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Original Article

Introduction

Osteoarthritis (OA) is characterized by cartilage attrition 
and joint pain, posing considerable challenges in affected 
individuals. Among the contributing factors to OA patho-
genesis, developmental dysplasia of the hip (DDH) is a dis-
abling musculoskeletal condition that disrupts hip joint 
development.1 DDH is an anatomical deformity that leads 
to uneven stress distribution within the joint, ultimately 
resulting in secondary OA due to alterations in the joint 
structure.2 Notably, the subchondral bone in OA exhibits 
various changes such as trabecular bone thickening, cyst 
formation, decreased bone mineralization, and increased 
bone turnover.3 These alterations in the subchondral trabec-

ular bone microstructure are considered to be  
related to the pathophysiology of OA. Functionally, the 
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Abstract
Objective. This study aimed to investigate the relationship between clinical findings and the trabecular microstructure of 
the subchondral bone in patients with hip osteoarthritis (OA) due to developmental dysplasia of the hip (DDH) using 
multidetector row computed tomography (MDCT). Design. A total of 63 patients (69 hips) with OA due to DDH were 
retrospectively reviewed, with 12 healthy controls being included for comparison. Clinical evaluation was performed using 
the Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire (JHEQ). The trabecular bone microstructure 
was analyzed using MDCT. Regions of interest in the subchondral trabecular bones of the acetabulum and femoral head 
were defined in the coronal view, and various trabecular microstructural parameters were evaluated. Results. Bone volume 
fraction (BV/TV) and trabecular thickness (Tb.Th) exhibited a significant positive correlation with the OA stage, whereas 
trabecular separation (Tb.Sp) showed a negative correlation. In addition, BV/TV and Tb.Th were negatively correlated with 
the JHEQ total and pain scores, whereas Tb.Sp was positively correlated with the pain score in all regions. Conclusions. 
This is the first study to evaluate the bone microstructure and its relationship with clinical findings in patients with hip OA 
due to DDH. Our findings suggest that as OA progresses, osteosclerotic changes increase in the acetabulum and femoral 
head; these changes are associated with worsening clinical symptoms, particularly pain. Targeting the subchondral bone 
may emerge as a novel treatment strategy for patients with OA due to DDH; nevertheless, further comprehensive studies 
are required.
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subchondral trabecular bone acts as a shock absorber that 
protects the articular cartilage; thus, subchondral bone scle-
rosis is considered to decrease the ability to absorb shock, 
leading to cartilage damage.4,5 Moreover, high bone turn-
over increases the release of various cytokines from the 
subchondral bone, resulting in cartilage degeneration.6,7 As 
the cartilage lacks nerve supply, bone pain could be one of 
the primary causes of pain in OA.8 In OA, abnormalities in 
the subchondral bone, as identified by histological analysis, 
are associated with joint pain.9 Despite extensive research, 
the relationship between quantitatively evaluated subchon-
dral trabecular bone microstructure and clinical findings in 
hip OA remains unexplored.

The bone microstructure has been analyzed using 
micro-computed tomography (CT) or pathological exami-
nation, which is limited to an in vitro analysis of extracted 
bone samples. However, with the remarkable development 
of clinical medical imaging techniques, particularly multi-
detector row CT (MDCT), an in vivo analysis of patients’ 
bone microstructure has become possible.10 MDCT pro-
vides high-resolution images; when combined with dedi-
cated software, it facilitates a detailed analysis of 
trabecular bone microstructure without using tissue 
samples.10,11

Recent studies have demonstrated the utility of MDCT 
in assessing bone microstructure in OA. Chiba et  al.10 
examined the subchondral trabecular bone in patients with 
hip OA and identified significant relationships between 
bone structural changes and clinical outcomes. Similarly, 
Oláh et al.11 evaluated subchondral bone sclerosis and its 
correlation with OA progression in knee joints using high-
resolution MDCT. These findings highlight the role of 
MDCT in revealing microstructural changes associated 
with OA, underscoring its importance as a diagnostic tool in 
clinical practice.

