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Increased Prevalence of Ossification of Posterior Longitudinal
Ligament and Increased Bone Mineral Density in Patients
with Ossification of Nuchal Ligament

Ki—Wan Kim, Young—Min Oh, Jong—Pil Eun
Department of Neurosurgery, Chonbuk National University Medical School, Jeonju, Korea

Objective: There are also few studies demonstrating the relationship between ossification of nuchal ligament (ONL) and ossifica-
tion of posterior longitudinal ligament (OPLL). We compared the prevalence, location, and type of OPLL between patients with
ONL and matched patients without ONL. We also compared the bone mineral densities (BMDs) between the 2 groups.
Methods: A total of 124 cervical ONL patients were enrolled in this study. The control group of 124 patients was matched with
124 patients with ONL by age and sex on a 1:1 basis to minimize confounding factors. We reviewed the prevalence, location,
and type of OPLL in both groups.

Results: The prevalence of OPLL was almost 2.5 times greater in patients with ONL than those without ONL. The mean value
of BMD in patients with ONL was greater at the lumbar spine (L1-L4) than in patients without ONL. The mean T score of the
lumbar spine was 0.25+1.68 in the patients with ONL and -0.73+1.64 in the patients without ONL.

Conclusion: The prevalence of OPLL in patients with ONL was significantly higher than in patients without ONL. Because ONL
is innocuous and may be seen more readily than OPLL on simple cervical radiographs, clinicians should consider the possibility
of coexisting OPLL when ONL, especially extensive ONL, is detected in patients with neck pain, radiculopathy, or myelopathy,

to facilitate proper treatment.
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INTRODUCTION

Various ligaments surround the vertebral column, including
the anterior longitudinal ligament, posterior longitudinal liga-
ment, ligamentum flavum, posterior ligament complex, and
the nuchal ligament. These paravertebral ligaments may be-
come ossified; conditions such as ossification of posterior lon-
gitudinal ligament (OPLL), diffuse idiopathic skeletal hyper-
ostosis (DISH), and ossification of ligamentum flavum (OLF)
can lead to neurological symptoms due to rigidity and com-
pression of the spinal cord and nerve roots. Many studies have
investigated the different forms of paravertebral ligamentous
ossification.

The nuchal ligament is a triangular fibrous membrane, which
extends from the external occipital protuberance to the spi-
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nous process of the 7th cervical vertebra®'?. It maintains the

lordotic alignment and limits the movements of cervical
spine®”. Ossification of nuchal ligament (ONL) is identified
as a radio-opaque formation in the soft tissues behind the
spinous processes of the cervical spine. It is usually innocuous,
and is more often observed in Asian patients. Trauma, chronic
strain in the cervical spinal ligaments, age, and systemic con-
ditions might cause ONL'**”, Many authors have proposed
that ONL may be classified as a spinal ligament ossification
syndrome, similar to OPLL, DISH, or OLF". Because of
its similarities to and links with the ossification of other spinal
ligaments, it is thought that ONL may coexist as part of a
disorder with, or be a risk factor for, other cervical degener-
ative diseases. However, unlike the ossification of other spinal
ligaments, there is a lack of studies about the characteristics
and the clinical significance of ONL. The effect of ONL on
patients’ symptoms and cervical function is still unclear. There
are also few studies demonstrating the relationship between
ONL and OPLL. We compared the prevalence, location, and
type of OPLL between patients with ONL and matched pa-
tients without ONL. We also compared the bone mineral den-
sities (BMDs) between the 2 groups.

