VY

Institut Mines-Télécom

OPTIMISATION DE
PIECES EN
FABRICATION ADDITIVE



Institut Mines-Télécom

VLAD CIOBOTARU
MARCOS BATISTELLA

IMT Mines Alés
Ecole Mines-Télécom

PMY VMY VY VY VY &

oo Pays ot IMT HarclEurope - IMT Mines Alés Institut Mines-Télécom Saint-Etienne  IREIA T #itl EURECOM
Exolo Mines Toscom ER Mmoo e Mo isa o e Mines Tcom Business School e Goote 2 FT

Ecole Mines-Télécom IMT-Université de Lille & ——



INTRODUCTION

» Le médical est I'un des domaines d'application de la FA, et
notamment du SLS, qui permet dimprimer des implants,
des protheses et des modeles cardiagques, par exemple ;

»La société nimoise 3D Heart Modeling développe des
simulateurs des coeurs de patients pour préparer des
opérations ;

»Dans le cadre du projet, différents modeles imprimeés
seront analyses en recherchant les parametres de
processus les plus adaptés pour I'objectif final.
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INTRODUCTION

> Développer des matériaux adaptés aux besoin des
simulations mimant les propriétés mécaniques mais aussi
les propriétés ultrasoniques (échographiques) ou en rayons
X

> Développer des systemes de simulateur cardiaques
immergés dans des flux

» Conceptualiser I'intégration du 3D printing ou 3D Modeling
dans la chaine décisionnelles et de planning procédural
(Workflow)

A
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Translational medicine

Medical three-dimensional printing opens up
new opportunities in cardiology and cardiac
surgery
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Advanced percutaneous and surgical procedures in structural and congenital heart disease require precise pre-procedural planning and con-
tinuous quality control. Although current imaging modalities and post-processing software assists with peri-procedural guidance, their capabil-
ities for spatial conceptualization remain limited in two- and three-dimensional representations. In contrast, 3D printing offers not only
improved visualization for procedural planning, but provides substantial information on the accuracy of surgical reconstruction and device
implantations. Peri-procedural 3D printing has the potential to set standards of quality assurance and individualized healthcare in cardiovascu-
lar medicine and surgery. Nowadays, a variety of clinical applications are available showing how accurate 3D computer reformatting and
physical 3D printouts of native anatomy, embedded pathology, and implants are and how they may assist in the development of innovative
therapies. Accurate imaging of pathology including target region for intervention, its anatomic features and spatial relation to the surrounding
structures is critical for selecting optimal approach and evaluation of procedural results. This review describes clinical applications of 3D
printing, outlines current limitations, and highlights future implications for quality control, advanced medical education and training.

Keywords 3D printing * Structural heart disease * Congenital heart disease * Cardiac surgery  Interventional

improved visualization for procedural planning, but provides substantial information on the 5Ecuracy of surgical reconstruction and device
implantations. Peri-procedural 3D printing has the potential to set standards of quality assurance and individualized healthcare in cardiovascu-
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CASE STUDY S

Left Atrial Appendage Closure Using a Tailored Trans-Jugular Approach
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CASE STUDY 6

CARDIOVASCULAR FLASHLIGHT A0 DB arharfubl
Multimodali -,vfusion agi mgmde per sinus atrial
septal defect closure
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Premier cas en France
de traitement percutané de pathologie
complexe

A Tbyarcld woman with
NYHAWHO Bl dymproe was
referred for chronic thrombo-
embolic pumonary hypertension.
A s venomus av il septal defect
(ASD) with parkal anomalous pub
manxy vein retum (PAWVR) was
50 dagnosed. Precpenative cx-
dac computed omograghy (CT)
was usedto buldan STLmodel ©
Zses he feasibiity of the recenty
developed perataneous ASD clo-
are techique We ceed 2
printed 3D cardine mode to Simu-
e steting of he superior vena
caa tha would cose the defect
andredrectthe PAPVR to the left
strium (Panet A).

