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IN BRIEF

The Role of Intraarticular Injections of Hyaluronic
Acid and Platelet Rich Plasma for the Treatment of

Articular Pain in Knee Osteoarthritis

E. Carlos Rodriguez-Merchan, MD, PhD; Hortensia De la Corte-Rodriguez, MD, PhD
Research performed at the Department of Orthopedic Surgery, La Paz University Hospital-1diPaz, Madrid, Spain

Received: 17 April 2024

Abstract
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The purpose of this in brief article was to determine the current role of intraarticular injections of
hyaluronic acid (HA) and platelet-rich plasma (PRP) for the treatment of painful KOA. It has been
reported that the average duration of effectiveness (pain relief) of one injection of extended-release HA
is around one year. Kellgren-Lawrence grade (I-1l versus llI-1V), male gender, and older age are
associated with a longer duration of effectiveness. Cartilage degeneration might be improved with a
higher number of injections of HA. Intraarticular injections of HA alleviate pain, function, and diminish
non-steroidal anti-inflammatory drugs (NSAIDs) consumption. In addition, several studies have
indicated that the combination of HA and PRP is more effective than HA alone. Finally, other studies
seemed to demonstrate that PRP was more effective than HA.

Level of evidence: Il
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Introduction

A ccording to Langworthy et al (2024) osteoarthritis
(OA) is a widespread disease that affects almost 528

million people worldwide, including 23% of the
global population aged >40, and is defined by advancing
damage to articular cartilage, which frequenly causes
severe pain, stiffness, and reduced mobility for affected
individuals. Pain related to OA is an obstacle to keeping
physical activity and a principal source of disability,
accounting for 2.4% of all years lived with disability
globally, diminishing the capability to work in 66% of USA
individuals with OA and increasing absenteeism in 21% of
USA individuals with OA. The joint most frequently affected
in OA is the knee, which is involved in approximately 60%-
85% of all OA cases.!

According to Kang et al, in 2019, the global age-
standardized frequency percentage of knee osteoarthritis
(KOA) escalated by 7.5% compared with 1990, and the age-
standardized frequency percentage escalated by
approximately 6.2%; the age-standardized YLDs (years of
healthy life lost due to disability) percentage escalated by
around 7.8%. The age-standardized YLDs frequency
escalated by approximately 7.8%.2
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The objective of this in brief article was to determine the
current role of intraarticular injections of hyaluronic acid
(HA) and platelet-rich plasma (PRP) for the treatment of
painful knee osteoarthritis (KOA).

Main body

On October 1, 2024, a literature search was performed in
PubMed using two sets of keywords: “Hyaluronic acid AND
knee osteoarthritis” (932 articles were found) and “PRP
AND knee osteoarthritis” (650 articles were found). Of the
1582 articles found in total, 27 were selected as being of
greater interest with respect to the title of this article (the
role of intraarticular injections of HA and PRP for the
treatment of articular pain in KOA).

Efficacy of hyaluronic acid (HA)

Many articles have been published that have assessed the
efficacy of intraarticular injections of HA in patients with
KOA, the results of which are shown in [Table 1].3-13
EUROVISCO (European Viscosupplementation Consensus
Group) gave a series of recommendations that are shown in
[Table 2].13
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Efficacy of platelet-rich plasma (PRP)

In 2019 Mousaei Ghasroldasht et al evaluated the effects
of PRP injection on KOA, based on gene expression
analysis. They analyzed 30 individuals who experienced
intraarticular injections of PRP. It was found that PRP
injections eased the pain, diminished the stiffness, and
improve quality of life through the promotion of IGF-
1 (Insulin-like growth factor 1) expression. The individuals
were assessed before and 1 month after the injection,
utilizing questionnaires of Knee injury and osteoarthritis

INTRAARTICULAR INJECTIONS OF HA AND PRP (KNEE OSTEOARTHRITIS)

pain score (ICOAP).14

Prost etal evidenced the efficacy of a standardized high or
very high-volume injection of very pure PRP in individuals
with KOA, including those with a severe grade.!> in a
systematic review positive results were observed. Besides,
it was stated that improved clinical results from PRP
injections for KOA may be related to a greater platelet
dose.’® Zhuang et al recommended three injections of PRP
in individuals with KOA of Kellgren-Lawrence (K-L) grade
[-111.17

outcome scores (KOOS) and the intermittent and constant

Table 1. Efficacy of intraarticular injections of hyaluronic acid (HA) on pain relief in painful knee osteoarthritis (KOA-3-13)

