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Abstract

Background Intra-articular injectables are proposed as a solution for pain relief and functional improvement in knee
osteoarthritis (OA), however most studies involving intra-articular knee injectables are focused on short-term relief,
leaving the recommendations regarding long-term management unclear. This network meta-analysis aimed to evalu-
ate the mid- to long-term effectiveness of intra-articular knee injection of platelet-rich plasma (PRP), hyaluronic acid
(HA), corticosteroids (CS), and their combinations for management of knee OA.

Methods Relevant studies were searched through PubMed, EMBASE, Scopus, and Cochrane Register of Trials
databases from inception to 20th October, 2024 for randomized controlled trials (RCTs) of knee OA patients who
had taken intra-articular injectable treatment with a follow-up duration of at least one year. The study included 37
RCTs involving 5089 patients. The outcomes assessed were pain relief and functional improvement of knee joint. The
random effects Bayesian model was carried out for network meta-analysis. The surface under the cumulative ranking
(SUCRA) curve demonstrated the rank probability of each injectable therapy for different outcomes.

Results Analysis revealed that, in terms of both knee pain relief and improvement of functional outcomes, the com-
bined intra-articular injection of PRP and HA was ranked ahead of the isolated administration of PRP, followed by com-
bination of HA with CS, HA alone, placebo, and CS at the end of one year.

Conclusion These findings emphasize the sustained efficacy of PRP, particularly when combined with HA, in provid-
ing superior long-term pain relief and functional improvement in knee OA compared to other intra-articular injecta-
bles, highlighting its potential as a preferred treatment modality.

Keywords Osteoarthritis, Knee, Intra-articular injections, Platelet-rich plasma, Hyaluronic acid, Corticosteroid,
Bayesian analysis

*Correspondence:

Kavin Khatri

kavinkhatri84@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://orcid.org/0009-0001-5179-7641
http://orcid.org/0000-0002-8179-3027
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-025-05574-w&domain=pdf

Gupta et al. Journal of Orthopaedic Surgery and Research

Introduction
Knee osteoarthritis (OA) is a highly prevalent and pro-
gressive joint disorder, marked by chronic pain and func-
tional impairment [1]. It represents nearly 80% of the
global burden of OA, with its prevalence rising signifi-
cantly in association with aging and obesity [2]. It leads to
severe morbidity and reduces physical activity to a large
extent, accounting for disability in the especially in the
elderly population [1, 3]. Effective management of knee
OA necessitates long-term strategies focused on pain
control, maintenance of physical activity, and addressing
structural changes in the joint [4]. Though it is a chronic
disease, most systematic reviews and studies have
focused on the short-term control of knee pain and do
not emphasize medium to long-term results [5, 6]. This
has resulted in lack of clear guidelines on the medium
to long-term management of the disease. Currently, the
management of knee OA involves mainly conservative
approaches and surgical intervention [7]. Due to vari-
ous reasons like comorbidities, socioeconomic factors
and risks associated with surgery, medical management
is preferred in the majority of cases [8]. Conservative
treatment includes oral medications, physical therapy
and intra-articular (IA) injections [7]. While nonsteroi-
dal anti-inflammatory drugs (NSAIDs) are commonly
used, safety concerns regarding the long-term use of
these drugs exist [9]. Intra-Articular injections are an
alternative treatment approach to tide over the pain epi-
sodes and resume routine activities [10]. The commonly
used agents for IA administration include hyaluronic
acid (HA), corticosteroids (CS) and platelet-rich plasma
(PRP) [10]. These agents are used in isolation or combi-
nation to improve pain relief and patient functional out-
comes. According to the Osteoarthritis Research Society
International (OARSI) [11] and the American College of
Rheumatology (ACR) [12] guidelines, IA corticosteroids
are conditionally recommended for knee OA due to their
short-term pain control. However, concerns regarding
their long-term safety profile limit their widespread use.
Similarly, intra-articular HA injections are conditionally
recommended against by the ACR guidelines due to lim-
ited evidence supporting their efficacy [12]. Nevertheless,
OARSI guidelines acknowledge potential benefits of HA
injections in providing pain relief beyond 12 weeks of
treatment and emphasize their favorable long-term safety
profile compared to repeated intra-articular CS injec-
tions [11]. Emerging therapies such as PRP and stem cell
injections, while investigational, are not yet endorsed by
OARSI or ACR due to the very low amount of evidence
and lack of standardization in formulation and adminis-
tration [11, 12].

