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TherapeuTic advances in 
Musculoskeletal disease

Introduction
Osteoarthritis (OA) is a degenerative joint disease 
that affects the entire joint1,2 and is characterized 
by localized articular cartilage loss, the formation 

of osteophytes, subchondral bone alterations, and 
synovial hyperplasia.2 However, the pathogenesis 
of OA is not yet fully understood.3 OA is the most 
common arthritis. With the extension of global life 
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Abstract
Background: Platelet-rich plasma (PRP) and hyaluronic acid (HA) are non-surgical treatments 
for osteoarthritis (OA), but the comparison of their efficiency is still inconclusive.
Objectives: The objectives of this study were to compare the efficacy of PRP and HA in the 
treatment of OA by meta-analysis and to explore the effects of different injection times and 
leukocyte concentration on the efficacy of PRP.
Design: Meta-analysis and subgroup analysis were conducted. The data were analyzed by 
Review Manager v5.4.1.
Data sources and methods: Articles were retrieved and screened from PubMed, the Cochrane 
Library, Web of Science, and Embase. The outcome included the total Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC), the visual analog scale (VAS), adverse 
events (AEs), the International Knee Documentation Committee (IKDC), and the satisfaction 
rate.
Results: A total of 30 articles involving 2733 patients were included. The total WOMAC score 
and IKDC score of the PRP group were better than those of the HA group at the last follow-
up time, while there was no significant difference in AEs, satisfaction rate, and VAS between 
the two groups. In our subgroup analysis, there was no significant difference between 
single-injection PRP and triple-injection PRP. Leukocyte-poor PRP (LP-PRP) was better than 
leukocyte-rich PRP (LR-PRP) in IKDC, but there was no significant difference between them in 
the other scores.
Conclusions: In the treatment of OA, compared with HA, PRP performed better in the 
improvement of the patient’s function. There was no significant difference in VAS and AEs 
between the two groups, and the safety was comparable. LP-PRP looked to be superior to 
LR-PRP in functional recovery, but there appeared to be no significant difference in pain relief 
between them. There was no significant difference between single PRP and triple PRP in the 
subgroup analysis.

Keywords: hyaluronic acid, intra-articular injection, meta-analysis, osteoarthritis, platelet-
rich plasma

Received: 14 August 2022; revised manuscript accepted: 27 January 2023.

Correspondence to: 
Jinshen He 
Department of Orthopaedic 
Surgery, Third Xiangya 
Hospital of Central South 
University, Changsha 
410013, China. 
Jinshen.he@Hotmail.com

Lili Chen 
Shirong Jin 
Yunheng Yao 
Sixian He 
Department of 
Orthopaedic Surgery, 
Third Xiangya Hospital of 
Central South University, 
Changsha, China

1157043 TAB0010.1177/1759720X231157043Therapeutic Advances in Musculoskeletal DiseaseL Chen, S Jin
research-article20232023

Meta-analysis

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tab
mailto:Jinshen.he@Hotmail.com


TherapeuTic advances in 
Musculoskeletal disease Volume 15

2 journals.sagepub.com/home/tab

expectancy, the prevalence of OA is also increas-
ing.4 Meanwhile, OA has a high disability rate. 
According to the statistics of the study published 
in Lancet,5 the total burden and age-standardized 
disability-adjusted-life year rate of OA signifi-
cantly increased from 1990 to 2015. Another 
study showed that OA might also lead to a decline 
in people’s mental health.6 What’s worse, not only 
patients may have to cost a lot, but the consump-
tion of medical resources may also be huge.6

