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Background: Lateral epicondylitis, commonly known as tennis elbow, is a prevalent musculoskeletal disorder characterized by
pain and functional impairment. Platelet-rich plasma (PRP) has been proposed as a regenerative treatment, but its efficacy
remains controversial.

Purpose: To assess the efficacy and safety of PRP in improving pain and function in patients with lateral epicondylitis as com-
pared with placebo through a systematic review and meta-analysis of randomized clinical trials (RCTSs).

Study Design: Systematic review and meta-analysis of RCTs; Level of evidence: 1.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, Embase, and Cochrane CENTRAL for RCTs
comparing PRP with placebo in lateral epicondylitis. Primary outcomes included pain relief and functional improvement assessed
at multiple time points (4, 8-12, and 24-26 weeks). Secondary outcomes included adverse events and grip strength. Statistical anal-
yses used standardized mean difference (SMD), mean difference (MD), and risk ratios with 95% confidence intervals (95% Cls).

Results: Six RCTs with 355 patients were included. PRP did not provide significant pain relief at 4 weeks (SMD, 0.08; 95% Cl,
-0.17 t0 0.34; P = .526), 8 to 12 weeks (SMD, -0.36; 95% Cl, —0.99 to 0.27; P = .263), or 24 to 26 weeks (MD, -1.58; 95% ClI, -4.74
to 1.58; P = .328). Functional improvement was also not significantly different at 4 weeks (SMD, 0.09; 95% CI, -0.18 t0 0.37; P =
.518), 12 weeks (SMD, -0.09; 95% ClI, -0.39 to 0.21; P = .565), or 24 to 26 weeks (SMD, 0.13; 95% Cl, -0.18 to 0.43; P = .413). No
significant difference was found in adverse events (risk ratio, 1.66; 95% CI, 0.65-4.19; P = .287).

Conclusion: PRP does not provide significant pain relief or functional improvement in patients with lateral epicondylitis in the
current study of available RCTs as compared with placebo at all evaluated time points. These findings do not support PRP as
a recommended treatment for this condition.
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Lateral epicondylitis, commonly known as tennis elbow, is
a prevalent musculoskeletal condition characterized by
pain and tenderness in the lateral epicondyle region of
the humerus.'? This disorder frequently affects individuals
who perform repetitive wrist and forearm movements,
leading to microinjuries and degeneration of the extensor
carpi radialis brevis tendon.'? Clinically, patients with
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lateral epicondylitis report pain that worsens with activi-
ties such as gripping or lifting objects, significantly impair-
ing daily functioning and quality of life.?

Several noninvasive treatment options have been pro-
posed, including physical therapy, nonsteroidal anti-
inflammatory drugs, rest, orthoses, and extracorporeal
shockwave therapy.®3%*! Alternatively, injectable thera-
pies with agents such as autologous blood, dextrose, corti-
costeroids, and platelet-rich plasma (PRP) have been
widely advocated.®3%*' Corticosteroids, considered safe
and effective, have been the most widely accepted standard
for injectable therapy for decades.?” However, their use
may lead to adverse effects such as subcutaneous atrophy,


http://crossmark.crossref.org/dialog/?doi=10.1177%2F03635465251383039&domain=pdf&date_stamp=2026-01-08

2 Antunes Junior et al

skin depigmentation, and damage to tendon structures.®
Furthermore, corticosteroid injections can downregulate
inflammatory cells and reduce type I collagen synthesis,
potentially delaying the healing process.?®

In this context, PRP emerges as a promising alternative,
as it is derived from the patient’s own blood and contains
growth factors that can promote tissue regeneration and ten-
don healing.'®?® Studies have explored its potential to pro-
vide sustained pain relief and functional improvement,
particularly in chronic conditions such as lateral epicondyli-
tis, where traditional treatments may have limitations.°
However, it is important to note that, despite numerous stud-
ies being conducted, results are heterogeneous, and the qual-
ity of the evidence is often considered questionable.?>3%35

Therefore, this study aims to provide an updated and meth-
odologically rigorous systematic review and meta-analysis of
the efficacy and safety of PRP in the treatment of lateral epi-
condylitis. In contrast to previous reviews, our analysis exclu-
sively includes randomized controlled trials comparing PRP
with placebo, excludes studies with active comparators such
as corticosteroids or autologous blood, incorporates recently
published randomized clinical trials, and applies the updated
Cochrane Risk of Bias 2.0 (RoB2) tool.>” These methodological
refinements are intended to enhance the reliability of the find-
ings and reduce heterogeneity and bias, thus offering clearer
guidance for clinical decision making.

