Meta-analysis

Platelet-Rich Plasma Versus Hyaluronic Acid in the ~ ®
Treatment of Knee Osteoarthritis: A Meta-analysis of
26 Randomized Controlled Trials

Jixiang Tan, M.D., Hong Chen, M.D., Lin Zhao, M.D., and Wei Huang, M.D.

Purpose: To compare the effectiveness and safety of platelet-rich plasma (PRP) and hyaluronic acid (HA) in patients with
adult knee osteoarthritis (KOA) and to explore the most effective and safe protocol by using a meta-analysis method.
Methods: This study was based on Cochrane methodology for conducting a meta-analysis. Only randomized controlled
trials with an experimental group that used PRP and a control group that received HA were eligible for this study. The
participants were adults who had KOA. The outcome measures were the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), the visual analog scale (VAS), the EuroQol VAS, the International Knee Documentation
Committee, the Tegner score, the Lequesne Scale, the Knee injury Osteoarthritis Outcome Score, satisfaction rate, and
adverse events. Subgroup analyses was performed for patients with different doses, types, and times of PRP interventions and
grades of OA. The Review Manager Database was used to analyze the included studies. Results: Twenty-six randomized
controlled trials involving 2430 patients were included. The WOMAC total scores, WOMAC physical function scores, and
VAS scores of the PRP group were better than the those of the HA group at 3, 6, and 12 months. The PRP group had better
WOMAC pain, WOMAC stiffness, EuroQol VAS, and International Knee Documentation Committee scores than the HA
group at 6 and 12 months. There was no significant difference in adverse events between the 2 groups (relative risk 1.21, 95%
confidence interval 0.95-1.54; P = .13). Conclusions: For the nonsurgical treatment of KOA, compared with HA, intra-
articular injection of PRP could significantly reduce patients’ early pain and improve function. There was no significant
difference in adverse events between the 2 groups. PRP was more effective than HA in the treatment of KOA, and the safety of
these 2 treatment options was comparable. Level of Evidence: Level I, meta-analysis of Level I RCTs.

See commentary on page 326

treatments include nonsteroidal

steoarthritis (OA) is the most common articular

disease, and it is an important cause of disability in
elderly patients."”” The knee is the joint most frequent
affected by OA.” The increasing number of patients
with symptomatic osteoarthritis of the knee (KOA) will
continue to place an increasingly larger economic
burden on global health care systems.” Nonoperative
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anti-inflammatory
drugs, weight loss, dietary supplements such as
glucosamine and chondroitin sulfate, topical agents,
and intra-articular injections of corticosteroids and/or
hyaluronic acid (HA).”® Intra-articular injections of HA
are often the last treatment options before arthroplasty.
However, the efficacy and safety of HA injection for the
treatment of KOA remains a matter of conflict. Injec-
tion of HA did not diminish the inflammatory process in
the joint and sometimes caused adverse reactions.”"’
In addition, there is no agreement on the use of HA.
Chevalier et al.’s research” indicated that the use of HA
once could significantly improve patients’ symptoms.
Petrella and Petrella'' found that continuous injection
of HA 3 or 6 times in the knee joint had no statistically
significant effect on knee pain or function. Platelet-rich
plasma (PRP) is a plasma that is prepared from each
patient’s own blood, and it has a greater platelet con-
centration in comparison with normal plasma.
Compared with knee arthroplasty, PRP injection is a
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simple and minimally invasive procedure that provides
concentrated growth factors for use as an intra-articular
injection.'” Some studies have demonstrated the effi-
cacy of PRP in KOA."”"”

There are currently 4 meta-analyses that have
compared PRP with HA in the treatment of KOA: Han
etal. (15 RCTs),'® Zhang et al. (13 RCTs),'” Shen et al.
(14 RCTs),'® and Dai et al. (10 RCTs).'” They did not
achieve consistent results in terms of the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), visual analog scale (VAS), or International
Knee Documentation Committee (IKDC) scores. Four
meta-analyses evaluated WOMAC total scores. Zhang
et al. and Shen et al. found that the PRP group was
better than the HA group in each period (3 months, 6
months, and 12 months). Dai et al.’s research found
that PRP was better only at 12 months. Regarding the
VAS score, Han et al. found that, compared with the HA
group, the PRP group had a greater reduction in the
patient pain at 12 months, but no significant difference
was found at 1, 3, or 6 months. However, the study of
Zhang et al. did not find significant differences between
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the 2 groups in different periods. Regarding the IKDC
score, both Han et al. and Zhang et al. observed better
results in the PRP group at 6 months. However, Han
et al. did not notice a significant difference between the
2 groups at 2 months. Zhang et al. did not perform an
IKDC score analysis at 2 months. The effectiveness of
the 2 interventions remains unclear. In recent years,
there have been some new and high-quality RCTs.”"*’
The aim of this study was to compare the effectiveness
and safety of PRP and HA in adult KOA patients and to
explore the most effective and safe protocol by using a
meta-analysis method. We hypothesized that, in the
treatment of KOA, the use of PRP could reduce pain
and improve function more than HA.

Methods
This study was based on the Cochrane methodology
for conducting a meta-analysis.”® The present study was
completed according to the Preferred Reporting Items
for Systematic Review and Meta-Analyses statement.
There was no registered protocol.
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Table 1. Characteristics of the Included Studies

