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	 Background:	 Knee osteoarthritis (KOA) poses a substantial global health burden, and conventional nonsteroidal anti-inflam-
matory drug (NSAID) therapy with celecoxib is hindered by adverse effects. This study evaluated the efficacy 
and safety of combining celecoxib with Jintiange capsules, a synthetic tiger bone formulation used in tradition-
al Chinese medicine (TCM), to manage symptomatic KOA.

	 Material/Methods:	 This 12-week, randomized, double-blind, placebo-controlled trial enrolled 120 patients with KOA (age 40 years; 
visual analog scale [VAS] score 4-7). Participants received celecoxib (200 mg/day tapered to 100 mg/day) com-
bined with either Jintiange capsules (3.6 g/day) or placebo. The primary outcome was the change in the Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) total score. Secondary outcomes included 
WOMAC subscale scores (pain, function, and stiffness), VAS scores, and adverse drug reaction reports.

	 Results:	 The experimental group demonstrated a 23.5-point (37.8%) reduction in WOMAC total score from baseline 
(P<0.001); the control group showed a 13.2-point (21.6%) reduction (P<0.001). The experimental group achieved 
51.6% improvement in the WOMAC pain subscale (P<0.001), whereas the control group showed 33.3% im-
provement (P<0.001). Relative to the control group, the experimental group demonstrated a greater reduction 
in VAS score (P<0.001). Combined TCM-NSAID therapy produced significantly greater pain relief and function-
al improvement than NSAID monotherapy.

	 Conclusions:	 Celecoxib combined with Jintiange capsules provided clinically meaningful improvements in pain relief and 
functional outcomes relative to celecoxib monotherapy in patients with KOA. These findings support integra-
tion of TCM with conventional pharmacotherapy for osteoarthritis management.
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Introduction

Knee osteoarthritis (KOA) is a prevalent musculoskeletal disor-
der characterized by pain, deformity, and impaired mobility [1,2]. 
This condition substantially contributes to the global disease 
burden, with studies projecting a 74.9% increase in prevalence 
by 2025 [3]. The American College of Rheumatology Guidelines 
for the Management of Osteoarthritis of the Knee strongly rec-
ommend oral nonsteroidal anti-inflammatory drugs (NSAIDs) 
for patients with KOA [4], among which celecoxib is widely used 
in clinical practice [5]. However, Wang and colleagues dem-
onstrated that the incidence of cardiovascular, gastrointesti-
nal, renal, and other adverse effects associated with celecox-
ib progressively increased according to treatment duration [6].

Traditional Chinese medicine has emerged as a complementa-
ry therapeutic approach for chronic musculoskeletal disorders, 
with demonstrated efficacy in conditions such as osteoporo-
sis, rheumatoid arthritis, and KOA [7]. Clinical evidence sug-
gests that traditional Chinese medicine can provide efficacy 
comparable to or greater than that of conventional pharma-
cotherapy while causing fewer adverse effects [8,9]. Studies 
have shown that the physicochemical and biochemical prop-
erties of Jintiange—including nitrogen content, dynamic vis-
cosity, and optical rotation—closely resemble those of natural 
tiger bone, without substantial differences in pharmacological 
activity. Jintiange reportedly exerts anti-inflammatory, analgesic, 
bone-healing, and bone metabolism-enhancing effects [10,11]. 
Jintiange is produced using bones obtained from legally sourced 
and sustainably raised domestic edible animals, including Sus 
scrofa domestica L., Capra hircus Linnaeus, and Cervus nippon 
Temminck. Its mineral composition contains approximate-
ly 18% calcium and 8% phosphorus, as well as peptides and 
proteins [12,13]. Consequently, Jintiange was approved as a 
Class I new drug by the China Food and Drug Administration 
(China, Z20030080) and has been widely used in the treat-
ment of osteoporosis and osteoarthritis [14]. Previous stud-
ies have demonstrated that Jintiange is a cost-effective and 
efficacious therapeutic option [15,16]. The principal compo-
nent of Jintiange is synthetic tiger bone, a traditional Chinese 
medicinal formulation with demonstrated therapeutic effica-
cy in the treatment of bone-related disorders, including osteo-
porosis, osteoarthritis, and rheumatoid arthritis [17,18]. In a 
48-week randomized, double-blind, controlled clinical trial in-
volving 248 patients, Chen et al found that Jintiange showed 
efficacy superior to placebo in the treatment of KOA while 
maintaining a comparable safety profile [19].

Celecoxib is widely used for the management of KOA; howev-
er, its systemic adverse effects are well documented and may 
vary according to treatment duration. Building on previous 
findings, we investigated whether combined therapy with ce-
lecoxib and Jintiange capsules could provide greater clinical 

improvement in patients with symptomatic KOA. Additionally, 
we aimed to determine whether this combination therapy, ad-
ministered alongside a scientifically guided reduction in cele-
coxib dosage, could reduce drug-related adverse effects more 
effectively than celecoxib monotherapy.

Material and Methods

Ethics Approval

The study protocol was approved by the Medical Ethics 
Committee of The Second Affiliated Hospital of Xi’an Jiaotong 
University (Approval No. 2022040) on December 15, 2023, pri-
or to participant enrollment. Written informed consent was ob-
tained from all participants in accordance with the Declaration 
of Helsinki. The trial was prospectively registered in the Chinese 
Clinical Trial Registry on January 5, 2024 (registration number: 
ChiCTR2400079541), and all study procedures were initiated 
after ethics approval.

Study Design and Population

Sample size calculations were performed using PASS software 
with the superiority test module for comparing means between 
2 groups. The Type I error rate (a) was set at 0.05, and the sta-
tistical power (1-b) was set at 80%. The calculated minimum 
sample size was 46 participants per group. To adjust for po-
tential attrition, the sample size was increased by 15%, result-
ing in a final target enrollment of 60 participants per group.

