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than intraarticular hyaluronic acid injection
in the treatment of knee osteoarthritis:

a systematic review and meta-analysis of 12
randomized controlled trials
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Abstract

Purpose We aim to compare the clinical effects of intraarticular leukocyte-poor platelet-rich plasma (LP-PRP) injec-
tion with those of intraarticular hyaluronic acid (HA) injection in adult patients with knee osteoarthritis.

Methods Two authors independently reviewed databases, including PubMed, Web of Science, and the Cochrane
Library. Only randomized controlled trials (RCTs) were included in our meta-analysis. Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scores (WOMAC total, pain, stiffness, and physical function scores), visual analog
scale (VAS) scores, EQ-VAS scores, International Knee Documentation Committee (IKDC) scores, and adverse events
were used as outcome measurements to evaluate the efficacy of LP-PRP and HA treatment.

Results After screening 377 potential articles, 12 RCTs were included in this systemic review and meta-analysis.
The WOMAC total scores and WOMAC physical function scores of the LP-PRP group were better than those

of the HA group at 6 and 12 months. VAS scores of the LP-PRP group were better than those of the HA group at 3, 6,
and 12 months. The LP-PRP group showed a better outcome of IKDC scores than the HA group at 6 months. There
was no significant difference in adverse events between the LP-PRP and HA groups.

Conclusion Intraarticular injections of LP-PRP showed better overall outcomes, such as WOMAC total scores, WOMAC
physical function scores, VAS scores, and IKDC scores, compared with HA for adult patients with knee osteoarthritis at 6-
and 12-month follow-up periods. Also, LP-PRP showed better pain relief compared with HA at 3-, 6-, and 12-month follow-
up periods. Intraarticular LP-PRP improves pain relief and overall outcomes in patients with knee osteoarthritis.

Keywords Knee, Osteoarthritis, Leukocyte-poor platelet-rich plasma, Leukocyte-rich platelet-rich plasma, Hyaluronic
acid
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Introduction

Knee osteoarthritis (OA) stands as a prevalent chronic
arthritic condition among the elderly population, char-
acterized by the gradual degeneration of cartilage and
subsequent joint space narrowing [1]. Conventional
pharmacological interventions targeting symptomatic
knee OA predominantly entail oral administration of
nonsteroidal anti-inflammatory drugs (NSAIDs), aceta-
minophen, glucosamine, and chondroitin. Neverthe-
less, it is worth noting that the utilization of NSAIDs
and analgesics is frequently associated with adverse
effects. By contrast, as a minimally invasive therapy, it
is concluded that intraarticular (IA) injections of autol-
ogous platelet-rich plasma (PRP) and hyaluronic acid
(HA) serve as a more suitable and effective nonsurgi-
cal treatment of knee OA [2]. HA is a natural glycosa-
minoglycan generated by chondrocytes, synoviocytes,
and fibroblasts. By providing the viscoelastic charac-
teristics of the knee joint and increasing the lubrication
of the articular surface, HA has been demonstrated to
improve joint function and relieve pain in knee, hip,
and ankle OA [3]. PRP is an autologous blood prod-
uct of highly concentrated platelets containing growth
factors that can modulate inflammation and improve
angiogenesis in the treated area [4]. PRP modifies the
interactions between different cell phenotypes. In addi-
tion, PRP is drawing interest in promoting myogenic
differentiation without profibrotic factors such as TGF-
B1 [5]. Moreover, the biological properties of PRP vary
for each individual on the basis of internal and exter-
nal factors such as age, immune status, metabolic dis-
eases, and medications [6]. Before a PRP injection, it is
important to discontinue NSAIDs, anticoagulants, and
steroids to avoid reduced platelet function and ensure
the treatment’s effectiveness [7]. Furthermore, the vari-
ety in platelet/leukocyte composition, PRP forms, and
delivery methods in PRP research also determines its
clinical applications [8].

Over the past years, several studies have compared
the efficacy of IA-PRP to HA injections in patients
with knee OA. A 1-year randomized clinical trial con-
ducted by Raeissadat et al. reported that better results
were determined in the PRP group compared with the
HA group at the 12-month follow-up evaluated by
WOMAC pain scores [9]. However, the presence of
leukocytes in PRP remains controversial since it could
affect the efficacy of knee OA treatment. Dragoo et al.
found that leukocyte-rich platelet-rich plasma (LR-
PRP) causes a significantly greater acute inflamma-
tory response 5 days after injection compared with
leukocyte-poor platelet-rich plasma (LP-PRP) in ani-
mal models [10]. However, some in vitro studies have

Page 2 of 16

reported that LR-PRP shows a higher level of growth
factors and cytokines than LP-PRP [11]. Regarding the
physiological effects of leukocytes in PRP preparations
for knee OA treatments, further clinical studies still
have to be conducted. Randomized controlled trials
have been finished, reporting that LP-PRP treatment
is better in terms of functional improvement and pain
relief concerning HA treatment [12]; however, no meta-
analysis has solely discussed the efficacy of knee IA
LP-PRP injection as compared with HA. The purpose
of our study is to investigate the efficacy and safety of
intraarticular LP-PRP compared with HA injection for
the treatment of knee OA. We hypothesize that intraar-
ticular LP-PRP may offer superior clinical efficacy in
improving pain relief and physical function compared
with HA in patients with knee OA.

