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Abstract

Background This study aimed to evaluate whether a combination of platelet-rich plasma (PRP) and hyaluronic acid (HA)
is more effective and safer than injection alone for treating KOA.

Materials and methods MEDLINE (PubMed), the Cochrane Library, EMBASE, and Web of Science databases were system-
atically searched for articles published until January 2024, and gray literature and bibliographic references were searched.
All published randomized controlled trials (RCTs) compared pain, functional outcomes, and adverse events (AEs) associated
with PRP 4+ HA therapy vs. PRP or HA treatments. Two independent researchers extracted the pertinent data and evaluated
the methodological quality following the PRISMA guidelines. The primary outcomes were pain, functional outcomes, and
AEs. A fixed-effects model was used for data analysis in cases with low heterogeneity (P> 0.10 and I? < 50%). Otherwise,
a random effects model was used.

Results Ten RCTs involving 943 patients were included in the analysis. The statistical findings did not differ between the
treatment of PRP+ HA and PRP alone, while a discernible enhancement in treatment efficacy was observed when compared
to HA monotherapy: the visual analog scale scores at 1- (mean difference[MD], —1.00; 95% CI: —1.37 — —0.62; P <.001),
6- (MD, —1.87; 95% CI: —3.46 — —0.28; P=.02), 12-months (MD, —2.07; 95% CI: —3.77 — —0.38; P=.02), and the Western
Ontario and McMaster Universities Arthritis Index total scores at 12-months (MD, —8.82; 95% CI: —14.48 — —3.16; P=.002).
The incidence of adverse events was notably lower with PRP + HA than with HA alone (OR, 0.37; 95% CI: 0.19 —0.69;
P=.00) or PRP alone (OR, 0.51;95% CI, 0.30—-0.87; P=.01).

Conclusions PRP+ HA therapy resulted in more pronounced pain and functional improvement in symptomatic KOA patients
than HA treatments, and combination therapy may have higher clinical safety than PRP or HA monotherapy.
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articular cartilage, development of osteophytes, alterations
in subchondral bone, and synovial hyperplasia [1], even
finally leading to disability [2], affects approximately 250
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Yang Ma no well-established pharmaceuticals or interventions capable
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of altering the progression of KOA [5-7]. The current treat-
ment focus is primarily on pain management and functional
enhancement [7].

Prior to the final stage of total knee arthroplasty (TKA),
non-pharmacological interventions, such as dietary adjust-
ments and exercise, were frequently recommended [8],
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alongside analgesics, corticosteroids, and nonsteroidal anti-
inflammatory drugs (NSAIDs). Steroid injections are com-
monly used, but their efficacy diminishes after a month [9],
and prolonged application may lead to adverse consequences
for the existing cartilage [10]. Given the potential nephrotox-
icity and gastrointestinal side effects associated with chronic
NSAIDs and analgesic use [11, 12], there has been growing
interest in advocating intra-articular injections of alternatives.

Hyaluronic acid (HA), a natural glycosaminoglycan
found in the articular cavity [13], shows therapeutic poten-
tial owing to its viscoinductive properties and joint lubrica-
tion [14, 15], especially considering its reduced presence
within the joints of individuals with osteoarthrosis [16].
Nevertheless, several studies [1, 3, 17, 18] strongly support
the adoption of platelet-rich plasma (PRP) over the poten-
tially limited efficacy of HA [3]. PRP is derived from cen-
trifuged whole blood, resulting in a product with platelet
concentrations higher than the baseline levels. They contain
various growth factors and proteins that have been shown to
enhance the regeneration of chondrocytes. PRP has emerged
as a promising alternative biological treatment for pain alle-
viation and functional improvement in patients with KOA
[2]. However, clinical evidence surrounding PRP remains
contentious, with concerns raised about the potential impair-
ment of PRP’s overall effects by leukocyte [2, 19].