However, the non-surgical treatments for OA now 
mainly include nonsteroidal anti-inflammatory 
drugs (NSAIDs), intra-articular injections of plate-
let-rich plasma (PRP), hyaluronic acid (HA), ster-
oids, and mesenchymal stem cells (MSCs).7 
Among them, HA is a high molecular weight bio-
logical polysaccharide, which can play a role in 
chondroprotection both in vivo and in vitro.8 In 
addition, the concentration and molecular weight 
of HA decrease with the development of OA.9 Now 
HA is widely used in the clinical practice of OA.10 
However, its efficacy remains controversial.11 As 
for PRP, an autologous blood product with a high 
platelet concentration after centrifugation and con-
centration12 is increasingly used in musculoskeletal 
disease. Its low adverse events (AEs) rate makes it 
widely applied in clinical practice.13 PRP mainly 
contains concentrated platelets, optional leuko-
cytes, and fibrin.14 Activated platelets via exocytosis 
release cytokines, transforming growth factors, and 
other substances which play roles in tissue repair.14 
It is generally believed that PRP plays a role in the 
treatment of OA in three ways: inhibiting inflam-
matory reaction, regulating immunity, and regulat-
ing cell metabolism through growth factors.14 And 
it has different classifications depending on its com-
position and other influencing factors. For exam-
ple, it can be classified into four types according to 
leukocytes and fibrin content.15 In addition, accord-
ing to the coding classification system proposed in 
a literature,16 we can know the concentration and 
the concentration ratio of platelet, the purity of 
PRP, leukocyte concentration, whether PRP acti-
vation is endogeneous or whether PRP is activated 
prior to injection, and whether Ca2+ is added at 
the time of activation from the code. It is a promis-
ing method for the treatment of OA, and clinical 
data show that PRP is safe.17 However, there is no 
consensus on the best regimen for the content of 
PRP injections.18

At present, there are 37 meta-analyses comparing 
the efficacy of PRP and HA in the treatment of 
OA, most of which are knee OA or hip OA. The 

result in the scores of the total Western Ontario 
and McMaster Universities Osteoarthritis Index 
(WOMAC), visual analog scale (VAS), and 
International Knee Documentation Committee 
(IKDC) obtained from their research are incon-
sistent. The selection of PRP and HA for the 
treatment of OA is currently an inconclusive issue. 
In 2021, a randomized controlled trial (RCT)19 
comparing PRP and HA indicated that the effi-
cacy of HA was better than PRP, in contrast to the 
results of many previous studies. In addition, Belk 
et al.20 in 2022 found that PRP and HA have simi-
lar beneficial short-term clinical outcomes in the 
treatment of hip OA. The possible reason for the 
different results between different RCTs may be 
due to the different preparation methods, applica-
tion protocols of their PRP, and their different 
PRP leukocyte concentrations.21,22 Some studies 
have found that leukocytes may have an impact on 
the treatment of OA.23,24 In addition, there are 
studies that have found that the number of PRP 
injections has an effect on the treatment of OA.25,26

Therefore, the comparison of efficacy between 
PRP and HA is still unclear. What’s more, many 
high-quality RCTs in recent years were not 
included in the previous meta-analysis, and the 
level of literature evidence included in the previ-
ous meta-analysis was different. At the same time, 
the contribution of leukocyte concentration in 
PRP and the number of PRP injections to the 
treatment of OA is controversial.20,27–29

Therefore, the purpose of this study is to compare 
the efficacy of PRP and HA in OA patients 
through meta-analysis. At the same time, sub-
group analysis was carried out regarding the num-
ber of PRP injections, the leukocyte concentration 
in PRP, the final follow-up time, the injection 
site, and Kellgren–Lawrence (K-L) grade. 
Subgroup analysis can provide a reference for the 
standardization of PRP preparations in the future. 
Our hypothesis was that PRP would have better 
efficacy than HA, and leukocyte-poor PRP 
(LP-PRP) would have better efficacy than leuko-
cyte-rich PRP (LR-PRP).

Method

Search strategy
PubMed, the Cochrane Library, Web of Science, 
and Embase were searched. The keywords were as 
follows: (osteoarthritis) AND (PRP OR platelet rich 
plasma OR platelet-derived growth factors OR 
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PRGF OR PLG) AND (HA OR sodium hyaluro-
nate OR Hylan G-F 20 OR hyaluronic acid) AND 
(randomized controlled trial). Duplicates were 
removed. The publication time of found studies was 
limited from 1 January 2000, to 28 March 2022.

