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ABSTRACT

Background: Rotator cuff repair (RCR) is one of the most common orthopedic procedures, yet 20%-40% of repairs fail structurally within
two years, leading to pain, functional decline, and costly revision surgery. Platelet-rich plasma (PRP) has been proposed to enhance
tendon—bone healing, but prior reviews frequently pooled heterogeneous formulations as a homogeneous intervention, producing
conflicting conclusions. This review aimed to clarify formulation-specific effects within the PRP literature and, where benefit is observed,
examine the biological rationale and practical economic implications for surgical adoption.

Methods: A systematic review and meta-analysis were conducted in accordance with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 guidelines. PubMed and Embase were searched through July 2025 for comparative clinical studies of intra-
operative PRP augmentation during arthroscopic RCR with imaging-confirmed retear outcomes. Risk of bias was assessed using Risk of
Bias 2 tool (randomized controlled trials) and Risk Of Bias In Nonrandomized Studies—I (nonrandomized studies). Random-effects
models (restricted maximum likelihood; Hartung—Knapp) pooled risk ratios (RRs) for structural failure and, secondarily, mean differ-
ences in patient-reported outcome measures (PROMs). Prespecified subgroups included PRP formulation, tear size, and follow-up
duration; sensitivity analyses excluded high-risk and atypical studies. Publication bias was evaluated with Egger's regression and
trim-and-fill. A pragmatic U.S. payer—perspective cost-consequence model estimated revision-related economic impact using pooled
absolute risk reduction, number needed to treat, amortized per-case PRP setup costs, and reported reoperation rates after RCR.

Results: Twenty-one studies (1,279 patients) were synthesized. PRP reduced retear risk with moderate heterogeneity (RR: 0.74, 95%
confidence interval [CI]: 0.55-0.99; I* = 29%). Across formulations, LP-PRP demonstrated the clearest reduction. Inclusion of one critically
biased trial increased heterogeneity (I> = 53.3%), whereas its exclusion yielded a precise, homogeneous estimate (RR: 0.37, 95% CI: 0.19-
0.73; I* = 0%). Benefit was most evident in medium-sized tears (RR: 0.68, 95% CI: 0.48-0.96). PROMs did not improve consistently.
Publication-bias diagnostics suggested small-study effects (Egger P = .017); trim-and-fill (ko = 8) yielded an exploratory adjusted RR of
0.91 (95% CI: 0.69-1.19). Using an absolute risk reduction of 11.8% (number needed to treat 9) for LP-PRP, economic modeling projected
substantial reductions in structural failures, with cost neutrality or net savings achievable under low-cost preparation strategies when
scaled by reported revision probabilities.

*Reprint requests: Quinn Dunivan, BSE, University of Illinois College of Medicine, Chicago, IL USA.
E-mail address: gduni@uic.edu (Q. Dunivan).
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Conclusion: Leukocyte-poor PRP augmentation during arthroscopic RCR is associated with reduced structural retear rates, with the most
consistent benefit observed in medium-sized tears and no reliable improvement in PROMs. The economic value of LP-PRP is conditional
rather than uniform and depends on revision probability and preparation cost. When applied using low-cost preparation methods, LP-
PRP may achieve cost neutrality or modest savings, supporting selective adoption as a structural safeguard rather than a symptomatic

modifier.

Level of evidence: Level III; Systematic Review/Meta-Analysis; Treatment Study

Keywords: Platelet-rich plasma; rotator cuff repair; tendon healing; meta-analysis; orthobiologics; health economics
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Rotator cuff repair (RCR) is one of the most commonly per-
formed orthopedic procedures, yet structural failure remains
a persistent challenge. Despite technical advances, 20%-40%
of repairs exhibit radiologic retears within two years, often
resulting in pain, functional decline, and costly revision sur-
gery." National utilization data show that more than 300,000
RCRs are performed annually in the United States, with a
rising comorbidity burden among patients.'®*’ Given these
clinical and economic stakes, strategies to improve
tendon—bone healing have garnered substantial interest.

Platelet-rich plasma (PRP) has emerged as a promising
biologic adjunct due to its autologous nature, ease of prepa-
ration, and capacity to deliver supraphysiologic concentra-
tions of growth factors to the repair site. However, PRP is not a
single entity. Formulations differ widely in leukocyte content,
fibrin structure, and processing protocols, resulting in distinct
biological effects.’”*° This variability reflects both a lack of
standardized preparation methods and the absence of defin-
itive evidence favoring one protocol over another.” Leukocyte-
poor PRP (LP-PRP) is enriched in regenerative cytokines while
minimizing proinflammatory mediators, whereas leukocyte-
rich PRP (LR-PRP) contains higher leukocyte levels that may
promote inflammation, fibrosis, and scar-dominated heal-
ing.?>?%%  These distinctions may directly influence
tendon—bone integration and long-term repair durability.

