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Abstract 

Purpose:  This study aims to compare the efficacy of a dual therapy of Platelet-Rich Plasma (PRP) and Hyaluronic Acid 
(HA) compared with PRP-alone therapy in the treatment of knee osteoarthritis (KOA).

Methods:  PubMed, Embase, CINAHL, SCOPUS, Cochrane Library, grey literature and bibliographic references were 
searched from inception to January 2021. Only randomized controlled trials (RCTs) and retrospective cohort studies 
comparing the effect of PRP and HA versus PRP-alone therapy for KOA were included. Literature retrieval and data 
extraction were conducted by three independent reviewers. Pooled analysis of Visual Analogue Scale (VAS), Western 
Ontario and McMaster Universities Arthritis Index (WOMAC), International Knee Documentation Committee (IKDC) 
scores and adverse events were conducted.

Results:  Ten studies (7 RCTs, 3 cohort studies) involving 983 patients were covered. Dual PRP and HA therapy 
resulted in significant reduction in VAS compared to PRP-alone therapy at 4–6 weeks (P < 0.00001) and 12 months 
(P < 0.00001). Dual therapy resulted in better WOMAC score improvement at 3 (P = 0.02), 6 (P = 0.05) and 12 months 
(P < 0.0001) compared to PRP-alone therapy. The IKDC score for dual therapy was also higher at 6 months compared 
to PRP-alone therapy (P = 0.007). Regarding adverse events, dual therapy was generally safer than PRP-alone therapy 
(P = 0.02).

Conclusion:  While there is a paucity of large high-quality Level I studies, current best evidence suggests that dual 
therapy with PRP and HA for KOA may be effective at providing pain relief and improvement in function up to 1 year 
following administration.

Level of evidence:  II.
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Introduction
Knee osteoarthritis (KOA) is the most diagnosed form 
of osteoarthritis, accounting for almost four-fifths of the 
global burden of OA and resulting in debilitating pain 
and loss of function [9]. The incidence of KOA has con-
tinued to grow over the past few decades with no signs 
of slowing down, in line with the global phenomenon of 
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longevity and ageing populations [43]. Hence, KOA is 
presently a huge burden on healthcare systems and socie-
ties globally [9].

Currently, there is no effective cure for KOA apart from 
knee arthroplasty which is usually offered at an advanced 
stage of disease [2]. The focus of many clinicians today 
lies in the prevention and treatment of the disease in the 
early stage to prevent any further progression. The Amer-
ican Academy of Orthopaedic Surgeons recommends 
conservative treatment methods before progressing to 
surgical intervention when they fail [20]. Conservative 
treatment, which can be broadly categorised into phar-
macological and nonpharmacological methods, aims to 
retain patient mobility and reduce pain. Non-pharmaco-
logical treatment includes preventive and rehabilitative 
measures such as weight loss and diet control as KOA is 
highly related to obesity [37]. Such measures, being heav-
ily dependent on patient compliance, are often out of the 
jurisdiction of clinicians and are often used concurrently 
with pharmacological treatment such as oral analgesics 
and non-steroidal anti-inflammatory drugs [37]. Pharma-
cological modalities have seen varying success depending 
on the stage of the disease, and despite their efficacy in 
controlling the disease in its early stages and slowing its 
progression, these drugs come with various contraindica-
tions and side effects.

Clinicians have also adopted the use of intra-articu-
lar injection of hyaluronic acid (HA) and platelet-rich 
plasma (PRP), both individually and synergistically, 
to treat KOA. PRP, generally defined as autologous 
plasma with a higher concentration of platelets com-
pared to peripheral blood, is obtained by centrifugation 
of autologous blood [5]. The release of growth factors 
and cytokines after platelet degranulation is thought to 
promote healing and reduce inflammation, leading to it 
being widely used in other musculoskeletal diseases [11]. 
HA is a naturally occuring fluid which provides lubrica-
tion and aids in shock absorption [39]. Similar to PRP, it 
is also shown to have anti-inflammatory effects on cells 
in vitro [4]. Systematic reviews have concluded that while 
both modalities, used individually, resulted in improved 
clinical outcomes by alleviating pain and slowing the pro-
gress of KOA, patients who received PRP experience bet-
ter outcomes compared to HA [7, 19].