Eligibility
The inclusion criteria were as follows: (1) Only 
articles with evidence level I were eligible for this 
study; (2) only articles including the PRP injection 
group and HA injection group were included. The 
exclusion criteria were as follows: (1) all studies 
not written in English were excluded; (2) studies 
on temporomandibular OA were excluded; (3) 
studies with only abstract among the retrieved arti-
cles were excluded; (4) protocols were excluded.

Study selection
This study was conducted according to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Two 
authors independently searched the databases 
and reviewed the retrieved articles. When in 
doubt, they further reviewed the full text of the 
article. When the two authors failed to reach a 
consensus, the article was handed over to the 
third author to evaluate whether to include it. 
The reviewers then established a list of studies 
that met all the inclusion criteria and integrated 
them. Duplicates were removed.

Data extraction
The two authors extracted data independently, 
followed by a joint review to produce accurate 
and consistent data. Differences were resolved 
through consultation with the senior author. The 
extracted data included sample size, study design, 
interventions, age, body mass index (BMI), gen-
der, the location of OA, K-L grade of OA, follow-
up time, and results especially scoring data. All 
scoring data adopted the data of the final follow-
up time. Yaradilmis et  al.30 contained two PRP 
groups, where the two sets of data were combined 
within the group and separated by type within the 
subgroup; and Trueba Vasavilbaso  et al.31 con-
tained three HA groups, which the three HA sets 
of data were combined. Although the RCT of 
Gormeli et al.26 also included two PRP groups, we 
only included the group with the same number of 
injections as HA, that is, the PRP group with 
three injections. In addition, the RCT of 
Raeissadat et  al.32 included the PRP group and 

the PRGF group. We combined the data of the 
two groups in group analysis, but only the data of 
the PRGF group was used in subgroup analysis. 
The numerical rating scale (NRS) pain score in 
RCTs33,34 was converted to the VAS score.

Statistical analysis
A quantitative synthesis of the included results was 
made by using Review Manager v5.4.1. Two 
authors synthesized the results by random (I2 more 
than 50%) or fixed model (I2 less than 50%), and 
the results were presented in the form of a forest 
plot. In discrete data processing, if the number of 
events in both groups is 0, they will be artificially 
assigned a value of 1. Continuous data in each spe-
cific study was expressed as mean and standard 
deviation. If the continuous data in the article is 
expressed in other forms, such as quartile, it was 
first converted into mean and standard deviation 
form. If the data are presented in the form of a 
figure, we used Image J software to get the mean 
and standard deviation for the figure. WOMAC 
score of a RCT35 applied a different full score from 
the other papers, so we have standardized it.

Subgroup analysis
We used the software Review Manager v5.4.1 to 
continue the subgroup analysis on the scoring 
results for VAS, WOMAC, IKDC, AEs, and sat-
isfaction rate. In the first group, we grouped the 
PRPs by single injection and triple injections and 
performed subgroup analysis on them. In the sec-
ond group, we classified them into LP-PRP and 
LR-PRP according to the leukocytes they con-
tained, and then further subgroup analysis was 
performed on them. The third and fourth sub-
group analyses were grouped according to OA 
location and whether the last follow-up time was 
greater than 12 months. We also divided RCTs 
into two subgroups based on K-L grade. RCTs 
were divided into two subgroups: RCTs with K-L 
grade 0 or 1 and RCTs without K-L grade 0 or 1.

