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Intracapsular injection of triple-
drug solution in the treatment of
early and mid-stage knee
osteoarthritis
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China, *Department of Orthopedics, The First People’s Hospital of Qinzhou, Qinzhou, Guangxi, China,
“Department of Pharmacy, the People’s Hospital of Guangxi Zhuang Autonomous Region, Guangxi
Academy of Medical Sciences, Nanning, China

Objective: The objective of this study was to evaluate the efficacy and safety of
intra-articular injection of the “triple injection” in the treatment of early and
middle-stage knee osteoarthritis (KOA).

Materials and methods: A total of 120 patients with unilateral KOA, recruited
from October 2021 to December 2023, were randomly divided into two
groups with 60 cases in each group. The control group received intra-
articular injection of 2 mL sodium hyaluronate once a week for 5 consecutive
weeks. The experimental group received intra-articular “triple injection”
(0.3 mL betamethasone + 0.7 mL lidocaine + 2 mL sodium hyaluronate) in the
first week, followed by intra-articular injection of 2 mL sodium hyaluronate
once a week for 4 consecutive weeks. The clinical efficacy was evaluated
using the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), Visual Analogue Scale (VAS), Hospital for Special Surgery (HSS)
knee score, and flexion range of motion (ROM) before treatment, as well as 1
week, 4 weeks, 12 weeks, and 24 weeks after treatment.

Results: Comparisons of WOMAC scores, VAS scores, HSS scores, and ROM
before treatment revealed no statistically significant differences between the
two groups (all P>0.05). In contrast, statistically significant differences in
WOMAC scores, VAS scores, HSS scores, and ROM between the two groups
were observed at different time points after treatment (all P<0.05).
Additionally, the comparison of overall efficacy in K-L grade lll patients
between the two groups showed a statistically significant difference (P <0.05),
and no complications were observed in any of the patients.

Conclusion: Intra-articular injection of sodium hyaluronate and the “triple
injection” are both effective therapeutic modalities for the early and mid-stage
of KOA. Compared with sodium hyaluronate, the “triple injection” can more
effectively relieve pain and improve knee joint function.

Clinical trial registration: Identifier ChiCTR2100048131 with a registration date
of 04/07/2021.
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1 Introduction

Knee osteoarthritis (KOA) is a common bone and joint
disorder characterized by gradual cartilage degeneration, often
accompanied by local pain, joint deformity, swelling, and motor
impairment (1). Due to the complexity of KOA, there is still no
effective treatment to date (2). For KOA, the primary treatment
goal is to relieve pain, improve joint function, slow disease
progression, and enhance patients’ quality of life (3). The
KOA
pharmacotherapy, and surgical intervention, with intra-articular

management  of encompasses  basic  treatment,
drug injection typically reserved for cases where oral or topical
medications yield insufficient therapeutic effects (4). Compared
with systemic administration, intra-articular delivery offers
numerous advantages, including improving local bioavailability,
reducing systemic exposure and the incidence of adverse
reactions, and lowering treatment costs (5).

In recent vyears, intra-articular injection of multi-drug
KOA treatment has

attention. The involved drugs or pharmaceutical preparations

regimens for garnered considerable
encompass sodium hyaluronate, glucocorticoids, platelet-rich
plasma, ozone, local anesthetics, and vitamins (6). Additionally,
tension in the nerves and muscles surrounding the knee joint is
another key contributor to pain (6). Notably, there are no
unified standards for drug formulation and dosage, and the
clinical efficacy remains to be further validated. This study aims
to assess the clinical efficacy and safety of the “triple injection”
+0.7 mL +2mL sodium

(0.3 mL betamethasone lidocaine

hyaluronate) regimen.

2 Methods
2.1 Patients and design

This study was conducted at the People’s Hospital of Guangxi
Zhuang Autonomous Region (Guangxi Academy of Medical
Sciences) from October 2021 to December 2023 and approved
by the hospital’s Ethics Committee. The study was designed as a
single-blind, prospective randomised controlled trial (RCT;
Chinese Clinical Trial Registry No.. ChiCTR2100048131;
registration date: 07 April 2021).

Inclusion criteria: (1) Aged 50-80 years; (2) Meets the
diagnostic criteria for KOA established by the American College
of Rheumatology (ACR) (7); (3) Kellgren & Lawrence (K-L)
classification grade II or IIT for KOA (8); (4) Provides signed
informed consent.

Exclusion criteria: (1) I Abnormal rheumatologic or
immunologic indices; (2) Ligament injuries or a history of knee
trauma; (3) Joint mouse or meniscal tears resulting in joint
locking; (4) Patellofemoral arthritis; (5) Use of analgesics within
the past 1 week, or intra-articular injections or biological agents
administered within the past 6 months; (6) Previous knee surgery
or physical therapy within the past 6 months; (7) Severe
cardiovascular/cerebrovascular diseases, tumors, diabetes mellitus,
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active infections, or immunosuppressive conditions; (8)
Anticipated treatment interruption or high risk of loss to follow-up.

This study complied with the ethical principles outlined in the
World Medical Association’s Declaration of Helsinki (2013) (9). All
participants were sequentially numbered based on the order of their
enrollment, and their randomization assignments were placed in
opaque, sealed envelopes, which were opened immediately prior
to the initiation of the intervention. Patients were unaware of the
specific medication regimen they received (Figure 1). All
participants provided written informed consent prior to study
initiation. The study was approved by the Ethics Committee of

the People’s Hospital of Guangxi Zhuang Autonomous Region.

2.2 Operation management

Patients in the control group (Group A) were placed in a supine
position with the affected knee fully extended to fully expose the
injection site. The injection point was selected as the intersection
of the superior and lateral borders of the patella. Routine
disinfection was performed with iodine tincture followed by
alcohol, and sterile draping was applied. The operator wore sterile
gloves and performed puncture using a 5mL sterile syringe.
Synovial fluid in the joint cavity was drained as much as possible,
after which the operator injected 2 mL of sodium hyaluronate
into the joint cavity. Following needle withdrawal, the puncture
site was pressed with a sterile cotton swab, covered with sterile
gauze, and the patient was assisted in performing knee flexion
and extension exercises. Patients were instructed to keep the
puncture site dry for 48 h post-injection and to receive regular
weekly treatment for a total of 5 weeks.

The procedural steps for patients in the experimental group
(Group B) were identical to those of the control group both
pre- and post-intra-articular injection. Patients in Group
B received a single “intra-articular triple injection” (0.3 mL
betamethasone + 0.7 mL lidocaine + 2 mL sodium hyaluronate)
in Week 1, followed by weekly intra-articular injections of 2 mL
sodium hyaluronate at Weeks 2, 3, 4, and 5. All intra-articular

injections in both groups were performed by the same physician.