The current study aimed to quantify trabecular bone 
changes and elucidate their relationship with clinical find-
ings by investigating the subchondral trabecular bone 
microstructure in the acetabulum and femoral head in 
patients with hip OA due to DDH using MDCT. The nov-
elty of our study lies in its comprehensive evaluation of this 
relationship, which has not been thoroughly investigated in 
previous reports. By focusing on this, our study provides 
valuable insights into the pathophysiology of hip OA due to 
DDH and may lead to the development of novel treatment 
strategies for hip OA.

Methods

Study Participants

This retrospective single-institution study was conducted in 
accordance with the Declaration of Helsinki, and the study 
protocol was approved by the Institutional Review Board of 

our hospital. Informed consent was obtained from all 
participants.

The research participants were patients with OA due to 
DDH (defined as a lateral center-edge angle of <20°) who 
underwent MDCT between February 2016 and March 2020. 
The exclusion criteria were patients with (1) previous hip 
injury or hip surgery, (2) osteonecrosis of the femoral head, 
(3) rheumatoid arthritis, and (4) a history of tumors. In addi-
tion, a control group comprising 12 individuals with 12 hip 
joints (3 men and 9 women; mean age = 56.7 [15-75] years) 
with no history of hip joint disorders, confirmed through 
radiographic evaluation, was included for a comparative 
analysis. Clinical evaluation was performed using the 
Japanese Orthopaedic Association Hip Disease Evaluation 
Questionnaire (JHEQ), which is a patient-reported outcome 
measure (PROM) designed to assess the clinical condition 
of patients with hip disorders. The total score ranges from 0 
point (worst) to 84 points (best). The JHEQ consists of 3 
subscales—pain (0-28 points), movement (0-28 points), 
and mental (0-28 points)—with 0 point representing the 
worst outcome and 28 points representing the best outcomes 
for each subscale.12 Thus, the JHEQ reflects a patient-cen-
tered approach, aligning with the concept of PROMs, which 
emphasizes the patient’s perspective in evaluating health 
outcomes.

Computed Tomography Scanning

All patients and control-group participants underwent 
MDCT of the hip joints from the anterior superior iliac 
spine to the knee joint through the distal femoral condyles 
using a scanner equipped with 160 detectors (Aquilion 
Precision; Canon Medical Systems Corp., Tokyo, Japan). 
Scanning was performed at 120 kV, with an automatic 
exposure control setting ranging from 50 to 550 mAs, and 
0.5-mm slices were obtained. The images were recon-
structed with a field of view of 100 mm, matrix 512 × 512 
pixels, and pitch factor 0.569. The maximum in-plane reso-
lution was 33-line pairs per centimeter at 2%, according to 
the manufacturer’s instructions. The average CT dose 
index-volume and dose length product were 9.7 (range = 
5.9-12.9) mGy and 691 (range = 394-1,012) mGy, respec-
tively, which are comparable to those for conventional tho-
racoabdominal CT scans.13

Region of Interest Configuration  
and Subchondral Trabecular Bone 
Microstructure Analysis

The subchondral trabecular bone microstructure was mea-
sured using a bone structure measurement software 
(TRI/3D-BON-FCS; Ratoc System Engineering Co., 
Tokyo, Japan).14 To distinguish the cartilage from the 
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subchondral bone, CT images were reconstructed to form 
coronal images, and bones with a calcification degree ≥300 
mg/cm3 were extracted for structural analysis. Regions of 
interest (ROIs) were defined in the subchondral trabecular 
bones of the acetabulum and femoral head based on previ-
ous reports.10,13 The method for defining these ROIs was 
established according to the criteria specified in these 
reports. The ROI in the femoral head was defined as 5 mm 
medial, lateral, anterior, and posterior from the top of the 
femoral head, with a depth of 10 mm. The ROI in the ace-
tabulum was defined as 5 mm medial, lateral, anterior, and 
posterior from the center of the acetabular weight-bearing 
portion, with a depth of 10 mm. Both regions were divided 
into 2 areas of equal width—the shallow and deep layers 
(femoral shallow layer [FS], femoral deep layer [FD], ace-
tabular shallow layer [AS], and acetabular deep layer [AD]) 
(Fig. 1). Square columns of 10 × 10 mm² were manually 
set in each slice of the coronal section, and the cartilage was 
manually corrected after automatic extraction. In addition, 
regions without bones, such as bone cysts, were excluded 
from the ROIs.

