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Introduction

Anatomy learning throughout medical studies is taught mainly through books, and then in real life situations, such as surgical interventions or cadaver dissections, which have limited access because of the associated high cost. The available resources are therefore poorly interactive and somewhat outdated given the technical advances in the 3-Dimensional (3D) domain.

Furthermore, the different mediums dealing with pelvic anatomy are not always consensual, notably concerning the pelvic ligamentous system. Learning through simulators is becoming increasingly important, and it is offering a whole range of new opportunities for new learning concepts [START_REF] Vieille | Assessment of gynecology obstetric interns training on birth simulator[END_REF]. Several studies have proven the benefit of these new technologies in medical teaching [START_REF] Cox | Moving the Needle: Simulation's Impact on Patient Outcomes[END_REF][START_REF] Deering | Obstetric emergency simulation[END_REF]. Moreover, simulation is a teaching method recommended by the new guidelines of the French National Authority for Health (HAS) [START_REF] Granry | Rapport de mission HAS. État de l'art (national et international) en matière de pratiques de simulation dans le domaine de la santé[END_REF].

The pelvic floor is composed of many structures, muscular (support system), ligamentous (suspensive system) and fascial (cohesive system), intertwined with one another. The imbalance of these elements can create different pathological situations, such as genital prolapse for example. Women genital prolapse represents a serious public health problem, with a rising prevalence and a surgical intervention rate at 11% after 70 years old. [START_REF] Lousquy | [END_REF]. Several studies have shown that pregnancy and childbirth have an impact on pelvic muscular and ligamentous structures [START_REF] Delancey | On the biomechanics of vaginal birth and common sequelae[END_REF], which may lead to pelvic floor disorders . Nevertheless the physiopathology of this pelvic floor trauma, during pregnancy and childbirth, is not fully understood.

Among existing birth simulators [START_REF] Buttin | A biomechanical model of the female reproductive system and the fetus for the realization of a childbirth virtual simulator[END_REF][START_REF] Buttin | Biomechanical simulation of the fetal descent without imposed theoretical trajectory[END_REF][START_REF] Mayeur | Evaluation of Strains on Levator Ani Muscle: Damage Induced During Delivery for a Prediction of Patient Risks[END_REF], some are designed to analyze the deformations and restraints endured by the pelvic system during childbirth. Within these simulators, there are none recreating the pelvic floor in an exhaustive way. They are mostly limited to a simplified representation of pelvic anatomy, for example the levator ani muscle [START_REF] Delancey | On the biomechanics of vaginal birth and common sequelae[END_REF][START_REF] Hoyte | Quantity and distribution of levator ani stretch during simulated vaginal childbirth[END_REF]. Previous work from our team permitted the elaboration of a pregnant woman numerical model, allowing birth simulation [START_REF] Lepage | Biomechanical pregnant pelvic system model and numerical simulation of childbirth: impact of delivery on the uterosacral ligaments, preliminary results[END_REF]. On this model, the pelvic ligamentous and muscular structures were secondarily integrated using anatomical reconstruction, and represented by lines.

The comprehension and knowledge of the pelvic anatomy and of the lesions that can happen during childbirth seem essential in obstetrical practice; as a matter of fact, a more detailed knowledge of the different structures involved will allow a better anticipation of the perineal damage. These structures, for example the uterosacral ligaments, have a very important role in pelvic statics [START_REF] Fatton | Anatomie fonctionnelle du plancher pelvien[END_REF][START_REF] Cosson | Simulation of normal pelvic mobilities in building an MRI-validated biomechanical model[END_REF], therefore it seems mandatory to integrate the fully reconstructed pelvic floor to the existing simulation model. The primary objective of our project is to build an extensive 3D numerical anatomical model of the women pelvic floor.

There is a triple purpose to this project; a simulation purpose with the acquisition of a numerical anatomical model close to reality, but also an analytical purpose with the possibility to study the different constraints and deformations imposed by pregnancy and childbirth on the different pelvic structures, and finally a pedagogical purpose by obtaining 3 dimensional images allowing a visual detailed interactive representation.

