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On the electrical intestine turbulence induced by temperature changes.

A. Gizzi, C. Cherubini, S. Migliori, R. Portuesi, R. Alloni, and S. Filippi. 
https://pubmed.ncbi.nlm.nih.gov/20147777/ – 2010 
Paralytic ileus is a temporary syndrome with impairment of peristalsis and no passage of food through the intestine. Although
improvements in supportive measures have been achieved, no therapy useful to specifically reduce or eliminate the motility
disorder underlying postoperative ileus has been developed yet. In this paper, we draw a plausible, physiologically fine-tuned
scenario, which explains a possible cause of paralytic ileus. To this aim we extend the existing 1D intestinal
electrophysiological Aliev–Richards–Wikswo ionic model based on a double-layered structure in two and three dimensions.
Thermal coupling is introduced here to study the influence of temperature gradients on intestine tissue which is an important
external factor during surgery. Numerical simulations present electrical spiral waves similar to those experimentally observed
already in the heart, brain and many other excitable tissues. This fact seems to suggest that such peculiar patterns, here
electrically and thermally induced, may play an important role in clinically experienced disorders of the intestine, then
requiring future experimental analyses in the search for possible implications for medical and physiological practice and
bioengineering. 

Computational modeling and stress analysis of columellar biomechanics.

A. Gizzi, C. Cherubini, N. Pomella, P. Persichetti, M. Vasta, and S. Filippi. 
https://pubmed.ncbi.nlm.nih.gov/23026731/ – 2013 
The open approach for rhinoplasty offers excellent exposure of the various components of the nose in situ. The biggest
advantage of the external approach is the complete anatomic exposure, which allows the surgeon to inspect the osteo-
cartilagineous framework, while the biggest disadvantage is represented by the transcolumellar scar. The goal of this study is
to numerically quantify the stress induced on the scar of a human columella by a constant load, through a fine tuned finite
elasticity continuum model. Specifically we want to determine the best shape of incision which would minimize this stress.
The columellar portion of the nose, together with the various constituting tissues, has been modeled in a first approximation
as a hyperelastic body and seven types of scars have been studied. The determination of the best incision must be a
compromise among different factors: shape and size primarily, but also position with respect to the internal structures and
external loads. From this point of view, the best class of scar appears to be, both at simulated and real levels, the V-shaped
one, inducing a maximum logarithmic von Mises stress in tissue of 4.67 Pa, and an absolute minimum stress distribution on
the scar of 4.17 Pa. Numerical simulations appear to be in agreement with the evidence-based results coming from surgical
practice, thus confirming the necessity to minimize local stresses on the tissue. A parameters’ sensitivity analysis further
highlighted our optimal choice. The proposed mathematical model can be applied both to theoretically designed and
numerically verified new non-conventional scar geometries. 

Effects of pacing site and stimulation history on alternans dynamics and the development of
complex spatiotemporal patterns in cardiac tissue. 

A. Gizzi, E.M. Cherry, R.F. Gilmour J., S. Luther, S. Filippi, and F.H. Fenton. 
https://pubmed.ncbi.nlm.nih.gov/23637684/ – 2013 
Alternans of action potential duration has been associated with T wave alternans and the development of arrhythmias
because it produces large gradients of repolarization. However, little is known about alternans dynamics in large mammalian
hearts. Using optical mapping to record electrical activations simultaneously from the epicardium and endocardium of 9
canine right ventricles, we demonstrate novel arrhythmogenic complex spatiotemporal dynamics. (i) Alternans predominantly
develops first on the endocardium. (ii) The postulated simple progression from normal rhythm to concordant to discordant
alternans is not always observed; concordant alternans can develop from discordant alternans as the pacing period is
decreased. (iii) In contrast to smaller tissue preparations, multiple stationary nodal lines may exist and need not be
perpendicular to the pacing site or to each other. (iv) Alternans has fully three-dimensional dynamics and the epicardium and
endocardium can show significantly different dynamics: multiple nodal surfaces can be transmural or intramural and can form
concave/convex surfaces resulting in islands of discordant alternans. (v) The complex spatiotemporal patterns observed
during alternans are very sensitive to both the site of stimulation and the stimulation history. Alternans in canine ventricles not
only exhibit larger amplitudes and persist for longer cycle length regimes compared to those found in smaller mammalian
hearts, but also show novel dynamics not previously described that enhance dispersion and show high sensitivity to initial
conditions. This indicates some underlying predisposition to chaos and can help to guide the design of new drugs and
devices controlling and preventing arrhythmic events.
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Modeling collagen recruitment in hyperelastic bio-material mod- els with statistical
distribution of the fiber orientation. 

