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Abstract
Study Design: A retrospective study.

Objective: To identify the prevalence and characteristics of ossified posterior longitudinal ligament (OPLL) in the cervical spine
and its association with other spinal ligament ossifications.

Method: This study is a retrospective review of whole spine CT scans of polytrauma patients from 2009 to 2018. Patients were
screened for cervical OPLL (C-OPLL), thoracolumbar OPLL, thoracic ossified ligamentum flavum (OLF), cervical and thor-
acolumbar ossified anterior longitudinal ligament (C-OALL AND T-L OALL), ossified nuchal ligament (ONL) and, diffuse idio-
pathic skeletal hyperostosis (DISH) using CT scans. Their prevalence and distributions were assessed using statistical tools.
Chi-square tests were used to determine statistical association between the categorical parameters.

Results: Out of 2500 patients, 128 had C-OPLL with a prevalence rate of 5.12% with mean age of 55.89 year. The most
commonly affected level was C5, followed by C6, and C4. The segmental OPLL was highest in number (77.7%), followed by
localized type (14.8%). While the prevalence rate of thoracic OPLL was 0.56%, OLF was 9.9%. Ossifications that coexisted along
with C-OPLL were thoracic OPLL (7.81%), thoracic OLF (36.71%), cervical OALL (29.68%), thoracolumbar OALL (37.5%), DISH
(27.34%) and, ONL (7.03%).

Conclusion: Our study indicated a prevalence rate of 5.12% for C-OPLL with a predominance of segmental OPLL (77.7%).
Among these patients, approximately 36% had coexisting thoracic OLF. In patients with symptomatic OPLL induced cervical
myelopathy, MRI analysis of whole spine with relevant CT correlation may help in detecting additional ossification sites of
compression.

Keywords
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skeletal hyperostosis, cervical myelopathy

Introduction
! Spine Surgery, Ganga Hospital, Coimbatore, Tamil Nadu, India

Ossified posterior longitudinal ligament (OPLL) is a hyperosto-
tic condition characterized by ossification within the posterior
longitudinal ligament. OPLL causes spinal canal stenosis, which
leads to different degrees of neurological manifestations.'
OPLL, one of the important causes of cervical myelopathy, is
also known as “Japanese disease” as it was first noticed in the
Japanese population.” The exact etiopathogenesis of OPLL is not

2 Orthopaedic and Spine Surgery, Ganga Hospital, Coimbatore, Tamil Nadu,
India

Corresponding Author:

Ajoy Prasad Shetty, MS, DNB (Orthopedics), Orthopedic and Spine Surgeon,
Ganga Hospital, 313, Mettupalayam Road, Coimbatore 641043, Tamil Nadu,
India.

Email: ajoyshetty@gmail.com

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ ® @ @ Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
BY NC__ND

work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



Singh et al

123

entirely understood to date. A broad spectrum of metabolic,
genetic, and environmental factors have been studied and impli-
cated for its development and progression. So far, the published
literature suggests an association of OPLL with DISH (Diffuse
idiopathic skeletal hyperostosis), ankylosing spondylitis and,
diabetes mellitus.®> Various genomic studies showed that multi-
ple genetic variations are associated with the occurrence and
severity of OPLL; it includes BMP9 and BMP4 haplotypes,
COLG6ALI, and TGF3 gene.*> OPLL has a long course of pre-
sentation with variable degrees of neurological involvement.
This makes it challenging to lucidly understand the natural
course of the disease.

OPLL can involve any region of the spine; with the cervical
spine being the most commonly affected level followed by the
thoracic spine. Traditionally, plain radiographs were used to
diagnose and classify OPLL. Unlike the thoracic vertebral seg-
ments, cervical spine is not overlapped by shoulders and ribs.
Therefore, cervical OPLL are relatively more easily identified
on plain radiographs than their thoracic counterparts. Com-
puted tomography (CT) is diagnostically more accurate in iden-
tifying ossified spinal ligaments, especially in the thoracic
spine and junctional regions.®’

The epidemiology of OPLL has been the subject of many
studies. Initially, it was believed to be endemic to the Asian
population. The incidence of OPLL was reported about 1.9-
4.3% in the Japanese and 0.16% in the non-Asian population.*
However, increased knowledge of OPLL and usage of multi-
slice CT scans globally has led to an increase in reported pre-
valence rates in other races. Recent literature has reported
C-OPLL prevalence of 2.5% in the US population, higher than
any other previously reported radiograph-based studies.’

