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Abstract: The objective of this systematic review was to assess the effectiveness of platelet-rich plasma (PRP)
injection versus hyaluronic acid (HA) injection for the management of osteoarthritis (OA) in animal models, with
a specific focus on the inflammatory process and histopathological features of cartilage and the synovium. A
comprehensive electronic search was conducted of the Medline/PubMed, Embase, and Web of Science databases
for articles published up to June 2025 that performed a comparative analysis of the effects of PRP versus HA injection
therapy in animal models of OA and also assessed the inflammatory process and histopathological characteristics
of cartilage and the synovium. The review adhered to the PRISMA guidelines and recommendations outlined by the
Cochrane Collaboration. Risk of bias was assessed using the SYRCLE RoB tool. Although 1,117 articles were retrieved
from the databases, only four met all inclusion criteria. Among these, three reported no significant difference between
PRP and HA in terms of the histological analysis of cartilage and the synovium or levels of interleuRin 1, interleuRin
6, tumor necrosis factor alpha, and matrix metalloproteinase-1. In contrast, one study indicated that treatment
with PRP yielded superior outcomes compared to HA concerning cartilage histology and interleuRin 13 levels. The
scarcity of studies exploring intra-articular PRP injections versus intra-articular HA injections in animal models of OA
underscores the need for further research to enable a more comprehensive comparison.
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Introduction

Osteoarthritis (OA) is a degenerative joint
disease characterized by the progressive
deterioration of articular cartilage that affects
various joint structures, including the synovium,
ligaments, and subchondral bone!" of the hands,
Rnees, hips, and feet!™®, OA results in pain, stiffness,
and impaired mobility, significantly impacting quality
of life, mental well-being, and daily functioning!®.
With an estimated 250 million individuals affected
by OA throughout the world™, this condition poses
a substantial public health challengel®. Given its
association with aging the prevalence of OA is likely
to increase with the rise in life expectancy, leading
to an increase in healthcare costs and the burden of
premature patient retirement.

Current treatment modalities for OA encompass
pharmacological, non-pharmacological,and surgical
interventionsP!. Non-pharmacological approaches
include weight management, exercise, and physical
therapy®°. However, adherence to changes in lifestyle
is often suboptimal®!. Pharmacological management
involves the use of analgesics, anti-inflammatory
drugs, and intra-articular injections°33 These two
approaches are intended to reduce pain and improve
physical functioning". In cases refractory to
conservative measures, joint replacement surgery
offers relief from pain and the restoration of
functiont-39!,

Recent attention has focused on intra-articular
injectionsofplatelet-richplasma(PRP)andhyaluronic
acid (HA) as non-surgical therapeutic options for OA
(3341 PRP derived from autologous whole blood via
centrifugation has a high concentration of platelets
1991 containing growth factors, such as transforming
growth factor-3 (TGF-[3) and platelet-derived growth
factor (PDGF), along with other bioactive proteins
implicated in modulating the inflammatory process,
tissue repair, and chondrocyte proliferation 22
. A recent systematic review and meta-analysis
reported that PRP injections significantly improved
cartilage and synovial histology compared to control
groups in animal models of OA, with reductions in
proinflammatory marRers, such as interleuRin 1 (IL-
1), interleuRin 6 (IL-6), or tumor necrosis factor alpha
(TNF-&).

HA is a glycosaminoglycan naturally found in
joints that contributes to synovial fluid viscosity
and elasticity®’. In OA, a reduction occurs in HA
molecular weight and concentration, leading to
synovial fluid degradation. Intra-articular injections
of HA are hypothesized to stimulate endogenous
HA production, regulate inflammation, exert
chondroprotective effects, and relieve pain(®3-32,

Despite the potential advantages, such as
enhanced local bioavailability and fewer systemic
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side effects, the effectiveness of intra-articular
injections remains inconclusive 'l and consensus
with regards to the superiority of HA or PRP therapy
is lackRing™. Therefore, the aim of the present
systematic review was to investigate and compare
the effects of PRP versus HA injections in animal
models of OA, with a focus on the inflammatory
process and histopathological changes in cartilage
and the synovium.

Material and Methods

Protocol and Registration

This review followed PRISMA guidelines”
and recommendations outlined by the Cochrane
Collaboration™. To ensure thorough study and
transparency of the methods and results, the
protocol was filed in the International Prospective
Register of Systematic Reviews (PROSPERO)
(registration code: CRD42024599465).

