and OPLL
at a maximal compressive level on the preoperative axial
CT scan.?”

We evaluated an increase in the intramedullary signal inten-
sity (SI) at the narrowest level of the spinal cord as “grade 0 if
no intramedullary high SI appeared on the T2-weighted MR
images; “grade 1” if there is a predominantly faint and indis-
tinct border; and “grade 2” if there is a predominantly intense
and well-defined border.”’

Statistical Analysis

Continuous variables and frequencies were presented as means
+ standard deviation and categorical variables as percentages.
Baseline demographics, preoperative scores, and surgical char-
acteristics in the DM and non-DM groups were compared using
unpaired t-test for continuous variables and chi-square test for
categorical variables. Multivariate logistic regression analysis
was performed to identify the predictor for C5 palsy, and fac-
tors that yielded a P-value of <0.20 in univariate analyses were
explored in the multivariable models. Pearson’s product
moment correlation coefficient was performed to analyze the
association of hemoglobin Alc levels with the cervical JOA
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Table |I. Demographics of DM or Non-DM Patients.

Table 2. Imaging Characteristics.

Non-DM Non-DM

DM group group DM group group

(n=47) (n=206)  P-value (n=47) (n =206) P-value
Age (y) 619 +9.1 590 + 94 0.06 Types of ossification'® (%) 0.32
Gender (% male) 723 714 0.89 Continuous 40.0 29.9
BMI (kg/m?) 256 + 42 256 + 3.6 0.94 Segmental 222 26.0
Smoker (%) 19.1 17.6 0.79 Mixed 333 319
Duration of symptoms 284 + 433 327 + 52.6 0.6l Others 44 12.3

(months) K-line'® (% plus) 723 723 0.14

Comorbidities Occupying ratio”” (average %) 47.6 + 13.6 46.0 + 13.2 047
Hypertension (%) 51.1 30.1 0.0l  MRISI*' (%) 0.88
Cardiac disease (%) 234 5.8 <0.01 0 (no intensity) 27.7 31.2
Renal disease (%) 4.3 5.8 0.50 | (faint and indistinct border) 36.2 35.6
Cerebrovascular disease (%) 2.1 5.8 0.27 2 (intense and well-defined 36.2 332
Respiratory disease (%) 4.3 39 0.58 border)
Rheumatologic disease (%) 43 34 0.52
Psychiatric disease (%) 2.1 1.0 046 DM, diabetes mellitus; MRI, magnetic resonance imaging; SI. Signal intensity.

DM, diabetes mellitus; BMI, body mass index.

scores. All statistical analyses were performed using SPSS ver-
sion 26.0 (SPSS Inc., Chicago, IL). P < 0.05 was considered
statistically significant.

Results

Demographics and Imaging Characteristics

Table 1 showed the demographic data of DM (n = 47) and non-
DM (n = 206) patients (prevalent rate of DM: 18.6%). The age
of DM patients was older than those without DM, although no
significant difference was noted (61.9 + 9.1 vs. 59.0 + 9.4,
P = 0.06). Comparable results were observed in gender (P =
0.89), body mass index (BMI) (P = 0.94), frequency of smok-
ing (P = 0.79), and duration of symptoms (P = 0.61). Among
the DM patients, the average level of hemoglobin Alc was
6.4 + 1.1%. Regarding comorbidities, the DM group presented
with a significantly higher frequency of hypertension (51.1%
vs. 30.1%, P = 0.01) and cardiac disease (23.4% vs. 5.8%, P <
0.01) than the non-DM group. No statistical significance was
noted among other frequencies of comorbidities.

Table 2 outlined the imaging characteristics and revealed no
statistically significant differences in the types of ossification (P =
0.32), preoperative K-line (P = 0.14), occupying ratio (P = 0.47),
and intramedullary ST on MRI (P = 0.88) between the groups.

Surgical Procedures and Perioperative Complications

Of the surgical techniques, laminoplasty was performed most
frequently in both the DM (78.7%) and the non-DM groups
(80.1%) (Table 3). Posterior fixation and anterior fixation were
performed in 14.9% and 6.4% of the DM patients, respectively.
In the non-DM group, these procedures were conducted in
8.3% and 9.2%, respectively. Both anterior and posterior fixa-
tions as a primary surgery were conducted in only one non-DM

Table 3. Surgical Factors and Perioperative Complications.