This study was designed as a randomized, double-blind, place-
bo-controlled clinical trial. A total of 120 participants, includ-
ing 72 women and 48 men aged 40 years and older, were ran-
domly recruited from local community groups in Xi’an, Shaanxi 
Province, China, between January 2024 and June 2024. The 
study flowchart is presented in Figure 1.

Enrollment and Treatments

Among the 120 participants screened and enrolled, 68 were 
randomly assigned to the experimental group and 52 to the 
control group. In the experimental group, all 68 participants 
completed the 2-week assessment. At week 4, 1 participant 
was lost to follow-up, leaving 67 participants. At week 8, 4 
additional participants withdrew (2 lost to follow-up, 1 with 
a protocol violation, and 1 without a reported reason), result-
ing in 63 remaining participants. By week 12, 5 more partici-
pants withdrew (2 lost to follow-up, 1 with a protocol violation, 
and 2 without a reported reason), leaving 58 participants who 
completed the study. Overall, 10 participants (14.7%) withdrew 
from the experimental group (5 lost to follow-up, 2 with pro-
tocol violations, and 3 without a reported reason).
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In the control group, all 52 participants completed the 2-week 
assessment. At week 4, 2 participants were lost to follow-up, 
leaving 50 participants. At week 8, 3 additional participants 
withdrew (1 lost to follow-up and 2 without a reported rea-
son), resulting in 47 remaining participants. By week 12, 3 
more participants withdrew (1 lost to follow-up and 2 without 
a reported reason), leaving 44 participants who completed the 
study. Overall, 8 participants (15.4%) withdrew from the control 
group (5 lost to follow-up and 3 without a reported reason).

Analysis Cohorts

The intention-to-treat (ITT) cohort included all 120 random-
ized participants. Missing data from 18 participants (experi-
mental group: n=10; control group: n=8) were addressed us-
ing multiple imputation with predictive mean matching across 
10 imputed datasets. The per-protocol cohort included partic-
ipants who completed all treatment phases: 58 in the exper-
imental group and 44 in the control group. Participants with 
major protocol deviations, including non-adherence and loss 
to follow-up, were excluded from the per-protocol analysis.

Inclusion and Exclusion Criteria

Participants were enrolled if they met the following eligibili-
ty criteria: (1) fulfillment of the clinical diagnostic criteria for 
KOA; (2) age between 40 and 70 years, with no sex restrictions; 
(3) body mass index (BMI) up to 35 kg/m2; (4) classification 

in either the remission or recovery phase of KOA; (5) baseline 
visual analog scale (VAS) pain score between 4 and 7; (6) no 
pharmacological treatment, intra-articular injection, or surgical 
intervention for KOA within the preceding 3 months; (7) will-
ingness to comply with the study protocol, including scheduled 
visits and clinical assessments; and (8) provision of written in-
formed consent after a full explanation of the study objectives, 
procedures, and potential risks.

Participants were excluded if they met any of the following 
criteria: (1) traumatic knee arthritis, acute joint trauma with-
in 6 weeks before enrollment, knee osteoarticular tuberculo-
sis, or musculoskeletal malignancy; (2) rheumatoid arthritis, 
other seropositive arthropathies, active systemic lupus erythe-
matosus, or vasculitis; (3) major organ dysfunction, including 
clinically significant cardiovascular disease (New York Heart 
Association class III/IV), cerebrovascular accident within the 
previous 6 months, hepatic dysfunction (alanine aminotrans-
ferase or aspartate aminotransferase >2× the upper limit of 
normal), renal impairment (estimated glomerular filtration 
rate <45 mL/min/1.73 m2), or hematologic disorders (platelet 
count <100×109/L or hemoglobin <10 g/dL); (4) documented 
psychotic disorders, neuropathic arthralgia refractory to stan-
dard therapy, or active peptic ulcer disease confirmed by en-
doscopy; (5) prior unilateral or bilateral knee arthroplasty or 
arthroscopic surgery within the previous 12 months; (6) use of 
organ-toxic medications within 4 weeks before enrollment, in-
cluding chemotherapeutic or immunosuppressive agents, use of 

Randomized allocation (N=120)

Experimental group (N=68) Experimental group (N=52)

Completed 2-week treatment (n=68) Completed 2-week treatment (n=52) 

Completed 4-week treatment (n=67) Completed 4-week treatment (n=50)

Completed 8-week treatment (n=63) Completed 8-week treatment (n=47)

Completed 12-week treatment (n=58) Completed 12-week treatment (n=44)

Included in analysis (n=58)
Termination during the follow-up (n=1O)
• Loss to follow-up (n=5)
• Protocol violation (n=2)
• Without reason (n=3) 

Included in analysis (n=44)
Termination during the follow-up (n=8)
• Loss to follow-up (n=5)
• Without reason (n=3) 

Enrollment

Allocation

Follow-up

Analysis

Figure 1. Participant intervention flowchart.
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herbal preparations or proprietary Chinese medicines for KOA 
within 2 weeks before enrollment, or chronic opioid therapy 
for more than 30 consecutive days; (7) pregnancy, lactation, 
positive serum b-human chorionic gonadotropin test result, or 
known hypersensitivity to celecoxib or Jintiange components; 
or (8) inability to comply with study procedures due to lan-
guage barriers or cognitive impairment, or concurrent partic-
ipation in another interventional clinical trial.

