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BACKGROUND: Osteoporosis and degenerative disc
disease (DDD) are prevalent in the elderly population.
Damage to the vertebral endplate, which impairs nutrient
supply to the disc, serves as both a significant initiator
and a hallmark of DDD. This study was aimed to explore
the association between osteoporosis and endplate
damage.

METHODS: This retrospective study included 205 pa-
tients with DDD who were treated at Tianjin Hospital from
January 2019 to May 2023. We collected data on age, sex,
body mass index, phantom-less quantitative computed to-
mography (PL-QCT) values, and total endplate scores
(TEPS). The average PL-QCT value of L1—L4 and TEPS were
used to represent volumetric bone mineral density (BMD)
and the degree of endplate damage, respectively. Based on
the average PL-QCT value of L1 and L2, patients were
divided into 3 groups: normal group (BMD > 120 mg/cm®),
osteopenic group (80 mg/cm® < BMD < 120 mg/cm®), and
osteoporosis group (BMD < 80 mg/cm®). Multiple linear
regression models were used to identify independent fac-
tors associated with endplate damage.

RESULTS: The overall TEPS (4.3 = 1.3 vs. 5.0 + 1.0 vs. 5.9
=+ 1.5, P < 0.01) and segment (L1/2—L4/5) TEPS (P < 0.05) in
each group showed significant difference (R = —0.5),
increasing in order from normal group to osteoporosis
group. A significant negative correlation was found be-
tween TEPS and PL-QCT values in overall and each
segment (P < 0.001). The PL-QCT values and age (P < 0.05)
were independent factors influencing endplate damage.
There were significant differences in the average number
of TEPS >7 segments per patient among the 3 groups, with
1.16, 0.41, and 0.2 segments/person from osteoporosis group
to normal group.

CONCLUSIONS: Our study showed a significant positive
correlation between osteoporosis and endplate damage.
Attention is warranted for patients with osteopenia to
prevent progression to osteoporosis, potentially leading to
exacerbated DDD. The management of patients with both
DDD and osteoporosis necessitates comprehensive treat-
ment strategies that address both the BMD and endplate
aspects of these conditions.
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BMD: Bone mineral density

BMI: Body mass index

CT. Computed tomography

DDD: Degenerative disc disease

DXA: Dual-energy X-ray absorptiometry

MRI: Magnetic resonance imaging

PL-OCT: Phantom-less quantitative computed tomography
OCT: Quantitative computed tomography

ROI: Region of interest

TEPS: Total endplate scores
v-BMD: Volumetric bone mineral density
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INTRODUCTION

steoporosis and degenerative disc disease (DDD) are

prevalent conditions among the elderly. Diminished

bone mineral density (BMD) and microstructural
deterioration are key features of osteoporosis, which contribute
to chronic pain, fractures, and substantial lifestyle impair-
ments.”” In China, epidemiological data indicate osteoporosis
affects approximately 5.0% of men and 20.6% of women aged
40 years and more.> The economic impact of osteoporosis-
related conditions on families and society is substantial and
projected to escalate significantly in the forthcoming decades.*
Concurrently, DDD manifests in more than 9o% of
individuals aged 50 years and more, adversely affecting their
functional capabilities.>°

The vertebral endplate, positioned between the vertebral body
and intervertebral disc, facilitates biomechanical stability and
nutrient transport to the disc.”® Previous studies have extensively
examined the relationship between osteoporosis and disc degen-
eration. However, the impact of endplate damage, a significant
factor in disc degeneration, has often been overlooked, and
research in this area remains limited. In clinical investigations,
endplate damage has been identified as an independent deter-
minant of BMD. Li R et al. observed that patients with DDD who
exhibited higher lumbar BMD were more likely to sustain greater
endplate damage.”® Conversely, findings from Zhuang C et al.
presented contradictory results, indicating an inverse
relationship between lumbar BMD and the prevalence of
endplate damage.” These investigations have not used
volumetric bone mineral density (v-BMD) as a more precise tool
for assessing BMD and osteoporosis. This limitation has
impeded a clearer understanding of the relationship between
BMD and endplate damage.