2.3 Outcome assessment

This study aimed to evaluate the clinical efficacy and safety of
the “triple injection” by comparing WOMAC, HSS, and VAS
scores, knee flexion range of motion (ROM), as well as adverse
reactions and complications between the two groups at 1, 4, 12,
and 24 weeks post-treatment.

2.4 Postoperative complications

Patients were assessed for complications including injection
site infections, nausea and vomiting, and cartilage injuries.
Injection site infections were primarily evaluated based on
injection site conditions, such as erythema, swelling, warmth,
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== CONSORT

A", 1 TRANSPARENT REPORTING of TRIALS

[ Enrollment ]

Assessed for eligibility (n=126)

Excluded (n=6)
1.Allergy to glucocorticoid (n=1)

» 2. Recently used pain-relieving medication (n=2)
3.Refuse to participate(n=3)

Randomized (n= 120)

[ Allocation ]

GroupA:
N=60
Control group

Follow-Up

GroupB
N=60
Trilink Injection group

The two groups:

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n=0)

Analysis

FIGURE 1
Schematic diagram of the patient study process.

the CONSORT 2010 Flow Diagram

and tenderness. For cartilage injuries, the Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) (10, 11)
scoring system was used. Based on seven relevant parameters,
this system provides a standardized evaluation of cartilage repair
morphology. The scoring system comprises seven items (total
score: 100 points): cartilage/bone defect volume filling (20
points), integration with adjacent tissues (20 points), repaired
tissue surface integrity (5 points), repaired tissue signal intensity
(15 points), bone defect or bone spicule presence (20 points),
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bone marrow edema-like signal (10 points), and subchondral
bone cyst formation (10 points). A higher MOCART score
indicated a more favorable cartilage repair outcome.

2.5 Sample size calculation

The primary outcome measure was the Visual Analogue Scale
(VAS) score during walking at 1 week post-treatment. It was
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estimated that the mean VAS score would differ by 0.95 points
between the experimental and control groups [with a common
standard deviation (SD) based on preliminary data]. With a
of 90% (1-$=0.90) and a
significance level (a) of 0.05, 53 patients per group were

statistical power two-sided
required. To account for an anticipated dropout rate of 10%-
15%, the sample size was adjusted upward. Consequently, 60
patients were enrolled in each group, resulting in a total sample

size of 120 patients.

2.6 Statistical analysis

All statistical analyses were performed using SPSS 27.0
(IBM Corp., Armonk, NY, USA).
distributed data were expressed as mean * standard deviation

software Normally
(x+s), and intergroup differences were compared using the
t-test. Data
distribution were expressed as median [interquartile range
(IQR), Q25%-Q75%],
conducted using the

independent samples with a non-normal

and intergroup comparisons were
Mann-Whitney U test. Repeated-
measures data were presented as mean * standard deviation
(x+s), mean differences, and 95% confidence intervals (CIs),
and were analyzed using the generalized estimating equation
(GEE) to account for repeated measurements. Categorical data
were expressed as constituent ratios or rates (%), with
intergroup comparisons performed using the Chi-square (x*)
test or Fisher’s exact test (for small sample sizes). Ordinal data
were analyzed using the Mann-Whitney U test. Statistical
significance was set at a=0.05, with P<0.05 considered

statistically significant.

3 Results
3.1 Patient demographics
Baseline characteristics including gender, age, body mass

index (BMI), (K-L)
classification comorbidities

disease duration, Kellgren-Lawrence
(Grades II and 1III), and
(hypertension, diabetes mellitus, coronary heart disease) were
comparable between the two groups (all P> 0.05; Table 1).

3.2 Comparison of WOMAC between two
groups before and after treatment

Generalized estimating equation (GEE) analysis revealed a
significant interaction effect for intergroup comparisons of
WOMAC scores, indicating that the trajectory of WOMAC
score changes differed between the two groups over time.
Pairwise comparisons of simple effects showed that prior to
treatment, the mean difference [95% confidence interval (CI)] in
WOMAC scores between the control and experimental groups
was 020 (-=3.02, 3.42) (P=0.903),
significant intergroup difference. At 1, 4, 12, and 24 weeks post-

with no statistically
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TABLE 1 Comparison of patient demographics between two groups.

Demographics

Group A
)

Group B
(N = 60)

Gender (n, %)

Male 8 (13.3) 14 (23.3) 1.002 | 0.506*
Female 52 (86.7) 46 (76.7)
Age 61.03+7.04 61.53+8.025 | —0.256 | 0.798"
BMI 2471 +3.11 23.82+1.50 1.401 | 0.168"
(kg/m?)
Process(month) 28.10 + 8.49 29.43 +9.66 -0.568 | 0.572
K-L (n, %)
11 38 (63.3) 34 (56.7) 0.523 | 0.601%
11 22 (36.7) 26 (43.3)
Comorbidities
Hypertension (1, %) 0.073 0.787*
No 40 (66.7) 38 (63.3)
Yes 20 (33.3) 22 (36.7)
Diabetes (n, %)
No 48 (80.0) 44 (73.3) 0373 | 0.542*
Yes 12 (20.0) 16 (26.7)
CHD (n, %)
No 58 (96.7) 54 (90.0) 1.071 | 0.301*
Yes 2(3.3) 6(10.0)

CHD, coronary heart disease.
#T test.

1 test.

&Mann-Whitney U test.

treatment, the mean differences (95% CIs) in WOMAC scores
favoring the experimental group were 6.57 (4.17, 8.97), 15.20
(12.43, 17.97), 10.47 (7.93, 13.00), and 11.03 (7.98, 14.09),
respectively (all P<0.05), demonstrating statistically significant
intergroup differences (Table 2).

3.3 Comparison of VAS scores between two
groups before and after treatment

GEE analysis indicated a significant interaction effect for
intergroup comparisons of VAS scores, reflecting that the trend
of pain relief (VAS score reduction) differed between the two
groups over time. Pairwise comparisons of simple effects showed
that prior to treatment, the mean difference [95% confidence
(CD)] in VAS
experimental groups was —0.25 (—0.56, 0.07) (P=0.125), with
no statistically significant intergroup difference. At 1, 4, 12, and

interval scores between the control and

24 weeks post-treatment, the mean differences (95% ClIs) in
VAS scores favoring the experimental group were 0.99 (0.52,
1.47), 1.66 (1.24, 2.09), 1.26 (0.87, 1.64), and 1.47 (1.06, 1.88),
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TABLE 2 GEE analysis of WOMAC scores in both groups before and after treatment.