Randomization and Blinding

Randomization was performed using computer-generated ran-
dom numbers to ensure unbiased group allocation. Participants, 
healthcare providers, and outcome assessors were blinded to 
treatment assignments throughout the study. The randomiza-
tion sequence was generated using SPSS Statistics 26.0 soft-
ware, which produced a stratified allocation scheme according 
to the study protocol. Eligible participants were randomly as-
signed to either the experimental group (celecoxib combined 
with Jintiange capsules) or the control group (celecoxib com-
bined with placebo capsules) using computer-generated ran-
domization codes (Figure 2). To adjust for potential medica-
tion loss or wastage, the total quantity of study medication 
exceeded the number required for the enrolled participants. 
Consequently, although the target enrollment was 60 partici-
pants per group, the final group sizes were not perfectly equal.

To maintain blinding, all medication boxes were identically 
packaged and labeled with non-identifying color-coded sec-
tion labels (yellow or blue) that did not indicate treatment al-
location. The appearance of the active medication and placebo 
packaging was identical across groups. Allocation concealment 
was ensured via sealed envelopes containing the randomization 

codes, which were opened sequentially after participant enroll-
ment. This procedure minimized selection bias and maintained 
methodological rigor in accordance with CONSORT guidelines 
for randomized controlled trials.

Experimental Group

Participants in the experimental group received 2 medications 
for the treatment of KOA with baseline VAS pain scores rang-
ing from 4 to 7. Celecoxib was administered orally at an ini-
tial dose of 200 mg once daily. After 4 weeks of treatment, the 
dosage was reduced to 100 mg once daily. Celecoxib treatment 
was discontinued completely after 8 weeks. Jintiange capsules 
were administered at a dose of 400 mg per capsule, with a 
total daily dose of 3.6 g (3 capsules taken orally 3 times dai-
ly). The Jintiange regimen was maintained continuously for 
12 weeks (3 months).

Study medications were dispensed in 4 sequential distribu-
tions corresponding to scheduled clinical visits. At the baseline 
visit (week 0), participants received an initial 2-week medica-
tion supply. At the 2-week follow-up visit, an additional 2-week 
supply was provided. At the 4-week visit, participants received 
a 4-week supply covering weeks 4 through 8. At the 8-week 
visit, the final supply of Jintiange capsules was dispensed for 
weeks 8 through 12. This staggered distribution strategy was 
designed to support medication adherence while permitting 
dose adjustment according to clinical response. The celecox-
ib tapering regimen was implemented to reduce the risk of 
treatment-related adverse effects; the fixed-dose Jintiange reg-
imen was maintained to provide sustained symptomatic relief 
throughout the 12-week intervention period.

Figure 2. �Randomization and blinding process. Randomization codes were generated with a computer-based random number 
allocation method. Participants were assigned to the experimental or control group according to the generated 
randomization sequence. To maintain allocation concealment and blinding, study medications were packaged identically and 
labeled using non-identifying color-coded section labels without disclosure of treatment assignment.
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Control Group

Eligible participants with KOA and baseline VAS pain scores 
ranging from 4 to 7 received celecoxib, a selective cyclooxy-
genase-2 (COX-2) inhibitor. Celecoxib was administered oral-
ly at a dose of 200 mg once daily during weeks 0 through 4. 
During weeks 5 through 8, the dose was reduced by 50% to 
100 mg once daily. Treatment with celecoxib was completely 
discontinued after week 8. Participants in the control group 
also received visually identical placebo capsules matching the 
physical characteristics of Jintiange capsules. The placebo cap-
sules were administered orally at 3 capsules per dose (1.2 g 
total), 3 times daily for 12 consecutive weeks.

To ensure treatment adherence and facilitate dose adjust-
ments, study medications were dispensed in 4 sequential 
distributions corresponding to scheduled clinical assess-
ment visits. At the baseline visit (week 0), participants re-
ceived a 2-week medication supply covering days 1 through 
14. At week 2, an additional 2-week supply was dispensed 
for days 15 through 28. At week 4, participants received a 
4-week supply covering days 29 through 56. At week 8, par-
ticipants in the placebo group received the final 4-week pla-
cebo supply covering days 57 through 84. The celecoxib ta-
pering regimen was designed to balance therapeutic efficacy 
with long-term safety considerations; the fixed placebo reg-
imen maintained blinding throughout the 12-week interven-
tion period. The staggered medication distribution strategy 
also enabled ongoing monitoring of treatment response and 
promoted protocol adherence.

Data Collection

Participant characteristics collected were age, sex, alcohol and 
tobacco use, clinical parameters (systolic blood pressure, di-
astolic blood pressure, and BMI), medical history (hyperten-
sion, diabetes mellitus, and coronary artery disease), and med-
ication use, including proprietary Chinese medicines, NSAIDs, 
and slow-acting anti-inflammatory drugs.

The Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) was used as the primary outcome measure, 
and the VAS served as a secondary outcome measure. Both 
instruments are validated patient-reported outcome measures 
commonly used in musculoskeletal research. The WOMAC, spe-
cifically developed for osteoarthritis assessment, evaluates 
pain, stiffness, and physical function, whereas the VAS pro-
vides a unidimensional assessment of subjective pain inten-
sity. Data were collected at baseline and during follow-up vis-
its at weeks 2, 4, 8, and 12 (Figure 1).

Face-to-face interviews were conducted with participants at 
baseline and during the 2-, 4-, and 8-week follow-up visits. At 

the initial visit, physicians measured height and weight. Blood 
pressure was measured twice using an electronic sphygmo-
manometer after participants had rested for 10 minutes in a 
seated position with back support. The average of the 2 mea-
surements was recorded as the final blood pressure value.