Dual-energy X-ray absorptiometry (DXA) remains the clinical
standard for assessing BMD and diagnosing osteoporosis.”
However, its accuracy may be compromised in DDD patients
due to interference from aortic calcification and osteophyte
formation.”* Compared to DXA, quantitative computed
tomography (QCT) offers a more precise alternative, measuring
v-BMD and circumventing areas of vertebral sclerosis.”>"® This
study employs phantom-less quantitative computed tomography
(PL-QCT) software that calibrates using patients’ muscle and fat,
providing comparable accuracy to conventional QCT and using
existing computed tomography (CT) images to assess v-BMD, thus
minimizing costs and radiation exposure. For the evaluation of
endplate damage, we referred to a quantified scoring system for
total endplate scores (TEPS) proposed by Rajasekaran et al. The
score system has been developed to evaluate the severity of
damage on endplates based on T1-weighted magnetic resonance
imaging (MRI) of the lumbar spine. This scoring system classifies
endplates into 6 categories, enabling a detailed assessment of
endplate integrity."”

This study aimed to elucidate the potential interplay between
osteoporosis and endplate damage using advanced diagnostic
tools such as PL-QCT and the TEPS, thereby contributing to a
more integrated understanding of these conditions and their
combined impact on the elderly population.

MATERIALS AND METHODS

Patient Population

This research based on data from the Tianjin Hospital, including
hospitalized patients admitted from January 2019 to May 2023.
Inclusion criteria: 1) age between 45 and go years; 2) DDD
including degenerative lumbar spondylolisthesis, degenerative
lumbar spinal stenosis, and degenerative lumbar disc herniation;
and 3) maximum interval time between routine CT and MRI scans
before surgery was 30 days. Exclusion criteria: 1) prior spinal
surgery; 2) use medications that affect bone metabolism; 3) spinal
fractures, tumors, infections, or severe spinal deformities; and 4)
systemic metabolic bone diseases, including hypothyroidism,
Paget’s disease, etc. Demography characteristic, such as gender
(M:F), age (years), and body mass index (BMI, kg/m®), were
recorded. Participants were required to provide both written and
verbal informed consent before being enrolled in the study. The
study protocol was approved by the institutional ethics committee
of Tianjin Hospital (2022093) and was conducted in accordance
with the Declaration of Helsinki.

Radiological Assessment of BMD

All patients underwent lumbar spine CT (General Electric Medical
Systems, USA) in our hospital. QCT values for Li—Lg were ob-
tained using the PL-QCT software (Bone’s QCT, Bone’s Technol-
ogy [Shenzhen] Ltd., China).” According to the standards of the
International Society for Clinical Densitometry, the average QCT
value of the Li—L2 segment was used for the diagnosis and
grouping of lumbar spine osteoporosis: normal group, BMD
>120 mg/cm?; osteopenia group, 8o mg/cm?® < BMD <120 mg/
cm’3; osteoporosis group, BMD <80 mg/cm3.’® In the PL-QCT
analysis software, the region of interest (ROI) was marked
within the internal space of vertebral body, and adjusted to
exclude the cortical bone and basivertebral vein. ROI was marked
to include trabecular bones as much as possible, while avoiding
islands or hardened areas (Figure 1). If the sclerotic lesions of the
vertebral body are too diffuse and the affected area cannot be
excluded from the ROI, then the vertebral body will be excluded
from further analysis. We defined the BMD corresponding to
each intervertebral disc segment as the average BMD of the
upper and lower vertebral bodies.

Radiological Assessment of Endplate Damage

Each patient underwent lumbar spine MRI scans (1.5 T, General
Electric Medical Systems, USA) and endplates were evaluated on
T1-weighted images. Two authors (Y. M. Z. and Y. M. D.) clas-
sified endplate damage into 6 types according to previous studies"’
(Figure 2). The researchers were blinded to other patient data. The
TEPS for each intervertebral disc were calculated by adding the
damage score of the upper and lower endplates, and the average
TEPS of L1/2—L4/5 were used to reflect the situation of endplate
damage.

Statistical Analysis
Continuous variables were described using mean =+ standard de-
viation, and categorical variables were described using frequency
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Figure 1. ROI selection of L1 and L2 vertebra in CT
image; (A) axial plane of the vertebral ROI; (B) coronal
plane of the vertebral ROI; (C) sagittal plane of the

£

vertebral ROI. CT, computed tomography; ROI, region
of interest.

and percentage. Baseline characteristics between patients with
normal BMD, ostepenic, and osteoporosis were evaluated using
analysis of variance, followed by multiple comparisons using least
significant difference test. Categorical data analysis was per-
formed using chi-squared test. Pearson’s linear correlation plots
and bivariate linear regression were used to assess the correlation
between QCT and TEPS. Data analysis was performed with the
SPSS Statistics version 26.0 (IBM Corporation, Armonk, NY, USA).
Statistical significance was set at P < 0.05.

