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Abstract

Purpose of Review This study aims to systematically review platelet dosage in platelet rich plasma (PRP) injections for
common musculoskeletal conditions.

Recent Findings Notable heterogeneity exists in the literature regarding platelet dosage. Clinical studies indicate that a
higher dosage may lead to improved outcomes concerning pain relief, functional improvement, and chondroprotection in
knee osteoarthritis (OA). However, the impact of dosing on other musculoskeletal pathologies remains uncertain. Our inves-
tigation identifies a potential dose-response relationship between platelet dose and PRP effectiveness for knee OA treatment,
pinpointing an optimal threshold of greater than 10 billion platelets for favorable clinical outcomes. Notably, this effect
appears more pronounced for functional outcomes than for pain relief. For other conditions, a lower dosage may suffice,
although the existing literature lacks clarity on this matter.

Summary PRP dosage may significantly influence treatmentoutcomes, particularly in knee OA. Further research is war-
ranted to elucidate optimal dosages for varying conditions.

Keywords Platelet rich plasma (PRP) - Platelet dosing - Platelet dosage - Osteoarthritis (OA) - Tendinopathy

P4 William Berrigan Zachary Bailowitz
bill.berrigan@ucsf.edu ZachBailowitzMD@gmail.com

Frances Tao 1

frances tao@ucsf.edu; tao frances@gmail.com Department of Orthopaedic Surgery, University of California,

1500 Owens Street, San Francisco 94158, USA

'.](?211 150 0[; (é)(zy@ucs fedu 2 Department of Family & Community Medicine, University

Jocl.kop ’ of California, San Francisco, USA

aAnnnr;a ];rlfg@r];cs fedu 3 School of Medicine, University of California, San Francisco,
P : USA

Isabel Allen 4

Department of Epidemiology and Biostatistics, University of
California, San Francisco, USA

University of California, Berkeley, CA, USA

®  Kaiser Permanente Oakland Medical Center, Oakland, CA,
USA

isabel.allen@ucsf.edu

Peggy Tahir 5
peggy.tahir@ucsf.edu

Aakash Reddy
aakash.reddy22@berkeley.edu
Kaiser Permanente Bernard J. Tyson School of Medicine,
Pasadena, CA, USA

Published online: 27 September 2024 €\ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-024-09922-x&domain=pdf&date_stamp=2024-9-25

Current Reviews in Musculoskeletal Medicine

Introduction

Platelet Rich Plasma (PRP) is an autologous mixture of
concentrated platelets and growth factors that is prepared
through centrifugation of whole blood. PRP injections have
become increasingly popular as a treatment for many mus-
culoskeletal (MSK) conditions. They are most commonly
used for osteoarthritis (OA) and tendinopathy, although
PRP has also been used in other musculoskeletal conditions
such as adhesive capsulitis or as augmentation for fracture
healing [1]. Despite its increasing popularity, the efficacy of
PRP therapy for many pathologies is still disputed [2].

While PRP is increasingly viewed as a viable nonopera-
tive treatment for OA, consensus on its efficacy and com-
parison to other treatments remains elusive. Most evidence
for the use of PRP in OA comes from studies on knee OA.
These data suggest that PRP is equivalent to or better than
hyaluronic acid (HA) or corticosteroid injections (CSI);
yet many studies are limited by significant heterogeneity in
PRP preparation, injection, and post-procedural protocols
[2]. Furthermore, it is unclear how generalizable knee OA
findings are to outcomes for other joints. Evidence for the
use of PRP in tendinopathy remains mixed, with increasing
attention to the use of PRP in lateral elbow epicondylopathy,
patellar tendinopathy, rotator cuff tendinopathy, and Achil-
les tendinopathy. Again, conclusions regarding the efficacy
of PRP in tendinopathy are limited by heterogeneity in PRP
preparation, protocols, and outcome measures.

The process by which PRP is created has substantial
inherent variability. Factors such as the amount of blood
drawn, centrifugation time, and number of spins can all
impact the composition of the final product. Even the defi-
nition of PRP itself is debated, as the U.S. Food and Drug
Administration’s classification of PRP requires a minimum
of 250,000 platelets per microliter, with others suggesting
a minimum of 1 million to 1.5 million platelets per micro-
liter [3]. This heterogeneity ultimately leads to differences
in platelet, leukocyte, and growth factor composition. The
2017 Minimum Information for Biologics in Orthopedics
(MIBO) guidelines define important characteristics for stan-
dardizing reporting in studies involving biologics in ortho-
pedic research, including platelet concentration, leukocyte
differential, and volume injected [4]. Despite these report-
ing guidelines, no standardized injection regimens have
been established.

Prior studies have called attention to the heterogeneity in
PRP literature regarding the composition and preparation of
PRP, injection protocols, platelet dosage, and post-injection
rehabilitation [2, 5-7]. Platelet dosage is one of many fac-
tors that may influence PRP outcomes and has substantial
heterogeneity in the literature. Platelet dosage is a measure
of the total number of platelets delivered in a PRP treatment
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and is determined by the product of platelet count (usually
in platelets/microliter), volume injected, and total number
of injections. A recent review characterizes the importance
of platelet dosing in initiating angiogenic pathways neces-
sary for microvascular networks that supply oxygen and
nutrients to impaired tissues [8]. However, very few studies
have specifically evaluated the impact of platelet dosing on
the efficacy of PRP across different pathologies. The pur-
pose of this paper is to systematically review platelet dosage
in the literature on PRP injections for musculoskeletal con-
ditions. We hypothesize that higher platelet dosage will be
correlated with improved outcomes for PRP injection across
pathologies.