Prior systematic reviews and meta-analyses have generally
treated PRP as a uniform intervention, leading to conflicting
conclusions.”’ While some reported modest reductions in
retear rates, others found only transient or inconsistent im-
provements in pain and function, leaving uncertainty around
recommendations pertaining to clinical adoption. Notably,
prior publications have not integrated mechanistic rationale
with formulation-specific clinical outcomes or downstream
economic considerations. This disconnect limits pragmatic
decision-making for both surgeons and payers.

To address this gap, we conducted a systematic review and
meta-analysis examining whether intraoperative PRP reduces
retear risk after arthroscopic RCR when stratified by formu-
lation. We further explored the consistency of these effects
through prespecified subgroup and sensitivity analyses and
estimated the potential cost implications of adoption using a
conservative economic model. By integrating formulation-
specific analysis with clinical outcomes and pragmatic eco-
nomic considerations, this study aims to inform real-world
surgical decision-making. We hypothesized that LP-PRP
would be associated with lower structural retear rates after
arthroscopic RCR compared with LR-PRP or no PRP.

Methods

This review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses 2020 guidelines.”

Search strategy and study selection

A systematic search of PubMed and Embase was conducted
through July 2025 using combinations of terms including PRP,
rotator cuff, and repair. Eligible studies were comparative
clinical investigations of PRP use during arthroscopic RCR that
reported imaging-confirmed retear outcomes.

Exclusion criteria were: (1) animal studies; (2) non-PRP bi-
ologics; (3) stand-alone PRP injection studies; (4) absence of a
control group; (5) no imaging follow-up; and (6) incompatible
retear definitions. Specifically, studies were required to define
retear as Sugaya grade IV or V,° or an equivalent full-
thickness failure. Trials that grouped Sugaya grades III-V
together without stratified reporting were excluded to mini-
mize misclassification risk.

Data extraction and risk of bias

Study characteristics, patient demographics, PRP formulation
(LP, LR, platelet-rich fibrin matrix [PRFM], PRP gel, leukocyte
PRF), tear size, follow-up duration, and outcomes were
extracted into a standardized spreadsheet. Risk of bias was
assessed using the Risk of Bias 2 tool for randomized
controlled trials (RCTs) and Risk Of Bias In Nonrandomized
Studies—I for nonrandomized studies.*®>°

Outcomes

The primary outcome was radiologic retear defined as
structural failure on post-operative imaging. Where Sugaya
grading was reported, retear was defined as Sugaya grade IV
or V. In studies reporting dichotomous outcomes, retear was
defined as a full-thickness defect, consistent with criteria
equivalent to Sugaya grade IV. Studies defining retear as
partial-thickness failure (eg, Sugaya grade III) without
reporting grade-specific event counts were excluded to
maintain consistency in outcome definition. Secondary
outcomes included patient-reported function (American
Shoulder and Elbow Surgeons [ASES], Constant, University of
California Los Angeles [UCLA]) and pain (visual analog scale
[VAS]). An exploratory economic analysis estimated the cost
implications of PRP adoption.
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Statistical analysis

Dichotomous outcomes were summarized as risk ratios (RRs)
with 95% confidence intervals (CIs) and pooled using a
Mantel-Haenszel random-effects model with between-study
variance (t?) estimated by restricted maximum likelihood.
Hartung—Knapp adjustment was applied for the overall
model; for small-k subgroups (eg, formulation and tear-size
strata), Hartung—Knapp was not applied by design. A conti-
nuity correction of 0.5 was used only when any study arm
contained zero events. In multiarm trials with a shared con-
trol (eg, Yao et al), the control group was proportionally split to
avoid double-counting in subgroup analyses. Heterogeneity
was assessed using 72, Cochran's Q, and I? statistics, with
prediction intervals reported when available.

Prespecified subgroup analyses examined:

1. PRP formulation (LP, LR, PRFM, gel, leukocyte- and platelet-
rich fibrin).

2. Tear size (medium, large, massive).

3. Follow-up duration, categorized as short term (<6 months),
midterm (>6-12 months), and long term (>12 months).

Sensitivity analyses included: (1) exclusion of high-risk-of-
bias studies; (2) randomized trials only; and (3) exclusion of
Auregan et al, the only study rated at critical overall risk of
bias, and the three-arm Yao et al trial. Publication bias was
assessed using Egger's regression and trim-and-fill
methods.”®* Influence diagnostics included leave-one-out
analyses to assess the impact of individual studies on
pooled estimates. Analyses were performed in R using the
meta and metafor packages.*?

Economic analysis

A cost-consequence model was developed from a U.S. payer
perspective using a perioperative, episode-of-care time hori-
zon. The model incorporated 2 primary cost inputs: (1) the cost
of revision RCR (base case: $5,101 per revision) and (2) the
consumable cost of intraoperative PRP preparation (base case:
$52.27 per case).