Methods

This systematic review and meta-analysis was con-
ducted on the basis of the recommendations of the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Statement (PRISMA) [13] and the
Cochrane Handbook for Systematic Reviews of Inter-
vention [14]. No ethical approval and patient consent
were required because this study is a systematic review
of previously published RCTs.

Search strategy

We systematically searched the included Web of Sci-
ence, PubMed, Embase, and Cochrane Library trials.
We used the keywords and MeSH terms “knee osteo-
arthritis,” “platelet-rich plasma,” “PRP “LP-PRP “leu-
kocyte-poor,” “hyaluronic acid,” and “HA” The included
trials in our systemic review and meta-analysis were
published between December 2012 and March 2021.
Two investigators independently performed the initial
searches, screened the titles and abstracts for selecting
eligible RCTs, and examined the full articles. The refer-
ence lists of the studies were also scanned to search for
additional studies. A third investigator reviewed all dis-
crepancies, and the final decision on the included RCTs
was determined by group consensus.

Inclusion and exclusion criteria

Only RCTs were eligible for our meta-analysis, with an
experimental group that received intraarticular LP-PRP
injection and a control group that received intraar-
ticular HA injection. RCTs were performed on adult
humans (over 18 years of age) with osteoarthritis, and
only studies published in English were included.
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The exclusion criteria were as follows: (1) patients
under 18 years of age; (2) studies that are non-RCT; (3)
studies without a control group.

Data extraction

Two authors independently extracted the following
data from each trial: author, country of origin, publica-
tion year, study type, number of patients, age/gender,
outcome measurements, and follow-up period. Injec-
tion doses, times, and intervals of LP-PRP and HA
injections were also extracted. We extracted all data
from tables or texts in original studies. A third investi-
gator reviewed all discrepancies.

Quality assessment

Two investigators independently used the method of
the Cochrane risk of bias assessment scale [14] to eval-
uate each RCT. The method incorporates seven catego-
ries of bias: random selection, blinding of participants
and outcome assessment, allocation concealment,
reporting bias, outcome data, and other study biases. In
each category, three levels (high risk, low risk, unclear
risk) were summarized.

Statistical analysis

The Review Manager 5.3 (Nordic Cochrane Center,
Cochrane Collaboration, Copenhagen, Sweden) was
used to conduct the systematic review and meta-anal-
ysis. Continuous variables were expressed as the mean
and standard deviation (SD), and the treatment effects
were expressed as mean difference (MD). The hetero-
geneity of individual studies was assessed by Higgins I
statistic. A random-effects model was utilized if obvi-
ous heterogeneity existed (if I*>50% and P<0.10); the
fixed-effects model was used if no obvious heterogene-
ity existed (if I<50%). All results were reported with
95% confidence intervals (CI), and a P value <0.05 was
considered to be of statistical significance. We also fur-
ther performed subgroup analyses of the RCTs.

Results

Results of the search

Figure 1 shows the literature selection progress. A total
of 377 potentially relevant studies from PubMed, Web
of Science, and Cochrane Library were yielded from
the initial literature search. After 159 duplicated stud-
ies were removed, two authors independently screened
the remaining 218 studies by scanning titles and read-
ing abstracts. Subsequently, 200 studies were removed
because these studies did not meet our inclusion cri-
teria. We reviewed the full texts of the remaining 18
studies that had the potential for inclusion, and 6 of the
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studies were subsequently removed because no control
groups were included or because data were not avail-
able. Ultimately, 12 RCTs were included in our system-
atic review and meta-analysis.

Study characteristics

The study characteristics of the RCTs are presented in
Table 1. These studies were published from 2012 to 2021.
A total of 983 patients were included in our meta-anal-
ysis, with 12 RCTs included. Among these, 502 patients
underwent LP-PRP injection and 481 patients underwent
HA injection. Table 2 presents the timing and dosage of
LP-PRP and HA injections. Among all of the included
trials, four RCTs were conducted in Spain, three RCTs
were conducted in China, and one RCT was conducted
in Turkey, Iran, France, South USA, and Italy, respec-
tively. The preinjection WOMAC scores and VAS scores
are presented in Table 3. Three studies [15-17] did not
report the preinjection WOMAC scores, and six studies
[15, 17-20] did not report the preinjection VAS scores.
Most studies revealed no statistical difference in prein-
jection WOMAC scores. The statistical results of seven
studies [18, 20-25] revealed no significant differences
(P>0.05) in preinjection WOMAC scores between the
LP-PRP and HA groups; and six studies [16, 22-26]
revealed no significant differences (P>0.05) in preinjec-
tion VAS scores between the LP-PRP and HA groups.
The statistical results of the two studies [19, 26] revealed
significant differences (P<0.05) in preinjection WOMAC
scores between the LP-PRP and HA groups. Most stud-
ies reported preinjection total WOMAC scores; how-
ever, one study [26] used the WOMAC pain score and
one study [18] used the normalized total WOMAC score
(scale from 1 to 100) as the measurements.