Materials and Methods

Magnetic Resonance Imaging (MRI)s were completed on 4 voluntary primiparous women, with no particular medical history, and with a normal pregnancy. At the time of the exam, the patients were at rest, in dorsal decubitus position with head elevated, and under the surveillance of an obstetrician. The exam was interrupted after 30 minutes, or in case of bad tolerance to supine position. No gel or gadolinium was injected. The MRIs were conducted at five different gestational ages for each parturient: 16 weeks of amenorrhea (WA), 32-34 WA, 37-38 WA, 2 months post partum (PP) and 1 year PP. The obtained MRI images were less than 4 mm thick, with a pixel size of 0.53 mm, which allowed a precise visualization of the selected anatomical structures. The acquisition was made using sequences T1, T2 and proton density weighted. All patients received enlightened information and signed a written consent.

In one of previous work from our team, a permission was granted by an Ethics Committee:

CEROG "Comité d'Ethique de Recherche Clinique en Obstétrique et Gyne ćologie" (Institutional Review Board approval CEROG OBS 2012-05-01R1) [START_REF] Lepage | Biomechanical pregnant pelvic system model and numerical simulation of childbirth: impact of delivery on the uterosacral ligaments, preliminary results[END_REF].

Firstly, the different main entities of the pelvis and pelvic floor had to be identified, especially the ligamentous and muscular structures. Each anatomical structure, its characteristics, its function, location, and insertion were redefined. This was accomplished trough a literature review [START_REF] Fatton | Anatomie fonctionnelle du plancher pelvien[END_REF][START_REF] Kamina | Anatomie clinique : Tome 4, Organes urinaires et génitaux, pelvis, coupes du tronc[END_REF][START_REF] Delancey | The anatomy of the pelvic floor[END_REF]. 15 anatomical structures were then selected for the MRI outline. They were chosen because of their role in pelvic floor balance, and their clear visibility on MRI slices. Some authors have used MRIs to anatomically describe this type of structures, and recount a good ligamentous visibility with proton density weighed sequences [START_REF] Umek | Quantitative analysis of uterosacral ligament origin and insertion points by magnetic resonance imaging[END_REF]. It is therefore the sequence that was used for the outline.

A gynecologist, trained in anatomy and MRI reading, identified the different structures, supervised by a more experienced senior MD (double reading), and precisely outlined the structures (Figure 1). On each MRI image, each structure was manually contoured, using the program AVIZO Standard edition 8® (Visualization Sciences Group VSG, SAS). The overlay of these 2-Dimensional (2D) outlines made it possible to obtain a 3D geometrical reconstruction of each entity (Figure 2). The maneuver was repeated for each structure and at each gestational age, until a complete geometrical model of the pelvis was obtained. This model was then reworked with the program CATIA (Dassault Systèmes) to obtain an analyzable model, which might be used in Finite Element (FE) Method simulation (Figure 3).

Results

4 patients were included. They were voluntary primiparous women, of Caucasian origin, with normal Body Mass Index, no particular medical history, and with a normal pregnancy. All patients received enlightened information and signed a written consent.

We outlined 15 pelvic structures. The pelvic organs that were contoured were the uterus, the vagina, the bladder and the rectum. Different muscles of the pelvic floor and perineum were also studied: the obturator internus muscle (m.), the piriformis m., the bulbospongious m., the ischicavernous m., the transverse m., the external anal sphincter m., the levator ani m. and its 3 components (puborectalis, pubococcygeus and iliococcygeus), and the coccygeus m.. Regarding the ligaments, we chose to select the utero sacral ligaments and the perineal body, because of their importance in pelvic statics. The skeletal framework, or bony pelvis was also included. Some structures were voluntary excluded, such as fasciae because of their poor MRI visibility, the vulvar constrictor muscle which merges with the vaginal muscular and is hard to individualize, the external sphincter of urethra which is also small and adherent to the vagina.

