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Pregnancy impact on uterosacral ligament and pelvic muscles
using a 3D numerical and finite element model: preliminary results
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Abstract
Introduction and hypothesis We studied the geometry of and changes in structures that play an important role in stabilizing the
pelvic system during pregnancy using a numerical system at different gestational ages and postpartum.
Methods We developed a parturient numerical model to assess pelvic structures at different gestational stages (16, 32, and
38 weeks) and postpartum (2 months and 1 year) using magnetic resonance imaging (MRI). Organs, muscles, and ligaments
were segmented to generate a 3D model of the pelvis. We studied changes in the length of uterosacral ligaments (USL) and
thickness of the puborectal portion of the levator ani muscle (LAM) during and after pregnancy. We used this model to perform
finite element (FE) simulation and analyze deformations of these structures under stress from the increase in uterine weight.
Results Analysis reveals an increase in the length of US ligaments at 16, 32, and 38 weeks. Two months after delivery, it
decreases without returning to the length at 16 weeks of pregnancy. Similar changes were observed for the puborectal portion
of the LAM. Variations observed in these structures are not equivalent to other anatomical structures of pelvic suspension. FE
simulation with increased uterus weight does not lead to those findings.
Conclusion This analysis brings new elements and a new focus for discussion relating to changes in pelvic balance of parturient
women that are not simply linked to the increase in uterine volume.

Keywords Pregnancy . Geometrical changes . Finite element model . Uterosacral ligaments . Levator ani muscle

Introduction

Female genital prolapse is a major common health problem in
which pathophysiology remains unclear. However, some
events in women’s obstetrical records, such as pregnancy,
multiparity, and vaginal birth, are now identified as risk fac-
tors [1]. From the beginning of pregnancy, changes occur in

the stability of pelvic statistics shown by changes in Pelvic
Organ Prolapse Quantification system (POP-Q) scores, most
often without symptoms [2]. The main hypothesis to explain
such modifications is related to biomechanical properties of
pelvic tissues [3].

Finite element (FE) simulation is commonly used in bio-
mechanics, particularly in gynecology, to analyze system mo-
bility in physiological and pathological conditions [4, 5]. FE
simulation is a computer modeling technique for solving prob-
lems of engineering and mathematical physics by taking into
account the geometry of the studied system, the behavior of
material of involved structures, and loading conditions ap-
plied. There are other systems allowing the study of the pelvic
system during the delivery [6, 7], so the tool can be used to
analyze the behavior of anatomical structures undergoing dif-
ferent stresses, such as uterus weight increase during
pregnancy.

Our research aimed at studying the geometry of structures
that play an important role in balancinc the pelvis, such as
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levator ani muscle (LAM) and uterosacral ligaments (USL)
[8]. We are investigating the use of a magnetic resonance
imaging (MRI)-generated numerical model of the pregnant
woman at different gestational ages and postpartum to analyze
geometrical changes these structures undergo.

Materials and methods

Thanks in part to research and techniques mastered by our
team, we developed a numerical model of the parturient at
different gestational ages and postpartum [4]. Avolunteer par-
turient (30 years old) who gave free and informed consent (no
internal review board approval acquired) underwent MRI at
16, 32, and 38 weeks of gestation (WG) and 2 months and 1
year after delivery (postpartum). This patient had medical/
surgical history. She had a cesarean section for labor dystocia
at 4 cm cervical dilatation at 41 weeks’ GA. Fetal biometry
was standard, with a 3260-g birth weight (20th percentile,
Hadlock references). The cephalic measurement was head cir-
cumference (HC) 35 cm (90th percentile), and amniotic fluid
measurement during the pregnancy was normal. The patient
was 52 kg weight before pregnancy, with a normal 14-kg
weight gain during pregnancy.

We performed T1, T2, and proton-density MRI sequences
without contrast and under medical control. We obtained a
cross-sectional view of the pelvis in transverse, coronal, and
sagittal planes. A medical doctor trained to read MRI per-
formed manual segmentation of the different anatomic struc-
tures. His competences ensured proper identification of each
structure and validation of selections. AVIZO software
(Standard Edition 7® Visualization Sciences Group VSG,
SAS) was used for segmentation. Each slice was analyzed
for organs, bones, ligaments, and muscles. By superimposing
all 2D slices, we generated a 3D model for each GA analyzed.
(Fig. 1). The 3D numerical model was a standard format com-
monly used for visualizing different structures; however, it has
some flaws due to reconstruction algorithms specific to the
software. To analyze these structures accurately, we reworked
the representations to obtain a viable geometric model using
CATIA® (Dassault System) software (Fig. 1). This step was
validated by analyzing the deviation between models to en-
sure accurate representation of the initial anatomical struc-
tures. We obtained a final anatomical representative model
that allows both geometrical analysis and FE simulation.