Non-DM
DM group  group
(n=47) (n=206) P-value
Surgical methodology
Laminoplasty (%) 78.7 80.1 0.51
Laminectomy (%) 0 1.9
Posterior fixation (%) 14.9 83
Anterior fixation (%) 6.4 9.2
Anterior and posterior fixation (%) 0 0.5
Perioperative complications
CS5 palsy (%) 14.9 5.8 0.04
Surgical site infection (%) 0 0.5 0.8l
Epidural hematoma (%) 0 0 -
Dural tear (%) 2.1 0.5 0.34
Neurological deterioration (%) 0 23 0.54
Dysphagia (%) 0 23 0.54
Dysphonia (%) 0 0.5 0.8l
Hardware failure 2.1 1.5 0.56

DM, diabetes mellitus.

patient (0.5%). All procedures showed no statistically signifi-
cant difference (P = 0.51).

Regarding perioperative complications, the DM group
showed a significantly higher frequency of C5 palsy (14.9%
vs. 5.8%; P = 0.04). Other complication rates showed no sig-
nificant differences: SSI (P = 0.81), dural tear (P = 0.34),
neurological deterioration (P = 0.54), dysphagia (P = 0.54),
dysphonia (P = 0.81), and hardware failure (P = 0.56). Infec-
tion occurred in only one patient with superficial SSI in the
non-DM group, which was cured by means of following longer
administration of antibiotics without any additional surgical
intervention.

When examining the status of C5 palsy during the follow-up
period, 83.3% (10/12) in the non-DM group showed complete
recovery as opposed to only 42.9% (3/7) in the DM group,
although no significant difference was observed between the
groups (P = 0.10). Among the subjects who gained complete
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Table 4. Clinical Outcomes.

DM group Non-DM group
(n=47) (n = 206) P-value
Cervical JOA score
Preoperation 105 + 3.1 11.8 + 3.2 0.01
Final follow-up 139 + 29 142 + 2.6 0.41
AJOA score 33 + 30 24 + 29 0.04
VAS for neck
Preoperation 346 + 31.5 353 + 289 0.70
Final follow-up 19.9 + 26.7 214 + 252 0.73
AVAS —15.0 + 347 —14.0 + 29.6 0.85

DM, diabetes mellitus; JOA, Japanese Orthopaedic Association; VAS, visual
analog scale; A, change from preop to final follow-up values.

recovery from the C5 palsy, the duration of recovery was 5.7 +
5.5 months and 7.6 + 6.8 months in the DM and non-DM
groups, respectively (P = 0.43).

Subanalysis was performed to identify the predictor for C5
palsy. Univariate analysis revealed no significant differences
between the patients with and without postoperative palsy in
age (P = 0.29), hypertension (P = 0.08), and cardiac disease
(P = 0.24). In addition to these parameters, we analyzed
clinically-relevant factors that were reported as predictors for
the C5 palsy*>*; however, significant differences were not
observed with respect to the duration of symptoms (P =
0.46), presence of T2-weighted MRI SI (P = 0.25), occupying
ratio (P = 0.15), surgical techniques (P = 0.76), and preopera-
tive cervical JOA score (P = 0.36). Based on these results,
multivariate logistic regression analysis was performed, and
results demonstrated that DM was the sole predictor for this
adverse event (OR 2.8, 95% CI 1.0-7.6, P = 0.04).

Surgical Outcomes

As shown in Table 4, the baseline JOA score before surgery
was significantly lower in the DM group than in the non-DM
group (10.5 + 3.1 vs. 11.8 + 3.2, P = 0.01). In contrast, the
changes in scores from the preoperative status were signifi-
cantly higher in the DM group (3.3 + 3.0 vs. 24 + 29, P
= 0.04), resulting in statistical insignificance between the
groups at final follow-up (13.9 + 2.9 vs. 142 + 2.6, P =
0.41). Hemoglobin Alc levels had no correlation with the JOA
scores either at preoperation (» = 0.24, P = 0.13) or at final
follow-up (» = 0.17, P = 0.29).

No significant difference was noted in the VAS for neck
pain between the groups before surgery (34.6 + 31.5mm vs.
35.3 + 28.9mm; P = 0.70) or at the final follow-up (19.9 +
26.7mm vs. 21.4 + 25.2mm; P = 0.73).

