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The tissues adapt to their mechanical environment:
several time scales

Homo sapiens Homo erectus

-> thousands of years
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The tissues adapt to their mechanical environment:
several time scales
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The tissues adapt to their mechanical environment:
several time scales
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http://en.wikipedia.org/wiki/Osteoporosis

The tissues adapt to their mechanical environment:
several time scales
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Normal W/O mech.
constraint

Post-op 2 years / years

-> months to years
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During remodeling, the cells control
the structure and composition of the
bone

Bone lining cells Osteoclast

Osteoblasts Bone lining cells
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The remodeling affects the shape of
the bones (external remodeling), ...
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Bone is formed where
the biomechanical
demands are greatest




as well as their density (internal
remodeling)
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Differential effects of mechanical loading on bone
remodeling
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“Mechanical stimulus™ has been proposed
to drive the bone density evolution

densification

9
di

dg

dt >0

W: mechanical stimulus (scalar invariant)
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A mathematical formulation between the
evolution of density and the mechanical
stimulus can be proposed

vly-v.l y<y,

dg

E= O wrSwSWd
v -y, v>y,




It is necessary to identify the parameters
appearing in the evolution law

d¢ §resorption

densification

a9

Determine

Yy Yy

Vy Vd

W: mechanical stimulus (scalar invariant)
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A clinical or an animal study is necessary to
determine the parameters of the evolution law
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What is the meaning of “mechanical
stimulus™?
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How the external loading can be
correlated to the (internal)
“mechanical stimulus™?




Only a confrontation between theory and
experiment can justify the choice of a
particular mechanical stimulus “descriptor”
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The model of remodeling is coupled
with calculations of the constraints

inttral olem,sitg: qbl.m. t

External force: Fext

Cownstitutive law: O = O(P,€)

Mechanteal stimulus:

Dewsitg evolution: gb




Bone remodeling can then be
calculated around implant

post-surg 2 years



How can we link the biological and
biomechanical description of bone remodeling?

New bone Osteoblasts Osteoclasts
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A macroscopical description of mechanical

effect in bone brings new insight

A
USE: steady state: no OB or OCL activity
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A macroscopical description of mechanical
effect in bone brings new insight

C
DISUSE: QCL recruitment — bone loss —# steady state
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VWWhy do we want to develop
a new kind of hip implant?

® Success rate is limited in some clinical
situations
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Younger than 50 years
all observations, 1992-2013

All diagnoses and all reasons
for revision included

Female, 22y = 56,8% (52,8-60,7), n = 6 765
Men, 22y = 58,8% (54,6-62,9), n = 6 950
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Between 50 and 59 years
all observations, 1992-2013

All diagnoses and all reasons
for revision included

Female, 22y = 69,3% (66,6-72,1), n = 19 245
Men, 22y = 62,8% (59,6-66), n=17 669
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years postoperatively
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For younger patients, the failure rate of
hip implant can reach 30% atlO years

Between 60 and 75 years
all observations, 1992-2013

N
All diagnoses and all reasons
for revision included
Female, 22y = 85,8% (84,8-86,7), n = 84 301
Men, 22y =78,4% (76,4-80,3), n = 60 830
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The clinical and financial implications

are important

® > |.5 million hip implants/year
world wide

® Market of > 5 billions $/year
world wide

® (Cost for revisions 25% higher
than for primary surgery
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VWWhy do we want to develop
a new kind of hip implant?

I”

® All“classical” approaches have been tested
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Strategies proposed to increase
the clinical outcome of hip implant

® [mplant design
® Elastic modulus of implant
® Surgical technique

® Surface treatment

® Drug

www.smith nephew.com
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VWWhy do we want to develop
a new kind of hip implant?

® “Functionalizing” implant to control bone
remodeling
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A solution could be to control the
bone resorption around the implant

Bone
resorption must
be controlled

here

To keep this
bone as long
as possible

Time after surgery: | month 2 years / years
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The basic idea is to use the
implant as drug delivery system
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How could we describe the BP effect on
peri-implant bone remodeling!?

dp 5 densification
dt :

/ v, = v,(conc. drug)

Y =W (conc. drug)
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The model of remodeling is coupled with
calculations of the constraints

inttral olem,sitg: qbl.m. t

External force: Fext

Cownstitutive law: O = O(P,€)

Mechanteal stimulus:

Dewsitg evolution: gb
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A numerical evaluation of the implant used as
drug delivery can then be performed

v, = v (conc. drug)
Y =W (conc. drug)

d¢ §resorption fequilibrium | densification

dr de
E>0

dt Va

([=(p <0 Wr wd w
dt

With drug
2y)

CMBBE, 2004
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The idea of using implant as drug
delivery system is tested in vivo
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The implant containing the drug
decreases the peri-implant osteolysis

Without drug With drug
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The implant containing the drug increases
the mechanical stability (proof of concept)
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VWWhy do we want to develop
a new kind of hip implant?

® Success rate is limited in some clinical
situations

® All“classical” approaches have been tested

® “Functionalizing” implant to control bone
remodeling
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