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ABSTRACT
Platelet-rich plasma (PRP) therapy has gained popularity as a treatment option for osteoarthritis,
despite a lack of formal endorsement by professional associations. While not universally recom-
mended, its application in managing joint osteoarthritis and aiding ligament regeneration has re-
ceived approval in several countries. Research into PRP's effectiveness in treating joint osteoarthritis
presents promising outcomes, but suffers from inconsistencies across various studies. These dispar-
ities stem from differences in the methods of PRP preparation, the concentration of platelets, the
frequency of injections, and the specific type of PRP utilized. This article aims to provide the most
recent insights into the efficacy of PRP therapy for joint osteoarthritis, underscoring the significant
impact of PRP classification, platelet dosage, and injection regimen on therapeutic outcomes. In
sum, findings from this study advocate for the use of PRP in managing joint osteoarthritis, high-
lighting its potential benefits when applied under optimized conditions.
Key words: Activated PRP, Cartilage Regeneration, Knee Osteoarthritis, Osteoarthritis Treatment,
Platelet-Rich Plasma (PRP), Tissue Regeneration, PRP Efficacy

INTRODUCTION
Platelet-rich plasma (PRP) is a common concept in
medicine. The concept and description of PRP has
been around since 1970, when hematologists created
productswith higher platelet levels thannormal blood
levels to treat platelet deficiency diseases1. Ten years
later, platelet-rich fibrin (PRP) was used for facial
surgery 1. PRP is an anti-inflammatory agent that
stimulates cell proliferation.
Subsequently, PRP was mainly used in the field of
musculoskeletal medicine to treat sports injuries.
Since its use by professional athletes, PRP has become
widely known in the media and widely used in this
field. Other medical fields, such as cardiovascular
surgery, pediatric surgery, internal surgery, soft tis-
sue surgery, cosmetic anatomy, and ophthalmology,
have also used PRP. Recently, many publications have
shown that PRP is widely used in the field of cosmetic
dermatology, especially in tissue regeneration, treat-
ing acne scars, and skin rejuvenation2–6. Some stud-
ies have shown that PRP is also used to treat reproduc-
tive disorders, especially early ovarian failure or thick-
ening of the endometrium, in patients who have failed
to implant multiple times7,8.
The use of PRP in treating osteoarthritis is a promi-
nent application of autologous PRP, and many studies
have shown the effects of PRP on pain reduction, in-
flammation reduction, and cartilage regeneration has

been reported9–11. Many studies have compared the
therapeutic effects of PRP with corticoid column in-
jection or HA hyaluronic acid solution, showing the
advantages of platelet-rich plasma therapy compared
to other methods.
Platelets are one of the three types of blood cells pro-
duced from the bone marrow and play important
roles in the coagulation process and tissue regenera-
tion. The role of platelets in healing depends on the
growth factors contained within platelets. When ac-
tivated, they release these factors to participate in co-
agulation and wound healing. Platelet factors belong
to two main groups: growth factors and cytokines.
These factors affect inflammatory processes, angio-
genesis, cell migration, and cell proliferation12–16.
Therefore, platelet-rich plasma is a source of natural
growth factors that are used for tissue regeneration.
Some important growth factors of platelets include:
vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), fibroblast growth fac-
tor (FGF), epidermal growth factor (EGF), hepato-
cyte growth factor (HGF), insulin-like growth factors
1 and 2 (IGF-1, 2)...17

This article aims to systematically synthesize the most
recent research results from scientists and research
groups worldwide on the use of PRP in the treatment
of inflammatory arthritis and degenerative arthritis.
This article provides clear evidence with updated clin-
ical research results to support the use of PRP in
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treating degenerative arthritis under the condition
that professional associations have not yet determined
PRP as a mainstream treatment method for degener-
ative arthritis.