Risk of bias

Figures 2 and 3 reveal the risk bias summary and graph
of the included trials. Among all RCTs, the methods of
random sequence generation were not reported in three
studies [16, 19, 23]. Allocation concealment was recorded
in seven studies [18, 20-22, 24—-26]. Four studies [15, 20,
25, 26] were double-blinded. Eight studies [15, 17, 18, 20,
23-26] reported blinding of participants and personnel,
and six studies [15, 20-22, 25, 26] reported blinding of
outcome assessors.

WOMAC total scores

Figure 4 summarizes the WOMAC total scores com-
paring intraarticular LP-PRP and HA injection. Due to
the heterogeneity between included trials being signifi-
cant (2=95%, P<0.00001), a random-effect model was
used. The pooled results showed that the intraarticular
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Fig. 1 PRISMA flow chart of the study search and selection process

LP-PRP injection was associated with a lower WOMAC
total score compared with HA injection (MD —6.89, 95%
CI —-9.36 to —4.41, P<0.00001). Four studies [19, 20, 23,
24] reported WOMAC total scores at 1 month post-
treatment (I>=23%, MD—1.03, 95% CI —4.06 to 2.01,
P=0.32); three studies [19, 23, 24] reported WOMAC
total scores at 3 months post-treatment (P2=95%,
MD —6.75, 95% CI —20.14 to 6.64, P=0.32); eight studies
[18-25] reported WOMALC total scores at 6 months post-
treatment (I*=79%, MD —7.99, 94% CI —13.85 to —2.14,
P=0.007); and four studies [20, 21, 24, 25] reported
WOMAC total scores at 12 months post-treatment
(P=93%, MD —8.59, 95% CI —15.71 to —1.46, P=0.02).
The subgroup analysis showed that the WOMAC total

(G
=
_g
s Records identified through Additional records identified
% database searching through other sources
c (n=377) (n=0)
3
—
Y
Records after duplicates removed
(n=218)
o
£
=
$ Records excluded due to
1+ following reasons:
m -
Records screened (n=200)
(n=218) 2 nonRet _—
2. did not meet the inclusion
— criteria
Y
Full-text articles assessed Full-text articles excluded, with
z for eligibility reasons
= =18 o
3 (n=18) (n=6)
2 1. no control group
w s 2. without available data
Studies included in
qualitative synthesis
— (n=12)
i
v
< Studies included in
L quantitative synthesis
% (meta-analysis)
£ (n=12)
—

scores of the LP-PRP group were statistically significantly
lower at 6 and 12 months after treatment, compared with
the HA group.

WOMAC pain scores

Figure 5 summarizes the WOMAC pain scores compar-
ing intraarticular LP-PRP and HA injection. Due to the
heterogeneity between included trials being significant
(#=90%, P<0.00001), a random-effect model was used.
The pooled results showed that the intraarticular LP-
PRP injection was associated with a lower WOMAC pain
score compared with HA injection (MD —1.92, 95% CI
—2.99 to —0.85, P=0.0004). Five studies [18, 21-23, 25]
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Table 3 Preinjection WOMAC scores and VAS scores

Page 9 of 16

Study Preinjection WOMAC total scores Preinjection VAS scores
LP-PRP HA Pvalue LP-PRP HA P value
Cerza, 2012 (Italy) [19] 796+9.5 7544107 0.025 N/A N/A N/A
Sanchez, 2012 (Spain) [18] 121.8+444 115.6+45.1 0.378 N/A N/A N/A
(tNormalized WOMAC scale)  (tNormalized WOMAC scale)
Say, 2012 (Turkey) [16] N/A N/A N/A 73+16 713 0.234
Vaquerizo, 2013 (Spain) [21] 459+127 508+184 0.137 N/A N/A N/A
Montanez-Heredia, 2016 (Spain) [17]  N/A N/A N/A N/A N/A N/A
Cole, 2017 (USA) [26] 7+0.53 7.52+0.58 0.0001 572+143 629+157 00619
(WOMAC pain score) (WOMAC pain score)
Raeissadat, 2017 (Iran) [22] 429+135 388+12.6 0.197 78+1.78 744148 0316
Louis, 2018 (France) [23] 3554155 3254231 0.599 48+23 50424 0.712
Buendia-Lopez, 2019 (Spain) [25] 4257+73 4262+73 0.978 6.15+1.1 6.06+0.9 0.72
Huang, 2019 (China) [24] 48.19+4.96 47.23+537 >0.05 457+061 454106 0.825
Lin, 2019 (Taiwan) [20] 52.8+18.1 52.7+18.1 0.601 N/A N/A N/A
Xu, 2021 (China) [15] N/A N/A N/A N/A N/A N/A

N/A not applicable, due to no data provided from the original research

tNormalized scores for the WOMAC can range from 0 to 100 for all subscales

reported WOMAC pain scores at 6 months post-treat-
ment (I*=88%, MD —1.6, 95% CI —3.73 to 0.53, P=0.14);
two studies [21, 25] reported WOMAC pain scores at
12 months post-treatment (I*=95%, MD —2.68, 95% CI
—5.9 to 0.53, P=0.1). The subgroup analysis results dem-
onstrated that the WOMAC pain scores of the LP-PRP
group showed no significance at 6 and 12 months after
treatment, compared with the HA group.

