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1. Intr oduction

Soft biological tissuesre characterizedn generalby time dependent and iparticular vis-
coelasticproperties.This becomespparenin mechanicatestingwherethesematerialsreveal e.g.
stressrelaxationwhenstretchedo a constantievel andrate dependenhysteresisn cyclic loading.
Thesecharacteristicglependon the direction of loading andare thus of anisotropicnature. In the
present contribtion, we proposea micromechanicallymotivatedapproach.The constitutie equa-
tionsarebasecdbnthemultiplicative decompositiorof the stretchin fiber directioninto anelasticand
a viscouspart. Anisotropy is taken into accounty a non-uniformspatialdistribution of the fiber-
matrix units. Finally the model iggeneralizedo thethree-dimensionalaseby integrationover a unit
spherdl, 2, 3, 4].

2. Fiber-matrix unit

The passie mechanicapropertiesof soft biological tissueareto a large extent determined
by the histologicabtructureof the extracellularmatrix. The latter one includesibrousconstituents,
primarily differenttypesof collagen and thgroundsubstance which contaiasarge amounof watetr
The typicalJ-shapedtress-straigurve of soft tissues is usually divided inetoe andalinearregion.
The increasingstiffness in the toeegion is attributed to theorientationand uncoilingof collagen
fibers. However, this fiber transitionfrom a crimpedto a straightenedtateneedsrearrangemendf
thenearbygroundsubstancé?]. Since thdatterone isa highly viscousmaterial fiber straightening
turnsout to beaviscoelastiqrocess.

2.1. One-dimensional model

The sstretch) in a fiber directionis multiplicatively decomposed into aglasticanda viscous
partasA = A\ \,. While ), is associated with uncoiling arsfraighteningof thefibers, \. describes
the stretchin the collagen itself Accordingly, the rheologicalmodelfor the fibermatrix unit can be
illustratedin the caseof smalldeformationdy the followingschemgFig. 1). Therein, ¥, (), ) is the

Figure 1. Rheologicalmodelfor fiber-matrix unit.

strain-enegy associated witffiber straighteningand ¥.(\.) is the collagerstrain-enegy which de-
scribeghelinearregionof thestress-straiourves. The dashp@lementeflectsthe viscouproperties
of thegroundsubstance and isharacterizedby a stretchdependent viscosity functiof(\).
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2.2. Anisotropic three-dimensional model

In orderto obtain ananisotropicthree-dimensionatonstitutive model, thefree enegy of the
fibermatrix unit is weightedby a directionaldistribution function anchumericallyintegratedover a
unit spherg(cf. [2, 3, 4]). While the stretches\ areassumed to be affine, the viscoelastietches\,
in each intgrationpoint resultfrom anevolution equation.

3. Application

We considerednincompressibldiological tissuesamplewith fibersdistributedarounda pre-
ferreddirection. Fiberdispersiorwasdescribedy the von Misesdistribution [5] whereadditionally
a constantuniform grounddistribution was addedcf. [1]). The strain-enegy functions and the
viscosity functionrwerechoseraccordingto

W,(0) 2’“—]; fexp [k — D] = 1}, WA = es(h — 1% n(N) = di {oxp [do(r — 1],

where ky, ko, ¢1, d; andd, denotematerialparameters.As proposedn [6], ¥, contributesonly
if A, > 1. For numericalintegrationover the unitsphere,a 61 integration pointsschemd3] was
utilized.

4. Conclusions

In this paperaviscoelastic moddbr theanisotropidehaior of soft tissues has begmoposed.
The model is basedn the generalizatiorof a one-dimensional modé&br the fiber-matrix interaction
to thethree-dimensionalase Anisotropy causedy non-uniformfiber distributions is easily included
by adistribution function. Theresultssuggest that marfeaturesof soft tissuesrequalitatively well
captured. For example, thestrongincreasein the hysteresigatio with frequengy comparedto a
moderatechange in thestoragemodulusreportedfor some tissue typel§] can be obtainetdy the
model.
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