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Three Doses of Platelet-Rich Plasma Therapy Are
More Effective Than One Dose of Platelet-Rich
Plasma in the Treatment of Knee Osteoarthritis: A
Systematic Review and Meta-analysis

Xinyu Tao, M.B.B.S., Angeline Ai Ling Aw, M.B.B.S., Jun Jie Leeu, M.B.B.S., and
Hamid Rahmatullah Bin Abd Razak, M.B.B.S., M.Med.(Orth), F.R.C.S.Ed.(Orth)

Purpose: To compare the efficacy of a single dose of platelet-rich plasma (PRP) with multiple doses of PRP therapy in the
treatment of knee osteoarthritis (KOA). Methods: The PubMed, Embase, CINAHL (Cumulative Index to Nursing and
Allied Health Literature), Scopus, and Cochrane Library databases were searched from database inception to May 2022; in
addition, the gray literature and bibliographic references were searched. Only randomized controlled trials comparing the
effect of a single dose versus multiple doses of PRP for KOA were included. Literature retrieval and data extraction were
conducted by 3 independent reviewers. The inclusion and exclusion criteria were based on type of study, research sub-
jects, intervention, outcome, language, and availability of data. Pooled analyses of visual analog scale (VAS) scores,
Western Ontario and McMaster Universities Arthritis Index scores, and adverse events were conducted. Results: Seven
studies (all randomized controlled trials) of high methodologic quality involving 575 patients were included. The ages of
the patients included in this study ranged from 20 to 80 years, and the sex ratio was balanced. Triple-dose PRP therapy
resulted in significantly better VAS scores compared with single-dose PRP therapy at 12 months (P < .0001), with no
significant change in VAS scores between double-dose PRP and single-dose PRP at 12 months. Regarding adverse events,
double-dose (P = .28) and triple-dose (P = .24) therapy showed no significant differences in safety from single-dose
therapy. Conclusions: Although there is a paucity of large high-quality Level I studies, current best evidence suggests
that 3 doses of PRP for KOA are more effective than 1 dose of PRP at providing pain relief up to 1 year after administration.
Level of Evidence: Level II, systematic review of Level II studies.

he treatment of knee osteoarthritis (KOA) in its
early stages to prevent any further progression is
the mainstay of management. Many clinicians have

adopted the use of intra-articular injections of platelet-
rich plasma (PRP) to treat KOA in its early stages. PRP,
also known as “autologous plasma,” with a higher
concentration of platelets compared with peripheral
blood, is obtained by centrifugation of autologous
blood.' The growth factors and cytokines released from
platelet degranulation are hypothesized to reduce
inflammation and promote regeneration, leading to its
widespread application in other orthopaedic condi-
tions.” Systematic reviews have concluded that the use
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of PRP has resulted in improved clinical outcomes by
alleviating pain and slowing the progression of KOA.**

Although the existing literature suggests that out-
comes in terms of both knee function and pain signif-
icantly improved with the introduction of intra-
articular PRP injections, there has yet to be a
consensus regarding the number of doses of PRP to be
injected for optimal results. A single dose of PRP is
commonly given to patients, but some clinicians have
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postulated that multiple doses may be more effective
when given some time after the initial dose to boost the
effects of PRP after its initial effects begin to wean off.”

With KOA placing an increased burden on our pop-
ulation, there have been studies on the efficacy of a
single dose versus multiple doses of PRP. Some studies
have found that a single injection of PRP was as effec-
tive as multiple doses in terms of pain control but
multiple injections seemed to be more effective in
improving knee functionality compared with a single
injection.® However, there is little evidence in existing
systematic reviews evaluating the optimal number of
doses of PRP, as well as the effects over a specific period.
This study aimed to compare the efficacy of a single
dose of PRP with multiple doses of PRP therapy in the
treatment of KOA. We hypothesized that multiple doses
of PRP therapy would be more effective than a single
dose in the treatment of KOA.

Methods
We conducted this systematic review and meta-
analysis in accordance with relevant requirements of
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement.

Literature Search Strategy

To retrieve relevant literature to review the efficacy of
single-dose PRP compared with multiple doses,
different databases—MEDLINE (PubMed), Embase,
CINAHL (Cumulative Index to Nursing and Allied
Health  Literature), Cochrane Library, and
Scopus—were searched; in addition, the gray literature
(conference proceedings, industry white papers, and
Google Scholar) and bibliographic references were
hand-searched to identify relevant studies. Of the
relevant studies, only randomized controlled trials
(RCTs) were selected. The retrieval period spanned

Fig 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flowchart of study search process.