Point-in-time

Group A (N =60)

Group B (N =60)

10.3389/fsurg.2026.1756840

Differentials (95% CI)

Before treatment 55.87 +6.12 55.67 + 6.81 0.20 (—3.02-3.42) 0.015 0.903
1 week 42.73 + 4.79A 36.17 + 4.85Aa 6.57 (4.17-8.97) 28.789 <0.001
4 weeks 28.97 + 6.06AB 13.77 + 5.04ABa 15.20 (12.43-17.97) 115.499 <0.001
12 weeks 23.80 +5.77ABC 1333+ 4.33ABa 10.47 (7.93-13.00) 65.318 <0.001
24 weeks 21.47 +7.16ABCD 10.43 + 490ABCDa 11.03 (7.98-14.09) 50.146 <0.001
v 5768.65 11,054.1
P <0.001 <0.001
Overall test
Group Point-in-time x> =42.36, P<0.001 3 =12,629.33, P<0.001
group* point-in-time ¥’ = 382.85, P<0.001

(A) Compared with pre-treatment, P < 0.05; (B) Compared with 1 week after treatment, P < 0.05; (C) Compared with 4 weeks after treatment, P < 0.05; (D) Compared with 12 weeks after

treatment, P < 0.05; (a) Compared with the control group, P <0.05; All pairwise comparisons were adjusted using the Bonferroni correction.

GEE, generalized estimating equations model; 3% Wald Chi-square.

TABLE 3 GEE analysis of VAS scores in both groups before and after treatment.

Point-in-time

Group A (N =60)

Group B (N = 60)

Differentials (95% ClI)

Before treatment 6.210.63 6.46 + 0.64 —0.25 (=0.56-0.07) 2.351 0.125
1 week 4.90 + 0.80A 3.91+1.09Aa 0.99 (0.52-1.47) 16.740 <0.001
4 weeks 3.39+0.92AB 1.73 £0.78ABa 1.66 (1.24-2.09) 58.723 <0.001
12 weeks 2.78 + 0.88ABC 1.53 £0.67ABCa 1.26 (0.87-1.64) 39.985 <0.001
24 weeks 3.020.95ABC 1.55 £ 0.69ABCa 1.47 (1.06-1.88) 48.616 <0.001
» 3,843.842 83,680.536
P <0.001 <0.001
Overall test
Group point-in-time ¥% =33.53, P<0.001 y* = 17,997.19, P<0.001
Group* point-in-time ¥ =929.60, P<0.001

(A) Compared with pre-treatment, P < 0.05; (B) Compared with 1 week after treatment, P < 0.05; (C) Compared with 4 weeks after treatment, P < 0.05; (D) Compared with 12 weeks after

treatment, P < 0.05; (a) Compared with the control group, P <0.05; All pairwise comparisons were adjusted using the Bonferroni correction.
GEE, generalized estimating equations model; Xz’ Wald Chi-square.

respectively (all P<0.05), confirming statistically significant (-12.69 to —7.77), and —10.20 (—13.00 to —7.40), respectively,

intergroup differences (Table 3). with all P-values < 0.05 (Table 4).

3.5 Comparison of range of motion
between two groups before and after
treatment

3.4 Comparison of HSS scores between
two groups before and after treatment

GEE results revealed an interaction effect when comparing GEE results revealed an interaction effect when comparing the
Hospital for Special Surgery (HSS) scores. Subsequent pairwise  range of motion (ROM) of knee joint flexion. Subsequent pairwise
comparisons of simple effects showed no statistically significant  comparisons of simple effects showed no statistically significant
difference in HSS scores between the two groups before  difference in ROM between the two groups prior to treatment:
the mean difference was 0.90 [95% confidence interval (CI):
(—0.89-2.69), P=0.325].

between-group differences in ROM were noted at 1 week, 4

treatment: the mean difference was —0.03 [95% confidence
interval (CI): —4.32-4.26, P=0.988].
significant between-group differences in HSS scores were noted
at 1 week, 4 weeks, 12 weeks, and 24 weeks after treatment.
Specifically, the mean differences (95% ClIs) at these time points
were —5.27 (—=9.48 to —1.06), —5.87 (=9.68 to —2.05), —10.23

However, statistically However, statistically significant
weeks, 12 weeks, and 24 weeks after treatment. Specifically, the
mean differences (95% Cls) at these time points were —5.73

(=6.53 to —4.94), —6.53 (=7.39 to —5.67), —5.63 (=6.43 to
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TABLE 4 GEE analysis of HSS scores in both groups before and after treatment.

Point-in-time Differentials (95% CI)

Group A (N = 60)

Group B (N = 60)

Before treatment 61.80+9.13 61.83+8.09 —0.03 (—4.32-4.26) <0.001 0.988
1 week 67.10 £7.35A 72.37 £9.43Aa —5.27 (—9.48-—1.06) 6.016 0.014
4 weeks 73.337.33AB 79.20 £ 8.01ABa —5.87 (=9.68-—2.05) 9.069 0.003
12 weeks 74.90 + 5.08AB 85.13 + 4.80ABCa -10.23 (~12.69--7.77) 66.458 <0.001
24 weeks 74.97 +5.37AB 85.17 + 5.88ABCa —10.20 (~13.00-—7.40) 50.969 <0.001
v 97.331 3,020.319
P <0.001 <0.001
Overall test
Group point-in-time ¥’ = 15.46, P <0.001, i* = 485.09, P < 0.001
Group* point-in-time X’ =48.43, P<0.001

(A) Compared with pre-treatment, P < 0.05; (B) Compared with 1 week after treatment, P < 0.05; (C) Compared with 4 weeks after treatment, P < 0.05; (D) Compared with 12 weeks after
treatment, P < 0.05; (a) Compared with the control group, P <0.05; All pairwise comparisons were adjusted using the Bonferroni correction.
GEE, generalized estimating equations model; 3% Wald Chi-square.

TABLE 5 GEE analysis of range of motion in the two groups before and after treatment.

Point-in-time Group A (N =60) Differentials (95% ClI)

Group B (N = 60)

Before treatment 120.73 + 3.44 119.83 +3.76 0.90 (—0.89-2.69) 0.967 0.325
1 week 122.13 £ 1.31 127.87 + 1.85Aa —5.73 (—6.53-—4.94) 198.639 <0.001
4 weeks 122.83 + 1.46B 129.37 + 1.96ABa —6.53 (=7.39-—5.67) 221.887 <0.001
12 weeks 123.93 + 1.34ABC 129.57 + 1.81ABa —5.63 (—6.43-—4.84) 193.985 <0.001
24 weeks 125.20 + 1.75ABCD 130.13 + 2.00ABCDa —4.93 (—5.87-—4.00) 107.232 <0.001
v 667.623 402.757
P <0.001 <0.001

Overall test

Group point-in-time

¥* =133.40, P<0.001

x> =516.03, P<0.001

Group* point-in-time

¥’ = 85.016, P<0.001

(A) Compared with pre-treatment, P < 0.05; (B) Compared with 1 week after treatment, P < 0.05; (C) Compared with 4 weeks after treatment, P < 0.05; (D) Compared with 12 weeks after
treatment, P < 0.05; (a) Compared with the control group, P <0.05; All pairwise comparisons were adjusted using the Bonferroni correction.

