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ABSTRACT

Introduction:  Osteoarthritis (OA) of the knee 
affects millions of people with sizable socioeco-
nomic burden. Conventional treatment modali-
ties are prioritized, turning to surgical interven-
tion only when they have failed. However, these 
traditional modalities have shortcomings, only 
aiming to reduce pain rather than targeting 
the underlying pathophysiology. Recently, the 
use of biologics, including autologous periph-
eral blood-derived orthobiologics (APBOs), 
has increased and demonstrated great promise 
for the management of knee OA. Platelet-rich 
plasma (PRP) is the most widely used APBO, but 

its efficacy is still uncertain, attributed to lack of 
standardized formulation protocols, characteri-
zation, and patient variables. To overcome the 
limitations posed by PRP, the use of other APBOs 
such as platelet lysate (PL) has been considered. 
This review summarizes the outcomes of clinical 
studies involving PL to manage OA of the knee.
Methods:  Multiple databases (Scopus, Embase, 
PubMed, and Web of Science) were searched 
employing terms “platelet lysate” and “knee 
osteoarthritis” for articles published in the Eng-
lish language to August 15, 2024, adhering to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.
Results:  Only three clinical studies fulfilled 
our search and inclusion criteria. Intra-articu-
lar injection of three doses of PL injected every 
3–4 weeks is safe and efficacious, resulting in 
statistically significant improvements in dif-
ferent patient-reported outcome measures at 
6–12 months follow-up.
Conclusion:  The existing published peer-
reviewed literature suggests that intra-articular 
injection of PL is safe and can decrease pain 
and increase function in patients with knee OA. 
Nonetheless, given the dearth of pertinent lit-
erature, more adequately powered, multicenter, 
prospective, non-randomized and randomized 
controlled studies with extended follow-up are 
needed to confirm the effectiveness of PL in 
knee OA. Further comparative studies to help 
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clinicians in choosing the best APBO for knee 
OA treatment are also warranted.

Keywords:  Knee osteoarthritis; Autologous 
blood-derived orthobiologics; Platelet-rich 
plasma; Platelet lysate; Patient reported outcome 
measures

Key Summary Points 

Intra-articular injection of three doses of 
platelet lysate (PL) injected every 3-4 weeks is 
safe and can decrease pain and increase func-
tion in patients with knee osteoarthritis (OA).

The clinical results attained with PL are in 
accordance with the outcomes described for 
platelet-rich plasma (PRP), while mitigating 
few PRP-associated shortcomings. More ade-
quately powered, multicenter, prospective, 
non-randomized and randomized controlled 
studies with extended follow-up are needed 
to confirm the effectiveness of PL in knee OA.

Comparative studies to help clinicians in 
choosing the best autologous peripheral 
blood-derived orthobiologic for knee OA 
treatment are also warranted.

INTRODUCTION

Osteoarthritis (OA), a chronic health condition, 
affects over 240 million individuals worldwide 
[1]. It involves several anatomical and physi-
ological joint alterations, including cartilage 
deterioration, osteophyte formation, and bone 
remodeling, causing pain, swelling, stiffness, 
and limited joint function, thereby impacting 
quality of sleep, mental health, and work partici-
pation, leading to major socioeconomic burden 
[1]. Conventionally, OA of the knee is initially 
managed using non-pharmacological modali-
ties such as physiotherapy and weight manage-
ment, nutraceuticals such as undenatured col-
lagen type II, pharmacological substances such 
as viscosupplementation, corticosteroids and 

non-steroidal anti-inflammatory drugs (NSAIDs), 
minimally invasive interventions such as genic-
ular nerve radiofrequency ablation, and surgery, 
when the conventional modalities have been 
unresponsive or in advanced stages of OA [2–4]. 
Nonetheless, these therapies have limitations, 
aiming to only decrease pain, but being unable 
to modify the underlying pathophysiology of 
the condition [2–4].

Recently, the use of autologous peripheral 
blood-derived orthobiologics (APBOs) to man-
age musculoskeletal disorders, including knee 
OA, has significantly increased [5–8]. Platelet-
rich plasma (PRP) is the most frequently used 
APBO, and several level I (systematic review or 
meta-analysis of all relevant randomized con-
trolled trials, RCTs) and level II (RCT) investi-
gations have shown its safety and effectiveness 
[5–11]. The effectiveness of PRP remains con-
troversial, given the dearth of uniform prepara-
tion protocol and formulation characterization, 
and patient-related factors [5–11]. To sidestep 
the limitations presented by PRP, the prospect 
of utilizing other APBOs such as platelet lysate 
(PL) has been considered.

