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Interdisciplinary and industrial applications:

• In silico medical research

• Computer-aided design of devices
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Cardiovascular diseases (CVDs) are the leading cause of deaths worldwide, causing 3.9 million deaths in Europe, i.e.
45% of all deaths, and over 1.8 million deaths in the European Union (EU), i.e. 37% of all deaths. Nowadays, CVDs
are estimated to cost the EU economy €210 billion a year and these costs are prone to increase with the ageing of the
population. Therefore, novel engineering approaches for personalized medicine arise as urgent needs.

A major role in the aetiology of CVDs is played by the imbalance of cascades of biochemical reactions involved in
cell-cell signalling pathways. The imbalance of these pathways leads to non-physiological concentrations of molecules
in tissues. In turn, over- or under-production of active molecules, such as growth factors or enzymes, determine non-
functional growth and remodelling (G&R) of tissue constituents. Therefore, chemo-biological mechanisms highly
affect the mechanics of cardiovascular tissues in terms of stiffness, strength and anisotropic properties. In turn, tissue
stresses and strains pave the way to biochemical reactions, closing the loop of a refined feedback control system.

Computational approaches have reached limited results in the understanding of the aetiology of CVDs diseases, since
reliable only in terms of mechanical quantities (i.e., stresses and strains) in biological structures at a given pathological
state. As a consequence, in silico analyses are nowadays far from being used in medical research and clinical practice.
The term “digital twin” in a biomechanical context is indeed abused, since current approaches do not manage to
reproduce the living properties of biological structures. In this context, COMETA is motivated by the high need for
renewing the perspective of in silico approaches in biomechanics, which are to-date not effective in accounting for
coupled mechano-chemo-biological effects. COMETA will contribute in shedding a light on how arteries evolve in
health and disease.

Challenges are related to the need of coupling very different physical mechanisms, as well as length and time scales:
(i) loads affecting the mechanics of arteries (millimetres) vary with the cardiac cycle (seconds);
(ii) the biochemical environment, determined by inter-cellular molecular diffusion (micrometres), reaches the

steady-state within hours;
(iii) biological mechanisms in G&R occur within several days and affect arterial geometry (millimetres),

histological features (micrometres) and molecular properties (nanometres).
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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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cq = ĉq on ⌃
c

q

�Dq grad cq · n = Ĵq on ⌃
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