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Abstract

Obijective: The clinical efficacy of platelet-rich plasma (PRP) in the treatment of osteoarthritis
remains controversial. In this paper, we evaluated the clinical efficacy of PRP in the treatment of
osteoarthritis using meta-analysis, providing evidence for the selection of clinical treatment options.
Methods: We performed a computer-based search of PubMed, Embase, and the Cochrane Library
databases to retrieve articles using the search terms “platelet-rich plasma”, “osteoarthrosis”, and
“knee joint”. Quality evaluation and data extraction were performed. The combined effect was
assessed using RevMan 5.3 software.

Results: Five randomized controlled trials, involving 320 patients, were included in this study. No
significant differences were observed in the International Knee Documentation Committee
score, visual analog scale (VAS) score, or the absolute value of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) score between the experimental and
control groups. The absolute value of the VAS score and change in the WOMAC score were
significantly decreased and patient satisfaction was increased in the experimental group, as com-
pared with the control group.

Conclusion: The findings of this meta-analysis suggest that intra-articular injection of PRP is an
effective treatment for osteoarthritis that can reduce post-operative pain, improve locomotor
function, and increase patient satisfaction.
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Introduction

Osteoarthritis of the knee is a progressive
disease involving the intra-articular, tibiofe-
moral, and patellofemoral cartilage and the
surrounding joints and structures.' It is one
of the most common causes of pain, loss of
movement function, and walking-related
disabilities in older adults (age > 65 years
old) in the United States.>* The quality of
life of patients with knee osteoarthritis can
be severely reduced without intervention.
Non-steroidal anti-inflammatory drugs,
chondroitin sulfate, glucosamine drugs,
hyaluronic acid, and glucocorticoids are
the most commonly used conservative
methods for treating the disease. However,
use of these methods can result in different
degrees of adverse reactions. Cartilage
tissue has poor healing ability; therefore,
only short-term analgesics and anti-
inflammatory effects can be achieved, and
the long-term clinical efficacy of these treat-
ments is poor.>®

Platelet-rich plasma (PRP) is an autolo-
gous blood product that contains a high
concentration of platelets, specifically, 3 to
5 times that of normal blood.” PRP con-
tains a high concentration of autogenous
growth factors, including vascular endothe-
lial growth factor, platelet-derived growth
factor, and transforming growth factor-,
which promote the proliferation of chon-
drocytes and the synthesis of the extracellu-
lar matrix.® PRP is increasingly being used
in the field of sports injury because of its
simple preparation method, low cost, and
high degree of safety.’”

The use of PRP injections for the treat-
ment of osteoarthritis has previously been
reported.l(Hz However, in most studies,
PRP treatment has been compared with hyal-
uronic acid (HA) treatment; only two studies
have compared PRP treatment with normal
saline treatment. The conclusions of most
studies have been that PRP is better than
normal saline but that there is no significant

difference compared with HA. Hence, there
is little evidence to support the clinical effica-
cy of PRP injections for the treatment of
osteoarthritis. In this paper, we analyzed
the clinical efficacy of PRP (using normal
saline as a control) in the treatment of oste-
oarthritis in terms of knee pain, knee joint
function, and patient satisfaction, based on
the latest published randomized controlled
trials (RCTs) providing reliable evidence for
the clinical treatment of osteoarthritis.

Methods

This meta-analysis was performed accord-
ing to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
statement. Owing to the nature of this
study, ethical approval and patient consent
were not needed.

Search methods for identification of
studies

The search strategy was formulated accord-
ing to the standards of the Cochrane
Collaboration. Subject terms and free
terms used were “platelet-rich plasma”,
“thrombocyte rich plasma”, “osteoarthritis”,
and “knee joint”. Boolean operators were
used to search for relevant articles in
PubMed, Embase, and the Cochrane
Library databases. In addition, references in
related papers were retrieved manually.
Article retrieval was performed in PubMed
applying the following string: Search
(((((((Plasma, Platelet-Rich[Title/Abstract])
OR Platelet Rich Plasma[Title/Abstract])
OR  thrombocyte rich  plasma[Title/
Abstract])) OR “Platelet-Rich Plasma”
[Mesh])) AND ((“Osteoarthritis”[Mesh])
OR ((((((((((((Osteoarthritides[ Title/ Abstract])
OR  Osteoarthrosis[Title/Abstract])  OR
Osteoarthroses|Title/ Abstract]) OR Arthritis,
Degenerative[Title/Abstract]) OR Arthritides,
Degenerative[Title/Abstract]) OR
Degenerative Arthritides[Title/Abstract]) OR
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Degenerative Arthritis[Title/Abstract]) OR
Arthrosis[Title/Abstract]) OR  Arthroses
[Title/Abstract]) OR Osteoarthrosis
Deformans[Title/Abstract]) OR  Arthritis
[Title/Abstract]) OR  Arthritides[Title/
Abstract]))) AND ((“Knee Joint”’[Mesh])
OR  (((((((((Joint,  Knee[Title/Abstract])
OR Joints, Knee[Title/Abstract]) OR Knee
Joints[Title/Abstract]) OR Superior
Tibiofibular  Joint[Title/Abstract])) = OR
Joint, Superior Tibiofibular[Title/Abstract])
OR Joints, Superior Tibiofibular[Title/
Abstract]) OR Superior Tibiofibular Joints
[Title/Abstract]) OR Tibiofibular Joint,
Superior[Title/Abstract]) OR Tibiofibular
Joints, Superior[Title/Abstract]))

