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Abstract

Objective: The purpose of this study was (1) to perform a summary of meta-analyses comparing platelet-rich
plasma (PRP) injection with hyaluronic acid (HA) and placebo injection for KOA patients, (2) to determine which
meta-analysis provides the best available evidence to making proposals for the use of PRP in the treatment of KOA
patients, and (3) to highlight gaps in the literature that require future investigation.

Material and methods: PubMed, EMBASE, and Cochrane databases search were performed for meta-analyses
which compared PRP injection with HA or placebo. Clinical outcomes and adverse events were extracted from
these meta-analyses. Meta-analysis quality was assessed using the Quality of Reporting of Meta-analyses (QUOROM)
systems and the Oxman-Guyatt quality appraisal tool. The Jadad decision algorithm was also used to determine
which meta-analysis provided the best available evidence.

Results: Four meta-analyses were included in our study, and all of these articles were Level I evidence. The
QUOROM score of each included meta-analysis range from 14 to 17 points (mean score 15, maximum score 18),
and the Oxman-Guyatt score range from 4 to 6 points (mean score 5, maximum score 7). Three meta-analyses
indicated PRP showed more benefit in pain relief and functional improvement than the control group, and the
other one suggested no difference between these groups. All included meta-analyses found no statistical difference
in adverse events between these groups. In addition, a meta-analysis conducted by Shen et al. got the highest
methodological quality score and suggested that PRP provided better pain relief and function improvement in the
treatment of KOA.

Conclusions: For short-term follow-up (≤1 year), intra-articular PRP injection is more effective in terms of pain relief
and function improvement in the treatment of KOA patients than HA and placebo, and there is no difference in the
risk of an adverse event between PRP and HA or placebo.

Level of evidence: Level I evidence, a summary of meta-analyses

Trial registration: PROSPERO ID CRD42018116168
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Introduction

Knee osteoarthritis (KOA) is one of the most common de-

generative joint diseases with continuous pain and loss of

function [1] and characterized by progressive loss of ar-

ticular cartilage, inflammation of synovial membrane, and

changes in the bones under the cartilage [2–5]. It was re-

ported that among older adults, the risk of lower limb dis-

ability caused by KOA is at least 40% [6], and KOA is

considered as one of top ten causes of disability [7]. To

date, however, there are no treatment methods that can

reverse or alter the progression of KOA. Although total

knee arthroplasty (TKA) is regarded as the last choice if

osteoarthritis progresses to end-stage [8], there is a signifi-

cant risk of complications including revision, infection,

and unsatisfied function [8–10]. Therefore, in terms of the

younger and middle-aged patients of KOA, non-surgical

interventions attract more and more attention, including

physical therapy, oral nonsteroidal anti-inflammatory

drugs (NSAIDs), hyaluronic acid (HA), ozone, and corti-

costeroids injection [8, 11].

In the last 10 years, growth factors aroused people’s

interest for its properties of repair tissue lesion and

maintain normal tissue structure, especially platelet-rich

plasma (PRP) injection [12–15]. PRP contains a high

concentration of platelets, which are obtained by centri-

fugation of autologous blood [16]. Various growth fac-

tors and cytokines are released after the degranulation of

platelets and to accelerate cartilage matrix synthesis, re-

strain synovial membrane inflammation, and promote

cartilage healing [17, 18]. Owing to the properties of re-

generative effect and anti-inflammatory potential, PRP is

widely used in musculoskeletal diseases, such as rotator

cuff tear, lateral epicondylitis, patellar tendinopathy,

osteoarthritis [19–26].

Lots of articles [27–36] compared the clinical out-

comes of intra-articular PRP injection with other conser-

vative treatment methods (including oral NSAIDs, HA,

and corticosteroids injection), and there are different re-

sults among these comparisons. The American Academy

of Orthopaedic Surgeons Clinical Guidelines suggested

that HA injection is not recommended for the treatment

of KOA, while PRP injection is “not recommend for or

against” [8]. The OA Research Society International

(OARSI) Guidelines [37] provide an “uncertain” recom-

mendation for HA injection in the treatment of KOA,

while do not mention the PRP injection. Meanwhile,

Campbell [34] conducted a systematic review of overlap-

ping meta-analyses, suggested that PRP injection may in-

crease the local adverse reactions than HA. However,

several meta-analyses [30–33, 35] published in the last 3

years indicated PRP injection does not have more ad-

verse events than HA injection.

Therefore, the purpose of this study was (1) to perform a

summary of meta-analyses comparing PRP injection with

HA injection for KOA patients, (2) to determine which

meta-analysis provides the best available evidence to mak-

ing proposals for the use of PRP in the treatment of KOA

patients, and (3) to highlight gaps in the literature that re-

quire future investigation. We hypothesized that PRP injec-

tion is more effective in the treatment of KOA patients and

with a similar risk of adverse events than HA and placebo.

Methods

Literature search

The PubMed, EMBASE, and Cochrane database was

searched to perform a summary of meta-analysis according

to the Preferred Reporting Items for Systematic Reviews

and Meta-Analysis (PRISMA) statement [38]. It has been

registered in PROSPERO. The lasted literature search was

conducted on November 12, 2018. The following search

terms were used: [platelet-rich plasma OR PRP] AND [knee

arthritis OR arthritis OR knee osteoarthritis OR osteoarth-

ritis] AND [meta-analysis OR systematic review]. At the

same time, the citations of the included meta-analyses were

evaluated to see if there were any suitable literatures for in-

clusion. When necessary, the corresponding author of the

study was contacted for further information.

