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Background: Lumbar disc degeneration (LDD), endplate damage, and osteoporosis (OP) are closely 
linked; however, research on the influence of sagittal alignment on bone mineral density (BMD) and LDD is 
limited. This study aimed to explore the relationship between BMD, degenerative changes in intervertebral 
discs (IVDs), and endplate damage in patients with OP based on the Roussouly classification.
Methods: This retrospective study included 150 patients with and 150 without OP. Dual-energy X-ray 
absorptiometry (DXA) measured L1–4 vertebral BMD. Magnetic resonance imaging (MRI) assessed 
Pfirrmann grading (as a marker for disc dehydration status) and grading of endplate damage in the L1–
S1 segments. The vertebral osteophyte score was evaluated. IVD degeneration and endplate damage were 
compared between groups and correlated with BMD. Patients were divided into four subgroups according 
to the Roussouly classification (based on different sagittal morphologies of spinopelvic anatomy) for further 
analysis.
Results: The Pfirrmann scores and endplate damage scores of the OP group at L1/2–L5/S1 were 
significantly higher than those of the control group (P<0.001). A negative correlation was observed between 
BMD and both Pfirrmann scores and endplate damage scores in the OP group (P<0.05). In the control 
group, no significant differences were observed in BMD and lumbar IVD parameters at L1/2–L5/S1 among 
the four patient subtypes. In the OP group, type II patients had the lowest BMD. Type I and II patients 
exhibited significantly greater disc dehydration and greater endplate damage sat L1/2–L5/S1 than type III 
and IV patients (P<0.05), with type II experiencing severe degeneration. Similarly, at the L4/5 and L5/S1 
segments, type I and II patients demonstrated significantly greater disc dehydration and endplate damage 
compared to the type IV patients. Furthermore, type II patients showed more pronounced disc dehydration 
and endplate damage than type III patients. The correlation between BMD and IVD parameters was 
stronger in type I and II patients than in type III (P<0.05), with type II showing the strongest correlation. No 
significant correlation was found in type IV patients.
Conclusions: Patients with OP exhibited higher degrees of lumbar disc dehydration and endplate damage 
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Introduction

Osteoporosis (OP) is  a systemic skeletal  disorder 
characterized by reduced bone mass and deteriorating bone 
microarchitecture, leading to diminished bone strength 
and an increased risk of fractures (1,2). This condition can 
cause pain and deformity, severely impacting the quality 
of life, especially in postmenopausal women (3). With an 
ageing population, OP and fracture risk continue to rise (4), 
attracting attention.

The intervertebral disc (IVD) is a fibrocartilaginous 
tissue that connects adjacent vertebral bodies and consists 
of a proteoglycan-rich nucleus pulposus and a collagen-
rich annulus fibrosus enveloped by cartilage endplates. The 
IVD provides structural support and absorbs shocks within 
the spinal column (5). Lumbar disc degeneration (LDD) 
is a chronic multifactorial irreversible process involving 
reduced proteoglycans and water content in the nucleus 
pulposus, IVD height loss, and morphological alterations, 
such as nucleus pulposus herniations and annulus fibrosus  
tears (6). These changes disrupt load distribution in the 
spine, leading to biomechanical alterations (7). Numerous 
studies have analyzed the relationship between LDD and 
bone mineral density (BMD); however, the association 
remains controversial. Wáng proposed that senile OP is 
linked to IVD degeneration (8). Geng et al. used quantitative 
computed tomography (QCT) to measure vertebral 
segmental BMD at L2–4. They revealed a significant 
correlation between LDD severity and reduced volumetric 
BMD of the vertebral body, particularly in males (9).  
As the largest avascular tissue in the human body, the 
IVD relies primarily on the cartilaginous endplates for  
nutrition (10). The endplate-disc-endplate complex supports 
the lumbar spine, bears pressure, and cushions longitudinal 
stress (11). Despite its importance, the endplate’s role is 
often overlooked, and its relationship with BMD remains 
unclear. Zhang et al. (12) employed quantitative QCT and 

found a significant negative correlation between volumetric 
BMD and endplate damage. However, Li et al. (13) utilized 
dual-energy X-ray absorptiometry (DXA) and found that 
the occurrence of endplate damage was associated with 
greater lumbar areal BMD values in patients with LDD. 
This may be due to osteophytes, which can lead to an 
overestimation of BMD measurements obtained via DXA.

Most patients with OP exhibit sagittal spinal imbalance (14), 
closely associated with vertebral compression fractures 
(15,16). In 2005, Roussouly (17) categorized the spine into 
four types based on different sagittal plane morphologies, 
including lumbar lordosis, pelvic incidence, and the 
inflection point from lumbar lordosis to thoracic kyphosis. 
Zhao et al. (18) found that type I or II patients are at a 
higher risk for severe LDD, particularly among those with 
type II morphology. Conversely, high-grade degeneration of the 
facet joints is more likely to occur in type III and IV patients, 
especially those with type IV. Rafael et al. (19) found higher 
degeneration in the L4/5 IVD among type II patients than 
in type IV patients in asymptomatic young individuals. 
These studies focus on spinal-pelvic sagittal plane 
morphology in lumbar degenerative changes; however, 
limited research exists on its impact on BMD and the 
correlation between BMD and LDD characteristics within 
different Roussouly types.

