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Abstract 

Background  Current research on osteoporosis (OP) in hemophilia is insufficient. The suitability of high-resolution 
peripheral quantitative computed tomography (HR-pQCT) for evaluating osteoporosis in hemophilia remains unclear.

Aim  To investigate the current status of osteoporosis and the applicability of HR-pQCT in adult hemophilia patients.

Methods  Thirty three hemophilia patients aged 23–49 years were recruited. X-ray examinations were performed 
on the bleeding joints. Dual energy X-ray absorptiometry (DXA) and HR-pQCT were used to assess bone mineral 
density (BMD). The HR-pQCT values of the distal tibia and radius were compared between hemophilia patients 
and healthy controls(HCs).

Results  All bleeding joints showed local osteoporosis on X-ray. Only 33.3% of patients had a hip BMD lower 
than the expected value according to DXA. The Tb.vBMD(98.5 ± 44.2 mg/cm3), Tt.Ar(612.5 ± 163.5mm2),Tb.
Ar(487.0 ± 175.6mm2), Ct.Ar(117.0 ± 25.7mm2), Tb.BV/TV(0.2 ± 0.1), Tb.N(0.9 ± 0.3 1/mm), Ct.Pm(96.3 ± 13.8 mm) 
of the distal tibia and Tt.Ar(248.4 ± 53.1mm2),Tb.Ar(186.0 ± 55.1mm2), Ct.Ar(66.1 ± 14.4 mm2), Ct.Pm(68.1 ± 7.1 mm) of 
the distal radius in the hemophilia group was significantly lower than the HCs(tibia Tb.vBMD:186.4 ± 44.3mg/cm3, 
Tt.Ar:906.8 ± 135.0mm2,Tb.Ar:743.7 ± 137.6mm2, Ct.Ar:169.3 ± 21.9mm2,Tb.BV/TV:0.3 ± 0.1, Tb.N:1.5 ± 0.2 1/mm,Ct.
Pm:117.8 ± 8.2 mm; radius Tt.Ar:285.7 ± 35.6 mm2, Tb.Ar:83.8 ± 7.9mm2, Ct.Ar:0.3 ± 0.1mm2, Ct.Pm:80.2 ± 4.3 mm) 
with statistically significant differences (p < 0.05). Correlation analysis showed a positive correlation (r = 0.768, p = 0.016) 
between femoral neck BMD with DXA and total volumetric BMD(Tt.vBMD) at the distal tibia.

Conclusion  The bone health status of adult hemophilia patients in China is worrying. The occurrence of OP may be 
accompanied by varying degrees of bone loss, bone destruction, and structural abnormalities observed in both tra-
becular and cortical bones of the upper and lower limbs. The condition of the trabecular bones in the lower limbs 
is particularly severe. The correlation between BMD measurements obtained from HR-pQCT and DXA is strong.
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Introduction
Hemophilia is a rare X-linked recessive hereditary bleed-
ing disorder [1], characterized by recurrent joint bleeds, 
which may be complicated by hemophilic synovitis and 
arthritis [2]. Osteoporosis (OP) is a common comor-
bidity in patients with hemophilia(PWH). A study has 
shown that 27% of PWH have OP and 43% have osteo-
penia [3]. The risk of osteoporotic fractures in patients 
with hemophilia is 4.37 times higher than in the general 
population of the same sex and age group [4]. However, 
the underlying mechanism of hemophilic osteoporosis 
remains unclear, and there is a lack of consensus regard-
ing its screening, prevention, and treatment [5]. Reports 
on the occurrence of osteoporosis in Chinese PWH are 
very limited. Dual-energy X-ray absorptiometry (DXA) 
is currently the gold standard for bone mineral density 
(BMD) testing [6], but it has certain limitations in the 
diagnosis of OP in patients with hemophilia. High-res-
olution peripheral quantitative computed tomography 
(HR-pQCT) is a newly developed method for BMD, bone 
microstructure and bone strength. It has been used for 
older men, postmenopausal women and fracture pre-
diction [7–9] and has been explored as a tool for detect-
ing OP in PWH in two studies [10, 11]. However, the 
HR-pQCT examination results of both studies were not 
compared with the DXA examination results. The value 
of this study is to compensate for this deficiency and pro-
vide a clinical basis for the early diagnosis and screening 
of osteoporosis in PWH by using HR-pQCT to assess the 
bone health status in adult PWH in China, analyze the 
incidence and clinical characteristics of OP.