Other ossified spinal ligaments such as thoracic OPLL, ossi-
fied anterior longitudinal ligament (OALL), ossified nuchal
ligament (ONL), ossified ligamentum flavum (OLF) coexist
with C-OPLL. Various studies have used neck CT scans of
patients done for trauma screening and fluorodeoxyglucose
positron emission tomography (FDG-PETCT) for cancer
screening to assess the prevalence and coexistence of spinal
ligament ossification accurately.®® Published literature from
the Indian subcontinent has focused upon treatment options
and outcomes.'® Till this date, there is no study available in
the literature showing prevalence in the Indian population. The
current study is a cross-sectional survey in the local geographic
sample from the Indian population to estimate the disease bur-
den and its association with other spinal ligament ossifications.

Material and Methods

A cross-sectional single institute study was conducted with
institutional review board approval. The CT scan data from
2009 to September 2018 was included.

Sample Size

Skeletally mature polytrauma patients (> 18 years) who under-
went whole-body CT scans from 2009-2018 were enrolled for

the study. We calculated the required sample size based on the
assumption of the prevalence rate at 1.5%, which resulted in a
requirement of at least 2270 participants. A sample size (N)
calculated using the following formula,''
2
EGLIEL
Where z = statistic for the level of confidence (1.96), P =
expected prevalence (0.015), and d = allowable error (0.005).
SPSS version 20 was used for the statistical analysis. The
level of significance was set at 5% level, so P-values less than
0.05 were considered statistically significant. Chi-square tests
were used to determine the association between categorical
variables. Descriptive statistical analyses were done, and cate-
gorical measurements were presented as percentages.

Radiological Assessment and Identification of Ligament
Ossification

A whole body or whole spine helical CT scan was performed in
the supine position. A commercial Seimens Emotion 6 slice CT
system was used with the following parameters: slice thickness
was 4.00 mm; pixel size 6x0.5 mm; tube rotation speed was 1.5
seconds; beam pitch of 0.875 mm; Eff mAS of 170 and, tube
voltage of 130kV. The scan range went from the head to the
whole pelvis. PACS (Picture Archiving and Communication
System) software was used to analyze axial and sagittal plane
images. All these CT scans were screened by a spine surgeon
and a fellow to look for the presence of C-OPLL, T-OPLL,
OALL, ONL, OLF and DISH changes.

Diagnostic Criteria for Ligament Ossification and Level
Confirmation

OPLL. Tt was identified as an ossification of posterior longitu-
dinal ligament greater than 2 mm on either the axial CT section
of the cervical and thoracic spine.” Counting of OPLL was
started at the originating vertebral level. OPLL extending to
disc space or localized type of OPLL was counted as per the
criteria of Tsuyama et al.'?

OALL. Tt was identified with a thickness of greater than 6 mm in
the thoracolumbar spine and with thickness greater than 4 mm
in the cervical spine at the bridged intervertebral level. OALL
must bridge adjacent intervertebral bodies to fulfill the diag-
nostic criteria of Resnick.®'?

OLF. It was ossification of ligamentum flavum with greater than
4 mm in thickness in axial sections. Counting of OLF started at
the originating lamina level ®

ONL. The presence of bone density between external occipital
protuberance and C7 spinous process in the mid-sagittal cervi-
cal spine section. The level was determined by drawing hor-
izontal lines along the superior and inferior endplates of the
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vertebral bodies. Ossification lying between these horizontal
lines corresponds to the respective cervical vertebral level.

DISH. DISH changes were identified as 3 consecutive OALL
bridging 4 vertebral bodies.

Results

Of the 2500 patients (1712 men and 788 women), 128 patients
were with C-OPLL (97 men and 31 women). The overall pre-
valence of OPLL was 5.12% (4.3-6.1; 95% CI) [male-5.66%
and female-3.93%]. The most commonly affected age group
was the sixth decade, followed by the fifth decade. (Table 1,
Figure 1)There was no statistically significant difference in the
sex distribution (P = 0.103). The most common type was the
segmental type (99), localized type (19), mixed type (8), and

Table I. Cervical OPLL Characteristics.