In the past few years, numerous studies have com-
pared intra-articular injection therapies with one another
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[13-15]. Sadabad et al. in their metanalysis, reported
PRP’s efficacy over HA [14]. However, Cole et al. found
no difference between HA and PRP in pain relief in
patients suffering from knee osteoarthritis [15]. Simi-
larly, studies have reported varied results in patients
treated with HA or corticosteroids [16]. Despite a large
number of clinical trials that had investigated the effect
of HA, CS and PRP, they had included a small subset of
subjects leading to low statistical power and conflicting
results. Moreover, majority of these studies and meta-
analyses have focused on the short-term gains, neglecting
the medium- to long-term effects of IA injections. A net-
work meta-analysis would offer the advantage of achiev-
ing a combined and coherent analysis of data in the trials
drawing evidence from both indirect and direct compari-
sons of HA, CS, PRP and their combined administration.
Hence, the objective of the current study is to systemati-
cally search, review and quantify the mid to long-term
results from the randomized trials conducted on knee
OA patients receiving IA injections of either platelet-rich
plasma, hyaluronic acid, corticosteroids or their com-
bined administration.

Methods

In the current systematic review and meta-analysis,
we followed a peer-reviewed protocol registered in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42021255932) [17]. The network
meta-analysis was prepared as per the guidelines of the
Preferred Reporting Items for Meta-analysis (PRISMA)
statement [see Additional file 1]. [18]. The analyses
were performed on the previously published data, so no
patient consent or ethical approval was required.

Search strategy and data sources

Two researchers (KK, AD) developed the search strategy
in collaboration with the research search team. A sys-
tematic online search was performed to check for eligi-
ble trials from PubMed, Scopus, Embase and Cochrane.
Published studies from inception to 20th October 2024
were systematically searched. A national library of medi-
cine weekly alert was set for the main search query until
November 2024, but it did not yield any results relevant
to the study. There were no language restrictions. The ref-
erences of the material obtained were manually searched
for to look out for any relevant literature. The complete
search strategy has been elaborated in Supplementary
Material [see Additional file 2].

Eligibility criteria

1. All randomized controlled trials (RCTs) involving
patients with knee osteoarthritis.
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2. Studies with Corticosteroids (CS), Hyaluronic acid
(HA), and Platelet Rich Plasma (PRP) as test or con-
trol groups.

The studies with at least 80% patient follow-up.

4. Trails with treatment or follow-up duration of at
least 1 year. The one-year duration is the minimum
duration for long-term assessment of conservative
modalities in knee OA [19].

w

We excluded the trials in the case of animal or cadav-
eric studies, conference papers, literature reviews, edito-
rials, expert opinions and retrospective studies.

Study selection

Two investigators, AD and AL, independently screened
the articles for the title, abstract and full text. The study
was included in the review as decided by consensus;
however, in case of any dispute, the opinion of a third
researcher (KK) was sorted.

Outcomes assessment and data extraction

The other investigators (NG, KK, AL) independently
extracted the author’s information, clinical outcomes
and overall risk of bias. The trials were included if they
reported at least one of the outcomes to be measured:
pain or function. Knee pain was chosen as the primary
outcome to be measured because pain is the principal
symptom that causes stress to patients with knee osteo-
arthritis. The other secondary outcome to be measured
was the functioning of knee joint.

Different scales assessed pain or physical functioning of
the knee joint in the trials, so, the prioritization method
described in a previous study was used [20]. The best out-
come measure was the Visual Analogue Scale (VAS) [21],
followed by the pain assessment subscale of Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC) [22]. For the physical functioning of the knee
joint, total WOMAC score based on the WOMAC ques-
tionnaire [23] was considered the best outcome measure.
In addition to WOMAC, International Knee Documen-
tation Committee (IKDC) score [24] was also used as an
outcome measure for physical function. The outcomes
were evaluated at 6 months and 12 months.