Outcomes
The primary outcome of this meta-analysis was 
the VAS score. Secondary outcomes included 
total WOMAC score, IKDC, AEs, and satisfac-
tion rate. The VAS mainly evaluates pain,36–38 the 
IKDC mainly evaluates function,39 and the 
WOMAC evaluates symptoms and physical func-
tional disability in patients as a whole in terms of 
pain, stiffness, and joint function.40
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Bias assessment
The assessment of included studies was carried 
out by two reviewers independently. Three crite-
ria were used: low risk, unclear risk, and high risk 
to assess the selection bias, performance bias, 
detection bias, attrition bias, reporting bias, and 
other bias via the software Review Manager 
v5.4.1. If all of the items were assessed to be ‘low 
risk’, the study was assessed to have a low risk of 
bias. If one or two items were assessed as 
‘unknown risk’ or ‘high risk’, we assessed the 
study to have a moderate risk of bias. Or else we 
assessed there to be a high risk of bias in the 
study.41 Any disagreement would be settled by 
discussion. In addition, we conducted a funnel 
analysis of WOMAC scores, VAS scores, IKDC 
scores, and AEs by using the software Review 
Manager v5.4.1.

Results

Characteristics of included studies and patients
A total of 30 articles26,30–35,42–64 with an evidence 
level I were included out of the 144 records 
retrieved (Figure 1). This meta-analysis included 
2733 patients (Table 1).

Total WOMAC score
The total WOMAC score included a total of 16 
articles and 1491 joints, of which 799 joints 
received PRP and 692 joints received HA. The 
total WOMAC score at the final follow-up time 
showed that the improvement of PRP was greater 
than that of the HA group [MD: −8.07; 95% 
confidence interval (CI): −11.53 to −4.61; 
p < 0.00001] (Figure 2).

VAS score
A total of 16 trials, including 1306 joints, pro-
vided useful data on VAS score. The data showed 
that there was no statistically significant differ-
ence between PRP and HA at the last follow-up 
time (MD: −0.43; CI: −0.97 to 0.10; p = 0.11) 
(Figure 3).

Adverse events
A total of 23 articles were included in the AEs 
evaluation, of which 1163 joints were in the PRP 
group and 1046 joints were in the HA group. At 
the final follow-up time, there was no significant 
difference between the PRP group and the HA 
group [odds ratio (OR): 1.10; 95% CI: 0.83 to 

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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1.44; p = 0.51] (Figure 4). The AEs included 
pain, numbness, and swelling at the injection site 
and so on.51,59

IKDC
Eleven studies were included in the IKDC analy-
sis. In all, 623 joints were in the PRP group and 
620 joints were in the HA group. PRP was better 
than HA at the final follow-up time (MD: 7.18; 
95% CI: 5.20 to 9.17; p < 0.00001) (Figure 5).

Satisfaction rate
In the assessment of satisfaction rate, including 
four studies, there was no significant difference 
between the PRP group and the HA group (OR: 
1.30; 95% CI: 0.81 to 2.10; p = 0.28) 
(Supplementary Figure 1).

Subgroup analysis of injections and leukocyte 
concentration
A subgroup analysis was performed for the exper-
iments with single-injection PRP and triple-injec-
tion PRP, and we found single-injection PRP 
significantly performed better than HA only in 
IKDC, while triple-injection PRP performed sig-
nificantly better than HA in total WOMAC, 
IKDC. Nevertheless, there was no significant dif-
ference between single-injection PRP and triple-
injection PRP in all subgroup analysis scores 
(Supplementary Figure 2–6). As for LP-PRP and 
LR-PRP, there was no significant difference 
between either of them and HA in terms of VAS, 
AEs, and satisfaction rate. LP-PRP and LR-PRP 
were both better than HA in IKDC score. There 
was no significant difference between LP-PRP 
and LR-PRP in total WOMAC, VAS, AEs, and 
the satisfaction rate, but LP-PRP was superior to 
LR-PRP in IKDC score (Supplementary Figure 
7–11). We summarized the subgroup analysis 
regarding the number of injections and leukocyte 
concentrations in Supplementary Figure 12.

