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Scientific project BIO

% - Biomaterials: materials from and for the biological
systems (/iving materials)

* Obijective: to improve our understanding of the
biomechanical behavior and physiological
functions of biomaterials

« Responsibles: V. Sansalone (MSME, UPEC)
V. Varano (LaMS, UR3)
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Scientific project BIO

8 «+ Summary of activities
— 8 scientific exchanges
~2 per year (in & out) = 15 weeks

— 1 PhD student jointly supervised @ MSME & LaMS

— 2 international meetings

Bone biomechanics: multiscale and multiphysical aspects
Rome, 2017 (jointly organized with IMOA federation)
MS Biomechanics of Growth & Remodeling @ SB2017 (Reims)

— 5 joint papers
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Scientific project BIO

¥ - Upcoming events
— BIO-ELADYN Workshop

Créteil, November 2020

— Thematic session @ SB2020 (to be confirmed)

Metz, October 26-28, 2020
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Scientific project BIO
] - Main scientific challenge (past & future):
Understanding and modeling

the functional adaptation of biomaterials

— Living systems can adapt to their mechanical and
biochemical environment

— Functional adaptation ... multiple scales!
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Functional adaptation

¥ - Multiple length and time scales
®
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Functional adaptation

i + Multiple length and time scales

- )
Material / tissue

Growth

£ Left/
entricular
hypertrophy
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Functional adaptation

& - Multiple length and time scales

P
Organ / organism

Morphogenesis
/.::
o
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Functional adaptation

% « Multiple length and time scales

Species

Evolution

4
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Functional adaptation

Materiomics)

Osteon
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Functional adaptation

i + Multiple length and time scales

- )
Material / tissue

Growth

£ Left/
entricular
hypertrophy
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Functional adaptation

# - Multiple length and time scales

: )
Material / tissue

Remodeling

(W /RP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)



IRP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)



[ New bone
B Recorbed bone

[Miiller, ETH]
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Remodeling

[Muller, ETH] B Resorption

B Formation

IRP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)




Functional adaptation

¥ - Multiple length and time scales

. >

Material / tissue

Growth
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Growth

Heart Bone

Normal heart Pathologlcal hypertrophy

secendary ossification

centre (epiphysis) 72
> YU L@
epiphysis enlarges by AN LPACT A
growth of cartilage and P |’2‘,\"‘§
replacement by bone ‘ 3~ $ ?
Haemodynamic » and B % ;
A ?"3-“‘, Raddnd) "
physis (growth plate} . '2 } o | }J e 1'%

shaft elongates MM.' = 7‘ | f].’
cartilage arows here RANL IR |

LA
VA A

growing shaft is
remodeled becauss

|
and "R EURE
: SRR beng is resorbed here
is replacad by bene hers il and
| : bone is added here
prmary csaification ;
centra (diaphysss)|

Aneurysm

bone marrow ; 1 @ 2010 Encyolopmdls BRitann ks, Inc.
Nl
» Y
Shell

Tumor

madullary canal
containing

IRP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)




Growth

[Fung, 1993]
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[Fung, 1993]
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stress-free (7)

[Fung, 1993]
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Growth

Body
Volumetric
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Growth

14 0l

Growth deformation: incompatible, stress-free
Unloaded deformation: compatible, residual stress
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Growth

* Biomechanical modeling: kinematics

actual

reference

(Taber 1995] 1 fii i =0 c=0(Ce), Ce=F/Fe J
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Growth

# - Biomechanical modeling: growth law

Fe = g(U_UQ) '

Growth stimulus: o
— Stress / strain

— Stress / strain rate
— Energy density

« Equilibrium state: c©
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IRP Coss&Vita active project

Biomechanical modeling of the left human heart
for early diagnosis of heart pathologies
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IRP Coss&Vita active project

Biomechanical modeling of the left human heart
for early diagnosis of heart pathologies

* PhD work of J.I. Colorado-Cervantes (2016-...)
Directors: V. Sansalone (MSME, UPEC)
L. Teresi (LaMS, UR3)

> _
MSME) UPEC ALaMS TAFTRE

Laboratoire Modélisation Modelling & Simulation Lab
et Simulation Multi Echelle
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Publications

« Papers: 2 (CMBBE 2017, JTB 2019)
+ 1 submitted (PNAS)

@ Taylor & Francis
Computer Methods in Biomechanics and Biomedical g
Engineerin . . Theoretical
g & Journal of Theoretical Biology “Biology
vy 3 Volume 467, 21 April 2019, Pages 23-30 ~
ELSEVIER »
ISSN: 1025-5842 (Print) 1476-8259 (Online) Journal http:/A ine.com/loi/gcmb20
Muscle Contraction and Pressure-Volume Loops in The heart function as a motor-brake system
the Left-Heart
Ivan Colorado Cervantes 2, Vittorio Sansalone ?, Luciano Teresi b=
J. I. Colorado-Cervantes, Valerio Varano, Luciano Teresi & Vittorio Sansalone

