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Abstract

Purpose This study aimed to investigate the impact of the severity of cervical ossification of the posterior longitudinal liga-
ment (OPLL) on the incidence of arteriosclerosis in the carotid artery.

Methods Patients with OPLL-induced cervical myelopathy were prospectively enrolled. The study involved analyzing patient
characteristics, blood samples, computed tomography scans of the spine, and intima-media thickness (IMT) measurements
of the common carotid artery. Patients were divided into two groups based on the size of the cervical OPLL to compare
demographic data, comorbidities, and the presence of thickening of the carotid intima-media (max IMT > 1.1 mm).
Results The study included 96 patients (mean age: 63.5 years; mean body mass index: 26.9 kg/m?; 71.8% male; 35.4% with
diabetes mellitus). The mean maximum anteroposterior (AP) diameter of the OPLL was 4.9 mm, with a mean occupancy
ratio of 43%. The mean maximum IMT was 1.23 mm. Arteriosclerosis of the carotid artery was diagnosed in 62.5% of the
patients. On comparing the two groups based on OPLL size, the group with larger OPLL (> 5 mm) had a higher BMI and a
greater prevalence of carotid intima-media thickening. This significant difference in the prevalence of carotid intima-media
thickening persisted even after adjusting for patient backgrounds using propensity score matching.

Conclusions Patients with a larger cervical OPLL showed a higher frequency of intima-media thickening in the carotid artery.
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Introduction

Ossification of the posterior longitudinal ligament (OPLL)
is one of the causes of compressive myelopathy. OPLL is
often reported in the Asian population, with a frequency of
1.9-4.3% diagnosed by X-ray or 6.7% diagnosed by com-
puted tomography (CT) in Japan [1-5]. As the reported inci-
dences of OPLL were 0.4-3.0% in Asian countries other
than Japan and 0.1-1.7% in Europe and the USA [6-8], eth-
nicity is considered a factor related to the onset of OPLL
[9]. Nevertheless, the precise mechanism of OPLL remains
unclear.

> Yasushi Oshima
yoo-tky @umin.ac.jp

Department of Orthopaedic Surgery, The University
of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan

Other factors related to OPLL include disorders of
metabolism [10]. Specifically, the occurrence of diabetes
mellitus is high in patients with OPLL [5, 11]. Besides,
patients with severe OPLL often demonstrate obesity [12,
13]. Some experimental studies implied the involvement of
several cytokines in the pathogenesis of OPLL, which could
explicate the higher incidence of obesity or diabetes mellitus
in patients with OPLL [14, 15].

Considering the correlation of obesity and metabolic dis-
eases with arteriosclerosis, patients with OPLL tend to be at
high risk of developing arteriosclerosis. However, to date,
only one epidemiological study has reported a higher inci-
dence of carotid plaques among asymptomatic patients with
a relatively smaller size of OPLL [3], and the correlation
between OPLL in myelopathic patients and arteriosclerosis
remains unclear.

Hence, this study aims to investigate the impact of
the OPLL severity on the incidence of arteriosclerosis in
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the carotid artery in myelopathic patients. To the best of
our knowledge, this is the first study to identify an asso-
ciation between OPLL severity and a higher incidence of
arteriosclerosis.

Materials and methods
Study design

This prospective, single-center study was approved by the
Institutional Review Board of the authors’ institution (No.
2674-2) and was conducted per the approved guidelines and
principles of the Declaration of Helsinki. All participants
provided written informed consent before undergoing any
study procedure.