A. Gizzi, M. Vasta, and A. Pandolfi. 
https://www.sciencedirect.com/science/article/abs/pii/S0020722514000238 – 2014 
Gradual fiber recruitment is one of the stiffening mechanisms observed in collagen reinforced biological tissues. Given the
natural statistical distribution of the fiber orientation in biological materials, in agreement with experimental findings it is
reasonable to assume a stochastic nature of the fiber recruitment mechanism. In the present study, we consider the presence
of a stochastic recruitment mechanism in a hyperelastic fiber reinforced material model characterized by statistical
distributions of the fiber orientation. The material model is based on a second order approximation of the strain energy
density, considered as a function of the fourth pseudo-invariant I‾4, and on the multiplicative decomposition of the
deformation gradient and, consequently, of the stretch. For a planar distribution of the fiber orientation, we choose an
exponential analytical expression of the strain energy density and derive the stress and stiffness tensors. The mechanical
behavior of the model is assessed, through uniaxial tests, by distinguishing the mean and the variance contributions of I‾4 to
the model is validated against experimental data.

Novel risk predictor for thrombus deposition in abdominal aortic aneurysms.

M.G.C. Nestola, A. Gizzi, C. Cherubini, S. Filippi and S. Succi. 
https://iopscience.iop.org/article/10.1209/0295-5075/112/28001 – 2015 
The identification of the basic mechanisms responsible for cardiovascular diseases stands as one of the most challenging
problems in modern medical research including various mechanisms which encompass a broad spectrum of space and time
scales. Major implications for clinical practice and pre-emptive medicine rely on the onset and development of intraluminal
thrombus in which effective clinical therapies require synthetic risk predictors/indicators capable of informing real-time
decision-making protocols. In the present contribution, two novel hemodynamics synthetic indicators, based on a three-band
decomposition (TBD) of the shear stress signal, are introduced. Extensive fluid-structure computer simulations of patient-
specific scenarios confirm the enhanced risk-prediction capabilities of the TBD indicators. In particular, they permit a
quantitative and accurate localization of the most likely thrombus deposition in realistic aortic geometries, where previous
indicators would predict healthy operation. The proposed methodology is also shown to provide additional information and
discrimination criteria on other factors of major clinical relevance, such as the size of the aneurysm.

Computationally informed design of a multi-axial actuated microfluidic chip device.

A. Gizzi, et al. 
https://www.nature.com/articles/s41598-017-05237-9 – 2017 
This paper describes the computationally informed design and experimental validation of a microfluidic chip device with
multi-axial stretching capabilities. The device, based on PDMS soft-lithography, consisted of a thin porous membrane,
mounted between two fluidic compartments, and tensioned via a set of vacuum-driven actuators. A finite element analysis
solver implementing a set of different nonlinear elastic and hyperelastic material models was used to drive the design and
optimization of chip geometry and to investigate the resulting deformation patterns under multi-axial loading. Computational
results were cross-validated by experimental testing of prototypal devices featuring the in silico optimized geometry. The
proposed methodology represents a suite of computationally handy simulation tools that might find application in the design
and in silico mechanical characterization of a wide range of stretchable microfluidic devices.
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Post-bariatric brachioplasty with postero-medial scar: physical model, technical refinements
and clinical outcomes. 