NEW EVIDENCE FROM
META-ANALYSES
Belk et al. (2023) conducted a meta-analysis based
on 17 studies (Group I, Level I) involving 1042 pa-
tients with osteoarthritis treated with PRP injections,
226 patients treated with BoneMarrowAspirate Con-
centrate (BMAC) injections, and 1128 patients treated
with Hyaluronic Acid (HA) injections. The meta-
analysis results showed that PRP injections weremore
effective post-injection than HA injections, especially
in terms of WOMAC and VAS indices. The results
also indicated no significant difference between the
effectiveness of PRP and BMAC18. The analysis by
Veronesi et al. (2023) demonstrated that injections
of PRP and the stromal vascular fraction (SVF) were
equally effective19.
Qiao et al. (2023) analyzed and compared the treat-
ment effectiveness of osteoarthritis of the knee us-
ing PRP injections versus corticosteroid, HA, and a
combination of HA and PRP injections20. The anal-
ysis of 35 studies with 3104 participants showed that
the best treatment effectiveness was in the group re-
ceiving PRP or PRP combined with HA. Use of HA
or corticosteroids alone was less effective, with much
lower improvements in VAS and WOMAC scores
compared to PRP or PRP + HA after 12 months.
Specifically, the best VAS scores were observed in the
PRP group, followed by the PRP+HA, HA, and cor-
ticosteroid groups20. These observations were con-
firmed in a recent study by Khalid et al. (2024)21.
Khalid et al. (2024) performed a meta-analysis of 42
studies involving 3696 patients with knee osteoarthri-
tis treated with PRP, HA, and corticosteroids. Based
on the VAS andWOMAC score analysis, Khalid et al.
(2024) also confirmed that PRP injections were bet-
ter than HA and corticosteroid injections for up to 12
months21. In newly published meta-analyses, Wang
et al. (2024) and Oeding et al. (2024) also confirmed
that PRP injections were better than corticosteroid in-
jections22,23.
Notably, in a recent publication by Gesheff et al.
(2024), the authors compared the time from intra-
articular injections of PRP, HA, or corticosteroids to
the need for total knee replacement24. The authors
found that 2.2% of patients treated with PRP would
require total knee replacement (71 of 3240 patients),

5.9% of patients treatedwith corticosteroids would re-
quire total knee replacement (13,044 of 1,382,572 pa-
tients), and 8.0% of patients treated with HA would
require total knee replacement (13,044 of 164,000 pa-
tients)24. However, because of the smaller number
of patients treated with PRP than those treated with
HA and corticosteroids, the authors did not compare
the time from intra-articular injections to the need for
total knee replacement. The time from the first HA
injection to the need for total knee replacement and
the time from the first corticosteroid injection to the
need for total knee replacement were almost the same
(377.8 days in the HA group versus 370.0 days in the
corticosteroid group, p = 0.05).

FACTORS AFFECTING THE EFFICACY
OF PRP TREATMENT
Platelet Count
In a recent publication, Hohmann (2024) suggested
that a high platelet dose would be an effective treat-
ment for osteoarthritis25. Hohmann proposed that a
dose of fewer than 2.5 billion platelets is ineffective25,
while a dose of more than 5 billion platelets yields
good results both 6 and 12 months post-treatment.
However, the publication also mentioned that ques-
tions remain about whether PRP needs activation, the
optimal dose, injection frequency, platelet separation
methods, etc., which are still unclear25. Hohmann’s
suggestion is consistent with the results of an ear-
lier study conducted by Patel et al. (2024). In a
triple-blind clinical study, Patel et al. (2024) com-
pared the treatment efficacy of a 2.82 billion platelets
dose against a 5.65 billion platelets dose for knee
osteoarthritis. Although patients from both groups
showed improvement in scores compared to before
treatment, a better outcomewas recorded in the group
receiving a higher platelet dose (p < 0.001). Patient
satisfaction with treatment results after 6 months also
showed a significant difference, with 96% of patients
treated with the higher dose satisfied compared to
68% of patients treated with the lower platelet dose26.
These results were confirmed by a recent study 27.
Berrigan et al. (2024) analyzed 29 studies and showed
that the studies concluding beneficial effects of PRP
injections used an average platelet dose of over 5 bil-
lion platelets (5.464 ± 511), whereas the studies re-
porting no statistical difference used a platelet dose
of only 2 billion platelets (2.253 ± 753)27. Indeed,
the study by Bennell et al. (2021) was among those
who did not support the use of PRP in the treatment
of knee osteoarthritis28. In this study, the research
group was injected with LP-PRP three times consecu-
tively over three weeks compared to the control group
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(saline injection). The results showed no differences
in symptoms or joint structures after 12 months28.
The reason for this non-responsiveness to treatment
in this study might be the platelet dose. According
to the data provided by the authors, the platelet dose
used was relatively low, averaging 1.6 billion platelets
in 5 mL PRP28.
In particular, in the study by Bansal et al. (2021) con-
ducted on patients with Grade III knee osteoarthritis
(over 80% of patients with Grade III knee osteoarthri-
tis), the research group used a very high platelet dose
(10 billion platelets in 8 mL injection)29. The re-
sults showed that in patients with Grade III knee os-
teoarthritis, PRP injections were also effective, with a
significant reduction in WOMAC score, an increase
in IKDC score, and an increase in 6-min pain-free
walking distance after 1 year. This study also af-
firmed that the effectiveness of treatment does not de-
pend on the number of platelet enrichment processes
or platelet density but solely on the total number of
platelets29.