METHODS

This is a systematic review guided by the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses)>® recommendations to assess the efficacy of
PRP in treating pain and function in lateral epicondylitis.
The PICOS strategy was applied as follows:

Population: Patients with tennis elbow

Intervention: PRP

Comparison: Placebo (normal saline or sham)

Outcomes: Primary—pain relief, function; secondary—
quality of life, adverse effects, treatment tolerability, grip
strength

Study type: Randomized controlled trial

This review has been registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO;
CRD42024598709). The methodology was defined and reg-
istered before the database search began.

Eligibility Criteria

The eligibility criteria included full-text randomized clini-
cal trials that were published by October 2024 and written
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in English; that were available in the PubMed, Scopus,
Embase, and Cochrane CENTRAL databases; and that
involved patients diagnosed with lateral epicondylitis.
The studies had to compare PRP with placebo (considered
normal saline or sham injection) and report outcomes on
pain relief, function, quality of life, adverse effects, tolera-
bility of treatment, and grip strength.

Exclusion criteria comprised articles not available in full
text on digital platforms, studies addressing the use of PRP
for conditions other than lateral epicondylitis, conference
abstracts, preprints, letters to the editor, case reports and
series, observational studies, nonrandomized trials, reviews,
and studies with insufficient data on relevant outcomes.
Duplicate publications of the same study were also excluded,
with only the most comprehensive report included.

Search Strategy

We used keywords related to “platelet rich plasma” and
“lateral epicondylitis” for the database search strategy.
The descriptors were obtained from Medical Subject Head-
ings. Boolean descriptors AND and OR were used for term
searches on the mentioned platforms, adhering to the
articles’ inclusion and exclusion criteria. All descriptors
and the complete search strategy for each database are
available in the Appendix (available in the online version
of this article).

Selection of Studies

Two reviewers (E.S.R.B. and C.R.A.J.), who had no access
to each other’s assessments, evaluated the titles and
abstracts of the identified articles, selecting those that
met the inclusion criteria. Articles that passed the initial
screening were examined in their entirety to determine
inclusion in the systematic review. In situations where dis-
crepancies arose between the reviewers, a senior reviewer
(P.H.S.L.), who had exclusive access to the conflicting
articles, intervened to resolve differences. The studies
were selected by using the Rayyan QCRI (Qatar Comput-
ing Research Institute).?®

Data Summarization

Data extraction was performed independently and in dupli-
cate (E.S.R.B. and C.R.A.J.) to ensure accuracy and reliabil-
ity. Two reviewers extracted data from the studies using
a predesigned data extraction form created in Microsoft Excel
(Version 2205). The form captured comprehensive details on
study characteristics, including population size, intervention
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Figure 1. Flowchart of included studies. RCT, randomized clinical trial.

and control group specifics, methodological approaches, and
the outcomes assessed. Any discrepancies between reviewers
were resolved through discussion or consultation with
a senior reviewer (E.B.S.L.) to achieve consensus.

Quality Assessment

The risk-of-bias assessment was conducted by using the
Cochrane RoB2 tool for randomized trials,®” as evaluated
independently by 2 reviewers (E.S.R.B. and R.S.S.S.),
with discrepancies resolved through a senior reviewer
(P.H.S.L.). Publication bias was investigated by funnel
plot analysis of point estimates about study weights.3!

Statistical Analysis

Functional outcomes at 4, 12, and 24 to 26 weeks and pain
at 4 and 8 to 12 weeks were evaluated by the standard
mean difference (SMD) owing to the use of different scales.
Pain outcomes at 24 to 26 weeks, as measured with the
same scale, were assessed by the mean difference. Given

the nature of event-based data, adverse effects were evalu-
ated by risk ratio. All outcomes were presented with 95%
confidence intervals (95% Cls). The Cochran @ test and
I? statistic were used to assess heterogeneity, with
P < .10 and I? > 25% considered significant for heterogene-
ity. Only a random-effects model employing the restricted
maximum likelihood method was used to account for the
between-study variance because of the methodological het-
erogeneity across studies, even in the absence of statistical
heterogeneity.

A leave-one-out sensitivity analysis was conducted to
evaluate the influence of individual studies on the overall
meta-analysis results. An additional sensitivity analysis
based on the 8-week results from Linnanmaki et al®? was
performed to assess their influence on the 8- to 12-week
pain outcome. All statistical analyses were conducted in
RStudio Version 764 via the meta and metafor packages.