Excluded: did not meet
inclusion criteria

Full-text articles excluded
and reasoning (n = 27)

Animal Studies n=4
Editorial Commentary n=7
Literature Review n=10
Incomplete Data n=6

S
c
.g Records identified through Additional records identified
S database searching through other sources
& (n=136) (n=0)
c
o
p
v v
Excluded: duplicates
(n=44)
ot
"
5 A 4
g
a Records screened by title
and abstract >
(n=92) (n=58)
)
y
>
:‘_f Full-text articles assessed
rbE: for eligibility
= (n=34)
— "
Studies included in full
paper review and
- synthesis
s (n=7)
=
(%]
=
——




Table 1. Characteristics of Included Studies

Kellgren-Lawrence Score: 1:2:3:4

Sex: M:F, n

Age, yr

No. of Patients

Triple-Dose

Double-Dose

PRP (mean &+ PRP (mean +

Single-Dose

Triple-
Dose
P

Double-

Single-

PRP (mean +

Double-  Triple-
Dose

Single-

Total No.

Triple- Follow-up
Dose PRP  Period, mo

Double-

Dose Single-
Dose PRP

Dose

standard
deviation)

standard
deviation)

standard
deviation)

Dose Dose

of
Patients

Study

LOE

Outcomes Reported
VAS score, WOMAC score

Dose PRP

PRP RP

PRP

PRP PRP

PRP

15

Design Language

Authors, Year

Vilchez

15

30

English

RCT

Cavazos,”’

2015
Giivendi et al.,

)i

VAS score, WOMAC score

6

0:0:14:0

0:0:19:0

3

1:1

18

1:

60.4 + 1.7

623 £ 1.6

14

English 33 19

RCT

8

2018
Subramanyam

VAS score, IKDC score, KOOS 1II

12

10:20 5:25

7:23

47.6 £ 8

46.7 + 6.7

484+ 7.8

90 30 30

English

RCT

etal.,” 2021

Simental-

VAS score, WOMAC score

12

1:16:0:0

5:12 1:17:0:0

17

1:

60.1 £ 10.6

54.6 £ 11.6

17

35 18

English

RCT

Mendia

etal,'’ 2019

Patel et al,'’

i

VAS score, WOMAC score

6

20

5:

11:16

51.64 £+ 9.22

53.11 + 11.55

English 52 27 25

RCT

2013
Yurtbay et al.,'?

SINGLE- VERSUS MULTIPLE-DOSE PRP IN KOA 3

)i

VAS score, KOOS

2:38:23:0

7:43:12:0

54:9

41:21

57.38 £ 8.7

53.29 £ 12.9

63

English 237 62

RCT

2022
Kavadar

VAS score, WOMAC score

0:0:32:0 0:0:33:0 6

0:0:33:0

549 + 54 55.2 + 5.7

53.6 + 6.7

English 98 33 32

RCT

etal,'” 2015

F, female; IKDC, International Knee Documentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; LOE, level of evidence; M, male; PRP, platelet-rich plasma; RCT,

randomized controlled trial; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

from establishment of each database to May 2022.
Three researchers (A.A.L.A., JJ.L. and X.T.) cross-
referenced information on the Covidence platform
(Melbourne, Australia) to reduce data extraction errors.
The search terms used are presented in Appendix
Table 1.

Inclusion and Exclusion Criteria

The inclusion criteria for this study included the
following: (1) The type of study consisted of published
RCTs. (2) The research subjects comprised individuals
with a diagnosis of KOA, regardless of age, sex, or na-
tionality. (3) The intervention consisted of multiple
injections of PRP used as the test group and a single
injection of PRP used as the control group. (4)
Regarding outcomes, at least one of the following
outcome indicators was cited: Western Ontario and
McMaster Universities Arthritis Index (WOMAC) score,
International Knee Documentation Committee (IKDC)
score, or visual analog scale (VAS) score. (5) Studies
were written in English. The exclusion criteria for this
study included the following: (1) retrospective studies,
reviews, case reports, or case series; (2) study subjects
comprising patients with non-knee osteoarthritis, ani-
mal subjects, or cadavers; (3) studies in which the
intervention did not include multiple injections of PRP
used as the test group and a single injection of PRP used
as the control group; (4) studies detailing the mecha-
nism of PRP in terms of outcomes; (5) studies not
written in English; (6) studies with data that were
unable to be extracted; and (7) studies in which data
were not reported as mean and standard deviation.

Study Selection and Data Extraction

The literature retrieval was conducted under the
guidelines of established inclusion and exclusion
criteria. Two reviewers (A.A.L.A. and J.J.L.) performed
data extraction independently before compilation and
cross-referencing on the Covidence platform. A third
reviewer (X.T.) assisted in the cross-referencing process
independently to minimize judgment errors. All 3 re-
viewers are medical doctors with prior experience in
publishing systematic reviews. The quantitative data
extracted in this study included first author, publication
year, sample size, intervention measures, ethical
approval, sex, age, body mass index, follow-up period,
Kellgren-Lawrence radiographic classification, relevant
items for risk-of-bias evaluation, WOMAC score, VAS
score, and adverse events (AEs).

