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1. Intr oduction

Soft biological tissuesare characterizedin generalby time dependent and inparticularvis-
coelasticproperties.This becomesapparentin mechanicaltestingwherethesematerialsreveale.g.
stressrelaxationwhenstretchedto a constantlevel andratedependenthysteresisin cyclic loading.
Thesecharacteristicsdependon the directionof loading andare thusof anisotropicnature. In the
present contribution, we proposea micromechanicallymotivatedapproach.The constitutive equa-
tionsarebasedonthemultiplicativedecompositionof thestretchin fiber directioninto anelasticand
a viscouspart. Anisotropy is taken into accountby a non-uniformspatialdistribution of the fiber-
matrixunits. Finally, the model isgeneralizedto thethree-dimensionalcaseby integrationover aunit
sphere[1, 2, 3, 4].

2. Fiber-matrix unit

The passive mechanicalpropertiesof soft biological tissuesare to a large extent determined
by the histologicalstructureof theextracellularmatrix. Thelatterone includesfibrousconstituents,
primarily differenttypesof collagen and thegroundsubstance which containsalarge amountof water.
The typicalJ-shapedstress-straincurveof soft tissues is usually divided intoatoe andalinearregion.
The increasingstiffness in the toeregion is attributed to theorientationand uncoilingof collagen
fibers. However, this fiber transitionfrom a crimpedto a straightenedstateneedsrearrangementof
thenearbygroundsubstance[2]. Since thelatterone isa highly viscousmaterial,fiber straightening
turnsout to beaviscoelasticprocess.

2.1. One-dimensional model

Thestretchλ in a fiber directionis multiplicatively decomposed into anelasticanda viscous
partasλ = λeλv. While λv is associated with uncoiling andstraighteningof thefibers,λe describes
thestretchin the collagen itself.Accordingly, therheologicalmodelfor thefiber-matrix unit can be
illustratedin thecaseof smalldeformationsby the followingscheme(Fig. 1). Therein,Ψ

v(λv) is the

Figure 1. Rheologicalmodelfor fiber-matrix unit.

strain-energy associated withfiber straighteningandΨe(λe) is the collagenstrain-energy which de-
scribesthelinearregionof thestress-straincurves. The dashpotelementreflectsthe viscousproperties
of thegroundsubstance and ischaracterizedby astretchdependent viscosity functionη(λ).
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2.2. Anisotropic three-dimensional model

In order to obtain ananisotropicthree-dimensionalconstitutive model, thefree energy of the
fiber-matrix unit is weightedby a directionaldistribution function andnumericallyintegratedover a
unit sphere(cf. [2, 3, 4]). While thestretchesλ areassumed to be affine, the viscoelasticstretchesλv

in each integrationpoint resultfrom anevolution equation.

3. Application

We consideredanincompressiblebiological tissuesamplewith fibersdistributedarounda pre-
ferreddirection.Fiberdispersionwasdescribedby thevonMisesdistribution [5] whereadditionally
a constantuniform grounddistribution was added(cf. [1]). The strain-energy functions and the
viscosity functionwerechosenaccordingto
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, Ψe(λe) = c1(λe−1)2, η(λ) = d1
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wherek1, k2, c1, d1 andd2 denotematerialparameters.As proposedin [6], Ψv contributesonly
if λv > 1. For numericalintegrationover the unitsphere,a 61 integrationpointsscheme[3] was
utilized.

4. Conclusions

In thispaperaviscoelastic modelfor theanisotropicbehavior of soft tissues has beenproposed.
The model is basedon thegeneralizationof a one-dimensional modelfor thefiber-matrix interaction
to thethree-dimensionalcase.Anisotropy causedby non-uniformfiberdistributions is easily included
by adistributionfunction.Theresultssuggest that many featuresof soft tissuesarequalitatively well
captured. For example, thestrong increasein the hysteresisratio with frequency comparedto a
moderatechange in thestoragemodulusreportedfor some tissue types[7] can be obtainedby the
model.
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