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Abstract
Introduction Regarding the efficacy of intra-articular injections of platelet-rich plasma, hyaluronic acid and corticosteroids, 
current evidence is controversial. The superiority of one technique over another is questioned and debates are ongoing. The 
purpose of the present study was to compare and investigate the efficacy of these intra-articular infiltrations in patients with 
knee osteoarthritis (OA). A Bayesian network meta-analysis of randomized clinical trials (RCTs) was conducted comparing 
patient outcomes at 3, 6 and 12-months of follow-up.
Materials and methods This Bayesian network meta-analysis was conducted according to the PRISMA extension statement 
for reporting systematic reviews incorporating network meta-analyses of health care interventions. All the RCTs comparing 
the outcomes of two or more intra-articular infiltrations of interest for knee OA were considered for inclusion. The outcomes 
of interest were the WOMAC and VAS scores. The network meta-analyses were performed using the STATA routine for 
Bayesian hierarchical random-effects models.
Results Data from 30 RCTs (3463 patients) were collected. At 3-months follow-up, PRP showed the best WOMAC scores, 
followed by the Placebo, CCS and HA. At 6-months follow-up, PRP showed the best WOMAC scores, followed by HA, 
CCS and Placebo. At 12-months follow-up, PRP showed the best WOMAC scores, followed by the Placebo, HA and CCS. 
At 3-months follow-up, the PRP showed the best VAS scores, followed by CCS, HA and Placebo. At 6-months follow-up, 
PRP showed the best VAS scores, followed by CCS, Placebo and HA. At 12-months follow-up, the PRP showed the best 
VAS scores, followed by CCS, Placebo and HA.
Conclusion Intra-articular injections of PRP demonstrated the best overall outcome compared to steroids, hyaluronic acid 
and placebo for patients with knee osteoarthrosis at 3, 6 and 12-months follow-up. Among CCS, hyaluronic acid and placebo, 
no discrepancies were detected.
Level of evidence I, Bayesian network meta-analysis of RCTs.
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Introduction

Knee osteoarthritis (OA) is a common musculoskeletal 
disorder [1]. OA mainly affects the elderly and incidence 
is expected to increase in the coming decades [2]. Knee 

OA considerably reduces quality of life, due to decreased 
mobility and independence among affected individuals [3, 
4]. Symptomatic knee OA presents a considerable economic 
burden on global healthcare systems [5]. First-line treat-
ment for symptomatic knee OA usually consists of systemic 
non-steroidal anti-inflammatory drugs (NSAID). Given the 
low rates of intracapsular infiltration, along with the high 
risk of side effects related to the chronic intake of NSAIDs, 
intra-articular injections of alternative substances have been 
promoted. So far, corticosteroids (CCS) and hyaluronic acid 
(HA) are the most commonly used agents for intra-artic-
ular treatments [6]. Injectable CCSs aim to modulate the 
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inflammatory response directly on the osteoarthritic surface 
and are among the recommendations given in the guidelines 
of the Osteoarthritis Research Society International in 2014 
and the American College of Rheumatology (ACR) in 2012 
[7, 8]. However, their benefits are of very short duration 
[9]. Intra-articular visco-supplementation with HA has been 
extensively and successfully used since receiving approval 
in Italy in 1988 [10]. However, its comparative efficacy 
remains controversial [11]. More recently, there has been 
widespread interest in growth factors as a third alternative. 
Platelet rich plasma (PRP), a multifunctional autologous 
platelet concentration, is a simple and economic method 
for obtaining autologous growth factors [12–14]. So far, 
PRP has demonstrated regenerative potential along with 
inflammatory modulation [15–17], but its superiority over 
the others substances has not been established. The goal of 
the present study was to compare the efficacy of intra-artic-
ular injections of the aforementioned three substances for 
patients with knee OA. A Bayesian network meta-analysis of 
randomized clinical trials (RCTs) with follow-up at 3, 6 and 
12-months was conducted. Outcomes of interest were the 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) [18] and the visual analogic scale (VAS).

Materials and methods

Search strategy

This Bayesian network meta-analysis was conducted accord-
ing to the PRISMA extension statement for reporting sys-
tematic reviews incorporating network meta-analyses of 
health care interventions [19]. To guide the search, the fol-
lowing PICO protocol was drafted:

• P (population): degenerative knee OA;
• I (intervention): intra-articular infiltrations;
• C (comparison): corticosteroids, platelet-rich plasma, 

hyaluronic acid, placebo;
• O (outcomes): WOMAC, VAS.

