Geometric analysis of female pelvic floor muscles by using manual
segmentation
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ABSTRACT: Magnetic Resonance Imaging (MRI) has been used in the diagnostic evaluation of the pelvic
floor dysfunctions. MRI can contribute to generate 3D solids of pelvic floor muscles through manual segmen-
tation. The aim of this study is to calculate the area and its moment of inertia of 8 female pelvic floor muscles
by using manual segmentation technique. Based on CAD software manual segmentation was used. To build
3D reconstruction models, through of twenty consecutive images. The models were made through splines in
each sketch, documenting changes in the pubovisceral muscle (a part from the pelvic floor muscles) from the
pubis to coccyx. Two sketches were chosen and biomechanics properties like area and stiffness (moment of
inertia) were acquired for each sketch used to generate the pubovisceral muscles. The moment of inertia of the
pubovisceral muscle decreases following the order: anterior sketch and posterior sketch. Higher values for the
moment of inertia can be encountered in anterior sketcher. This conclusion can lead to more stability in the

anterior compartment of pelvic floor visceral.

1 INTRODUCTION

The pelvis is a major structure within the human
body, which in conjunction with the sacrum, facili-
tates the transfer of the weight of the upper body to
the hip joints. In addition muscles originating on the
cortex of the pelvis allow balance to be maintained
about a single hip joint for activities such as walking
and running (Bergmann et al. 2001).

The female pelvic floor is an understudied region
of the body from the biomechanical perspective. The
term pelvic floor refers to all structures that support
and position the pelvic organs (Stoker et al. 2008). It
is a fibromuscular sheet that runs from the symphy-
sis pubis to the coccyx and sacrum forming the infe-
rior and dorsal walls of the pelvis (Reis et al. 2002).

Pelvic floor muscles (PFM) play an essential role
in the support and functioning of the pelvic organs.
Among the main components of support has been
the muscle pubovisceral, also called pubococcigeo,
subdivided into muscles puboperineal, pubovaginal,
puboanal, pubourethral and iliococcigeo (Stoker et
al. 2008).

The function of the pelvic floor is related to the
ability to perform a contraction, this means a con-
traction in mass which implies a lifting and closing
the meatus urethral vaginal and anal (Bo et al.
2005). Each of the pelvic floor muscles have differ-
ent fiber directions, and if each of these muscles

could contract individually, they produce different
functions (Bo 2004).

Pelvic floor muscles dysfunction encompasses
common conditions that negatively impact the lives
of millions of women worldwide. These conditions
include urinary and fecal incontinence, pelvic organs
prolapse, pelvic pain, and sexual dysfunction (Olsen
et al. 1997). Among the most common disorders
found is urinary incontinence the most prevalent and
distressing health problem which has been reported
to affect 35% of adult women (Hunskaar et al.
2004). About 50% of parous women have some de-
gree of pelvic organ prolapse (Subak L.L. 2001) al-
though only 10% are symptomatic (Oslen et al.
1997).

Conservative treatment, like physiotherapy, is ad-
vised to the treatment of these pathologies (Bump
1991). If a muscle is weak, it can be strengthened. If
a portion of the muscle is partially denervated then
the remaining muscle part can be recruited to com-
pensate for its muscle loss (Bo and Sherburn, 2005).

The exercises of voluntary contraction of the pel-
vic floor are the basis of treatments of physical ther-
apy presenting many benefits, such as: improving
body perception and awareness of pelvic region, in-
creased vascularization of the pelvic region, increas-
ing the tone and muscle strength of the floor; im-
provement biomechanics of the pelvic muscles and
keeping the group stronger (Petricelli, 2003). Bo
(2003) shows in her study that training the muscles



of pelvic floor find cure rates, measured as<2g of
leakage on pad testing, varies between 44% and 70.
In addiction, there is evidence from two randomized
controlled trials that training these muscles may also
be effective in the treatment of pelvic organ prolapse
(Hagen et al 2006 and Piya-Anant et al. 2003).