Intervention
(Injection Dose,

Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS  Year
Tavassoli et al™” Iran PRP 28 66.04 + 7.58 6/22 29.61 + 1.64 Grade 1-2 4-6 mL, fresh, 2 About 40 mL of venous blood 1,2, 3 WOMAC, VAS, adverse 20 2019
HA 27 63.30 £ 8.87 8/19 28.94 £ 2.26 (Ahlback) times, 3 weeks was drawn from events
30 mg/2 mL, antecubital vein. The
Hyalgan, 3 times, blood sample was then
weekly centrifuged for 15 min at
1500 rpm, leading to 2
different layers. The
plasma was separated and
then centrifuged for 7 min
at 3500 rpm. The final
product was 4-6 mL of
PRP.
Di Martino et al’' Ttaly PRP 85 52.7 £13.2 53/32 27.2+7.6 Grade 1-3 (KL) 5 mL, frozen, 3 A 150-mL unit of peripheral 2, 6,12, 24 IKDC, EQ-VAS, Tegner 24 2019
HA 82 57.5 +11.7 47/35 26.8 + 4.3 times, weekly venous blood was score, reintervention
30 mg/2 mL, harvested from each rate, adverse events
Hyalubrix, 3 patient. Two
times, weekly centrifugations were then
performed: the first at
1480 rpm for 6 min to
separate erythrocytes and
the second at 3400 rpm for
15 min to concentrate
platelets, which provided
20 mL of PRP divided into
4 units of 5 mL.
Huang et al*? China PRP 40 545 + 1.2 25/15 25.23 + 4.15 Grade 1-2 (KL) 4 mL, fresh, 1 time Samples of 8 mL of blood 3,6,9, 12 WOMAC, VAS, adverse 17 2019
HA 40 548 £ 1.1 19/21 24.51 £ 3.09 2mL, NA, 3 were obtained from the events
times, weekly cubital vein and
centrifuged for 5 min at
1500 g centrifugal force or
3500 pm. After
centrifugation, platelet
recovery was >80% in 4
mL of PRP.
Lin et al*’ China PRP 31 61.17 + 13.08 9/22 23.98 + 2.62 Grade 1-3 5 mL, fresh, 3 times, PRP was prepared using 1,2,6,12 WOMAUC, IKDC, adverse 21 2019
HA 29 62.53 £ 9.9 10/19 26.26 £ 2.99 (Ahlback) weekly RegenKit-THT, which events
20 mg/2 mL, required 10 mL of blood to
HYRUAN plus, 3 be drawn and single spun
times, weekly. at 1,500 rpm for 8 min.
This would yield an
average of 5.0mL of PRP
with approximately 90%
of platelets recovered.
Lisi et al** Italy PRP 28 53.5 + 15.1 NA NA Grade 2-3 NA, Fresh, 3 times, 20mL of autologous whole 0.5, 6, 12 WOMAC, VAS, AKSS, 22 2018
HA 22 57.1 £ 10.0 (Shahriaree) monthly blood was sampled from Lysholm, Tegner,
20 mg/2 mL, each patient. The vial was Lequesne, flexion
Hyalgan, 3 times, gently centrifuged at 900r/
monthly min for 7 min. PRP was

collected.

(continued)
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Table 1. Continued o
N
Intervention
(Injection Dose,
Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS  Year
Yu et al”’ China PRP 104 46.2 + 8.6 50/54 NA Karnofsky Baseline stage, the NA 12 WOMAC, adverse events 21 2018
HA 88 51.5 £9.3 48/40 performance double-blind
status of >80% treatment phase
(4-week dose-
titration
treatment, PRP, 2,
4, 8,10, 12, and
14 mL, HA, 0.10,
0.15, 0.20, 0.25,
and 0.30 mg) and
52-week post-
treatment (PRP, 8
mL, HA, 0.2 mg)
for patients with
knee
osteoarthritis who
volunteered to
complete the
ongoing
extension study.
Ahmad et al** Egypt PRP 45 56.2 + 6.8 14/31 26.7 £ 3.6 Grade 1-3 (KL) 4 mL, fresh, 3 times, 8 mL of peripheral blood was 3,6 VAS, IKDC, ultrasound 20 2018 <~
HA 44 56.8 £ 7.4 14/30 26.5 = 3.5 14 days extracted and centrifuged ~
20 mg/2 mL, NA, for 9 min at 3500 rpm. N
3 times, 14 days Subsequently, 4 mL of =
PRP were obtained from E
each patient. b
Buendia Spain PRP 33 56.15 &+ 3.0 16/17 24.9 + 0.32 Grade 1-2 (KL) 5 mL, fresh, 1 time  Each patient had 60 mL of 6, 12 WOMAC, VAS, adverse 18 2018 =~
-Lépez et al’” HA 32 56.63 + 2.9 15/17 249 + 0.41 60 mg/2 mL, peripheral blood extracted events
DUROLANE, 1 by venipuncture of the
time antecubital vein. The first
spin step was 1050 rpm for
15 min and for the second
spin step, an acceleration
of 2000 rpm for 10 min
was applied. A total 5 mL
of a leukocyte-poor PRP
preparation was obtained.
Louis et al’” France PRP 24 532+ 11.7 14/10 25.6 £ 2.9 Grade =2 (KL) 3 mL, fresh, 1 time. 52.5 mL (for men) or 37.5 1,36 WOMAC, VAS, adverse 24 2018
HA 24 48.5 £ 11.5 11/13 27.0 £ 2.9 3 mL, mL (for women) of events, satisfaction
DUROLANE, 1 peripheral blood was rate
time collected. First spin was

managed with a standard
laboratory centrifuged at
130g for 15 min. To
further concentrate PRP, a
second 15-minute spin at
250g was performed. 4 mL
of PRP was obtained.

(continued)