Eligibility criteria
Inclusion criteria. Studies were considered for
inclusion if:

1. patients with osteoarthritis were included;

2. the study was an RCT and the follow-up
time was not less than 6 months;

3. the study included patients who received
PRP injection in the experimental group
and normal saline injection in the control
group;

4. the original article was complete and
included at least one of following indica-
tors: visual analog scale (VAS) score,
International Knee Documentation
Committee (IKDC) score, Western
Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score,
or patient satisfaction score;

5. the data were true and credible. Indicators
that could be transformed into binary or
continuous variables were used.

Exclusion criteria. Studies were excluded from
this meta-analysis if one or more of the fol-
lowing conditions was met:

1. the study was a retrospective case report
or non-controlled trial;

2. patients were included with meniscus
injury of the knee joint, peripheral frac-
ture, ligament injury, or other diseases;

3. the study was a case report or conference
papers with non-available full-text, or
the study included animal experiments
or basic research on corpses;

4. valid data could not be extracted from
the study for this meta-analysis.

A flowchart of the study selection for
this meta-analysis is shown in Figure 1.

Outcome measures

The following outcome measures were used
to evaluate curative effects:

1. Absolute value of and change in VAS
score: The lower the absolute value of
the VAS score, the better the curative
effect. The change in VAS score refers
to the change in VAS score at 6 months
post-surgery relative to the baseline
value. A lower change in VAS score indi-
cates better curative effect.'

2. Absolute value of and change in IKDC
score: The IKDC score can be used to
evaluate various diseases of the knee
joint. It can be used to comprehensively
evaluate subjective symptoms and objec-
tive signs of the knee joint, with a higher
absolute value indicating better curative
efficacy.'

3. Absolute value of and change in
WOMAC score: The WOMAC score
uses 24 parameters to evaluate osteoar-
thritis of the hip and knee, with a lower
absolute value indicating better thera-
peutic effects. The change in WOMAC
score refers to the WOMAC score at 6
months post-surgery relative to the base-
line value. A lower change in WOMAC
scores indicates better curative effect.'’

4. Patient satisfaction: The number of
patients who were satisfied with the sur-
gery at 6 months post-surgery.16
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Figure |. Flowchart of study selection in this meta-analysis.

Assessment of methodological quality

Two investigators independently used the
Jadad scale to evaluate the quality of the
included studies, with scores lower than 4
indicating low quality.'” When the two inves-
tigators did not agree with each other, a third
investigator (G.W.L.) resolved the disagree-
ment in discussion with the two investigators.

Data collection

Two investigators independently extracted
data from all eligible studies according to a
standard form of data extraction. Any dis-
agreements were resolved as described above.

If the data reported in the article were
incomplete, the corresponding author was

contacted by e-mail to obtain the original
data; however, in these cases, no responses
were received. In some cases, if the standard
deviation (SD) was not reported and no
response was received from the authors,
the article published by Hou et al.'"® was
referred to. The range or median was esti-
mated, or the method described in the
Cochrane Handbook for Systematic
Reviews of Interventions was used to con-
vert the data, and the SD was estimated
based on the confidence interval (CI).

Statistical analysis

Heterogeneity among the included studies
was tested and analyzed wusing the
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chi-squared test. When 7F*>50%, the
random-effects model was used; otherwise,
the fixed-effects model was used. The rela-
tive risk (RR) was calculated for binary var-
iables and the standard median deviation
for continuous variables.'” The 95% CI
estimates and hypothesis test results for
each variable are shown in a forest plot.
Outcome indicators with significant hetero-
geneity were successively excluded from the
literature, and sensitivity analysis was per-
formed to assess the source of heterogeneity.
Statistical analyses were performed using
RevMan version 5.3 (The Nordic Cochrane
Centre, Copenhagen, Denmark).