Eligibility Criteria

Types of Studies

Preclinical trials assessing the inflammatory pro-
cess and histopathological features subsequent to
the intra-articular administration of PRP and HA in
animal models of osteoarthritis OA were deemed
eligible. Only articles published in English, Portu-
guese, or Spanish were considered. No restriction
was imposed with regards to year of publication.

Types of Participants

Studies involving any animal model of OA in-
duced either physiologically, genetically, surgically,
or pharmacologically, irrespective of the anatomical
site affected, were considered eligible.

Types of Comparators

Studies featuring comparison groups receiving
intra-articular injections of PRP and HA were
deemed eligible.

Types of Interventions

Studies employing intra-articular injections
of PRP and HA as therapeutic modalities were
considered eligible. No restrictions were imposed
with regards to PRP and HA dosage, concentration,
or production method.

Outcome Measures

Primary studies reporting outcomes related
to modulation (improvement, deterioration, or
stability) of the inflammatory process (inflammatory
marRers) and/or histopathological variables (rate
of chondrocyte and synoviocyte proliferation,
glycosaminoglycan synthesis, cartilage and/or
synovium thickRness) were included.
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Exclusion Criteria

Clinical trials and case studies, animals with
concomitant multiple diseases, in vitro or ex vivo
experiments.

Data Collection and Analysis

Databases and Search Strategies

An electronic search was conducted of the
Medline/PubMed, Embase, and Web of Science
databases for relevant articles published up to
June 2025. Search terms were chosen considering
the controlled vocabulary of the Medical Subject
Headings (MeSH) database and uncontrolled
vocabulary. The search strategy comprised
terms pertinent to the research theme. Thus, the
following search combination was used: ("Platelet-
Rich Plasma" OR "Platelet Gel" OR "Autologous
Platelet Concentrate” OR "Autologous Conditioned
Plasma" OR ACP) AND ("Hyaluronic Acid") AND
(Osteoarthritis) AND (Animals OR "Models, Animal"
OR "Animal Experimentation") AND (Inflammation
OR "Intercellular Signaling Peptides and Proteins"
OR Cartilage OR "Synovial Membrane"). Grey
literature was not included. A manual search of
the reference lists of the primary studies included
in the review was performed to identify potentially
relevant studies not retrieved during the electronic
search.

Study Selection

Two independent reviewers (H.G.M. and G.E.S)
screened the titles and abstracts of the retrieved
publications based on the inclusion criteria.
Potentially relevant studies were submitted to full-

text analysis. Consensus was sought throughout
the selection process, with a third reviewer (C.C)
consulted in cases of disagreement. The Rayyan

reference  management software (http://rayyan.
qcri.org) was used to facilitate the study selection
process 26,

Data Extraction

After consensus and the selection of articles, the
reviewers workRed independently. Data extraction
was performed with a standardized form adapted
from the template proposed by the Cochrane
Collaboration, capturing information on study
design, animal characteristics, intervention and
control groups, and outcomes [,

RisR of Bias Appraisal

Risk of bias was appraised using the SYRCLE
RoB tool for animal studies!™, with the assessment
of the riskR of selection, performance, detection,
attrition, and other biases. Two reviewers (M.S5.0.S.
and H.G.M.)) independently assessed the items.
Divergences of opinion were resolved through
consultation with a third reviewer (C.C.).

Results

The search of the database yielded 1,117 articles.
After excluding 53 duplicates, the titles of the
remaining 1,064 articles were screened, resulting in
the exclusion of 1,033 articles. Subsequent abstract
screening led to the selection of 7 articles for full-
text analysis, 4 of which met all inclusion criteria
[2213-7-8] The article selection process is illustrated in
Figure 1.

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
—
c : <
-'% Databases searching (n = 1,117) Records removed before screening: Records identified from references: Records removed before screening:
o ., >
£ Enbase (r? - 1'052)_ Duplicate records removed Citation searching ”| Duplicate records removed
€ Web of Science (n = 39) (n=53) (n = 85) (n=20)
k] PubMed (n = 26)
-
o2 ! !
Records screened N - > o| Records excluded
n=i] -y 3 S| ®(ni=
1.064 Records excluded (n = 1,033) Records screened (n = 65) 53
) , Reports not retrieved (n = 12)
ReEorts sought for retrieval »| Reports not retrieved (n = 24) Re_pons sought for retrieval »| Wrong population (n = 3)
(n=231) (n=12) e
Wrong comparator (n = 9)

Screening

}

l

Reports assessed for eligibility Repartsiexaluded (niS8)

(n=7) e

Wrong comparator (n = 3)

Reports assessed for eligibility
(n=0)

v

Studies included in review

(n=4)

[ Included ] [

Figure 1. Flowchart of Article Selection, According to PRISMA Guidelines.
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Study Characteristics

All selected studies employed animal models.[”)
used 30 C57BL6J mice®lused 42 C57BL6J mice,?4
used 30 rabbits, and™ used 40 New Zealand
rabbits. Table 1 presents the characteristics of the
four articles.

