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In silico modelling

Computational methods and models have outstanding 

potential i ty (“a  pr ior i  analysis”)  and can describe

• patient conditions 

• surgical procedures  

without performing addit ional  invasive tests and/or cl inical  

tr ials 

Computational models provide: 

• the strain and stress of the biological t issues which 

regulate t issues mechanical,  physio-mechanical  and

mechano-biological response

• the prediction of surgical  eff icacy, risks of fai lure, 

prostheses funct ional ity,  t issue degeneration…

Urinary field

Orthopaedic field
Implantology

Cardiovascular field

I
F
S
0

Ilaria Toniolo, University of Padova, Italy 30 August 2023, Naples Keynote, IFSO Congress

In silico 

modelling

Engineering approach 

in bariatric surgery

Patient-specific 

modelling 
Collaborations

Computational

LSG 
FSI analysis

Computational

ESG 

ESG sutures 

modelling

On-going

activities



In silico modelling

I
F
S
0

Ilaria Toniolo, University of Padova, Italy 30 August 2023, Naples Keynote, IFSO Congress

In silico 

modelling

Engineering approach 

in bariatric surgery

Patient-specific 

modelling 
Collaborations

Computational

LSG 
FSI analysis

Computational

ESG 

ESG sutures 

modelling

On-going

activities



Mechanical 
behavior of 

gastric tissues

Geometry of 
the gastric 

region 
(pre/post-
surgical)

• Experimental tests on ex-vivo samples
• Proper constitutive formulation
• Model validation

• Biomedical images (e.g., MRI)
• Development of patient-specific virtual models
• Active collaboration with bariatric surgeons

Results for 
improved 
surgical 

outcomes

Computational
BARIATRIC
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Engineering approach in bariatric surgery
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From MRI scans of 
patients

To 3D geometrical
 model

To 3D Finite Element 
model

Simulation:
Inflation
 process

• Patient-speci f ic  models interpret the geometrical conformation and the mechanical behavior of a 

biological  structure of the speci f ic patient, aiming to optimize and customize the surgical  procedure 

on a case-by-case basis

Patient-specific modelling 
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• The fol lowing research activit ies started from a strong and multidiscipl inary col laborations between 

the University of Padova and the University Hospital of Padova,  and then involving numerous 

Ital ian universit ies (Policlinico of Turin and Milan) and foreign centers (Hospital of Strasbourg and 

Montreal) 

National and International collaborations
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Sacré-Cœur-de-Montréal
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Cohort info and surgical procedure:

o A cohort of 23 patients with morbid obesity (BMI= 41.9 ± 5.5, age 

36 ± 10) who underwent LSG

o A single calibration tube was used to perform LSG

o MRI scans of pre- and post-surgical stomachs after 6 months
Virtual solid models

Inflation  
process to 

analyze food 
intake

Computational evaluation of LSG 
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Cohort info and surgical procedure:

o A cohort of 23 patients with morbid 

obesity (BMI= 41.9 ± 5.5, age 36 ± 10) 

who underwent LSG

o A single calibration tube was used to 

perform LSG

o MRI scans of pre- and post-surgical 

stomachs after 6 months

o In vivo manometry measurements after 

400 ml of Fortimel
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o High inter-sample variability

o Higher elongation strain in pre-

surgical than post-surgical stomachs

LSG affects the 

mechanical response 

of the stomach

At 30 mmHg 

pressure, a decrease 

of 13% of elongation 

strain after LSG

LSG modelling - Results
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Experimental points 
from in vivo manometry 

Pre-surgical
configuration

Post-LSG
configuration

o Wide volume-pressure curves behaviour

o Post-surgical stomachs appear to be stiffer than pre-

surgical ones (less volume, higher pressurisation)

o Good agreement between computational results and in

vivo experimental manometry measurements

LSG modelling - Results
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GERD and LSG – Fluid-Structure Interaction analysis
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His angle: 
30°

His angle: 
45°

His angle:
65°

Antrum
preservation

Pressure 
2800 Pa

Pressure 
1200 Pa

Null velocity

LES 
occlusion

Simulation:
o application of a pressure to

esophagus and stomach

o null velocity to the pylorus
(no emptying)

o a closing load to LES

o Challenge: mechanical quantification of the gastric reflux after LSG respect to His angle amplitude and antrum
preservation

