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Epidemiology OA
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• Major public health problem in young people (< 50 years old
Ø
Ø
Ø
Ø
Ø
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Ø
Ø
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• Hip OA

Clinical subse ts OA



• Knee OA

Clinical subsets OA



• Hand OA

Clinical subse ts OA



• All the components of the joint are 
involved in the process: 
Ø Cartilage ≈ chondrocytes + ECM
Ø Subchondral bone ≈ OC/OB
Ø Synovial ≈ inflammation
Ø Muscles, ligaments

Pathophysiology in OA



§ Reduce pain
§ Improve function
§ Maintain physical activity
§ Education
§ Slow down cartilage degradation

§ NB: DMOAD (disease modifying OA drug): structural modulation

No drugs meet this definition

Treatment objectives



Therapeutic resources in OA



Epidemiology OA



§ Total hip arthroplasty (THA) and total knee arthroplasty (TKA) 
§

§

§

§

§

§

§

Surgical intervention



Unmet need in OA

• 3 unmet medical needs
• Efficient disease modifying treatment
• More effective symptomatic treatment: 

NSAIDs improve less than 50% WOMAC 
scores
• Safer treatment: NSAIDs carry significant GI 

and CV risk

FIND NEW THERAPY 
WITH VARIOUS TARGETS

MSC ???



Characteristics of Mesenchymal Stem Cells (MSC)
- Adherent to plastic

- Immunophenotype → No specific marker
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Characteristics of Mesenchymal Stem Cells (MSC)

- Multipotency: ability to differentiate into adipocytes (adipose tissue), osteoblasts (bone)
and chondrocytes (cartilage)

Adipocyte Ostéoblaste Chondrocyte



Mesenchymal Stem Cells Market Size - Global Industry, Share, Analysis, Trends and Forecast 2022 – 2030. Healthcare and Pharmaceuticals. 
https://www.acumenresearchandconsulting.com/mesenchymal-stem-cells-market. Published 2022

Global mesenchymal stem cell market expected to 
double in less than 10 years !



§ Stem cell therapy
§ Regenerative cartilage

§ Cartilage engineering
§ Focal defects

§ EVs
§ Substitute to cell therapy

§ iPS
§ In vitro model
§ Infinite source

Cell therapy : futures options ?



Zhu C et al. Am J Transl Res 2021 

• MSC > Chondrocytes
• Sources available
• Cell differentiation
• Allo > autologous

Why stem cell therapy makes sense in OA ?
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Maumus M, Pers YM et al. Med Sciences 2019
Ter Huurne and Van Lent P et al. Arthritis and Rheumatol. 2012
Manferdini et al. Arthritis and Rheumatol.  2013

Secreted factors
PGE2, IDO, THBS1, 

TIMP-1, TIMP-2, HGF…

Anti-inflammatory

Anti-apoptosis

Anti-fibrosis

Chondroprotective

Chondrocytes 
proliferation

Osteophyte 
formation

Cartilage 
degenerescence

Fibrosis
Apoptosis

Inflammation

OA 
Joint



MSC

Application to 
osteoarthritis

Tissue engineering:
Repair of focal defects
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When MSC may be useful for cartilage damage ?



Chondroprotection

Pre-clinical data
• OA in goat model
• ACL resection + menisectomy
• IA injection of 107 GFP+ BM-MSC 

+ HA at 6 weeks

• Meniscus regeneration for 4/6 goats
(less fibrillation, less PG loss, best cartilage integrity)

• Few GFP+ MSC in cartilage

Murphy et al., Arthr Rheum 2003

Majority of BM-MSC injection effects is not due
to cell integration on cartilage but to their trophic
activity



lipoaspiration

ADSC 
isolation/expansion
GMP conditions
Cell viability
Release 
criteria/toxicology

Intra-articular injections
Syringe, different doses

Evaluation: phase 1 trial
safety, dose response
clinical evaluation (WOMAC…)
MRI Gemric, 

ADIPOA clinical trial

ADIPOA



ADIPOA clinical trial: fat harvesting

ADIPOA



Adipose derived Stromal Cells for OsteoArthritis treatment. 
A phase 1 study, bi-centric (Mtp, Wurzburg), dose escalating study 

with autologous ASC in severe knee OA (>3 K/L)

MRI

Adipose
tissue

collection

ASC injection

Arthroscopy + MRI

– 35d - 14d Baseline W1 M1 M3 M6

Clinical assessment

ADIPOA clinical trial: design

Pers YM et al. SCTM 2016

ADIPOA
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ADIPOA clinical trial

