Review

Effects of Platelet-Rich Plasma on Clinical
Outcomes After Anterior Cruciate
Ligament Reconstruction

A Systematic Review and Meta-analysis

Ting Zhu,* MS, Jingbin Zhou,™ MD, PhD, Jooyeon Hwang,* PhD, and Xin Xu,*8! MD, PhD
Investigation performed at Shanghai University of Sport, Shanghai, China

Background: Many studies have documented the use of platelet-rich plasma (PRP) alongside anterior cruciate ligament (ACL)
reconstruction (ACLR) in the management of ACL injury, but evidence on the benefits of PRP in improving the clinical outcomes of
ACLR is inconsistent.

Purpose: To help in our understanding, we undertook a systematic review and meta-analysis of randomized controlled trials
(RCTs) that evaluated the effects of PRP on patient-reported functional scores, the clinical assessments of knee function and
structure, and complications.

Study Design: Systematic review; Level of evidence, 1.

Methods: We searched 9 online databases for RCTs published in English or Chinese that examined the effects of PRP on ACLR.
The primary outcome measures were visual analog scale (VAS) for pain and International Knee Documentation Committee (IKDC)
scores. The secondary outcomes included KT-1000 arthrometer, pivot-shift test, Lysholm and Tegner scores, tunnel widening,
graft characterization, and complications. Subgroup analyses were performed according to time of assessments. Fixed- and
random-effects models were selected for data analysis.

Results: A total of 14 studies were included. When PRP was injected to graft tunnels, the pooled VAS scores of the 2 groups were
similar (P = .31), and the subgroup analysis found that VAS and IKDC only improved at 3 months postoperatively (P = .0003 and
P < .00001, respectively). When PRP was used at the bone—patellar tendon-bone harvest sites, VAS was decreased in the first
6 months postoperatively (P < .00001), whereas IKDC score was not remarkably different (P = .07). After PRP injection, Lysholm
scores at 3 months postoperatively was different between the 2 groups (P < .00001), but the Tegner scores (P = .86), KT-1000
measurements (P = .12), the positive rate of pivot-shift test (P = .64), the enlargement of tunnels (femoral, P = .91; tibial, P = .80),
and the characterization of grafts (P = .05) were not different. No difference in complications was found in either group.

Conclusion: PRP applied alongside ACLR could reduce postoperative pain and improve knee function in the short and medium
terms but is ineffective in the long term. PRP does not improve knee stability and the enlargement of tunnels and does not
accelerate the healing of grafts. Further studies would be required.
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Anterior cruciate ligament (ACL) injury is one of the most
common sports-related orthopaedic injuries that can poten-
tially lead to the end of a career in pivoting sports.'” The
overall sex- and age-adjusted annual incidence of isolated
ACL tears is about 0.07%, and the prevalence is about
3.45% and 2% in female and male athletes, respectively,
in a window span of 1 season to 25 years.?'?% After an
injury, the ACL’s environment becomes poorly vascularized
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and produces synovial fluid with proteases that inhibit
fibrin clot formation needed for initiating wound healing.'®

ACL reconstruction (ACLR) is the current clinical stan-
dard to treat ACL injuries for active individuals with knee
instability.233234 Despite satisfactory knee function being
reported after ACLR, only 53% of athletes return to their
preinjury sports level, and athletes who return to a high
activity level have a high risk of sustaining a second ACL
injury.'®? In addition, the rehabilitation period is long. A
review postulated that patients should delay returning to
sports for nearly 2 years to reduce the incidence of second
ACL injuries.?® Therefore, demands for effective
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treatments to accelerate healing after ACLR have been
increasing.

Platelet-rich plasma (PRP), a regenerative therapy
that has gained popularity in musculoskeletal medicine
for its potential to augment the repair of tissues with low
healing ability, is a preparation of autologous blood
enriched with a platelet concentration above that which
is normally contained in whole blood and is isolated via
differential centrifugation.®3° The efficacy and potential
healing effects of PRP have been evaluated in the trauma
of cartilage tissue and the restoration of impaired func-
tion, such as rotator cuff repair, osteoarthritis, and
medial epicondylitis.?*® PRP could perform healing
action via the enhanced adhesion, recruitment, prolifera-
tion, migration, and differentiation of stromal cells and
participate in tissue remodeling, matrix production, and
chondrogenic differentiation.®

Many studies have documented the use of PRP in
the treatment of ACL injuries.’®16:3%:37 PRP has had
great success in accelerating ACL healing in animal
models.®1% However, clinical studies using human
participants to investigate the effects of PRP on ACLR
have shown inconsistent clinical outcomes. Mahdi and
Hatem!® reported that PRP was a safe procedure that
enhanced graft-bone integration at 12 weeks’ follow-up
after ACLR. de Almeida et al” also documented that PRP
was beneficial to patellar tendon harvest-site healing at
6 months postoperatively. Walters et al®” found that
patients had similar levels of kneeling pain and patellar
defect sizes after ACLR, whether they received PRP or
not. Sézkesen et al® also did not recommend the routine
use of PRP for the prevention of tunnel enlargement
after ACLR.

The present study was a systematic review and meta-
analysis of currently available randomized controlled trials
(RCTs) that evaluated the effects of PRP on the clinical
outcomes of ACLR to provide clinicians with a guide. We
hypothesized that PRP would offer positive effects on the
clinical outcomes of ACLR recovery.

METHODS

This systematic review and meta-analysis was performed
by following the guidance of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement.?°
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Search Strategy

PubMed, EMBASE, Cochrane Library, Web of Science,
Google Scholar, China National Knowledge Infrastructure,
Chinese Biomedical Literature Database, WanFang data-
base, and Chinese Scientific Journal Database were
searched up to January 26, 2021. The following search
terms and synonyms were entered in various combinations
in the title, abstract, or keywords: (“Anterior Cruciate Lig-
ament Reconstruction” OR “ACLR” OR “Anterior Cruciate
Ligament Injury” OR “Anterior Cruciate Ligament” OR
“ACL”) AND (“Platelet-Rich Plasma” OR “Platelet Rich
Plasma” OR “PRP”).

Inclusion and Exclusion Criteria

All included studies met the following criteria: (1) pub-
lished clinical RCT; (2) studies on ACLR with PRP on the
injured side compared with a control group that included
patients who underwent ACLR surgery without PRP; (3)
reported measures for at least 1 of the following clinical
outcomes after ACLR: visual analog scale (VAS) for pain,
International Knee Documentation Committee (IKDC)
score, Lysholm score, Tegner score, KT-1000 measurement,
pivot-shift test, tunnel widening (assessed via computed
tomography [CT]), graft characterization (assessed via
magnetic resonance imaging [MRI]), and complications;
and (4) articles written in English or Chinese. The exclu-
sion criteria were (1) other article types than the original
(eg, reviews, letters to editors, trial registrations, proposals
for protocols, editorials, and book chapters), (2) laboratory
studies, (3) papers not published in English or Chinese, and
(4) conference or meeting abstracts with no full text
available.