RESULTS

After study selection, 6 articles were included in the meta-
analysis.!822:26:32:33.42 The flowchart outlining the study
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TABLE 1
Main Characteristics of Included Studies®
Test Group Control
First Author (Year) Type of Study No. Intervention No. Intervention Injection Technique Follow-up, wk
Linnanmiki (2020)%2 Double blind 40 PRP, 4-6 mL 39 Normal saline Intratendinous 52
Yerlikaya (2018)*2 Double blind LP-PRP, 30; LP- or LR-PRP, 1.5 mL 30 Normal saline Intratendinous peppering 8
LR-PRP, 30
Seetharamaiah (2017)*  Open label 30 PRP, 1.5 mL 30 Normal saline Peritendon 24
Schoffl (2017)2 Double blind 18 LP-PRP, 1 mL? 18 Normal saline Peritendinous peppering 24
Montalvan (2015)%¢ Double blind 25 LP-PRP, 2 mL° 25 Normal saline Intratendinous 54
Krogh (2013)'® Double blind 20 PRP, 3-3.5 mL 20 Normal saline Peritendinous peppering 12

Age, y, Mean = SD

Gender: No. of Men/Women

Pain Baseline: VAS, Mean = SD Function Baseline, Mean + SD

Intervention Control Intervention Control Intervention Control Intervention Control
Linnanmiki (2020)%% 46.0 + 5.0 49.0 + 80  18/22 17/22 57+ 1.7 59+ 1.8 35.6 + 15.57 37.8 + 14.87
Yerlikaya (2018)*2 LP-PRP, 45.0 + 86 47.6 = 9.1 LP-PRP, 4/26 11/19 LP-PRP,74 +21 6.8+ 1.8 — —
LR-PRP, 46.5 * 8.7 LR-PRP, 11/19 LR-PRP, 6.5 + 2.4

Seetharamaiah (2017)% 20-40 12/18 13/17  6.5° 6.5° — —
Schoffl (2017)2 52.6 = 11.5 52.6 + 11.6  9/9 9/9 — — 41.0 + 18.0¢ 36.4 + 17.7¢
Montalvan (2015)% 47.0 + 9.2 464 +86 17/8 17/8 6.8 + 0.8 7.0 = 1.0 33+ 0.7 3.4+ 05
Krogh (2013)'® 476 + 7.1 44.7+179 911 9/11 275 + 7.6° 25.0 = 7.16° 51.5 + 19.2" 471 + 22.4"

“DASH, Disabilities of the Arm, Shoulder and Hand; LP, leukocyte poor; LR, leukocyte rich; PRP, platelet-rich plasma; PRTEE, Patient-Rated Tennis Elbow

Evaluation; VAS, visual analog scale.
®The authors used 3 injections of PRP 7 to 10 days apart each.
“The authors used 2 injections of PRP 4 weeks apart each.
9The authors used the DASH score.
“The authors did not present the dispersion measures.
The authors used the Role-Maudsley scale.
8The authors used the pain subscale of the PRTEE score.
"The authors used the PRTEE score.

selection process and reasons for exclusion is presented in
Figure 1.

Characteristics of the Studies

Five articles were double-blind trials!®?>26:3242 gnd 1 was

open label.?? In total, 355 patients were assessed, with
193 receiving PRP applications. Among the participants,
156 were men, accounting for 43.94% of the population.
Five studies focused on patients with chronic lateral epicon-
dylitis and symptoms lasting at least 3 monthg!®2%26:32:42,
however, Seetharamaiah et al®® did not specify symptom
duration for their participants. The mean = SD age of
patients was 47.22 * 8.93 years. Yet, Seetharamaiah et al
did not report the exact mean age or standard deviation,
stating only that the population ranged from 20 to 40 years.

The studies administered PRP volumes ranging from 1
to 6 mL. Three studies used leukocyte-poor PRP,26:3242
while the other 3 did not specify PRP type.1®2233 Addition-
ally, Yerlikaya et al*? included a treatment arm with
leukocyte-rich PRP. Peritendinous PRP was applied in 3
studies, 3232 typically near the lateral epicondyle or the
extensor tendons. Two studies used the peppering tech-
nique before peritendinous injection.’®32 Two authors
injected directly into the insertion of the extensor tendons
at the lateral epicondyle.???% Furthermore, Yerlikaya per-
formed intratendinous peppering.

Two studies involved multiple PRP applications: Schoffl
et al®? applied 3 injections spaced 7 to 10 days apart, and

Montalvan et al?® administered 2 applications (baseline

and at 4 weeks). All studies used normal saline as the con-
trol. Only 2 trials prescribed resistance exercises as post-
treatment rehabilitation for both groups.'®*? Follow-up
periods varied across studies, ranging from 3 months to 1
year. Further details on the studies are provided in Table
1. Specific information regarding PRP preparation proto-
cols, injection techniques, platelet concentrations, and acti-
vation methods can be found in Table 2.