Quality Assessment of Included Studies

The Cochrane risk-of-bias tool was used for quality
evaluation of the included RCTs. The tool includes
evaluation in 7 domains: (1) random sequence gener-
ation (selection bias), (2) allocation concealment
(selection bias), (3) blinding of participants and
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Table 2. Composition of PRP of Included Studies

Authors, Year Study Type

Injection

PRP Composition Interval, wk

Patel et al,'' 2013 RCT

Collected blood mixed with CPD-A1 was centrifuged for 15 min at 1,500 rpm on a 3

table-top centrifuge, and the blood was separated into PRP and residual red blood
cells with the buffy coat. The PRP was then extracted through a pipette and
transferred to a test tube, and a leukocyte filter was used to filter off the leukocytes.
The final PRP was assessed for platelet count and was supplied for injection in a 10-
mL syringe (approximately 8 mL per knee).

Vilchez Cavazos,” 2015 RCT NS
Kavadar et al.,'”* 2015 RCT

Approximately 1 mL of whole blood was separated for a complete blood count; the 2

blood with anticoagulant was centrifuged twice: first at 1,800 rpm for 15 minutes to
separate erythrocytes; then at 3,500 rpm for 5 minutes to concentrate platelets.
Approximately 0.5 mL of PRP was collected for platelet counting. 0.0425 mL of
10% calcium chloride per 1 mL of PRP was added to the final product to activate the

platelets.
Giivendi et al.,® 2018 RCT

Collected blood mixed with 2 mL of citrate dextrose was centrifuged for 5 min at 1

3.600 rpm. Before centrifugation, the platelet count was 245 x 10° L and the WBC
count was 7.45 x 10 L. After centrifugation, the platelet count was 875 x 10° L
and the WBC count was 8.67 x 10° L.

Simental-Mendia et al.,'® 2019 RCT
Subramanyam et al.,” 2021 RCT

Not stated/specified

A total of 8 mL of blood with 2.7 mL of Acid Citrate Dextrose - Solution A 2

anticoagulant was centrifuged for 5 min at 1,500g centrifugal force and 3,500
revolutions/min. This yielded 4 mL of PRP.

Yurtbay et al.,'? 2022 RCT

A total of 32 mL of peripheral venous blood was mixed with 3.2% sodium citrate as 4

an anticoagulant. The mixture was centrifuged once for 10 min at 1800 rpm. After
the centrifugation process, there was approximately 4 mL of blood—with 2 mL of
plasma at the top, 0.2 mL of buffy coat in the middle, and a 1.8-mL erythrocyte

layer at the bottom. In each patient, the entire middle layer (0.2 mL) and 0.8 mL of
the first layer, rich in platelets, just above the middle layer were collected. The 1.2-
mL portion of plasma remaining at the top and the 1.8-mL erythrocyte layer were
removed and discarded. The remaining 0.8 mL of plasma and 0.2 mL of bufty coat
were transferred to a separate sterile tube. A total of 8 mL of PRP was collected.

CPD-Al, citrate phosphate dextrose and adenine; PRP, platelet-rich plasma; RCT, randomized controlled trial; WBC, white blood cell.

personnel (performance bias), (4) blinding of outcome
(detection bias), (5) incomplete outcome data (attrition
bias), (6) selective reporting (reporting bias), and (7)
other sources of bias. The risk of bias in each domain is
judged to be low, high, or unclear. Quality assessment
of the studies was performed independently by 3 re-
viewers (A.A.L.A., J.J.L., and X.T.), and any differences
were resolved by consensus.

Statistical Analysis

To evaluate our main outcome of comparing the effi-
cacy of multiple doses of PRP with a single dose of PRP, a
random-effects model was used for the meta-analysis.
The mean difference was used to evaluate the effects of
continuous variables comparing the 2 different outcomes
(WOMAC and VAS scores), with calculation of the 95%
confidence interval (CI) of the mean difference. Review
Manager software (RevMan, version 5.4.1; The Cochrane
Collaboration, Oxford, England) was used to calculate the
efficacy and safety indicators and their 95% CIs. A
random-effects model was used to pool quantitative data
from the primary outcomes. P < .05 was considered
statistically significant.