With respect to the trabecular microstructural parame-
ters, the bone volume fraction (BV/TV), trabecular thick-
ness (Tb.Th), trabecular number (Tb.N), trabecular 
separation (Tb.Sp),15 and structure model index (SMI) were 
evaluated.16 The BV/TV represents the trabecular bone vol-
ume contained in the spatial volume of the inner surface of 
the cortical bone and is the result of a 3-dimensional analy-
sis of bone density. The SMI quantifies the morphology of 
the trabecular bone from rod-like to plate-like structures; 
the smaller the value, the more plate-like the structure. Each 
parameter of the femoral head and acetabular regions was 
compared between the groups.

Statistical Analyses

Statistical analyses were performed using Statcel, the 
Useful Addin Forms on Excel, 4th ed. (OMS Publishing, 
Tokyo, Japan). Four group comparisons of subchondral tra-
becular bone microstructural parameters were conducted 
using the Kruskal–Wallis test. Subsequently, within the OA 
group, further statistical analyses were performed using the 
Dunn–Bonferroni test to analyze the patients’ background 
variables. The correlation between subchondral trabecular 
bone microstructure and both OA stage and JHEQ scores, 
including pain, was assessed using Spearman’s correlation 
analysis. Categorical variables were compared using chi-
squared test. The results are reported as mean±standard 
deviation. For all analyses, statistical significance was set at 
P < 0.05.

Results

The OA group included 63 patients with 69 hip joints (10 
men and 53 women; mean age = 59.4 [17-82] years). The 
OA stage according to the Japanese Orthopaedic Association 
(JOA) classification was early stage in 27 hips, advanced 
stage in 20 hips, and end stage in 22 hips (Table 1).17 No 
significant differences in patient characteristics, including 
age, sex, center-edge angle, and acetabular roof angle, were 
observed in the OA group.

Table 2 presents the results regarding the subchondral 
bone microstructure of the femoral head and acetabulum. 
Comparisons among the 4 regions revealed significant dif-
ferences in the BV/TV, Tb.Th, and Tb.Sp. In addition, the 
FD region showed a significant difference in the SMI, 
whereas the AD region exhibited a significant difference in 
the Tb.N and SMI. In all regions, the BV/TV (end stage vs. 
control: 53.8 vs. 25.6 [FS], 52.3 vs. 21.7 [FD], 59.0 vs. 28.4 
[AS], 52.6 vs. 9.7 [AD]; P < 0.01) and Tb.Th (end stage vs. 
control: 838.2 vs. 336.1 [FS], 838.0 vs. 324.7 [FD], 934.8 
vs. 419.0 [AS], 881.9 vs. 254.6 [AD]; P < 0.01) were sig-
nificantly higher in the end-stage group compared with the 
control group, whereas the Tb.Sp was significantly lower 
(end stage vs. control: 660.2 vs. 1,434.1 [FS], 811.9 vs. 

Figure 1. R egions of interest (ROIs) for the trabecular bone 
microstructure analysis. ROIs were defined in the subchondral 
trabecular bone structures of the acetabulum and femoral head 
in the coronal view. Each ROI is the area of the trabecular 
bone within a 10 × 10 mm2 area. Acetabulum (black area): the 
subchondral bone region at 5 mm medial, lateral, anterior, and 
posterior from the center of the acetabular weight-bearing 
portion, with a depth of 10 mm. Femoral head (blue area): the 
subchondral bone region at 5 mm medial, lateral, anterior, and 
posterior from the top of the femoral head, with a depth of 10 
mm. Both regions were divided into 2 areas of equal width—the 
shallow and deep layers (femoral shallow layer [FS], femoral 
deep layer [FD], acetabular shallow layer [AS], and acetabular 
deep layer [AD]).
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1,601.1 [FD], 668.7 vs. 1,260.1 [AS], 750.7 vs. 3,433.3 
[AD]; P < 0.01) in the end-stage group compared with the 
control group. In addition, these changes were significantly 
observed in the FD and AD regions in the end-stage group 
compared with the early-stage group (P < 0.01).

