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(ERMES)

Tecniche Elettromagnetiche 
in Neuroscienze
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science research

Official type B tutoring 
activities

(Fisica generale I e II)

High-Field Magnetic 
Resonance Imaging: 

Electromagnetic 
compatibility and 

optimization

Ph.D. School Surface 
Electromagnetics

Myelin Mapping in the 
brain’s white matter with 

multicomponent MRI signals
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Research area(s)
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Electromagnetic efficiency and safety in high field magnetic 
resonance imaging (≥ 3𝑇)

• SNR proportional to the static 
magnetic field

SNR ∝ B!

• Larmor Frequency for RF coils
𝑓! = γB!



Research Problem: RF Field Control
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𝑩𝟎 = 𝟏. 𝟓𝑻	(𝟔𝟒	𝑴𝑯𝒛) 𝑩𝟎 = 𝟕𝑻	(𝟑𝟎𝟎	𝑴𝑯𝒛)

d=12cm

Webb, A. G. (2011). Dielectric materials in magnetic resonance. Concepts in Magnetic Resonance Part A, 38A(4), 148–184. 
https://doi.org/10.1002/cmr.a.20219

𝝀𝟎 = 𝟒. 𝟕𝒎

−	Free space Wavelength 𝝀𝟎	[𝒎]
- Head Size	𝐝	[𝐦]

𝑩𝟏 𝑩𝟏

𝝀𝟎 = 𝟏𝒎

- RF Field 𝑩𝟏	[𝝁𝑻]



Research Problem: High Permittivity Materials
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What are High-Permittivity Materials (HPMs), and in what ways are 
they employed in MRI?

Sica, C. T., Rupprecht, S., Hou, R. J., Lanagan, M. T., Gandji, N. P., Lanagan, M. T., & Yang, Q. X. (2020). Toward whole-cortex enhancement 
with an ultrahigh dielectric constant helmet at 3T. Magnetic Resonance in Medicine, 83(3), 1123–1134. 

https://doi.org/10.1002/mrm.27962

https://doi.org/10.1002/mrm.27962


Research Problem: High Permittivity Materials
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𝜺𝑯𝑷𝑴 = 𝟏

Teeuwisse, W. M., Brink, W. M., & Webb, A. G. (2012). Quantitative assessment of the effects of high-permittivity pads in 7 Tesla MRI of the 
brain. Magnetic Resonance in Medicine, 67(5), 1285–1293. https://doi.org/10.1002/mrm.23108

𝑩𝟏
|𝑩𝟏|𝒎𝒂𝒙



Research Problem: High Permittivity Materials 
(HPMs)
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𝜺𝑯𝑷𝑴 = 𝟏

Teeuwisse, W. M., Brink, W. M., & Webb, A. G. (2012). Quantitative assessment of the effects of high-permittivity pads in 7 Tesla MRI of the 
brain. Magnetic Resonance in Medicine, 67(5), 1285–1293. https://doi.org/10.1002/mrm.23108

HOW TO DESIGN HPMs PROPERLY? 
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PhD thesis overview
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Problem statement
• A solid physical explanation of the improvements is lacking.
• Time-consuming numerical simulations.

Objective
• Investigate the mechanism behind MRI improvements
• Provide a design tool to guide numerical simulations.

Methodology: 
• New analytical scattering framework to mimic MRI 

experiments and study HPMs design.

Vincenzo Miranda



Methodology
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Mie Scattering Coefficients 

New Framework Coefficients

Vincenzo Miranda



Vincenzo Miranda

𝑅!

𝑅"
𝑅#

Loop Coil Electric Dipole

Methodology

𝑅!

𝑅"
𝑅#

𝑅!