An additional and relatively recent development in these
therapeutic approaches involves the concurrent administra-
tion of PRP and HA. The theoretical objective is to synergize
the effects of these two agents to maximize and prolong their
efficacy [20-23]. Considering that previous reviews either
incorporated non-randomized controlled trials (RCTs) or
analyzed a limited number of RCTs [6, 24-27], and that a
significant number of additional RCTs have been published
in recent years [5, 20, 28, 29]. we consider it imperative
to conduct an updated systematic review and meta-analy-
sis to offer a comprehensive evaluation of the efficacy and
safety of PRP +HA therapy regimens for individuals with
osteoarthritis.

Methods

This meta-analysis has been reported in line with PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [30]. This systematic review was registered
with PROSPERO on June 5, 2023.

Search strategy

Two independent researchers conducted a comprehen-
sive search to identify eligible RCTs in the MEDLINE
(PubMed), Cochrane Library, EMBASE, and Web of Sci-
ence databases. Data was retrieved on April 23, 2023, and
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updated on January 14, 2024 (Supplemental Files, sTable 1).
Additionally, we screened the reference lists of the retrieved
publications to identify additional RCTs. In cases of disa-
greement among researchers, a third author was consulted to
resolve the disagreement and evaluate all articles.

We included RCTs that compared the efficacy and safety
of PRP +HA therapy with individual components in patients
with KOA of any stage. All single ingredient and combi-
nation therapy regimens were included, regardless of the
dose or number of PRP or HA injections. Patients who used
PRP +HA therapy were the experimental group, while those
who used either HA or PRP therapy served as the compari-
son group. Trials that included at least one of the follow-
ing outcome indicators (visual analog scale [VAS] scores,
Western Ontario and McMaster Universities Arthritis Index
[WOMACT]) total scores, Knee Injury and Osteoarthritis
Outcome Scores, International Knee Documentation Com-
mittee (IKDC) scores, Lequesne index scores, and adverse
events (AEs) were considered eligible, provided that data for
participants with osteoarthritis could be extracted.

Study selection and data extraction

After removing duplicates, two researchers independently
screened the titles and abstracts, followed by a full-text
assessment of the relevant articles. Disagreements regarding
the inclusion of the studies were resolved by consensus. Data
were independently extracted by the same researchers using
a predesigned data extraction form. This form, designed by
the senior author, encompassed various pieces of informa-
tion, including publication year, first author, study design,
number of included patients, patient characteristics, inter-
ventions, Kellgren-Lawrence (K-L) grades of KOA, follow-
up periods, and relevant scoring data of clinical efficacy and
safety. Both researchers reviewed the articles and extracted
the necessary data using a predetermined form. In case of
any disagreements or discrepancies between the extractions,
a third investigator was consulted to resolve these issues.
Before concluding the study, the database was searched
again to ensure that all relevant literature was included,
thereby confirming the completeness of the included studies.

Risk-of-Bias Assessment

Two independent researchers assessed the risk of bias in the
RCTs using the Cochrane Risk of Bias tool [31]. The risk
of bias within each domain was categorized as low, high,
or unclear (Supplemental Files, sFigures 1 and 2). Quality
assessments of the studies were conducted independently by
the same researchers, and any discrepancies were resolved
through consensus. Funnel plots could not assess publication
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bias because none of the meta-analyses included more than
10 studies.

Statistical analysis

The mean difference (MD) served as the effect index for
continuous variables, whereas the odds ratio (OR) was used
as the effect index for dichotomous data. Additionally, 95%
confidence intervals (CI) were calculated for all variables,
and heterogeneity was evaluated using the Higgins I? sta-
tistic. Statistical significance was set at P <0.05. If the het-
erogeneity was low (P>0.10 and I> < 50%), a fixed-effects
model was used for data analysis. Otherwise, a random
effects model was used. Sensitivity analyses were performed
to evaluate the robustness of the synthesized results.

Statistical analyses of the data and risk assessments were
conducted using STATA (version 18.0; StataCorp LLC, Col-
lege Station, Texas, USA) software and Review Manager
version 5.4.1 (The Cochrane Collaboration).

Study quality assessment

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) criteria [32] were assessed
by two researchers to evaluate the overall quality of evi-
dence. The evidence quality dropped due to two reasons:
high statistical variation (I*>50%) [33] and imprecise
results (95% CI included the “0” line) (Supplemental Files,
sTables 2 and 3).

