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Abstract

Background Ossification of the posterior longitudinal

ligaments (OPLL) causes myelopathy with progression or

trauma. Most OPLL patients visit the hospital after severe

symptoms occur, and surgery did not supply complete

relief in severe symptoms related to OPLL. While it is

necessary to diagnose OPLL early and observe carefully,

the nature of symptoms and asymptomatic OPLL have

been unclear. The purposes of this study were to investigate

the prevalence and symptoms of ossification of the pos-

terior longitudinal ligaments (OPLL) of the cervical spine

in the general population.

Methods The subjects were 1291 Japanese general resi-

dents. Radiographic OPLL was detected by lateral view of

the cervical spine, and subjects were classified into OPLL

and non-OPLL groups. Visual analog scales of neck stiff-

ness, neck pain, arm pain, and the Japanese Orthopaedic

Association Cervical Myelopathy Evaluation Questionnaire

were examined. Neck and arm symptoms were compared

among the presence of OPLL, and among subtypes (con-

tinuous, segmental, and mixed types) statistically.

Results Prevalence of OPLL was 3.7 % in overall par-

ticipants, 3.9 % in symptomatic participants, and 2.2 % in

asymptomatic participants. While 86.7 % of participants

with OPLL had symptoms, the consultation rate was only

6.7 %. The female OPLL group had higher neck pain than

the non-OPLL group, and neck function of JOACMEQ in

the continuous type of OPLL was significantly restricted

compared to those without OPLL and with the mixed type

of OPLL.

Conclusions Prevalence of OPLL was 3.7 %, and most of

them had neck and arm symptoms; however, they did not

visit hospitals. Asymptomatic OPLL had the potential risk

for spinal cord injury and myelopathy. Early detection and
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careful observation would prevent the severe symptoms

induced by OPLL.

Introduction

Ossification of the posterior longitudinal ligaments (OPLL)

of the spine is characterized by ectopic bone formation in

the spinal ligament. Ossification of this ligament usually

occurs in the cervical or thoracic spine, and less frequently

in the lumbar spine [1]. OPLL regions in the cervical spine

damage the spinal cord slowly and cause myelopathy [2].

Various degrees of restriction of activities of daily living

related to precision motion or gait disturbance eventually

require surgical treatment.

Cervical OPLL has a major impact on the society and

economy. In severe myelopathy for patients with OPLL,

postoperative improvement is not necessarily realized, and

relatively higher incidences of surgical complications are

seen compared with other cervical degeneration diseases

[3, 4]. Also, neck trauma can lead to cord injury and sud-

den bedridden conditions in OPLL patients [5]. It has been

reported that 23 % of traumatic cervical spinal cord inju-

ries and 34 % of traumatic cervical spinal cord injuries

without bony injury were related to cervical OPLL [6]. In a

clinical trial, early diagnosis and careful observation

effectively prevented spinal cord injuries [7]. However,

only a few large cohort studies have been performed, even

though such cohort studies could reveal the precise back-

ground of OPLL.

OPLL has long been considered a disease of Asian

origin, and more specifically of the Japanese population,

but this disorder is now being recognized in Europeans and

North Americans. Previous reports showed that prevalence

of radiographic OPLL in Japan was 1.9–4.3 % among

orthopedic patients [2, 8, 9]. Also, cohort studies suggested

that the typical age at onset is 50 years, with a male/female

ratio of 2:1 [9, 10]. However, there were few cohort studies

that investigated the prevalence of symptomatic OPLL and

asymptomatic OPLL in general populations. Furthermore,

the differences of features of symptoms between people

with OPLL and the general population were unclear.

A better understanding of features of symptoms in those

with OPLL will aid in appropriate diagnosis and inter-

vention such as preventive education, medication, or sur-

gical treatment. The purpose of this study was to

investigate the prevalence of OPLL with or without

symptoms in the Japanese general population. Also, influ-

ences of OPLL on their symptoms were examined. We

hypothesized that there are a lot of asymptomatic and

untreated people with OPLL in the general population.