Subgroup analysis of final follow-up time  
and location of OA
A subgroup analysis of the final follow-up time 
and the location of the disease was conducted. 
There were no significant differences in total 
WOMAC, VAS, and AEs between HA and PRP 
in the short term (the final follow-up time < 12 
months), while PRP showed better performance 
than HA in total WOMAC, VAS, and IKDC in 
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the long term (the final follow-up time ⩾ 12 
months). However, there were no significant dif-
ferences between short-term follow-up results 
and long-term follow-up results when PRP was 
injected for OA (Supplementary Figure 13–16). 
As for the location of OA, PRP for knee OA was 
better than HA in total WOMAC and VAS scores, 
while there were no significant differences 
between PRP for non-knee OA and HA in total 
WOMAC, VAS, and AEs. However, PRP for 
knee OA showed better efficiency than PRP for 
non-knee OA in VAS (Supplementary Figure 17–
19). We summarized the subgroup analysis 
regarding the final follow-up time and the loca-
tion of OA in Supplementary Figure 20.

Subgroup analysis of Kellgren–Lawrence grade
A subgroup analysis of K-L grade was conducted. 
RCTs were divided into two subgroups based on 
whether the K-L grade of the patients included in 
the RCTs contained grade 0 or 1. There were no 
significant differences between the two sub-
groups in total WOMAC, VAS, AEs, IKDC, and 
satisfaction rate. In both subgroups, PRP per-
formed better than HA in total WOMAC and 
IKDC, and there were no significant differences 
in VAS, AEs, and satisfaction rate scores between 
the PRP and the HA (Supplementary Figure 21–
25). We summarized the subgroup analysis 
regarding the K-L grade in Supplementary 
Figure 26.

Figure 2. Forest plot showing mean difference in total WOMAC score between PRP and HA autografts.
HA, hyaluronic acid; PRP, platelet-rich plasma; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Figure 3. Forest plot showing mean difference in VAS score between PRP and HA autografts.
HA, hyaluronic acid; PRP, platelet-rich plasma; VAS, visual analog scale.
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Bias assessment
Supplementary Figure 27 depicts the risk of bias 
assessment for randomized controlled trials. Four 
studies were rated as having a low risk of bias, 18 
research as having a moderate risk of bias, and the 
remaining 8 studies were evaluated as having a 
high risk of bias. The most common reason for the 
research being unclear was that they did 

not disclose whether participants and outcome 
assessors were blinded and the specific method of 
randomization. Besides, among the 30 included 
studies, 23 provided data for the funnel plot of 
AEs, 16 for the funnel plot of the total WOMAC, 
16 for the funnel plot of VAS, and 11 for the fun-
nel plot of IKDC. The funnel plots of total 
WOMAC, VAS, AEs, and IKDC were 

Figure 4. Forest plot show odds ratio in AEs between PRP and HA autografts.
AEs, adverse events; HA, hyaluronic acid; PRP, platelet-rich plasma.

Figure 5. Forest plot showing mean difference in IKDC between PRP and HA autografts.
HA, hyaluronic acid; IKDC, International Knee Documentation Committee; PRP, platelet-rich plasma.
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symmetrical on the left and right sides, which 
showed there is no publication bias (Supplementary 
Figure 28–31).

Discussion
From comparing the different scoring results 
between PRP and HA at the final follow-up time, 
our study found that there was no significant dif-
ference between PRP and HA in VAS score, AEs, 
and satisfaction rate, which suggested that there 
may be no significant difference in safety and pain 
relief between PRP and HA in the treatment of 
OA. It was also found that the PRP group had a 
better effect in the total WOMAC score and 
IKDC, which suggested that PRP may have a bet-
ter functional relief effect than HA. Besides, 
because of concerns about heterogeneity due to 
factors such as PRP formulation and the number 
of injections, subgroup analyses were performed 
according to injection times, leukocyte concentra-
tion in PRP, final follow-up time, location, and 
K-L grade of OA. It was found that there was no 
significant difference between single-injection PRP 
and triple-injection PRP, and there was no signifi-
cant difference between LP-PRP and LR-PRP in 
total WOMAC, VAS, AEs, and satisfaction rate, 
but LP-PRP showed better improvement than 
LR-PRP in IKDC. It seemed that LP-PRP 
appeared to be more effective in functional relief 
compared with LR-PRP. Moreover, the differ-
ences in different scores between groups and sub-
groups were compared, and it was found that no 
matter whether single-injection PRP or triple-
injection PRP and whether LP-PRP or LR-PRP, 
there was no significant difference between PRP 
and HA in VAS and AEs, which may indicate that 
the effect of different leukocyte content and injec-
tion times on pain relief and safety may not be as 
good as that on the functional repair. In addition, 
there was no significant difference between PRP 
for the short term and HA in total WOMAC and 
VAS. And PRP for the long term showed better 
efficiency than HA in total WOMAC, VAS, and 
IKDC. This may suggest that PRP has better long-
term effects, but there were no significant differ-
ences between subgroups, so more studies are 
needed to be conducted. It also found that PRP 
may be more effective for pain relief in knee OA 
than it is for pain relief in non-knee OA.

