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Abstract Pelvic floor dysfunction is a hidden problem
with a magnitude unknown to many. Statistics show that
one in every ten women will have pelvic floor dysfunction
so severe that it will require surgery. Several studies have
shown that pelvic floor injuries during a vaginal delivery
can be considered a significant factor in the development of
urinary incontinence, fecal incontinence, and pelvic organ
prolapse. The objective of the present work is to contribute
to the clarification of the mechanisms behind pelvic floor
disorders related to a vaginal delivery. For this purpose, a
numerical simulation based on the finite element method
was carried out. The finite element model intends to
represent the effects that the passage of a fetal head can
induce on the muscles of the pelvic floor, from a mechanical
point of view. The model used for the simulation represents
the pelvic bones, with the attached pelvic floor muscles and
the fetus. In this work, we simulated the movements of the
fetus during birth, in vertex position. We simulated the
engagement, descent, flexion, internal rotation, and exten-
sion of the fetal head. Results for the pelvic floor stretch
values obtained during the passage of the fetus head are
presented; the deformation field is also shown. The results
were obtained using the finite element method and a three-

dimensional computer model of the pelvic floor and fetus.
The maximum deformation obtained was 0.66 for a vertical
displacement of the fetal head of approximately 60 mm.
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Introduction

Pelvic floor dysfunctions represent an extensive problem
with unknown dimensions. A study conducted by Olsen
et al. [1], based on a population under one health care
system, showed that 11% of women had surgery for urinary
incontinence or pelvic organ prolapse during their lifetime.
Furthermore, statistics show that 30 to 40% of women
suffer from some degree of incontinence in their lifetime
[2]. Another study, conducted by Rortveit et al. [3] showed
that the prevalence of this problem among nulliparous
women ranged from 8 to 32%, increasing with age. They
also showed that parity was associated with incontinence,
the first delivery being the most significant.

Clinical aspects of pelvic floor disorders have been
extensively studied, in particular, the effect of pregnancy
and childbirth [4, 5]. However, it is widely recognized that
the understanding of the mechanism of damage to the
pelvic floor components (muscles, nervous, fascia) is still
very limited. In particular, some quantification related with
the biomechanics of the pelvic floor, as what are the strain
and stress fields for a specific action, is not completely
obtained [5].

During delivery, the pelvic floor experiences several
changes, which cannot be measured in vivo due to clinical,
technical, and ethical reasons. Therefore, with this work, a
biomechanical method of modeling a biologic process, in this
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case delivery, to estimate biomechanical changes (stretch,
strain, etc.) on tissues is presented. Knowledge of these
biomechanical changes might help to explain known phe-
nomena associated with delivery and pregnancy, like damage
to the pelvic floor tissues, including the levator ani muscle.

The construction of a 3D geometric model (such as the
pelvic cavity) that can be manipulated, by numerical
methods, to simulate the living human is still a challenge,
namely, due to the high complexity of human anatomy as
recognized by several authors [6, 7]. There is also great
lack of understanding of continuum biomechanics of soft
biological tissues, as recognized by Humphrey [8].

There have been some recent attempts to model the
human body [6], the pelvic floor cavity [9, 10], and its
contents [11, 12]. However, at present, there is not enough
knowledge about the structural relationships identified by
magnetic resonance imaging (MRI) [11] to allow a precise
numerical modeling [13, 14] to be developed.

In this work, we make use of the finite element method
[15, 16] to conduct a biomechanical study of the pelvic
floor muscles. Using a finite element model, which
simulates the pelvic bones, pelvic floor muscles and fetus,
we measured the stretches and the deformations on the
pelvic floor induced by the passage of the fetus during a
vaginal delivery.

A similar method as been used before to obtain the
levator ani stretch during a vaginal delivery [13, 14], but to
our knowledge, the work presented here is the first made
using realistic models for the fetus and pelvic floor.

Materials and methods

The finite element model used in this work was constructed
using the geometrical point data obtained from cadaver
measurements by Janda et al. [9]. All the measurements
were performed on one embalmed 72-year-old female
cadaver obtained for scientific research. The specimen
was selected for having no pathology to the pelvic floor.
The cause of death was unknown and presumably not
affecting the pelvic floor musculature. The result was a 3D
point-set of the pelvic floor.