Sample Size Calculations and Power
Analyses in the Included Trials

Among the randomized controlled trials in this review,
only 2 explicitly reported sample size calculations or power
analyses. Krogh et al’® performed an a priori sample size
estimation to detect a minimum clinically important differ-
ence of 10 points on the pain subscale of the Patient-Rated
Tennis Elbow Evaluation (PRTEE), assuming a standard
deviation of 10 points, a 2-sided alpha of 0.05, and 86.9%
power, resulting in the inclusion of 20 participants per
group. Similarly, Montalvan et al?® estimated a required
sample size of 22 participants per group to detect a 10% dif-
ference in pain scores with 90% power and a 5% signifi-
cance level, based on an assumed standard deviation of
0.10. In contrast, the remaining trials—conducted by Lin-
nanméki et al,?? Yerlikaya,*? Seetharamaiah et al,®> and
Schoffl et al®2>—did not report any justification for sample
size or power estimation.
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TABLE 2
PRP Preparation and Application Parameters in the Included Studies®
First Author Platelet
(Year) PRP Type Dose Injection Technique Concentration Preparation Method
Linnanméki — 4-6 mL Single injection into the 3613 x 10° Blood drawn from the
(2020)%2 insertion of the extensor platelets/pL cephalic vein. Single
tendons at the lateral centrifugation at 1500 rpm
epicondyle with a 22G X for 5 min
1.5"" needle
Yerlikaya LP-PRP, 1.5mL Peppering technique at the 2-8 X platelet Manual method: 16 mL of
(2018)*2 LR-PRP most sensitive point blood baseline blood drawn with 4 mL of
citrate
1st centrifugation: 1075 rpm
for 15 min
2nd centrifugation: 1495 rpm
for 15 min
Seetharamaiah — 1mL + 0.1 mL Injection into and around the — 1st centrifugation: 1500 rpm
(2017)%8 calcium chloride extensor carpi radialis for 15 min
(activation method) brevis tendon (5 mm distal 2nd centrifugation: 2500 rpm
to the lateral epicondyle). for 10 min
Local anesthetic (1 mL, Anticoagulant: 0.9% sodium
mepivacaine 1%) citrate
Schoffl LP-PRP 3 injections (7- to Dry needling of the tendon at — ACP system (Arthrex)
(2017)32 10-d interval) the site of maximum
tenderness. Injection into
the site of tendinosis. Local
anesthetic (2 mL, lidocaine
1%)
Montalvan — 2 injections of 2 mL Ultrasound guided. Parallel 1.6 X platelet blood ACP system (Arthrex)
(2015)%8 (4 wk apart) to the tendon fibers of the baseline
extensor carpi radialis
brevis/common tendons
Krogh — 3-3.5 mLL Ultrasound guided. 8 X platelet blood 27 mL of venous blood drawn
(2013)'8 Antiseptic peppering baseline by a 30-mL syringe with

technique. 1 skin portal, ~7
perforations into the
common tendon origin
(lateral epicondyle to
humeroradial joint).

3 mL of sodium citrate

Centrifuge with Recover
GPS II Platelet
Concentrate Separation
KIT (Biomet Biologics Inc)
for 15 min

Buffered with sodium
bicarbonate to physiologic
pH.

“ACP, autologous conditioned plasma; LP, leukocyte poor; LR, leukocyte rich; PRP, platelet-rich plasma.

Meta-analysis of Included Studies

Only 1 study assessed grip strength,?? making it impossi-
ble to conduct a meta-analysis for this outcome. None of
the studies evaluated quality-of-life outcomes, represent-
ing a relevant gap in the current evidence. However,
meta-analyses were conducted for pain relief, function,
and adverse effects.

Pain Relief. Four studies assessed pain relief using the
visual analog scale,?2253342 while Krogh et al'® utilized
the pain subscale of the PRTEE. All studies measured
pain at rest.

At the 4-week follow-up, pain relief was evaluated in 4
studies, encompassing a total of 259 patients. No signifi-
cant difference was observed between the PRP and placebo

groups (SMD, 0.08; 95% CI, —0.17 to 0.34; P = .526; I = T%)
(Figure 2A). A leave-one-out sensitivity analysis confirmed
the robustness of this result (Appendix 2, Figure Al, avail-
able online). Additionally, no evidence of publication bias
was identified in the funnel plot analysis (Appendix Figure
A2, available online).

At 8 to 12 weeks, pain relief was evaluated in 5 studies
with 319 patients. Similarly, no significant difference was
found between the PRP and placebo groups (SMD, —0.36;
95% CI, —0.99 to 0.27; P = .263; I” = 84%) (Figure 2B). A
leave-one-out sensitivity analysis did not alter this finding
(Appendix Figure A3, available online). An additional sen-
sitivity analysis incorporating the 8-week data from Lin-
nanméki et al?? yielded consistent results (SMD, —0.44;
95% CI, —1.05 to 0.17; P = .162; I? = 83%) (Appendix Figure
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PRP Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Krogh et al. (2013) 27.00 9.84 20 2330 9.84 20 16.2% 0.37 [-0.26; 0.99] — =
Linnanmaki etal. (2020)  5.00 2.00 40 530 220 39 316%  -0.14[-0.58;0.30] ——
Montalvan et al. (2015) 580 1.90 25 510 1.60 25 20.1% 0.39 [-0.17; 0.95] ———
Yerlikaya et al. (2018) 410 3.00 60 420 2.50 30 32.1% -0.03 [-0.47; 0.40] :
Total (95% Cl) 145 114  100.0% 0.08 [-0.17; 0.34]
Heterogeneity: Tau® = 0.0032; Chi? = 3.24, df = 3 (P = 0.36); I = 7%
Test for overall effect: Z = 0.63 (P = 0.526) -0.5 0 0.5