Outcome Measures

The WOMAC LK 3.1 validated version was used to assess 
pain, stiffness, and physical function. This self-administered 
questionnaire consists of 24 items: 5 pain items, 2 stiffness 
items, and 17 physical function items. Each item was scored 
on a 5-point Likert scale ranging from 0 (none) to 4 (extreme). 
Subscale scores for pain (0-20), stiffness (0-8), and physical 
function (0-68), as well as the total WOMAC score (0-96), were 
calculated by summing the corresponding item scores. Higher 
scores indicated more severe symptoms and greater function-
al impairment. The questionnaire was administered at base-
line before treatment initiation and at weeks 2, 4, 8, and 12 
after randomization. Participants completed the question-
naire independently during clinic visits, with assistance from 
a research coordinator when necessary. The WOMAC LK 3.1 
has been extensively validated for KOA assessment; it dem-
onstrates high internal consistency (Cronbach’s a >0.85) and 
responsiveness to clinical change.

Pain intensity was assessed using a 100-mm horizontal VAS 
anchored at 0 mm (“no pain”) and 100 mm (“worst imagin-
able pain”). Participants recorded pain intensity at rest and 
during activity, such as walking, on paper forms. VAS scores 
were determined by measuring the distance in millimeters 
from the 0-mm anchor point to the participant’s mark; mea-
surements to the nearest millimeter were performed by blind-
ed assessors. VAS assessments were conducted at the same 
timepoints as WOMAC assessments: baseline and weeks 2, 4, 
8, and 12. The VAS is a widely accepted standard tool for pain 
assessment with high test-retest reliability (intraclass corre-
lation coefficient >0.90) and sensitivity to treatment effects.

All outcome measures were collected within 24 hours be-
fore treatment initiation at baseline and during scheduled 
follow-up visits throughout the 12-week intervention peri-
od. Outcome assessors underwent standardized profession-
al training and remained blinded to treatment allocation 
throughout the study. Participants were instructed not to dis-
close their group assignments during assessments. Missing 
data were addressed using multiple imputation with predic-
tive mean matching across 10 imputed datasets as the pri-
mary approach; last observation carried forward served as a 
sensitivity analysis to assess the robustness of the findings. 
Functional assessments were repeated when initial measure-
ments were considered invalid.
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KOA Definition

This study used the latest diagnostic criteria for KOA estab-
lished by the Chinese Orthopaedic Association [20]. The di-
agnostic criteria included: (1) knee pain within the previous 
month; (2) radiographic evidence of joint space narrowing, sub-
chondral bone sclerosis, cystic degeneration, and osteophyte 
formation at the joint margins; (3) age 50 years and older; (4) 
morning stiffness lasting 30 minutes or less; and (5) crepitus 
during joint movement. KOA was diagnosed when criterion 1 
and at least 2 of criteria 2 through 5 were met.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics 
for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables are presented as mean±standard devi-
ation with 95% confidence intervals; categorical variables are 
presented as frequencies and percentages.

Baseline demographic and clinical characteristics were com-
pared between groups using independent-samples t-tests for 
normally distributed continuous variables, as assessed by the 
Shapiro-Wilk test; Levene’s test was used to evaluate homo-
geneity of variance. Non-normally distributed variables were 
analyzed via the Mann-Whitney U test. Categorical variables 
were analyzed using Pearson’s chi-square test or Fisher’s ex-
act test, as appropriate.

The primary analysis followed the ITT principle, in which all 
randomized participants (n=120) were included regardless of 
protocol adherence or withdrawal status. Missing data (n=18) 
were addressed using multiple imputation with predictive mean 
matching across 10 imputed datasets to preserve randomiza-
tion integrity. Sensitivity analysis using the last observation 
carried forward method demonstrated consistent effect esti-
mates, confirming the robustness of the results.

Outcome measures (ie, WOMAC and VAS scores) were an-
alyzed using repeated-measures analysis of variance, with 
group (experimental vs control) as the between-participants 
factor and time (baseline, 4 weeks, and 8 weeks) as the with-
in-participants factor. Post hoc pairwise comparisons were per-
formed using Bonferroni correction for multiple comparisons. 
Although the primary repeated-measures analysis of variance 
included baseline, 4-week, and 8-week assessments to eval-
uate treatment efficacy, supplementary analyses also incor-
porated 2-week data to assess early treatment response and 
12-week data to evaluate the durability of treatment effects.

Effect sizes were calculated using Cohen’s d for t-tests and 
partial eta squared (2p) for analysis of variance. All statistical 
tests were 2-tailed, and the statistical significance threshold 

was regarded as P<0.05. The Benjamini-Hochberg procedure 
was utilized to control the false discovery rate associated with 
multiple hypothesis testing. This analytical approach was de-
signed to ensure robust interpretation of treatment effects 
while controlling for potential confounding factors and main-
taining Type I error control. Assumptions underlying repeated-
measures analysis of variance were also evaluated. Mauchly’s 
test indicated no violation of sphericity (P=0.08); however, 
the Greenhouse-Geisser correction was applied conservative-
ly. Quantile-quantile plots demonstrated acceptable residual 
normality for the primary outcomes, and Shapiro-Wilk test re-
sults were non-significant (P>0.05). Homogeneity of variance 
was confirmed using Levene’s test (P=0.12). Bonferroni cor-
rection was additionally applied for secondary endpoint anal-
yses involving multiple comparisons.

Results

Baseline Characteristics of the Overall Population

Baseline demographic, clinical, and laboratory characteristics of 
the overall cohort (N=120) and the intervention groups (exper-
imental group, n=68; control group, n=52) are summarized in 
Table 1. Continuous variables are presented as mean±standard 
deviation; categorical variables are expressed as frequencies 
and percentages. The mean participant age was 56.4±7.4 years, 
with no significant difference between the experimental group 
(56.6±7.5 years) and control group (55.9±7.6 years; P=0.963). 
The cohort was predominantly female (66.67%); there was a 
slightly higher percentage of women in the experimental group 
(70.59%) than in the control group (61.54%).