The outcomes at baseline, 6 month-follow-up,
12-month follow-up, and change in the parameters from
baseline to 12 months were extracted. The graphical data
was extracted using WebPlotDigitizer software (version
5.0) [25]. Other data extracted were first author’s name,
year of publication, demographics and study design
to check for the quality of the trial, type of injection
received, sample size, mean age of participants, male to
female ratio, body mass index (BMI), grade of osteoar-
thritis, dose and duration of the treatment, and follow-up
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time points. Authors of a study were contacted in cases
where additional data was needed for analysis.

Methodology for quality assessment

The quality of studies was checked by researchers inde-
pendently in a blinded fashion. Any disagreement was
resolved through consensus. Quality assessment and risk
of bias assessment of the included studies was carried out
with the Cochrane Collaboration Tool [26].

Statistical analysis

Analysis was done using mean values and standard
deviation (SD) of the outcome scores at follow-ups, and
change in mean from baseline to 12-month follow-up
and its SD. In cases where SD for the mean change in
outcome scores was unavailable, the SD was calculated
through Meta-Analysis Accelerator tool [27], using for-
mula given in Cochrane handbook [28], assuming a cor-
relation of 0.5 between pre- and post-measurements. In
studies where median, interquartile ranges, and ranges
were provided instead of mean and SD, the method out-
lined by Wan et al. [29] were employed to estimate the
means and SD. Bayesian multiple network meta-analysis
with random-effects model was performed with both pla-
cebo and active-controlled trials. Trails with a high risk of
bias were excluded before performing main or subgroup
analysis.

The statistical analysis for this network meta-analysis
(NMA) was performed with a Bayesian framework using
Metalnsight (version 6.2.0; National Institute for Health
Research Complex Reviews Support Unit) [30], an online
application that facilitates NMA and performs Bayes-
ian statistical calculations utilizing the R package gemtc
[31] and R package BUGSNET [32]. Network plots and
Forest plots were generated to illustrate all comparisons
derived from the studies. Surface under the cumula-
tive ranking (SUCRA) curve with Rankogram plot were
used to report summarized probability values, and Lit-
mus Rank-O-Gram along with Radial SUCRA plots were
generated [33]. The variance between all the treatment
effects with consideration of location and hierarchy of
treatment were recorded. The value of the worst treat-
ment under SUCRA curve was rated as zero and 100 in
case of best available option. Node splitting analysis was
performed to verify consistency assumptions and homo-
geneity [34]. If the direct and indirect comparison results
showed no statistically significant difference (P> 0.05), it
indicated good consistency. The residual deviances from
(unrelated mean effect) UME inconsistency model and
NMA model were plotted to check for inconsistency [see
Additional file 3] [35]. Residual deviance of less than 2
suggested a good fit. If the Gelman-Rubin convergence
assessment plots had stability around one, it suggested a
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good fit. The leverage plot was used to identify influential
or poorly fitting studies and to check how each study was
affecting the overall model fit, with leverage values below
3 suggesting a good fit [35, 36]. To evaluate the presence
of publication bias, Egger’s regression test was conducted
using R software (version 4.4.2). A p-value of less than
0.05 suggested potential small-study effects or publica-
tion bias. Additionally, comparison-adjusted funnel plots
[37] were generated using NMAStudio (version 2.0) [38],
an online software for network meta-analysis, to visually
inspect asymmetry and detect potential biases across dif-
ferent treatment comparisons.

Results

Study selection

A total of 4171 studies were screened, out of which 37
RCTs (n=5089) met the eligibility criteria and were
included in the meta-analysis [15, 39-74]. The study flow
diagram outlines the selection of studies (Fig. 1).