Materials and methods
Study design and study population
This was a case control study designed to investigate the 
current status of OP with DXA and HR-pQCT in mod-
erate (with FVIII: C 1–5  IU/dL) to severe (with FVIII: 
C < 1  IU/dL) patients with type A hemophilia [12] at 
Peking Union Medical College Hospital.

Thirty-three adult male PWH were included in this 
study.The following were excluded from participation 
in the data collection: (1) motor dysfunction caused by 
trauma or other diseases; (2) joint abnormalities caused 
by other congenital hereditary disease or developmental 
abnormalities; (3) severe diseases of vital organs such as 
hearts, lungs and kidneys; (4) joint or muscle bleeding in 
the past two weeks.

The healthy controls (HCs) consisted of thirty-three 
healthy adult males aged 31.8 ± 7.6 years. Inclusion Crite-
ria: (1) in good health; (2) 18–50 years old. Exclusion Cri-
teria: (1) motor dysfunction caused by trauma or other 
diseases; (2) joint abnormalities caused by other congeni-
tal hereditary disease or developmental abnormalities.

We received PWH from all over China to collect basic 
clinical information including the modalities and dos-
age of alternative treatments, duration and the timing of 
initiation of prophylaxis. X-ray of the hemorrhagic joints 
and HR-pQCT of the distal upper and lower extremities 
were performed respectively, and BMD of the hip and 
lumbar spine was measured using DXA.

The study was approved by the Medical Ethics Com-
mittee of Peking Union Medical College Hospital, Beijing, 
China(NO.I-25PJ0326) and was conducted in accordance 
with the Helsinki Declaration. Written informed consent 
was obtained from each patient.

DXA
The DXA technique was used to collect the areal BMD of 
the lumbar spine and proximal femur (Prodigy Advance; 
GE Lunar Corporation, Madison, WI, USA), while ante-
rior and lateral X-ray examinations of affected joints with 
a history of bleeding was performed at the Radiology 
Department of Peking Union Medical College Hospital. 
According to the World Health Organization (WHO) 
classification system [6], the Z‐score is recommended 
for patients under 50  years of age and the scores are 
compared with expected BMD levels of an age‐matched 
healthy population. A Z-score of −2 standard deviations 
or below is considered “lower than expected for age”, 
Z-score between −2 and −1 standard deviations are “low 
normal”, and Z-scores above −1 standard deviation are 
considered normal [13].

HR‑pQCT
In this study, HR-pQCT scans (Xtreme CTII, Scanco 
Medical AG, Brüttisellen, Switzerland) in distal tibia 
and radius were performed on the left limb with a high 
history of bleeding. Each image was composed of 168 
slices with an isotropic resolution of 61  μm. The scan 
region was positioned 9.0  mm and 22.0  mm proximal 
to the reference line for the distal radius and distal tibia, 
respectively. Image analysis was performed according to 
the manufacturers’ standard in  vivo acquisition proto-
cols [14]. The following three types of parameters were 
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calculated directly and reported automatically [15]. Vol-
umetric BMD (vBMD) parameters included total volu-
metric BMD (Tt.vBMD), trabecular volumetric BMD 
(Tb.vBMD), and cortical volumetric BMD (Ct.vBMD), 
which were derived from their respective volumes and 
expressed in mg hydroxyapatite (mg/cm3). The geomet-
ric structural parameters of bones included total area 
(Tt.Ar, mm2), trabecular area (Tb.Ar, mm2), and cortical 
area (Ct.Ar, mm2). The bone microstructure parameters 
included trabecular bone volume/total volume (Tb.BV/
TV), trabecular number (Tb.N, 1/mm), trabecular thick-
ness (Tb.Th, mm), trabecular separation (Tb.Sp, mm), 
trabecular heterogeneity (Tb.1/N.SD, tmm), cortical 
thickness (Ct.Th, mm), Cortical perimeter (Ct.Pm, mm) 
and cortical porosity (Ct.Po, %). The HR-pQCT param-
eters in the left distal tibia and radius of 33 healthy males 
who were matched in age, height, and weight to the PWH 
were searched from the HR-pQCT database [14].

Statistical analysis
Statistical analysis was performed using the SPSS 25.0 
statistical software package. An independent sample t 
test was used to compare the differences in HR-pQCT 
parameters between the PWH and the HCs. The Pearson 
correlation analysis was used to determine the correla-
tion between the two types of BMD value. Difference was 
considered as statistically significant when P < 0.05.