Favors PRP Favors Placebo
B Pain at 8 to 12 weeks
PRP Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Krogh et al. (2013) 2150 9.84 20 21.70 9.84 20 19.0% -0.02 [-0.64; 0.60]
Linnanmaki et al. (2020) 430 2.60 40 440 250 39 20.9% -0.04 [-0.48; 0.40]
Montalvan et al. (2015) 360 1.90 25 370 1.90 25 19.8% -0.05 [-0.61; 0.50]
Seetharamaiah et al. (2017) 0.69 2.67 30 528 267 30 19.3%  -1.70[-2.29; -1.10) —l—
Yerlikaya et al. (2018) 330 3.18 60 3.47 3.00 30 21.0% -0.05 [-0.49; 0.38]
Total (95% Cl) 175 144 100.0% -0.36 [-0.99; 0.27]
Heterogeneity: Tau? = 0.4464; Chi? = 25.25, df = 4 (P < 0.01); I* = 84% ! T 1
Test for overall effect: Z = -1.12 (P = 0.263) -2 -1 0 1 2
Favors PRP Favors Placebo
C Pain at 24 to 26 weeks
PRP Placebo Mean Difference Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Linnanmaki et al. (2020) 390 250 40 430 270 39 33.3% -0.40[-1.55; 0.75] ;
Montalvan et al. (2015) 250 1.60 25 210 1.60 25 33.9% 0.40 [-0.49; 1.29]
Seetharamaiah et al. (2017)  0.79 2.67 30 561 267 30 328% -4.82[-6.17;-3.47) ——
Total (95% Cl) 95 94 100.0% -1.58 [-4.74; 1.58] :

Heterogeneity: Tau® = 7.4569; Chi? = 41.29, df = 2 (P < 0.01); I* = 95%
Test for overall effect: Z = -0.98 (P = 0.328)

T T I T T 1

-4 -2 0 2 4 6
Favors PRP Favors Placebo

-6

Figure 2. Forest plots depict pain relief in patients treated with platelet-rich plasma (PRP) as compared with placebo: standard
mean difference in pain at (A) 4 weeks and (B) 8 to 12 weeks; (C) mean difference in pain at 24 to 26 weeks.

TABLE 3
Pooled Effect Sizes for Pain and Function
by Follow-up Duration®

Time Point: Outcome Effect Size: SMD 95% CI P Value
4 wk
Pain 0.08 —0.17 to 0.34 .526
Function -0.36 —0.99 to 0.27 .263
12 wk
Pain -1.58 —4.74 to 1.58 .328
Function 0.09 —0.18 to 0.37 518
24-26 wk
Pain -0.09 —0.39 to 0.21 .565
Function 0.13 —0.18 to 0.43 413

“SMD, standardized mean difference.

A4, available online). However, asymmetry was detected in
the funnel plot for this time point, suggesting potential
publication bias or heterogeneity among studies (Appendix
Figure A5, available online).