AUTHORS YEAR TYPE OF STUDY RESULTS
[REFERENCE] GRADE OF RECOMMENDATION
LEVEL OF EVIDENCE
These authors assessed the effectiveness of viscosupplementation in
Hummer 2020 Network meta-analysis. KOA based on molecular weight. It was found that in contrast to low
etal3 A molecular weight viscosupplementation (less than 750 kDa), high
molecular weight viscosupplementation (26000 kDa) surpassed the
la minimal clinically important improvement threshold for pain
alleviation.
Bahrami 2020 Single-blinded randomized controlled trial. At 2 and 6 months follow-up a single high molecular weight HA
etal 4 B injection was as efficacious as three weekly injections of low molecular
weight HA.
2a
Ikuta 2021 These authors analyzed 60 individuals with KOA by magnetic Body mass index and the number of intraarticular injections of HA

etals resonance imaging (MRI) T1p mapping to assess whether long-
run repeated administration of viscosupplementation
impacted cartilage degeneration.

C
4

were substantial factors causing change in the zone of degeneration
with no relation to age, gender, and Kellgren-Lawrence grade.

Double-blind, randomized, phase III clinical trial. to evaluate
the effectiveness and safety of a single injection of divinyl
Park 2021 sulfone cross-linked hyaluronate (YYD302) compared with a
etal® single injection of 1,4-0 diglycidyl ether cross-linked
hyaluronate (Synovian) in 184 individuals with KOA (Kellgren-
Lawrence grade I-III). They were randomized to one of two
study cohorts (YYD302 cohorts, 95 individuals; Synovian
cohort, 87 individuals).

No substantial difference was found between the two cohorts
after 36 weeks.

B
2a
2021 In a systematic review of the literature these authors analyzed It was found that Hylan G-F 20 had been the most extensively studied
Webner intraarticular injections of HA formulations approved in the formulation, with consistent outcomes confirming effectiveness in
etal” United States for the management of KOA. placebo-controlled studies. Supartz, Monovisc, and Euflexxa were also

A effective. However, Hyalgan, Orthovisc, and Durolane were not
effective. The conclusion was that viscosupplementation effectiveness
1b varied widely across formulations.

Comparing viscosupplementation with intraarticular saline over a
Miller 2021 Systematic review and meta-analysis to evaluate the safety of median of 6 months follow-up, this study found no differences in rate of
etal8 viscosupplementation in individuals with painful KOA. serious complications unrelated to the treatment itself (2% versus 1%).
A Local complications (transient local reactions such as injection site
pain, arthralgia, joint swelling, and joint effusion), all of which were
1a nonserious, were more frequent with intraarticular injections of
hyaluronic acid versus intraarticular saline (14% versus 12%) and
resolved within 2-3 days in most instances. Viscosupplementation was
demonstrated to be safe for utilization in individuals with painful KOA.
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Table 1. Continued

This study compared the effectiveness of two intraarticular HA
Onuma 2022 products, with average molecular weights of 900,000 (HA90) Both HA formulations relieved walking pain for 6 months.
etal? and 1.9 million (HA190), for 49 individuals (54 knees) with
KOA (Kellgren-Lawrence grades I to III). Twenty-seven
patients received both HA90 and HA190 injections. The
assigned HA product was injected into the joints of individuals
once a week, for 5 weeks.
B
3b
Lee 2022 Prospective clinical trial of 56 individuals with KOA. This study found significant improvement at 3- and 6-month follow-ups
etal 10 B on cartilage by ultrasonography after intraarticular injection with
3b HYAJOINT Plus (a biofermentation-derived, high-molecular weight HA).
Kim ]G 2023 This study assessed the results of one or two injections of Mild complications occurred in 10% of individuals. Ha-LBSA0103 was
etal 11 highly cross-linked HA-LBSA0103 in a series of 3,140 patients. efficacious in alleviating pain in KOA individuals. Pain in more than
The mean follow-up was around 1 year. 80% of the individuals was deemed to be improved. Highly cross-linked
B HA-LBSA0103 substantially reduced the mean visual analog scale (VAS)
3b score at 12 weeks after the first and second injections.
Perruchet 2023 In a case series these authors analyzed the radiological It was found that even the individuals with more advanced KOA
etal 12 features associated with duration of effectiveness of benefited from HANOX-M-XL injection for an average duration of
viscosupplementation in 51 individuals (76 knees) with KOA about 1 year.
treated with a single injection of extended-release HA
(HANOX-M-XL)
B
3b
Conrozier 2023 EUROVISCO good practice recommendations for a first Viscosupplementation with HA is widely employed in the treatment of
etal 13 viscosupplementation in patients with KOA. KOA. However, there is no clear recommendation on the decision-
C making to accomplish viscosupplementation. That is why EUROVISCO
(European Viscosupplementation Consensus Group) gave a series of
“ recommendations.