» Conference proceedings: 4
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Materials and methods

« ~ 200 patients: 80 healthy + 120 diseased

- 3DSTE
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Materials and methods

e Contraction of heart fibers: Active stretch
» Biomechanical modeling: 0D & 3D (FEM)
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Results

* Analysis of the time course of heart contractions
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Results

| + Fiber orientation vs. Principal strain lines

Fiber orientation Principal strain lines
Endo: 60°
Epi: -60° Endo Epi

-4 cm
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Results

* Fiber orientation vs. Principal strain lines
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Perspectives

¥ - Shape analysis: Rethinking heart deformation
for early detection of heart pathologies

- V. Varano

Undeformed

Y Body element
Uniform A Non Uniform
| N
. A AW
Uniform Spherical N Torsi
(Homothetic) Uniform Deviatoric (e.g. Torsion)
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Rome Research Team

SAPIENZA ==ROMA
UNIVERSITA DI ROMA A ETRE

NIVERSITA DEGLI STUDI

c

- Dep. of Structural and Geotechnical Engineering
- Dep. of Cardivascular Science and ...
Policlinico Umberto |, Hospital A La M S
- San Giovanni Calibita Fatebenefratelli, Hospital Modelling & Simulation Lab
- Dep. of Mathematics and Physics

- Dep. of Architecture
- Dep. of Science
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Methods

SHAPE
ANALYSIS

CARDIOLOGY
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Research Project

Theoretical Simulations
Non Linear Elasticity with Distortions

Data Acquisition
3D Speckle Tracking
Echocardiography

Stress Analysis

Primary Strain Line | |Decomposition | [Parallel Trajectory
Analysis of Deformation | |Transport | |Analysis
CONTINUUM MECHANICS SHAPE ANALYSIS
(Local) (Global)

Evangelista et al. 2011 PBMB
Gabriele et al. 2015 CMBBE
Evangelista et al. 2015 J. BIOMECHANICS
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Varano et al. 2017 |.J.Computer Vision
Madeo et al. 2015 PLOS ONE
X Piras et al. 2014 PLOS ONE

V. Sansalone & V. Varano
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Statistical Shape Analysis

The Kendall Shape Space

The Kendall Shape Space for a set of 2D triangles is a 2D sphere:

dim(Shape Space) =dim x k-1 - dim - dim*(dim-1)/2=2*3-1-2-2%(2-1)/2=2

To each point of the sphere

‘ 3 1 2
o oo
there correspond a triangle;

3 YZ bottom hemisphere is a
1 Pictures from A. Trouvé reflection of top one.
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Parallel Transport of
Deformations

To Transport Deformations we need a Connection

\ \Iurge variation between cydes

small variations within cyde

Tangent plane
at Grand Mean

-
-
.
-
.
.
.
.

Original Data

Local Mean ~

./ Grand Mean

Projected Data Transported Data

We need a Parallel Transport
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T

CLASSIC GPA+PCA Direct Transport + GPA+PCA

IRP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)



Strain analysis

epicardial PSL agree with muscle fiber directions (spiralling counterclockwise
toward the base) - endocardial PSL are circumferential . .
Epicardium

N

Actual data - Model ‘ " Model  Actual data

Aspect Ratio Change Torsion
Evangelista et al. 2015 J. BIOMECHANICS
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Decomposition of deformation ﬁ

w Undeformed

Body element
Uniform A Non Uniform

«w §§

|
[ s
Uniform Spherical N

(Homothetic) Uniform Deviatoric

(e.g. Torsion)
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Decomposition of deformation

(k—1)xm

R

Spherical %
(=Homotetic) vector

./ K landmarks
Deyiatoric ye€tor,,. . y
S / T / M space dimension
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Endo Spherical
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74
ot 1A \,\\_w:\«

Spherical

Endo Source

Epi Source
Diastole

(mean of 46 individuals)

Decomposition Control
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Statistical Results

”Vsth”2 ”Vdev”2 ”Vnu”2
Ve Ve ik
- ' == Control
1| H || = :- == HCM
3 - 3 - EEEEEEE I
l H 7 B D :

] NS LA g
ANOVA

Endo Epi*  Endo Ep*  Endo Ep*  Significance
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Conclusions

* The Statistics made over the Decomposed Deformations confirms
the results obtained from the Principal Strain Analysis.

*The obtained Components of the Deformation on epicardium
allows for detection of the analysed pathology.

Thank you for your attention

Coss& Vita
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