The mean baseline WOMAC total score was 61.6±6.7, with 
comparable scores between the experimental group (62.1±6.6) 
and control group (61.1±6.8). Subscale analyses also dem-
onstrated similar baseline scores for pain (12.0±1.8), phys-
ical function (43.9±5.4), and stiffness (5.4±0.6) across both 
groups. The mean baseline VAS score was 6.1±0.7 in both 
groups. Anthropometric measurements showed no clinical-
ly meaningful differences in height (165.5±8.5 cm overall) or 
body weight (67.0±12.0 kg overall), although BMI was slight-
ly higher in the control group than in the experimental group 
(25.5±2.5 vs 24.3±3.5 kg/m2).

Hematologic indices demonstrated only minor variations be-
tween groups. Hemoglobin level was slightly higher in the con-
trol group than in the experimental group (141.3±14.0 g/L vs 
137.0±15.2 g/L), whereas platelet count (231.5±67.7×109/L) 
and leukocyte count (5.6±1.6×109/L) were comparable between 
groups. Liver function parameters, including alanine amino-
transferase (20.8±10.0 IU/L) and aspartate aminotransferase 
(23.2±5.9 IU/L), as well as renal function indices, including 
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creatinine (59.8±13.1 µmol/L) and estimated glomerular filtra-
tion rate (calculated via the Chronic Kidney Disease Epidemiology 
Collaboration equation; 117.8±29.6 mL/min/1.73 m2), did not 
significantly differ between groups.

Between-group comparisons performed using independent-
samples t-tests for continuous variables and chi-square tests 
for categorical variables revealed no statistically significant 
differences for any baseline parameter (all P>0.05), indicat-
ing good baseline comparability between intervention groups.

Clinical variables Overall Experimental group Control group

Numbers 120 68 52

Age 56.4±7.4 56.6±7.5 55.9±7.6

Sex

	 Male 	 40	(33.33%) 	 20	(29.41%) 	 20	(38.46%)

	 Female 	 80	(66.67%) 	 48	(70.59%) 	 32	(61.54%)

WOMAC score 61.6±6.7 62.1±6.6 61.1±6.8

	 Pain subscale 12.0±1.8 12.0±1.9 12.0±1.7

	 Function subscale 43.9±5.4 42.8±5.2 43.3±5.6

	 Stiffness subscale 5.4±0.6 5.3±0.6 5.3±0.6

VAS score 6.1±0.7 6.1±0.7 6.1±0.7

Height (cm) 165.5±8.5 165.3±8.7 167.1±10.1

Weight (kg) 67.0±12.0 66.5±12.2 71.7±11.8

BMI (kg/m2) 24.4±3.4 24.3±3.5 25.5±2.5

Hypertension 	 13	(10.8%) 	 7	(10.3%) 	 6	(11.5%)

RBC (1012/L) 4.5±0.5 4.5±0.5 4.4±0.4

WBC (109/L) 5.6±1.6 5.7±1.6 5.6±1.5

Hb (g/L) 137.90±15.3 137.0±15.2 141.3±14.0

Plt (109/L) 231.5±67.7 232.3±70.1 233.86±64.1

DBIL (µmol/L) 3.1±1.5 3.0±1.5 3.8±1.6

BU (µmol/L) 10.0±4.3 10.0±4.5 10.1±4.7

ALT (IU/L) 20.8±10.0 20.7±10.4 19.8±9.3

AST (IU/L) 23.2±5.9 23.3±6.1 22.7±6.6

TP (g/L) 73.0±4.0 73.0±4.1 72.6±2.7

ALB (g/L) 45.1±2.8 45.0±4.1 45.4±2.6

Glb 27.9±3.9 28.1±3.9 27.2±3.2

Urea (mmol/L) 4.8±1.3 4.8±1.4 5.0±1.3

CREA (µmol/L) 59.8±13.1 59.5±13.5 64.1±11.5

eGFR-EPI 117.8±29.6 116.6±30.1 121.4±27.00

Table 1. Baseline characteristics of the overall study population.

Values are presented as mean±standard deviation or No. (%). Abbreviations: ALB, albumin; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; BMI, body mass index; BU, indirect bilirubin; CREA, creatinine; DBIL, direct bilirubin; 
eGFR-EPI, estimated glomerular filtration rate using the Chronic Kidney Disease Epidemiology Collaboration equation; 
Glb, globular proteins; Hb, hemoglobin; Plt, platelets; RBC, red blood cells; TP, total protein; VAS, visual analog scale; 
WBC, white blood cells; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Variable
Change from baseline (95% CI), D% Mean difference (95% CI), D%

P
Experimental group Control group b (95% CI)

WOMAC score

Baseline 62.1 61.1 61.6

Total subscale

	 2-week change -8.1 (-8.6, -7.6), 13.0% -6.0 (-6.8, -5.2), 9.8% -6.9 (-7.6, -6.3), 11.2% 0.000

	 4-week change -14.5 (-15.0, -14.0), 23.3% -9.3 (-10.4, -8.1), 15.2% -12.0 (-13.2, -10.8), 19.5% 0.000

	 8-week change -19.0 (-19.9, -18.1), 30.6% -11.5 (-13.0, -9.9), 18.8% -15.3 (-17.0, -13.6), 24.8% 0.000

	 12-week change -23.5 (-24.7, -22.3), 37.8% -13.2 (-14.9, -11.4), 21.6% -18.6 (-20.8, -16.3), 30.2% 0.000

Pain subscale

Baseline 12 12 12

	 2-week change -2.3 (-2.6, -2.0), 19.2% -1.6 (-2.0, -1.2), 13.3% -1.9 (-2.1, -1.7), 15.8% 0.001

