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Abstract
Ossification of the posterior longitudinal ligament (OPLL) can cause severe and irreversible

paralysis in not only the cervical spine but also the thoracolumbar spine. To date, however,

the prevalence and distribution of OPLL in the whole spine has not been precisely evaluated
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in patients with cervical OPLL. Therefore, we conducted a multi-center study to comprehen-

sively evaluate the prevalence and distribution of OPLL using multi-detector computed

tomography (CT) images in the whole spine and to analyze what factors predict the pres-

ence of ossified lesions in the thoracolumbar spine in patients who were diagnosed with cer-

vical OPLL by plain X-ray. Three hundred and twenty-two patients with a diagnosis of

cervical OPLL underwent CT imaging of the whole spine. The sum of the levels in which

OPLL was present in the whole spine was defined as the OP-index and used to evaluate

the extent of ossification. The distribution of OPLL in the whole spine was compared

between male and female subjects. In addition, a multiple regression model was used to

ascertain related factors that affected the OP-index. Among patients with cervical OPLL,

women tended to have more ossified lesions in the thoracolumbar spine than did men. A

multiple regression model revealed that the OP-index was significantly correlated with the

cervical OP-index, sex (female), and body mass index. Furthermore, the prevalence of thor-

acolumbar OPLL in patients with a cervical OP-index� 10 was 7.8 times greater than that

in patients with a cervical OP-index� 5. The results of this study reveal that the extent of

OPLL in the whole spine is significantly associated with the extent of cervical OPLL, female

sex, and obesity.

Introduction
Since first being documented in 1838 [1], ossification of the posterior longitudinal ligament
(OPLL) has been recognized as a heterotopic bone formation in the posterior longitudinal liga-
ment of the spine. Although OPLL is considered a rare disease in Western countries [2], it is a
major disorder in Asia and often causes severe myelopathy or spinal cord injury. The preva-
lence of OPLL in Japanese populations has been reported to range from 1.9% to 4.3% [3], com-
pared with only 0.1% to 1.3% in the United States [4–6]. Therefore, close attention has been
paid to genetic factors that might be associated with the development of OPLL, such as muta-
tions, single-nucleotide polymorphisms, and haplotypes [7–13].

Various studies have documented the incidence of cervical OPLL. However, it is difficult to
precisely evaluate OPLL in the thoracic spine on plain radiographs, especially at the upper and
middle levels, because the shoulders obscure the findings of the upper thoracic spine. Recently,
increased use of multi-detector computed tomography (CT) has contributed to recognition of
a higher prevalence of ossified lesions than has been found by the previous method using plain
X-rays [14]. A previous single-institution CT study demonstrated that patients with cervical
OPLL had a high incidence of OPLL in the thoracolumbar spine [9]. It has been well docu-
mented that prognosis and surgical outcomes are worse in patients with multiple-regional
OPLL than in patients with cervical lesions alone [15]. Because thoracolumbar OPLL often
coexists with cervical OPLL and sometimes causes severe and irreversible paralysis [16], it is
clinically important to recognize thoracolumbar OPLL and clarify the factors associated with
the extent of OPLL in the whole spine.

Although a single-institution CT study has reported the prevalence of ossified lesions in
patients with cervical OPLL [9], we conducted the present multicenter CT study with the aim
of not only evaluating the prevalence of OPLL in the whole spine among patients with cervical
OPLL in order to strengthen the evidence, but also using a multiple regression model to investi-
gate the factors that correlate with the presence and distribution of ossified lesions in the whole
spine.

Multicenter Study on OPLL Incidence
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Materials and Methods

Patients and methods
Prior to enrollment in this study, patients at each participating institution provided written
informed consent, and the study was approved by the institutional review board of the University
of Toyama.We undertook this study to utilize data from the Japanese Multicenter Research Orga-
nization for Ossification of the Spinal Ligament instituted by Japanese Ministry of Health, Labour
andWelfare. This study included patients with OPLL in the cervical spine diagnosed based on find-
ings of plain neck radiographs who had symptoms such as neck pain, numbness in the upper or
lower extremities, clumsiness, or gait disturbance. Each patient underwent CT imaging of the
whole spine at one of the 20 institutions to which the members of the research group belonged.
Patients who had undergone anterior decompression surgery for the treatment of OPLL or who
were younger than 15 years old were excluded. A total of 322 cases were collected, including 242
men and 80 women, all Japanese Asian, with an average age of 64.6 years (range, 30–93 years).