Furthermore, people with symptomatic OPLL have dis-

criminative pain and symptoms.

Materials and methods

Subjects

Subjects were volunteers who participated in the Iwaki

Health Promotion project. This project is a community-

based program to improve average life expectancy by

performing general health checkups and prophylactic

interventions, and details have been shown in previous

reports [11, 12]. All participants provided written informed

consent, and the study was conducted with the approval of

the ethics committee of Hirosaki University School of

Medicine.

Subjects were recruited by calls from public health

nurses and advertisements in the mass media. A total of

1305 volunteers (483 males and 822 females) from

approximately 12000 residents participated in 2008 (first

survey) or 2010 (second survey). Among them, 14 patients

(7 males and 7 females) after neck surgery were excluded

in this study to investigate features of preoperative symp-

toms of people with OPLL. The number of participants

without neck surgery was 804 volunteers in the first survey,

and 918 in the second survey. A total of 1291 (476 males

and 815 females) volunteers participated in the first or

second surveys, and were included for a cross-sectional

statistical analysis. As a longitudinal observation, 431

participants (148 males and 283 females) were followed up

in both the first and second surveys, and the follow up rate

from the first survey was 53.7 %. In these 431 participants,

their symptomatic data for the first survey were adopted for

overall cross sectional analysis. Their mean age was

57.2 ± 14.1 (21–87) years old in males and 57.7 ± 12.9

(21–87) years old in females. All participants completed a

questionnaire regarding age, gender, neck and arm symp-

toms, hospital visit due to those symptoms, and lifestyle

habits such as smoking, drinking, and physical fitness.

Radiographic OPLL

Plain lateral radiography of the cervical spine was taken in

all participants. OPLL of the cervical spine was detected by

the presence of ossification located in the region posterior

to the vertebral body [13] (Fig. 1a–c). Furthermore,

detected OPLL was classified into three types: continuous,

segmental, and mixed. While there are four types of OPLL,

there has been a concern that the circumscribed type of

OPLL may be confused with degenerative spurs by radi-

ography [14]. So, this study did not consider the circum-

scribed type of OPLL in order not to overestimate the

prevalence of OPLL. All radiography was graded by two

senior spine surgeons (A.O. and K.W.), and if their findings

differed, they came to a conclusion after mutual consulta-

tion. A senior spine surgeon (A.O.) graded 100 radiographs
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again after a month, and the intraobserver reliability by

intraclass correlation coefficient (1, 1) was 0.801.

Symptoms with OPLL

Symptoms with OPLL were evaluated by self-completed

questionnaires. As the common symptoms related to cervical

spine, presence and intensity of shoulder stiffness, neck pain,

and arm pain, theywere measured by visual analog scales

(VAS) by mm. Also, the Japanese Orthopaedic Association

Cervical Myelopathy Evaluation Questionnaire (JOA-

CMEQ) was used to evaluate myelopathy related symptoms

and quality of life (QOL) [15]. JOACMEQ is a valid and

reliable patient-based outcome score, and consists of five

subscales: neck function, upper extremity function, lower

extremity function, bladder disturbance, and QOL [16]. Each

subscale is converted into 0–100 points, and a higher value

means good condition of their respective function.

Statistical analysis

Prevalence of OPLL was calculated in overall participants,

participants with symptoms, and asymptomatic partici-

pants. Furthermore, the prevalence of OPLL among age

groups [under 50 (\50), 50–59, 60–69, and 70 and older

(70?)] in males and females was calculated in the overall

participants. Consultation rate among OPLL subtypes was

compared by the v2 test. Prevalence of shoulder stiffness,

neck pain, and arm pain between OPLL and non-OPLL

groups were compared by the v2 test. Furthermore, VAS

between OPLL and non-OPLL groups, and VAS and

JOACMEQ among the three OPLL types were compared

by analysis of covariance. These values were adjusted by

age, BMI, lifestyle habits (smoking, drinking, and fitness

habits), and compared by the Bonferroni method. Data

input and calculation were performed with the SPSS ver.