The tendinous arches, which are thickened band of the pelvic fascia, were not outlined, also because of poor MRI visibility.

The overlay of the 2D outlines of the different structures allowed us to generate a tridimensional model representative of the pelvis. A total of 15 anatomical structures (bone, organs, muscles, ligaments) were segmented on the MRI sequences, resulting in an anatomically complete tridimensional pelvic representation. This model, generated trough AVIZO program, corresponded to a standard format commonly used to perform visualization, and had imperfections due to the reconstruction algorithm native to the software application.

It was then reworked with the program CATIA to correct these imperfections and obtain a geometrical analyzable model. This resulted in a surface model that might be used in numerical simulation (Figure 3).

Discussion

We have created a numerical model of the feminine pelvic system, including most of the pelvic anatomical structures, especially muscular and ligamentous. First, this model has an educational purpose, enabling a visual interactive representation of the pelvic anatomy, during pregnancy and delivery. It will also allow us to analyze the different restraints and deformations imposed by pregnancy and childbirth on the pelvic floor. Finally, it is a first step towards a patient-specific birth simulation.

Pedagogical purpose

3D interactive anatomical reconstructions were obtained. The molding of the different segmentations and the creation of a surface model enabled the acquisition of a numerical 3D model close to reality and less austere than the one existing in books. The detailed anatomical visual representation may then be fitted into different scenarios, of virtual reality for example [START_REF] Dit Gautier | Design of a Serious Game for Handling Obstetrical Emergencies[END_REF].

Analytical purpose

The tridimensional pelvic model was reconstructed at different chosen gestational ages (2 nd trimester, 3rd trimester, 2 month and 1 year post partum). The creation of the numerical model of the parturient at these different pregnancy and post partum stages will allow us to study the evolution and geometrical modifications endured by the pelvic floor structures over time. Therefore, in other studies, we have focused our analysis on the structures that seem to play an important part in pelvic static, such as the levator ani muscle and the uterosacral ligaments [START_REF] Dit Gautier | Pregnancy impact on uterosacral ligament and pelvic muscles using a 3D numerical and finite element model: preliminary results[END_REF]. 3D MRI and 3D finite element mesh reconstructions, is a tool that has been used in other studies for analytical purposes, even during the second stage of labor [START_REF] Ami | Three-dimensional magnetic resonance imaging of fetal head molding and brain shape changes during the second stage of labor[END_REF].

Simulation purpose

This model precisely represents the anatomical structures, and allows simultaneously a geometrical analysis, and an exploitation using FE Method, resulting in birth simulation. This 3D model will therefore enable the observation of the different structures' behavior in a dynamic way, by simulating the fetal head descent through the pelvic floor fully recreated.

Consequently, it will allow an improvement of the comprehension of the different mechanisms in play during eutocic and dysctocic deliveries, and the understanding of the impact of delivery on these different structures, thus allowing the anticipation of the consequences. Current models of simulators are not able to simulate delivery in a complete pelvic system. This new model has many advantages over those already existing. It allows for a more realistic birth simulation, since it takes into account all the structures involved, in relation to simplified representations already existing [START_REF] Hoyte | Quantity and distribution of levator ani stretch during simulated vaginal childbirth[END_REF][START_REF] Oliveira | Numerical simulation of the damage evolution in the pelvic floor muscles during childbirth[END_REF]; moreover, being able to visualize the entanglement of all the elements in a dynamic way will allow a better physiopathologic understanding of childbirth. To this end, we will generate a FE mesh and the biomechanical properties of the structures [START_REF] Lepage | Biomechanical pregnant pelvic system model and numerical simulation of childbirth: impact of delivery on the uterosacral ligaments, preliminary results[END_REF][START_REF] Rubod | Biomechanical properties of human pelvic organs[END_REF] will then be implemented to the model.