Evaluations
Age, sex, presence of diabetes, and body mass index (BMI) were collected as basic clinical data
(S1 Table). CT images of the whole spine, including the cervical, thoracic, and lumbosacral
spine from the occipital bone to the sacrum, were obtained in each patient. The incidence of
OPLL in the cervical spine from the clivus to C7 and in other spinal regions from T1 to S1 was
evaluated on mid-sagittal CT images. Image analysis was independently performed by five
senior spine surgeons (T.H., K.T., K.M., A.I., and T.Y.). To quantify hyperostosis of the poste-
rior longitudinal ligament, the distribution of OPLL at each vertebral body and intervertebral
disc level was recorded, and the number of levels at which OPLL was present was defined as
the ossification index (OP-index), as described previously [9]. The number of ossified lesions
in the cervical spine was defined as the cervical OP-index. Patients were categorized into three
groups according to the cervical OP-index: Grade 1, cervical OP-index� 5; Grade 2, cervical
OP-index 6–9; and Grade 3, cervical OP-index� 10 (cervical OP-index classification). In addi-
tion to the OP-index, the sum of the intervertebral segments showing ossification of the ante-
rior longitudinal ligament (OALL; cervical OA-index) was noted (S1 Table). The cervical OP-
index classification and two indexes are shown in Fig 1.

Prior to image review, all testers read images from the same 20 patients to check inter-
observer agreement. The average Kappa coefficient of inter-observer agreement was 0.76 (95%
confidence interval [CI] = 0.71–0.81). Kappa values 0.00–0.20 were considered to indicate
slight agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, sub-
stantial agreement; and 0.811.00, almost perfect agreement [17]. Therefore, this finding indi-
cates substantial agreement and consistency with the results of the previous study [9]. We also
evaluated the degree of OPLL occupying the cervical spinal canal, with classification of the
canal narrowing ratio (CNR) [18] at the most compressed segment defined as follows: Grade 1,
0%< CNR� 25%; Grade 2, 25%< CNR� 50%; Grade 3, 50%< CNR� 75%; and Grade 4,
CNR> 75%. First, we compared male and female populations in terms of the physical and
radiologic data. We next evaluated the usefulness of the cervical OP-index classification for
predicting the presence of OPLL in the thoracolumbar spine. Finally, we used a multiple regres-
sion model to investigate the factors associated with the OP-index in all patients.

Statistical analysis
Student’s unpaired t test was used to analyze differences in age, BMI, cervical OA- and OP-
indexes, and OP-index of the whole spine between male and female participants. The χ2 test

Multicenter Study on OPLL Incidence
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was used to analyze differences in sex and the presence of diabetes. Tukey’s post hoc test was
applied to compare the three cervical OP-index classification groups. A logistic regression
model was conducted to investigate whether cervical OP-index classification predicted the
presence of OPLL in the thoracolumbar spine and the incidence of patients with an OP-
index� 20. Additionally, to identify factors that significantly influence the OP-index, predic-
tive factor analysis was performed by multiple regression analysis with a forward stepwise pro-
cedure using SPSS 22.0 for Windows (SPSS Institute, Chicago, IL).

All data are expressed as means ± standard deviation (SD). A p value less than 0.05 was con-
sidered to indicate a statistically significant difference.

Results

Prevalence of OPLL in the thoracolumbar spine in patients with cervical
OPLL
One hundred eighty-one patients (56.2%) had OPLL in multiple spinal regions. We compared
patients who had OPLL only in the cervical spine with those who had OPLL in multiple regions
(Table 1). No significant differences were found in terms of age, comorbidity of diabetes, BMI,
or distribution of CNR categories. However, more women than men had coexisting OPLL in
the thoracolumbar spine. The cervical OP-index, OA-index, and total OP-index were

Fig 1. Cervical ossification of the posterior longitudinal ligament index (OP-index) and ossification of the anterior longitudinal ligament index (OA-
index) are shown. Cervical OP-index classification was defined according to the cervical OP-index (Grade 1, cervical OP-index� 5; Grade 2, cervical OP-
index 6–9; and Grade 3, cervical OP-index� 10).

doi:10.1371/journal.pone.0160117.g001

Multicenter Study on OPLL Incidence
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significantly greater in patients with OPLL in multiple spinal regions than in those with OPLL
in the cervical spine alone (Table 1).

Difference in the distribution of ossified lesions between male and
female subjects
Demographic data are shown in Table 2. Age, comorbidity of diabetes, BMI, distribution of CNR
categories, and the cervical OP-index were similar between male and female participants. The per-
centage of patients who had OPLL in the thoracolumbar spine was significantly greater among
women than amongmen. The average cervical OA-index was significantly higher in men than in
women; interestingly, however, the OP-index of the whole spine was significantly greater in women.

The distribution of ossified lesions in the whole spine is shown in Fig 2A. Overall, female
patients were more likely than male patients to have OPLL broadly from the cervical to the
lumbar spine. Ossified lesions at the vertebral level of the middle cervical spine were confirmed

Table 1. Demographics of patients with cervical OPLL only and patients with OPLL in multiple spinal regions.

