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Introduction

Artificial sphincters are implantable prosthetic devices
that interact with tissues in order to replace the function
of natural sphincters. Different mechanisms are em-
ployed to perform the occluding action, such as hydrau-
lic, magnetic, shape memory. The optimal artificial
sphincter should mimic the action of the natural one,
avoiding degenerative phenomena of the surrounding
tissues. Artificial Urinary Sphincters (AUSs) aim to re-
solve urinary incontinence, whose spread is extremely
wide and socio-economical costs are enormous. Many
different AUSs have been proposed, considering both
extraluminal and intraluminal devices. Extraluminal
AUSs are placed by invasive surgery. They frequently
require revision, and further surgery is necessary. On the
other side, the invasiveness of placing intraluminal de-
vice is minor, but its dimension and shape can determine
patient bother. A further topic pertains to the mechanical
stimulation of urethral tissues because of permanent oc-
cluding or positioning action. The mechanical stimula-
tion may induce degenerative phenomena, as vasocon-
striction, infection, atrophy and/or erosion, with conse-
quent failure of the intervention. Despite the relevance
of the phenomena, the design and validation of AUSs
are performed by experimentations on cadavers and an-
imal models, and clinical trials only. Such methodology
is ethically and economically expensive, and does not
provide quantitative information about tissues mechani-
cal stimulation. This work aims to highlight the potenti-
ality of computational biomechanics for investigating
the reliability of the two principal extraluminal and in-
traluminal devices: AMS 800 and Relief, respectively.

Materials and Methods

A computational model of the urethra was developed,
consisting of a 50 mm length and 5 mm radius cylinder
with an elliptical lumen (8 and 1.6 mm major and minor
axes). With regard to the investigation of Relief, the
model also included the bladder. Hyperelastic formula-
tions characterised the tissues mechanical behaviour.

Figure 1: Coupled computational models of AUS-ure-
thra systems: wrapped AMS 800 (a) and Relief (b).

Concerning AMS 800, the model included the poly-
meric cuff and the fibre reinforced band (Fig. 1a). AUS
and urethra devices were coupled. Contact strategies
specified the interaction between model surfaces. The
computational analysis included a preliminary step to
simulate AUS wrapping around the urethra. During the
next step, cuff pressure was progressively increased up
to clinically applied values, such as 6 or 8 kPa [1].

The Relief model (Fig. 1b) accounted for all the external
components interacting with urethral tissues. In detail,
the structure for device positioning is manufactured with
SME alloy [2]. A superelastic model characterised the
mechanical behaviour of such components, while linear
elastic models were adopted elsewhere. Contact strate-
gies specified interactions between the different sur-
faces. The computational analysis accounted for two
principal steps: positioning of the device at the bladder
neck and opening of the positioning structure.

Results

The computational analyses made it possible to evaluate
the mechanical stimulation of urethral tissues, such as
stress and strain fields, with particular regard to the
mostly loaded urethral sections (Fig. 2).
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Figure 2: Contours of compressive strain in the case of
urethra interaction with AMS 800 (a) and Relief (b).

Conclusions

An in silico methodology has been proposed to investi-
gate the mechanical functionality of different AUSs.
The data provided are mandatory for the actual reliabil-
ity assessment of AUS devices.
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