This study aimed to analyze degenerative changes 
in the IVD and endplates among patients with OP and 
investigate their relationship with BMD. Additionally, the 
study compared differences in LDD characteristics and 
their relationship with BMD among different Roussouly 
types. These findings contribute to a better understanding 
of LDD characteristics in patients with OP and provide 
valuable insights for personalized clinical management. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-1872/rc).

than the control group. A negative correlation was observed between BMD and the extent of lumbar disc 
dehydration, as well as endplate damage. Type II patients exhibited the lowest BMD. Types I and II displayed 
significantly greater LDD and endplate damage than types III and IV, with type II experiencing more severe 
degeneration than type I. 
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Methods

Participants

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of The Second 
Affiliated Hospital and Yuying Children’s Hospital of 
Wenzhou Medical University, Wenzhou, China (No. 2024-
K-167-01), and the requirement for individual consent for 
this retrospective analysis was waived. The target population 
was patients with OP who sought medical attention at The 
Second Affiliated Hospital and Yuying Children’s Hospital 
of Wenzhou Medical University between February 2017 
and March 2024. The chief complaint was considerable 
lower back or lumbosacral pain without impairment in 
activities of daily living. The inclusion criteria were as 
follows: (I) lumbar spine T-score ≤−2.5; (II) age between 
50 and 75 years; (III) complete medical records; (IV) 
examinations including DXA, lumbar spine magnetic 
resonance imaging (MRI), and full-length anteroposterior 
and lateral spinal radiographs. MRI scans were required to 
be complete and clear, covering the L1–L5 vertebral bodies. 
The exclusion criteria were as follows: (I) history of spinal 
surgery; (II) presence of spinal spondylolisthesis, congenital 
spinal deformities, degenerative scoliosis (Cobb angle >10°), 
vertebral height loss exceeding one-third, or lower limb 
deformities; (III) patients with high IVD nuclear signal 
intensity coexisting with disc space narrowing at the same 
level, as the Pfirrmann grading did not provide a solution 
for such cases (20); (IV) use of medications affecting 
bone metabolism; (V) vertebral fractures, tumors, spinal 
tuberculosis, or other infectious diseases; (VI) diseases 
such as diabetes, rheumatoid arthritis, leukemia, or other 
conditions affecting bone density. Additionally, patients 
seeking treatment for mild lower back pain during routine 
physical examinations or outpatient visits comprised the 
control group. The inclusion criteria for the control group 
were T-score >−2.5, age over 50 years, and undergoing the 
same examinations during the same period. The exclusion 
criteria were consistent with those of the OP group.

Imaging procedures

Standard full-length anteroposterior and lateral spinal 
radiographs were obtained using a Siemens digital 
radiography system (SIEMENS YSIO; Siemens, Erlangen, 

Germany) and Picture Archiving and Communication 
System v3.0 (INFINITT; Shanghai, China). The following 
parameters were used: a current of 500 mA, voltage ranging 
from 50 to 75 kV, and automatic exposure mode. Standard 
radiographs were obtained using a well-established protocol. 
For anteroposterior imaging, participants stood with their 
arms naturally hanging down, palms facing forward, and 
feet together. For lateral imaging, participants placed their 
hands on their clavicles while extending their buttocks and 
knee joints. 

The patients were examined using a 3.0 Tesla MRI 
scanner (MR750; GE Healthcare, Chicago, IL, USA). Prior 
to the examination, metallic objects on the patients’ bodies 
were removed. Patients were scanned in a supine position. 
Both arms were positioned flat on the sides of the body, and 
the lower limbs were uncrossed. Participants were instructed 
to remain still and relaxed throughout the process. Scanning 
included the vertebral bodies, adjacent structures, and 
surrounding soft tissues using routine sequences: sagittal 
fast spin-echo T1-weighted imaging (FSE-T1WI), sagittal 
and transverse fast spin-echo T2-weighted imaging (FSE-
T2WI). The parameters for the sagittal T1WI scan were 
repetition time (TR), 1,050 ms; echo time (TE), 7 ms; nine 
slices with a thickness of 4 mm and an interslice gap of  
0.5 mm, matrix size of 320×224, field of view (FOV) of  
32 cm × 32 cm, two number of excitations (NEX), and a 
scan time of 2 minutes and 40 seconds. For the sagittal 
T2WI scan, the parameters were TR of 2500 ms, TE of  
120 ms, nine slices with a thickness of 4 mm and an 
interslice gap of 0.5 mm, matrix size of 320×192, FOV of  
32 cm × 32 cm, one NEX, and a scan time of 47 seconds. 
For the transverse T2WI scan, the parameters were TR 
of 3,000 ms, TE of 120 ms, 15 slices with a thickness of  
3.5 mm and an interslice gap of 0.5 mm, matrix size of 
320×224, FOV of 20 × 20 cm, one NEX, and a scan time of 
1 minute and 22 seconds.

