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Chronic Musculoskeletal Pain
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Osteoarthritis — A Clinical Problem
(Osteoarthritis can affect every Joints)
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v" Results in chronic pain and loss of mobility. edical Costs | 30+ Million SRS s

v oL i i attributed to O US Adults =
Prevalence of 18% in over 45 in England. 40% o

v Over 6.5 million Hip and knee OA cases reported in England 1in ?, — o Lnaetive
alone (2012, Versus Arthritis). has (hactivity makes it

v By 2050, 400 million people will suffer from OA worldwide, of arthritis, I""""*.r o hnage

- . . . compared with Obesity,Diabetes,

whom 40 million will be severely disabled by the disease. 1in 5 Civilians & Heart Disease

v OAis likely to increasing due to the aging of the population and OA osteonrririns

increasing rates of obesity.
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Osteoarthritis — A Cartilage Problem

« Distribute joint loads over wide area
 Allow relative movement of joint with minimal friction and wear

Hip Joint

whs

(1) Joint space narrowing
(2) Osteophytes

(3) Subchondral sclerosis
(4) Subchondral cysts

(5) Structural damage
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Osteoarthritis — A Cartilage Problem

Normal cartilage OA cartilage
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Disruption of cartilage and it is non-reversible

« More diagnhosed and treated more frequently in young athletes.
v' Pain

v Swelling / Joint locking : :
v Stiffness / Clicking Reduce quality of life



Osteoarthritis — Surgical Treatment

Best
supportive
care

Surgical Total Knee
management Replacement

Joint replacements: Last resort In
end-stage OA only when conservative
management has failed:

v Non-reversible

v’ Big operation associated with life-
time complications

v Implant failures




Implant Failure — An Unavoidable Problem

Implant related  Patient related

Large Mass In/Outside Pelvis
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‘ears Over Hip Replacement 'Poisoning’

® comments 45 R+ 4 EiRecommend 114 W Tweet < 88

ens of thousands of British patients with metal hip replacements could be at risk of being poisoned
y them, it is feared.

(A)

Needs clinical and retrieval analysis




Osteoarthritis — Early Interventions

Moniioring

Rehabilitation

[ !
Early ITtervention

E{arly diagnostics

Normal Mild OA

Mid OA

Intervention of OA at every stage of progression



Translational in Practice at UCL/RNOH
\

“Second Gap in Translation"

"First Gap in Translation"

Prototype \ Preclinical \ Early Late Clinical\ Health Health Knowledge \ Healthcare
Discovery / Develop- Clinical Trials Technology / Services Management/ Delivery
& Design/ ment Trials Assesment/ Research

ACI / MSC trials and
treatments
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» Autologous chondrocyte implantation (ACI) / MACI
» Bone Marrow Stem Cell Therapy



OA - Material Scientist’s View

Femoral heads from total joint
replacements: trauma and OA patients

Outerbridge Classification(Wright 2014)

PQCT to measure the volumetric BMD
(vBMD, mg/cm3) (Stratec XCT 2000,
Germany)




OA - Material Scientist’s View

STRA ! XCT-2000 pQCT ™
: hfemhead humfemhead-MRYM Pat. Comment : ARTHRITIS
: 0024527 RIGHT Slice 1/60 Object length : 60.0 mm female
1 22.01.2016 Pat.#:22455; Scan date 1 26.01.2016 Age
Images are not for diagnostic purposes
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OA - Material Scientist’s View
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OA - Material Scientist’s View
Subchondral bone Bulk composition (at.%)
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OA - Material Scientist’s View
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OA - Material Scientist’s View
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Hydroxyapatite crystals in OA bone are much bigger than that

in non-OA samples, and in plate-like form.




Tidemark-Interface Between Cartilage and
Subchondral Bone
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Advancing, irregular mineral
tidemark could act like buried
‘cheesegrater’, damaging soft
cartilage as joint articulates...

Courtesy of Prof Alan Boydel




Tidemark-Interface Between Cartilage and
Subchondral Bone

Cartilage damage involving extrusion of mine
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Paradigm for cartilage defect progression

Cartilage defects

Cartilage damage
progression

Changes in loading pattern
Bone remodelling

vBMD increase ‘ P!WSICEH
environment

Increase rigidity

Medullary cavity Bone resorption
Periosteum

Spongy bone

Compact bone v' Can we change or control
Suneviel membrane the physical environment
. of the OA joints?

(s(;%rc]:\?igsﬂuid) v H OW?

Joint capsule ‘/ Can thIS enhance

cartilage regeneration?



