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Abstract

Background: In patients with ossification of the posterior longitudinal ligament (OPLL) in the cervical spine, it

is well known that the thoracic ossified lesions often coexist with the cervical lesions and can cause severe

myelopathy. However, the prevalence of OPLL at each level of the thoracic and lumbar spinal segments is

unknown. The aims of this study were to investigate how often OPLL occurs at each level in the thoracolumbar spine

in patients with a radiological diagnosis of cervical OPLL and to identify the spinal levels most likely to develop

ossification.

Methods: Data were collected from 20 institutions in Japan. Three hundred and twenty-two patients with a diagnosis

of cervical OPLL were included. The OPLL index (OP index), defined as the sum of the vertebral body and intervertebral

disc levels where OPLL is present, was used to determine disease severity. An OP index ≥20 was defined as severe

OPLL. The prevalence of OPLL at each level of the thoracic and lumbar spinal segments was calculated.
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Results: Women were more likely to have ossified lesions in the thoracolumbar spine than men. Severe OPLL was

significantly more common in women than in men (20% vs. 4.5%). For thoracic vertebral OPLL, the most frequently

affected was the T1 segment in both men and women, followed by the T1/2 and T3/4 intervertebral levels in men and

women, respectively. Ossified lesions were frequently seen at the intervertebral and vertebral levels around the

cervicothoracic and thoracolumbar junctions in men with severe OPLL, whereas OPLL was more diffusely distributed in

the thoracic spine in women with severe OPLL.

Conclusion: Thoracolumbar OPLL occurred most often at T1 in men and at T3/4 in women. In severe OPLL cases,

although ossified lesions were frequently seen at the intervertebral and vertebral levels around the cervicothoracic and

thoracolumbar junctions in men, OPLL could be observed more diffusely in the thoracic spine in women.
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Background

Ossification of the spinal ligaments is a form of het-

erotopic ossification that occurs throughout the spine.

Ossification of the posterior longitudinal ligament

(OPLL) involves the spinal canal and often leads to

myelopathy [1, 2]. Cervical OPLL, which can be de-

tected easily on plain radiographs, has been investi-

gated in detail as far back as the nineteenth century

[3]. Ossified lesions in the thoracic spine sometimes

coexist with cervical OPLL and cause severe symp-

toms. However, it is difficult to diagnose pathologic

conditions of the thoracic spine on radiographs alone,

so the prevalence of thoracic OPLL remains unclear

[4]. Recently, multidetector computed tomography

(CT) has been found to be the most suitable modality

for identifying ossification in the thoracic spine, re-

gardless of any superimposed thoracic complexities.

Nevertheless, there is no detailed multicenter research

on the prevalence of thoracolumbar OPLL. The pur-

pose of this study was to investigate the prevalence of

ossified lesions in the thoracolumbar spine in patients

with cervical OPLL at multiple institutions. We also

investigated how frequently OPLL occurred at each

spinal level and attempted to clarify which levels of

the spine are more predisposed to OPLL lesions.

Methods

Patients and methods

The study included patients with a radiographic diagno-

sis of OPLL involving the cervical spine as well as symp-

toms, such as neck pain, numbness in the upper and/or

lower extremities, and clumsiness or gait disturbance.

Each patient underwent whole-spine CT imaging at any

one of the 20 institutions where members of the re-

search team worked. Patients who had undergone anter-

ior decompression surgery for OPLL and patients

younger than 15 years of age were excluded. Four hun-

dred and fifty-six patients with OPLL were identified, of

whom only 322 had full demographic and anthropomet-

ric data available for analysis (Fig. 1). The study involved

Fig. 1 Patient flow diagram
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242 men and 80 women with a mean age of 64.6 (range

30–93) years. The study was approved by the institu-

tional review board at each institution. Informed consent

was obtained from all patients before enrollment in the

study.

Evaluations

Basic clinical data were collected for all patients, in-

cluding for age, sex, presence of diabetes, and body

mass index (BMI). CT images of the cervical, thoracic,

and lumbosacral spine, from the occipital bone to the

sacrum, were obtained in each patient. The prevalence

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. The analysis was independently

performed by five senior spine surgeons (TH, KT, KM,

AI, TY). Prior to reviewing the images for this study, all

of the readers interpreted the same images for 20 pa-

tients to check interobserver agreement. The average

kappa coefficient was 0.76 (0.71–0.81), which indicated

good agreement and was consistent with the findings of

a previous study [5]. Ossified lesions were recorded at

each vertebral body and at the intervertebral disc level.