BMD values for the lumbar spine (L1–L4) and femoral 
neck were measured using a DXA device (GE Lunar 
Prodigy, Mexico), reported in g/cm2. These measurements 
were compared to peak BMD data of young, healthy 
young individuals in China to derive T-scores, which were 
employed to assess the patients’ OP status. This database 
is a collaborative initiative established through multiple 
centers nationwide and represents the only reference 
database for normal values specific to the mainland Chinese 
population (21). All patients underwent three examinations 
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within a month and did not receive any OP treatment 
during that time.

Imaging evaluation

DXA
According to the standards established by the World Health 

Organization (WHO) in 1994, 
patient young adult mean

young adult population

BMD BMD
T-score =

SD
−

. 
OP is characterized as a BMD that falls below 2.5 standard 
deviations of the peak bone mass of young, healthy 
individuals of the same ethnic group. This threshold for the 
T-score was initially proposed specifically for postmenopausal 
Caucasian women (4). Recently, Wáng (22) proposed that 
the application of traditional WHO standards to older 
Chinese women populations results in an overestimation 
of OP prevalence. Therefore, additional adjustments to the 
T-score threshold for defining OP in elderly individuals in 
China are recommended. For spinal assessments, the critical 
values should be −3.7 for women and −3.2 for men (23).

MRI
Disc dehydration grade
The grading system by Pfirrmann et al. (24) was employed 
to evaluate IVD degeneration at the L1/2–L5/S1 levels, 
utilizing T2-weighted sagittal images. This system 
assesses the signal intensity of the nucleus pulposus, the 
demarcation between the nucleus pulposus and annulus 
fibrosus, and the IVD height. It classifies LDD into grades 
I–V, each corresponding to a score ranging from one to 
five. Kwok et al.’s study (25) has shown that patients with 
OP have a decrease in vertebral body height but an increase 
in the middle height of IVD, suggesting that osteoporotic 
spines may be classified as having mild IVD degeneration. 
Therefore, in our study, the Pfirrmann score for IVD is 
solely indicative of the degree of dehydration of the disc 
nucleus. The average Pfirrmann L1/2–L5/S1 IVD scores 
were used to represent disc dehydration severity.
Grading of endplate damage
The method by Rajasekaran et al. (26) was employed to 
assess endplate damage. On T1-weighted sagittal images, 
the endplates were categorized into six grades, with higher 
scores indicating severe endplate damage. The total 
endplate damage score (TEPS) was calculated by adding 
the scores assigned to the upper and lower endplates of the 
L1/2–L5/S1 IVDs, with the average representing endplate 
damage severity (Figure 1).

Spine X-ray
Roussouly classification 
Using the Roussouly classification system (17), patients 
were stratified into four types. Type I: sacral slope (SS) <35° 
(shorter lumbar lordotic segment with a lower apex located 
near the L5 vertebral body and extended thoracic kyphosis 
spanning the entire thoracolumbar region). Type II: SS 
<35° (longer lumbar lordotic segment, minimal lumbar 
lordosis and thoracic kyphosis, resulting in a nearly straight 
alignment). Type III: 35°< SS <45° (longer lumbar lordotic 
segment and apex positioned near the L4 vertebral body, 
displaying a noticeable lumbar lordotic curvature). Type 
IV: SS >45° (elongated lumbar lordotic segment extending 
into the thoracic region, apex located above the L3 
vertebral body). In this type, the lumbar lordotic curvature 
is markedly pronounced, indicating evident hyperextension 
(Figure 2).
Osteophyte score
Studies have established that (27,28) osteophytes can 
influence BMD measurements using DXA, leading to 
potentially inflated results and false negative outcomes. 
Therefore, to assess the correlation between BMD and 
LDD characteristics, we controlled for osteophytes as a 
covariate. Following the X-ray osteophyte scoring criteria 
by Nathan (29) (Figure 3), we used full-length spinal X-ray 
images in the anteroposterior projection to evaluate the 
severity of osteophyte formation based on the most affected 
segment among the L1–5 vertebrae.

All scoring and spinal classifications were independently 
assessed by two radiologists, and a reassessment was 
conducted after 1 week. In case of disagreement, an 
experienced senior doctor made the final decision.

