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Knee OA is the major contributor

TKR BURDEN 2012-2050 in USA 
expected rise 855%
Projected TKR health care costs (AUS) 
growth by 273% by 2030, $AUD5.32  

Global burden of disease (2020):

654.1 (95%CI 565.6-745.6) millions 
(aged>40 yr) (Lancet 2023)

2021-2030, decade of healthy ageing (WHO)

The age standardized prevalence greatest in high 
income countries

Increase in case number 

from 2020 to 2050
74.9% (59.4-89.9) for knee OA



Is PRP treatment just a 
form of modern art??

Something each individual is free 
to interpret as they wish?

Shirim Neshat (Iran)
“our house is on fire”

Polarized opinions



A single « product » that is going to change 
complex health outcomes??

« SKEPTICS »:

✓ No standardization, 
✓ Lack of robust clinical data,
✓ Highly lucrative for those who offer it

• « BELIEVERS »:

Recognize complexity of medical discovery
Causality is not black&white
The focus remains on advancing
in PRP refinement

Polarized opinions
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Molecular
complexity

Clinical
Indications

Mode of 
action

PRP Investigation

For which degrees?; 
PRP vs CS?; 
PRP modifying effect?

Ongoing research on biomarkers 
to select RESPONDERS

Limited grasp of pivotal
therapeutic molecules

Optimal platelet number?

How many injections? interval 
between injections?

Enough clinical evidence>35 RCT   
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Captured by endocytosis in the blood stream

Platelets circulate for 8-10 days, during this time 
they capture proteins from the plasma

CORE elements in PRP secretome
Growth factors, cytokines and 
chemokines: PDGF-A, B & C, TGFβ-1, EGF, 
IGF-1, VEGF A & C, bFGF, HGF, PF4, β -TG, 
endostatins, BMP2, 4 & 6, RANTES, IL-8, 
MIP1, growth-regulated oncogene- β, 
ENA-8, MCP-3, 
angiopoietin…Fibrinolytic
proteins:Plasminogen, PAI-I, osteonectin, 
β2-antiplasmin
TAFI Adhesive proteins: VWF, Fg, Fn, Vn, 
TSP-1, laminin-8 Coagulation proteins:
FV/Va + multimerin, FXI, protein S, 
HMWK, antithrombin, Gas6

.  

Platelet secretome

PRP Molecular complexity

Megakaryocyte synthesis

***

Platelets are cytoplasmic fragments released from 
the megakaryocyte in the bone marrow



Mechanism of Action: Pivotal molecules: 
Molecular drivers of 

clinical benefits?

PRP indication: Pain: 
Does PRP interfere with 

pain mechanisms? 
Unwanted proteins in 

PRP?

1st 2nd 3rd 4rd

Research Questions

Optimal platelet range? 

Enough evidence?
For which KL degrees?

PRP vs CS?

Platelet-cell interactions?
Or PRP secretome? 

Exogenous activation of PRP?



Mechanism of Action: Pivotal molecules: 
Molecular drivers of 

clinical benefits?

1st 2nd

Research Questions

Optimal platelet range? 

Platelet-cell interactions?
Or PRP secretome? 

Exogenous activation of PRP?

Experimental investigations
are crucial for understanding
the mode of action and can 
help answer questions like
the optimal platelet dose
and injection intervals.

It's a two-way process
that informs and 
improves clinical
practice.



Two mechanisms of action

2. Interaction of platelet secretome with local cells

1. Direct platelet-cell interactions



Binding of 

CD40L 

Platelet-CELL interactions
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Synovial fibroblasts

Platelet-leukocyte 

***



Exogenously activated PRP more 
effective than 

non activated PRP

Systematic Review and 
Metaanalysis (N=14 RCT)

Andia&Maffulli. Nat Rheum Rev 2013

Modification of the molecular milieu 
and cross-talk between cell 

phenotypes 



The cells we target with the PRP secretome
✓Local stromal and stem cell niche
✓Vascular and lymphatic
✓Immune infiltrating compartment:

T-cells, mast cells, monocyte/macrophages

The medical literature tells that the most prominent Growth Factors in PRP 
include PDGF, TGF-beta, EGF, VEGF, IGF and FGF

QUESTIONING THIS FOCUS IS IMPORTANT

To answer optimal platelet range we have to identify molecular drivers 
of PRP clinical effects

Are we overlooking the functions of other groups of molecules?



The growth factors secreted by the platelets stimulate 
the proliferation of chondrocytes and mesenchymal
stem cells thereby assisting in synthesis of type II 
collagen. 
Tan et al. Arthroscopy 2021
“PRP provides concentrated growth factors for use as n 
intraarticular injection”
Singh et al. Am J Sports Med 2021
“PRP, defined as an autologous formulations derived
from Whole blood that is centrifuged to extract a 
solution with A platelet concentration 3- to 5- fold
greater in multiple growth factors compared with
normal plasma”
Kon et al. Exp Opin Biol Therapy 2020
“PRP consists of a volume of autologous plasma
with a concentration of platelets above the baseline
containing a high levels of several growth factors
including IGF-I, TGF-b, EGF, PDGF, VEGF, FGF, which
have shown anabolic properties”

Bansal et al. Sci. Rep. 2021

Are we barking up the wrong tree??

Are we overlooking the functions of other groups of molecules?



Interleukins
IL-9
IL-10
IL-21
IL-29
Chemokines
PF-4 (CXCL4)
NAP2 (CXCL7)
CXCL16

Multifunctional immune regulation
Chemotactic neutrophils& monocytes
Macrophage polarisation

Looking into a different directionOptimal platelet range?
Pivotal cytokines? 