An OPLL index (OP index) [5], defined as the sum of

the vertebral body and intervertebral disc levels where

OPLL is present, was calculated according to the

method described in a previous report [5]. Patients with

an OP index ≥20 were deemed to have severe OPLL.

We also defined the sum of the levels at which OPLL

was present in the cervical spine as the cervical OP

index. Using a previously reported method [6], we

divided patients into three groups according to their

cervical OP index values, namely, grade 1 (≤5), grade 2

(6–9), and grade 3 (≥10). The physical and radiologic

data were compared between the male and female pa-

tient populations. Furthermore, we investigated

whether there was an association between the cervical

Table 1 Demographics of male and female patients

Male + Female
(n = 322)

Male
(n = 242)

Female
(n = 80)

P (M vs F)

Age (years old) 64.7 ± 11.2 64.7 ± 11.6 64.6 ± 10.0 0.90

Diabetes Mellitus (%) 31.7% 31.8% 31.3% 0.92

BMI 25.7 ± 4.8 25.8 ± 4.8 25.5 ± 4.7 0.62

JOSL CT classification

Grade 1 (1 < cervical OP-index≤5) 169 (52.5%) 125 (51.7%) 44 (55%) –

Grade 2 (6 < cervical OP-index ≤9) 107 (33.2%) 83 (34.3%) 24 (30%) –

Grade 3 (10 < cervical OP-index) 46 (14.3%) 34 (14.0%) 12 (15%) –

Cervical OP-index 5.83 ± 2.9 5.86 ± 2.9 5.75 ± 3.0 0.78

OP-index 9.21 ± 6.8 8.24 ± 5.5 12.1 ± 9.0 < 0.01

No. of patients with OP-index of > = 20 (%) 27 (8.3%) 11 (4.5%) 16 (20%) < 0.01

Data are expressed as the mean ± standard deviation; BMI body mass index, OP-index ossification index of OPLL

Table 2 Incidence of ossified lesion in each level

low more significant different (0.01 < p < 0.05)

moderate more significant different (0.001 < p < 0.01)

high more significant different (p < 0.001)
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OP index grade and the prevalence of thoracolumbar

OPLL at each level.

Statistical analysis

Student’s unpaired t test was used to identify statistically

significant differences in age, BMI, and the OP index for

the cervical spine between men and women. Chi-

squared test was used to test for a sex-related difference

in the presence of diabetes. Tukey’s post hoc test was ap-

plied to compare the three groups classified according to

cervical OP grade. A forward stepwise logistic regression

model was used to investigate whether the cervical OP

grade could predict the presence of OPLL in the thora-

columbar spine and the prevalence of patients with an

OP index of ≥20 [7]. All statistical analyses were performed

using SPSS for Windows version 22.0 (IBM Corp., Armonk,

NY). All data are expressed as the mean ± standard devi-

ation. A p-value < 0.05 was considered to be statistically

significant.

Results

Demographic data

Patient demographic characteristics are summarized in

Table 1. Mean patient age was 64.7 years. Mean BMI

was 25.7 and 31.7% (102/233 patients) of the patients

had diabetes mellitus. Using the CT classification, the

cervical OP index was grade 1 in 169 patients (52.5%),

grade 2 in 107 patients (33.2%), and grade 3 in 46 pa-

tients (14.3%). The mean cervical and whole-spine OP

index values were 5.83 and 9.21, respectively. Twenty-

seven patients (8.3%) had an OP index ≥20. Severe

OPLL was significantly more common in women than in

men (16 patients, 20% vs. 11 patients, 4.5%, p < 0.01).

There was no significant sex-related difference in age,

prevalence of diabetes mellitus, or BMI. Interestingly,

the OP index for the whole spine was significantly

higher in women than in men (9.2 vs. 8.2, p < 0.01).

However, there was no statistically significant sex-related

difference in the cervical OP index.

Pattern of distribution of ossified lesions throughout the

spine in patients with severe OPLL

The prevalence of OPLL at each level of the spine is

shown in Table 2. Thoracic OPLL occurred most

often at T1 (14.9%) and at T1/2 (13.6%) in men and

at T1 (27.5%) and T3/4 (33.8%) in women. Lumbar

OPLL was most common at L1 (5.8%) and T12/L1

(14.5%) in men and at L1 and L2 (both 11.3%) and

T12/L1 (27.5%) in women.

