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Pathophysiology of Joint Damage

• Most commonly affects ankles, knees, and elbows

• Hemarthrosis → iron deposition → synovial hypertrophy → 
inflammatory cytokines → chondrocyte apoptosis → ECM degradation 
→ cartilage loss → bone remodeling → reduced mobility → pain

Osteoarthritis and Cartilage 32 (2024) 634–642



Cellular & Molecular Mechanisms 



Current Standard Treatments & Limitations

• Current treatment focuses on slowing progression; no 
reversal of cartilage loss 



Rationale for Regenerative Therapies

Cell based therapy (PRP ،MSCs, SVF) :

• Target inflammation 

• Tissue repair mechanisms

• Potential to slow or reverse early joint pathology

J Thromb Haemost. 2021;19:2112–2121



Regenerative therapies work best after joint bleed frequency is 

minimized using:

o Factor prophylaxis

o Non-factor therapies (e.g., emicizumab )

Once a “low-bleeding environment” is achieved:

• MSCs / PRP / exosomes / scaffolds can perform far better.



Cell-Based Therapies:
• PRP and PLT-derived Exosome (Evs)

• Platelet Rich Fibrin (PRF)

• MSC and MSC derived Exosome ( Evs)

• SVF (stromal vascular fraction)

Non–Cell-based Therapies:
• Biomaterials & scaffolds

Multi-Modal  Strategy:
• MSC + Gene Therapy
• MSCs+ PRP
• MSCs+ SVF
• Chondrocyte + Scaffold



PRP and PLT-derived Exosome (Evs)



Regenerative Therapy 30 (2025) 1036–1045
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PLT-derived Exosome (Evs)



PRP in Joint Repair

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 2019, VOL. 47, NO. 1, 882–890



PRP and Evs reprogram synovial macrophages:

o PRP and platelet lysate shifts M1 inflammatory (CD64 high) 

to M2 reparative (CD206/CD163).

o Down-regulation of inflammatory gene program (↓TNF-α, 

↓IL-1β,) & increase in TGF-β

PRP  and PLT-derived Exosome (Evs)

Int. J. Mol. Sci. 2025, 26, 10616



ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 2019(47), 1, 882–890



Study / 
Country

Number of Patients 
(Joints)

Type / Grade of 
Arthropathy

PRP Intervention   Main Clinical Outcome Reference

Teyssler et al., 
Czech Republic

6 patients, 8 ankles

Chronic hemophilic 
synovitis of the 
ankle (early 
arthropathy; 
evaluated by HJHS)

Single intra-
articular PRP 
injection (3–5 mL) 
in affected joint

1.Pain reduction, 
2. Decreased synovial 
thickness (MRI), 
3.Improved 
Hemophilia Joint 
Health Score at 2-
month follow-up

Teyssler P. Acta Orthop
Belg. 2014;80(1):11–17.

Caviglia et al., 
Argentina

19 patients, 28 
joints (knee, elbow, 
ankle)

Chronic hemophilic 
synovitis; 
hemophilic 
arthropathy without 
complete ankylosis
(Arnold–Hilgartner
≤4)

Single intra-
articular PRP 
injection in 
affected joints

1. Significant 
reduction in 
bleeding episodes, 

2. Pain reduction 
(VAS)

3. Improved HJHS at 
up to 12-month
follow-up

Caviglia H. Haemophilia. 
2017;23(4):613–619.

Landro et al., 
Argentina

11 patients, 14 
joints, 

Chronic synovitis / 
mild-to-moderate 
hemophilic 
arthropathy

Three intra-
articular PRP 
injections at 
2-week intervals

1. Sustained reduction 
in pain and 
bleeding 

2. Improved function 
at 12-month follow-
up

3. No serious adverse 
events reported

Landro ME. Biomed J Sci 
Tech Res. 2019;12(5).



