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ABSTRACT
Objectives The purpose of this meta- analysis was to 
investigate the efficacy and safety of mesenchymal stem 
cells (MSCs) combined with platelet- rich plasma (PRP) in 
the treatment of knee osteoarthritis (KOA).
Design Systematic review and meta- analysis.
Participants Patients with KOA.
Interventions Use of MSCs+PRP.
Primary and secondary outcomes Visual Analogue 
Scale (VAS) score, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) score, Knee 
Injury and Osteoarthritis Outcome Score (KOOS) and 
adverse reactions.
Data sources PubMed, Cochrane Library, Embase and 
China National Knowledge Infrastructure were searched 
from inception to 15 July 2021.
Measures The OR or weighted mean difference (WMD) of 
relevant outcome indicators was calculated. Study quality 
was evaluated using the risk- of- bias assessment tool 
version 2.0. Heterogeneity among studies was evaluated 
by calculating I2. If I2＜50%, a fixed- effect model was 
applied; conversely, if I2 ≥50%, a random- effect model 
was applied.
Results Six controlled clinical trials with 493 cases were 
included. The meta- analysis results showed that in terms 
of the VAS score 3 months after treatment, MSCs+PRP 
had no significant effect on the reduction of the VAS 
score in patients with KOA compared with the control 
(p=0.09), hyaluronic acid (HA) (p=0.15) or PRP alone 
(p=0.07). MSCs+PRP was more effective in reducing the 
VAS score at 6 and 12 months after treatment than the 
control (WMD=−0.55, 95% CI −0.87 to −0.22, p<0.001), 
HA (WMD=−1.20, 95% CI −2.28 to −0.13, p=0.03) 
or PRP alone (WMD=−0.54, 95% CI −0.89 to −0.18, 
p=0.003). Regarding the decrease in the total WOMAC 
score at 3 and 6 months after treatment, MSCs+PRP 
showed better clinical efficacy than the control or HA 
alone (p<0.01). Compared with the control, MSCs+PRP 
exhibited no significant difference in reducing the total 
WOMAC score 12 months after treatment (p=0.39). There 
was no significant difference between MSCs+PRP and the 
control in terms of improvement of the KOOS 12 months 
after treatment (p=0.16). Compared with MSCs alone, 

MSCs+PRP exhibited no significant difference in the 
incidence of adverse reactions (p=0.22) 12 months after 
treatment.
Conclusions Treatment with MSCs+PRP showed good 
clinical efficacy in improving pain and joint function in 
patients with KOA. Compared with MSCs alone, there 
was no significant difference in the incidence of adverse 
reactions with MSCs+PRP.
PROSPERO registration number CRD 42021275830.

INTRODUCTION
With the increase in the ageing population 
worldwide, the incidence rate of knee osteo-
arthritis (KOA) has increased annually.1 
Epidemiological investigations have shown 
that KOA is more common in middle and old 
age groups, especially in the population over 
65 years old, in which the incidence rate is 
approximately 50%.2 The effective prevention 
and treatment of KOA has become the key to 
improving the quality of life of middle- aged 
and elderly individuals.2 The purpose of non- 
surgical treatment for KOA is to reduce pain, 
improve function and avoid complications 
of surgical treatment as much as possible. 
Conservative pain control methods include 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first meta- analysis to investigate the effi-
cacy and safety of mesenchymal stem cells (MSCs) 
combined with platelet- rich plasma (PRP) in the 
treatment of knee osteoarthritis (KOA).

 ⇒ Most of the included studies were of high quality 
with a low risk of bias.

 ⇒ The number of studies and sample sizes included in 
this meta- analysis was limited.

