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OZET

YUMUSAK BiYOLOJiK DOKULARDA BUYUME VE YENIDEN-MODELLEME
SURECLERININ BIYOMEKANIK OLARAK MODELLENMES]

Giirsan COBAN

Bu cahismada, biz, mikroskopik fiber dagihminin karmasik dogasm tammmlayan 6zgin
bir kolajen fiber yeniden-modelleme algorithmasi dnermekteyiz. Burada onerilen form
varolan algoritmalardan farkh olarak, mikroskopik olcekteki rastgele etkiler sonucu
ortaya cikan aqsal tipteki Brownian hareketin, sadece kendisinin, damar yeniden-
modellemesinin asli bir unsuru oldugu seklindeki bir yaklasimi savunmaktadir. Yerel
sacthm dinamiklerinin siirekli ortamlar mekanigi catisina dayah evrimsel yapisina ait
bir model, kan basmcma maruz kalarak iki yonlii eksenel kuvvetler altinda gerilen
damarm, yaricap degismini modellemek icin hangi sekillderde kullamlacag
belirtilmistir. Fiberlerin istatistiksel dagilimimi modellemek icin dogrusal bir yaklastirim
kullanilmistir. Degisim denklemlerinin germe (stres) uyaranna bagh rastgele kisminin
modellenmesi icin tek parametreden yararlamilmistir. Modelin matematiksel fomu basit
olsa da, mekanik degiskenler analizi, hiicresel diizeyde mikroskopik kolajen fiber
dagiimm ile makroskopik diizeydeki fiber degisimi arasinda giiclii bir bag oldugunu
diisiindiirmektedir. Modelin basit tasariminin altinda yatan neden yalnizca hesaplami
etkinligin artirilmas1 degil, dogrusal olmayan yeniden modelleme siireclerinde sikca
karsilasilan ¢6ziimiin varh@ ve tekligi ile ilgili teknik kisitlamalarm parametere
hassasiyetine etkisini simrlandirmaktir. Onerilen algorithmanm fiber sacihm
dinamiklerini ve ortalama fiber yoniiniin evrimini aydinlatan bir sekilde, daha iyi bir
modelleme araci olugunu savunuyoruz. Modelin tahmin ediciligi deneysel veriler
iizerinde, modelin niimerik kararlihg: ve sonuclar: ise tek tabakal damar modelinin
zamana bagh sekil degisimi iizerinde gosterilmistir. Modelin zamana baglh sonuclar: ve
ulastign son parametrik degerler, ortalama fiber yonii ve dagilm istatistikleri, gerilme
tabanh uyaran icin deneysel gozlemlerle uyumludur.
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ABSTRACT

BIOMECHANICAL MODELING OF GROWTH AND REMODELING PROCESS IN
SOFT BIOLOGICAL TISSUE

Giirsan COBAN

In this work, we constructed a novel collagen fiber remodeling algorithm that
incorporates the complex nature of random evolution acting on single fibers causing
macroscopic fiber dispersion. The proposed framework is different from the existing
remodeling algorithms, in a way that the microscopic random force on cellular scales
causing a rotational-type Brownian motion alone is considered as an aspect of vascular
tissue remodeling. A continuum mechanical framework for the evolution of local
dispersion and how it could be used for modeling the evolution of internal radius of
biaxially strained artery structures under constant internal blood pressure are
presented. A linear evolution form for the statistical fiber dispersion is employed in the
model. The random force component of the evolution, which depends on the mechanical
stress stimuli, is described by a single parameter. Although the mathematical form of
the proposed model is simple, it has been considered that there is a strong link between
microscopic evolution of collagen dispersion on the cellular level and its effects on
macroscopic visible world through mechanical variables. The underlying reason of the
model's simple design is not only to increase the computational efficiency of the
algorithm, but also to limit the impacts of parameter sensitivity, which is supposed to be
due to the technical the restrictions on the existence and uniqueness of solutions
encountered in the nonlinear remodeling processes. We believe that proposed algorithm
utilizes a better understanding of the relationship between the evolution rates of mean
fiber direction and fiber dispersion. Predictive capability of the algorithm is presented
using experimental data. The model has been simulated by solving a single layered
axysymmetric artery (adventitia) deformation problem. The algorithm performed well
for estimating the quantitative features of experimental anisotropy, the mean fiber
direction vector and dispersion measurements under strain dependent evolution
assumptions.
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