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Abstract

Background: Knee osteoarthritis (OA) is a degenerative joint disease that causes chronic
pain and functional limitation. Platelet-rich plasma (PRP) has been proposed to relieve
symptoms and promote recovery, but trial results remain inconsistent. This systematic
review and meta-analysis evaluated the effectiveness and safety of PRP for knee OA
using validated pain and function outcomes.

Methods: This review followed the Cochrane Handbook and PRISMA. PubMed,
Cochrane Library, EMBASE, Scopus, and ProQuest were searched for randomized
controlled trials (restricted to 2018-2023) comparing intra-articular PRP with
conventional therapy. Eligible studies enrolled adults/older adults with knee OA and
reported VAS pain, WOMAC (function and/or pain), and/or IKDC. Risk of bias was
assessed using RoB 2.0. Meta-analysis was performed in RevMan 5.4 using
random-effects models; heterogeneity was assessed using I? and publication bias using
funnel plots.

Results: Eleven RCTs (n=1884; mean age 65.2 years; predominantly female) were
included. Controls were mainly hyaluronic acid, with some sham saline and other
comparators; one trial combined PRP with bone marrow mesenchymal stem cells. PRP
significantly reduced pain on VAS (SMD -0.75; 95% CI -1.48 to -0.02; p=0.04) and
improved WOMAC global function (SMD -1.50; 95% CI -2.64 to -0.35; p=0.01) and
WOMAC pain (SMD -1.02; 95% CI -1.98 to —0.06; p=0.04). IKDC improvement was not
significant (SMD 0.86; 95% CI -0.87 to 2.60; p=0.33). Reported adverse events were
generally mild, including injection-site pain/swelling and other transient symptoms.

Conclusion: PRP is associated with meaningful improvements in pain and
WOMAC-measured outcomes in knee OA, but not IKDC, and results are limited by
high heterogeneity. More standardized PRP protocols and longer follow-up
trials—especially in resource-limited settings, are needed to clarify durability and
generalizability.

Keywords: knee osteoarthritis; platelet-rich plasma; PRP; intra-articular injection;
systematic review; meta-analysis; VAS; WOMAC; IKDC; randomized controlled trial
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1. Introduction

Knee osteoarthritis (OA) is a degenerative joint disease characterized by the
progressive loss of articular cartilage, leading to increased friction during mobility. Its
etiology involves various factors, including chronic low-grade inflammation due to
aging, pro-catabolic mediators, and mechanical stress, all of which contribute to
structural joint degeneration, primarily through the loss of the extracellular matrix. As a
result, individuals with knee OA often experience pain and reduced function, which
worsen as the disease progresses.

Older adults are particularly susceptible to knee OA due to the chronic low-grade
inflammation associated with aging. In Indonesia, the incidence of knee OA rises
sharply between the ages of 50 and 75 before declining after 80, reflecting global trends.
Given the substantial increase in the older adult population in Indonesia since 1994, it's
logical to assume a corresponding rise in knee OA prevalence.

While patient education, exercise, and weight management are recommended as
first-line treatments for knee OA, pharmacological interventions like NSAIDs pose risks,
especially for older adults with comorbidities. Consequently, there's growing interest in
alternative therapies. Intra-articular hyaluronic acid injections have shown promise in
providing lubrication, shock absorption, and anti-inflammatory effects, but their cost
remains a barrier to widespread use, leaving a gap in effective management strategies.

Platelet-rich plasma (PRP) therapy has garnered attention due to its potential to
promote joint healing through growth factors present in platelets. However, PRP also
contains inflammatory mediators that may exacerbate joint degradation. Despite
increasing clinical trials, consensus on PRP's efficacy compared to other interventions
remains elusive. Therefore, this meta-analysis and systematic review aim to assess PRP's
effectiveness in alleviating pain and improving function in knee OA patients, as
measured by the Visual Analogue Scale (VAS), International Knee Documentation
Committee Subjective Knee Evaluation Form (IKDC), and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC). Additionally, adverse effects of
PRP will be examined to evaluate its feasibility in pain reduction and mobility
improvement. Ultimately, this review aims to provide practical guidance for healthcare
professionals considering PRP therapy for knee OA patients.