Data Extraction

Two investigators (T.Z. and X.X.) followed the inclusion and
exclusion criteria for the preliminary and secondary
screening of the literatures independently. The disagree-
ments were resolved by a third reviewer. Duplicate manu-
scripts were excluded. A total of 14 studies were included
after overall screening. The main data extracted in this
meta-analysis included the basic characteristics of the
studies, the details of PRP injections, and outcome indica-
tors. The basic characteristics of studies included the name
of the first author, year of publication, sample size, average
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age, sex ratio of patients, assessment time point, follow-up
period, and writing language. The details of PRP injections
included graft type, mean platelet concentration, centrifu-
gation parameters, and intervention methods (such as the
number and volume of injections). The extracted data were
reviewed and checked by the third researcher to ensure
accuracy. The primary outcomes included VAS pain and
IKDC scores. The secondary outcomes were KT-1000 arth-
rometer laxity measurement, pivot-shift test, Lysholm
score, Tegner score, tunnel widening, graft characteriza-
tion, and complications.

Quality Assessment

The quality of the selected studies was assessed by 2 inves-
tigators (T.Z. and X.X.) independently according to the
Cochrane Collaboration’s tool for randomized controlled
trials.!! Each study was evaluated according to 7 character-
istics (random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other bias), which were rated as being of low,
unclear, or high risk of bias. Studies were deemed to have
an overall low risk of bias when every item was scored as
“low risk,” a moderate risk of bias when 1 or 2 items were
classified as “high risk” or “unclear risk,” and a high risk of
bias if >2 items were scored as “high risk.”

Data Analysis

Data were recorded as means with SDs or as absolute values.
Continuous variables were reported as mean difference (MD)
and 95% CI, whereas dichotomous variables were reported as
odds ratio (OR) and 95% CI. Considering the variables were
presented by the same unit of measurement among all stud-
ies, raw MD and 95% CI were calculated for all outcomes.
Statistical heterogeneity was judged via the combination of @
value statistics and I? statistics.'? Fixed-effect models were
selected for analyses when the heterogeneity was not statis-
tically significant (I? < 50%), and random-effect models were
selected for analyses when the heterogeneity was statisti-
cally significant (I2 > 50%).!2 Funnel plot was made to
inspect the possibility of publication bias when the accumu-
lated number of eligible studies for individual outcome was
not <10. Meta-analyses of VAS and IKDC scores were per-
formed on studies that applied PRP to graft tunnels as well as
studies that injected PRP into patellar tendon harvest sites to
obtain more accurate results. Subgroup analyses were per-
formed to compare the different time points of assessments of
VAS, IKDC, and Lysholm scores. Review Manager Version
5.4 was used for statistical analysis. Statistical significance
was set at P < .05.

RESULTS

Search Results

A total of 657 related studies were identified from the 9
electronic databases. Of these, we evaluated the full text
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of 31 RCTs. Only 14 clinical RCTs were included in the final
comprehensive analysis.’ The flow diagram of the study
selection is shown in Figure 1.

Study Characteristics

The characteristics of the included studies are shown in
Table 1. The 14 studies had a total of 634 patients: 319
patients were in the PRP group, and 315 patients were in
the control group; the enrolled patients consisted of 449
male and 185 female patients. The age range of the
included patients was 18 to 65 years. The average assess-
ment time points and follow-up periods were various among
the included studies.

A summary of the quality assessment is shown in
Figure 2. Only 1 study had incomplete outcomes,®! and
all studies had no reporting bias or other biases. There-
fore, 2 studies were rated as low risk,?®3” 4 studies were
rated as moderate risk,>1%3136 and 8 studies were rated
as high risk of bias®91416:30.35 (Taple 1).

The characteristics of the PRP injection are shown in
Table 2. The preparation and intervention treatments of
PRP varied among studies. Four RCTs added PRP to the
patellar tendon harvest sites after ACLR with bone—patel-
lar tendon—bone (BPTB),>"2837 and 10 RCTs added PRP to
graft tunnels.%8914:16,19.24.30,31.35 Oy 1 study’* performed
3 PRP injections (during ACLR and at 15 and 30 days post-
operatively), and the rest performed a single PRP injection.

VAS Score

As shown in Figure 3, the random-effects meta-analysis
(I = 85%; P = .002) showed that VAS score was not differ-
ent between the PRP and control groups when PRP was
added to graft tunnels (MD = —0.70; 95% CI = —2.05 to
0.66; P = .31). The VAS score of the PRP group was signif-
icantly lower than that of the control group at 3 months
after surgery (MD = —1.62; 95% CI = —2.50 to —0.74;
P = .0003). The differences between the 2 groups at 1 day
(MD =0.28;95% CI = —0.31t00.87; P =.35) and 12 months
postoperatively (MD = —0.87; 95% CI = —2.36 to 0.62;
P = .25) were not statistically significant.

As shown in Figure 4, the fixed-effects meta-analysis
(I = 35%; P = .13) showed that VAS score was significantly
lower post-PRP compared with the control group when PRP
was added to patellar tendon harvest sites (MD = —0.38;
95% CI = —0.61 to —0.14; P = .002). The differences
between the PRP and control groups at 1 day (MD =
—1.30; 95% CI = —2.21 to —0.39; P = .005) and 6 months
postoperatively (MD = —1.27; 95% CI = —2.22 to —0.32;
P = .009) were statistically significant. VAS scores of the
2 groups at 3 months (MD = —1.60; 95% CI = —3.30 to 0.10;
P = .07), 9 months (MD = —0.54; 95% CI = —1.35 to 0.27;
P =.19), 12 months (MD = —0.37; 95% CI = —0.85 to 0.10;
P = .13), and 24 months postoperatively (MD = —0.08; 95%
CI = —0.41 to 0.24; P = .61) were similar.

YReferences 5-9, 14, 16, 19, 24, 28, 30, 31, 35, 37.
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657 records identified through database searching:

Pubmed (63), EMBASE (84), Cochrane Library (43),
WOS (132), Google Scholar (160), CNKI (57),
CBM (39), WanFang (43), CSJT (36)

!

[ 465 records after duplicates removed

]

!

465 records screened

]_,

A 4

[ 31 full-text articles assessed for eligibility

14 studies included in quantitative synthesis
(meta-analysis)

[

J

L
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|

192 duplicates excluded
by automatic filter

~

ﬁ34 records excluded:

animal or vitro studies (186); not ACLR (10); PRP
not applied (24); review articles (109); irrelevant
topic (54); not original journal articles (18); PRP
combined with other treatments (18); clinical
trails (7); not published in English or Chinese (2);
Qo full texts (6)

N
| 17 full-text articles excluded, with reasons :

no related outcomes (8); non-RCTs (9)
\§

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study selection flow diagram. ACLR,
anterior cruciate ligament reconstruction; CBM, Chinese Biomedical Literature Database; CNKI, China National Knowledge Infra-
structure; CSJT, Chinese Scientific Journal Database; PRP, platelet-rich plasma; RCT, randomized controlled trial; WOS, Web

of Science.

IKDC Score

As shown in Figure 5, the random-effects meta-analysis
(I = 87%; P < .00001) showed that IKDC score was signif-
icantly increased after PRP injections to graft tunnels com-
pared with the control group (MD = 5.29; 95% CI = 1.25 to
9.34; P = .01). IKDC score significantly increased after PRP
intervention at 3 months postoperatively (MD = 9.03; 95%
CI =6.69t011.37; P <.00001). IKDC scores of the 2 groups
had no significant difference at 6 months (MD = 3.93; 95%
CI = —0.78 to 8.64; P = .10) and 12 months postoperatively
(MD = 2.27; 95% CI = —0.69 to 5.23; P = .13).