GRADES OF RECOMMENDATION (A-B-C-D) AND LEVELS OF EVIDENCE from high to low (1la-1b-2a-2b-3a-3b-4-5): A / 1la [Systematic review of
(homogeneous) randomized controlled trials]; A / 1 b [Individual randomized controlled trials (with narrow confidence intervals)|; B / 2a [Systematic
review of (homogeneous) cohort studies of "exposed" and "unexposed” subjects]; B / 2b (Individual cohort study / low-quality randomized control
studies); B / 3a (Systematic review of (homogeneous) case-control studies); B / 3b (Individual case-control studies); C / 4 (Case series, low-quality cohort
or case-control studies); D / 5 (Expert opinions based on non-systematic reviews of results or mechanistic studies).

s given by EUROVISCO (European Viscosupplementation Consensus Group) regarding viscosupplementa

with intraarticular injections of hyaluronic acid (HA) in individuals with knee osteoarthritis (KOA).13

Evaluate pain on a visual or 10-point numeric before considering VS

VS can be deemed for individuals with pain scores between 3 and 8.

A standard x-ray must be taken prior to the decision of VS.

If the x-ray is normal, KOA must be confirmed by MRI or CT arthrogram before considering VS.

The aims of VS are alleviating pain, improving function, and diminishing NSAIDs consumption.

The use of VS must not be deemed for managing a KOA flare.

VS can be envisaged as a first-line pharmacological treatment in individuals having a contraindication to NSAIDs or analgesics.

VS can be deemed in individuals with contraindications to arthroplasty.

In the case of severe comorbidities (diabetes, hypertension, gastrointestinal disorders, renal failure), VS can avert the utilization of potentially dangerous treatments.

VS can be deemed in individuals receiving antiplatelet drugs, vitamin K antagonists, and direct factor Xa or thrombin inhibitors.

MRI, magnetic resonance imaging; CT, computed tomography; NSAIDs, non-steroidal anti-inflammatory drugs.
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According to The ESSKA (European Society of Sports
Traumatology, Knee Surgery, and Arthroscopy)-ICRS
(International Cartilage Regeneration and Joint
Preservation Society) consensus, PRP injections are
appropriate in individuals aged <80 years with knee K-L

INTRAARTICULAR INJECTIONS OF HA AND PRP (KNEE OSTEOARTHRITIS)

0-1I1 KOA grade after failed conservative non-injective or
injective treatments, while they are not appropriate as
first treatment in K-L IV KOA grade.l’® Main data and
results on the use of PRP for the treatment of painful KOA
are shown in [Table 3].

Table 3. Efficacy of intraarticular injections of platelet-rich plasma (PRP) on pain relief in painful knee osteoarthritis (KOA).1418

RESULTS

Intraarticular injections of PRP were found to ease the pain,
decrease the stiffness, and improve quality of life through the
promotion of IGF-1 (Insulin-like growth factor 1) expression.

PRP induced a significant decrease of WOMAC (The Western
Ontario and McMaster Universities Arthritis Index) score at
all follow up endpoints (3 months and 12 months). Similar
results were observed for pain Visual Analog Scale-VAS (at 3
months and at 12 months, compared to at baseline).

After exclusion criteria were applied, 29 studies were
analyzed. Of the 29, there were 31 arms that used PRP as a
treatment method, of which 28 had statistically significant
positive outcomes at 6 months compared with the control

group. There were 18 studies with 12-month outcomes, with

16 of 18 having positive outcomes. Improved clinical

outcomes from PRP injections for knee OA may be related to
a greater platelet dose.