GEE, generalized estimating equations model; xz, Wald Chi-square.

—4.84), and —4.93 (—5.87 to —4.00), respectively, with all
P-values < 0.05 (Table 5).

3.6 Comparison of clinical efficacy
between two groups before and after
treatment

Clinical efficacy was categorized into excellent response,

good response, and non-response. Specifically, excellent
response was defined as the complete disappearance or
significant reduction of knee joint symptoms (e.g., pain,
swelling, and stiffness) after treatment, with essentially
normal joint mobility and the ability to perform daily life and
work activities. Good response referred to a tendency toward
alleviation of knee joint pain, stiffness, and swelling, with

minimal impact on daily life and work. Non-response

Frontiers in Surgery

indicated no improvement in knee joint symptoms, no change
in joint mobility, and persistent severe impairment of daily
life and work. The total effective rate was defined as the sum
of excellent and good responses.

Regarding clinical efficacy, there was a statistically significant
difference in the total effective rate between the two groups
(P <0.05), indicating that compared with single hyaluronic acid
sodium injection, intra-articular “triple injection” therapy for
the knee joint exhibited significantly superior clinical efficacy,
which was beneficial for relieving knee osteoarthritis (KOA)-
When
comparing the efficacy of the two groups within the same

related pain and restoring KOA-related function.
Kellgren-Lawrence (K-L) classification, the results showed no
statistically significant difference in clinical efficacy for K-L
(P>0.05).
difference was observed in clinical efficacy for K-L grade III
(P<0.05) (Tables 6-8).

grade II In contrast, a statistically significant
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TABLE 6 Comparison of the clinical outcomes of the two groups after treatment.

10.3389/fsurg.2026.1756840

TABLE 9 Comparison of MOCART score in group A before and after treatment.

Clinical Group A Group B MOCART score Before After P1 P2
outcomes (N =60) (N =60) treatment treatment
Ineffective 11 (36.7) 3 (10.0) Total points 48.97 49.26 0.52 | 0.18
Good effective 13 (43.3) 8 (26.7) Cartilage/bone defect 9.17 9.23 0.42 | 0.90
Excellent effective 6 (20.0) 19 (63.3) volume filling
Total effective rate 19 (63.3) 27 (90.0) 3.475 | <0.001 Integration with 10.03 10.17 0.56 | 0.52
(n, %) adjacent tissues
Repaired tissue surface 3.67 3.70 0.57 | 0.67
integrity
TABLE 7 Comparison of clinical outcomes between the two groups after treatment (K-L-11). Repaired tissue signal 0 0.00 1.00 0.16
. . intensit
Clinical Group A Group B intensity
outcomes (N =38) (N = 34) Bone defect or bone 12.56 12.63 0.42 | 0.76
icul
Ineffective 12 (31.6) 2 (59) spicue presence
B d - 5.23 5.16 0.33 | 037
Good effective 14 (36.8) 12 (35.3) one marrow edema
like signal
Excellent effect 12 (31.6) 20 (58.8)
Subchondral bone cyst 8.00 8.03 0.75 | 0.86
Total effective rate 26 (68.4) 32 (94.1) 2.001 | 0.066 .
formation
(n, %)

TABLE 8 Comparison of clinical outcomes between the two groups after treatment (K-L-Ill).

Clinical Group A Group B

outcomes (N =22) (N = 26)

Ineffective 10 (45.5) 4 (15.4)

Good effective 12 (54.5) 4 (15.4)

Excellent effect 0 (0.0) 18 (69.2)

Total effective rate 12 (54.5) 22 (84.6) 2.984 | 0.004
(n, %)

3.7 MOCART score between two groups
before and after treatment

We evaluated the Magnetic Resonance Imaging (MRI)-based
MOCART scores of all patients. The results showed no
statistically significant difference in MOCART scores between
Group A and Group B either before or after injection;
additionally, intragroup comparisons of MOCART scores before
and after injection in both groups also revealed no statistically
significant differences. Therefore, this study demonstrated that
the triple injection is safe in the short term for addressing
potential cartilage damage (Tables 9, 10).

4 Discussion

KOA is a prevalent degenerative joint disease characterized by
joint pain, disability, and loss of function (12). Currently, there is
no curative treatment for KOA in clinical practice. For KOA
patients who respond poorly to oral analgesics or anti-
inflammatory drugs and suffer from moderate to severe pain,
intra-articular drug injection into the knee joint is a viable
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P1: Comparison of MOCART scores before and after treatment in Group A patients.
P2: Comparison of MOCART scores before treatment between Group A and B.

TABLE 10 Comparison of MOCART score in group B before and after treatment.

MOCART score

After
treatment

Before P1 P3

treatment

Total points 49.63 50.10 0.18 | 0.15
Cartilage/bone defect 9.27 9.30 0.77 | 0.83
volume filling

Integration with 10.06 10.00 0.73 | 0.78
adjacent tissues

Repaired tissue surface 3.73 3.76 0.71 | 0.85
integrity

Repaired tissue signal 0.00 0.00 1.00 | 0.16
intensity

Bone defect or bone 12.90 13.00 0.64 | 0.42
spicule presence

Bone marrow edema- 5.53 5.60 0.69 | 0.23
like signal

Subchondral bone cyst 8.10 8.13 0.83 | 0.64
formation

P1: Comparison of MOCART scores before and after treatment in Group B patients.
P2: Comparison of MOCART scores after treatment between Group A and B.

therapeutic option. In recent years, the application of intra-
articular drug injection in KOA treatment has gained increasing
popularity (13). Compared with systemic administration and
surgical intra-articular offers

treatment, drug

advantages such as high bioavailability, fewer systemic adverse

injection

reactions, and lower treatment costs (14).
The injection protocol used in this study was the “triple
injection,” consisting of 0.3 mL compound betamethasone,

0.7mL lidocaine, and 2mL sodium hyaluronate. Sodium
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hyaluronate is composed of hyaluronic acid (HA), for which there
are relatively few studies. It is widely distributed in both humans
and animals, exerting multiple biological functions, including
chondroprotection,  anti-inflammatory  effects, and joint
lubrication, as well as protective effects on the meniscus (15).
Intra-articular injection of sodium hyaluronate for KOA
treatment improves joint lubrication, and reduces friction
between articular cartilages, thereby alleviating joint pain,
improving joint mobility. This therapy demonstrates significant
efficacy in patients with early and mid-stage KOA (16-18).
A single 5-week course of intra-articular sodium hyaluronate
injection can relieve pain and improve joint function in KOA
patients for up to 6 months, without serious side effects or
complications (19). However, in clinical practice, it is commonly
observed that the therapeutic effect of single-agent sodium
hyaluronate injection is not significant in patients with more
severe KOA, and combination injection with other drugs is
usually required for intervention (19). However, in clinical
practice, it is commonly observed that the therapeutic effect of
single-agent sodium hyaluronate injection is not significant in
patients with more severe KOA, and combination injection with
other drugs is usually required for intervention.