Characteristics of included studies
Out of the included trials 34 interventions were stud-
ied for pain and 28 for physical functioning of the knee

Page 4 of 18

joint. The duration of the trials varied from one year to
five years. Hyaluronic acid (HA) was used alone in 30
trials (1797 participants) and in combination with corti-
costeroid in 2 trials (51 participants). Platelet rich plasma
(PRP) was used alone in 26 trials (1499 participants) and
in combination with HA in 5 trials (243 participants) and
corticosteroid injection was used alone in 8 trials (400
participants). Among the 37 RCTs, 14 were placebo-
controlled trials. The characteristics of the trials included
in the study are tabulated in Table 1. The mean age of
patients included in the trials ranged from 46.2 years to
71.5 years, with more women than male participants.
The duration of the disease varied between two to eleven
years. The radiological grading based on Kellgren and
Lawrence (KL) classification was mainly between grade 2
and 3. In all the RCTs, the intra-articular injections were
administered at variable intervals.

Bias assessment

According to the Cochrane collaboration tool for assess-
ment of the risk of bias, the studies included in the pre-
sent review were of high quality and had minimal risk of
bias (Fig. 2). Risk of bias assessment for each individual
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Fig. 1 Prisma flow diagram for study selection

Reports excluded:

Combination with other treatment modalities
(n=19)

Participants with OA other than Knee (n = 5)
Follow up Duration less than one year (n=64)
Insufficient data for quantitative analysis (n=4)
Outcome of interest not evaluated (n=3)
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Fig. 2 Summary of risk of bias assessment of the included studies. Note: ‘Patrick 2016 [69]'in this figure corresponds to the study by Smith et al,, as

cited in the text

study is illustrated in Fig. 3. In 25 studies (67.5%), the risk
of bias was low; in 12 studies (32.4%), it was moderate;
and in 4 studies (10.8%), it was high. The network meta-
analysis was deemed appropriate for quantitative synthe-
sis of the evidence in the light of inclusion and exclusion
criteria, measurement of outcome, comparability in the
study design and subset of the population involved. The
assumptions made regarding homogeneity and consist-
ency required for the analysis were confirmed.

Primary outcome

Among the 34 trials assessing pain, the most com-
mon outcome measured was VAS knee pain in 28 tri-
als (82.3%), followed by WOMAC pain score in 19
trials (55.8%). The network plots for the VAS knee pain
at the follow-ups are shown in Fig. 4. Network plots for
WOMAC pain at the follow-ups are shown in Fig. 5.

Pain relief measured through VAS score

The combined administration of HA with PRP had the
best probability, with a SUCRA value of 96.89 of pain
relief at the end of the six months. It was followed by PRP

(SUCRA: 80.7), the combination of HA with CS (SUCRA:
47.7) and HA (SUCRA: 47.5). The intraarticular injec-
tions of corticosteroids resulted in minimum pain relief
at the end of six months with a SUCRA value of 8.62.
Saline fared (SUCRA: 18.44) better than CS in pain relief
at the end of six months.

The VAS score was used again to assess pain relief at
the end of one year. The combination of HA with PRP
had the highest probability of being the best long-term
treatment, with a SUCRA value of 96.68. It was followed
by the PRP alone (SUCRA: 81.8), HA (SUCRA: 44.4), HA
with CS (SUCRA: 42.1), and saline (SUCRA: 17.6). CS
alone had lowest SUCRA value at 17.2 at the end of one
year. In pairwise comparison, the network meta-analysis
revealed that the combination of HA with PRP was asso-
ciated with the highest decrease in pain (MD: —24.4; 95%
Crl: —37.2 to—11.5) in comparison to all other treatment
modalities.

The combined administration of HA with PRP had
the best probability for decrease in VAS pain score from
baseline to the follow-up at 12 weeks, with a SUCRA
value of 95.84 and mean difference (MD) of —25.3 (95%
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Crl: —38.1 to 12). It was followed by PRP with a SUCRA
value of 80.06 (MD: —19.5; Crl: — 28 to — 11), combination
of HA and CS with a SUCRA value of 53.62 (MD: —10.8;
Crl: — 28 to 6.34), HA alone with a SUCRA value of 41.14
(MD:—6.2; Crl: —14 to 1.62), and CS with a SUCRA value
of 19.17 (MD: —1.85; Crl: —11.4 to 7.61). Each treatment
had better probability than saline (SUCRA value: 10.18).
The node splitting model demonstrated no significant
inconsistency (p >0.05) between direct and indirect com-
parisons of any interventions, except for the comparison
of HA vs saline at 6 months (p=0.038) and the compari-
son of CS vs PRP at 12 months (p=0.027). The residual
deviances from UME inconsistency model and NMA
model were plotted. The residual deviance was less than
two in all the studies, and leverage values were below

three, suggesting a good fit. The Gelman-Rubin conver-
gence assessment plots for all the treatment arms reached
stability around one, which is suggestive of a good fit of
the Bayesian network metanalysis.