 ⇒ The follow- up time of the included studies was 
short, which is not conducive to deducing the long- 
term efficacy of MSCs combined with PRP for the 
treatment of KOA.
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drug treatment, increased daily activity and periarticular 
analgesia, but the optimal method is still controversial.3 4

In recent years, cell therapy has shown good potential 
for the treatment of many diseases, including osteoar-
thritis, and studies have preliminarily shown that bone 
marrow mesenchymal stem cells (MSCs) can promote the 
repair of articular cartilage and be used to treat osteo-
arthritis.5 6 In addition, adipose- derived stem cells can 
be directionally differentiated into chondrocytes and 
osteoblasts, playing a role in repairing and treating osteo-
arthritis.7 8 Platelet- rich plasma (PRP) contains a large 
number of growth factors, such as platelet- derived growth 
factor and vascular endothelial growth factor, which play 
an important role in cartilage repair.9 10 Previous studies 
have shown that PRP has good safety and efficacy in the 
treatment of KOA, but it shows only short- term clinical 
effects.11 12 Interestingly, in vitro studies have shown 
that PRP can promote the proliferation and differentia-
tion of mesenchymal stem cells (MSCs).13 Coculture of 
MSCs with PRP in vitro can promote the proliferation 
and chondrogenic differentiation of MSCs.14 In addi-
tion, in vivo animal experiments have confirmed that the 
combination of PRP and MSCs can promote the healing 
of rabbit radial bone defects more than MSCs alone.15 
Moreover, we believe that the injection of MSCs and PRP 
into the knee can theoretically promote chondrocyte 
regeneration, eliminate nonbacterial inflammation of 
the synovium, and alleviate symptoms through the aetio-
logical treatment of osteoarthritis.16 17

PRP has shown good safety and efficacy in treating 
KOA, but the therapeutic effect decreases with increasing 
patient age.18 19 In addition, studies have shown that 
MSCs can promote the repair of articular cartilage 
to treat KOA.20 Whether there is a synergistic effect of 
PRP combined with MSCs in the treatment of KOA has 
attracted the attention of researchers. However, the effi-
cacy and safety of MSCs+PRP in the treatment of KOA 
are still controversial, and there is a lack of higher- level 
clinical evidence. This study will use meta- analysis and 
quantitative evaluation to explore the efficacy and safety 
of MSCs+PRP in the treatment of KOA to provide an 
evidence- based foundation for clinical application and 
basic research.

MATERIALS AND METHODS
This meta- analysis was conducted in strict accordance 
with the Preferred Reporting Items for Systematic reviews 
and Meta- Analyses statement.21

Data source and retrieval strategy
Two researchers conducted a comprehensive search of 
four databases: PubMed, Cochrane Library, Embase and 
China National Knowledge Infrastructure (CNKI). The 
retrieval time limit was from the establishment of each 
database to 15 July 2021. A combination of subject words 
and free words was used to establish a retrieval model 
to search the above four databases. The search terms 

included “mesenchymal stem cell”, “stem cell”, “platelet- 
rich plasma”, “knee osteoarthritis” and “osteoarthritis”. 
The search strategy for each database can be found in 
online supplemental material 1.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) All the included 
patients had KOA, and clear diagnostic criteria for KOA 
were described in the study. (2) The experimental group 
was treated with MSCs combined with PRP, and the control 
group was treated with MSCs, PRP or hyaluronic acid 
(HA) alone. It should be noted that the source of MSCs 
could be bone marrow, adipose tissue or umbilical cord 
tissue. (3) The type of study was a clinical controlled trial. 
(4) The relevant outcome indicators of clinical efficacy or 
safety were reported in the literature. To better evaluate 
the changes after treatment in patients with KOA, the 
Visual Analogue Scale (VAS) and Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) 
scores were selected as primary outcomes, and the Knee 
Injury and Osteoarthritis Outcome Score (KOOS) and 
adverse reactions were selected as secondary outcomes. 
(5) There were no restrictions regarding the language of 
the published studies.

The exclusion criteria were as follows: (1) incomplete 
original data; (2) results of repeated studies in the same 
population and (3) interventions involving surgical 
treatment.

Data extraction and literature quality evaluation
Two researchers independently conducted literature 
screening and data extraction according to the inclusion 
and exclusion criteria. If there were different opinions, 
they were discussed and resolved with a third researcher. 
The researchers standardised the relevant data included 
in the literature. The extracted data included basic infor-
mation of the study (first author, year of publication, 
sample size, patient age, etc), outcome indicators and 
information related to the literature quality evaluation.

Study quality was evaluated using the risk- of- bias 
assessment tool version 2.0 (ROB 2.0) recommended by 
Cochrane.22 The evaluation tool evaluates the risk of bias 
in five areas. If the evaluation results in five areas indicate 
low risk, the overall risk of bias is low. If the assessment 
result of any one of these areas indicates high risk or the 
assessment result of multiple areas indicates possible risk, 
the overall risk is high. If neither of the above two condi-
tions is met, the clinical control trial is judged as having a 
possible risk of bias.