12.0J (SPSS Inc., Chicago, IL, USA). A p value of \0.05

was considered to be statistically significant.

Results

Prevalence and development of OPLL

In the cross-sectional analysis, 45 people with OPLL were

detected in the overall 1291 participants, and the preva-

lence was 3.7 % (3.5 % in the first survey and 3.3 % in the

second survey) (Table 1). Also, prevalence of OPLL in

Fig. 1 Representative radiographs of subtypes of ossification of posterior longitudinal ligament. a Continuous type, b segmental type, c mixed

type, and d circumscribed type

Table 1 Prevalence and number of participants in the present study

First

survey

Second

survey

First and

second

survey

First or

second

surveys

Overall participants 804 918 431 1291

OPLL subtypes

Continuous 5 4 2 7

Segmental 14 15 7 22

Mixed 9 11 4 16

Total 28 30 13 45

Prevalence (%) 3.5 3.3 3.0 3.7

Values were number of overall participants and participants with

OPLL in the first survey, second survey, first and second surveys, and

first or second surveys, respectively. Prevalence was calculated by

total number of participants with OPLL/sample number
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1005 participants with neck and arm symptoms was 3.9 %.

Corresponding prevalence in 286 asymptomatic partici-

pants was 2.2 %. Prevalence of OPLL in the general

population increased with aging, and males from 60 to

69 years old showed the highest prevalence among age and

gender groups (Fig. 2). A total of 431 participants,

including 13 participants with OPLL, were followed up in

both first and second surveys, and there was no evidence of

new development or progression of OPLL in a 2-year

longitudinal observation. In the 45 participants with OPLL,

only 3 participants with OPLL (6.7 %) were treated in a

hospital (Table 2).

Comparison of symptoms between non-OPLL

and OPLL groups

In the OPLL group, 89.3 % of males and 82.4 % of female

participants had pain between neck and arm, while 75.2 %

of males and 78.8 % of female participants had corre-

sponding pain in the non-OPLL group. Prevalence of

shoulder stiffness was more than 65 % in non-OPLL and

OPLL groups of both genders. There were significant

differences in ratio of participants with neck pain in

male OPLL group (p = 0.034) (Table 3). Furthermore, the

female OPLL group showed significant strong neck pain in

VAS (p = 0.021).

Comparison of symptoms among OPLL subtypes

Seven participants had a continuous type of OPLL, twenty-

two had segmental type, and sixteen had the mixed type in

overall participants (Table 1). While degree of VAS of

shoulder stiffness in the mixed type was 36.7 mm, and was

higher than the 11.3 mm in the continuous type and

19.2 mm in the segmental type, there was no significant

difference (Fig. 3). On the other hand, the neck function of

Fig. 2 Prevalence of OPLL among age and gender groups. Age

groups were divided into four groups: \50 (under 50 y.o.), 50–59

(from 50 to 59 y.o.), 60–69 (from 60 to 69 y.o.), and 70– (above 70

y.o.) in males and females, respectively

Table 2 Rate of participants with OPLL under treatment

Untreated Treated Total

Continuous 7 (100) 0 (0) 7

Segmental 20 (90.9) 2 (9.1) 22

Mixed 15 (93.8) 1 (6.3) 16

Total 42 (93.3) 3 (6.7) 45

Breakdown of the treated and untreated radiographic OPLL partici-

pants were shown. Numbers in parentheses indicate the rate of

patients. There was no significant difference in the v2 test

Table 3 Comparison of neck and arm symptom between OPLL and

non-OPLL groups

Males Females

OPLL

(n = 28)

Non-OPLL

(n = 448)

OPLL

(n = 17)

Non-OPLL

(n = 798)

Shoulder stiffness

mm 22.9 ± 25.0 21.5 ± 25.9 26.3 ± 24.5 27.4 ± 28.3

% 75.0 65.7 82.4 73.7

Neck pain

mm 9.8 ± 15.7 6.3 ± 16.4 23.7 ± 29.3* 7.6 ± 17.2

% 50.0* 21.1 57.1 25.3

Arm pain

mm 12.0 ± 20.0 11.3 ± 20.1 15.8 ± 25.8 13.1 ± 22.1

% 53.6 46.2 47.1 48.2

All values are mean ± standard deviations of visual analog scales

(VAS) of shoulder stiffness, neck pain and arm pain. Also, prevalence

of participants with shoulder stiffness, neck pain and arm pain are

mentioned. Differences of VAS between OPLL and non-OPLL

groups were compared by analysis of covariance and Bonferroni test.