Cervical only (n = 141) Multiple spinal regions (n = 181) p

Age (years) 65.4 ± 10.8 64.2 ± 11.5 0.32

Sex (M/F) 118/23 124/57 < 0.01

Diabetes mellitus (%) 30.5% 32.6% 0.69

BMI 25.3 ± 4.4 26.1 ± 5.1 0.10

CNR category

Grade 1 (0% < CNR� 25%) 26.2% 19.3% -

Grade 2 (25% < CNR� 50%) 46.8% 46.5% -

Grade 3 (50% < CNR� 75%) 22.0% 29.8% -

Grade 4 (CNR > 75%) 5.0% 4.4% -

Cervical OP-index 4.86 ± 2.5 6.59 ± 3.0 < 0.01

OA-index 1.69 ± 1.7 2.24 ± 1.8 < 0.01

OP-index 4.86 ± 2.5 12.6 ± 7.0 < 0.01

Data are expressed as means ± standard deviations where appropriate. BMI, body mass index; CNR, canal narrowing ratio; OP-index, ossification index of

OPLL; OA-index, ossification index of anterior longitudinal ligament of the cervical spine.

doi:10.1371/journal.pone.0160117.t001

Table 2. Demographics of male and female patients.

Male (n = 242) Female (n = 80) p

Age (years) 64.7 ± 11.6 64.6 ± 10.0 0.90

Coexistence of OPLL in thoracolumbar spine (%) 51.2% 71.3% < 0.01

Diabetes mellitus (%) 31.8% 31.3% 0.92

BMI 25.8 ± 4.8 25.5 ± 4.7 0.62

CNR category

Grade 1 (0% < CNR� 25%) 21.1% 26.3% -

Grade 2 (25% < CNR� 50%) 45.0% 48.8% -

Grade 3 (50% < CNR� 75%) 29.8% 18.7% -

Grade 4 (CNR > 75%) 4.1% 6.2% -

Cervical OP-index 5.86 ± 2.9 5.75 ± 3.0 0.78

OA-index 2.20 ± 1.7 1.4 ± 1.7 < 0.01

OP-index 8.24 ± 5.5 12.1 ± 9.0 < 0.01

Data are expressed as means ± standard deviations where appropriate. BMI, body mass index; CNR, canal narrowing ratio; OP-index, ossification index of

OPLL; OA-index, ossification index of anterior longitudinal ligament of the cervical spine.

doi:10.1371/journal.pone.0160117.t002
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frequently, regardless of sex. The highest peak of OPLL incidence along the thoracic spine was
found at the intervertebral segment of T3/4 in female but not male patients. Similarly to the
thoracic spine, ossified lesions of the lumbar spine likely exist at intervertebral rather than ver-
tebral levels.

We next compared histograms of the OP-index of the whole spine for male and female
patients (Fig 2B). A flat waveform from a low to high OP-index could be observed in female
patients, whereas a single peak was found in male patients. The proportion of patients with a
high OP-index (� 20) was significantly higher among women (20%) than among men (4.5%).

We also investigated the associations between the OP-index of the whole spine and either
the cervical OP-index or the cervical OA-index. In male patients, the OP-index correlated sig-
nificantly with both the cervical OP-index and cervical OA-index (Fig 3A and 3B). In female
patients, however, only the OP-index was significantly associated with the cervical OP-index
(Fig 3A and 3B).

The cervical OP-index classification for prediction of the presence of
OPLL in the thoracolumbar spine
We categorized patients into three grades according to the cervical OP-index (Table 3). The
mean OP-index of the thoracic and lumbar spine was 1.93 for Grade 1, 3.93 for Grade 2, and
7.37 for Grade 3 (p< 0.001), indicating that there were significant differences in the number of
ossified lesions in the thoracolumbar spine among the three cervical OP-index grades (Fig 4).

Fig 2. A: Incidence of ossification of the posterior longitudinal ligament (OPLL) at each vertebral and intervertebral level (black bars, vertebral levels; gray
bars, intervertebral levels). B: Histograms of the OP-index of the whole spine for male and female patients.

doi:10.1371/journal.pone.0160117.g002

Multicenter Study on OPLL Incidence
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We found that the number of levels with OPLL and the incidence of OPLL in spinal regions
other than the cervical spine increased with increasing grade (Table 3). A logistic regression
model showed significant correlation between the cervical OP-index grade and the incidence
of OPLL in the thoracolumbar spine (hazard ratio 2.795, 95% CI = 1.946–4.015, p< 0.001;
Table 4), indicating that the prevalence of thoracolumbar OPLL in patients with a cervical OP-
index� 10 was 7.8-fold that in patients with a cervical OP-index� 5. We also found that the
grading system could predict the incidence of patients with an OP-index� 20 (hazard ratio
6.360, 95% CI = 3.352–12.070, p< 0.001; Table 4).

