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Abstract: Mathematical and computational modelling approaches can quantify the mechanics & mechanical
environment of soft biological tissues under physiological and pathological loading. These tools can quantify ‘'mechanical
stimuli’ inputs to algorithms that control growth and remodelling (G&R) of the tissue to simulate adaptation to altered
environmental conditions. In this talk, | will overview a rate-based constrained mixture G&R modelling approach which
was developed to create the first computational model of aneurysm evolution [1]; | will then summarise its sophistications
and applications over the past 20 years. In general, the modelling approach is as follows: the constitutive model of the
tissue accounts for the individual natural reference configurations of cells and matrix components; a model of the
organ/tissue is defined/calibrated to initially be in homeostasis in the physiological loaded configuration; subsequent
tissue loss/damage or changes to the mechanical environment can change the distribution of mechanical stimuli from
homeostatic setpoints and drive G&R processes that lead to the progression of disease or the adaptation to a new
homeostatic state. Illustrative applications of the approach will include fluid-solid-growth frameworks for modelling
intracranial aneurysm evolution [2], in vivo-in vitro-in silico modelling of bladder adaption to outlet obstruction [3] and a
conceptual chemo-mechano-biological model of cartilage evolving in health, disease and treatment [4]. Outlook for future
research and clinical translation of the models will be discussed.

References:

[1] Watton, Hill & Heil (2004) A Mathematical Model for the Growth of the Abdominal Aortic Aneurysm, BMMB, 3:98-113.
[2] Teixeira et al. (2020) Modeling intracranial aneurysm stability and growth: an integrative mechanobiological framework
for clinical cases. BMMB, 19:2413-2431.

[3] Cheng et al. (2022) A constrained mixture-micturition-growth (CMMG) model of the urinary bladder: Application to
partial bladder outlet obstruction (BOO), JIMBBM, 134: 105337.

[4] Rahman et al. (2023) A chemo-mechano-biological modelling framework for cartilage evolving in health, disease,
injury, and treatment, CMPB, 231: 107419.

Biographical Sketch: Paul Watton is Head of the Complex Systems Modelling Group and Professor of Computational
and Theoretical Modelling at the Dept. of Computer Science & Insigneo Institute for in silico Medicine at the University of
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For additional information, please contact Prof. Georges Pavlidis at georges.pavlidis@uconn.edu or
Victoria Cerwinski at victoria.cerwinski@uconn.edu
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