In recent years, studies have been exploring the feasi-
bility of combining HA and PRP as a dual therapy. Some 
studies have found that using these two drugs simultane-
ously might be beneficial to patients through synergistic 
biochemical mechanisms [42]. However, there has been a 
paucity of systematic reviews and meta-analyses evaluat-
ing whether combination therapy results in significantly 
improved clinical outcomes compared to PRP-alone ther-
apy. This systematic review compares patient-reported 

outcomes on pain, stiffness and function to provide a 
methodical analysis of the available literature on the effi-
cacy of PRP and HA versus PRP-alone therapy in the 
treatment of KOA.

Methods
This systematic review and meta-analysis was conducted 
in accordance with relevant requirements of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement.

Literature search strategy
In order to retrieve relevant literature, different data-
bases were perused; MEDLINE (PubMed), Embase, 
Cumulative Index to Nursing and Allied Health 
(CINAHL), Cochrane Library, SCOPUS, grey literature 
(conference proceedings, industry white papers, Google 
Scholar) and bibliographic references were hand-
searched to identify relevant studies. Out of the relevant 
studies, only randomized controlled trials (RCTs) and 
retrospective cohort studies were selected and followed 
up on. This retrieval period spanned from establishment 
of each database to September 2021. Three researchers 
(AA, JJ, XY) cross-referenced information on Covidence 
to reduce data extraction errors. Search terms engaged 
consisted of (Hyaluronic Acid OR Hyaluronan OR Hya-
luronate Sodium OR Sodium Hyaluronate) AND Knee 
AND (Osteoarthritis OR Degenerative OR Arthroses OR 
Arthrosis OR Osteoarthrosis OR Osteoarthrosis Defor-
mans) AND (Platelet-rich Plasma OR Autologous Pro-
tein Solution OR Autologous Conditioned Serum OR 
Autologous Conditioned Plasma OR Platelet-derived 
Growth Factors OR Platelet-Rich Fibrin OR L-PRF).

Inclusion and exclusion criteria
Inclusion criteria for the study include the following: (1) 
Type of study: Published RCTs or retrospective cohort 
studies, (2) Research subjects: Individuals diagnosed 
with KOA, regardless of age, gender, or nationality, (3) 
Intervention: Intra-articular injection dual therapy of 
PRP combined with HA versus PRP-alone therapy, (4) 
Outcomes: At least one of the following outcome indica-
tors cited: Western Ontario and McMaster Universities 
Arthritis Index (WOMAC) score, International Knee 
Documentation Committee (IKDC) score, or visual ana-
logue scale (VAS), (5) Studies written in English or Chi-
nese language.

Exclusion criteria for the study include the following: 
(1) Type of study: Retrospective studies, reviews, case 
reports, and case series, (2) Research Subjects: Sub-
jects with non-knee osteoarthritis, animal subjects or 
cadavers, (3) Intervention: Studies in which the inter-
vention did not include intra-articular injection of PRP 
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combined with HA, (4) Outcomes: Studies detailing 
the mechanism of PRP and HA, (5) Studies not written 
in English or Chinese language, (6) Studies with data 
that are unable to be extracted, (7) Studies with data 
that do not report mean and standard deviation.

Study selection and data extraction
The literature retrieval was conducted under the 
guidelines of established inclusion and exclusion crite-
ria. Two reviewers (AA, JJ) extracted each set of data 
independently before compilation and cross-referenc-
ing on Covidence. A third researcher (XY) and cor-
responding author assisted in the cross-referencing 
process independently to minimize judgment errors.

The quantitative data extracted in this study included 
first author, publication year, sample size, intervention 
measures, ethical approval, gender, age, BMI, follow-
up periods, Kellgren-Lawrence radiographic classifi-
cation, relevant items for literature quality evaluation, 
WOMAC, IKDC, VAS scores and adverse events.

Quality assessment of included studies
Regarding RCTs, the Cochrane Risk of Bias Tool was 
employed for quality evaluation. The tool includes 
evaluation in seven domains: (1) random sequence 
generation (selection bias), (2) allocation conceal-
ment (selection bias), (3) blinding of participants and 
personnel (performance bias), (4) blinding of outcome 
(detection bias), (5) incomplete outcome data (attri-
tion bias), (6) selective reporting (reporting bias), 
and (7) other sources of bias. The risk of bias in each 
domain was judged to be low, high or unclear.