Demographics and Outcomes in Patients Treated Using
Laminoplasty
Table 5 showed the results of patients who underwent lamino-

plasty only to evaluate the clinical outcomes for the majority
with a single surgical technique. Similar to the overall results

Table 5. Demographics, Perioperative Complications, and Surgical
Outcomes in Patients Who Underwent Laminoplasty.

Non-DM
DM group group
(n=137) (n=165)  P-value

Age (y) 625 + 93 59.3 + 89 0.06

Gender (% male) 73.0 71.5 0.86

BMI (kg/m?) 25.6 + 44 254 + 3.6 0.84
Perioperative complications

C5 palsy (%) 16.2 5.5 0.04

Surgical site infection (%) 0 0.6 0.8l

Epidural hematoma (%) 0 0 -

Dural tear (%) 27 0 0.18

Neurological deterioration (%) 0 1.2 0.67
JOA scores

Preoperation 9.9 + 3.0 11.8 + 33 <0.01

Final follow-up 139 + 2.7 142 + 2.6 0.58

AJOA scores 40 4+ 29 24 + 30 <0.01
VAS for the neck

Preoperation 38.6 + 31.1 374 + 289 0.83

Final follow-up 233 + 286 215 4 258 0.77

AVAS —154 + 352 —149 + 290 094

DM, diabetes mellitus; BMI, body mass index; JOA, Japanese Orthopaedic
Association; VAS, visual analog scale; A, change from preop to final follow-up
values.

described earlier, the demographics were comparable between
the DM group (n = 37) and the non-DM group (n = 165),
whereas perioperative complications showed a higher fre-
quency of C5 palsy in the DM group than in the non-DM group
(16.2% vs. 5.5%, P = 0.04). Other perioperative complications
had no significant differences. Regarding the surgical out-
comes, preoperative JOA scores were significantly lower in
the DM group (9.9 + 3.0 vs. 11.8 £+ 3.3, P < 0.01) but were
comparable at the final follow-up (13.9 + 2.7 vs. 14.2 + 2.6,
P = 0.58) with larger changes in the DM group (4.0 + 2.9 vs.
2.4 + 3.0, P < 0.01). For the analysis using the VAS for the
neck, the results were almost comparable between the groups.

Discussion

This is the first international study with the largest sample size
to evaluate the impact of DM on the surgical outcomes for
cervical OPLL patients. Overall incidence of DM was 18.6%
in the enrolled subjects, and this was a larger ratio compared to
those in the general population which was estimated as 8.8%.%°
Although preoperative neurologic function was significantly
worse in the DM group, they reached a comparable functional
status postoperatively. Among the perioperative complications;
however, the frequency of C5 palsy in the DM group was
approximately 3 times greater than that in the non-DM group,
which was also identified when laminoplasty was utilized as
the single surgical procedure. Therefore, even if cervical OPLL
patients have DM, surgeons should not hesitate to perform
operation, but the possibility of postoperative C5 palsy should
be kept in mind and carefully explained to the patients before

surgery.
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In the current study, the baseline severity of neurologic
status was significantly worse in DM patients. One of the
potential explanations for this pathology was severe spinal cord
compression due to a larger size of ossification in these
patients, but in our results, no difference was noted in the size
of ossified ligaments between the groups. Therefore, this
severe myelopathy could be due to the pathological condition
of the spinal cord itself affected by abnormal glycometabolism.
Although a few studies examined the spinal cord degeneration
in the pathology of DM, previous reports demonstrated a dys-
function of synaptic connection at both ventral and dorsal
horns, which led to motor deterioration and sensory distur-
bance, respectively.”*® The blood vessels damaged by hyper-
glycemia had a reduced number of endothelial cells, which
resulted in disruption of blood-spinal cord barrier and increased
vascular permeability.®?’ Some studies clarified that DM
patients suffer from degradation of conduction velocity in
motor and somatosensory evoked potentials, indicating a
decrease of myelinated fibers in the spinal cord.”®?° These
pathological disadvantages in DM could be sufficiently attrib-
uted to the preoperative impairments of the OPLL cases.

