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Abstract
In steroid-induced osteonecrosis of the femoral head (SIONFH), cystic changes
exhibit a “double-edged sword” effect. The Huoxue Tongluo method demon-
strates excellent efficacy in early-stage SIONFH, but its regulatory effects on
proteins involved in bone resorption, angiogenesis, and osteogenesis in cystic
changes remain unclear.

Objective: To investigate the effects of the Huoxue Tongluo method on serum
proteins related to bone resorption, angiogenesis, and osteogenesis in SIONFH
patients with cystic changes.

A total of 60 SIONFH patients admitted to the Hip Joint Research Center of
Guangzhou University of Chinese Medicine from January 2019 to January 2021
were enrolled and randomly divided into two groups using a random number
table method, with 30 patients in the control group and 30 in the treatment
group. Additionally, 30 volunteers with normal physical examination results and
no history of steroid use during the same period were selected as the normal
group. The treatment group received Huoxue Tongluo capsules (2 g per dose,
three times daily) and calcium carbonate (600 mg per dose, once daily), while
the control group received an equivalent dose of calcium carbonate alone. The
treatment course for both groups was 12 months, with limited weight-bearing
on the affected limb. Fasting serum samples were collected, and enzyme-linked
immunosorbent assay (ELISA) was used to detect the expression levels of serum
receptor activator of nuclear factor-�B ligand (RANKL), platelet-derived growth
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factor-BB (PDGF-BB), vascular endothelial growth factor A (VEGFA), osteo-
protegerin (OPG), and 𝛽-catenin (CTNNB1). Follow-up visits were conducted
at 6 and 12 months after discharge through outpatient follow-up, with femoral
head collapse defined as the endpoint event. Treatment efficacy was evaluated
using the visual analog scale (VAS) for hip pain, Harris Hip Score, and necrotic
area score.

Baseline levels of RANKL, PDGF-BB, OPG, and CTNNB1 differed signifi-
cantly among the three groups (P<0.05). Intergroup comparison revealed that
both the control and treatment groups had higher RANKL and PDGF-BB
levels and lower OPG and CTNNB1 levels compared with the normal group
(P<0.05). Repeated measures ANOVA demonstrated a significant interaction
between time and group on RANKL, PDGF-BB, VEGFA, OPG, and CTNNB1
levels (P<0.05), with significant main effects of both time and group on these
parameters (P<0.05). Specifically, RANKL levels in the treatment group were
higher than those in the control group at 6 months, PDGF-BB levels were
higher in the treatment group at 12 months, and VEGFA, OPG, and CTNNB1
levels were higher in the treatment group at both 6 and 12 months (P<0.05).
At 12 months post-treatment, the treatment group exhibited lower VAS scores
and necrotic area scores but higher Harris Hip Scores compared with the con-
trol group (P<0.05). Intragroup comparisons showed that at 12 months post-
treatment, the treatment group had lower VAS scores and necrotic area scores
and higher Harris Hip Scores compared with baseline (P<0.05), while the con-
trol group had higher VAS scores and Harris Hip Scores compared with baseline
(P<0.05).

Conclusion: The Huoxue Tongluo method can upregulate the protein expres-
sion levels of RANKL, PDGF-BB, VEGFA, OPG, and CTNNB1 in SIONFH
patients, effectively promoting bone repair and improving clinical symptoms. It
is hypothesized that this therapy promotes bone repair in cystic changes through
a ternary repair network of “bone resorption/angiogenesis/osteogenesis”.
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Abstract

Background: Cystic degeneration in steroid-induced osteonecrosis of
the femoral head (SIONFH) exhibits a “double-edged sword” effect.
While the activating blood and dredging collaterals method demonstrates
efficacy in early-stage SIONFH, its regulatory effects on bone resorp-
tion/angiogenesis/osteogenic proteins in cystic degeneration remain unclear.

Objective: To investigate the effects of the activating blood and dredging
collaterals method on serum bone resorption/angiogenesis/osteogenic proteins
in SIONFH patients with cystic degeneration.

