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Abstract -- Introduction: Diffuse idiopathic skeletal hyperostosis (DISH) and ossification of the posterior
longitudinal ligament (OPLL) are both characterized as ossification in paravertebral ligaments and sometimes
present simultaneously, however, the bone metabolism in patients with cervical OPLL accompanying/not
accompanying DISH has not well been studied. Thus, a retrospective analysis was performed to understand any
differences in bone metabolism in these patients.
Methods:Male patients who underwent surgery for OPLLwere divided into two groups based on the presence or
absence of DISH (OD and O group, respectively). Patients with cervical spondylosis comprised the control
group (CS group). Bonemineral density (BMD) and bonemetabolism factors were compared among the groups.
Results: The OD and O groups had significantly higher body mass indexes (BMIs) than did the CS group.
Morphologically, the number of continuous type of OPLL was high in the OD group whereas that of segmental
typewas higher in theO group.TheODandOgroup had greaterBMD than theCS group. BothTRACP-5b and
P1NP were tended to be lower in the OD group whereas Ca and P concentrations were similar level among the
groups. Intact parathyroid hormone (i-PTH) in OD group was significantly higher than CS group.
Discussion: Patients with OPLL accompanying DISH had significantly higher BMD whereas they tend to be
lower in bone turnover. Significantly higher i-PTH levels was found in the OD group and would be the
characteristic blood marker, but further research on the relationship between DISH and PTH was necessary.

Key words: Diffuse idiopathic skeletal hyperostosis, Cervical ossification of the posterior longitudinal
ligament, Bone metabolism factor, Parathyroid hormone.
Introduction

Ossification of the posterior longitudinal ligament
(OPLL) generally occurs in the cervical spine, and diffuse
idiopathic skeletal hyperostosis (DISH) commonly occurs
in the thoracic spine; thus, these two diseases have been
considered as different disease states. However, Fujimori
et al. reported that the concomitant rate of cervical OPLL
accompanying DISH was 36% [1] and Resnick et al.
showed 50% of cases of DISH were concomitant with
OPLL [2]. Therefore, OPLL has been recognized as one of
the clinical features of DISH in recent years.

DISH is a systemic disease involving ossification of the
ligaments (mostly involving the spine) that was first
reported by Resnick et al. [3] in 1975. Previous epidemio-
logic studies have shown that the prevalence of DISH in
ding author: kendo@tokyo-med.ac.jp

penAccess article distributed under the terms of the CreativeCom
which permits unrestricted use, distribution, and reproduction i
Japanese and other Asians ranged from 5.4% to 38.7% in
men and from 0.8% to 13.9% in women, and the mean age
of these patients ranged from 65.3 to 66.7 years [4–6].
Other studies that investigated multiple types of ossifica-
tion of the ligaments, including OPLL, ossification of
ligamentum flavum, ossification of anterior longitudinal
ligament, DISH, and ossification of nuchal ligament,
reported that there were more patients with multiple
combined types of ossification than there were those with
only one type [1]. Additionally, both patients with one
type and those with multiple types of ossification had
significantly greater bonemineral density (BMD) than did
those with no ossification [7–9].

It is well known that, in patients with cervical OPLL,
cervical spinal cord injury may occur due to even a minor
trauma [10]. Some studies have reported that recent
trends in population ageing are also associated with the
incidences of severe spinal fractures and spinal cord
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Table 1. The number of patients, mean age and body mass index (mean± standard deviation), and ossification of the posterior
longitudinal ligament classification type for each group.
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injuries in patients with DISH [11–13]. Thus, the presence
of ossification in spine at multiple levels are of importance
clinically, however, few studies have examined the
characteristics of bone metabolism in patients with
cervical OPLL accompanying DISH [14].

Therefore, a retrospective analysis was performed to
understand any differences in bone metabolism by
investigating patients’ demographics, type of OPLL and
bone turnover marks and compared these parameters
among patients with OPLL alone, OPLL accompanying
DISH and patients without ossification.