Ø Safe procedure: 4 local skin 
reaction in the first month

Ø Only 2 patients underwent 
surgery TKA after one year 
follow-up and 55% after 4 years

31
Pers YM et al. SCTM 2016

ADIPOA



Ø

Ø

ADIPOA clinical trial: structural assessment

Pers YM et al. SCTM 2016

ADIPOA



Wok-Sue Lee et al. Stem Cells Translational Medicine 2019

ADSC with a control group



ADSC with a control group

Wok-Sue Lee et al. Stem Cells Translational Medicine 2019



Agarwal et al. Cells 2021
Gadelkarim et al. JBS 2022

Meta-analysis MSC clinical results in OA

Heterogeneity in the current literature
Risk of bias not negligible



The first (recent) phase III study

Kang-II Kim et al. The American Journal of Sports Medicine 2023;51(9):2243–2253
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The first (recent) phase III study

Kang-II Kim et al. The American Journal of Sports Medicine 2023;51(9):2243–2253



ADIPOA

15% of ASCs are detected at 1 month

1,3% at 6 months.
ASCs are localised in synovial 

membrane

Maumus M et al. Arthritis and rheumatology. 2013 

ASC distribution after IA injection -> reduced lifespan
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Tissue engineering:
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When MSC may be useful for cartilage damage ?



Zhu C et al. Am J Transl Res 2021 

MSC based therapies for cartilage repair

• Several advantages
• produce various ECM for the recovery of 

cartilage functions
• release cytokines, growth factors, and 

chemokines to drive endogenous MSCs
• combination of MSCs with the engineered 

scaffold
• Large cartilage lesions : surgery and 

tissue engineering



BM-MSCs efficacy compared to autologous
chondrocyte implantation ? 

Ø
Ø
Ø

et al, 

MSC implant > chondrocyte implant ?



Kim et al. The Orthopaedic Journal of Sports Medicine 2020

Large experience of MSC implants in OA



Bin Abd Razak et al. Knee surgery Sports Traumatology, Arthroscopy 2023

Limited evidence of MSC implants in OA



Implant MSC with scaffold > implant MSC ?

Ø



Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021

Choose the appropriate scaffold

• Biodegradable
• Biocompatible
• Support chondrogenesis and osteochondral tissue

• Mechanical properties

• Porous structure (nutrients vs adhesion) 
• Low immunogenicity
• Antimicrobial activity

Physical loading

Space for tissue regeneration



Choose the appropriate scaffold

Ø Positive: low degradation, extended lifespan, better 
mechanical features, easily design shape

Ø Negative: acid degradation, weaker cell interactions, 
risk of local pH increase, cell adhesion

NATURAL polymer SYNTHETIC polymer

Ø Positive: biocompatibility, biodegradability, favour 
cell interactions, cell adhesion

Ø Negative: mechanical properties, shape difficulty

Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021



Lee E et al. IJMS 2023

Repair of focal defects with MSC+scaffold : 

• High-quality integration was achieved
• Subgroup analysis showed better 

integration outcomes for studies 
using PLGA
• Limits:

Ø Cell source
Ø Implant composition
Ø MSC characteristics



Repair of focal defects with MSC+scaffold : 

Ø
Ø
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Repair of focal defects with MSC+scaffold : 



Multi head tissue/organ building
system for regeneration of
osteochondral defects

Perspectives: bio-printing for cartilage engineering
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“Biopen”

Perspectives: bio-printing for cartilage engineering



Extracellular vesicles (EVs) derived from MSC: a future option ?



Extracellular vesicles (EVs) derived from MSC: a future option ?

BM-MSC-derived MPs and Exos protected mice from osteoarthritic damages in the 
collagenase-induced OA model.

Cosenza S et al. Sci Report 2017



MSC

Reprogramming and iPS



Oct-4
KLF-4
SOX2
MYC

fibroblasts iPS

Wnt3a
Activin A

TGFb1
BMP2
Ac asc.
GDF5

MSC chondrocytes

Takei Y et al. Sci Rep. 2020 Jul 30;10(1):12794

Cell source for cartilage engineering



§ Exoskeleton
§ Help rehabilitation or restore mobility with less pain

§ Bio prothesis (TKR, THR)
§ Promote better bone integration
§ Avoid infections
§ Longer-life

§ The bionic leg…

Bionic in OA : challenges ?