The administration of three or five injections of PRP is safe,
substantially more effective than single injections, and leads
to remarkable clinical improvement by significantly reducing
knee pain, improving joint stiffness, and enhancing physical
function in individuals with grade I-1II KOA. Furthermore, no
significant difference was observed in the efficacy of three or
five injections.

AUTHORS YEAR TYPE OF STUDY
[REFERENCE] GRADE OF RECOMMENDATION
LEVEL OF EVIDENCE
Mousaei Ghasroldasht 2019 Prospective study of 30 individuals.

etal 14 B
3b

Prost 2024 Retrospective analysis of patients optimally

etal 15 managed in dedicated centers
B
3b

Berrigan 2024 Systematic review.

etal 16 B
3a

Zhuang 2024 One hundred twenty patients with grade I-1II KOA

etal 7 were randomly assigned to three groups: PRP1

group, who received a single injection of PRP;
PRP3 group, who received three PRP injections
one week apart; PRP5 group, who received five
PRP injections one week apart.
C
4
Kon 2024 The ESSKA-ICRS consensus: European Society of
etal 18 Sports Traumatology, Knee Surgery, and

Arthroscopy (ESSKA), as well as the International
Cartilage Regeneration and Joint Preservation

PRP injections were considered appropriate in patients aged
<80 years with knee Kellgren-Lawrence (K-L) 0-11I KOA
grade after failed conservative non-injective or injective

treatments, while they are not considered appropriate as

Society (ICRS)
D

5

first treatment nor in K-L IV KOA grade.

GRADES OF RECOMMENDATION (A-B-C-D) AND LEVELS OF EVIDENCE from high to low (la-1b-2a-2b-3a-3b-4-5): A / la [Systematic review of
(homogeneous) randomized controlled trials]; A / 1 b [Individual randomized controlled trials (with narrow confidence intervals)|; B / 2a [Systematic
review of (homogeneous) cohort studies of "exposed” and "unexposed" subjects]; B / 2b (Individual cohort study / low-quality randomized control
studies); B / 3a (Systematic review of (homogeneous) case-control studies); B / 3b (Individual case-control studies); C / 4 (Case series, low-quality cohort
or case-control studies); D / 5 (Expert opinions based on non-systematic reviews of results or mechanistic studies).

Efficacy of combined therapy of hyaluronic acid (HA) and
other drugs

Stagni et al demonstrated that a brief cycle of intraarticular
therapy with polynucleotides in combination with high
molecular weight HA was more efficacious in alleviating pain
than HA alone.!® Karasavvidis et al reported that at 1-year
follow-up, a combination of PRP and HA alleviated pain more
than HA injections alone.2? In 2023 Ciapini et al found that the
combination of PRP and HA was efficacious in the
management of K-L grade II-IIl KOA in a short-to-mid-run

follow-up.2! Main data and results on the combined use of HA
and other drugs for the treatment of painful KOA are shown
in [Table 4].

Comparative studies of hyaluronic acid (HA) versus other
drugs

In 2021 Jalali Jivan et al found that intraarticular injection of
PRP or HA alleviated symptoms and pain and improved
functionality and physical examinations in individuals with
KOA. However, PRP therapy produced greater and longer-
lasting improvements in most of the outcome parameters




(58)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 13. NUMBER 1. JANUARY 2025

compared to HA. In this phase I open-label clinical trial, 10
individuals experienced intraarticular PRP injection and 10
others received HA injection. At baseline (pre-injection) visit
and 1, 3, 6, and 12 months post-injection, clinical evaluations

INTRAARTICULAR INJECTIONS OF HA AND PRP (KNEE OSTEOARTHRITIS)

KOOS questionnaire. Physical examinations of the knee,
including crepitation and range of motion (ROM) were
performed at each visit. The follow-up responses were
compared with the baseline visit.2

were carried out utilizing visual analogue scale (VAS) and

Table 4. Results of combined therapy of hyaluronic acid (HA) and other drugs for the treatment of articular pain in knee osteoarthritis

(KOA.18-20). PRP = Platelet-rich plasma

AUTHORS YEAR COMBINED THERAPY TYPE OF STUDY RESULTS
[REFERENCE] GRADE OF RECOMMENDATION
LEVEL OF EVIDENCE
Stagni 2021 Polynucleotides in Randomized, double-blind, HA- A brief cycle of intraarticular therapy (3 weekly
etal 18 combination with high controlled clinical trial double-blind injections) with polynucleotides in
molecular weight HA A combination with high molecular weight HA was
1b more efficacious in alleviating pain than HA alone.
Karasavvidis 2021 Combination of HA and PRP  Meta-analysis of randomized and At 1-year follow-up, a combination of PRP and HA
etal 19 non-randomized comparative alleviated pain more than HA injections alone.
trials
A
1b
Ciapini 2023 Combination of HA and PRP Case series The combination of PRP and HA was efficacious in
etal 20 B the management of Kellgren-Lawrence grade II-11I
3b KOA in a short-to-mid-run follow-up.