Methods
Study Selection and Eligibility Criteria

We included studies that investigated the use of platelet
rich plasma as the primary treatment for knee OA, hip OA,
glenohumeral OA, carpometacarpal joint OA, rotator cuff
tendinopathy, patellar tendinopathy, Achilles tendinopathy,
gluteal tendinopathy, lateral epicondylopathy, plantar fasci-
itis, carpal tunnel, cubital tunnel, and ankle osteochondral
defects (OCD). We limited our search to randomized clini-
cal trials (RCTs) and prospective or retrospective cohort
studies with a minimum of 20 patients that were published
in the English language. We excluded meta-analyses, review
articles, case reports, case series, conference abstracts, and
animal studies. Cohort studies were distinguished from case
series according to previous recommendations [9]. PRP
associated with a surgical procedure, and PRP used for the
treatment of spinal disorders, adhesive capsulitis, and De
Quervain’s tenosynovitis were also excluded. Studies that
lacked the necessary data to calculate the platelet dosage
or had less than 6 months of follow-up were also excluded.
Studies were screened by a minimum of 2 independent
reviewers, and any discordance on study inclusion was
resolved by the principal investigator.

Search Strategy

We performed comprehensive searches in PubMed, Web of
Science, Embase, and the Cochrane Library to obtain arti-
cles for our review (Appendix 1). With the assistance of a
research librarian, searches were structured to include these
main concepts: platelet rich plasma and musculoskeletal
pathologies. We developed multiple synonyms for ortho-
pedic terms and conditions including osteoarthritis, tendi-
nopathies, and neuropathies. Searches were constructed to
be broad and sensitive. We also developed a third search
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hedge to include specific types of research studies we were
interested in finding. Searches included both keywords and
index terms (Mesh and Emtree), depending on the individ-
ual database. The searches were conducted on 11/07/2023
and are inclusive of literature from 1/1/2017-11/07/2023.
We limited Embase search results to articles and articles in
press. Full search strategies for each database are included
in the search appendix.

Data Extraction

Data on the author, publication year, sample size, mean age,
mean BMI, comparator, primary and secondary outcome
measures, Kellgren-Lawrence classification, MARSPILL
classification parameters, preparation kit, injection quantity,
mean platelet count, PRP volume injected, total platelet dos-
age (total platelet dosage x 10°= (mean platelet count per
microliter x 10°) x (volume injected in milliliters) x (total
# of injections)), and the resulting p values at 6 months, 1
year, and 2 years were collected using a standardized tem-
plate [10]. Outcome measure data was included if it was
present in 3 or more studies. Primary and secondary out-
come data was collected at 6 months, 1 year, and 2 years.
The authors were contacted to retrieve any missing data
necessary for meta-analysis.

Data Synthesis and Statistical Analysis

To quantify the effect of PRP compared with other interven-
tions, we calculated mean differences from baseline to 6- and
12-months post-intervention and compared the mean differ-
ences and 95% confidence intervals using a random effects
meta-analysis to take account of any heterogeneity within
and between included studies. Groups of studies were syn-
thesized when there were at least 3 studies in the condition
group. Similarly, time points at 6 months and 12 months
were synthesized when at least 3 studies in any condition
were available for platelet dosages <5 billion, 510 billion,
and > 10 billion (1 billion platelets =1000x 10° platelets).
Heterogeneity was assessed using both Cochran’s Q-statis-
tic and the I-squared statistic. We considered an I-squared
greater than 50% indicative of high heterogeneity. Meta-
regression was used to identify trends in outcome measures
by increasing platelet dosage. Sensitivity analyses were
performed to examine potential publication bias, including
jackknife (leave out one) analyses and Begg and Egger sta-
tistics. All statistical analyses were performed using Stata
18.1 (StataCorp, College Station, TX).

Risk of Bias Assessment/Quality Assessment

Risk of bias was assessed in all RCTs using the revised
Cochrane risk of bias tool, which factors in random sequence
generation, allocation concealment, blinding, completeness
of outcome data, selective reporting, and other biases [11].
The assessment was completed by two independent review-
ers and any discordance was resolved by the principal
investigator.

Results

After eliminating duplicates, our initial search yielded 2276
studies. Following title and abstract screening for relevance,
336 studies remained. Subsequent full-text screening based
on the specified criteria identified 66 studies that were
included in our review (Fig. 1). There were 26 level I (40%),
28 level 11 (42%), and 12 level I1I (18%) studies. There were
42 studies focused on knee OA, 5 on rotator cuff tendinopa-
thy, 3 on lateral epicondylopathy, 3 on hip OA, 3 on plantar
fasciitis, 2 on patellar tendinopathy, 2 on Achilles tendinop-
athy, 2 on gluteal tendinopathy, 1 on glenohumeral OA, 1 on
carpal tunnel syndrome, 1 on carpometacarpal joint OA, 1
on ankle OCD, and 0 for cubital tunnel syndrome. The PRP
preparation and treatment protocols for each of these stud-
ies are summarized in Table 1. Platelet dosages are reported
in billions and multiples of 10° platelets (1 billion plate-
lets = 1000 x 10° platelets).

Risk of Bias Assessment

Overall, the risk of bias was low among 40 RCTs (Fig. 2).
The risk of bias was highest for blinding participants, per-
sonnel, and outcome assessors. Among the remaining
studies, the main concerns for bias were due to allocation
concealment and incomplete outcome data.

Osteoarthritis (OA)

The platelet dosage and efficacy of PRP for the treatment of
osteoarthritis at 6 months, 1 year, and 2 years post-injection
are summarized in Table 2.

Knee OA
24 studies were included in the meta and regression analysis.