Revision costs were derived from average Medicare facility
reimbursement rates across ambulatory surgery centers and
hospital outpatient departments using the Centers for Medi-
care & Medicaid Services Physician Fee Schedule Look-Up Tool
(accessed 2025).° Per-case PRP setup costs were derived from a
published manual PRP preparation protocol.? All supplies
required for PRP preparation (including needles, syringes,
tubes, gloves, forceps, centrifuge, and laminar flow hood)
were itemized and priced using contemporary U.S. vendor
data (Fisher Scientific, Thomas Scientific, Amazon Medical).
Capital equipment was amortized over a 5-year expected
lifespan, while consumables were costed per use, yielding an
average per-case preparation cost of $52.27 (range $19.93-
$79.84 based on vendor pricing). This costing approach used
universally available consumables and amortized equipment,
allowing evaluation across both hospital and ambulatory
surgery center settings.

Retear risks for LP-PRP and LR-PRP were derived from
pooled meta-analytic estimates. Absolute risk reduction (ARR)

and number needed to treat (NNT) were calculated, and na-
tional projections were generated by applying pooled esti-
mates to approximately 300,000 annual RCRs in the United
States.’®*” As not all structural failures proceed to revision
surgery, revision-cost avoidance estimates were conserva-
tively scaled using a base-case revision probability of 6%,
consistent with prospective series summarized in a contem-
porary narrative review and with large administrative cohorts
reporting low rates of subsequent ipsilateral shoulder surgery
after arthroscopic RCR.'®?*?” Exploratory sensitivity analyses
evaluated higher revision probabilities (up to 12%) to reflect
variability across clinical settings and follow-up durations.
Indirect costs, quality-adjusted life-years, and nonrevision
health care utilization were excluded from the primary model
to avoid introducing additional assumptions and maintain a
conservative analytic framework.

Results
Study characteristics

Twenty-one studies involving 1,279 patients (660 receiving
PRP, 619 control) were included, comprising 14 RCTs and 7
comparative nonrandomized studies®*®7:10:19-21,23,25,26,30,
33°35,37,42,43,4850 (pig 1, Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses flow diagram). All trials
reported imaging-confirmed retears defined as Sugaya grade
IV-V or an equivalent full-thickness failure. Most studies
involved medium-to-large tears repaired arthroscopically.
Risk of bias was generally low to moderate among RCTs and
moderate to serious among nonrandomized studies. Aur-
egan et al (2019) was the only study rated at critical overall
risk of bias.

Primary outcome—retear rate

Across all formulations, intraoperative PRP reduced structural
retear risk compared with control (RR: 0.74, 95% CI: 0.55-0.99)
with moderate heterogeneity (I = 29%) (Fig. 2).

When stratified by formulation, LP-PRP showed the stron-
gest directional benefit when Auregan et al. (2019) was included
(RR: 0.53, 95% CI: 0.21—1.31; I? = 53.3%; Supplementary Fig. S1).
As Auregan et al. was the only study at critical overall risk of
bias, Figure 3 presents the sensitivity analysis excluding this
study, which yielded a homogeneous, precise effect (RR: 0.37,
95% CIL: 0.19-0.73; I = 0%). LR-PRP trended protective but
remained nonsignificant (RR: 0.76, 95% CI: 0.52—1.12; I = 0%).
Other constructs (eg, PRFM, gel) showed no consistent advan-
tage (Supplementary Fig. S1).

Sensitivity analyses

Sensitivity analyses confirmed the direction and stability of
the overall effect. Restricting to RCTs strengthened the signal
(RR: 0.64, 95% CI: 0.42-0.97; I> = 0.4%), while excluding high-
risk-of-bias studies yielded a similar trend (RR: 0.74, 95% CI:
0.49-1.12; I = 0.4%). Removal of the three-arm Yao et al (2024)
trial produced comparable results (RR: 0.75, 95% CI: 0.57-0.99;
1% = 30.7%).
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Figure 1 — PRISMA flow diagram of study selection. PRISMA 2020 diagram showing study identification, screening, eligibility,
and inclusion. Of 396 records, 336 were screened after duplicates; 35 full texts were assessed, and 21 studies were included (one
with 2 PRP arms analyzed separately). Reasons for exclusion at full text: overlapping population (n = 1), incompatible outcomes
(n = 7), no post-operative imaging (n = 1), irrelevant intervention (n = 1), intervention timing outside the prespecified window
(n = 3), and Other (n = 1). PRP, platelet-rich plasma; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-

Analyses.

Auregan et al (2019) was the only study at critical overall risk
of bias. With Auregan included, the LP-PRP subgroup I* was
53.3%. Excluding Auregan reduced I? to 0% and narrowed the
CI around a stable, stronger effect (RR: 0.37, 95% CI: 0.19-0.73).
Using the observed control event rate of 18.7%, this corre-
sponds to ARR 11.8% and NNT 9 to prevent one retear.