OA induction methods varied across studies,
including anterior cruciate ligament transection [,
anterior and posterior cruciate ligament transection
31 |ateral parapatellar sRin incision??, and non-
invasive axial tibial loading® All studies used the
Rnee joint as the model of interest.

Regarding treatment protocols, PRI preparation,
andoutcome assessment,substantial heterogeneity
was observed?? administered three weeRly
injections of 0.3 mL of PRP and HA, ®administered
five weeRly injections of 0.5 mL of PRP and 0.2 mL
of sodium HA, and® administered three injections
of 15 L of PRP and HYADD-4G. ' did not specify the
treatment protocol.

The preparation of platelet-rich plasma lacked
standardization across the studies. While two stud-
ies did not specify the protocol used 37 one study
employed the double centrifugation method® and
another employed the Landesburg protocol®? Cen-
trifugation speeds, duration, and supplementation
varied, highlighting the heterogeneous nature of
PRP protocols.®?2 performed two centrifugations.
Centrifugation speed in the first round ranged from
200 to 2,000 g, with duration ranging from ten to
20 minutes. Speed in the second round also ranged
from 200 to 2,000g, with duration of ten minutes.
81 described only one centrifugation, with speed
ranging from 3,000 2,000 rpm and duration from
six to 15 minutes. With regards to supplementation,
anticoagulants such as 1 mL of sodium citrate and
heparin were used in two studies??*® whereas the
other two studies did not provide information on an-
ticoagulant usagel’"* Calcium chloride was used as
an activator in two studies?>"!, with quantities rang-
ing from unspecified to 0.02 mL. B71Did not specify
activator usage. Platelet counting was reported in
only one study®?, with a significantly higher platelet
concentration in PRP compared to peripheral whole
blood. The remaining studies did not provide cell
count information®3-7],

The outcomes were divided into the inflammatory
process and histopathological analysis. Two studies
2281 measured the inflammatory process and
performed enzyme-linked immunosorbent assay
(ELISA) to estimate inflammatory marRer levels.
221 Found that the level of interleuRin 1B in the joint
fluid was lower in animal models treated with PRP
compared to HA. ¥'Found no significant differences
in levels of IL-1, IL-6, or TNF-a between PRP and
HA treatments. Histopathological analysis was
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conducted in three studies??®7, But assessment
methods and results were heterogeneous, limiting
direct comparison.

[22-81Measured cartilage histology, with one study
employing the ManRin Score and finding that PRP
outperformed HAPZ while the other study used the
assessment tool of the Osteoarthritis Research
Society International and found no difference
between groups ®!Synovial histology was assessed
using the Synovitis Score method, which revealed
no difference between PRP and HA treatments!’ 8.,
1 Measured matrix metalloproteinase-1 using
immunostaining and found no difference between
treatments. This information is synthesized in
Table 1.

Table 2 summarizes the characteristics of
hyaluronic acid (HA) and platelet-rich plasma
(PRP) used in the studies included in this review.
Considerable heterogeneity was observed in both
the types of HA and the PRP preparation protocols.

Regarding HA, some studies used generic hyal-
uronic acid or sodium hyaluronate without reported
molecular weight?>"!, while others employed spe-
cific commercial formulations, such as HYADD®
4-G (500-730 RDa) or low molecular weight HA
(50-120 RDa)® " respectively. This variability may
influence the rheological properties, viscosity, and
therapeutic potential of HA in formulations com-
bined with PRP.

Concerning PRP, preparation protocols showed
substantial variability.?>” Applied double-spin
methods with different times and speeds, whereas
371 ysed single-spin centrifugation, reflecting
differences in platelet enrichment and growth
factor content. Growth factor concentrations also
varied widely among studies, with TGF-3, PDGF,
and bFGF ranging from 0.077 to 13519 ng/mL,
indicating inconsistency in PRP composition.