17 reported WOMAC (Figs. 3), 17 reported VAS (Figs. 4),
10 reported IKDC (Fig. 5), and 6 reported KOOS (Fig. 6).
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Fig. 1 PRISMA (Preferred
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Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)

Pooled analysis from 5 studies with a dose of <5 billion
platelets and mean latest follow-up of at least 6 months
demonstrated that the PRP group had a significant differ-
ence in subjective WOMAC scores than the comparator
groups (Mean Difference (MD), 6.93 [95% CI, 0.05-13.8];
p=0.05). Analysis from 6 studies with 5-10 billion plate-
lets demonstrated no difference between comparators (MD,
-0.32 [95% CI, -4.06,3.42]; p=0.87). Six Studies with
> 10 billion platelets demonstrated a difference in favor
of PRP (MD, 14.8 [95% CI, 1.47-28.12]; p=0.03). The
P statistic for WOMAC scores was 87%, 92%, and 99%
for <5 billion, 5-10 billion, and >10 billion platelets
respectively.

@ Springer

No studies with 12-month data used <5 billion platelets.
Pooled analysis from 5 studies with 5-10 billion platelets
and mean latest follow-up of at least 12 months demon-
strated no difference between comparators (MD, -0.11
[95% C1, -5.45-5.23]; p=0.97). Four studies with > 10 bil-
lion platelets demonstrated a near difference in favor of PRP
(MD, 9.67 [95% CI, -1.63-20.97]; p=0.09). The I statistic
for WOMAC scores was 98% and 99% for 5—10 billion, and
> 10 billion platelets respectively.

Meta-regression analysis at 6 months showed a sig-
nificant trend and demonstrated that larger decreases in
WOMAC scores were seen with higher doses of platelets.
At 12 months, a consistent trend of greater effect size with
increasing platelet dose was seen but the slope was lower
than at the 6-month time point (Appendix 2).

No study bias was seen in the Begg and Egger statis-
tics, and a jackknife analysis leaving out each study and
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Table 1 (continued)

Platelet Total Platelet Total

Injection Volume

Image Leuko-  Light

Guid-

Platelet

Spin (Sp1/Sp2)

Activation RBC (RBC-R/RBC-P)*
(A+/A-)*

Method
(H/M)

LOE  Comparator

Lead Author
(Year)

Average (per Dosage/injec- Platelets

Quantity injected

cyte Con- Activa-

Number

w/ multiple
injections

microliter)  tion (x 10%)

x10°

(mL)

centration tion

ance®

(LR/LP*  (A+/A-)*

Glenohumeral Osteoarthritis

Carpal Tunnel Syndrome
Uzunetal. (2017) 1I

(48]

3064 3064

1532

LP

PL6-8

Spl

RBC-P

CSI

Ankle OCD

12,084

4028

1007

Lp

G+

PL4-6

Spl

RBC-P

i Prolotherapy M

Akpancar et al.
(2019) [52]

HA: Hyaluronic Acid, BMAC: Bone Marrow Aspirate Concentrate, NSAIDS: Non-steroidal Anti-inflammatory Drug, MFAT: Micro-fragmented Adipose Tissue, PRP: Platelet-rich plasma, NS: Normal Saline, CSI: Corticosteroid Injection, ECSW: Extracor-

poreal Shock Wave, PT: Physical Therapy, BM-MSC: Bone Marrow-derived Mesenchymal Stem Cells, SVF: Stromal Vascular Fraction, N/A: Not applicable, LOE: Level of evidence, LR: leukocyte-rich PRP, LP: leukocyte-poor PRP, PRP: Platelet-rich plasma,

RBC-P: Poor red blood cells, RBC-R: Rich red blood cells. *In instances where information on activation, RBC-Poor vs. RBC-Rich, image guidance, Leukocyte-Poor vs. Leukocyte-Rich, and light activation was not provided, the assessment was noted as poor

or negative

recalculating the results showed no change in the overall
summary effect sizes.

Visual Analog Scale (VAS)

Pooled analysis from 6 studies with a dose of <5 billion
platelets and mean latest follow-up of at least 6 months
demonstrated that the PRP group had no difference in sub-
jective VAS scores than the comparator groups (MD, 0.18
[95% CI, -0.71-1.08]; p=0.69). Analysis from 5 studies
with 5-10 billion demonstrated a difference that favored
PRP to the comparators (MD, 0.31 [95% CI, 0.06-0.57];
p=0.01). Six studies with > 10 billion platelets demon-
strated a difference in favor of PRP (MD, 1.32 [95% CI,
0.13-2.50]; p=0.03). The I statistic for VAS pain scores
was 78%, 0%, and 95% for <5 billion, 5-10 billion, and
> 10 billion respectively.

One study with a dose of <5 billion platelets and latest
follow-up of at least 12 months demonstrated that the PRP
group had no difference in subjective VAS scores than the
comparator group (MD, 0.5 [95% CI, -0.22-1.22]; p=0.17).
Pooled analysis from 4 studies with 5-10 billion demon-
strated no difference between PRP and the comparators
(MD, 0.51 [95% CI, -0.35-1.37]; p=0.24). Four studies
with > 10 billion platelets demonstrated a near difference
in favor of PRP (MD, 1.58 [95% CI, -0.11-3.27]; p=0.07).
The I statistic for VAS pain scores was 75%, and 97% for
5-10 billion, and > 10 billion platelets respectively.

Meta-regression analysis demonstrated a slight trend at
6 months with increasing effect (as measured by VAS) with
an increasing number of platelets. No trend was seen at the
12-month evaluation (Appendix 2).

IKDC

There were insufficient studies to run meta-analysis by dos-
ages for the IKDC. Meta-regression analysis at 6 and 12
months for IKDC revealed a significant trend of increased
effectiveness with an increasing number of total platelets
(Appendix 2).