PL is an acellular preparation rich in platelet-
derived bioactive molecules, including growth 
factors, formulated by lysing platelets in a PRP 
formulation following multiple freeze/thaw-
ing cycles [12]. In vitro studies have shown the 
potential of PL as a non-xenogeneic alternative to 
fetal bovine serum to culture mesenchymal stem 
cells (MSCs), cultured and/or expanded to assess 
their potential for regenerative medicine applica-
tions, including management of OA of the knee 
[13–15]. In vitro, PL can promote proliferation of 
chondrocytes and inhibit apoptosis, improve car-
tilage matrix metabolism and promote cartilage 
repair, and increase chondrocyte autophagy and 
improve senescence [15–20]. Preclinical studies 
have also demonstrated the potential of PL for 
the management of knee OA [19, 21, 22]. Spe-
cifically, Yan et al. investigated the effect of PL 
on OA in an animal model (Sprague Dawley rats) 
of arthritis induced by intra-articular injection 
of monoiodoacetate [19]. Administration of PL 
resulted in significant restoration of mechani-
cal allodynia, thermal hyperalgesia, and pain-
related behavior (spontaneous activity and gait 
parameters) towards normal levels compared to 
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the model levels [19]. Histopathology showed 
significant reversal in articular cartilage degen-
eration (assessed via number of chondrocytes, 
collagen matrix mass, and cartilage surface), with 
significantly decreased Mankin and OARSI (The 
Osteoarthritis Research Society International) 
scores in a dose-dependent manner [19]. Hsieh 
et al. prepared porcine PL and assessed whether its 
administration can avoid inflammatory reaction 
in the knee joint of (New Zealand) rabbits, and 
then treat osteochondral defects and arthritis [21]. 
The tissue sections from rabbit knee joint showed 
no inflammatory reaction, and administration of 
PL can result in better cartilage growth and delay 
occurrence of arthritis [21]. Forteza-Genestra et al. 
evaluated the efficacy of PL-derived extracellular 
vesicles (EVs) compared to MSC-derived EVs in an 
OA cartilage animal (Wistar rats) model (monoi-
odoacetate injection-induced OA) [22]. PL-derived 
EVs showed better subchondral bone integrity 
parameters in cone beam computed tomography 
as well as better OARSI score compared to the 
MSC-derived EVs or OA group, with values being 
close to the healthy group [22].

Despite the promising outcomes of these afore-
mentioned in vitro and preclinical studies, there 
are limited studies evaluating the safety and effi-
cacy of PL in patients with knee OA. Moreover, 
there are inadequate studies summarizing the out-
comes of clinical studies investigating the effect 
of PL for the management of knee OA. Thus, the 
primary goal of the present work is to recapitulate 
the outcomes of clinical studies involving PL to 
manage knee OA. The secondary aim is to docu-
ment the ongoing clinical studies listed on differ-
ent clinical trial protocol archives involving PL for 
knee OA treatment.

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by either of the authors.

METHODS

Ethics Approval and Search Criteria

A systematic search was performed utilizing 
keyword terms, (“platelet lysate” OR “PL”) AND 

(“knee osteoarthritis” OR “knee”), in different 
databases (Scopus, PubMed, Embase, and Web 
of Science) for articles published to August 15, 
2024, in the English language, following the Pre-
ferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. All clin-
ical studies employing PL to manage knee OA 
were included. Studies not using PL alone or not 
targeting OA of the knee were excluded (Fig. 1). 
The PICO (population, intervention, compari-
son, and outcome) of this study are as follows:

•	 Population: patients with knee OA
•	 Intervention: PL alone
•	 Comparison: baseline, placebo, and/or active 

comparators (e.g., corticosteroids, viscosup-
plementation, APBOs, etc.)

•	 Outcome: patient-reported outcome measures 
(e.g., visual analogue scale (VAS), Knee Injury 
and Osteoarthritis Outcome Score (KOOS), 
Western Ontario and McMaster Universities 
Arthritis Index (WOMAC) score, etc.), clinical 
outcomes (e.g., range of motion (ROM), etc.)

To minimize the risk of bias, both authors 
discussed and reviewed all the selected articles, 
references, and excluded articles from the study; 
any disagreements were resolved after thorough 
discussion. All the data were extracted and ana-
lyzed by the first author, and then reviewed and 
approved by the second author.

