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Development of Human-Head-Mimicking Phantom for Brain Treatment
Using Focused Ultrasound
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Abstract

In this study, human head-mimicking phantom was developed for brain disease treatment study using
focused ultrasound. Acoustic parameters of skin, skull and brain were investigated through literature
investigation and adequate substitutes according to each tissue were suggested. In the case of skin phantom,
construction ratio of glycerol-based TMM phantom was controlled to mimic real skin. The suitability of skull
substitutes was evaluated through measurement of acoustic parameters. In the case of brain phantom,
transparent egg white phantom was used to observe thermal properties of focused ultrasound. Combined
human-head-mimicking phantom using each substitutes was fabricated for development of brain disease
treatment protocol. Denaturation of brain phantom according to ultrasonic condition was observed for validation.
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13.51
0.567
3.64
0.639

1.06

1.133

Weight(g)

82.97
11.21
0.46
3.00
0.88
0.9

Ratio(%)

Agar
Silicon carbide
Aluminium oxide(0.3um)
Aluminium oxide(3.0um)

Glycerol
Benzakonium chloride

Components

Table 1. Construction ratio of glycerol-based TMM phantom
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Fig. 1. Skull-mimicking materials; ABS resin, HDPE, POM C,

Acrylic resin (from left).

Fig. 2. Combined head-mimickng phantom.
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Table 3. Acoustic properties of skull-mimicking material

Acoustic parameters HDPE Acrylic POM C
Sound speed (m/s) 2713.1  2649.7  2485.6
Attenuation coefficient
(B/omke) 2.948 4.308 7.239
Density (g/cm) 0.958 1.214 1.407
Acoustic impedance 5 581 3.0% 3.481
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Table 4. Acoustic properties of egg white phantom according
to control acrylamide, TEMED, APS, distilled water

Acrylamide weight ratio(%)

Acoustic parameters

20 30 40

Sound speed (m/s) 1497 .4 1500.7 1506.8
Attenuation coefficient

(B/amiH?) 0.08 0.104 0.163

Density (g/cm) 0.998 0.997 1.037

Acoustic impedance
(106kg/ /5 1.4%4 1.49% 1.563
Specific heat (cal/gC) 4.03 4.31 4.36
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Table 5. Denaturation sizes according to ultrasonic intensity

Intensity(W)  Width(mm)  Length(mm) Shape
20 - - -
30 1.72 3.00 cigar
40 2.05 3.44 cigar
50 2.42 3.42 oval
60 2.50 5.20 tadpole(inverse)
70 2.66 5.8 tadpole
80 2.3 11.20 cone
0 2.30 11.46 cone
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