Table 3 shows the results for the correlation between the 
subchondral trabecular bone microstructure and OA stage 
of the femoral head and acetabulum. In all regions, the BV/

TV (r = 0.49 [FS], 0.57 [FD], 0.60 [AS], 0.61 [AD]; P < 
0.01) and Tb.Th (r = 0.62 [FS], 0.64 [FD], 0.70 [AS], 0.70 
[AD]; P < 0.01) showed a significant positive correlation 
with the OA stage, whereas the Tb.Sp exhibited a signifi-
cant negative correlation with the OA stage (r = −0.39 [FS], 
−0.44 [FD], −0.43 [AS], −0.72 [AD]; P < 0.01).

Table 4 shows the results of the correlation between the 
subchondral trabecular bone microstructure and JHEQ 

Table 1.  Characteristics of Patients.

Control Early stagea Advanced stagea End stagea P

Patient (hips) 12 27 20 22  
Age (years) 56.7 ± 16.9 58.0 ± 16.3 58.8 ± 11.6 62.1 ± 9.8 ns
Sex (Male/female) (n) 3–9 5–22 3–17 4–18 ns
Center-edge angle (degree) 29.4 ± 4.0 14.4 ± 5.2 12.4 ± 7.2 12.8 ± 4.2 <0.01
Acetabular roof angle (degree) 11.4 ± 3.2 28.6 ± 6.8 30.2 ± 7.5 27.0 ± 6.0 <0.01
JHEQ-total score (points) 60.0 ± 15.5 45.5 ± 15.8 30.9 ± 17.2b 24.8 ± 12.4b <0.01
JHEQ-pain score (points) 26.9 ± 2.0 20.7 ± 7.0 16.2 ± 9.8 9.7 ± 5.7b <0.01
JHEQ-move score (points) 17.8 ± 6.5 12.7 ± 6.9 6.2 ± 5.4b 6.0 ± 4.2b <0.01
JHEQ-mental score (points) 16.9 ± 7.0 12.1 ± 7.8 9.3 ± 7.1 8.3 ± 4.5 <0.01

JHEQ = Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire; ns = not significant.
aThe Japanese Orthopaedic Association classification.
bvs. early stage P < 0.05.

Table 2.  Subchondral Bone Microstructure of Each Group.

Control Early stagea Advanced stagea End stagea P

FS BV/TV (%) 25.6 ± 13.4 34.2 ± 18.2 47.3 ± 26.5b 53.8 ± 15.3c,d <0.01
Tb.Th (µm) 336.1 ± 102.9 422.8 ± 171.7 643.1 ± 443.4 838.2 ± 244.9c,d <0.01
Tb.N (1/mm) 0.7 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.7 ± 0.1 ns
Tb.Sp (µm) 1,434.1 ± 1,307.2 1,010.3 ± 643.3 605.2 ± 300.9c 660.2 ± 246.2b <0.01
SMI 1.3 ± 0.5 1.0 ± 0.8 0.7 ± 1.2 1.1 ± 0.8 ns

FD BV/TV (%) 21.7 ± 10.4 22.2 ± 11.4 36.7 ± 21.7 52.3 ± 18.4c,d <0.01
Tb.Th (µm) 324.7 ± 83.4 331.3 ± 83.9 506.8 ± 334.0 838.0 ± 369.7c,d <0.01
Tb.N (1/mm) 0.6 ± 0.2 0.6 ± 0.2 0.7 ± 0.2 0.6 ± 0.1 ns
Tb.Sp (µm) 1,601.1 ± 1,355.2 1,411.4 ± 654.4 986.9 ± 582.8 811.9 ± 486.7b,d <0.01
SMI 1.5 ± 0.4 1.6 ± 0.5 1.0 ± 1.1 0.8 ± 0.9b,d <0.01

AS BV/TV (%) 28.4 ± 11.3 41.0 ± 16.6 58.7 ± 16.0c,d 59.0 ± 16.2c,d <0.01
Tb.Th (µm) 419.0 ± 90.3 604.0 ± 244.7 893.7 ± 255.6c,d 934.8 ± 269.3c,d <0.01
Tb.N (1/mm) 0.7 ± 0.2 0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 ns
Tb.Sp (µm) 1,260.1 ± 775.4 931.8 ± 436.3 644.1 ± 299.1c 668.7 ± 335.5c <0.01
SMI 1.2 ± 0.3 1.2 ± 0.4 0.8 ± 1.1 0.9 ± 0.7 ns