Three studies involving 189 patients assessed pain
relief at 24 to 26 weeks. Once again, no significant differ-
ence was observed between the PRP and placebo groups
(mean difference, —1.58; 95% CI, —4.74 to 1.58; P = .328;
I? = 95%) (Figure 2C). This high level of heterogeneity
indicates substantial variability among the studies at
this time point. A leave-one-out sensitivity analysis con-
firmed the stability of this result (Appendix Figure A6,
available online). Nevertheless, asymmetry in the funnel
plot was noted, which may indicate publication bias or
inconsistencies in the studies (Appendix Figure A7, avail-
able online).
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PRP Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Krogh et al. (2013) 46.30 19.23 20 4370 19.23 20 19.6% 0.13 [-0.49; 0.75]
Linnanmaki et al. (2020) 31.00 18.00 40 32.00 17.00 39 38.8% -0.06 [-0.50; 0.38]
Montalvan et al. (2015) 320 0.60 25 320 0.50 25  24.6% 0.00 [-0.55; 0.55]
Schoffl et al. (2017) 40.20 18.20 18 3060 18.80 18 17.1% 0.51 [-0.16; 1.17]
Total (95% Cl) 103 102  100.0% 0.09 [-0.18; 0.37]
Heterogeneity: Tau? = 0; Chi® = 2.06, df = 3 (P = 0.56); I° = 0% I T !
Test for overall effect: Z = 0.65 (P = 0.518) -1 =05 © 0.5 1
Favors PRP Favors Placebo
B Function at 12 weeks
PRP Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Krogh et al. (2013) 3490 19.23 20 3950 19.23 20 23.6% -0.23 [-0.86; 0.39] =
Linnanmaéki et al. (2020) 24.00 19.00 40 27.00 18.00 39  46.8% -0.16 [-0.60; 0.28] ——
Montalvan et al. (2015) 3.00 0.70 25 2.90 0.70 25 29.6% 0.14 [-0.41; 0.70] —t
Total (95% ClI) 85 84 100.0% -0.09 [-0.39; 0.21] ’_"_\
Heterogeneity: Tau® = 0; Chi? = 0.97, df = 2 (P = 0.62); I = 0%
Test for overall effect: Z = -0.58 (P = 0.565) -0.5 0 05
Favors PRP Favors Placebo
C Function at 24 to 26 weeks
PRP Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Linnanmaki et al. (2020) 25.00 18.00 40 23.00 20.00 39 47.9% 0.10 [-0.34; 0.55] —il—
Montalvan et al. (2015) 2.60 0.80 25 2.50 0.90 25 30.3% 0.12 [-0.44; 0.67) —t i
Schoffl et al. (2017) 30.10 20.20 18 25.80 22.60 18  21.8% 0.20 [-0.46; 0.85] L
Total (95% Cl) 83 82 100.0% 0.13 [-0.18; 0.43] '_1’__|
Heterogeneity: Tau? = 0; Chi® = 0.05, df = 2 (P = 0.97); I = 0%
Test for overall effect: Z = 0.82 (P = 0.413) -0.5 0 0.5

Favors PRP Favors Placebo

Figure 3. Forest plots depict function in patients treated with platelet-rich plasma (PRP) as compared with placebo: standard
mean difference in function at (A) 4 weeks, (B) 12 weeks, and (C) 24 to 26 weeks.

The pooled effect sizes (SMDs), 95% Cls, and P values
for pain and functional outcomes at each follow-up time
point (4, 12, and 24-26 weeks) can be viewed in Table 3.

Function. Functional improvement was assessed by dif-
ferent scales across the studies. Two studies used the Dis-
abilities of the Arm, Shoulder and Hand scale,?23% while
Montalvan et al®® utilized the Role-Maudsley scale and
Krogh et al'® used the PRTEE scale.

At the 4-week follow-up, 4 studies with a total of 205
patients evaluated functional improvement. The results
showed no significant difference between the PRP and pla-
cebo groups (SMD, 0.09; 95% CI, —0.18 to 0.37; P = .518; I?
= 0%) (Figure 3A).

At 12 weeks, functional improvement was assessed in 3
studies involving 169 patients. As with the 4-week time
point, no significant difference was observed between the
PRP and placebo groups (SMD, —0.09; 95% CI, —-0.39 to
0.21; P = .565; I = 0%) (Figure 3B).

At 24 to 26 weeks, 3 studies with 165 patients evaluated
functional improvement. The findings remained consistent,
showing no significant difference between the groups (SMD,
0.13; 95% CI, —0.18 to 0.43; P = .413; I? = 0%) (Figure 3C).
Sensitivity analysis confirmed the results, and no evidence
of publication bias was found in the funnel plot analysis for
all time points (Appendix Figures A8-A13, available online).

Adverse Events. Four studies were included in the com-
bined analysis, which revealed no difference in adverse
effects between the PRP and placebo groups (risk ratio,
1.66; 95% CI, 0.65-4.19; P = .287; I? = 0%), indicating com-
parable safety profiles (Figure 4).18263242 Ty studies did
not report adverse effects and were excluded from the anal-
ysis.223% The most commonly reported adverse effects
included pain during application, cutaneous allergic reac-
tions, hematoma, and persistent pain lasting 3 to 4 days.
All adverse effects were self-limiting and resolved within
3 to 4 days.
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PRP Placebo Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% ClI
Krogh et al. (2013) 4 20 3 20  46.5% 1.33[0.34; 5.21] ——l-—
Linnanmaki et al. (2020) 0 40 0 39 0.0%
Montalvan et al. (2015) 6 25 3 25  535% 2.00[0.56; 7.12] —
Seetharamaiah et al. (2017) 0 30 0 30 0.0%
Total (95% Cl) 10 115 6 114 100.0% 1.66 [0.65; 4.19] —’-

Heterogeneity: Tau? = 0; Chi? = 0.18, df = 1 (P = 0.67); 1> = 0%
Test for overall effect: Z = 1.06 (P = 0.287)

0.2 05 1 2 5
Favors PRP  Favors Placebo

Figure 4. Forest plot depicts the risk ratio for adverse events in patients treated with platelet-rich plasma (PRP) as compared with

placebo.
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Figure 5. Risk of bias of included studies. (A) Summary plot of bias analysis. (B) Traffic light plot of bias analysis.