Study / Country
Number of Patients 
(Joints)

Type / Grade of 
Arthropathy

PRP Intervention Plan Main Clinical Outcome Reference

Li et al., Taiwan
22 patients with 
painful hemophilic 
knee arthropathy

Hemophilic knee 
arthropathy (mostly 
mild–moderate ( 
Kellgren Lawrence / 
Arnold Hilgartner )

RCT: 
1. 11 patients 

received single 
intra-articular PRP 
injection

2. 11 patients 
received 5 weekly 
hyaluronic acid 
injections

Both groups :
1. Improved in pain and 

WOMAC
PRP group:
1. Significantly greater 

pain reduction (VAS)
2. Functional 

improvement 
(WOMAC), 

3. Decreased synovial 
hypertrophy (US) at 6 
months

Li TY. 
Haemophilia. 
2019;25(3):484–
492.

Caviglia / Oneto et 
al., Argentina 
(combined clinical 
+ in vitro study)

22 patients with 23 
joints (1 ankle, 22 
knees)

Chronic hemophilic 
synovitis; hemophilic 
arthropathy grade 
1–4  (Arnold
Hilgartner)

1. Single intra-
articular PRP 
injection;

2. Synovial fluid 
sampling before 
and after for 
macrophage and 
NETs analysis

Clinical level:
1.Improved HJHS, 
2. Reduced pain and 
bleeding
Cellular level: 
1. Decreased M1 

macrophages (CD64+) 
and modulation of 
inflammatory 
signature in synovial 
fluid

2. Anti-inflammatory 
and reparative 
mechanism of PRP

Oneto P / Caviglia 
H. Int J Mol Sci. 
2025;26(21):1061
6
Hemophilia 

2024, “Treatment 
of Chronic 
Hemophilic 
Synovitis with 
PRP” (MDPI)



Platelet Rich Fibrin (PRF)



Open Medicine 2021; 16: 446–454



Platelet Rich Fibrin (PRF)

Open Medicine 2021; 16: 446–454





L-PRP: Leukocyte Rich PRP                            L-PRF: Leukocyte Rich PRF       A-PRF: advanced PRF 
P-PRP: Pure PRP or leukocyte poor PRP     T- PRF: Titanium PRF          Lyo-PRF: lyophilized PRF
H-PRF: Horizontal centrfigate PRF                i- PRF:   Injectable PRF



PRF Type Final Form Strengths (Advantages) Weaknesses 

(Disadvantages)

Common 

Applications

L-PRF) Solid gel/membrane 

with leukocytes

1. Dense fibrin structure

2. sustained release of 

growth factors

3. Simple and cost-effective 

protocol

1. Limited final 

volume 

2. Sensitive to 

centrifugation 

time/speed

1. Periodontal 

regeneration

2. Cavity filling

3. Bone graft 

enhancement

A-PRF)

Gel/membrane with 

modified 

centrifugation 

(lower speed)

1. Different platelet and 

leukocyte distribution

2. Enhanced growth factor 

release and angiogenesis

1. Softer structure 2. 

Lower mechanical 

stability

1. Soft tissue 

integration

2. socket 

preservation 

3. 3. regenerative 

procedures



PRF Type Final Form Strengths (Advantages) Weaknesses 

(Disadvantages)

Common Applications

i-PRF Liquid 

suspension 

(injectable)

1. Injectable

2. suitable for filling soft 

spaces

3. Rapid diffusion

4. Can be combined with 

fillers/grafts

1. Short lifespan 

before gelation 

(requires quick 

handling)

2. variable platelet 

content depending 

on protocol

1. Bioactive soft 

tissue absorption

2. combination with 

biomaterials

T-PRF

Gel/membrane 

prepared in 

titanium tubes

1. Denser fibrin matrix

2. Free of silica particles

3. Higher tissue stability

1. Requires special 

titanium 

tubes/instruments 

(higher cost)

2. Fewer long-term 

clinical studies

1. Periodontal cases

2. Soft/hard tissue 

grafts where 

longer stability is 

desired

H-PRF 

Alb-PRF 

Hertz/albumin-

enhanced

1. Increased strength

2. Prolonged release

1. May require 

additional steps or 

materials

2. Less standardized

1. Complementary 

or alternative use 

in surgical

2. Aesthetic

3. Regenerative 

procedures



What we have:

• PRF in HA has only been used as an adjunct in reconstructive surgeries

• High safety and good biocompatibility

• Stable source of growth factors (TGF-β, PDGF, VEGF)

What we don’t have :

• Independent intra-articular PRF injections in HA 

• Human RCTs of PRF in HA 

• Direct comparison of PRF vs PRP in hemophilia patients

Summary:

• PRF has so far only been used as a biological scaffold or surgical adjunct 
in human studies, 

• Has not yet been clinically evaluated as a standalone intra-articular 
therapy in HA.