Pain relief measured through WOMAC pain score

PRP alone had the best probability for pain relief as
assessed through WOMAC pain score at the end of the
six months, with a SUCRA value of 78.57. It was fol-
lowed by combination of HA with PRP (SUCRA: 77.17),
the combination of HA with CS (SUCRA: 71.43) and
HA (SUCRA: 51.53). The intra-articular injections of CS
resulted in minimum pain relief at the end of six months
with a SUCRA value of 5.9. Saline (SUCRA: 15.3) fared
better than CS in pain relief at the end of 6 months.
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The WOMAC pain score was used again to assess pain
relief at the end of one year. The combination of HA
with PRP had the highest probability of being the best
for long-term pain relief, with a SUCRA value of 84.84.
It was followed by the PRP alone (SUCRA: 82.54), HA
with CS (SUCRA: 59.46), HA (SUCRA: 50.09), and CS
(SUCRA: 17.7). Each treatment had better probability
than saline (SUCRA value: 5.33). In pairwise comparison,
the network meta-analysis revealed that the combination
of HA with PRP was associated with the highest decrease
in pain (MD: —4.02 Crl: —6.76 to—1.3) in comparison to
all other treatment modalities.

For decrease in WOMAC pain score from baseline to
the follow-up at 12 weeks, the combined administration
of PRP had the best probability, with a SUCRA value of
79.69 and mean difference (MD) of —3.70 (95% Crl:—5.4
to—2.02). It was followed by HA with PRP with a SUCRA

value of 77.68 (MD:—3.74; Crl:—6.24 to—1.24), com-
bination of HA and CS with a SUCRA value of 67.25
(MD:—3.41; Crl:—7.47 to 0.645), HA alone with a
SUCRA value of 52.55 (MD:—2.9; Crl: —4.72 to—1.09),
and CS with a SUCRA value of 15.86 (MD:—0.45;
Crl: —2.21 to 1.26). Each treatment had better probability
than saline (SUCRA value: 6.94).

There was an evidence of inconsistency between
the comparison of CS vs PRP (p=0.004), CS vs saline
(p=0.048) at 6 months, CS vs PRP (p=0.006), HA vs
saline (p=0.04) at 12 months, and CS vs PRP (p=0.004),
HA vs saline (p=0.04) for change from baseline to
12-month follow-up as per node splitting analysis. The
residual deviances from NMA and UME model reported
good fit. The Gelman-Rubin convergence assessment
plots had also reported stability around one. The leverage
plot also indicated a good fit.
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Secondary outcome

Among the 28 trials assessing physical function of knee
joint, the most common outcome measured was total
WOMAC score in 24 trials (85.7%), followed by IKDC
score in 10 trials (35.7%). The network plots for total
WOMAC score at the follow-ups are shown in Fig. 5.
Network plots for IKDC scores at the follow-ups are
shown in Fig. 6.

Functional improvement assessed through WOMAC scores
WOMAC score was used to assess the functional
improvement at 6 months. PRP was ranked highest
among the ranking of the interventions (SUCRA: 83.11),
followed by combination of HA with PRP (SUCRA:
82.7), combination of HA with CS (SUCRA: 53.58), HA
(SUCRA: 47.04), saline (SUCRA: 20.18) and CS (SUCRA:

13.36). All medications had reported significantly better
WOMAC scores vis-a-vis saline except CS.

At the end of one year, the combination of HA with
PRP fared well over treatment modalities in terms of
long-term functional improvement, with a SUCRA value
of 91.86 (MD:—16.1; Crl:—28.9 to—3.24). It was fol-
lowed by the PRP alone (SUCRA: 83.12), HA with CS
(SUCRA: 45.9), HA (SUCRA: 44.8), and saline (SUCRA:
21.7). CS alone had lowest SUCRA value of 12.4 at the
end of one year.