Data analysis
Review Manager V.5.3 software (Cochrane Collabora-
tion, UK) was used for data analysis in this meta- analysis. 
Continuous variables are represented by the weighted 
mean difference (WMD) and 95% CI, and classified vari-
ables are represented by the OR and 95% CI. The WMD 
and OR were calculated in our study referring to the 
method in the Cochrane system evaluation manual.23 A 
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p<0.05 was considered statistically significant. We used 
the Cochrane Q test to evaluate the heterogeneity among 
studies, which was judged according to the I2 value. 
I2<50% was considered to indicate low heterogeneity, and 
the data were analysed by a fixed- effect model; I2≥50% 
was considered to indicate high heterogeneity, and the 
data were corrected by a random- effect model and inter-
preted carefully. In addition, if more than 10 articles were 
included, we created a funnel chart to evaluate publica-
tion bias; if the number of included studies was less than 
10, we did not analyse publication bias.

Patient and public involvement
Neither the patients nor the public substantially partici-
pated in any stage of this study.

RESULTS
Literature search results
A total of 513 studies were identified, including 135 in 
PubMed, 148 in Embase, 46 in the Cochrane Library 
and 184 in CNKI. After removing duplicate studies and 
reading the full text, six studies24–29 were finally included, 
including two from Portugal,24 26 three from China27–29 
and one from Spain.26 The document retrieval process 
and reasons for elimination are shown in figure 1. The 
six studies included in this study were clinical controlled 
trials, and the level of clinical evidence was 1–2. One study 
was a four- arm trial,29 and the control groups were treated 
with MSCs, PRP or HA alone, without a blank group or 

placebo among the control groups. A total of 493 cases 
were included, including 204 cases in the experimental 
group and 289 cases in the control group. Five studies were 
conducted with MSCs derived from bone marrow,24–28 
and one study was conducted with stem cells derived from 
umbilical cord tissue.29 All the included studies24–29 used 
MSCs combined with PRP in the experimental groups. 
The average age of the patients included in each study 
was higher than 54 years. One included study27 did not 
report the OA stage of the included patients. The other 
five studies24–26 28 29 reported the OA stage of the included 
patients (using the Kellgren- Lawrence (K- L) staging 
method), and the stage ranged from 1 to 4. The follow- up 
time was 6–12 months. The basic characteristics of the 
studies included in this analysis are shown in table 1.

Study quality evaluation
In this study, the Cochrane ROB 2.0 for randomised 
controlled trials was used to evaluate the quality of the 
six included studies. Overall, five studies were evaluated 
as having low risk.24–27 29 In terms of the blinding method, 
five studies all described the random allocation method 
used in the study,24–27 29 and only one study28 did not 
specify the specific method of randomization. In terms 
of data integrity, six studies24–29 were reported according 
to the research scheme, and the follow- up protocol and 
excluded cases were accurately explained. In terms of 
selective reporting, one article was not clear about the 
risk due to the lack of necessary information for selective 

Figure 1 Flow chart of the included studies.
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reporting evaluation.28 The above literature quality evalu-
ation results show that the methodological quality of the 
literature included in this study is generally high, which 
is of high value for excluding clinical heterogeneity. The 
risk- of- bias results of each study are shown in figure 2.

Meta-analysis results
VAS score
VAS score three months after treatment
Three studies25 28 29 reported a comparison of VAS scores 
3 months after treatment. There was no heterogeneity 
among the studies (p=0.67, I2=0%); thus, a fixed- effect 
model was used. The results of the meta- analysis showed 
that there was no significant difference in the VAS scores 
of patients with KOA 3 months after treatment with 
MSCs+PRP compared with the VAS scores of patients in 
the control group (WMD −0.30, 95% CI −0.64 to 0.04). 
Similarly, compared with HA alone (WMD −0.57, 95% CI 
- 1.34 to 0.20, p=0.15) or PRP alone (WMD −0.34, 95% CI 
- 0.72 to 0.03, p=0.07), MSCs+PRP did not have an advan-
tage in reducing the degree of pain (online supplemental 
figure 1).