§ Military context

Exoskeleton



§ Honda Walking Assist (HWA) is a hip-wearable exoskeleton robot for 
gait training that assists in hip flexion and extension movements

Koseki K et al. Geriatric Orthopaedic Surgery 2021

Exoskeleton



§ To evaluate the effects of walking exercises with HWA in patients who 
underwent total knee arthroplasty (TKA)

Koseki K et al. Geriatric Orthopaedic Surgery 2021

Exoskeleton



§ A significant difference between preoperative and week 2
§ Self-selected walking speed (SWS)
§ Maximum walking speed (MWS)

Koseki K et al. Geriatric Orthopaedic Surgery 2021

Exoskeleton



• Occitanie funding: innovative regional platform
• Coordination: Pr C. Jorgensen
• Organization: 

Mobility

• Analysis and 
modelling movement 
for better 
management

• I. Laffont

Tissue Engineering

• Development of new 
therapies based on 
tissular Engineering 
and 3D bioprinting

• D. Noel

Robotic

• Bionic, exoskeleton
• A. Khedar

CARTIGEN platform



• Isokinetic

• MRI (ESAOTE)

• Grail (virtual reality)

• XSENS-Awinda

CARTIGEN platform





• Equipment:
• Isokinetic
• MRI
• Grail (virtual reality)
• XSENS-Awinda

• 17 inertial sensors allowing to estimate
the orientation, speed and acceleration
of the different members of the body

CARTIGEN platform



àTo provide an objective measure of motor behavior compared to 
subjective questionnaires

à To Facilitate clinical assessment (future important therapeutic goal for 
follow-up

Objectives

Spine OA study



7 Movements
Simple movements : 
flexion / extension 
More complex
movements : right-
left rotation / picking 
up an object / 
standing-sitting / 
walking

Methodology

Spine OA study



Recruitment:
Inclusion criteria

Exclusion criteria

Matched

Methodology

Spine OA study



1. ROM lumbar flexion

Results

ROM < 10° LBP

Spine OA study



2. Maximal speed

Results

Vmax Thorax-Flexion

Vmax Bassin-Flexion

Vmax Thorax-Extension

Vmax Bassin-Extension

Speed : Healthy > 1.5 x LBP

FLEXION Extension

Bassin

Thorax

Spine OA study



3. Fluidity analysis

74

74

Post Pré

Post Pré

Spine OA study



à Confirm some parameters described in the literature

à Identify new indicators such as fluidity

à Correlate the kinematic results with the results of the questionnaires 

Conclusions

75

Spine OA study



§ Exoskeleton
§ Help rehabilitation or restore mobility with less pain

§ Bio prothesis (TKR, THR)
§ Promote better bone integration
§ Avoid infections
§ Longer-life

§ The bionic leg…

Bionic in OA : perspectives ?



§ Bio prothesis (TKR, THR)
§ Promote better bone integration
§ Avoid infections
§ Longer-life

Bio prothesis



§ Titanium-based scaffolds are widely used implant materials for bone 
defect treatment

§ Insufficient bone integration
§ Unmatched biomechanics
§ Poor bioactivities of conventional titanium based implants

§ Critical to develop novel titanium-based scaffolds

Ma et al. Bioactive Materials 2021

Bio prothesis
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Bio prothesis



§

§

Bio prothesis



Ma et al. Bioactive Materials 2021

§ GMPT demonstrates better osteogenic and angiogenic capabilities than PT

Bio prothesis



Ma et al. Bioactive Materials 2021

§ GMPT in vitro and rabbit radius bone defect experimental results
§ RNA-Seq analysis via the Pi3K/Akt/mTOR pathway

Bio prothesis



Zhu et al. Mat Advances 2021

Bio prothesis = avoid infections



Zhu et al. Mat Advances 2021

Bio prothesis = promote bone better integration



§ Exoskeleton
§ Help rehabilitation or restore mobility with less pain

§ Bio prothesis (TKR, THR)
§ Promote better bone integration
§ Avoid infections
§ Longer-life

§ The bionic leg…

Bionic in OA : perspectives ?



No electronics or 
sensors or magnets, 
just a simply-shaped 

spring that stores 
energy and uses it

The bionic leg



https://www.youtube.com/watch?v=kaFiwC1xh2Y

The bionic leg



§ Epidemiology in expansion: young people +++
§ Prevention for post-traumatic OA +++
§ Find new biomarkers (mobility) less subjective than pain
§ Personalized medicine
§ Non-pharmacological approaches: bionic to strongly reinforce 

rehabilitation and exercise/physical activity
§ Joint surgery more accurate, more “biologic”, less complications
§ Find futures therapies with a structural benefit

Conclusions



• CARTIGEN Engineer 
•

•
•
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•
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