Simone et al. 
https://pubmed.ncbi.nlm.nih.gov/29369986/ – 2018 
Background: Brachioplasty is an increasingly performed procedure following massive weight loss. A visible scar is the main
hindrance to this surgery. The aims of the study were to develop a physical model to investigate the ideal location of the
surgical incision and to present the authors' technical refinements with the posteromedial scar approach.
Methods: Twenty-four postbariatric patients underwent brachioplasty with posteromedial scar placement, concomitant
liposuction, fascial plication, and axillary Z-plasty. Skin specimens were tested and a physical model of the arm was set up to
investigate the difference in mechanical stress on the posteromedial and medial scars. The validated Patient and Observer
Scar Assessment Scale, the Vancouver Scar Scale, and a questionnaire assessing subjective improvements were administered
to patients. Preoperative and postoperative photographs were assessed by three independent plastic surgeons.
Results: The physical model showed that stress intensity and distribution along the scar were reduced in the posteromedial
location, with smaller scar displacement in the loading simulations. Twenty-three patients healed uneventfully. One (4.1
percent) had a 2-cm dehiscence. Mean Patient and Observer Scar Assessment Scale scores were, respectively, 2 ± 0.76 and
2.13 ± 0.64 in the patients' and observers' questionnaires. The mean Vancouver Scar Scale value was 3.5 ± 1.7.
Questionnaires assessing the subjective outcomes showed a mean value of 3.45 ± 0.63 of 4. The surgeons' assessment
resulted in a score of 4.5 ± 0.4 of 5.
Conclusions: The physical model demonstrated that the posteromedial scar was subjected to lower mechanical stress and
displacement. The reported technical refinements allowed pleasant arm recontouring to be achieved with acceptable scarring
and a low incidence of complications.

Mechanical behavior of metastatic femurs through patient-specific computational models
accounting for bone-metastasis interaction. 

C. Falcinelli, A. Di Martino, A. Gizzi, G. Vairo, and V. Denaro. 
https://www.sciencedirect.com/science/article/abs/pii/S1751616118311378 – 2019 
This paper proposes a computational model based on a finite-element formulation for describing the mechanical behavior of
femurs affected by metastatic lesions. A novel geometric/constitutive description is introduced by modelling healthy bone
and metastases via a linearly poroelastic constitutive approach. A Gaussian-shaped graded transition of material properties
between healthy and metastatic tissues is prescribed, in order to account for the bone-metastasis interaction. Loading-
induced failure processes are simulated by implementing a progressive damage procedure, formulated via a quasi-static
displacement-driven incremental approach, and considering both a stress- and a strain-based failure criterion. By addressing
a real clinical case, left and right patient-specific femur models are geometrically reconstructed via an ad-hoc imaging
procedure and embedding multiple distributions of metastatic lesions along femurs. Significant differences in fracture loads, f
racture mechanisms, and damage patterns, are highlighted by comparing the proposed constitutive description with a purely
elastic formulation, where the metastasis is treated as a pseudo-healthy tissue or as a void region. Proposed constitutive
description allows to capture stress/strain localization mechanisms within the metastatic tissue, revealing the model capability
in describing possible strain-induced mechano-biological stimuli driving onset and evolution of the lesion. The proposed
approach opens towards the definition of effective computational strategies for supporting clinical decision and treatments
regarding metastatic femurs, contributing also to overcome some limitations of actual standards and procedures.

A microstructural model of crosslink interaction between collagen fibrils in the human cornea.

A. Pandolfi, A. Gizzi, M. Vasta. 
https://royalsocietypublishing.org/doi/10.1098/rsta.2018.0079 – 2019 
We propose a simplified micromechanical model of the fibrous reinforcement of the corneal tissue. We restrict our
consideration to the structural function of the collagen fibrils located in the stroma and disregard the other all-important
components of the cornea. The reinforcing structure is modelled with two sets of parallel fibrils, connected by transversal
bonds within the single fibril family (inter-cross-link) and across the two families (intra-cross-link). The particular design chosen
for this ideal structure relies on the fact that its ability to sustain loads is dependent on the degree of the cross-link and,
therefore, on the density and stiffness of the bonds. We analyse the mechanical response of the system according to the type
of interlacing and on the stiffness of fibres and bonds. Results show that the weakening of transversal bonds is associated with
a marked increase of the deformability of the system. In particular, the deterioration of transversal bonds due to mechanical,
chemical or enzymatic reasons can justify the loss of stiffness of the stromal tissue resulting in localized thinning and bulging
typically observed in keratoconus corneas.
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In-silico study of the cardiac arrhythmogenic potential of biomaterial injection therapy.