WOMAC stiffness scores

Figure 6 summarizes the WOMAC stiffness scores
comparing intraarticular LP-PRP and HA injection.
Due to the heterogeneity between included trials
being significant (>=84%, P<0.00001), the random-
effect model was used. The pooled results showed
that the LP-PRP injection was associated with a lower
WOMAC stiffness scores compared with the HA injec-
tion (MD —0.69, 95% CI —1.19 to —0.18, P=0.008). Five
studies [18, 21-23, 25] reported WOMAC stiffness
scores at 6 months post-treatment (I*=64%, MD —0.35,
95% CI —0.99 to 0.28, P=0.28); two studies [21, 25]
reported WOMAC stiffness scores at 12 months post-
treatment (I>=94%, MD—1.3, 95% CI —-2.79 to 0.19,
P=0.09). The subgroup analysis demonstrated that the
WOMAC stiftfness scores of the LP-PRP group showed
no significance at 6 and 12 months after treatment,
compared with the HA group.

WOMAC physical function scores

Figure 7 summarizes the WOMAC physical func-
tion scores comparing intraarticular LP-PRP and HA
injection. Due to the heterogeneity between included
trials being significant (I>=87%, P<0.00001), the ran-
dom-effect model was used. The pooled results showed
that the LP-PRP injection was associated with lower
WOMAC physical function scores than HA injection
(MD -9.12, 95% CI —13.81 to —4.44, P=0.0001). Four
studies [18, 21-23] reported WOMAC physical function
scores at 6 months post-treatment (I*=85%, MD —7.71,
95% CI —15.28 to —0.13, P=0.05); two studies [21, 25]
reported WOMAC physical function scores at 12 months
post-treatment (>=94%, MD —11.4, 95% CI —21.73 to
—1.07, P=0.03). The subgroup analysis demonstrated
that the WOMAC physical function scores of the LP-PRP
group were statistically significantly lower at 12 months
after treatment, compared with the HA group.

VAS score

Figure 8 summarizes the VAS scores comparing intraar-
ticular LP-PRP and HA injection. Due to the heteroge-
neity between included trials being significant (I*=96%,
P<0.00001), the random-effect model was used. The
pooled results showed that the LP-PRP injection was
associated with a lower VAS score compared with HA
injection (MD —0.58, 95% CI —1.04 to —0.12, P=0.01).
Two studies [15, 23] reported VAS scores at 1 month
post-treatment (I*=68%, MD 1.54, 95% CI 0.29 to 2.8,
P=0.02); three studies [16, 23, 26] reported VAS scores
at 3 months post-treatment (I*=48%, MD —1.43, 95%
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Fig. 2 Risk-of-bias graph

CI —1.89 to —0.98, P<0.00001); five studies [16, 22, 23,
25, 26] reported VAS scores at 6 months post-treatment
(P=93%, MD—0.71, 95% CI —1.39 to —0.03, P=0.04);
and three studies [24-26] reported VAS scores at
12 months post-treatment (/*=83%, MD —0.95, 95% CI
—1.61 to —0.3, P=0.004). The subgroup analysis dem-
onstrated that LP-PRP injection had a better effect
on pain relief than those with HA injection at 3, 6, and
12 months post-treatment, and HA injection had better
pain relief than those with LP-PRP injection at 1 month
post-treatment.

IKDC score

Figure 9 summarizes the IKDC score comparing intraar-
ticular LP-PRP and HA injection at 6 months after treat-
ment. Because heterogeneity between included trials was
low (=0%, P=0.71), the fixed-effect model was used.
Two studies [20, 26] reported IKDC scores at 6 months
post-treatment (I*=0%, MD9.75, 95% CI 8.31 to 11.18,
P<0.00001). The IKDC score of the LP-PRP group com-
pared with the HA group was significantly higher at
6 months after treatment.

Adverse events

Figure 10 summarizes the adverse effects of the LP-
PRP and HA groups on knee osteoarthritis. Eight RCTs
[16-18, 20, 21, 23—25] were included. The random-effect
model was used because the heterogeneity test showed
moderate heterogeneity (I>=59%). No significant compli-
cations were reported. The results demonstrated no sig-
nificant difference between the LP-PRP and HA groups
(relative risk (RR) 0.68, 95% CI 0.27 to 1.67, P=0.4). The

result indicated that LP-PRP and HA had similar safety
profiles.

Discussion
The incidence of knee osteoarthritis has notably esca-
lated owing to the upward trend in life expectancy [27].
Intraarticular injections of LP-PRP and HA have garnered
substantial attention as nonoperative modalities for man-
aging knee osteoarthritis. This meta-analysis involved a
systematic review encompassing 12 randomized RCTs
to assess the effectiveness of intraarticular LP-PRP and
HA in the treatment of knee osteoarthritis. The find-
ings demonstrated a significantly better improvement
in both WOMAC total scores and WOMAC physical
function scores at the 6- and 12-month intervals follow-
ing treatment with LP-PRP, in contrast to the HA group.
At 6 months post-injection, the LP-PRP group exhibited
significantly superior IKDC scores compared with the
HA group. Moreover, VAS scores were consistently supe-
rior in the LP-PRP group at 3, 6, and 12 months. Most
importantly, there was no significant variance in adverse
events between the two groups. However, we observed a
discrepancy in subgroup analysis, where VAS pain scores
showed no significant difference between the LP-PRP
and HA groups, while WOMAC pain scores indicated
a significant difference. This may stem from differences
in methodology: the WOMAC pain score assesses pain
across multidimensional daily activities, whereas the
VAS pain score captures overall pain intensity at a single
moment, leading to variability in pain assessment.
Previous systematic reviews and meta-analyses have
extensively examined the therapeutic effects of PRP and
HA in the management of knee OA. Dong et al. [28]
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Fig. 3 Risk-of-bias summary