As shown in Figure 6, the fixed-effects meta-analysis
(I = 4%; P = .37) showed that IKDC score was not signif-
icantly different between the 2 groups (MD = 3.95; 95%
CI = —-0.32 to 8.22; P = .07) after PRP injections to the
harvest sites. IKDC score significantly increased after PRP
intervention at 12 months postoperatively (MD = 9.00; 95%
CI = 0.66 to 17.34; P = .03). No significant difference in
IKDC score was observed between the 2 groups at 3 months
(MD = —-1.00; 95% CI = —9.33 to 7.33; P = .81) or 6 months
postoperatively (MD = 3.91; 95% CI = —2.28 to 10.10;
P = .22).

KT-1000 Measurement

The random-effects meta-analysis (IZ = 64%; P = .04)
showed that the difference in KT-1000 measurements
between the 2 groups was not statistically significant
(MD = —0.43; 95% CI = —0.97 to 0.11; P = .12) (Figure 7).

Pivot-Shift Test

The random-effects meta-analysis (I = 81%; P = .02) dem-
onstrated that the positive rate in the pivot-shift test did
not change after PRP injections (OR = 2.05; 95% CI = 0.10-
41.68; P = .64) (Figure 8).

Lysholm Score

The random-effects meta-analysis (I = 69%; P = .003) indi-
cated that the Lysholm score significantly increased after
PRP injections (MD = 3.32; 95% CI = 0.60 to 6.05; P = .02)
(Appendix Figure Al). Lysholm score significantly increased
after PRP intervention compared with the control group at 3
months postoperatively (MD = 7.69; 95% CI = 4.95 to 10.43;
P < .00001). The differences between the 2 groups at 6
months (MD = 3.63; 95% CI = —1.93 to 9.19; P = .20) and
12 months postoperatively (MD = 1.15; 95% CI = —0.25 to
2.54; P = .11) were not statistically significant.

Tegner Score

The fixed-effects meta-analysis (I = 32%; P = .23) showed
that Tegner score was not significantly different between
the 2 groups (MD = 0.05; 95% CI = —0.52 to 0.63; P = .86)
(Appendix Figure A2).

Tunnel Widening (Measured via CT)

The forest plots of the effects of PRP on tunnel widening
(femoral and tibial tunnels) are shown in Appendix Figures
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TABLE 1
Characteristics of Studies Included”
First Author Patients, Sex, M/F, Age, y, mean + SD Follow-up Period Risk of
(Year) n n (range) Assessment Time (range) (range) Bias
Vadala (2013)% PRP:20  All: 40/0  All: 34.5 (18-48) 14.7 mo (10-16 mo)® 14.7 mo (10-16 mo) High
C: 20
Cervellin (2012)° PRP:20 PRP:20/0 PRP:22.9+4.3(18-29) 12mo PRP: 14.3 mo Moderate
C: 20 C: 20/0 C: 22.7 + 3.5 (19-27) (12.4-16 mo)
C: 13.7 mo (12.4-16 mo)
de Almeida (2012)" PRP:12  PRP: 10/2 PRP: 25.8 (18-44) 1 d and 6 mo postop 6 mo High
C:15 C: 1411 C: 23.1 (15-34)
Figueroa (2010)° PRP: 30 PRP: 18/12 PRP: 26.8 (14-28) 6 mo 14 mo High
C: 20 C: 15/5 C: 23.6 (13-35)
Starantzis (2014)®! PRP:25  All: 38/13 PRP:29.4 +7.3 Preop and 1 and 12 mo 12 mo Moderate
C: 26 C:31.3+8.0 postop
Mahdi (2019)*¢ PRP: 14 PRP:14/0 All: 25.77 12 wk postop 3 mo postop High
C:13 C: 13/0
Mirzatolooei PRP: 23 PRP: 20/3 PRP: 26.4 (18-40) 1 d and 3 mo postop 3 mo postop Moderate
(2013)"° C: 23 C: 2211 C: 26.9 (18-40)
Seijas (2016)%® PRP: 23 PRP: 20/3  All: range, 18-65 Preop and 4, 8,12, 16,24, 2y Low
C: 20 C: 17/3 36, 48, and 96 wk postop
Sozkesen (2018)>°  PRP:18  PRP: 2/16 All: 26 + 6.96 Preop and 1 d and 3 mo 12 mo (4-16 mo) High
C: 26 C: 1/25 postop
Nin (2009)%* PRP: 50 PRP: 40/10 PRP: 26.1 (14-57) 1 d and 24 mo postop 24.3 mo (18-36 mo) Moderate
C: 50 C: 38/12 C: 26.6 (15-59)
Walters (2018)%7 PRP: 27 PRP:10/17 All: 30 + 12 Preop and 12 wk, 6 mo, 1y, 2y Low
C: 23 C:12/11 and 2 y postop
Chen (2020)° PRP: 20 PRP: 12/8 PRP: 35.11 + 14.23 Preop and 3, 6, and 12 mo PRP: 12.57 mo High
C: 20 C: 14/6 C: 36.86 + 12.02 postop C: 13.04 mo
Dong (2014)8 PRP:20 PRP:13/7 PRP:39.2+16.3 1, 3, and 12 mo postop 18 mo High
C:20 C: 11/9 C:31.4+16.2
Ji (2017)1* PRP: 17 PRP:8/9  PRP: 31.59 (17-44) Preop and 3 and 12 mo 9.83 mo (3-12 mo) High
C: 19 C: 712 C: 33.68 (18-44) postop

“C, control; F, female; M, male, postop, postoperative; preop, preoperative; PRP, platelet-rich plasma.
®The Assessment Time and Follow-up Period values of Vadala,35 Sozkesen®® are median, Cervellin,? Nin?* and Ji'* are mean.

A3 and A4, respectively. Heterogeneities were found in the
studies on femoral tunnel width (2 = 76%; P = .01) and
tibial tunnel width (2 = 92%; P < .00001). The comprehen-
sive results showed that the differences in femoral tunnel
width (MD = 0.04; 95% CI = —0.59 to 0.66; P = .91) and
tibial tunnel width (MD = 0.13; 95% CI = —0.84 to 1.09;
P = .80) between the 2 groups were not statistically
significant.

Graft Characterization (Measured via MRI)

The fixed-effects meta-analysis (IZ = 0%; P = .85) illus-
trated that the characterization of grafts did not improve
after PRP intervention (MD = 0.26; 95% CI = 0.00-0.52;
P = .05) (Appendix Figure A5).

Complications

Most of the included studies reported no intra- or postoper-
ative complications. Although 1 study'® showed the pres-
ence of more complications in the PRP group (which may
have been related to intense inflammatory reaction), most
studies indicated no difference in complications between

the 2 groups.59-14:19:24.28,30.31.3537 yWhey the results of this
study were removed,'® we found that among the patients in
the PRP group (305 people), 2 had graft reruptures, 1 had
knee stiffness, 1 had postoperative pain, and 1 had a super-
ficial infection. In comparison, among the patients in the
control group (302 people), 1 had graft rerupture, 2 had
postoperative pain, 1 patient had superficial infection, and
1 patient had hemarthrosis. For patients who developed
infection, infection was controlled by applying intravenous
antibiotic therapy or saline.

Sensitivity Analysis

Subgroup analyses were employed to investigate the
sources of high heterogeneity in VAS, IKDC, and Lysholm
scores. For KT-1000 score (I? = 64%), femoral tunnel wid-
ening (I? = 76%), and tibial tunnel widening (I = 92%),
sensitivity was tested by eliminating studies 1 by 1 to inves-
tigate the possible sources of high heterogeneity.