W.A. Ramirez, A. Gizzi, K.L. Sack, J.M. Guccione, and D.E. Hurtado. 
https://www.nature.com/articles/s41598-020-69900-4 – 2020 
Biomaterial injection is a novel therapy to treat ischemic heart failure (HF) that has shown to reduce remodeling and restore
cardiac function in recent preclinical studies. While the effect of biomaterial injection in reducing mechanical wall stress has
been recently demonstrated, the influence of biomaterials on the electrical behavior of treated hearts has not been
elucidated. In this work, we developed computational models of swine hearts to study the electrophysiological vulnerability
associated with biomaterial injection therapy. The propagation of action potentials on realistic biventricular geometries was
simulated by numerically solving the monodomain electrophysiology equations on anatomically-detailed models of normal,
HF untreated, and HF treated hearts. Heart geometries were constructed from high-resolution magnetic resonance images
(MRI) where the healthy, peri-infarcted, infarcted and gel regions were identified, and the orientation of cardiac fibers was
informed from diffusion-tensor MRI. Regional restitution properties in each case were evaluated by constructing a probability
density function of the action potential duration (APD) at different cycle lengths. A comparative analysis of the ventricular
fibrillation (VF) dynamics for every heart was carried out by measuring the number of filaments formed after wave braking.
Our results suggest that biomaterial injection therapy does not affect the regional dispersion of repolarization when
comparing untreated and treated failing hearts. Further, we found that the treated failing heart is more prone to sustain VF
than the normal heart, and is at least as susceptible to sustained VF as the untreated failing heart. Moreover, we show that the
main features of VF dynamics in a treated failing heart are not affected by the level of electrical conductivity of the biogel
injectates. This work represents a novel proof-of-concept study demonstrating the feasibility of computer simulations of the
heart in understanding the arrhythmic behavior in novel therapies for HF.
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                 <p><span style="color: rgb(46, 46, 46);">Gradual fiber recruitment is one of the stiffening mechanisms observed in collagen reinforced biological tissues. Given the natural statistical distribution of the fiber orientation in biological materials, in agreement with experimental findings it is reasonable to assume a stochastic nature of the fiber recruitment mechanism. In the present study, we consider the presence of a stochastic recruitment mechanism in a hyperelastic fiber reinforced material model characterized by statistical distributions of the fiber orientation. The material model is based on a second order approximation of the strain energy density, considered as a function of the fourth pseudo-invariant&nbsp;I‾4, and on the multiplicative decomposition of the deformation gradient and, consequently, of the stretch. For a planar distribution of the fiber orientation, we choose an exponential analytical expression of the strain energy density and derive the stress and stiffness tensors. The mechanical behavior of the model is assessed, through uniaxial tests, by distinguishing the mean and the variance contributions of&nbsp;I‾4&nbsp;to the model is validated against experimental data.</span></p>
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                 <p><span style="color: rgb(51, 51, 51);">The identification of the basic mechanisms responsible for cardiovascular diseases stands as one of the most challenging problems in modern medical research including various mechanisms which encompass a broad spectrum of space and time scales. Major implications for clinical practice and pre-emptive medicine rely on the onset and development of intraluminal thrombus in which effective clinical therapies require synthetic risk predictors/indicators capable of informing real-time decision-making protocols. In the present contribution, two novel hemodynamics synthetic indicators, based on a three-band decomposition (TBD) of the shear stress signal, are introduced. Extensive fluid-structure computer simulations of patient-specific scenarios confirm the enhanced risk-prediction capabilities of the TBD indicators. In particular, they permit a quantitative and accurate localization of the most likely thrombus deposition in realistic aortic geometries, where previous indicators would predict healthy operation. The proposed methodology is also shown to provide additional information and discrimination criteria on other factors of major clinical relevance, such as the size of the aneurysm.</span></p>