Cervical OPLL Age distribution

continuous type (2) (Figure 2). The most commonly affected
level was C5, followed by C6, C4, C3, C7, and C2 in the
descending order of involvement. The most common involved
level in localized type OPLL was the C5/6 level. The overall
prevalence of T-OPLL was 0.56% (male-0.53% and women-
0.63%). The most commonly affected level was T1-T2, fol-
lowed by T5-T6. (Figure 3)

Ossified Ligagmentum Flavum (OLF)

The prevalence of OLF was most significant in the sixth
decade, followed by the fifth decade in both men and women.
There were 247 patients with thoracic OLF (203 men and 44
women). (Table 2) The overall prevalence of thoracic OLF was
9.90% (8.7-11.1%; 95% CI) [men-11.86% and women-5.58].
The most common level involved was T11 lamina, followed
by T10 lamina and T5 lamina. (Figure 4) OLF was more pre-
valent in males than females, which was statistically significant
(P < 0.001).

Age Group Overall Male Female OALL, DISH and ONL
18-30 0 - - There were 135 patients with cervical OALL (109 men and 26
i:;’g :33 :2 i women). The prevalence of cervical OALL was 5.4% (4.5%-
5I:60 38 % 1 6.4%; 95% CI). The prevalence rate was 6.36% in men and
61-70 39 28 I 3.29% in women. (Figure 5) The prevalence of thoracolumbar
71-80 17 I5 2 OALL was 32% (30.2%-33.9%; 95% CI). The prevalence of
>81 4 3 I thoracolumbar OALL was 36.97% (633 cases) in men and
Cervical OPLL types 21.19% (167 cases) in women. (Figures 6-8) One hundred and
N =128 (%) seventy-three (173) patients had DISH (141 men and 32
Segmental 99 77.7 women) with an overall prevalence of 6.92% (8.24% in men
Localized 19 14.8 . . .
Mixed 8 6.25 and 4.06% in women). ONL was found in 12 patients (9 men
Continuous 2 0.54 and 3 women). The prevalence of ONL was found to be 0.48%
(0.52% in men and 0.38% in women). The prevalence of
C-OPLL: Age Distribution
45
40
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2
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5
o 1 - .
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Figure |. Cervical OPLL age distribution.
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C-OPLL, ONL, thoracic OLF, and DISH was significantly
higher in men than women.

Distribution Level of Ossifications

Cervical OPLL was most frequent at C5 vertebra (78 cases),
followed by C6 (67 cases) and C4 (45 cases). (Figures 9 and 10)
The distribution pattern was similar between men and women.
Overall, the thoracic OPLL was most frequently observed at
the T1/2 level (T1/2 in male and T5/6 in female). Thoracic OLF
most commonly found at the T11 lamina (110 cases), followed
by T10 lamina (76 cases), followed by T5 (42 cases) without
gender discrepancy. For Cervical OALL, the C5-C6 (69 cases)
is the most common level, followed by the C6-C7 (35 cases).
Thoracic OALL had the highest frequency at T8/T9 interver-
tebral level (464 cases), followed by T10/T11 (411 cases) and
T9/T10 (361 cases). Finally, the distribution pattern was sim-
ilar between men and women. ONL was most commonly found
at the C5 level with no gender discrepancy.

120 -

100 -

80

60

Cases

Concomitance of Spinal Ligament Ossifications

For ligament ossification concomitance, 36.71% of C-OPLL
cases also had thoracic OLF, 7.81% of C-OPLL cases also had
thoracic OPLL, 29.68% of C-OPLL had cervical OALL and,
37.5% had T-L OALL, 27.34% of C-OPLL also had DISH,
and 7.03% of C-OPLL also had ONL. For thoracic OLF,
19.43% patients had coexisting C-OPLL, 3.64% had thoracic
OPLL, 12.55% had cervical OALL, 21.45% had T-L OALL,
10.93% had DISH and, 2.43% had ONL. (Table 3; Figures 11
and 12)

