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Abstract
Introduction and hypothesis We aim to analyze the combined
influence of the size of the mesh, the number of sutures, the
combined use of an anterior and posterior mesh, and the ten-
sion applied to the promontory, on the mobility of the pelvic
organs and on the sutures, using a Finite Element (FE) model
of the female pelvic system during abdominal sacral
colpopexy.
Methods We used a FE model of the female pelvic system,
which allowed us to simulate the mobility of the pelvic system
and to evaluate problems related to female prolapse. The
meshes were added to the geometrical model and then trans-
ferred to computing software. This analysis allowed us to
compare the stress and mobility during a thrust effort in dif-
ferent situations.
Results The bigger the mesh, the less mobility of both anterior
and posterior organs there would be. This is accompanied by
an increase in stress at the suture level. The combination of a
posterior mesh with an anterior one decreases mobility and
stress at the suture level. There is a particularly relevant
stressing zone on the suture at the cervix. The increase in the
number of sutures induces a decrease in the tension applied at
each suture zone and has no impact on organ mobility.

Conclusion Our model enables us to simulate and analyze an
infinite number of surgical hypotheses. Even if these results
are not validated at a clinical level, we can observe the impor-
tance of the association of both an anterior and a posterior
mesh or the number of sutures.
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Introduction

Over the past few years, laparoscopic sacral colpopexy has
become a commonly performed procedure for the surgical
treatment of female prolapse [1]. Although the surgical tech-
nique is well designed, different surgeons have different prac-
tices, e.g., in the size of the mesh used, the systematic use of a
posterior mesh combined with the anterior, and the number or
type of sutures used to fix the mesh.

The erosion rate (3.4 %) and the re-intervention rate
(4.4 %) for recurrence of prolapse is low, but the change in
certain practices could reduce these failures further [2].
Nevertheless, the clinical study of the potential impact of these
different elements is difficult because it would require carry-
ing out studies involving a large population to highlight sig-
nificant differences.

Thanks to the making of a biomechanical female pelvic
system we have already been able to analyze the different
elements implicated in the prolapse [3, 4]. We used this model
again to evaluate the potential impact of these techniques on
mobility and stresses on different organs during a sacral
colpopexy.

The purpose of our study is to analyze the influence of the
size of the mesh, the number of sutures, and the combined use
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of both an anterior and a posterior mesh on the mobility of
pelvic organs and the constraints on sutures using a Finite
Element model of the female pelvic system during an abdom-
inal sacral colpopexy.

Materials and methods

We used a 3D Finite Element model of the female pelvic
system, already made by our team [5]. It allowed us to simu-
late the mobility of the pelvic system and to evaluate the
troubles related to female prolapse [3, 6]. The Institutional
Review Board (Comité Ethique de la Recherche en
Obstétrique et Gynécologie) approved this research
(CEROG 2012-GYN-06-01-R1).

To make this model, the following steps were necessary,
according to the protocol used by our team [5]. First, we cre-
ated a geometrical model based on an MRI of a woman, to
specify the position of the different anatomical structures. The
segmentation of the anatomical structures on the MRI, were
made using the software AVIZO.

The areas obtained are then smoothened via the software
CATIA to obtain more realistic forms (Fig. 1).

Finally, the model represents a patient-specific womanwith
normal support (without any pathological conditions). We
know that prolapse results from a defect of the anatomical
suspension system [7, 8]. As we aimed to analyze the mobility
of the organs with surgical mesh, we chose to consider a
dysfunction of anatomical support system by disabling the
different ligaments such as the broad and round ligaments.
We conserved the interface between the organs, such as that
between the rectum and the vagina or between the bladder and
vagina. Nevertheless, no model could exactly reproduce the
situation of a real female pelvis, where an active blood supply
system is also present.

Then, using the CAD software CATIA V5 (Dassault
Systèmes), we modeled a subtotal hysterectomy, leaving only
the cervix, and fixed the meshes onto the promontory. They
recovered the anterior or posterior vaginal wall by passing
through the cervix. The mesh interacted with the fasciae and
vagina.

Thanks to this protocol, we were able to test different sizes
of meshes (Fig. 2).

To our knowledge, there is no recommendation with regard
to mesh size. Thus, we based it on the experience of our
surgical team. A large mesh is 3 cm wide and 11 cm long
covering 4 cm of the vaginal wall (distance between the cervix
and the lower end of the mesh). For the small mesh, we used
one 1.5 cm wide and 9.5 cm long, covering 2.5 cm of the
vaginal wall. Initially, these meshes were installed on our FE
model without mechanical stress, corresponding only to the
normal setting up of organs. It is to be noted that the distance
between the cervix and the promontory has been fixed at 7 cm.
We used a polypropylene mesh and nonresorbing sutures.