RESULTS

Among 212 eligible patients, 6 patients were diagnosed with
vertebral fractures and 1 patient was taking antiosteoporotic
medications, and these 7 patients were excluded from further
analysis. Therefore, in this study, demographic and imaging data
of 205 patients were included. It is the results that the mean age of
the 205 patients was 65.1 years, with a male-to-female ratio of
84:121. All 205 patients had complete imaging parameter data,
with mean QCT and TEPS values of 93.3 + 31.7 and 5.1 + 1.3,
respectively. And the mean value was BMI data 25.6 + 4.2.

Differences in Demographic and Radiographic Parameters
Between Different BMD Groups

Patients were divided into normal group (N = 50), osteopenia
group (N = 91), and osteoporosis group (N = 64) based on

their average Li—L2 QCT values. The comparison of baseline
characteristics among the 3 groups is shown in Table 1. We
found significant differences in TEPS among the normal,
osteopenia, and osteoporosis groups (4.3 + I.I vs. 5.0 = 1.0
vs. 5.9 + 1.2, P < o.01). There was a significant difference in
age between the normal group and the osteopenia and oste
oporosis groups (60.8 + 8.3 vs. 65.8 £ 7.3 and 60.8 + 8.3
vs. 67.3 £ 5.8, P < o.01), while there was no significant
difference in age between the osteopenia and osteoporosis
groups. There was no statistical difference in gender (male/
female, 25/25 vs. 36/55 vs. 23/41) or BMI (27.3 + 5.9 vs. 25.0
+ 3.9 vs. 24.9 £ 2.9) among the 3 groups.

Average QCT Value and TEPS Value

We conducted correlation and regression analyses on the average
TEPS and QCT values of patients at L1/2—L4/5 and Li—L4 seg-
ments. The results showed a significant negative correlation be-
tween the average TEPS and QCT values at L1/2—L4/5 (P < 0.001)
(Figure 3). To further determine the risk factors for endplate
damage, we performed univariate and multivariate linear
regression analyses on the correlation between TEPS and
indicators such as age, sex, QCT values, and BMI. After
controlling for other confounding factors, the results showed
that QCT values and age were independent factors influencing
endplate damage (Table 2).
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Figure 2. Example of the endplate classification and
score system: (A) grade 1: no endplate breaks or
defects; (B) grade 2: focal thinning of the endplate and

no endplate breaks; (C) grade 3: focal disc marrow
contacts and with normal contour of endplate

maintained; (D) grade 4: damage upto 25% of width of
endplate area; (E) grade 5: damage upto 50% of width

of endplate area; (F) grade 6: complete endplate area
damage.

Segment QCT Value and TEPS Value

For each vertebral segment, we explored the relationship between
TEPS of the intervertebral disc and the QCT value (mean of the
upper and lower vertebral bodies) of that segment. In L1/2—L4/s,
there were significant differences in TEPS values for each segment
among the 3 groups, with decreasing TEPS values from osteopo-
rosis to normal groups (P < o.05) (Table 3). We conducted
correlation tests and regression analysis, which showed
significant negative correlation (P < o.001) between TEPS and

QCT values for each segment from L1/2 to L4/5, with Pearson’s
correlation coefficients of 0.35—0.42. The strength of correlation
was in the order of L4/5 > L3/4 > Li/2—L4/5 > Li/2 > L2/3
(Figure 4).

Proportion and Segment Distribution of Patients with High DDD
Risk Segments

We compared the proportion of patients with TEPS >7 segments
among the 3 groups. The proportion decreased from the

Table 1. Comparison of Patient Data Among the Normal, Osteopenia, and Osteoporosis Groups

Demographics Total Normal (N = 50) Osteopenia (N = 91) Osteoporosis (N = 64)
Age 65.1 £75 60.8 + 8.3 658 + 73 67.3 £ 58

Sex 84/121 25:25 36:55 23:41

BMI 256 £ 42 213 £59 250 £+ 39 249 + 29

TEPS B =2 1] 43 +11 50 + 1.0 59 +12

L1—L4 QCT valve 933 £ 317 134.8 + 20.5 92.7 + 141 61.6 &+ 16.1

Boldface type indicates statistical significance (P < 0.05).

BMI, body mass index; TEPS, total endplate scores; QCT, quantitative computed tomography.
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Figure 3. The relationship between average BMD and TEPS. BMD, bone
mineral density; TEPS, total endplate scores.

osteoporotic group to the normal group, with percentages of 64%,
30%, and 16%, respectively. Additionally, there were significant
differences in the average number of TEPS >7 segments per patient
among the 3 groups, with 1.16 segments/person in the osteoporotic
group, 0.41 segments/person in the osteopenia group, and o.2
segments/person in the normal group. There were also differences
in the mean number of TEPS >7 segments among patients who had
TEPS >7 segments in the 3 groups, with 1.8 segments/person in the
osteoporotic group, 1.37 segments/person in the ostepenic group,
and 1.25 segments/person in the normal BMD group.