Additionally, we identified ongoing clini-
cal studies concerning the utilization of PL for 
managing knee OA, registered on ClinicalTrials.
gov, Clinical Trials Registry—India (CTRI), and 
Chinese Clinical Trial Register (ChiCTR) using 
the search terms mentioned above.

RESULTS

Clinical Studies

Al-Ajlouni et al., in an open-label prospective 
study, investigated the safety and effective-
ness of autologous intra-articular administra-
tion of PL in early and intermediate OA of the 
knee [23]. Inclusion criteria included patients 
35–70 years old, swelling or pain in one or both 
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knees for at least 4 months, and radiographic or 
magnetic resonance imaging (MRI) confirmation 
of joint degeneration (Kellgren-Lawrence (KL) 
grade I/II). Exclusion criteria included varus or 
valgus knee deformity, uncontrolled diabetes, 
autoimmune diseases, cancer, infections, and 
use of NSAIDs 5 days prior to blood draw. PL 
was prepared by drawing 20 mL blood in sterile 
citrate tubes. The double-spin method was used 
to obtain a platelet pellet. This pellet was then 
suspended in 5 mL platelet-poor plasma (PPP), 
freeze-thawed (− 80 ℃ for 10 min) twice, and 
the final suspension was centrifuged. The super-
natant was collected, passed through a 0.2-µm 
filter, and the filtered product was used for intra-
articular administration at days 0, 21, and 42. 
The patient-reported outcome measure (PROM) 
included KOOS, administered at the baseline 
and at 3, 6, 12, 32, and 52 weeks follow-up post-
injection. A total of 48 patients were enrolled in 
this study. The platelet count in the final formu-
lation (1000–1700 × 109/L) was 5.6 times higher 
than the baseline whole blood (180–302 × 109/L) 
levels. No major adverse events were reported. 
Statistically significant improvements were 
observed in the overall KOOS and all KOOS 

subscales (symptoms, stiffness, pain, daily liv-
ing, and sport score) at 32 and 52 weeks follow-
up compared to the baseline. The limitations of 
this study include brief follow-up, small cohort 
size, lack of a control group, and lack of radio-
graphic and MRI analysis. Injection of PL is safe 
and potentially efficacious in patients with knee 
OA (Table 1).

Jeyaraman et  al., in a prospective cohort 
study, evaluated the effectiveness of homolo-
gous PL compared to PRP in patients with early 
OA of the knee [24]. Inclusion criteria included 
30–70-year-old patients, radiographic confirma-
tion of KL grade I or II knee OA, pain for at least 
3 months, and lack of response to anti-inflam-
matory treatment. Exclusion criteria included 
history of corticosteroid injection in the last 
3 months, advanced OA of the knee (KL grade III 
or IV), presence of infectious diseases and rheu-
matoid arthritis. PRP was formulated by drawing 
20 mL blood in tubes containing sodium citrate. 
The double-spin method was used to prepare 
3–4 mL of PRP and this was activated using 10% 
calcium chloride solution (PRP/calcium chloride 
10:1). The homologous PL was formulated by 
using O-positive blood procured from a blood 

Fig. 1   PRISMA flow diagram outlining the record identification and selection process
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bank. A PL preparation was obtained using three 
cycles of freeze–thaw. This formulation was 
stored as lyophilized powder and was recon-
stituted in normal saline prior to use. A total 
of 121 patients were allotted into two groups. 
Patients in group A (n = 57) and group B (n = 64) 
received three doses of 3 mL PRP and PL injec-
tions, respectively, at day 0 and at the end of 
weeks 4 and 8. The PROMs included the VAS 
and WOMAC scores, assessed at baseline and at 
1, 2, 3, and 12 months follow-up post-injection.

No adverse events were observed. Both PRP 
and PL groups showed statistically significant 
improvements in the VAS and WOMAC scores at 
12 months follow-up compared to the baseline. 
The PL group also showed significantly greater 
improvement compared to the PRP group. The 
limitations of this study included small cohort 
size, short follow-up, being a single-center study, 
and the lack of radiographic and MRI analysis. 
Injection of PL is safe and effective and offers 
advantage over PRP in patients with knee OA 
(Table 1).