Second, we transferred this geometrical model to a com-
puting software program using the Finite Elements method
(Abaqus/CAE 6.12-2; Dassault Systèmes Simulia) based on
a standard protocol described in the literature [5]. At this stage,
it was necessary to implement the mechanical properties of
tissues. To do so, we used the recently published studies using
either cadaveric or fresh tissue from pregnant and nonpregnant
women [9]. The FE mesh generation has also been realized
through Abaqus. The organs have been modeled using Finite
Element, such as shell elements with constant thickness or
hexahedral elements for the uterus and fasciae. We conducted
an h-convergence study to determine sufficient mesh quality.
This protocol follows the same method employed in a previ-
ous study [5], where more details are provided concerning the
description of elements, material properties, loading, and
boundary conditions.

Fig. 1 Biomechanical model. 1
broad ligament, 2 round ligament,
3 uterus, 4 vagina, 5 umbilical
ligament, 6 bladder, 7 Halban’s
fascia, 8 pubis, 9 sacrum, 10
uterosacral ligament, 11 rectum,
12 paravaginal ligament, 13
pelvic floor, 14 rectovaginal
septum
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In our review of the literature we found some information
on the mechanical properties of meshes [10]. According to
these works, we have calculated an average of the uniaxial
properties values of the meshes and chose a value of
0.5 MPa (N/mm2). Some studies worked on the importance
of the stiffness of the mesh or pore dimensions [11, 12]. In our
work, the modeling of the mesh does not take into account the
pores and is considered a homogeneous surface on our FE
model. Thus, it has a constant thickness of 500 μm, corre-
sponding to the achieved value of the mesh after healing.

After these steps, we analyzed the mobility of all organs,
especially those of the vagina and stresses at sutures. To do so,
we subjected the FE model to an effort comparable to a
coughing effort [13]. This corresponds to a pressure on the
pelvic organs of 10−3 MPa at an inclination of 45° from the
sagittal axis in an antero-posterior direction (Fig. 1).

The first phase has been conducted by comparing the use of
a large and a small mesh, either in an anterior or a posterior
position, or both together. Meshes were fixed by two sutures
on the anterior vagina wall and by one on the cervix. The
number of sutures used is not clearly discussed in the litera-
ture. The mesh interacts with the fasciae and vagina with a
contact between the surfaces. Therefore, we decided to follow
the surgical customs of our team to evaluate our practices and
to highlight significant potential differences and the need to
modify them.

During the second phase we compared the stress applied to
each suture zone (3×3 mm) on the vaginal wall based on the
number of suture points and their spacing. We compared two
or four points evenly spread on the vaginal wall and one on the
cervix. Then we measured the distances between suture zones
on each of our simulations, with both the large and the small
meshes in the anterior and posterior positions.

During the third phase, we also analyzed stress induced on
the sutures when we changed the tension applied to the mesh
fixed to the promontory. To do so, we shortened the initially
7 cm long mesh by 1 cm. The variation of a 7 cm mesh to

6 cm, keeping the same position of promontory fixation, con-
cretely translates into an upward movement of organs or a
displacement of the mesh. Several simulations were per-
formed with a step-by-step method (shortening of 2.5 mm)
to analyze the impact on stress.

Results

During the first phase, the increase in the size of the mesh led
to a decrease in organ mobility, both anteriorly and posteriorly
(Fig. 3). In our case study, we observed a 9-mm shift at the
level of the cervix following the use of a small anterior mesh
(Fig. 3c). This shifting measured 4 mm using the large mesh
(Fig. 3b). The combination of a large anterior mesh and a large
posterior one showed a slightly shorter shift of 2.5 mm
(Fig. 3e). In each case, this analysis of mobility based on the
number of sutures on the vaginal wall has not revealed any
significant differences in the displacement (Fig. 3a, b).

During the second phase, we focused on the Von Mises’
stress at a suture level. The first assessment shows a wide zone
of stress at the cervix (220 Pa), compared with that applied to
the vaginal wall. Whatever the number of sutures on the latter
(Fig. 4), this stress zone is 10 times higher than the one applied
to the vaginal sutures.