Tear size and follow-up duration

The clearest and most consistent benefit was observed in
medium-sized tears (RR: 0.68, 95% CI: 0.48-0.96; 2 = 12.1%;
Fig. 4), which represented the largest subgroup across 16
studies (n = 895; 466 PRP, 429 control). Protective effects were
also seen in large tears (RR: 0.80, 95% CI: 0.41-1.57; Fig. 4),
although with wider CIs given the smaller sample size across

5 studies (n = 323; 163 PRP, 160 control). No measurable
benefit was found in massive tears, which were assessed in a
single study (n = 61; 31 PRP, 30 control). Benefit was observed
across short-, mid-, and long-term follow-up periods, with no
significant time-by-treatment interaction (Supplementary
Fig. S2).

Patient-reported outcome measures

No clinically meaningful improvements were observed in
patient-reported outcome measures. Pooled analyses of ASES,
Constant, and UCLA scores revealed no significant between-
group differences, and although VAS pain showed a statisti-
cally  detectable reduction favoring PRP (mean
difference = —0.1, P = .028), the magnitude was well below the


https://doi.org/10.1016/j.jse.2026.02.018

JOURNAL OF SHOULDER AND ELBOW SURGERY XXX (2026) 1-13 5

Study PRP N Retears (PRP) Control N Retears (Control)
Joetal., 2015 33 1 30 6
Pandey et al., 2016 52 2 50 10
Yao et al., 2024 (LR) 40 0 24 1
Castricini et al., 2010 40 1 38 4
Zhang et al., 2016 30 1 30 3
Malavolta et al., 2018 22 0 22 1
Joetal., 2013 20 4 18 10
Walsh et al., 2018 27 2 42 8
Rossi et al., 2024 46 7 44 15
Barber et al., 2011 20 6 20 12
Martinelli et al., 2019 11 2 10 3
Joetal., 2011 15 4 17 7
Snow et al., 2020 39 6 38

Randelli et al., 2011 22 9 23 12
Charousset et al., 2014 31 11 30 12
Zumstein et al., 2016 17 6 18 6
Auregan et al., 2019 26 10 23 7
Weber et al., 2013 28 12 24 7
Bergeson et al., 2012 16 9 21 8
Rodeo et al., 2012 36 12 31 6
Lietal., 2021 43 0 43 0
Yao et al., 2024 (LP) 46 0 23 0

Random-Effects Model
Heterogeneity: I* = 28.8%, T2 = 0.1113, X%, = 26.67 (p = 0.1125)

Observed Outcome RR 95% CI Weight
e 0.5 [002;1.19]  16%
— = 0.19 [0.04;0.83] 3.0%
, 020 [0.01:476]  0.7%
— - 024 [003;2.03] 15%
—_— 033 [004;303]  14%
' 033 [001:7.75]  0.7%
— 036 [0.14;095]  5.6%
o 039 [0.09;1.69]  2.9%
- 045 [020;099]  72%
- 050 [023;107] 7.6%
— 061 [0.13;2.92]  2.6%
— 065 [0.24;:1.78]  52%
—l1— 073 [028;191]  5.7%
= 078 [041;1.48]  92%
—i— 0.89 [0.46;1.69]  9.0%
—:I— 106 [042;2.65]  6.0%
., 126 [0.58;,2.77]  73%
Ha 147 [069;3.13]  7.6%
HE- 148 [0.74,296]  84%
S 172 [0.73;405]  6.6%
0.0%
0.0%
XS 0.74 [0.55; 0.99] 100.0%
[ I I 1
001 0.1 1 10 100

Risk Ratio (log scale)

Figure 2 — Overall retear after arthroscopic rotator cuff repair: PRP vs. control. Forest plot of imaging-confirmed retears
comparing PRP with control. Effects are RRs (log scale) pooled with a random-effects model (REML; Hartung—Knapp). Squares
show study estimates (size « weight), horizontal lines indicate 95% CIs, and the diamond is the pooled effect. PRP reduced
retear risk (RR: 0.74, 95% CI: 0.55-0.99) with low—moderate heterogeneity (I = 28.8%). PRP, platelet-rich plasma; RR, risk ratio; CI,
confidence interval; REML, restricted maximum likelihood; L-PRF, leukocyte- and platelet-rich fibrin.

Minimal Clinically Important Difference, indicating no true
clinical benefit (Fig. 5 A—D).*'

Small-study effects and publication bias

Egger's regression indicated funnel plot asymmetry (P = .017),
consistent with small-study effects. Trim-and-fill imputed
ko = 8 studies; the bias-adjusted estimate attenuated to RR:
0.91 (95% CI: 0.69-1.19), interpreted cautiously as a sensitivity
analysis rather than a corrected effect size (Supplementary
Figs. S3 and S4).