There have been a number of studies28,29,65–68 
lately comparing the efficacy and safety of PRP 
and HA for knee OA or hip OA, while our meta-
analysis was conducted on OA including both 

knee OA and hip OA, as well as other OA meeting 
the criteria. What’s more, our study included 
some new RCTs.32,35,42,43,47,57,62 In addition, we 
conducted subgroup analyses for PRP type, num-
ber of injections, and other factors. Gong et al.65 
indicated that the PRP group had a better effect 
than HA in WOMAC score, but there was no sig-
nificant difference in IKDC, Tegner, EQ-VAS, 
and AEs. And our study showed PRP had a better 
performance compared with HA in total WOMAC 
score and IKDC score, while there was no signifi-
cant difference between PRP and HA in VAS 
score at the final follow-up time. Tan et  al.29 
showed that PRP had a better total WOMAC, 
VAS, and IKDC than HA at 12 months. They 
also did subgroup analysis according to times and 
types of PRP (fresh and frozen), but found no 
meaningful result. Tang et al.28 found in the sub-
group with injection ⩾ 2 and LP-PRP, PRP was 
significantly better than HA in WOMAC at 12 
months. However, our subgroup analysis showed 
that LP-PRP had a better effect than the HA in 
IKDC, but there was no significant difference 
between single-injection PRP and triple-injection 
PRP. The reason for the difference between the 
above meta-analysis and our study may be that 
more studies were included in our study. What’s 
more, level II RCTs were excluded from our 
study, so the quality of the included studies was 
relatively high. In addition, the funnel plots of 
AEs, IKDC, VAS, and total WOMAC were made, 
which showed little publication bias.

Chouhan et al.25 showed that there was no signifi-
cant difference between single-injection PRP and 
multiple-injection PRP in the short term (3 
months), while the anti-inflammatory effect of 
the multiple PRP group was longer than that of 
the single PRP group and disease control group in 
the long term (6 months). But in the long run, the 
impact tends to weaken. It suggests that the anti-
inflammatory effects of single-injection PRP and 
multiple-injection PRP were similar in the short 
term, and multiple injections of PRP may have a 
chondroprotective effect, but the effect is not long 
term. Chou et al.69 for the treatment of mild to 
moderate knee OA showed that the effect of triple 
injections of PRP was better than that of single 
and twice injections, which was consistent with 
the conclusion of the long-term result of Chouhan 
et al.25 The two studies hint to us that the differ-
ence in follow-up time of included studies may 
also be a reason for the inconsistency between our 
study and the above meta-analysis and the possi-
bility that the chondroprotective effect of triple 
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injections of PRP gradually deteriorates with 
time. Therefore, a subgroup analysis of the final 
follow-up time was also conducted, and it was 
found that there was no significant difference 
between PRP and HA in the short term in total 
WOMAC and VAS scores, but the long-term 
effect of PRP was better than HA in total 
WOMAC, VAS, and IKDC. However, there 
were no significant differences in PRP between 
the short-term group and the long-term group, 
which was probably because the other variables 
were not kept the same. This subgroup analysis 
may indicate that PRP has a better long-term 
effect than HA, and one of the factors influencing 
the scores in our injection subgroups may be the 
different final follow-up times.