Table 1. Continued

Intervention
(Injection Dose,

Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS Year
Su et al’! China PRP 25 54.16 + 6.56 11/14 28.17 + 1.43 Grade 2-3 (KL) 6 mL, fresh, 2 times, A total 45-mL venous blood 1, 3, 6, 12, 18 WOMAC, VAS, adverse 17 2018
HA 30 53.13 + 6.41 12/18 28.69 £ 1.13 14 days sample was drawn from events
2 mL, Freda, 5 the antecubital vein.
times, weekly Blood samples were
centrifuged at 1480 rpm
for 6 min to separate the
red blood cells from the
buffy coat and the upper
plasma layer and
centrifuged again at 3400
rpm for 15 min to obtain a
2-part plasma. The upper
three-quarter fraction of
the plasma was discarded
and of the remainder,
which contained the
approximately 7 mL of
concentrated leukocyte-
containing PRP.
Duymus et al*? Turkey PRP 33 60.4 + 5.1 1/32 27.6 £ 4.6 Grade 2-3 (KL) 5 mL, fresh, 2 times, 14 ml of blood was taken 1,3,6, 12 WOMAC, VAS 18 2017
HA 34 60.3 + 9.1 1/33 284+ 3.6 monthly from the patients. To
40 mg/2 mL, concentrate the platelets,
OSTENIL PLUS, 1 the kit was centrifuged at
time 3700 rpm for 7 min.
Finally, 3-4 mL of
concentrated PRP was
obtained.
Cole et al*? USA PRP 49 55.9 + 10.4 28/21 274+ 39 Grade 1-3 (KL) 4 mL, fresh, 3 times, 10 mL of blood was drawn 1.5,3,6,12 WOMAC, VAS, IKDC 21 2017
HA 50 56.8 +£ 10.5 20/30 29.0 £ 6.4 weekly and spun at 1500 rpm for
16 mg/2 mL, 5 min. This yielded
Hylan G-F 20, 3 approximately 4 mL of
times, weekly PRP for use.
Raeissadat et al** Iran PRGF 36 57.0 + 7.18 7129 28.6 + 2.82 Grade 2-3 (KL) 5 mL, fresh, 2 times, 35 mL of blood was obtained 2,6 WOMAC, VAS, 20 2017
HA 33 59.5 £ 7.54 6/27 275+ 29 3 weeks to prepare PRP. After Lequesne, adverse
20 mg, Hyalgan, 3 centrifuging for 15 min at events, satisfaction
times, weekly 1600 rpm, 3 layers rate
emerged, including red
blood cells, WBCs, and
plasma. The 2 uppermost
layers underwent another
centrifuge for 7 min at
3500 rpm. Our product at
this step consisted of 8 mL
of plasma with 4.6 times
platelet concentration.
Montanez-Heredia Spain PRP 27 66.3 + 8.3 12/15 29.0 £5.5 Grade 1-3 (KL) NA, frozen, 3 times, 150 mL of whole blood was 3,6 VAS, KOOS, EuroQol, 24 2016
etal” HA 26 61.5 + 8.6 9117 30.4 £ 4.9 15 days distributed into 4 Falcon adverse events
NA, Adant, 3 test tubes that were
times, 15 days subjected to double
centrifugation and cellular
testing.
(continued)
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Table 1. Continued o
N
Intervention
(Injection Dose,
Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS  Year
Paterson et al*® Australia PRP 11 4991 + 13.72 8/3 27.92 £11.94 Grade 2-3 (KL) 3 mL, fresh, 3 times, 48.5 mL of the patient’s 1,3 VAS, KOOS, KQoL, 24 2016
HA 10 52.70 £+ 10.30 7/3 30.87 + 5.64 weekly blood was collected using functional tests,
3 mL, Hylan G-F venipuncture, then adverse events
20, 3 times, centrifuged at 2000 rpm
weekly for 5 min. The plasma and
buffy coat containing
platelets was drawn from
the top of the sample and
centrifuged again at 3000
rpm for 3 min. 3 mL of
PRP was obtained.
Lana et al’’ Brazil PRP 36 60 + 6.6 7129 28.24 + 8.77 Grade 1-3 (KL) 5 ml, fresh, 3 times, About 60 mL of total blood 1,3,6, 12 WOMAC, VAS, CRP, 24 2016
HA 36 60.9 £ 7 3/33 27.42 £ 6.89 14 days was drawn from the adverse events
20 mg/2 mL, median or antecubital
EUFLEXXA, 3 vein. The first
times, 14 days centrifugation was carried
out at 300g for 5 min. The
whole top part of the
content is collected,
avoiding the collection of
erythrocytes. This content <~
continues on to the second ~
centrifugation at a higher =
speed rotation (700g for =
17 min). 5 mL of PRP was E
obtained. b
Racissadat et al*® Iran PRP 77 56.85 £ 9.13 8/69 28.20 £ 4.63 Grade 1-4 (KL) 4-6 mL, fresh, 2 35-40 mL of blood was first 1,6, 12 WOMAUC, SE-36, 18 2015 =
HA 62 61.13 £7.48 15/47 27.03 £ 4.15 times, 4 weeks collected from the

20 mg/2 mL,
HYALGAN, 3
times, weekly

patient’s upper limb
cubital vein. The blood
sample was then
centrifuged for 15 min at
1600 rpm resulting in 3
layers. The buffy coat layer
and the plasma layer were
later collected and
centrifuged for another 7
min at 2800 rpm. The final
product was 4-6 mL of
PRP containing
leukocytes.

(continued)



Table 1. Continued

Intervention
(Injection Dose,

Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS Year
Filardo et al*’ Italy PRP 94 53.32 + 13.2 60/34 26.6 £ 4.0 Grade 1-3 (KL) 5 mL, fresh, 3 times, 150-mL unit of peripheral 2,6, 12 IKDC, KOOS, EQ-VAS, 22 2015
HA 89 57.55 + 11.8 52/37 269 + 4.4 weekly venous blood was Tegner, ROM,
30 mg/2 mL, harvested from each Transpatellar
Hyalubrix, 3 patient. Then, 2 circumference,
times, weekly centrifugations were adverse events
performed: the first at
1480 rpm for 6 min to
separate erythrocytes and
the second at 3400 rpm for
15 min to concentrate
platelets, which provided
20 mL of PRP divided into
4 small units of 5 mL.
Gormeli et al*® Turkey PRP 39 53.7 + 13.1 16/23 28.7 £ 4.8 Grade 1-4 (KL) 5 mL, 1 fresh/2 150 mL of venous blood was 6 IKDC, EQ-VAS, 24 2015
HA 39 53.5 + 14 17/22 29.7 £ 3.7 frozen, 3 times, collected under aseptic satisfaction rate
weekly conditions from the
2 mL, antecubital vein. To collect
ORTHOVISC, 3 20 mL of PRP, 2
times, weekly centrifugations (the first at
1500 rpm for 6 min and
the second at 3500 rpm for
12 min) were performed.
The PRP unit was divided
into 4 small units of 5 mL
each.
Vaquerizo et alt! Spain PRGF 48 62.4 + 6.6 16/32 30.7 + 3.6 Grade 2-4 (KL) 8 mL, fresh, 3 times, 36 mL of peripheral blood 6, 12 WOMAC, Lequesne, 22 2013
HA 48 64.8 + 7.7 22/26 31.0 £ 4.6 14 days was extracted from each adverse events
NA, DUROLANE, patient by venipuncture.
1 time The extracted blood was
centrifuged at 580g for 8
min. Once the blood tubes
were centrifuged, we
proceeded to physically
separate the plasma
fractions. The volume of
PRGF injected was 8 mL.
Say et al*? Turkey PRP 45 552+ 7.8 5/40 324+ 4 Grade 1-3 (KL) 2.5 mL, fresh, 1 time A total of 30 cc of peripheral 3,6 KOOS, VAS, adverse 18 2013
HA 45 56.2 £ 5.1 6/39 323 £33 25 mg/2.5 mL, blood was taken from events
NA, 3 times, antecubital region of the
weekly patients. The tubes were
centrifuged at 1800 rpm
for 8 min. 2.5 mL of PRP
was obtained.
Cerza et al”’ Italy PRP 60 66.5 £ 11.3 25/35 NA Grade 1-3 (KL) 5.5 mL, fresh, 4 NA 1,3, 6 WOMAC 18 2012
HA 60 66.2 £ 10.6 28/32 times, weekly
20 mg/2 mL,
HYALGAN, 4
times, weekly
(continued)
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Table 1. Continued o
[@)}
Intervention
(Injection Dose,
Type, Times, and Follow-up,
Author Country Groups Number Age, y Sex M/F, n BMI OA Grade Intervals) PRP Preparation mo Outcome QAS  Year
Sanchez et al** Spain PRGF 79 60.5 +7.9 NA 27.9 £ 2.9 Grade 1-3 (Ahlback) 8 mL, fresh, 3 times, 36 mL of peripheral blood 1,2, 6 WOMAC, Lequesne, 23 2012
HA 74 58.9 + 8.2 28.2 +£2.7 weekly was extracted from each Adverse events
NA, EUFLEXXA, patient by venipuncture.
3 times, weekly The extracted blood was
centrifuged at 580g for 8
min. Once the blood tubes
were centrifuged, we
proceeded to physically
separate the plasma
fractions. The volume of
PRGF injected was 8 mL.
Filardo et al*® Italy PRP 54 55 37/17 27 Grade 0-3 (KL) 5 mL, frozen, 3 150 mL of venous blood was 2,6,12 KOOS, EQ-VAS, IKDC, 24 2012
HA 55 58 31/24 26 times, weekly extracted from each Tegner, adverse
NA, Hyalubrix, 3 patient Then, 2 events
times, weekly centrifugations (the first at
1480 rpm for 6 min to
separate erythrocytes, and
a second at 3400 rpm for
15 min to concentrate
platelets) produced a unit
of PRP. The unit of PRP -
was divided into 4 small ~
units of 5 mL each. =
Spakova et al*® Slovakia PRP 60 52.80 + 12.43 33/27 27.9 + 4.1 Grade 1-3 (KL) 3 mL, fresh, 3 times, The blood (27 mL of venous 3,6 WOMAC, NRS, adverse 22 2012 =
HA 60 53.20 + 14.53 31/29 28.3 £ 4.0 weekly blood) sample was drawn events E
NA, Erectus, 3 into tubes. The blood b
times, weekly sample was then I