Inclusion criteria

The inclusion criteria are as follows:

1. Compared the outcomes of intra-articular platelet-

rich plasma (IA-PRP) injection with intra-articular

hyaluronic acid (IA-HA) or placebo injection

2. The meta-analysis of randomized controlled trials

3. Clinical research

4. Written in English

5. Published after the year 2000

Exclusion criteria

The exclusion criteria are as follows:

1. Did not compare the outcomes of intra-articular

platelet-rich plasma (IA-PRP) injection with intra-

articular hyaluronic acid (IA-HA) or placebo

injection

2. Meta-analysis included non-randomized controlled

trials

3. Cadaveric, animal, or biomechanical research

4. Not written in English

5. Published before the year 2000

6. Network meta-analysis or overlapping meta-analysis

Quality appraisal

Each included study was evaluated with the Quality of

Reporting of Meta-analyses (QUOROM) system [39]. It is

divided into 6 headings, and 18 items totally, including

searching, validity assessment, data abstraction, trial flow,
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study characteristics, and so on. The Oxman-Guyatt qual-

ity appraisal tool [40] was also used to assess the quality of

meta-analysis. Two trained reviewers assessed the in-

cluded meta-analysis respectively. And the final decision

was made by a third author after which reviewed the art-

icle if they have different opinions. Moreover, the bias was

noted while it was reported by individual trials in the lit-

erature. In addition, three authors used the Jadad decision

algorithm [41] to guide interpretation of discordant re-

views respectively, and the results determined which of

the included systematic reviews provided the highest qual-

ity current evidence to make recommendations for knee

osteoarthritis.

Data extraction and statistical analysis

Data were extracted by two trained authors from the in-

cluded articles. It included the following data: author,

the year of publication, level of evidence included in the

studies, the searched databases, eligibility criteria, no. of

included articles, no. of patients, basic patient informa-

tion, time of follow-up, adverse events, patient satisfac-

tion. And the following standardized outcome scores

were collected: visual analog scale (VAS) pain score,

Western Ontario and McMaster Universities Osteoarth-

ritis Index pain (WOMAC) score, International Knee

Documentation Committee (IKDC) score, and Lequesne

index.

In addition, we also recorded the following character-

istics of each included systematic review: the rationale

for repeating the systematic review, the number of previ-

ous systematic reviews actually cited compared with

maximum number that could possibly have been cited

in each study, the search methodology of each included

study, the demographic data and characteristics of the

review, the heterogeneity and subgroup analyses of pri-

mary studies in the systematic review, and the conclu-

sions of the review regarding whether IA-HA was more

clinically effective in terms of pain relief, functional

scores, and side effects.

Results

Literature search results

There were 200 articles that remained after removal of

duplicates, only 4 studies [30–33] met our inclusion

and exclusion criteria and were included in the sum-

mary of meta-analysis (Fig. 1). All included articles

were recently published (between 2016 and 2017). Each

study only included randomized controlled trials and

was Level I evidence article. All included studies had no

conflict of interest. Among these meta-analyses, three

articles [30, 31, 33] compared the outcomes of PRP in-

jection with HA, corticosteroids, ozone, or placebo at 6

and 12 months follow-up; two studies [31, 33] also

compared the outcomes at 3 months follow-up; one

paper [32] compared at less than or equal to 12 months

follow-up; and all of these meta-analyses were short-

term follow-up.

Authors’ assessment of prior systematic review literature

None of these included articles cited all of the prior system-

atic reviews or meta-analyses that were possible to be ob-

tained at the time of publication, and two articles [32, 33]

cited more than half of prior systematic reviews or meta-

analyses (Table 1). Meanwhile, only Shen et al. [33] was

registered in PROSPERO (CRD42016045410), other articles

did not enroll in the Cochrane or PROSPERO website.

All included meta-analysis had demonstrated the ra-

tionale for repeated meta-analysis. The main reasons are

as follows: the reliability of pre-existing systematic re-

views was more or less affected by inclusion of non-

RCTs or a small number of RCTs, more RCTs were

published recently, sources of heterogeneity were also

not assessed, and small sample sizes were not powered

adequately to detect the effect of PRP for patients with

KOA (Table 1).

Outcome measures

Heterogeneity existed in these 4 articles about the stan-

dardized and non-standardized patient outcome mea-

sures they reported (Table 2). In addition, heterogeneity

also existed as follows: leukocyte-rich PRP (LR-PRP) or

leukocyte-poor PRP (LP-PRP), single or double spinning,

activation or not, PRP injection dose, times, and

intervals.

All included studies [30–33] used WOMAC total

score to compare the outcomes between PRP injection

and HA or placebo; WOMAC pain score, WOMAC

function score, and adverse events were evaluated in

three articles [30, 32, 33]; IKDC score and Lequesne

score were also appraised in three articles; and two

studies [31, 32] analyzed the VAS pain score. Only

one paper [30] performed subgroup analyses which

were based on times of PRP injection, PRP spinning

techniques, mean platelet concentration, PRP cat-

egory, activation or not, and risk of bias. Otherwise,

none of the included articles assessed patient satisfac-

tion (Table 2).

Search methodology

Although all studies that met our inclusion criteria

searched more than 3 databases for data extraction,

there was heterogeneity in the specific databases that

were used (Table 3). These included databases are as fol-

lows: PubMed, MEDLINE, EMBASE, Cochrane, Scopus,

Ovid, and other databases.

Every included meta-analysis was only selected ran-

domized controlled trial and was a Level I evidence art-

icle. Table 4 shows the primary studies which were
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included in these meta-analyses. The number of primary

articles included in these meta-analyses ranges from 9 to

14, and the total number of primary articles was 16. And

all primary articles were published in the last 8 years

(from 2011 to 2016).

Study results

The number of patients in these included meta-analyses

varied from 1069 to 1423(Table 5), and a total of 1677

patients were included in this summary of meta-analysis.

All included meta-analysis did not provide the mean

age; we extracted the mean age from prior RCTs which

were cited by these meta-analyses, and it ranges from

46.6 to 66.5 years. BMI was indicated in three studies

[30, 32, 33], and all of the mean BMI was 24 at least.

None of the included studies calculated the mean OA

grade (including Kellgren-Lawrence grade and Ahlback

grade) and the duration time.

PRP injection versus HA injection

Four articles [30–33] used WOMAC total score to com-

pare the outcomes between PRP and HA, and three articles

[31–33] indicated PRP injection was more efficacious than

HA injection. However, Dai et al. [30] found only at 12

months follow-up, PRP injection was superior to HA injec-

tion, and there was no statistical difference between two

intra-articular injection techniques at 6months follow-up;

Xu et al. [31] demonstrated PRP injection showed no su-

periority than HA when high-quality double-blind RCTs

were included merely.