VAS score 6 months after treatment
Three studies25 28 29 reported a comparison of VAS scores 
6 months after treatment. The results of the meta- analysis 
showed that compared with the control, MSCs+PRP could 
reduce the VAS score of patients with KOA after 6 months 
(WMD −0.40, 95% CI −0.72 to 0.07), and the difference 
was statistically significant (p=0.02). Compared with HA 
alone (WMD −0.99, 95% CI −1.75 to −0.23, p=0.01) or 
PRP alone (WMD −0.38, 95% CI −0.73 to −0.03, p=0.03), 
MSCs+PRP showed more advantages in reducing the VAS 
score of patients with KOA (online supplemental figure 
2).

VAS score 12 months after treatment
The results of the meta- analysis showed that compared 
with the control (WMD −0.55, 95% CI −0.87 to −0.22, 
p=0.0009), HA alone (WMD −1.20, 95% CI −2.28 to −0.13, 
p=0.03) and PRP alone (WMD −0.54, 95% CI −0.89 to 
−0.18, p=0.003), MSCs+PRP could significantly reduce Ta
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the VAS score of patients with KOA 12 months after treat-
ment (figure 3 and online supplemental figure 3).

WOMAC score
WOMAC score 3 months after treatment
Meta- analysis showed that compared with the control 
(WMD −5.20, 95% CI −8.55 to −1.86, p=0.002) and HA 
alone (WMD −6.65, 95% CI −8.06 to −5.05, p<0.00001), 
MSCs+PRP could significantly reduce the total WOMAC 
score 3 months after treatment (online supplemental 
figure 4).

WOMAC score 6 months after treatment
The results of this study showed that MSCs+PRP could 
reduce the total WOMAC score 6 months after treatment 
compared with the control (WMD −7.65, 95% CI - 12.38 
to −2.92, p=0.002) or HA alone (WMD −9.11, 95% CI - 
13.43 to −4.80, p<0.0001) (online supplemental figure 5).

WOMAC score 12 months after treatment
The results of the meta- analysis showed that there was no 
significant difference between MSCs+PRP and the control 
in terms of the reduction of the total WOMAC score 12 
months after treatment (WMD −4.63, 95% CI - 15.22 to 
5.95, p=0.39) (figure 4).

KOOS 12 months after treatment
The heterogeneity among the studies was low (p=0.42, 
I2=0%); thus, a fixed- effect model was adopted. Meta- 
analysis showed that there was no significant difference 
between MSCs+PRP and the control in terms of improve-
ment of the KOOS 12 months after treatment (WMD 
10.08, 95% CI −4.13 to 24.30, p=0.16) (online supple-
mental figure 6).

Adverse reactions
Only two studies26 29 reported the incidence of adverse 
reactions. The specific manifestations of adverse reac-
tions were aggravation of knee joint pain, low back pain, 
low fever and swelling, and the above adverse reactions 

were relatively mild. There was no heterogeneity among 
the studies (p=0.38, I2=0%); thus, a fixed- effect model was 
used. Meta- analysis showed that there was no significant 
difference in the incidence of adverse reactions between 
MSCs+PRP and the control (OR 0.59, 95% CI 0.25 to 1.36, 
p=0.22) (online supplemental figure 7).

DISCUSSION
Early KOA is generally treated with drugs, but drug treat-
ment has limitations, including failure to repair damaged 
cartilage and serious gastrointestinal and renal adverse 
reactions.30 31 Therefore, it is of great significance to 
explore safer and more effective treatments or combina-
tion therapies for KOA. The results of this meta- analysis 
showed that compared with the control, HA and PRP 
alone, MSCs+PRP had more advantages in reducing the 
VAS score of patients with KOA at 6 and 12 months after 
treatment; MSCs+PRP also showed better clinical efficacy 
than the control and HA in improving the total WOMAC 
score of patients with KOA 3 months and 6 months after 
treatment. There was no significant difference in the inci-
dence of adverse reactions between patients treated with 
MSCs alone and MSCs+PRP. It is worth noting that some 
statistically significant results were found in this meta- 
analysis, but the statistically significant differences do not 
necessarily represent significant differences in clinical effi-
cacy; in additiony, the number of randomised controlled 
trials included in this systematic review was small, which 
may lead to false- positive statistical results. Therefore, we 
suggest that users should consider the KOA stage and the 
tolerance of patients to treatment with PRP or MSCs in 
combination with our research conclusions when consid-
ering the best treatment strategy.