Statistical analysis

Data were processed using the statistical software SPSS 
26.0 (IBM Corp., Armonk, NY, USA) and R Studio 
(version 4.3.2; R Foundation for Statistical Computing, 
Vienna, Austria). The Shapiro-Wilk test assessed the 
normality of continuous variables. Regarding the inter-
observer agreement of the IVD parameters, the Roussouly 
classification and osteophyte score (OSTS) were assessed 
using the Kappa test. Normally distributed data were 
presented as mean ± standard deviation. Age, height, weight, 
body mass index (BMI), and BMD were compared between 
the two groups using an independent samples t-test, whereas 
sex was compared using the chi-square test. Differences in 
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lumbar IVD parameters and OSTS were analyzed using 
the Wilcoxon rank-sum test. The Kruskal-Wallis H test 
compared the differences in lumbar IVD parameters and 
OSTS among the four OP subgroups, followed by multiple 
comparisons within the subgroups. Analysis of variance was 
used for BMD comparison, and a post hoc analysis using 
the least significant difference test examined the differences 
among the subgroups. Spearman’s correlation was used to 

analyze the relationship between BMD and lumbar IVD 
parameters, with OSTS as a covariate. Significance was set 
at α=0.05 and P<0.05.

Results

A total of 300 patients, with a mean age of 62.05±7.02 years, 
were enrolled and stratified into OP and control groups 

Figure 1 The illustrative examples of endplate damage grade. All figures are derived from own patient pool. The red boxes represent 
examples of the corresponding grades. (A) Grade 1: female, 53 years old. Normal endplate without any breaks or defects. (B) Grade 2: 
female, 54 years old. Focal thinning without any breaks or defects. (C) Grade 3: male, 57 years old. Focal contact between the nucleus 
pulposus and the endplate maintaining a normal endplate contour. (D) Grade 4: male, 61 years old. Defect or damage involving less than 
25% of the total endplate area. (E) Grade 5: female, 58 years old. Defect or damage involving less than 50% of the total endplate area. (F) 
Grade 6: female, 65 years old. Complete endplate damage.

A

D E F

B C
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based on lumbar spine T-score (≤−2.5). The OP group 
(n=150, 52 males, 98 females, mean age of 61.33±7.18 years) 
and control group (n=150, 60 males, 90 females, mean age 
62.76±6.80 years) showed no significant differences in age, 
height, weight, BMI, or sex (P>0.05) (Table 1). Based on 
the classification criteria proposed by Wáng et al. (23), we 
further divided the OP group into two subgroups according 
to T-scores (women ≤−3.7, men ≤−3.2), designated as 
the OPA group and the OPB group (Table 2). The Kappa 
coefficients for the Pfirrmann grade, endplate damage 
grade, osteophyte score, and Roussouly classification of the 
OP group were 0.88 [95% confidence interval (CI): 0.86–
0.91], 0.88 (95% CI: 0.86–0.90), 0.87 (95% CI: 0.82–0.93), 
and 0.86 (95% CI: 0.80–0.93), respectively.

The OP group (0 .759±0.101 g/cm2)  exhib i ted 
s ignif icantly lower BMD than the control  group 
(1.086±0.156 g/cm2) (P<0.001). Also, the OP group showed 
higher segmental and average Pfirrmann scores, average 
TEPS, and OSTS than the control group (P<0.001) (Table 1, 
Figure 4). A total of 1,500 IVDs were included in this study.

In the control group, 46, 41, 42, and 21 patients 
were classified as types I–IV, according to the Roussouly 
classification, respectively. No statistically significant 
differences were observed among the subgroups in terms 
of age, height, weight, BMI, or sex (P>0.05) (Table 3). 
Furthermore, no statistically significant differences were 
found in the average Pfirrmann scores and average TEPS 
at the L1/2–L5/S1 levels, as well as in BMD and OSTS 
among the four subtypes of patients (Table 3, Figure 5).

According to the Roussouly classification, patients in 
the OP group were categorized into four subgroups: type I 
(n=44), type II (n=46), type III (n=36), and type IV (n=24). 
Within each subgroup, no statistically significant differences 
were observed in age, height, weight, BMI, or sex (P>0.05). 
Type II (0.720±0.093 g/cm2) demonstrated significantly 
lower BMD than type I (0.768±0.122 g/cm2), type III 
(0.763±0.078 g/cm2), and type IV (0.809±0.078 g/cm2). In 
the L1/2–L5/S1 segments, type II exhibited significantly 
higher average Pfirrmann scores and average TEPS than 
types I, III, and IV. Type I also displayed significantly 

Figure 2 The illustrative examples of the Roussouly classification, A-D representing subtypes I–IV, respectively. All figures are derived from 
own patient pool. (A) Male, 60 years old. (B) Male, 55 years old. (C) Female, 58 years old. (D) Male, 59 years old.

A B C D
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Figure 3 The illustrative examples of osteophyte score. All figures are derived from own patient pool. (A) Grade 1: female, 52 years old. 
Osteophytes present only at the vertebral margins. (B) Grade 2: male, 56 years old. Osteophytes nearly parallel to the vertebral body, 
exhibiting lip-like proliferation. (C) Grade 3: male, 61 years old. Osteophytes with beak-like appearance, adjacent to the neighboring 
vertebral body. (D) Grade 4: female, 64 years old. Fusion of osteophytes between adjacent vertebral bodies.