The accurate assessment and measurement of
symptoms relating to pelvic floor disorders is essen-
tial for clinical diagnosis and monitoring of outcome
(Ghoniem et al. 2008). Magnetic Resonance Imag-
ing (MRI) has been used in the diagnostic evaluation
of the pelvic floor dysfunctions. Recent advances in
MRI has provided evidence of localized muscle in-
jury in an individual, so it will be possible to better
understand the relationship between injury to a spe-
cific part of the muscle and specific female pelvic
floor problems (De Lancey et al. 2007). Knowing
the type of injury is an important guide to proper
treatment (De Lancey et al. 2007; Bo et al. 2005).

Static images show their morphology while dy-
namic images show the functional changes that oc-
cur on straining and contraction of the pelvic floor.
MR images can contribute to generate 3D solids of
pelvic floor muscles through manual segmentation.

To study the complex biomechanical behavior of
the pelvic floor muscles, a computer model based on
the finite element (FE) theory is necessary, because a
relationship between the loading and muscle forces
in three dimensions can be represented instead a
simple representation of the muscle action by a one-
dimensional muscle line of action (Janda et al.
2003).

The aim of this study is to calculate the area and
its moment of inertia of female pelvic floor muscles
by using manual segmentation technique. The me-
thodology is applied to women with related patholo-
gies such as urinary incontinence and prolapse.

2 MATERIALS AND METHODS
2.1 Construct a 3D model

Each model was built, from a set of MR images
obtained in DICOM format and subsequently con-
verted to jpeg format, with all the same image size.
After the preparation of images to use, one can start
the construction of the model, using CAD software.
Thus it is created a set of parallel plans, separated
according to the value at which the MR images were
obtained. This study used twenty consecutive images
obtained in the axial plane for each of the eight
women. The MR images were acquired from the
subject supine position, using a 3.0 T system. Field
view of the exam was 25x25 cm, 2mm thick with no

gap.

2.2 Sketches

The software inventor was used to manually draw
the contour of the muscle pubovisceral and to build
3D reconstruction models. The models were made
through splines in each sketch (Figure 1), document-
ing changes in the pubovisceral muscle, a part from
the pelvic floor muscles, from the pubis (anterior
compartment) to coccyx (posterior compartment).
Then, a contour spline around the structure (in each
sketch) that we want to study is modelled, to obtain
the 3D model.

Figure 1. Contour of pubovisceral muscle on a slices.

Two sketches were chosen: sketch #2 (anterior)
and #20 (closer to the posterior compartment), and
biomechanics properties like area and stiffness
(moment of inertia) were calculate for each sketch.
In Figure 2 it is shown how the 3D model was con-
structed using splines on the contour of the
puboviceral muscle, using MRI images as back-
ground.



Figure 2. Construction of 3D model based on MR image.

3 RESULTS AND DISCUSSION

So far, efforts have concentrated on the levator
ani muscle complex, because it is considered to be a
critical structure in the maintenance of female pelvic
floor support and continence (De Lancey, 1990 and
Strohnehn et al. 1996).

Woman with prolapse are shown to have a 40%
lower force generated during a pelvic muscle con-
traction than women without prolapse (De Lancey et
al. 2007). When we find forces applied in a certain
area it is important to calculate the moment of iner-
tia, because, it can provide the amount of deforma-
tion being applied and its stability in a certain area.
This difference in stability is accompanied by direc-
tions of the fibers that accompany the format area of
each muscle structure.

As we can see in Figure 3 the moment of inertia
of the pubovisceral muscle is much more higher in
the cross section from sketch #2 (anterior) than in
sketch #20 (posterior).
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Figure 3. Moment of inertia for anterior and coccyx cross sec-
tion.

A comparison between the area of the cross section
in sketch #2 and #20 is presented in Figure.4. One
can see the predominance of increased area in the
sketches #2 when compared with #20.
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Figure 4. Area for anterior and coccyx cross section.

4 CONCLUSIONS

Higher values for the moment of inertia can be en-
countered in sketche 2. This conclusion can lead to
more stability in the anterior compartment of pelvic
floor visceral. This lack of stability in sketch 20
shows that this region presents more capacity to
move when it is subjected to a complex system of
forces. One may not that this conclusion can not be
established if only the values of area are obtained.
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