To analyze US ligaments, we measured length increased
according to GA and in post-partum. Calculation of US liga-
ment length was based on curves modeled under CATIA.
Each ligament was represented by six curves located in the
upper, central and lower part, inside and outside, correspond-
ing to the limits of 3D reconstructions (Fig. 2). For each GA,
the average length of left and right ligaments was calculated
from a total of 60 measurements.

We analyzed puborectal, pubovisceral, and iliococcygeal
LAM, focussing mainly on the puborectalis, by measuring
changes in muscle thickness. The muscle is represented by
two CATIA-generated surfaces (internal and external). One
thousand points of analysis are generated on a regular basis
on the internal surface, which enabled us to calculate the gap
separating it from the external surface to assess muscle thick-
ness (Fig. 3).

Thereafter, we used this model to perform simulation by FE
and analyzed structures by applying a weight increase equiv-
alent to the combined weight of uterus, fetus, placenta, and
amniotic fluid during different stages of pregnancy [9].
Implementation of this model is based on previous work by
our team [4, 5, 11]. We generate a FE mesh of the whole
geometric model derived from the MRI at 16 WG, then ap-
plied different uterine weights varying from 660 g at 12WG to
4850 g at 38 WG. We performed a second simulation with
imposed displacement of the cervix based on MRI position at
different GAs. For both loading conditions, FE simulation
enabled us to obtain a distorted geometry and analyze the
impact of modifications on ligaments and muscle structures.
We then compared USL size by using the same technique as
we increased uterus weight.

Results

USL

In the process of creating our geometric model, we observed
that USLs increased in size. This was confirmed with recon-
struction of the geometric model (Fig. 2). Indeed, the study of
USLs at different GAs shows an increase in length (16, 32,
and 38 WG, 40, 46, and 51 mm, respectively). At 2 months
and 1 year postpartum, involution occurred, but the structures
did not return to normal size; the average of six curves was
45 mm at 1 year postpartum versus 40 mm at 16 WG. Length
also vary widely at 38 WG (25—95 mm). At that stage, 50%
of values are between 42 and 84 mm. At 16WG, 32WG, and
postpartum, values were less dispersed and remained <60 mm
(Fig. 4a).

Levator ani

For the levator ani, MRI slices do not permit observation of
changes in thickness as easily as for USLs. There is an in-
crease in thickness depending on the stage of pregnancy,
followed by a decrease postpartum. Here, too, involution is
not complete 2 months after delivery, since there is no return
to first-trimester pregnancy values (Fig. 4b). At 16 WG, the
puborectal muscle is 3.3-mm thick and increases to 4.5 mm at
32 WG, then 5.3 mm at 38 WG, then decreases postpartum
(17 weeks after 38 WG evaluation), reaching 4.4 mm 1 year
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later. Of the 4000 points studied, half were between 1.9 and
4.7 mm at 16 WG vs. 4.2–6.7 mm at 38 WG.

Variations in USLs and puborectal muscle do not seem to
be equivalent with other muscle structures. We also assessed
the thickness of other levator ani muscles: pubovisceral and
iliococcygeal. The pubovisceral muscle increases slightly
from 5.0 mm (16 WG) to 5.5 mm (38 WG).

Numerical simulation

FE simulations with increasing loads corresponding to the
increase in uterus weight during pregnancy did not lead to
the same results. Indeed, even with maximum uterus weight,

USLs did not reach the levels observed on MRI sequences
(Fig. 5).

Discussion

We developed 3D numerical model to evaluate geometric
evolution of USLs and LAM during pregnancy and postpar-
tum.Many 3D numerical and FEmodels have been developed
to simulate childbirth [12–15]. Nevertheless, these models
have not been used for geometrical analysis of pelvic struc-
tures during pregnancy. To our knowledge we report the first
results of such analysis. These models are anatomically limit-
ed and do not depict the entire pelvic floor [12]. Our goal was

Fig. 1 Geometry of the parturient: a Magnetic resonance imaging (MRI) with contour segmentation of the uterus; b 3D reconstruction on the AVIZO
software; c 3D model used to analyze geometry: fetus (1), uterus (2), bone (3), uterosacral ligaments (4), puborectal muscle (5)

(a) (b) (c) (d)

USL
Model.16w

USL
Model.32w

USL
Model.38w

USL
Model.2m_pp

y
z

x

Fig. 2 Analysis of Uterosacral ligaments at different gestational ages and postpartum
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to integrate a maximum number pelvic floor structures and
thus focused on the three LAM structures and the USLs.

We previously developed a numerical model that simulates
childbirth and USLs during the second phase of labor [10].
However, it was based on MRI at 34 WG within the frame-
work of neonatal screening. The sequences used did not en-
sure good visibility of the muscle and ligaments. USLs and
muscles were thus integrated into the model using anatomical
reconstruction rather than MRI segmentation, so geometrical
analysis was not perfectly representative of reality. Our new
model is obtained from MRI sequences performed at various
GAs using the proton-density sequence. We were thus able to
integrate ligaments and muscles through segmentation and
obtained a model anatomically closer to reality.