Fig 3. A: The OP-index correlates significantly with the cervical OP-index in both men (p < 0.001, R2 = 0.536) and women (p < 0.001, R2 = 0.464). B: The
OP-index of the whole spine was significantly associated with the cervical OA-index in men (p < 0.001, R2 = 0.0735), but not in women.

doi:10.1371/journal.pone.0160117.g003

Multicenter Study on OPLL Incidence
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Multiple regression model analyzing factors correlated with the OP-index
of the whole spine
To identify the factors that influence the OP-index of the whole spine, a stepwise multiple
regression analysis was conducted with independent variables such as age, sex, presence of dia-
betes, BMI, CNR category, cervical OP-index, and cervical OA-index. Factors influencing the
OP-index included the cervical OP-index, sex, and BMI (Y = -8.707 + 4.108X1 + 1.558X2 +
0.143X3; Y, OP-index of the whole spine; X1, sex [male = 0, female = 1]; X2, cervical OP-index;
X3, BMI [kg/m2]; Table 5).

Discussion
Epidemiological studies have shown that genetic background is a contributory factor in OPLL
[8,19]. The current study revealed that 56.2% of patients with cervical OPLL had coexisting
ossified lesions in the thoracolumbar spine. The incidence of OPLL in the thoracolumbar spine
is much higher in this group compared with the general population [14]. This finding suggests
that patients with cervical OPLL generally have a predisposition to hyperostosis in the poste-
rior longitudinal ligament in the whole spine. It is known that cervical OPLL has a male pre-
dominance of 2:1 to 3:1 [20]. On the other hand, thoracic OPLL has a female predominance of
approximately 3:1 [14]. Our current study showed that patients with a high OP-index of the
whole spine were predominantly women. This finding is consistent with evidence that female
patients tend to have OPLL in the thoracic spine—the area of the spine in which the number of
vertebral and intervertebral levels is greatest—and indicates that hormonal factors could affect
the development of OPLL in the whole spine. Although the details of why patients with multi-
ple ossified lesions are predominantly female remain unclear, several studies have suggested
possible mechanisms linking sex and hyperostosis [9,21–23]. Serum estrogen level has been
shown to correlate with the onset and extension of ossified lesions, and estrogen is thought to
stimulate osteoblast-like cells with the aid of trophic factors [9,21,22]. A TGF-beta 1 polymor-
phism has been found to be partially related to the area of ossified lesions via stimulation of
estrogen [23]. Ikeda et al. showed that serum leptin and insulin concentrations were signifi-
cantly increased in female patients with OPLL, and serum leptin level correlated positively with
not only the number of vertebral levels with OPLL, but also the extension of ossified lesions in
the thoracic and/or lumbar spine [24]. These metabolism-related factors could affect the onset
and development of OPLL in the whole spine as well as the difference in the prevalence of
OPLL between men and women.

OALL has not been widely discussed in terms of etiology or association with OPLL. Since
Resnick et al. [25] coined the term “diffuse idiopathic skeletal hyperostosis” (DISH) for Forest-
ier’s disease and recognized ossification of spinal ligaments as a subset of this entity, several
reports have shown that the coexistence of OPLL and DISH is relatively common. Although
both anterior and posterior longitudinal ligaments run longitudinally along the vertebral body
from the cervical spine to the sacrum, the pathogenesis of these states remains unclear. A recent

Table 3. Categorization of the cervical OP-index and relationship between the classification and incidence of ossified lesions in the lumbar and
thoracic spine.

Cervical OP-index grade No. of cases Presence of OPLL in thoracic or lumbar spine Proportion of patients with OP-index� 20

Grade 1 (1 � cervical OP-index� 5) 168 42.3% 1.2%

Grade 2 (6 � cervical OP-index� 9) 108 70.4% 8.3%

Grade 3 (cervical OP-index� 10) 46 82.6% 32.6%

OPLL, ossification of the posterior longitudinal ligament; OP-index, ossification index of OPLL.

doi:10.1371/journal.pone.0160117.t003

Multicenter Study on OPLL Incidence

PLOS ONE | DOI:10.1371/journal.pone.0160117 August 22, 2016 8 / 13



Fig 4. Patients were categorized into three groups according to the cervical OP-index: Grade 1, cervical OP-
index� 5; Grade 2, cervical OP-index 6–9; and Grade 3, cervical OP-index� 10. The number of ossified lesions in
the thoracolumbar spine was significantly different among the three grades (**p < 0.01 and ***p < 0.001).

doi:10.1371/journal.pone.0160117.g004

Table 4. Increased risk of OPLL in multiple regions based on the cervical OP-index grade.