	 4-week change -4.0 (-4.4, -3.5), 33.3% -2.6 (-3.0, -2.2), 21.7% -3.3 (-3.7, -2.9), 27.5% 0.000

	 8-week change -5.0 (-5.6, -4.4), 41.7% -3.4 (-4.0, -2.8), 28.3% -4.2 (-4.7, -3.7), 35.0% 0.000

	 12-week change -6.2 (-7.0, -5.5), 51.6% -4.0 (-4.8, -3.3), 33.3% -5.2 (-5.8, -4.5), 43.3% 0.000

Function subscale

Baseline 43.9 42.8 43.3

	 2-week change -4.5 (-4.9, -4.1), 10.3% -3.2 (-3.8, -2.7), 7.5% -3.9 (-4.3, -3.5), 9.0% 0.000

	 4-week change -8.3 (-8.8, -7.8), 18.9% -5.2 (-5.8, -4.7), 12.1% -6.8 (-7.5, -6.1), 15.7% 0.000

	 8-week change -11.4 (-12.2, -10.7), 30.0% -6.5 (-7.3, -5.8), 15.2% -9.1 (-10.2, -8.0), 21.0% 0.000

	 12-week change -14.6 (-15.6, -13.7), 33.3% -7.8 (-8.6, -7.0), 18.2% -11.3 (-12.8, -9.8), 26,1% 0.000

Stiffness subscale

Baseline 5.4 5.3 5.3

	 2-week change -1.3 (-1.6, -1.0), 24.1% -1.0 (0, 0), 18.9% -1.2 (-1.3, -1.0), 22.6% 0.038

	 4-week change -2.2 (-2.6, -1.9), 40.7% -1.5 (-1.9, -1.1), 28.3% -1.9 (-2.1, -1.6), 35.8% 0.004

	 8-week change -2.4 (-2.6, -2.0), 44.4% -1.5 (-2.0, -1.1), 28.3% -2.0 (-2.3, -1.7), 37.7% 0.002

	 12-week change -2.6 (-2.9, -2.3), 48.1% -1.5 (-1.9, -1.1), 28.3% -2.0 (-2.4, -1.7), 37.7% 0.000

VAS score

Baseline 6.1 6.1 6.1

	 2-week change -1.8 (-2.4, -1.2), 29.5% -0.5 (-1.2, -0.1), 8.2% -1.1 (-1.8, -0.3), 18.0% 0.002

	  4-week change -2.6 (-3.0, -2.2), 42.6% -0.9 (-1.2, -0.4), 14.8% -1.2 (-1.9, -0.8), 19.7% 0.006

	 8-week change -3.1 (-3.4, -2.8), 50.8% -1.1 (-1.5, -0.7), 18.0% -2.0 (-2.5, -1.4), 32.8% 0.000

	 12-week change -3.4 (-3.8, -3.0), 55.7% -1.2 (-1.5, -0.9), 19.7% -2.5 (-2.8, -2.0), 41.0% 0.000

Table 2. Estimated changes from baseline and mean differences in outcomes between experimental and control groups.

Percentage change (D%)=Absolute value of change/baseline. Abbreviations: CI, confidence interval; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index; VAS, visual analog scale.
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Changes in WOMAC Scores During the Trial Period

As shown in Figure 3, both groups demonstrated progressive 
reductions in WOMAC scores throughout the study period, 
indicating symptomatic improvement. However, the experi-
mental group exhibited a steeper decline beginning at week 
4 and achieved significantly greater reductions than the con-
trol group at weeks 4, 8, and 12 (all P<0.05). During the 12-
week follow-up period, the experimental group demonstrat-
ed a 23.5-point reduction in WOMAC total score, whereas the 
control group showed a 13.2-point reduction over the same 
interval (Table 2, Figure 3).

Figure 4 demonstrates that the experimental group achieved 
greater pain reduction than the control group. The magni-
tude of improvement in WOMAC pain scores was significant-
ly greater in the experimental group (6.2±1.2 points) than in 
the control group (4.0±1.5 points), corresponding to 51.6% and 
33.3% improvements from baseline, respectively. Significant 

between-group differences were observed at all assessment 
timepoints (weeks 2, 4, 8, and 12; all P<0.05). The superiori-
ty of the experimental intervention remained evident at week 
12, when the experimental group achieved near-normal pain 
scores (5.8±0.9), but the control group continued to exhibit 
moderate pain levels (8.0±1.1).

The randomized controlled trial also demonstrated superior 
efficacy of the experimental intervention in improving physi-
cal function compared with the control treatment. The clinical 
relevance of these findings was supported by the persistence 
of statistically significant differences throughout the 12-week 
follow-up period. At study completion, participants in the ex-
perimental group retained 26% greater functional improve-
ment than those in the control group (29.3 vs 35.0; Figure 5).

Significant between-group differences in WOMAC stiffness sub-
scores emerged at weeks 4, 8, and 12 (all P<0.05). Although 
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stiffness scores in the control group plateaued after week 4 
(3.8±0.6), the experimental group demonstrated continued 
improvement through week 12, with scores decreasing from 
3.8±0.7 at baseline to 2.8±0.5 at week 12. This divergent tra-
jectory resulted in a 26% greater improvement in stiffness in 
the experimental group by the end of the study (Figure 6).

Changes in VAS Scores During Follow-Up

As illustrated in Figure 7, statistically significant differences 
in VAS scores were observed between the experimental and 
control groups at weeks 2, 4, 8, and 12 (all P<0.05). The tem-
poral pattern of pain reduction was consistent with the find-
ings of the WOMAC pain subscale, supporting concordance 
between subjective pain assessment and functional outcome 
measures in this study.

