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Long-term clinical practice has suggested a possible association between ossification of cervical ligament (OCL)
and primary osteoporosis (POP). However, there is a lack of relevant research data. This study aimed to clarify
the potential relationship between OCL and POP, and propose new strategies for preventing the onset of POP.
The study involved 107 patients. The patients’ diagnosis included OCL (ossification of the posterior longitudinal
ligament, ossification of the ligamentum flavum, and ossification of the nuchal ligament) and POP. Bone min-
eral density (BMD), types of OCL, types of ossification of posterior longitudinal ligament, age, sex, serum cal-
cium, serum phosphorus, alkaline phosphatase, type | collagen amino-terminal extension peptide, type | col-
lagen degradation products, osteocalcin N-terminal molecular fragments, 25-hydroxyvitamin D, and history of
taking steroid drugs were collected. SPSS24.0 and GraphPad Prism 8 were used to obtain the risk factors for
POP.

One-way analysis of variance found that OCL, ossification of posterior longitudinal ligament, alkaline phos-
phatase, and osteocalcin N-terminal molecular fragments had statistical significance on BMD of the femoral
neck (P<0.05). The independent sample t test showed that patient sex had statistical significant effect on BMD
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(femoral neck) (P=0.036). Incorporating the above factors into multiple linear regression analysis, it was found
that OCL, alkaline phosphatase, and osteocalcin N-terminal molecular fragments were risk factors affecting

BMD of femoral neck (P<0.05).
Conclusions:
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Introduction

Osteoporosis (OP) is an age-related disease that mostly affects
postmenopausal women and middle-aged and elderly peo-
ple [1,2]. It is a systemic metabolic disorder characterized by
bone loss, bone microstructural destruction, and bone strength
loss, making bones prone to fractures [3]. Primary osteoporo-
sis (POP) is a high-conversion type of OP, and patients usu-
ally present with symptoms such as hunchback, height loss,
and chronic pain. Fracture is one of the most serious complica-
tions of POP and one of the important risk factors for patient
death [4,5]. Because bone fragility increases when patients de-
velop POP, fractures can occur under the action of daily mi-
nor external forces, placing a heavy burden on patients and
medical systems [6,7]. The World Health Organization attach-
es great importance to the prevention of POP and lists POP as
one of the common diseases that endangers the health of the
elderly, especially postmenopausal women [8,9].

Ossification of cervical ligament (OCL) refers to the hyperpla-
sia and ossification of the posterior longitudinal ligament, lig-
amentum flavum, and nuchal ligament [10,11]. OCL is difficult
to detect in the budding stage, without the assistance of radio-
logical equipment, and hard to treat in the advanced stage. OCL
was initially identified by Tsukimoto through autopsy findings
and was subsequently formalized by Terayama. In 1975, a re-
search society focused on OCL was founded in Japan, leading
to extensive basic research. Epidemiological studies indicate
that OCL predominantly affects the East Asian yellow race, par-
ticularly Japanese individuals, whereas its prevalence is lower
in Europe and the United States. The highest incidence rate
among those over 30 years old is observed in Japan, ranging
from 1.9% to 4.3%, followed by China at 1.6% to 1.8%, and
South Korea at 3.6% [12-14]. In the early stage of the disease,
most patients have no obvious clinical symptoms. As the dis-
ease progresses, neurological symptoms gradually worsen and
limb sensory and motor dysfunction occur [15-17]. OCL is the
result of the combined action of multiple pathological factors.
Local vascular tissue and spindle cells infiltrate within the lig-
ament, which leads to fibroblast proliferation. The cervical
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ligament becomes hypertrophic or calcified, transforming
into bone tissue, to form plate-like bone [18,19]. Some stud-
ies have suggested that OCL is related to genetic and envi-
ronmental factors. The pathological and physiological mech-
anisms, however, are still unclear but may be similar to that
of diffuse idiopathic osteohypertrophy [10,20]. From a biome-
chanical perspective, during the degeneration process of the
cervical spine, segmental instability and mechanical stress dis-
tribution imbalance activate ossification pathways and upreg-
ulate the expression levels of osteogenic markers such as al-
kaline phosphatase and osteocalcin [15,19]. From a genomic
perspective, there is a familial genetic tendency of ossifica-
tion of the posterior longitudinal ligament. A study reported
that the rs199772854A site of the IL17RC gene may be one of
the potential pathogenic genes for posterior longitudinal lig-
ament ossification [21]. In addition, long-term poor posture,
strenuous exercise, fatigue, and abnormal hormone secretion
levels are risk factors for OCL [22,23].