In Fig. 1, the process used for the creation of the model
is shown. Using the available points, we started by creating
lines, which allowed the definition of surfaces that were
then used for the creation of the finite element mesh.
Initially, we obtained a 3D model made with four nodes
shell elements, which we then extruded to obtain the final
3D mesh, using eight nodes hexahedral elements (volumet-
ric elements).

All the nodes connected to the pelvic bone, ligament,
and coccyx were fixed in the finite element simulation, and
all the others were left free.
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Fig. 1 Points, surfaces and finite elements mesh
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After the creation of the finite element model for the
pelvic floor, a bony model was joined to the pelvic floor
model. To join the two models, the initial pelvic floor
model had to be improved.

To correctly support the pelvic floor muscles, additional
meshes (Mesh 1 and Mesh 2), representing the structures
that give support to the pelvic floor, had to be introduced,
as can be seen in Fig. 2.

With the Mesh 1, we intend to simulate the different
connections between muscles of the pelvic floor and the
coccyx. With the Mesh 2 in the same figure, we simulate
the behavior of the arcus tendineus, obturator fascia, and
the obturator internus, which have a very important role in
supporting the pelvic floor muscles.

Figure 2 also shows the principal dimensions of the
pelvic floor model, which are in accordance with other
models of the pelvic floor [13].

The principal obstetric dimensions for the fetal head are
the following: suboccipito-bregmatic diameter, 10 cm;
suboccipito-frontal diameter, 10.5 cm; occipito-frontal
diameter, 12.0 cm; mento-vertical diameter, 13.0 cm; and
submento-bregmatic diameter, 11.5 cm. The dimensions of
the fetal head are in accordance with the literature [17]. The
simulation was performed using the implicit version of the
ABAQUS software. The pelvic floor was modeled using
hexahedral, elements. The constitutive model adopted in
this work for the 3D behavior of the pelvic floor muscles
[18] is a modified form of the model proposed by
Humphrey and Yin [19]. The fetus was modeled using
tetrahedral elements and was considered as a deformable
body, but with a very high stiffness. Summarily, in our
model, we used the hexahedral elements to model the
pelvic floor muscles and tetrahedral elements to model the
fetus and the bones. The reason for this procedure is related

with the higher efficiency that it is, in general, associated
with hexahedral elements in comparison to the tetrahedral.
The movement of the fetus was imposed by controlling the
movement of several points belonging to the fetal model.

In this work, the movements of the fetus during birth in
the vertex position were simulated, namely, the engage-
ment, descent, flexion, internal rotation, and extension of
the fetal head.

To evaluate the maximum muscular stretch, several
levels along the pelvic floor muscles were defined, as
shown in Fig. 3. The initial lengths are also shown in
Fig. 3. Measuring the length of the levels during the
simulation and knowing their initial value allowed us to
determine the evolution of the stretch values for each path.
The stretch ratio is defined as the ratio between the current
tissue length to the original tissue length.

Results

Figure 3 shows the values of the initial lengths and the
lengths of each level for a vertical displacement of the fetal
head of 60 mm. For this position of the head, the stretch on
each level can be carried out as the ratio between the values
on the right column and the middle column.

Figure 4 shows the evolution of the stretch values
obtained for the pelvic floor on the referenced levels during
fetal descent. The maximum value obtained for the stretch
was 1.63, obtained on level 1, for a vertical displacement of
the fetal head of approximately 60 mm. This maximum
stretch value occurs during the extension of the fetal head.

To present a better comparison of the obtained results,
for all levels, only one scale varying between 0 and 1 was
considered, called normalized length. For example, 0
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Fig. 2 Pelvic floor model and
meshes added for support
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represents one of the extremities, 0.5 represents the middle
position, and 1 represents the position in the opposite
extremity (Fig. 3).

On Fig. 5 the evolution of the strain along the different
levels (normalized lengths), for different vertical displace-
ments of the fetal head is shown. The strain-E1 is defined
as the ratio between the variation in length and the original
tissue length. The strain values are calculated for each finite
element cell, along the different levels. Proceeding in this
fashion, we can show the location along the different curves
where the strains are higher. For example, the point A
(Fig. 3), located on level 5 on the left side (normalized
length=0), is subjected to a deformation of 0.3, for a
descent of the fetus head of 90 mm (Fig. 5e).

As one would expect, the evolution of the strains is
closely related with the evolution of the stretches; therefore,
the maximum values for the strain appear for roughly the
same vertical displacement of the fetus head (60 mm). As it
is possible to observe in Fig. 5c, a maximum value of 0.66
for the strain E1 on level 1 is obtained, for a vertical
displacement of 60 mm.