Using a larger mesh with two sutures induces an average
stress of 31.5 Pa on each suture, whereas it reaches only 5.9 Pa
with a smaller mesh. According to our precedent results, this
seem consistent, as the use of a wider mesh induced better
support, which led to greater efforts of the sutures along with
greater stress. A sharp decrease in mobility induces far stron-
ger stress on the same number of sutures; therefore, it seems
necessary to increase the number of sutures to correct this
phenomenon (Fig. 4a, b). Stress on the vaginal wall is then
more evenly distributed. This conclusion remains the same
with the other configuration: small and large mesh, both ante-
rior and posterior (Fig. 5).

Fig. 2 Configuration with a a
large and b a small anterior mesh
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The combination of a posterior mesh with an anterior
one decreases the stress applied to each suture on the
anterior vaginal wall. There is no impact on structural
mobility following the change in the number of sutures
(Fig. 3a, b).

The increase in spaces between sutures increases the stress
on the vaginal wall. For example, a spacing smaller than
1.5 cm induces a small stress (less than 0.008 MPa). This rise
is not linear. Indeed, there is a plateau between 1 and 2.5 cm
spacing (stress close to 0.005 MPa). But after 2.5 cm, a 1-cm
increase in spacing induces a doubling of the average stress
(Fig. 6). Moreover, the comparison between the different lay-
outs shows great stress in the anterior layout than in the pos-
terior one for the same spacing. For example, a spacing be-
tween sutures of 3.5 cm induces a stress of 0.01 MPa in the
posterior layout and 0.025 in the anterior one (x2.5).

A moderate increase in tension by shortening the mesh by
1 cm on the promontory induces a strong rise in stress on the
suture area at an organ level. Thus, a shortening of 1 cm
(14.3 %) for a large anterior mesh induces a doubling of the
stress at the suture level on the cervix (from 220 to 450 Pa). We
witnessed a linear correlation between different shortenings and
the related stress. Indeed, shortening the mesh by 0.25, 0.5, and
0.75 cm induced a rise of 301, 358, and 401 Pa respectively.

Discussion

Surgical techniques

Several authors have published lengthy descriptions of the
technique of sacral colpopexy [1, 2, 14, 15]. Several variations

Fig. 3 Presentation of the organ displacement for different configurations. a Large anterior mesh with four sutures. b Large anterior mesh with two
sutures. c Small anterior mesh with two sutures. d Large posterior mesh. e Large anterior and posterior mesh

Fig. 4 Presentation of the Von Mises’ stress for different configurations.
A dark circle represents each suture. a Anterior large mesh fixed with
four sutures on the vaginal wall. b Large anterior mesh fixed with two

sutures. c Small anterior mesh fixed by two sutures. d Large posterior
mesh fixed by two sutures
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exist among the different surgical teams, and no clinical stud-
ies were ever able to find differences between these technical
points.

Thanks to our model, we were able to simulate any techni-
cal surgical variation. In our study, we primarily focused on
variations of the surgical technique we perform in our depart-
ment. For example, we performed a subtotal hysterectomy
instead of a total one, as this seemed to decrease the risk of
mesh exposure [16].

Mesh size

It is now widely admitted that sacral colpopexy has to be
realized using a mesh. Several studies dealt with the type of
mesh [17–19], but only few dealt with its size. For example, it
was shown that a mesh measuring 50×50 mm led to more
complications than a 35×35 mm one. In our study, the bigger
mesh measured 30 × mm [20]. Nowadays, the anterior dissec-
tion has to reach the balloon of the bladder catheter corre-
sponding to the vesical trigone [21], without any precision
related to the width of the dissection.

According to our results, the use of a 3-cm wide mesh
would lead to better results in terms of mobility compared

with a smaller mesh. This would need an anterior dissection
at least 3 cm wide down to the vesical trigone. We are aware
that it is sometimes difficult to obtain a satisfactory dissection
especially on a scarred area; nevertheless, the mesh should
cover the whole vaginal wall dissection and be as wide as
possible. However, we did not take into consideration the
early or late shrinkage phenomenon that is sometimes ob-
served [22].

Combination of an anterior and posterior mesh

Nowadays, most surgeons systematically combine a posterior
mesh with an anterior one to decrease the risk of a secondary
rectocele [23]. This seems to be facilitated by laparoscopy,
because of the better visibility and the help brought by the
pneumodissection. Nevertheless, some teams question this
systematic combination because of a higher complication rate,
especially concerning anal wouns, and only use this combina-
tion in relation to a Burch colposuspension [24].