A B

C D

Table 1 Demographic characteristics of both groups

Demographics OP group Control group P value

Age (years) 61.33±7.18 62.76±6.80 0.078

Height (cm) 160.58±8.62 157.41±6.68 0.099

Weight (kg) 64.46±12.42 57.54±9.13 0.350

BMI (kg/m2) 24.74±3.31 23.23±3.43 0.965

Sex 0.34

Male 52 60

Female 98 90

BMD (g/cm2) 0.759±0.101 1.086±0.156 <0.001***

OSTS <0.001***

1 14 26

2 102 98

3 25 21

4 9 5

Values are given as mean ± SD. ***, P≤0.001. OP, osteoporosis; BMI, body mass index; BMD, bone mineral density; OSTS, osteophyte 
score; SD, standard deviation.
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higher average Pfirrmann scores and average TEPS than 
type IV (P<0.05). In the L4/5 and L5/S1 segments, type 
II patients exhibited significantly higher Pfirrmann and 
endplate damage scores than type III and IV patients. Type 
I displayed significantly higher Pfirrmann and endplate 
damage scores than type IV. However, no significant 
differences were seen in Pfirrmann scores or endplate scores 
among the types in the L1/2, L2/3, and L3/4 segments 
(P>0.05). OSTS differed significantly among the different 
types, with type II patients exhibiting the highest (P<0.05) 
(Table 4, Figure 6).

Correlation analysis revealed a significant negative 
association between BMD and lumbar IVD parameters in 
the OP group (r=−0.424, −0.381; P<0.001) (Figure 7). After 
adjusting for gender and vertebral osteophytes as covariates, 
we found that the correlation coefficients between BMD 
and IVD parameters in the OPA group were significantly 
higher than those in the OPB group (r=−0.617, −0.403, 
−0.698, −0.198; P<0.05) (Figure 8). Additionally, types 
I, II, and III in the OP group demonstrated a negative 
correlation between BMD and average Pfirrmann scores 
as well as average TEPS (r=−0.310, −0.448, −0.382, 

Table 2 Demographic characteristics of OPA and OPB groups

Demographics OPA group (n=39) OPB group (n=111) P value

Age (years) 63.46±6.47 62.51±6.91 0.456

Height (cm) 156.17±7.90 157.86±6.17 0.176

Weight (kg) 53.54±8.13 58.95±9.07 0.008**

BMI (kg/m2) 21.98±3.11 23.67±3.45 0.009**

Sex 0.021*

Male 20 32

Female 19 79

BMD (g/cm2) 0.678±0.107 0.787±0.082 <0.001***

OSTS 0.327

1 1 13

2 29 73

3 6 19

4 3 6

OPA group: male T ≤−3.2, female T ≤−3.7; OPB group: female −2.5≤ T <−3.2, female -2.5≤ T <−3.7. Values are given as mean ± SD. *, 
P≤0.05; **, P≤0.01; ***, P≤0.001. OP, osteoporosis; BMI, body mass index; BMD, bone mineral density; OSTS, osteophyte score; SD, 
standard deviation.

Figure 4 Comparison of Pfirrmann score and TEPS between OP group and control group. (A) Pfirrmann score; (B) TEPS. ***, P≤0.001. 
L1–S1, the average Pfirrmann score or average TEPS at the L1/2–L5/S1 segments. OP, osteoporosis; TEPS, total endplate damage score.
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Table 3 Demographic characteristics of the 4 Roussouly types in the control group

Demographics
Control group

Type I (n=46) Type II (n=41) Type III (n=42) Type IV (n=21) P value

Age (years) 60.52±7.05 63.68±7.08 59.93±7.17 61.33±7.04 0.085

Height (cm) 160.37±7.61 161.33±7.71 161.90±6.25 159.10±8.28 0.494

Weight (kg) 64.44±9.78 64.05±9.02 63.33±9.12 62.36±6.17 0.822

BMI (kg/m2) 25.04±3.38 24.60±2.93 24.15±3.10 25.10±3.37 0.544

Sex 0.651

Male 15 17 19 9

Female 31 24 23 12

BMD (g/cm2) 1.070±0.145 1.101±0.160 1.112±0.167 1.037±0.138 0.245

OSTS 0.217

1 11 5 10 0

2 29 29 23 17

3 4 5 9 3

4 2 2 0 1

Values are given as mean ± SD. BMI, body mass index; BMD, bone mineral density; OSTS, osteophyte score; SD, standard deviation.