One study performed by Mirzatolooei et al*® was respon-
sible for the high heterogeneity in the KT-1000 score and
was removed. A pooled analysis of data from the remaining
studies indicated that the heterogeneity changed (I = 0%;



6 Zhuetal
®
©
o
2
E 5
: L
= 2 =
2 5 T 8 @
o © 5 @ ©
2 5 £ 3B =
& 5 3 £ § %
S 3 o g = =
= @ = o & =
© ® b= 173 ~- £
s &5 8 o %
&8 € » o 8 =
oD ® = © o
» £ ® o 2 =
e ® 2 £ g =
o 2 % 2 £ £
g. = © = g =
b o o =3 =
o 2 5 5 L2 2
E 5 o o & 2 &
s % £ £ g £ 2
e g 2 8 5 2 &2
@ ¥ ®@ m £ wm O
cerelin202 | @ | @ |7 | @O O © | S
chen2020 ([ @[22 |2 | ©® | DD
deameida202 | @ |2 |2 (2 | ©®| O | O
pong2014 | @ | @2 |2 | ® O @
Figueroa2010 |2 |2 [2 |2 | @ | @® | @
PHEAEIEIEE I XX
Mahdi2019 |2 |2 |2 |2 | @ @@
Mirzatolooei 2013 | @ [ @[ 2 |2 | © | ® | ©
Nin200s (@[22 | DD | @D
seijas2016 | @ | O | O O OO | S
sozkesen2012 | @ | @2 |2 | © | © | ®
Staranzis2014 | ? | @ | ® | O | @ | © | S
vadala2013|2 |2 |2 @ | ©® | © | @
walters 201 | @ | D | O | O [ © | © | S

Figure 2. Details of the study quality assessment according
to Cochrane Collaboration risk-of-bias tool.

P = .49), and the differences between groups remained con-
stant, with little fluctuation (MD = —0.19; 95% CI = —0.54
to 0.16; P = .29) (Appendix Figure A6).
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The study of Vadala et al®® was responsible for the high
heterogeneity in the tunnel widening of femoral and tibial
tunnels. Vadala et al measured the tunnel width at the
final follow-up (median, 14.7 months; range, 10-16
months), whereas Mirzatolooei et al'® and Sézkesen
et al*° performed CT scanning at 3 months postoperatively.
After the study of Vadala et al®® was removed, a pooled
analysis of data from the remaining studies indicated that
the heterogeneities changed (femoral: I = 0%, P = .87; tib-
ial: I? = 0%, P = .93), and the differences between groups
remained constant, with little fluctuation (femoral:
MD = -0.29, 95% CI = —0.78 to 0.19, P = .23; tibial:
MD = -0.32, 95% CI = —0.77 to 0.13, P = .17) (Appendix
Figures A7 and AS8).

Publication Bias

VAS score was one of the main clinical outcomes of PRP
intervention. This outcome index was used to make a
contour-enhanced funnel plot (10 studies®”2837 that
applied PRP to harvest sites) using the metafor package
in R to detect publication bias as demonstrated in Figure
9. A visual inspection of the funnel plot did not show sub-
stantial publication bias; thus, the publication bias was
acceptable.

DISCUSSION

The main finding of this study was that PRP applied along-
side ACLR improved VAS score (graft tunnel injection at
3 months postoperatively: 95% CI = —2.50 to —0.74,
P = .0003; BPTB injection before 6 months postoperatively:
95% CI = —1.94 to —0.72, P < .0001) and knee function
(IKDC score: graft tunnel injection at 3 months postopera-
tively: 95% CI = 6.69 to 11.37, P < .00001; Lysholm score at
3 months postoperatively: 95% CI = 4.95 to 10.43;
P < .00001) in the short and medium terms after surgery
but did not improve clinical outcomes in the long term. PRP
did not improve knee stability (KT-1000 measurements:
95% CI = —0.97 to 0.11, P = .12; pivot-shift test: 95%
CI = 0.10 to 41.68, P = .64), tunnel enlargement (femoral:
95% CI = —0.59 to 0.66, P = .91; tibial: 95% CI = —0.84 to
1.09, P = .80), and graft characterization (95% CI = 0.00 to
0.52; P = .05) when injected into graft tunnels. PRP could
be safely applied in ACLR because of the low incidence of
complications.

This study demonstrated that PRP treatment reduced
the knee pain of patients with ACLR in the short and
medium terms after surgery but did not improve knee pain
in the long term. Knee pain after ACLR is common. The
biochemical mediators of inflammation and the inflamma-
tory response are the link to any pain.?? Inflammation and
the production of proinflammatory cytokines, such as
tumor necrosis factor alpha, and interleukin (IL)-6, IL-18,
and IL-1fB, may tend to the pathway of pain in anterior knee
pain syndrome.?®%! Harvesting patellar tendon grafts
would also cause anterior knee pain after ACLR; this pain
is related to the weakening of the extensor apparatus,
patellofemoral strain, and pressure.??
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TABLE 2
PRP Injection Characteristics of the Included Studies®
First Author Platelet Centrifugation
(Year) Graft Type Concentration Parameters PRP Interventions
Vadala Hamstrings NR NR PRP: PRP (5 mL) added between the peripheral part of the
(2013)* autograft graft and the tunnel wall before passing the graft
through the femoral tunnel. Another 5 mL of PRP was
added in a semisolid pattern above the graft before the
graft was pulled down into the femoral tunnel. Another
5 mL of liquid and semisolid PRP was added before
fixing the graft on the tibial side.
C: ACLR with hamstrings.
Cervellin BPTB autograft NR 15 min at 3200 rpm PRP: PRP gel was applied to the patellar and tendon bone
(2012)° plug’s harvest site.
C: ACLR with BPTB.
de Almeida  BPTB autograft 1,185,166/mm® + NR PRP group: Patellar tendon defect was completely filled
(2012)7 404,472/mm? with 20-40 mL of PRP gel.
C: Nothing was added.
Figueroa Hamstring tendon NR 15 min at 3200 rpm PRP: PRP was added in the tibial (3 mL) and femoral
(2010)° autograft (83 mL) tunnels, and the remaining 4 mL was directly
applied in the intra-articular portion of the graft.
C: ACLR with hamstrings.
Starantzis Hamstring tendon NR 15 min at 3200 rpm PRP: PRP (3 mL) was added between the strands of the
(2014)%1 (semitendinosus graft. Once the graft was fixed, the remaining 3 mL was
and gracilis) injected into the femoral tunnel.
C: ACLR with hamstrings.
Mahdi Semitendinosus 5-7 x 107/L NR PRP: PRP (3 mL) was separately injected in the femoral
(2019)*¢ and gracilis tunnel and intra-articular portion.
tendon C: ACLR with semitendinosus and gracilis tendons.
Mirzatolooei Hamstrings NR 5 min at 1500 rpm PRP: The graft was immersed in PRP solution for
(2013)*° autograft approximately 5 min, and 2 and 1.5 mL of PRP were
injected into the femoral tunnel and tibial tunnel,
respectively.
C: ACLR with hamstrings.
Seijas BPTB autograft NR 8 min at 1800 rpm PRP: After skin closure, 1 mL each of PRGF was injected
(2016)%8 into the patellar bone gap, tibial bone gap, patellar
tendon line, and harvest gap.
C: PRGF injection was not given at the end of surgery.
Sozkesen Hamstring NR Men: 5 min at 2500 rpm PRP: The graft was soaked in 2 mL of PRP, and 2 mL of
(2018)3° autograft Women: 5 min at 2200 PRP was injected into the femoral and tibial tunnels.