DISCUSSION

The deterioration of bone microstructure in patients with osteo-
porosis is evident in both cortical and trabecular bone, but is more
severe in trabecular bone. Consequently, for individuals with
spinal osteoporosis, PL-QCT offers a more precise measurement
of v-BMD in trabecular bone compared to DXA, which measures
areal BMD.®"*° In this study, the PL-QCT system was used to
assess v-BMD in patients hospitalized with DDD. We analyzed the
variances in TEPS and additional parameters across the groups.
The results showed that there were significant differences in TEPS
across all groups, which decreased sequentially from the normal
to the osteoporosis group (P < o.o1). In related research, Zhuang

Table 2. Multiple Linear Correlation Analysis of Risk Factors ‘

Associated With Total Endplate Scores

et al. categorized DDD patients into normal and osteoporotic
groups based on the Hounsfield unit values from CT scans, noting
that the osteoporosis group exhibited higher average TEPS, which
aligns with the outcomes of this study.” Given the strong
association between endplate damage and DDD, PL-QCT facili-
tates a more accurate assessment of v-BMD and aids in the precise
diagnosis of osteoporosis.’>*®*' Therefore, we speculated that
patients with osteopenia and osteoporosis demonstrate higher
average TEPS and an elevated risk of DDD compared to those in
the normal group. Moreover, osteoporosis is an age-related dis-
ease; no significant age differences were found between the
osteopenia and osteoporosis groups (P > o0.05), but it was
significantly higher than the normal group (P < o.or). This
disparity could be attributed to the less pronounced variation in
BMD with age among males compared to females, coupled with
the varying gender ratios across groups, which might mask the
true underlying differences.*** Further studies are required to
substantiate these findings. No statistical differences were
observed in gender and BMI across the groups; however, a
higher proportion of female patients was noted in both the
osteoporosis and osteopenia groups, possibly due to
postmenopausal estrogen decline, which renders women more
susceptible to osteoporosis.**

The diagnosis of osteoporosis and osteopenia using QCT typi-
cally relies on standard average values derived from the Li—L2
vertebrae. However, in our study, we extended the measurement
to include vertebrae Li—L4, providing a more comprehensive
representation of the overall BMD in patients. Our data demon-
strated a significant negative correlation between the average TEPS
at the Li—L4 level and the patients’ BMD, as illustrated in
Figure 3. This finding aligns with Zhuang et al.’s research, which
used CT Hounsfield unit values as a surrogate for BMD." These
results indicate that TEPS not only varies among different BMD
groups but is also directly correlated with the BMD of patients.
We postulate that more precise segmentation standards could
enhance the assessment of endplate damage severity and the
risk of developing DDD. Current diagnostic criteria based solely
on Li—L2 QCT may not sufficiently identify patients at high risk
for DDD. Further analysis through multiple linear regression
revealed that age and BMD are the only independent factors
influencing TEPS. This is attributable to the increased incidence
of endplate fractures with age, which may heal with
inflammation and sclerosis but still lead to a reduction in pore
density, adversely affecting the nutritional pathways to the
intervertebral disc.>** In the trabecular bone of vertebral

Table 3. Comparison of Segment Total Endplate Scores Among

Variables Standardized Coefficients P Value the Normal, Osteopenic, and Osteoporosis Groups
L1—L4 QCT valve 0465 < 0.001 Normal (N =  Osteopenia (N =  Osteoporosis (N =
Segment 50) 91) 64)
Sex 0.117 0.054
Age 0132 0.034 L1/2 424 +1.41 469 + 1.55 6.02 £+ 1.81
BMI 0135 0.484 L2/3 426 +1.48 5.02 + 1.57 5.95 + 1.51
L o L3/4 422 £135 5.15 + 1.37 570 &+ 1.47
Boldface type indicates statistical significance (P < 0.05).
BMI, body mass index; QCT, quantitative computed tomography. L4/5 440 + 1.44 520 + 1.37 5.98 + 1.54
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bodies, diminished BMD leads to a reduced number of trabecular
support structures, causing fractures in the load-bearing portions
of the vertebral body endplate, thus resulting in endplate
damage.”