Results

Literature Screening Process and Results

A preliminary examination of titles and abstracts
yielded a total of 92 relevant studies after the
removal of duplicates. Following the guidelines of our
strict inclusion and exclusion criteria, the final sample
size of ethically approved studies was narrowed down
to 7 studies, each being an RCT. These studies
comprised a total patient sample size of 575. Five
studies were 2-arm studies, whereas two were 3-arm
studies. The literature screening process and results
are presented in Figure 1. The age of the patients
included in this study ranged from 20 to 80 years, the
KOA score per the Kellgren-Lawrence radiographic
grading scale ranged from 1 to 3, and the follow-up
period spanned 2 to 12 months (Table 1). Baseline
demographic data, such as age, sex, and body mass
index, and the sample sizes of the patients included
in the 7 studies were comparable (P = not significant
[NS]). Duration of treatment was not specified in
most studies, but the interval between injections
ranged from 1 to 4 weeks (Table 2).
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Fig 2. Quality assessment of 7 randomized controlled trials
using Cochrane risk-of-bias tool. Green indicates low risk;
yellow, unclear risk; and red, high risk.

Quality Assessment of Included Literature

The overall methodologic quality of the included
studies is summarized in Figure 2. For random
sequence generation, 6 studies (86%) were at low risk
of bias whereas 1 study (14%) showed an unclear risk.
For allocation concealment, 2 studies (29%) were at
low risk of bias whereas 5 studies (71%) showed an
unclear risk. A high risk of performance bias was
observed in 2 studies (29%) (Subramanyam et al.,’
2021, and Giivendi et al.,® 2018) because the injector

Single Dose
SD_Total Weight

Triple Dose
Study or Subgroup Mean SD Total Mean

Mean Difference
IV, Random, 95% CI Year

and patients were not blinded in the study (Fig 2).
Regarding performance bias, 2 studies (29%) showed
an unclear risk and 3 studies (42%) were at low risk.
For detection bias, 6 studies (86%) were at low risk of
bias whereas 1 study (14%) showed an unclear risk.
For attrition bias, 1 study (14%) showed an unclear risk
and 5 studies (71%) were at low risk. Moreover, 1
study (14%) (Vilchez Cavazos,” 2015) was at high risk
of attrition bias because half the participants did not
complete the study and most were lost to follow-up. For
reporting bias, 6 studies (86%) were at low risk of bias.
In contrast, 1 study (14%) (Vilchez Cavazos) was at
high risk of reporting bias because not all the outcome
measures for all the time frames specified were pub-
lished. All the studies had a low risk of other bias. Three
studies (Subramanyam et al.; Giivendi et al.; and
Yurtbay et al.,'* 2022) reported their sources of fund-
ing, whereas 3 studies (Subramanyam et al., Glivendi
et al.,, and Yurtbay et al.) reported on any potential
sources of conflict of interest.

Meta-analysis

On statistical analysis, considerable levels of statistical
heterogeneity were noted for some WOMAC and VAS
scores. The WOMAC score includes tasks in its function
subscale that may not be performed regularly by all
patients, which may result in missing data, hence
increasing the statistical heterogeneity of the results.
The considerable heterogeneity translates into high
variability in interventional outcomes. As such,
WOMAC scores have been excluded from further
analysis. However, they have been included in
Appendix Figure 2 for completion in coverage of
extracted data. VAS scores with high heterogeneity are
discussed further in Appendix Figure 1, whereas
WOMAC scores with high heterogeneity are explored
in Appendix Figure 2.

Visual Analog Scale. A total of 6 studies reported VAS
scores at baseline. There were no significant differences

Mean Difference
IV, Random, 95% CI

Kavadar 2015 84 12 33 7.7 01 33 24.0%
Vilchez Cavazos 2015 6.46 247 15 7.06 2.21 15  6.1%
UsluGlvendi 2018 41 1 14 46 07 19 19.6%
Simental Mendia 2019 66 24 17 73 21 18 7.3%
Subramanyam 2021 7.6 1 30 7.7 1 30 21.9%
Yurtbay 2021 71 1.41 63 6.98 1.68 62 21.1%
Total (95% CI) 172 177 100.0%

Heterogeneity: Tau? = 0.19; Chi? = 14.18, df = 5 (P = 0.01); I = 65%
Test for overall effect: Z = 0.06 (P = 0.95)

0.70[0.29, 1.11] 2015
-0.60 [-2.28, 1.08] 2015
-0.50 [-1.11,0.11] 2018
-0.70 [-2.20, 0.80] 2019
-0.10[-0.61, 0.41] 2021

0.12[-0.42, 0.66] 2021 I

-0.01 [-0.48, 0.45]

—

R E—

i il

I
avours [Triple Dose] Favours [Single Dose]

Fig 3. Forest plot comparing visual analog scale (VAS) scores at baseline between triple-dose platelet-rich plasma (PRP) and
single-dose PRP. (CI, confidence interval; SD, standard deviation; IV, inverse variance.)
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Triple Dose Single Dose

Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% CI Year

Mean Difference
IV, Random, 95% CI

Simental Mendia 2019 09 14 17 46 27 18 21.8%
Subramanyam 2021 1.5 13 30 3.7 1 30 40.9%