Nin (2009)%*

Walters
(2018)%7

Chen (2020)°

Dong (2014)8

BPTB allograft

BPTB autograft

Semitendinosus
and gracilis
autograft

Semitendinosus
and gracilis
autograft

837 x 10*/mm?

NR

NR

NR

rpm

1st: 8 min at 3000 rpm
2nd: 6 min at 1000 rpm

5 min at 1500 rpm

NR

12 min at 2400 rpm

C: ACLR with hamstrings.

PRP: The ligament was covered with gel and sutured over
itself with gel in its interior; the rest of the gel was
introduced after the implantation of the graft inside the
tibial tunnel.

C: ACLR with patellar tendon allograft.

PRP: The PRP was mixed with autologous cancellous bone
chips and placed into the patellar donor site.

C: Untreated bone chips were placed in the donor site as
described for the other group.

PRP: PRP (1 mL) was injected into the tibial and femoral
ends of the graft; after the ACL graft was fixed, 3 mL of
PRP was injected into the graft surface.

C: The same amount of normal saline was injected, and the
other operations were the same.

PRP: The graft was soaked in 3 mL of PRP; after the ACL
graft was fixed, 3 mL of PRP was injected into the graft,
femoral tunnel, and tibial tunnels; then, 3 mL of PRP
was injected into the joint cavity.

C: The same amount of normal saline was injected, and the
other operations were the same.

(continued)
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Table 2 (continued)

First Author Platelet Centrifugation

(Year) Graft Type Concentration Parameters PRP Interventions

Ji (2017  Semitendinosus 695 x 10%/L 10 min at 2000 rpm PRP: The graft was soaked in 5 mL of PRP for 10 min, and
and gracilis 5 mL of PRP was injected into the joint cavity after graft
autograft fixation; PRP (5 mL) was injected at 15 and 30 d

postoperatively.
C: The graft was soaked in 5 mL of normal saline.

“ACL, anterior cruciate ligament; ACLR, ACL reconstruction; BPTB, bone—patellar tendon—bone; C, control; NR, not reported in the
original paper; PRGF, plasma rich in growth factors; PRP, platelet-rich plasma.

PRP Control

Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI

Mean Difference
IV, Random, 95% CI

1.1.1 1The first postoperative day

Nin, J. R. 2009 258 15 50 23 15 50 37.9%
Subtotal (95% Cl) 50 50 37.9%

Heterogeneity: Not applicable
Test for overall effect: Z=0.93 (P = 0.35)

1.1.2 3 months postoperatively

Ji Qingming, 2017 406 13 17 668 138 19 348%
Subtotal (95% CI) 17 19  34.8%

Heterogeneity: Not applicahle
Test for overall effect: Z= 3.63 (P = 0.0003)

1.1.3 12 months postoperatively
Ji Qingming, 2017

Heterogeneity: Not applicable
Test for overall effect. Z=1.15 (P = 0.25)

Total (95% CI) 84
Heterogeneity. Tau*=1.17; Chi*=12.95, df= 2 (P = 0.002); F=85%
Test for overall effect: Z=1.01 (P=0.31)

Test for subaroun differences: Chi*=12.95. df= 2 (P=0.002). F= 84.6%

0.28 [-0.31, 0.87)

0.28 [.0.31, 0.87) I
-1.62[-2.50,-0.74) ——
-1.62[-2.50, -0.74] -

218 1.78 17 305 272 18 27.3%

Subtotal (95% CI) 17 19 27.3% -0.87[-2.36, 0.62]

88 100.0%  -0.70 [-2.05, 0.66]

-0.87 [2.36, 0.62]

=T

-2 0 2 4
Favours [PRP] Favours [Control]

Figure 3. Forest plot of the effects of platelet-rich plasma (PRP) injection to graft tunnels on visual analog scale pain score. IV,

inverse variance.

A subgroup analysis of VAS scores when PRP was
injected into graft tunnels was performed because of the
differences in assessment time points. The 2 groups had
no remarkable difference in VAS score on the first day after
surgery. Many confounding factors, such as pain caused by
the wound and tunnel and capsular distension, might
have come into play at early postoperative periods. The
causes of changes in pain symptoms have been difficult to
distinguish because of these factors.® For this reason,
the VAS scores of the PRP group were not statistically dif-
ferent from those of the control group on the first day after
surgery (MD = 0.28; 95% CI = —0.31 to 0.87; P = .35). VAS
scores were lower in the PRP group than in the control
group in the short-term postoperative period (3 months
postoperatively). Platelets are rapidly deployed to injury
sites and degraded to modulate inflammatory processes
by interacting with leukocytes and secreting chemokines,
cytokines, and other inflammatory mediators.?* The long-
term benefits of PRP injected into graft tunnels in reducing

knee pain were lacking (12 months postoperatively). This
result might be because the grafts were soaked with PRP
and intra-articularly injected with PRP, PRP had a short
duration of action in the knee joint and was lost as synovial
fluid was metabolized, or detecting the clinical effect of PRP
at 12 months postoperatively might have been too late.?”
However, each subgroup only consisted of 1 study; there-
fore, more RCTs are needed to draw firm conclusions.

Our research showed that when PRP was used at the sites
of BPTB harvest, the VAS scores were lower in the PRP
group than in the control group in the short- and medium-
term postoperative periods (before 6 months) but not differ-
ent in the long-term postoperative period (9-24 months). The
2 groups had no remarkable difference at 3 months postop-
eratively probably because only 1 study®” was included in
the subgroup analysis. The pooled result (IZ = 0%; P = .99)
in VAS scores before 6 months postoperatively (1 day,
3 months, and 6 months postoperatively) showed that the
VAS score was significantly smaller in the PRP group than
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PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 The first postoperative day
de Almeida, A M_,2012 38 1 12 51 14 15  6.7% -1.30[-2.21,-0.39] -
Subtotal (95% Cl) 12 15 6.7% -1.30[-2.21,-0.39] e
Heterogeneity: Not applicahle
Test for overall effect: Z=2.81 (P = 0.005)
1.2.2 3 months postoperatively
Wallers Brian L, 2018 51 39 27 6.7 21 23 1.9% -1.60[-3.30,0.10) e
Subtotal (95% Cl) 27 23 1.9% -1.60[-3.30,0.10] = H -
Heterogeneity, Mot applicable
Testfor overall effect Z=1.84 (P=0.07)
1.2.3 6 months postoperatively
Seijas, Roberto 2016 0.63 1.32 23 1.89 232 20 42% -1.26[-2.41,-0.11)
Walters Brian L, 2018 38 33 27 51 28 23 1.9% -1.30[-2.99,0.39) i
Subtotal (95% Cl) 50 43 6.1% -1.27[-2.22,-0.32] e
Heterogeneity: Chi*= 0.00, df=1 (P=0.97); F=0%
Test for overall effect Z= 2.62 (P = 0.009)
1.2.4 9 months postoperatively
Seijas, Roherto 2016 046 1.16 23 1 151 20 8.4% -0.54[-1.35,0.27) —
Subtotal (95% Cl) 23 20 8.4% -0.54 [-1.35, 0.27] e
Heterogeneity: Mot applicable
Testfor overall effect Z=1.30(P=0.19)
1.2.5 12 months postoperatively
Cervellin, M. 2012 06 09 20 1 1.4 20 10.4% -0.40[-1.13,0.33) N
Seijas, Roberto 2016 0.29 0.89 23 058 1.35 20 11.5% -0.29[-0.98, 0.40) |
Walters Brian L, 2018 1.3 286 27 19 286 23 27% -0.60[-2.05, 0.85) T
Subtotal (95% Cl) 70 63 24.6% -0.37[-0.85,0.10] e
Heterogeneity: Chi*= 0.15, df= 2 (P = 0.93); F= 0%
Test for overall effect Z=1.53 (P=0.13)
1.2.6 24 months postoperatively
Seijas, Roberto 2016 013 0.41 23 0.26 0.67 20 485% -0.13[-0.47,0.21)
Walters Brian L, 2018 24 27 27 19 186 23 38% 050[-0.71,1.71)
Subtotal (95% Cl) 50 43 52.3% -0.08[-0.41,0.24]
Heterogeneity. Chi*= 097, df=1 (P=0.33); F=0%
Testfor overall effect Z= 0.51 (P = 0.61)
Total (95% Cl) 232 207 100.0% -0.38[-0.61,-0.14] ¢
Heterogeneity: Chi*= 13.74, df= 9 (P = 0.13); F= 35% % 5 5 1 1