USLs are essential to ensure a balanced anatomical pelvic
system [10, 16]. To our knowledge, there has been no pub-
lished research focusing on changes in USLs during pregnan-
cy. Studying ligaments on a corpse or during surgery is rela-
tively difficult [10, 11]. Some authors have used MRI to de-
scribe these structures anatomically and reported good visibil-
ity with the proton-density sequence [16]. Numerical simula-
tion helped highlight the important role they play in pelvic
floor stasis [17]. Our geometrical model allows in-depth anal-
ysis of these ligaments. We found they increase in length
during pregnancy and that even 1 year postpartum, USLs do
not return to initial values (16 WG). We might first assume
that such an increase is linked to their implantation on the
uterus. However, they are implanted at the cervix–isthmus
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Fig. 3 Analysis of puborectal muscle thickness at different gestational ages and postpartum
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junction, which undergoes few changes due to increased
weight during pregnancy.

We also focused on the pelvic muscle to assess changes
during pregnancy, studying each part of the LAM separately.
Indeed, studies have shown that this muscle undergoes max-
imum stress during delivery [7, 18, 19]. Delancey et al.
showed that the stretch ratio of the LAM, particularly the
puborectal portion, can be multiplied by 3.26 at the end of
the second stage of labor, during delivery of the fetal head
[7]. It is known that maximum stretch ratio for striated muscle
tissue is 1.5. So far, the theory put forward to account for the
tolerance phenomenon is changes in biomechanical properties
of tissue in pregnant women [20]. Our study shows that geo-
metrical changes do occur in this muscle, particularly in thick-
ness. These modifications might allow and enhance its resis-
tance to birth trauma. Analysis of the LAM at 2 months and 1
year postpartum revealed values higher than those observed at
16 WG, leading to the conclusion that complete return to
initial pelvic system geometry does not occur after pregnancy
and childbirth.

Using the FE simulation, we attempted to simulate the im-
pact of uterus weight gain during pregnancy on USL length.
We did not observe the same behavior of the USL using our
simulation compared with changes observed in real life based
on the four MRI models. It seems to indicate that changes in
the USL length are not only the result of uterus weight gain
and suggests that other factors influence the change of ana-
tomical structures during pregnancy.

A significant increase in POP has been described during
pregnancy. A moderate, usually asymptomatic, change in
POP-Q score has been described between the first and third
trimesters [2]. Thereafter, spontaneous regression was ob-
served during the year following childbirth and was faster if
the patient had a cesarean section [21]. Our findings related to

USLs and LAM showed concomitant geometric changes with
clinical evolution during pregnancy and after childbirth. The
clinical asymptomatic modification might reflect these geo-
metrical changes.

We know that USLs and LAM play an important role in
pelvic floor stasis [17]. Different works show that these struc-
tures undergo important stress during delivery, even if they
seem more resistant than other muscle structures [Changes
that take place during pregnancy could take part in this mod-
ification of behavior and prepare them for the upcoming stress
of childbirth. Moreover, we know that vaginal childbirth has a
role in pelvic floor disorders [22]. Even though our patient had
a cesarean section, some modifications in USL length and
thickness remained after delivery, suggesting that some mod-
ification in the pelvic floor begins during pregnancy, not sim-
ply during vaginal childbirth. It would have been interesting to
analyze LAM and USL size and thickness before pregnancy,
but we have noMRI for our patient at that stage. Nevertheless,
postpartum values did not return to 16 WG values, so we
hypothesize that changes in these structures were not as im-
portant before pregnancy and at the GA of 16 weeks.

Our results are based on one patient only. Before widening
our sample, we chose to start with a comprehensive study to
justify MRI on pregnant women. Even though there was no
demonstrable increase in the occurrence of disease or disabil-
ity for short-term fetal electromagnetic field exposure after the
first 3 months [23–25], we performed MRI—without obvious
medical benefit—on a volunteer patient. Even though we
could not predict the evolution of birth when we began study-
ing this patient, we wanted to determine its value before
performing MRIs in more pregnant women. Nevertheless,
these data seem relevant, since they identify the ideal GA at
which to evaluate during pregnancy its effect on pelvic liga-
ments and muscles. This preliminary result shows the
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feasibility of conducting studies with a larger series of patients
and a minimized number of MRIs in an effort to simulate
vaginal delivery [26].

Conclusion

Our research highlights changes occurring in the pelvic geo-
metrical system from the second trimester to 1-year postpar-
tum. This analysis brings some new elements and a new focus
for discussion relating to changes in a parturient’s pelvic lig-
aments and muscles that are not simply linked to the increase
in volume and size of the uterus. It could explain some clinical
changes in stasus during and after pregnancy. Our findings
might also account for the capacity of such structures to sup-
port stress related to vaginal delivery.
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