Hosseini et al., in a randomized clinical study, 
compared the effectiveness of PL and PRP in 
patients with knee OA [25]. Inclusion criteria 
included 38–67-year-old patients with bilat-
eral OA (grade II or III on KL scale) of the knee, 
with symptoms for at least 4 months, and BMI 
of 18–32.5. Exclusion criteria included age less 
than 30 years old or greater than 70 years old, 
BMI > 32, KL grade greater than III, systemic 

disorders such as rheumatoid arthritis, history 
of knee surgery in the last 6 months, and use 
of NSAIDs 1 week prior to and during the treat-
ment. PRP was formulated by drawing 20 mL 
blood in tubes containing 2.5 mL citrate dex-
trose-A (ACD-A). The double-spin method was 
used to formulate leukocyte-poor PRP with 
platelet count at 4.2–4.6-fold compared to the 
baseline whole blood. No external activator was 
used. PL was prepared by drawing 20 mL blood 
in sterile citrate tubes. PRP was first prepared 
using the double-spin method and a platelet 
count of about 1 × 107/µL was attained. This PRP 
was then subjected to the double freeze–thaw 
technique to obtain the required PL.

Twenty-five female patients with bilateral OA 
of the knee were recruited. These patients were 
given three doses every 21 days of PRP and PL 
in the right and left knee, respectively. The out-
come measures included VAS score, WOMAC 
scores (overall and subscales), and ROM assessed 
at baseline and at 1 and 6 months follow-up 
post-administration. No major adverse events 
were observed. Both groups, PRP and PL, showed 
statistically significant improvements in the VAS 
score, overall WOMAC and all WOMAC subscale 
scores, and ROM at 1 and 6 months follow-up 
compared to the baseline. Additionally, statisti-
cally significant improvements were observed 
for all outcome measures in the PL group at 
6 months follow-up compared to the PRP group. 
The limitations of this study included small 

Table 1   Summary of main findings of included clinical studies

PL platelet lysate, KOOS Knee Injury and Osteoarthritis Outcome Score, VAS visual analogue scale, WOMAC Western 
Ontario and McMaster Universities Arthritis Index, PRP platelet-rich plasma, ROM range of motion

References Main findings

Al-Ajlouni et al. [23] Intra-articular administration of three doses of PL injected every 3 weeks is safe and led to statistically 
significant improvement in the overall KOOS and all KOOS subscales at 32 and 52 weeks follow-up 
compared to the baseline

Jeyaraman et al. [24] Intra-articular administration of three doses of PL injected every 4 weeks is safe and led to statisti-
cally significant improvements in the VAS and WOMAC scores at 12 months follow-up compared 
to the baseline and PRP group

Hosseini et al. [25] Intra-articular administration of three doses of PL injected every 21 days is safe and led to statisti-
cally significant improvements in the VAS and WOMAC scores and ROM at 6 months follow-up 
compared to the baseline and PRP group
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cohort size, short follow-up, and lack of radio-
graphic and MRI analysis. Injection of PL is safe 
and effective and offers advantages over PRP in 
patients with knee OA (Table 1).

Ongoing Clinical Studies

As of August 15, 2024, one clinical trial is listed 
on ClinicalTrials.gov, CTRI, or ChiCTR to evalu-
ate the safety and/or effectiveness of PL to man-
age knee OA (Table 2).

DISCUSSION

The prevalence of knee OA will grow with the 
aging population and rise in obesity, leading to 
major increase in global healthcare costs [23]. 
The conventional treatment modalities for knee 
OA treatment have evident flaws and side effects 
[2–4]. The last 20 years have seen a substantial 
increase in the use of APBOs to manage knee 
OA [5–8]. PRP is the most frequently used 
APBO, and many studies have shown its safety 
and effectiveness in patients with knee OA [9, 
11, 26]. The effectiveness of PRP is attributed 
to its secretome, consisting of growth factors, 
cytokines, chemokines, and extracellular vesi-
cles/exosomes, released from the platelet’s alpha 
and dense granules, lysosomes, and microparti-
cles [12, 23, 27–29]. Nevertheless, the efficacy of 
PRP is debatable given the lack of optimized for-
mulation protocols [5–11]. This results in diverse 
PRP compositions, leading to varying outcomes 
[5–8]. Notably, studies have demonstrated that 
a platelet concentration of 5- to 7-fold com-
pared to the baseline whole blood levels and 
mean platelet dose of at least 5 billion is nec-
essary to increase cell proliferation and migra-
tion, tissue regeneration, and attain positive 
clinical outcomes [11, 30, 31]. Additionally, too 
much inflammation led by pro-inflammatory 
neutrophils can produce deleterious effects on 
osteoarthritic pain [30]. Moreover, intra-articular 
injection of red blood cells is detrimental, and 
they should be eliminated in PRP preparations 
[32]. Thus, formulations which are acellular, 
enriched with bioactive molecules, and have a Ta
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standardized preparation protocol are needed for 
managing OA of the knee.