Testfor overall effect Z=3.13 (P=0.002)

Test for subaroun differences: Chif=12.62. df=5 (P = 0.03). F=60.4%

Favours [PRP] Favours [Control]

Figure 4. Forest plot of the effects of platelet-rich plasma (PRP) injection to harvest sites on visual analog scale. IV, inverse

variance.

in the control group (MD = —1.33; 95% CI = —1.94 to —0.72;
P < .0001). Therefore, the VAS scores were lower in the PRP
group than in the control group in the short- and medium-
term postoperative periods. This result may be due to the
biological properties of PRP.”*%*2 In the present study, the
long-term benefits of PRP injected into BPTB harvest sites to
reduce knee pain were lacking (9-24 months postopera-
tively). Patellar defect might be the source of postoperative
kneeling pain in ACLR, and PRP injections to the harvest
sites were not effective in providing any long-term relief

against kneeling pain.3”

Our study revealed that PRP injections to graft tunnels
improved the knee function of patients with ACLR in the

short-term postoperative period but had no potential in
improving knee function in the medium and long term.
Knee function was evaluated using the IKDC, Lysholm,
and Tegner scales. These scales are simple and reliable and
validly measure symptoms such as pain and swelling, func-
tion, and sports activities for knee ligament-injured popu-
lations.*®2 The IKDC and Lysholm scores in the PRP group
at 3 months postoperatively were greater than those in the
control group. Albu et al' also reported PRP therapy
improving clinical scores, reducing pain and swelling at 3
months postoperatively, and speeding up the rehabilitation
process. PRP improves joint homeostasis via the release of
growth factors and bioactive molecules, reduces pain and
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PRP Control
Study or Subgroup Mean SD Total Mean SD Total

1.3.1 3 months postoperatively

Chen Rongjin, 2020  61.33 3.41 20 5223 4.55 20 23.0%
Ji @ingming, 2017 68.47 109 T 60 9.87 19 14.7%
Subtotal (95% CI) 37 39 37.7%

Heterogeneity: Tau*= 0.00; Chi*= 0.03, df=1 (P=0.87); F=0%
Test for overall effect: Z= 7.56 (P < 0.00001)

1.3.2 6 months postoperatively

Chen Rongjin, 2020 6582 7.85 20 61.89 7.34 20 18.8%
Subtotal (95% CI) 20 20 18.8%
Heterogeneity: Not applicable

Test for overall effect: Z=1.64 (P=0.10)

1.3.3 12 months postoperatively

Chen Rongjin, 2020 8578 2.33 20 8445 219 20 245%
Ji Qingming, 2017 8053 4.05 17 75.84 924 19 191%
Subtotal (95% CI) 37 39 43.5%

Heterogeneity: Tau®= 2.66; Chi*=1.89, df=1 (P=017); F=47%
Test for overall effect Z=1.51 (P=0.13)

Total (95% Cl) 94 98 100.0%
Heterogeneity: Tau®= 16.90; Chi*= 30.94, df= 4 (P < 0.00001); F=87%
Test for overall effect: Z= 2.56 (P = 0.01)

Test for subaroun differences: Chi*=13.24. df= 2 (P = 0.001). F=84.9%

Mean Difference

Weight IV, Random, 95% CI
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Mean Difference

9.10(6.61,11.59)
8.47 [1.65,15.29)
9.03 [6.69, 11.37]

3.93[-0.78, 8.64)
3.93[-0.78, 8.64]

1.33 10.07, 2.73]
4.69[0.11,9.27)
2.27[-0.69, 5.23]

5.29[1.25,9.34]

IV, Random, 95% Cl
e
<

[ TR
-‘—
-—
I
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Favours [PRP] Favours [Control]

Figure 5. Forest plot of the effects of platelet-rich plasma (PRP) injection to graft tunnels on International Knee Documentation

Committee score. IV, inverse variance.

PRP Control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 3 months postoperatively
Walters Brian L, 2018 65 17 27 66 13 23 263% -1.00[9.33,7.33 e
Subtotal (95% Cl) 27 23 26.3% -1.00[-9.33,7.33] —e R ——
Heterogeneity: Mot applicable
Test for averall effect Z=0.24 (P =0.81)
1.4.2 6 months postoperatively
de Almeida, A M. 2012 793 115 12 735 115 16 239% 580[-293,1453) "
Walters Brian L, 2018 75 20 27 73 0N 23 236% 200[-6.78,10.78] "
Subtotal (95% CI) 39 38 47.5% 3.91[-2.28, 10.10] *
Heterogeneity: Chi*= 0.36, df=1 (P = 0.55); F= 0%
Testfor overall effect. Z=1.24 (P=0.22)
1.4.3 12 months postoperatively
Walters Brian L, 2018 86 15 7 77 15 23 26.2% 9.00([0.66,17.34) -
Subtotal (95% CI) 27 23  26.2% 9.00[0.66, 17.34] e e——
Heterogeneity: Mot applicable
Test for overall effect. Z= 211 (P=0.03)
Total (95% Cl) 93 84 100.0% 3.95[-0.32,8.22] e
Heterogeneity: Chi*= 3.13, df = 3 (P = 0.37); F= 4% £ 0 1 an

Test for overall effect Z=1.82 (P=0.07)
Testfor subaroun differences: Chif= 277, df=2(P=0258.F=277%

Favours [PRP] Favours [Control]

Figure 6. Forest plot of the effects of platelet-rich plasma (PRP) injection to harvest sites on International Knee Documentation

Committee score. IV, inverse variance.

knee swelling, and leads to improved knee function in the
short- and medium-term postoperative periods.! The
medium- and long-term (6 and 12 months postoperatively)

benefits of PRP in improving knee function were lacking, as
proven by the IKDC and Lysholm scores. This finding
might indicate that PRP has a short duration of action in
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PRP Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Antonio Vadala 2013 29 12 20 28 31 20
Mirzatolooei, F. 2013 11 0.9 23 22 11 23
Nin,J. R. 2008 0.5 1.375 50 05 1.25 50

Stzkesen Serkan 2018 138 061 18 181 113 26

Total (95% CI) 111 119 100.0%

Heterogeneity: Tau®= 0.18; Chi*= 8.30, df= 3 (P = 0.04); F= 64%
Testfor overall effect Z=155 (P=0.12)
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Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CI
0.10 [-1.36, 1.56]
-1.10[-1.68,-0.52] — e
0.00 [-0.52, 0.52] ——
-0.42 [-0.94, 0.10] —
-0.43[-0.97, 0.11] —~a—
3 -1 0 1 2

Favours [PRP] Favours [Control]

Figure 7. Forest plot of the effects of platelet-rich plasma (PRP) on KT-1000 arthrometer measurements. 1V, inverse variance; PRP,

platelet-rich plasma.