GRADES OF RECOMMENDATION (A-B-C-D) AND LEVELS OF EVIDENCE from high to low (1la-1b-2a-2b-3a-3b-4-5): A / 1la [Systematic review of
(homogeneous) randomized controlled trials]; A / 1 b [Individual randomized controlled trials (with narrow confidence intervals)|; B / 2a [Systematic
review of (homogeneous) cohort studies of "exposed" and "unexposed” subjects]; B / 2b (Individual cohort study / low-quality randomized control
studies); B / 3a (Systematic review of (homogeneous) case-control studies); B / 3b (Individual case-control studies); C / 4 (Case series, low-quality cohort
or case-control studies); D / 5 (Expert opinions based on non-systematic reviews of results or mechanistic studies).

Huang et al reported that Hylan G-F 20 considerably

better than HA.26 Gobbi et al reported that at two-year
reduced pain compared to arthrocentesis.?3 TW Kim et al

follow-up autologous microfragmented adipose tissue

found that polynucleotide injection had comparable
efficacy to intraarticular high molecular weight HA at 3
times injection with an interval of 1 week.2* Belk et al
observed that individuals undergoing treatment with PRP
achieved better clinical results than individuals who
received HA.25 JH Kim et al encountered that
intraarticular injection of PRP alleviated pain in
individuals with KOA for up to 1 year. Besides, PRP was

(AMAT) did not demonstrate substantial superior clinical
improvement compared with three leukocyte poor PRP
(LP-PRP) combined with HA injections.?” Main data and
results of studies comparing the efficacy of intraarticular
injections of HA versus the efficacy of other drugs are
shown in [Table 5].

Table 5. Comparative studies of hyaluronic acid (HA) versus other drugs for the treatment of articular pain in knee osteoarthritis (KOA).22-27

AUTHORS YEAR COMPARISON TYPE OF STUDY RESULTS
[REFERENCE] GRADE OF RECOMMENDATION
LEVEL OF EVIDENCE
Jalali Jivan 2021 HA versus Platelet- Phase I open-label clinical trial Intraarticular injection of PRP or HA alleviated pain.
etal 22 rich Plasma B However, PRP therapy produced greater and longer-
lasting improvements in most of the outcome
2b
parameters compared to HA.
Huang 2023 Hylan G-F 20 versus Multicenter, evaluator- and patient Hylan G-F 20 considerably reduced pain compared
etal 3 arthrocentesis blinded randomized controlled trial (RCT) to arthrocentesis in flare individuals. A duplicate of
A Hylan G-F 20 was found to be efficacious.
1b
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Table 5. Continued

Kim TW 2023 High molecular RCT Polynucleotide injection had comparable efficacy

etal ¢ weight HA versus A and safety to intraarticular high molecular weight

polynucleotide 1b HA at 3 times injection with an interval of 1 week.

Belk 2023 HA versus PRP Meta-analysis of level 1 studies PRP gave better clinical results than HA.

etal 25 A
la

Kim JH 2023 HA versus PRP Meta-analysis of level 1 studies For up to 1 year PRP was more effective than HA.
etal 26 A
la

Gobbi 2023 HA plus LP-PRP Prospective RCT At two-year follow-up AMAT did not demonstrate

etal &7 versus AMAT A substantial superior clinical improvement compared
1b with three leukocyte poor PRP combined with HA
injections.

GRADES OF RECOMMENDATION (A-B-C-D) AND LEVELS OF EVIDENCE from high to low (1la-1b-2a-2b-3a-3b-4-5): A / la [Systematic review of
(homogeneous) randomized controlled trials]; A / 1 b [Individual randomized controlled trials (with narrow confidence intervals)]; B / 2a [Systematic
review of (homogeneous) cohort studies of "exposed" and "unexposed” subjects]; B / 2b (Individual cohort study / low-quality randomized control
studies); B / 3a (Systematic review of (homogeneous) case-control studies); B / 3b (Individual case-control studies); C / 4 (Case series, low-quality cohort
or case-control studies); D / 5 (Expert opinions based on non-systematic reviews of results or mechanistic studies). LP = leukocyte poor; AMAT =
autologous microfragmented adipose tissue.