Furthermore, none of the studies reported
platelet or leuRocyte counts in the prepared PRPs.
Differences were also observed in anticoagulants
used (sodium citrate, heparin, citrate glucose) and
activation methods (CaCl, or bovine thrombin),
further highlighting the lacR of standardization in
PRP protocols.
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Comparation

Study Population groups Intervention Outcomes inflammation and histopathologic analysis
Animf:ll model OA PRP HA aatmant . Statisti
strain, sex, h - (number) Variable Tool cal
3 induction dosage dosage protocol value
weight, age results
Rabbit p<
Livet N/A LZ::raa:tEH CG (10) /W for :rLfllar;?matory marker ELISA . 0.01
al. N/A parap PRP Group (10) 03mL 03mL )
ar skin 3 WR ManRin
o) incision i Gl {0 Cartilage histolo Score * p<
6-8 mo. 9 9y 0.05
Rabbit ;\:éenor CG(8) Inflammatory marker p>
Heng- £ Model Grup (8) (IL-1) 0.05
New Zealand posterior ELISA =
dong ) PRP Group (8) Ix/WR for  Inflammatory marker p>
dand? cruciate 05 mL 0.2mL ELISA =
etal. 225+ 050 k b 14 HA Group (8) 5WR (IL-6) ELISA ¥ 0.05
(2015) 5' 3 A 9 tr%nsectio HA + PRP Group Inflammatory marker & p>
-8 mo. : (8) (TNF-a) 0.05
CG(8)
PRP Group (8)
- 2";’7”855& Non- HA Group 8 OARSI p>
invasive mg|mL (10) 3x/WR for  Cartilage histology Score = 0.05
etal. N/A ialtibial HAG 15 15 uL 15 pL 1Wk S 1 (el S -
2017)  N/A axial tibia roup ynovial histology ynovitis = p>
10wk loading mg|mL (8) Score 0.05
’ PRP Group + HA
(8)
y CG (6)
Mouse Anterior
Chiou C57BL|6J cruciate Sham HIolpHs)
r PRP Group (6) Molecular marker Immunost p>
etal. Q ligament N/A N/A N/A Rl =}
(2018)  N/A raRSeatio HA Group (6) (MMP-1) aining 0.05
8wk = HA + PRP Group

(6)

Abbreviations: (?) Female; () Male; (CG) Control group; (ELISA) Enzyme-LinRed Immunosorbent Assay; (HA) Hyaluronic acid;
(HA Group) Intervention group treated with HA; (HA + PRP Group) Intervention group treated with HA and PRP; (IL-1) InterleuRin
1; (IL-1B3) InterleuRin 13; (IL-6) InterleuRin 6; (MMP-1) Matrix metalloproteinase-1 (Mo.) Months; (N/A) Not available; (OARSI)
Osteoarthritis Research Society International; (PRP) Platelet-rich plasma; (PRP Group) Intervention group treated with PRP;
(TNF-a) Tumor necrosis factor alpha; (WR.) WeekR.

Table 1. Summary of descriptive characteristics of the included studies.

HA Platelet-rich plasma
i 1t spin 2nd spin Supplementation
Study Type MW (kDa) Preparatul)n P P! Growth/faftors PP
Rrotoco Time Speed Time Speed (ng/mL) Anticoagulant Activation
. TGF- B (135.19 £ 16.8) . .
"':Ie[ Hyachric:j”ate N/A | Double-spin 10min 200g 10min 200g  PDGF (3122+43) S°d'(“2";;')”ate iﬁgi Sﬂ&;
’ bFGF (0.077 + 0.021) e
L 2000 Citrate glucose  CaCl> (0.02
Dong N/A Single-spin 15 min N/A N/A N/A 9 s
i hyaluronate pm (0.4 mL) mL)
Duan ® ) 20 ) 2000 TGF-f3 (46.87) )
el HYADD® 4-G 500-730 | Double-spin min 200g 10 min e PDGF (2.68) Heparin N/A
Bovine
Chiou Hyaluronic i : f 3000 thrombin
B acid 50-120 Single-spin 6 min i N/A N/A N/A N/A (100 1U/150
mL PRP)
Table 2. Characteristics of HA and PRP used in the included studies.
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Risk of Bias Appraisal

RiskR of bias was appraised using the SYRCLE
tool. Table 3 presents the results for each study.
Criteria 1, 5, and 6 were not addressed in any
article, indicating Unclear risk of bias regarding
the generation of the allocation sequence, random

outcome assessment, and blinding of the handlers
to intervention allocation during the experiment.
Only Criterion 9, which addresses the absence of
selective outcome reporting, received affirmative
responses across all studies.