KOOS

There were insufficient studies to run meta-analysis by dos-
ages for the KOOS. Meta-regression analysis at 6 months
for KOOS Sport revealed a trend in significantly decreas-
ing symptoms with an increasing number of total platelets
(Appendix 2).

Other Knee OA Studies.

18 knee OA clinical studies were not included in the meta
and regression analysis. Out of 4 studies that administered
PRP with a dose> 10 billion platelets, 3 reported positive
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Fig. 2 Risk of Bias graph. risk of
bias is presented as a percentage
across all included RCT studies
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Table 2 Summary of platelet dosage and efficacy of prp for treatment of osteoarthritis at 6 months, 1 year, and 2 years post-injection
Author (Yr) Comparator Total Platelet Efficacy Relativeto  Efficacy Relativeto  Efficacy Relative
Dose (6 m) Comparator (ly) Comparator (2y) to Com-
(6 m) (ly) parator
@y)
Hip Osteoarthritis
Palco et al. (2021) [28] HA+PRP 1850 % 10° N/A N/A - N/A N/A N/A
Villanova-Lopez et al. (2020) HA 3517x10° N/A - + - N/A N/A
[31]
Nouri et al. (2022) [30] HA, HA+PRP 14,020 x 10° + + N/A N/A N/A N/A
Glenohumeral Osteoarthritis
Kirschner et al. (2022) [32] HA 4081 % 10° + - + - N/A N/A
Carpometacarpal Osteoarthritis
Hasley et al. (2023) [33] N/A 1967 x 10° N/A N/A + N/A N/A N/A
HA: Hyaluronic acid, PRP: Platelet-rich plasma, N/A: Not applicable
outcomes for the PRP group at 6 months post-injection [12—  Hip OA

14], and 2 reported positive outcomes at 1 year post-injec-
tion [13, 15]. 7 studies had a total PRP dose between 5 and
10 billion platelets. Six of these studies reported positive out-
comes for the PRP group at 6 months post-injection [ 14, 16—
20]. Li et al. reported outcomes for the PRP group that were
significantly superior to the comparator group at 6 months
and 1 year follow-up. Additionally, positive outcomes for
the PRP group were reported at 1-year post-injection for 4
studies [16, 18, 19, 21], and at 2 years post-injection for 1
study [16]. The remaining 9 studies administered PRP with
a total dose of <5 billion platelets. 6 studies reported posi-
tive outcomes for the PRP group at 6 months post-injection
[22-27], and 3 studies reported positive outcomes at 1 year
post-injection [21, 26, 28]. Two studies reported outcomes
for the PRP group that were significantly superior to the
comparator group at 6 months follow-up [22, 29].

Three studies examined the effect of PRP on hip osteoar-
thritis. A high-quality RCT compared the effectiveness of
three treatment arms: HA, leukocyte-poor PRP (LP-PRP),
and the combination of HA with LP-PRP [30]. Every group
received 2 injections separated by 2 weeks. The PRP group
had a total platelet dosage of 14,020 x 10°. All three groups
showed significant improvement in total WOMAC scores
at 6 months post-injection (p <0.001). The authors found a
significant difference in total WOMAC scores favoring PRP
to HA (p=0.022), as well as favoring the combination of
PRP with HA to HA alone (p =0.007). There was, however,
no statistical difference when comparing the combination of
PRP with HA to PRP alone.

A retrospective study compared leukocyte-rich PRP (LR-
PRP) to a combination injection of both LR-PRP and HA
[28]. The total platelet dosage in the PRP injections was
1850 x 10°. At one year’s follow-up, there was no significant
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Fig. 3 (A) Pooled Analysis of Baseline to 6 months in WOMAC for
PRP vs. Control by Total Platelet Subgroups, (B) Pooled Analysis
of Baseline to 12 months in WOMAC for PRP vs. Control by Total

improvement in Harris hip score (HHS) in either group
when compared to baseline scores (p>0.05).

The last study was a low-quality double-blinded RCT
[31]. The authors found that the LP-PRP group (total plate-
let dosage of 3517 x 10°) had significant improvement in the
WOMAC scores at 1 year (p<0.01), however, there was
no difference in scores when compared to the HA group
at 6 months or 1-year post-injection (p=0.95 and p=0.27
respectively).

Glenohumeral OA
One double-blinded RCT of 70 patients with a low risk

of bias compared a single injection of PRP with a dose of
4081 x 10° platelets to HA [32]. Improvement was noted in
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Total Platelet Dose

(d)

Platelet Subgroups, (C) Meta Regression Analysis for WOMAC at 6
months, and (D) Meta Regression Analysis for WOMAC at 12 months.
(Platelet Dose x10°)

both groups at 2, 3, 6, and 12 months after injection but
there was no statistically significant difference between the
two. The improvements were observed regardless of osteo-
arthritis severity.

Carpometacarpal OA

One retrospective cohort study of 19 patients who received
a single injection of PRP with a total platelet dosage of
1967x10° reported moderate or excellent symptomatic
improvement in 68.8% of patients [33]. The mean reported
duration of benefit was 15.6 months. The concentration fac-
tor for the platelets in the study was 8.8 (+/-4.9).
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Tendinopathy

The platelet dosage and efficacy of PRP for treatment of ten-
dinopathy at 6 months, 1 year, and 2 years post-injection are
summarized in Table 3.