Results
Literature screening process and results

A total of 1904 relevant articles were identified through the
searches of four medical databases. 78 articles were deemed
potentially eligible after title and abstract reviews, and 68
were excluded after full-text evaluation. Finally, for the
meta-analysis, 10 studies [4, 5, 10, 16, 20, 28, 29, 34-36]
met the predetermined eligibility criteria (Fig. 1).

Study participants

These studies collectively encompassed a total patient sam-
ple size of 943, comprising six two-arm studies and four
three-arm studies (PRP+ HA: 345; PRP: 281; HA: 245),
and the follow-up period was extended from 6 to 24 months
(Table 1). After treatment, short-term efficacy ranged
from 1 to 6 months, medium-term efficacy ranged from

6 to 12 months, and long-term efficacy extended beyond
12 months.

Intervention characteristics

Within the pool of included RCTs, PRP was administered
at doses ranging from 3 to 8 ml, and HA was administered
at doses of 2 to 3 ml. The treatment duration varied from 3
to 8 weeks, with injection intervals spanning 1-2 weeks.
Notably, PRP and HA were administered together in all trials
except for two studies [10, 29], which had dosing intervals.
(Table 2).

Outcomes assessment
Comparison 1: PRP + HA vs. HA
VAS scores

Three studies documented VAS scores after treatment.
At each follow-up time point, the results of subgroup
analyses demonstrated a statistically significant differ-
ence in VAS scores at 1 month (MD, —1.00; 95% CI:
—-1.37--0.62; P<0.001), 6-month (MD, —1.87; 95% CI:
—3.46—-0.28; P=0.02), and 12-month (MD, —2.07; 95%
CI: -3.77——-0.38; P=0.02) post-treatment (Fig. 2).

WOMAC total scores

Two studies recorded WOMAC total scores at 1-, 6-, and
12-months post-treatment. The pooled results indicated the
absence of significant heterogeneity between two groups at
1 month (MD, —2.42;95% CI: —13.44—8.60; P=0.67) and
6-month (MD, —11.19; 95% CI: —22.72 —0.34; P=0.06),
but exhibited a statistically significant difference at 12-month
(MD, —8.82;95% CI: —14.48 — —3.16; P=0.002) (Fig. 3).

Comparison 2: PRP + HA vs. PRP

VAS scores

Three studies reported the VAS scores after treatment. The
results at various follow-up time points revealed no signifi-
cant differences at 1- and 6-months (Supplemental Files,

sFigure 3).

WOMAC total scores

Four studies covered WOMAC total scores after treatment.
The results of the subgroup analyses showed no significant
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Fig. 1 PRISMA search flow (
diagram (last search: January
2024)

Identification

Records of identified through
database searching:1932
Pubmed:350
Embase:497
Cochrane library:199
Web of Science:886

Records removed before screening:655

B

Records screened

(n=1277)

Records excluded for irrelevant: 1161

Screening

Titles and abstracts screened

(n=116)

Records excluded for ineligible study type:38

Records excluded(n=68):

(n=78)

Full-text articles assessed for

Eligibility

Reason 1: Ineligible intervention group:54

Reason 2: Ineligible comparison group:8

Reason 3: Ineligible outcome:2

Reason 4: lack of full text:3

Reason 5: Other:1

Included

(n=10)

Studies included in quantitative

synthesis(meta-analysis)

heterogeneity at 1-, 3-, 6-, 12-, and 24-months (Supplemen-
tal Files, sFigure 4).

IKDC scores

Two studies reported the IKDC scores post-treatment. The
pooled results suggested no significant heterogeneity in
IKDC scores at 4-6 weeks and 6 months (Supplemental
Files, sFigure 5).

Lequesne index scores

Two studies reported Lequesne index scores at 1- and
6-months post-treatment. The results showed no signifi-
cant heterogeneity at 1- and 6-months (Supplemental Files,
sFigure 6).