Type of PRP
The treatment efficacy of PRP depends not only on
the number of platelets within the preparation but
also on the type of PRP. Currently, based on the pres-
ence of leukocytes within PRP preparations, scien-
tists classify PRP into three main types: Pure PRP,
Leukocyte-Poor PRP (LP-PRP), and Leukocyte-Rich
PRP (LR-PRP). According to Xiong et al. (2023),
a meta-analysis of 24 Randomized Controlled Trials
(RCTs) showed that the treatment efficacy of LP-PRP
was better than that of LR-PRP in the treatment of os-
teoarthritis30. However, another analysis by Kim et
al. (2023) showed that both LP-PRP and LR-PRP re-
sulted in improved joint pain compared toHyaluronic
Acid (HA) injections31. However, in this analysis,
Kim et al. reported no difference in pain and swelling
between LP-PRP and HA injections, but LR-PRP in-
jections caused pain and swelling related to the injec-
tion procedure (with an odds ratio of 3.3). This obser-
vation was analyzed by Kim et al. (2023) in 21 level
1 RCTs involving 1077 PRP joint injections and 1009
HA joint injections. A previous publication by Kim
et al. (2021) also stated that LR-PRP injections cause
more pain and swelling than LP-PRP injections32.
Chen et al. (2023) also found LP-PRP to be better
than LR-PRP in changing the IKDC scores in treat-
ing knee osteoarthritis33. However, another pooled
analysis by Abbas et al. (2023) suggested no signifi-
cant difference in the treatment of knee osteoarthritis
between LP-PRP and LR-PRP34.

Activated PRP
The activation of PRP before injection also affects
treatment efficacy for knee osteoarthritis. To clar-
ify this, Simental-Mendia et al. (2022) performed
a meta-analysis of clinical studies divided into two
groups: those using activated PRP and those using
non-activated PRP.The authors summarized 14 RCTs
with a total of 1292 patients in both groups: the
group using activated PRP and the group using non-
activated PRP. The results showed that exogenous
(pre-activation) activated PRP is more effective in im-
proving pain and functional scores in treating knee
osteoarthritis35.