His angle: 
25°

Geometries (case studies):
o four His angles (25°, 30°, 45° and 60°), three antrum

preservation and three bolus viscosities
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o Configuration promoting higher reflux flow was post-surgical 

65° without antral preservation 

o Post-surgical refluxes were higher than pre-ones and decreased 

at the increasing of the distance between the stapler line and 

pylorus

 

GERD and LSG – Results
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increasing viscosity of the bolus

Colormaps
His angles 45° and stapler line very close to

pylorus

Take-home message:

good practice: maintenance or the decrease of His’s angle

and preserving part of the antrum after LSG
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Cohort info and surgical procedure:

o A cohort of 12 patients with obesity (BMI=38.19 ± 4.51 kg/m2 , age 40.75 ± 9.49 

years) who underwent ESG

o MRI scans of pre- and post-surgical stomachs after 6 months
Virtual solid models

Computational evaluation of ESG 
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Part1: Simulation of ESG procedure Part2: Simulation of food intake

o Gastroesophageal and gastroduodenal 

junctions were fixed

o Fluid cavity interaction in the internal region 

of the stomach

o Pressure of the cavity: from 0  to 5 kPa

o Software: Abaqus Explicit 2018

1
2

o Wire features to simulate the sutures’ pattern 

(according to the procedure performed at Hospital 

of Strasbourg)

o Connector displacement to simulate the sutures’

closing



Deformation
[mm/mm %]

Pre-ESG   Post-ESG

ESG affects the mechanical 

response of the stomach by a 

decrease of 3% of elongation 

strain

o High inter-sample variability

o Higher elongation strain in pre-surgical than post-surgical stomachs

o The corpus region is less inclined to deformation because of the presence of 

the suture that limit the displacement

ESG modelling - Results
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«U» 
suture pattern

«Z» 
suture pattern

a Pattern “band” aiming to increase distensibility of the fundus.
b Gastric “volume reduction.” c Pattern “dams” aiming to slow
down gastric emptying. Different types of endoscopic suture
patterns used in ESG-Apollo. Images (c1) (TBp), (c2) (Lp) and
(c3) (TMp).

ESG sutures modelling – Case Study
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o Challenge: mechanical evaluation of the different sutures’ patterns aiming at identifying the best compromise in terms
of volumetric reduction and tubulisation duration, avoiding excessive biological tissues stress

→ Proposing a standardisation in ESG performance

Sutures’ 

closing 

«C» 
suture pattern

«Z» 
suture pattern

«U» 
suture pattern
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«C» 
suture pattern

«U»
suture pattern

«Z»
suture pattern

Tissue Stress 
(kPa) at

20 kPa

10 kPa

0 kPa

Pre-surgical
stomach

ESG sutures – Results
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In silico a priori analyses changing the

number of sutures, the positioning and the

patterns to enhance the deformation in

the most-populated-by-mechanoreceptors

stomach locations

Potentialities of computational 
models
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o Development of a neural-network to automatically provide the Total small bowel length supported

by a national research foundation “Progetti di Rilevante Interesse Nazionale (PRIN) “ in

collaboration with La Sapienza University (Prof. Gianfranco Silecchia, Roma) and University of

Federico II (Prof. Mario Musella, Naples)

o Development of a neural-network to automatically segment Stomach supported by a national

research foundation “Fondazione Cassa di Risparmio di Padova e Rovigo“

ON GOING ACTIVITIES:
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Aim is to develop a computational clinical tool that automatically:

❑ generates the patient-specific stomach model from MRI

❑ proposes the optimal post-surgical configuration

❑ suggests the sutures’ pattern in case of ESG

❑ forecasts the surgical success



o The high potentiality of computational models can improve surgical outcomes and offer a rational and mechanical

comparison among the several surgical procedures

o We need a large database of abdominal MRIs to train and validate the neural networks/artificial intelligence for

the detection of the stomach

If would like to participate into this multi-center research

project, do not hesitate to contact ilaria.toniolo@unipd.it

Your contribution will consist of sharing anonymized MRIs where the

stomach is visible and complete (Normal-weight subjects or Bariatric

subjects, before and/or after bariatric procedures)
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Thank you for your attention!
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