Results
Participant characteristics
A total of 33 men with hemophilia type A aged 
31.1 ± 8.4  years (from 23 to 49  years old), including 
twenty-two severe patients and eleven moderate patients, 
and receiving FVIII prophylaxis (10–15  IU/kg/injection, 
2–3 injections per week, for 1  month to 4  years),were 
included in this study. All patients had a history of left 
lower limb joint bleeds. Twenty-nine patients had a 
history of right lower limb joint bleeds. Twenty-eight 
patients had a history of left upper limb joint bleeds, and 
twenty-six patients had a history of right upper limb joint 
bleeds. The joint bleeding rate in the past year was 0–5 
times.

The incidence of OP in adult PWH
According to the X-ray reports of the radiology depart-
ment on the bleeding joints, all bleeding joints were 
exhibited by varying degrees of local OP, with an inci-
dence rate of 100% (Fig. 1 for an example). Accordingto 
the Z-value with DXA, only 11/33 patients (33.3%) had 

hip BMD lower than the expected age, while there were 
no significant abnormalities in lumbar BMD.

Differences in HR‑pQCT parameters between PWH and HCs
Compared with HCs, the Tb.vBMD, Tt.Ar, Tb.Ar, Ct.Ar, 
Tb.BV/TV, Tb.N and Ct.Pm of the left distal tibia in 
PWH were significantly lower, with a statistically sig-
nificant difference (p < 0.05); the Tt.vBMD, Ct.vBMD 
and Ct.Th were slightly lower than the HCs, the Tb.Sp 
and Tb1/N.SD were slightly higher than those of the 
HCs, with no statistically significant difference (p > 0.05) 
(Table 1), indicating that the BMD, geometric structure, 
and microstructure of the distal tibial trabecular bone in 
PWH were significantly abnormal. The geometric struc-
ture and microstructure of the cortical bone were also 
abnormal, with more prominent trabecular bone loss and 
structural damage of the lower limb bones.

Compared with HCs, the bone geometry parameters 
Tt.Ar, Tb.Ar and Ct.Ar and bone microstructure index 
Ct.Pm of the left distal radius in PWH significantly 
decreased, and the difference was statistically significant 
(p < 0.05); Tt.vBMD, Tb.vBMD, Ct.vBMD, Tb.BV/TV, 
Tb.N, and Ct.Th were slightly lower than in HCs, Tb.Sp 
and Tb.1/N.SD were slightly higher than in HCs, and 
the difference was not statistically significant (p > 0.05) 

Fig. 1  Example of anterior-position X-ray of bilateral ankle joints 
in a 36 year old patient
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(Table  2), indicating that the distal radius was mainly 
characterized by abnormal bone geometric structures of 
cortical and trabecular bones, accompanied by abnormal 
bone microstructure of cortical bones. However, bone 
loss and structural damage in the upper limb bones were 
milder than those of lower limb bones.

Correlation between DXA and HR‑pQCT BMD detection 
results in the PWH
The correlation analysis between the two BMD detec-
tion methods (Table  3) showed a positive correlation 
(r = 0.768, p = 0.016, Fig.  2) between DXA femoral neck 
BMD and left distal tibia Tt.vBMD; the Wards triangle 
BMD was also positively correlated with the left distal 
tibia Tt.vBMD (r = 0.733, p = 0.025, Fig.  3), indicating 
good consistency between the BMD results of the HR-
pQCT and the DXA methods.

Discussion
Osteoporosis is a serious complication of hemophilia. 
Katsarou conducted DXA examinations on 78 moder-
ate to severe PWH aged 18–60 and found that the pro-
portion of patients with decreased bone density in the 
femoral neck and lumbar spine was 86.1% and 65.3%, 
respectively. Among them, 30.5% of patients who 

underwent femoral neck BMD examination experienced 
bone loss and 55.6% had osteoporosis. Among patients 
undergoing lumbar BMD examination, 52% experienced 
bone loss and 13.3% had osteoporosis [16]. Wu et al. used 
the DXA to study and found that in 53 severe hemo-
philia A patients aged 20–69, the incidence of osteopo-
rosis was 41.51% [17]. The BMD in femoral neck, Wards 
triangle, greater trochanter and hip joint of PWH were 
significantly lower than those of HCs, while there was 
no significant difference in lumbar BMD. This suggested 
that the BMD of severe hemophilia A patients was much 