Notably, primary KOA is typically associated with aseptic
inflammation, which is the primary factor contributing to pain
symptoms and disease progression (20). Studies have shown that
intra-articular administration of lidocaine can reduce pain
transmission in damaged peripheral nerves, thereby inhibiting
pain sensitization, protecting already sensitized peripheral nerves
in the injured area, and stabilizing neuronal cell membranes (21,
22). Literature reports indicate that a single intra-articular
injection of 5 mL of 2% lidocaine into the knee joint cavity does
not compromise chondrocyte viability, whether in healthy
cartilage or KOA-affected cartilage (23). Intra-articular injection
of local anesthetics is therefore widely used in the treatment of
patients with painful knee KOA (24).

Regarding steroids, the “Management Guidelines for Hand,
(2019)” published by the
American College of Rheumatology/Arthritis Foundation (25),

Hip and Knee Osteoarthritis

recommends intra-articular steroid injections for KOA patients.
Within  the
inflammatory effect, aiding in alleviating KOA-related pain and

joint cavity, steroids exert a potent anti-

promoting the recovery of knee function. They are indicated for

the treatment of acute joint effusion and non-specific
inflammation of surrounding soft tissues in KOA (26). The
mechanism of action of glucocorticoids primarily involves
inhibiting the

mediators, suppressing immune cell activity, and reducing the

production and release of inflammatory
immune response (27). Studies have reported that the duration
of pain relief following intra-articular glucocorticoid injection in
the knee joint is at least 1 week (28), and can last up to 6 weeks
(29), which is consistent with the findings of the present study.
In a double-blind, randomized controlled trial, intra-articular
injection of triamcinolone acetonide (10 mg) was found to be
non-inferior to 40 mg triamcinolone acetonide in improving
pain in KOA patients. Both doses significantly relieved pain and

improved quality of life in symptomatic KOA patients.
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Compound betamethasone is a long-acting glucocorticoid with
strong anti-inflammatory activity; additionally, intra-articular
injection of 0.5-2mL compound betamethasone can alleviate
OA-related pain and stiffness within 2-4 h (30), which was the
primary rationale for selecting betamethasone in this study.
Andzie-Mensah et al. (31) conducted a single-blind randomized
controlled study to compare the efficacy of betamethasone
dipropionate and methylprednisolone acetate in the treatment of
primary knee osteoarthritis [Kellgren-Lawrence (K-L) stages 2-
4]. The results showed that both steroid injections alleviated
symptoms; however, betamethasone dipropionate exhibited
superior long-term efficacy compared with methylprednisolone
acetate, providing sustained pain relief for more than 8 weeks.
Wattanasirisombat et al. (32) performed a single-center, double-
blind, randomized controlled trial to compare the efficacy of a
single injection of long-acting corticosteroid (betamethasone) and
medium-acting corticosteroid (triamcinolone) in KOA treatment.
The results demonstrated that both the betamethasone and
triamcinolone groups exhibited a significant reduction in resting
Visual Analog Scale (VAS) pain scores starting from day 1, which
persisted for up to 6 months. However, no significant differences
were observed between betamethasone and triamcinolone in
terms of resting VAS pain scores, functional scores, or
performance-based outcomes at 6 months, highlighting the need
for longer-term follow-up in the present study.
that

corticosteroids can have adverse effects on articular cartilage
(33).

physiological reactions in the body, including disrupting water,

However, studies have shown repeated use of

Corticosteroid use can also induce various other
salt, sugar, protein, and fat metabolism, impairing the body’s
resistance, hindering tissue repair, and delaying tissue healing
(34). Additionally, some studies have reported that multiple
short-term corticosteroid injections may cause cartilage damage
and increase the risk of exacerbating KOA progression (35).
Wernecke et al. (36) conducted a study and found that intra-
articular corticosteroid injections at low doses and low
frequencies (<2-3 mg per dose or total cumulative dose of 8-
12mg in the body) exerted beneficial effects, whereas higher
doses and frequencies (>3 mg per dose or total cumulative dose
of 18-24mg in the body) caused chondrotoxic effects and
cartilage damage. Whitaker et al. (37) evaluated the safety and
tolerability of co-injecting 2.5% polyacrylamide hydrogel with
betamethasone disodium phosphate and betamethasone acetate
into the healthy metacarpophalangeal joints of horses. The
results showed that injecting 1 mL of betamethasone (6 mg/mL)
into horses was safe for articular cartilage. Davis et al. (38)
investigated chondrocytes treated with a combination solution of
betamethasone sodium phosphate and betamethasone acetate
(without benzalkonium chloride) at concentrations of 0.2, 0.6, 1,
3, and 6 mg/mL for 30 min. They found that no significant
chondrocyte death was observed in the above concentration
groups within 7 days after treatment; intra-articular injection of
a low dose of betamethasone (<2.1 mg per dose) did not cause
obvious cartilage damage or cell death, whereas injection of a
higher dose (>2.1 mg per dose) led to cartilage protein loss and

subsequent cartilage damage. Therefore, to minimize potential
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articular cartilage damage caused by betamethasone, the “triple
injection” used in the observation group of this study contained
a single low dose of compound betamethasone (0.3 mL,
containing 1.5 mg of betamethasone dipropionate and 0.6 mg of
betamethasone sodium phosphate).