Our study observed variances in TEPS values across the seg-
ments from Li/2 to L4/5, with the osteoporosis group exhibiting
higher TEPS values, which progressively decreased toward the
normal group (P < 0.0s). This stratification was further validated
at the individual vertebral segment level. Employing PL-QCT
software, we measured the v-BMD of individual segments and
assigned the BMD corresponding to each intervertebral disc
segment as the average v-BMD of the adjacent upper and lower
vertebral bodies. Correlation and regression analyses confirmed a
significant negative correlation (P < o0.0o1) between TEPS and
QCT values from Li/2 to L4/5. The Pearson’s correlation co-
efficients for each segment ranged from o0.35 to 0.42, with the

strongest correlations observed at the L4/5 level, suggesting that
endplate damage in the lower lumbar spine is more closely
associated with segmental v-BMD. This corroborates previous
findings that demonstrated a significant negative correlation be-
tween TEPS and QCT values in the lumbar spine.

Among the various factors implicated in the pathogenesis of DDD,
diminished nutrient supply and structural damage that alter the
mechanical environment of the intervertebral disc are recognized as 2
principal mechanisms driving disc degeneration.*® In osteoporotic
spines, the lack of vertebral trabecular bone support at the
endplate can precipitate damage and disrupt nutrient transport to
the intervertebral disc, as evidenced by histological findings in
animal models.>** While microscopic damage to the endplate
structure may undergo self-repair, macroscopic structural impair-
ments are likely to precipitate disc degeneration. Rajasekaran et al.
have developed the TEPS, which leverages MRI imaging to
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characterize macroscopic defects in the endplate structure. This
scoring system is associated with the extent of disc degeneration, and
a TEPS of 7 or higher has been identified as a critical threshold for a
high incidence of DDD, as supported by Receiver Operating Char-
acteristic curves demonstrating a strong correlation between TEPS
and DDD severity."” In our study, we assessed the prevalence of TEPS
>7 across different BMD groups. The results indicated a decreasing
trend from the osteoporosis (64%), ostepenic (30%), to the normal
BMD group (16%). Patients in the osteoporotic group not only
exhibited a higher likelihood of having lumbar degeneration
segments but also presented with a significantly greater average
number of degenerated or potentially surgical segments (1.16
segments per person) compared to other groups. This finding
underscores a greater economic and psychological burden on these
individuals. Interestingly, a proportion of osteopenic patients also
displayed segments with TEPS >7, albeit at a lower rate than in
the osteoporotic group. Therefore, upon conducting PL-QCT
screenings, heightened emphasis should be placed on protecting
and educating osteopenic patients to prevent further bone density
deterioration and avert the progression to osteoporosis, thereby
reducing the incidence of additional lumbar disc degeneration
segments.

This study elucidates the correlation between osteoporosis and
endplate damage. Our findings demonstrate a significant associa-
tion between the v-BMD, assessed through averaging values at Li—
L2, L1—L4, or individual segments of the lumbar spine, and the
TEPS of patients. These results provide an empirical foundation for
further investigations into the link between osteoporosis and end-
plate deterioration. Sun et al. had shown that inhibiting osteoclast
formation and activity, as well as osteoclast-mediated bone
resorption, preserves the integrity of endplate cartilage as well as the
microstructure and function of subchondral bone.?* Conversely,
Xiao et al. observed a marked increase in osteoclast activity within
the endplates of ovariectomized mouse models.?>® Based on these
findings, we hypothesize that osteoclasts activated in an
osteopenic environment may compromise endplate integrity by
adversely affecting chondrocytes within the endplate. This
hypothesis warrants further investigation to substantiate its
validity and explore its potential as a clinical strategy for
addressing endplate damage associated with osteoporosis and

DDD. The establishment of this connection could significantly
inform the development of targeted therapeutic interventions for
these conditions.

This study has several limitations. First, it is a retrospective and
cross-sectional study, which limits our ability to establish a causal
relationship between osteoporosis and endplate damage. Addi-
tionally, the TEPS used in this study was based on subjective
measurements and analysis of radiological images. Despite sys-
tematic training of the measuring personnel, measurement errors
are unavoidable. As most DDD patients did not undergo DXA
measurement, we were unable to directly compare the accuracy of
DXA and PL-QCT values in TEPS assessment. Finally, the sample
population of this study consisted of DDD inpatients undergoing
surgery; thus, the results of this study require further validation in
a more diverse population.

CONCLUSION

Our study demonstrated a statistically significant positive corre-
lation between osteoporosis and endplate damage. By employing a
more nuanced classification of osteoporosis, our findings under-
score the critical need for preventive measures in patients with
osteopenia to mitigate progression to more severe bone loss.
Furthermore, the management of patients with concurrent DDD
and osteoporosis necessitates that clinicians devise and execute
comprehensive treatment strategies, taking into account the
multifaceted nature of these conditions.
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