The prevalence of each pain was compared by the v2 test

OPLL ossification of posterior longitudinal ligament

* A p value below 0.05 was considered significant

Fig. 3 Comparison of neck and arm symptoms among OPLL

subtypes. Values were means and standard deviations of visual

analog scale (VAS) of shoulder stiffness, neck pain and arm pain. A

p value below 0.05 on analysis of covariance was considered to be

statistically significant (*)
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JOACMEQ in those with continuous type OPLL was sig-

nificantly lower than those without OPLL (p = 0.011) and

those with mixed type OPLL (p = 0.003) (Fig. 4). There

were no differences in upper and lower extremity function,

urinary function, and QOL of JOACMEQ among OPLL

subtypes.

Discussion

This cohort study was focused on the symptoms with

cervical OPLL in a Japanese general population, and

revealed that prevalence was 3.9 % in symptomatic par-

ticipants and 2.2 % in asymptomatic participants. Almost

all people with OPLL had symptoms between the neck and

arm; however, there were a number of non-treated people

with OPLL in the Japanese general population. This study

suggested that there are many people at a potential risk for

cervical cord injury and possibility for prevention of this

severe injury.

This study revealed that prevalence of OPLL was higher

in Japan than in other countries, as has been previously

reported [17, 18]. Izawa et al. [17] reported the compara-

tive data that prevalence was 2.1 % in Japan, 1.0 % in

Korea, 0.1 % in the US, and 0.1 % in Germany. Also, it is

known that the prevalence of OPLL reaches a peak in the

50s to 60s in males [9, 10]. Though it appears that much

cervical OPLL has occurred in this decade, it has been

unclear how OPLL develops. Also, the mechanism of

OPLL formation has been unclear, while previous reports

suggested associations with genetic factors, and the aging

process. Present results showed the increasing prevalence

of OPLL with aging. Taiwan’s national registration showed

the prevalence and occurrence of OPLL in a large sample

analysis; however, the diagnosis and symptoms were

obscure and not accurate due to the large number of

patients [10]. A large, longitudinal and extensive cohort

study is needed to include the development imaging and

examine the risk factors.

This study showed the features of participants with

symptomatic and asymptomatic OPLL. Prevalence of

symptoms related to myelopathy by the presence of OPLL

was not significantly high. It was considerable likelihood

that myelopathy would occur only after progression of the

OPLL region or in combination with dynamic factors.

Neck function was restricted in those with the continuous

type of OPLL. On the contrary, there were no significant

differences in degree of shoulder stiffness, arm pain, upper

and lower extremities function, and QOL among OPLL

subtypes. A large ossified region would affect symptoms

since occupation rates in mixed and continuous types are

higher than in the segmental type [19]. Also, Iwasaki et al.

[20] suggested that a larger ossified region leads to poorer

outcome after surgical treatment. However, symptoms

induced by the segmental type of OPLL are the most

severe, despite its low occupation rate. A dynamic factor of

the cervical spine is considered to be a potential risk factor

for this dissociation. It is reported that a dynamic factor had

a major impact on clinical outcome especially in the seg-

mental and mixed type [7].

It is controversial how to detect OPLL in order to esti-

mate its prevalence in a cohort study. There is consensus

regarding the accuracy of OPLL detection by CT and

images of spinal cord damage by MRI [21]. In this study,

diagnosis of OPLL was performed only by radiography.