2. Results

2.1. Search Results and Study Characteristics

Quantitative analysis was conducted on eleven randomized controlled trials (RCTs),
encompassing 1884 participants who received platelet-rich plasma (PRP) intervention
compared to conventional therapy. All RCTs underwent qualitative analysis. The
average participant age was 65.2 years, with females comprising the majority across all
trials. Intra-articular PRP injection was the primary intervention in all studies, except
Lamo-Espinosa et al. [1], which supplemented PRP with bone marrow mesenchymal
stem cells. Although control groups varied, hyaluronic acid (HA), followed by sham
saline and bone marrow cells, were the most frequently employed. Primary outcome
measurement focused on Visual Analog Scale (VAS) pain reduction, while secondary
outcomes included WOMAC global function and pain. Detailed study characteristics are
provided in Appendix 4.

2.2. Study Outcome - Meta-analysis of the Efficacy of PRP in the Treatment of Knee OA

The meta-analysis encompassed eleven trials evaluating PRP efficacy for knee OA
treatment. Results revealed a significant reduction in odds of knee OA occurrence
post-PRP administration compared to baseline (OR = 0.48; 95% CI; 0.27 to 0.88, p-value =
0.02), with considerable heterogeneity (I = 94%, p < 0.00001) (Appendix 5). Funnel plot
analysis indicated no evidence of publication bias across trials (Appendix 6).
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2.3. Study Outcome - VAS Pain Score

Analysis of VAS pain scores from five trials demonstrated a significant reduction
post-PRP treatment (SMD = -0.75, 95% CI; -1.48, -0.02, p-value = 0.04), albeit with
moderate heterogeneity (I2 = 94%, p = 0.04) (Appendix 7). [Funnel plot VAS] (Appendix
8)

2.4. Study Outcome - IKDC Subjective Score

PRP treatment did not yield significant improvement in IKDC subjective scores for
OA patients (SMD = 0.86, 95% CI; -0.87, 2.60, p-value = 0.33), with substantial
heterogeneity (I> = 98%, p-value < 0.00001) (Appendix 9). Symmetrical funnel plot
analysis suggested no publication bias (Appendix 10).

2.5. Study Outcome - WOMAC Global Function Score and WOMAC Pain Score

PRP intervention demonstrated superior improvement in WOMAC global function
(SMD = -1.50, 95% CI; -2.64, -0.35, p-value = 0.01) and significant reduction in WOMAC
pain (SMD = -1.02, 95% CI; -1.98, -0.06, p-value = 0.04) compared to control groups
(Appendix 11).

3. Discussion

3.1. Mechanism of Platelet-Rich Plasma in Knee Osteoarthritis

Knee osteoarthritis stems from chronic proinflammatory mediators, pro-catabolic
mediators, and mechanical stress, precipitating joint structural degeneration.
Platelet-rich plasma (PRP) presents a potential therapeutic avenue due to its heightened
platelet content compared to peripheral blood. Platelets harbor granules rich in growth
factors such as platelet-derived growth factor (PDGF), fibroblast growth factor (FGF),
and vascular endothelial growth factor (VEGF). These factors and other platelet-secreted
substances exhibit diverse mechanisms including endothelial proliferation induction,
angiogenesis initiation, lymphocyte and macrophage proliferation inhibition, and
apoptotic inhibition, potentially fostering joint recovery. However, PRP also contains
inflammatory mediators, matrix metalloproteins, and leukocytes, which, if unregulated,
may contribute to joint degradation.