Selection Performance Detection Atrittion Reporting Other Results

Author Year
1 2 3 4 b 6 7 8 9 10

Liu et al. 2014 Unclear Yes Yes Unclear Unclear Unclear Yes No Yes Yes 5/10
Heng-dong et
| 2015 Unclear Yes Yes Yes Unclear Unclear Unclear Yes Yes Unclear 5/10
al.
Duan et al. 2017 Unclear Unclear Unclear Yes Unclear  Unclear Yes Yes Yes Yes 5710
Chiou et al. 2018 Unclear Unclear Unclear Unclear Unclear Unclear Unclear Unclear Yes Yes 2/10

Note: "Yes" responses indicated low risk of bias, "No" responses indicated high risk of bias, and "Unclear" responses indicated
that the degree of bias could not be attributed. Criteria used for publication bias analysis: (1) Was the allocation sequence adequa-
tely generated and applied? (2) Were groups similar for baseline characteristics or adjusted for confounding factors in the analy-
sis? (3) Was allocation adequately concealed? (4) Were animals housed randomly during the experiment? (5) Did caregivers and/
or investigators not Rnow which intervention each animal received during the experiment? (6) Were animals randomly selected
for outcome assessment? (7) Was the outcome assessor blinded? (8) Were incomplete outcome data adequately addressed? (9)
Are study reports free from selective outcome reporting? (10) Was the study apparently free from other problems that could result

in high risk of bias?

Table 3. SYRCLE Tool Criteria for Risk of Bias Assessment.

Discussion

The aim of this systematic review was to
investigate the effect of the intra-articular injection
of platelet-rich plasma (PRP) compared to
hyaluronic acid (HA) on the inflammatory process
and histopathological characteristics of cartilage
and the synovium in animal models of OA. A Rey
observation was the lacR of standardization in PRP
preparation, treatment dosage, and assessment
protocols, which may explain the divergent results
among studies. Differences in growth Ffactors
concentration, activation methods, injection
frequency, and animal models likely contributed
to variability in outcomes. Moreover, the diversity
in  outcome measures (including different
inflammatory markRers, histological scoring systems,
and timing of assessments) further complicates
direct comparisons.

Among the four studies included, three [387]
found no differences between treatments with
regards to cartilage and synovial histology or levels
of IL-1, IL-6, TNF-a, and matrix metalloproteinase-I
(MMP-1), whereas one study ? reported that PRP
treatment yielded superior results compared to
HA in terms of cartilage histology and IL-1[3 levels.
These findings indicate that PRP may provide anti-
inflammatory and chondroprotective benefits under
certain conditions. Nonetheless, the observed
discrepancies are likRely attributable to variations in
OA induction methods, animal species and strains,
and differences in PRP dosage, concentration,
and preparation protocols. Such heterogeneity

Vol. 7 N.1, 2025

International Journal Of Advances In Medical Biotechnology - JAMB

highlights the difficulty of comparing results across
studies and emphasizes the need for standardized
protocols in both preclinical and clinical research.
Establishing consensus gquidelines for PRP
preparation, characterization, and administration
in animal models would enhance reproducibility
and enable a more accurate assessment of its
therapeutic potential I,

Regarding the inflammatory evaluation,
measured the level of IL-18 in the joint fluid, while
3l examined levels of IL-6, IL-1, and TNF-a. Both
studies detected the concentration of inflammatory
factors using enzyme-linked immunosorbent
assays (ELISA) and obtained divergent results. ¥
Demonstratedthatthe groupreceivingintra-articular
PRP injection had a lower concentration of IL-1 in
the joint fluid compared to the group that received
HA, whereas!™ found no significant difference in
the concentration levels of inflammatory marRers
between the two treatments. Although both studies
used the same animal model, " administered five
applications at a frequency of once per week of 0.5
mL of PRP and 0.2 mL of HA, while®?used a dose of
0.3 mL of PRP and HA, administered three times at
a frequency of once per week.

Three studies assessed histopathological
outcomes #2871 Histological analysis of cartilage
was conducted in two studies [28 but the
intervention method, outcome assessment tool,
and results differed. ! Used mice as the animal
model, induced OA through non-invasive axial
tibial loading, administered three applications

[22]
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with a dose of 15 L of PRP and HA, and employed
the Osteoarthritis Research Society International
(OARSI) Score for outcome assessment, reporting
no significant difference between the two groups
(PRP vs. HA). In contrast,*? induced OA in rabbits
by performing a lateral parapatellar sRin incision,
used a dose of 0.3 mL of PRP and HA, administered
three applications once per week, and employed the
ManRin Score for outcome assessment, reporting
a significant difference favoring PRP over HA. A
study conducted by ?®! compared the ManRin Score
and OARSI for the assessment of human Rnee
joints in all stages of osteoarthritis development
and concluded that both systems are complex
and time-consuming and have variability; as the
measures depend on an assessor and involve a
semi-quantitative scoring system, the analyses are
subjective 88221 Obtained heterogeneous results
but did not follow the same standard with regards
to the methods or assessment system employed.
Synovial histology was measured in only one study
8l and no significant difference was found between
treatment groups. 1 Conducted histopathological
analysis using MMP-1 as a molecular marker and
found no significant difference between PRP and
HA treatments, although the intervention methods
were not reported clearly.