Despite the adverse baseline severity, the present study
revealed that surgical intervention had a beneficial effect for
neurologic recovery even among DM patients. Similar results
were observed in previous studies, which examined the JOA or
modified JOA scores in cases with cervical myelopathy and
showed comparable postoperative neurologic function between
the DM and non-DM groups.”'%!%143% Since the average
hemoglobin Alc level before surgery was relatively controlled
at 6.4% in our cases, this glycometabolic status might be the
contributing factor for the favorable surgical outcomes to be
achieved. Therefore, surgical treatment is expected to acquire
fair functional recovery under strictly controlled blood sugar
levels.

In contrast, the current results clarified that DM patients
have a high frequency of C5 palsy. With regard to the risk
factors for postoperative segmental paralysis in cervical OPLL,
previous reports proposed a longer duration of symptoms, the
presence of intramedullary SI at T2-weighted MRI, a larger
occupying ratio, and the performance of posterior instrumented
fusion surgery.*** However, all predictors were not associated
with the occurrence of palsy in the present study as shown in
our results. Due to the fact that the baseline cervical JOA score
was significantly lower in the DM group, this inferior neuro-
logic status might affect the occurrence of postoperative C5
palsy. However, several studies have demonstrated that there
is no relation between this adverse event and preoperative
severe myelopathy, thus indicating that baseline severity is not
a predictor for paralysis.*>*'? Therefore, we suspected that
the incidence of C5 palsy could be due to polyneuropathy,
which is a well-known pathology of DM. For peripheral motor
neurons, degeneration mainly occurs at the distal axonal term-
inals and disrupts its integrity of motor units at neuromuscular
junctions.*® Decompression surgery for cervical OPLL causes
a posterior shift of the spinal cord and subsequent nerve root
traction, which could damage the fragile distal terminals and

trigger the C5 palsy. Although it is necessary to increase the
number of cases and verify this hypothesis in the future, care
should be taken regarding the occurrence of C5 palsy when
treating OPLL in diabetic patients.

Previous studies have demonstrated a frequent incidence of
SSI in patients with DM due to lower immunity and microvas-
cular angiopathy.'*** However, recent large-scale studies tar-
geting DCM revealed no significant difference in its
occurrence between the DM and non-DM groups.”'**> Con-
sistent with these results, our study also demonstrates that there
is no significant increase in SSI frequency in the DM group.
This favorable consequence could be attributed to a strict con-
trol of blood glucose conducted by diabetes specialists during
the perioperative period.

Our results demonstrated a higher prevalence of hyperten-
sion and cardiac diseases among DM patients. Hypertension is
a risk factor for developing DM, both of which promote ather-
ogenesis.>® These combined comorbidities markedly increase
the prevalence of cardiovascular disease. Thus, when treating
cervical OPLL in DM patients, it is necessary to pay close
attention to the systemic management during the perioperative
period.

Several limitations were noted in this study. First, this is a
retrospective study, which inevitably carries a low evidence
level. Second, decisions about surgical methods and the num-
ber of decompression levels were made at the discretion and
preference of the surgeons. Third, intervertebral foramen was
not measured due to the property of multicenter registry in our
database. Wu et al. reported that narrowing of the intervertebral
foramen was involved in the development of C5 palsy,
although the authors included patients with OPLL and with
other forms of DCM.?* Whether intervertebral foraminal ste-
nosis is a risk factor for the paralysis that occurs in patients with
OPLL remains an issue to be evaluated in the future. And
finally, only cervical JOA scores and VAS for the neck were
used for the assessment of surgical outcomes. Further study
will be necessary to evaluate additional outcomes including
cervical function and quality of life to comprehend the impact
of DM on the overall clinical pictures of cervical OPLL.
Despite these limitations, the strength of the current study was
the utilization of international database from 3 Asian countries
where the OPLL prevalence was frequent compared to the
other areas or regions to investigate the surgical outcomes of
cervical OPLL. Since the analysis for the evaluation of DM was
conducted with the largest sample size that consisted of cervi-
cal OPLL patients only, the present research will make a new
avenue to elucidate the pathophysiology and therapeutic out-
comes in the field of ossification of the spinal ligaments.

In conclusion, this is the first multicenter Asian study to
evaluate the impact of DM on cervical OPLL patients. Even
in the DM cases, surgical results were favorable regardless of
preoperative hemoglobin Alc levels or operative procedures.
However, caution is warranted for the occurrence of C5 palsy
after the surgery in the DM patients, which also require careful
perioperative management due to systematic comorbidities
such as hypertension and cardiovascular diseases.
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