3.2. Efficacy of Platelet-Rich Plasma in Knee Osteoarthritis

This meta-analysis represents the first recent comprehensive investigation into PRP
efficacy and clinical performance in knee osteoarthritis (OA). Results indicate PRP as a
promising therapeutic modality for knee OA treatment, with improvements observed in
VAS scores and WOMAC function and pain scores, though not in the IKDC score. These
findings align with a previous meta-analysis comparing clinical outcomes of
leukocyte-poor PRP and leukocyte-rich PRP. While WOMAC function score
improvements showed insignificance, akin to our findings, a significant reduction in
VAS scores was observed across trials.

3.3. Effectivity of Platelet-Rich Plasma in VAS Score Changes

Visual Analogue Scale (VAS) scores, measuring pain intensity, exhibited significant
reductions post-PRP administration across multiple studies, indicating PRP's efficacy in
alleviating knee OA-related pain.

3.4. Effectivity of Platelet-Rich Plasma in IKDC Score Changes

Despite PRP treatment, no significant improvement in International Knee
Documentation Committee Subjective Knee Form (IKDC) scores was noted, with results
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favoring control. Moreover, substantial heterogeneity was detected, indicating PRP's
lack of efficacy in enhancing IKDC scores.

3.5. Improvement of WOMAC Function and Pain Reduction with Platelet-Rich Plasma

Meta-analysis revealed significant improvements in WOMAC function and pain
scores following PRP treatment. While WOMAC pain score improvements were slightly
less pronounced, PRP demonstrated efficacy in enhancing WOMAC function and pain
scores.

3.6. Adverse Event of Platelet-Rich Plasma in Knee Osteoarthritis

Several adverse events were reported post-PRP treatment, including injection site
pain, swelling, gastrointestinal disorders, and musculoskeletal pain. These findings
underscore the importance of vigilant monitoring and management of potential
complications associated with PRP therapy.

3.7. Strengths and Limitations

This study's strength lies in its exclusive focus on randomized controlled trials and
the inclusion of various control group interventions, enabling comprehensive
comparison. However, limitations include the restriction to studies from 2018 to 2023
and the high heterogeneity observed in follow-up periods and reported comorbidities.

4. Materials and Methods

4.1. Study Design

This meta-analysis and systematic review adhered to the guidelines outlined in the
Cochrane Handbook for Systematic Reviews of Interventions 6.3 and followed the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
checklist.

4.2. Search Strategy

The meta-analysis utilized the PRISMA framework (Appendix 1). A comprehensive
search was conducted across multiple databases including PubMed, Cochrane Library,
EMBASE, Scopus, and ProQuest. The search strategy employed Boolean operators with
keywords aligned with MeSH (Medical Subject Headings) terms, customized for each
database's search manager.

4.3. Study Eligibility Criteria

Inclusion criteria were predefined according to the PICOS (Population,
Intervention, Comparison, Outcome, Study design) framework (Appendix 2). Eligible
studies included adult or elderly patients diagnosed with knee osteoarthritis,
interventions involving platelet-rich plasma, comparisons against standard care,
outcomes measured through WOMAC, VAS, and/or IKDC scores, and randomized
controlled trials (RCTs). Exclusion criteria encompassed irretrievable full-text articles,
non-English literature, and non-human clinical trials. Title and abstract screening was
conducted independently by three reviewers (RRR, DRAS, SPN), with discrepancies
resolved through discussion with a fourth reviewer (DDR) to reach consensus.

4.4. Data Extraction

A predetermined tabular format was used for data extraction, including author and
publication year, study location, sample size, intervention details, adverse events, and
outcome measures (VAS, WOMAC, IKDC, and KOQS). Three reviewers (RRR, DRAS,
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SPN) performed qualitative evaluations, with data verification conducted by another
author (DDR) during statistical analysis.

4.5. Quality Assessment and Publication Bias

Risk of bias in the included studies was assessed using the Revised Tool for Risk of
Bias in Randomized Trials (RoB 2.0). Five domain areas were evaluated to assess bias
potential. Assessment was conducted independently by three reviewers, and results
were recorded in a bias domain file (.xIsx). Visualization of bias assessment was
facilitated using the ROBVIS website. Discrepancies were resolved through consensus
among reviewers. Evaluation of study quality is detailed in Appendix 3.