For the cohort studies, the Risk Of Bias In Non-ran-
domized Studies of Interventions (ROBINS-I) tool was 
used for quality assessment. This tool evaluates bias in 
seven domains: (1) bias due to confounding, (2) bias in 
selection of participants into the study, (3) bias in clas-
sification of interventions, (4) bias due to deviations 
from intended interventions, (5) bias due to missing 
data, (6) bias is measurement of outcomes, and (7) bias 
in selection of the reported result. The risk of bias in 
each domain was judged to be low, moderate, serious 
or critical.

With regards to publication bias, the included stud-
ies were reviewed for declaration of potential publica-
tion bias. The risk of bias in this domain was recorded 
to be either present, or absent.

Quality assessment of the studies was performed 
independently by three reviewers (AA, JJ, XY) and any 
differences were resolved by consensus.

Statistical analysis
To evaluate our main outcome of comparing the efficacy 
of PRP and HA with PRP-alone therapy, a fixed-effects 
model was employed for the meta-analysis, with the only 
exception being the comparison of VAS scores at base-
line. The mean difference (MD) was used to evaluate the 
effects of continuous variables comparing the three dif-
ferent types of output (IKDC, WOMAC, and VAS), with 
95% confidence intervals (CIs) of MD being calculated. 
Review Manager 5.4 software (Cochrane Collaboration, 
Oxford, UK) was used to calculate the efficacy and safety 
indicators and their 95% CIs. A P value less than 0.05 was 
judged as statistically significant.

Results
Literature screening process and results
A preliminary examination of titles and abstracts yielded 
a total of 420 relevant studies, after the removal of 
duplicates. Following the guidelines of strict inclusion 
and exclusion criteria, the final sample size of ethically 
approved studies was narrowed down to ten, involving 
seven RCTs [1–4, 7–8, 10) and three retrospective cohort 
studies (5–6, 9). These studies hold a total patient sample 
size of 983. Seven were two-arm studies, and three three-
arm studies. The literature screening process and results 
are reflected in Fig.  1. Age of patients included in this 
study ranged from 22 to 78 years, Kellgren and Lawrence 
radiographic grading scale of KOA ranged from I to IV, 
and the follow-up period spanned 6–12 months (Table 1). 
Baseline demographic data such as age, gender, and BMI, 
and sample size of the patients included in the 8 studies 
were comparable (p = n.s.). It is important to note that 
the 2017 study by Jacob et al. [21] was analysed separately 
due to the usage of 2 formulations of PRP: HMW and 
LMW. Duration of treatment ranged from 3 to 8 weeks 
and the interval between injections ranged from 1 to 
2 weeks (Table  2). All the studies administered the PRP 
and HA in the PRP + HA arm concomitantly, except for 
Ke et al., who administered 4 ml of PRP first then 2 ml of 
HA 10 min later, and Lana et al., who administered 2 ml 
of HA first then 5 ml of PRP.

Quality assessment of the included literature
The overall methodological quality of the included stud-
ies is summarized in Figs. 2 and 3.

For the RCTs, only one study (Sun 2021) had a high risk 
of performance bias as the injector and patients were not 
blinded in the study (Fig.  2). For random sequence gen-
eration, five (71%) studies were at low risk of bias, while 
two (29%) studies were of unclear risk. For allocation 
concealment, four (57%) studies were at low risk of bias, 
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while three (43%) studies were of unclear risk. Studies 
such as Guo 2018 [17] mentioned covering the syringe 
during the injection to conceal the allocation of interven-
tion. For blinding of participants and personnel, three 
(43%) studies were of low risk of bias, three (43%) studies 
were of unclear risk and one (14%) study was of high risk. 
For blinding of outcome assessment, three (43%) studies 
were of low risk of bias, while four (57%) studies were of 
unclear risk. None of the studies had incomplete outcome 
data or selective reporting biases. All the studies had a low 
risk of other bias except for Guo 2018 [17], which men-
tioned that there could be a certain bias in recommending 
the treatment to patients due to the difference in knowl-
edge of PRP and HA between doctors in the study.