Risk of Bias of the Included Studies

The risk of bias of the studies is summarized in Figure 5.
Randomization Process. Five studies were classified as
having a low risk of bias in the randomization

process.182226:3242 However, the Seetharamaiah et al®®
study was rated as “some concerns” because the randomi-
zation procedure was unclear.

Intervention. Five studies were classified as having
a low risk of bias in the intervention process.'®2226:32:42
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In contrast, the Seetharamaiah et al®* study was rated as

having “some concerns” because it was an open-label trial.
Knowledge of the interventions assigned by participants
and assessors could influence the measurement and evalu-
ation of outcomes.

Outcome. All studies were classified as having a low risk of
bias in item 3 of the RoB2 tool, which evaluates missing out-
come data.1®%226:323342 Ror jtem 4, which assesses the mea-
surement of outcomes, 5 studies were rated as having a low
risk of bias.1®22263242 However, the Seetharamaiah et al®®
study was rated as having a high risk of bias for being an
open-label trial; the lack of blinding for participants and out-
come assessors may have influenced outcome measurement.

Selective Reports. Five studies were classified as having
a low risk of bias for selective outcome reporting.'82%26.32,33
In contrast, the Yerlikaya®® study was rated as “some con-
cerns” because, although the author indicated that grip
strength was measured, specific results were not reported.
Instead, all that was stated was that grip strength increased
significantly as compared with baseline.

DISCUSSION

Our findings support the idea that PRP does not signifi-
cantly improve pain or joint functionality. In addition,
the interventions had similar safety profiles, with self-
limiting adverse events reported. Previous meta-analyses
evaluating PRP for lateral epicondylitis present important
methodological limitations.>?*3® For instance, Averell
et al® included randomized clinical trials and observational
studies, increasing heterogeneity and introducing poten-
tial biases. Additionally, their use of a single-arm meta-
analysis, without a control group, limits the strength of
their conclusions. Similarly, Shim et al** combined studies
with different comparators (placebo, corticosteroids,
among others) without conducting subgroup analyses,
which compromises internal validity. Although they
reported benefits for PRP in pain relief, the lack of compar-
ator balance calls these findings into question. Simental-
Mendji et al®® compared PRP with placebo and found no sig-
nificant improvements in pain or function but used the out-
dated RoB1 tool to assess risk of bias, which is not aligned
with current Cochrane recommendations. In contrast, our
meta-analysis applied the RoB2 tool, ensuring greater
methodological rigor. We also included the recent trial by
Linnanmaéki et al,?? increasing the total sample size and
improving the precision of the effect estimates.

The main findings of the present study did not reveal
significant differences in pain reduction or functional
improvement between PRP and placebo injections in
patients with lateral epicondylitis. Additionally, the
absence of reported minimal clinically important differ-
ences in the studies limits the interpretation of the
results, hindering the ability to determine their true
clinical significance. These findings contrast with those
of Arirachakaran et al,> who observed the best short-
term pain relief outcomes (after 2 months) with PRP
application as compared with corticosteroid and
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autologous blood injections in a previous network meta-
analysis. However, that study did not include any
placebo-controlled trials. Mi et al®* and Niemiec et al?®,
similarly reported functional improvement between 3
months and 1 year following PRP treatment. Conse-
quently, our findings do not support the recommendation
of PRP for this condition, and its use remains inadvisable
in light of the current evidence.

In this review, no significant differences were observed
in the incidence of adverse events between PRP and pla-
cebo. The most common reactions were application-related
pain, mild allergic responses, hematomas, and transient
pain lasting 3 to 4 days, all of which resolved spontane-
ously. These findings are consistent with previous studies
reporting transient postinjection pain as the most frequent
adverse event associated with PRP.24?8 In contrast, stud-
ies comparing PRP with steroids or autologous blood
have noted potentially more severe adverse events, such
as skin atrophy and pigmentation changes.!”?* The wide
variation in PRP preparation methods (leukocyte-rich or
leukocyte-poor formulations)?® and the absence of a stan-
dardization assessment protocol'® may affect the incidence
and severity of adverse events. Postinjection pain likely
reflects physiologic responses to platelet and leukocyte
activity and the release of bioactive proteins.®® The lack
of standardization in PRP protocols significantly hampers
the comparability of studies and the reliability of their out-
comes. Chahla et al® found that only 10% of clinical trials
on PRP adequately reported preparation protocols and
a mere 16% provided quantitative metrics on PRP compo-
sition, thus undermining reproducibility and interpreta-
tion of results. This methodological inconsistency
contributes to the uncertainty surrounding PRP’s efficacy,
which, to date, has not demonstrated superiority over pla-
cebo in treating lateral epicondylitis.