Literature search

Two independent reviewers (FM; NS) performed the litera-
ture search in December 2019. The following online data-
bases were accessed: Pubmed, EMABSE, Scopus, Google 
Scholar. The following keywords were used in combina-
tion: knee, osteoarthritis, degeneration, disease, pain, ther-
apy, treatment, infiltration, injection, corticosteroids, ster-
oids, platelet rich plasma, PRP, hyaluronic acid, placebo, 
WOMAC, visual analogic scale, VAS. All articles resulting 

from the search were evaluated and, if of interest, full-texts 
were accessed. Disagreements between the reviewers were 
solved by a third author (JE).

Eligibility criteria

All randomized clinical trials comparing the outcomes of 
two or more intra-articular infiltrations of interest for knee 
OA were then considered. According to the authors’ lan-
guage capabilities, only articles in English, French, Italian, 
Spanish and German were examined. Following guidelines 
from the Oxford Centre for Evidenced-Based Medicine 
(CEBM) [20], only RCTs with level I evidence were consid-
ered suitable for inclusion. Editorials, posters, expert opin-
ions, cohort and observational studies, cadaveric and bio-
mechanics studies, and studies with animals were excluded. 
Studies comparing mesenchymal stem cells (MSCs) or infil-
trations with other, more committed, cellular components 
were excluded. Studies performing infiltrations with growth 
factors, extracellular matrices (ECM) or other solutions, 
studies using additive substances along with HA, CCS or 
PRP, studies using mixed infiltration (e.g., HA + CCS) and 
studies comparing different types of HA or CCS were also 
excluded. Likewise, studies of intra-articular infiltrations 
in knees involving recent and/or imminent surgery and in 
knees with prosthetic implants were considered unsuitable. 
Only studies reporting quantitative data directly comparing 
the interventions of interest with follow-up at 3, 6 and/or 
12-months were included in the present Bayesian network 
meta-analysis.

Outcomes of interest

Data extraction was performed by two independent review-
ers (FM, NS). Generalities of the included papers (author, 
year) along with the demographic baselines of related 
patients (mean age and BMI, gender,) were recorded. Inclu-
sion and exclusion criteria and treatment protocol were also 
recorded. Outcomes of interest were the Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) 
[18] and the visual analogic scale (VAS).

Methodological quality assessment

The methodological quality assessment was performed 
by two independent reviewers (FM, NS). Disagreements 
between the reviewers were resolved by a third author (JE). 
Referring to the risk of bias summary of Review Manager 
Software (The Nordic Cochrane Collaboration, Copenha-
gen), the following bias were analysed: selection, detection, 
attrition, reporting and unknown source of potential bias.
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Statistical analysis

The statistical analysis was performed by the main  author 
(FM). For the analyses of baseline comparability among the 
patients, the analysis of variance (ANOVA) test was per-
formed through the IBM SPSS Software version 25, with 
p values > 0.5 considered satisfactory. The network meta-
analyses were performed using STATA/MP 14.1 (StataCorp, 
College Station, TX), through the routine for Bayesian hier-
archical random-effects model. The reference values were 
set as follow: VAS 0/100 points and WOMAC 0/96 points. 
All the continuous data were analysed using inverse-vari-
ance weighting with standardized mean difference (SMD) 
effect measure. For each comparison, the network edge plot 
was performed to report amounts, connections and direct 
estimates. For the overall evaluation, related effect and rank-
ing, the interval plot was performed. Both confidence (CI) 
and percentile (PrI) intervals were set at 95%. To evaluate 
the risk of publication bias, the funnel plot of each com-
parison was performed. The overall transitivity, consistency, 
heterogeneity, and within-study variance of the effect size 
for the treatments of interest were then evaluated. Within-
loop heterogeneities have been estimated using method of 
moments estimation. Inconsistency was analysed through 
the equation for global linearity via the Wald test. Values of 
p < 0.05 detected statistically significant inconsistency, and 
the assumptions could not be accepted at the overall level 
of each treatment.

Results

Search result

The initial search resulted in 855 papers. Of them, 220 were 
duplicates and, thus, excluded. Only 128 were RCTs. 70 of 
these were excluded because they did not match the topic or 
did not report quantitative data according to our outcomes 
of interest. A further 28 focused on variables beyond the 
constraints of our investigation: total knee arthroplasty (N = 
7), patients with previous or planned surgery  (N = 11), the 
presence of additives or adjuvant substances (N = 9), poor or 
uncertain results (N = 1). This left 30 RCTs. The flow chart 
of the literature search is shown in Fig. 1.

Methodological quality assessment

The risk of bias summary evidenced some point of strength 
of the present study. First, the high-quality inherent to the 
type of studies included. Further, the 87% of the included 
studies took advantage from a blinding method. In addi-
tion, the risk of attrition, reporting and unknown biases 
resulted low. Concluding, the methodological assessment 

was affected by overall low risk of bias, providing very good 
quality. The methodological quality assessment is shown in 
Fig. 2.