Characteristic Increase in cervical OP-index grade HR for incidence of OPLL in multiple regions 95% CI p

Presence of OPLL in thoracolumbar
spine

+1 Grade 2.795 1.946–4.015 < 0.001

OP-index� 20 +1 Grade 6.360 3.352–2.070 < 0.001

HR, hazard ratio; OPLL, ossification of the posterior longitudinal ligament; OP-index, ossification index of OPLL; CI, confidence interval.

doi:10.1371/journal.pone.0160117.t004

Multicenter Study on OPLL Incidence
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multicenter study [26] demonstrated that OPLL detected on radiographs was significantly
associated with the presence of DISH in the Japanese population in men but not in women.
Similarly, the current study revealed that the cervical OA-index was significantly related to the
OP-index of the whole spine only in male patients. Thus, we speculate that the mechanism of
onset and development of ossified lesions in ALL or PLL could differ between men and
women.

A previous study [27] investigated the distribution and localization of cervical and thoracic
OPLL using plain X-rays; however, it is often difficult to perform a detailed evaluation of tho-
racic OPLL using this method. Ossification in the thoracic spine occasionally has a critical
influence on the spinal cord and leads to severe myelopathy [28]; hence, more precise evalua-
tion of not only cervical lesions but also thoracolumbar lesions should be performed for
patients with OPLL. Fujimori et al. reported that the prevalence of thoracic OPLL was 0.7%
among 1500 Japanese patients who underwent positron emission tomography and computed
tomography, and more than half of the patients with thoracic OPLL also had cervical OPLL
[29]. Therefore, it is reasonable to identify unrecognized thoracolumbar lesions, which are
undetectable on screening radiographs, in patients with cervical OPLL using multi-detector
CT. Previously, Kawaguchi et al. investigated the distribution of OPLL using multi-detector CT
in patients with cervical OPLL. This single-institutional study demonstrated that patients with
cervical OPLL also had a high incidence of OPLL in the thoracolumbar spine [9]. To increase
the generalizability of this finding and strengthen the evidence, we conducted a multicenter
study with a wider population base covering various geographic locations. In addition, we
extensively analyzed CT data with a large sample size to identify potential prognostic factors
for the presence of severe ossified lesions in the whole spine of patients with OPLL in the cervi-
cal spine. The results of the multiple regression analysis revealed that the number of ossified
lesions in the whole spine was significantly correlated with female sex, obesity, and the number
of cervical ossified lesions. Notably, because there was a strong correlation between the number
of cervical ossified lesions and the OP-index of the whole spine, we defined a new cervical OP
classification and found that the incidence of severe OPLL (OP-index of� 20) was 1.2% in
Grade 1, 6.3% in Grade 2, and 32.6% in Grade 3 (Table 3). In addition, logistic regression anal-
ysis revealed a significant correlation between the grading and the incidence of multiple ossi-
fied lesions in the whole spine. We therefore recommend that patients with a high cervical OP-
index (ie, Grade 3), especially those who are obese and female, should consider undergoing CT
examination of the whole spine to determine whether ossified lesions are present in other spi-
nal regions.

The current study is the largest multi-institutional investigation reviewing CT images in the
whole spine of patients with cervical OPLL, in which data are reliable with substantial inter-
observer agreement. Nevertheless, this study has several limitations. It is based on CT examina-
tion of patients with cervical OPLL and is not a population-based study. We did not examine
the relationship between clinical symptoms and OPLL lesions. Furthermore, we did not evalu-
ate the OPLL thickness at the thoracolumbar spine, which is often associated with OPLL

Table 5. Factors influencing the OP-index of the whole spine.

Factor Standardized β t p Adjusted R2 F p

Cervical OP-index 0.673 17.524 < 0.001 0.529 120.6 < 0.001

Sex (0, Male; 1, Female) 0.264 6.881 < 0.001

BMI (kg/m2) 0.107 2.774 0.006

OP-index, ossification index of OPLL; BMI, body mass index.

doi:10.1371/journal.pone.0160117.t005
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severity. We must also consider the potential risk of radiation by CT scanning. Most partici-
pants in this study underwent CT as a preoperative examination to determine the vertebral
level at which the surgical procedure should be performed. Despite these limitations, this study
produced important epidemiological data regarding patients with cervical OPLL, which is ben-
eficial for the management of patients with OPLL.

Conclusion
The incidence of thoracolumbar OPLL was as high as 56.2% in patients with cervical OPLL.
The prevalence of thoracolumbar OPLL in these patients increased with the number of levels at
which OPLL was present in the cervical spine. Multiple regression analysis revealed that the
extent of OPLL in the whole spine was significantly associated with the cervical OP-index,
female sex, and obesity.