Adverse reactions
Eight studies reported AEs after the treatment. The most
frequently reported complications were mild inflammatory

reactions characterized by redness at the treatment site.
The pooled results demonstrated that the rate of AEs in the
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PRP +HA group was significantly lower than that in the
HA group (OR, 0.37;95% CI, 0.19 - 0.69; P=0.00) or PRP
group (OR, 0.51; 95% CI, 0.30 — 0.87; P=0.01) (Fig. 4).

Sensitivity analyses

We conducted sensitivity analyses of all subgroup studies
using random-effects models, and the findings of this meta-
analysis remained stable.

Discussion
Principal findings

In summary, the meta-analysis indicated a clear and sta-
tistically significant advantage for the PRP + HA therapy
group over the HA-alone therapy group in terms of short-
to medium-term pain relief and functional improvement.
Compared with patients receiving PRP alone, the current
statistical results showed no better or prolonged benefi-
cial effects in the PRP + HA therapy group. The lack of
significant differences may be attributed to the limited
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Table 2 The details of the administration and composition of PRP + HA and HA or PRP of the included studies.

First Author, Year Procedural Details EXP (PRP + HA) CON(PRP)

CON(HA) Number

composition Composition Composition of injec-

tions

Injection Interval (weeks)

Lana,2016'°

Jacob,2017'°

Yu,2018*

Barac,2019%8

PRP:8.5 ml of anticoagulant ACD PRP: 5ml Sml
(citric acid, sodium citrate, dex- HA: 2ml
troset) added to 60 ml venous
blood; centrifuged it at 300G
for 5 min; PCP aspirated and
transferred out, then centrifuged
it again at 700G for 17 min;
activation with 0.8 ml of throm-
bin; obtain 5 ml PRP.

Manufacturer: NR

Leukocyte: Rich

HA:2 ml HMW (2,400 - 3,600
kDa) non-cross-linked HA,
with concentration 10mg/ml,
extracted from bacteria cells
(Eufflexa-Ferring)

HA administered first, PRP later.

PRP: 20-ml venous blood added = PRP: NR 2ml
to 5-ml of citrate phosphate HA: NR
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

Manufacturer: NR

Leukocyte: Rich

HA: LMW HA or HMW HA

Administration details NR

PRP: 8ml of PRP PRP: 8ml 8ml
Manufacturer: Sigma-Aldrich; HA: 0.2 mg
Merck KGaA, Darmstadt,
Germany
Leukocyte: NR
HA: 0.20 mg of HA (Sigma-
Aldrich; Merck KGaA)
PRP and HA administered
together

PRP:6-ml venous blood; centri- PRP: 3ml -
fuged for 5 min at 3600 rpm; HA: 2 ml
yield 3 ml PRP

Manufacturer: Regen Lab SA, Le
Mont sur Lausanne, Switzer-
land

Leukocyte: Rich

HA: 2 ml of ArthroVisc (2%
non-cross-linked HA, 40 mg/2
ml, Regen Lab SA, Le Mont
sur Lausanne, Switzerland) or
OSTENIL® PLUS (2% non-
cross-linked HA with mannitol,

40 mg/2 ml, TRB Chemedica,
Switzerland)

PRP and HA administered

together

2ml 3

0.2mg 8

2ml 3

NR
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Table 2 (continued)

First Author, Year Procedural Details

EXP (PRP + HA)
composition

CON(PRP)

CON(HA)

Number Injection Interval (weeks)

Composition Composition of injec-

tions

Papalia, 2019

Sun,2021%

Xu,2021%¢

Xu,2022°

PRP:8 ml of the patients’ whole ~ PRP: 8ml
blood was collected and centri- HA: 2ml
fuged at 3100 rpm for 9 min.

Manufacturer: RegenLab THT
tubes®

Leukocyte: Rich

HA:2 ml Hybrid HA (Sinovial
HighLow, 3.2% 64 mg/2ml,

IBSA) composed of 32 mg of
HMW (1,100-1,400 kDa) and
32 mg of LMW (80-100 kDa)
hyaluronan. Saline tamponed by
HA sodium salt. Other compo-
nents: NaCl, NaP and water

PRP and HA administered
together

PRP:7 mL of venous blood was PRP: 3ml
collected into a PLTenus PLUS HA: 3ml
Platelet Concentrate Separator;
centrifuged at a speed of 500 ~
1200 rpm for 8 min; obtained 3
mL of leukocyte-poor PRP.

