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Interdisciplinary and industrial applications:

! In silico medical research
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Cardiovasculardiseases(CVDs) arethe leadingcauseof deathsworldwide,causing3.9 million deathsin Europe,i.e.
45% of all deaths,andover1.8 million deathsin theEuropeanUnion (EU), i.e. 37% of all deaths. Nowadays, CVDs
areestimatedto costtheEU economy! 210billion a yearandthesecostsareproneto increasewith theageingof the
population. Therefore,novel engineering approaches for personalized medicine arise as urgent needs.

A major role in the aetiologyof CVDs is playedby the imbalanceof cascadesof biochemicalreactionsinvolved in
cell-cell signallingpathways. Theimbalanceof thesepathwaysleadsto non-physiologicalconcentrationsof molecules
in tissues. In turn, over- or under-productionof activemolecules,suchasgrowth factorsor enzymes,determinenon-
functional growth and remodelling(G&R) of tissueconstituents. Therefore, chemo-biological mechanismshighly
affect themechanics of cardiovasculartissuesin termsof stiffness,strengthandanisotropicproperties. In turn, tissue
stressesandstrainspavetheway to biochemicalreactions,closingtheloopof a refinedfeedbackcontrolsystem.

Computationalapproacheshavereachedlimited resultsin theunderstandingof theaetiologyof CVDs diseases,since
reliableonly in termsof mechanicalquantities(i.e., stressesandstrains)in biologicalstructuresat a givenpathological
state. As a consequence,in silico analysesarenowadaysfar from beingusedin medicalresearchandclinical practice.
The term ÒdigitaltwinÓin a biomechanicalcontext is indeedabused,since current approachesdo not manageto
reproducethe living propertiesof biological structures. In this context,COMETA is motivatedby the high needfor
renewing the perspective of in silico approaches in biomechanics,which areto-datenot effectivein accountingfor
coupledmechano-chemo-biological effects. COMETA will contributein sheddinga light on how arteries evolve in
health and disease.

Challenges arerelatedto theneedof couplingvery differentphysicalmechanisms,aswell aslengthandtime scales:
(i) loadsaffectingthemechanics of arteries(millimetres)varywith thecardiaccycle(seconds);
(ii) the biochemical environment, determinedby inter-cellular moleculardiffusion (micrometres),reachesthe

steady-statewithin hours;
(iii) biological mechanisms in G&R occurwithin severaldaysandaffectarterialgeometry(millimetres),

histologicalfeatures(micrometres)andmolecularproperties(nanometres).
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T1) bioFE Analytical Core

Keywords: Crimped beams, Undulated yarn, Collagen fibers, Multiscale

homogenization, Structure-mechanics relationship

1. Introduction

The mechanics of crimped fibrous structures a↵ects the behavior of flex-

ible composite and textile materials for advanced engineering applications

such as boat sails, air-bag material, inflatable structures and surgical re-

placements [1–3]. Moreover, smart functional structures have been devel-

oped by employing novel stimuli-responsive materials (such as shape mem-

ory polyurethane, thermal-responsive polymeric hydrogels and carbon nan-

otubes) for the fibrous constituent, opening to intelligent medical devices,

sensors and actuators, self-deployable structures in spacecraft, microsystems

and damping materials [4, 5]. As a matter of fact, nature itself employs

crimped collagen fibers in soft connective tissues for ensuring the physiologi-

cal mechanical response of macroscale biological structures, such as tendons,

ligaments and arterial walls [6, 7].

L = ! Lo

A suitable arrangement of crimped fibers (or yarn in textiles) enables to

obtain a non-linear macroscopic mechanical response of the fiber-reinforced

structural element, fulfilling specific design purposes (see Fig. 1). Crimped

fibers under uniaxial traction are indeed characterized by a low-sti↵ness

regime for small forces (associated with fiber straightening and the disap-

pearance of fiber crimp), followed by a progressive sti↵ening response and

resulting in a characteristic J-shaped curve [1, 8, 9]. As schematically de-

picted in Fig. 1, the first low-sti↵ness region, also referred to as the toe
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1. Introduction

The mechanics of crimped Þbrous structures a↵ects the behavior of ßex-

ible composite and textile materials for advanced engineering applications

such as boat sails, air-bag material, inßatable structures and surgical re-

placements [1Ð3]. Moreover, smart functional structures have been devel-

oped by employing novel stimuli-responsive materials (such as shape mem-

ory polyurethane, thermal-responsive polymeric hydrogels and carbon nan-

otubes) for the Þbrous constituent, opening to intelligent medical devices,

sensors and actuators, self-deployable structures in spacecraft, microsystems

and damping materials [4, 5]. As a matter of fact, nature itself employs

crimped collagen Þbers in soft connective tissues for ensuring the physiologi-

cal mechanical response of macroscale biological structures, such as tendons,

ligaments and arterial walls [6, 7].

H

A suitable arrangement of crimped Þbers (or yarn in textiles) enables to

obtain a non-linear macroscopic mechanical response of the Þber-reinforced

structural element, fulÞlling speciÞc design purposes (see Fig. 1). Crimped

Þbers under uniaxial traction are indeed characterized by a low-sti↵ness

regime for small forces (associated with Þber straightening and the disap-

pearance of Þber crimp), followed by a progressive sti↵ening response and

resulting in a characteristic J-shaped curve [1, 8, 9]. As schematically de-

picted in Fig. 1, the Þrst low-sti↵ness region, also referred to as the toe
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