For the cohort studies, Abate et al. [1] and Palco et al. 
[28] had an overall low risk of bias while Guo et al. had 
a moderate risk of bias (Fig. 3). For risk of confounding, 
Guo 2016 [18] had a serious risk of bias in the study as 

some bias may have existed in the selection of the tech-
nique due to the therapist’s preference and the amount 
of activity post-intervention was not controlled for. 
For bias due to deviation from intended interventions, 
Abate et  al. [1] had a moderate risk of bias as arthro-
centesis was performed when articular effusion was 
present, which could potentially be a form of sympto-
matic treatment. Bias in measurement of outcomes was 
unable to be assessed in the studies done by Abate et al. 
[1] and Palco et al. [28] as it was not mentioned if allo-
cation was concealed to patients. All three studies had a 
low risk of bias in terms of selection of participants into 
the study, classification of interventions, missing data 
and selection of the reported result.

Only one study (Jacob 2017 [21]) reported on its 
source of funding while four studies (Abate 2015 [1], 
Guo 2016 [18], Jacob 2017 [21], Yu 2018 [42]) reported 
on any potential sources of conflict of interest.

Fig. 1  Showing the PRISMA flowchart of the study search process
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Table 2  detailing the details of the administration and composition of PRP + HA and PRP alone of the included studies. NS = not 
specified

First Author, Year Study Type Procedural Details PRP + HA 
composition 
(ml)

PRP
Composition 
(ml)

Number of 
injections

Injection 
Interval 
(weeks)

Ding, 2017 [12] RCT​ PRP: 40 ml venous blood added to sodium 
citrate; centrifuged for 10 min at 1450 rpm; PCP 
aspirated and transferred out, then centri-
fuged for 10 min at 3370 rpm; yield 5 ml PRP
HA: 25 mg/2.5 ml
PRP and HA administered together

PRP: 4
HA: 2.5

4 3 1

Zhao, 2018 [45] RCT​ PRP: 5 ml whole blood centrifuged to obtain 
PRP
PRP and HA administered together

PRP: 4
HA: 2.5

2 5 1

Ke,
2016 [22]

RCT​ PRP: 40 ml venous blood added to 4 ml of 
sodium citrate; centrifuged for 10 min at 
1500 rpm; PCP aspirated and transferred out, 
then centrifuged for 10 min at 1500 rpm; 
activation with 0.2 ml of calcium chloride; yield 
4 ml PRP
PRP administered first, HA 10 min later

PRP: 4
HA: 2

6 5 1

Guo, 2018 [17] RCT​ PRP: 45 ml blood added to 5 ml of citrate 
phosphate dextrose; centrifuged for 10 min at 
2000 rpm; PCP aspirated and transferred out, 
then centrifuged for 10 min at 2200 rpm; yield 
7 ml PRP
PRP and HA administered together

PRP: 3.5
HA: 2

3.5 3 1

Abate, 2015 [1] Retrospective cohort PRP+ HA: 4 ml blood added to 2 ml HA 
(natural, non-crosslinked, fermented, 1550 kDa, 
40 mg); centrifuged for 5 min at 3500 rpm; 
yield 2 ml of PRP + 2 ml of HA
PRP: 8 ml blood centrifuged for 5 min at 
3500 rpm; yield 4-5 ml
PRP and HA administered together

PRP: 2
HA: 2

4–5 3 1

Guo, 2016 [18] Retrospective cohort NS
PRP and HA administered together

PRP: NS
HA: NS

NS 3 1

Jacob, 2017 [21] RCT​ PRP: 20-ml venous blood added to 5-ml of cit-
rate phosphate dextrose; centrifuged for 7 min 
at 3500 rpm; PCP aspirated and transferred out, 
then centrifuged for 5 min at 3000 rpm; yield 
2.5 ml PRP
Administration details NS

PRP: NS
HA: NS

2 NS NS

Yu,
2018 [42]

RCT​ PRP: Plasma samples were prepared immedi-
ately using centrifugation at 2000 g at 4 °C for 
10 min
PRP and HA administered together

PRP: 8
HA: 0.2 mg

8 8 1

Palco, 2021 [28] Retrospective
cohort

PRP + HA: CellularMatrix A-CP-HA used; 
8-ml of venous blood centrifuged for 5 min 
at 3400 rpm/1500 g; yield 3 ml PRP; Platelet 
concentration: 290 k platelets/mm3
L-PRP: RegenKit-THT-3/RegenCell used; 
8-ml of venous blood centrifuged for 9 min 
at 3400 rpm/1500 g; yield 5 ml PRP; Platelet 
concentration: 340 k platelets/mm3
Administration details NS

