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ABSTRACT 
High acceleration levels experienced by pregnant occupants in car crashes are the leading 

cause of foetal morbidity. Our objective is to develop a FE model of a pregnant human body to 

investigate various crash scenarios and understand injury mechanisms involved. A 3D reconstruction 

of the foetus, placenta, and uterus wall (based on MRI images of a 50th-percentile woman) was 

performed. These geometries lead to a continuous mesh of the gravid uterus complex, then 

implemented in the Radioss® Humos model. Frontal impact simulations were performed to record 

stress distribution on the fetus and to analyze kinematics of the uterus gravid. This model offers access 

to a first level of injury, and can be used to investigate better adapted security systems.  
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REDUCE MORTALITY AND MORBIDITY on roads is a public health problem. Although motor vehicle 

crashes are the leading cause of traumatic fetal morbidity (Weiss, 2002), only few tried to study the 

automobile crashes on pregnant women. The difficulty to appreciate physiologic and anatomic 

changes occurring during pregnancy explain that majority of studies were based on animal data 

(Crosby, 1971). In 1996, the first pregnant crash test dummy was developed by Pearlman (1996). In 

this context, the recent improvements in numerical modeling (Moorcroft, 2003) offer new prospects to 

understand the mechanisms of fetal deaths with easily reproducible simulations.  

Modeling a gravid uterus raises three main difficulties. First, if the geometrical changes occurring to 

the uterus during pregnancy are well documented, and if it is possible to obtain MRI data of pregnant 

women at any stage of pregnancy, mechanical properties of the involved soft tissues is much less 

known. Secondly, the gravid uterus itself is a particularly complex structure in the mechanical point of 

view, putting together thick and thin membranes, thin and penetrating blood vessels arrays (often 

playing both the roles of vascularisation and inter-organs attachments), bony structures (fetus), 

ligaments, fluids (amniotic fluid). And finally, as the gravid uterus pushes upwards abdominal organs 

(such as kidneys, liver and spleen) and compresses the digestive system, an accurate description of the 

uterus surrounding environment is needed if we want to study injury mechanisms under various 

impact conditions and with realistic boundary conditions. 
 

 

MATERIALS AND METHODS 

 

MODELING A THIRD-TRIMESTER FETUS AND A GRAVID UTERUS 

A fetal MRI has been carried out at the end of the third trimester of pregnancy, i.e. at the 40th 

week of amenorrhea, on a woman close to a « European 50th percentile » before her pregnancy (165 

cm, 60 kg). 224 consecutive slices running all the height of the pregnant uterus, and with an 

acquisition step of 2mm were obtained. A software platform was developed for the anatomic analysis 

of these MRI images, i.e. the identification and contouring of any relevant anatomical structure. Some 

difficulties were encountered to separate placenta and uterus. To solve this problem, the reconstruction 

was performed with circular extruded contours and validated a posteriori. According to the goal of our 

study, we defined contours of the mother’s skin, external and internal surfaces of the uterus, placenta 

and fetus. 
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A continuous surface on all identified anatomic items was then generated using the marching cubes 

algorithm (Serre, 2002), offering a first validation mean, as shapes and relationships between objects 

could be checked by gynecologists and possibly lead to contours modifications. 

Once a reconstruction was validated, it was turned to a FE mesh using the Hypermesh® commercial 

software. During this meshing process, several modeling choices had to be performed to take into 

account the uterus wall thickness variation. A volumic modeling was first considered, but the 

computing time cost induced by this alternative is significant, more especially as we intend to run 

simulations with a full body model in a car environment. In these conditions, a much more tempting 

approach consisted in extracting the midsurface of the uterus wall, then meshing it with surfacic quad 

elements, and finally applying to each of these elements the local thickness of the uterus wall. The 

result of this surfacic uterus mesh is illustrated on figure 1. 

 
 

Fig. 1 - 2D gravid uterus mesh 

At this stage of model development, the fetus was meshed as a homogeneous structure, using 

tetrahedric elements. The amniotic fluid, filling the gap between the fetus external surface and the 

internal uterus wall, was also meshed using tetrahedric elements.  

Material properties, collected from the literature (Conrad, 1995; Wood, 1964; Pearsall 1978; Yamada, 

1970; Zhang, 2001), are summarized in table 1. 

Table 1. Material properties of the gravid uterus. 