Adverse Drug Reactions

No significant gastrointestinal adverse reactions, including 
abdominal pain, nausea, or vomiting, were observed during 
the follow-up period. Additionally, no abnormalities were de-
tected in routine fecal or urinary examinations at baseline or 

during the intervention period (Table 3). No serious adverse 
drug reactions occurred during the 12-week study period. In 
the experimental group, 2 participants reported pruritus, which 
spontaneously resolved within 1 week. In the control group, 1 
participant reported abnormal knee joint sensation, which also 
resolved within 1 week. However, the relatively small sample 
size and short study duration may limit comprehensive evalua-
tion of the long-term cardiovascular and gastrointestinal safety 
of NSAID therapy, particularly involving celecoxib. Furthermore, 
the 12-week intervention period and the selected study pop-
ulation may limit the generalizability of the safety findings.

ITT vs Per-Protocol Results

The primary analysis was conducted according to the ITT prin-
ciple and included all 120 randomized participants, with miss-
ing data addressed through multiple imputation. In the ITT 
analysis, the experimental group demonstrated a reduction 
of 23.5 points in WOMAC total score (62.1 to 38.6, P<0.001) 
and a mean VAS pain reduction of 3.4±0.5 points (7.2 to 3.8). 
A secondary per-protocol analysis included the 102 partici-
pants who completed the study (experimental group: 58; con-
trol group: 44) and excluded participants with major protocol 
deviations. The per-protocol analysis reflected outcomes un-
der optimal treatment adherence conditions and demonstrat-
ed treatment effects consistent with—but generally greater 
than—those observed in the ITT analysis.

Discussion

This 12-week clinical trial demonstrated that celecoxib com-
bined with Jintiange capsules was more effective than cele-
coxib combined with placebo capsules. At weeks 2, 4, 8, and 
12 after treatment initiation, the experimental group exhibited 
significantly lower WOMAC total scores and lower pain, phys-
ical function, and stiffness subscores compared with the con-
trol group (all P<0.05). These findings indicate that the com-
bination of Jintiange capsules and celecoxib provides clinically 
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Figure 7. �Changes in visual analog scale (VAS) scores in the 
experimental and control groups over 12 weeks.

Overall Experimental group Control group

Variable adverse reactions 0 0 0

Redness and swelling of the knee 2 2 0

Pruritus 0 0 0

Skin rash 0 0 0

Abdominal pain 0 0 0

Nausea 0 0 0

Abnormal laboratory findings 0 0 0

Abnormal sensation in the knee 1 0 1

Table 3. Adverse drug reactions.
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meaningful improvements in pain relief, physical function, and 
joint stiffness in patients with KOA. The sustained reductions 
in WOMAC scores across all domains further support the ther-
apeutic potential of this integrated pharmacological approach 
for improving patient-reported outcomes. No serious adverse 
events were observed during the study period; the safety pro-
file of combined celecoxib and Jintiange therapy appeared com-
parable to that of celecoxib monotherapy during the 12-week 
treatment period. Nevertheless, longer-term studies with larg-
er sample sizes are required to comprehensively evaluate the 
safety and tolerability of this combination therapy, particular-
ly regarding potential cardiovascular and gastrointestinal risks 
associated with NSAID use. Given the favorable efficacy and 
safety findings observed in this study, multicenter phase IV 
clinical trials are warranted to validate the generalizability of 
these results to broader and more diverse patient populations.

A review of the literature revealed no previous studies investi-
gating combined use of celecoxib and Jintiange capsules for the 
treatment of KOA. To our knowledge, this is the first study to 
evaluate the efficacy and safety of this pharmacological combi-
nation for the management of osteoarthritic knee pain. A me-
ta-analysis by Nurmohamed et al indicated that celecoxib dem-
onstrated a favorable safety profile relative to other NSAIDs 
in patients with rheumatoid arthritis and osteoarthritis, with-
out a statistically significant increase in cardiovascular adverse 
events [21]. Zeng et al reported that sodium hyaluronate com-
bined with celecoxib was superior to sodium hyaluronate or ce-
lecoxib monotherapy for improving knee symptoms, enhancing 
clinical efficacy, reducing VAS scores, and decreasing adverse 
effects in patients with KOA [22]. However, intra-articular in-
jection is an invasive procedure, and some patients may be 
unwilling to tolerate the associated pain and discomfort [23]. 
Shen et al investigated the metabolic alterations associated 
with Jintiange treatment through serum metabolomics in mice 
with complete-Freund’s-adjuvant-induced inflammatory pain. 
Their findings suggested that Jintiange attenuates inflamma-
tory pain via modulation of the glycerophospholipid/protein 
kinase C/transient receptor potential vanilloid 1 (TRPV1) sig-
naling pathway [24]. Compared with the present clinical trial, 
their study provided mechanistic insights into the potential an-
algesic effects of Jintiange. Another meta-analysis demonstrat-
ed that Jintiange capsules significantly improved bone mineral 
density in patients with KOA, thereby alleviating clinical symp-
toms [25]. A systematic review concluded that Jintiange cap-
sules, administered either alone or in combination with other 
therapies, effectively reduced bone loss, relieved pain severi-
ty, and decreased adverse event incidence [18].