MATERIALS AND METHODS

Medical records of patients in our Department of Neuro-
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surgery who had been diagnosed with cervical ONL from
January 2010 to December 2015 were reviewed. Cervical
ONL was diagnosed by plain cervical lateral radiography and
computed tomography (CT). We included patients with cer-
vical degenerative diseases such as cervical disc disease, cer-
vical spondylosis, or cervical OPLL, and excluded patients
with nondegenerative cervical diseases such as trauma, infec-
tion, deformity, or inflammation; and patients with previous
cervical procedures. A total of 124 cervical ONL patients were
enrolled in this study. The study also included a control group,
which consisted of patients with cervical degenerative disease
who visited the Department of Neurosurgery during the same
study period. Patients with ONL were excluded from the con-
trol group, but patients with cervical spondylosis and cervical
disc disorder were included. Patients who underwent decom-
pressive posterior laminectomy were also excluded. The con-
trol group of 124 patients was matched with 124 patients
with ONL by age and sex on a 1:1 basis to minimize con-
founding factors. We reviewed the prevalence, location, and
type of OPLL in both groups. Institutional Review Board of
Chonbuk National University Hospital approved this study
(CUH 2013-09-004-007).

ONL was diagnosed through cervical X-ray and CT imag-
ing, and subdivided into round, rod, and segmental types ac-
cording to the shape of ossification (Fig. 1)”. When the lon-
gest axis of an ONL was less than 10 mm in the sagittal plane,
it was classified as round; when exceeding 10 mm in the sag-
ittal plane, it was classified as a rod type ONL if continuous
or a segmented type ONL if discontinuous.

Cervical OPLL was diagnosed with cervical CT, based on

Fig. 1. Simple cervical lateral
radiographic images showing
ossification of nuchal ligament
(OND). (A) A 64-year-old worman
with round-type ONL (arrow).
(B) A 56-year-old man with rod-
"™ type ONL (arrow). (O) A 56-year-
old man with segmented-type
ONL (arrow).
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previously determined criteria. The extent of cervical OPLL
involvement was determined by the number of cervical spine
levels with OPLL. This ranged from 1 to 6 levels; patients
were divided into 2 groups, a short level (1-3 levels) OPLL
group and a long level (4-6 levels) OPLL group.

BMD was measured at the lumbar spine (L1-14) using du-
al-energy X-ray absorptiometry apparatus (GE Lunar, Madison,
WI, USA). BMD of the lumbar spine was measured in the
standard anterior-posterior projection. Results are given as
BMD (g/em’) and T scores. T scores were calculated by taking
the differences between the measured BMD and the mean
BMD of healthy young adults matched for sex and ethnicity,
divided by the SD of the young adult population. T scores
less than -2.5 indicate osteoporosis”.

Baseline characteristics and differences in BMD were analy-
zed using the paired t-test. We used the chi-square test for
comparing the prevalence of OPLL in patients with ONL and
in patients without ONL. The relationship between the num-
ber of OPLL levels and types of ONL were also investigated
with chi-square test. For all statistical analyses, SPSS version
18.0 (SPSS Inc., Chicago, IL, USA) was used, and statistical
significance was defined as p<0.05.

RESULTS

The mean age of the patients was 57.8 years (range, 38-79
years), and there were 196 male patients and 52 female pa-
tients (Table 1). Among the patients with ONL, 49 patients
showed round type and 50 patients showed rod type; the
others (25 patients) showed segmented type (Table 2). ONL
was most frequent in the sixth decade (50 patients, 40.4%)
(Table 2).

Table 1. Demographics of the patients and comparison between
patients with ONL and patients without ONL

Patients with Patients without

Variable  ONL(n=124) ONL@m=124) Pl

Age (yr) 57.8 57.8
Sex, male:female  98:26 98:26
OPLL <0.001"

(+) 70 (56.5) 28 (22.6)

© 54 (43.5) 96 (77.4)
Bone mineral 0.25+1.68  -0.73+1.64 <0.001"
density
Total 124 (100) 124 (100)

Values are presented as number, number (%), or mean=standard
deviation.

ONL, ossification of nuchal ligament; OPLL, ossification of poste-
rior longitudinal ligament.

"Chi-square test. 't-test.
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1. Comparison of Prevalence of OPLL between
Patients with ONL and Patients without ONL

In the patients with ONL, 70 patients (56.5%) were identi-
fied as having OPLL on radiographs, while in the patients
without ONL, only 28 patients (22.6%) were identified as
having OPLL. The prevalence of OPLL was almost 2.5 times
greater in patients with ONL than those without ONL. The
relative risk was 2.5 and odds ratio was 4.444 (95% confidence
interval, 2.563-7.708).