A close observation of the evolution of the strains along
level 1 shows that we obtain high values of strain on the
edges of level 1, which correspond to the points of
attachment of levator ani muscle and the pubococcygeus
muscle to the pelvic bones. The maximum values for the
strain appear in an area that corresponds to the middle length
of the levator ani muscle and the pubococcygeus muscle.
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Level
Initial 

length 

Length at 

60 mm 

descent 

Level 1 18.1 cm 22.1 cm 

Level 2 19.2 cm 23.9 cm 

Level 3 20.6 cm 25.1 cm 

Level 4 22.1 cm 25.8 cm 

Level 5 13.6 cm 16.2 cm 

Level 6 13.9 cm 15.7 cm 

Level 7 14.5 cm 15.8 cm 

Fig. 3 Levels used to evaluate the stretch and their initial lengths

Fig. 4 Stretch values obtained
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Normalized level length.
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Normalized level length.
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Fig. 5 Deformations along the different levels. a 30-mm descent, b 45-mm descent, c 60-mm descent, d 75-mm descent, e 90-mm descent, f 105-mm
descent
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Discussion

Initial investigations on the mechanisms responsible for
contraction-induced injury, using nongravid, passive striat-
ed appendicular muscles, obtained a stretch value of 1.5 for
the maximum noninjurious stretch [13, 20]. The maximum
stretch ratio of 1.63 found in this study exceeds this largest
noninjurious stretch (1.5 stretch ratio). If injury can be
caused by fiber stretch exceeding a maximum permissible
value, we may conclude that a risk exists for injury of the
muscles of the pelvic floor during the second stage of labor.

The problem studied here is very complex, and any
methodology used will be prone to have limitations and to
criticism. To properly interpret our findings, we need to
consider the limitations involved.

In relation with the data (namely, geometry and mechan-
ical properties) of the pelvic floor used, some doubts can be
formulated because of the absence of information about any
vaginal delivery.

It was assumed that the stretch was uniform along the
levels considered, which is not true because it can vary locally
along and across a muscle band, especially if thickness varies,
leading to a conservative estimate of muscles strains. Time-
dependent material property effects on tissue stretch were not
considered. Although these may affect the tissue stresses [13],
they will not affect our estimates of the maximum average
tissue stretch because they do not affect the inherent
geometric difference between the sizes of the prelabor
urogenital hiatus and fetal head.

During the last weeks of pregnancy, the pelvic floor
experiences several changes to facilitate the delivery, which
might lessen the maximal stretches. These modifications
were not considered on this study [21].

During delivery, the fetal head configuration changes to
reduce the volume of the skull and facilitate its passage
through the birth canal [17]. The occipital bone is dis-
placed under the two parietal bones during childbirth,
reducing the size of the posterior fontanelle, which is called
molding. During molding, the parietal bones may also slip
under each other. This effect was not considered on this
study.

A multitude of variables such as variations in maternal
pelvic shape, fetal head shape, the degree of molding
during delivery, symphyseal diastasis, types of episioto-
mies, and presenting orientation may affect the maximum
muscle stretch ratios, thus affecting the final results.

As investigation progresses, clinicians will eventually
shift from a condition-based approach to an injury-based
approach, radically transforming both clinical research and
patient care. An enhanced precision in defining pelvic floor
disorders will revolutionize our ability to define and
implement appropriate treatment, as well as to conduct
focused clinical research.

The computer model presented in this work is a first step
in understanding how obstetrical factors and interventions
might influence levator ani injury risk, since experimental
measurements of levator stretch in laboring women are not
currently feasible for many clinical, technical, and ethical
reasons. This model could also be used to study the effect of
assisted delivery, as well as the effect of malposition, such as
occipitoposterior position, on the degree of muscle stretch
during delivery, which will constitute future research work.

The present numerical simulation shows that the muscles
of the pelvic floor are submitted to high deformations
during the passage of the fetus head.

During a vaginal delivery, the levator ani muscle and the
pubococcygeus muscle are the muscles that are subjected to
the largest values of stretch and strain. These muscles are
the ones at greater risk for a stretch related injury.

The present work showed a noninvasive procedure, which
can be used in the future to estimate the damage that a
vaginal delivery can induce on a specific pelvic floor.
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