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Chronic Musculoskeletal Pain

Sore/Swelling 

/Pain/Numb/Stiff

Arthritis is one of the main 

chronic musculoskeletal 

disorders



(Osteoarthritis can affect every Joints)
Osteoarthritis – A Clinical Problem

✓ Results in chronic pain and loss of mobility.

✓ Prevalence of 18% in over 45 in England.

✓ Over 6.5 million Hip and knee OA cases reported in England 

alone (2012, Versus Arthritis).

✓ By 2050, 400 million people will suffer from OA worldwide, of 

whom 40 million will be severely disabled by the disease.

✓ OA is likely to increasing due to the aging of the population and 

increasing rates of obesity.

Lancet, 2019

https://www.google.co.uk/url?sa=i&url=https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)30417-9/fulltext&psig=AOvVaw3CaNbVXV3uzt1kEbbS2I5v&ust=1571758565865000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPism4rXreUCFQAAAAAdAAAAABAM


(1) Joint space narrowing

(2) Osteophytes

(3) Subchondral sclerosis

(4) Subchondral cysts

(5) Structural damage

• Distribute joint loads over wide area 

• Allow relative movement of joint with minimal friction and wear

Osteoarthritis – A Cartilage Problem



Osteoarthritis – A Cartilage Problem

Disruption of cartilage and it is non-reversible  

• More diagnosed and treated more frequently in young athletes.

✓ Pain 

✓ Swelling / Joint locking

✓ Stiffness / Clicking Reduce quality of life

Normal cartilage OA cartilage
1-5mm

Fibrillation of 

articular surface

Stimulation of 

cell division

Loss of matrix 

components

Advance of the 

subchondral bone

< 1mm, erosion down to the subchondral bone



Osteoarthritis – Surgical Treatment

✓ Non-reversible
✓ Big operation associated with life-

time complications
✓ Implant failures

Joint replacements: Last resort in

end-stage OA only when conservative

management has failed:



Implant Failure – An Unavoidable Problem

Surgeon related Implant related Patient related

Needs clinical and retrieval analysis



Intervention of OA at every stage of progression

Mid OA

Osteoarthritis – Early Interventions



Translational in Practice at UCL/RNOH

ACI / MSC trials and 

treatments

➢ Autologous chondrocyte implantation (ACI) / MACI

➢ Bone Marrow Stem Cell Therapy 

Microfracture

Prof George Bentley

Prof John Skinner 

Mr James Donaldson



Outerbridge Classification(Wright 2014)

pQCT to measure the volumetric BMD 

(vBMD, mg/cm3) (Stratec XCT 2000, 

Germany)

Femoral heads from total joint 

replacements: trauma and OA patients

OA - Material Scientist’s View



OA - Material Scientist’s View



Positive association between local vBMD / 

bone remodelling and severity of cartilage 

damages

OA - Material Scientist’s View
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OA - Material Scientist’s View



Concentration Volume Render of Ca

-20.07 -1.91

Hydroxyapatite crystals in OA bone are much bigger than that 
in non-OA samples, and in plate-like form.

OA - Material Scientist’s View



• Advancing, irregular mineral 

tidemark could act like buried 

‘cheesegrater’, damaging soft 

cartilage as joint articulates…

HARDSOFT

irregular

mineral

tidemark

Tidemark-Interface Between Cartilage and 

Subchondral Bone

Courtesy of Prof Alan Boydel



Cartilage damage involving extrusion of mineralisable matrix

Boydel et al. European Cells and Materials V21, 2011

Horse 1

Horse 2

Tidemark-Interface Between Cartilage and 

Subchondral Bone



Paradigm for cartilage defect progression

✓ Can we change or control

the physical environment

of the OA joints?

✓ How?

✓ Can this enhance

cartilage regeneration?



Osteochondral scaffold Innovation for 
Early Repair of Cartilage Defect: 

Delay or Avoid the Use of Joint 
Replacement

“COWALK” with Clinicians



Cells / 

Environment / 

Scaffolds

Bench to 

Bedside

Scaffold - Control the Physical Environment
✓ Large cartilage defects / osteochondral defects

✓ Recruit cells 

✓ Support cells growth and differentiation.

✓ Simultaneously repair cartilage and bone

Translational in Practice at UCL/RNOH



(Biomimetic Osteochondral Scaffold)

Gradient structure

• Structure gradient

• Mechanical property gradient

• Biological environment gradient

PLGA infiltrated 

collagen layer

PLA Junction

Titanium matrix

“COWALK” – Start with Materials

EPSRC Feasibility Study 2014



• Titanium/PLA framework 

reinforced collagen 

osteochondral scaffold

• Trilayered Collagen / 

hydroxyapatite scaffold as 

control

6579

6577

Scaffold was implanted in the sheep condyle

The scaffold 

form a stable 

fixation in the 

bone

The control scaffold shrinked

upon contact with blood and form 

an incomplete fill in the joint

(ARUK-IKC PoC Project (grant no: A1184))

“COWALK” – POC



(Innovate UK-MoST - 102872)

“COWALK” – Preclinical Study

Scaffold was implanted in the sheep condyle



(Innovate UK-MoST - 102872)

“COWALK” – Preclinical Study

Walk the sheep on a pressure pad : pre-surgery, 1 months, 6 months

• No pain and limping was 

observed

• Scaffold group returned to 

pre-op  gait

• Addition of BMC does not 

seem to affect the gait 

significantly



(Innovate UK-MoST - 102872)

“COWALK” – Preclinical Study

Cartilage Examinations - Macroscopic

Analysed using : Fortier, Niederdauer, 

modified ICRS, ICRS and OAS systems

In Scaffold and Scaffold+BMC, we 

had over 92% cartilage fill



• Extensive bone ingrowth and integration in Ti layer, while 

fibrous tissue observed instead of bone in control

scaffold control

Incomplete 

fill 

Bone ingrowth

“COWALK” – Preclinical Study
(Innovate UK-MoST - 102872)



• Consistently higher values of 

bone mineral density in scaffold 

groups compared to control 

groups

10mm

“COWALK” – Preclinical Study
(Innovate UK-MoST - 102872)



Formation of hyaline-like cartilage in scaffold group
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Alcian Blue Safranin-O Col-II

“COWALK” – Preclinical Study
(Innovate UK-MoST - 102872)



18 Nov 2016

• Late stage OA

• Unable to walk

“One Medicine” – For Human & Animal



Before operation

12 weeks post operation

12 Week post  operation



Col-II Safranin-O

Collagen-II and Safranin-O staining - hyaline-like cartilage

“One Medicine” – For Human & Animal

Cartilage biopsy post-2 years operation

Dog shoulder function is restored



COWALK - From Animals to Human

First in man study

➢ 20 Patients

➢ RNOH

➢ 01 Oct 2019 ~ 30 Sep 2023



But there are problems…..
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