
 
Figure 2.  Full geometric fidelity model and defeatured model of 
80-mm Nitinol self-expanding stent (top) and 15-min 
temperature rise simulated with the two models. 
 

 
Figure 3. (Left) Full geometric fidelity model and defeatured model of 80-
mm screw. (Right) Map of temperature difference calculated with the two 
models.  Overall, the difference was less than 0.4oC, i.e., less than 15% of 
the maximum absolute temperature.  
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TARGET AUDIENCE: Medical device designers, researchers, and regulatory scientists will benefit in 
understanding geometric simplifications that can be utilized when modeling complex medical devices.  

PURPOSE: Many medical implants are geometrically complex and often feature very small structures. 
Furthermore, they are available in a variety of sizes and can be implanted in a multitude of configurations.  
While this flexibility benefits surgeons and patients, medical device manufacturers are obligated to consider 
all available implant sizes and all possible implant combinations and configurations, and, most importantly, 
without making simplifications to the geometry when determining the worst-case radiofrequency (RF)-
induced heating.  This research presents two examples of geometric simplifications that reduce 
computational complexity while not significantly changing the computed heating distribution. 

METHODS: Finite element analysis (FEA) was performed with COMSOL Multiphysics®; the analysis 
simulated the ASTM F2182-11 test1 method using an RF coil model of a Siemens 3T MR system (i.e., 16-
rung high-pass, 2-port CP mode at 128 MHz) and the ASTM gel phantom.  Two different devices were 
included in the analysis: an 80-mm Nitinol self-expanding stent (diameter=8mm) and an 80-mm stainless 
steel orthopedic screw. The devices were each placed at 2 cm from the lateral edge and centered in the 
phantom’s depth and height (Figure 1). For both devices, two computational models were generated and compared: one with the full CAD geometric 
fidelity (“full fidelity model”), and the other one idealized by selectively “defeaturing” the CAD geometry to reduce the number of elements 
(“defeatured model”).  Figure 2 shows the two models generated for the self-expanding stent modeled, where the defeaturing was obtained by 
removing the relief radii and the radiopaque markers, and by replacing the curved connecting struts with straight struts.  Figure 3 shows the full-
fidelity and the defeatured model of the orthopedic screw, where the defeaturing was obtained by removing the hex drive and helical threads.  The 
background local SAR in the location of both devices was 5.8W/kg.  Temperature rise was obtained for 15 minutes of RF application at a whole-
phantom averaged specific absorption rate (SAR) of 2 W/kg. 

RESULTS: When meshed, the Nitinol self-expanding stent model contained 15.6 million (M) degrees of freedom (dof) while the defeatured 
geometry contained 5.2 M dof. Conversely, the two models of the orthopedic screws had 9.6 M dof vs. 2.2M dofs. The simulations showed the 
location and magnitude of maximum heating were consistent between the two Nitinol stent models (Figure 2), with the maximum temperature rise, at 
the tip of the stent, equal to 7.7 °C and 7.6 °C for the fully-featured and the defeatured model, respectively. RF-induced heating FEA conducted with 
the orthopedic screws resulted in an overall maximum difference of 0.36 °C. Temperature difference were observed due to the different tip geometry 
(i.e., sharp vs. conical, Fig. 3 A), the threaded vs. continuous shaft surface (Fig. 3 B), and because of differences at the hex region (C). 

DISCUSSION: Stents are utilized throughout the vasculature for many physiological applications and often have a significant variety of complex 
cell-connector features distinguishing each design. Stents can also often be over-lapped. An orthopedic screw is a basic and versatile piece of 
orthopedic hardware. Both the 80-mm screw and the 80-mm stent showed an increased RF-induced temperature increase at each end of the devices, 
either with fully fidelity or defeatured.  Idealizing through selective geometric defeaturing reduced the total system dofs of approximately 65% to 
75%, which in turn significantly reduced computational memory and CPU-time (i.e., up to 30-fold decrease in CPU time and 4-fold decrease in 
memory requirements).  The order of problem size reduction shown herein may suggest the potential for a significant increase in capability to solve 
RF-induced heating problems for much more geometrically complex devices and assemblies. Future work will seek to establish best practices for 
simplifying device geometry. 

CONCLUSIONS: Multiphysics RF-heating simulations for two distinct medical devices demonstrated agreement within 0.4°C between results 
obtained using full-fidelity vs. defeatured CAD models.  Idealizing through selective geometric defeaturing reduces computational burden and may 
allow for an increased capability to solve some RF-induced heating problems of practical concern.  

REFERENCES [1] ASTM F2182-11. The mention of commercial products, their sources or their use in connection with material reported herein is 
not to be construed as either an actual or implied endorsement of such products by the Department of Health and Human Services. 

 
Figure 1. Geometrical model of 
coil, phantom and device.
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