PRP: 3
HA: 2

5 NS NS

Sun, 2021 [37] RCT​ PRP: 7-mL of venous blood collected in 
PLTenus PLUS Platelet Concentrate Separa-
tor; centrifuged at 500-1200 rpm for 8 min; 
yield 3 ml LP-PRP; Average platelet count: 
463.83 ± 75.39 × 103/ul
HA: HYAJOINT Plus; cross-linked with BDDE
3 ml of HA injected first, then 3 ml of PRP

PRP: 3
HA: 3

3 1 NS



Page 7 of 15Aw et al. J EXP ORTOP           (2021) 8:101 	

Meta‑analysis
Visual Analogue Scale (VAS)
A total of 7 studies reported VAS scores at baseline. A 
random-effects model was used for the meta-analysis. 
The results showed that there were no significant dif-
ferences in the baseline VAS scores between the groups 
(SMD: -0.08, 95% CI: − 0.43 to 0.27, P  = 0.65 = n.s.) 
(Fig. 4).

A total of 3 studies reported VAS scores at 4–6 weeks 
after treatment. The results showed that patients who 
received PRP combined with HA had significantly bet-
ter VAS scores than patients who received PRP alone 
at 4–6 weeks (SMD: -1.55, 95% CI: − 1.77 to − 1.34, 
P  < 0.00001) (Fig. 5).

A total of 2 studies reported VAS scores at 3 months 
after treatment. The results showed that there were 
no significant differences in the 3-month VAS scores 
between the groups (SMD: -0.21, 95% CI: − 0.57 to 0.15, 
P = 0.25 = n.s.) (Fig. 6).

A total of 4 studies reported VAS scores at 6 months 
after treatment. The results showed that there were 
no significant differences in the 6-month VAS scores 
between the groups (SMD: -0.34, 95% CI: − 0.74 to 0.05, 
P = 0091 = n.s.) (Fig. 7).

A total of 2 studies reported VAS scores at 12 months 
after treatment. The results showed that patients who 
received PRP combined with HA had significantly bet-
ter VAS scores than patients who received PRP alone 
at 12 months (SMD: -1.45, 95% CI: − 1.97 to − 0.94, 
P < 0.00001) (Fig. 8).

A comparison of VAS scores between PRP combined 
with HA and PRP pre-treatment and post-treatment 
showed a significant mean improvement of − 1.32 points 
(95% CI: − 1.77 to − 0.86, P < 0.00001) (Fig. 9).

Western Ontario and McMaster Universities Arthritis Index 
(WOMAC) Function score
A total of 5 studies reported the WOMAC Function 
Score at baseline. The results showed that there were no 
significant differences in the baseline WOMAC scores 
between the groups (SMD: -0.23, 95% CI: − 2.25 to 1.79, 
P = 0.83 = n.s.) (Fig. 10).

A total of 3 studies reported the WOMAC Func-
tion Score at 3 months after treatment. The heteroge-
neity in the studies is high and significant (I2 = 74%, 
P = 0.02 = n.s.), and a fixed-effects model was used for 
the meta-analysis. The results showed that at 3 months 
after treatment, the WOMAC Function Score of the 
group receiving PRP combined with HA was 2.74 points 
lower (better) than that of the group receiving PRP alone 
(SMD: -2.74, 95% CI: − 5.11 to − 0.37, P  = 0.02 < 0.05) 
(Fig. 11).

A total of 3 studies reported the WOMAC Function 
Score at 6 months after treatment. The results showed 
that at 6 months after treatment, the WOMAC Function 
Score of the group receiving PRP combined with HA was 
2.66 points lower (better) than that of the group receiving 
PRP alone (SMD: -2.66, 95% CI: − 5.36 to 0.03, P = 0.05) 
(Fig. 12).

A total of 4 studies reported the WOMAC Function 
Score at 12 months after treatment. The results showed 
that at 12 months after treatment, the WOMAC Function 
Score of the group receiving PRP combined with HA was 
8.30 points lower (better) than that of the group receiv-
ing PRP alone (SMD: -8.30, 95% CI: − 9.72 to − 6.89, 
P < 0.0001) (Fig. 13).

Fig. 2  Detailing the quality assessment of the 7 RCTs using the 
Cochrane ROB tool
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A comparison of WOMAC function scores between 
PRP combined with HA and PRP pre-treatment and post-
treatment showed a significant mean improvement of 
− 4.07 points (95% CI: − 7.18 to − 1.00, P = 0.010 < 0.05) 
(Fig. 14).