Repeat Injections
Tao et al. (2023) analyzed 7 studies with 575 patients
to compare the efficacy of injecting 1 dose, 2 doses,
and 3 doses of PRP. The results showed that inject-
ing three doses of PRP significantly improved theVAS
score after 12 months (p < 0.0001), whereas injecting
two doses and one dose resulted in similar outcomes
after 12 months of injection36. Recently, Zhuang et
al. (2024) compared the response to 1, 3, and 5 doses
of PRP in the treatment of knee osteoarthritis in 106
patients. The research group showed that injecting
three or five doses of PRP is safe and more effective
than a single injection in improving joint pain, joint
function, and motor function in patients with Grade
I-III knee osteoarthritis. However, the study showed
no significant difference between three and five injec-
tions. Therefore, the research group suggested that
three injections are necessary to achieve optimal ef-
ficacy in treating knee osteoarthritis37.
In 2023, Saraf et al. conducted a randomized con-
trolled clinical trial to evaluate the effectiveness of
three consecutive PRP injections (one injection each
month) in treatingGrade II and III knee osteoarthritis
(Kellgren-Lawrence scale)38,39. In this study, 31 pa-
tients received three PRP injections and 27 received
saline injections. The results confirmed that at 3,
6, and 12 months, 3 consecutive PRP injections sig-
nificantly improved VAS, WOMAC in patients with
Grade II and III knee osteoarthritis compared to the
saline injection group (p < 0.05)38. Li et al. (2023)
compared the efficacy of multiple PRP injections ver-
sus multiple HA injections in the knee was evalu-
ated by Li et al. (2023) in a recent pooled analy-
sis. Li et al. (2023) analyzed 14 RCTs with 1512 pa-
tients. The efficacy of multiple PRP injections was
compared with that of multiple HA injections based
on VAS, WOMAC, IKDC, or EQ-VAS scores. At 1,
3, 6, and 12 months, multiple PRP injections signif-
icantly changed VAS, WOMAC, IKDC, and EQ-VAS

6558



Biomedical Research and Therapy 2024, 11(7):6556-6564

Figure 1: The figure below illustrates the recommended protocol for employing platelet-rich plasma (PRP)
in the treatment of knee osteoarthritis. Employing gel separation technology, PRP is produced with a high
degreeof purity and recovery rate. From40milliliters of blood, 4milliliters of PRP containingover 5 billionplatelets
are collected. Prior to being utilized to inject into the joint, PRP is activated.

scores39. At 3 and 12 months, the VAS score in the
group with multiple PRP injections was significantly
lower than that in the group with multiple HA injec-
tions (P < 0.00001). Furthermore, theWOMAC score
in the group with multiple PRP injections was signif-
icantly lower than that in the HA multiple injection
group at 1, 3, 6, and 12 months (p < 0.01). Mean-
while, the IKDC score significantly increased in the
group with multiple PRP injections compared to that
in the group with multiple HA injections (p < 0.01) at
3 and 6 months.

Combination with HA

Most studies suggest that combining PRP with HA
does not result in a higher efficacy than PRP alone.
In 2022, a pooled analysis by Zhang et al. (2022)
suggested that combining PRP with HA is not bet-
ter than injecting PRP alone for treating knee os-
teoarthritis40. Similarly, the study by Nouri et al.
(2022) compared the treatment efficacy of using PRP,
HA, and combined PRP + HA for hip osteoarthritis
and showed that although all three groups improved
in pain and joint function, using PRP or PRP com-
bined with HA resulted in higher efficacy than using

HA alone; specifically, there was no enhanced effi-
cacy when combining HA with PRP compared to us-
ing PRP alone41.

LocationofOsteoarthritisand InjectionSite
Osteoarthritis occurs at various locations in the body,
but the response to osteoarthritis treatment at differ-
ent locations varies. Indeed, a recent pooled anal-
ysis of 24 randomized controlled trials (RCT) with
1344 patients treated for osteoarthritis at different lo-
cations, including the knee (KOA), hip (HOA), ankle
(AOA), and temporomandibular joint osteoarthritis
(TMJOA)42, showed that PRP injections are safe and
effective in improving the function of particular loca-
tions, especially the knee (KOA), temporomandibu-
lar joint (TMKOA), and ankle osteoarthritis (AOA).
However, PRP did not effectively reduce pain in pa-
tients with hip osteoarthritis (HOA).This observation
was similar to that of a previous study by Dong et al.
(2020). This study also showed that PRP injections are
effective in reducing pain from kneeOA, but not from
hip osteoarthritis43. This is whyBelk et al. (2022) also
reported that injecting LP-PRP into patients with hip
osteoarthritis resulted in similar efficacy to HA injec-
tion44. However, many comprehensive reports on the
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treatment effect of PRP in hip arthritis contain biases
in data collection based on published summaries45.
In treating knee osteoarthritis, injecting PRP into the
joint (intra-articular) and the combination of inject-
ing PRP into the joint along with injection into the
bone (intraosseous) does not result in a difference
in treatment efficacy. The combination of both joint
and bone injections does not provide any benefit over
joint injection alone for up to 6 months of follow-up
in terms of functional improvement and pain reduc-
tion46.