Supporting Information
S1 Table. Patients’ background and radiologic data sheet.
(XLSX)

Acknowledgments
We greatly thank Shoji Seki, Takashi Tsuji, Kanehiro Fujiyoshi, Mitsuru Furukawa, Soraya
Nishimura Takeo Furuya, Tomohiko Hasegawa, Atsushi Kimura, Tetsuro Ohba, Hiroyuki
Katoh and Zenya Ito for data collection.

Author Contributions

Conceived and designed the experiments: TH T. Yoshii YK.

Performed the experiments: TH AI K. Takeuchi KM T. Yamada.

Analyzed the data: TH T. Yoshii.

Contributed reagents/materials/analysis tools: K. Wada MK YM K. Takeshita MA HHMW
K. Watanabe HO HK SI SF MYMMMN AO.

Wrote the paper: TH T. Yoshii YK.

References
1. Key GA. On paraplegia depending on the ligament of the spine. Guy Hosp Rep 1838: 638;3:17–34.

2. Ono M, Russell WJ, Kudo S, Kuroiwa Y, Takamori M, Motomura S, et al. Ossification of the thoracic
posterior longitudinal ligament in a fixed population. Radiological and neurological manifestations.
Radiology. 1982; 143(2):469–74. doi: 10.1148/radiology.143.2.7071349 PMID: 7071349.

3. Matsunaga S, Sakou T. Ossification of the posterior longitudinal ligament of the cervical spine: etiology
and natural history. Spine (Phila Pa 1976). 2012; 37(5):E309–14. doi: 10.1097/BRS.
0b013e318241ad33 PMID: 22146284.

4. Izawa K. Comparative radiographic study on the incidence of ossification of the cervical spine among
Japanese, Koreans, Americans, and Germans [in Japanese] J Jpn Orthop Assoc 1980; 54:461–74.
PMID: 6775031.

5. Firooznia H, Benjamin VM, Pinto RS, Golimbu C, Rafii M, Leitman BS, et al. Calcification and ossifica-
tion of posterior longitudinal ligament of spine. Its role in secondary narrowing of spinal canal and cord
compression. NY State J Med 1982; 82: 1193–8. PMID: 6813778.

6. Ijiri K, Sakou T, Taketomi E, Matsunaga S. Epidemiological Study of Ossification of Posterior Longitu-
dinal Ligament in Utah [in Japanese]. Investigation Committee 1995 report on the ossification of the

Multicenter Study on OPLL Incidence

PLOS ONE | DOI:10.1371/journal.pone.0160117 August 22, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0160117.s001
http://dx.doi.org/10.1148/radiology.143.2.7071349
http://www.ncbi.nlm.nih.gov/pubmed/7071349
http://dx.doi.org/10.1097/BRS.0b013e318241ad33
http://dx.doi.org/10.1097/BRS.0b013e318241ad33
http://www.ncbi.nlm.nih.gov/pubmed/22146284
http://www.ncbi.nlm.nih.gov/pubmed/6775031
http://www.ncbi.nlm.nih.gov/pubmed/6813778


spinal ligaments of the Japanese Ministry of Public Health andWelfare. Tokyo, Japan: Springer–Ver-
lag; 1996;24–5.

7. Stetler WR, La Marca F, Park P. The genetics of ossification of the posterior longitudinal ligament. Neu-
rosurg Focus. 2011; 30(3):E7. doi: 10.3171/2010.12.FOCUS10275 PMID: 21434823.

8. Koga H, Sakou T, Taketomi E, Hayashi K, Numasawa T, Harata S, et al. Genetic mapping of ossifica-
tion of the posterior longitudinal ligament of the spine. Am J HumGenet. 1998; 62(6):1460–7. doi: 10.
1086/301868 PMID: 9585596; PubMed Central PMCID: PMCPMC1377147.

9. Kawaguchi Y, Nakano M, Yasuda T, Seki S, Hori T, Kimura T. Ossification of the posterior longitudinal
ligament in not only the cervical spine, but also other spinal regions: analysis using multidetector com-
puted tomography of the whole spine. Spine (Phila Pa 1976). 2013; 38(23):E1477–82. doi: 10.1097/
BRS.0b013e3182a54f00 PMID: 23883833.

10. Kong Q, Ma X, Li F, Guo Z, Qi Q, Li W, et al. COL6A1 polymorphisms associated with ossification of the
ligamentum flavum and ossification of the posterior longitudinal ligament. Spine (Phila Pa 1976). 2007;
32(25):2834–8. doi: 10.1097/BRS.0b013e31815b761c PMID: 18246005.

11. Liu Y, Zhao Y, Chen Y, Shi G, YuanW. RUNX2 polymorphisms associated with OPLL and OLF in the
Han population. Clin Orthop Relat Res. 2010; 468(12):3333–41. doi: 10.1007/s11999-010-1511-5
PMID: 20721706; PubMed Central PMCID: PMCPMC2974870.