PRP Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random. 95% Ci M-H, Random. 95% CI
Antonio Vadala 2013 16 20 18 20 50.2% 0.44 [0.07, 2.76] — &
Mahdi, M. M.2019 12 14 4 13 49.8% 9.60([1.48 62.16] ——
Total (95% CI) 34 33 100.0% 2.05[0.10, 41.68] R ——
Total events 28 23
Heterogeneity: Tau®= 3.83; Chi*=5.32, df=1 (P=002); F=81% I:I.EiIJS Elf1 ) 1-0 250

Testfor overall effect: 2= 0.47 (P = 0.64)

Favours [PRP] Favours [Control]

Figure 8. Forest plot of the effects of platelet-rich plasma (PRP) on pivot-shift test. M-H, Mantel-Haenszel.

] 0.10<p<0.999
@ 0.05<p<0.10
[ 0.01<p<0.05
O 0.00<p<0.01

0.217

0.434
|

Standard Error

0.651

0.869
|

Mean Difference

Subgroups
D The first postoperative day 0 3 months postoperatively 6 months postoperatively
$ 9 months postoperatively X 12 months postoperatively {2 24months postoperatively

Figure 9. Contour-enhanced funnel plot of the publication
bias of the included studies.

the knee joint. Most patients return to strenuous sports at 6
months after ACLR; hence, patients could almost have a
good recovery of knee function at this period regardless of
whether they received PRP intervention or not.” The pre-
sent study indicated that PRP did not result in any
improvement in Tegner scores. Only 2 studies measured
Tegner scores, and the assignment points were different
(14.7 and 3 months).?%3® Therefore, more relevant studies
are needed to make more reasonable conclusions.

In included studies, PRP was also injected into the BPTB
harvest sites to improve IKDC scores. However, the pooled

results showed that PRP treatments did not remarkably
improve knee function (P = .07). Subgroup analysis dem-
onstrated that IKDC scores were similar between the 2
groups before 6 months postoperatively and improved in
the PRP group at 12 months postoperatively. Hence, the
subsequent differences between the 2 groups might have
been unrelated to PRP injection.?’

The KT-1000 arthrometer and pivot-shift tests were used
to evaluate the stability of the knee joint. KT-1000 score
and the negative ratio of pivot-shift test were not different
between the 2 groups when PRP was injected into graft
tunnels. However, basic laboratory studies showed conflict-
ing outcomes.'®?® Smith et al?® reported that robust tendon
grafts combined with a synthetic internal brace and PRP
may provide superior durability for knee stability in a
canine model and allow for more rapid and robust tendon-
bone healing and graft ligamentization. PRP enhances tis-
sue repair by releasing growth factors and improving the
ligamentous anchorage of ACLR grafts.!® In the present
study, the heterogeneity in the KT-1000 score and pivot-
shift test results were all >50%, and the heterogeneity in
KT-1000 score decreased to 0% after removing the study of
Mirzatolooei et al.'® The difference between the 2 groups
remained statistically unremarkable; therefore, PRP inter-
vention alongside ACLR had no effects on knee stability for
patients.

PRP had no positive effects on reducing tunnel widening
when used at graft tunnels. Tunnel enlargement is the
most common complication of ACLR, and mechanical and
biological factors, such as the windshield wiper phenome-
non and synovial bathing effect, are thought to potentially
lead to tunnel enlargement. Several in vitro and animal
studies have indicated that the intraligamentous
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application of PRP leads to an increase in the cellular den-
sity and neovascularization of the ACL and a faster and
better integration process should lessen femoral and tibial
enlargement because of the small duration for which these
factors might have their effects.'®>3° However, our meta-
analysis showed the opposite result. The heterogeneity of
studies on tunnel widening was high (I = 76% [femoral]
and 92% [tibial]). Nonetheless, PRP was ineffective in
decreasing tunnel enlargement regardless of whether the
heterogeneity was eliminated or not (after elimination:
IZ = 0% [femoral] and 0% [tibial]). This result was consis-
tent with the study performed by Orrego et al,?® who indi-
cated that the use of platelet concentrate does not have any
remarkable effects on the osteoligamentous interface or
tunnel-widening evolution.

This study indicated that no remarkable difference was
noted in ligament grafts when PRP was used in graft
tunnels or not used. In the 2 recruited studies,”'* graft
characterization, including graft integration and liga-
mentization, was assessed via MRI score.® MRI is an
accurate, noninvasive tool for diagnosing acute ACL
injury and evaluating its ACLR; MRI has been used to
evaluate the stages of ACL healing after different graft-
ing techniques.?® The tendon osseointegration and revas-
cularization of the graft after ACLR are key factors
ensuring the remodeling of the reconstructed graft liga-
ment and maintaining the long-term stability of the knee
joint.? Xie et al*® treated ACL grafts with PRP in beagles;
they demonstrated that PRP alters the expression of
some target genes at certain times, particularly during
the early stages of graft remodeling, and indicated that
PRP could promote revascularization and reinnervation,
which might explain the enhancing effects of PRP on ACL
graft maturation. However, they did not find substantial
differences between the 2 groups in terms of graft inte-
gration or maturation as evaluated via MRI scores. More
studies are needed to detect the effects of PRP on graft
characterization.

This study found that PRP applied during ACLR could
reduce postoperative pain and improve knee function
only in the short and medium terms (before 6 months
postoperatively). The present study demonstrated that
PRP does not provide any long-term effects in improving
clinical outcomes after ACLR. Therefore, PRP does not
seem to be an effective treatment for improvement of clin-
ical outcomes. However, this study had a small sample
size, and the included studies had some heterogeneity.
Thus, more research would be necessary to confirm these
results.

Study Limitations

This systematic review and meta-analysis had several
limitations. First, the volume, concentration, intensity,
and number of injections of PRP varied across the differ-
ent studies. These factors might have led to variations in
the results and conclusions. Zayni et al*® demonstrated 2
consecutive PRP injections resulting in more improve-
ment in clinical outcomes compared with a single injec-
tion in patients with chronic patellar tendinopathy.

The Orthopaedic Journal of Sports Medicine

Second, the graft types (allografts and autografts) and
fixation techniques in the included studies might also
have affected the results. Third, only 2 studies (Seijas
et al?® and Walters et al®”) were deemed to have low risk
of bias, and some heterogeneity existed in the included
studies. These factors might have influenced the reliabil-
ity of the results and conclusions.