𝑅"
𝑅#

Plane Wave

Keltner, J. R., Carlson, J. W., Roos, M. S., Wong, S. T. S., Wong, T. L., & Budinger, T. F. (1991). Electromagnetic fields of surface coil in vivo NMR at 
high frequencies. Magnetic Resonance in Medicine, 22(3), 467–480. https://doi.org/10.1002/mrm.1910220303

Ruppin, R. (1982). Decay of an excited molecule near a small metal sphere. The Journal of Chemical Physics, 76(4), 1681–1684. 
https://doi.org/10.1063/1.443196

https://doi.org/10.1063/1.443196
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Summary of Results

Vincenzo Miranda

1. Numerical Validation of the Proposed Framework

2. Application of the Model to Investigate HPMs in MRI

3. Numerical-Analytical Design of a HPM Helmet

4. Experimental Result in a 7T Scanner
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Numerical Validation

Region #1 
R1 =12 cm
Epsilon R = 30
Sigma = 0.3 (S/m)

Region #2 
R2 =10 cm
Epsilon R = 40
Sigma = 0.35 (S/m)

Region #3 
R3 = 8 cm
Epsilon R = 20
Sigma = 0.25 (S/m)

Region #4 
R4 = 6 cm
Epsilon R = 60
Sigma = 0.45 (S/m)

Vincenzo Miranda

𝑓$ = 128	𝑀𝐻𝑧
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Numerical Validation

Vincenzo Miranda
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Summary of Results

Vincenzo Miranda

1. Numerical Validation of the Proposed Framework

2. Application of the Model to Investigate HPMs in MRI

3. Numerical-Analytical Design of a HPM Helmet

4. Experimental Result in a 7T Scanner



Simulation Steup 
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Region #1 (HPM)
R1 =1 cm
Epsilon HPM = ???
Sigma = 0.01 (S/m)

Region #2 (HEAD)
R2 = 9 cm
Epsilon = 50
Sigma = 0.5 (S/m)

• Foundamental Mode Analysis  (n=1)

• Observation point placed at the sphere center ( 𝜌 = 0	𝑐𝑚)

• Larmor Frequency 𝑓' = 297.2	𝑀𝐻𝑧	 (7𝑇	𝑆𝑐𝑎𝑛𝑛𝑒𝑟)



PhD thesis: Results 1
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|𝑩𝟏|	[𝝁𝑻] 𝑹𝒆𝒇𝒍𝒆𝒄𝒕𝒊𝒐𝒏	𝑪𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕𝒔

𝜺𝑯𝑷𝑴 𝜺𝑯𝑷𝑴



PhD thesis: Results 2
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|𝑩𝟏|	[𝝁𝑻]

Optimal Permittivity Value 𝜀3
456

𝜺𝑯𝑷𝑴

𝜎$ = 0.05	𝑆/𝑚
𝜎$ = 0.1	 𝑆/𝑚
𝜎$ = 0.3	 𝑆/𝑚
𝜎$ = 0.5	 𝑆/𝑚
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Summary of Results

Vincenzo Miranda

1. Numerical Validation of the Proposed Framework

2. Application of the Model to Investigate HPMs in MRI

3. Numerical-Analytical Design of a HPM Helmet

4. Experimental Result in a 7T Scanner
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Numerical Setup Theoretical Setup

Numerical-Analytical Design of a HPM Helmet
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𝜺𝑯𝑷𝑴 𝜺𝑯𝑷𝑴

|𝑩
𝟏
|/
|𝑩

𝟏	
𝒎
𝒂𝒙
|

Loop-Loop Comparison Loop-Birdcage Comparison

Numerical-Analytical Design of a HPM Helmet

Theoretical Model (10.5cm Head + 1cm Air)
Spherical Helmet

Spherical Helmet stretched Head

Spherical Helmet stretched Head Truncated
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𝜺𝑯𝑷𝑴

Loop Coil Real Helmet

Birdcage Real Helmet

Head 10.5cm +1cm Air

Head 8.75cm +2.75cm Air

|𝑩𝟏|/|𝑩𝟏	𝒎𝒂𝒙|

Numerical-Analytical Design of a HPM Helmet

Vincenzo Miranda

Numerical 

Theoretical (Loop Only)
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|𝑩𝟏|	[𝝁𝑻]