-3.70 [-5.11, -2.29] 2019
-2.20 [-2.79, -1.61] 2021 ——

Yurtbay 2021 416 213 63 579 199 62 37.4%  -1.63[-2.35,-0.91] 2021 —.
Total (95% Cl) 110 110 100.0%  -2.31[-3.19, -1.44] .
Heterogeneity: Tau? = 0.40; Chi2 = 6.63, df = 2 (P = 0.04); 2= 70% 4 2 s 2 j‘

Test for overall effect: Z = 5.16 (P < 0.00001)

Favours [Triple Dose] Favours [Single Dose]

Fig 4. Forest plot comparing visual analog scale (VAS) scores at 12 months between triple-dose platelet-rich plasma (PRP) and
single-dose PRP. (CI, confidence interval; SD, standard deviation; IV, inverse variance.)

in the baseline VAS scores between the single- and
triple-dose groups (standardized mean difference
[SMD], —0.01; 95% CI, —0.48 to 0.45; P=.95 [NS])
(Fig 3). A total of 3 studies reported VAS scores at 12
months after treatment. The results showed that at 12
months, patients who received triple-dose PRP had
significantly better VAS scores than patients who
received single-dose PRP (SMD, —2.3; 95% CI, —3.19
to —1.44; P < .00001) (Fig 4). For double-dose
therapy, 3 studies reported baseline VAS scores. There
were no significant differences in the baseline VAS
scores between the single- and double-dose groups
(SMD, —0.01; 95% CI, —0.24 to 0.22; P=.93 [NS])
(Fig 5). Comparison of the change in VAS scores from
baseline to last recorded follow-up between double-
dose PRP and single-dose PRP showed an insignificant
mean deterioration of 0.24 points (95% CI, 0.46 to
0.94; P = .50 [NS]) (Fig 6).

Adverse Events. Out of the seven included studies, 3
studies did not report the occurrence of AEs. The
remaining four studies reported that no major AEs such
as infection occurred. However, the four studies did
report on the comparison of mild AEs of double- or
triple-dose PRP and single-dose PRP in KOA patients.
The main types of adverse reactions were erythema,
pain, and swelling. The results showed that there was
an insignificant difference in the general safety of
double-dose PRP compared with single-dose PRP
(SMD, 1.53; 95% CI 0.71 to 3.28, P = .28 [NS])
(Fig 7A) and that of triple-dose PRP compared with
single-dose PRP (SMD, 1.46; 95% CI, 0.79 to 2.72,
P = .23 [NS]) (Fig 7B).

Double Dose
Study or Subgroup  Mean SD Total Mean

Single Dose

Mean Difference
SD Total Weight IV, Random, 95% CI Year

Discussion

The main finding of this study is that triple doses of
PRP are more effective at providing pain relief for KOA
than a single dose of PRP. KOA has a variety of caus-
ative factors such as trauma, inflammation, biochemical
reactions, and metabolic derangements.'* Pain in KOA
can be a result of changes to the non-cartilaginous
components of the joint such as the synovium, sub-
chondral bone, and periarticular muscles.'” As the
disease progresses, structural changes become more
evident: synovial effusion, osteophyte formation, and
weakening of the periarticular muscles.'® Current
treatment modalities are geared toward symptomatic
control unless the degree of severity warrants surgical
intervention.'” PRP is one of the modalities to reduce
pain and improve function in KOA. PRP is constituted
from centrifuged whole blood, which comprises growth
factors and proteins that enhance cartilage regenera-
tion, hence promoting recovery of the joint." PRP
therapy uses its anti-inflammatory properties for stim-
ulation of growth factors that encourage cartilage ma-
trix synthesis and inhibition of innate immune response
cytokines linked to cartilage erosion to halt the pro-
gression of osteoarthritis (OA).'®'” Additionally, PRP
reverses the process of chondrocyte senescence,
restoring the regeneration ability of cartilage.”’

Despite the cost and vulnerability to adverse effects,
some studies have proved that multiple-dose therapy
has improved effects in promoting cartilage regenera-
tion and reducing inflammation in OA.”' However, this
has not been extensively studied, and some authors
argue that the effects of multiple-dose therapy,

Mean Difference
IV, Random, 95% CI

Patel 2013 464 0563 25 4.54 0613 27 50.4% 0.10 [-0.22, 0.42] 2013 —1i—

Kavadar 2015 77 12 32 77 01 33 296% 0.00 [-0.42, 0.42] 2015 —
Subramanyam 2021 7.4 130 77 1 30 201%  -0.30[-0.81,0.21] 2021 — 1

Total (95% CI) 87 90 100.0%  -0.01[-0.24,0.22] ?
Heterogeneity: Tau? = 0.00; Chi? = 1.72, df = 2 (P = 0.42); 1> = 0% 1 0 = 0 045 1