PRP has been extensively investigated in the treatment
of tendinopathies, but meta-analyses report conflicting
results, largely attributed to methodological heterogeneity.
Fitzpatrick et al'* suggest that leukocyte-rich PRP may
reduce pain in tendinopathies, emphasizing the importance
of preparation methods. In contrast, Dai et al*® found no
significant difference between PRP and placebo in pain or
function across various tendinopathies. In Achilles tendin-
opathy, Arthur Vithran et al* and Liu et al?® found no
robust evidence of clinical benefits from PRP as compared
with placebo. Barreto et al” also reported no significant ben-
efits in short-term outcomes. Regarding rotator cuff tendi-
nopathies, Hamid et al! suggest that PRP may be effective
for long-term pain management. Our findings are consistent
with this broader literature, demonstrating no significant
advantage of PRP over placebo for lateral epicondylitis.
The effectiveness of PRP in tendinopathies appears limited
and context dependent, as influenced by variability in prep-
aration methods, application techniques, and outcome
assessments.>'6 Although the overall findings do not sup-
port a clear benefit, PRP may still be of value in specific sub-
groups, such as high-performance athletes or recalcitrant
cases, which merits further investigation.

Available meta-analyses comparing PRP and corticoste-
roids for lateral epicondylitis report results that vary by
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follow-up duration. In general, corticosteroids appear more
effective for short-term pain relief and functional improve-
ment (up to 8 weeks), while PRP shows potential benefits
in longer-term outcomes, from 6 months onward 23840
This temporal difference reflects distinct pharmacologic pro-
files: corticosteroids provide immediate effects whereas PRP
may act more gradually and persistently. However, beyond
8 weeks, the active effects of corticosteroids are no longer
present, making comparisons with PRP less appropriate
during this period.'®® The superior efficacy of PRP
reported in some studies may thus be attributed to residual
bias arising from uncontrolled confounding factors, such as
the severity of patients’ conditions, technical variations, or
placebo effects.'® This is particularly relevant in subjective
outcomes such as pain, especially in small trials. In the pres-
ent meta-analysis, no significant differences were found
between PRP and placebo for any outcome assessed. These
results suggest that, in the absence of superiority over pla-
cebo, the clinical efficacy of PRP remains uncertain and war-
rants further investigation. Placebo-controlled trials remain
essential to reliably assess the therapeutic effect of PRP.

An analysis of the funnel plot to investigate the pres-
ence of publication bias revealed asymmetry in the distri-
bution of the studies. However, this asymmetry does not
appear to be directly attributable to publication bias but
instead to the influence of the study conducted by Seethar-
amaiah et al,>® which presented a high risk of bias and
a substantially favorable effect for the intervention. This
disproportionate contribution likely accounts for the
observed distortion, suggesting that the asymmetry is
more reflective of methodological heterogeneity than of
selective publication. Future studies with greater method-
ological rigor and standardized bias assessments are
essential to mitigate these discrepancies and provide
more accurate estimates regarding possible publication
biases in PRP research for lateral epicondylitis.

Study Limitations

This study has some limitations that should be taken into
account. The small number of clinical trials and the method-
ological heterogeneity—particularly regarding PRP formu-
lation, volume, application techniques, and follow-up
protocols—limit the generalizability of the findings. To mit-
igate these factors, random-effects models were applied,
along with leave-one-out sensitivity analyses to assess
robustness and funnel plots to explore potential publication
bias. The lack of blinding in one of the studies may also have
introduced bias into the results. Accordingly, a leave-one-
out sensitivity analysis was performed to verify the esti-
mates’ robustness, confirming the findings’ overall consis-
tency. The lack of standardization in evaluation
instruments, as evidenced by the variation in methods
used to measure pain and function, represents a relevant
limitation. In addition, the absence of quality-of-life out-
comes further restricts a comprehensive evaluation of the
clinical impact of the interventions. Nonetheless, all analy-
ses were based on the available data, prioritizing compara-
ble outcomes to reinforce the reliability of the results.

The American Journal of Sports Medicine

Funnel plot asymmetry suggested a potential publication
bias, possibly related to the underreporting of small nega-
tive studies—an issue common in evaluations of emerging
therapies. Nonetheless, even under these conditions, PRP
did not demonstrate superiority over placebo, reinforcing
the consistency and robustness of our findings.

CONCLUSION

Our results found no significant benefit of PRP over pla-
cebo in improving pain or function in patients with lateral
epicondylitis. Given the lack of clinically meaningful
effects and consistent results across time points, PRP
should not be recommended for the treatment of this condi-
tion based on the current body of evidence. Furthermore,
the lack of quality-of-life outcomes in the trials indicates
the necessity for future research to integrate patient-
centered measures, which will more effectively capture
the clinical impact of PRP.
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