Consistent with Davis et al. (38), this study also did not find
that the triple injection caused cartilage damage. In their
systematic review, Pirri et al. (39) clearly pointed out the
potential cartilage damage that glucocorticoids and lidocaine may
induce. Due to the lack of standardization in injection protocols
and dosages, definitive conclusions cannot be drawn, and
clinicians must remain vigilant about their potential hazards at all
times. Furthermore, in a clinical randomized controlled study
(40), the observation group and the control group received intra-
articular injections of triamcinolone acetonide and normal saline
once every 3 months, respectively. After 2 years of continuous
(MRI)
0.11 mm difference in knee articular cartilage thickness between

injections, magnetic resonance imaging revealed a
the two groups, indicating that corticosteroids cause an annual
cartilage loss of approximately 0.055 mm. Given that the
thickness of knee articular cartilage is 3-5 mm, continuous intra-
articular injections of corticosteroids once every 3 months would
require 10 years to reduce articular cartilage thickness by 12.5%, a
change that has a relatively minor impact on KOA progression.
Regarding the safety of glucocorticoids, no statistically significant
differences in K-L scores or total knee replacement rates were
observed between patients who received glucocorticoid injections
and those who did not after 5 years of follow-up (41, 42). In the
study by Baker et al. (43), the chondrotoxicity of the combined
use of local anesthetics, glucocorticoids, and hyaluronic acid was
investigated. The results showed that this combination could
produce a synergistic anti-inflammatory effect and counteract, to
some extent, the side effects associated with single-drug use.
Consistent with this, the present study also found that the triple
injection achieved significantly superior efficacy compared with
sodium hyaluronate alone. However, it should be clearly noted
that betamethasone alone exerts anti-inflammatory and analgesic
effects, while lidocaine has anesthetic effects. Whether the triple
injection combination is more effective than betamethasone or

lidocaine alone requires further research.

5 Limitations

This study has several limitations. First, the sample size
included was relatively small, and this was a single-center study,
which may introduce bias into the research results. Second, in
this study, the observation group was treated with the “triple
(0.3 mL
lidocaine + 2 mL hyaluronic acid) for KOA, while the control

injection” compound  betamethasone + 0.7 mL
group only received 2 mL of hyaluronic acid injection. The
inconsistent injection doses between the two groups may
potentially interfere with the evaluation of therapeutic efficacy.
Third, WOMAC score, VAS score and HSS score used in this
study are all subjective indicators. There are certain deviations

in the assessment process of these scoring scales, and no
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objective indicators were included for comprehensive evaluation
—for example, monitoring changes in inflammatory factors in
knee synovial fluid before and after treatment, or conducting
imaging assessments post-treatment. Fourth, this study adopted
a single-blind design, which may lead to subjective bias in data
collection by researchers. Fifth, the follow-up period of this
study was relatively short, which may affect the stability of the
results. Last but not least, it is worth noting that lidocaine and
betamethasone were used as part of the intervention to mimic
the typical clinical experience of patients; however, their use
may affect the judgment of the triple injection’s effectiveness.

6 Conclusion

Intra-articular injection of sodium hyaluronate and the “triple
injection” are both effective therapeutic modalities for the early
and mid-stage of KOA. Compared with sodium hyaluronate, the
“triple injection” can more effectively relieve pain and improve
knee joint function.

Data availability statement

The original contributions presented in the study are included
in the article, further inquiries can be directed to the
corresponding author.

Ethics statement

The studies involving humans were approved by People’s
Hospital of Guangxi Zhuang Autonomous Region. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study. Written informed
consent was obtained from the individual(s) for the publication
of any potentially identifiable images or data included in this article.

Author contributions

FL: Data curation, Methodology, Writing - original draft,
Writing - review & editing. TN: Data curation, Methodology,
Software, Writing — original draft, Writing — review & editing. YM:
Data curation, Investigation, Software, Writing — original draft. XH:
Data
Software, Writing - review & editing. WL: Conceptualization,

Conceptualization, curation, Investigation, Resources,

Investigation, Software, Writing - original draft. DY: Funding
acquisition, Resources, Visualization, Writing - review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This research was supported by

frontiersin.org


https://doi.org/10.3389/fsurg.2026.1756840

Li et al.

the Self-funded Research Project of Guangxi Health Commission
(Z20210533) and the Guangxi Science and Technology Major
Program (No. AA23023004).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

References

1. Guermazi A, Niu J, Hayashi D, Roemer FW, Englund M, Neogi T, et al. Prevalence
of abnormalities in knees detected by MRI in adults without knee osteoarthritis:
population based observational study (Framingham osteoarthritis study). Br Med J.
(2012) 345:5339. doi: 10.1136/bmj.e5339

2. Kan HS, Chan PK, Chiu KY, Yan CH, Yeung SS, Ng YL, et al. Non-surgical
treatment of knee osteoarthritis. Hong Kong Med J. (2019) 25(2):127-33. doi: 10.
12809/hkm;j187600

3. Jang S, Lee K, Ju JH. Recent updates of diagnosis, pathophysiology, and
treatment on osteoarthritis of the knee. Int ] Mol Sci. (2021) 22(5):2619. doi: 10.
3390/ijms22052619

4. Szwedowski D, Szczepanek ], Paczesny L, Zabrzynski ], Gagat M, Mobasheri A,
et al. The effect of platelet-rich plasma on the intra-articular
microenvironment in knee osteoarthritis. Int ] Mol Sci. (2021) 22(11):5492.
doi: 10.3390/ijms22115492

5. Jones IA, Togashi R, Wilson ML, Heckmann N, Vangsness CT. Intra-articular
treatment options for knee osteoarthritis. Nat Rev Rheumatol. (2019) 15(2):77-90.
doi: 10.1038/s41584-018-0123-4

6. Liao CD, Chen H-C, Huang M-H, Liou T-H, Lin C-L, Huang S-W. Comparative
efficacy of intra-articular injection, physical therapy, and combined treatments on
pain, function, and sarcopenia indices in knee osteoarthritis: a network meta-
analysis of randomized controlled trials. Int ] Mol Sci. (2023) 24(7):6078. doi: 10.
3390/ijms24076078

7. Manek NJ, Lane NE. Osteoarthritis: current concepts in diagnosis and
management. Am Fam Physician. (2000) 61(6):1795-804.

8. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum
Dis. (1957) 16(4):494-502. doi: 10.1136/ard.16.4.494

9. World Medical Association. World medical association declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA. (2013)
310(20):2191-4. doi: 10.1001/jama.2013.281053

10. Marlovits S, Singer P, Zeller P, Mandl I, Haller J, Trattnig S. Magnetic resonance
observation of cartilage repair tissue (MOCART) for the evaluation of autologous
chondrocyte transplantation: determination of interobserver variability and
correlation to clinical outcome after 2 years. Eur ] Radiol. (2006) 57(1):16-23.
doi: 10.1016/j.ejrad.2005.08.007

11. Schreiner MM, Raudner M, Marlovits S, Bohndorf K, Weber M, Zalaudek M,
et al. The MOCART (magnetic resonance observation of cartilage repair tissue) 2.0
knee score and atlas. Cartilage. (2021) 13(1_suppl):571S-87. doi: 10.1177/
1947603519865308

12. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. (2019) 393(10182):1745-59.
doi: 10.1016/S0140-6736(19)30417-9