Study participants

We prospectively enrolled 105 patients with OPLL-caused
cervical myelopathy between April 2020 and July 2021. All
patients underwent laboratory tests, CT scans of the whole
spine, and ultrasound of the carotid artery. In this study,
OPLL was defined when the ossification of the posterior
longitudinal ligament was > 2 mm thick in the axial view
in the cervical spine, which was measured as previously
described [1, 16]. TD performed the CT measurements, and
YO independently conducted measurements to determine the
intraclass correlation coefficient (ICC). While CT examined
the maximum anteroposterior (AP) diameter of the OPLL,
OP index, and OPLL types (segmental/continuous/mixed),
ultrasound examined the carotid artery and measured maxi-
mum intima-media thickness (IMT) in the common carotid
artery (CCA). The presence of arteriosclerosis was defined
as the maximum IMT of > 1.1 mm [17]. All examinations
were performed using Aplio 300 (Canon Medical Systems
Corporation, Tochigi, Japan).

After excluding nine patients with incomplete data, we
divided the remaining 96 patients into two groups based
on their OPLL size. This division was based on a cutoff of
4.9 mm, which represents the average anteroposterior (AP)
diameter of OPLL in our study group. We then compared the
demographic characteristics between these two groups. In
addition, we adjusted for factors such as age, gender, BMI,
comorbidities, and the presence of thoracic spine lesions
using propensity scores. This adjustment allowed for a more
accurate comparison of the frequency of carotid intima-
media thickening between the groups.
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Statistical analysis

While continuous variables were compared using the Fish-
er’s exact test or Student ¢ test, categorical variables were
compared using the y? test. Interobserver reliability for the
CT measurement was evaluated using the ICC. A propen-
sity score-matched analysis was performed after adjusting
for confounding factors related to arteriosclerosis such as
age, sex, BMI, and comorbidities. All statistical analyses
were performed using IBM SPSS Statistics software ver-
sion 25.0 (IBM Corporation, Armonk, NY). In this study,
all P values were two-sided, and P < 0.05 was considered
statistically significant.

Results

Of 105 patients, we analyzed the data of 96 patients [mean
age: 63.5 years; body mass index (BMI), 26.9 kg/m?; 69
men (71.8%); 27 women (28.2%); 34 patients (35.4%) with
diabetes mellitus]. The mean value of the maximum AP
diameter of the OPLL on CT was 4.9 mm, and the mean
occupying ratio of the canal was 43%. The ICC for the CT
measurement was found to be 0.97. The mean value of the
maximum IMT of the CCA was 1.23 mm, and 60 patients
(62.5%) were diagnosed with arteriosclerosis of the carotid
artery (Table 1).

Patients were categorized into two groups based on
the AP diameter of the ossification of the OPLL: one
with an AP diameter >5.0 mm and the other with an AP
diameter <4.9 mm. A comparative analysis of patient
demographics and clinical characteristics was then con-
ducted between these groups. The group with larger OPLL
(=5 mm) exhibited a higher body mass index (BMI), an
increased prevalence of carotid intima-media thickening,
and a more frequent involvement of thoracic lesions. How-
ever, the incidence of comorbid conditions remained simi-
lar across both groups. Subsequent adjustments for factors
such as age, gender, BMI, existing comorbidities, and the
presence of thoracic spine lesions were made using pro-
pensity scores. This propensity score matching revealed
that the noted difference in the prevalence of carotid
intima-media thickening remained significant even after
these adjustments (Tables 2, 3).

Ilustrative case (Fig. 1).

A 56-year-old man with a body mass index (BMI) of
25.1 was diagnosed with a continuous type of cervical
OPLL. The anteroposterior diameter of the OPLL at the
C3/4 level was measured at 7.0 mm. Despite the absence
of metabolic diseases such as diabetes mellitus, hyper-
lipidemia, or hypertension, ultrasound examination of
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Table 1 Demographic data of patients

Total number of patients 96

Age (years) 63.5+12.3
Male sex—no. (%) 69 (71.8%)
BMI (kg/m?) 26.9+4.5
JOA score 12.6+3.0
Smoking habit—no. (%) 58 (60.4%)
Diabetes—no. (%) 34 (35.4%)
Hypertension—no. (%) 53 (55.2%)
Hyperglycemia—no. (%) 44 (45.8%)
Cerebral infarction—no. (%) 2 (2.0%)
Laboratory data