Economic implications

Using pooled LP-PRP estimates (Fig. 6), application across
approximately 300,000 annual U.S. RCRs was projected to
prevent an estimated 35,343 structural retears. When scaled
using the base-case revision probability of 6%, this corre-
sponded to approximately 2,120 avoided revision procedures
annually. Under exploratory sensitivity scenarios extending

revision probability to 12%, up to 4,241 avoided revisions
were projected.

Under these assumptions, the modeled break-even total
PRP cost per case ranged from approximately $36 at a 6%
revision probability to approximately $72 under the explor-
atory 12% scenario. At the base-case PRP consumable cost
($52.27 per case), the implied break-even revision probability
was approximately 9%. When applied nationally, the modeled
net cost impact ranged from an estimated $4.9 million deficit
under conservative assumptions to an estimated $6.0 million
surplus under higher revision-rate scenarios. These pro-
jections reflect short-term, episode-of-care economic effects
only; long-term societal costs and quality-of-life outcomes
were not incorporated into the base model.

Discussion

This meta-analysis demonstrates that intraoperative PRP
reduces structural failure after arthroscopic RCR, with the


https://doi.org/10.1016/j.jse.2026.02.018

JOURNAL OF SHOULDER AND ELBOW SURGERY XXX (2026) 1-13

Study PRP N Retears (PRP) Control N Retears (Control) Observed Outcome RR 95% CI Weight

PRFM/PRPFM

Castricini et al., 2010 40 1 38
Walsh et al., 2018 27 2 42
Barber et al., 2011 20 6 20
Weber et al., 2013 28 12 24
Bergeson et al., 2012 16 9 21
Rodeo et al., 2012 36 12 31

Random-Effects Model (by subgroup)

LR PRP

Yao et al., 2024 (LR) 40 0 24
Zhang et al., 2016 30 1 30
Martinelli et al., 2019 11 2 10
Snow et al., 2020 39 6 38
Randelli et al., 2011 22 9 23
Charousset et al., 2014 31 11 30
Lietal., 2021 43 0 43
Random-Effects Model (by subgroup)

PRP Gel

Joetal., 2015 33 1 30
Joetal., 2013 20 4 18
Joetal., 2011 15 4 17
Random-Effects Model (by subgroup)

LP PRP

Pandey et al., 2016 52 2 50
Malavolta et al., 2018 22 0 22
Rossi et al., 2024 46 7 44
Yao et al., 2024 (LP) 46 0 23
Random-Effects Model (by subgroup)

L PRF

Zumstein et al., 2016 17 6 18

Random-Effects Model (by subgroup)

Test for subgroup differences: X?, =7.76,df =4 (p =0.1007)

S 0 o ® W W o=

0.24 [0.03;2.03] 1.7%
0.39 [0.09;1.69] 32%
0.50 [0.23;1.07] 8.2%
1.47 [0.69;3.13] 8.2%
148 [0.74;296]  9.0%
1.72 [0.73;4.05] 7.1%
0.95 [0.55;1.66] 37.3%

: 020 [001;476]  0.8%
e 033 [0.04;303] 1.6%

—— 061 [0.13;292]  29%
° 073 [0.28;191]  6.1%

_-.' 078 [0.41;148]  9.8%
4

0.89 [0.46;1.69]  9.6%
0.0%
0.76 [0.52;1.12] 30.8%

— 0.15 [0.02;1.19]  1.8%
— 036 [0.14;095]  6.1%
—aH— 0.65 [0.24;1.78]  5.7%
- 042 [022;082] 13.6%

+
_..._
>

0.19 [0.04;0.83] 32%
0.33 [0.01;7.75] 0.8%
045 [0.20;099] 7.7%

0.0%
0.37 [0.19; 0.73] 11.8%

—.— 1.06 [042;2.65] 6.5%

‘ 0.71 [0.53; 0.95] 100.0%
[ 1 I 1
0.01 0.1 1 10 100

Risk Ratio (log scale)

Figure 3 — Retear risk by PRP formulation. Forest plot of subgroup analyses by PRP formulation. LP-PRP showed the clearest and
most precise reduction (RR: 0.37, 95% CI: 0.19-0.73); excluding the single critically biased study (Auregan 2019) reduced LP-PRP
heterogeneity from 53.3% to 0.0%, clarifying the formulation-specific signal. LR-PRP trended protective but was not significant
(RR: 0.76, 95% CI: 0.52-1.12); PRFM/PRP matrix showed no consistent advantage, while PRP gel favored PRP (RR: 0.42, 95% CI: 0.22-
0.82). Diamonds indicate random-effects pooled estimates for each subgroup; the test for subgroup differences was not

significant (3 = 7.76, df = 4, P = .100). LP, leukocyte-poor; LR, leukocyte-rich; PRFM, platelet-rich fibrin matrix; RR, risk ratio; CI,

confidence interval; PRP, platelet-rich plasma.