Results

Search results and characteristics of
selected studies

Of the 225 potential published studies, five
met our inclusion criteria®®?* (Figure 1),
of which five were RCTs. A total of 320
patients were included in this meta-
analysis. There were 165 cases in the exper-
imental group and 155 cases in the control
group. The quality of each RCT was
scored according to the Jadad scale. The
basic characteristics and score results
of the included studies are shown in
Table 1. The Jadad scale scores ranged
from 5 to 7, and all included studies were
of high quality.

Absolute value and change value of VAS
scores

Two previous studies’** reported VAS
scores for 153 patients. When I°=27%,
the fixed-effects model was used to compare
the absolute value of VAS scores. The abso-
lute value of the VAS score in the experi-
mental group was significantly lower than
that of the control group (standardized
mean difference [SMD]=—1.35, 95% CI:
—1.71 to —1.09, P<0.00001) (Figure 2).
When 2 =90%, the random-effects model
was used to compare the change value of
VAS scores. There was no significant differ-
ence in the change value of VAS scores
between the experimental and control
groups (SMD=-1.11, 95% CI: —2.24 to
—0.03) (Figure 3). Sensitivity analysis
could not be performed because only two
studies were included.

Absolute value and change value of IKDC

scores

Two studies’’* reported IKDC scores

among 137 patients. When I°=96%, the
random-effects model was used to compare
the absolute value of IKDC scores. There
was no significant difference in the absolute
value of IKDC scores between the experi-
mental and control groups (SMD =2.02,
95% CI: —0.15 to 4.18) (Figure 4). When
F=97%, the random-effects model was
used to compare the change value of

Table I. Main characteristics of all eligible studies included in this meta-analysis.

Number Mean age Follow-up (months)
Author, year Study type  Surg NS  Surg NS Surg NS Jadad
Patel et al., 2013 [20] RCT 50 46  51.64 5365 6 6 5
Gormel et al,, 2015 [21] RCT 39 40 537 52. 6 6 5
Smith et al., 2016 [22] RCT I5 15 53.53 46.6 12 12 6
Lin et al., 2019 [23] RCT 31 27 6117 6223 12 12 7
Elik et al., 2019 [24] RCT 30 27 613 60.19 6 6 7

RCT: randomized controlled trial; Surg: surgical intervention; NS: non-surgical intervention.
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Figure 2. Forest plot showing absolute values of visual analog scale scores.
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Figure 3. Forest plot showing change values of visual analog scale scores.
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Figure 5. Forest plot showing change values of the International Knee Documentation Committee scores.

IKDC scores. There was no significant dif-
ference in change values of IKDC scores
between the experimental and control
groups (SMD=2.16, 95% CI: —0.54 to
4.85) (Figure 5). Sensitivity analysis could
not be performed because only two studies
were included.

Absolute value and change value of
WOMAC score

Three studies”® ** reported WOMAC
scores in 278 patients. When I =97%, the

random-effects model was used to compare
the absolute value of the WOMAC score.
There was no significant difference in the
absolute value of WOMAC scores between
the experimental and control groups
(SMD =-2.36, 95% CI: —=5.21 to 0.50)
(Figure 6). When I?=97%, the random-
effects model was used to compare the
change value of WOMAC scores. The
WOMAC score of the experimental group
was significantly lower than that of the con-
trol group (SMD = -2.47, 95% CI. —4.84
to —0.11, P=0.04) (Figure 7). Sensitivity
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Figure 8. Forest plot showing patient satisfaction.

analysis did not reveal the source of
heterogeneity.

Patient satisfaction

Two studies’™?! reported patient satisfac-

tion among 175 patients. When I*=0%,
the fixed-effects model was used to compare
patient satisfaction. Patient satisfaction in
the experimental group was significantly
higher than that in the control group
(RR=5.19, 95% CI. 3.11 to 8.65,
P <0.00001) (Figure 8).