12. Tanaka T, Ikari K, Furushima K, Okada A, Tanaka H, Furukawa K, et al. Genomewide linkage and link-
age disequilibrium analyses identify COL6A1, on chromosome 21, as the locus for ossification of the
posterior longitudinal ligament of the spine. Am J HumGenet. 2003; 73(4):812–22. PMID: 12958705;
PubMed Central PMCID: PMCPMC1180604.

13. Wang PN, Chen SS, Liu HC, Fuh JL, Kuo BI, Wang SJ. Ossification of the posterior longitudinal liga-
ment of the spine. A case-control risk factor study. Spine (Phila Pa 1976). 1999; 24(2):142–4; discus-
sion 5. PMID: 9926384.

14. Mori K, Imai S, Kasahara T, Nishizawa K, Mimura T, Matsusue Y. Prevalence, distribution, and mor-
phology of thoracic ossification of the posterior longitudinal ligament in Japanese: results of CT-based
cross-sectional study. Spine (Phila Pa 1976). 2014; 39(5):394–9. doi: 10.1097/BRS.
0000000000000153 PMID: 24573072.

15. PhamMH, Attenello FJ, Lucas J, He S, Stapleton CJ, Hsieh PC. Conservative management of ossifica-
tion of the posterior longitudinal ligament. A review. Neurosurg Focus. 2011: 30:E2. PMID: 21434818.

16. Matsumoto M, Chiba K, Toyama Y, Takeshita K, Seichi A, Nakamura K, et al. Surgical results and
related factors for ossification of posterior longitudinal ligament of the thoracic spine: a multi-institutional
retrospective study. Spine (Phila Pa 1976). 2008; 33(9):1034–41. doi: 10.1097/BRS.
0b013e31816c913b PMID: 18427326.

17. Karanicolas PJ, Bhandari M, Kreder H, Moroni A, Richardson M, Walter SD, et al. Evaluating agree-
ment: conducting a reliability study. J Bone Joint Surg Am. 2009; 91 Suppl 3:99–106. doi: 10.2106/
JBJS.H.01624 PMID: 19411507.

18. Sakai K, Okawa A, Takahashi M, Arai Y, Kawabata S, Enomoto M, et al. Five-year follow-up evaluation
of surgical treatment for cervical myelopathy caused by ossification of the posterior longitudinal liga-
ment: a prospective comparative study of anterior decompression and fusion with floating method ver-
sus laminoplasty. Spine (Phila Pa 1976). 2012; 37(5):367–76. doi: 10.1097/BRS.0b013e31821f4a51
PMID: 21540774.

19. Terayama K. Genetic studies on ossification of the posterior longitudinal ligament of the spine. Spine
(Phila Pa 1976). 1989; 14(11):1184–91. PMID: 2513651.

20. Matsunaga S, Nakamura K, Seichi A, Yokoyama T, Toh S, Ichimura S, et al. Radiographic predictors
for the development of myelopathy in patients with ossification of the posterior longitudinal ligament: a
multicenter cohort study. Spine (Phila Pa 1976). 2008; 33(24):2648–50. doi: 10.1097/BRS.
0b013e31817f988c PMID: 19011547.

21. KommBS, Terpening CM, Benz DJ, Graeme KA, Gallegos A, Korc M, et al. Estrogen binding, receptor
mRNA, and biologic response in osteoblast-like osteosarcoma cells. Science. 1988; 241(4861):81–4.
PMID: 3164526.

22. Eriksen EF, Colvard DS, Berg NJ, GrahamML, Mann KG, Spelsberg TC, et al. Evidence of estrogen
receptors in normal human osteoblast-like cells. Science. 1988; 241(4861):84–6. PMID: 3388021.

23. Kawaguchi Y, Furushima K, Sugimori K, Inoue I, Kimura T. Association between polymorphism of the
transforming growth factor-beta1 gene with the radiologic characteristic and ossification of the posterior
longitudinal ligament. Spine (Phila Pa 1976). 2003: 28:1424–1426. PMID: 12838101.

24. Ikeda Y, Nakajima A, Aiba A, Koda M, Okawa A, Takahashi K, et al. Association between serum leptin
and bone metabolic markers, and the development of heterotopic ossification of the spinal ligament in
female patients with ossification of the posterior longitudinal ligament. Eur Spine J. 2011; 20(9):1450–
8. doi: 10.1007/s00586-011-1688-7 PMID: 21258825; PubMed Central PMCID: PMCPMC3175891.