Figure 5 Comparison of BMD, OSTS, Pfirrmann score and TEPS across four subgroups within the control group. (A) Pfirrmann score; 
(B) TEPS; (C) BMD; (D) OSTS. L1–S1, the average Pfirrmann score or average TEPS at the L1/2–L5/S1 segments. TEPS, total endplate 
damage score; BMD, bone mineral density; OSTS, osteophyte score.
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Table 4 Demographic characteristics of the 4 Roussouly types in the OP group

Demographics
OP group

Type I (n=44) Type II (n=46) Type III (n=36) Type IV (n=24) P value

Age (years) 62.86±6.80 62.00±6.80 63.58±7.21 62.79±6.56 0.777

Height (cm) 158.75±5.62 157.88±6.88 155.96±7.84 156.25±5.94 0.219

Weight (kg) 58.57±8.20 55.87±9.07 57.01±8.97 57.71±8.74 0.529

BMI (kg/m2) 23.15±2.65 22.37±2.98 23.63±3.36 23.68±3.64 0.223

Sex 0.822

Male 14 18 11 9

Female 30 28 25 15

BMD (g/cm2) 0.768±0.122 0.720±0.093 0.763±0.078 0.809±0.078 0.003**

OSTS 0.037*

1 5 4 4 1

2 30 27 30 15

3 7 12 1 5

4 2 3 1 3

Values are given as mean ± SD. *, P≤0.05; **, P≤0.01. OP, osteoporosis; BMI, body mass index; BMD, bone mineral density; OSTS, 
osteophyte score; SD, standard deviation.

Figure 6 Comparison of BMD, OSTS, Pfirrmann score and TEPS across four subgroups within the OP group. (A) Pfirrmann score; (B) 
TEPS; (C) BMD; (D) OSTS. ***, P≤0.001; **, P≤0.01; *, P≤0.05. L1–S1, the average Pfirrmann score or average TEPS at the L1/2–L5/S1 
segments. TEPS, total endplate damage score; BMD, bone mineral density; OSTS, osteophyte score; OP, osteoporosis. 
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Figure 7 The correlation between BMD and intervertebral disc parameters in OP group. (A) Pfirrmann score; (B) TEPS. BMD, bone 
mineral density; TEPS, total endplate damage score; OP, osteoporosis.

−0.346, −0.396, −0.300; P<0.05) (Figures 9,10), with type II 
exhibiting a stronger correlation coefficient than types I and 
III. No significant correlation was observed between BMD 
and average Pfirrmann scores or average TEPS in type IV 
(P>0.05). 

In the OP group, we observed that female patients 
had significantly lower BMD, along with higher average 
Pfirrmann scores and average TEPS compared to male 
patients (P<0.05), whereas no significant difference was 

found in the OSTS (P>0.05). Conversely, in the control 
group, no significant differences were found in IVD 
parameters, BMD, or OSTS between male and female 
patients (Figures S1,S2, Tables S1,S2). Our analysis 
revealed that the correlation between BMD density and 
IVD parameters in female patients of the OP group was 
significantly stronger than that observed in male patients 
(r=−0.416, −0.453, −0.389, −0.383, P<0.01) (Figure S3). We 
conducted a further analysis of the relationship between 
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Figure 9 The correlation between BMD and Pfirrmann score in four subgroups in OP group. (A) Type I; (B) type II; (C) type III; (D) type 
IV. BMD, bone mineral density; OP, osteoporosis.

Figure 10 The correlation between BMD and TEPS in four subgroups in OP group. (A) Type I; (B) type II; (C) type III; (D) type IV. BMD, 
bone mineral density; TEPS, total endplate damage score; OP, osteoporosis.
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lumbar spine T-scores and femoral neck T-scores in the OP 
group, revealing a moderate positive correlation (r=0.641, 
P<0.001) (Figure S4).

Discussion

OP is a primary risk factor for fractures (30). Menopause 
induces endplate degeneration, which reduces the diffusion 
of nutrients to the IVD, ultimately leading to further 
LDD (31). However, the role of endplates is frequently 
overlooked, and limited attention has been given to the 
impact of spinal sagittal alignment on BMD and the 
correlation between BMD and LDD characteristics. 
Therefore, we conducted a retrospective analysis to assess 
LDD and endplate damage in patients with OP and 
investigate their relationship with BMD. Additionally, based 
on the Roussouly classification, we delved into the variations 
in LDD among patients with OP and different spinal types. 
These findings provide valuable insights for treating OP 
and LDD, offering potential guidance for individualized 
treatment and rehabilitation strategies to improve disease 
management and quality of life for patients.

In this study, patients with OP exhibited higher 
levels of disc nucleus dehydration and endplate damage 
compared to the control group. Several animal experiments 
have explored the relationship between BMD, LDD, 
and endplate damage. Xiao et al. (32) divided mice into 
experimental (OP-induced) and control (sham) groups. 
The experimental group showed more severe pathological 
features associated with LDD and endplate damage, 
including nucleus pulposus degeneration, endplate sclerosis, 
and annular tears, than the control group. Zhong et al. (33) 
used micro-computed tomography technology on rhesus 
monkeys, revealing that the group subjected to ovariectomy 
and streptomycin injection had increased endplate 
calcification areas and decreased vascularity compared with 
the other subgroups. Similar conclusions have been reached 
in human clinical studies, with patients with lower bone 
density showing more significant IVD degeneration and 
endplate damage (9,34). These findings are consistent with 
our results.