Several studies have observed clinical improvement of
knee pain after HA injections in patients with KOA.347.10.11
It has also been found that high molecular weight HA
(26000 kDa) is more effective than low molecular weight
HA (less than 750 kDa). One study observed that a single
injection of high molecular weight HA was as effective as
three injections of low molecular weight HA at 2 and 6
months follow-up.# Other authors found that the efficacy
of HA injections varied greatly across formulations.” A
study using ultrasonography showed a significant
improvement of the articular cartilage at 3 and 6 months
after HA injection.

However, it should not be forgotten that HA injections
can cause nonserious local complications (transient local
reactions such as injection site pain, arthralgia, joint
swelling, and joint effusion) that resolve within 2-3 days
in most instances.®

Therefore, although HA is widely used for the treatment
of KOA there is no clear recommendation on the decision-
making. That is why EUROVISCO (European
Viscosupplementation Consensus Group) gave a series of
recommendations.!3

Several studies have also observed an improvement of
knee pain in patients with KOA at 3 and 12 months with
PRP injections.141517.18 Some authors have published that
3-5 PRP injections are more effective than a single
injection, although they found no difference between 3
injections and 5 injections.!” The ESSKA-IRCS consensus
considers that PRP injections are not suitable as a first
treatment even in individuals with K-L KOA grade IV. But
they are suitable in individuals younger than 80 years
with knee K-L 0-III KOA grade after failed conservative
non-injective or injective treatments.18

Regarding the combination of HA and PRP, one study
observed a greater efficacy in terms of knee pain relief of
the combination of HA and PRP versus HA alone at 1-year

follow-up.2® Regarding the comparison of HA and PRP,
some authors found that at 1-year follow-up PRP was
more effective than HA in relieving knee pain.26

Conclusion

Several studies have indicated that the HA plus PRP
combination is more effective than HA alone. Finally, other
studies seemed to show that PRP is more effective than
intraarticular injections of HA.

Despite all the existing information on intra-articular HA
and PRP injections, alone or in combination, there are still
some questions to be clarified, given the great
heterogeneity of the studies published on the subject. Until
these doubts are clarified, logic seems to indicate that we
should follow the recommendations of EUROVISCO
regarding HA and of the ESSKA-ICRS regarding PRP.

Acknowledgement

James W. Connelly is a native English speaker with
experience in medical writing. He has edited the paper
linguistically.

Authors Contribution:

ECR-M conceived and designed the analysis, collected the
data, contributed data or analysis tools, performed the
analysis, and wrote the paper. HDIC-R collected the data,
contributed data or analysis tools, performed the analysis,
and wrote the paper.

Declaration of Conflict of Interest: The authors do NOT
have any potential conflicts of interest for this
manuscript.

Declaration of Funding: The authors received NO financial
support for the preparation, research, authorship, and
publication of this manuscript.



(60)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 13. NUMBER 1. JANUARY 2025

Declaration of Ethical Approval for Study: N/A
Declaration of Informed Consent: N/A

E. Carlos Rodriguez-Merchan MD, PhD 1
Hortensia De la Corte-Rodriguez MD, PhD 2

INTRAARTICULAR INJECTIONS OF HA AND PRP (KNEE OSTEOARTHRITIS)

1 Department of Orthopedic Surgery, La Paz University
Hospital-1diPaz, Madrid, Spain

2 Department of Physical Medicine and Rehabilitation, La
Paz University Hospital-IdiPaz, Madrid, Spain

References

10.

11.

Langworthy M, Dasa V, Spitzer Al Knee osteoarthritis: disease
burden, available treatments, and emerging options. Ther Adv
Musculoskelet Dis. 2024; 16:1759720X241273009. doi:
10.1177/1759720X241273009.

Kang Y, Liu C, Ji Y, et al. The burden of knee osteoarthritis
worldwide, regionally, and nationally from 1990 to 2019,
along with an analysis of cross-national inequalities. Arch
Orthop Trauma Surg. 2024; 144(6):2731-2743. doi:
10.1007/s00402-024-05250-4.

