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Abstract— Wireless systems are increasingly used and the 
electromagnetic fields (EMF) generated by these systems have 
induced a large public concern regarding potential sanitary 
effects, in particular on children and fetus during pregnancy. 
Few works have been performed to analyze the fetus exposure 
but additional studies are still needed, based on precise ana-
tomical models. In this paper, we propose a new method to 
assess the fetus exposure, based on realistic anatomical models 
built from 3D MRI images at different gestational ages. The 
whole body specific absorption rate (SAR) and the maximum 
SAR over 10 grams have been estimated using finite differ-
ences in time domain (FDTD) simulation methods for five 
fetuses at different ages. Results show that the local and the 
whole body SAR are lower in the fetus than in the mother and 
that they depend on position and morphology but not on gesta-
tional age. 
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I. INTRODUCTION  

Nowadays, wireless systems are increasingly used. More 
than 3 billions of people are nowadays using worldwide 
GSM mobile phone and more and more people are using 
Wi-Fi systems. The electromagnetic fields (EMF) generated 
by these systems to communicate have induced a large 
public concern about potential sanitary effects. The World 
Health Organization (WHO) has set up in 1996 the EMF 
Project to promote and coordinate the worldwide research 
around this concern. In 2004, the WHO set up a workshop 
(Istanbul June 2004) dealing with the sensitivity of children 
to EMF. One of the outputs of the workshop led to the rec-
ommendation of improvements in dosimetry studies. Pre-
cise models of the human body are therefore needed, in 
particular children and pregnant woman models. 

Human head models were previously developed by our 
group for adults [1] and children [2-3] in order to study the 
impact of the use of a mobile phone on the brain [4-6]. With 
new usages (e.g. body worn and hand-free kit) and perma-
nent exposures in professional environment, fetal dosimetry 
needs to be investigated with more care. Up to now only 
few fetus models have been developed and all present sev-
eral limitations, being incomplete, not representative or too 
much simplified. 

The aim of this project is to analyze the specific absorp-
tion rate (SAR) induced by an incident EM plane wave in 
different fetuses with detailed, representative and realistic 
three-dimensional pregnant women models and their fetus 

at various stages of gestation and in different positions in 
order to simulate several radiation dosimetry studies. These 
models are created from the segmentation of magnetic reso-
nance imaging (MRI) for the fetus and from a synthetic 
woman model created with the software DAZ Studio 
(www.daz3d.com) for the mother. 

In this paper, after reviewing the state of the art, we de-
scribe the image database and the proposed methods to 
create the models. We then present visual illustrations of 
one generated model. Using these models and the well 
known finite difference in time domain (FDTD) simulation 
method, the SAR averaged over 10 g and the whole body 
averaged SAR of a pregnant woman and her fetus are as-
sessed for a plane wave (vertical polarization) at 900 MHz. 
Our main contribution is to propose a set of five models, 
enabling for the first time the study of position influence on 
dosimetry. 

II. STATE OF THE ART 

Adult computational models used in dosimetry studies 
are built using whole body MRI data, acquired on volun-
teers. Acquiring such data on a pregnant woman is impossi-
ble for ethical reasons. Therefore, hybrid models are built, 
merging stylized models (modeled with surface equations), 
synthetic models (issued from the computer graphics com-
munity) and/or voxelized models (extracted from medical 
images). 

The first published pregnant woman model was a styl-
ized model [7]. Even if unrealistic, it was useful as compu-
tational power was limited at this time and obstetric medical 
imaging could not provide suitable data to build voxelized 
models. 

Recently, the advent of fast acquisition imaging proto-
cols usable in routine obstetrical screening allows gathering 
data imaging the whole fetus without motion artifact. In [8], 
a voxelized model was built from computerized tomography 
(CT) images. The fetus model was coarse due to large slice 
thickness (7 mm) and only the fetal soft tissues and skeleton 
were differentiated. The pregnant woman model was trun-
cated, the CT image including only the patient torso. The 
hybrid model SILVY was built combining an MRI of a 
malformed fetus with the model of [8], adding legs, arms 
and head models from computer graphics to this model [9]. 
It was a realistic whole body model, but the fetus and uterus 
modeling remained coarse. The uterus and fetus stylized 
model of [10] was embedded in the non-pregnant model 
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NAOMI. This embedding involved voxel editing of 
NAOMI which induced variations in organs shapes and 
volumes. A highly detailed and realistic mother model was 
obtained, but the uterus and fetus model remained highly 
simplified. In [11], a voxelized model of the uterus and 
fetus was embedded in a women computer-aided design 
model. Using this interesting approach, a set of pregnant 
woman models at each month of gestation was generated, 
scaling the uterus and fetus models. Due to the complexity 
of fetal organs growth, scaling seems however inappropri-
ate. A complex hybrid model using the CT images pre-
sented in [8], the VIP-MAN model [12] and computer aided 
design models were proposed in [13]. Three models were 
built at 3, 6 and 9 months of pregnancy. Anatomical realism 
is difficult to evaluate because the model building process 
involves many components and few fetal tissues are distin-
guished. In [14], a uterus and fetus model is merged within 
a non gravid woman model. The former model is morphed 
using free form deformation, yielding an anatomically cor-
rect model. 