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                 <p><span style="color: rgb(34, 34, 34);">This paper describes the computationally informed design and experimental validation of a microfluidic chip device with multi-axial stretching capabilities. The device, based on PDMS soft-lithography, consisted of a thin porous membrane, mounted between two fluidic compartments, and tensioned via a set of vacuum-driven actuators. A finite element analysis solver implementing a set of different nonlinear elastic and hyperelastic material models was used to drive the design and optimization of chip geometry and to investigate the resulting deformation patterns under multi-axial loading. Computational results were cross-validated by experimental testing of prototypal devices featuring the&nbsp;</span><em>in silico</em><span style="color: rgb(34, 34, 34);">&nbsp;optimized geometry. The proposed methodology represents a suite of computationally handy simulation tools that might find application in the design and&nbsp;</span><em>in silico</em><span style="color: rgb(34, 34, 34);">&nbsp;mechanical characterization of a wide range of stretchable microfluidic devices.</span></p>
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                 <p><strong>Background:&nbsp;</strong>Brachioplasty is an increasingly performed procedure following massive weight loss. A visible scar is the main hindrance to this surgery. The aims of the study were to develop a physical model to investigate the ideal location of the surgical incision and to present the authors' technical refinements with the posteromedial scar approach.</p> 
<p><strong>Methods:&nbsp;</strong>Twenty-four postbariatric patients underwent brachioplasty with posteromedial scar placement, concomitant liposuction, fascial plication, and axillary Z-plasty. Skin specimens were tested and a physical model of the arm was set up to investigate the difference in mechanical stress on the posteromedial and medial scars. The validated Patient and Observer Scar Assessment Scale, the Vancouver Scar Scale, and a questionnaire assessing subjective improvements were administered to patients. Preoperative and postoperative photographs were assessed by three independent plastic surgeons.</p> 
<p><strong>Results:&nbsp;</strong>The physical model showed that stress intensity and distribution along the scar were reduced in the posteromedial location, with smaller scar displacement in the loading simulations. Twenty-three patients healed uneventfully. One (4.1 percent) had a 2-cm dehiscence. Mean Patient and Observer Scar Assessment Scale scores were, respectively, 2 ± 0.76 and 2.13 ± 0.64 in the patients' and observers' questionnaires. The mean Vancouver Scar Scale value was 3.5 ± 1.7. Questionnaires assessing the subjective outcomes showed a mean value of 3.45 ± 0.63 of 4. The surgeons' assessment resulted in a score of 4.5 ± 0.4 of 5.</p> 
<p><strong>Conclusions:&nbsp;</strong>The physical model demonstrated that the posteromedial scar was subjected to lower mechanical stress and displacement. The reported technical refinements allowed pleasant arm recontouring to be achieved with acceptable scarring and a low incidence of complications.</p>
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                 <p><span style="color: rgb(46, 46, 46);">This paper proposes a computational model based on a&nbsp;</span><a href="https://www.sciencedirect.com/topics/engineering/finite-element-formulation" rel="noopener noreferrer" target="_blank" style="color: rgb(12, 125, 187);">finite-element formulation</a><span style="color: rgb(46, 46, 46);">&nbsp;for describing the mechanical behavior of femurs affected by metastatic lesions. A novel geometric/constitutive description is introduced by modelling healthy bone and metastases via a linearly poroelastic constitutive approach. A Gaussian-shaped graded transition of material properties between healthy and metastatic tissues is prescribed, in order to account for the bone-metastasis interaction. Loading-induced failure processes are simulated by implementing a progressive damage procedure, formulated via a quasi-static displacement-driven&nbsp;</span><a href="https://www.sciencedirect.com/topics/engineering/incremental" rel="noopener noreferrer" target="_blank" style="color: rgb(12, 125, 187);">incremental</a><span style="color: rgb(46, 46, 46);">&nbsp;approach, and considering both a stress- and a strain-based failure criterion. By addressing a real clinical case, left and right patient-specific femur models are geometrically reconstructed via an ad-hoc imaging procedure and embedding multiple distributions of metastatic lesions