compared the efficacy of intraarticular PRP with other
injection modalities, including HA, saline, and prolo-
therapy. Their findings indicated superior outcomes with
intraarticular PRP administration. Similarly, Duymus
et al. [29] investigated the efficacy of PRP injections ver-
sus HA in patients with knee OA, demonstrating that
PRP yielded superior therapeutic benefits, particularly
in cases of mild-to-moderate knee OA. In addition, Lin
et al. [20] conducted a comparative analysis of PRP and
HA treatments for knee OA, highlighting the efficacy
of LP-PRP in enhancing functional recovery for at least
1 year post-treatment. Our meta-analysis showed that
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WOMAC total scores and WOMAC physical function
scores of the LP-PRP group were better than the HA
group at 6 and 12 months. The strength of this study lies
in being the first meta-analysis that specifically addresses
the efficacy of knee intraarticular LP-PRP injections in
comparison with HA. Furthermore, this paper includes
the most RCTs on this topic, utilizing high-quality RCTs
for the meta-analysis to substantiate the clinical benefits
of LP-PRP.

Belk et al. [30] investigated 18 RCTs to examine the
effectiveness of PRP injection in improving clinical out-
comes compared with HA interventions. Their analysis
revealed a significant improvement in clinical outcomes
associated with PRP administration in contrast to HA
treatments. Furthermore, through a pooled analysis of
studies comparing LR-PRP and LP-PRP, no notable dif-
ferences were observed in terms of WOMAC or VAS
scores. However, the findings suggested a potential supe-
riority of LP-PRP over LR-PRP concerning IKDC scores.
Our study also demonstrated that the LP-PRP group
exhibited superior outcomes in terms of IKDC scores
compared with the HA group.

The optimal composition of LP-PRP for knee OA treat-
ment remains contentious. Certain studies have indicated
that LP-PRP outperforms LR-PRP in OA treatment [31].
This could be attributed to the enhanced anti-inflam-
matory properties of LP-PRP [31]. A meta-analysis [32]
examined the impact of leukocyte concentration on the
efficacy of PRP in the treatment of patients with knee
OA. The study revealed that LP-PRP may yield supe-
rior functional outcome scores compared with LR-
PRP. Notably, LP-PRP exhibited a significantly greater
improvement in WOMAC scores compared with both
placebo HA, whereas LR-PRP did not demonstrate such
improvement. Furthermore, the leukocyte concentration
of PRP was found to not affect the incidence of adverse
reactions. Recent studies further examined the role of
leukocytes in platelet-rich plasma treatments for knee
osteoarthritis. A double-blind randomized controlled
trial found that leukocyte presence in PRP did not affect
treatment safety or efficacy [33]. Similarly, a network
meta-analysis concluded that varying leukocyte concen-
trations in PRP injections did not significantly influence
clinical outcomes for patients with knee OA [34]. Both
studies suggest that leukocyte concentration in PRP may
not be a critical factor in managing knee osteoarthritis.

There are some limitations to this study. Firstly, a nota-
ble proportion of our analyses displayed significant het-
erogeneity. Despite our efforts to address this through
subgroup analyses, some results still exhibit substantial
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PRP HA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 1 month LP-PRP
Cerza 2012 49.6 17.7 60 55.2 123 60 5.9% -5.60[-11.05, -0.15)
Huang 2019 25.15 5.24 40 25.02 4.98 40 7.7% 0.13[-2.11, 2.37] = o
Lin 2019 60.91 17.35 31 60.29 20.95 29 3.6% 0.62 [-9.15, 10.39] p—
Louis 2018 26.8 18.4 24 249 20.2 24 3.1% 1.90 [-9.03, 12.83] ——
Subtotal (95% CI) 155 153  20.3% -1.03 [-4.06, 2.01] &
Heterogeneity: Tau? = 2.63; Chi® = 3.90, df = 3 (P = 0.27); I’ = 23%
Test for overall effect: Z = 0.66 (P = 0.51)
1.2.2 3 months LP-PRP
Cerza 2012 39.1 17.8 60 57 11.7 60 5.9% -17.90 [-23.29, -12.51] ——
Huang 2019 25.15 5.24 40 25.02 4.98 40 7.7% 0.13 [-2.11, 2.37]) -
Louis 2018 253 18.8 24 273 222 24 2.9% -2.00 [-13.64, 9.64) -
Subtotal (95% CI) 124 124 16.5% -6.75 [-20.14, 6.64) B

Heterogeneity: Tau® = 126.70; Chi? = 36.66, df = 2 (P < 0.00001); I = 95%
Test for overall effect: Z = 0.99 (P = 0.32)

1.2.3 6 months LP-PRP

Buendia-L6épez 2019 33.6 1.2 33 37.34 1.2 32 8.2% -3.74 [-4.32, -3.16] .