Park et al conducted a prospective, randomized, double-blind, 
multicenter study comparing the efficacy and safety of cele-
coxib and GCSB-5, a novel formulation derived from 6 herbal 
extracts, for the treatment of KOA. WOMAC scores improved 

by 20.5 points in the celecoxib group and 21.3 points in the 
GCSB-5 group (P=0.79). Corresponding percentage reductions 
in WOMAC scores were 42.0% and 38.9%, respectively (P=0.54); 
VAS pain scores decreased by 29.9 points and 27.9 points, re-
spectively (P=0.58). No significant differences were observed 
between treatment groups regarding pain reduction, function-
al improvement, or safety outcomes [26]. Xu et al recruited 40 
patients with muscle atrophy after orthopedic surgery and ran-
domly assigned them to 2 groups. The control group received 
routine rehabilitation training once daily, whereas the obser-
vation group received routine rehabilitation training combined 
with Jintiange capsule treatment. Significantly greater improve-
ment in muscle strength was observed in the observation group 
compared with the control group, suggesting that Jintiange 
capsules may mitigate skeletal muscle atrophy after orthope-
dic surgery [27]. Previous studies have also demonstrated that 
Jintiange provides favorable therapeutic effects in both women 
and men, with comparable efficacy across sexes [11,16]. Relative 
to other proprietary Chinese medicines, Jintiange appears to be 
a more cost-effective therapeutic option [15]. Liang et al evalu-
ated the efficacy of Jintiange capsules combined with alfacal-
cidol for improving musculoskeletal outcomes in patients with 
primary osteoporosis or osteopenia [28]. Their study enrolled 
400 participants who completed a 52-week intervention peri-
od. The results showed statistically significant improvements 
in muscle strength and lower extremity balance function in the 
treatment group compared with the positive control group. In 
the present study, combination therapy with Jintiange and ce-
lecoxib led to significant improvements in WOMAC subscores 
compared with placebo-treated controls, including a 6.2-point 
reduction in pain (P<0.05), a 14.6-point improvement in physical 
function (P<0.01), and a 2.6-point reduction in stiffness (P<0.05) 
after the 12-week intervention period. VAS pain scores also 
demonstrated a corresponding 3.4-point reduction relative to 
baseline in the active treatment group. These findings suggest 
that Jintiange can provide therapeutic benefits in both osteopo-
rotic and osteoarthritic populations. In our intervention group, 
skeletal muscle strength significantly improved relative to mea-
surements in placebo controls (P<0.01). Among patients with 
KOA, Jintiange treatment was associated with clinically mean-
ingful reductions in WOMAC pain and stiffness subscores, ac-
companied by improvements in physical function. Nevertheless, 
we acknowledge limitations related to study population selec-
tion. Shared environmental exposures, similar lifestyle factors, 
and potential genetic clustering within localized communities 
may limit the representativeness of the study population rel-
ative to broader populations. Consequently, the findings may 
not fully address regional differences in healthcare access, di-
etary habits, or genetic polymorphisms affecting drug metab-
olism. Additionally, internal validity may have been influenced 
by unmeasured confounding factors associated with communi-
ty-based recruitment, including social influences on treatment 
adherence and reporting bias.
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Principal symptoms of KOA include joint pain, stiffness, and 
impaired mobility. The disease typically progresses slowly and 
may ultimately lead to loss of joint function and disability [29]. 
Given that pain is the most common symptom of KOA [30], 
pain relief is a critical indicator for evaluating treatment effica-
cy. Pelletier et al conducted a randomized, double-blind, multi-
center clinical trial involving 288 participants over a 6-month 
period. They reported WOMAC pain score reductions of 11.1 
points in the bisacodyl group and 11.8 points in the celecoxib 
group, relative to baseline [31]. In the present study, 12-week 
reductions in WOMAC pain scores were 5.2 points in the over-
all cohort, 6.2 points in the experimental group, and 4.0 points 
in the control group. The smaller magnitude of improvement 
observed in our study was likely related to the shorter inter-
vention duration. At the 12-week follow-up, the control group 
demonstrated a WOMAC pain score of 8.0 points, whereas the 
experimental group maintained a lower score of 5.8 points. 
Compared with earlier assessments, both groups showed pro-
gressive improvement in pain scores, suggesting that Jintiange 
continued to exert therapeutic effects during the later phase 
of the trial, even after discontinuation of celecoxib. A meta-
analysis by Gabriel et al (studies published between 1975 and 
1990) demonstrated that NSAID users had an approximately 
3-fold greater risk of serious gastrointestinal adverse events 
compared with non-users [32]. Thus, treatment efficacy eval-
uation must be balanced against the risk of treatment-relat-
ed adverse events. In the present study, celecoxib dosage was 
gradually tapered during the intervention period and completely 
discontinued by week 8. Previous studies have shown that pro-
longed celecoxib use can lead to adverse effects such as pep-
tic ulcer disease and myocardial infarction [33]. Furthermore, 
celecoxib-associated adverse reactions have been reported to 
emerge as early as 4 weeks after treatment initiation [34,35]. 
In the present study, the celecoxib dose was reduced by 50% 
after 4 weeks whereas the Jintiange dosage remained constant 
throughout the intervention period. Under this regimen, the 
experimental group demonstrated significantly greater ther-
apeutic efficacy than the control group.

Several limitations should be acknowledged concerning the 
present study. First, the participants primarily comprised pa-
tients with KOA from northwestern China. Given the known re-
gional differences in disease presentation and progression [36], 
this geographic concentration may limit the generalizability 
of the findings. Second, although 120 participants were en-
rolled, the relatively modest sample size warrants cautious 
interpretation of the results. Future studies with larger sam-
ple sizes and multicenter designs are needed to further vali-
date the efficacy of this combined pharmacological approach. 
Third, the potential effects of placebo response and selection 
bias on study outcomes could not be fully determined because 
these factors were not systematically evaluated or controlled 
in the study design.

Conclusions

Combination therapy with celecoxib and Jintiange capsules 
demonstrated superior therapeutic efficacy relative to cele-
coxib combined with placebo capsules. The incidence of treat-
ment-emergent adverse events was low and did not significant-
ly differ between groups, suggesting no clinically meaningful 
short-term safety differences between treatment regimens.
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Department of Comprehensive Orthopaedics, Second Affiliated 
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corresponding author upon reasonable request.
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