According to this meta- analysis, we believe that 
MSCs+PRP has potential advantages in improving pain 
and joint activity in patients with KOA. Although many 
studies have indicated that MSCs can repair joint surface 

Figure 4 Forest plot of WOMAC score 12 months after treatment: MSCs+PRP versus control group (PRP and HA in control 
group). HA, hyaluronic acid; MSCs, mesenchymal stem cells; PRP, platelet- rich plasma; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index.

Figure 3 Forest plot of VAS score 12 months after treatment: MSCs+PRP versus control group (PRP and HA in control group). 
HA, hyaluronic acid; MSCs, mesenchymal stem cells; PRP, platelet- rich plasma; VAS, Visual Analogue Scale.
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damage, the function of MSCs depends more on the 
local microenvironment of the joint.32 The inflamma-
tory and apoptotic environment formed by the loss of 
intra- articular dynamic balance will affect the prolifera-
tion and differentiation of MSCs.33 The addition of PRP 
can improve the intra- articular microenvironment and 
promote the proliferation and differentiation of MSCs, 
which is also consistent with the conclusion that PRP can 
promote the proliferation and differentiation of MSCs 
confirmed by in vitro experiments.14 Combined with the 
conclusions of this study and previous basic studies,14 32 33 
we believe that MSCs combined with PRP can improve the 
intra- articular microenvironment and promote the prolif-
eration and differentiation of MSCs to repair damaged 
chondrocytes, inhibit the synovial inflammatory response, 
improve the intra- articular microenvironment and treat 
KOA. This may be the physiological mechanism through 
which MSCs+PRP improves VAS scores and total WOMAC 
scores in patients with KOA after treatment. In addition, 
due to the small number of included studies, we did not 
compare the efficacy of MSCs+PRP among different age, 
body mass index and sex subgroups. Previous studies34 35 
of PRP for KOA have shown a shorter time of pain reap-
pearance among patients with K- L stage 3 KOA than 
among patients with K- L stage I KOA and considered that 
age was negatively correlated with efficacy. Due to differ-
ences in age, sex and K- L stage, among other factors, 
different treatment schemes may show differences in 
efficacy in KOA patients. The study population should 
also be limited in future studies to clarify the therapeutic 
effect of MSCs+PRP.

The limitations of this study are as follows: (1) Although 
the quality of the included studies was generally high, the 
total number of studies and sample size were small; thus, 
the results still need to be confirmed by more studies in 
the future. (2) The follow- up time reported in the studies 
included in this meta- analysis was short, no more than 
12 months, which is not conducive to deducing the long- 
term efficacy of MSCs combined with PRP for the treat-
ment of KOA. (3) The outcome indicators of this study 
lack an objective test index and imaging indicators, which 
is not conducive to the multidimensional evaluation of 
the efficacy of MSCs combined with PRP for the treat-
ment of KOA.

CONCLUSIONS
MSCs+PRP has a good clinical effect in improving pain 
and joint function in patients with KOA. Compared with 
MSCs alone, there was no significant difference in the inci-
dence of adverse reactions with the clinical application of 
MSCs+PRP. Future research should focus on changes in 
the efficacy of MSCs+PRP over short- term, medium- term 
and long- term follow- up, which would be very valuable 
for clinicians in selecting treatment prescriptions. Due to 
the limited number of studies included, the conclusions 
of the above meta- analysis still need to be confirmed by 
larger multicentre, clinical, randomised controlled trials 