centrifuged for 15 min at
3200 rpm resulting in the
3 following layers. The
bufty coat layer together
with the plasma layer was
collected and centrifuged
for another 10 min at
1500 rpm to separate the
leukocytes. The plasma
layer was collected, and
the third centrifugation
step at 3200 rpm for 10
mins was performed to
obtain a 2-part plasma. 3
mL of PRP was obtained.

(continued)



Table 1. Continued

Intervention

(Injection Dose,
Type, Times, and

Follow-up,

QAS Year

18

Outcome
EQ-VAS, IKDC, adverse

mo

PRP Preparation

Intervals)
5 mL, 1 fresh/2

OA Grade
Grade 0-4 (KL)

Sex M/F, n BMI
24.6 + 3.2
24.8 + 3.5

Age, y
50.6 + 13.8

Country Groups Number

Author

Kon et al’’

2011

2,6

150 mL of venous blood was

30/20
25/25

PRP 50 50

HA

Ttaly

extracted from each
patient Then, 2

549 £ 12.6

events, satisfaction

rate

frozen, 3 times,

14 days

centrifugations (the first at

1480 rpm for 6 min to

30 mg/2 mL, NA,

1 time

separate erythrocytes, and
a second at 3400 rpm for

15 min to concentrate

platelets) produced a unit
of PRP. The unit of PRP

was divided into 4 small
units of 5 mL each.

PRP VERSUS HA IN THE TREATMENT OF KOA

AKSS, American Knee Society Score; BMI, body mass index; CRP, C-reactive protein; EQ-VAS, EuroQol visual analog scale; EuroQol, European Quality of Life Scale; F, female; HA, hy-
aluronic acid; IKDC, International Knee Documentation Committee; KL, Kellgren—Lawrence; KOOS, Knee injury and Osteoarthritis Outcome Score; KQoL, Knee Quality of Life; M, male; NA,

not available; NRS, numeric rating scale; OA, osteoarthritis; QAS, quality assessment score; PRGF, plasma-rich in growth factor; PRP, platelet-rich plasma; ROM, range of motion; SF-36, Short

form-36; VAS, visual analog scale; WBC, white blood cells; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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Search Strategy

The published literature was searched using the
electronic MEDLINE (1950 to December 2019), Allied
and Complementary Medicine (1985 to December
2019), EMBASE (1974 to December 2019), CINHAL
(1982 to December 2019), Cochrane Library (2019),
China National Knowledge Infrastructure (1994 to
December 2019), Scopus (2019), and Biomed Central
(2019) databases. No language or date restrictions were
applied. The Medical Subject Headings and key word
search adopted was “platelet rich plasma” AND “hyal-
uronic acid” OR “knee osteoarthritis.” The unpublished
literature was searched using the electronic OpenSIGLE
(System for Information on Grey Literature in Europe)
database, the World Health Organization International
Clinical Trials Registry Platform, the Current Controlled
Trials database, the UK Clinical Research Network
Portfolio Database, and the National Technical Infor-
mation Service database from their inception to
December 1, 2019. Finally, the reference lists of all full-
text papers identified as pertinent to the study were
reviewed for any unidentified studies.

Inclusion and Eligibility Criteria

Only RCTs were eligible for this study, with an
experimental group that received PRP and a control
group that received HA. The participants were adults
who had KOA. Subgroup analyses were performed for
patients with different doses, types, and times of PRP
interventions and different grades of OA. Exclusion
criteria consisted of (1) history of other joint diseases in
the knee, such as rheumatoid arthritis or gout; (2)
history of knee surgery; (3) history of knee fracture; (4)
intra-articular injection of other drugs, such as HA over
the previous 1 year; or (5) contraindications for intra-
articular injection, such as thrombocytopenia, coagul-
opathy, articular infection of knee, skin infection at the
injection site, or impairment of immunity.

Study Selection

Two authors (J.T., H.C., the 2 authors are attending
physicians and have worked over 8 years) indepen-
dently applied the search strategy to select references
from these databases. The titles and abstracts of the
retrieved articles were reviewed independently. When
there was a doubt, the full text was retrieved for further
scrutiny. The same 2 authors independently assessed
each full study report to see whether it met the review’s
inclusion criteria, and authors were contacted for more
information and clarification of the data, as necessary.
Any disagreement was discussed with the senior au-
thors (L.Z., W.H.), and when consensus could not be
reached, that study was excluded. A list of all pertinent
papers satisfying these criteria was then constructed by
each reviewer to compile an agreed list of studies for
inclusion.



318 J. TAN ET AL.

0__SE(Iog[RR])

0,5——/_,,—" ' o o

o

, , . i ) ) RR
05 07 1 15 2

Fig 2. Trials of PRP versus HA: funnel plot of adverse events.
(HA, hyaluronic acid; PRP, platelet-rich plasma; RR, relative

risk; SE, standard error.)

Data Abstraction

A data-extraction form was designed and agreed
upon by the authors, and a pilot test of 3 articles was
performed to ensure its consistency. Initially, 2 authors
(J.T., H.C.) independently extracted the data, which
were later reviewed jointly to produce agreed upon and
accurate data. Disagreements were resolved by
consensus or consultation with the senior authors (L.Z.,
W.H.). The data extracted included sample size, study
design, subject age, sex, body mass index, number of
surgeons operating, surgical technique, interventions,
the results, and follow-up period.