Discussion

The findings of this meta-analysis indicated
that PRP shows obvious clinical advantages
in the treatment of osteoarthritis. Although

there was no significant difference in IKDC
scores between the experimental and con-
trol groups, the VAS and WOMAC scores
were significantly decreased and patient sat-
isfaction was increased in the experimental
group compared with the control group.
VAS score is used to evaluate pain. The
results of this meta-analysis showed that the
change in VAS score in the experimental
group was significantly lower than that in
the control group; that is, pain intensity in
the experimental group was lower than that
in the control group. However, there was
no significant difference in the change in
VAS score. This could be because of the
small sample size and differences between
the experimental and control groups in
baseline data. Strong evidence® ?® exists
that PRP can relieve pain; intra-articular
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injection of PRP can reduce the expression
of pain mediators, such as prostaglandin
E2, substance P, dopamine, and 5-hydroxy-
tryptamine. Moreover, PRP contains large
amounts of platelet-derived growth factor,
insulin-like growth factor, transforming
growth factor-f, and vascular endothelial
growth factor, which can promote the syn-
thesis of cartilage matrix, stimulate the pro-
liferation of chondrocytes, inhibit the local
inflammatory response, and regulate the
microenvironment. In addition, inflamma-
tory regulatory factors in PRP can inhibit
the nuclear factor kappa B pathway, there-
by inhibiting the leukotriene-mediated deg-
radation of the cartilage matrix and the
expression of inflammatory factors. These
factors can also promote the proliferation
of stem cells and the secretion of proteogly-
can and collagen, acting synergistically with
multiple growth factors to repair articular
cartilage injury and relieve pain. Therefore,
PRP treatment can effectively relieve pain
and achieve good clinical outcomes in com-
bination with other treatments.

The WOMAC score is used to evaluate
the severity of osteoarthritis, according to
patient symptoms and physical signs. This
scale consists of pain, stiffness, and function
sub-scales. The results of this meta-analysis
revealed that there were no significant differ-
ences in the absolute value of the WOMAC
score, but the change in WOMAC scores in
the experimental group was significantly
smaller than that of the control group, that
is, the clinical effect in the experimental
group was superior to that in the control
group. The high heterogeneity seen in the
study by Lin et al.** can be attributed to
the use of leukocyte-poor PRP. In that
study, although the absolute value of the
WOMAC score in the experimental group
was not significantly lower than that in the
control group, the change in WOMAC score
was significantly different between the exper-
imental and control groups. Therefore, PRP
is suggested to improve joint function. PRP

can improve stiffness and joint function
because it contains a large amount of
growth factors, which greatly promote
tissue injury repair.’ Moreover, Kriiger
et al.* found that PRP can induce the migra-
tion and differentiation of subchondral mes-
enchymal progenitor cells to form cartilage.
Cartilage damage occurs during the develop-
ment of knee osteoarthritis, as seen by
arthroscopic examination of over 60%
patients with osteoarthritis of the knee
joint.*! The chondrocytes of the joint have
a poor ability to divide and self-heal after
injury,*> and PRP can promote the repair
of cartilage injury. In addition to lubricating
the joints, PRP can prevent aseptic inflamma-
tion, which can reduce symptoms and
improve joint function.

The results of this meta-analysis showed
that there was no significant difference in
IKDC scores between the experimental
and control groups, in contrast to the dif-
ference in WOMAC scores. This may be
owing to different emphases for each scor-
ing standard, subjective assessment by
patients, and the small sample size. The
IKDC score can be used to evaluate various
diseases of the knee joint. It is highly reli-
able and sensitive for the assessment of
anterior cruciate ligament injury, but it
has poor reliability in the assessment of
the basic living condition of patients.

Patient satisfaction in the experimental
group was higher than that in the control
group. This possibly occurred because PRP
can reduce pain and improve joint function,
thereby increasing patient satisfaction.

Strengths and limitations

In this meta-analysis, we comprehensively
evaluated several indicators related to the
treatment of osteoarthritis. The change
value, which removes the impact of differ-
ent baseline conditions and makes the
results more objective, was considered
when scoring indicators. In addition, only
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RCTs were included, which led to high-
quality results. However, this meta-analysis
has the following limitations. (1) Regression
analysis or other methods were not used to
identify the source of heterogeneity, and
publication bias was not evaluated because
fewer than 10 studies were included. (2)
There were no uniform standards for PRP
preparation and application, which may
have led to heterogeneity among studies.

Conclusion

The findings of this meta-analysis suggest
that PRP exhibits obvious advantages in
the treatment of osteoarthritis. PRP injec-
tion can reduce post-operative pain,
improve knee function, and lead to high
patient satisfaction. Greater efforts should
be made to optimize and investigate the
analgesic effect of PRP in terms of age,
body mass index, and other indicators
based on a larger number of studies.
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