Each model presents advantages and drawbacks, consid-
ering realism and anatomical details. As no whole body 
woman model is freely available, we have adopted the ap-
proach presented in [11]. We create a set of hybrid models, 
merging uterus and fetus models extracted from medical 
imaging data, and a virtual woman body. In contrast with 
[11], uterus and fetus models are extracted from different 
medical images and are all realistic. The proposed set of 
hybrid models enables for the first time the study of the 
influence of the fetus position and morphology on do-
simetry. 

III. IMAGE DATABASE 

In collaboration with pediatric radiologists from the Saint 
Vincent de Paul hospital (Paris, France), a study [15] was 
performed to select the best suited MRI imaging protocols 
for the segmentation of the fetus and the mother. The qual-
ity criteria included: large field of view in order to image 
the whole uterus, good global contrast, good spatial resolu-
tion (1×1×4 mm3), fast acquisition (less than 30 seconds) 
and low sensitivity to fetal movements artifacts.  

The MRI acquisition protocols FIESTA (Fast Imaging 
Employing Steady state Acquisition) for the General Elec-
tric systems and True FISP (Fast Imaging with Steady state 
Precession) for the Siemens system were chosen, corre-
sponding to the generic sequence SSFP (Steady State Free 
Precession). 

Figure 1 shows an MRI image and the outline of the fe-
tus. The database gathered so far contains 22 cases between 
30 and 34 weeks of amenorrhea. 

IV. MODELS 

A. Segmentation 

From the image database, we segment the tissues playing 
an important role in dosimetry such as the uterus, the brain 
or the bladder. This has been done either manually for a 
number of data sets, or automatically, using the method 
described in [16]. An example of fetus segmentation on 
MRI data is shown in Figure 1. 

 

 
Fig. 1 Fetus outline traced on a slice of a 3D MRI data set. 

B. 3D reconstruction 

A triangulation method is applied on the segmented sur-
faces to construct corresponding shape meshes. The seg-
mented organs were filtered using a simple Gaussian filter 
to reduce the staircase effects due to the anisotropy of the 
images. Reducing these effects provides surfaces better 
suited to the algorithms used for dosimetry computation. 

 

Fig. 2 A 3D fetus placed in the deformed virtual woman body. 

C. Fetus placement in the virtual woman body 

As the body of the mother is not entirely included in the 
field of view of the medical images, we use a synthetic 
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virtual woman body distributed with the DAZ studio soft-
ware. 

To obtain a realistic pregnant model, the synthetic 
woman model is fitted to the external envelope of the real 
maternal anatomy that is partially visible on the medical 
imaging data. The virtual body is reshaped using a lattice 
based free-form deformation with the software tool Blender 
(www.blender.org). The fetus and its internal organs are 
inserted into the virtual body using anatomical landmarks 
such as the pelvis.  

To guarantee that our models are anatomically correct 
and depict a realistic maternal body, all this deformation 
work was done with the control of obstetricians and pediat-
ric radiographers. 

We have modeled so far five pregnant women with fetus 
segmented from MRI 3D images at 30, 32 (two models), 33 
and 34 weeks of amenorrhea. Figure 2 shows a surface 
reconstruction of a fetus in the deformed virtual mother 
body. 

Our models include anatomical variations to represent 
several typical pregnancy configurations. In particular, the 
set of models includes: 
 a fetus in breach position. This position can have an 

impact on the dosimetry; 
 a filled mother urinary bladder. This configuration 

elevates the fetus position and can also change the do-
simetry; 

  a model where the MRI was acquired with the mother 
in a lateral decubitus position whereas the others were 
acquired in dorsal decubitus positions; This position 
changes the shape of the mother abdomen and also the 
fetus position. 