Three studies evaluated the WOMAC pain and

function score after PRP and HA injection, Shen

et al. [33] showed PRP injection was more effective to

reduce pain and improve self-report function than

HA injection in KOA patients. In contrast, Kanchana-

tawan et al. [32] stated that there was no statistical

difference between two injection techniques, and Dai

et al. [30] indicated PRP was similar to HA at 6

Fig. 1 The PRISMA flow diagram
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months follow-up but was superior than HA at 12

months.

In terms of VAS, IKDC, and Lequesne score, Kanchanata-

wan et al. [32] indicated that there was a statistical difference

between PRP and HA in VAS and IKDC score, with no dif-

ference in Lequesne score; and Xu et al. [31] found no differ-

ence in VAS, IKDC, and Lequesne score. Otherwise, Dai

et al. [30] demonstrated a statistical difference in IKDC and

Lequesne score at 6months follow-up but showed PRP was

superior at 12months follow-up.

Three meta-analyses [30, 32, 33] assessed the adverse

events after intra-articular PRP and HA injection. None

of them showed that PRP injection has a higher risk of

adverse events than HA injection, and all of them sup-

ported that there was no statistical difference in adverse

events between two groups.

PRP injection versus placebo

All included meta-analyses [30–33] indicated that there

was a significant difference between PRP injection and

Table 2 Outcomes reported by each included study

Kanchanatawan et al. Shen et al. Xu et al. Dai et al.

Clinical scores

VAS pain score + – + –

IKDC score + – + +

WOMAC total score + + + +

WOMAC pain score + + – +

WOMAC function score + + – +

Lequesne score + – + +

Patient satisfaction – – – –

Adverse events + + – +

Table 1 Number of systematic reviews or meta-analyses actually cited compared with maximum number that could possibly have
been cited, and the rationale for repeating the systematic review or meta-analyses

Date of
publication

Date of last
literature
search

Possible
to cite*

Cited# Cochrane or
PROSPERO
register

Rationale for repeating meta-analysis as extracted from article

Kanchanatawan
et al.

19 Sep.
2015

13 Aug.
2015

10 7 – All of the meta-analyses did not strictly pool outcomes from studies
of high methodological quality (RCTs) as there were very few RCTs
available for review at the time. Sources of heterogeneity were also
not assessed. Additional RCTs have since been published. Therefore,
we conducted a systematic review and meta-analysis comparing
clinical outcomes when treating KOA by PRP injection as compared
to HA or placebo.

Dai et al. 22 Sep.
2016

30 Apr. 2016 12 4 – To date, PRP-preparation techniques, platelet count, number of injec-
tions, the use of anticoagulants, activating agents, and severity of
OA have varied considerably among studies. Studies reporting the
effect of PRP injection in patients with knee OA convey conflicting
results. In addition, because of small sample sizes, these studies were
not powered adequately to detect the effect of PRP for patients with
knee OA.

Xu et al. 11 Nov.
2017

13 May 2016 13 4 – Previous systematic reviews conducted on the viability of PRP and
HA came to the unanimous conclusion that PRP was more effective
than HA, but the reliability of this conclusion was more or less
affected by inappropriate study selection strategies, incorrect
statistical methods, and/or a limitation in the number of included
trials. Recently, several new high-quality RCTs had turned out results
that are in contrast with those of the previous RCTs and reviews.

Shen et al. 16 Dec.
2017

15 Nov.
2016

15 11 + Considering that prior reviews either included non-RCTs or only syn-
thesized a small number of RCTs (less than 9) for analysis and that
quite a few more RCTs recently have been published, we believe
that it is necessary to perform an updated systematic review and
meta-analysis, if appropriate, to evaluate whether the evidence-
based support for PRP treatment will be strengthened or
compromised.

*No. of systematic reviews or meta-analyses possible to cite
#No. of systematic reviews or meta-analyses cited
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placebo group in clinical outcomes (including WOMAC

total, pain, function score, IKDC score, and Lequesne

score). And there was no statistical difference in adverse

events between the two groups.

Dai et al. [30] also performed a subgroup analyses for

WOMAC pain and function scores which were based on

times of PRP injection, PRP spinning techniques, mean

platelet concentration, PRP category, activation or not,

and risk of bias. It suggested that the WOMAC pain and

function scores of HA injection were better than PRP in-

jection at 6 months follow-up when the mean platelet

concentration was bigger than 5*baseline, LR-PRP, and

using activator.

Study quality and validity

Each included meta-analyses was assessed by the

QUOROM score (the maximum possible score is 18),

and the score range from 14 to 17 points, with a mean

score of 15 (Table 5). All included meta-analyses were

also evaluated with the Oxman-Guyatt score (the max-

imum possible score is 7), and the score ranges from 4

to 6 points, with a mean score of 5. And the study was

considered to have major flaws when the Oxman-Guyatt

score was less than 3 points (Table 5).

Heterogeneity assessment

Several methods were used to assess study heterogeneity,

all included meta-analyses [30–33] performed a statistical

heterogeneity analysis, and each of these studies also

assessed the primary study quality (Table 6). Otherwise,

several meta-analyses performed subgroup or sensitivity

analysis assessing parameters such as numbers of PRP in-

jection, PRP spinning technique, mean platelet concentra-

tion, LP-PRP or LR-PRP, activator or not, the different

clinical outcome scores, and adverse events. None of these

articles analyzed the influence of age, gender, and OA

grade.

Application of Jadad decision algorithm

Which of the 4 included meta-analyses offered the best

available evidence to making proposals for the use of

PRP in the treatment of KOA patients was investigated

following the Jadad decision algorithm [41]. Figure 2

shows the flow diagram of the Jadad decision algorithm.

Two trained authors selected the same route through

the Jadad decision algorithm respectively. Differences

between the two authors were resolved by consensus

and discussion with a third author. Given that (1) each

of the included meta-analyses did not investigate the

Table 4 Primary studies included in meta-analyses

Kanchanatawan et al. Shen et al. Xu et al. Dai et al.

