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The background for this project is the design of a smart device for fighting faecal incontir
In two parallel projects, a sensing modality using TACTIP technology was contributed
Bristol Robotics Laboratory, an anatomical test rig and mateg&titg was contributed by th
University of Leeds, and computational modelling was contributed by Imperial College L-0
with the latter providing the focus of this report.

It is the ongoing ambition of this work to understand the physiological caueé faecal
incontinence and tie them to the design of a device that is able to prevent the symptom
also offer diagnostic capabilities. An anal plug is one method for alleviating the symptc
faecal incontinence and it was anticipated that a dewitthis type, with high resolution pressu
sensing, would be able to indicate where physiological damage or weakness was contribt
the condition.

At the University of Leeds, three critical components in the problem of faecal incontinence
been identified, among others, for further study. These are the anorectal angle anc
performance of the internal and external anal sphincters. A phantom consisting of a rectun
canal (with sphincters) and puborectalis muscle were used as a badieiicintzestigation.

The principal aim of the work presented here is to develop a numerical platform that car
the anatomical features of the test rig, enables investigation of physiological behaviour ar
contribute to the most effective design of a smart device adsireg faecal incontinence.
secondary aim is to provide a modelling environment that can be used for future an:
including development to include the flow of faecal matter.

The objectives of the work carried out were as follows:

1) Create a finiteelement model of the anatomical, physical test rig. This will include
material characteristics of soft tissue taken from previous studies and the following anatc
features: pelvis; rectum; sphincters; pubo rectalis muscle; and pelvic floor.

2) Investigate loading scenarios with clear medical analogies. Types of loading
simulated will include individual instances of sphincter pressures, rectal pressures, and
and strains in the puborectalis muscle.

3) Investigate conditions that mayde to reduction in faecal incontinence.
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The finite element modellingarried out herevas based on the anatomical test rig developec
the University of Leeds as part of the PhD research of Will Stokes. Figure 1 shows tt
elements including pelvis, sphincter, rectum and anal canal.

Figure 1. The anatomical test rig developed bl 8tokes at the University of Leeds.

The University of Leeds provided each item in the model as part of a SolidWorks assem
part of the rectum included in the anatomical rig was moulded on the OpeninEdieal imaging
data and was provided as an .stl file. It was assumed that the anal canal was cylindrical.

While providing crucial structural support in the anatomical rig, the pelvis was predomir
used to provide a geometric reference frame fordting the rectum and anal canal in the fini
element models.

Some preprocessing was performed to transfer the SolidWorks model into a form that cou
analysed in Abaqus finite element software. This included the following tasks:

1) Resampling, abWwer resolution, of the surfaces where the rectum and anal canal joined
other.

2) Manual repositioning of a small number of nodes in the rectum to create elements
sufficient shape quality.

3) Creating an analytical cylinder to replace the SotidW surface approximation of the an
canal.
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Key features of the finite element model shown in Figure 2 were:

1 Arigid body assumption applied to the pelvis/spinal component.

9 Linear shell elements used for the rectum and anal canal.

1 An elastic modulusf 0.06MPa in all deformable tissue. This was based on tensile
performed by Will Stokes.,
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Figure 2. Finite element model of critical anatomical components featuring the pelvis, rectum and anal canal
element lengths on the anal canal @&mm and on the rectum between 1mm and 3mm.

A series of simulations were performed to replicate critical physiological behaviour in maint
continence. A summary of the conditions and necessary boundary constraints is as follow

1) Internal and external pressures applied to the rectum. Uniform pressures were applied
rectum surfaces.

2) Contribution of the puborectalis muscle to the anorectal angle. Both nodal displacemen
element pressures were used to approximatestbondition. The direction of the displacemer
was calibrated by the alignment of the rectum with the pelvis structure.

3) Descent of the pelvic floor. The anal canal was displaced vertically.

4) Contraction of sphincter muscles. Displacement boundanglitions were applied to node
on the anal canal.
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Key findings

The first finite element test considers the response of the rectum to both internal and ex
pressures (Figure 3). This is beneficial in testing the response of the model to distributec
Physiologically, the output captures the expansion of teetum when an internal pressure
applied.
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Figure 3. The undeformed rectum (left) in comparison and when a uniform pressure is applied to the externa
(centre) and internal surfaces (right). Contour plots show the displacement magnitud#égrietnes.

Of even greater significance is the response to an external pressure. As the medical imagi
neither confirm nor deny the presence of matter in the rectum, the contraction due to exte
pressures could be used to approximate the geometry of the rectum when empty. Critical
process would be the inclusion of surrounding support structures and gravitatioading.
These, however, cannot be inferred from the initial medical images. A future challenge f
type of loading is also to include boundary conditions at the top and bottom of the rectun
capture the realistic support of the anatomy.

In the second finite element test, the impact of the puborectalis muscle acting as a 'sl
investigated. Two conditions are considered. In the first, it is assumed that nodal displac
are recreating the effect of the 'sling’, whereas in the second,esqure load is assumed. T
selection of nodes and elements for loading are shown in Figure 4. Also highlighted are a
points of fixation of the puborectalis muscles on the pubic bone structure. This prov
projection for the nodal displacement#\gain, boundary conditions provided by support
anatomy are inferred.

The output from the study of the effect of the puborectalis shows how significant the bou
conditions are. However, it is clear that whether in the form of concentrated r
loads/displacements or distributed elemental pressures, the contraction of the pubore
'sling’ decreases the anorectal angle and therefore contributes to continence (FigL
Regardless of whether the boundary conditions and the implied anatomicabsugge appliec
at the upper or lower ends of the anal canal, the 'sling' effect contributes to decreasir
anorectal angle but with very different impact on the strains and stresses developed in the
The 'sling' effect also causes a crimpinghef lower end of the rectum that would contribute
faecal continence.




Figure 4. Nodes (left) and elements (right) used to load the rectum to recreate the effect of the 'sling' provide
puborectalis muscle. Assumed points of contact of they'sdire highlighted indicated in green.

A further anatomical effect under consideration is the descent of the pelvic floor muscle
anticipated that this will reduce the anorectal angle and therefore contribute to the pass
stools. Figure 6 shawvthe anorectal angle becoming less acute as the anal canal dis
downwards. The critical boundary condition in this instance is the vertical displacement of t
of the anal canal.

Figure 5. The impact of different boundary conditions whensiirey' provided by the puborectalis muscle is tighte
In both loaded cases, the anorectal angle increases in comparison to the undeformed anatomy (left). Assumed
conditions near the top of the anal canal (centre) result in far greater laedhstthan when this boundary is assun
to be free (right). Plots show displacement magnitudes in millimetres.

The final test presented here is one that is crucial to maintaining continence and to asses
performance of an anal plug style of device. Effective sphincter muscles are vital to mair
continence and are one of the most important elements ¢desed in ultrasonic or barometr
clinical investigations. In all of the simulations presented to this point, the anal canal is as
to be open and therefore relaxed. The structures of the internal and external sphinct
complex. Here, contractioof the anal canal is performed as part of an initial feasibility st
Figure 7 shows the result when four points are deformed inwards to the centre of the anal