Manufacturer: TCM Biotech
International Corp., Taiwan

Leukocyte: Poor

HY AJOINT Plus is produced by
microbial fermentation.

PRP and HA administered
together.

PRP: 4ml
HA: 2ml

PRP: 4ml of anticoagulant acid
citate dextrose added to 36 ml
venous blood; centrifuged it at
160 g for 10 min; PCP aspirated
and transferred out, then cen-
trifuged it again at 250 g for 15
min; obtain 5 ml PRP.

Manufacturer: TGL-16Gr, Anting
Scientific Instrument Factory,
Shanghai, China

Leukocyte: Rich

HA: 2 ml of HA (SOFAST, 2
ml/20 mg, 2500 kDa, Shan-
dong, China)

PRP and HA administered
together.

PRP:27 mL of venous blood PRP: 3ml
added to 3-ml of 2.5% sodium  HA: 2.5ml
citrate; centrifuged it; obtain 3
ml PRP.

Manufacturer: NR

Leukocyte: NR

HA: 2.5 ml of SH injection.

PRP and HA administered
together.

8ml

2ml

2.5

3 1

EXP:2 EXP:2
CON:3 CON:1
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Table 2 (continued)

First Author, Year Procedural Details
composition

EXP (PRP + HA)

CON(PRP) CON(HA)  Number
Composition Composition of injec-
tions

Injection Interval (weeks)

Ciapini,2023% PRP: 4ml

HA: 2ml

PRP: 8 ml of peripheral circulat-
ing blood was collected in a
proper tube and centrifuged at
1500g for five minutes, obtain-
ing 4 ml of PRP.

Manufacturer: Regen Lab, Le
Mont-sur-Lausanne, Switzer-
land

Leukocyte: NR

HA: 2 ml syringe containing
40mg of fermented hyaluronic
acid with a molecular weight of
1550 kDa.

PRP and HA administered
together.

PRP: 15 mL of whole blood was
harvested; centrifuged at 1500
rpm for 5 minutes; produced 4
to 5 mL of a liquid leukocyte
poor PRP

Manufacturer: Arthrex ACP Sys-
tem and Centrifuge (Arthrex,
Inc.)

Leukocyte: Poor

HA: 3 mL high molecular weight
hyaluronic acid (Hymovis, Fidia
Pharma) for the first 2 injections

PRP administered first, HA later.

Branch,2023% PRP: 4~5ml

HA: 3ml

4ml 2ml 3 3 times in 2 months

4~5ml - 3 1

HA hyaluronic acid, HMW high molecular weight, LMW low molecular weight, PRP platelet-rich plasma, SH sodium hyaluronate, EXP the

experimental group, CON the control group, NR not reported

number of studies included in the analysis and the exclu-
sion of non-RCTs. Finally, the combined therapy exhib-
ited a safer profile than PRP- or HA-alone therapies. This
information will assist orthopedic surgeons and patients
with early-to mid-stage KOA or older patients unable to
undergo surgery due to physical limitations in making
informed choices about conservative treatments.

In this meta-analysis, we also increased the mini-
mal clinically important difference (MCID) concept to
assess the disparity between the PRP +HA and HA-
alone groups: VAS scores [37] and WOMAC total scores
[38]. Although the WOMALC total scores did not achieve
the MCID (9 points) in this study, the PRP + HA group
exhibited significant improvement over the HA group in
VAS scores, with a decrease of 1.00 at 1 month, 1.87
at 6 months and 2.07 at 12 months; two of them were
above the MCID in VAS scores (1.37). This indicates the
clinical superiority of the PRP + HA treatment group in
alleviating midterm pain compared to the HA group.