Both POP and OCL are age-related diseases and are the result
of multiple factors. However, the correlation between the two
remains controversial. In this article, we study and discuss the
correlation between the POP and OCL.

Material and Methods

Study Design and Participants

This was a clinical retrospective study based on the medical
record system of the First Affiliated Hospital of Guangzhou
University of Traditional Chinese Medicine. The discharge time
was set from January 2014 to January 2024. The first diagnos-
tic setting was “ossification of cervical ligament (ossification
of posterior longitudinal ligament, ossification of ligamentum
flavum, and ossification of nuchal ligament)”. The bone min-
eral density (BMD), OCL, ossification of posterior longitudinal
ligament, age, sex, serum calcium, serum phosphorus, alkaline
phosphatase, type | collagen amino-terminal extension peptide,
type | collagen degradation products, osteocalcin N-terminal
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molecular fragments, 25-hydroxyvitamin D, and history of tak-
ing steroid drugs of all included patients were recorded. This
study was conducted in accordance with the Declaration of
Helsinki. Medical record information obtained from previous
diagnoses and treatments were used to conduct an accidental
application for informed consent. The study was approved by
the ethics committee of the regional hospital (ID: JY2024-032).

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) patients whose radio-
logical examination clearly showed OCL (ossification of poste-
rior longitudinal ligament, ossification of ligamentum flavum,
and ossification of nuchal ligament); (2) patients who accept-
ed dual-energy X-ray method to detect BMD [1,4]; (3) patients
who had complete basic information; and (4) patients who had
no history of cervical surgery.

The exclusion criteria were as follows: (1) unnatural meno-
pause; (2) secondary hypertension; (3) diabetes and abnor-
mal glucose tolerance; (4) severe damage to heart, lung, liv-
er, and kidney functions; (5) gonadal disease, adrenal gland
disease, parathyroid disease, thyroid disease, and pituitary
disease; (6) a history of immune deficiency diseases, cancer,
malignant tumors, autoimmune diseases, serious cardiovas-
cular diseases, or other diseases that might significantly re-
duce life expectancy; (7) participation in any drug clinical tri-
als within 6 months before the screening examination; and
(8) patients who were judged by the researcher to be unfit to
participate in this study.

Research Approaches

The dual-energy X-ray absorptiometry (Lunar-Prodigy, General
Electric, USA) was used to measure the BMD of the patient’s
lumbar spine, femoral neck, and hip joint for classification of
POP. Instrument quality control was performed daily, and the
coefficient of variation was <1.2%.

Based on X-ray and computed tomography examination, ac-
cording to the location of the patient’s OCL, it was divided
into ossification of the posterior longitudinal ligament, ossifi-
cation of the ligamentum flavum, and ossification of the nu-
chal ligament. Ossification of posterior longitudinal ligament
was divided into type focal, type segmental, type continu-
ous, and type hybrid according to the shape and extent of os-
sification lesions. Type focal meant that it straddled the up-
per and lower posterior edges of 2 adjacent vertebral bodies,
that is, it occurred at the intervertebral disc plane; type seg-
mental meant that ossification blocks existed in the form of
clouds on the posterior edge of each vertebral body, and sev-
eral ossification lesions could be split separately; type contin-
uous meant that the ossification was in the shape of a cord
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and spanned several vertebral bodies continuously; and type
hybrid meant that there were continuous ossification and seg-
mental ossification blocks.

Age, sex, serum calcium, serum phosphorus, alkaline phospha-
tase, type | collagen amino-terminal extension peptide, type
| collagen degradation products, osteocalcin N-terminal mo-
lecular fragments, 25-hydroxyvitamin D, and history of tak-
ing steroid drugs were carefully and accurately documented
based on the medical record system (Jiahe electronic medical
record editing system, China) and hematological testing sys-
tem (Huigiao testing system, China).