Cerza F 2012 [42] + + + +

Li M 2011 [43] – + + –

Patel et al. [27] + + + +

Sanchez et al. [28] + + + +

Vaquerizo V 2013 [44] + + + +

Filardo et al. [29] + + + +

Duymus TM 2016 [45] – + + +

Forogh B 2016 [46] – + – –

Gormeli G 2015 [47] + + + +

Raeissadat SA 2015 [48] + + + +

Smith PA 2016 [49] – + + +

Montanez-Heredia E 2014 [50] – + – –

Paterson KL 2016 [51] – + – +

Spakova T 2012 [52] – + – –

Filardo G 2012 [53] + – – –

Rayegani SM 2014 [54] + – – –

Table 3 Search methodology used by each included study (*Ovid including EMBASE, EBW reviews, and Cochrane library)

PubMed MEDLINE EMBASE Cochrane Scopus Ovid* Other No. of primary studies RCT

Kanchanatawan et al. + + – – + – – 9 +

Dai et al. + – + + + – – 10 +

Xu et al. – + – – – + – 10 +

Shen et al. + – + + + – – 14 +
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same question (Tables 2 and 6), (2) did not include the

same prior articles (Tables 3 and 4), and (3) have differ-

ent selection criteria, the Jadad decision algorithm sug-

gests that the best available evidence should be selected

based on the publication characteristics and the method-

ology of primary trials, the language restrictions, and

whether analysis of data on individual patients was in-

cluded in the study. Therefore, the meta-analysis [33]

which was conducted by Shen et al. got the highest

methodological quality score, with included 14 RCTs, 11

of 15 pre-existing systematic reviews or meta-analyses

were cited, and the QUOROM score and Oxman-Guyatt

score were 17 and 6, respectively. This meta-analysis in-

dicated that compared with other injections, including

saline placebo, HA, ozone, and corticosteroids, intra-

articular PRP injection probably is more effective in

terms of pain relief and function improvement at 3, 6,

and 12 months follow-up in the treatment of KOA

patients.

Discussion

This summary of meta-analyses suggested that based on

the best currently available evidence, intra-articular

platelet-rich plasma (PRP) injection provides more su-

perior pain relief, efficacious function improvement, and

similar risk of adverse events when compared with HA

injection and placebo in the treatment of KOA patients.

However, we were not able to confirm the effect of other

aspects of PRP on the treatment of KOA patients,

including numbers of PRP injections (1 or ≥ 2), injection

intervals (weekly or monthly), PRP spinning techniques

(single or double), mean platelet concentration (> or <

5 × baseline), PRP category (LP-PRP or LR-PRP), and

use an activator or not.

In the past few years, more and more researchers noticed

the potential of PRP in the treatment of musculoskeletal

diseases, such as rotator cuff tear, lateral epicondylitis, patel-

lar tendinopathy, osteoarthritis, and Achilles tendon repair

[19–26]. Given the properties of regenerative effect and

anti-inflammatory potential in PRP, a number of researches

[19, 23, 24, 27–35] explored the curative effect of intra-

articular PRP injection in the treatment of patients with

osteoarthritis, especially with knee osteoarthritis. However,

in the current clinical guidelines of orthopedic surgeons, the

use of PRP injection for KOA patients is uncertain [8, 37].

Few guidelines recommend PRP injection to treat KOA.

This may be related to the different results reported in

current high-quality evidence-based medical articles. Of the

meta-analyses published in the last 3 years, only one article

[31] considered PRP to have similar efficacy to HA, and

other articles [30, 32, 33] suggested that PRP injection is

more effective than HA in KOA patients.

Table 5 Demographic data and characteristics of included meta-analyses

No. of
patients

No.
of
PRP

No. of
control

Age
(years)

OA
grade

Duration
time

BMI
(kg/
m2)

Follow-
up time
(months)

QUOROM
score

Oxman-
Guyatt
score

Conclusion

Kanchanatawan
et al.

1175 608 HA: 465
Placebo:
71
Other:
31

52.7–
66.4

NR NR 26–
30.9

≤ 12 14 4 For short-term outcomes (≤ 1 year),
PRP injection has improved functional
outcomes (WOMAC total scores, IKDC,
and VAS score) when compared to
HA and placebo, but no difference in
adverse events.

Dai et al. 1069 562 HA: 429
Placebo:
78
Other: 0

46.6–
66.5

NR NR 25.8–
31.0

6, 12 15 5 At 1-year follow-up, PRP injection
may have more benefit in pain relief
and functional improvement and did
not increase the risk of adverse events
when compared with HA and pla-
cebo in patients with symptomatic
KOA.

Xu et al. 1184 594 HA: 465
Placebo:
86
Other:
39

46.6–
66.5

NR NR NR 3, 6, 12 15 5 PRP was found effective to relieve
pain and improve self-report function
of patients having knee OA, with a
satisfactory level observed for at least
6 months follow-up, but no superior-
ity was observed in its effectiveness
when compared with HA.

Shen et al. 1423 718 HA: 563
Placebo:
86
Other:
63

49.9–
66.5

NR NR 24–
30.9

3, 6, 12 17 6 Intra-articular PRP injections probably
are more efficacious in the treatment
of KOA in terms of pain relief and
self-reported function improvement
at 3, 6, and 12months follow-up,
compared with other injections, in-
cluding saline placebo, HA, ozone,
and corticosteroids.
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Three meta-analyses [30, 32, 33] evaluated adverse events

after PRP injection and HA or placebo in the treatment of

KOA patients, including pain, stiffness, syncope, dizziness,

headache, nausea, or infection. Shen et al. [33] indicated no

severe complications were recorded and all adverse events

were self-resolved in days. All of these articles suggested no

statistical difference in adverse events between PRP injection

and HA or placebo. Only one meta-analysis [30] compared

the pooled effect sizes of primary outcomes with the

minimum clinically important differences (MCID), which de-

terminate whether significant outcomes have clinically mean-

ingful implications [55, 56]. It demonstrated that compared

with HA, PRP injection has better pain relief and function

improvement in the 12months follow-up (the CI of

WOMAC pain and function scores was greater than the

MCID), with no statistical difference in 6months follow-up.