Prognostic Factors in the Efficacy of Treat-
ing Osteoarthritis
Although many studies and analyses have shown that
PRP is generally effective in treating osteoarthritis,
there is still a group of patients who do not respond to
treatment with PRP injections. The first study to ex-
plore prognostic factors in treatment response to PRP
was recently reported by Ota et al. (2024). Although
the study had a relatively small number of patients (36
knee joints), the research group showed a tendency
for the impact of the Japanese Knee Injury and Os-
teoarthritis Outcome Score (J-KOOS) and hyperlipi-
demia syndrome. Surprisingly, those who responded
to PRP treatment had lower J-KOOS scores and hy-
perlipidemia syndromes47.
Cao et al. (2023) used pharmacodynamicmaximal ef-
fect models and meta-analysis to show that patients
with osteoarthritis with higher symptom scores, older
age (≥ 60 years), higher BMI (≥ 30), lower Kellgren-
Lawrence degeneration degree (≤ 2), and shorter du-
ration of osteoarthritis (< 6 months) had higher treat-
ment efficacy with PRP48.

DISCUSSION AND SUGGESTIONS
The effectiveness of PRP treatment for osteoarthri-
tis has been increasingly affirmed by numerous RCT
studies and has been analyzed in several recent publi-
cations. Its anti-inflammatory and pain-reducing ef-
fects and enhancement of cartilage regeneration and
osteoarthritis are attributed to the protein content
within platelets, especially growth factors and cy-
tokines. While clinical studies have shown the ben-
eficial effects of PRP in treating osteoarthritis, some
studies have indicated inconclusive results; hence,
many professional associations have yet to officially
recognize PRP as a treatment for osteoarthritis, par-
ticularly knee osteoarthritis47,48. The reasons for the
inconsistency in clinical treatment outcomes when
PRP is used for osteoarthritis have become clearer
in recent years. Many pooled analyses to clarify the

issues affecting the treatment efficacy of PRP have
been published in 2023 and 2024, but this analysis af-
firms that the treatment effectiveness of PRP for os-
teoarthritis is influenced by various factors, including
platelet count, type of PRP, activation state of PRP, re-
peat injections, and other prognostic factors. Achiev-
ing effective PRP treatment requires the optimization
of several factors, and we propose the following opti-
mal protocol for PRP treatment for osteoarthritis:

Patient Selection
• The indication for PRP treatment should be
based on an examination with imaging diagno-
sis, such as X-ray, ultrasound, MRI, or CT scan
before treatment.

• The patient must be informed, advised, and sign
a consent form before undergoing PRP. The
benefits, risks, and side effects of treatmentmust
be discussed and clearly noted in the consent
form.

• Discuss with the patient to identify any con-
traindications for using PRP: thrombocytope-
nia, hyperfibrinogenemia, unstable blood pres-
sure, septicemia, chronic and acute infection
conditions, chronic liver disease, and anticoag-
ulant therapy (warfarin, heparin).

• Discuss with the patient about contraindica-
tions for using PRP, including NSAID use
within 48 h, corticosteroid injection at the os-
teoarthritis site within 30 days, systemic corti-
costeroid use within 2 weeks, smoking, recent
recovery from a cold or fever, blood or bone dis-
orders (especially cancer), HGB < 10 g/dl, and
platelet count < 105/uL.