Hummer CD, Angst F, Ngai W, et al. High molecular weight
Intraarticular hyaluronic acid for the treatment of knee
osteoarthritis: a network meta-analysis. BMC Musculoskelet
Disord. 2020; 21(1):702. doi: 10.1186/512891-020-03729-w.
Bahrami MH, Raeissadat SA, Cheraghi M, Rahimi-Dehgolan S,
Ebrahimpour A. Efficacy of single high-molecular-weight
versus triple low-molecular-weight hyaluronic acid intra-
articular injection among knee osteoarthritis patients. BMC
Musculoskelet Disord. 2020; 21(1):550. doi: 10.1186/s12891-
020-03577-8.

Ikuta F, Takahashi K, Kiuchi S, et al. Effects of repeated intra-
articular hyaluronic acid on cartilage degeneration evaluated
by T1p mapping in knee osteoarthritis. Mod Rheumatol. 2021;
31(4):912-918. doi: 10.1080/14397595.2020.1830483.

Park YG, Ha CW, Yoo JH, et al. Intra-articular injection of a novel
DVS cross-linked hyaluronic acid manufactured by biological
fermentation (YYD302) in patients with knee osteoarthritis: a
double-blind, randomized, multicenter, noninferiority study.
Clin Ther. 2021; 43(11):1843-1860. doi:
10.1016/j.clinthera.2021.09.005.

Webner D, Huang Y, Hummer CD 3rd. Intraarticular hyaluronic
acid preparations for knee osteoarthritis: are some better than
others? Cartilage. 2021; 13(Suppl 1):1619S-1636S. doi:
10.1177/19476035211017320.

Miller LE, Bhattacharyya S, Parrish WR, Fredericson M, Bisson
B, Altman RD. Safety of intra-articular hyaluronic acid for knee
osteoarthritis: systematic review and meta-analysis of
randomized trials involving more than 8,000 patients.
Cartilage. 2021; 13(Suppl 1):351S-363S. doi:
10.1177/1947603519888783.

Onuma H, Sugihara T. Comparison of the efficacy of two high-
molecular-weight hyaluronic acid products for patients with
knee osteoarthritis. Orthopedics. 2022; 45(1):13-18. doi:
10.3928/01477447-20211229-01.

Lee CL, Wang YC, Huang HT, Chen CH, Chang KL, Tien YC.
Efficacy of intra-articular injection of biofermentation-derived
high-molecular hyaluronic acid in knee osteoarthritis: an
ultrasonographic study. Cartilage. 2022;
13(1):19476035221077404.doi: 10.1177/19476035221077404.
Kim ]G, Kim KI, Park KB, et al. Safety and effectiveness of intra-
articular injection of a highly cross-linked hyaluronic acid,

LBSA0103 (Synovian): results from a post-marketing
surveillance study in South Korea. PLoS One. 2023;
18(6):e0287222. doi: 10.1371/journal.pone.0287222.

12. Perruchet S, Balblanc ]JC, Rapp C, et al. The association between
radiographic features and the duration of effectiveness of a
single injection of extended-release hyaluronic acid (HANOX-
M-XL) in patients with knee osteoarthritis: preliminary results
of a prospective trial. Cartilage. 2023; 14(2):136-143. doi:
10.1177/19476035221109230.

13. Conrozier T, Diragoglu D, Monfort ], et al. EUROVISCO good
practice recommendations for a first viscosupplementation in
patients with knee osteoarthritis. Cartilage. 2023; 14(2):125-
135.doi: 10.1177/19476035221138958.

14. Mousaei Ghasroldasht M, Moayednia A, Shahrezaee M.
Effectiveness of platelet-rich plasma based on gene expression
in knee osteoarthritis. Arch Bone Jt Surg. 2019; 7(5):435-440.

15. Prost D, Bardot T, Baud A, et al. Long term improvement of
knee osteoarthritis after injection of single high/very high
volume of very pure PRP: a retrospective analysis of patients
optimally managed in dedicated centers. Regen Ther. 2024;
25:203-212.doi: 10.1016/j.reth.2023.12.006.

16. Berrigan WA, Bailowitz Z, Park A, Reddy A, Liu R, Lansdown D.
A greater platelet dose may yield better clinical outcomes for
platelet-rich plasma in the treatment of knee osteoarthritis: a
systematic review. Arthroscopy. 2024:50749-
8063(24)00206-8. doi: 10.1016/j.arthro.2024.03.018.