The present study examined the effective-
ness of PL for managing knee OA. All clinical 
studies using PL alone to manage knee OA were 
incorporated. Three clinical studies fulfilled our 
search and inclusion conditions.

The prospective studies by Al-Ajlouni et al., 
Jeyaraman et al., and Hosseini et al. showed 
that intra-articular injection of three doses of 
PL injected every 3–4 weeks is safe and resulted 
in statistically significant improvements in dif-
ferent PROMs such as VAS, KOOS, WOMAC, 
and ROM at 6–12 months follow-up compared 
to the baseline and/or PRP [23–25]. In addi-
tion, Hosseini et al. reported higher concentra-
tion of growth factors and cytokines, including 
platelet-derived growth factor (PDGF), fibro-
blast growth factors (FGF), vascular endothe-
lial growth factor (VEGF), and transforming 
growth factor-beta 1 (TGFβ1) in the PL com-
pared to the PRP [25]. These factors may well 
play a vital role in cartilage development and/
or repair. TGFβ1 is a regulator of chondrocyte 
proliferation and differentiation and can play 
a role in reducing inflammation in the joint. 
PDGF is a potent chemotactic factor for MSC 
migration to the joint, and can induce anabo-
lism in the joint, with proliferation of chon-
drocytes and synthesis of proteoglycans [33, 
34]. PDGF also promotes production of anti-
inflammatory cytokines, including interleukin 
(IL)-4 and IL-1 receptor antagonist (IL-1RA) 
[35]. IL-4, in turn, can reduce expression of 
pro-inflammatory tumor necrosis factor alpha 
(TNFα) and IL-1β (via promoting release of IL-
1RA) and can thus help reduce inflammation 
and pain [33, 34]. FGF activates anabolic path-
ways, and can diminish the activity of aggre-
canase, whereas VEGF promotes vasculogenesis 
and angiogenesis [36]. Even though the exact 
mechanism of action of PL is still under investi-
gation, its greater efficacy compared to the PRP 
[24, 25] can be attributed to higher expression 
of aforesaid growth factors and cytokines and 
their effect on cell proliferation, differentiation 
and migration, and anti-inflammatory poten-
tial in the joint microenvironment, responsible 
for promoting tissue repair. Moreover, the out-
comes from included clinical studies [23–25] 

are in harmony with the published literature, 
showing the capability of PRP to decrease pain 
and increase function [9, 11, 26]. This is then 
in concurrence with the consensus from the 
European Society of Sports Traumatology, Knee 
Surgery and Arthroscopy—ORthoBiologics Ini-
tiaTive (ESKAA-ORBIT), endorsing APBOs such 
as PRP as an effective modality to manage knee 
OA [37]. The clinical results attained with PL 
are in accordance with the outcomes described 
for PRP, while mitigating few PRP-associated 
shortcomings.

Limitations and Future Studies

The presented investigation is limited, includ-
ing inclusion of only three clinical studies that 
fulfilled our pre-defined search and inclusion/
exclusion criteria. This limits the ability to com-
prehensively analyze the effectiveness of PL for 
the management of knee OA. In addition, the 
included studies have shortcomings, including 
small cohort size, short follow-up, lack of radio-
graphic and MRI analysis, and lack of commonly 
used interventions for the management of knee 
OA, such as corticosteroids, viscosupplementa-
tion, or other APBOs as comparators. Addition-
ally, the risk for publication bias remains, as 
studies with positive outcomes are more likely 
to be published, possibly resulting in incomplete 
representation of the overall efficacy of PL for 
the management of knee OA.

Thus, more adequately powered, multicenter, 
prospective, non-randomized and randomized 
controlled studies with extended follow-up 
are needed to prove the effectiveness of PL in 
patients with knee OA. Further comparative 
studies to help clinicians in choosing the best 
APBO for knee OA treatment are also warranted.

CONCLUSION

The existing published peer-reviewed literature 
suggests that intra-articular injection of PL is 
safe and can decrease pain and increase func-
tion in patients with knee OA.
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