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Our model
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-
Simplified model

D; + MCELL kél MNOC + D4 (1)
MNOC + Old_B k§2 De + D7 (2)
D; + Old_B 123 Activ_OB + Dy (3)
Activ_-OB + OB liﬁﬂ Osteoid + Di3 (4)
Dj3 + Osteoid li:’ia New_B + D5 (5)
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N —
Mathematical model & Biochemical condition

MCELL = — 81(1 + MCELL)MCELL + J3 + Jia — D1 (6)

Old B = — (B3 — MCELL + Old_B + Activ_OB + Osteoid + New_B)Old_B —
— 83 (87 — Old_B — 2(Activ_OB + Osteoid + New_B)) Old_B+  (7)
4+ 2J14 — D2 — D3
Activ_OB =85 (B — Old_B — 2(Activ_OB + Osteoid + New_B)) Old_B —

— 04(B10 — Osteoid — New_B)Activ_OB + D3 — D, (®)

Osteoid = 84(B10 — Osteoid — New_B)Activ_OB — 65(513 — New_B) Osteoid+ )
+ D4y — Ds

NewB = 65(f13 — New_B)Osteoid — Jia + Ds (10)
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Fundamental ideas of our BR model
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'Healthy person’ ~ 10 000 steps a day
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Elucidation

BR process

a

Robling AG et.al. 2006. Biomechanical and Molecular Regulation of Bone Remodeling. Ann Rev Biomed Eng. 8:455-498
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BR cycle

Bone Remodeling Cycle
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Elucidation

Control of BR
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Elucidation

Control of BR

Marrow Bone

" N7 ore
Y rank

| O Rrank-L

Robling AG et.al. 2006. Biomechanical and Molecular Regulation of Bone Remodeling.; Ann Rev Biomed Eng.-8:455-498
V. Klika, F. Marsik, P. Barsa (IT AS CR) Bone Remodelling Model FJFI 07 12 /17



Elucidation

Mechanical stimuli & elastic properties

Balance of forces

. orl 0
PVi + aiXJ —

Hook’s law (bone as an ortothropic material assumed)

i . .1 (0u Oy
= CMey, 6f = 5 <5XI, + aXJ.>
j i

Fundamental idea of our model
C = C™ (New_B, Old_B) = C™ (New_B(d(1)), Old_B(d(1))) ,

0y ei(l) A ei(l) AV
ot At VoAt

= rate of volume change
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Phase space diagram - |

Thermodynamical model of bone remodelling

Thermodynamical model of bone remodelling
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Phase space diagram - |l

Mathematical model of bone remodelling
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Elucidation

Coupling effect

To(S) = pde) + w,A, > 0,

p is a mechanical energy concentration, w, and A, are rate and affinity of
p — th reaction, respectively.
Following cross-effect is valid:

pP= Ivvd(l) + /VpAp (]-1)
Wy = /pvd(l) + /ppAp, (12)
By substituting into the second law of thermodynamics it follows:

lw>0 AN 1,,>0

and |
def vp
q= € (—1,1).
/VVIPP
V. Klika, F. Marsik, P. Barsa (IT AS CR) Bone Remodelling Model

FJFI 07 16 / 17



'Healthy person’ ~ 10 000 steps a day
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