Methods: Sixty SIONFH patients admitted to the Hip Joint Research Cen-
ter of Guangzhou University of Chinese Medicine between January 2019 and
January 2021 were enrolled and randomly divided into control and treatment
groups (30 patients each). An additional 30 healthy volunteers without steroid
use history were recruited as the normal group. The treatment group received
Huoxuetongluo Capsule (2 g, three times daily) plus calcium carbonate (600
mg, once daily), while the control group received calcium carbonate alone for
12 months, with restricted weight-bearing on the affected limb. Fasting serum
samples were collected to measure nuclear factor �B receptor activator ligand
(RANKL), platelet-derived growth factor-BB (PDGF-BB), vascular endothelial
growth factor A (VEGFA), osteoprotegerin (OPG), and cadherin-associated pro-
tein (CTNNB1) levels via enzyme-linked immunosorbent assay. Patients were
followed up at 6 and 12 months post-discharge, with femoral head collapse de-
fined as the endpoint. Efficacy was evaluated using the visual analogue scale
(VAS) for hip pain, Harris Hip Score, and necrotic area scoring.

Results: Baseline levels of RANKL, PDGF-BB, OPG, and CTNNB1 differed
significantly among the three groups (P<0.05). Intergroup comparisons revealed
that both control and treatment groups had higher RANKL and PDGF-BB
but lower OPG and CTNNB1 than the normal group (P<0.05). Repeated mea-
sures ANOVA demonstrated significant time-group interactions for RANKL,
PDGF-BB, VEGFA, OPG, and CTNNB1 (P<0.05), with significant main ef-
fects of time and group (P<0.05). Specifically, RANKL levels were higher in
the treatment group at 6 months, PDGF-BB levels were higher at 12 months,
and VEGFA, OPG, and CTNNB1 levels were higher at both 6 and 12 months
compared to the control group (P<0.05). At 12 months, the treatment group
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showed lower hip VAS scores and necrotic area scores but higher Harris scores
than the control group (P<0.05). Intragroup comparisons revealed that the
treatment group had improved VAS scores, necrotic area scores, and Harris
scores at 12 months compared to baseline (P<0.05), while the control group
showed increased VAS and Harris scores (P<0.05).

Conclusion: The activating blood and dredging collaterals method upregulates
serum RANKL, PDGF-BB, VEGFA, OPG, and CTNNB1 protein expression,
effectively promoting bone repair and improving clinical symptoms in SIONFH
patients. We hypothesize that this therapeutic effect occurs through a “bone
resorption/angiogenesis/osteogenesis” triad repair network that facilitates cystic
degeneration repair.

Keywords: Femur head necrosis; Steroid-induced osteonecrosis of femoral
head; Coxarthrosis; Activating blood dredging collaterals; Bone resorp-
tion/angiogenesis/osteogenic protein

Introduction

Steroid-induced osteonecrosis of the femoral head (SIONFH) is a debilitating
bone necrosis disease caused by prolonged high-dose glucocorticoid use, pre-
dominantly affecting young and middle-aged adults aged 20-50 years. With
increasing incidence, this condition is characterized by a prolonged course, high
disability rate, and substantial treatment challenges, posing significant obsta-
cles to hip-preserving therapy [1-2]. Recent research has revealed that cystic
degeneration in SIONFH carries special clinical significance: on one hand, it re-
flects active bone repair responses within the necrotic zone; on the other hand, it
dramatically reduces hip joint load-bearing capacity, subjecting cartilage to ab-
normal stress and causing local trabecular fractures, thereby becoming a driving
factor for femoral head collapse [2-4]. Consequently, investigating methods to
promote bone repair within cystic degeneration has become crucial for treating
early-stage SIONFH.

In traditional Chinese medicine (TCM), SIONFH belongs to the “bone erosion”
category. Currently, no specific effective medication exists for its treatment
domestically or internationally. Our research team has long concluded that
blood stasis represents the main syndrome pattern across different etiologies of
femoral head necrosis [5-6], establishing the collateral disease theory for this con-
dition [7]. The core therapeutic principle should focus on activating blood and
dredging collaterals. Based on the classical Taohong Siwu Decoction, our team
developed the hospital preparation Huoxuetongluo Capsule, composed of seven
herbs including Cajanus cajan leaf, Angelica sinensis tail, Ligusticum chuanx-
iong, Paeonia lactiflora, prepared Rehmannia glutinosa, peach kernel, and saf-
flower. This formula activates blood, dredges collaterals, removes stasis, and
relieves pain. Our previous in vivo and in vitro experiments have demonstrated
its osteogenic effects [8-11], though its regulatory mechanisms on bone repair
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proteins in SIONFH patients with cystic degeneration require further investiga-
tion. Previous studies have confirmed that RANKL, PDGF-BB, VEGFA, OPG,
and CTNNB1 are important regulators in bone repair processes [12-16]. There-
fore, this study employed Huoxuetongluo Capsule to treat SIONFH and explore
its effects on bone repair proteins in cystic degeneration, aiming to provide
theoretical evidence for TCM-based hip-preserving therapy.