Patient demographic

Data from 3463 patients were collected. In the CCS group, 
a total of 542 procedures were analysed. The mean age 
of the patients was 59.52 ± 4.9 years, the mean BMI was 
28.32 ± 2.4 kg/m2, and 61% were female. In the HA group, 
a total of 1292 procedures were analysed. The mean age 
of the patients was 58.74 ± 6.1 years, the mean BMI was 
27.93 ± 1.9 kg/m2, and 57% were female. In the PRP group, 
a total of 1214 procedures were analysed. The mean age 
of the patients was 57.04 ± 5.2 years, the mean BMI was 
28.05 ± 2.2 kg/m2, and 59% were female. In the Placebo 
group, a total of 374 procedures were analysed. The mean 
age of the patients was 60.6 ± 6.3 years, the mean BMI was 
28.53 ± 2.3 kg/m2, and 58% were female. Good baseline 
comparability was found among age (p = 0.8), BMI (p = 0.9) 
and gender (p = 0.8). Patient demographics are shown in 
Table 1.

Outcome of interest: WOMAC

At 3-months follow-up, the PRP groups showed the best 
outcomes (SMD 27.26; 95% CI 20.54–33.97), followed by 
Placebo (SMD 28.74; 95% CI 12.36–45.13), CCS (SMD 
33.86; 95% CI 27.98–39.74) and HA (SMD 35.08; 95% CI 
26.64–43.53). At 6-months follow-up, the PRP groups showed 
the best outcomes (SMD 32.11; 95% CI 23.90–40.32), fol-
lowed by HA (SMD 38.01; 95% CI 30.29–45.73), CCS (SMD 
43.07; 95% CI 32.64–53.50) and Placebo (SMD 43.80; 95% 
CI 29.45–58.15). At 12-months follow-up, the PRP groups 
showed the best outcomes (SMD 33.89; 95% CI 23.88–43.90), 
followed by Placebo (SMD 34.45; 95% CI 9.58–59.31), HA 
(SMD 39.12; 95% CI 29.56–48.68) and CCS (SMD 46.99; 
95% CI 29.58–64.40). The test for overall inconsistency found 
transitivity over the 3, 6 and 12-months follow-up (p > 0.5). 
Figure 3 shows a comparison of outcomes based on WOMAC 
scores at 3, 6 and 12-months follow-up.

Outcome of interest: VAS

At 3-months follow-up, the PRP groups showed the best 
outcomes (SMD 32.69; 95% CI 27.31–38.06), followed by 
CCS (SMD 38.80; 95% CI 33.41–44.19), HA (SMD 39.98; 
95% CI 34.89–45.08) and Placebo (SMD 42.69; 95% CI 
23.90–61.49). At 6-months follow-up, the PRP groups showed 
the best outcomes (SMD 33.84; 95% CI 28.30–39.38), fol-
lowed by CCS (SMD 39.44; 95% CI 32.57–46.32), Placebo 
(SMD 39.90; 95% CI 23.48–56.31) and HA (SMD 40.50; 95% 
CI 34.40–46.60). At 12-months follow-up, the PRP groups 
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showed the best outcomes (SMD 39.04; 95% CI 31.39–46.69), 
followed by CCS (SMD 49.45; 95% CI 37.75–61.15), Placebo 
(SMD 49.54; 95% CI 27.21–71.86) and HA (SMD 50.15; 
95% CI 43.00–57.31). The test for overall inconsistency found 
transitivity over the 3, 6 and 12-months follow-up (p > 0.5). 
Figure 4 shows a comparison of outcomes based on VAS 
scores at 3, 6 and 12-months follow-up.

Discussion

According to the main findings of the present Bayesian net-
work meta-analysis, intra-articular PRP injections resulted 
in the greatest reduction of pain (VAS score) and the greatest 
overall outcome (WOMAC) compared to steroids, hyalu-
ronic acid and placebo with follow-up at 3, 6 and 12 months. 
No significant differences were detected between CCS, hya-
luronic acid and placebo.

To the best of our knowledge, this is the first Bayes-
ian network meta-analysis comparing PRP, CCS, HA and 

placebo. Our results echo the results found by Shen et al. 
[51] in a meta-analysis pooling data from 1423 patients with 
up to 12 months follow-up, where the PRP group had sig-
nificantly better outcomes than HA, CCS and placebo. Other 
studies have also found better outcomes with PRP com-
pared with HA only [28, 45, 47, 52–56] or with CCS [51], 
while several others have found no difference between them 
[25–31]. Importantly, a number of RCTs found that multiple 
PRP injections resulted in significantly better outcomes than 
a single injection [24, 25, 28, 45, 55–57]. In a retrospective 
analysis, Annaniemi et al. analysed the potential for delaying 
a total knee arthroplasty (TKA) between PRP and HA, and 
found a significantly greater delay in the PRP cohort [21].