13. Rampal S, Jaiman A, Ali Tokgéz M, Arumugam G, Sivananthan S, Singh Jagdeb
Singh R, et al. A review of the efficacy of intraarticular hip injection for patients with
hip osteoarthritis: to inject or not to inject in hip osteoarthritis? Jt Dis Relat Surg.
(2022) 33(1):255-62. doi: 10.52312/jdrs.2022.402

14. Emami A, Tepper J, Short B, Yaksh TL, Bendele AM, Ramani T, et al. Toxicology
evaluation of drugs administered via uncommon routes: intranasal, intraocular,
intrathecal/intraspinal, and intra-articular. Int J Toxicol. (2018) 37(1):4-27. doi: 10.
1177/1091581817741840

Frontiers in Surgery

10.3389/fsurg.2026.1756840

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

15. Tang JZ, Nie M]J, Zhao JZ, Zhang GC, Zhang Q, Wang B. Platelet-rich plasma
versus hyaluronic acid in the treatment of knee osteoarthritis: a meta-analysis.
J Orthop Surg Res. (2020) 15(1):403. doi: 10.1186/s13018-020-01919-9

16. Miller LE, Fredericson M, Altman RD. Hyaluronic acid injections or oral
nonsteroidal anti-inflammatory drugs for knee osteoarthritis: systematic review and
meta-analysis of randomized trials. Orthop ] Sports Med. (2020)
8(1):2325967119897909. doi: 10.1177/2325967119897909

17. Ishijima M, Nakamura T, Shimizu K, Hayashi K, Kikuchi H, Soen S, et al. Intra-
articular hyaluronic acid injection versus oral non-steroidal anti-inflammatory drug
for the treatment of knee osteoarthritis: a multi-center, randomized, open-label,
non-inferiority trial. Arthritis Res Ther. (2014) 16(1):R18. doi: 10.1186/ar4446

18. Qiao X, Yan L, Feng Y, Li X, Zhang K, Lv Z, et al. Efficacy and safety of
corticosteroids, hyaluronic acid, and PRP and combination therapy for knee
osteoarthritis: a systematic review and network meta-analysis. BMC Musculoskelet
Disord. (2023) 24(1):926. doi: 10.1186/s12891-023-06925-6

19. Bronstone A, Neary JT, Lambert TH, Dasa V. Supartz (sodium hyaluronate) for
the treatment of knee osteoarthritis: a review of efficacy and safety. Clin Med Insights
Arthritis  Musculoskelet Disord. (2019) 12:1179544119835221. doi: 10.1177/
1179544119835221

20. Creamer P. Intra-articular corticosteroid injections in osteoarthritis: do they work
and if so, how? Ann Rheum Dis. (1997) 56(11):634-6. doi: 10.1136/ard.56.11.634

21. Kawamata M, Takahashi T, Kozuka Y, Nawa Y, Nishikawa K, Narimatsu E, et al.
Experimental incision-induced pain in human skin: effects of systemic lidocaine on
flare formation and hyperalgesia. Pain. (2002) 100(1-2):77-89. doi: 10.1016/S0304-
3959(02)00233-6

22. Ming LH, Chin CS, Yang CT, Suhaimi A. Adductor canal block versus intra-
articular steroid and lidocaine injection for knee osteoarthritis: a randomized
controlled study. Korean J Pain. (2022) 35(2):191-201. doi: 10.3344/kjp.2022.35.2.191

23. Ravnihar K, Mar$ T, Pirkmajer S, Alibegovi¢ A, Kozelj G, StoZer A, et al. The
influence of a single intra-articular lidocaine injection on the viability of articular
cartilage in the knee. Cartilage. (2021) 13(1_suppl):456S-63. doi: 10.1177/
1947603520904759

24. Kreuz PC, Steinwachs M, Angele P. Single-dose local anesthetics exhibit a type-,
dose-, and time-dependent chondrotoxic effect on chondrocytes and cartilage: a
systematic review of the current literature. Knee Surg Sports Traumatol Arthrosc.
(2018) 26(3):819-30. doi: 10.1007/s00167-017-4470-5

25. Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al. 2020
American college of rheumatology/arthritis foundation guideline for the
management of osteoarthritis of the hand, hip, and knee. Arthritis Care Res
(Hoboken). (2020) 72(2):149-62. doi: 10.1002/acr.24131

26. Wang SZ, Guo YD, Zhang XJ, Wang C. [Intra-articular injection of compound
betamethasone and hyaluronic acid for the treatment of moderate-severe knee
osteoarthritis:a randomized controlled trial]. Zhongguo Gu Shang. (2021)
34(5):424-8. doi: 10.12200/j.issn.1003-0034.2021.05.006

27. Uthman I, Raynauld JP, Haraoui B. Intra-articular therapy in osteoarthritis.
Postgrad Med J. (2003) 79(934):449-53. doi: 10.1136/pmj.79.934.449

28. Hepper CT, Halvorson JJ, Duncan ST, M. Gregory AJ, Dunn WR, Spindler KP.
The efficacy and duration of intra-articular corticosteroid injection for knee

frontiersin.org


https://doi.org/10.1136/bmj.e5339
https://doi.org/10.12809/hkmj187600
https://doi.org/10.12809/hkmj187600
https://doi.org/10.3390/ijms22052619
https://doi.org/10.3390/ijms22052619
https://doi.org/10.3390/ijms22115492
https://doi.org/10.1038/s41584-018-0123-4
https://doi.org/10.3390/ijms24076078
https://doi.org/10.3390/ijms24076078
https://doi.org/10.1136/ard.16.4.494
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/j.ejrad.2005.08.007
https://doi.org/10.1177/1947603519865308
https://doi.org/10.1177/1947603519865308
https://doi.org/10.1016/S0140-6736(19)30417-9
https://doi.org/10.52312/jdrs.2022.402
https://doi.org/10.1177/1091581817741840
https://doi.org/10.1177/1091581817741840
https://doi.org/10.1186/s13018-020-01919-9
https://doi.org/10.1177/2325967119897909
https://doi.org/10.1186/ar4446
https://doi.org/10.1186/s12891-023-06925-6
https://doi.org/10.1177/1179544119835221
https://doi.org/10.1177/1179544119835221
https://doi.org/10.1136/ard.56.11.634
https://doi.org/10.1016/S0304-3959(02)00233-6
https://doi.org/10.1016/S0304-3959(02)00233-6
https://doi.org/10.3344/kjp.2022.35.2.191
https://doi.org/10.1177/1947603520904759
https://doi.org/10.1177/1947603520904759
https://doi.org/10.1007/s00167-017-4470-5
https://doi.org/10.1002/acr.24131
https://doi.org/10.12200/j.issn.1003-0034.2021.05.006
https://doi.org/10.1136/pmj.79.934.449
https://doi.org/10.3389/fsurg.2026.1756840

Li et al.