The combined administration of HA with PRP had
the best probability for decrease in total WOMAC
score from baseline to the follow-up at 12 weeks, with
a SUCRA value of 88.36 and mean difference (MD)
of —15.9 (95% Crl:—29.9 to—1.81). It was followed by
PRP with a SUCRA value of 84.54 (MD: — 14.6; Crl: —24.5
to—4.44), combination of HA and CS with a SUCRA



Gupta et al. Journal of Orthopaedic Surgery and Research (2025) 20:227
IKDC at 6-month follow-up
a b =
Mean Difference (95% Crl) Lo
Compared with Saline H
cs o -8.12 (-26.1,9.92) &
HA 4 6.22 (-2.98, 16.0) £
PRP —o—  13.0(4.06,21.8) H
PRP_with_HA —o—— 13.1(0.0915, 26.2) 3
I E— 0zs
-30 0 30

Page 130f 18

SUCRA (%)

IKDC at 12-month follow-up

d e 100

Mean Difference (95% Crl) o075
Compared with Saline £
cs — -1.42 (-15.1,11.7) g

HA —— 8.06 (1.33, 15.6) Foso
PRP —— 15.5(8.72, 21.8) g
PRP_with_HA —e—  15.1(4.97,254) £
— 3

-20 0 30 o

f SucRA (%)

eRe
* PP win

HA

Change in IKDC from baseline to 12-month follow-up

g h
Mean Difference (95% Crl) _om
Compared with Saline %
cs ——o+——  -355(-19.6, 13.3) e
HA —e— -9.29 (-18.5, -0.0369) g 050
PRP —— -13.9 (-22.2, -5.04) g
PRP_with_HA ——— -14.3 (-26.9, -1.61) s
——
-30 0 20 025

pp
/ 8 i

/ "

3
Rank

Fig. 6 Network comparisons using IKDC score. a—c Forest plot of Bayesian analysis, Litmus Rank-O-Gram and Radial SUCRA plot for studies using
IKDC score at 6 months. d—f Forest plot of Bayesian analysis, Litmus Rank-O-Gram and Radial SUCRA plot for studies using IKDC score at 6 months.
g-i Forest plot of Bayesian analysis, Litmus Rank-O-Gram and Radial SUCRA plot for studies using change in IKDC score from baseline to 12-month

follow-up

value of 48.69 (MD: —6.33; Crl: —25.1 to 12.8), HA alone
with a SUCRA value of 46 (MD:—5.58; Crl:—16.2 to
5.18), and CS with a SUCRA value of 10.12 (MD: 3.05;
Crl:—8.92 to 14.9). Saline (SUCRA value: 22.29) fared
better than CS in terms of decrease in WOMAC from
baseline to follow-up.

The residual deviances from NMA and UME model
reported good fit, except for one arm of a study (Lin et al.
2019) which had deviance of 2.46 from NMA model.
The Gelman-Rubin convergence assessment plots had
reported stability around one, suggesting a good fit.
There was no evidence of inconsistency between the
comparison groups as per node splitting analysis.

Functional improvement assessed through IKDC scores
IKDC score was also used to assess functional improve-
ment at 6 months. PRP was ranked highest among the

ranking of the interventions (SUCRA: 86.64), followed
by combination of HA with PRP (SUCRA: 84.52), HA
(SUCRA: 49.51), saline (SUCRA: 23.65) and CS (SUCRA:
5.66). All treatments reported significantly better
WOMAC scores vis-a-vis saline except CS.

At the end of one year, PRP fared well over treatment
modalities in terms of long-term functional improve-
ment, with a SUCRA value of 88.22 (MD: 15.5; Crl: 8.72
to 21.8). It was followed by the combination of HA with
PRP (SUCRA: 84.95), HA (SUCRA: 49.61), and saline
(SUCRA: 15.22). CS alone had lowest SUCRA value of
11.97 at the end of one year.