The use of a posterior mesh in our analysis goes beyond the
prevention of a prolapse relapse, as it decreases the mobility in
a better way than the sole use of an isolated anterior mesh.
Therefore, it seems that the posterior meshwould reinforce the

Fig. 5 Maximal values of Von
Mises’ stress calculated at the
suture level of the anterior vaginal
wall, according to the
configuration and number of
sutures

Fig. 6 Changes in stress at the
suture level as a function of the
spacing between sutures
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efficiency of the anterior one in addition to the risk limitation
of a secondary rectocele, especially while performing a Burch
technique. Besides, the use of a posterior mesh decreases the
stress applied on the anterior one, leading to a potential de-
crease in the failure rate.

This study will bring about a new development, which
is the systematic use of a posterior mesh. To this day, it
has never been suggested that a posterior mesh could re-
inforce the efficiency of an anterior one. Its role seemed
to be limited to the prevention of a potential secondary
posterior prolapse.

Number and type of sutures

As mentioned before, the suture at the promontory is well
described in the literature. Nevertheless, as the sutures of the
vaginal wall are less well studied, they can vary greatly, de-
pending on the surgeons. It seems that the vaginal fixation
could be done using either resorbing or nonresorbing surgical
threads or Taker® [15]. To date, no studies have shown the
potential benefits of one method compared with the other.
However, some studies have focused on the impact on the
host response of mesh fixation and the amount of tension a
mesh could experience [25].

According to our results, the suture of the mesh to the
cervix is a high-stress area, however many sutures there are
on the vaginal wall. Thus, it seems necessary to pay particular
attention to this specific area.

Our study suggests that the use of four sutures evenly
spread across the anterior part of the vagina wall (roughly
a 2.5-cm spacing) might help to decrease the stress on
each suture area and then potentially decrease the break-
ing point of these sutures. The number of sutures is espe-
cially relevant in case of the use of a large mesh. We came
to the same conclusion as Barone et al., who worked on
the importance of the fixation points to reduce the surface
curvature using photogrammetry [25]. Indeed, the wider
the mesh, the stronger the stress on each suture.
Therefore, in this situation it seems to be necessary to
increase the number of sutures. Although these conclu-
sions bring about a first approach to changing our prac-
tices, it is unfortunately difficult to evaluate precisely the
spacing of our sutures during surgery.

Tension on the mesh at the promontory

The technique of the ligamentoplasty is well described.
We use a nonresorbing suture to fix the mesh to the
presacral ligament. The same thread is then used to fix
the anterior and posterior meshes [23]. Some studies
proved that it was better to perform this suture using a
thread instead of Taker® [26, 27]. Although it is not
officially admitted, we usually leave a space between

the mesh and the promontory to limit the infection risk
and to allow easier resection in the event of complica-
tions [23].

Our analysis related to stress on meshes at the promontory
seems to corroborate this practice. Indeed, tension that is too
strong on the mesh at the promontory would place severe
stress on the vaginal sutures.

Limitations of our analysis

We are aware that the results of this study are based on em-
pirical results through mechanical analysis. Thus, these results
alone cannot modify our practices.

We tried to answer some persistent questions that remain,
despite the widespread development of this type of surgery.
On the one hand, we aimed to justify or challenge our own
practices. On the other hand, we aimed to open a discussion on
the recommendations for this particular surgical technique. It
would help to standardize the practices, leading to better eval-
uation, and to a decrease in the complication and failure rates.
Nevertheless, complementary analyses are required, perhaps
at a mechanical level with an FE model even closer to reality
or with studies on cadavers.

Some studies worked on the importance of the stiffness
of the mesh or pore dimensions and highlighted that less
mobility induces complications [11, 12]. We did not deal
with these factors because our study focuses on the size of
the mesh (length and width), the number of sutures, and
the position. In subsequent work, it would be interesting
to vary the stiffness of the mesh and corroborate the re-
sults of these different studies with our model. Moreover,
this FE model is subject-specific. Also, FE models are
generally modeling acute responses and are largely depen-
dent on the material properties chosen.

It seems especially relevant to validate these results
with clinical studies to better incorporate these elements
into our practice. Therefore, it could be interesting to con-
duct postoperative MRI or perineal ultrasound to evaluate
even more accurately the benefits of these different
techniques.

Conclusion

Our model enables us to simulate and analyze an infinite
number of surgical choices and hypotheses. We can try to
bring answers to uncertainties, which persist in the surgical
treatment of prolapse by sacral colpopexy. Although these
results are not validated at a clinical level, we can observe
the importance of the association of both an anterior and
posterior mesh and the number of sutures. These elements
could be used to give a more accurate description of the
surgery and homogenize our practices.
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