Standardization of combination therapy

Different preparations of PRP and HA can lead to vari-
ations in the treatment outcomes in patients with KOA.
Currently, there are no standardized definitions for the
preparation of PRP and HA, and various studies have used
their own methods to prepare PRP, different concentrations
of HA, varying injection doses, frequencies, and intervals
for experimentation. For example, in an RCT conducted by
Jacob et al. [16], the PRP injection dose was 2 ml, whereas
in a trial conducted by Yu et al. [4], the PRP injection dose
was 8 ml. HA is present in different concentrations and
types [39-41], as reported in the relevant literature, and
HA products injected into joints with a molecular weight
of 3x 10° kDa or higher, especially those derived from
biological fermentation processes, have proven to be more
effective and safer [40]. In the included studies, almost all
utilized HA molecules with molecular weights lower than
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PRP+HA HA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.1.1 Follow-up 1 month
Xu,2021 2.005 0.805 28 282 083 20 53.0%  -0.81[-1.29,-0.34] —
Xu,2022 3.1 0.7 17 43 08 17 47.0% -1.20[-1.71,-0.69] —-
Subtotal (95% CI) 45 37 100.0% -1.00 [-1.37, -0.62] . 4
Heterogeneity: Tau? = 0.01; Chiz=1.19,df =1 (P = 0.27); P = 16%
Test for overall effect: Z =5.18 (P < 0.001)
1.1.2 Follow-up 6 months
Papalia,2019 0.9 1.2 30 14 1 30 33.5% -0.50 [-1.06, 0.06] -]
Xu,2021 14 0.64 28 44 0.89 20 34.0%  -3.00[-3.46, -2.54] —&=
Xu,2022 14 07 17 35 14 17 325%  -2.10[-2.84,-1.36] — &
Subtotal (95% CI) 75 67 100.0%  -1.87 [-3.46, -0.28] ———
Heterogeneity: Tau? = 1.89; Chi? = 46.16, df = 2 (P <0.001); P = 96%
Test for overall effect: Z = 2.30 (P = 0.02)
1.1.3 Follow-up 12 months
Papalia,2019 0.6 1 30 1.8 1 30 495%  -1.20[-1.71,-0.69] ==
Xu,2021 1.53 0.535 28 4.46 0.705 20 50.5%  -2.93[-3.30, -2.56] .5
Subtotal (95% CI) 58 50 100.0% -2.07 [-3.77, -0.38] eI
Heterogeneity: Tau? = 1.45; Chi? = 29.42, df = 1 (P < 0.001); P =97%
Test for overall effect: Z = 2.40 (P = 0.02)
4 2 0 2 4
PRP+HA HA

Fig.2 Forest plot comparing the VAS scores at 1-, 6-, and 12-months between PRP+HA and HA after treatment. (CI, confidence interval; SD,

standard deviation; IV, inverse variance.)

PRP+HA HA

_Study or Subgr |_Weigh
2.1.1 Follow-up 1 month
Xu,2021 98.485 3.235 28 9553 6.675 20 52.2%
Xu,2022 36.3 8 17 446 87 17 47.8%
Subtotal (95% CI) 45 37 100.0%
Heterogeneity: Tau? = 57.93; Chi* = 11.71, df = 1 (P = 0.006); P = 91%
Test for overall effect: Z = 0.43 (P = 0.67)
2.1.2 Follow-up 6 months
Xu,2021 94.755 54 28 100.28 4.02 20 51.9%
Xu,2022 235 7.2 17 408 82 17 48.1%
Subtotal (95% CI) 45 37 100.0%
Heterogeneity: Tau? = 64.90; Chi* = 15.66, df = 1 (P < 0.001); ¥ = 94%
Test for overall effect: Z = 1.90 (P = 0.06)
2.1.3 Follow-up 12 months
Xu,2021 94.12 4.875 28 100.32 3.545 20 54.8%
Yu,2018 14.4 11.73 96 264 16.98 88 45.2%
Subtotal (95% CI) 124 108 100.0%

Heterogeneity: Tau? = 13.73; Chi? = 5.44, df = 1 (P = 0.02); I> = 82%
Test for overall effect: Z = 3.06 (P = 0.002)

