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1. Introduction 
Magnetic resonance imaging (MRI) is one of effective diagnostic modalities without using ioniza-
tion radiation. The MRI system is composed of several units including radio frequency (RF) tech-
nologies, and RF coil is one of the important units for imaging. The RF coil operates as an antenna, 
which “radiates the RF pulses to the body” and “receives the nuclear magnetic resonance (NMR) 
signals emitted from the body”. Here, according to shape of the RF pulses, various types of images 
inside the human body can be obtained. Figure 1 shows the one type of RF pulses. In general, al-
though widths of pulses are narrow, their amplitudes are not so low. Therefore, it is necessary to as-
sess the specific absorption rate (SAR) in the human body due to the radiated RF pulse from the RF 
coils. Until now, the estimation of SAR in the human head has been studied during MR imaging [2], 
[3]. However, in recent years, MR imaging is used not only for the head but also for other parts of 
the body. Especially, in this study, the SAR distributions in the abdomen of a pregnant woman are 
investigated. In general, an ultrasound diagnostic system is used for the medical examination of the 
pregnant woman. However, the MR imaging is sometimes chosen for the medical reasons. There-
fore, it is important to investigate the SAR in the pregnant woman and her fetus [4], [5]. Concretely, 
we assumed the imaging of a pregnant woman in early period and in her 28th gestational week. In 
this study, the finite-difference time-domain (FDTD) calculations are employed and two types of 
realistic woman models as previously developed are adapted for the SAR calculations. Moreover, 
various position of the RF coil to the SAR inside the fetus is investigated. 

 
Figure 1: Type of RF pulses 

 
2. Calculation Models 
2.1 Realistic Woman Models 
Figures 1 (a) and (b) show the two types of woman models for the FDTD calculations. Here, the re-
alistic high-resolution whole-body voxel model of a Japanese female, developed at the National In-
stitute of Information and Communications Technology (NICT), Japan [6] is used for the calcula-
tion of the pregnant woman in early period (Model A). Moreover, the 28th gestational week woman 
model [7], which is developed by the NICT and Chiba University, is applied as the last stage of 
pregnancy period (Model B). The voxel size of these models (Model A and Model B) is 2×2×2 mm3. 
In order to develop Model B, first, the voxel model of the fetus (including fetal body, fetal brain, fe-
tal eyes, amniotic fluid, placenta, and uterus wall) is developed from the MR images of a pregnant 
woman. These images of the 28th gestational week pregnant woman volunteer were taken using a 
1.5 T MRI system. Next, the abdomen of the Model A is expanded following the standard shape of 
the pregnant woman. Finally, these two models are combined and adjusted following the comments 
from medical doctors. In addition, the physical properties of these models are determined from [5], 
[8], [9]. 
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(a) Non-pregnant model (Model A)      (b) Pregnant model (Model B) 

Figure 1: Realistic woman models. 
 
2.2 Numerical calculation model 
In this study, a bird cage coil is employed as one of the fundamental RF coils for MRI system. The 
operating frequency of the coil is around 64 MHz, which is used in the 1.5 T (Tesla) MRI system. 
Figure 2 shows the FDTD calculation model including the pregnant woman model and the coil. 
This coil consists of two end rings and eight legs and RF shield whose widths are 10 mm. The di-
ameter and the length of the bird cage coil were set as 600 and 700 mm, respectively, so that the 
woman model can be inserted. A cylindrical RF shield, with a diameter of 740 mm and a length of 
1260 mm, has been located lateral to the coil.  

Before the SAR calculations, the capacitors on the bird cage coil were adjusted so that the reso-
nance frequency of the coil is around 64 MHz. In order to determine the capacitances, “bird cage 
builder”, which calculates the resonant frequency of the bird cage coil by its equivalent circuit 
model, was employed. In order to calculate the whole body of the woman models, a large computa-
tional space was determined and a supercomputer (Hitachi SR11000) in the Institute of Media and 
Information Technology, Chiba University was employed. Steady state analysis is performed by 
feeding a sinusoidal electric field on the feeding gap to calculate the SAR distribution in the woman 
model. 
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Figure 2: Numerical calculation model. 
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3. Calculated results 
3.1 SAR distributions 
Figures 3 and 4 show the calculated SAR distributions by the Models A and B, respectively. Figures 
3(a) and 4(a) show the SAR distributions in the observation plane, and Figures 3(b) and 4(b) show 
the SAR distributions on the observation line. Here, the observation plane is the coronal plane (xz 
plane) including the uterus (for Model A), around the center of the fetus (for Model B). Moreover, 
positions of observation lines A-A’ and B-B’ are indicated in the Figures 3(a) and 4(a). Here, the 
SAR values are normalized by 1.0 W radiated power from the coil in both cases. In Model A, rela-
tively high SAR values are observed around the skin, muscle, etc which have a high electrical con-
ductivity and are located close to the surface of the maternal body. Moreover, a high SAR value is 
observed inside of the thigh and axillars because of the narrow gap. Meanwhile, the SAR in the 
uterus and the ovary are low compared with the above mentioned regions. 

In Model B, relatively high SAR values are observed around the same regions as in Model A. 
Moreover, relatively high SAR values are observed around the border of amniotic fluid (around x 
=±100 mm, z =100 mm in Fig. 4(a)). 
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(a) Coronal plane                                      (b) Observation line A-A’ 

Figure 3: Calculated SAR distribution (Model A). Normalized by 1.0 W radiation power. 
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(a) Coronal plane                                  (b) Observation line B-B’ 

Figure 4: Calculated SAR distribution (Model B). Normalized by 1.0 W radiation power. 
 
3.2 Fetus average SAR under various positions of the coil 
It is considered that the position of the coil is different for each imaging. Hence, the SARs in the 
maternal body and her fetus are calculated under various position of the coil. Concretely, the coil 
position will be shifted ±150 mm every 50 mm in z direction and “z =0” on horizontal axis means 
that the origin of coordinate system and the center of the coil are the same position. Figures 5(a) and 
(b) show average SAR under several positions of the coil in the Models A and B, respectively. From 
Fig. 5(a), the whole body average SAR is almost the same under various position of the coil. Mean-
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while, the uterus and ovary average SAR show maximum values at z = 150 mm. From Fig. 5(b), the 
values of the whole body average SAR are observed same tendency as in Fig. 5(a). Moreover, the 
fetus average SAR and fetal brain average SAR show maximum values at z =100 mm. 
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Figure 5: Calculated average SARs under various coil positions 
 
4. Conclusion 
In this study, the SAR distributions of two types of woman models (pregnant woman in early period 
and 28th gestational week woman) were calculated. As a result of calculations, low SAR values 
were observed around the uterus (for the early period model) and the fetus (for the 28th gestational 
week model). Moreover, the SARs under various position of the RF coil are also calculated. As a 
further study, it is necessary to calculate the temperature rise inside the fetus due to the RF 
pulse radiation based on these results. 
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