Shall we interrogate specific 
signaling pathways?
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Identify biological mechanisms that are enriched

More than would be expected by chance

Activation z-score, infer likely activation states of biological functions

(based on comparisons with a model that assigns randon regulation directions)

NF-kB IL-6, -8

VEGFOA



▪ PRP mediates
immune cell
recruitment

▪ PRP cytokines
mediate the 
communication
between immune
cells



Xie J et al. Clinical implications of macrophage dysfunction. Cytokine and 
Growth Factor Reviews 46 (2019)

Resident macrophages maintain
organ homeostasis

Regulation of macrophage polarization
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Research Questions

PRP indication: Pain: 
Does PRP interfere with 

pain mechanisms? 
Unwanted proteins in 

PRP?

3rd 4rd

Enough evidence?
For which KL degrees?

PRP vs CS?



GRIIP, Expert consensus
Modified Delphi Methodology

Age
Tibiofemoral
Patellofemoral
Effussion

ESSKA/ICRS CONSENSUS 
Delphi Methodology

Better results in young patients with
mild-moderate OA

GRIIP, PRP Injection Research Group
French speaking experts 

PRP treatment should be offered as a 
second line treatment (1A, best evidence)

ORthoBIologicsIniTiative



ESSKA/ICRS, ORBIT CONSENSUS 
Delphi methodology (28 questions)

PRP-Rationale/indication

PRP-Protocol, Preparation/characterization

Enough evidence to recommend PRP? Grade A, high scientific level

For which degree?, KL<= 3                       Grade A, high scientific level

Both L-PRP and P-PRP valid options    Grade B, scientific presumption

Number of injections 2-4                         Grade B, scientific presumption

Interval between injections 1-3 wks Grade B, scientific presumption

Platelet number, concentration Grade C, low scientific level
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Prominent synovitis
Hoffa involvement
Ligament alterations
Meniscal extrusions

Personalize therapies by refining phenotypes/endotypes

Cartilage/meniscus
driven phenotype

Subchondral bone
phenotype

Synovium driven
inflammatory
phenotype

Need for studies combining biochemical markers with US-based markers



Combination of intraosseous and intraarticular injections

PRP therapies should consider both procedure and product



Combination of intrameniscal and intraarticular injections

“The combination of intrameniscal and 

intraarticular PRP infiltrations is a valid 

conservative treatment for meniscal 
injuries avoiding the need for surgical 
intervention. Its efficacy is higher in 
horizontal tears and decreases when joint 
degeneration is present”

PRP therapies should consider both procedure and product



PAIN (VEGF paradox)

Does PRP interfere with pain mechanisms? 

4rd

Pain endotypes
Nociceptive, inflammatory, neuropathic

OA, clinical syndrome of joint PAIN
accompanied by varying degrees of 

functional limitation



VEGF paradox

What accounts for the differences in PRP 
effects when applied to different conditions?

Increased VEGF in SF of OA patients correlated
with higher pain and OA progressionVEGF is a potent proangiogenic

factor and a key mediator of 
neovascularization
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VEGF paradox

VEGF A is involved in cartilage degeneration and OA 
pain transmission

Pazopanib (VEGF inhibitor) 

reduces joint pain and 
cartilage degeneration

Potential PRP responders
Inflammed synovium
SYNOVITIS, Synovial hypertrophy, 
Effusion, Doppler



VEGFR2

VEGF signaling

VEGFA
VEGFD

VEGFR3

KDR and FLT4
Decoy receptors for VEGF 

Anti-angiogenic Proteins
Angiotensin, endostatin, 

PF4, TSP1

PRP is a SIGNALING SYSTEM
• Molecules with opposite effects
• Molecular networks (VEGF signaling, IL signaling)

• Redundancy, synergisms



Active crosstalk between nociceptor neurons and immune system to 
regulate pain and inflammation

The joints are densely innervated by nociceptors

Neuroinflammation



32

Synovium changes
Imaging biomarkers

Rx

OMERACT scanning protocol

Four separate US scans indicative of inflammation

Synovitis (0-3)
Hypertrophy (0-1) 
Effusion (0-1)
Doppler (0-1)

Imaging biomarkers readily available and cheap



Conclusions and Relevance
Among patients with symptomatic mild to moderate radiographic knee OA, intra-articular 

injection of PRP, compared with injection of saline placebo, did not result in a 
significant difference in symptoms or joint structure at 12 months. 
These findings do not support use of PRP for the management of knee OA.

PRP               vs          placebo

Effect Of Intra-articular PRP Vs Placebo Injection
On Pain And Medial Tibial Cartilage Volume

N= 144 N= 144

RESTORE trial



This exploratory cohort study showed that ultrasound
prognostic factors representative of inflammation (especially

global synovitis) were significantly associated with
improvements in some pain and functional outcomes in
people with mild to moderately severe knee OA undergoing a
series of three weekly intra-articular PRP injections

Subset of PRP treated patients from RESTORE trial (n= 44/144) 

N= 144 Nn=4
4



Updating PRPs as 
new information 
becomes available

Where we are?

Improving delivery procedures
Identification of “responders”



Potential PRP responders (evaluate the synovium)

Inflammed synovium
Synovitis, Synovial hypertrophy, Effusion, Doppler

Tailor PRP 
intervention

US
biomarkers

Intraarticular PRP
+ intrameniscal
+ intraosseous

Tailored intervention to joint pathology

Mechanism
of action

PRP IMPACTS the knee organ and modulates

The composition of the sinovial fluid
The crosstalk between immune cells
The crosstalk between nociceptors and immune cells

TAKE HOME MESSAGES



Q: Is swimming good for your figure?

A: If swimming good for figure, 

explain whale (balena) to me.
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