International Knee Documentation Committee (IKDC) 
score
A total of 3 studies reported IKDC scores at baseline. 
There were no significant differences in the baseline 

Fig. 3  Detailing the quality assessment of the 3 cohort studies using the ROBINS-I tool. Green: Low risk, Yellow: Moderate risk, Orange: Serious risk, 
Red: Critical risk

Fig. 4  Showing the Forest plot comparing the VAS scores between PRP + HA and PRP at baseline

Fig. 5  Showing the Forest plot comparing the VAS scores between PRP + HA and PRP at 4–6 weeks after treatment
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IKDC scores between the groups (SMD: 0.34, 95% CI: 
− 3.21 to 3.89, P = 0.85 = n.s.) (Fig. 15).

A total of 3 studies reported IKDC scores at 6 months 
after treatment. The results showed patients who received 
PRP combined with HA had significantly better IKDC 

scores than those who received PRP only at 6 months 
(SMD: 5.02, 95% CI: 1.36 to 8.67, P = 0.007 < 0.05) (Fig. 16).

A comparison of IKDC scores between PRP combined 
with HA and PRP pre-treatment and post-treatment 
showed a mean improvement of − 4.90 points, which 

Fig. 6  Showing the Forest plot comparing the VAS scores between PRP + HA and PRP at 3 months after treatment

Fig. 7  Showing the Forest plot comparing the VAS scores between PRP + HA and PRP at 6 months after treatment

Fig. 8  Showing the Forest plot comparing the VAS scores between PRP + HA and PRP at 12 months after treatment

Fig. 9  Showing the Forest plot comparing the change in VAS scores between PRP + HA and PRP post-treatment
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was not significant (95% CI: − 9.84 to 0.05, P  = n.s.) 
(Fig. 17).

Adverse Events (AEs)
Eight studies reported that no major adverse events 
such as infection occurred while 2 studies did not 
report the occurrence of adverse events. A total of 8 
studies reported the comparison of mild AEs of PRP 
combined with HA and PRP alone on KOA. The main 
types of adverse reactions were erythema, pain, swell-
ing, hypertension and proteinuria.

The results showed that PRP combined with HA 
was generally safer than PRP alone in terms of adverse 
events (SMD: 0,59, 95% CI: 0.36 to 0.98, P = 0.02 < 0.05) 
(Fig. 18).

Discussion
The main study finding is that PRP and HA dual therapy 
for KOA is effective at providing pain relief and improve-
ment in function based on improvement in VAS, IKDC 
and WOMAC scores up to 1 year following administra-
tion and resulted in fewer adverse events, despite a lack 
of large high-quality Level I studies available to be ana-
lyzed in this study.

KOA places an enormous socioeconomic burden 
on global healthcare systems due to its prevalence and 
impact. Innovative methods of treatment are constantly 
being sought after, with HA and PRP being two of the most 
notable methods in recent years. HA is a non-sulfated gly-
cosaminoglycan and can be found naturally in articular 
cartilage and synovial fluid. It is responsible for lubrication 
and shock absorption within the joint, encourages growth 
and development of cartilage and bone, and it also plays an 

Fig. 10  Showing the Forest plot comparing the WOMAC function scores between PRP + HA and PRP at baseline

Fig. 11  Showing the Forest plot comparing the WOMAC function scores between PRP + HA and PRP at 3 months after treatment

Fig. 12  Showing the Forest plot comparing the WOMAC function scores between PRP + HA and PRP at 6 months after treatment
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important part in regulating joint inflammation and pain 
caused by tissue injury [23]. In OA, intra-articular injec-
tion of HA serves to improve the viscoelasticity of the syn-
ovial fluid, reducing pain and improving joint function.

PRP, on the other hand, is made up of centrifuged 
whole blood, which contains higher than baseline levels 
of platelets. It comprises growth factors and proteins that 
enhance cartilage cells regeneration, promoting recovery 

of the joint [19]. To impede OA, PRP therapy utilizes its 
anti-inflammatory properties for stimulation of growth 
factors that encourage cartilage matrix synthesis and 
inhibition of innate immune response cytokines linked to 
cartilage erosion [10, 36]. In addition, PRP reverses the 
senescence process of chondrocytes, restoring the self-
renewing capacity of cartilages [37].