PRP had the best probability for increase in IKDC
score from baseline to the follow-up at 12 weeks, with
a SUCRA value of 84.08 and mean difference (MD)
of —13.9 (95% Crl: —22.22 to—5.04). It was followed by
combined administration of HA with PRP with a SUCRA
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value of 82.41 (MD:-14.3; Crl:—26.9 to—1.61), HA
with a SUCRA value of 48.41(MD:-9.29; Crl:—18.5
to—0.036), and CS with a SUCRA value of 25.59
(MD: —3.55; Crl: —19.6 to 13.3). Each treatment had bet-
ter probability than saline (SUCRA value: 9.1).

The residual deviances from NMA and UME model
reported good fit. The Gelman-Rubin convergence
assessment plots had also reported stability around one.
There was no evidence of inconsistency between the
comparison groups as per node splitting analysis.

Publication bias

Egger’s test was done and comparison-adjusted funnel
plots were generated for both the WOMAC and VAS
outcomes at 12 months to assess for potential publica-
tion bias. For the WOMAC outcome at 12 months, Egg-
er’s test did not indicate significant publication bias with
an intercept of 4.2921 (95% CI:—0.3335 to 8.9177), and
a p-value of 0.0683. Similarly, for the VAS outcome at
12 months, Egger’s test yielded a p-value of 0.2920 with
an intercept of—3.8982 (95% CIL:—11.2346 to 3.4382),
further supporting the absence of significant publication
bias. The comparison-adjusted funnel plots [see Addi-
tional File 4] visually confirmed these findings, showing
no clear asymmetry. Overall, the results suggest absence
of substantial small-study effects or publication bias.

Discussion

The present systemic review and network meta-analysis
(NMA) provides a comprehensive evaluation of the mid-
to long-term effectiveness of IA injections of HA, CS, and
PRP for managing knee OA. By synthesizing evidence
from 37 high-quality RCTs, this NMA aimed to address
a critical gap in the literature regarding the long-term
effects of these commonly employed IA interventions.
The analysis revealed that the intraarticular administra-
tion of a combination of HA with PRP results in better
pain relief and functional outcomes in comparison to
other combinations or individual drug administration in
the medium to long term. PRP alone emerged as the sec-
ond most effective intervention, outperforming HA and
CS in all analyses. CS, while providing some short-term
benefits, were found to be least effective for long-term
pain relief and functional outcomes, often faring worse
than saline.

Various studies have demonstrated the effectiveness
and superiority of PRP as a treatment option for knee
OA and other arthritic conditions [13, 75-77]. Miglio-
rini et al. reported PRP to be more effective than corti-
costeroids, HA, and placebo [78]. A recent meta-analysis
reported significant improvements in pain and function
when PRP was compared with HA, over an average fol-
low-up of 11.1 months [13]. However, a meta-analysis by
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Jevsevar et al. found no significant difference in pain and
function between PRP and IA placebo at 42 days [79],
suggesting that PRP’s full therapeutic effects may require
longer follow-up to manifest. Another meta-analysis by
Shen et al. highlighted that PRP significantly reduced
pain and improved function from 3 to 12 months, with
the strongest effect on WOMAC pain scores at 6 months
compared to placebo [75]. Similarly, a meta-analysis by
Dai et al., also suggested a time-dependent relationship
in PRP efficacy, showing no significant advantage over
HA at 6 months but marked improvement in WOMAC,
IKDC, and Lequesne scores by 12 months [80]. To
address the limitations of isolated PRP administration,
there has been a growing focus on combination therapies.
For instance, PRP combined with HA has demonstrated
enhanced efficacy, as this synergy appears to leverage the
regenerative properties of PRP and the chondroprotec-
tive effects of HA [81]. This combination also appears
to improve the bioactivity of key signaling molecules,
including inflammatory cytokines, catabolic enzymes,
and growth factors [56, 82]. Zhao et al. reported that this
combination yields superior pain relief and functional
improvement compared to PRP alone [83].