PRF Intervention Design Main Clinical Outcome Reference

Review Mention of PRF as a bioactive adjunct 

option in reconstructive surgery for HA

No RCTs or independent intra-

articular PRF injections reported

(HA & regenerative 

surgery) 2013–2024



Number of 

Patients 

(Joints)

Type / Grade of 

Arthropathy

PRF Intervention Design Main Clinical Outcome Reference

5 patients (5 

ankles)

Hemophilic ankle 

arthropathy with : 

1. osteochondral  

lesions 

2. (non ankylosed 

HA; exact grade not 

reported )

One-step arthroscopic repair 

combined with bone 

marrow–derived cell 

transplantation (MSC-rich)

1. Significant improvement 

in function (AOFAS)

2. Pain reduction

3. MRI evidence of lesion 

filling

4. No PRF-related 

complications

Buda R. 

Cartilage. 2013

5 patients

Hemophilic ankle 

arthropathy with 

osteochondral lesion

Use of PRF 

scaffold/membrane as a 

biological matrix and growth 

factor source alongside 

BMDCT

1. Sustained improvement in 

joint function 

2. Clinical symptoms 

3.  Mid-term follow-up; PRF 

reported as safe and feasible

Buda R. 

Cartilage. 2015



Mesenchymal Stem Cells (MSCs) & 
MSC derived Exosome ( Evs)



• Sources: bone marrow, adipose tissue, umbilical cord

• Multipotent differentiation: chondrocytes, osteoblasts, 

fibroblasts

MSCs in Hemophilic Arthropathy

• MSC inhibit synovial inflammation + reduce oxidative stress 

+ shift cartilage catabolism toward anabolism 

• MSC immunomodulation via soluble factors + Evs

• Improvement in joint lubrication (via hyaluronic acid 

synthesis)

Mesenchymal Stem Cells (MSCs)

Front Bioeng Biotechnol . 2025 Apr 24:13:1591400



MSC/EV Standardization:

• Variability in donor

• Culture conditions

• Isolation methods

Dosing & Delivery:

• IA vs IV, frequency, concentration, 

• Early vs established HA

Manufacturing & GMP:

• Large-scale production, cost, stability, product consistency

Regulatory Pathways:

• Undefined frameworks for cell-free biologics (EV-based therapies) 

Clinical Translation Challenges



ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 2019(47), 1, 882–890



Number of 

Patients 

(Joints)

Type / Grade of 

Arthropathy

MSC-Based 

Intervention Design

Main Clinical Outcome Reference

Review Mild–moderate HA

1. MSC-rich/BMAC 

approaches 

(scattered clinical 

reports)

1. Symptom improvement

2. imited evidence

3. RCTs needed

Front Bioeng

Biotechnol. 

2024;13:1684096

MSC / MSC-containing therapies in joint regeneration in hemophilic 
arthropathy.



Number of 

Patients 

(Joints)

Type / Grade of 

Arthropathy

MSC-Based 

Intervention Design

Main Clinical 

Outcome

Reference

5 patients (5 

ankles)

Hemophilic ankle 

arthropathy with 

osteochondral lesions 

(exact grade not 

specified; non-

ankylosed HA)

1. One-step 

arthroscopic bone 

marrow–derived cell 

transplantation 

(BMDCT)

2. Plus scaffold 

3. Plus PRF (MSC-rich 

product)

1. Improvement in 

pain and joint 

function

2. Better clinical 

scores and MRI 

findings at mid-

term follow-up

Buda R. 

Cartilage. 

2013;4(3):218–

226. 

5 patients

Hemophilic ankle 

arthropathy with 

osteochondral lesion

1. One-step BMDCT 

(bone marrow–

derived MSC-rich 

cells)

1. Improved ankle 

function 

2. Reduced 

symptoms

3. No serious 

adverse events

Buda R. 