Test for overall effect: Z = 0.09 (P = 0.93)

Favours [Double Dose] Favours [Single Dose]

Fig 5. Forest plot comparing visual analog scale (VAS) scores at baseline between double-dose platelet-rich plasma (PRP) and
single-dose PRP. (CI, confidence interval; SD, standard deviation; IV, inverse variance.)
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Double Dose
Mean SD Total Mean

Single Dose

Study or Subgroup SD Total Weight

Mean Difference
IV, Random, 95% CI Year

Mean Difference
IV, Random, 95% CI

Patel 2013 -2.1  1.5099669 25 -2.38 1.46833239 25 28.8%
Kavadar 2015 -1.3 1.18321596 32 -0.5 0.54772256 32 40.0%
Subramanyam 2021 -4 1.51657509 30 -4 1.41421356 30 31.2%
Total (95% Cl) 87 87 100.0%

Heterogeneity: Tau? = 0.27; Chi2 = 6.71, df = 2 (P = 0.03); I = 70%
Test for overall effect: Z = 0.67 (P = 0.50)

-0.24 [-0.94, 0.46]

0.28 [-0.55, 1.11] 2013 —
-0.80 [-1.25, -0.35] 2015 —
0.00 [-0.74, 0.74] 2021 —

2 4
Favours [Single Dose]

s 4
t 1

t
-4 -2 0

Favours [Double Dose]

Fig 6. Forest plot comparing change in visual analog scale (VAS) scores from baseline to last follow-up between double-dose
platelet-rich plasma (PRP) and single-dose PRP. (CI, confidence interval; SD, standard deviation; IV, inverse variance.)

considering the extra costs required, are not signifi-
cantly different from those of single-dose PRP.”'%??

Our study found that patients who received triple-
dose PRP therapy had significantly better VAS scores
at 12 months compared with patients who received
single-dose therapy. However, there was no significant
change between the double- and single-dose groups at
final follow-up. This may suggest that treatment effect
starts to wear off at 12 months for a double dose of PRP
while there is sustained improvement at 12 months for
patients receiving the triple dose of PRP, indicating
continued effects of PRP and cellular regeneration in
tissue.

Our study also found that the multiple-dose PRP
group had a similar incidence of AEs to the single-dose
PRP group. Most of the AEs reported are milder side
effects such as pain and swelling. This could be
explained by the presence of proinflammatory factors
in PRP causing post-injection flare, regardless of the
number of doses administered.'” Alternatively, Patel
et al. postulated that this might be caused by a some-
what higher quantity of platelets injected or the calcium

Odds Ratio

chloride that was used as an activating agent, but the
adverse effects will eventually subside within 30 mi-
nutes when the participants are under observation.""

Most of the studies also examined the effect of mul-
tiple doses of PRP compared with a single dose of PRP in
terms of knee function.*”'' Although our study
attempted to perform a meta-analysis on the results, a
definitive conclusion could not be reached owing to the
high heterogeneity (I > 90%) of the included studies
(Appendix Fig 2).

There is considerable heterogeneity in the studies for
the VAS score. This is likely attributed to the studies
including patients with differing levels of severity of
KOA as evidenced by the Kellgren-Lawrence score, as
well as differences in the composition of PRP between
studies (Table 1). Subgroup analysis to reduce the ef-
fects of high heterogeneity was unable to be under-
taken because of insufficient published data on patient
characteristics in the studies and the small sample size
of each included study.

There is large variation in the composition, prepara-
tion, and administration of PRP doses across the various

Odds Ratio
M-H, Fixed, 95% CI

A Double Dose Single Dose
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year
Patel 2013 11 25 6 27 30.2%
Subramanyam 2021 16 30 16 30 69.8%
Total (95% CI) 55 57 100.0%
Total events 27 22

Heterogeneity: Chi*=1.59, df=1 (P=0.21); F=37%
Test for overall effect: Z=1.09 (P =0.28)

Odds Ratio

2.75(0.83,8.16] 2013
1.00(0.36,2.76] 2021

1.53[0.71, 3.28])

0.01 01 1 10 100
Favors [Double Dose] Favors [Single Dose]

Odds Ratio
Year

B Triple Dose Single Dose
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI
Vilchez Cavazos 2015 1 15 1 15 5.6%
Subramanyam 2021 16 30 16 30 4438%
Yurthay 2021 20 63 12 62 496%
Total (95% CI) 108 107 100.0%
Total events 37 29

Heterogeneity: Chi*=1.06, df= 2 (P =0.59); F= 0%
Test for overall effect Z=1.21 (P=0.23)