AD BV/TV (%) 9.7 ± 8.2 15.3 ± 17.6 27.3 ± 23.3 52.6 ± 21.2c,d <0.01
Tb.Th (µm) 254.6 ± 78.5 315.3 ± 153.5 449.1 ± 233.9 881.9 ± 377.3c,d <0.01
Tb.N (1/mm) 0.3 ± 0.2 0.4 ± 0.3 0.5 ± 0.3 0.6 ± 0.1c,d <0.01
Tb.Sp (µm) 3,433.3 ± 1,134.9 1,619.7 ± 656.7c 1,052.1 ± 554.5c 750.7 ± 375.8c,d <0.01
SMI 2.1 ± 0.4 2.0 ± 0.7 1.6 ± 0.9 0.9 ± 0.8c,d <0.01

FS = femoral shallow layer; FD = femoral deep-layer; AS = acetabulum shallow layer; AD = acetabulum deep-layer; BV/TV = bone volume fraction; 
Tb.Th = trabecular thickness; Tb.N = trabecular number; Tb.Sp = trabecular separation; SMI = structure model index; ns = not significant.
aThe Japanese Orthopaedic Association classification.
bvs. control P < 0.05.
cvs. control P < 0.01.
dvs. early stage P < 0.01.
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scores, including pain. In all regions, the BV/TV (r = −0.54 
[FS], −0.49 [FD], −0.54 [AS], −0.46 [AD]; P < 0.01) and 
Tb.Th (r = −0.61 [FS], −0.53 [FD], −0.60 [AS], −0.49 
[AD]; P < 0.01) were significantly negatively correlated 
with the JHEQ total score, whereas Tb.Sp was significantly 
positively correlated with the JHEQ total score (r = 0.42 
[FS], 0.41 [FD], 0.43 [AS], 0.42 [AD]; P < 0.01). In addi-
tion, BV/TV (r = −0.62 [FS], −0.61 [FD], −0.65 [AS], 
−0.57 [AD]; P < 0.01) and Tb.Th (r = −0.67 [FS], −0.63 
[FD], −0.67 [AS], −0.58 [AD]; P < 0.01) were significantly 
negatively correlated with the JHEQ pain score, whereas 
Tb.Sp was significantly positively correlated with the JHEQ 
pain score (r = 0.52 [FS], 0.53 [FD], 0.56 [AS], 0.54 [AD]; 
P < 0.01).

Discussion

To the best of our knowledge, this is the first study to evalu-
ate the bone microstructure and its relationship with clinical 
findings in patients with secondary hip OA due to DDH. 
This study revealed that as OA progressed in the hip joint, 
the osteosclerotic changes in the acetabulum and femoral 
head of the subchondral bone increased considerably. 

Furthermore, with the progression of osteosclerosis, 
increases in BV/TV and Tb.Th were significantly associ-
ated with lower JHEQ pain scores. In other words, as the 
stage of hip OA due to DDH advanced, the patients experi-
enced more intense pain. Conversely, the reduction in Tb.Sp 
or narrowing of the space between the trabeculae was also 
associated with increased pain as the stage progressed, 
resulting in lower JHEQ pain scores. These findings sug-
gest that as the stage of hip OA due to DDH progresses, the 
bone becomes denser and the trabeculae thicken, contribut-
ing to worsened pain.

Imaging modalities such as magnetic resonance imaging 
(MRI) and radiography have been widely used for OA diag-
nosis.18 Unlike conventional radiography, CT enables the 
quantitative assessment of femoral and acetabular morphol-
ogy and provides a 3-dimensional visualization of the hip, 
simplifying the observation of bone morphology.19 
Nonetheless, to date, changes due to hip OA abnormalities 
in the subchondral trabecular bone microstructure have not 
been well understood.

Recent advancements in high-resolution imaging and 
computational techniques have attracted attention in OA 
research because of their ability to detect early alterations in 

Table 3. I nteraction Between the Bone Microstructure and Osteoarthritis Stage.