We retrieved three articles that did not find
differences between treatment with PRP compared
to HA 3871 and one article that reported PRP to be
superior to HA?2. Our findings partially diverge from
those reported by [}, who conducted a systematic
review and found PRP to be superior to HA in terms
of pain and stiffness in patients with Rnee OA,
with a clinically significant difference after six to
12 months of follow-up, although the improvement
was only partial and the strength of the evidence
was low.

Systematic review studies are  highly
recommended for assessing methodological quality
in research and determining the effectiveness of
treatments. Thus, the design of the present study
occupies the highest level in the hierarchy of
scientific evidence 2., In this review, riskR of bias
was appraised using the SYRCLE RoB tool. Among
the ten items on this scale, the criteria with the
highest risk of bias were Item 1 (adequate allocation
sequence), Iltem 5 (blinding of investigators), and
ltem 6 (randomization of animal selection for
outcome assessment). None of the studies included
in this review satisfied these three items.

Strengths and Limitations of Study

This is the first systematic review to compare
the effects of PRP versus HA on the inflammatory
process and histological characteristics of cartilage

International Journal Of Advances In Medical Biotechnology - JAMB

and the synovium in animals with OA. Strengths
include adherence to PRISMA and Cochrane

recommendations. However, methodological
heterogeneity, regarding OA induction, PRP
preparation, dosage, treatment protocol, and

outcome assessment, limits direct comparisons.
The four studies did not apply the same method for
inducing OA and the PRP preparation method, HA
dosage, PRP dosage, and treatment protocol were
also heterogeneous, with some studies lacRing
information on these aspects. Additionally, the
studies measured different characteristics and
different assessment tools were used in the analysis
of cartilage histology, which was conducted in
two studies P28l |t is hoped that this review will
be of some assistance in designing high-quality
preclinical studies in the future.

Conclusion

The results revealed no difference between
treatment with PRP and HA in terms of synovitis,
MMP-1 concentration, and the concentration of the
pro-inflammatory marRers IL-6, IL-1, and TNF-a.
Divergent results in cartilage histology suggest
that PRP may have potential benefits in specific
contexts, but variability in OA induction methods,
PRP preparation, dosage, and assessment tools
limits comparability. These findings highlight
the importance of standardized protocols and
methodologically rigorous preclinical studies to
enhance reproducibility and provide a more reliable
foundation for future clinical research.

References

1. AbramoffB, Caldera FE. Osteoarthritis: Pathology,
diagnosis, and treatment options. Medical
Clinics of North America [Internet]. 2020
Mar;104(2):293-311. Available from: https://
www.sciencedirect.com/science/article/abs/
pii/S00257125193011307via%3Dihub

ARobeng AK. Principles of Evidence Based
Medicine. Archives of Disease in Childhood
[Internet]. 2005 Aug 1;,90(8):837-40. Available
from: https.//adc.bmj.com/content/90/8/837

3. Efficacy and safety of repeated courses of
hyaluronic acid injections for Rnee osteoarthritis:
A systematic review. Seminars in Arthritis and
Rheumatism [Internet]. 2018 Oct 1;48(2):168-75.
Available from: https:.//www.sciencedirect.com/
science/article/pii/S0049017217306509

BelR JW, Kraeutler MJ, HouckR DA, Goodrich
JA, Dragoo JL, McCarty EC. Platelet-Rich
Plasma Versus Hyaluronic Acid for Knee
Osteoarthritis: A Systematic Review and Meta-

2

4.

Vol. 7 N.1, 2025



analysis of Randomized Controlled Trials. The
American Journal of Sports Medicine. 2020 Apr
17;49(1):036354652090939.

5. Chen Z, Wang C, You D, Zhao S, Zhu Z, Xu M.
Platelet-rich plasma versus hyaluronic acid in
the treatment of Rnee osteoarthritis. Medicine.
2020 Mar;99(11).e19388.