Riboh et al. [57] performed a network meta-analysis, which

compared the clinical outcomes and adverse events between

LP-PRP, LR-PRP, HA, and placebo. It included 6 RCTs

(Level I) and 3 prospective comparative studies (Level II) and

illustrated the effect of different leukocyte concentrations on

PRP injection. This article suggested that LP-PRP has better

functional outcome scores compared with HA and placebo

in the treatment of KOA, with no difference between LR-

PRP and HA. It also found no significant difference between

PRP, HA, and placebo in adverse events and indicated

leukocyte concentration may not directly relate to adverse

events in PRP injection. In addition, unfortunately, we rarely

found other scholars that compare the effects of different

preparation methods, concentrations, and frequency of injec-

tion on the efficacy of PRP in the treatment of KOA. This is

perhaps the focus of our future research.

The strengths of this summary of meta-analyses are

based on the best currently available evidence to evaluate

the clinical outcomes of PRP injection in the treatment of

KOA patients. Three authors used these different appraisal

tools [39–41] to assess the quality of each included meta-

analysis, and each meta-analysis was Level I evidence.

Limitations

There are also several limitations in this study. First, all in-

cluded meta-analyses only evaluate the clinical outcomes of

Table 6 Heterogeneity and subgroup analyses of each included study

Kanchanatawan
et al.

Dai et al. Xu et al. Shen
et al.

PRP v
HA

PRP v
placebo

PRP v
HA

PRP v
placebo

PRP v HA PRP v
placebo

PRP v
Control

Statistical heterogeneity analysis + + + +

Subgroup or sensitivity analysis

Primary study quality + + + +

Age – – – –

Gender – – – –

OA grade – – – –

WOMAC total score + (≤
1
year)

+ (≤ 1
year)

+ (6, 12
months)

+(6, 12
months)

+ (3, 6,
12
months)

+(6
months)

+(3, 6,
12
months)

WOMAC pain score + (≤
1
year)

+ (≤ 1
year)

+ (6, 12
months)

+(6, 12
months)

– – +(3, 6,
12
months)

WOMAC functional score + (≤
1
year)

+ (≤ 1
year)

+ (6, 12
months)

+(6, 12
months)

– – +(3, 6,
12
months)

Lequesne score + (≤
1
year)

– + (6, 12
months)

– + (6
months)

– –

IKDC score + (≤
1
year)

– + (6, 12
months)

– + (6
months)

+(6
months)

–

VAS score + (≤
1
year)

– – – + (6
months)

– –

Adverse events + + + + – – +

No. of PRP injection (1 or ≥ 2); PRP spinning approach (single or double);
mean platelet concentration (> or < 5*baseline); LP or LR PRP; with an
activator or not, risk of bias

– + – –
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PRP injection at 6months and 12months follow-up, none

of them was a median or long follow-up. Second, only one

paper [30] performed a subgroup analyses of the different

details of PRP injection, such as times of PRP injection,

PRP spinning techniques, mean platelet concentration, PRP

category, activation or not, and risk of bias. Therefore, it is

not clear about the effect of the different details in PRP in-

jection. Third, none of the included meta-analysis con-

ducted a subgroup analysis about the OA grade (including

Kellgren-Lawrence grade and Ahlback grade), so we do not

understand which grade of OA can get more benefits from

intra-articular PRP injection. Otherwise, heterogeneity is in-

evitable among the patients included in these meta-

analyses, such as the age of patient, duration of knee pain

before injection, sex, BMI, and so on. Finally, although a

total of 1677 patients were included in this summary of

meta-analysis, the included meta-analysis had included sev-

eral primary articles which only contained a smaller sample

size, and it may be a potential source of bias.

Therefore, more rigorous randomized controlled tri-

als, which focus on a very specific question, such as

which PRP spinning techniques, or which mean platelet

concentration of PRP, or which frequency of injection

of PRP can provide better clinical outcomes or which

grade of OA can get more benefits from intra-articular

PRP injection, are also needed to perform. Meanwhile,

the articles with med-long-term follow-up are also

needed to conduct and assess the curative effect of PRP

injection.

Conclusion

For short-term follow-up (≤ 1 year), intra-articular PRP injec-

tion is more effective in terms of pain relief and function

improvement at short-term follow-up in the treatment of

KOA patients than HA and placebo, and there is no differ-

ence in the risk of an adverse event between PRP and HA or

placebo.

Fig. 2 Flow diagram of Jadad decision algorithm

Chen et al. Journal of Orthopaedic Surgery and Research          (2019) 14:385 Page 9 of 11



Abbreviations

HA: Hyaluronic acid; IA-HA: Intra-articular hyaluronic acid; IA-PRP:
Intra-articular platelet-rich plasma; KOA: Knee osteoarthritis;
LP-PRP: Leukocyte-poor PRP; LR-PRP: Leukocyte-rich PRP; PRP: Platelet-rich
plasma; QUOROM: The Quality of Reporting of Meta-analyses;
RCTs: Randomized controlled trials

Acknowledgements

We thank the authors of the included studies for their help.

Authors’ contributions

PC, LH, and QW contributed to the study design. PC, YM, DZ, and XZ
contributed to the article search. PC, LH, and JZ contributed to data
extraction. DZ, XZ, and AR contributed to table-form making. PC and LH
contributed to the article writing. QW made the final decision. All authors
read and approved the final manuscript.

Funding

This research is supported by the National Natural Science Foundation of
China (General Program) (no. 81373662).

Availability of data and materials

All data are fully available without restriction.

Ethics approval and consent to participate

This article does not contain any studies with human participants or animals
performed by any of the authors.

Consent for publication

Not applicable

Competing interests

The authors declare that they have no competing interests.

Author details
1Beijing University of Chinese Medicine, Beijing, China. 2Southern Medical
University, Guangzhou, Guangdong Province, China. 3Department of
Orthopaedic Surgery, Beijing University of Chinese Medicine Third Affiliated
Hospital, No. 51, XiaoGuan street, AnDing gate, ChaoYang district, Beijing,
China.

Received: 31 May 2019 Accepted: 5 September 2019

References

1. Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: new insights. Part
1: the disease and its risk factors. Ann Intern Med. 2000;133(8):635–46.