The IVD relies on diffusion from vascular buds in the 
cartilaginous endplate-disc junction for nutrition, which 
includes arteries, veins, capillaries, fibroblast-like cells, and 
macrophages (35). Blockage of these channels can disrupt 
nutrient supply, contributing to disc degeneration. Ou-
Yang et al.’s study (36) on dynamic computed tomography 
perfusion revealed reduced microcirculatory perfusion, 

metabolic slowdown, and bone density in the lumbar 
vertebral bone marrow with age. OP increases the risk 
of microfractures and deformation in the trabeculae and 
endplates, leading to microvascular damage. Compression 
and distortion of the veins within the vertebral body 
increase pressure and impair blood circulation, causing 
issues in the blood supply to the cartilaginous endplates. 
This dramatically compromises the nutritional supply to 
IVD cells, contributing to disc degeneration (37).

The IVD is a crucial mechanical transmission structure 
for spinal movement and load-bearing, providing 
cushioning. The cartilaginous endplate primarily comprises 
type II collagen fibers and proteoglycans, rendering it 
excellent elasticity and compressive strength (38) and 
a vital source of nutrition for the IVD. Degenerative 
changes in the endplate are important pathological and 
physiological characteristics of LDD (39). In this study, a 
negative correlation was observed between BMD in patients 
with OP and the degree of disc nucleus dehydration and 
endplate damage. We hypothesized that in the presence of 
OP, increased spinal stress might hinder nutrient supply, 
impede waste clearance, and accelerate LDD. Kang  
et al. (40) employed finite element modelling to compare 
the physiological load differences between osteoporotic 
and normal spines under various motion scenarios. The 
findings indicated higher von Mises stress in the vertebral 
body, nucleus pulposus, and annulus fibrosus of the OP 
group, with pressure distribution maps revealing localized 
stress augmentation. Harada et al. (41) reported a negative 
correlation between lumbar BMD and the IVD area, as 
well as a positive correlation between BMD and the IVD 
protrusion rate. Consistent with their findings, our study 
revealed a negative correlation between BMD and the 
severity of disc nucleus dehydration and endplate damage. 
Previous studies have demonstrated that medications such 
as alendronate, risedronate, zoledronate, and denosumab 
can increase BMD in the spine or hip joints, thereby 
reducing the risk of fractures (42,43). Most research 
on these medications has predominantly focused on 
postmenopausal women with OP. In our study, we found 
that women are more prone to disc degeneration compared 
to men, a conclusion that is consistent with findings from 
previous studies (44,45). Furthermore, certain drugs 
have also shown the potential to increase IVD height 
and decrease endplate calcification (46). Therefore, when 
formulating treatment plans, clinicians should consider 
the combined impact of these medications on BMD and 
IVD characteristics. This provides a therapeutic strategy 

https://cdn.amegroups.cn/static/public/QIMS-24-1872-Supplementary.pdf
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where anti-osteoporotic treatment in patients with OP can 
alleviate IVD degeneration, mitigate endplate damage, and 
improve spinal health, thus achieving a more comprehensive 
outcome.

Moreover, in this study, the correlation coefficients 
for the groups with adjusted T-score cutpoints were 
significantly higher than those for the groups prior 
to adjustment. Walker  et al.  (47) highlighted that 
postmenopausal Chinese women exhibit a higher trabecular 
plate-to-rod ratio, greater overall bone stiffness, and 
enhanced trabecular mechanical competence, whereas the 
risk of fragility fractures in this population is notably lower. 
Additionally, compared to older Caucasians, older Chinese 
men and women demonstrate milder degenerative changes 
in both bone and joints. Continuing to use the traditional 
T-score cutpoint of ≤−2.5 established for Caucasians may 
lead to a significant overestimation of OP prevalence in 
the Chinese population (23). Consequently, we further 
stratified the OP group into two subgroups based on T-score 
cutpoints of −3.2 for men and −3.7 for women. The results 
demonstrated that, following the adjustment of T-score 
cutpoints, the correlation coefficients between BMD and 
the degrees of disc dehydration and endplate damage 
were significantly higher, which supported the standards 
proposed by Wáng et al. (22,23). Adjusting the T-score 
cutpoints is essential for accurately assessing OP risk and 
prevalence in the Chinese population. These findings 
provide critical evidence for the development of more 
precise screening guidelines and personalized treatment 
strategies.