Materials and methods

There were 49 male patients (mean age, 59.6 years) who
underwent surgery for C-OPLL in our institution between
2010 and 2016. Plain radiography and whole-spine comput-
ed tomography (CT) were performed, and the presence or
absence of DISH was evaluated in accordance with the
definition by Resnick [3]. According to the presence or
absence of DISH, patients were divided into two groups: the
OPLL accompanying DISH (OD) group and the OPLL (O)
group. Patients who underwent surgery for cervical
spondylosis (CS) during the same period (26 age-matched
male patients;mean age, 56.8 years) were included in theCS
group (control group). Based on the CT image, we classified
each OPLL case into four types according to the OPLL
classification reported by Tsuyama [15]. Among the 49
patients with C-OPLL, 25 (51%) were included in the OD
group and 24 (49%) in the O group (Table 1). The following
items were investigated in the three groups: BMD of the
femoral neck and the lumbar spine using dual-energy X-ray
absorptiometry, tartrate-resistant acid phosphatase 5b
(TRACP-5b) as a bone resorption marker, procollagen
type 1 nitrogenous propeptides (P1NP) as a bone formation
marker, and intact parathyroid hormone (i-PTH), blood
calcium (Ca), and blood phosphorus (P) as other factors
associated with bone metabolism. Patients who had renal
dysfunctionwere excluded because thesemarkers are known
to be affected [16].

JMP
®

11.0 (SAS Institute Inc., Cary, NC, USA) was
used for statistical data analysis. The statistical tests
employed were the chi-squared test for classification by
types of C-OPLL and the F-test in the one-way analysis of
variance (ANOVA) for multiple comparisons of other
variables.

Results

The OD and O groups had significantly higher body
mass indexes (BMIs) than did the CS group; however, no
significant difference in BMI was noted between the OD
and O groups. Regarding the type classification of OPLL,
the number of continuous type was found to be
significantly higher in the OD group than in the O group,
whereas the number of segmental type was significantly
high in the O group (Table 1).

The OD group had significantly greater BMD in both
the femoral neck and lumbar spine than the O and CS
groups did. Both bone resorption marker, TRACP-5b and
bone formation markers, P1NP were tended to be lower in
the OD group compared with that in the O and CS groups,
although they did not reach statistical significance. No
significant differences were noted for blood Ca or P among
the three groups. Interestingly, i-PTH concentration in
the OD group was higher than that in the O group and it
was statistically significantly higher than that in the CS
group (Table 2).

Discussion

Fujimori et al. [1] conducted a study in 1500 Japanese
subjects and reported that 36% of the subjects with OPLL
also had DISH. The concomitance rate in the current



Table 2. Bone mineral density and factors associated with bone turnover (mean± standard deviation) for each.
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study was somewhat higher (51%), presumably the
subjects in our study were symptomatic and advanced
stages of C-OPLL for which surgery was indicated. Tauchi
et al. [17] investigated the type of OPLL with or without
DISH and found that all of the patients who had both
OPLL and DISH had continuous andmixed type, whereas
73% of patients with OPLL without DISH had segmental
type. Together with our results (Table 1), patients with
OPLL accompanying DISH tend to be osteogenic at other
vertebral ligaments and to have continuous type of OPLL.

Consistent with our result that patients with OPLL
accompanying DISH have significantly higher lumbar spine
and femoral neck BMD than control subjects did was
reported previously [9]. Furthermore, in our study showed
that the OD group had greater BMD than the O group did,
which would suggest that the OD group is more osteogenic
thanOgroup.Previousstudy[18]showedhighBMIsafterage
20 and diabetes mellitus are independent factor for OPLL.