Fig. 2 Hazard ratios for the prevalence of ossified lesions at each spinal level in patients with severe OPLL compared with patients with OPLL of

any grade. OPLL, ossification of the posterior longitudinal ligament
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We then compared the prevalence of OPLL at each

level in all patients and that in patients with an OP

index ≥20. Overall, the patients with severe OPLL were

more likely to have OPLL at the level of the upper cer-

vical spine and at levels from the lower cervical spine to

the upper lumbar spine. In men with severe OPLL, ossi-

fied lesions were frequently seen at the intervertebral

and vertebral levels from C6/7 to T4/5 and from T11/12

to L3/4. However, severe OPLL appeared to be distrib-

uted more diffusely in the thoracic spine in women.

There were no statistically significant differences in the

prevalence of thoracic OPLL at T5, T6/7, T10, and T10/

11 in men or at T8, T10, T11, and T11/12 in women.

Interestingly, the only significant difference in preva-

lence of OPLL in the area from the lower lumbar spine

to the sacrum was at L5/S1 in both sexes. We also inves-

tigated the fold difference in prevalence of ossified le-

sions at each spinal segment (Fig. 2, Table 3). The

prevalence of severe OPLL in the thoracic spine was 3.

9–12.6 fold higher in men and 2.3–4.2 fold higher in

women. Of note, in men with OPLL affecting the upper

thoracic spine, there was a 12.0 fold increase in likeli-

hood at T3 and a 7.6 fold increase at T2/3, and in those

with lower thoracic OPLL, there was a 12.6 fold in-

creased likelihood at T12 and a 6.3fold increase at T11/

12. Interestingly, although thoracic OPLL had a bimodal

distribution in men, the distribution was uniform in

women. The distribution pattern in the lumbar spine

was very similar between the sexes. However, the preva-

lence of ossified lesions increased to a greater extent in

men (by 4.25–11.0 fold) than in women (by 2.5–3.3

fold). In the lumbosacral region, there was a significantly

increased prevalence of ossified lesions only at L5/S1 in

both men (4.2 fold) and women (3.1 fold).

Prevalence of OPLL at each level according to cervical OP

index grade

The cervical OP index classification was originally de-

signed to categorize cervical OPLL into three grades of

severity according to the sum of all ossifications in the

cervical spine. The prevalence of OPLL was investigated

at each vertebral and intervertebral segment according

to grade to evaluate the usefulness of this classification

for prediction of the prevalence of OPLL at each seg-

ment in the thoracic and lumbar spines (Table 4). Over-

all, the prevalence of ossified lesions in the upper

thoracic spine and at the thoracolumbar junction in-

creased significantly with increasing grade of severity.

The distribution of prevalence of OPLL was similar in

men and women. A weak or no association between the

prevalence of OPLL and the cervical OP index classifica-

tion was found in the middle thoracic spine in men.

However, statistically significant differences were ob-

served at T4/5, T5/6, T6, T6/7, T8/9, and T9/10 in

women. A significant correlation was found at the thora-

columbar junction, except at L2 in men and at T11, L1,

L1/2, and L2 in women.

JOSL-CT grading system for prediction of prevalence of

OPLL at each thoracolumbar spinal level

We further investigated the hazard ratios for the preva-

lence of OPLL at each spinal level where there was a

Table 3 Hazard ratio of the incidence of ossified lesion at each

level in patients with OP-index ≧20 compared to total patients

Male Female

Segment Folds change p Folds change p

T1 4.9 0 2.7 0.0008

T1–2 6.0 0 2.3 0.0079

T2 6.9 0 2.9 0.0023

T2–3 7.6 0 2.7 0.0004

T3 12.0 0 2.9 0.0012

T3–4 6.6 0 2.4 0.0012

T4 11.0 0 3.0 0.0044

T4–5 5.5 0 3.1 0

T5 – 0.1224 2.9 0.0023

T5–6 3.9 0.005 2.8 0.0001

T6 8.8 0.0246 3.0 0.0044

T6–7 – 0.0505 3.0 0.0003

T7 7.3 0.0424 2.5 0.0469

T7–8 5.5 0.0001 2.5 0.0039

T8 8.8 0.0246 – 0.0794

T8–9 4.2 0.0127 2.8 0.0068

T9 11.0 0.0121 3.2 0.0141

T9–10 4.0 0.0161 3.0 0.0044

T10 – 0.628 – 0.2477

T10–11 – 0.3488 2.7 0.0327

T11 11.0 0.0121 – 0.455

T11–12 6.3 0 – 0.0871

T12 12.6 0 4.2 0.0219

T12-L1 3.8 0.0019 3.0 0.0001

L1 7.9 0 3.3 0.0237

L1–2 5.0 0 2.7 0.0186

L2 9.2 0 3.3 0.0237

L2–3 5.1 0.0001 2.5 0.0148

L3 11.0 0.0121 – 0.1003

L3–4 5.5 0.0159 – 0.3594

L4 – 0.1505 – 0.2534

L4–5 – 0.4713 – 0.1779

L5 – 0.2926 – 0.4113

L5-S1 4.2 0 3.1 0.0081

S1 – 0.1505 – –
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significant correlation between the prevalence of OPLL