Kudo et al. [14] showed the reliability of radiography by

comparing with CT, and suggested their correlation was

not so strong. Intraobserver reliability by intraclass corre-

lation coefficients was 0.516 by radiographs, and 0.665 by

CT and radiographs. Also, interobserver reliability was

0.817 by radiographs, and 0.832 by CT and radiographs.

Analysis of OPLL regions by CT scan would increase the

prevalence of OPLL; however, it is not practical or rea-

sonable in a large sample cohort study. Also, presence of a

Fig. 4 Comparison of the

Japanese Orthopaedic

Association Cervical

Myelopathy Evaluation

Questionnaire among OPLL

subtypes. Values were means

and standard deviations of

subscales of the Japanese

Orthopaedic Association

Cervical Myelopathy

Evaluation Questionnaire. U/E

function upper extremity

function, L/E function lower

extremity function, QOL quality

of life
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vertebral spur makes it difficult to distinguish from the

circumscribed type of OPLL [14]. This study did not

consider the circumscribed type, which made it possible to

prevent an overestimation of OPLL prevalence.

Even in the participants with symptomatic OPLL, the

consultation rate was very low. One considerable reason

was that intensity of pain was not so high. Previous study

showed that OPLL patients who undergo neck surgery had

strong pain (VAS C40 mm) or neurological symptoms

from myelopathy related to cervical OPLL regions [22].

However, it is considered that postoperative symptoms of

severe myelopathy remain, and even in mild myelopathy,

postoperative outcome would be worse than in spondylotic

myelopathy [23]. Matsunaga et al. [24] reported that 19 %

of asymptomatic OPLL patients incurred myelopathy by

trauma, and 64 % of OPLL patients with myelopathy had a

worse progression of symptoms. Since prognosis of mod-

erate or severe OPLL is not excellent, it is necessary to

diagnose OPLL at an early stage, educate patients to avoid

trauma, and continue careful observation [7].

There were several limitations in this study. First, this

study did not observe the development of OPLL over a

2-year period. Though it is known that OPLL regions rarely

progress, it has been unclear how these regions develop.

This longitudinal study is currently being continued to

overcome the limitation of the short period of observation

and relative small sample size. Second, objective evalua-

tion was limited to radiographic analysis. Examination by

CT scan or extensive examination such as specific motion

or deep tendon reflex would reveal symptoms in those with

OPLL. Third, possible risk factors of genetic expression

were not investigated. Tsuyama et al. [2] reported 23 % of

OPLL patients had familial OPLL regions. Fourth, selec-

tion bias had to be considerable. Recruited volunteers are

only a part of the general population, even if the partici-

pation levels were high. Also, presence and prevalence of

younger population would affect these results. Fifth, how

the OPLL regions affect the spinal cord was not investi-

gated. Evaluating the signal changes in the spinal cord by

MRI would help to clarify the relationship between inten-

sity of symptoms and OPLL regions. Also, while common

symptoms in neck and arm, and JOACMEQ were evalu-

ated in this study, these symptoms would have a relation-

ship with other musculoskeletal disorders. Less physical

and functional data for myelopathy were one of the limi-

tations of this study. On the other hand, it could be that one

of the reasons for a very low consultation rate in those with

OPLL that were the recruited subjects for this study was

relative health, and few people had severe symptoms due to

cervical myelopathy.

Despite these limitations, the prevalence of symptomatic

OPLL and asymptomatic OPLL was revealed. Since early

diagnosis and a preventive approach have advantages, it is

important to find and observe asymptomatic OPLL

patients. While many participants with OPLL were

untreated in this study, this result indicated the potential

decrease of spinal cord injury related to OPLL and influ-

ential information for preventive checkup.

Conclusion

Prevalence of OPLL in overall participants was 3.7 %,

3.9 % in symptomatic participants, and 2.2 % in asymp-

tomatic participants. While most of the people with OPLL

had pain between the neck and arm, there were a number of

non-treated people with OPLL. This study suggested a

potential risk of cervical cord injury by asymptomatic

cervical OPLL and the possibility for prevention of this

severe injury.
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