Methods

Sample Size Calculation Using GPower3 software for multi-factor repeated
measures ANOVA, the sample size formula was applied:

𝑛𝑎 =
(𝜎2

𝑏 /𝑘)𝑧1−𝛼/2 + 𝑧1−𝛽
𝑢𝐴 − 𝑢𝐵

, 𝑛𝑏 = 𝑘 ⋅ 𝑛𝑎, 1 − 𝛽 = 𝜙 (|𝑢𝐴 − 𝑢𝐵|√𝑛𝑎 − 𝑧1−𝛼/𝜏)

With effect size 0.25, 𝛼=0.05, power 1-𝛽=0.8, k as group number, and 𝜏 as
repeated measurement times, the minimum sample size was calculated as 11
per group. Considering a 20% attrition rate, 60 patients were recruited.

Participants Sixty SIONFH patients meeting inclusion/exclusion criteria,
admitted to the Hip Joint Research Center of Guangzhou University of Chi-
nese Medicine between January 2019 and January 2021, were randomly di-
vided into control and treatment groups (30 each). Thirty healthy volunteers
without steroid use history were recruited as the normal group. This study
complied with the Helsinki Declaration; all participants provided informed con-
sent, and the protocol was approved by the hospital ethics committee (Approval
No. 2015010) and registered with the Chinese Clinical Trial Registry (ChiCTR-
OPC-15007030).

Inclusion Criteria

(1) SIONFH diagnosis based on the Chinese Clinical Guidelines for Adult
Femoral Head Necrosis (2020) [12] through clinical examination and imag-
ing; (2) Hip imaging showing cystic changes; (3) No prior treatment before
blood sampling.

Exclusion Criteria

(1) Allergy to Huoxuetongluo Capsule components; (2) Hip trauma history;
(3) Severe congenital hip deformity; (4) Severe bone metabolic disease; (5)
Conditions affecting the hip joint, including rheumatoid arthritis, ankylos-
ing spondylitis, joint tuberculosis, or septic arthritis; (6) Poor compliance
affecting outcome measurement; (7) Voluntary withdrawal after study
commencement; (8) Incomplete protocol adherence; (9) Lost to follow-up.
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Interventions The treatment group received Huoxuetongluo Capsule (2 g,
three times daily) plus calcium carbonate (600 mg, once daily), while the control
group received equivalent calcium carbonate alone. Both groups underwent
12-month treatment with restricted weight-bearing on the affected limb using
crutches. The normal group received no intervention.

Blood Sample Collection Fasting venous blood (5 mL) was collected
from treatment and control groups at baseline (0 months), 6 months, and 12
months using vacuum tubes. After natural coagulation at 4°C, samples were
centrifuged at 1,000 r/min for 15 minutes (radius 10 cm), and serum was
extracted, aliquoted, and stored at -80°C. The normal group provided blood
samples only at baseline.

Serum Protein Detection Following kit instructions, ELISA was used to
detect serum RANKL (Cat# CSB-E05125h), PDGF-BB (Cat# CSB-E08923h),
VEGFA (Cat# CSB-E11718h), OPG (Cat# CSB-E04692h), and CTNNB1
(Cat# CSB-E08963h) (all from Cusabio, Wuhan). Equipment included a
low-temperature centrifuge (Eppendorf), clean bench (Qingdao Haier), full-
wavelength microplate reader (Thermo Scientific), and constant temperature
shaker (Taikang, Jiangsu).

Follow-up and Endpoints Outpatient follow-ups were conducted at 6 and
12 months post-discharge, measuring serum proteins, hip imaging, final VAS
scores, and Harris Hip Scores at 12 months. Femoral head collapse was defined
as the endpoint event. Non-surgical treatment was discontinued when patients
achieved significant pain relief, femoral head stability, satisfactory bone repair,
or collapse occurred [13].

Efficacy Evaluation Based on the TCM Efficacy Evaluation Criteria for
Femoral Head Necrosis (2019 Edition) [14], evaluation included:

1. Hip VAS Score: A 10-cm scale (0=no pain, 10=unbearable pain) as-
sessed at baseline and 12 months.

2. Harris Hip Score [15]: Evaluating pain, function (gait, activities),
deformity, and range of motion (flexion, abduction, adduction, in-
ternal/external rotation), with scores >90=excellent, 80-89=good,
70-79=fair, <70=poor.