4.6. Quantitative Data Analysis

Statistical analysis was performed using RevMan version 5.4 software for
systematic review and meta-analysis. Data extraction involved recording estimated
means, standard deviations, and sample sizes for each study. A random-effects model
was applied for continuous outcomes, while binary outcomes were analyzed using odds
ratios. Heterogeneity was assessed using 12, and publication bias was examined through
funnel plots.

5. Conclusions

In conclusion, PRP emerges as a promising treatment option for knee OA, with
significant improvements noted in VAS scores, WOMAC function, and pain scores.
However, PRP failed to enhance IKDC scores, and substantial heterogeneity was
observed across studies, highlighting the need for further research and standardization
in PRP therapy for knee OA.

Further studies with longer follow-up time should be made to assess the long-term
effect of PRP in Knee Osteoarthritis. Studies conducted in resource-limited settings are
also still lacking, further review assessing the PRP conducted in resource-limited settings
is required to determine its feasibility.

6. Patents
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Abbreviations

The following abbreviations are used in this manuscript:

VAS Visual Analogue Scale

WOMAC Western Ontario and McMaster Universities Arthritis Index
IKDC International Knee Documentation Committee

NR Not Reported

RCT Randomized Control Trial

Appendix 1. Literature Search Strategy

Appendix 2. Literature Review PICOS Framework

Table 1. Literature Review PICOS Framework
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Appendix 4. Characteristics of Included Studies

Table 2. Characteristics of Included Studies
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Appendix 5. Forest Plot showing the efficacy of PRP against the control
group in Eleven Trials
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Odds Ratio
M-H, Random, 95% CI

PRP Control Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl
Carlos Saiz etal,, 2023 89 176 87 176 94% 1.05[0.69, 1.59]
Chuetal, 2022 308 810 302 610 97% 1.04 [0.83,1.30]
Ciulic et al., 2021 o 14 111 1858  92% 0.20[0.12,0.33]
Huang et al., 2022 48 a8 51 39 81% 0.89 [0.51,1.55]
Lamo-Espinosa et al., 2020 26 a0 24 50 B4% 117 [0.54, 2.57]
Linetal, 2018 3 77 46 77T 8E% 0.45(0.24, 0.86]
Parketal, 2021 55 110 55 110 91% 1.00[0.59,1.70]
Raeissadatetal, 2021 52 238 186 238 93% 0.08[0.05,012)
Wang eta., 2022 54 116 B2 116 92% 0.76[0.45,1.27)]
Zaffagnini et al,, 2022 3o 118 88 118  90% 0.12[0.086, 0.21]
Zhou et al., 2023 30 95 30 60 5.8% 0.46 [0.24, 0.90]
Total (95% CI) 1830 1849 100.0% 0.48 [0.27, 0.88]
Total events 753 1042

Heterogeneity. Tau®= 094, Chi*=17317, df= 10 (P < 0.00001), F= 94%
Testfor overall effect 2= 2.40 (P = 0.02)

—

0.05

0.2
Favours [PRF)

g
Favours [control]

Figure 2. Forest Plot showing the efficacy of PRP against the control group in Eleven Trials
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Appendix 6. Funnel plot: PRP vs Control
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Appendix 7. VAS score Forest Plot
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Figure 4. VAS score Forest Plot

Appendix 8. Funnel plot; VAS Pain
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Appendix 9. IKDC Score Forest Plot
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Appendix 10. Funnel plot: IKDC score
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Appendix 11. WOMAC Function (4.1.1), WOMAC pain (4.1.2)
PRP Control Std. Mean Difference Std. Mean Difference
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Test for overall effect: Z= 2.56 (P = 0.01)
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Figure 8. WOMAC Function (4.1.1), WOMAC pain (4.1.2)

Appendix 12. Visual Analogue Scale
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Figure 9. Visual Analogue Scale
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