Lateral Epicondylopathy

Three articles studied the use of PRP in lateral epicondy-
lopathy and all of them utilized the VAS as the primary

outcome measure. In a single-center, prospective RCT,
physical therapy was compared to a single injection of LR-
PRP [34]. The PRP had a total platelet dosage of 9450 x 10°.
The authors found improvement in VAS and functional
scores as well as MRI severity grade at 6 months follow-
up for the PRP group. Additionally, there was a statistically
significant difference between the two treatment groups
favoring PRP (p < 0.05). Another RCT compared landmark-
guided CSI to LP-PRP (total platelet dosage 2469 x 10°) for
the treatment of chronic refractory lateral epicondylopathy
[35]. At one year post-injection, the PRP group significantly
outperformed the CSI group in terms of reduction in VAS
scores (p=0.024).

A retrospective study comparing LP-PRP to extracor-
poreal shock wave therapy (ECSW) found significant
improvement in VAS scores at 2 years post-injection for the
PRP group (p<0.001) [36]. However, there was no differ-
ence in results as compared to the ECSW group (p> 0.05).
The PRP group in this study received four injections for a
total platelet dosage of 7200 x 10°.

Table 3 Summary of platelet dosage and efficacy of prp for treatment of tendinopathy at 6 months, 1 year, and 2 years post-injection

Author (Yr) Comparator Total platelet Efficacy Relativeto Efficacy Relativeto Efficacy Relative
dose (6 m) comparator (ly) comparator (2y) to com-
(6 m) (1y) parator
2y)
Epicondylopathy
Gupta et al. (2020) [35] CSI 2469 % 10° N/A N/A + + N/A N/A
Alessio-Mazzola et al. (2018) [36] ECSW 7200 % 10° N/A N/A N/A N/A + -
Lim et al. (2018) [34] PT 9450 % 10° + + N/A N/A N/A N/A
Rotator Cuff Tendinopathy
Hewavithana et al. (2023) [41] CSI 3924 x10° N/A - N/A - N/A N/A
Jo et al. (2020) [40] CSI 3956 % 10° + - N/A N/A N/A N/A
Rossi et al. (2021) [37] N/A 5020 % 10° N/A N/A + N/A N/A N/A
Nejati et al. (2017) [38] Exercise 7200 % 10° + - N/A N/A N/A N/A
Cai et al. (2019) [39] NS, HA, 16,000 10° + + + + N/A N/A
HA+PRP
Gluteal Tendinopathy
Thompson et al. (2019) [43] NS 6161x10° + - + - N/A N/A
Fitzpatrick et al. (2019) [42] CSI, CSI+PRP  6266x 106 + + + N/A + N/A
Patellar Tendinopathy
Scott et al. (2019) [44] NS 2384 % 10° + - + - N/A N/A
(LR),
3059 10° (LP)
Rodas et al. (2021) [45] BM-MSCs 6756 % 10° + - N/A N/A N/A N/A
Achilles Tendinopathy
Usuelli et al. (2018) [47] SVF 3252%10° + - N/A N/A N/A N/A
Erroi et al. (2017) [46] ECSW 3980 % 10° + - N/A N/A N/A N/A

CSI: Corticosteroid injection, ECSW: Extracorporeal shock wave, PT: Physical therapy, N/A: Not applicable, NS: Normal saline, HA: Hyal-
uronic acid, LR: Leukocyte-rich PRP, LP: Leukocyte-poor PRP, BM-MSCs-Bone marrow mesenchymal stem cells, SVF-Stromal vascular

fraction
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Rotator Cuff Tendinopathy

Five studies investigated the role of PRP in the treatment
of rotator cuff tendinopathy. One prospective cohort study
investigated the effects of subacromial PRP injections
administered to 50 adults with chronic rotator cuff tendinop-
athy that was refractory to conservative management [37].
The LR-PRP had a total platelet dosage of 5020x 10° per
injection and was injected via anatomical landmarks. A sec-
ond PRP injection was administered for 6 (12%) patients at
the 3-month follow-up if there was no significant improve-
ment in pain and functional scores, and new injuries were
ruled out by MRI. At 12 months follow-up, there was a sig-
nificant improvement in VAS, Constant, and the American
Shoulder and Elbow Surgeons (ASES) scores (p <0.001 for
all).

One RCT compared exercise therapy to PRP for the
treatment of subacromial impingement. Patients in the PRP
group received two injections of LR-PRP (total platelet dos-
age of 7200 x 10°) that were spaced one month apart [38]. A
portion of each PRP injection was injected intra-tendinous
under ultrasound guidance, while the remainder of the injec-
tate was directed at the subacromial space using landmark
guidance. The PRP group achieved a significant reduction
in VAS pain scores at 6 months post-injection (p<0.01),
however, there was no difference between treatment arms.

In a double-blinded RCT, patients were randomized to
receive 4 weekly injections of either normal saline, sodium
hyaluronate, LP-PRP, or the combination of sodium hyal-
uronate with PRP [39]. The total platelet dosage after 4
injections was 16,000x 10°. All injections were completed
under ultrasound guidance into the subacromial space. The
sodium hyaluronate, PRP, and the combination sodium
hyaluronate with PRP groups all had significant improve-
ment in ASES, Constant, and VAS scores at 3, 6, and 12
months when compared to baseline (p <0.05 for all). The
PRP and the combination of sodium hyaluronate with PRP
groups both showed significantly greater improvements in
these pain and functional scores over the same follow-up
time intervals as compared to normal saline and sodium
hyaluronate groups (p <0.01 for all).

Two RCTs compared LP-PRP injections to CSIs into the
subacromial space. In one double-blinded study, the PRP had
a total platelet dosage of 3956 x 10°. At 6 months follow-up,
the Constant score improved significantly above baseline in
the PRP group, however, there was no difference between
the two treatment arms [40]. In the other RCT, the PRP had
a total platelet dosage of 3924 x 10° [41]. The reduction in
pain severity as measured by the Neer Pain score was not
statistically different between the two treatment arms at 6
months or 1-year post injection (p=0.155 and p=0.081
respectively). There was, however, a significant difference

in improvement of shoulder abduction at 12 months follow
up favoring the PRP group (p=0.012).

