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Phase Field Modelling of Bone Growth

What it is and what lead to it

by

Gustav Lindberg, Per Stahle, Leslie Banks-Sills, Abdallah Shokry, Wuregul Reheman



Osteoclasts - dissolving bone
Osteoblasts - remodelling

Periosteum reactions: tearing-breaking- stretching

Osteomyelitis-malignant neoplasms-osteosarcoma-
chondrosarcoma-fibrosarcoma-lymphoma-metastasis
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100.000 osteoporosis related fractures yearly in Sweden



Bone from examined turkey
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Observations of exercise stimulated
bone growth
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Observations of exercise stimulated

bone growth
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Contributions to the free energy
]::-Fch +~Fgr -T-]:el (‘I']:heat +]:grav +..)
Elastic energy Feo = / oi;de;;

Chemical energy fch =U ('QD)

Gradient energy fgr = % (¢,i)2

Heat Fheat = kT

Gravitation Forav = pgusy



Double-well
chemical potential

U() = p*(1 — )

Expansion

e'(Y)=es(3 — 2¢p)1°
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Unknown: ¥, u1, ua, us
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Evolution of the phase.

(URY ﬁw = {3e5iés +2(1 = 2¢) } (1 — o)

Mechanical equilibrium with expansion

Wijj Jij = 265 T €5

In analogy with a fully coupled thermal-stress



Evolving Surface Morphology

Asaro-Tiller (1972), Grinfeld (1986, 1993),
Srolovitz (1989), Freund (1995), Kung-Suk (2000)

Chemical potential,
O=U.+U

U. surface energy, U elastic strain energy

Surface diffusion
h,t = DV
—_—
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Governing equations:

Evaporation-condensation

Oh 0%h
oL (W__ k oh
t oz? 2 Ox

or surface diffusion

oh _ . 0% 0°h k Oh
ot~ 0x2
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Biocorrosion

Biofilm

Aggressive agents == £ = w T o S8 ST T
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Evolution of the phase.
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Mechanical equilibrium with expansion
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In analogy with a fully coupled thermal-stress
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Original cross section Static load, 21 days

Mon J 2017

Medium cyclic load Large cyclic load Bone/cartilage experiment