Table 1  Comparison of HR-pQCT parameters in the left distal 
tibia between PWH and HCs

Abbreviations: Tt.vBMD total volumetric BMD, Tb.vBMD trabecular volumetric 
BMD, Ct.vBMD cortical volumetric BMD, Tt.Ar total area, Tb.Ar trabecular area, Ct.
Ar cortical area, Tb.BV/TV trabecular bone volume/total volume, Tb.N trabecular 
number, Tb.Th trabecular thickness, Tb.Sp trabecular separation, Tb.1/N. SD 
trabecular heterogeneity, Ct.Th cortical thickness, Ct.Pm Cortical perimeter, Ct.
Po cortical porosity, PWH patients with hemophilia, HCs healthy controls, x ± s 
mean ± standard deviation
a Denotes a P value < .05, showing a significant difference between PWH and HCs

Parameters PWH 
(Mean ± SD) 
(n = 33)

HCs (Mean ± SD) (n = 33) P value

Tt.vBMD (mg/cm3) 268.6 ± 76.2 324.8 ± 56.6 0.095

Tb.vBMD (mg/cm3) 98.5 ± 44.2 186.4 ± 44.3 0.001a

Ct.vBMD (mg/cm3) 922.1 ± 56.7 933.0 ± 35.1 0.634

Tt.Ar (mm2) 612.5 ± 163.5 906.8 ± 135.0 0.001a

Tb.Ar (mm2) 487.0 ± 175.6 743.7 ± 137.6 0.003a

Ct.Ar (mm2) 117.0 ± 25.7 169.3 ± 21.9 0.000a

Tb.BV/TV 0.2 ± 0.1 0.3 ± 0.1 0.000a

Tb.N (1/mm) 0.9 ± 0.3 1.5 ± 0.2 0.000a

Tb.Th (mm) 0.3 ± 0.1 0.3 ± 0.0 0.590

Tb.Sp (mm) 0.7 ± 0.2 0.6 ± 0.1 0.195

Tb.1/N.SD (tmm) 0.3 ± 0.1 0.3 ± 0.0 0.227

Ct.Th (mm) 1.5 ± 0.3 1.7 ± 0.3 0.147

Ct.Pm (mm) 96.3 ± 13.8 117.8 ± 8.2 0.001a

Ct.Po (%) 0.0 ± 0.0 0.0 ± 0.0 0.637

Table 2  Comparison of HR-pQCT parameters in the left distal 
radius between PWH and HCs

Abbreviations: Tt.vBMD total volumetric BMD, Tb.vBMD trabecular volumetric 
BMD, Ct.vBMD cortical volumetric BMD, Tt.Ar total area, Tb.Ar trabecular area, Ct.
Ar cortical area, Tb.BV/TV trabecular bone volume/total volume, Tb.N trabecular 
number, Tb.Th trabecular thickness, Tb.Sp trabecular separation, Tb.1/N. SD 
trabecular heterogeneity, Ct.Th cortical thickness, Ct.Pm Cortical perimeter, Ct.
Po cortical porosity, PWH patients with hemophilia, HCs healthy controls, x ± s 
mean ± standard deviation
a Denotes a P value < .05, showing a significant difference between PWH and HCs

Parameters PWH 
(Mean ± SD) 
(n = 33)

HCs (Mean ± SD) 
(n = 33)

P value

Tt.vBMD (mg/cm3) 339.7 ± 48.6 362.3 ± 83.1 0.517

Tb.vBMD (mg/cm3) 156.2 ± 55.9 177.3 ± 46.2 0.425

Ct.vBMD (mg/cm3) 899.6 ± 33.2 920.3 ± 47.0 0.326

Tt.Ar (mm2) 248.4 ± 53.1 365.2 ± 39.6 0.000a

Tb.Ar (mm2) 186.0 ± 55.1 285.7 ± 35.6 0.001a

Ct.Ar (mm2) 66.1 ± 14.4 83.8 ± 7.9 0.009a

Tb.BV/TV 0.2 ± 0.1 0.3 ± 0.1 0.472

Tb.N (1/mm) 1.3 ± 0.3 1.6 ± 0.2 0.154

Tb.Th (mm) 0.2 ± 0.0 0.2 ± 0.0 0.783

Tb.Sp (mm) 0.7 ± 0.2 0.6 ± 0.1 0.126

Tb.1/N.SD (tmm) 0.3 ± 0.1 0.2 ± 0.0 0.135

Ct.Th (mm) 1.2 ± 0.1 1.2 ± 0.3 0.787

Ct.Pm (mm) 68.1 ± 7.1 80.2 ± 4.3 0.001a

Ct.Po (%) 0.0 ± 0.0 0.0 ± 0.0 0.177

Table 3  Correlation analysis of BMD detection values between 
DXA (Z score) and HR-pQCT in PWH