Gluteal Tendinopathy

Two RCTs assessed the efficacy of PRP in gluteal tendinop-
athy. One RCT of 80 patients with some concern for risk
of bias compared a CSI to a single injection of PRP with a
platelet dose of 6266 x 10° [42]. The PRP group improved
significantly in the Modified Harris Hip Score (MHHS)
from baseline (53.77; SD, 12.08) to 12 (74.05; SD, 13.92),
24 (77.6; SD, 11.88), 52 (78.18; SD, 14.53) and 104 weeks
(82.59; SD, 9.71) versus the CSI at 24 weeks (65.82; SD,
15.28). In this study, there was a crossover group for which
27 patients were deemed to have failed CSI with an exit
score of 59.22 (SD,11.54). The crossover group improved
with the LR-PRP: from 59.22 (SD, 11.22) at baseline to
75.55 (SD, 16.05) at 12 weeks, 77.69 (SD, 15.30) at 24
weeks, and 77.53 (SD, 14.54) at 104 weeks. Another RCT of
48 patients with a high risk of selective reporting bias com-
pared a single injection of PRP with a dosage of 6161 x 10°
to normal saline [43]. There was a reduction in worst, aver-
age, and least pain over time, but no difference between the
two groups at 3,6, or 12 months. The injections in this study
were done without the use of image guidance.

Patellar Tendinopathy

Two RCTs examined the outcomes in patients with patellar
tendinopathy after receiving PRP. In both studies, the pri-
mary outcome was the Victorian Institute of Sport Assess-
ment for Pain (VISA-P). One RCT studied single-dose
LR-PRP versus LP-PRP versus saline injections [44]. Plate-
let dosages used in this study were 3059 x 10° and 2384 x 10°
in the LP-PRP and LR-PRP groups respectively. Though
VISA-P scores improved at 6 months and 1-year post-injec-
tion in both PRP groups, the authors found no difference in
mean change in VISA-P scores among all treatment groups
(p>0.05 for all outcomes). In the other RCT, which was
double-blinded, outcomes were compared between those
who received two injections of LP-PRP (total platelet dos-
age 6756x10°% versus bone marrow mesenchymal stem
cells [45]. The PRP group experienced significant improve-
ment in VISA-P scores from baseline (47.00, SD 9.83) to 6
months post-treatment (72.90, SD 17.34; p=0.0009), how-
ever, there was no statistical difference in scores between
the two treatment arms (p =0.6776).

Achilles Tendinopathy

Two studies investigated the efficacy of LP-PRP in Achil-
les tendinopathy using the Victorian Institute of Sport
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Assessment for Achilles (VISA-A) as the primary outcome
measure. A retrospective study investigated the difference
in patient outcomes in those with insertional Achilles tendi-
nopathy who received either two injections of LP-PRP (total
platelet dosage 3980 x 10°) or three sessions of ECSW [46].
The PRP group experienced significant improvement in
VISA-A scores at 6 months (82.0, SD 18.1) as compared to
baseline (52.8, SD 14.2; p <0.001), but there was no statisti-
cal difference in improvement when compared to the ECSW
group (p=0.368). Similarly, in an RCT comparing LP-PRP
to adipose-derived stromal vascular fraction (SVF) injec-
tion, there was no statistical difference between groups at 6
months post-intervention (p > 0.05), though VISA-A scores
improved significantly from baseline (p <0.001) [47]. The
platelet dosage used in this study was 3252 x 10°.

Plantar Fasciitis

The efficacy of PRP in plantar fasciitis was investigated in
three studies. All three studies utilized the VAS as the pri-
mary outcome measure. Two of the three studies were RCTs
that compared single landmark-guided PRP injection to CSI,
and both RCTs injected PRP with a total platelet dosage of
3000 10° [48, 49]. In one of the RCTs, not only did the
PRP group report improvement in VAS scores at 6 weeks,
3 months, and 6 months post-injection, but there was also a
significant difference in VAS scores between the two treat-
ment arms at all three-time intervals (p <0.007, p <0.001,
p<0.001 at 6 weeks, 3 months, and 6 months respectively)
favoring the PRP group [48]. The PRP group also had a sig-
nificant reduction in plantar fascia thickness as assessed by
ultrasound 6 months post-injection when compared to the
corticosteroid group (p <0.0003). The authors of the sec-
ond RCT found similar results though their study was of
lower quality evidence. Both PRP and CSI groups found
improvement in VAS scores at 6 weeks, 3 months, and 6
months post-injection [49]. When compared between the
two groups, there was a significant reduction in VAS scores
that favored the PRP group at all time intervals. Moreover,

the PRP group experienced a larger sonographic reduction
in plantar fascia thickness at 6 months post-injection as
compared to the CSI group (p=0.0001).

One retrospective study compared PRP to ECSW among
athletes and non-athletes [50]. The PRP group received 3
injections, with a total platelet dosage of 5400x 10°. At
2 years follow-up, the PRP group reported statistically
decreased VAS scores (p<0.001) in both the athlete and
non-athlete subgroups, however, there was no difference
in VAS score improvement when compared to those who
received ECSW (overall population: p=0.485, athletes:
p=0.433, nonathletes: p =0.064).

Other MSK Conditions

The platelet dosage and efficacy of PRP for treatment of
other MSK conditions at 6 months, 1 year, and 2 years post-
injection are summarized in Table 4.