2. Association between Type of ONL and Extent of
OPLL

We analyzed the extent of OPLL in accordance with the
type of ONL. Patients with rod type and segmented type ONL
showed a higher incidence of long level OPLL than the pa-
tients with round type ONL, which was statistically significant
(p<0.000867). Among the patients with round type ONL,
6 of 28 (21.4%) showed long level OPLL, while among the
patients with rod and segmented type ONL, 26 of 42 (61.9%)
showed long level OPLL (Table 3).

3. Differences in BMD between Patients with ONL
and Patients without ONL

There was a difference in the mean values of BMD between

Table 2. The prevalence of ossification of nuchal ligament
according to the age

Type
Age (y) Round Rod  Segmented Toral, n (%)
<40 0 2 0 2(1.6)
40-49 7 9 4 20 (16.1)
50-59 23 17 11 50 (40.4)
60-69 9 19 8 37 (29.8)
>69 10 3 2 15 (12.1)
Total, n (%) 49 (39.5) 50(40.3) 25(20.2) 124 (100)

Table 3. Association between type of ONL and extent of OPLL

Round type Rod & *
Extent of OPLL P segmented  p-value
ONL
type ONL
Short level (1-3 levels) 22 (78.6) 16 (38.1)
Long level (4-6 levels) 6 (21.4) 26 (61.9)
Total 28(100)  42(100)  0.000867

Values are presented as number (%0).

ONL, ossification of nuchal ligament; OPLL, ossification of pos-
terior longitudinal ligament.

"Chi-square test.

patients with ONL and those without. The mean value of
BMD in patients with ONL was greater at the lumbar spine
(L1-14) than in patients without ONL. The mean T score
of the lumbar spine was 0.25+1.68 in the patients with ONL
and -0.73+1.64 in the patients without ONL (Table 1).

DISCUSSION

ONL is usually asymptomatic and may be detected inciden-
tally on cervical radiographs. In 1963, Scapinelli'”” reported
that ONL typically occurred after the third decade of life, with
maximal frequency in the sixth decade, and that the overall
incidence was 11.3% in men and 3.5% in women. They pro-
posed that trauma or stress in the cervical spine plays a role
in the development of ONL, as ONL appears at the levels
of the cervical spine where mobility is greatest.

In concordance with previous studies, ONL was most fre-
quent in the sixth decade in the present study (Table 2), and
the incidence of ONL was higher in men than in women and
increased with age. ONL appeared most frequently at the C5
vertebra, confirming its occurrence at the level of greatest
mobility. Because men tend to be more physically active than
women, it is suggested that chronic overload of the cervical
spine with age and cervical motion may promote ONL, as
reported in previous studies'.

Recently, some investigators have proposed that ONL may
be a type of spinal ligament ossification syndrome™"**”, Spinal
ligament ossification syndrome, which includes OPLL, OLF,
and DISH, is a multifactorial disease with complex and multi-
ple interactions between genetic and environmental factors
162229 Previous reports have identified the causative associa-
tions of DISH, OPLL, and OLF>". Calcium-regulating hor-
mones, glucose metabolism hormones, and growth factors
such as bone morphogenic hormones and tumor growth factor
B1 are thought to be important in the pathogenesis of the ossi-
fication of the spinal ligament, although the underlying mech-
anisms remain uncertain'®.