17.Zhuang W, Li T, Li Y, et al. The varying clinical effectiveness of
single, three and five intraarticular injections of platelet-rich
plasma in knee osteoarthritis. ] Orthop Surg Res.19 (1):284.
doi: 10.1186/s13018-024-04736-6.

18. Kon E, de Girolamo L, Laver L, et al. Platelet-rich plasma
injections for the management of knee osteoarthritis: The
ESSKA-ICRS consensus. Recommendations using the
RAND/UCLA appropriateness method for different clinical
scenarios. Knee Surg Sports Traumatol Arthrosc. 2024;
32(11):2938-2949. doi: 10.1002/ksa.12320.

19. Stagni C, Rocchi M, Mazzotta A, et al. Randomised, double-
blind comparison of a fixed co-formulation of intra-articular
polynucleotides and hyaluronic acid versus hyaluronic acid
alone in the treatment of knee osteoarthritis: two-year follow-
up. BMC Musculoskelet Disord. 2021; 22(1):773. doi:
10.1186/s12891-021-04648-0.

20. Karasavvidis T, Totlis T, Gilat R, Cole BJ. Platelet-rich plasma
combined with hyaluronic acid improves pain and function
compared with hyaluronic acid alone in knee osteoarthritis: a
systematic review and meta-analysis. Arthroscopy. 2021;
37(4):1277-1287.el. doi: 10.1016/j.arthro.2020.11.052.

21. Ciapini G, Simonettii M, Giuntoli M, et al. Is the combination of
platelet-rich plasma and hyaluronic acid the best injective
treatment for grade II-11I knee osteoarthritis? A prospective



(61)

22.

23.

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 13. NUMBER 1. JANUARY 2025

study. Adv Orthop. 2023:2023:1868943. doi:
10.1155/2023/1868943.

Jalali Jivan S, Monzavi SM, Zargaran B, et al. Comparative
Analysis of the effectiveness of intra-articular injection of
platelet-rich plasma versus hyaluronic acid for knee
osteoarthritis: results of an open-babel trial. Arch Bone Jt Surg.
2021; 9(5):487-495. doi: 10.22038/abjs.2021.52003.2569.
Huang Y, Lascarides P, Ngai W, Steele K, Hummer CD. Three
weekly intra-articular injections of hylan G-F 20 vs
arthrocentesis in patients with chronic idiopathic knee
osteoarthritis: a multicenter, evaluator- and patient-blinded,
randomized controlled trial. Curr Ther Res Clin Exp. 2023;
99:100707. doi: 10.1016/j.curtheres.2023.100707.

24. Kim TW, Chang M]J, Shin CY, Chang CB, Kang SB. A randomized

controlled trial for comparing efficacy and safety between
intraarticular polynucleotide and hyaluronic acid for knee
osteoarthritis treatment. Sci Rep. 2023; 13(1):9419. doi:
10.1038/s41598-023-35982-z.

25.Belk JW, Lim J], Keeter C, et al. Patients with knee osteoarthritis

INTRAARTICULAR INJECTIONS OF HA AND PRP (KNEE OSTEOARTHRITIS)

who receive platelet-rich plasma or bone marrow aspirate
concentrate injections have better outcomes than patients
who receive hyaluronic acid: systematic review and meta-
analysis. Arthroscopy. 2023; 39(7):1714-1734. doi:
10.1016/j.arthro.2023.03.001.
26. Kim JH, Park YB, Ha CW. Are leukocyte-poor or multiple
injections of platelet-rich plasma more effective than
hyaluronic acid for knee osteoarthritis? A systematic review
and meta-analysis of randomized controlled trials. Arch
Orthop Trauma Surg. 2023; 143(7):3879-3897. doi:
10.1007/s00402-022-04637-5.
27. Gobbi A, Dallo I, D'Ambrosi R. Autologous microfragmented
adipose tissue and leukocyte-poor platelet-rich plasma
combined with hyaluronic acid show comparable clinical
outcomes for symptomatic early knee osteoarthritis over a
two-year follow-up period: a prospective randomized clinical
trial. Eur J Orthop Surg Traumatol. 2023; 33(5):1895-1904.
doi: 10.1007/s00590-022-03356-2.