2. Malemud CJ. Biologic basis of osteoarthritis: state of the evidence. Curr
Opin Rheumatol. 2015;27(3):289–94. https://doi.org/10.1097/BOR.
0000000000000162.

3. Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not
osteoarthrosis!). Osteoarthr Cartil. 2013;21(1):16–21. https://doi.org/10.1016/j.
joca.2012.11.012.

4. Scanzello CR, Goldring SR. The role of synovitis in osteoarthritis
pathogenesis. Bone. 2012;51(2):249–57. https://doi.org/10.1016/j.bone.
2012.02.012.

5. Busija L, Bridgett L, Williams SR, et al. Osteoarthritis. Best Pract Res Clin
Rheumatol. 2010;24(6):757–68. https://doi.org/10.1016/j.berh.2010.11.001.

6. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res
Clin Rheumatol. 2014;28(1):5–15. https://doi.org/10.1016/j.berh.2014.01.004.

7. Neogi T. The epidemiology and impact of pain in osteoarthritis. Osteoarthr
Cartil. 2013;21(9):1145–53. https://doi.org/10.1016/j.joca.2013.03.018.

8. Jevsevar DS, Brown GA, Jones DL, et al. The American Academy of
Orthopaedic Surgeons evidence-based guideline on: treatment of
osteoarthritis of the knee, 2nd edition. J Bone Joint Surg Am. 2013;
95(20):1885–6.

9. Hossain F, Patel S, Haddad FS. Midterm assessment of causes and results of
revision total knee arthroplasty. Clin Orthop Relat Res. 2010;468(5):1221–8.
https://doi.org/10.1007/s11999-009-1204-0.

10. D'Apuzzo M, Westrich G, Hidaka C, et al. All-cause versus complication-specific
readmission following total knee arthroplasty. J Bone Joint Surg Am. 2017;
99(13):1093–103. https://doi.org/10.2106/JBJS.16.00874.

11. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with
relevance for clinical practice. LANCET. 2011;377(9783):2115–26. https://doi.
org/10.1016/S0140-6736(11)60243-2.

12. Milants C, Bruyère O, Kaux JF. Knee osteoarthitis and platelet-rich plasma
treatment: how to improve the efficency? Osteoporosis Int. 2018;29(1):S392.
https://doi.org/10.1007/s00198-018-4465-1.

13. Jayabalan P, Hagerty S, Cortazzo MH. The use of platelet-rich plasma for the
treatment of osteoarthritis. Phys Sportsmed. 2014;42(3):53–62. https://doi.
org/10.3810/psm.2014.09.2076.

14. Cole BJ, Karas V, Hussey K, et al. Hyaluronic acid versus platelet-rich plasma:
a prospective, double-blind randomized controlled trial comparing clinical
outcomes and effects on intra-articular biology for the treatment of knee
osteoarthritis. Am J Sports Med. 2017;45(2):339–46. https://doi.org/10.1177/
0363546516665809.

15. Boswell SG, Cole BJ, Sundman EA, et al. Platelet-rich plasma: a milieu of
bioactive factors. ARTHROSCOPY. 2012;28(3):429–39. https://doi.org/10.1016/
j.arthro.2011.10.018.

16. Mishra A, Harmon K, Woodall J, et al. Sports medicine applications of
platelet rich plasma. Curr Pharm Biotechnol. 2012;13(7):1185–95.

17. Anitua E, Sanchez M, Orive G, et al. The potential impact of the preparation
rich in growth factors (PRGF) in different medical fields. Biomaterials. 2007;
28(31):4551–60. https://doi.org/10.1016/j.biomaterials.2007.06.037.

18. Milano G, Deriu L, Sanna PE, et al. Repeated platelet concentrate injections
enhance reparative response of microfractures in the treatment of chondral
defects of the knee: an experimental study in an animal model.
Arthroscopy. 2012;28(5):688–701. https://doi.org/10.1016/j.arthro.2011.09.016.

19. Di Sante L, Villani C, Santilli V, et al. Intra-articular hyaluronic acid vs platelet-rich
plasma in the treatment of hip osteoarthritis. Med Ultrason. 2016;18(4):463–8.
https://doi.org/10.11152/mu-874.

20. Gosens T, Peerbooms JC, van Laar W, et al. Ongoing positive effect of
platelet-rich plasma versus corticosteroid injection in lateral epicondylitis: a
double-blind randomized controlled trial with 2-year follow-up. Am J Sports
Med. 2011;39(6):1200–8. https://doi.org/10.1177/0363546510397173.

21. Chahal J, Van Thiel GS, Mall N, et al. The role of platelet-rich plasma in
arthroscopic rotator cuff repair: a systematic review with quantitative
synthesis. Arthroscopy. 2012;28(11):1718–27. https://doi.org/10.1016/j.
arthro.2012.03.007.

22. Andriolo L, Altamura SA, Reale D, et al. Nonsurgical treatments of patellar
tendinopathy: multiple injections of platelet-rich plasma are a suitable
option: a systematic review and meta-analysis. Am J Sports Med. 2018:
2048682623. https://doi.org/10.1177/0363546518759674.

23. Vannabouathong C, Del FG, Sales B, et al. Intra-articular injections in the
treatment of symptoms from ankle arthritis: a systematic review. Foot Ankle
Int. 2018;39(10):1141–50. https://doi.org/10.1177/1071100718779375.

24. Gormeli G, Gormeli CA, Ataoglu B, et al. Multiple PRP injections are more
effective than single injections and hyaluronic acid in knees with early
osteoarthritis: a randomized, double-blind, placebo-controlled trial. Knee
Surg Sports Traumatol Arthrosc. 2017;25(3):958–65. https://doi.org/10.1007/
s00167-015-3705-6.

25. Le ADK, Enweze L, DeBaun MR, et al. Current clinical recommendations for
use of platelet-rich plasma. Curr Rev Musculoskelet Med. 2018;11(4):624–34.
https://doi.org/10.1007/s12178-018-9527-7.

26. Dallari D, Stagni C, Rani N, et al. Ultrasound-guided injection of platelet-rich
plasma and hyaluronic acid, separately and in combination, for hip
osteoarthritis: a randomized controlled study. Am J Sports Med. 2016;44(3):
664–71. https://doi.org/10.1177/0363546515620383.