3. Necrotic Area Score: On anteroposterior hip radiographs: no cys-
tic change=grade 0 (0 points); <15% necrosis=grade I (1 point); 15-
30%=grade II (2 points); >30%=grade III (3 points), assessed at baseline
and 12 months.

Quality Control A single-blind assessment was implemented. Clinical and
imaging evaluations were performed by two attending physicians or higher, with
discrepancies resolved through discussion until consensus.

chinarxiv.org/items/chinaxiv-202311.00145 Machine Translation

https://chinarxiv.org/items/chinaxiv-202311.00145


Statistical Analysis SPSS 25.0 was used for data analysis. Normally dis-
tributed continuous data were expressed as mean±SD, compared using one-way
ANOVA with LSD-t test for pairwise comparisons. Repeated measures data
were analyzed using repeated measures ANOVA. Paired t-tests compared pre-
and post-treatment Harris scores and necrotic area scores, while independent
samples t-tests compared between groups. Non-normally distributed data were
expressed as median (P25, P75), with Wilcoxon test for within-group VAS com-
parisons and Mann-Whitney U test for between-group comparisons. Categorical
data were compared using �2 test. P<0.05 indicated statistical significance.

Results

Baseline Characteristics All 60 SIONFH patients completed the study with-
out attrition. No significant differences existed in age, gender, height, or weight
among the three groups (P>0.05) .

Serum Protein Levels Baseline RANKL, PDGF-BB, OPG, and CTNNB1
levels differed significantly among groups (F=253.7, 54.1, 30.6, respectively;
P<0.05), while VEGFA showed no significant difference (F=1.1, P>0.05). In-
tergroup comparisons revealed that control and treatment groups had higher
RANKL and PDGF-BB but lower OPG and CTNNB1 than the normal group
(P<0.05), with no significant differences between control and treatment groups
at baseline.

Repeated measures ANOVA (treatment vs. control groups) showed significant
time-group interactions for RANKL, PDGF-BB, VEGFA, OPG, and CTNNB1
(P<0.001), with significant main effects of time and group (P<0.001). Specif-
ically, treatment group RANKL levels were higher than control at 6 months,
PDGF-BB levels were higher at 12 months, and VEGFA, OPG, and CTNNB1
levels were higher at both 6 and 12 months (P<0.05) .

Treatment Efficacy No significant differences existed in baseline VAS, Har-
ris, or necrotic area scores between groups (P>0.05). At 12 months, the treat-
ment group showed lower VAS scores and necrotic area scores but higher Harris
scores compared to the control group (P<0.05). Intragroup comparisons re-
vealed that the treatment group had improved VAS scores, necrotic area scores,
and Harris scores at 12 months versus baseline (P<0.05), while the control group
showed increased VAS and Harris scores (P<0.05) but no significant change in
necrotic area score (P>0.05) .

Discussion

SIONFH represents a global therapeutic challenge in orthopedics. With
widespread glucocorticoid use in autoimmune diseases and viral pneumonia
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[16], SIONFH has become a leading cause of hip disability in young and
middle-aged adults. The associated pain and functional impairment severely
affect quality of life and work capacity, with some patients requiring total
hip arthroplasty. However, given prosthesis lifespan limitations and complex,
costly complications, preserving the native hip joint through enhanced bone
repair is paramount.

Cystic degeneration reflects a series of repair responses occurring during osteo-
clast absorption of necrotic tissue, where intrinsic fibrous granulation tissue may
possess osteogenic and angiogenic capabilities [17]. Our previous pathological
studies of femoral heads from SIONFH patients undergoing total hip arthro-
plasty revealed that cystic changes represent granulation tissue in trabecular ab-
sorption zones, consistent with prior reports [18]. Thermomechanical mapping
demonstrated that cystic degeneration typically occurs in the anterolateral col-
umn, coinciding with weight-bearing trabecular locations [19], ultimately com-
promising mechanical load-bearing capacity and precipitating collapse. Thus,
cystic degeneration both reduces mechanical transmission (initiating collapse)
and triggers bone repair (promoting osteogenesis) [4,17], making its repair re-
sponse crucial for hip-preserving therapy.

Current hip-preserving treatments include non-surgical (medication, weight re-
striction, physical therapy) and surgical approaches, with medication primarily
targeting bone metabolism, lipid metabolism, coagulation, and TCM blood-
activating stasis-removing principles [1]. The ultimate goal is promoting bone
repair, relieving pain, maintaining femoral head stability, restoring hip function,
and delaying arthroplasty. Research indicates that RANKL, VEGFA, PDGF-
BB, OPG, and CTNNB1 are key regulatory factors in bone repair [20-22].