Abbreviations: BMD bone mineral density, Tt.vBMD total volumetric BMD
b Denotes a P value < .05, showing a significant correlation between the DXA 
femoral neck BMD and the left distal tibia Tt.vBMD, the Wards triangle BMD and 
the left distal tibia Tt.vBMD

Correlative factor Pearson coefficient 
r-value

P value

Femoral neck BMD (−1.1 ± 1.0)—
Tt.vBMD (268.6 ± 76.2 mg/cm3)

0.768 0.016b

Wards Triangle BMD (−1.5 ± 0.9)—
Tt.vBMD (268.6 ± 76.2 mg/cm3)

0.733 0.025b
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Fig. 2  Scatter plot of relationship between femoral neck BMD and Tt.vBMD

Fig. 3  Scatter plot of relationship between Wards Triangle BMD and Tt.vBMD
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lower than that of the healthy population, and the differ-
ence was mainly manifested in the hip.Nair et al. studied 
50 severe PWH aged 20–50 who received on-demand 
treatment and found that the risk of fractures in PWH 
was significantly increased, 21.4–24 times that of other 
patient populations of identical gender and age [18]. This 
study found that through X-ray examination, the inci-
dence of local OP in moderate to severe PWH with an 
average age of 31  years old was as high as 100%. Using 
the HR-pQCT method to detect the vBMD of peripheral 
bone,we found that the Tb.vBMD in the left distal tibia of 
PWH was significantly lower than that of HCs (p < 0.05); 
Tt.vBMD and Ct.vBMD were slightly lower than HCs 
(p > 0.05); the Tt.vBMD, Tb.vBMD, and Ct.vBMD of the 
left distal radius were slightly lower than those of HCs 
(p > 0.05), indicating that peripheral bone loss was very 
common in peripheral joint affected by hemophilia. 
Trough DXA method, we found that 33.3% of adult PWH 
had hip BMD lower than the expected age, meeting the 
diagnostic criteria for OP, while there were no significant 
abnormalities in lumbar BMD, indicating that PWH was 
mainly characterized by a decrease in hip BMD, which 
was consistent with previous research results [16, 17].

Although DXA is widely used in BMD detection, DXA 
only evaluates 2D areal bone mineral density and does 
not provide details of microarchitecture of cortical and 
cancellous bones. Besides, there might be false increases 
of BMD due to bone hyperplasia, spinal degeneration and 
aortic calcification in lumbar spine DXA. In addition, due 
to the influence of body and bone size, its use for evaluat-
ing BMD in children and adolescents is challenged, and 
it is difficult to display early bone loss or peripheral bone 
loss in adult PWH. A report using DXA method to study 
the BMD of PWH showed that the total hip and femoral 
neck BMD of severe adult PWH were significantly lower 
than those of HCs, but there was no significant difference 
in lumbar BMD compared to the HCs; 19.4% of PWH 
patients under 50  years old had BMD Z-values lower 
than expected age, while 60% of PWH patients over 
50 years old had BMD T-values that meeted OP diagnos-
tic criteria, and 20% showed decreased bone mass [19]. 
DXA is limited in evaluating hemophilic OP due to a lack 
of sensitivity and specificity. Christoforidis attempted 
to use quantitative ultrasound methods to evaluate the 
bone health status of children PWH, but found that only 
a small number of children and young adults PWH had 
bone health damage detected, and there was no correla-
tion between quantitative ultrasound and DXA methods 
in displaying bone health damage in hemophilia [20]. 
HR-pQCT allows noninvasive assessment of bone micro-
structure and vBMD at peripheral sites at high resolu-
tion (82 μm isotropic voxel size) and with relatively low 
radiation exposures (3–5 μSv) [21]. Moreover, HR-pQCT 