Cerza 2012 36.5 17.9 60 65.1 10.6 60 6.0% -28.60 [-33.86, -23.34] ——

Huang 2019 21.14 5.71 40 26.38 5.2 40 7.6% -5.24 [-7.63, -2.85] =

Lin 2019 62.28 18.47 31 529 19.76 29 3.6% 9.38 (-0.32, 19.08] |

Louis 2018 27.4 215 24 26.6 24.2 24 2.5% 0.80[-12.15, 13.75] I
Raeissadat 2017 24.4 16.54 36 27.4 11.38 33 5.1% -3.00 [-9.65, 3.65] —1
Sanchez 2012 74 42.7 79 783 43.1 74 2.4% -4.30 [-17.90, 9.30] —r
Vaquerizo 2013 27.2 151 48 504 23.2 48 4.5% -23.20[-31.03, -15.37] —

Subtotal (95% CI) 351 340 39.8% -7.99[-13.85, -2.14] i3

Heterogeneity: Tau’ = 55.88; Chi’ = 116.46, df = 7 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.68 (P = 0.007)

1.2.4 12 months LP-PRP

Buendia-Lopez 2019  34.51 1.2 33 42.65 0.9 32 8.2% -8.14 [-8.65, -7.63] -
Huang 2019 16.1 7.22 40 30.64 8.36 40 7.1% -14.54 [-17.96, -11.12] ===

Lin 2019 63.71 20.67 31 49.33 21.51 29 3.2% 14.38 [3.69, 25.07]

Vaquerizo 2013 30.8 15.5 48 504 19.2 48 5.0% -19.60 (-26.58, ~12.62] —_—
Subtotal (95% CI) 152 149 23.4% -8.59[-15.71, -1.46] B = ==

Heterogeneity: Tau® = 43.61; Chi® = 40.50, df = 3 (P < 0.00001); I = 93%
Test for overall effect: Z = 2.36 (P = 0.02)

Total (95% CI) 782 766 100.0% -6.89 [-9.36, -4.41] e 3
Heterogeneity: Tau’ = 19.40; Chi’ = 358.02, df = 18 (P < 0.00001); I’ = 95%
Test for overall effect: Z = 5.46 (P < 0.00001)

Test for subgroup differences: Chi® = 6.99, df = 3 (P = 0.07), I’ = 57.1%

Fig. 4 Forest plot for WOMAC total scores between LP-PRP and HA groups. IV inverse variance, C/ confidence interval, SD standard deviation

20 -10 0 10 20
Favours [PRP] Favours [HA]

PRP HA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.4.3 6 months LP-PRP

Buendia-Lopez 2019 4.72 0.87 33 5.15 0.84 32 21.1% -0.43[-0.85, -0.01]

-
Louis 2018 7.5 5 24 66 54 24 8.2% 0.90 [-2.04, 3.84] —_——
Raeissadat 2017 53 36 36 5.9 2.79 33 15.1% -0.60([-2.11, 0.91) e
Sanchez 2012 24.1 15.5 79 269 15.8 74 3.8% -2.80([-7.76, 2.16]
Vaquerizo 2013 5 3.1 48 103 4.8 48 14.5% -5.30(-6.92, -3.68] - &=
Subtotal (95% CI) 220 211 62.7% -1.60[-3.73,0.53] e

Heterogeneity: Tau? = 4.53; Chi? = 34.57, df = 4 (P < 0.00001); I* = 88%
Test for overall effect: Z = 1.47 (P = 0.14)

1.4.4 12 months LP-PRP

Buendia-Lépez 2019  4.84 0.7 33 596 0.4 32 21.5% -1.12(-1.40,-0.84] .
Vaquerizo 2013 63 33 48 107 3.7 48 15.8% -4.40(-5.80, -3.00) —
Subtotal (95% Cl) 81 80 37.3% -2.68[-5.90,0.53] ——capilie—

Heterogeneity: Tau’? = 5.11; Chi® = 20.23, df = 1 (P < 0.00001); I’ = 95%
Test for overall effect: Z = 1.64 (P = 0.10)

Total (95% CI) 301 291 100.0% -1.92 [-2.99, -0.85] B
Heterogeneity: Tau’ = 1.36; Chi* = 59.75, df = 6 (P < 0.00001); I’ = 90%
Test for overall effect: Z = 3.53 (P = 0.0004)

Test for subgroup differences: Chi’ = 0.30, df = 1 (P = 0.58), I’ = 0%

Fig.5 Forest plot for WOMAC pain scores between LP-PRP and HA groups. IV inverse variance, Cl confidence interval, SD standard deviation

4 -2 0 2 4
Favours [PRP] Favours [HA]
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PRP HA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.2 6 months LP-PRP
Buendia-Lopez 2019 3.36 0.5 33 3.56 0.5 32 22.1% -0.20[-0.44, 0.04] -
Louis 2018 3 24 24 2.8 22 24 9.1% 0.20 [-1.10, 1.50] -_—
Raeissadat 2017 1.5 1.84 36 1.3 1.48 33 14.9% 0.20 [-0.59, 0.99] -T
Sanchez 2012 25.2 15.4 79 25.5 17.9 74 0.9% -0.30[-5.61, 5.01]
Vaquerizo 2013 25 1.7 48 4 23 48 14.5% -1.50[-2.31, -0.69] —
Subtotal (95% CI) 220 211 61.4% -0.35[-0.99, 0.28] e

