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INTRODUCTION:  Post-mastectomy breast reconstruction is usually accomplished using tissue expanders and is a common technique used for 
breast reconstruction after mastectomy.  Tissue expanders have silicone outer shells and either an internal valve or external port to allow for saline 
injections into the implant. According to a recent study published in 2003, involving subjects with breast cancer, approximately 49% of the subjects 
underwent mastectomies and a high number of these patients have temporary breast expanders [1, 2]. Patients with these implants frequently need to 
be imaged by MRI for follow-up. To address this issue, we present electromagnetic numerical simulations based on a female human body model with 
a breast expander implant and four different landmark positions  at 128 MHz.  

METHODS: The body coil model at 128 MHz was a quadrature 16-rod high-pass (HP) birdcage coil (inner diameter (ID) = 610 mm; length = 620 
mm [3]) and an RF shield (ID = 660, length = 1220 mm). The human anatomical model used for the study was the Ella model from the Virtual 
Family [4] (Fig. 1). A generic model of the breast expander was designed using actual product samples, with an elastomer shell (diameter = 125 mm), 
a cylindrical metallic port (ID = 46 mm and height = 9 mm for the lower section; ID = 12 mm and height = 5 mm for the upper section). A region of 
interest (ROI) of 350×300 mm2 (Fig. 2) around the implant was selected for the analysis. Four different landmark positions were evaluated: shoulder, 
heart, sternum (reference landmark), and abdomen (Figs. 1 and 3). Whole body averaged SAR (SARWB), 10g-averaged SAR (SAR10g), and the 
percentage normalized difference of SAR10g with and without the implant (i.e., (SAR10g-With - SAR10g-Without)/average SAR10g-Without) [%]) were 
evaluated (Fig. 2 and 3). A separate analysis for each component of the breast implant (i.e., metal vs. saline) was performed as well as additional 
simulations with a silicone breast implant (σ = 0.1 S/m) (Fig. 2.) Numerical simulations were performed using commercially available software 
(xFDTD; Remcom, Inc; State College, PA) and post-processing analysis was performed in Matlab (the MathWorks, Inc., Natick, MA). All 
simulation results were normalized to a SARWB equal to 4 W/kg (First Level Controlled Operating Mode [5]).  

RESULTS: Fig. 2 shows a coronal view of the SAR10g for the whole body (top) and in a smaller FOV (defined above) around the implant (i.e., y = 
65 mm from the origin) (middle). At the bottom of Fig. 2 it is shown the percentage difference without implant and with a “Full” implant (i.e., metal 
plus saline), with only the metal or the saline, and with a silicone breast implant. Fig.3 shows the SAR10g without and with implant in a coronal plane 
along the periphery of the implant (i.e., at 37.5 mm from the center of the implant) with four different landmark positions of Z-axis.  

DISCUSSION:  As shown in Fig. 2, the main source of the SAR10g changes with the breast expander implant is the saline component rather than the 
metallic one. The SAR10g was mainly decreased inside the implant because of a partially shielding effect of the insulator, whereas increased in a 
section toward the periphery or surrounding region of the implant. The maximum SAR10g (SAR10g-peak) in the region surrounding the implant was 
always less than the SAR10g-peak over the entire body (i.e., SAR10g-peak in the implant < 26.0 W/kg; SAR10g-peak in the body = 41.2 W/kg). Comparing 
the SAR values with landmark position of sternum vs. abdomen, the SAR10g-peak decreased whereas the maximum difference increased (Fig. 3). The 
difference of SAR10g with and without the implant was affected by the landmark (i.e., comparable values for shoulder, heart, sternum whereas visibly 
different with abdomen landmark.)  

CONCLUSIONS: The preliminary results of the numerical simulations performed in this study with a female human model at 128 MHz show 
significant changes of SAR10g and SAR10g-peak in presence of a breast expander implant. However, SAR10g-peak in a ROI containing the implant was 
lower than the SAR10g-peak over the whole body. The results also showed SAR increases in some regions around the non-metallic part of the implant 
(saline and silicone pouch). Additional analysis, including different frequency and coil results, validation and uncertainty analysis, will be performed. 
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Figure 3 SAR10g in a selected ROI around the implant with 
four different landmark positions without (top) and with 
(middle) the breast expander implant. (Bottom) Normalized 
percentage difference between the two cases.  

Figure 2 (top) SAR10g over the entire body in the selected coronal 
slice containing the center of the implant. (Center) Implant region 
of interest (ROI). (Bottom) Normalized percentage difference of 
SAR10g with and without the implant (Legend: “Full”: implant 
with both metal and saline).  
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