At baseline, SIONFH patients showed elevated serum RANKL compared to nor-
mal controls (P<0.05), indicating osteoclast-mediated bone absorption activity
within cystic changes. Literature suggests bone repair initiation depends on
osteoclast-mediated dissolution of necrotic tissue to clear pathways for repair
[23,24]. HE et al. [25] found increased RANKL expression in serum and necrotic
zones during early SIONFH, consistent with our findings. Huoxuetongluo Cap-
sule treatment enhanced RANKL elevation during 0-6 months, suggesting en-
hanced bone absorption and repair activity.

Angiogenic proteins are vital for vascular homeostasis and femoral head perfu-
sion. VEGFA specifically acts on vascular endothelial cells during repair initi-
ation [26], promoting neovascularization in necrotic zones [9]. PDGF-BB, as a
vascular growth factor, promotes bone marrow mesenchymal stem cell prolifer-
ation, migration, and osteogenic differentiation [27]. XIAO et al. [28] identified
differential PDGF-BB and VEGFA expression in SIONFH angiogenic genes,
likely reflecting neovascular ingrowth following osteoclast absorption of necrotic
trabeculae. Notably, YU et al. [29] demonstrated that osteocytes cannot sur-
vive beyond 100 mm from blood vessels, emphasizing that vascular development
precedes osteogenesis. Our findings show Huoxuetongluo Capsule upregulated
serum PDGF-BB and VEGFA, peaking at 12 months, indicating promotion of
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angiogenesis within cystic repair zones to support osteoblasts.

During later repair stages, elevated OPG reflects predominant osteogenesis.
OPG competes with RANKL to block RANK/RANKL binding, inhibiting osteo-
clast differentiation and function [30], thereby facilitating new bone formation.
CTNNB1, a key gene in the Wnt/𝛽-catenin osteogenic pathway secreted by
osteoclast precursors, promotes bone formation when upregulated. However,
previous studies showed weak osteogenic capacity in SIONFH necrotic zones
[3,31,32]. Our results demonstrated that Huoxuetongluo Capsule treatment in-
creased serum OPG and CTNNB1 at 6 and 12 months (P<0.05), suggesting
enhanced osteogenesis during cystic repair. While ZHANG et al. [33] reported
initially high 𝛽-catenin expression in SIONFH rat models that decreased over
time, our human study showed different results, possibly due to species differ-
ences and the presence of cystic changes difficult to replicate in animal models.
Collectively, we propose that Huoxuetongluo Capsule regulates bone repair pro-
teins sequentially: bone absorption → angiogenesis → osteogenesis.

Clinically, the treatment group showed improved VAS scores, Harris scores, and
necrotic area scores at final follow-up compared to controls (P<0.05), demon-
strating that Huoxuetongluo Capsule effectively improves symptoms and pro-
motes cystic repair, reducing collapse risk. The control group showed improved
Harris and necrotic area scores versus baseline, suggesting calcium carbonate
and weight restriction modestly improved bone density [34]. However, control
group VAS scores increased, likely because although cystic changes indicate re-
pair activity, they correlate closely with hip pain [17], and incomplete repair may
cause discomfort. Moreover, calcium carbonate weakly regulated angiogenic pro-
teins PDGF-BB and VEGFA compared to Huoxuetongluo Capsule (P<0.001).
From a TCM perspective, blood stasis throughout the disease process causes
“obstruction leading to pain” [35]; calcium carbonate maintains bone but can-
not activate blood or dredge collaterals, explaining the increased VAS scores.
Thus, activating blood and dredging collaterals promotes repair and relieves
pain through “unblocking to stop pain.”

This study has limitations: small sample size, short follow-up, and single-center
design precluded long-term dynamic observation of protein changes. Addition-
ally, the dual role of cystic degeneration warrants further investigation using
single-cell sequencing, whole-transcriptome, and spatial transcriptomics to ex-
plore molecular mechanisms, with larger multicenter studies needed to validate
these findings.

In conclusion, the activating blood and dredging collaterals method upregulates
serum RANKL, PDGF-BB, VEGFA, OPG, and CTNNB1 levels, mediating a
“bone resorption/angiogenesis/osteogenesis” triad repair network that promotes
cystic degeneration repair, improves hip function, reduces pain, and decreases
necrotic area, providing experimental evidence for TCM treatment of SIONFH.
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