Outcomes

The outcome measures were WOMAC score, VAS
score, EuroQol visual analog scale (EQ-VAS) score,
IKDC score, Tegner score, the Lequesne Scale, the Knee
injury and Osteoarthritis Outcome Score (KOOS), the
American Knee Society Score, reintervention rate, C-
reactive protein, Short Form-36 score, the Numeric
rating scale, Knee Quality of Life, and the European
Quality of Life Scale (EuroQol), satisfaction rate, and
adverse events.

Quality Assessment

To assess the methodologic quality of the included
studies, the authors used a modification of the generic
evaluation tool used by the Cochrane Bone, Joint and
Muscle Trauma Group.”” The methodologic quality of
each trial was scored and ranged from 0 to 24. Any
disagreement was resolved by the senior authors.

Statistical Analysis

The Review Manager Database (RevMan version 5.3,
Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark) was used to analyze the included
studies. Continuous data for each arm in a particular study
were expressed as the mean and standard deviation, and

the treatment effect was expressed as the mean differ-
ences (MD). Dichotomous data for each arm in a partic-
ular study were expressed as proportions or risks, and the
treatment effect was expressed as the relative risk (RR).
Missing data were sought from the authors. When this
was not possible or when data were missing through loss
to follow-up, intention-to-treat principles were used.
Statistical heterogeneity was assessed using the value of I?
and the result of the * test. A P value of < .1 and an I?
value >50% were considered suggestive of statistical
heterogeneity, prompting a random effects modeling es-
timate. Otherwise, a fixed-effects approach was used.
Conversely, a nonsignificant . test result (a P value >0.1
and an I? value <50%) only suggested that there was no
evidence of heterogeneity: it did not imply that there was
necessarily homogeneity, as there may have been insuf-
ficient power to be able to detect heterogeneity. When the
data allowed, we performed subgroup analyses of the
trials.

Results

A total of 572 abstracts and titles were reviewed. Of
these, 26 satisfied the eligibility criteria and were included
in the meta-analysis.”’?"*°*” A flowchart is provided in
Figure 1. The number of patients included in these studies
ranged from 21 to 192. A total of 2430 patients were
enrolled in the studies. The details are shown in Table 1.
The RCTs were relatively well designed, and the quality
assessment score was high for most of them, with a mode
of 24, and a range of 17 to 24; some studies received the
highest possible score. Only 8 studies had a score less than
20. A funnel plot based on the most frequently cited
outcome was broadly symmetrical, indicating minimal
publication bias (Fig 2). Twenty of the 26 included studies
provided data on adverse events, but only 7 dots are
shown in the funnel plot. There are 3 on the left and 4 on
the right, with a relatively even distribution.

Adverse Events

In all, 20 trials including 1908 patients provided useful
data on adverse events (Fig 3). The number of adverse
events in the PRP and HA groups was 109 of 970 par-
ticipants and 84 of 938 participants, respectively. There
was no significant difference in adverse events between
the 2 groups (RR 1.21, 95% CI 0.95-1.54; P = .13).
Eighty-three of 193 cases clearly stated the type of
adverse events. Most of the patients (64/83) had mild
pain and swelling. There were 8 cases of stiffness and
heaviness and 2 cases of pseudoseptic reactions.

WOMAC Total Score

WOMAC total scores were reported by 3, 7, 8, and 7
studies at 1, 3, 6, and 12 months, respectively (Fig 4).
The analysis did not identify a significant difference
between the PRP and HA groups after 1 month
(MD —3.81, 95% CI —7.98 to 0.36; P = .07) of
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HA

Events Total Events Total Weight

Kon 2011 0 50 0 50

Spakova 2012 6 60 0 60 0.6%
Sanchez 2012 26 79 24 74 27.5%
Filardo 2012 0 54 0 55

Cerza 2012 0 60 0 60

Vaquerizo 2013 7 48 9 48 10.0%
Say 2013 8 45 0 45  0.6%
Filardo 2015 0 94 2 89 2.8%
Lana 2016 0 36 0 36

Montafnez-Heredia 2016 9 27 4 26 4.5%
Paterson 2016 2 11 0 10 0.6%
Raeissadat 2017 7 36 2 33 2.3%
Yu 2018 28 104 30 88 36.0%
Buendia-Lopez 2018 0 33 2 32 28%
Su 2018 8 25 5 30 5.0%
Louis 2018 3 24 2 24 22%
Tavassoli 2019 0 28 0 27

Lin 2019 0 31 0 29

Huang 2019 5 40 2 40 2.2%
Martino 2019 0 85 2 82 2.8%
Total (95% Cl) 970 938 100.0%

Risk Ratio
M-H. Fixed, 95% CI Year
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Risk Ratio
M-H. Fixed, 95% CI

Not estimable 2011

13.00 [0.75, 225.75] 2012

1.01[0.64, 1.60] 2012
Not estimable 2012
Not estimable 2012

0.78[0.32, 1.92] 2013 ¢
17.00 [1.01, 285.99] 2013
0.19[0.01,3.89] 2015 *

Not estimable 2016
2.17[0.76, 6.18] 2016

4.58[0.25, 85.33] 2016 *

3.21[0.72, 14.36] 2017
0.79[0.51, 1.21] 2018

0.19[0.01, 3.89] 2018 *

1.92[0.72,5.13] 2018

1.50[0.27, 8.19] 2018 *

Not estimable 2019
Not estimable 2019
2.50[0.51, 12.14] 2019

0.19[0.01, 3.96] 2019 *

1.21[0.95, 1.54]

.

e

Total events 109 84
Heterogeneity: Chi? = 20.91, df = 13 (P = 0.07); I> = 38%
Test for overall effect: Z=1.51 (P = 0.13)

T }
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Fig 3. Trials of PRP versus HA: forest plot of adverse events. (CI, confidence interval; HA, hyaluronic acid; M-H, Mantel-

Haenszel; PRP, platelet-rich plasma.)

treatment. However, the subjects in the PRP group
performed better than those in the HA group at 3
(MD —5.04, 95% CI —8.82 to —1.26; P = .009), 6
(MD —8.52, 95% CI —11.17 to —5.87; P < .00001),
and 12 months (MD —10.52, 95% CI —13.77 to —7.27;
P < .00001).

WOMAC Pain Score

WOMAC pain scores were reported by 3, 5, 6, and 7
studies at 1, 3, 6, and 12 months, respectively. Table 2
presents all of these details. The outcomes did not reveal
a significant difference between the PRP and HA groups at
1 (MD —0.03,95% CI—0.42t0 0.35; P=.86) or 3 months
(MD 0.03, 95% CI —0.31 to 0.38; P = .85). However,
subjects in the PRP group experienced significantly more
pain relief than those in the HA group at 6 (MD —1.17,
95% CI —1.99 to —0.35 P = .005) and 12 months
(MD —1.62, 95% CI —2.26 to —0.98; P < .00001).