B-lymphocytes, one type of leukocyte, contain 
interleukin 1 (IL-1),70 which can stimulate the 
expression of matrix metalloproteinases, promote 
chondrocyte apoptosis, and lead to cartilage degra-
dation. In addition, IL-1 can also reduce the pro-
duction of specific macromolecules, such as type II 
collagen in chondrocytes.71 Although transforming 
growth factor β1 (TGF-β1) contained in PRP can 
stimulate chondrocytes to produce cartilage extra-
cellular matrix and interfere with IL-induced deg-
radation by inducing the synthesis of IL-1 receptor 
antagonists71 (Supplementary Figure 32), experi-
ments showed that the expression of TGF-β1 
receptors decreased significantly in the late stage of 
OA,72 which makes TGF-β1 could no longer 
counteract the harmful effects of IL-1, and the 
interfere can be overwhelmed by excess leuko-
cytes.70 Therefore, in the long term, this may lead 
to the long-term effect of leukocytes in the treat-
ment of OA not being as good as that in the short 
term. This may be why more and more research 
results suggest the use of LP-PRP in the treatment 
of OA. This analysis is consistent with the result 
that the effect of LP-PRP in IKDC score in our 
subgroup analysis is better than that of LR-PRP. It 
may indicate that the reason why there was no sig-
nificance in other scores between LP-PRP and 
PR-PRP may be the difference in the final follow-
up time. In the short term, LR-PRP may have a 
better anti-inflammatory effect. However, in the 
long term, some cytokines produced by leukocytes 
may promote the apoptosis of chondrocytes and 
other cells, which aggravates the disease and leads 
to the final negative impact being greater than the 
positive impact.

Riboh et al.27 found LP-PRP was more effective 
than LR-PRP in function scores, while Abbas 

et al.73 suggested that LP-PRP and LR-PRP may 
have no significant difference in clinical practice. 
Besides, the double-blind randomized trial of Di 
Martino et  al.74 also found no significant differ-
ence in clinical outcomes between LR-PRP and 
LR-PRP. However, our subgroup analysis showed 
that LP-PRP was better than LR-PRP in func-
tional recovery. The reason for the inconsistent 
results may be the non-standardization of PRP 
preparation process and different follow-up times. 
In addition to leukocytes, there are other factors 
in PRP that may have an impact. Although the 
design of Di Martino74 tried to minimize the 
interference of other factors in PRP, the prepara-
tion process may still cause differences in other 
components. Therefore, more research is still 
needed to compare the differences between 
LP-PRP and LR-PRP and to try to standardize 
the preparation process of PRP.75

According to the results of subgroup analysis, 
LP-PRP seems to have a better effect on OA than 
HA. However, due to the inclusion criteria for 
high-quality literature, the quantity is insufficient 
to compare other scores, such as the short Form-
36 score, and the PRP preparation process and 
other variables in subgroup analysis are not 
unique. Therefore, more studies are still needed 
to compare the effects of injection times, leuko-
cyte concentration, and other factors on the ther-
apeutic effect of PRP, and the results and 
suggestions are only used as a preliminary 
reference.

Limitations
The limitations of this meta-analysis study 
included that only the scores of the last follow-up 
time were compared without assessment of differ-
ent time stages. The final follow-up time resulted 
in a bias. In the meantime, we did not analyze the 
BMI of patients in RCTs and types of HA, which 
may also have contributed to the bias. In addi-
tion, most of the OA studies included were knee 
OA studies. The number of included studies with 
other OA is small. Finally, the number of studies 
included in the satisfaction rate is too small to 
provide sufficient evidence to compare the effi-
cacy of the PRP group and the HA group. More 
research is still needed to supplement.

Conclusion
In the treatment of OA, compared with HA, PRP 
performed better in the improvement of the 
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patient’s function. There was no significant dif-
ference in VAS and AEs between the two groups, 
and the safety was comparable. LP-PRP looked 
to be superior to LR-PRP in functional recovery, 
but there appeared to be no significant difference 
in pain relief between them. There was no signifi-
cant difference between single PRP and triple 
PRP in our subgroup analysis.
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