Discussion

The present study comprehensively examines the prevalence of
OPLL and other spinal ligament ossifications in the Indian
population. The first documented reports of OPLL goes back
to mid-nineteenth century literature by Key, who reported 2
cases with paraplegia, secondary to ossification of the thoraco-
lumbar spinal ligament.'* In 1942, Oppenheimer reported 18
cases with ossification of the anterior and posterior spinal liga-
ments diagnosed on X-rays.'> The next published literature on
comparative pathology was in 1960 when Tsukimoto docu-
mented an autopsy proving the narrowing of the cervical canal
due to OPLL. Following this, numerous missed OPLL cases

Table 2. OLF Age Distribution.

a0 = W Cases Age Group Overall Male Female
18-30 4 4 0
20 7 31-40 24 20 4
= - — 41-50 26 22 4
Segmental Localized Mixed Contunuous 51-60 72 51 21
OPLL Type 61-70 83 71 12
71-80 33 30 3
>8I 5 5 0
Figure 2. Types of cervical OPLL.
Thoracic OPLL Distribution
-]
5+
i 4
98 A
S~ | \
2 ‘ = Female
1 \ B Male
. d N4
PO I LN\ T C IS SR \ I . S S SN 1
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Figure 3. Thoracic OPLL level distribution pattern.
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Figure 5. Cervical OALL level distribution pattern.

were retrospectively identified by the Japanese surgeons on
radiographs.'®

The most severe neurological manifestation of OPLL is
myelopathy, especially in the case of cervical spine involve-
ment and, other symptoms include subaxial neck discomfort
and level-specific radiculopathy. The presence of OPLL per se
causes static canal compromise, but dynamic factors (range of
motion) appear to be very important for myelopathy evolution.”
Approximately one-fourth of the patients belonging to the
elderly age group with a history of incomplete spinal cord
injury without vertebral fractures, often secondary to low
energy trauma were cases of undiagnosed OPLL.'” Current

study demonstrates the overall prevalence of C-OPLL as
5.12% (Male-5.66% and Female-3.93%). The prevalence of
other spinal ligament ossification were 0.56% in thoracic
OPLL (Male-0.53% and Female-0.63%), 9.9% in thoracic OLF
(Male-12.44% and Female-5.58%), 32% in thoracolumbar
OALL (Male-45% and Female-26%), 5.4% in cervical OALL
(Male-6.36% and Female-3.29%), 6.92% in DISH (Male-
8.24% and Female-4.06%), 0.48% in ONL (Male-0.52% and
Female-0.38%). Information from other scientific studies is
coherent with our findings. (Tables 4 and 5) Gender differences
were observed in the prevalence of C-OPLL, with higher num-
bers being in men, which corroborates with the observations
made in the previous studies'®; however, it is not statistically
significant. All cases are of same the race and ethnicity; hence
racial differences could not be studied.

OPLL Characteristics and Differences

Since CT scans can identify even small ossifications with
greater precision as compared with the other modalities (plain
radiographs and MRI), the distribution patterns of OPLL clas-
sified on the basis of CT is different from those observed using
MRI or X-rays. A significant percentage of the patient popu-
lation, 25 (19.53%), belongs to age less than 50 years while
earlier studies do not say so.”!” Previous studies found that
with routine use of CT scan, the prevalence of segmental type
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Figure 9. Cervical segmental OPLL.

Figure 10. Cervical segmental OPLL with coexisting ONL.

Table 3. Concomitance of Each Type of Spinal Ligament Ossification.

Co-existence C-OPLL T-OPLL T-OLF C-OALL T-L OALL DISH ONL
With C-OPLL - 781% 36.71% 29.68 375 27.34% 7.03
With T-OLF 19.43 3.64 - 12.55 21.45 10.93 243

C-OPLL, cervical ossified posterior longitudinal ligament; T-OLF, thoracic ossified ligamentum flavum.
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Figure 11. Coexisting of multiple ossified spinal ligament (cervical and thoracic OPLL, OLF and DISH).