WOMAC Stiffness Score

There was no significant difference in WOMAC stiff-
ness scores between the 2 groups after 1 (MD —0.13,
95% CI —0.41 to 0.15; P = .37) and 3 months
(MD —0.26, 95% CI —0.51 to 0.00; P = .05) of treat-
ment. However, the PRP group improved more than
the HA group at 6 (MD —0.39, 95% CI —0.74 to —0.04;
P = .03) and 12 months (MD —0.84, 95% CI—1.16 to
—0.53; P < .00001) (Table 2).

WOMAC Physical Function Score
WOMAC physical function scores were reported in 2
studies and showed that patients treated with PRP and HA

had similar functional recovery after 1 month of treat-
ment (MD —2.35, 95% CI —5.28 to 0.57; P = .12).
However, PRP performed better than HA at 3 (MD —1.90,
95% CI—2.54to —1.26; P < .00001), 6 (MD —3.15, 95%
CI —4.95 to —1.35; P = .0006), and 12 months
(MD —7.32, 95% CI —9.98 to —4.66; P < .00001)
(Table 2).

VAS and EQ-VAS Scores

VAS scores for pain were reported by 2, 6, 7, and 5
studies at 1, 3, 6, and 12 months. The details are shown
in Table 2. The results showed that the PRP group had
less pain than the HA group after 3, 6, and 12 months of
treatment. EQ-VAS scores were reported at 2, 6, and 12
months. The results showed that the improvement of
knee pain was better in the PRP group than in the HA
group at 6 and 12 months.

IKDC Score

IKDC scores were reported by 1, 6, 7, and 4 studies at
1, 3, 6, and 12 months, respectively (Table 2). The
subjects in the PRP group performed better than those
in the HA group at 6 (MD 7.67, 95% CI13.91-11.43; P <
.0001) and 12 months (MD 5.70, 95% CI 0.98-10.42;
P = .005).

Tegner Score

There was no significant difference in Tegner scores
between the 2 groups after 2 and 6 months of treatment.
However, the PRP group improved more than the HA
group at 12 (MD 0.34, 95% CI 0.01 to 0.66; p = 0.04)
(Table 2).
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Mean Difference
IV, Random, 95% Cl Year

Mean Difference

IV, Random, 95% CI
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PRP HA

Study or Subgroup  Mean SD_Total Mean SD_Total Weight
1.2.1 1 months

Cerza 2012 496 177 60 552 123 60 26.2%
Duymus 2017 26.4 9.5 33 332 122 34 27.2%
Su 2018 3063 1.73 25 31.68 1.89 30 46.5%
Subtotal (95% CI) 118 124 100.0%

Heterogeneity: Tau? = 9.49; Chi? = 6.88, df =2 (P = 0.03); > =71%
Test for overall effect: Z = 1.79 (P = 0.07)

1.2.2 3 months

Cerza 2012 39.1 178 60 57 117 60 13.9%
Spakova 2012 14.35 14.18 60 26.17 17.47 60 13.4%
Raeissadat 2017 26.8 13.45 36 27.8 11.01 33 13.3%
Duymus 2017 32.2 7.8 33 353 105 34 15.3%
Su 2018 312 173 25 3248 1.48 30 19.1%
Louis 2018 253 1838 24 273 222 24 6.8%
Huang 2019 2515 5.24 40 25.02 4.98 40 18.1%
Subtotal (95% CI) 278 281 100.0%

Heterogeneity: Tau? = 19.22; Chi* = 50.76, df = 6 (P < 0.00001); I* = 88%
Test for overall effect: Z = 2.61 (P = 0.009)

1.2.3 6 months

Cerza 2012 36.5 179 60 651 106 60 10.4%
Spakova 2012 18.85 14.09 60 30.9 16.57 60 10.0%
Vaquerizo 2013 272 151 48 504 232 48  7.0%
Duymus 2017 42.8 71 33 445 6.6 34 13.9%
Raeissadat 2017 244 16.54 36 274 11.38 33  84%
Buendia-Lopez 2018 33.6 1.2 33 373 1.2 32 17.5%
Su 2018 3437 1.22 25 38.84 1.6 30 17.4%
Huang 2019 2114 517 40 26.38 5.2 40 15.6%
Subtotal (95% Cl) 335 337 100.0%

Heterogeneity: Tau? = 10.42; Chi2 = 119.32, df = 7 (P < 0.00001); 12 = 94%
Test for overall effect: Z = 6.29 (P < 0.00001)

1.2.4 12 months

Vaquerizo 2013 30.8 15.5 48 542 19.2 48 9.8%
Raeissadat 2015 18.44 14.35 77 27.46 16.36 62 12.4%
Duymus 2017 549 10.8 33 693 43 34 14.2%
Su 2018 39.97 293 25 434 235 30 17.4%
Yu 2018 2025 152 104 264 16.98 88 13.2%
Buendia-Lopez 2018 34.51 1.2 33 4265 0.9 32 17.9%
Huang 2019 161 7.22 40 30.64 8.36 40 15.0%
Subtotal (95% CI) 360 334 100.0%

Heterogeneity: Tau? = 15.29; Chi? = 83.20, df = 6 (P < 0.00001); I> = 93%
Test for overall effect: Z = 6.34 (P < 0.00001)
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Fig 4. Trials of PRP versus HA: forest plot of WOMAC total score. (CI, confidence interval; HA, hyaluronic acid; IV, inverse variance;
PRP, platelet-rich plasma; SD, standard deviation, WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.)

Lequesne Scale and KOOS Score

The Lequesne Scale was reported at 6 months and
KOOS scores were reported at 2, 6, and 12 months
(Table 2). There were no significant differences in these
results between the 2 groups.

Satisfaction Rate

This outcome measure was available in 4 studies (293
patients). There was no significant difference in the
satisfaction rate between the 2 groups (RR 1.14, 95% CI
0.99-1.31; P = .08) (Fig 5).