New learning technique

Anatomy or obstetric mechanics learning through its traditional method is now caught up by new, more interactive, ways of training. Students and young doctors don't learn as much in books, and manifest an increasing desire to learn in real-life situations, whatever their specialty [START_REF] Kurrek | Anaesthesia crisis resource management training: an intimidating concept, a rewarding experience[END_REF]. Access to continuing education is also of major importance, with the free access to Internet facilitating the broadcast of information. It is a point that must be considered when elaborating new teaching methods. Learning through simulators is an emerging teaching method, that presents multiple advantages, by placing the student in reallife situations, notably in dynamic conditions [START_REF] Guen | Introduction of highfidelity simulation on pregradued medical students[END_REF]. Furthermore, by placing itself in a quality and security approach of patient care, the HAS recommends simulation as a teaching method, with a continuing education purpose and to avoid learning technical skills for the first time, on a patient (4). In the last few years, continuous education has changed, and simulation is taking a major place in it; indeed, virtual reality systems are continuously expanding, in every field.

It seems important that medicine and scientific research keep up with technological progress, and provide appropriate learning tools for the doctors in training. The anatomical boards have the disadvantage of being 2 dimensional. The 3 dimensional representations make it possible to study the relationships between the structures in a clearer way, and allow us to observe the different elements from several angles [START_REF] Murgitroyd | 3D digital anatomy modelling -Practical or pretty?[END_REF]. This also leads to a more realistic representation of the human body and thus a facilitated recognition of its different components in real life situations.

Anatomical reality

This model was build using a precise methodology, through a literature review ensuring the operator's preliminary training, then a precise outline on each MRI image of the previously identified structures. The double reading, by a doctor trained in anatomy and MRI reading, supervised by a more experienced senior, enables an anatomical reconstruction closest to reality. Because of the overlay of these 2D outlines, we were able to generate a tridimensional model representative of the pelvic floor. All in all, 15 anatomical structures were outlined on the MRI sequences, allowing the achievement of a tridimensional pelvic representation, anatomically complete and coherent.

Limits of the model

This model has several limitations. First of all, there was no MRI performed before pregnancy; it might have been interesting to analyze the structures before pregnancy in order to be able to better interpret the early variations that may exist or to have a reference for the analysis of post partum results. Moreover, between the resolution of the MRI and the capacity of the human eye, the outline, and therefore the reconstructions obtained, can never be completely accurate. In addition, some details, such as muscles insertions with only a few fibers, remain very difficult to visualize on the MRI slices. Similarly, fasciae, which are fibro elastic membranes that envelop the different anatomical structures, are usually described in pelvic anatomy. However they are completely invisible in MRI. Even though they are passive transmission structures and their role is controversial in pelvic dynamics, they cannot appear in 3D.

Prospects

A geometrical analysis on larger samples of patients would be necessary in order to obtain significant results concerning the evolution of different structures during pregnancy, childbirth and post partum. It would also be interesting to also collect data before pregnancy.

The development of this tool could eventually allow the analysis of perineal lesions during a eutocic or dystocic labor (operative vaginal deliveries, breech presentations twin pregnancies, etc). This complete numerical model will be able to enrich the graphic representation within the framework of immersion in virtual reality, possible with the development of serious games in obstetrics and gynecology [START_REF] Dit Gautier | Design of a Serious Game for Handling Obstetrical Emergencies[END_REF]. Since digital learning is a new form of support, it would also be interesting to study the impact of this form of teaching on the skills and knowledge of young doctors, in order to possibly have an additional argument to support new projects along those lines.

Conclusion

A new complete and accurate parturient 3D numerical anatomical model was elaborated, integrating the women pelvic floor with its ligamentous and muscular components. This model presents simultaneously analytical purposes, through the observation of the strains and deformations that are imposed on the different structures, and educational prospects, through the detailed visual representation of several situations. It will enable a more reliable childbirth simulation, including the totality of the pelvic elements. 
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 1 Figure 1: MRI acquisition using the proton density weighed sequence, outline and selection
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 2 Figure 2: (a) MRI acquisition in sagittal sequence of a 32 WA patient and (b) 3D
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 3 Figure 3 (a) 3D reconstruction in AVIZO software, (b) 3D model of reworking anatomical
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