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Motivations

Biochemanical basis of a global research project
ICEMA (/mages of Cardiac Flectro-Mechanical A ctivity)
Scientific and clinical challenges
Combining 3D ultrasonographic images with
electrocardiographic records in order to:
— obtain a dynamical representation of
excitation-contraction coupling on the whole heart scale
— derive patient-specific local parameters assessing heart
function
local contractility index local relaxation index
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Flow diagram of ICEMA research project
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Equations of the dynamics and 3D-embedded constitutive law
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Controlled constitutive law for the contractile elements
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u electro-chemical input: action potential
4 >0 contraction
4 <0 active relaxation

u =0 passive relaxation

From sarcomere to myofibre scale

Summing parallel behaviour of crossbridges
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Huxley-like sliding filament model
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Geometrical properties

Myosin heads rest sites lie a distance [ away from one another

Actin binding sites lie a distance s away from one another
Wam(z +1) = Wan(z)  (s/l not a rational number)

Statistical properties: from molecular to sarcomere scale

1 The collective behaviour of motors is equivalent to that of a

unique motor, With Puuy(€,¢)=1<pam(z,€)>n, €=z mod |

2 n(€,t) = L Pam(§;t) and Py (§,t) = 1/l = Pau () + O(1/N})
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Molecular
motor scale

Motion of a myosin head

Langevin equation
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Fokker Planck equation
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Crossbridges: 4-stroke nanomotors
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the mesoscopic scale and dovoted to be embedded into a macroscopic model. (&) density of actin/myosin crossbridges with strain € at fime ¢
o PiolaKirchhoff siress tensor p S
Glling a5 ekl for eaatabascy i bO(a e Rl S e Wi chemomechanical free energy of actin/myosin interaction (i = M, AM)
hypothesis” and current 1 tor (cory. Further work will account for the £ e e o . 5] actin/myosin crossbridge fastening rate
action on the different scales. erali) = § (B0 + 338) + 45888 ) actin/myosin crossbridge unfastening rate.
References R G 22,1 probability density function for a single motor to be in state i = M, AM
Chapelle D, Clément F, Génot F, Le Tallec P, Sorine M, Urquiza J. Fijly) =8 + ;ﬁ =123 at time ¢ and position z
A Physiologically-Based Model for the Active Cardiac Muscle Contraction. & e P(x,t;Ty,..., T) joint probability density function of motors located at z-+j+3 o be in
Functional Imaging and Modeling of the Heart, Helsini, Finland, 2001 E.  contractile element sutel;=M,AM (j=1,...,N)
A. F. Huxley. Muscle structure and theories of contraction. Ep parallel element part (&2,8) density of motors located at z + j - & in state AM with strain & (given j)
In Progress in biophysics and biological chemisry, volume 7, Pergamon Press, 1957. & suain in myofibre direction PanErt) SISl T OAOE BT el AV S €
B ) T AR R G n friction coefficient
irp: ' G Herllenial e VEksTh thermal gaussian white noise
E Julicher, A. Ajdari, and J. Prost. Modeling molecular motors. ke total controlled stiffncss P i

Reviews of Modern Physics, 69(4), 1997.

MICCAI 2001