During the procedure, the STL
madel extraced from CT dwa
was mergd with fuoroscopy.
This fusion modaity was useful for
contiuously checking fhe pastion
of theimominate vein and PAPVR
during the baliooring tet d
stet  deployment  (Panel B,
Sipplementiry  material  onine,
Videos §1-83) Another fusion
procedure was conducted ©
carbine reabtime 30 tranmoeo:
phageal echoardiogphy (TOE)
nd fworcapy. The fuson

ey y monrng  iow Doppier indead
#1emain concem (Panel C Supplementary material enfine, Videas 4
d$5). The procedure was successhi. The absence of residual leskage or pulmonary vein obstruction was confirmed by CTand 3DSTL
madeling (Panel D) before dzcharge. n this chalenging case. mulimodality and fision imaging mproved real-time 3D understinding and
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ASPECTS ANATOMIQUES
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REALISATION DE MODELES PAR stereolithograph
FABRICATION ADDITIVE
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3D Model Patient-specific Model

B
tissue —

layers, cutting

3D HEART
MODELING

“2’5\3_\/{‘7 YOUR STRUCTURAL HEART 3DPRINTED SOLUTION
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https://www.google.fr/imgres?imgurl=http%3A%2F%2Fwww.3darcwest.com%2Fimages%2F3darcwest%2Ftechnologies%2Fobjet%2Fpolyjet%2Fpolyjet_print_head_drawing.ashx.jpeg&imgrefurl=http%3A%2F%2Fwww.3darcwest.com%2Fcomponent%2Fk2%2Fitem%2F22-technologies-a-jets-de-matiere-objet-polyjet.html&docid=DfvTY0AI1dFKQM&tbnid=b6vmkE76JZ3jXM%3A&vet=10ahUKEwiw7dqJt9LiAhVHhxoKHeOyABEQMwiBASgsMCw..i&w=200&h=159&bih=855&biw=1200&q=polyjet%20imprimante%203d&ved=0ahUKEwiw7dqJt9LiAhVHhxoKHeOyABEQMwiBASgsMCw&iact=mrc&uact=8
https://www.google.fr/imgres?imgurl=https%3A%2F%2Fwww.cadvision.fr%2Fsites%2Fall%2Ffiles%2Fstyles%2Fmachine_images%2Fpublic%2Fimages%2Fimprimantes-3d%2Fmachines%2Fj750%2Fimprimante-3d-j750-stratasys.jpg%3Fitok%3DFtze0fwW&imgrefurl=https%3A%2F%2Fwww.cadvision.fr%2Fimprimante-3d%2Fimprimantes-3d-j750-j735&docid=k-ppXXaP2f9UxM&tbnid=r8WXqhiUtFGVqM%3A&vet=10ahUKEwiw7dqJt9LiAhVHhxoKHeOyABEQMwhYKBEwEQ..i&w=1289&h=1000&bih=855&biw=1200&q=polyjet%20imprimante%203d&ved=0ahUKEwiw7dqJt9LiAhVHhxoKHeOyABEQMwhYKBEwEQ&iact=mrc&uact=8
https://www.google.fr/imgres?imgurl=https%3A%2F%2Fwww.kallisto.net%2F54-large_default%2Fimprimante-3d-sls-production-additive-spro-140.jpg&imgrefurl=https%3A%2F%2Fwww.kallisto.net%2Ffrittage-laser-sls%2F57-imprimante-3d-sls-production-additive-spro-140.html&docid=JfntRnfquQMHVM&tbnid=GjEEOic8Gd0h6M%3A&vet=10ahUKEwibrfLft9LiAhUSCRoKHWaLCeIQMwiPASg6MDo..i&w=458&h=458&bih=855&biw=1200&q=SLS%20imprimante%203d&ved=0ahUKEwibrfLft9LiAhUSCRoKHWaLCeIQMwiPASg6MDo&iact=mrc&uact=8
https://www.google.fr/imgres?imgurl=http%3A%2F%2Fwww.formation-3d-france.com%2Fwp-content%2Fuploads%2F2014%2F08%2FSLS.jpg&imgrefurl=http%3A%2F%2Fwww.formation-3d-france.com%2Fimpression-3d-brevets-sls%2F&docid=8xBdliSBq7EgtM&tbnid=SFBVmS0LGZIoUM%3A&vet=10ahUKEwibrfLft9LiAhUSCRoKHWaLCeIQMwiHASgyMDI..i&w=1000&h=700&bih=855&biw=1200&q=SLS%20imprimante%203d&ved=0ahUKEwibrfLft9LiAhUSCRoKHWaLCeIQMwiHASgyMDI&iact=mrc&uact=8
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Cahier de charges