Statistical Analysis

SPSS24.0 software (IBM Corp, Armonk, NY, USA) was used in the
study, and the data are presented in the form of meantstandard
deviation. Graphing was performed using GraphPad Prism 8
(GraphPad Software Inc, USA). BMD (lumbar spine, femoral
neck, and hip joint), OCL, ossification of posterior longitudinal
ligament, age, sex, serum calcium, serum phosphorus, alkaline
phosphatase, type | collagen amino-terminal extension peptide,
type | collagen degradation products, osteocalcin N-terminal
molecular fragments, 25-hydroxyvitamin D, and history of tak-
ing steroid drugs were analyzed using the independent sam-
ple t test, one-way analysis of variance, or Pearson correlation
analysis. For differences between groups, the Dunnett T3 test
was used when the variances were different; the least signif-
icant difference method was used when the variances were
uniform. After data analysis, if it was suggested that the vari-
ables were potential influencing factors (P<0.10), multiple lin-
ear regression analysis of each influencing factor and BMD
was performed. P<0.05 was considered to indicate a statis-
tical difference. Finally, the correlation between the influenc-
ing factors and BMD was judged by the size of the analysis
coefficient value.

Results

A total of 107 cases were included in the study. The detailed
process of patient collection is shown in Figure 1. Demographic
characteristics are detailed in Table 1. Representative radio-
logical images of patients with OCL are shown in Figure 2.

The dependent variable was POP. One-way analysis of variance
was used to evaluate the effect of OCL, ossification of poste-
rior longitudinal ligament, age, serum calcium, serum phos-
phorus, alkaline phosphatase, type | collagen amino-terminal
extension peptide, type | collagen degradation products, osteo-
calcin N-terminal molecular fragments, and 25-hydroxyvitamin
D on BMD (lumbar spine, femoral neck, and hip joint). The re-
sults suggested that OCL, ossification of posterior longitudinal
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2292 patients referred for ossification of
cervical ligament

Enrollment

Figure 1. Patient flow diagram.

1536 patients discontinued

« 478 age younger than 35 years

+ 406 high-energy fracture

+ 320 emergent surgery or intervention

+ 332 previously enrolled in spine research

756 patients screened

Scrteening

428 patients discontinued

+277 had no dual-energy X-ray

« 104 did not provided basic information

« 47 had previous history of cervical surgery

328 patients fulfilled eligibility criteria

221 patients discontinued
+ 37 unnatural menopause
« 67 secondary hypertension

>
=
=2
=
]

+ 32 endocrine system diseases
+ 16 other

+ 42 diabetes and abnormal glucose tolerance
« 33 severe damage to heart, lung, liver and kidney functions

Included

107 patients included in the study population

ligament, alkaline phosphatase, and osteocalcin N-terminal mo-
lecular fragments had statistical significance on BMD (femoral
neck) (P=0.018, P=0.035, P=0.045, P=0.010, respectively). The
above 4 factors might be potential influencing factors leading
to BMD (femoral neck) abnormalities, which were planned to
be included in multiple linear regression analysis. More details
are shown in Figures 3, 4, and Table 2.

The independent sample t test was used to evaluate the effect
of patient sex and history of taking steroid drugs on BMD (lum-
bar spine, femoral neck, and hip joint). The results showed that
sex had statistically significant effect on BMD (femoral neck)
(P=0.036). The correlation between history of taking steroid
drugs and BMD (femoral neck) was not significant (P=0.991).
Therefore, sex might be a potential influencing factor lead-
ing to BMD (femoral neck) abnormalities. It was included in
multiple linear regression analysis. More details are shown in
Figures 3D and 4F.

Multiple linear regression analysis was conducted with OCL, os-
sification of posterior longitudinal ligament, alkaline phospha-
tase, sex, and osteocalcin N-terminal molecular fragments as
independent variables and BMD (femoral neck) as the depen-
dent variable. In the original goodness-of-fit test table, R? was
0.198; after adjustment, R? became 0.158. In the significance F
test, F=4.984 and P=0.000, there was statistical significance. In
the t test, OCL, alkaline phosphatase, and osteocalcin N-terminal
molecular fragments were risk factors affecting BMD (femoral

Table 1. Demographic characteristics.