CONCLUSION

PRP applied alongside ACLR might reduce postoperative
pain and improve knee function in the short and medium
terms after surgery but is ineffective in the long term. PRP
does not improve knee stability and the enlargement of
femoral and tibial tunnels. It also does not accelerate the
healing of grafts. Nonetheless, more studies are required to
confirm these results.
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APPENDIX
PRP Control Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.5.1 3 months postoperatively
Chen Rongjin, 2020 65.09 4.99 20 5748 474 20 20.0% 7.61[4.59,10.63) =
Ji Qingming, 2017 7118 9823 17 63.11 1083 19 105% 8.07[1.52,14.62) - —
Subtotal (95% CI) 37 39 305% 7.69[4.95,10.43] -
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df=1 (P = 0.90); F= 0%
Test for overall effect: Z= 5.50 (P < 0.00001)
1.5.2 6 months postoperatively
Chen Rongjin, 2020 68.92 8.81 20 65.29 814 20 126% 363[-1.93,9.19) =
Subtotal (95% CI) 20 20 12.6%  3.63[-1.93,9.19] =i
Heterogeneity: Not applicable
Test for overall effect: Z=1.28 (P = 0.20)
1.5.3 12 months postoperatively
Chen Rongjin, 2020 8423 238 20 83.72 3863 20 235% 0.51 [-1.39, 2.41] G
Dong Peilong, 2014 921 2.0 20 899 4.1 20 228% 2.20[0.05, 4.35) -
Ji Qingming, 2017 8353 11.83 17 8489 891 19 98%  -1.36[-8.26,5.54) - T
Konstantinos A Starantzis 2014  96.36 43.04 25 9508 632 26 08% 1.28[-28.30,30.86] ¢ +
Subtotal (95% Cl) 82 85 56.9% 1.15[-0.25, 2.54] »>
Heterogeneity: Tau®= 0.00; Chi*= 1.86, df= 3 (P = 0.60); F= 0%
Test for overall effect. Z=1.61 (P=0.11)
Total (95% CI) 139 144 100.0% 3.32[0.60, 6.05] i

Heterogeneity: Tau®=7.31;, Chi*=19.44, df= 6 (P = 0.003); I*= 69%
Test for overall effect: Z= 2.39 (P = 0.02)
Test for subaroun differences: Chi*=17.56. df= 2 (P = 0.0002). *= 88.6%

40 5 0 5 10
Favours [PRP] Favours [Control]

Figure A1. Forest plot of the effects of platelet-rich plasma (PRP) on Lysholm score. IV, inverse variance.

PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Antonio Vadala 2013 65 15 20 63 15 20 379% -0.40[1.33, 053] =
Sozkesen Serkan 2018 533 1.28 18 5 11 26 621% 0.33[-0.40,1.08) —r

Total (95% CI) 38 46 100.0% 0.05[-0.52, 0.63] ‘*‘
i |

Heterogeneity: Chi#=1.47, df=1 (P=0.23), F=32% ) l1 5 ]

ta =

Test for overall effect: Z=0.18 (P = 0.86) Favours [PRP] Favours [Control]
Figure A2. Forest plot of the effects of platelet-rich plasma (PRP) on Tegner score. 1V, inverse variance.
PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Antonio Vadala 2013 0.8 0264575 20 0.3 0458258 20 421% 0.50[0.27,0.73] ——
Mirzatolooei, F. 2013 216 1.37 23 25 1.22 23 27.2% -0.34 [-1.08, 0.41] —_—
Sdzkesen Serkan 2018 221 1057733 18 247 1035954 26 307%  -0.26[0.89,037] — 1
Total (95% Cl) 61 69 100.0%  0.04[-0.59, 0.66] *
Heterogeneity: Tau®*=0.23;, Chi*=8.46,df= 2 (P=0.01), F=76% _12 -1 ﬁ 1| ﬁ

Testfor overall effect Z=0.12 (P =0.91) Favours [PRP] Favours [Control]

Figure A3. Forest plot of the effects of platelet-rich plasma (PRP) on femoral tunnel widening. IV, inverse variance.
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PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
Antonio Vadald 2013 1.9 02 20 1 0.360555 20 36.5% 0.90[0.72,1.08)] =i
Mirzatolooei, F. 2013 1.65 098 23 199 1.31 23 31.4%  -0.34[1.01,0.33) ——
Sozkesen Serkan 2018 111 1.078471 18 141 0020163 26 32.2%  -0.30[-0.81,0.31] —
Total (95% CI) 61 69 100.0%  0.13[-0.84, 1.09] *—
Heterogeneity: Tau®?= 0,65, Chi*= 24,15, df= 2 (P < 0.00001); F=92% A p 3 3 !
Test for overall effect: Z= 0.25 (P = 0.80) Favours [PRP] Favours [Control]
Figure A4. Forest plot of the effects of platelet-rich plasma (PRP) on tibial tunnel widening. 1V, inverse variance.
PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weiqht IV, Fixed, 95% CI IV, Fixed, 95% CI
Figueroa, David, 2010 445 05 30 42 05 20 85.2% 0.25[-0.03,0.53) §
Ji @ingming, 2017 353 113 17 321 092 19 14.8% 0.32[-0.36,1.00]
Total (95% Cl) 47 39 100.0% 0.26 [-0.00,0.52] i
Heterogeneity: Chi*= 0.03, df= 1 (P = 0.85); F= 0% 1 D s 3 D=5 1
Test for overall effect. Z=1.95 (P = 0.05) Favours [PRP] Favours [control]
Figure A5. Forest plot of the effects of platelet-rich plasma (PRP) on graft characterization. 1V, inverse variance.
PRP Control Mean Difference Mean Difference
Study or Subqrou Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Antonio Vadala 2013 29 1:2 20 28 341 20 5.9% 0.10[-1.36, 1.56)
MWirzatolooei, F. 2013 1.1 09 23 22 11 23 0.0% -1.10[-1.68,-0.52]
Nin, J. R. 2009 0.5 1.375 50 05 1.25 50 47.3% 0.00 [-0.52, 0.52) ——
Sozkesen Serkan 2018 1.39 061 18 1.81 113 26 46.8%  -0.42[-0.94,0.10) ——
Total (95% Cl) 88 96 100.0%  -0.19 [-0.54, 0.16] ‘r
Heterogeneity. Tau®= 0.00; Chi*= 1.43, df= 2 (P = 0.49); I*= 0% L5 1 5 1 3

Test for overall effect. Z=1.05 (P =0.29)

Favours [PRP] Favours [Control]

Figure A6. Forest plot of the effects of platelet-rich plasma (PRP) on KT-1000 arthrometer measurements after sensitivity analyses.

1V, inverse variance.

PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV. Random, 95% CI
Antonio Vadala 2013 0.8 0264575 20 0.3 0.458258 20 0.0% 0.501[0.27,0.73]
Mirzatolooei, F. 2013 216 1.37 23 2.5 1,22 23 414%  -0.34[1.09, 0.41] —
Sozkesen Serkan 2018 221 1.057733 18 2.47 1.035954 26 H586% -0.26[-0.89,0.37] ——
Total (95% CI) 4 49 100.0% -0.29[-0.78,0.19] '.r

Heterogeneity: Tau®= 0.00; Chi#=0.03,df=1 (P=0.87), F=0%

Testfor overall effect Z=118 (P=0.23)

NI S
.
(=]
-

Favours [PRP] Favours [Control]

Figure A7. Forest plot of the effects of platelet-rich plasma (PRP) on femoral tunnel widening after sensitivity analyses. IV, inverse

variance.
PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Antonio Vadala 2013 1.9 0.2 20 1 0.360555 20 0.0% 0.901[0.72,1.08]
Mirzatolooei, F. 2013 1.65 0.98 23 189 1.31 23 455%  -0.34 [1.01,0.33] — &
Sozkesen Serkan 2018 111 1.078471 18 1.41 0920163 26 545%  -0.30[0.91,031] —&
Total (95% CI) 41 49 100.0% -0.32[-0.77,0.13] .I-
Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P=0.83) F= 0% 5 '1 : 1' %

Test for overall effect Z=138(F=0.17)

Favours [PRP] Favours [Control]

Figure A8. Forest plot of the effects of platelet-rich plasma (PRP) on tibial tunnel widening after sensitivity analyses. IV, inverse

variance.
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