OPLL is characterized by growth of the posterior longitu-
dinal ligament with the development of ossification centers.
It is common in Asia, and the prevalence of cervical OPLL
is reported to range from 0.6% to 2.2% in the Korean pop-
ulations”. The underlying cause of OPLL is still unclear and
is believed to be influenced by several genetic and hormonal
factors™. There are few studies demonstrating the relation-
ship between OPLL and ONL. In 1996, Shingyouchi et al.*”
reported that ossification of anterior longitudinal ligament,
ONL, and OPLL had etiologic similarities in terms of age,
sex, and obesity; however, ONL had additional risk factors
because ONL is more related to dynamic stress. In this study,
the prevalence of OPLL in patients with ONL was significantly
higher than in patients without ONL (56.5% vs. 22.6%). This
suggests that the development of ONL is closely related to the
development of OPLL. Because ONL can be easily detected
with cervical radiographs, clinicians should consider the possi-
bility of OPLL when ONL is detected.
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In the present study, we classified ONL into round, rod,
and segmented types. Previously, An et al.” studied 240 pa-
tients with ONL using this classification. Among their cases,
the rod type was observed in 39.5%, the round type in 40.3%,
and the segmented type in 20.2% of patients. In the third
decade of life, round-type ONL was the most common, whereas
rod type was the most common after the fourth decade of life.
The authors reported that degenerative changes with aging
might play a role in the development and progression of ONL,
and suggested that round-type ONL develops initially and
grows into the rod type and the segmented type due to degen-
erative changes and aging, Also, in the present study, the
short-level OPLL patients (one to three vertebrae) showed a
high incidence of round-type ONL, and the long-level OPLL
patients (4 to 6 vertebrae) showed a high incidence of the
rod and segmented types. This observation suggests that the
same pathogenesis may promote the progression of OPLL and
the development of ONL from the round to the rod and seg-
mented types and that ONL may be associated with other
spinal ligament ossification syndromes, such as DISH and
OLF. Wang et al.” reported that the incidence of ONL was
almost 2 times greater in patients with OPLL than in other
spondylosis patients; and that sex, aging, and OPLL were rela-
ted with the formation of ONL, which was concordant with
our results. Generally, somatic conditions may lead to ossifica-
tion of spinal ligaments™, and patients with OPLL commonly
showed concomitant ossification of other ligaments in the cer-
vical spine'®. The systemic factors related to OPLL pathoge-
nesis may promote the development and progression of ONL;
this link needs to be demonstrated through further study.

Interestingly, in the present study, BMDs were higher in
ONL patients than in the control group. Several studies have
investigated bone and mineral metabolism in patients with
OPLL. Matsui et al."” demonstrated increased levels of serum
procollagen type I carboxyl-terminal peptide and intact osteo-
calcin in patients with OPLL. Goto et al.” reported that in-
sulin-like growth factor-I induces histological changes and ele-
vation of alkaline phosphatase activity in OPLL cell lines much
more than in non-OPLL cells. Recently, through a case-con-
trol study, Sohn and Chung™” suggested that BMD increases
systemically and the prevalence of osteoporosis decreases in
cervical OPLL patients. In our study, BMDs increased in ONL
patients and OPLL patients alike. This may indicate that there
are close similarities in bone and mineral metabolism between
OPLL and ONL.

There are several limitation of this study. Because ONL
patients were accumulated retrospectively, there could be se-
lection bias, and other potential confounding factors, such
as occupation, physical activity, smoking, and diet, was not
controlled. Also, we did not measure hormonal level and bone
turnover markers. Since OPLL prevalence and BMD are in-
creased in the ONL group than the control group, there could
be a difference in hormone and bone turnover markers. To
clarify this, further prospective studies regarding the relation-
ships between ONL and systemic hormones should be needed.
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CONCLUSION

The prevalence of OPLL in patients with ONL was sig-
nificantly higher than in patients without ONL. Morphologic
development of ONL was related to the degree of OPLL invol-
ved. This indicates that the formation of ONL is related to
OPLL. However, the relationships between ONL and OPLL
still require further study. Because ONL is innocuous and may
be seen more readily than OPLL on simple cervical radio-
graphs, clinicians should consider the possibility of coexisting
OPLL when ONL, especially extensive ONL, is detected in
patients with neck pain, radiculopathy, or myelopathy, to fa-
cilitate proper treatment. As the BMDs of patients with ONL
were increased, we suggest that patients with ONL have little
risk of suffering from osteoporosis.
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