Characteristic Value

48 (44.86%)/
59 (55.14%)

Sex (Male/Female)

Age (years) 61.66+10.42
CHeight@m)  161:007
CWeightk®)  6151£1250
 Body mass index (kg/m)  23.61:429

Diastolic blood pressure (mm Hg) 81.27+11.43
Blood sugar (mmoll)  539:137
 Bone mineral density (femoral neck) 190£110
CSerumcalcium (mmoll)  225:010
© Serum phosphorus (mmol/)  1.24:018
 Alkaline phosphatase (U/) 70912142
 Type | collagen amino-terminal extension

peptide (pg/L) 55.49+27.76
' Type | collagen degradation products (pg/l) 0732039
 Osteocalcin N-terminal fragment (ug/l)  16.53:7.35
25 Hydroxyvitamin D (pg/l) 2971901

History of taking steroid drugs 72 (67.29%)
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Figure 2. Representative radiologic images of patients with ossification of cervical ligament. (A) Lateral X-ray of the cervical spine;
(B) sagittal view of the cervical spine computed tomography: (C) C2/3; (D) back of the C4 vertebral body; (E) C5/6.

neck) (P=0.005, P=0.015, P=0.025, respectively). However, os-
sification of posterior longitudinal ligament and sex were not
risk factors (P=0.830, P=0.092, respectively). According to the
standardized coefficient, the variables that affected BMD were
sorted from large to small, as follows: osteocalcin N-terminal
molecular fragments, alkaline phosphatase, and ossification of
cervical ligament. More details are shown in Table 3.

Discussion

POP has become an important health problem affecting peo-
ple over 50 years old [1,3]. According to the results of the ep-
idemiological survey of OP among Chinese residents in 2018,
the prevalence of OP among people aged 40 to 49 years old is
3.2%, but the prevalence rate among people over 50 years old
reaches 19.2%. The prevalence rate among the above 65-year-
old group is as high as 32%, of which women account for the
majority. The prevalence rate for women over 50 years old is
32.1%, and for women over 65 years old is 51.6%. Its incidence
rate cannot be ignored [24].

A study found that OCL was an influencing factor leading to
abnormal BMD [25]. One-way analysis of variance was used
to evaluate the effects of different types of OCL on the BMD
of the lumbar spine, femoral neck, and hip joints. It was found
that OCL had a statistically significant effect on the BMD of the
lumbar spine, femoral neck, and hip joints (P=0.002, P=0.018,
P=0.000, respectively). In multiple linear regression analysis,

OCL was found to be a risk factor affecting BMD (femoral neck)
(P=0.005). Hirai et al found that the BMD of type continuous
and hybrid of cervical posterior longitudinal ligament ossifica-
tion was higher than that of type segmental, and the BMD of
patients with OCL was higher than that of those without spinal
ligament ossification [26]. It can be seen that BMD can reflect
the tendency of ligament ossification. However, some studies
had found that patients with OCL had reduced BMD, especial-
ly of the trabecular bone. The reason might be that the ossi-
fied site required mineral supply from other sites. During the
progression of OCL, the cortical bone remained unaltered while
the quantity of cancellous bone diminished. This might be at-
tributed to the fact that cancellous bone possesses a greater
blood supply than does cortical bone. Consequently, when the
ossification growth factor is secreted and enters the blood-
stream, it initially encounters the cancellous bone, instigating
mineral transformation. Due to this mineral transfer, BMD de-
creases, which induces OP [27,28]. Osteocalcin N-terminal mo-
lecular fragments are the degradation products of osteocalcin.
Their content in the blood is more stable than osteocalcin and
can better reflect bone formation [29,30]. When OP occurs, hu-
man bone metabolism and bone turnover rate are significant-
ly enhanced, and the level of osteocalcin N-terminal molecular
fragments is elevated [31,32]. Studies have shown that when
physiological or pathological bone resorption is enhanced, os-
teocalcin N-terminal molecular fragments are at a lower level
in the blood of patients. Clinical studies have shown that BMD
values are correlated with the level of osteocalcin N-terminal
molecular fragments, which increased sequentially in the normal
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Figure 3. Statistical analysis results. (A) Types of ossification of cervical ligament and bone mineral density (BMD); (B) types of
ossification of posterior longitudinal ligament and BMD; (C) age and BMD; (D) sex and BMD; (E) serum calcium and BMD;
(F) serum phosphorus and BMD.
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Figure 4. Statistical analysis results. (A) Alkaline phosphatase and bone mineral density (BMD); (B) type | collagen amino-terminal
extension peptide and BMD; (C) type | collagen degradation products and BMD; (D) osteocalcin N-terminal molecular
fragments and BMD; (E) 25-hydroxyvitamin D and BMD; (F) history of taking steroid drugs and BMD.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€944963-7




CLINICAL RESEARCH

Table 2. The significant variables before the regression analysis.