» Modele fins et souples : idéalement shoreA 50-80

» Résolution spatiale des détails (<0,3mm)

» Mémoire de forme,

» Résistants a la manipulation: traction, flexion, cisaillement

» Propriétés d'imagerie aux rayons X et ultrasons (Radiographie Echographie)

» Reproduisant les détails extérieurs et intérieurs des structures complexes avec
des cavites

» Immergeés : dans des systemes de flux

» Fixation stable du model sur un bench test

» Fixation en positions anatomique
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DU MODELE NUMERIQUE A LA FABRICATION ADDITIVE 10
Propriétés mécaniques

_ a0 op 20000 Porosité en fonction des
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LA STRUCTURE DES COUCHES EN SLS

REALISATION DE SIMULATEURS CARDIAQUES PAR FABRICATION ADDITIVE
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DU MODELE NUMERIQUE A LA FABRICATION ADDITIVE 12
STRUCTURE DES COUCHES EN SLS

Chaque couche aura une structure différente, ou
normalement nous aurons un contour extérieur, un
contour intérieur et le remplissage.
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INFLUENCE DE L’ORIENTATION DE L'IMPRESSION 13

Edge-19W

Porosité en fonction de
I'orientation de la piece

45° flat upright

Double_contour - 19 W

45° flat on edge upright

' N ' Logotype
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DU MODELE NUMERIQUE A LA FABRICATION ADDITIVE 14
Structure des couches en SLS

Edge Double contour

30
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DU MODELE NUMERIQUE A LA FABRICATION ADDITIVE 5
Propriétés mécaniques

5 160

Résistance a la traction [MPa]
N

= 140
=
4 . £ 120
3 - ) g 100
7 2 s 80 .
«@ 60
c
. % 40
§ 2
0 o o0
452 on edge upright o 450 on edge upright
=8=0,16 W ; 0,25 mm =#=0,19 W ; 0,25 mm =8=0,16 W ; 0,25 mm =#=0,19 W ; 0,25 mm \
«#=22,0W ;0,25 mm ~4-16,0 W; 0,2 mm 22,0 W ; 0,25 mm «o-16,0 W ; 0,2 mm \
35 ¥
g 3
2
2> >
S '
8 15 x 7
w
o 10
@
ER P
2, Pour des éprouvettes en 0,5 mm :

. RN et Propriétés mécaniques dépendantes
=8=0,16 W ; 0,25 mm =#=0,19 W ; 0,25 mm ) . .
de l'orientation

=8--22,0W ;0,25 mm 160W ;0,2 mm
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IMPRESSION DE PIECES MINCES 16

Variation des parametres d’impression :
Varier la souplesse et la porosité
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CONCLUSIONS 17

Réelle utilité de la modélisation 3D
Etude précise d’éligibilité et de faisabilité de la procédure
de correction percutanée du Sinus Venosus

Sécurité de la technique

Planification Gain de temps
Préparation du geste

Affinage des criteres
Gestion du matériel d’éligibilité

custom-made . - ) .
Alimentation du registre Compréhension de I'anatomie

Gestion des risques Optimisation du process

Interventionnel

Traval'l coIIa’boratlf ' Communication .
'u rospectif et rétrospectif s Echographiste
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