1.00[0.06,17.62] 2015

M-H, Fixed, 95% CI
|

1.00[0.36,2.76] 2021
1.94[0.85,4.42] 2021

1.46 [0.79, 2.72]

0.01 0.1 1 10 100
Favors [Triple Dose]  Favors [Single Dose]

Fig 7. Forest plot comparing incidence of adverse events between double-dose platelet-rich plasma (PRP) and single-dose PRP
(A) and between triple-dose PRP and single-dose PRP (B). (CI, confidence interval; SD, standard deviation; M-H, Mantel-

Haenszel.)
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studies included, which could limit the clinical appli-
cability of PRP research. The dearth of and inconsis-
tency in details reported pose a challenge to data
aggregation and comparison between different studies
and increase heterogeneity.””** With an increasing
number of studies evaluating injectable treatments in
KOA, standardization of PRP preparation and reporting
of the protocol are important in objectively analyzing
whether multiple-dose PRP therapy has good clinical
applicability.

The findings of this study are not corroborated by a
systematic review by Vilchez-Cavazos et al.,® who did
not find a compelling reason to administer multiple-
dose therapy over single-dose therapy. It postulated
that single-dose PRP was as effective as multiple-dose
PRP in terms of pain improvement, granted that treat-
ment with multiple injections provides greater joint
functionality. Meanwhile, our study included all the
studies comparing multiple-dose PRP therapy with
single-dose PRP from the aforementioned study and
included more recent studies by Subramanyam et al.’
(2021) and Yurtbay et al.'? (2022) to allow for a
better-informed comparison. Additionally, it is to be
noted that there was high heterogeneity (I* > 90%)
between the studies included in the systematic review
by Vilchez-Cavazos et al., which could be important.

This study is one of few studies to have performed a
systematic review and meta-analysis comparing
multiple-dose PRP therapy and single-dose PRP ther-
apy, given that most studies have compared the efficacy
of PRP versus placebo” or PRP versus hyaluronic
acid.”°?* In addition, the quality of the evidence in this
study is good because all the studies included were of
low to moderate risk of bias.

Limitations

Several study limitations should be mentioned. First,
the small number of studies (N = 8) weakens the power
of conclusions drawn from the study. Moreover, as
mentioned earlier, there is a high level of heterogeneity
in the studies. Second, a funnel plot could not be used
to assess publication bias owing to the small number of
studies. Third, the PRP concentrations and preparation
methods used in the literature vary across studies,
which may have had an impact on the efficacy of
treating KOA. Fourth, the included studies examined
different outcomes at different time points while
omitting other data. This resulted in a small number of
studies examining a certain outcome at a certain time
point, restricting our ability to draw significant con-
clusions at specific times. Fifth, there was little overlap
in the articles discussing double- and triple-dose ther-
apy. Although our study aimed to compare single-dose
therapy against multiple-dose therapy, detailed exam-
ination of the effects of the number of doses used to
achieve maximal efficacy would still strengthen the

conclusions drawn. Finally, there was a lack of explo-
ration of the varying concentrations of PRP, which
could provide a more holistic perspective on KOA
treatment.

Conclusions
Although there is a paucity of large high-quality Level
I studies, current best evidence suggests that 3 doses of
PRP for KOA may be more effective than 1 dose of PRP
at providing pain relief up to 1 year after
administration.
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Appendix Table 1. Search Terms Used for Each Database

Database Search Terms
MEDLINE (PubMed) (Platelet-rich Plasma OR Platelet-derived Growth Factors OR Platelet-Rich Fibrin OR L-PRF)
Embase AND Knee AND (Osteoarthritis OR Degenerative OR Arthroses OR Arthrosis OR
CINAHL Osteoarthrosis OR Osteoarthrosis Deformans) AND (Multiple infiltrations OR Multiple
Cochrane Library injections OR Unique infiltration OR Unique injection OR Number of injections) AND (Single
infiltration OR Single injection OR One injection)
Scopus (platelet-rich AND plasma) AND knee AND (osteoarthritis) AND (multiple AND injections) AND

(single AND injection)

CINAHL, Cumulative Index to Nursing and Allied Health Literature.
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Triple Dose Single Dose Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Kavadar 2015 -3.9 1.54919334 33 -0.5 0.54772256 33 18.3%  -3.40[-3.96,-2.84] 2015 ——
Vilchez Cavazos 2015 -3.2 2.36431808 156 -2.6 2.06639783 15 13.9% -0.60 [-2.19, 0.99] 2015 — =
UsluGiivendi 2018 -2.2 1.34164079 14 -2.4 1.18321596 19 17.2% 0.20[-0.68, 1.08] 2018 N
Simental Mendia 2019 -5.7 1.94935887 17 -2.7 2.19089023 18 149%  -3.00[-4.37,-1.63] 2019 - =
Subramanyam 2021 -6.1 1.51657509 30 -4 1.41421356 30 17.7%  -2.10[-2.84,-1.36] 2021 ——
Yurtbay 2021 -2.94 1.88148877 63 -1.19 1.91572441 62 18.0% -1.75[-2.42,-1.08] 2021 —
Total (95% Cl) 172 177 100.0%  -1.81[-2.93, -0.68] i
Heterogeneity: Tau? = 1.71; Chiz = 52.92, df = 5 (P < 0.00001); 12 = 91% 4 2 0 2 i