We utilized the Roussouly classification to categorize 
patients into four subgroups. Our findings revealed that 
in the OP group, type I and II patients exhibited a higher 
degree of disc nucleus dehydration and endplate damage at 
L1/2–L5/S1 than type III and IV patients. Type II patients 
exhibited more severe degeneration than type I patients 
and had lower BMD and higher OSTS than types I, III, 
and IV patients. Roussouly et al. (48) proposed that spinal 
forces result from gravitational forces and posterior spinal 
muscle strength categorized into two directions within each 
functional spinal unit: parallel and perpendicular to the 
endplate, influenced by endplate inclination. Type I and 
II patients have smaller lumbar curvatures, flatter backs, 
and a lower lumbar lordosis apex, with SS angles less than 
35°, resulting in a concentration of forces on the anterior 
structures, specifically the vertebral bodies and IVDs (49,50). 
This distribution leads to higher perpendicular forces on 
the endplate and increased transmission of longitudinal 

loads through the lumbar IVDs than in type III and IV 
patients. Type II, known as ‘flat back’, is characterized by 
a more linear spinal alignment, reduced far-end curvature 
of the lumbar lordosis apex, and a more horizontally-
oriented endplate inclination. Consequently, stress exerted 
perpendicular to the endplate was greater in type II than 
in type I, increasing the risk of OP, LDD, and endplate 
damage (48). Vertebral osteophytes are a characteristic 
feature of LDD (51). We postulate that type II patients 
may exhibit a higher severity of osteophytes, which can 
be correlated with the biomechanical loading conditions 
on their spinal column. Chen et al. (52) investigated the 
relationship between vertebral body marrow fat content 
and spinal sagittal alignment. Their findings revealed that 
types I and II exhibited higher bone marrow fat content 
levels in the L4 and L5 vertebral bodies than types III and 
IV. Another study of 243 patients with LDD showed that 
types I and II, particularly type II, were more likely to 
have advanced disc degeneration (18). These findings are 
consistent with our study results in the OP group. However, 
no significant differences were observed in the extent of 
disc nucleus dehydration, endplate damage, BMD, and 
OSTS among the four subgroups in the control group. We 
speculate that this may be attributed to the composition of 
the control group, which consisted of middle-aged patients 
and those aged over 50 years. These individuals inherently 
exhibit a certain degree of degeneration, and the influence 
of the Roussouly classification may be less pronounced 
compared with asymptomatic young and middle-aged 
individuals.

When comparing spinal segments, we only observed 
a similar degeneration pattern in the L4/5 and L5/S1 
IVDs, consistent with the segment spanning from L1/2 to  
L5/S1. We speculate that this may be attributable to stress 
concentration in the lower lumbar region (53). Increased 
mechanical stress in this region can accelerate degeneration. 
Additionally, our study found that type II patients showed 
higher correlation coefficients between BMD and IVD 
parameters than type I and III patients. This confirms 
the relationship between OP, disc nucleus dehydration, 
and endplate damage, highlighting the importance of 
considering local degenerative damage within overall spinal 
morphology. Personalized preventive treatment measures 
can be implemented for type I and II patients. These may 
include adjusting body positioning to reduce spinal load 
and stress, as well as engaging in targeted exercises to 
strengthen the core muscles. Such measures are beneficial 
for maintaining spinal stability and can help prevent the 
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occurrence and progression of OP, LDD, and osteophyte 
formation.

This study had some limitations. Indicators other than 
BMD were evaluated subjectively by two radiologists. 
Despite comprehensive training, some degree of subjectivity 
was inevitable, possibly influencing the findings. Although 
this study offered a relatively accurate assessment of nucleus 
pulposus dehydration, future research could benefit from 
incorporating quantitative evaluations of disc degeneration 
using techniques such as T2 mapping and T1rho to assess 
the biochemical composition of IVD. With its cross-
sectional design, this retrospective study was conducted 
over an extended period and was prone to potential biases 
introduced by machine factors. Additionally, although 
this study considered the impact of osteophytes on 
BMD measurements, other factors, such as facet joint 
osteoarthritis or abdominal aortic calcification, which can 
affect BMD measurements, were not specifically excluded. 
Therefore, these factors might have influenced the accuracy 
of the results. Furthermore, this study utilized a cutpoint 
of T≤−2.5 for analysis. Although T-scores were adjusted 
for subgroup analysis, future research should adopt T-score 
cutpoints more suitable for the Chinese population: T≤−3.2 
for male and T≤−3.7 for female. Alternatively, the use of 
QCT may provide a more accurate assessment of BMD. 
Moreover, this study excluded patients with fractures, 
whereas patients with OP are prone to develop vertebral 
fragility fractures. This leads to bias in the patient selection 
of our study. Future research should include patients 
with vertebral fractures to obtain more accurate results. 
Finally, this study represents a cross-sectional retrospective 
investigation, which currently precludes the establishment 
of causal relationships. Future longitudinal observational 
studies,  integrating macroscopic and microscopic 
perspectives, are warranted to delve deeper into the intrinsic 
associations between the dynamic changes of OP and IVD 
degenerative alterations, as well as endplate damage.

Conclusions

Patients with OP exhibited higher degrees of LDD and 
endplate damage than the controls. A negative correlation 
was observed between BMD and the extent of LDD and 
endplate damage. Type II patients had the lowest BMD. 
Types I and II displayed significantly greater LDD and 
endplate damage than types III and IV, with type II patients 
experiencing more severe degeneration than type I. These 
findings enhance our understanding of LDD characteristics 

in patients with OP and offer novel insights for personalized 
clinical management.
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