HbAlc (cNGSP) 6.2+0.9
UA (mg/dL) 5.6+1.6
Total cholesterol (mg/dL) 198.0+43.4
LDL cholesterol (mg/dL) 113.4+36.4
TG (mg/dL) 196.9+149.0
Ultrasound of carotid artery

Max IMT (mm) of carotid artery 1.23+0.47
Max IMT > = 1.1 mm—no. (%) 60 (62.5%)
CT measurements

AP diameter of OPLL (mm) 49+1.5

OP index 7.1+5.3
Thoracic lesion,—no. (%) 28 (29.1%)

BMI, body mass index; HbAlc, glycated hemoglobin; cNGSP, certi-
fied by the National Glycohemoglobin Standardization Program; TG,
triglyceride; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; UA, uric acid; IMT, intima-media thickness; CT, computed
tomography; AP, anteroposterior

the common carotid artery (CCA) revealed a maximum
intima-media thickness (IMT) of 2.7 mm, and additionally,
plaques were detected.

Discussion

In this study, the incidence of arteriosclerosis in the CCA as
diagnosed by IMT > 1.1 was 62.5% in myelopathic OPLL
patients, considered high for the Japanese population. An
epidemiological study on the Japanese population (mean
age: 59.7 years) reported the incidence of IMT > 1.1 mm at
24.4% [17]. In another study using the data of the Japanese
population (average age: 58.5 years) from medical checkups,
the proportion of patients with arteriosclerosis in the CCA
was 17% in asymptomatic subjects with a relatively small
OPLL and 13% without OPLL [3]. Although the average
age was 63.5 years and IMT usually increased with age,
the incidence of OPLL in this study was extremely high
among symptomatic patients. Furthermore, patients with a
larger cervical OPLL showed a higher frequency of intima-
media thickening in the carotid artery even after adjusting

for confounding factors such as age, sex, BMI, and comor-
bidities. Hence, our results could partly be elucidated by the
crosstalk between OPLL and arteriosclerosis.

To date, the etiology of OPLL remains unclear. However,
several previous studies have indicated an involvement of
inflammatory cytokines in the pathogenesis of OPLL. For
example, an experimental study reported higher expression
levels of tumor necrosis factor-alpha (TNF-a) or interleu-
kin-6 (IL-6) in ligament cells derived from ossified spinal
ligaments [18]. Another study demonstrated a correlation
of bone morphogenetic protein-2 and transforming growth
factor-p with the pathogenesis of OPLL [15]. Moreover,
the involvement of insulin-like growth factor I (IGF-I) has
been reported in patients with OPLL [10, 14]. Besides, the
involvement of the Wnt/B-catenin signaling pathway has
been indicated in patients with OPLL, and a genome-wide
association study of patients with OPLL identified RSPO2,
which encodes R-spondin 2, as a susceptibility gene for
OPLL [19]. Remarkably, it is well known that inflamma-
tory cytokines also play vital roles in the pathogenesis of
arteriosclerosis. For example, TNF-o and IL-6 significantly
correlate with the incidence of cardiovascular events [20],
whereas the increased levels of circulating inflamma-
tory cytokines, including IL-6 and TNF-a, have also been
reported [21]. Thus, we assume that these factors could play
a crucial role as underlying mechanisms for both OPLL and
arteriosclerosis.

