
New high resolution New high resolution headmodelheadmodel for accuratefor accurate
electromagnetic field computationelectromagnetic field computation

L. M. AngeloneL. M. Angelone1,21,2, S. Tulloch, S. Tulloch33, G. Wiggins, G. Wiggins11, S. Iwaki, S. Iwaki11, N. Makris, N. Makris33, G. Bonmassar, G. Bonmassar11

1Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital, Charlestown, MA, United States - 2Biomedical Engineering Department, Tufts University, Medford, MA, United States
3Center for Morphometric Analysis, Massachusetts General Hospital, Charlestown, MA, United States

RATIONALE: Why?RATIONALE: Why?
Realistic head models are commonly used for the computation of the electromagnetic fields, which are mostly used for RF coil 
design and safety studies [1-4].  The resolution of the head model generally affects the accuracy of the electromagnetic field 
computation.

RESULTS: What?RESULTS: What?
The simulated BThe simulated B--field showed the typical dielectric resonance at field showed the typical dielectric resonance at 
7T [8].  The B7T [8].  The B--field distribution was in general much closer to the field distribution was in general much closer to the 
real case (Fig. 2 A) since it showed positive peaks in the real case (Fig. 2 A) since it showed positive peaks in the 
ventricles (Fig. 2 B)  whereas the 8ventricles (Fig. 2 B)  whereas the 8--tissues head model with the tissues head model with the 
same resolution (Fig. 2 C) showed a negative peak in the same resolution (Fig. 2 C) showed a negative peak in the 
midbrain region.  The peak of SAR was in the Nasal structures, midbrain region.  The peak of SAR was in the Nasal structures, 
near a source [3].  Local SAR increases could be partly near a source [3].  Local SAR increases could be partly 
enhanced due to enhanced due to staircasingstaircasing effects [9] .  However the high effects [9] .  However the high 
number of cells per wavelength (2000 cells at 128 MHz, 1000 number of cells per wavelength (2000 cells at 128 MHz, 1000 
cells at 300 MHz) should reduce the staircase error to less thancells at 300 MHz) should reduce the staircase error to less than
1dB [10] .  Furthermore, the position of the peak SAR values 1dB [10] .  Furthermore, the position of the peak SAR values 
were consistent with the literature [3, 11] . Similar results wewere consistent with the literature [3, 11] . Similar results were re 
obtained modeling an endobtained modeling an end--cap TEM coil (D.) cap TEM coil (D.) 

METHODS: How?METHODS: How?
One high-resolution head model (1×1×1mm3) was manually segmented from the anatomical MRI data of an adult male subject.  The subject anatomical MRI was performed with a 
quadrature birdcage transmit/receive head coil on our 1.5T scanner (General Electric, Milwaukee, WI, USA).  Three whole-head scans were collected with a T1-weighted 3D-SPGR 
sequence (TR/TE=24/8ms) with 124 slices, 1.3mm thick (matrix size 256×192, FOV 256mm).  The individual images were motion-corrected and averaged to increase gray/white 
matter contrast-to-noise ratio using MEDx software (Sensor Systems, Inc., Sterling, VA, USA).  Twenty six different types of tissue were manually segmented from the MRI image. 

The head model was used for evaluation of RF power distribution in MRI using FDTD algorithm (XFDTD, REMCOM Co., State College, USA).  Each cell of the head model was 
isotropic and of dimensions 1×1×1mm3.  The physical properties of tissue were selected according to the literature [6] (Table 1.)  The total number of Yee cells [7] for the head 
models was 4642730.  The total volume considered including the free space around the model was 296×390×351mm3.  Simulation studies with the head model were conducted 
with birdcage coil [4] at 128MHz-3T and 300MHz-7T. 
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CONCLUSIONS CONCLUSIONS We present a new high resolution head model that can be a usefulWe present a new high resolution head model that can be a usefully utilized for electromagnetic fields computation.  Results obtly utilized for electromagnetic fields computation.  Results obtained are in ained are in 
agreement with the literature and outperform the accuracy in estagreement with the literature and outperform the accuracy in estimating the distribution of the B1 field of a model with same reimating the distribution of the B1 field of a model with same resolution but with a lower number of tissues. solution but with a lower number of tissues. 

FIGURE (A) MRI FIGURE (A) MRI 
image showing the image showing the 
typical dielectric typical dielectric 
resonance at 7T resonance at 7T 
localized in the localized in the 
center.  (B  & C)  B1 center.  (B  & C)  B1 
field distribution field distribution 
calculated with the calculated with the 
new head model (B) new head model (B) 
compared with 8 compared with 8 
tissues head model tissues head model 
(C) using birdcage (C) using birdcage 
coil at 7T. (D) SAR coil at 7T. (D) SAR 
distribution with enddistribution with end--
cap TEM at 300MHzcap TEM at 300MHz

A B C D

Table 1Fig. 1

Fig.2


