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Scientific project BIO
• Biomaterials: materials from and for the biological 

systems (living materials)

• Objective: 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
• 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

Cell Commitment,
differentiation
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Functional adaptation

• Multiple length and time scales

Material / tissue
Growth Remodeling
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Functional adaptation

• Multiple length and time scales

Organ / organism

?!?!
Morphogenesis
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Functional adaptation

• Multiple length and time scales

Species
Evolution
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Functional adaptation
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Functional adaptation

• Multiple length and time scales

Growth Remodeling

Material / tissue
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Remodeling

[Currey]
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Remodeling

[Müller, ETH]
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Remodeling

[Müller, ETH]
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Functional adaptation

• Multiple length and time scales

Material / tissue
Growth Remodeling
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Growth
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Growth

[Fung, 1993]
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Growth

[Fung, 1993]
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Growth

[Fung, 1993]
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Growth
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Growth
• Growth deformation: incompatible, stress-free
• Unloaded deformation: compatible, residual stress

[Teresi]
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Growth

• Biomechanical modeling: kinematics

[Taber 1995]
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Growth

• Biomechanical modeling: growth law

• Growth stimulus: s
– Stress / strain
– Stress / strain rate
– Energy density

• Equilibrium state: s⊙
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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)
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Publications
• Papers: 2 (CMBBE 2017, JTB 2019)

+ 1 submitted (PNAS)

• Conference proceedings: 4
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Materials and methods
• ~ 200 patients: 80 healthy + 120 diseased
• 3DSTE 
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Materials and methods
• 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
Endo: 60°
Epi:   -60°

Principal strain lines

Endo Epi
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Results
• Fiber orientation vs. Principal strain lines

3DSTE FEM
Endo Epi Endo Epi

PSL angle
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Perspectives
• Shape analysis: Rethinking heart deformation

for early detection of heart pathologies

à V. Varano
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Rome Research Team
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Methods
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Research Project



IRP Coss&Vita, Oct. 17 2019 V. Sansalone & V. Varano Living matter (BIO)40

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!Z!1!Z!dim!Z!dim*(dimZ1)/2!=!2*3!Z!1!Z!2!Z!2*(2Z1)/2!=!2!
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reflec;on!of!top!one.Pictures!from!A.!Trouvé
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The Kendall Shape Space
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Data Reduction
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Parallel Transport of 
Deformations

Projected Data!

Original Data!

Transported Data!

small variations within cycle �
�

large variation between cycles �

We need a Parallel Transport

To&Transport&Deforma?ons&we&need&a&Connec?on

Grand Mean

Local Mean

Tangent plane 
at Grand Mean

20

To Transport Deformations we need a Connection
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Trajectory Analysis

/21

A&Not2So2Simple&Test

22 Valerio Varano1 et al.

Transport. By means of a set of simulations we per-
formed a reverse engineering experiment and we showed
that in the uniform motion (case 1 and 3) the original
deformation cycles are perfectly recovered by the Di-
rect Transport procedure. In case of non uniform mo-
tions (case 2 and 4) the DT method is not perfect as in
uniform cases but it performs very well and results in
being the best among the three methods.

We want to stress that in the non a�ne case a per-
fect example of reverse engineering cannot be built.
This depends on the fact that applying the same dif-

feomorphism to di↵erent bodies does not mean applying

the same deformation. To be more precise a di↵eomor-
phism, e.g. (11.23), transforms the ambient space and
the bodies follow it. But in this way each landmark
moves accordingly to its position in the space. No co-
variation and reciprocal position among landmarks is
considered in this way. The deformation can be char-
acterized by a global component (a�ne) and a series
of local components. In order to transport the global

component one can transform the whole space, by ig-
noring the role of the landmarks, but the local com-
ponent is related to the single landmark neighborhood.
Homology cannot be neglected in the non-a�ne case
(see [44] for the non landmark based case). The only
way to apply the same non-uniform deformation to dif-
ferent bodies would be to assign a di↵eomorphism to a
first body and to transport the obtained deformation
vector toward the other four bodies by means of the
TPS connection. But in this way the reverse engineer-
ing falls in a circular reasoning: recovering via Direct
Transport a dataset generated by Direct Transport. On
the other hand the homology is naturally embedded in
the real cases, then we consider as the most important
non-uniform example in the present paper the real one:
human left ventricles. Despite the small Procrustes dis-
tances encompassed by the entire left ventricular data,
the performance indicators presented show an evident
superiority of the DT method with respect to the oth-
ers.

Fig. 8 The real example. Top left: the projection in 2D of the actual three-dimensional ventricular shape. Top right: classic
GPA in the shape space+PCA. Bottom left: LC paralell transport in the size and shape space+GPA in the shape space+PCA.
Bottom right: DT in the size and shape space+GPA in the shape space+PCA. Colors indicate the five deformations cycles
belonging to simulated shapes. Colors indicate the individual cycles each composed by 16 shapes.
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Strain analysis
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Decomposition of deformation
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Decomposition of deformation
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Decomposition Control 
(mean of 46 individuals)
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Decomposition HCM
(mean of 20 individuals)
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Statistical Results
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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
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