Mean Difference Mean Difference

IV. Ran 5% Cl IV. Random. 95% Cl
2.95[-0.21, 6.12] ——
-8.30 [-13.92, -2.68] ——
-2.42 [-13.44, 8.60] e
-5.53[-8.19, -2.86] -
17.30 [22.49, -12.11] —B—
11,19 [22.72, 0.34] e —
-6.20 [-8.58, -3.82] -
-12.00 [-16.25, -7.75] —
-8.82 [-14.48, -3.16] -
20 -10 0 10 20
PRP+HA HA

Fig. 3 Forest plot comparing the WOMAC total scores at 1-, 6-, and 12-months between PRP+HA and HA after treatment. (CI, confidence

interval; SD, standard deviation; IV, inverse variance.)

those mentioned above. This may have led to an increase
in the number of AEs in the HA group, thereby affecting
the reliability of the results. A systematic review suggested
that repeated intra-articular HA injections are effective and
safe for treating KOA [42], while multiple HA injections
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may increase the risk of infection during future TKA pro-
cedures [43, 44]. Therefore, conservative treatment aims
not only to improve immediate symptoms but also to con-
sider potential long-term complications that may occur in
patients with KOA.
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Experimental Control QOdds ratio Weight
Study or subgroup Event  Total Event  Total with 95% CI (%)
PRP+HA vs. HA
Ciapini, 2023 0 20 0 20 1.00[0.02, 52.85] 1.49
Xu,2021 2 48 1 34 —_— 1.43[0.12, 16.49] 3.43
Barac,2019 0 19 5 34 0.14[0.01, 2.63] 11.92
Yu,2018 14 96 30 88 . = 0.33[0.16, 0.68] 81.72
Lana,2016 0 33 0 36 1.09[0.02, 56.47] 1.44
Heterogeneity: I = 0.00%, H’ = 1.00 <> 0.37[0.19, 0.69] 100
Test of 6, = 6;: Q(4) =2.24, p = 0.69
Testof 8 =0:z=-3.10, p = 0.00
PRP+HA vs. PRP
Branch,2023 0 32 0 32 1.00[0.02, 51.93] 1.26
Ciapini, 2023 0 20 0 20 1.00[0.02, 52.85] 1.25
Xu,2021 2 48 9 40 —i— 0.15[0.03, 0.74] 24.11
Sun,2021 6 43 5 42 —a— 1.20[0.34, 4.28] 11.15
Yu,2018 14 96 28 104 . = 0.46[0.23, 0.95] 58.83
Jacob(HMW),2017 0 14 0 20 1.41[0.03, 75.45] 1.03
Jacob(LMW),2017 0 17 0 20 1.17[0.02, 62.16] 1.15
Lana,2016 0 33 0 36 1.09[0.02, 56.47] 1.21
Heterogeneity: I° = 0.00%, H’ = 1.00 < 0.51[0.30, 0.87] 100
Test of 6, = 6 Q(7) = 4.85, p = 0.68
Testof 8=0:z=-249,p=0.01
Adjust zero cells
Replace zero event counts with 0.5
Experimental: PRP+HA
Control: PRP or HA

1/1128 1;8 é 3]2

Fixed-effects Mantel-Haenszel model

Fig.4 Forest Plot comparing the incidence of adverse events between PRP +HA and HA or PRP. (CI, confidence interval.)

The effectiveness of different types of PRP [45], known
as leukocyte-rich platelet-rich plasma (LR-PRP) and leuko-
cyte-poor platelet-rich plasma (LP-PRP), for treating KOA
has been debated with no clear agreement in the scientific
community [46]. This prevailing understanding suggests that
LP-PRP is linked to anti-inflammatory effects, whereas LR-
PRP is associated with pro-inflammatory effects [19, 46].
Although a meta-analysis suggested that adverse reactions
were prevalent in PRP treatments regardless of leukocyte
concentration [47], recent studies comparing LR-PRP with
LP-PRP for KOA treatment indicated that LP-PRP resulted
in lower pain levels during intra-articular injections [2, 19,
48]. Of the 10 RCTs included in this meta-analysis, five used
LR-PRP, two used LP-PRP, and three did not report rel-
evant information. Hence, the varying occurrence of AEs in
PRP groups across studies may have reduced the reliability