Multicenter Study on OPLL Incidence

PLOS ONE | DOI:10.1371/journal.pone.0160117 August 22, 2016 12 / 13

http://dx.doi.org/10.3171/2010.12.FOCUS10275
http://www.ncbi.nlm.nih.gov/pubmed/21434823
http://dx.doi.org/10.1086/301868
http://dx.doi.org/10.1086/301868
http://www.ncbi.nlm.nih.gov/pubmed/9585596
http://dx.doi.org/10.1097/BRS.0b013e3182a54f00
http://dx.doi.org/10.1097/BRS.0b013e3182a54f00
http://www.ncbi.nlm.nih.gov/pubmed/23883833
http://dx.doi.org/10.1097/BRS.0b013e31815b761c
http://www.ncbi.nlm.nih.gov/pubmed/18246005
http://dx.doi.org/10.1007/s11999-010-1511-5
http://www.ncbi.nlm.nih.gov/pubmed/20721706
http://www.ncbi.nlm.nih.gov/pubmed/12958705
http://www.ncbi.nlm.nih.gov/pubmed/9926384
http://dx.doi.org/10.1097/BRS.0000000000000153
http://dx.doi.org/10.1097/BRS.0000000000000153
http://www.ncbi.nlm.nih.gov/pubmed/24573072
http://www.ncbi.nlm.nih.gov/pubmed/21434818
http://dx.doi.org/10.1097/BRS.0b013e31816c913b
http://dx.doi.org/10.1097/BRS.0b013e31816c913b
http://www.ncbi.nlm.nih.gov/pubmed/18427326
http://dx.doi.org/10.2106/JBJS.H.01624
http://dx.doi.org/10.2106/JBJS.H.01624
http://www.ncbi.nlm.nih.gov/pubmed/19411507
http://dx.doi.org/10.1097/BRS.0b013e31821f4a51
http://www.ncbi.nlm.nih.gov/pubmed/21540774
http://www.ncbi.nlm.nih.gov/pubmed/2513651
http://dx.doi.org/10.1097/BRS.0b013e31817f988c
http://dx.doi.org/10.1097/BRS.0b013e31817f988c
http://www.ncbi.nlm.nih.gov/pubmed/19011547
http://www.ncbi.nlm.nih.gov/pubmed/3164526
http://www.ncbi.nlm.nih.gov/pubmed/3388021
http://www.ncbi.nlm.nih.gov/pubmed/12838101
http://dx.doi.org/10.1007/s00586-011-1688-7
http://www.ncbi.nlm.nih.gov/pubmed/21258825


25. Resnick D, Shapiro RF, Wiesner KB, Niwayama G, Utsinger PD, Shaul SR. Diffuse idiopathic skeletal
hyperostosis (DISH) [ankylosing hyperostosis of Forestier and Rotes-Querol]. Semin Arthritis Rheum.
1978; 7(3):153–87. PMID: 341323.

26. Yoshimura N, Nagata K, Muraki S, Oka H, Yoshida M, Enyo Y, et al. Prevalence and progression of
radiographic ossification of the posterior longitudinal ligament and associated factors in the Japanese
population: a 3-year follow-up of the ROAD study. Osteoporos Int. 2014; 25(3):1089–98. doi: 10.1007/
s00198-013-2489-0 PMID: 23974860.

27. Ohtsuka K, Terayama K, Yanagihara M, Wada K, Kasuga K, Machida T, et al. An epidemiological sur-
vey on ossification of ligaments in the cervical and thoracic spine in individuals over 50 years of age.
Nihon Seikeigeka Gakkai Zasshi. 1986; 60(11):1087–98. PMID: 3102653.

28. Matsumoto M, Toyama Y, Chikuda H, Takeshita K, Kato T, Shindo S, et al. Outcomes of fusion surgery
for ossification of the posterior longitudinal ligament of the thoracic spine: a multicenter retrospective
survey: clinical article. J Neurosurg Spine. 2011; 15(4):380–5. doi: 10.3171/2011.6.SPINE10816
PMID: 21740130.

29. Fujimori T, Watanabe T, Iwamoto Y, Hamada S, Iwasaki M, Oda T. Prevalence, Concomitance, and
Dsitribution of ossification of the spinal ligaments: Results of whole spine CT scan in 1500 Japanese
patients. Spine(Phila Pa 1976). 2016: 23 [Epub ahead of print] PMID: 27120057.

Multicenter Study on OPLL Incidence

PLOS ONE | DOI:10.1371/journal.pone.0160117 August 22, 2016 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/341323
http://dx.doi.org/10.1007/s00198-013-2489-0
http://dx.doi.org/10.1007/s00198-013-2489-0
http://www.ncbi.nlm.nih.gov/pubmed/23974860
http://www.ncbi.nlm.nih.gov/pubmed/3102653
http://dx.doi.org/10.3171/2011.6.SPINE10816
http://www.ncbi.nlm.nih.gov/pubmed/21740130
http://www.ncbi.nlm.nih.gov/pubmed/27120057