Heterogeneity: Tau® = 0.28; Chi* = 11.05, df = 4 (P = 0.03); I’ = 64%
Test for overall effect: Z = 1.08 (P = 0.28)

1.6.3 12 months LP-PRP

Buendia-L6pez 2019 345 0.5 33 403 03 32 22.4% -0.58(-0.78, -0.38] -
Vaquerizo 2013 26 14 48 4.7 2 48 16.2% -2.10[-2.79, -1.41] —
Subtotal (95% CI) 81 80 38.6% -1.30(-2.79,0.19] i

Heterogeneity: Tau’ = 1.09; Chi’ = 17.17, df = 1 (P < 0.0001); I’ = 94%
Test for overall effect: Z = 1.72 (P = 0.09)

Total (95% CI) 301 291 100.0% -0.69 [-1.19, -0.18] L 3
Heterogeneity: Tau’ = 0.28; Chi’ = 37.11, df = 6 (P < 0.00001); I* = 84% _54 _52 5 é ;
Test for overall effect: Z = 2.67 (P = 0.008) Favours [PRP] Favours [HA]
Test for subgroup differences: Chi’ = 1.32, df = 1 (P = 0.25), I’ = 24.4%

Fig. 6 Forest plot for WOMAC stiffness scores between LP-PRP and HA groups. IV inverse variance, C/ confidence interval, SD standard deviation

PRP HA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.2 6 months LP-PRP
Louis 2018 16.9 15.7 24 17.1 17.2 24 11.5% -0.20[-9.52, 9.12) |
Raeissadat 2017 17.6 11.7 36 29.1 7.77 33 17.5% -11.50[-16.15, -6.85] —_—
Sanchez 2012 24.8 15.9 79 259 17.2 74 16.7% -1.10 [-6.36, 4.16] —_—r
Vaquerizo 2013 19.7 11.1 48 36.2 16.8 48 16.1% -16.50[-22.20, -10.80) ——
Subtotal (95% CI) 187 179 61.9% -7.71[-15.28, -0.13] | iR
Heterogeneity: Tau? = 49.50; Chi’ = 19.82, df = 3 (P = 0.0002); I’ = 85%
Test for overall effect: Z = 1.99 (P = 0.05)
1.8.3 12 months LP-PRP
Buendia-Lopez 2019 26.21 0.8 33 32,65 0.7 32 21.2% -6.44 [-6.81, -6.07] .
Vaquerizo 2013 219 11.3 48 389 14.2 48 16.9% -17.00([-22.13,-11.87] ——
Subtotal (95% CI) 81 80 38.1% -11.40[-21.73,-1.07] ——o——
Heterogeneity: Tau? = 52.31; Chi’ = 16.17, df = 1 (P < 0.0001); I’ = 94%
Test for overall effect: Z = 2.16 (P = 0.03)
Total (95% CI) 268 259 100.0% -9.12 [-13.81, -4.44) B
Heterogeneity: Tau® = 26.94; Chi? = 38.23, df = § (P < 0.00001); I* = 87%

-20 -10 0 10 20

Test for overall effect: Z = 3.82 (P = 0.0001) Favours [PRP] Favours [HA]

Test for subgroup differences: Chi’ = 0.32, df = 1 (P = 0.57), I’ = 0%

Fig. 7 Forest plot for WOMAC physical function scores between LP-PRP and HA groups. IV inverse variance, C confidence interval, SD standard
deviation

heterogeneity. This variability may be attributed to varia- we are unable to confirm whether all studies started
tions among patients, including discrepancies in age and  with consistent baseline conditions across the samples.
gender, study design between studies, and the differences  Thirdly, the relatively small sample sizes in some of the
in LP-PRP injection techniques and PRP dosages across ~ RCTs limited the statistical power of our study. Lastly, all
physicians and studies. We utilized subgroup analyses to  the RCTs included in this meta-analysis were published
further investigate the following categories: WOMAC  in English, potentially introducing selection bias.

total scores, WOMAC pain scores, WOMAC stiffness
scores, WOMAC physical function scores, and VAS
scores. The basis for subgroup classification was deter-
mined by the time of post-treatment assessment using
the aforementioned scales. Secondly, due to the absence
of data regarding prior treatments patients may have
undergone before receiving LP-PRP or HA injections,

Conclusion

Intraarticular LP-PRP injection demonstrated supe-
rior overall efficacy compared with HA injection
among patients with knee OA, as indicated by signifi-
cant improvements in WOMAC total scores, WOMAC
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PRP HA Mean Difference Mean Difference

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

2.2.1 1 month LP-PRP

Louis 2018 4.1 23 24 3.4 2.l 24 5.0% 0.70 [-0.72, 2.12]

Xu 2021 4.85 0.62 30 2.82 0.83 20 8.9% 2.03 [1.60, 2.46] —

Subtotal (95% CI) 54 44  13.9% 1.54 [0.29, 2.80] e =i =

Heterogeneity: Tau® = 0.60; Chi” = 3.10, df = 1 (P = 0.08); I’ = 68%

Test for overall effect: Z = 2.41 (P = 0.02)