6. ChenZ,ZhangF,ZhangH,ChengL, ChenK,Shen
J, et al. DNA-Grafted Hyaluronic Acid System
with Enhanced Injectability and Biostability for
Photo-Controlled Osteoarthritis Gene Therapy.
Advanced Science. 2021 Mar;8(9):2004793.

7. Chiou CS, Wu CM, Dubey NK, Lo WC, Tsai
FC, Tung TDX, et al. Mechanistic insight into
hyaluronic acid and platelet-rich plasma-
mediated anti-inflammatory and anti-apoptotic
activities in osteoarthritic mice. Aging. 2018 Dec
23;10(12):4152-65.

8. Duan X, Sandell LJ, Chinzei N, Holguin N, Silva
MJ, Schiavinato A, et al. Therapeutic efficacy
of intra-articular hyaluronan derivative and
platelet-rich plasma in mice following axial tibial
loading. Awad HA, editor. PLOS ONE. 2017 Apr
13;12(4):e0175682.Evans, D. (2003). Hierarchy of
evidence. Journal of Clinical Nursing, 12, 77-84.

9. Everts P, Onishi K, Jayaram P, Lana JF, Mautner
K. Platelet-Rich Plasma: New Performance
Understandings and TherapeuticConsiderations
in 2020. International Journal of Molecular
Sciences. 2020 Oct 21;21(20):7794.

10. Filardo G, Previtali D, Napoli F, Candrian C,
Zaffagnini S, Grassi A. PRP Injections for the
Treatment of Knee Osteoarthritis: A Meta-
Analysis of Randomized Controlled Trials.
CARTILAGE. 2020 Jun 19;13(1):194760352093117.

1. Homero Garcia-Motta, Carvalho C, Evelyn Maria
Guilherme, Paulo M, Nogueira K. Effects of intra-
articular injection of platelet-rich plasma on the
inflammatory process and histopathological
characteristics of cartilage and synovium in
animals with osteoarthritis: a systematic review
with meta-analysis. Advances in rheumatology
(Online). 2024 Mar 29;64(1).

12. Gong H, Li K, Xie R, Du G, Li L, Wang SQ, et al.
Clinical therapy of platelet-rich plasma vs
hyaluronic acid injections in patients with kRnee
osteoarthritis. 2021 Mar 26;100(12):e25168-8.

13. Heng-dong J, Xiao-yan H, Hou-qing Z, Yu-shan W,
Xuan S, Lei H. Platelet-rich plasma with sodium
hyaluronate in repair of rabbit Rnee osteoarthritis.
Chinese Journal of Tissue Engineering Research
[Internet]. 2019 [cited 2025 Jul 15];19(38):6133-

Vol. 7 N.1, 2025

International Journal Of Advances In Medical Biotechnology - JAMB

Effects of the intra-articular injection of platelet-rich..

9. Available from: https://www.cjter.com/
EN/10.3969/j.issn.2095-4344.2015.38.012

14. Higgins, J, P, T, Thomas, J., Chandler, J,
Cumpston, M, Li, T, Page, M. J,, & Welch, V. A.
(2023). Cochrane HandbooR for Systematic
Reviews of Interventions version 6.4. The
Cochrane Collaboration. Cochrane. https://
training.cochrane.org/handbooR.

15. Hooijmans CR, Rovers MM, de Vries RB, Leenaars
M, Ritskes-Hoitinga M, Langendam MW.
SYRCLE's riskR of bias tool for animal studies.
BMC Medical Research Methodology [Internet].
2014 Mar 26;14(43):43. Available from: https://
bmcmedresmethodol.biomedcentral.com/
articles/10.1186/1471-2288-14-43

Im GI. Perspective on Intra-articular Injection Cell
Therapy for Osteoarthritis Treatment. Tissue
Engineering and Regenerative Medicine. 2019
Jan 23;16(4):357-63.

17. Jones IA, Togashi R, Wilson ML, Heckmann
N, Vangsness CT. Intra-articular treatment
options for Rnee osteoarthritis. Nature Reviews
Rheumatology [Internet]. 2018 Nov 29 [cited
2019 Aug 23];15(2):77-90. Available from:
https://www.nature.com/articles/s41584-018-
0123-4

Katz JN, Arant KR, Loeser RF. Diagnosis and
treatment of hip and Rnee osteoarthritis. JAMA.
2021,325(6):568-78.

Kennedy MI, Whitney K, Evans T, LaPrade RF.
Platelet-Rich Plasma and Cartilage Repair.
Current Reviews in MusculosRkeletal Medicine.
2018 Sep 10;11(4):573-82.