In our analysis, CCS and HA showed similar results, with 
no measured benefits compared to placebo basd on VAS 
and WOMAC scores. Current evidence found no relevant 
differences between HA and CCS [22, 58–60]. HA showed 
a longer effect duration, while CCS are more cost-effective 
[22, 58–60]. There is no consensus whether chronic CCS 
infiltrations can promote articular destruction or if these 

Fig. 1  Literature search flow-
chart
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changes are more likely due to the underlying OA [61, 62]. 
Colen et al. [11] performed a systematic review of 74 RCTs 
comparing HA versus placebo. They found no clinically 
relevant differences. Similar results were found by Divine 
et al. [63] when investigating results from published meta-
analyses. Arroll et al. [64] performed a meta-analysis on 
10 RCTs comparing CCS versus placebo. They found that 
intra-articular injections of CCS did provide an improvement 
of symptoms and function. Similar results were found by 
Godwin et al. on 312 patients in five RCTs [65].

The pathogenesis and progression of OA is influenced by 
a number of factors, including sex, genetics, biomechanics, 
dysplasia, obesity, synovitis, complement proteins and many 
other [66–70]. Regardless of its aetiology, inflammation and 
progressive destruction of the articular surfaces characterize 
the disease. Several proinflammatory mediators, e.g., IL-1, 
TNF-α, IL-6 play a crucial role in the etiogenesis of carti-
lage damage and [71–73], along with innate immunity via 
activated macrophages and mast cells [74]. Further tissue 
degradations, are driven by cartilage matrix catabolic effects 
(including metalloproteinases, aggrecans, disintegrins, and 
other activated cartilage-degrading enzymes) and cellular 
anti-anabolic effects (through enhanced nitric oxide produc-
tion), and lead to the progressive degradation of the extra-
cellular matrix [75–79]. Intra-articular infiltrations of PRP, 
and CCS aim to reduce the inflammatory response, HA to 
promote viscosupplementation to the extracellular matrix. 
In either case, only PRP achieves clinically demonstrated 
improvements, according to our analysis, while the effects 
of CCS and HA are unclear.

This study has several limitations. First, the present net-
work analysis was based on different infiltration protocols. 
About 35% of the authors performed a single injection. 
Some authors performed up to five injections. Furthermore, 
in these groups, the latency time between injections was 
heterogeneous (from weekly to monthly). This represents the 
most important limitation of this study. Another important 
limitation is that the analyses were restricted to 3, 6, and 
12-month follow-ups. Further analysis at additional follow-
ups were not possible due to lack of data. Longer follow-ups 
(> 12 months), were reported in only four RCTs [27, 21, 
48, 42] with no consistency among them, resulting in poor 
statistical relevance. Regarding our statistical analysis, the 
result of the inconsistency test suggests that the null hypoth-
esis cannot be rejected, and the consistency assumption 
could be accepted at the overall level of each treatment. It is 
worth mentioning that by increasing the follow-up duration, 
a proportional reduction in consistency was detected. A pos-
sible explanation can be that there is a substantial increase 
of heterogeneous results after 12 months, that is to say, the 
benefits of intra-articular infiltrative therapies become more 
uncertain. The placebo group was quantitatively smaller with 
regards to the other study groups. Notwithstanding, this did Fig. 2  Methodological quality assessment
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not influence the ranking of the other groups between them. 
In all the comparisons there was broad CI. The amplitude of 
the probability value with respect to the CI values that can 
be assumed by the aleatory variables is large. Hence the dis-
tribution of the probability of obtaining a concrete estimated 
effect of the comparisons is improbable. Data from the pre-
sent study must therefore be interpreted with caution. Points 
of strength in the present work include the comprehensive 
nature of the literature search, the strict eligibility criteria 
and the quality of the methodological assessment. Further 
studies should improve the evidence concerning this con-
troversial topic. Whether patients with advanced knee OA 

can profit from intra-articular infiltrations deserves further 
investigations through high-quality studies.

Conclusion

According to the main findings of the present Bayesian net-
work meta-analysis, intra-articular injections of PRP demon-
strated the best overall outcome compared to steroids, hyalu-
ronic acid and placebo for patients with knee osteoarthrosis 
at 3, 6 and 12-months of follow-up. Among CCS, hyaluronic 
acid and placebo, similarity was detected.
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