Figure 12. Coexisting cervical OPLL and thoracic OLF.

has increased while the continuous type has decreased.®™ We
found segmental type OPLL in 77.7% of cases, followed by
localized, mixed, and continuous-type OPLL. The most com-
monly involved level was C5, followed by C6, C4, C3, C7, and
C2 levels. C-OPLL commonly affects the lower cervical spine
level, which attributes to the anatomical characteristic of the
posterior longitudinal ligament (PLL). PLL is thicker and
broader at the cervicothoracic junctional area and down the
spine; it is thin.® In a study by Ohtsuka et al., the prevalence
of T-OPLL in a Japanese population was 0.8% in men and
0.6% in women, which was done using plain thoracic radio-
graphs.”® Mori et al. found a prevalence of 1.6% for T-OPLL in
a Japanese sample upon CT chest analysis.'’

The prevalence of T-OLF was found to be 12% in a Japa-
nese sample by Fujimori et al.,* and 16.9% in a Korean sample
reported by Moon et al.>! In this study, a 9.9% prevalence rate
was found for T-OLF (12.44% in men and 5.58% in women),
with the most commonly affected level being T11 lamina, fol-
lowed by T10 and then T5. We found T-OLF is more common
among men (12.44%) than women (5.44%), these findings are
in coherence with previous studies.”? T-L OALL is commonly
seen on the right side of the spine as aortic pulsations on the left
half of the spine will forbid the development of the ossifica-
tions.”® Kagotani et al. reported that the prevalence of DISH in
a Japanese population was 10.8% (22% in men and 4.8% in
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Table 4. Prevalence of Cervical OPLL in Various Studies.

Prevalence of Cervical OPLL

Prevalence Subjects Mean Age
Author Country Race Investigation Modality (%) (Male) OPLL Case (Year)
Bakhsh W USA White  Cervical Spine CT 25 2917 74 47.9
etal (3)
Sohn et al (6) Korea Asian Thyroid CT 57 3240 (1084) 185 50.7
Fujimori et al Japan Asian PET CT 6.3 1500 (888) 95 57 + 12
®
Shingyouchi et al (17)  Japan Asian Cervical x-ray 4.1 4802 (4802) 198 514
Yoshimura et al (18) Japan Asian Cervical x-ray 1.9 1562 (524) 30 703 + 11
Liang H et al China Asian PET CT 4.1 2000 (1335) 82 485 + 9.9
(20)
Current Study India Asian Whole Body CT 5.12 2700 (1712) 128 55.89
Table 5. Prevalence of Thoracic OPLL in various studies
Prevalence of Thoracic OPLL

Investigation Prevalence Subjects OPLL Mean Age Most common
Author Country Race Modality (%) (Male) Case (Year) Level
Fujimori et al  Japan Asian PET CT 1.6 1500 (888) 24 57 + 12 TI/T2(M) T5-Té (F)
®)
Mori et al. (17) Japan Asian Chest CT 1.9 3013 (1752) 56 65 T3-T4
Ohtsuka et al  Japan Asian X ray 0.8 1058 (440) 34 62.8 Té6
(18)

Liang et al (20) China Asian PET CT 2.25 2000 (1335) 45 485 + 9.9 TI-T2
Current Study India Asian  Whole body CT 0.56% 2500 (1712) 14 55.89 TI-T2
women), using whole spine radiographs and, Westerweld et al. Conclusion

found a prevalence of 17%. In this study, we found a preva-
lence of 6.92%.2**° In view of the associated pathologies of
ossification at other spinal levels, it is important to screen the
rest of the spine for concomitant compression elsewhere.
Although CT scans are more accurate in identifying these
lesions of ossification, the radiation exposure associated with
whole spine CT can be significantly high. Our routine protocol
is to obtain whole spine MRI scan to screen the rest of the
spine, and to procure limited CT cuts only at levels of radiolo-
gically or clinically severe cord compression.

There were a few limitations in the current study. First, the
study population was selected from a tertiary care hospital
instead of random selection from the general population, which
has created a sample selection bias (Berksonian’s bias). Simul-
taneously, polytrauma patients tend to be younger and likely to
be males. Therefore, they may not represent the general popu-
lation accurately as a whole. However, obtaining a CT in
healthy individuals might be unethical and hazardous. Second,
anthropometric correlation and biochemical affiliation not con-
sidered. Third, the study does not provide clinical correlation
with ligament ossifications. Regardless of the restrictions, our
study’s results revealed important epidemiological data regard-
ing patients with OPLL and its association with other spinal
ligament ossifications.