Fig. 13  Showing the Forest plot comparing the WOMAC function scores between PRP + HA and PRP at 12 months after treatment

Fig. 14  Showing the Forest plot comparing the change in WOMAC function scores between PRP + HA and PRP post treatment

Fig. 15  Showing the Forest plot comparing the IKDC scores between PRP + HA and PRP at baseline

Fig. 16  Showing the Forest plot comparing the IKDC scores between PRP + HA and PRP at 6 months after treatment
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PRP and HA combined, despite being more expen-
sive and complicated, has been proven in some studies 
to have synergistic effects in promoting cartilage regen-
eration and reducing inflammation in OA [8]. However, 
this has not been extensively studied and some argue that 
the effects of dual therapy, considering the extra costs 
required, are not significantly different from that of HA 
or PRP alone.

Our study found better IKDC, WOMAC and VAS 
scores in patients who received PRP and HA dual-therapy 
compared to patients who received PRP-alone therapy. 
WOMAC function score is significantly better for the 
dual therapy group at 3, 6 and 12 months compared to 
the PRP-alone group. Additionally, there is a significant 
post-treatment improvement in WOMAC function scores 
for PRP and HA combination therapy compared to PRP 
monotherapy. This finding is corroborated by Lana et  al. 
who showed that PRP and HA dual therapy resulted in an 
improvement in median WOMAC Pain values at 30 and 
90 days compared to PRP-alone therapy [25]. In their sys-
tematic review, Zhao et  al. noted that PRP and HA dual 
therapy achieved better WOMAC scores at 12 months 
compared to PRP-alone therapy [44]. However, it should 
be noted that there were only 3 studies available to com-
pare WOMAC function scores at 3 and 6 months, thus 
limiting our ability to draw a significant conclusion from it.

Similarly, the IKDC score is significantly better for the 
dual therapy group at 6 months compared to the PRP-
alone group. Rahman et al. showed that the mean IKDC 
score at 1 week, 1 month and 3 months were significantly 
higher for PRP and HA dual therapy compared to PRP-
alone therapy [31]. However, a significant post-treatment 
improvement in IKDC scores was not found for PRP and 
HA combination therapy compared to PRP monotherapy.

Significant improvement in VAS score was also seen 
after 4–6 weeks and 12 months, along with a signifi-
cant post-treatment improvement in WOMAC func-
tion scores for the dual therapy group compared to the 
PRP-alone group. A study by Rabi’u and Aliyu noted 
that PRP and HA dual therapy provided significant pain 
relief, improvement in psychological and functional 
capacity compared with PRP-alone therapy at 6 months 
[30]. The improvement in IKDC, WOMAC and VAS 
scores are due to the synergistic effects of PRP and HA 
in altering the inflammatory cytokines in chondrocyte 
degeneration through specific mediators such as CD44 
and TGF-βRII. These effects may promote cartilage 
regeneration and inhibit inflammation in KOA. These 
processes occur from 30 to 90 days after application, 
which explains the 3-month improvement in WOMAC 
in the dual therapy group [3, 6]. PRP and HA also aid 
in reducing inflammation through decreased IL-6 and 
synoviocyte matrix metalloproteinase-13 expression, 

which plays a key role in cartilage matrix degradation 
during the development and progression of OA [38]. 
The lubrication and support to the extracellular matrix 
that HA provides appears to enable earlier benefit to the 
PRP injection in terms of function and pain relief, hence 
resulting in better rehabilitation and earlier return to 
daily activities [26].

VAS scores were generally higher in the PRP group, 
especially in the early post-injection phase. While there is 
no evidence in the literature to explain this phenomenon, 
patients often experience post-injection flare following 
PRP administration [15]. This is likely due to the pro-
inflammatory factors in PRP. Perhaps, co-administration 
with HA might have a dilutional effect on some of these 
factors giving rise to reduced flare pain. Further basic sci-
ence research is needed to prove this postulated theory.

Our study also found that the PRP-alone group had a 
higher incidence of AEs compared to the PRP and HA 
group. This could be explained by the study by Yu et  al. 
[42] having a larger effect on the overall outcome due to 
the large number of reported AEs. However, most of the 
AEs reported by Yu are systemic complications such as 
proteinuria and hypertension, and are not reflective of the 
milder side effects such as pain and swelling reported by 
the other studies. While the reasons for the reduced num-
ber of local AEs with PRP and HA dual therapy have yet 
to be elucidated, Xu et al. [41] postulated that HA in PRP 
and HA dual therapy potentially attenuates leukocyte-
induced oxidative stress and proteolytic enzymes and 
hence improving the microenvironment of the knee joint.