This study demonstrated that patients with a larger cer-
vical OPLL showed a higher frequency of intima-media
thickening in the carotid artery even after adjusting for
confounding factors such as age, sex, BMI, and comorbidi-
ties. A previous study reported that the maximum spinal
canal stenosis rates were 38% and 27% in patients with and
without myelopathy, respectively [6]. Another study from
Japan revealed that the myelopathy-free rate in asympto-
matic patients with cervical OPLL was 71% at 30 years
[2]. Thus, OPLL is considered heterogeneous, and it would
be reasonable to focus on patients, for example, in terms
of the characteristic of OPLL or characteristics of patients
to attain homogenous patients. For example, Endo et al.
categorized patients with OPLL into four groups in terms
of cervical or thoracic OPLL and based on conservative
treatment or surgical treatment [22]; consequently, patients
with thoracic OPLL who underwent surgical intervention
exhibited a higher BMI both at the age of 20 years and at
present compared with those in the other three groups.
Doi et al. examined the bone mineral density (BMD) in
patients with OPLL in comparison with cervical spondylo-
sis [23], demonstrating that BMD was markedly higher in
women but not in men. Hence, we believe in the necessity
of classifying patients with OPLL in any form. Therefore,
we established a cutoff value for the OPLL size to catego-
rize patients, showing that those with larger OPLL were
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Table 2 Comparison of

. OPLL < =4.9 mm OPLL > =5.0 mm p value

demographic data between

patients with a small N=47 N=49

g 2‘5‘:(9) Eﬁ; gplffe Age (years) 6424133 6294112 0.60
Male sex—no. (%) 33 (70.2%) 36 (73.4%) 0.72
BMI (kg/m?) 25.7+4.3 28.8+4.4 0.01
JOA score 12.7+2.8 12.6+3.5 0.95
Smoking habit—no. (%) 29 (61.7%) 29 (59.1%) 0.80
Diabetes—no. (%) 16 (34.0%) 18 (36.7%) 0.78
Hypertension—no. (%) 23 (48.9%) 30 (61.2%) 0.22
Hyperglycemia—no. (%) 22 (46.8%) 22 (44.9%) 0.85
Cerebral infarction—no. (%) 2 (4.2%) 0 (0%) 0.24
Laboratory data
HbAlc (cNGSP) 6.1+1.0 6.1+0.6 0.72
UA (mg/dL) 5517 57+15 0.41
Total cholesterol (mg/dL) 202.6+44.5 193.5+42.9 0.30
LDL cholesterol (mg/dL) 114.1+37.5 112.7+35.6 0.85
TG (mg/dL) 212.1+182.8 181.9+106.7 0.32
Ultrasound of carotid artery
Maximum IMT (mm) 1.19+0.50 1.26+0.44 0.47
Max IMT > =1.1 mm—no. (%) 24 (51.0%) 36 (73.4%) 0.02
CT measurements
AP diameter of OPLL (mm) 3.7+0.7 6.0+1.0 0.00
OP index 5.0+4.8 9.2+4.7 0.01
Thoracic lesion, no. (%) 7 (14.8%) 21 (42.9%) 0.02

BMI, body mass index; HbAlc, glycated hemoglobin; cNGSP, certified by the National Glycohemoglobin
Standardization Program; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
UA, uric acid; IMT, intima-media thickness; CT, computed tomography; AP, anteroposterior

more likely to develop arteriosclerosis compared to those
with smaller OPLL. However, it is important to note that
the chosen cutoff value of 5 mm is not definitive.

Of note, several confounding factors should be
addressed here. For example, about one-third of patients in
this study were diabetic, which was relatively high consid-
ering the reported incidence of diabetes in Japan was 5.6%
[24]. Thus, it would be reasonable to assume that IGF
signaling or other cytokines might also play roles as com-
mon pathways for the pathogenesis of ossification of spinal
ligaments, arteriosclerosis, and diabetes [10]. Likewise,
the BMI of patients with OPLL in this study was 26.9 and
considered higher for the Japanese population because an
epidemiological study in Japan reported an average BMI
of 22.7 kg/m? [25]. Nevertheless, the higher BMI in our
study sample aligned with previous studies [22]. While
diabetes and obesity are known to be related to arterioscle-
rosis, our study found a higher incidence of arteriosclero-
sis in patients with larger OPLL, even after adjusting for
BMI and comorbidities. This suggests a potential direct
link in the pathogenesis between OPLL and arteriosclero-
sis. Nevertheless, further research is needed, including the
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inclusion of asymptomatic individuals without OPLL as a
control group, to explore this connection more thoroughly.