Regarding bone turnover markers, Kashii et al. [19]
reported that patients with OPLL had significantly lower
TRACP-5b and P1NP levels than patients without OPLL
did. In our study, both TRACP-5b and P1NP levels in the
O and OD groups also tended to be lower than those in the
CS group, although it did not reach statistical significant
differences, suggesting that systemic bone turnover in
patients with OPLL accompanying DISH tended to be
decreased.

i-PTH is a hormone whose secretion is facilitated or
suppressed according to the activity of vitamin D in the
body. Okazaki et al. [20] reported that hypoparathyroidism
was found in a high proportion of patients with OPLL.
Kashii et al. [19] reported that i-PTH levels were high in
OPLL patients and positively correlated with sclerostin
levels in the blood.Oleson et al. [21] reported that high blood
levels of PTHwere found in 75%of patients with spinal cord
injuries with ectopic ossification and that low levels of
vitamin D were found in 92% of these patients. Our study
showed that the OD group had significantly higher i-PTH
levels than the CS group did; accordingly, i-PTH was
considered likely to be involved in increased bone growth in
the OD group. PTH could either act as catabolic or anabolic
in the bone homeostasis depending on periodicity and length
[22]. PTH is able to exert anabolic effects upon intermittent
administration; clinically used as osteo-anabolic therapy for
the treatment of osteoporosis. A basic experiment compar-
ing the phenotype of ligament cells from normal subject or
patients with OPLL revealed that the cells from OPLL
showed the osteoblast-like phenotype in response to PTH,
but cells from ligament without ossification did not show
any osteoblastic properties, [23] suggesting that ligament
cells of OPLL are responsive to PTH associating with bone
formation. However, it remains unknown the diurnal
variation and level of the local PTH in patients with OPLL
with or without DISH, further investigations need to be
done. It should be noted that because the PTH level is
influenced in patients with renal dysfunction and post-
menopausal osteoporosis [16], we excluded these patients in
this study. The present study had the following two
limitations: (1)The sample sizewasrelativelysmallbecause
all of the subjectswere patientswith severeOPLL forwhich
surgerywasindicated;thus, ifpatientswithmildOPLLwere
included, the studymight have showndifferent results; and
(2)PatientswithDISHalonewere not comparedwith those
with OPLL alone (O group) in this study; thus, bone
metabolism in the presence ofOPLLversusDISH could not
becompared.Further studiesmustbeconducted inpatients
withasymptomaticOPLLandDISH.However,astherehave
been no studies presenting evidence for increased i-PTH in
patientswithOPLLcomplicatedbyDISHforwhichsurgery
is indicated, we believe that this study makes a significant
contribution to clarifying the endocrinologic status associ-
ated with ossification of the ligaments.

Conclusions

Patients with OPLL accompanying DISH had signifi-
cantly higher BMD whereas they tend to be lower in bone
turnover. Significantly higher i-PTH levels was found in
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the OD group and would be the characteristic blood
marker, but further research on the relationship between
DISH and PTH was necessary.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. For this
type of study, formal consent is not required.

Conflict of Interest

The authors declare that they have no conflicts of
interest in relation to this article.
References
1. Fujimori T, Watabe T, Oda T, et al. (2016) Prevalence,
concomitance, and distribution of ossification of the spinal
ligaments. Spine (Phila Pa 1976), 41(21), 1668–1676.

2. Resnick D, Guerra Jr. J, Robinson CA, et al. (1978)
Association of diffuse idiopathic skeletal hyperostosis
(DISH) and calcification and ossification of the posterior
longitudinal ligament. Am J Roentgenol 131, 1049–1053.

3. Resnick D, Shaul SR, Robins JM, et al. (1975) Diffuse
idiopathic skeletal hyperostosis (Dish) � Forestiers disease
with extraspinal manifestations. Radiology 115(3), 513–524.

4. Kim SK, Choi BR JJ. (2004) The prevalence of diffuse
idiopathic skeletal hyperostosis in Korea. J Rheumatol
31(10), 2032–2035.

5. Kagotani R, Yoshida M, Yoshimura N, et al. (2014)
Prevalence of diffuse idiopathic skeletal hyperostosis
(DISH) of the whole spine and its association with lumber
spondylosis and knee osteoarthritis: the ROAD study. J
Bone Mineral Metab 33(2), 221–229.

6. Hirasawa A,Wakao N, Deia M, et al. (2016) The prevalence
of diffuse idiopathic skeletal hyperostosis in Japan � the
first report of measuremet by CT and review of the
Literature. J Orthop Sci 21, 287–290.

7. Kim KW, Oh YM, Eum JP (2016) Increased prenalence of
ossification of posterior longitudinal ligament and incresed
bone mineral density in patients with ossification of nuchal
ligment. Korean J Spine 13(3), 139–143.