OPLL is not so uncommon in India; however, the literature
lacks knowledge of its distribution and prevalence pattern. This
is the first study using a large sample population in the Indians,
showing the prevalence of cervical OPLL and intraspinal ossi-
fication’s coexistence in significant proportion. Segmental type
OPLL is the most common pattern with affection toward the
lower cervical spine. In patients with symptomatic OPLL
induced cervical myelopathy, imaging to screen the rest of
spine (preferably whole spine MRI or relevant level CT sec-
tions) would be prudent for the early detection of additional
sites of ossification. Further investigations ought to look at
different ethnic groups to clarify the disease’s pathogenesis and
better epidemiological understanding.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.



Singh et al 131
ORCID iD based study. Spine. 2015;40(7):E394-E403. doi:10.1097/BRS.
Ajoy Prasad Shetty, MS, DNB ® https://orcid.org/0000-0002-0736- 0000000000000791
1365 10. Chandra VVR, Prasad BC, Rajesh P. Cervical ossified posterior
Rishi Mukesh Kanna, MRCS, FNB © https://orcid.org/0000-0001- longitudinal ligament: etiology and surgical perspectives. Neurol
5817-4909 India. 2018;66(5):1400. doi:10.4103/0028-3886.241390
Shanmuganathan Rajasekaran, MS, Mch, PhD @ https://orcid.org/ 11. Arya R, Antonisamy B, Kumar S. Sample size estimation in pre-
0000-0001-6043-006X valence studies. Indian J Pediatr. 2012;79(11):1482-1488. doi:
10.1007/s12098-012-0763-3
Institutional Review Board 12. Tsuyama N. Ossification of the posterior longitudinal ligament of
Ganga Medical Centre & Hospital Pvt Ltd Institutional Review the SPme' Clin Orthop. 1,984;(184?:71_84'. .
Board (Reg No IRB 00004503); TRB Application No: 2019/06/02. 13. Resnick D, Shaul SR, Robins JM. Diffuse Idiopathic Skeletal Hyper-
Ganga Medical Centre & Hospital Pvt Ltd. IRB Application No: ostosis (DISH): Forestier’s disease with extraspinal manifestations.
2019/06/02. Radiology. 1975;115(3):513-524. doi:10.1148/15.3.513
14. Key: on paraplegia depending on the ligament of the spine. Guys
References Hospital Medical Report. 1938;17-34. Accessed December 16,
L. . . o . . 2019. https://scholar.google.com/scholar
L Huial T’_YOSh_H T, Na.goshl N, et al: D1st.r1but10n of 0s51ﬁ§d spinal 15. Oppenheimer A. Calcification and ossification of vertebral liga-
lesions in patients with severe ossification of the posterior long- - . . .
. . . . i ments (Spondylitis Ossificans Ligamentosa): roentgen study of
itudinal ligament and prediction of ossification at each segment pathogenesis and clinical significance. Radiology. 1942:38(2):
based on the cervical OP index classification: a multicenter study 160-173. doi-10.1148/38.2.160
(JOSL CT study). BMC Musculot Dis. 2018;19(1):107. doi:10. . .
1186/512891-018-2009-7 16. Tsuk%rnoto H. A c.ase report.-auto.psy ot." synd.rome of compressllon
2. Matsunaga S, Sakou T. Ossification of the posterior longitudinal of.sp inal cord owm.g to ossification with spinal canal of cervical
ligament of the cervical spine: etiology and natural history. spine. Arch Jap Clin. 1960;29:1003-1007. Accessed January 29,
Spine. 2012;37(5):E309-E314. doi:10.1097/BRS.0b013¢3182 2021. https://scholar.google.com/scholar , A
41ad33 17. Chikuda H, Seichi A, Takeshita K, et al. Acute cervical spinal
3. Bakhsh W, Saleh A, Yokogawa N, Gruber J, Rubery PT, Mesfin cord injury complicated by preexisting ossification of the poster-
A. Cervical ossification of the posterior longitudinal ligament: a ior longitudinal hgar'nent: a multicenter study. Spine. 2011;