This study has several limitations worth acknowledging.
First, a key limitation of our study is the lack of a control
group without OPLL. This is a significant oversight, as
a control group would have provided essential baseline
data for comparison, particularly in understanding the
specific impact of OPLL on arteriosclerosis. Given the
higher incidence of arteriosclerosis in our OPLL patient
cohort, a comparison with asymptomatic individuals or
those without OPLL would have helped discern whether
this increased incidence was directly linked to OPLL or
influenced by other factors like the notable prevalence
of diabetes and obesity in our study group. Second, the
sample size, though adequate considering the relatively
rare condition of OPLL, was not large enough to defini-
tively generalize our findings across broader populations.
A larger sample would have allowed for a more robust
statistical analysis and potentially more conclusive results.
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Table 3 Comparison of
demographic data between
patients with a small

OPLL< =4.9 mm
N=24

OPLL> =5.0 mm
N=24

p value

(<=4.9 mm) or large
(>=5.0 mm) OPLL after
propensity score matching

Age (years)

Male sex—no. (%)

BMI (kg/m?)

JOA score

Smoking habit—no. (%)
Diabetes—no. (%)
Hypertension—no. (%)
Hyperglycemia—no. (%)
Cerebral infarction—no. (%)
Laboratory data

HbAlc (cNGSP)

UA (mg/dL)

Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
TG (mg/dL)

Ultrasound of carotid artery
Maximum IMT (mm)

Max IMT > =1.1 mm—no. (%)
CT measurements

AP diameter of OPLL (mm)
OP index

Thoracic lesion, no. (%)

67.9+13.7
16 (66.7%)
26.5+4.6
127429
13 (54.1%)
7 (29.1%)
10 (41.6%)
14 (58.3%)
1 (4.0%)

6.2+1.0
52+15
195.6+45.3
112.9+43.2
180.2+123.9

1.23+0.56
14 (58.3%)

3.9+0.7
6.4+5.7
4 (16.7%)

67.1+9.4
18 (75.0%)
26.7+4.3
12.6+3.0
15 (62.5%)
10 (41.6%)
12 (50.0%)
14 (58.3%)
0 (0%)

6.2+0.6
55+13
179.6 +38.8
100.7£29.9
166.1+82.8

1.38+0.53
21 (87.5%)

6.1£0.9
8.5+3.7
6 (25.0%)

0.81
0.75
0.84
0.41
0.58
0.54
0.56
1.00
1.00

0.83
0.41
0.22
0.26
0.65

0.63
0.02

0.00
0.14
0.72

BMI, body mass index; HbAlc, glycated hemoglobin; cNGSP, certified by the National Glycohemoglobin
Standardization Program; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein;

UA, uric acid; IMT, intima-media thickness; CT, computed tomography; AP, anteroposterior

Third, while we adjusted for several known risk factors of
arteriosclerosis, such as diabetes mellitus, hypertension,
obesity, and age, there may be other unknown or unad-
dressed causes that could influence our results. Lastly, our
reliance on imaging data for diagnosis and measurement,
while standard, may carry inherent biases or limitations
in accurately capturing the complexity of the conditions
studied. Again, further studies are warranted to elucidate
these problems. However, with all the limitations, we
believe that the findings of this study will be informative
for clinicians in anticipating and preventing comorbidities
for patients with OPLL.

Conclusions

Patients with a larger cervical OPLL showed a higher fre-
quency of atherosclerosis in the carotid artery.
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Fig. 1 A 56-year-old man with a
body mass index (BMI) of 25.1
was diagnosed with a continu-
ous type of cervical OPLL. a
Sagittal (left) and axial images
of cervical CT. The anteropos-
terior diameter of the OPLL at
the C3/4 level was measured at
7.0 mm. b Ultrasound examina-
tion of the common carotid
artery. A maximum intima-
media thickness (IMT) was

2.7 mm (arrows)
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