 

Anatomicals 

Elements  

E 

(MPa)

 

 

ν 

Viscocity 

coeff. in pure 

shear 

ρ 

kkg/l 

Uterus 0.532 0.43 20 0.001 

Amniotic fluid  
x x x 0.001 

Foetus 10 0.4 x 0.0012  

Uterus ligament  50 0.33 x 0.001  

INTEGRATION OF THE GRAVID UTERUS IN A FULL BODY FE MODEL 

We chose to integrate this pregnant uterus in the Radioss Humos model (Serre, 2002) which is 

a 3D representation of a 50th percentile male in driving position.  

In order to integrate the gravid uterus model, some modifications had to be performed on the Humos 

model. First, its abdominal wall was removed and replaced by the one of the pregnant woman, by 

paying attention to preserve the continuity of meshes. The subcutaneous tissues were also introduced 

with a thickness of approximately 5cm.The fetus and placenta were in their turn inserted in the uterus, 

by perfectly preserving the relationship between their respective positions, as determined by the MRI. 

Finally, the uterus was placed in the Humos model, pushing upwards the liver and kidneys, and 

compressing the stomach and the digestive system (intestines and colon are gathered in the Humos 

model in a so-called Abdominal bag). These modifications were obtained by presimulations followed 

by mesh corrections in order to avoid too distorted elements. Two ligaments were added to link the 

inferior posterior face of the uterus wall to the sacrum. 



 

IRCOBI Conference - Madrid (Spain) - September 2006 395

This resulting pregnant model was placed in a simplified 3D model of a car cockpit. We placed the lap 

belts at the contact of the new abdominal contours of the pregnant version of the model, according to 

data previously reported (Pearlman, 2000), the horizontal portion of the belt passing at the level of the 

anterior superior iliac spine. The distance between the wheel of the car and the uterus was concordant 

with a previous anthropometric study (Pearlman, 2000). 

 

 

RESULTS 

The reconstruction based on a set of MRI images led us to a good spatial representation of the 

in-vivo situation of uterus, placenta and fetus during pregnancy. The uterus height and the abdominal 

perimeter were respectively of 32cm and 102cm (Fig. 2), i.e. identical to the values measured on the 

patient herself. Figure 2 illustrates the resulting model, with a gravid uterus inserted, linked and 

interfaced in the Humos model. 

 

Fig. 2 - Full pregnant model 

A frontal impact was then simulated applying to the sled a deceleration curve identical to the 

one used in the validation sled tests of the Humos model (reported in (Behr, 2003)), but applying a 

scale factor of 0.6 in order to reduce the initial velocity to 30km/h. In these conditions, the kinematics 

of the uterus, and in particular its quick displacement forward, resulting from the combined effect of 

the two lapbelt portions, one (pelvic) pushing it upwards while the other pushes it downwards, could 

be outlined. An illustration of these kinematics is given in figure 3. 

 
 

Fig. 3 - Kinematics of the gravid uterus during a frontal impact simulation. 
 

DISCUSSION 

The main limitation induced by the choice of this model is that its 3D geometry was obtained 

from a 50th  percentile male. The global size and weight of the subject is therefore far from the patient 

from which the uterus MRI images were obtained. But a statistical tool is now available to scale this 

Humos model to a female, and should be used in our study as soon as software modifications in order 

to take into account the uterus area in the model will be performed. 

There are also some very good reasons to choose this Humos model, as they constitute significant 

improvements over other existing methods. First, it was widely validated under various impact 

conditions (Behr, 2003). The mechanical behaviour of its constituents and in particular those 



 

IRCOBI Conference - Madrid (Spain) - September 2006 396 

surrounding the gravid uterus, is therefore consistent with impact biomechanics. Second, as its 

geometry was obtained from a sitting subject, the spine curves, its position and angle relative to the 

pelvis, and the relations between organs in the abdominal area are well representative of the conditions 

of a car occupant. In this context, the boundary conditions of the gravid uterus are relevant with our 

objective, i.e. to study injury mechanisms involved in different car crash scenarios.  

 

CONCLUSION 

Future developments of this work will be to modify the size and the position of the pregnant 

uterus according to the gestational term. 

This anatomical precision, goal of our work, will make it possible to progress in the field of 

traumatology of the pregnant woman. It now makes it possible to test and improve, virtually, safety 

devices.  
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