Discussion
This meta-analysis showed that the WOMAC total,
WOMAC physical function, and VAS scores of the
PRP group were better than those of the HA group at

3, 6, and 12 months. The PRP group performed better
than the HA group in terms of WOMAC pain,
WOMAC stiffness, EQ-VAS, and IKDC scores at 6 and
12 months. The PRP group had more mild joint pain
and swelling after using PRP, but there was no sig-
nificant difference in adverse events between the 2
groups (P = .13). The reason why the results of the
Lequesne Scale, KOOS scores, and satisfaction rate
were not statistically significant was perhaps due to
the smaller number of included studies that evaluated
these outcomes. Therefore, we believed that
compared with the use of HA in patients with KOA,
PRP could produce better clinical efficacy in the early
and middle stages, and the safety was comparable. In
addition, although we performed subgroup analyses
of the different doses (<5 mL and >5 mL), types
(fresh and frozen) and times (1 time and 2 times or



Table 2. Summary of Other Analysis Results of PRP Versus HA

Mean
Other Analysis Patients  Difference [95% CI] Heterogeneity Other Analysis Studies Patients Mean Difference [95% CI] Heterogeneity
WOMAC Pain 107/114 —0.03 [—0.42, 0.35]; I = 16%; P = .30 IKDC 6 mo 7 362/356 7.67 [3.91-11.43]; P < .0001 I = 61%; P = .02
1 mo P = .86
WOMAC Pain 167/171 0.03 [—0.31, 0.38]; I’ =0%; P=.76 IKDC 12 mo 4 228/223 5.70 [0.98-10.42]; P = .005 I’ =41%; P= .16
3 mo P = .85
WOMAC Pain 224/227 —1.17 [—1.99, —0.35]; I? = 85%; P = .00001 Tegner 2 mo 2 179/171 0.30 [—0.01, 0.61]; P = .06 I? = 0%; P=1.00
6 mo P =.005
WOMAC Pain 369/344 —1.62 [—2.26, —0.98]; I = 84%; P = .00001 Tegner 6 mo 1 94/89 0.20 [—0.23, 0.63]; P = .37 Not applicable
12 mo P < .00001
WOMAC Stiffness 58/64 —0.13 [—0.41, 0.15]; I’ =35%; P=.21 Tegner 12 mo 2 148/144 0.34 [0.01-0.66]; P = .04 I’ =0%; P=.77
1 mo P = .37
WOMAC Stiffness 118/121 —0.26 [—0.51, 0.00]; I = 44%; P = .15 Lequesne 6 mo 2 127/122 —0.20 [—1.03, 0.63]; P = .64 I? = 0%; P = .00
3 mo P=.05
WOMAC Stiffness 175/177 —0.39 [—0.74, —0.04]; I = 68%; P = .01 KOOS Pain 2 mo 3 159/154  —0.20 [—4.31, 3.91]; P = .92 I? = 49%; P = .14
6 mo P=.03
WOMAC Stiffness 320/294 —0.84 [—1.16, —0.53]; I? = 75%; P = .001 KOOS Pain 6 mo 2 148/144 0.30 [—3.97, 4.57]; P = .89 I? = 0%; P = .81
12 mo P < .00001
WOMAC Physical 58/64 —2.35 [—5.28, 0.57]; I’ =59%; P=.12 KOOS Pain 12 mo 2 148/144  —0.32 [—4.73, 4.10]; P = .89 I’ =0%; P= .91
function 1 mo P=.12
WOMAC Physical 118/121 —1.90 [—2.54, —1.26]; I? = 0%; P = .90 KOOS Symptoms 3 159/154 —4.02 [—13.55, 5.51]; P = 41 I = 80%; P = .007
function 3 mo P < .00001 2 mo
WOMAC Physical 175/177 —3.15 [—4.95, —1.35]; I’ = 88%; P < .00001 KOOS Symptoms 2 148/144 0.77 [—3.17, 4.71]; P = .70 I’ = 0%; P = .43
function 6 mo P = .0006 6 Mo
WOMAC Physical 320/294 —7.32 [-9.98, —4.66]; I? =91%; P < .00001 KOOS Symptoms 2 148/144  —1.09 [—5.17, 2.99]; P = .60 I? = 0%; P = .50
function 12 mo P < .00001 12 mo
VAS 1 mo 58/64 0.01 [—0.13, 0.15]; I’ = 0%; P = .63 KOOS Daily activity 3 159/154 —1.26 [—8.16, 5.64]; P = .72 I’ = 63%; P = .06
P=.89 2 mo
VAS 3 mo 208/210 —0.54 [—1.03, —0.05]; I = 81%; P < .00001 KOOS Daily activity 2 148/144 1.12 [—3.24, 5.47]; P = .61 I’ = 0%; P = .81
P=.03 6 mo
VAS 6 mo 266/268 —0.77 [—1.24, —0.29]; I = 84%; P < .00001 KOOS Daily activity 2 148/144 0.22 [—4.38, 4.83]; P = .93 I = 0%; P = .90
P =.002 12 mo
VAS 12 mo 180/186 —0.99 [—1.54, —0.45]; I’ = 84%; P < .00001 KOOS Sport 2 mo 3 159/154 —0.71 [—11.54, 10.12]; P = .90 I’ = 64%; P = .06
P =.0003
EQ-VAS 2 mo 229/221 4.32 [—0.09, 8.73]; I? = 67%; P = .05 KOOS Sport 6 mo 2 148/144 4.32 [-2.13, 10.77]; P = .19 I’ = 0%; P=.94
P = .05
EQ-VAS 6 mo 268/260 6.22 [1.72-10.72]; I’ = 74%; P = .009 KOOS Sport 12 mo 2 148/144 2.17 [—4.31, 8.65]; P = .51 I’ = 0%; P = .75
P = .007
EQ-VAS 12 mo 179/171 4.64 [1.86-7.42]; I’ = 0%; P = .75 KOOS Quality of life 3 159/154 0.06 [—4.97, 5.09]; P = .98 I’ = 44%; P = .17
P =.001 2 mo
IKDC 1 mo 31/29 0.04 [—7.70, 7.78];  Not applicable KOOS Quality of life 2 148/144  —0.63 [—6.02, 4.76]; P= .82 1> = 0%; P = .97
P=.99 6 mo
IKDC 3 mo 359/349 3.27 [—0.21, 6.75]; I’ = 54%; P = .06 KOOS Quality of life 2 148/144 0.42 [—5.15, 5.99]; P = .88 I’ = 0%; P = .81
P =.07 12 mo

EQ-VAS, EuroQol visual analog scale; HA, hyaluronic acid; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; PRP, platelet- rich
plasma; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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PRP HA
Study or Subgroup

Events Total Events Total Weight M-H, Fixed, 95% Cl Year
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Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio

Kon 2011 41 50 33 50 33.3%
Gormeli 2015 30 39 25 39 252%
Raeissadat 2017 24 36 22 33 23.2%
Louis 2018 18 22 19 24  18.3%
Total (95% CI) 147 146 100.0%
Total events 113 99

Heterogeneity: Chi? = 1.67, df =3 (P = 0.64); I’=0%
Test for overall effect: Z = 1.77 (P = 0.08)

Fig 5. Trials of PRP versus control: forest plot of satisfaction rate. (CI, confidence interval; HA,

Haenszel; PRP, platelet-rich plasma.)

more) of PRP interventions and the grade of OA, no
meaningful results were found.