can reflect bone health status from various aspects such 
as bone density, bone geometry, bone microstructure, 
and bone strength through three-dimensional evalua-
tion of cortical and trabecular bones [22, 23]. Lee et  al. 
evaluated the skeletal condition of 18 adult PWH using 
HR-pQCT and found that compared to HCs, PWH had 
decreased trabecular and cortical bone BMD and bone 
strength, abnormal bone microstructure, and a negative 
correlation between Gilbert joint score and BMD, sug-
gesting a correlation between the severity of hemophilic 
arthritis and decreased BMD [11]. Xafaki et al. also used 
the HR-pQCT method to evaluate the bone characteris-
tics of children with hemophilia and found that subjects 
with a history of target joints in the upper limbs had 
significantly lower bone density of the radial trabecular 
bone in the target area than in the non-target area, sub-
jects with left upper limb target joints had significantly 
lower bone density of the left radial trabecular bone 
than those without target joints, the cortical bone mass 
and geometric parameters of the inhibitor group were 
lower than those of HCs, and the left and right differ-
ences and left dominance of the upper and lower limbs 
were significant, indicating long bone abnormalities in 
children with hemophilia, low trabecular bone density in 
the upper limbs and poor cortical bone mass in the lower 
limbs were confirmed [10]. In this study, the femoral 
neck BMD with DXA method showed a positive corre-
lation with left distal tibia Tt.vBMD. The Wards triangle 
BMD was also positively correlated with the left distal 
tibia Tt.vBMD, indicating good consistency between the 
HR-pQCT and DXA BMD detection results. In addi-
tion, a multidimensional analysis of the bone health sta-
tus of PWH was conducted using HR-pQCT. The results 
showed that in addition to a decrease in BMD, there 
were also significant abnormalities in bone geometry 
and microstructure in the distal tibial trabecular bone of 
PWH. The bone geometry and microstructure of cortical 
bone were also abnormal. In comparison, bone loss and 
structural damage in the lower limb trabecular bone were 
more prominent, which might be associated with more 
bleeding in the joints of the lower extremities and more 
severe hemophilic arthritis in PWH. On the other hand, 
the distal radius of the upper limb was mainly character-
ized by abnormal bone geometric structures of cortical 
and trabecular bones, accompanied by abnormal bone 
microstructure of cortical bones. However, bone loss and 
structural damage were milder than those of the lower 
limb bones. It indicated that there was varying degrees of 
bone loss and structural abnormalities in the trabecular 
and cortical bones of the peripheral bones of the upper 
and lower limbs in hemophilia. The mechanism of osteo-
porosis in hemophilia may be very complex, and periph-
eral mechanisms may play an important role.
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The major limitation of the study is the small sample size.
We look forward to recruiting more hemophilia patients 
and conducting further related research in the future. 
Additionally, due to the lack of HR-pQCT reference values 
for healthy children, we were unable to compare the dif-
ferences in bone health between children with hemophilia 
and HCs.

Conclusion
This clinical study suggested that in Chinese adults PWH, 
the local OP in hemorrhagic joints was common, and the 
loss of trabecular bone and bone structure of the lower 
limbs were more significant, while the bone geometry of 
cortical bone and trabecular bone was mainly abnormal 
in the upper limbs. DXA method has low sensitivity for 
hemophilic OP. HR-pQCT is expected to be a useful com-
plementary tool for hemophilia OP.

Abbreviations
OP	� Osteoporosis
 HR-pQCT	� High-resolution peripheral quantitative computed tomography
DXA	� Dual energy X-ray absorptiometry
BMD	� Bone mineral density
HCs	� Healthy controls
PWH	� Patients with hemophilia
Tt.Vbmd	� Total volumetric BMD
Tb.vBMD	� Trabecular volumetric BMD
Ct.vBMD	� Cortical volumetric BMD
Tt.Ar	� Total area
Tb.Ar	� Trabecular area
Ct.Ar	� Cortical area
Tb.BV/TV	� Trabecular bone volume/total volume
Tb.N	� Trabecular number
Tb.Th	� Trabecular thickness
Tb.Sp	� Trabecular separation
Tb.1/N. SD	� Trabecular heterogeneity
Ct.Th	� Cortical thickness
Ct.Pm	� Cortical perimeter
Ct.Po	� Cortical porosity

Acknowledgements
We thank Professor Kuixing Li for her kind support and help. We are grateful to 
the boys and families who participated in this study, without whom the work 
reported in this article would not have been possible.