Cartilage. 

2015;6(3):150–

155. 



Arthropathy Grade MSCs Dose per Injection
Approximate Number of 
Injections

Grade 1 & 2 (1 ×106 to 1× 107) 1–2 injections

Grade 3 & 4 (1× 107 to 1× 108) 2–3 injections or more

MSCs have shown pain reduction, functional improvement, and possible chondro-
protection, although evidence is still limited to small series and case reports.



• MSC-EVs carry anti-inflammatory miRNAs, proteins, and 

growth factors

• 304 proteins & >150 miRNAs identified in MSC-Exos

• No risk of embolism, off-the-shelf, lower immunogenicity, 

scalable.

• MSC-Exos avoid pulmonary entrapment compared with 

cells 

Exosome / Extracellular Vesicles (MSC-Evs)

Piñeiro-Ramil et al. Stem Cell Research & Therapy (2025) 16:11



Piñeiro-Ramil et al. Stem Cell Research & Therapy (2025) 16:11

Lotfy et al. Stem Cell Research & Therapy (2023) 14:66



Comparison Axis MSC-Derived Exosomes (EVs) Challenges

Type of Therapy

1. Cell-free
2. biological product containing 
miRNA, proteins, and growth 
factors

Preclinical phase and early 
clinical trials

Main Mechanism

1. Anti-inflammatory: ↓ IL-1β, 
TNF-α, IL-6
2. Reduction of MMPs 
3. Stimulation of cartilage ECM 
synthesis

Exact mechanism in human 
hemophilic arthropathy (HA) still 
requires further study

Safety
1. No live cell injection
2. No risk of tumorigenesis
3. Lower risk of embolism

Effective dosing remains a 
challenge

Practical Aspects
1. Off-the-shelf
2.  Can be frozen and stored; 
scalable production

Requires GMP infrastructure for 
large-scale manufacturing and 
quality control

Immunology
Lower immunogenicity 
compared to whole MSCs

Potential immune response 
against EV surface proteins still 
needs monitoring

Comparison with Standard 
Therapy

Direct  targeting of cartilage 
regeneration and modulation of 
joint microenvironment

EVs not yet established in 
guidelines



Front Bioeng Biotechnol . 2025 Apr 24:13:1591400



Piñeiro-Ramil et al. Stem Cell Research & Therapy (2025) 16:11



Piñeiro-Ramil et al. Stem Cell Research & Therapy (2025) 16:11



Stromal vascular fraction (SVF)



World J Stem Cells 2025 January 26; 17(1): 101097



JSRM/Vol.18 No.1, 2022; P11







Medicina 2024, 60, 221





Intra-articular SVF

o 34-year-old man with hemophilia B and grade IV 

hemophilic arthropathy of the knee received intra-

articular SVF.

o Outcomes at 3, 6, 12 months:

 Marked improvement in pain, physical function, and 

radiologic scoring.

Agri 2025;37(1):62–65

SVF Therapy in Hemophilic Arthropathy



Number of 

Patients 

(Joints)

Type / Grade of 

Arthropathy

MSC-Based 

Intervention Design

Main Clinical Outcome Short Reference

1 patient 

(knee)

Hemophilia B; 

grade 4 hemophilic 

knee arthrosis

1. Intra-articular 

injection of adipose-

derived SVF

1. Significant pain reduction 

(WOMAC)

2. Improved walking 

performance (6MWD) 

3. Improved MOCART scores 

on MRI at 1-year follow-up

Güner D. Agri. 

2025;37(1):62–

65. PMID: 

40767157



Multi-Modal Regenerative Strategy



ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 2019, VOL. 47, NO. 1, 882–890



Future Directions

• RCT design

• Multi Modal Strategy

• Precision Immune Profiling:

• Single-cell RNA seq & special profiling of synovial macrophages 
and fibroblasts

• Smart Sustained-Release Scaffolds:

• PVA/ECM scaffolds embedded with MSC-EVs for controlled 
local delivery



THANKS

Any questions?
You can find me at

Smohammadi@ sina.tums.ac.ir