Variable P

Sex 0.036
 Ossification of cervical ligament 0018
BTl Longitudinal oss
 Alkaline phosphatase 0045
 Osteocalcin N-terminal molecular fragments 0,010

bone mass group, osteopenia group, and OP group [33,34]. This
is consistent with the conclusions of the present study. Alkaline
phosphatase is released by osteoblasts and has the effect of
promoting bone formation and bone matrix mineralization. The
number of bone trabeculae decreases, and the body’s compen-
satory bone formation increases, causing the level of alkaline
phosphatase to increase. The increase in the level of alkaline
phosphatase reflects the rising in bone formation, which also
means higher bone turnover, accelerated osteoblast apoptosis,
and continuous reduction in bone volume [6,35]. Upon iden-
tifying pertinent risk factors, clinicians should educate poten-
tial high-risk groups on these risks and disseminate relevant
knowledge. Once patients understand the dangers associated
with these risk factors, they should be advised to implement
suitable preventive strategies. Lifestyle significantly influences
the development of POP. The emergence of risk factors can be
mitigated through interventions such as a calcium-rich diet and
exercise of appropriate intensity. Regular health assessments
facilitate early detection of potential risk factors. Individuals
at high risk can then adopt suitable therapeutic measures to
inhibit further escalation of these risk factors.

OCL is a pathological heterotopic ossification disease of spi-
nal ligaments, whose pathogenic mechanism remains un-
clear [16,27,28,36]. From the perspective of genetic susceptibil-
ity, epidemiological studies have shown that OCL mainly occurs

Table 3. The results of multiple linear regression analysis.

Unstandardized
coefficient
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in Asian populations and has a familial genetic tendency [37-
40]. Runx2 is a key factor required for osteoblast differentia-
tion. Runx2 regulates the osteogenic differentiation of osteo-
blasts and promotes bone tissue formation and reconstruction.
Two loci in Runx2, RS1321075 and RS12333172, are different
between OCL patients and controls: one of the haplotype loci
is associated with an increased incidence of OCL [41,42]. Bone
morphogenetic protein (BMP) is a multifunctional growth factor
that plays a vital regulatory role in the osteogenesis process
[43,44]. The BMP family has more than 10 subtypes, among
which the genes related to OCL include BMP-2, BMP-4, and oth-
er subtypes [18]. The expression level of BMP-2 in ligamentum
flavum cells is found to be significantly increased under cy-
clic mechanical stress, indicating that BMP may be involved in
promoting endochondral osteogenesis at the ectopic ossifica-
tion site of OCL, and the ossification activity of OCL continues
to exist [17,45]. Fibroblast growth factor (FGF) and its recep-
tor FGFR play a fundamental role in bone development, regu-
lating osteoblast proliferation, differentiation and apoptosis,
among which FGF-2 is an important regulator of bone and car-
tilage differentiation. The direct sequencing method was used
to conduct a comparative study on the relationship between
FGF-2, FGFR-1, FGFR-2 and single nucleotide polymorphisms in
patients and controls. The results showed that the rs1476217
polymorphism site of FGF-2 was associated with OCL [46,47].

This study had several limitations. First, the patients in the study
came from the same medical institution, resulting in underrepre-
sentation and selection bias. This limited the generalizability of
the study. Second, the number of included samples was not large
enough, which might affect the statistical analysis and reduce
the credibility of extending the results to the general population.
Third, we reported a rare ligament ossification disease, and the
number of references worldwide is currently low. Our study was
biased toward exploratory research and unable to refer to past
clinical studies. Lack of data or previous studies can result in in-
sufficient study hypotheses or inability to compare and verify.

Standardized
coefficient

1 (Constant) 0.717 0.629 1.141 0.257
Csex 0348 0204 0158 1704 0092
 Ossification of cervical ligament 0280 0097 0272 290 0005
 Ossification of posterior longitudinal ligament ~ 0.023 0106 0020  -0216 0830
| Alkaline phosphatase 0291 o118 0221 2465 0015
 Osteocalcin N-terminal molecular fragments 0271 0119 0205 2283 0025
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Conclusions

OCL, osteocalcin N-terminal molecular fragments, and alka-
line phosphatase are risk factors for POP. Considering the
huge medical burden caused by POP, identifying the risk fac-
tors of POP, providing health education, and conducting early
diagnosis can help prevent the occurrence of POP earlier and
bring important health benefits.
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