Test for overall effect: Z = 3.15 (P = 0.002)

Favours [Triple Dose]

Favours [Single Dose]

Appendix Fig 1. Forest plot comparing change in visual analog scale (VAS) scores from baseline to last follow-up between
triple-dose platelet-rich plasma (PRP) and single-dose PRP. A significant mean improvement of —1.81 points was observed (95%
confidence interval [CI], —2.93 to —0.68; P = .002). (SD, standard deviation; IV, inverse variance.)

Triple Dose Single Dose Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
" Kavadar 2015 899 17 33 914 2 33 403% -1.50[-2.40,-0.60) 2015 ——
Vilchez Cavazos 2015 41 165 15 #4127 19 15 109% -0.27[-13.00,12.46] 2015 ¢ +
UsluGivendi 2018 629 42 14 581 33 19 365% 4.80[2.15,7.45] 2018 .
Simental Mendia 2019 414 155 17 442 197 18 12.3% -2.80[-14.51,8.91] 2019 ¢ *
Total (95% CI) 79 85 100.0% 0.77 [4.15, 5.69] ——*—-
Heterogeneity: Tau®*=15.43; Chi*=19.55, df= 3 (P=0.0002), F= 85% ?4 !2 ] é i
Testfor overall effect Z=0.31 (P = 0.76) Favours [Triple Dose] Favours [Single Dose]
Triple Dose Single Dose Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Kavadar 2015 75.1 1.7 33 876 19 33 386% -1250[13.37,-11.63] 2015 -
Vilchez Cavazos 2015 2227 19.07 15 2853 14 15 252% -6.26[18.23,5.71] 2015 ¢ »
UsluGlivendi 2018 246 71 14 243 51 19 36.2% 0.30 [[4.07,4.67) 2018 B
Total (95% CI) 62 67 100.0% -6.30 [-16.49, 3.89] ——q—

Heterogeneity: Tau®= 69.77, Chi*= 32.59, df= 2 (P < 0.00001); F=94%
Test for overall effect: Z=1.21 (P=10.23)
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Favours [Triple Dose] Favours [Single Dose]

Triple Dose Single Dose Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Kavadar 2015 -14.8 1.84390889 33  -38 197484177 33 27.7% -11.00[-11.92,-10.08] 2015 —=—
Vilchez Cavazos 2015 -18.73 596405902 15 -12.74 574456265 15 226%  -5.99[-10.18,-1.80] 2015 ——
UsluGiivendi 2018 -38.3 336154726 14 -33.8 280827535 19 26.3% -4.50[-6.69,-2.31] 2018 —
Simental-Mendia 2019 -34.2 477493455 17 -175 6.67832314 18 23.4% -16.70[-20.53,-12.87] 2019 ¢
Total (95% CI) 79 85 100.0%  -9.49[-14.01, -4.96] EE——
Heterogeneity: Tau?= 19.00; Chi*= 43.84, df= 3 (P < 0.00001); F= 93% _1=0 4 ) } 1=0

Test for overall effect: Z=4.11 (P < 0.0001)

Favours [Triple Dose]

Favours [Single Dose]

Appendix Fig 2. Forest plot comparing Western Ontario and McMaster Universities Arthritis Index (WOMAC) scores at
baseline (A), WOMAC scores at 6 months (B), and change in WOMAC scores from baseline to last follow-up (C) between triple-
dose platelet-rich plasma (PRP) and single-dose PRP. (A) A total of 4 studies reported the WOMAC function score at baseline.
There were no significant differences in the baseline WOMAC scores between the single- and triple-dose groups (standardized
mean difference, 0.77; 95% confidence interval [CI], —4.15 to 5.69; P=.76 [not significant]). (B) A total of 3 studies reported the
WOMAC function score at 6 months after treatment. At 6 months after treatment, the WOMAC function score in the triple-dose
group was 6.30 points lower (better) than that in the single-dose group (standardized mean difference, —6.30; 95% CI, —16.49 to
3.89; P = .23 [not significant]). (C) Comparison of the change in WOMAC function scores from baseline to last recorded follow-
up between triple-dose PRP and single-dose PRP showed a significant mean improvement of —9.49 points (95% CI, —14.01 to
—4.96; P < .0001). (IV, inverse variance.)
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