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Background and MotivationProblem Statement
The goal of this project is to develop a pediatric brain phantom model that can be 
used to simulate the following effects of TMS on iEEG electrodes:

● Induced currents

● Changes in temperatures

● Displacement

These observations will determine the relative safety of using these brain 
mapping techniques in tandem.

Physiological Background

● Epilepsy is a neurological disorder, characterized by 

the regular appearance of uncontrollable seizures, that 

often manifests within 12 months [1]

● There is a lack of clinical explorations in pediatric 

patients, given added complications surrounding child 

participation in human studies [2]

● Two brain mapping techniques utilized prior to 

surgical epilepsy management include intracranial 

electroencephalography (iEEG) and 

transcranial magnetic stimulation (TMS) [3]

Brain Tissue Material
The final model for this project will be a pediatric-sized hydrogel brain encased in a clear resin skull.

Option I:

● 6% Gelatin Type A [13]

● 0.25-0.75% NaCl [14]

● Poor thermal properties

● Well-characterized mechanical properties 

Option II:

● 1.2% Agar [14]

● 0.25-0.75% NaCl [14]

● Difficult to characterize mechanically

● Thermally stable

● Prone to contamination

Figure 10. Varying gelatin thermal conductivities.Figure 1. Inserted 
iEEG electrodes [4].

Figure 2. TMS pulse 
application [5].

Figure 12. Proposed protocol 
for testing electrical 

conductivity of hydrogels.

Testing
Thermal Conductivity Testing

● Wrap hydrogel sample in insulating material

● Place sample on hotplate set to 35 °C 

● Insert thermocouple to take temperature 

measurements periodically

● Choose material and concentration with thermal 

conductivity closest to 0.536 W/m-K [9]

Figure 9. Thermal conductivity testing 
setup and governing equations. 

Figure 4. Microstructure of gelatin (A) and agarose 
(B) hydrogels [15, 16].

Skull Material

● 3D-printable, photocurable resin:

○ Acrylate (50-70%)

○ Urethane Dimethacrylate (25-

45%)

○ Methacrylate (7-10%)

● Elastic modulus: 2.8 GPa [17]

● Ideal optical properties

● Available to 3D print at the Design 

Innovation Lab at Wendt Commons
Figure 6. SolidWorks model of 
a pediatric skull from processed 

CT scans.

Project Applications

● Using both techniques prior to surgery 

provides the most accurate representation 

possible

● Constructing a physiologically accurate brain 

phantom model allows for simulation of TMS 

treatment while iEEG electrodes are in place

● Special emphasis will be put on representing a 

pediatric population

Figure 7. File processing 
pipeline for 3D printable 

skull model.

Shrink-Swell Testing

● Fabricate gels with varying concentrations

● Cut uniformly shaped cylinders

● Submerge each sample in 100% EtOH 

● Take mass measurements over 60 minutes 

● Qualitatively compare polymer density 

Figure 3. Adult iEEG 
TMS phantom [3].

Figure 11. Agar behavior submerged in 
100% EtOH.

Discussion

● Complications with rheological testing

● MRI scans better for soft tissue

● Consider fabricating models with both agar 

and gelatin for head-to-head testing

● $214.51 spent of $500 budget

Future Work

● Perform electrical conductivity testing

● Characterize NaCl-tuned gelatin on rheometer 

using Franck Lab protocol

● Process MRI scans and create brain tissue mold

● 3D print final skull model

● Perform TMS testing on final phantom with 

implanted electrodes

Discussion and Future Work

● Represents accurate physiology of average 5-7 year pediatric brain and skull

○ Skull circumference: 50-54 cm [6]

○ Overall brain matter volume: 1,300 cm3 [7]

● Brain material must have similar electrical conductivity as brain tissue: 

0.2-0.5 S/m [8]

● Brain material must have similar thermal properties to brain tissue: 

0.536 W/m-K [9]

● After completion of TMS testing, electrodes must have:

○ Charge density: <30 μC/cm2

○ Temperature change: <1 °C

○ Displacement: ~0 mm

● Must comply with MTR Standards 2.4 and 3.3, CFR Standards 882.5802, and 

ASTM F2182 [10] [11] [12]

● $500 budget

Design Specifications

Figure 5. Hydrogel synthesis process.

Figure 8. Shrink-
swell testing on 
agar hydrogel.

A

B

Average Thermal 
Conductivity (W/m-K)

Gelatin 
Conc.

0.32  ± 0.074%

0.67  ± 0.236%

0.47  ± 0.098%

Table I. Gelatin thermal 
conductivity results.

Table II. Agar shrink-swell 
results.

Average Percent 
Decrease

Agar 
Conc.

30.3  ± 15.90.5%

25.3  ± 2.461.0%

23.9  ± 3.141.5%

50 mm