27. Patel S, Dhillon MS, Aggarwal S, et al. Treatment with platelet-rich
plasma is more effective than placebo for knee osteoarthritis: a
prospective, double-blind, randomized trial. Am J Sports Med. 2013;
41(2):356–64. https://doi.org/10.1177/0363546512471299.

28. Sanchez M, Fiz N, Azofra J, et al. A randomized clinical trial evaluating
plasma rich in growth factors (PRGF-Endoret) versus hyaluronic acid in the
short-term treatment of symptomatic knee osteoarthritis. Arthroscopy. 2012;
28(8):1070–8. https://doi.org/10.1016/j.arthro.2012.05.011.

29. Filardo G, Di Matteo B, Di Martino A, et al. Platelet-rich plasma intra-articular
knee injections show no superiority versus viscosupplementation: a
randomized controlled trial. Am J Sports Med. 2015;43(7):1575–82. https://
doi.org/10.1177/0363546515582027.

Chen et al. Journal of Orthopaedic Surgery and Research          (2019) 14:385 Page 10 of 11

https://doi.org/10.1097/BOR.0000000000000162
https://doi.org/10.1097/BOR.0000000000000162
https://doi.org/10.1016/j.joca.2012.11.012
https://doi.org/10.1016/j.joca.2012.11.012
https://doi.org/10.1016/j.bone.2012.02.012
https://doi.org/10.1016/j.bone.2012.02.012
https://doi.org/10.1016/j.berh.2010.11.001
https://doi.org/10.1016/j.berh.2014.01.004
https://doi.org/10.1016/j.joca.2013.03.018
https://doi.org/10.1007/s11999-009-1204-0
https://doi.org/10.2106/JBJS.16.00874
https://doi.org/10.1016/S0140-6736(11)60243-2
https://doi.org/10.1016/S0140-6736(11)60243-2
https://doi.org/10.1007/s00198-018-4465-1
https://doi.org/10.3810/psm.2014.09.2076
https://doi.org/10.3810/psm.2014.09.2076
https://doi.org/10.1177/0363546516665809
https://doi.org/10.1177/0363546516665809
https://doi.org/10.1016/j.arthro.2011.10.018
https://doi.org/10.1016/j.arthro.2011.10.018
https://doi.org/10.1016/j.biomaterials.2007.06.037
https://doi.org/10.1016/j.arthro.2011.09.016
https://doi.org/10.11152/mu-874
https://doi.org/10.1177/0363546510397173
https://doi.org/10.1016/j.arthro.2012.03.007
https://doi.org/10.1016/j.arthro.2012.03.007
https://doi.org/10.1177/0363546518759674
https://doi.org/10.1177/1071100718779375
https://doi.org/10.1007/s00167-015-3705-6
https://doi.org/10.1007/s00167-015-3705-6
https://doi.org/10.1007/s12178-018-9527-7
https://doi.org/10.1177/0363546515620383
https://doi.org/10.1177/0363546512471299
https://doi.org/10.1016/j.arthro.2012.05.011
https://doi.org/10.1177/0363546515582027
https://doi.org/10.1177/0363546515582027


30. Dai WL, Zhou AG, Zhang H, et al. Efficacy of platelet-rich plasma in the treatment
of knee osteoarthritis: a meta-analysis of randomized controlled trials.
Arthroscopy. 2017;33(3):659–70. https://doi.org/10.1016/j.arthro.2016.09.024.

31. Xu Z, Luo J, Huang X, et al. Efficacy of platelet-rich plasma in pain and self-
report function in knee osteoarthritis: a best-evidence synthesis. Am J Phys
Med Rehabil. 2017;96(11):793–800. https://doi.org/10.1097/PHM.
0000000000000746.

32. Kanchanatawan W, Arirachakaran A, Chaijenkij K, et al. Short-term outcomes
of platelet-rich plasma injection for treatment of osteoarthritis of the knee.
Knee Surg Sports Traumatol Arthrosc. 2016;24(5):1665–77. https://doi.org/10.
1007/s00167-015-3784-4.

33. Shen L, Yuan T, Chen S, et al. The temporal effect of platelet-rich plasma on
pain and physical function in the treatment of knee osteoarthritis:
systematic review and meta-analysis of randomized controlled trials. J
Orthop Surg Res. 2017;12(1):16. https://doi.org/10.1186/s13018-017-0521-3.

34. Campbell KA, Saltzman BM, Mascarenhas R, et al. Does intra-articular
platelet-rich plasma injection provide clinically superior outcomes
compared with other therapies in the treatment of knee osteoarthritis? A
systematic review of overlapping meta-analyses. Arthroscopy. 2015;31(11):
2213–21. https://doi.org/10.1016/j.arthro.2015.03.041.

35. Niroomand Sadabad H, Behzadifar M, Arasteh F, et al. Efficacy of
platelet-rich plasma versus hyaluronic acid for treatment of knee
osteoarthritis: a systematic review and meta-analysis. Electron Physician.
2016;8(3):2115–22. https://doi.org/10.19082/2115.

36. Laudy ABM, Bakker EWP, Rekers M, et al. Efficacy of platelet-rich plasma injections
in osteoarthritis of the knee: a systematic review and meta-analysis. Brit J Sport
Med. 2015;49(10):657–72. https://doi.org/10.1136/bjsports-2014-094036.

37. McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI guidelines for the non-surgical
management of knee osteoarthritis. Osteoarthr Cartilage. 2014;22(3):363–88. https://
doi.org/10.1016/j.joca.2014.01.003.

38. Moher D, Liberati A, Tetzlaff J, et al. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: the PRISMA statement. Plos Med. 2009;6(7):e1000097.

39. Moher D, Cook DJ, Eastwood S, et al. Improving the quality of reports of
meta-analyses of randomised controlled trials: the QUOROM statement.
Quality of reporting of meta-analyses. Lancet. 1999;354(9193):1896–900.