A barrier to the clinical applicability of injectables 
research is the heterogeneity in composition, prepara-
tion and administration of PRP. Our study reflected the 
great inter-product variation in terms of volume of blood 
harvested, centrifugation settings, platelet/ HA concen-
tration, activation process, devices used and the timing 
of injections, which could lead to differing outcomes. 
Additionally, the paucity of and inconsistency in details 
reported regarding this makes it difficult to aggregate the 
data and perform an objective comparison between dif-
ferent studies [32, 14, 27]. As such, numerous classifica-
tion systems have been developed to make the reporting 
process more amenable to objective analysis [24, 33, 13]. 
However, none has gained widespread acceptance and as 
such, significant heterogeneity remains. Considering the 
large number of studies done about injectables in KOA, 
standardisation of PRP and HA preparation is important 
in attempting to draw a meaningful conclusion about 
whether to incorporate PRP and HA combination ther-
apy into the treatment plan for patients.

The findings of this study are corroborated by a sys-
tematic review by Zhao et  al. [44] that favoured PRP 
and HA combination over PRP-alone therapy. However, 
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a systematic review by Baria et  al. [6] did not find a 
compelling reason for combination therapy over PRP-
alone therapy. The difference in conclusions drawn 
is due to the fact that both studies only had 2 studies 
in common (Guo 2016 and Abate 2015). The study by 
Baria et al. [6] included studies by Lana or Jacob but did 
not include the studies by Yu et al. [42], Zhao et al. [45], 
Ding et al. [12], and Ke et al. [22] because they were not 
available in English. Meanwhile, our study included all 
the studies comparing PRP and HA combination ther-
apy with PRP monotherapy from both studies and more 
recent studies by Palco et al. [28], Xu et al. [41] and Sun 
et al. [37] to allow for a better-informed comparison.

This study is one of the first few studies to perform 
a systematic review and meta-analysis comparing PRP 
and HA dual therapy and PRP-alone therapy as most 
studies compared the efficacy of PRP versus placebo 
[29, 35] or PRP versus HA [34, 40, 16]. In addition, the 
quality of the evidence in this study is good as all the 
studies included were of low to moderate risk of bias. 
Nonetheless, some limitations are present. Firstly, the 
small number of studies (n  = 9) limited the power of 
conclusions drawn from the study. Secondly, a funnel 
plot could not be done to assess publication bias due to 
a small number of studies. Thirdly, the PRP concentra-
tions used in the literature included vary from study to 
study, which may have had an impact on the efficacy of 
treating KOA. Fourthly, the included studies examined 

different outcomes at different time points, resulting 
in a small number of studies examining a certain out-
come at a certain time point. Hence, this restricts our 
ability to draw significant conclusions at specific times. 
Although it could be seen as a strength of this system-
atic review, another possible limitation of this paper 
could arise in the form of the inclusion of several Chi-
nese papers as these cannot be used for confirma-
tion to the non-Chinese speaking researchers. We also 
acknowledge that the total number of studies for meta-
analysis may be artificially increased as we have utilised 
Jacob [21] as two separate entries (LMW HA and HMW 
HA). Lastly, the effects of HA alone were not explored, 
which could provide a more holistic perspective on 
KOA treatment.

More high-quality RCTs are needed to avoid potential 
bias in selection, performance and attrition, hence increas-
ing statistical reliability in future systematic reviews and 
meta-analyses. Additionally, as most of the studies in this 
study reported outcomes up to 12 months, a systematic 
review and meta-analysis can be done with longer-term 
studies to elucidate the efficacy of PRP and HA dual-ther-
apy compared to PRP-alone beyond 12 months. Further 
studies can also be conducted on whether the ratio of PRP: 
HA affects the rheological properties and hence improve-
ment in function and reduction in pain.

Fig. 17  Showing the Forest plot comparing the change in IKDC scores between PRP + HA and PRP post-treatment

Fig. 18  Showing the Forest plot comparing the incidence of adverse events between PRP+ HA and PRP
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Conclusion
While there is a paucity of large high-quality Level I stud-
ies, current best evidence suggests that dual therapy with 
PRP and HA for KOA may be effective at providing pain 
relief and improvement in function up to 1 year following 
administration.
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