of the combined results. Previous literature reports recom-
mend that PRP treatment for patients with KOA between
K-L grades 1 and 3 is typically administered in two to four
sessions, spaced 2—4 weeks apart [9, 49]. This is consist-
ent with the frequencies used in most of the included stud-
ies. Recent studies have shown that multiple PRP injections
administered over several years are more effective than a sin-
gle injection [50-53]. However, a recent meta-analysis found
that multiple injections did not always provide significant
pain relief or functional improvement [54]. This finding sug-
gests that further research is required to confirm the optimal
number of PRP injections. This difference resulted in con-
siderable heterogeneity in the pooled results. In future stud-
ies, it will be essential to establish a standardized approach
for combination therapy to improve reporting consistency.

@ Springer
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Comparison with other studies

Previously, five meta-analyses investigated the effects of
PRP + HA therapy: Zhang [6], Karasavvidis [25], Aw [24],
Zhao [26] and Qiao [27]. The meta-analyses conducted by
Zhang et al. [6], AW et al. [24], and Zhao et al. [26] dem-
onstrated that PRP+HA therapy resulted in significantly
greater improvement in VAS scores and WOMAC total and
function scores compared to PRP-alone therapy in the short
to medium term, while according to Qiao et al. [27], PRP-
alone therapy outperformed PRP +HA therapy in WOMAC
total and function scores. However, this meta-analysis
revealed no significant differences in VAS scores at 1- or
6-months and in WOMAC total scores at 1-, 3-, 6-, 12-, and
24-months. The differences in these results may be related
to the previous meta-analysis, which included non-RCTs [6,
24-26] and limited studies [27]. Furthermore, both Zhang
et al. [6] and AW et al. [24] reported better IKDC scores in
the PRP + HA therapy group than in the PRP-alone therapy
group at the 6-month mark. In our analysis, we found no
significant heterogeneities at 4—6 weeks and 6-month time
points. The results reported by Karasavvidis et al. [25] and
Qiao et al. [27] showed that superior improvement in pain
and function with the combination therapy of PRP and HA
compared to HA-alone therapy in terms of VAS scores at
3-, 6-, and 12-months. These findings align with the results
of our meta-analysis of VAS scores at 6- and 12-months.
Additionally, Zhao et al. [26] suggested that the combination
therapy of PRP with HA did not show a significant differ-
ence in AEs compared to PRP- or HA-alone therapy. In addi-
tion, Qiao et al. [27] revealed that PRP-alone therapy was
safer than PRP 4+ HA therapy. In contrast, Zhang et al. [6]
and AW et al. [24] demonstrated that dual therapy was gen-
erally safer than PRP-alone, which was consistent with our
findings. Hence, this meta-analysis offers a comprehensive
reassessment of the contentious findings from prior studies.

Limitations

This study included all recently published RCTs to elimi-
nate potential selection bias introduced by non-RCTs.
Therefore, the quality of evidence in the major subgroup
analyses was moderate or above. In addition, we presented
mean differences instead of standardized mean differences
to make the results more accessible and understandable.
Furthermore, this analysis provides valuable reference
information on the short- and long-term efficacy of KOA
treatment.

Nevertheless, the limited number of enrolled RCTs in
this meta-analysis and the formulations of PRP and HA,

@ Springer

were not consistent across trials, resulting in a restricted
pool of studies for each outcome indicator. Notably,
regarding WOMAC-related indicators, disparities in val-
ues have been observed in certain studies owing to varying
threshold settings [36]. Furthermore, the relatively small
sample sizes of certain RCTs could limit the statistical
validity of the study [5, 28]. Lastly, owing to the limited
number of RCTs included in the study, we were unable to
conduct additional subgroup analyses related to different
doses and frequencies of PRP interventions, as well as the
K-L grades of KOA.

Conclusion

The findings of this study suggest that the combination
of PRP and HA demonstrates promising clinical safety in
patients with KOA. PRP + HA therapy exhibited a higher
level of safety than the administration of PRP or HA alone.
In symptomatic patients with KOA, the combined therapy
of PRP and HA showed superior improvements in pain
and function compared with patients treated solely with
HA injections.
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