Carpal Tunnel Syndrome

One prospective cohort study examined the effects of LP-
PRP versus corticosteroid injection in treating carpal tunnel
syndrome [51]. The platelet dosage used in this study was
3064 10°, and the injection was done by landmark guid-
ance. At 6 months post-intervention, there was no significant
improvement on the Boston Carpal Tunnel Questionnaire
(BCTQ) for the PRP group (2.41, SD 0.36; p=0.724 and
1.91, SD 0.18; p=0.601 for the symptom severity and func-
tional status respectively). Additionally, there were no sta-
tistical differences in BCTQ scores at 6 months follow-up
when compared to the corticosteroid group (p=0.645 and
p=0.861 for the symptom severity and functional status
respectively).

Ankle Osteochondral Defect (OCD)

One retrospective cohort study of 49 patients compared
3 injections of PRP for a total dosage of 12,084 x10° to

Table 4 Summary of platelet dosage and efficacy of prp for treatment of other msk conditions at 6 months, 1 year, and 2 years post-injection

Author (Yr) Comparator Platelet dose Efficacy Relativeto Efficacy Relativeto Efficacy Relative

(6 m) comparator  (ly) comparator  (2y) to com-
(6 m) (ly) parator
@y

Carpal Tunnel Syndrome

Uzun et al. (2017) [48] CSI 3064 % 10° - - N/A N/A N/A N/A

Plantar Fasciitis

Soraganvi et al. (2019) [49] CSI 3000 10° + + N/A N/A N/A N/A

Srivastava et al. (2022) [50] CSI 3000 % 10° + + N/A N/A N/A N/A

Alessio-Mazzola et al. (2023) [51] ECSW 5400x 10° N/A N/A N/A N/A + -

Ankle OCD

Akpancar et al. (2019) [52] Prolotherapy 12,084 % 10° + - + - N/A N/A

CSI: Corticosteroid injection, ECSW: Extracorporeal shock wave, N/A: Not applicable
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prolotherapy (PrT) [52]. The average lesion size for these
patients was 1.54 cm? in the PRP group and 1.64 cm? in
the PrT group respectively. Both groups improved at 21
days, 3 months, 6 months, and 12 months with no differ-
ence between the two. The average lesion size was signifi-
cantly lower in patients with excellent or good outcomes
(1.43+0.68 cm? and 1.42+0.63 cm® for PrT and PRP
groups, respectively) compared to patients with fair or poor
outcomes (2.6+1.21cm? and 2.25+0.2cm? for PrT and
PRP groups, respectively).

Discussion

The practical application of platelet-rich plasma (PRP)
research in clinical settings is hampered by considerable
variability in preparation methods and reporting standards.
With an array of over 50 commercial kits available for PRP
production, the resulting products exhibit significant dif-
ferences in volume, platelet concentration, leukocyte con-
centration, and growth factor levels [53]. While various
classification systems have been proposed to standardize
PRP preparation [10, 54, 55], significant heterogeneity per-
sists across the current literature. This review underscores
this variability and presents evidence suggesting that dos-
age might influence clinical outcomes in knee osteoarthritis
(OA) and potentially other musculoskeletal conditions.
Platelet dosage emerges as a critical factor influenc-
ing PRP efficacy, particularly in knee OA. This review is
the first to identify a potential dose-response relationship
between platelet quantity and PRP effectiveness for knee
OA treatment, pinpointing an optimal threshold of greater
than 10 billion platelets for favorable clinical outcomes.
Interestingly, this correlation appears more pronounced
in patient-reported functional improvements rather than
pain alleviation. This aligns with prior literature suggest-
ing that a greater dose may be crucial for long-term suc-
cess. One study asserted that an absolute count of 10 billion
platelets is an important threshold for sustained chondro-
protection at 1 year for patients with moderate knee OA,
however, these results were not compared to other platelet
doses [56]. Another recent study found that a platelet dos-
age of 5.65 billion produced better improvements in pain
and function than a dosage of 2.82 billion at 6 months [57].
Consistent with these observations, our previous review
highlighted that studies reporting positive outcomes boasted
a mean platelet dose of 5.5 billion, whereas those without
significant improvements averaged 2.3 billion [58]. Within
the current review, 14 knee OA studies (34.1%) reached a
dose of > 10 billion platelets across multiple injections, all
achieving positive outcomes at post-injection follow-up.

Some studies suggest better outcomes with multi-injec-
tion protocols [21, 26]. For instance, Simental-Mendia et al.
observed improved outcomes at 48 weeks with three PRP
injections compared to one. Similarly, Subramanyam et al.
found superiority of three injections over one or two at one-
year follow-up. However, Saqlain et al. found no difference
in knee OA outcomes between two PRP injections versus
one. Notably, the platelet dosage varied significantly among
these studies. A single injection in the study by Saqlain et
al. contained more platelets (5.5 billion) than the cumula-
tive dose of three injections by Subramanyam et al. (4.6 bil-
lion), indicating that a single, high-dose injection may be
equivalent to multiple injections.This prompts inquiries
into whether the outcomes of multi-dose protocols depend
more on the total platelet dosage rather than the frequency
of injections, and whether the cumulative platelet dose from
multiple, potentially subtherapeutic injections matches that
of a single high-dose injection. A low-dose injection, for
example, may not achieve the optimal platelet concentra-
tion or volume required for angiogenesis and tissue repair,
and therefore, may not be equivalent [8].

Platelet dose response across various musculoskeletal
conditions remains uncertain. While positive outcomes
were observed in knee OA studies with doses exceeding
10 billion platelets, such findings were limited in other
conditions. Some pathologies, like lateral epicondylopathy
and plantar fasciitis, showed positive outcomes with lower
platelet doses, possibly due to the challenges of injecting
high volumes in smaller tendons. Nonetheless, improve-
ments in PRP preparation techniques now facilitate higher
doses within smaller volumes, prompting future research to
shift focus from concentration-based to total dosage-based
assessment.