most consistent and durable effect observed in LP-PRP. In
contrast to prior reviews that pooled heterogeneous PRP
formulations and yielded conflicting conclusions, our strat-
ified approach shows that the clinical signal depends on
formulation. Including the single study at critical overall risk

of bias (Auregan et al) inflated heterogeneity in the LP-PRP
subgroup (12 = 53.3%), whereas excluding it eliminated het-
erogeneity (I = 0%) and clarified a precise effect (RR: 0.37,
95% CI: 0.19-0.73), supporting a formulation-specific effect
under lower-bias conditions. LP-PRP demonstrated the most
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Study

Medium Tears

Joetal., 2015 33 1 30
Yao et al., 2024 (LR) 40 0 24
Castricini et al., 2010 40 1 38
Zhang et al., 2016 30 1 30
Malavolta et al., 2018 22 0 22
Joetal., 2013 20 4 18
Walsh et al., 2018 27 2 42
Rossi et al., 2024 46 7 44
Martinelli et al., 2019 11 2 10
Joetal., 2011 15 4 17
Randelli et al., 2011 22 9 23
Zumstein et al., 2016 17 6 18
Auregan et al., 2019 26 10 23
Weber et al., 2013 28 12 24
Lietal., 2021 43 0 43
Yao et al., 2024 (LP) 46 23
Random-Effects Model (by subgroup)

Large Tears

Pandey et al., 2016 52 2 50
Barber et al., 2011 20 6 20
Snow et al., 2020 39 6 38
Bergeson et al., 2012 16 9 21
Rodeo et al., 2012 36 12 31
Random-Effects Model (by subgroup)

Massive Tears

Charousset et al., 2014 31 11 30

Random-Effects Model (by subgroup)

Test for subgroup differences: X% =0.62,df =2 (p =0.7335)

PRP N Retears (PRP) Control N Retears (Control)

(= N -

Observed Outcome RR 95% CI Weight
— =l 0.15 [002;1.19]  1.6%
020 [001;476]  0.7%
— 024 [003;203] 1.5%
—_— 033 [0.04;303] 14%
033 [001;7.75] 0.7%
—— 036 [0.14;095]  5.6%
— 0.39 [0.09;1.69]  2.9%
— 045 [020;099]  7.2%
i 061 [0.13;292]  2.6%
—— 0.65 [024;178]  52%
B 078 [041;148] 9.2%
—:I— 106 [042;265]  6.0%
- 126 [058;2.77]  7.3%
- 147 [069;3.13]  7.6%
0.0%
0.0%
2 0.68 [0.48;0.96] 59.8%
0.19 [0.04;,083] 3.0%
050 [023; 1071  7.6%
073 [028;1911  5.7%
148 [0.74;296]  84%
172 [073;405]  6.6%
: 0.80 [0.41; 1.57] 31.2%
= = 0.89 [0.46;1.69]  9.0%
¢ 0.74 [0.56; 0.98] 100.0%
[ I I 1
001 0.1 1 10 100

Risk Ratio (log scale)

Figure 4 — Retear risk stratified by tear size. Forest plot of imaging-confirmed retears after arthroscopic rotator cuff repair
grouped by baseline tear size. Medium tears showed a significant reduction with PRP (RR: 0.68, 95% CI: 0.48-0.96), whereas large
(RR: 0.80, 95% CI: 0.41-1.57) and massive tears (RR: 0.89, 95% CI: 0.46-1.69) were not significant. Diamonds indicate random-
effects pooled estimates within each subgroup; the test for subgroup differences was not significant (y? = 0.62, df = 2, P = .730).
PRP, platelet-rich plasma; RR, risk ratio; CI, confidence interval.

consistent formulation-specific signal, with LR-PRP trending
protective but nonsignificant; PRFM and gels showed no
consistent advantage. The pattern supports LP-PRP as the
leading candidate for structural protection, pending confir-
mation in larger, formulation-specific trials (Fig. 3). The
consistent protective effect observed with LP-PRP suggests
that its relevance extends beyond healing biology: prevent-
ing revision surgery not only reduces health care costs but
also spares patients the pain, rehabilitation burden, and
prolonged loss of quality of life associated with repeat op-
erations. Taken together, these findings highlight LP-PRP as
both a clinically and economically meaningful adjunct,
whereas other formulations have not demonstrated the
same level of reliability.