and the cervical OP index grade (Fig. 3, Table 5). The

hazard ratio was 2.1–5.0 in the upper thoracic spine, 6.5

at T6 in the middle thoracic spine in men, and 2.0–4.3

from T4/5 to T6/7 in women. At the thoracolumbar

junction in men, the hazard ratio was 2.0–5.0 at both

the intervertebral and vertebral segments, but not at

the L2 vertebral level. However, a significant correl-

ation (2.1–3.7-fold) was found at T10/11, T11/12,

T12, T12/L1, and L2/3 in women.

Discussion

Various studies [5, 8–10] have reported high concomi-

tance rate in spinal ligament ossification. In this study,

we identified the prevalence of OPLL in the thoracic and

lumbar spines in patients with cervical OPLL. Kawagu-

chi et al. [5] demonstrated that more than 50% of pa-

tients with cervical OPLL also had OPLL at the thoracic

and/or lumbar spine. The prevalence of thoracic OPLL

in the general population is reported to be 1.6–1.9% in

Japan [4, 8]. This finding suggests that patients with

Table 4 Incidence of ossified lesion in each level according to cervical OP-index grading system

low more significant different (0.01 < p < 0.05)

moderate more significant different (0.001 < p < 0.01)

high more significant different (p < 0.001)
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cervical OPLL have a predisposition to hyperostosis in

the posterior longitudinal ligament throughout the spine.

Therefore, when an ossified lesion is detected in the cer-

vical spine, a whole-spine CT study should be performed

to detect lesions in other spinal segments.

Several studies [11–13] have demonstrated that the

most frequently involved thoracic site on plain radiog-

raphy is T6. However, Fujimori et al. [8] reviewed

whole-spine CT data for 1500 patients who underwent

positron emission tomography and CT (PET-CT) and

concluded that the most frequently affected level was

T1/2 in men and T5/6 in women. Mori et al. [4]

reviewed ossified lesions in patients undergoing chest

CT and found that thoracic OPLL was identified most

often at T3/4. Our study also demonstrated that thoracic

OPLL was most common at T1/2 in men and at T3/4 in

women. The likely explanation for the discrepancy be-

tween the results of conventional radiographs and those

of CT images is that information about the upper thor-

acic spine is often masked by the superposed bony struc-

tures such as the shoulders and ribs. Furthermore, it is

known that the posterior longitudinal ligament is

thickest and widest in the transitional portion of the cer-

vicothoracic junction [14], so ossification may occur in

the upper thoracic spine.

We found that approximately 70–100% of ossified

lesions in men with severe OPLL occurred at the cer-

vicothoracic junction, whereas approximately 70–100%

of ossified lesions in women with severe OPLL oc-

curred in the middle thoracic spine and approxi-

mately 55–75% occurred at the cervicothoracic and

thoracolumbar junctions. Furthermore, in women with

severe OPLL, ossified lesions tended to occur consist-

ently from the upper thoracic spine to the lumbar

spine at a rate approximately 2–3 times that in

women with OPLL of any grade. However, the preva-

lence of ossified lesions in men with severe OPLL

was relatively higher at the T3 and T8 vertebral levels

and at the thoracolumbar junction (Fig. 2, Table 3).

These findings indicate that the presence of ossified

lesions at the T3, T8 and thoracolumbar junction

might be rare in men (Table 2).

In this study, we categorized patients with cervical

OPLL into three groups according to the number of

Fig. 3 Logistic regression model showing a significant correlation between cervical OP index grade and prevalence of ossification of the posterior

longitudinal ligament at different thoracic and lumbar spinal levels
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segments at which cervical OPLL could be confirmed.

In a previous study [6], we demonstrated that this

classification could predict not only the presence but

also the degree of hyperostosis in the whole spine.