Clinical trial number
Not applicable.

Authors’ contributions
Ying Liu conceived the project, Ying Liu, Mingnan Shi and Ying Ge performed 
the study and data collection, Li Zhang completed HR-pQCT scans and image 
analysis. Ying Liu and Lixia Chen analysed the data, Weibo Xia provided input 
on data analysis, as well as critical review and revision of the manuscript for 
import intellectual content. All authors approved the final manuscript for 
submission.

Funding
This trial was supported by the Central High level Hospital Clinical Research 
Special Foundation of Peking Union Medical College Hospital (Grant number 
2022-PUMCH-B-131).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was approved by the Medical Ethics Committee of Peking Union 
Medical College Hospital, Beijing, China and was conducted in accordance 
with the Helsinki Declaration. A written informed consent was obtained from 
each patient.

Consent for publication
All authors have read and approved the final manuscript and consent to its 
publication.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Rehabilitation Medicine, Peking Union Medical College Hospi-
tal, Chinese Academy of Medical Science, Dongcheng District, Beijing 100730, 
China. 2 Department of Endocrinology, Peking Union Medical College Hospital, 
Chinese Academy of Medical Science, Beijing, China. 

Received: 2 December 2024   Accepted: 26 February 2025

References
	1.	 Berntorp E, Fischer K, Hart DP, Mancuso ME, Stephensen D, Shapiro AD, 

Blanchette V. Haemophilia Nat Rev Dis Primers. 2021;7(1):45.
	2.	 van Vulpen LFD, Holstein K, Martinoli C. Joint disease in haemophilia: 

Pathophysiology, pain and imaging. Haemophilia. 2018;24(Suppl 6):44–9.
	3.	 Gerstner G, Damiano ML, Tom A, Worman C, Schultz W, Recht M, Stopeck 

AT. Prevalence and risk factors associated with decreased bone mineral 
density in patients with haemophilia. Haemophilia. 2009;15(2):559–65.

	4.	 Tuan SH, Hu LY, Sun SF, Huang WY, Chen GB, Li MH, Liou IH. Risk of 
osteoporotic fractures as a consequence of haemophilia: A nationwide 
population-based cohort study. Haemophilia. 2019;25(5):876–84.

	5.	 Petkovic MJ, Tran HA, Ebeling PR, Zengin A. Osteoporosis management 
and falls prevention in patients with haemophilia: Review of haemophilia 
guidelines. Haemophilia. 2022;28(3):388–96.

	6.	 Watts NB, Adler RA, Bilezikian JP, Drake MT, Eastell R, Orwoll ES, Finkelstein 
JS, Endocrine S. Osteoporosis in men: an Endocrine Society clinical prac-
tice guideline. J Clin Endocrinol Metab. 2012;97(6):1802–22.

	7.	 Fink HA, Langsetmo L, Vo TN, Orwoll ES, Schousboe JT, Ensrud KE. 
Osteoporotic Fractures in Men Study G: Association of High-resolution 
Peripheral Quantitative Computed Tomography (HR-pQCT) bone micro-
architectural parameters with previous clinical fracture in older men: The 
Osteoporotic Fractures in Men (MrOS) study. Bone. 2018;113:49–56.

	8.	 Sornay-Rendu E, Boutroy S, Duboeuf F, Chapurlat RD. Bone Microarchitec-
ture Assessed by HR-pQCT as Predictor of Fracture Risk in Postmenopau-
sal Women: The OFELY Study. J Bone Miner Res. 2017;32(6):1243–51.

	9.	 Mikolajewicz N, Bishop N, Burghardt AJ, Folkestad L, Hall A, Kozloff KM, 
Lukey PT, Molloy-Bland M, Morin SN, Offiah AC, et al. HR-pQCT Measures 
of Bone Microarchitecture Predict Fracture: Systematic Review and Meta-
Analysis. J Bone Miner Res. 2020;35(3):446–59.

	10.	 Xafaki P, Balanika A, Pergantou H, Papakonstantinou O, Platokouki H. 
Impact of target joint and FVIII inhibitor omicronn bone properties 
in children with haemophilia A: A peripheral quantitative computed 
tomography study. Haemophilia. 2018;24(5):800–6.

	11.	 Lee A, Boyd SK, Kline G, Poon MC. Premature changes in trabecular and 
cortical microarchitecture result in decreased bone strength in hemo-
philia. Blood. 2015;125(13):2160–3.