Biological rationale for leukocyte-rich platelet-rich plasma

The biologic plausibility of LP-PRP is well supported by pre-
clinical evidence. Tendon-to-bone healing relies on a coordi-
nated interplay between growth factors and immune cell
phenotypes. LP-PRP delivers supraphysiologic concentrations
of transforming growth factor-p, vascular endothelial growth
factor, fibroblast growth factor, and platelet-derived growth
factor, which promote fibroblast activity, collagen deposition,
and angiogenesis.***> Crucially, unlike LR formulations, LP-
PRP dampens proinflammatory cytokines such as inter-
leukin-1B, interleukin-6 and tumor necrosis factor-q, fostering
a regenerative rather than inflammatory environment at the
tendon—bone interface.*>*
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Figure 5 — Patient-reported outcome measures following PRP augmentation during rotator cuff repair. Forest plots of pooled MDs
comparing PRP vs. control for (A) Constant—Murley score (MD: 0.7, 95% CI: —0.2 to 1.6; P = .112); (B) ASES score (MD: 1.5, 95% CI:
—1.7 to 4.7; P = .363); (C) UCLA Shoulder Rating Scale (MD: 0.3, 95% CI: 0.0 to 0.6; P = .439); and (D) VAS for pain (MD: —0.1, 95% CI:
—0.2 to —0.0; P = .028). All outcomes were pooled using random-effects models (REML; Hartung—Knapp confidence intervals). PRP
augmentation did not result in clinically meaningful improvement in patient-reported outcome measures. Although VAS pain
demonstrated a statistically significant difference favoring PRP, the effect size was below the established Minimal Clinically
Important Difference threshold and is unlikely to be clinically meaningful. No statistically significant differences were observed
for Constant-Murley, ASES, or UCLA scores. Squares represent study weights, and diamonds indicate pooled effects. PRP, platelet-
rich plasma; RR, risk ratio; CI, confidence interval; MD, mean difference; VAS, visual analog scale; UCLA, University of California
Los Angeles; ASES, American Shoulder and Elbow Surgeons; REML, restricted maximum likelihood; SD, standard deviation.

Animal models reinforce this mechanism: LP-PRP sustains fibrosis.?®*? Macrophage polarization studies similarly show
M2 macrophage predominance and reduces inflammatory that M1 phenotypes impede matrix regeneration, while M2
signaling, whereas LR-PRP increases cytokine-driven macrophages support angiogenesis and collagen alignment.?
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Figure 5 — (continued).

Excessive transforming growth factor-pl, meanwhile, risks
promoting scar-dominated healing with mechanically inferior
collagen I/I1I ratios." By shifting the immune response toward
M2 predominance, LP-PRP appears to support organized
tendon—bone integration rather than fibrotic scar. Collec-
tively, these findings explain why LP-PRP, but not LR-PRP,
reliably reduces structural retears: by steering healing to-
ward organized enthesis regeneration rather than fibrotic
encapsulation. (Fig. 3).

Clinical implications
Clinically, LP-PRP was associated with a meaningful reduction

in retear risk, corresponding to an ARR of 11.8% and a NNT of 9
to prevent one retear based on a control event rate of 18.7%.

The most pronounced effect was seen in medium-sized tears
(Fig. 4), where repair durability remains a challenge. Large
tears showed similar directional trends with wider CIs, and
massive tears demonstrated no measurable benefit.
Although patient-reported outcome measures (ASES,
Constant, UCLA, VAS) were not significantly improved (Fig. 5),
this aligns with prior studies.>*»*>"*® PROMs typically improve
following any successful repair but tend to decline over time
when retears occur. Prospective cohort studies confirm that
structural failure predicts subsequent deterioration in pain
and function scores.” Our findings suggest LP-PRP acts pri-
marily as a structural safeguard, reducing failure risk without
accelerating short-term symptomatic recovery. This inter-
pretation is consistent with both the biologic mechanism and
long-term clinical trajectory of retear-associated decline.
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Arthroscopic rotator cuff repair (RCR)

Standard Repair (No PRP)

Structural Retear Rate: 18.7%

N

|

Repair with LP-PRP

Structural Retear Rate: 6.9%

~

Retears prevented with LP-PRP
ARR: 11.8% | NNT: 9

Only a subset of retears undergo revision (6% base case; 9% and 12% scenarios)

6% Revision Probability

Threshold: $36
Net per RCR™: -$16

National impact': =$4.9M

9% Revision Probability

Threshold: $54
Net per RCR™: +$2

National impact': +$0.5M

12% Revision Probability

Threshold: $72
Net per RCR": +$20

National impact': +$6M

*At PRP consumable cost $52.27/case.

tAssuming 300,000 RCRs annually.