Therefore, we investigated whether there was a cor-

relation between this classification system and the

prevalence of ossified lesions at each segment in the

thoracolumbar spine. The prevalence of OPLL in the

thoracic and lumbar spines increases with increasing

severity of cervical hyperostosis. Although OPLL in

the upper thoracic spine is generally able to be de-

tected on CT sagittal images, which are often recon-

structed, ossification in the thoracolumbar junction

cannot be found when patients with cervical OPLL

are examined. Park et al. [9] reported coexistence of

cervical and thoracic OPLL (tandem calcification) in

33.8% of patients with cervical OPLL, 8.9% of whom

subsequently underwent surgery for deterioration of

thoracic OPLL. Thoracic stenosis attributable to

OPLL is often not recognized or misdiagnosed as

lumbar canal stenosis, especially in patients with mye-

lopathic symptoms mainly involving the lower ex-

tremities [15]. These reports suggest that patients

with a high cervical OP index value are at increased

risk of ossified lesions that can cause a spinal dis-

order. Therefore, whole-spine CT screening is recom-

mended for a patient with cervical OPLL who

presents with severe gait disturbance.

Cervical OPLL has occasionally been reported to coex-

ist with not only thoracic OPLL but also ossification of

the ligamentum flavum (OLF) [16, 17] and diffuse idio-

pathic skeletal hyperostosis (DISH) [18, 19]. Fujimori et

al. investigated the concomitance of spinal ligament ossi-

fication in patients undergoing PET-CT and concluded

that the frequencies in patients with cervical OPLL were

13, 34, and 36% for thoracic OPLL, OLF, and DISH, re-

spectively. Mori et al. also reported prevalence of 36 and

8.7% for OLF and DISH in more than 3000 patients

undergoing chest CT for investigation of pulmonary dis-

ease. There have also been some reports on the preva-

lence of ossification of other spinal ligaments in patients

with cervical OPLL [5, 6]. Kawaguchi et al. reviewed the

CT data for 178 patients with cervical OPLL and re-

ported that 64.6% had OLF, while Nishimura et al. evalu-

ated whole-spine CT images for 234 patients with

cervical OPLL and found that the prevalence rate of

DISH was 48.7%. Thus, ossification of each ligament

may influence hyperostosis of each ligament.

This study does have some limitations in that it is

based on CT examination of patients with cervical OPLL

rather than being a population-based study. Further, we

could not evaluate quantitative measurements of clinical

symptoms. In addition, we did not determine the distri-

bution of ossification in spinal ligaments other than the

OPLL. However, in spite of these limitations, we believe

that this study provides important epidemiological infor-

mation for not only patients with cervical OPLL but also

radiologists and spine surgeons.

Conclusion

This multi-institutional study represents the largest re-

view of whole-spine CT images in patients with cervical

Table 5 Increased risk of OPLL in each level according to

cervical OP-index grading system

Grade 1+ Male Female

Segment Odds ratio p Odds ratio p

T1 5.0 0 4.5 0

T1–2 3.2 0 3.5 0.001

T2 4.3 0 3.1 0.003

T2–3 2.5 0.001 3.1 0.002

T3 3.3 0.005 3.7 0.001

T3–4 2.1 0.004 2.6 0.006

T4 – 0.07 2.3 0.027

T4–5 – 0.133 4.3 0

T5 – 0.12 – 0.111

T5–6 – 0.24 2.4 0.01

T6 6.5 0.013 2.3 0.034

T6–7 – 0.084 2.0 0.045

T7 – 0.077 – 0.169

T7–8 – 0.089 – 0.075

T8 – 0.09 – 0.123

T8–9 – 0.078 3.1 0.003

T9 – 0.104 – 0.312

T9–10 – 0.359 2.3 0.027

T10 – 0.25 – 0.234

T10–11 – 0.628 2.2 0.043

T11 5.0 0.036 – 0.153

T11–12 2.7 0.001 3.1 0.003

T12 3.3 0.023 3.7 0.024

T12-L1 2.0 0.007 3.4 0.001

L1 2.3 0.021 – 0.101

L1–2 2.3 0.006 – 0.08

L2 – 0.07 – 0.465

L2–3 2.7 0 2.1 0.041

L3 5.0 0.036 – 0.189

L3–4 – 0.07 – 0.763

L4 – 0.993 – 0.46

L4–5 – 0.449 – 0.381

L5 – 0.47 – 0.118

L5-S1 – 0.24 – 0.312

S1 5.0 0.993 – –
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OPLL. The most frequent segment was T1 in both men

and women for thoracic vertebral OPLL, and T1/2 and

T3/4 intervertebral levels in men and women, respect-

ively. Ossified lesions were frequently seen at the inter-

vertebral and vertebral levels around the cervicothoracic

and thoracolumbar junctions in men with severe OPLL,

but could be observed more diffusely in the thoracic

spine in their female counterparts.
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