40. Oxman AD, Guyatt GH. Validation of an index of the quality of review
articles. J Clin Epidemiol. 1991;44(11):1271.

41. Jadad AR, Cook DJ, Browman GP. A guide to interpreting discordant
systematic reviews. CMAJ. 1997;156(10):1411–6.

42. Cerza F, Fabio C, Stefano C, Alessandro C, et al. Comparison between
hyaluronic acid and platelet-rich plasma, intra-articular infiltration in the
treatment of gonarthrosis. Am J Sports Med. 2012;40:2822.

43. Li M, Zhang C, Ai Z, Yuan T, Feng Y, Jia W. Therapeutic effectiveness of
intra-knee-articular injection of platelet-rich plasma on knee articular
cartilage degeneration. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2011;
25:1192–96.

44. Vaquerizo V, Víctor V, Miguel Ángel P, Ignacio A, et al. Comparison of intra-
articular injections of plasma rich in growth factors (PRGF-Endoret) versus
Durolane hyaluronic acid in the treatment of patients with symptomatic
osteoarthritis: a randomized controlled trial. Arthroscopy-the Journal of
Arthroscopic & Related Surgery. 2013;29:1635–1643.

45. Duymus TM, Mutlu S, Dernek B, Komur B, Aydogmus S, Kesiktas FN. Choice
of intra-articular injection in treatment of knee osteoarthritis: platelet-rich
plasma, hyaluronic acid or ozone options. Knee Surg Sports Traumatol
Arthrosc. 2017;25:1–8.

46. Forogh B, Mianehsaz E, Shoaee S, Ahadi T, Raissi GR, Sajadi S. Effect of single
injection of platelet-rich plasma in comparison with corticosteroid on knee
osteoarthritis: a double-blind randomized clinical trial. J Sport Med Phys Fit.
2015;56:901.

47. Görmeli G, Görmeli CA, Ataoglu B, Çolak C, Aslantürk O, Ertem K. Multiple
PRP injections are more effective than single injections and hyaluronic acid
in knees with early osteoarthritis: a randomized, double-blind, placebo-
controlled trial. Knee Surg Sports Traumatol Arthrosc. 2017;25:1–8.

48. Raeissadat SA, Rayegani SM, Hassanabadi H, et al. Knee Osteoarthritis
Injection Choices: Platelet- Rich Plasma (PRP) Versus Hyaluronic Acid (A one-
year randomized clinical trial). Clin Med Insights Arthritis Musculoskelet
Disord. 2015;8:1–8.

49. Smith PA. Intra-articular Autologous Conditioned Plasma Injections Provide
Safe and Efficacious Treatment for Knee Osteoarthritis: An. FDA-Sanctioned,
Randomized, Double-blind, Placebo-controlled Clinical Trial. Am J Sports
Med. 2016;44:884.

50. Montañez-Heredia E, Irízar S, Huertas P, et al. Intra-articular injections of
platelet-rich plasma versus hyaluronic acid in the treatment of osteoarthritic
knee pain: a randomized clinical trial in the context of the Spanish National
Health Care System. Int J Mol Sci. 2016;17:1064.

51. Paterson KL, Nicholls M, Bennell KL, Dan B. Intra-articular injection of photo-
activated platelet-rich plasma in patients with knee osteoarthritis: a double-
blind, randomized controlled pilot study. Bmc Musculoskel Dis. 2016;17:1–9.

52. Spaková T, Rosocha J, Lacko M, Harvanová D, Gharaibeh A. Treatment of
Knee Joint Osteoarthritis with Autologous Platelet-Rich Plasma in
Comparison with Hyaluronic Acid. Am J Phys Med Rehab. 2012;91:1.

53. Filardo G, Di MB, Di MA, et al. Platelet-Rich Plasma Intra-articular Knee
Injections Show No Superiority Versus Viscosupplementation: A Randomized
Controlled Trial. Am J Sports Med. 2015;43:1575.

54. Rayegani SM, Raeissadat SA, Taheri MS, et al. Does Intra Articular Platelet
Rich Plasma Injection Improve Function, Pain and Quality of Life in Patients
with Osteoarthritis of the Knee? A Randomized Clinical Trial. Orthop Rev.
2014;6:5405.

55. Zlowodzki M, Bhandari M. Outcome measures and implications for sample-
size calculations. J Bone Joint Surg Am. 2009;91(Suppl 3):35–40. https://doi.
org/10.2106/JBJS.H.01602.

56. Harris JD, Brand JC, Cote MP, et al. Research pearls: the significance of
statistics and perils of pooling. Part 1: clinical versus statistical significance.
Arthroscopy. 2017;33(6):1102–12. https://doi.org/10.1016/j.arthro.2017.01.053.

57. Riboh JC, Saltzman BM, Yanke AB, et al. Effect of leukocyte concentration on
the efficacy of platelet-rich plasma in the treatment of knee osteoarthritis.
Am J Sport Med. 2015;44(3):792.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Chen et al. Journal of Orthopaedic Surgery and Research          (2019) 14:385 Page 11 of 11

https://doi.org/10.1016/j.arthro.2016.09.024
https://doi.org/10.1097/PHM.0000000000000746
https://doi.org/10.1097/PHM.0000000000000746
https://doi.org/10.1007/s00167-015-3784-4
https://doi.org/10.1007/s00167-015-3784-4
https://doi.org/10.1186/s13018-017-0521-3
https://doi.org/10.1016/j.arthro.2015.03.041
https://doi.org/10.19082/2115
https://doi.org/10.1136/bjsports-2014-094036
https://doi.org/10.1016/j.joca.2014.01.003
https://doi.org/10.1016/j.joca.2014.01.003
https://doi.org/10.2106/JBJS.H.01602
https://doi.org/10.2106/JBJS.H.01602
https://doi.org/10.1016/j.arthro.2017.01.053

	Abstract
	Objective
	Material and methods
	Results
	Conclusions
	Level of evidence
	Trial registration

	Introduction
	Methods
	Literature search
	Inclusion criteria
	Exclusion criteria
	Quality appraisal
	Data extraction and statistical analysis

	Results
	Literature search results
	Authors’ assessment of prior systematic review literature
	Outcome measures
	Search methodology
	Study results
	PRP injection versus HA injection
	PRP injection versus placebo

	Study quality and validity
	Heterogeneity assessment
	Application of Jadad decision algorithm

	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