Figure 6 — Cost-consequence schematic for LP-PRP augmentation during arthroscopic rotator cuff repair. Decision-analytic
flow diagram showing the modeled structural retear reduction with LP-PRP vs. standard repair and the downstream economic
consequences when only a fraction of structural failures proceed to revision surgery. Using a control structural retear rate of
18.7% and an LP-PRP structural retear rate of 6.9% (ARR = 11.8%; NNT = 9), the model estimates cost-neutral (break-even) total
PRP cost thresholds and net cost impact per repair and nationally under a base-case revision probability of 6% and scenario
analyses at 9% and 12%. Model inputs (including revision cost, PRP preparation/consumable cost, and unit-cost assumptions)
are provided in Supplementary Table S1. Net cost impact values are presented at a PRP consumable cost of $52.27 per case and
assume 300,000 rotator cuff repairs performed annually in the United States. LP-PRP, leukocyte-poor platelet-rich plasma; ARR,

Absolute risk reduction; NNT, number needed to treat.

Economic relevance

Revision RCR is resource intensive, costly, and disruptive to
patient recovery, making even modest reductions in retear
risk clinically and economically meaningful. Using a conser-
vative, episode-of-care cost-consequence framework groun-
ded in Medicare reimbursement data, the present analysis
demonstrates that the economic impact of LP-PRP augmen-
tation is highly sensitive to the proportion of structural fail-
ures that proceed to revision surgery. When revision
probabilities ranging from 6% to 12% were incorporated, LP-
PRP was associated with modeled outcomes spanning from
modest net cost deficits to modest net cost savings at the
national level, with near cost-neutrality at intermediate
values.

These findings underscore that the economic value of LP-
PRP is conditional rather than uniform. Importantly, the
break-even total PRP cost per case fell within a relatively
narrow range under plausible revision probabilities, suggest-
ing that low-cost preparation strategies may achieve cost
neutrality. Because commercial kit—based systems often have
higher per-case costs than manual preparation, the break-
even thresholds reported here can be interpreted as cost
ceilings above which LP-PRP is unlikely to be cost-neutral
under the modeled revision probabilities. In settings where
PRP-related costs are not routinely reimbursed, financial re-
sponsibility may be transferred to patients, shifting the eco-
nomic evaluation from a payer-centered framework toward
shared physician—patient decision-making. Under these cir-
cumstances, even when structural benefit is observed, the
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value of PRP augmentation may depend on individual patient
preferences, financial capacity, and treatment priorities.
Accordingly, the present economic results should be inter-
preted as illustrative of potential payer-side impact under
defined assumptions, rather than as evidence of universal
cost savings, and as highlighting the importance of cost-
reduction strategies in facilitating real-world adoption.

Strengths and limitations

This review has several notable strengths. Chief among
these is its formulation-specific approach, which distin-
guishes LP from LR-PRP rather than pooling heterogeneous
biologic preparations as a single intervention. Structural
failure was objectively defined using post-operative imag-
ing, with outcomes harmonized to full-thickness retear
equivalent to Sugaya grade IV. All analyses were conducted
using standardized risk-of-bias assessment tools and pre-
specified subgroup and sensitivity frameworks. The ana-
lytic workflow and figures were generated using fully
reproducible code, enhancing transparency and reproduc-
ibility. Findings remained consistent after exclusion of the
single critically biased trial, supporting the robustness of
the observed structural effect. In addition, the pragmatic
economic model incorporated real-world cost inputs and
readily implementable manual preparation methods,
allowing evaluation across both hospital and ambulatory
surgical center settings.

Several limitations warrant consideration. PRP prepara-
tion protocols and reporting methods varied across included
studies, and despite outcome harmonization, definitions of
retear were not fully standardized across trials. Subgroup
analyses were limited by relatively small sample sizes, and
a number of nonrandomized studies carried moderate to
serious risk of bias. Publication bias cannot be excluded,
funnel plot asymmetry suggested possible small-study ef-
fects, and bias-adjusted estimates should be interpreted as
exploratory. Moreover, most trials lacked objective strength
testing within age-adjusted Constant scores, limiting con-
clusions regarding functional recovery. Finally, the eco-
nomic analysis captured short-term, episode-of-care health
care expenditures only and did not incorporate indirect
costs, long-term societal impact, or quality-of-life
outcomes.

Conclusion

Intraoperative LP-PRP appears to reduce retear risk after
arthroscopic RCR, with consistent benefits across study de-
signs that strengthen when high-risk trials are excluded.
Excluding the single critically-biased study reduced het-
erogeneity from 53.3% to 0%, clarifying a precise,
formulation-specific effect. By linking biologic plausibility
with structural protection and demonstrating favorable cost
projections under conservative assumptions, this meta-
analysis offers a formulation-specific framework to inform
clinical adoption. LP-PRP represents a feasible, low-cost
adjunct that improves repair durability without altering
short-term recovery or patient-reported outcome measures,

making it both a biologically rational and economically
practical strategy in modern shoulder surgery. Taken
together, these results position LP-PRP as a formulation-
specific adjunct worthy of consideration in optimizing RCR
outcomes at scale.
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