20. Latourte A, Kloppenburg M, Richette P. Emerging
pharmaceutical therapies for osteoarthritis.
Nature Reviews Rheumatology. 2020 Oct
29;16(12):673-88.

21.Lee MI, Kim JH, KwakR HH, Woo HM, Han JH, Yayon
A, et al. A placebo-controlled study comparing
the efficacy of intra-articular injections of
hyaluronic acid and a novel hyaluronic acid-
platelet-rich plasma conjugate in a canine model
of osteoarthritis. Journal of Orthopaedic Surgery
and Research. 2019 Sep 18;14(1).

Liu J, Song W, Yuan T, Xu Z, Jia W, Zhang C. A
Comparison between Platelet-Rich Plasma
(PRP) and Hyaluronate Acid on the Healing
of Cartilage Defects. PLoS ONE. 2014 May
12,9(5):e97293-3.

Maheu E, Bannuru RR, Herrero-Beaumont
G, Allali F, Bard H, Migliore A. Why we should
definitely include intra-articular hyaluronic acid

16.

18.

19.

22.

23

80



" Garcia-Motta et al.

as a therapeutic option in the management of
Rnee osteoarthritis: Results of an extensive
critical literature review. Seminars in Arthritis
and Rheumatism. 2019 Feb;48(4):563-72.

24 JMP,AjB,FmC,PgC,CC,MbG,etal. Osteoarthritis
[Internet]. Nature reviews. Disease primers. 2016.
Available from: https://pubmed.ncbi.nim.nih.
gov/27734845/

25.JM,MO,D A,CI,RTL, MiC, et al. Umbilical Cord-
Derived Mesenchymal Stromal Cells (MSCs) for
Knee Osteoarthritis: Repeated MSC Dosing Is
Superior to a Single MSC Dose and to Hyaluronic
Acid in a Controlled Randomized Phase I/l Trial
[Internet]. Stem cells translational medicine.
2019. Available from: https://pubmed.ncbi.nim.
nih.gov/30592390/

26. QOuzzani M, Hammady H, Fedorowicz Z,
Elmagarmid A. Rayyan—a Web and Mobile App
for Systematic Reviews. Systematic Reviews.
2016 Dec;5(1).

27. Page MJ, McKenzie JE, Bossuyt PM, Boutron
[, Hoffmann TC, Mulrow CD, et al. The PRISMA
2020 statement: an Updated Guideline for
Reporting Systematic Reviews. British Medical
Journal. 2021 Mar 29;372(71).

28. Pauli C, Whiteside R, Heras FL, Nesic D, Koziol
J, Grogan SP, et al. Comparison of cartilage
histopathology assessment systems on human
Rnee joints at all stages of osteoarthritis
development. Osteoarthritis and Cartilage. 2012
Jun;20(6):476-85.

29. Raeissadat SA, Ghazi Hosseini P, Bahrami MH,
Salman Roghani R, Fathi M, Gharooee Ahangar
A, et al. The comparison effects of intra-articular
injection of Platelet Rich Plasma (PRP), Plasma
Rich in Growth Factor (PRGF), Hyaluronic Acid
(HA),and ozone in Rnee osteoarthritis; aone year
randomized clinical trial. BMC MusculosReletal
Disorders. 2021 Feb 3;22(1).

30. Sacitharan PK. Ageing and Osteoarthritis.
Subcellular Biochemistry. 2019;91:123-59.

31. Tang JZ, Nie MJ, Zhao JZ, Zhang GC, Zhang Q,
Wang B. Platelet-rich plasma versus hyaluronic
acid in the treatment of Rnee osteoarthritis: a

meta-analysis. Journal of Orthopaedic Surgery
and Research. 2020 Sep 11;15(1).

32. Xing D, Wang B, Liu Q, Ke Y, Xu YV, Li Z, et al.
Intra-articular Hyaluronic Acid in Treating Knee
Osteoarthritis: a PRISMA-Compliant Systematic
Review of Overlapping Meta-analysis. Scientific
Reports [Internet]. 2016 Sep 12 [cited 2019 Sep
24];6(1). Available from: https://www.nature.

com/articles/srep32790

33. Zhao J, Huang H, Liang G, Zeng L, Yang W,
Liu J. Effects and safety of the combination of
platelet-rich plasma (PRP) and hyaluronic acid
(HA) in the treatment of Rnee osteoarthritis:
a systematic review and meta-analysis. BMC
MusculosReletal Disorders. 2020 Apr 11;21(1).

International Journal Of Advances In Medical Biotechnology - JAMB Vol. 7 N.1, 2025