	12.	 Thrombosis, Hemostasis Group HSoCMA, Hemophilia Treatment Center 
Collaborative Network of C: Consensus of Chinese expert on the diagno-
sis and treatment of hemophilia (version 2017). Chinese J Hematol 2017, 
38(5):364–370.

	13.	 Lewiecki EM, Gordon CM, Baim S, Leonard MB, Bishop NJ, Bianchi ML, 
Kalkwarf HJ, Langman CB, Plotkin H, Rauch F, et al. International Society 
for Clinical Densitometry 2007 Adult and Pediatric Official Positions. Bone. 
2008;43(6):1115–21.



Page 8 of 8Liu et al. BMC Musculoskeletal Disorders          (2025) 26:242 

	14.	 Yu F, Xu Y, Hou Y, Lin Y, Jiajue R, Jiang Y, Wang O, Li M, Xing X, Zhang L, 
et al. Age-, Site-, and Sex-Specific Normative Centile Curves for HR-pQCT-
Derived Microarchitectural and Bone Strength Parameters in a Chinese 
Mainland Population. J Bone Miner Res. 2020;35(11):2159–70.

	15.	 Whittier DE, Boyd SK, Burghardt AJ, Paccou J, Ghasem-Zadeh A, Chapurlat 
R, Engelke K, Bouxsein ML. Guidelines for the assessment of bone density 
and microarchitecture in vivo using high-resolution peripheral quantita-
tive computed tomography. Osteoporos Int. 2020;31(9):1607–27.

	16.	 Katsarou O, Terpos E, Chatzismalis P, Provelengios S, Adraktas T, Had-
jidakis D, Kouramba A, Karafoulidou A. Increased bone resorption is 
implicated in the pathogenesis of bone loss in hemophiliacs: correla-
tions with hemophilic arthropathy and HIV infection. Ann Hematol. 
2010;89(1):67–74.

	17.	 Wu D, Shen S. Osteoporosis and associated risk factors in patients with 
severe hemophilia A: a case-control study from China. BMC Musculo-
skelet Disord. 2023;24(1):657.

	18.	 Nair AP, Jijina F, Ghosh K, Madkaikar M, Shrikhande M, Nema M. Osteo-
porosis in young haemophiliacs from western India. Am J Hematol. 
2007;82(6):453–7.

	19.	 Ekinci O, Demircioglu S, Dogan A, Merter M, Yildiz S, Demir C. Decreased 
bone mineral density and associated factors in severe haemophilia A 
patients: A case-control study. Haemophilia. 2019;25(5):e315–21.

	20.	 Christoforidis A, Economou M, Papadopoulou E, Kazantzidou E, 
Gompakis N, Athanassiou-Metaxa M. Bone status of children with 
hemophilia A assessed with quantitative ultrasound sonography (QUS) 
and dual energy X-ray absorptiometry (DXA). J Pediatr Hematol Oncol. 
2010;32(7):e259–263.

	21.	 Geusens P, Chapurlat R, Schett G, Ghasem-Zadeh A, Seeman E, de Jong 
J, van den Bergh J. High-resolution in vivo imaging of bone and joints: a 
window to microarchitecture. Nat Rev Rheumatol. 2014;10(5):304–13.

	22.	 Yang H, Yan K, Yuping X, Zhang Q, Wang L, Gong F, Zhu H, Xia W, Pan 
H. Bone microarchitecture and volumetric bone density impairment in 
young male adults with childhood-onset growth hormone deficiency. 
Eur J Endocrinol. 2019;180(2):145–53.

	23.	 Cui L, Xu Y, Xu Q, Jiang Y, Wang O, Li M, Xing X, Xia W. Atypical Femoral 
Fracture Associated With Overuse of Bisphosphonate Evaluated by High-
Resolution Peripheral Quantitative Computed Tomography (HR-pQCT). J 
Clin Densitom. 2020;23(2):329–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Analysis of the current status and characteristics of osteoporosis in adult hemophilia patients based on high-resolution peripheral quantitative computed tomography: a case control study
	Abstract 
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and study population
	DXA
	HR-pQCT
	Statistical analysis

	Results
	Participant characteristics
	The incidence of OP in adult PWH
	Differences in HR-pQCT parameters between PWH and HCs
	Correlation between DXA and HR-pQCT BMD detection results in the PWH

	Discussion
	Conclusion
	Acknowledgements
	References