Numerical-Analytical Design of a HPM Helmet

Vincenzo Miranda

Loop Coil 

Birdcage Coil

0

0

10

25

[𝝁𝑻]

[𝝁𝑻]
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Study (year) 𝒇 [MHz] Model/Test Results Present Work 

Teewuisse et al., 
2012

297.2
Duke 

(simulation) + 
in vivo

Pads horseshoe; 
𝜀%
&'(= 120–150 𝜀+

,-.= 130

Sica et al., 2020 128
Ella 

(simulation) + 
in vivo

UHDC helmet; 
𝜀%
&'(= 500–600 
(supposed)

𝜀+
,-.= 450

Lakshmanan et 
al., 2021

297.2
Duke 

(simulation) + 
in vivo

Ceramic helmet; 
𝜀%
&'(= 107 𝜀+

,-.= 113

Gandji et al., 
2021

447
Ella 

(simulation) + 
Phantom

Water-based HDC; 
𝜀%
&'(= 78 𝜀+

,-.= 70

Soon et al., 
2024/25

297.2 Ella 
(simulation) + 

in vivo

Slurry helmet; 
𝜀%
&'(= 170 𝜀+

,-.= 160

Vincenzo Miranda

Comparison with prior Research
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Summary of Results

Vincenzo Miranda

1. Numerical Validation of the Proposed Framework

2. Application of the Model to Investigate HPMs in MRI

3. Numerical-Analytical Design of a HPM Helmet

4. Experimental Result in a 7T Scanner



7T MRI Experiment: Phantom Exposure
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𝜀%("*+."	./0) = 48.9 ± 0.8 𝜎("*+."	./0) = 0.54 ±0.03 S/m

Solid Head Phantom: 85% PVP 12mM + 15% NaCl 1.5M (R=3cm)

Solid HPM Shell:  PVP 2mM  (R=6cm)
𝜎("*+."	./0) = 0.08 ±0.02 S/m𝜀%("*+."	./0) = 71.2 ± 0.3
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7T MRI Experiment: Phantom Exposure

Vincenzo Miranda

• 𝑆𝑐𝑎𝑛𝑛𝑖𝑛𝑔	𝑆𝑒𝑞𝑢𝑒𝑛𝑐𝑒:Gradient Echo

• 𝐴𝑐𝑞𝑢𝑖𝑠𝑖𝑡𝑖𝑜𝑛	𝑡𝑦𝑝𝑒: 	2𝐷

• 𝑆𝑙𝑖𝑐𝑒	𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠	2𝑚𝑚

• 𝑅𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛	𝑇𝑖𝑚𝑒	𝑇2 = 1000	𝑚𝑠

• 𝐸𝑐ℎ𝑜	𝑇𝑖𝑚𝑒	𝑇3 = 2.47	𝑚𝑠

• 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = [110	𝑉	𝑝ℎ𝑎𝑛𝑡𝑜𝑚; 	300	𝑉	𝐻𝑃𝑀]

• 𝑅𝐹	𝑝𝑢𝑙𝑠𝑒	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	𝜏 = 104#	𝑠

Birdcage Coil Loop Coil 
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𝑺𝑵𝑹	(𝒅𝑩)

7T MRI Experiment: Loop Coil Results

𝟑𝟎	𝒅𝑩 𝟑𝟎	𝒅𝑩

𝟒𝟎	𝒅𝑩 𝟒𝟎	𝒅𝑩
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𝑺𝑵𝑹	(𝒅𝑩)

7T MRI Experiment: Birdcage Results

𝟐𝟓	𝒅𝑩𝟐𝟓	𝒅𝑩

𝟑𝟖	𝒅𝑩 𝟑𝟖	𝒅𝑩
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Conclusions

• Mitigate the low durability of HPMs over time.

• Verify the safety aspects for CE/FDA approval. 

• Find a modal expansion for the birdcage coil.

Future Perspectives

• Prediction of the optimal permittivity value for the 
design of spherical HPMs.

• The analytical tool can complement numerical 
simulations even in real MRI scenarios.
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Thank you for your attention!