computed tomography—based epidemiological study of 2917 36(.18):1453-1458. d01:10.1097/BRS.0b913e3181f49718.
patients. Glob Spine J. 2019;9(8):820-825. doi:10.1177/ 18. Abiola R, Rubery P, Mesfin A.Ossification of the posterior long-
2192568219833658 itudinal ligament: etiology, diagnosis, and outcomes of nonopera-
4. RenY, Liu Z, Feng J, et al. Association of a BMP9 haplotype with tive and operative management. Glob Spine J. 2016;6(2):195-204.
ossification of the posterior longitudinal ligament (OPLL) in a doi:10.1055/5-0035-1556580
Chinese population. PLoS One. 2012;7(7):¢40587. doi:10.1371/  19- Mori K, Kasahara T, Mimura T, et al. Prevalence, distribution,
journal.pone.0040587 and morphology of thoracic ossification of the yellow ligament in
5. Horikoshi T, Maeda K, Kawaguchi Y, et al. A large-scale genetic Japanese: results of CT-based cross-sectional study. Spine. 2013;
association study of ossification of the posterior longitudinal liga- 38(19):E1216-E1222. doi:10.1097/BRS.0b013e31829¢018b
ment of the spine. Hum Genet. 2006;119(6):611-616. doi:10.  20. Ohtsuka K, Terayama K, Yanagihara M, et al. A radiological
1007/s00439-006-0170-9 population study on the ossification of the posterior longitudinal
6. Sohn S, Chung CK, Yun TJ, Sohn CH. Epidemiological survey of ligament in the spine. Arch Orthop Trauma Surg. 1987;106(2):
ossification of the posterior longitudinal ligament in an adult 89-93. doi:10.1007/BF00435420
Korean population: three-dimensional computed tomographic ~ 21. Moon BJ, Kuh SU, Kim S, Kim KS, Cho YE, Chin DK. Pre-
observation of 3,240 cases. Calcif Tissue Int. 2014;94(6): valence, distribution, and significance of incidental thoracic
613-620. doi:10.1007/s00223-014-9846-7 ossification of the ligamentum flavum in Korean patients with
7. Fujimori T, Iwasaki M, Nagamoto Y, et al. Three-dimensional back or leg pain: MR-based cross sectional study. J Korean
measurement of growth of ossification of the posterior longitudi- Neurosurg Soc. 2015;58(2):112-118. doi:10.3340/jkns.2015.
nal ligament. J Neurosurg Spine. 2012;16(3):289-295. doi:10. 58.2.112
3171/2011.11.SPINE11502 22. Liang H, Liu G, Lu S, et al. Epidemiology of ossification of the
8. Fujimori T, Watabe T, Iwamoto Y, Hamada S, Iwasaki M, Oda T. spinal ligaments and associated factors in the Chinese population:
Prevalence, concomitance, and distribution of ossification of the a cross-sectional study of 2000 consecutive individuals. BMC
spinal ligaments: results of whole spine CT scans in 1500 Japa- Musculoskelet Disord. 2019;20(1):253. doi:10.1186/s12891-
nese patients. Spine. 2016;41(21):1668-1676. doi:10.1097/BRS. 019-2569-1
0000000000001643 23. Verlaan JJ, Westerveld LA, van Keulen JW, et al. Quantitative

9. Fujimori T, Le H, Hu SS, et al. Ossification of the posterior long-
itudinal ligament of the cervical spine in 3161 patients: a CT-

analysis of the anterolateral ossification mass in diffuse idiopathic



132

Global Spine Journal 13(1)

24.

skeletal hyperostosis of the thoracic spine. Eur Spine J. 2011;
20(9):1474-1479. doi:10.1007/s00586-011-1719-4

Kagotani R, Yoshida M, Muraki S, et al. Prevalence of diffuse
idiopathic skeletal hyperostosis (DISH) of the whole spine and its
association with lumbar spondylosis and knee osteoarthritis: the

25.

ROAD study. J Bone Miner Metab. 2015;33(2):221-229. doi:10.
1007/s00774-014-0583-9

Westerveld LA, van Ufford HMEQ, Verlaan JJ, Oner FC. The pre-
valence of diffuse idiopathic skeletal hyperostosis in an outpatient
population in the Netherlands. J Rheumatol. 2008;35(8):1635-1638.