FS FD AS AD

BV/TV r = 0.49, P < 0.01 r = 0.57, P < 0.01 r = 0.60, P < 0.01 r = 0.61, P < 0.01
Tb.Th r = 0.62, P < 0.01 r = 0.64, P < 0.01 r = 0.70, P < 0.01 r = 0.70, P < 0.01
Tb.N ns ns ns r = 0.44, P < 0.01
Tb.Sp r = −0.39, P < 0.01 r = −0.44, P < 0.01 r = −0.43, P < 0.01 r = −0.72, P < 0.01
SMI ns r = −0.38, P < 0.01 r = −0.24, P < 0.05 r = −0.53, P < 0.01

FS = femoral shallow layer; FD = femoral deep-layer; AS = acetabulum shallow layer; AD = acetabulum deep-layer; BV/TV = bone volume fraction; 
Tb.Th = trabecular thickness; Tb.N = trabecular number; Tb.Sp = trabecular separation; SMI = structure model index; ns = not significant.

Table 4. I nteraction Between the Bone Microstructure and JHEQ.

JHEQ-total score JHEQ-pain score

  FS FD AS AD FS FD AS AD

BV/TV r = −0.54,  
P < 0.01

r = −0.49,  
P < 0.01

r = −0.54,  
P < 0.01

r = −0.46,  
P < 0.01

r = −0.62, P 
< 0.01

r = −0.61,  
P < 0.01

r = −0.65,  
P < 0.01

r = −0.57,  
P < 0.01

Tb.Th r = −0.61,  
P < 0.01

r = −0.53,  
P < 0.01

r = −0.60,  
P < 0.01

r = −0.49,  
P < 0.01

r = −0.67, P 
< 0.01

r = −0.63,  
P < 0.01

r = −0.67,  
P < 0.01

r = −0.58,  
P < 0.01

Tb.N ns ns ns r = −0.35,  
P < 0.01

ns r = −0.23,  
P < 0.05

ns r = −0.49,  
P < 0.01

Tb.Sp r = 0.42,  
P < 0.01

r = 0.41,  
P < 0.01

r = 0.43,  
P < 0.01

r = 0.42,  
P < 0.01

r = 0.52, P 
< 0.01

r = 0.53,  
P < 0.01

r = 0.56,  
P < 0.01

r = 0.54,  
P < 0.01

SMI r = 0.24,  
P < 0.05

r = 0.36,  
P < 0.01

r = 0.24,  
P < 0.05

r = 0.41,  
P < 0.01

r = 0.28, P 
< 0.05

r = 0.42,  
P < 0.01

r = 0.26,  
P < 0.05

r = 0.40,  
P < 0.01

FS = femoral shallow layer; FD = femoral deep-layer; AS = acetabulum shallow layer; AD = acetabulum deep-layer; BV/TV = bone volume 
fraction; Tb.Th = trabecular thickness; Tb.N = trabecular number; Tb.Sp = trabecular separation; SMI = structure model index; JHEQ = Japanese 
Orthopaedic Association Hip Disease Evaluation Questionnaire; ns = not significant.
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the bone structure. Although pathological examination and 
micro-CT are considered useful for analyzing the bone 
microstructure in detail,20-23 obtaining tissue samples from 
patients with OA at each stage is difficult. In this study, 
MDCT was utilized to record detailed images at each stage 
without obtaining tissue samples.

Clinical MDCT has been used to analyze the human hip 
joint.10,24 Diederichs et al.24 investigated the trabecular bone 
structure using MDCT and suggested the feasibility of an in 
vivo assessment of bone architecture in clinical practice. 
Chiba et al.10 examined the subchondral trabecular bone in 
patients with OA using MDCT and reported that as the joint 
space decreased, the BV/TV and Tb.Th increased, whereas 
the Tb.Sp, Tb.N, and SMI decreased. They considered these 
changes in the bone trabecular structure to be the pathogen-
esis of osteosclerosis in OA. In addition, osteosclerotic 
changes in the subchondral bone microstructure were 
strongly correlated with OA severity, with sclerotic changes 
increasing as the disease progressed.11,25 The microstruc-
tural changes observed in the subchondral trabecular bone 
of patients with OA in our study were consistent with the 
findings of Chiba et al.,10 indicating osteosclerotic changes 
in both the femoral head and acetabular regions. 
Furthermore, our results demonstrated a correlation between 
osteosclerotic changes and OA-severity classification, 
which is in agreement with previous reports.10,11 In addi-
tion, the degree of subchondral bone sclerosis correlated 
with the clinical symptoms and scores of patients with OA. 
More severe osteosclerosis was associated with worse clini-
cal outcomes, including increased pain and functional 
impairment.11,25,26