with longer follow- up periods and evaluations of more 
objective physical, chemical and imaging indexes.
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Supplementary material
Supplementary material 1 Retrieval strategy.
PubMed
#1 ((((Mesenchymal Stromal Cell*[Title/Abstract]) OR (Mesenchymal Stem
Cell*[Title/Abstract])) OR (Mesenchymal Progenitor Cell*[Title/Abstract])) OR (Bone Marrow
Stromal Cell*[Title/Abstract])) OR (Stem cell*[Title/Abstract])
#2 ((((((Osteoarthritis[MeSH Terms]) OR (Osteoarthritides[Title/Abstract])) OR
(Osteoarthrosis[Title/Abstract])) OR (Osteoarthroses[Title/Abstract])) OR (knee
osteoarthritis[Title/Abstract])) OR (knee osteoarthrosis[Title/Abstract])) OR
(KOA[Title/Abstract])
#3 (((((((platelet-rich plasma[MeSH Terms]) OR (PRP[Title/Abstract])) OR (plasma rich in
growth factors[Title/Abstract])) OR (platelet derived growth factor[Title/Abstract])) OR (platelet
derived[Title/Abstract])) OR (platelet gel[Title/Abstract])) OR (platelet lysate[Title/Abstract]))
OR (platelet rich plasma[Title/Abstract])
#4 #1 AND #2 AND #3

EMBASE
#1 'mesenchymal stromal cell*':ab,ti OR 'mesenchymal stem cell*':ab,ti OR 'mesenchymal
progenitor cell*':ab,ti OR 'bone marrow stromal cell*':ab,ti
#2 osteoarthritis:ab,ti OR osteoarthritides:ab,ti OR osteoarthrosis:ab,ti OR osteoarthroses:ab,ti OR
'knee osteoarthritis':ab,ti OR 'knee osteoarthrosis':ab,ti OR koa:ab,ti
#3 'platelet-rich plasma':ab,ti OR prp:ab,ti OR 'plasma rich in growth factors':ab,ti OR 'platelet
derived growth factor':ab,ti OR 'platelet derived':ab,ti OR 'platelet gel':ab,ti OR 'platelet
lysate':ab,ti
#4 #1 AND #2 AND #3

Cochrane Library
#1 (knee osteoarthritis):ti,ab,kw OR (knee osteoarthritides):ti,ab,kw OR (osteoarthritis of
Knee):ti,ab,kw OR (Osteoarthritis):ti,ab,kw OR (KOA):ti,ab,kw
#2 (platelet-rich plasma):ti,ab,kw OR (plasma rich in growth factors):ti,ab,kw OR (PRP):ti,ab,kw
OR (platelet gel):ti,ab,kw OR (platelet lysate):ti,ab,kw
#3 (platelet-rich plasma):ti,ab,kw OR (plasma rich in growth factors):ti,ab,kw OR (PRP):ti,ab,kw
OR (platelet gel):ti,ab,kw OR (platelet lysate):ti,ab,kw
#4 #1 AND #2 AND #3

CNKI
(TKA = '干细胞') AND (TKA = '富血小板血浆' OR TKA = '血小板凝胶' OR TKA = '血小板')
AND (TKA = '膝骨关节炎' OR TKA = '关节炎' OR TKA = '膝关节炎')
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Supplementary Figure 1

Supplementary Figure 1 Forest plot of VAS score 3 months after treatment : (a)

MSCs+PRP vs control group (PRP and HA in control group); (b) MSCs+PRP vs HA;

(c) MSCs+PRP vs PRP.

Supplementary Figure 2

Supplementary Figure 2 Forest plot of VAS score 6 months after treatment : (a)

MSCs+PRP vs control group (PRP and HA in control group); (b) MSCs+PRP vs HA;

(c) MSCs+PRP vs PRP.
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Supplementary Figure 3

Supplementary Figure 3 Forest plot of VAS score 12 months after treatment : (b)

MSCs+PRP vs HA; (c) MSCs+PRP vs PRP.

Supplementary Figure 4

Supplementary Figure 4 Forest plot of WOMAC score 3 months after treatment : (a)

MSCs+PRP vs control group (PRP and HA in control group); (b) MSCs+PRP vs HA.
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Supplementary Figure 5

Supplementary Figure 5 Forest plot of WOMAC score 6 months after treatment : (a)

MSCs+PRP vs control group (PRP and HA in control group); (b) MSCs+PRP vs HA.

Supplementary Figure 6

Supplementary Figure 6 Forest plot of KOOS 12 months after treatment : MSCs+PRP

vsMSCs.

Supplementary Figure 7

Supplementary Figure 7 Forest plot of adverse reaction : MSCs+PRP vsMSCs.
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