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ARTICLE INFORMATION ABSTRACT

Original Research Paper Stress urinary incontinence (SUI) is characterized by the involuntary transurethral leakage of urine
Received 13 January 2017 caused by increase in abdominal pressure in the lack of adequate bladder contraction that raises the
Accepted 29 April 2017 vesical pressure to level that exceeds urethral pressure. Adult women are most commonly affected by

Available Online 17 May 2017 SUI which is believed to be caused in part by injuries to the pelvic floor sustained during

childbirth. Despite the large number of women affected by SUI, little is known about the mechanisms

gf)yn‘:ﬁgﬁonal Fluid Dynarmics associated with the maintenance of urinary continence in women. The work in this research focuses on
Eluid Structure Interaction studying the behavior of the bladder and the dynamics of the urine during increase in abdominal
Finite Elements Method pressure like a cough. The computational model is developed by using the Finite Elements Method
Urinary System (FEM) and Fluid-structure interaction (FSI) techniques. The results show good accordance between the

Stress Urinary Incontinence clinical data and predicted values of the computational models. Simulated pressure is more accurate in

the model in which non-linear material properties are utilized. The results of the computational methods
indicate that by using numerical techniques and simplification of the physics of biological systems,
clinical data are repeatable in virtual environment in order to investigate pathological mechanisms.
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® Fluid Structure Interaction - FSI
° Computed Tomography
10 Catheter
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* Abdominal Pressure

2 Vesical Pressure

3 Urethral Pressure

* Pelvic Floor

® Pressure transmission theory
® Integral theory

" Hammock theory
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® Quasi-Solid

# Continuum Mechanics

® Finite Element Method - FEM
® Implicit approach

" Explicit approach

421

Pl Jlad Ll il sl & 2y a5 wd 2l Sl
Pl slie (Slity 5 00V azoale @y & L oS 05 T 51 (S
[5] asl axsls g ol Lozl 1o cagen (i Wils oo (K 05

Joe S a8 il arwy Gl )Kan g S5 ey g p0as o
a5 05 Xl g Sbaw g)ly0l oSy I sgasme sl oaomy ioleS
2 dg9me slizl Jaw o 5l eoliiul (6,30 LS5 cwyp o plal 5l o
O 50 S8 olsl e sl kBl Sl s g (ow)n
> 039, 5| ol a8l o ol Jow ol 6] 09y gails G 3 o
9 ailie ‘Ls)')‘3| wfl)sl_‘o ‘cl)JL....u ‘U)‘B ‘kSsz wfljslm ‘L.)i'l més)w‘)
Goyb oy B ogy ool oailoeiS Jow ol 5o 55 1ol o oo oS SDLAe
e Wy ol aman SO lile Jae cpl g (gilwand o el cis
30 YL 0 eul 0oy pl slaplal slaciend I ge laid oS s
SS90 Jleel lawgs 5 gl )l 51 b asal esls cdlBs (gileans
18] 593 00 Jow cony oo oo @ oy Job o a5 banplasl @ adgl ey
Pl glaosls Goyb 5l ho e s Gal 4 sy Gloj 5 Sy
SVl sla il S ygas ol 5l e e cpl gl caled el sy
o gl lawg g Jae 651,5Y Soleiw oy lawg 5 >
Slois o S Lags Jan oal 59 55 Jlo i &S g
So ol Ghsiy ol 5o Al S5 al Jae g oole S plsred 5 ks
ol oy @l o og eatd Gy e psbar o 5o el et o8
odd 35l g wilie 3l 9,5 ol Ghgar ol cutd v, oo A4 (i
eb Siloand ) ol gl 5 a5 Jlo 5 sd et olpliy &
L6l wes 25 o1 51 JolS jebas ol plics 4y oads )ly ol 5l and
3 dgazme sl Jaw SO al Glil a5 0wl Badod ol Aol (o yiege
FB sl ool ol glas )l 5l i Jawgy a5 el pw il g LS o
oS slagin )3 a5 o ol () nl Ceimes Sl 1SSy Jpax
s e 59, g Al 43 S92ge 0l e Glime (S92 Sl xeS)
obD (o Sl Ol oGy ) I L g 0l (6580 eud
gyl SOl b o a5 Bl e adase dored b oo a3l
18] o os ol cus 3 s S ole sl 1, ailie 8,5 wol ol

eor Slp g izl Jao Sl s RlSes 5 el o
Ve o 7] w8 solitul (S GS g Slisw s,lel olitws SilKogn
lie v, «y5ly 5 Sgumme il Joe SO o] vy adgl ool piiie
Oyl (b s eizmes MR pglal g oud 4 (o5 asd
Ol 8 S 9y 2 addllas sl O3ls sl SIS (b o s 5 ailie
sl Judow 3l eiions () il g Sguoe syl (gilwand (o apludl
SO PR S Gl g Guizmes Jae (nl s S eslitul il
ek 0 0 (5 S eslail aBly lie 5 3l el IS b js eus
o (il @S (e (295 sl G 8T 1B a0l 050 ]
J7] s osmlis aioes ol 5o " wignl T (6l g oS 5l ol glas

! Magnetic Resonance Imaging
? Ultrasound
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® Arbitrary Lagrangian-Eulerian - ALE
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Fig. 3 Final computational model for physiological condition
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Fig. 11 2D Postprocessing of pathological model simulation
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Fig. 13 2D Postprocessing of deformation contour in pathological
model simulation (displacements in mm)
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Fig. 14 Pressure in the center of bladder in terms of time compared
in simulated model with clinical data extracted from urodynamic
document in physiological condition
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