• The treatment efficacy of PRP for hip os-
teoarthritis is still limited; therefore, advice and
sufficient information should be provided to pa-
tients if PRP injection is to treat hip osteoarthri-
tis.

PRPCollection, Processing, and Injection to
the Patient

• Blood collection should use a needle > 22G to
minimize cell lysis and platelet activation.

• The volume of blood collected should be cal-
culated to match the recovery efficiency of the
separation technology to ensure the treatment
dose for platelets. For knee osteoarthritis treat-
ment, the minimum platelet dose was 5 billion
per joint.
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Table 1: Suggestions for knee osteoarthritis treatment using PRP

PRP characteristics Suggestions

Dose of platelets/joint > 5.109

Volume of PRP/joint 4-8 mL

Type of PRP Pure PRP or LP-PRP

Activation status Activated PRP

Repeated injections 3 injections (monthly)

Knee osteoarthritis grade (Kellgren-Lawrence) I-III

• Platelet separation technology should clearly
determine the type of PRP produced. In the
treatment of osteoarthritis, pure PRP or LP-PRP
should be used.

• Activation of platelets before treatment is neces-
sary to ensure effective treatment.

• ThePRPproductmust be sterile before being in-
jected into the patient.

• The injection site preparation must be sterilized
with antiseptic solutions, such as betadine and
chlorhexidine.

Patient Monitoring After Treatment
• The patient must rest immediately after PRP in-
jection. They should be monitored for any com-
plications or discomfort after treatment.

• The patient should be informed of any potential
adverse or undesired effects that may occur at
home and how to handle them.

• The patient should be scheduled for follow-up
appointments to evaluate the treatment effec-
tiveness.

CONCLUSION
Platelet-rich plasma (PRP) is a blood product that
contains a significantly larger number of platelets than
the normal physiological threshold. As this product
contains a large amount of growth factors and cy-
tokines that play roles in inflammation, pain reduc-
tion, and stimulation of cell proliferation, PRP is a
suitable biological product for treating many injuries.
In recent years, studies and analyses based on clini-
cal evidence have confirmed the role of PRP in treat-
ing osteoarthritis. The treatment effectiveness of PRP
in osteoarthritis is shown to depend on several fac-
tors, including platelet count, type of PRP, PRP acti-
vation, and injection site, which significantly impact
treatment effectiveness. Particularly, in treating knee
osteoarthritis, the treatment will be effective when at

least 5 billion platelets are used in either activated pure
PRP or LP-PRP. With the current evidence, this arti-
cle once again supports the use of PRP in treating os-
teoarthritis, especially knee osteoarthritis. We hope
that with these advancements, professional associa-
tions will soon recognize PRP injections as a treat-
ment method for osteoarthritis diseases.

ABBREVIATIONS
22G - Gauge Size for Neediles, AOA - Ankle Os-
teoarthritis, BMAC - Bone Marrow Aspirate Con-
centrate, EGF - Epidermal Growth Factor, EQ-VAS
- EuroQol Visual Analogue Scale, FGF - Fibroblast
Growth Factor, HA - Hyaluronic Acid, HGF - Hep-
atocyte Growth Factor, HGB - Hemoglobin, HOA
- Hip Osteoarthritis, IGF-1, 2 - Insulin-like Growth
Factors 1 and 2, IKDC - International Knee Docu-
mentation Committee, J-KOOS - Japanese Knee In-
jury and Osteoarthritis Outcome Score, KOA - Knee
Osteoarthritis, LP-PRP - Leukocyte-Poor Platelet-
Rich Plasma, LR-PRP - Leukocyte-Rich Platelet-Rich
Plasma, NSAID - Non-Steroidal Anti-Inflammatory
Drug, PDGF - Platelet-Derived Growth Factor, PRP
- Platelet-Rich Plasma, RCTs - Randomized Con-
trolled Trials, TMJOA - Temporomandibular Joint
Osteoarthritis, VAS - Visual Analogue Scale, VEGF
- Vascular Endothelial Growth Factor, WOMAC -
Western Ontario and McMaster Universities Os-
teoarthritis Index
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