8. Yamauchi T, Taketomi E, Sakou T, et al. (1999) Bone
mineral density in patients with ossification of the posterior
longitudinal ligament in the cervical spine. J Bone Mineral
Metab 17(4), 296–300.
9. Sohn S, Chung CK, Kim H, et. al. (2018) Increased bone
mineral density in cervical or thoracic diffuse idiopathic
skeletal hyperostosis (DISH): a case-control study. J Clin
Densitom 21(1), 68–74.

10. Yoo DS, Lee SB, Huh PW, et al. (2010) Spinal cord injury in
cervical spinal stenosis by minor trauma. World Neurosurg
73(1), 50–52.

11. Diederichs G, Engelken F, Issever AS, et al. (2011) Diffuse
idiopathic skeletal hyperostosis (DISH): Relation to verte-
bral fractures and bone density. Osteoporos Int 22(6), 1789–
1797.

12. Galgano M, Chin LS (2015) Central cord syndrome in a
young patient with early diffuse idiopathic skeletal hyper-
ostosis and ossification of the posterior longitudinal
ligament after minor trauma: a case report and review.
Cureus 7(7), e284.

13. Westerveld LA, va Bemmel JC, Verlaan JJ, et al. (2014)
Clinical outcome after trauamtic spinal fractures in aptients
with ankylosing spinal disorders compared with control
patients. Spine J 14, 729–740.

14. Mader R, Verlaan JJ, Buskila D (2013) Diffuse idiopathic
skeletal hyperostosis: clinical fractures and pathogenic
mechanism. Nat Rev Rheumatol 9(12), 741–750.

15. Tsuyama N (1984) Ossification of the posterior longitudinal
ligament of the spine. Clin Orthop Relat Res 184, 71–84.

16. CerdaD, Peris P,Monegal A, et al. (1998) Alendronate does
not block the anabolic effect of PTH in postmenopausal
osteoporotic women. J Back Musculoskelet Rehabil 13,
1051–1055.

17. Tauchi R, Lee SH, Peters C, et al. (2016) Cervical
Myeloradiculopathy due to Ossification of the Posterior
Longitudinal Ligament with versus without diffuse idio-
pathic spinal hyperostosis. Global Spine J 6, 350–356.

18. Kiss C, SzilaM, PaksyA, et al. (2002)Risk factors for diffuse
idiopathic skeletal hyperostosis : a case � control study,
Rheumatol Int 41, 27–30.

19. Kashii M,Matsuo Y, Yoshikawa H, et al. (2016) Circulating
sclerostin and dickkopf-1 levels in ossification of the
posterior longitudinal ligament of the spine. J Bone Mineral
Metab 34, 315–324.

20. Okazaki T, Takuwa Y, Ogata E, et al. (1984) ossification of
the paravertebral ligaments: a frequent complication of
hypoparathyroidism. Metabolosim 33, 710–713.

21. Oleson CV, Seidel BJ, Zhan TT (2013) Association of
vitamin D deficiency, secondary hyperparathyroidism, and
heterotopic pssification in spinal cord injury. J Rehabil Res
Dev 50(9), 1177–1186.

22. Silva BC, Bilezikian JP (2015) Parathyroid hormone:
anabolic and catabolic actions on the skeleton. Curr Opin
Pharmacol 22, 41–50.

23. Ishida Y, Kawai S (1993) Characterization of cultured cells
derived from ossification of the posterior longitudinal
ligament of the spine. Bone 14, 85–91.
Cite this article as: Horie S, Sawaji Y, Endo K, Suzuki H, Matsuoka Y, Nishimura H, Seki T, Yamamoto K (2018) Factors
associated with bone metabolism in patients with cervical ossification of the posterior longitudinal ligament accompanied with
diffuse idiopathic skeletal hyperostosis. SICOT-J, 4, 7.


	Factors associated with bone metabolism in patients with cervical ossification of the posterior longitudinal ligament accompanied with diffuse idiopathic skeletal hyperostosis
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Ethical approval
	Conflict of Interest
	References