Beyond knee OA, the research landscape in osteoarthri-
tis (OA) is sparse. Three studies examined PRP for hip OA
in this review, with platelet dosages ranging from less than
5 billion to over 10 billion. Treatment efficacy was noted
with a minimum platelet dose of 3.5 billion [31], although
PRP surpassed comparators only when the dose exceeded
10 billion [30]. Positive outcomes were also reported for
glenohumeral OA and carpometacarpal OA at platelet doses
below 5 billion [32, 33]. However, due to the limited num-
ber of studies on these OA types, drawing definitive con-
clusions proves challenging, particularly as the study by
Kirschner et al. did not show positive outcomes compared
to hyaluronic acid.

The impact of platelet dose in tendinopathy is less clear.
Our review found fewer studies quantifying platelet dose
for specific tendinopathies, complicating generalized rec-
ommendations. In addition, the pathogenesis of tendi-
nopathies in various parts of the body may vary, including
overuse, degenerative, compressive, neurogenic, and/or
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inflammatory [59, 60]. Differences in underlying patho-
physiology likely impact the efficacy of PRP, especially
since both leukocyte-rich and leukocyte-poor preparations
are used. Hence, ideal platelet dosing may vary across dif-
ferent tendinopathies.

In rotator cuff tendinopathy platelet doses ranged from
less than 5 billion to almost 16 billion across five analyzed
studies. In the study that reached 16 billion platelets [39],
patients had improved pain and functional scores compared
to the control. However, it required 4 injections to reach
this number, which again may emphasize the impact of the
platelet dose itself instead of the number of injections. Fur-
ther studies should aim to compare similar platelet doses in
both single- and multi—injection protocols as well as assess
whether multiple injections of lower dosage are compara-
ble to a single injection of a higher dose. In addition, all
but one study injected the PRP into the subacromial space
as opposed to the tendon itself. The impact of peri tendi-
nous PRP has not been well studied, and the contribution
of the subacromial bursa to pain and dysfunction related to
shoulder impingement and rotator cuff tendinopathy is still
debated [61].

Among lateral epicondylopathy studies, one had a platelet
dose below 5 billion [35], while two ranged from 5 to 10 bil-
lion [34, 36]. All three reported significant pain improve-
ment. For gluteal tendinopathy, patient-reported outcomes
improved with a 5-10 billion platelet dosage [42, 43],
although one study found no difference compared to saline
placebo, possibly due to the lack of ultrasound guidance. In
patellar tendinopathy, both less than 5 billion and 5-10 bil-
lion platelet doses showed pain and function improvement,
though the study with less than 5 billion platelets found no
difference compared to normal saline, indicating a likely
placebo effect [44, 45]. Similarly, Achilles tendinopathy
studies reported symptom improvement with less than 5 bil-
lion platelets [46, 47]. All three plantar fasciitis studies
yielded positive outcomes post-injection. Two had platelet
doses below 5 billion [48, 49], while one fell between 5 and
10 billion [50]. However, apart from one rotator cuff tendi-
nopathy study [39], no tendinopathy trials exceeded 10 bil-
lion platelets, making it challenging to ascertain whether a
dose surpassing 10 billion is necessary for clinical improve-
ment in tendinopathic pathologies.

The optimal platelet dosage for musculoskeletal condi-
tions beyond OA and tendinopathy remains uncertain. In
the sole ankle osteochondral defect study, patient outcomes
improved with a platelet dosage exceeding 10 billion [52].
However, in the carpal tunnel syndrome study, a platelet
dose below 5 billion failed to improve patient outcomes
[51].

@ Springer

Limitations

Our review presents several limitations. Firstly, our inclu-
sion of only English-published studies introduces a poten-
tial for selection bias, although prior research suggests a low
risk of bias [62]. Secondly, over half of the studies identi-
fied for full-text review were excluded due to insufficient
reporting of platelet dosage. This decision aligns with the
2017 Minimum Information for Studies Evaluating Biolog-
ics in Orthopaedics, which mandates cell count reporting
as the standard. Consequently, our meta-analysis primarily
focused on knee OA, given its prevalence in the literature,
thereby hindering the analysis of other pathologies. Quanti-
tative analysis of the remaining musculoskeletal conditions
was impeded by limited study numbers per condition and
heterogeneity across studies. The studies also displayed a
high level of heterogeneity amongst control groups, making
generalization more difficult. Publication bias is a concern,
as potentially effective studies may be overrepresented.
Prior research indicates inflated effect sizes due to selective
publication in knee OA, hip OA, and rotator cuff tendinopa-
thy [63—65]. Around one-third of the studies in our review
were prospective or retrospective cohort studies. While the
included randomized controlled trials (RCTs) demonstrated
an overall low risk of bias, non-RCTs were not subject to
bias assessment, potentially influencing our analysis. This
may even include the risk of industry bias, which was not
assessed in all studies. Lastly, our analysis did not consider
variations in leukocyte concentration of PRP, image guid-
ance during PRP administration, or the minimal clinically
important difference (MCID) for the different musculoskel-
etal conditions studied.

Conclusion

PRP can provide therapeutic benefits in patients with chronic
musculoskeletal conditions including osteoarthritis and ten-
dinopathy. There is a potential dose-response relationship
between platelet dose and PRP effectiveness with an opti-
mal dosage of greater than 10 billion to achieve maximum
results for knee OA. The heterogeneity and lack of PRP
reporting and standardization in the current literature lim-
its recommendations on other musculoskeletal conditions.
Further research is warranted to elucidate optimal platelet
dosages.
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