2.2.2 3 months LP-PRP

Cole 2017 3.46 0.32 49 486 0.37 50 9.5% -1.40[-1.54, -1.26] -

Louis 2018 34 26 24 3.6 3 24 45% -0.20[-1.79, 1.39]

Say 2012 23 16 45 41 13 45  83% -1.80[-2.40,-1.20] —_—

Subtotal (95% CI) 118 119 22.3% -1.43[-1.89, -0.98] ’

Heterogeneity: Tau’ = 0.08; Chi’ = 3.86, df = 2 (P = 0.15); I’ = 48%

Test for overall effect: Z = 6.21 (P < 0.00001)

2.2.3 6 months LP-PRP

Buendia-Lopez 2019 4.9 0.52 33 5.21 0.6 32 9.3% -0.31[-0.58, -0.04] -

Cole 2017 3.46 0.32 49 486 0.37 50 9.5% -1.40([-1.54, -1.26) o

Louis 2018 4 25 24 35 28 24 4.8% 0.50(-1.00,2.00]

Raeissadat 2017 46 278 33 48 239 36 57% -0.20[-1.43,1.03] —_—t

Say 2012 1.7 1.4 45 3 1 45  8.6% -1.30[-1.80, -0.80] —_—

Subtotal (95% CI) 184 187 37.9% -0.71[-1.39, -0.03] —~l—

Heterogeneity: Tau’ = 0.46; Chi? = 56.40, df = 4 (P < 0.00001); I° = 93%

Test for overall effect: Z = 2.04 (P = 0.04)

2.2.4 12 months LP-PRP

Buendia-Lépez 2019  5.03 1.7 33 6.25 0.4 32  83% -1.22[-1.82,-0.62] _—

Cole 2017 44 046 49 573 038 S0 9.5% -1.33[-1.50,-1.16] S

Huang 2019 1.98 1.44 40 2.14 1.523 40  8.1% -0.16[-0.81, 0.49] —_—

Subtotal (95% CI) 122 122 25.9% -0.95[-1.61, -0.30] —ecafjiie=-—

Heterogeneity: Tau’ = 0.27; Chi* = 11.71, df = 2 (P = 0.003); I’ = 83%

Test for overall effect: Z = 2.86 (P = 0.004)

Total (95% CI) 478 472 100.0% -0.58 [-1.04, -0.12] e

Heterogeneity: Tau’ = 0.57; Chi’ = 309.18, df = 12 (P < 0.00001); I’ = 96% _‘2 _?1 3 i é

Test for overall effect: Z = 2.46 (P = 0.01) Favours [PRP] Favours [HA]

Test for subgroup differences: Chi? = 20.02, df = 3 (P = 0.0002), I = 85.0%
Fig. 8 Forest plot for VAS scores between LP-PRP and HA groups. IV inverse variance, Cl confidence interval, SD standard deviation

PRP HA Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Cole 2017 65.5 3.6 49 55.8 3.8 S0 97.2% 9.70([8.24,11.16)

Lin 2019 49,93 17.74 31 38.6 16.1 29 2.8% 11.33[2.77, 19.89]

Total (95% CI) 80 79 100.0% 9.75[8.31,11.18] &

Heterogeneity: Chi’ = 0.14, df = 1 (P = 0.71); I’ = 0% + + t t

Test for overall effect: Z = 13.29 (P < 0.00001) =20 I:alvoours (HA] oFavours (P:l(l)’] 20
Fig. 9 Forest plot for IKDC score between LP-PRP and HA groups. IV inverse variance, Cl confidence interval, SD standard deviation

PRP HA Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Buendia-Lopez 2019 0 33 2 32 7.5% 0.19[0.01, 3.89] +

Huang 2019 5 40 2 40 18.1% 2.50[0.51, 12.14] e P ——

Lin 2019 0 31 0 29 Not estimable

Louis 2018 1 24 2 24 11.0% 0.50 [0.05, 5.15]

Montanez-Heredia 2016 0 27 0 26 Not estimable

Sanchez 2012 26 267 24 261 353% 1.06 [0.62, 1.80] -

Say 2012 0 45 0 45 Not estimable

Vaquerizo 2013 7 144 9 48 28.2% 0.26 [0.10, 0.66] —

Total (95% CI) 611 505 100.0% 0.68 [0.27, 1.67]

Total events 39 39

Heterogeneity: Tau? = 0.53; Chi’ = 9.71, df = 4 (P = 0.05); I’ = 59% ?0‘01 0?1 i 1=0 100"

Test for overall effect: Z = 0.85 (P = 0.40) Favours [PRP] Favours [HA]

Fig. 10 Forest plot for adverse effects between LP-PRP and HA groups. M-H Mantel-Haenszel, C/ confidence interval
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physical function scores, VAS pain scores, and IKDC
scores at 6- and 12-month follow-ups.

Abbreviations

@ Confidence intervals

IA Intraarticular

IKDC International Knee Documentation Committee
I\ Inverse variance

HA Hyaluronic acid

LP-PRP Leukocyte-poor platelet-rich plasma

LR-PRP Leukocyte-rich platelet-rich plasma

MD Mean difference

NSAIDs Nonsteroidal anti-inflammatory drugs

OA Osteoarthritis

RCT Randomized controlled trials

SD Standard deviation

WOMAC  Western Ontario and McMaster Universities Arthritis Index
VAS Visual analog scale
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