For dosimetry studies, we generate voxelized models 
from the surface models. Each tissue type is assigned a 
unique label in order to create the final 3D volumes that 
contain all the segmented tissues (see Figure 3). 

 

Fig. 3 3D Voxelized model of a mother and a fetus. 

V. EXPOSURE ANALYSIS 

A. Specific Absorption Rate assessment  

Using our models, we analyze the exposure of the fetus 
exposed to a plane wave.  
The fetus is heterogeneous while the mother tissues are 
homogeneous. The dielectric properties of the fetus are 

those commonly used [17] while the dielectric properties of 
the mother tissue are those used in IEC [18]. 

The incident field at 900 MHz is vertically polarized and 
is arriving face to the pregnant women. The exposure is 
quantified by the well known (SAR) measure given by: 

2.ESAR   (1) 

where  is the conductivity (S/m),  the mass density 
(Kg/m3) and E the rms electric field strength induced in 
tissues (V/m). In this study, the method used to assess elec-
tric field induced in the woman body is the finite difference 
in time domain (FDTD) [19]. To avoid spurious reflection 
at the boundary of the computational domain, we use the 
perfectly matched layer (PML) absorbing boundary condi-
tions [20]. The exposure is characterized through the global 
SAR, averaged over the whole body and the local SAR 
averaged over 10 g of tissues. Most of the SAR studies that 
have been published are performed over a cube. To allow 
comparisons with previous studies, we decided to assess the 
maximum SAR over 10 g using a cube shape. 

B. Results  

The whole body (wb) SAR and the maximum SAR over 
10 grams have been estimated for 5 fetuses at different ages 
from 30 weeks to 34 weeks. Table 1 shows that the local 
SAR and whole body SAR are lower in the fetus than in the 
mother. The table shows also that the exposure does not 
increase with the age of the fetus but depends on the posi-
tion of the fetus and the fetus morphology (see e.g. the re-
sults for the two models at 32 weeks, where the main differ-
ence between the data sets is the position and morphology 
of the fetus). The mean ratio of the whole body SAR be-
tween the fetus and the pregnant woman is 0.21 with a stan-
dard deviation of 0.062. This means that the whole body 
exposure in fetus is 5 times below the whole body exposure 
induced in the maternal model. 

Table 1 SAR in the fetus and the pregnant woman 

 
These results are in accordance with those obtained in [21, 
22] for the fetus. For the woman, the results differ since we 
assumed homogeneous tissues, which was sufficient here 
since we were mainly interested in the ratio between SAR 
values in the fetus and in the woman. The maximum SAR 

Age (week) 30 32 32 33 34.5 
SARwb (mW/kg/1W/m²) 

(fetus) 1 1.6 2 1 1.1 
Ratio SAR wb  

(fetus / pregnant women) 0.16 0.25 0.31 0.18 0.18 
Ratio SAR over 10g 

(fetus / pregnant women) 0.026 0.028 0.042 0.033 0.025 
Maximum SAR over 10g 

(Fetus) mW/kg 5.8 7.8 10.7 8.1 6.2 
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values are interesting results too. This measure was not 
assessed before for the fetus, and is thus an additional con-
tribution of the paper. 

VI. CONCLUSIONS 

In this paper, we have presented a methodology to con-
struct hybrid pregnant women models with detailed fetal 
anatomy extracted from MRI image data, combined with a 
woman body from a synthetic model. Our models are de-
tailed as we can segment several fetal organs. For the mo-
ment, we have created five models from MRI images at 
various stages of the gestation and in different positions. 
The placement of the fetus in the synthetic woman was 
performed under medical control. All our models were 
validated by clinical experts and anatomically corrected. 
These models will be made freely available to the scientific 
community, in a near future. 

A comparison of SAR induced in a pregnant woman with 
different gestational stages was performed employing an 
incident plane wave having a vertical polarization and oper-
ating at 900 MHz. The SAR was numerically estimated 
using the FDTD method. The results show that the fetus 
exposure depends on the fetus morphology, fetus stages and 
on the position of the fetus, while it remains well below the 
local and whole body SAR of the mother. Further work is 
needed for definitive conclusion since these simulations 
have been carried out only for specific cases (specific fetus 
models and pregnant women with homogeneous tissues). 

For fetus at earlier stages of gestation, we have already 
developed models issued from 3D ultrasound images [23], 
and simulations still be carried out on these models as well. 
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