Previously, 4 meta-analyses compared the use of PRP
and HA in the treatment of KOA: Han et al. (15 RCTs),"°
Zhangetal. (13 RCTs),'” Shen etal. (14 RCTs),'® and Dai
etal. (I0RCTs).'” The meta-analysis study by Han etal.'®
showed that the WOMAC total scores of the PRP group
were better at 6 and 12 months, and the VAS scores were
better at 12 months. However, our analysis showed that
the WOMAC total and VAS scores of the PRP group were
better than those of the HA group at 3, 6, and 12 months.
Zhang et al.'” found that no significant differences were
found between the 2 groups in WOMAC stiffness, VAS,
or EQ-VAS scores. This meta-analysis found that the
WOMAC stiffness and EQ-VAS scores in the PRP group
were better than those in the HA group at 6 and 12
months. Han et al.’s and Zhang et al.’s IKDC scores were
better in the PRP group at 6 months, and there was no
significant difference between the 2 groups at 12 months.
Our IKDC scores showed that patients recovered better
in the PRP group at 6 and 12 months. Dai et al. found that
the results of the WOMAC total, WOMAC pain, and
WOMAC physical function scores of the PRP group were
better than those of the HA group only at 12 months."’
These findings were inconsistent with our results. The
reason might be that they had included fewer studies.
Our meta-analysis included a total of 26 RCTs. The meta-
analysis by Shen et al.'® found that the WOMAC total,
WOMAC pain, and WOMAC physical function scores of
the PRP group were better those for the HA group from 3
to 12 months. After reading the full text, we found that of
the 14 studies included by Shen et al., 12 compared PRP
with HA, and the other 2 compared PRP with saline. The
inclusion of studies with different control groups might
have affected the results of the analysis. Three of the 4
previous meta-analyses analyzed adverse events, and the
result was consistent with ours. No significant differences
in adverse events were found between the 2 groups
(Han:RR 1.20,95% C10.91-1.58, P=.20; Shen: RR 1.40,
95% CI 0.80-2.45, P = .24; and Dai: RR 0.63, 95% CI
0.20-1.98, P = 0.43). Nonetheless, we found a trend for
more adverse events in the PRP group, although most
were mild joint pain and swelling.

1.2410.98, 1.58] 2011
1.20[0.90, 1.61] 2015
1.00[0.72, 1.40] 2017
1.03[0.78, 1.37] 2018

1.14[0.99, 1.31]

0.01 0.1 1 10 100
Favou.gs HI’-\ Favours PRP
yaluronic acid; M-H, Mantel-

This meta-analysis not only statistically showed the PRP
group was better than HA group but also proved the
clinically significant differences in both the WOMAC
total and IKDC scores between the 2 groups. Angst
et al.”® found that the minimal clinically important
difference (MCID) in the WOMAC total measure was
6% of the maximal value. Greco et al.”’ indicated that
the MCID in the IKDC score was an absolute change of
6.3 at 6 months. Our results of WOMAC total scores
showed that the PRP group clearly surpassed the MCID
(difference of 6 points) compared with the HA group at
6 (MD —8.52) and 12 (MD —10.52) months. In addi-
tion, the IKDC score of the PRP group showed clinically
significant ascendancy compared with the HA group,
with a change of 7.67 at 6 months.

In the past few years, an increasing number of re-
searchers have noticed the potential of PRP in the
treatment of various musculoskeletal diseases, such as
rotator cuff tears, lateral epicondylitis, patellar tendin-
opathy, OA, and Achilles tendon repair.”*>* However, in
the current clinical guidelines of orthopaedic surgeons,
the use of PRP injection for KOA patients is uncer-
tain.”””° The use of PRP in the treatment of degenerative
KOA has increased in recent years, given its apparent
high margin of safety and ease of production and
administration.”” Contrasting scientific evidence exists
regarding PRP injections for KOA, with the efficacy of
PRP injections widely reported.”® Enhanced effective-
ness of PRP for pain treatment and knee joint function
compared to HA and positive outcomes in all stages of
knee OA (early, middle and late), have all been re-
ported.'*'? These results could have been due to the
immediate and sustained release of growth factors over a
prolonged period, which enhanced healing and resulted
in sustained clinical effects.”” PRP has been shown to
have both anti-inflammatory effects through both
growth factors such as transforming growth factor-f and
insulin-like growth factor 1, and the stimulatory effects
on mesenchymal stem cells and fibroblasts.®” Unfortu-
nately, there are many variations in PRP preparation,
and a lack of standardization in preparation-related
factors, such as speed and duration of centrifugation,
leads to wide ranges of platelet and leukocyte
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concentrations. Unifying the most effective PRP prepa-
ration process might be the direction of future research.

In this meta-analysis, only RCTs were eligible, and
only data from one experimental group that used of
PRP and a control group that received HA were
extracted from a multigroup comparison study. Signif-
icant heterogeneity among the included studies was
demonstrated when the WOMAC total, WOMAC pain,
WOMAC stiffness, WOMAC physical function, VAS,
EQ-VAS and IKDC scores were evaluated. Although we
conducted subgroup analyses and sensitivity analysis on
these results with significant heterogeneity, no signifi-
cant differences were found. This phenomenon could
not be well explained by the differences in the treat-
ment protocols, enrolled patients, interventions, or OA
grades in each study, and could not be simply consid-
ered to be caused by 1 or 2 studies. Rather, the authors
of this study believed that the sample size differences,
patient characteristics variations, inclusion and exclu-
sion criteria diversity, differences between treating
centers in terms of management protocols and logistics,
and different strategies for measuring outcomes may be
responsible for such heterogeneity. For these results
with significant heterogeneity, we chose the random
effects approach in this meta-analysis. Even so, the
reliability would still be affected.

Limitations

Limitations of this meta-analysis include the small
sample size and short follow-up time of each study and
the significant heterogeneity in the WOMAC total,
WOMAC pain, WOMAC stiffness, WOMAC physical
function, VAS, EQ-VAS, and IKDC scores. In addition,
no sufficient data were available to analyze the Amer-
ican Knee Society Score, reintervention rate, C-reactive
protein, Short Form-36, Numeric rating scale, Knee
Quality of Life, or EuroQOL scores.

Conclusions

For the nonsurgical treatment of KOA, compared
with HA, intra-articular injection of PRP could signifi-
cantly reduce patients’ early pain and improve func-
tion. There was no significant difference in adverse
events between the 2 groups. PRP was more effective
than HA in the treatment of KOA, and the safety of
these 2 treatment options was comparable.
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