We found that BV/TV and Tb.Th were significantly neg-
atively correlated with the JHEQ pain score, whereas Tb.Sp 
was positively correlated with the JHEQ pain score. This 
suggests that as subchondral bone sclerosis progresses, the 
ability of the subchondral trabecular bone to absorb shock 
decreases, which may lead to cartilage damage and 
increased pain.4,5 Specifically, BV/TV and Tb.Th are the 
indicators of bone density and thickness, and as the stage of 
hip OA due to DDH progresses, these values increase, 
which leads to lower JHEQ pain scores, meaning that the 
patient experiences more intense pain as the bone sclerosis 
advances. On the contrary, the decrease in Tb.Sp with dis-
ease progression also contributed to increased pain, as 
reflected by the lower JHEQ pain scores. These results sug-
gest that with the progression of hip OA due to DDH, the 
trabecular structure becomes denser and more compact, 
reducing the bone’s ability to absorb mechanical stress, thus 
exacerbating pain.

The cartilage is aneural and does not contain pain fibers; 
thus, changes in the cartilage alone are unlikely to be a 
direct source of pain in mild-to-moderate OA.27 In contrast, 
the subchondral bone and osteochondral junction, which 
contain sensory nerve fibers, are regarded as major sources 

of pain in OA.28 Aberrant subchondral bone remodeling, 
abnormal subchondral bone microarchitecture, and the for-
mation of innervated osteochondral junctions and osteo-
phytes are responsible for pain in OA, especially in the later 
stages of the disease.27,28 In addition, the degree of subchon-
dral bone sclerosis correlates with clinical symptoms and 
scores of patients with OA.29 More severe osteosclerosis is 
associated with worse clinical outcomes, including 
increased pain and functional impairment.30

The subchondral bone plays a crucial role in the patho-
genesis and progression of OA. Identifying the causes of 
structural changes in the subchondral trabecular bone could 
lead to the development of drugs that may prevent their 
occurrence and inhibit disease progression.26,30,31 Various 
drugs targeting the subchondral trabecular bone, such as 
bisphosphonates, strontium ranelate, and transforming 
growth factor-β1 inhibitors, have been investigated for their 
potential disease-modifying effects in OA. However, the 
results have been inconsistent, with some studies showing 
benefits and others failing to demonstrate significant 
effects.6,32 The timing and specific targeting of changes in 
the subchondral trabecular bone may be vital for the success 
of these therapies. Further research is necessary to better 
understand the mechanisms underlying the alterations in the 
subchondral trabecular bone and to develop more effective 
drugs capable of preventing or reversing these structural 
changes in OA.

Our study has several limitations. First, the sample size 
was relatively small. Although a significant difference was 
observed in the male-to-female ratio among the groups, no 
significant differences were identified in all parameters 
between the sexes. We believe that this factor did not sig-
nificantly influence our results. A study using a randomly 
selected sample from a larger population can provide clearer 
conclusions. However, compared with other studies on the 
subchondral trabecular bone using MDCT in patients with 
OA, the number of participants in our study was relatively 
large, making the results meaningful. Second, our study 
was cross-sectional, and the accuracy of image analysis was 
limited. A longitudinal study could potentially reveal earlier 
changes in the subchondral trabecular bone in OA. The spa-
tial resolution of our method was insufficient for a complete 
visualization of the trabecular bone, and issues such as the 
partial volume effect and noise from body movements per-
sisted, as reported in previous studies.14 As MDCT contin-
ues to be developed and refined, inaccuracies are expected 
to decrease. Nonetheless, the results of this study are con-
sistent with those of previous studies.9 Therefore, this 
method was used in the present study.

In summary, osteosclerotic changes in the subchondral 
trabecular bone are strongly associated with OA severity, 
and these structural changes correlate with the clinical con-
dition of patients with OA. This underscores the importance 
of assessing alterations in the subchondral trabecular bone 
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for the evaluation and treatment of OA. Although our study 
did not fully elucidate the pathophysiology underlying the 
arthropathic changes, these findings could improve our 
understanding and management of patients with OA due to 
DDH. Our findings may also contribute to the development 
of new treatment strategies targeting the subchondral tra-
becular bone in OA.
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