“COWALK” with Clinicians

Osteochondral scaffold Innovation for
Early Repair of Cartilage Defect:

Delay or Avoid the Use of Joint
Replacement



Translational in Practice at UCL/RNOH
\

“Second Gap in Translation"

"First Gap in Translation"

H Prototype \ Preclinical \ Early Late Clinical\ Health Health Knowledge \ Healthcare
Discovery / Develop- Clinical Trials Technology / Services Delivery

/ & Design/ ment Trials Assesment/ Research

Cells /
Environment /
Scaffolds

Scaffold - Control the Physical Environment
B enc h tO v' Large cartilage defects / osteochondral defects
. v Recruit cells
B ed Sl d e v Support cells growth and differentiation.

v Simultaneously repair cartilage and bone



“COWALK?” — Start with Materials

(Biomimetic Osteochondral Scaffold)
EPSRC Feasibility Study 2014

Gradient structure

Top layer e L
1(0v20%) ) e PLGA infiltrated

X - S . collagen layer
- Middle layer . >
(40~60%) PR NS SAVA PLA Junction

W.va
0."’ ’Q’Q Titanium matrix

e Structure gradient
« Mechanical property gradient
« Biological environment gradient



“COWALK” - POC

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

e Titanium/PLA framework
reinforced collagen
osteochondral scaffold

The scaffold

form a stable

fixation in the

bone

« Trilayered Collagen /
hydroxyapatite scaffold as

control
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The control scaffold shrinked

Scaffold was implanted in the sheep condyle upon contact with blood and form
an incomplete fill in the joint



dh

“COWALK?” — Preclinical Study

(Innovate UK-MoST - 102872)

Scaffold was implanted in the sheep condyle



“COWALK?” — Preclinical Study

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

Modified ICRS
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Analysed using : Fortier, Niederdauer,
modified ICRS, ICRS and OAS systems

In Scaffold and Scaffold+BMC, we
had over 92% cartilage fill
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Cartilage Examinations - Macroscopic



“COWALK?” — Preclinical Study

(Innovate UK-MoST - 102872)
« Extensive bone ingrowth and integration in Ti layer, while

filbrous tissue observed instead of bone in control

scaffold control

one ingrowth




“COWALK?” — Preclinical Study

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

(Innovate UK-MoST - 102872)
Formation of hyaline-like cartilage in scaffold group

Alcian Blue Safranin-O Col-ll

Scaffold

Control
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“One Medicine” — For Human & Animal

NOEL FITZPATRICK

 Late stage OA the
 Unable to walk SUPERVET

{ Lin:DCM

459 ; SFOV: 18.3 % 18.3cm 18 Nov 2016




Before operation

CNI7021219 Fitzpatrick Referrals Ltd
Ex: 1922236-001785 GERRARD, FLO
O 35682

Acc: 1922236-001785

2016 Feb 18

Acqg Tm: 13:23:57.603893

Lin:DCM / Lin:DCM / Id:ID
Default W:60673 L:30337
ERMF:

12 Week post operation

12 weeks post operation




“One Medicine” — For Human & Animal

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

Col-Ii Safranin-O

Cartilage biopsy post-2 years operation
Dog shoulder function is restored



COWALK - From Animals to Human

AARTHRITIS
RESEARCH UK

Thank you %or your appication I the prioriies In ciinical research call entited ‘A frstin-
man study 10 3s3ess shoremm safety and efficacy of 3 novel osteochondral SCaffold In
cany repair of cartiape defects’, Appiications have now undergone review by the Artrtis
Research UK Trestment Subcommiliee. The purpose of the review is to identy at an
early stage those proposals which the chartty wish 10 Invie 1o Al application and those
that will not be vied

Outiine appications wers assessed On sCentific quailty, sraiegic relevance and remi,
quality of the research design and %asbilty of the work proposed.

lnrnptenedbmoﬂ—/ou ot 3 : lon B Tre.nemsuxommnte
m—— momnepomwhbau appication © T8

subcommibes were of the apinion that this was an SYoing propossl with the poensal
1D provide a nowel Intervertion or 3 arge rumbder of patients and potentialy provide good
3 umunmmmmmmnwﬂmwu
. gatent involvement in mwwd“mmmm
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VERSUS

ARTHRITIS
First iIn man study

> 20 Patients
> RNOH
» 01 Oct 2019 ~ 30 Sep 2023

The subcommittee were of the opinion that this was an exciting proposal with the potential
to provide a novel intervention for a large number of patients and potentially provide good
value for money for the health services. The panel members were impressed by the
significant patient involvement in the development of the proposal and the plans described

Bsues.



But there are problems.....

Translational Research in the UK - ONE CYCLE

Critical Path within UK health research \

“First Gap in Translation" "Second Gap in Translation"

Late Clinical\ Health Health Knowledge \ Healthcare
Technology / Services Management/ Delivery
Research

Prototype \ Preclinical \ Early
Discovery / Develop- Clinical Trials
& Design/ ment Trials Assesment

NHS HTA NHS SDO  NHS CH NHS
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