along femurs. Significant differences in&nbsp;</span><a href="https://www.sciencedirect.com/topics/engineering/fracture-load" rel="noopener noreferrer" target="_blank" style="color: rgb(12, 125, 187);">fracture loads</a><span style="color: rgb(46, 46, 46);">,&nbsp;</span><a href="https://www.sciencedirect.com/topics/engineering/fracture-mechanism" rel="noopener noreferrer" target="_blank" style="color: rgb(12, 125, 187);">fracture mechanisms</a><span style="color: rgb(46, 46, 46);">, and damage patterns, are highlighted by comparing the proposed constitutive description with a purely elastic formulation, where the metastasis is treated as a pseudo-healthy tissue or as a void region. Proposed constitutive description allows to capture stress/strain localization mechanisms within the metastatic tissue, revealing the model capability in describing possible strain-induced mechano-biological stimuli driving onset and evolution of the lesion. The proposed approach opens towards the definition of effective computational strategies for supporting clinical decision and treatments regarding metastatic femurs, contributing also to overcome some limitations of actual standards and procedures.</span></p>
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                 <p><span style="color: rgb(51, 49, 50);">We propose a simplified micromechanical model of the fibrous reinforcement of the corneal tissue. We restrict our consideration to the structural function of the collagen fibrils located in the stroma and disregard the other all-important components of the cornea. The reinforcing structure is modelled with two sets of parallel fibrils, connected by transversal bonds within the single fibril family (inter-cross-link) and across the two families (intra-cross-link). The particular design chosen for this ideal structure relies on the fact that its ability to sustain loads is dependent on the degree of the cross-link and, therefore, on the density and stiffness of the bonds. We analyse the mechanical response of the system according to the type of interlacing and on the stiffness of fibres and bonds. Results show that the weakening of transversal bonds is associated with a marked increase of the deformability of the system. In particular, the deterioration of transversal bonds due to mechanical, chemical or enzymatic reasons can justify the loss of stiffness of the stromal tissue resulting in localized thinning and bulging typically observed in keratoconus corneas.</span></p>
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                 <p><span style="color: rgb(34, 34, 34);">Biomaterial injection is a novel therapy to treat ischemic heart failure (HF) that has shown to reduce remodeling and restore cardiac function in recent preclinical studies. While the effect of biomaterial injection in reducing mechanical wall stress has been recently demonstrated, the influence of biomaterials on the electrical behavior of treated hearts has not been elucidated. In this work, we developed computational models of swine hearts to study the electrophysiological vulnerability associated with biomaterial injection therapy. The propagation of action potentials on realistic biventricular geometries was simulated by numerically solving the monodomain electrophysiology equations on anatomically-detailed models of normal, HF untreated, and HF treated hearts. Heart geometries were constructed from high-resolution magnetic resonance images (MRI) where the healthy, peri-infarcted, infarcted and gel regions were identified, and the orientation of cardiac fibers was informed from diffusion-tensor MRI. Regional restitution properties in each case were evaluated by constructing a probability density function of the action potential duration (APD) at different cycle lengths. A comparative analysis of the ventricular fibrillation (VF) dynamics for every heart was carried out by measuring the number of filaments formed after wave braking. Our results suggest that biomaterial injection therapy does not affect the regional dispersion of repolarization when comparing untreated and treated failing hearts. Further, we found that the treated failing heart is more prone to sustain VF than the normal heart, and is at least as susceptible to sustained VF as the untreated failing heart. Moreover, we show that the main features of VF dynamics in a treated failing heart are not affected by the level of electrical conductivity of the biogel injectates. This work represents a novel proof-of-concept study demonstrating the feasibility of computer simulations of the heart in understanding the arrhythmic behavior in novel therapies for HF.</span></p>
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