osteoarthritis: a systematic review of level I studies. ] Am Acad Orthop Surg. (2009)
17(10):638-46. doi: 10.5435/00124635-200910000-00006

29. Juni P, Hari R, Rutjes AW, Fischer R, Silletta MG, Reichenbach §, et al. Intra-
articular corticosteroid for knee osteoarthritis. Cochrane Database Syst Rev. (2015)
2015(10):CD005328. doi: 10.1002/14651858.CD005328.pub3

30. Vandeweerd JM, Zhao Y, Nisolle J, Zhang W, Zhihong L, Clegg P, et al. Effect of
corticosteroids on articular cartilage: have animal studies said everything? Fundam
Clin Pharmacol. (2015) 29(5):427-38. doi: 10.1111/fcp.12137

31. Andzie-Mensah E, Segbefia M, Holdbrook- Holdbrook- Smith H, Bediako Bowan
A, Dakubo J, Agbor A. Effectiveness of betamethasone dipropionate versus
methylprednisolone acetate intra-articular injection in the management of pain in
primary osteoarthritis of the knee. Ghana Med J. (2025) 59(2):87-97. doi: 10.4314/
gmj.v59i2.6

32. Wattanasirisombat K, Boontanapibul K, Pinitchanon P, Pinsornsak P.
Betamethasone and triamcinolone acetonide have comparable efficacy as single
intra-articular injections in knee osteoarthritis: a double-blinded, randomized
controlled trial. ] Bone Joint Surg Am. (2025) 108:35-44. doi: 10.2106/JBJS.25.00100

33. Nelson AE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review
of recommendations and guidelines for the management of osteoarthritis: the chronic
osteoarthritis management initiative of the U.S. bone and joint initiative. Semin
Arthritis Rheum. (2014) 43(6):701-12. doi: 10.1016/j.semarthrit.2013.11.012

34. Utamawatin K, Phruetthiphat O-a, Apinyankul R, Chaiamnuay S. The efficacy of
intra-articular triamcinolone acetonide 10 mg vs. 40 mg in patients with knee
osteoarthritis: a non-inferiority, randomized, controlled, double-blind, multicenter
study. BMC Musculoskelet Disord. (2023) 24(1):92. doi: 10.1186/512891-023-06191-6

35. Huang Y, Liu X, Xu X, Liu J. Intra-articular injections of platelet-rich plasma,
hyaluronic acid or corticosteroids for knee osteoarthritis: a prospective randomized
controlled study. Orthopade. (2019) 48(3):239-47. doi: 10.1007/s00132-018-03659-5

Frontiers in Surgery

1

10.3389/fsurg.2026.1756840

36. Wernecke C, Braun HJ, Dragoo JL. The effect of intra-articular corticosteroids on
articular cartilage: a systematic review. Orthop ] Sports Med. (2015)
3(5):2325967115581163. doi: 10.1177/2325967115581163

37. Whitaker B, Barnhard JA, Webb KR, Levine D, Green MM, Vieira MR. The
concurrent use of 2.5% polyacrylamide hydrogel and betamethasone esters for
intra-articular injection is well tolerated in 10 healthy horses. ] Am Vet Med Assoc.
(2025) 263(4):460-7. doi: 10.2460/javma.24.10.0651

38. Davis D, Cyriac M, Ge D, You Z, Savoie FH. In vitro cytotoxic effects of
benzalkonium chloride in corticosteroid injection suspension. J Bone Joint Surg
Am. (2010) 92(1):129-37. doi: 10.2106/JBJS.H.01561

39. Pirri C, Sorbino A, Manocchio N, Pirri N, Devito A, Foti C, et al. Chondrotoxicity
of intra-articular injection treatment: a scoping review. Int J Mol Sci. (2024)
25(13):7010. doi: 10.3390/ijms25137010

40. McAlindon TE, LaValley MP, Harvey WF, Price LL, Driban JB, Zhang M, et al.
Effect of intra-articular triamcinolone vs saline on knee cartilage volume and pain
in patients with knee osteoarthritis: a randomized clinical trial. JAMA. (2017)
317(19):1967-75. doi: 10.1001/jama.2017.5283

41. Bucci J, Chen X, LaValley M, Nevitt M, Torner J, Lewis CE, et al. Progression of
knee osteoarthritis with use of intraarticular glucocorticoids versus hyaluronic acid.
Arthritis Rheumatol. (2022) 74(2):223-6. doi: 10.1002/art.42031

42. Latourte A, Rat A, Omorou A, Ngueyon-Sime W, Eymard F, Sellam ]J,
et al. Do glucocorticoid injections increase the risk of knee osteoarthritis
progression over 5 years? Arthritis Rheumatol. (2022) 74(8):1343-51. doi: 10.1002/
art.42118

43. Baker JF, Olave M, Leach W, Doherty CR, Gillcrist RL, White DK, et al.
Corticosteroid injections for symptomatic treatment of osteoarthritis of the knee: a
pilot blinded randomized trial. ACR Open Rheumatol. (2023) 5(10):529-35. doi: 10.
1002/acr2.11596

frontiersin.org


https://doi.org/10.5435/00124635-200910000-00006
https://doi.org/10.1002/14651858.CD005328.pub3
https://doi.org/10.1111/fcp.12137
https://doi.org/10.4314/gmj.v59i2.6
https://doi.org/10.4314/gmj.v59i2.6
https://doi.org/10.2106/JBJS.25.00100
https://doi.org/10.1016/j.semarthrit.2013.11.012
https://doi.org/10.1186/s12891-023-06191-6
https://doi.org/10.1007/s00132-018-03659-5
https://doi.org/10.1177/2325967115581163
https://doi.org/10.2460/javma.24.10.0651
https://doi.org/10.2106/JBJS.H.01561
https://doi.org/10.3390/ijms25137010
https://doi.org/10.1001/jama.2017.5283
https://doi.org/10.1002/art.42031
https://doi.org/10.1002/art.42118
https://doi.org/10.1002/art.42118
https://doi.org/10.1002/acr2.11596
https://doi.org/10.1002/acr2.11596
https://doi.org/10.3389/fsurg.2026.1756840

	Intracapsular injection of triple-drug solution in the treatment of early and mid-stage knee osteoarthritis
	Introduction
	Methods
	Patients and design
	Operation management
	Outcome assessment
	Postoperative complications
	Sample size calculation
	Statistical analysis

	Results
	Patient demographics
	Comparison of WOMAC between two groups before and after treatment
	Comparison of VAS scores between two groups before and after treatment
	Comparison of HSS scores between two groups before and after treatment
	Comparison of range of motion between two groups before and after treatment
	Comparison of clinical efficacy between two groups before and after treatment
	MOCART score between two groups before and after treatment

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