A network meta-analysis by Qiao et al. found PRP to be
superior in enhancing joint function when compared to
PRP combined with HA, HA alone, corticosteroids, and
placebo [84]. Similar results were echoed in analyses by
Singh et al. [85] and Jawanda et al. [86], with PRP con-
sistently demonstrating improved outcomes in pain relief
and functional scores compared to alternatives. Interest-
ingly, Qiao et al. also noted that PRP combined with HA
was more effective than PRP alone in reducing pain [84].
The present study differs from these analyses by incorpo-
rating only studies with a minimum follow-up duration
of 1 year, providing a more comprehensive assessment
of long-term outcomes. Additionally, by incorporating a
broader range of studies, larger sample size and employ-
ing stricter inclusion criteria, the current study improves
reliability, reduces variability, and enhances statistical
power and generalizability of the results.

Corticosteroids are effective for short-term pain relief
but have limited mid- to long-term benefits. A meta-
analysis by Jevsevar et al. indicated better short-term
results for CS compared to HA, PRP, or saline [79]. This
may be attributed to differences in follow-up durations,
with shorter studies possibly overestimating CS’s short-
term benefits. Intra-articular CS has been shown to
reduce pain more effectively than HA in the first month
following injection, but HA provides superior anal-
gesic effects over the long term, particularly beyond
6 months [16, 87]. For instance, Najm et al. found that
while CS offered early pain relief, it did not result in
better clinical outcomes than HA at later follow-ups
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[88]. Furthermore, some studies suggest worse out-
comes with CS compared to saline in terms of pain and
function, as observed in the present study. This aligns
with findings from Godwin et al., who noted no signifi-
cant differences between CS and saline, questioning the
long-term efficacy of CS [89]. Additionally, Wernecke
et al. reported potential adverse effects of CS on knee
cartilage volume, raising concerns about their safety
with prolonged use [90]. Combining HA with CS, has
demonstrated moderately improved mid- to long-term
outcomes compared to HA or CS alone [49, 64], as also
observed in the present study, making this combination
potentially beneficial for acute exacerbations of knee
pain.

Overall, our findings confirm the superiority of PRP
over HA, both in pairwise comparisons and NMAs,
corroborating prior meta-analyses. The sustained effi-
cacy of PRP, particularly in combination with HA,
underscores its potential as a preferred treatment
modality. However, the variability in study designs and
follow-up durations contributes to significant statisti-
cal heterogeneity in intra-articular injection studies.
To address this heterogeneity, a random-effects model
was employed in this NMA. Fortunately, the consist-
ency between the comparisons was good and the model
of the present study fit well. With application of strict
selection criteria and regression analysis, the impact of
different characteristics of studies included was low-
ered, thus providing reliable results.

The present study had a few limitations. Firstly, though
there were 37 RCTs with approximately 5089 patients
but there were few trials with direct comparisons. Sec-
ond 40% studies had less than 100 participants in the
study which could result in bias due to small study effect.
Third, 10% studies had features of high risk of bias and
low quality of methodology. Fourth, the safety of the
IA injection among various injectable was not studied
as an outcome measure. Fifth, physical therapy is usually
prescribed after administration of intra-articular knee
injections or otherwise which may have effect on the final
outcome of the study. Sixth, in this NMA, heterogeneity
may arise from the differences in study designs, patients
characteristics, PRP preparation protocols, HA formula-
tions, CS dosing regimens and outcome measures across
included studies introduces potential biases. It might
affect generalizability, as certain interventions could have
different effects in different subpopulations or in vary-
ing clinical settings. Lastly, inconsistencies were noted in
a few comparisons though overall model fit was accept-
able. Future research should focus on standardizing PRP
and HA preparation protocols to reduce variability and
conducting long-term RCTs to assess outcomes beyond
12 months (more than 2 to 5 years).
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Conclusion

This network meta-analysis highlights the superior effi-
cacy of intra-articular injection of PRP combined with
HA, in providing sustained pain relief and functional
improvement for knee OA over a follow-up of one year,
compared to individual PRP injections, combined HA
and CS injections, or individual injections of HA, CS, or
saline/ placebo. The sustained efficacy of PRP, particu-
larly in combination with HA, underscores its poten-
tial as a preferred treatment modality. There is need for
comparison between different IA injectables and other
nonoperative management methods individually and
in combination to understand the effectiveness of these
treatment modalities in long-term management of knee
OA. Future research should focus on longer follow-up
periods and efforts to standardize treatment proto-
cols to further validate and optimize these therapeutic
approaches.
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