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Assessment for the Temperature according to
the Electrode Diameter of Radio Frequency Hyperthermia
Using Agar Phantom
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Hyperthermia is effective treatment modality when it combine with the radiotherapy treatment. It is important to
verify the temperature distribution of (patient's) body for the safety and effective treatment during raising the
temperature. In this study, we raised the temperature in agar phantom using radio frequency (RF) Hyperthermia
and protocol that manufacture recommend. Temperature distribution measured 5 section of 5 cm thickness with
agar phantom. When the temperature was raised according to the increase energy. Temperature distribution was
elevated at similar domain regardless of energy. The temperature tend to be increased at up side then bottom
side and also increase when A large electrode was used than small one.
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Fig. 1. Agar phantom and temperature sensor. Size 32x6x3 em’,

Table 1. Measurement conditions of thermal distribution.

Diameter of Duration Power

electrodes (cm)  (min) (watt)
Upper-lower

Liver protocol session 1 25-25 10 35
10 55

10 75

10 85

10 95

Liver protocol session 5 25-25 10 60
10 85

10 110

10 135

10 140

AE 7+ ZREZ 34 55 Adsiglon, AFe
S5kt

9], ot =77t T AFS o] §3F 25 BXAE v
& Z2EF HA 55 o] &3} tH(Table 2). 102 7+4
o7 395 S#FH, 5087 £ 251 K oUAE A
gke} 15~25 em, 15~15 cm, 25~15 cm ¥ 3744 AFo g
TAsRe 3 ecme] A5 FAlell 3 em Zoupr} 224
AS BHsln 2As9 1, HELE WIkE d3k4 7
th2 g Fodslglch

ISP\
EASE

Z

N
~

HAREe] =717k 42 05 em, elUA7E %
A 137} 315 kIl 34 5 Zojof wE o
Akt Fig 29 (aFH (e 244 5& 7h
£l 3 anel Zlolel W S R Asfelh. AT
e ¥4 a3z 227 A9
AR ghsrent 45 P S of 409] £ 45
ek 3 em ZolollA 9] 7h2 ¥ 2ERE
26.7°Coll Al 7k ¥ 39.7°CE 13 C7} st
LEAEETS HoErh 6 emollAe] AFH
4RI 3 om WuekE 23 3
. 9 emol| A= 9.7°Ce] &%} 4
A%5% L% J5To] A Fo1E: Yk 12 om Zolol
A 6.5°C7F Asstiitt. ol SellA Ael7F 3 cmo 2
—ﬂ‘é;ﬂ;-‘/} 210]7} 7Lox,]. LT A]—V‘,__ ol: 50% ;gEE H

e
)
i
_X; :ﬂ

} 7
BE

(V]
()
(o))
=
o

N
N
J{Nt
-{ok 4

mlo XL kK
ot
rlr
K
g,
2
Y
c
2
4
é‘.:

o 2=
T (<]
gal9la Zol7t 2

N

1

ot

Table 3& 34 13} 34 59 A 74 L5 2 HolZy 9]
t}. (@) ollUA7} 206 kio] T H 3 LEF5S 7.6°ColR)
om ()9 AL 22 A7l 315 Ko dUAZ 7125

ol i

Table 4= A=

LT Ao 13°CE 2u9 A A4S B
ZAlol| A 5 cm, 10 cm ol A 2] Aol A

Table 2. Measurement conditions of thermal distribution.

Diameter of

Duration Power
electrodes .
(cm) (min) (watt)
Head & Neck protocol — Upper-lower 10 60
session 5 10 80
25-15 10 95
15-15 10 110
15-25 10 120
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Fig. 2. Thermal distribution of 25~25 cm electrode (liver protocol session 5), (a) surface, (b) depth 3 cm, (c) depth 6 cm, (d) depth

9 cm, (e) depth 12 cm.

Table 3. Thermal distribution at center of 25~25 cm electrode, duration 10 min (a) Liver protocol session1 (total energy 206

kJ), (b) Liver protocol session5 (total energy 315 kJ).
(@)

Power(W)
Depth Difference
Start 35 55 75 85 95

3 cm 26.2 27.3 28.6 30.3 32.0 33.8 7.6

6 cm 25.7 26.5 27.3 28.7 30.2 31.9 6.2

9 cm 247 254 26.3 27.9 29.2 31.0 6.3

12 cm 25.4 26.0 26.5 27.6 28.8 29.9 45
(b)

Power(W)
Depth Difference
Start 65 85 110 135 140

3 cm 26.7 29.0 31.0 33.9 36.6 39.7 13.0

6 cm 27.0 28.2 30.0 32.6 35.3 38.2 11.2

9 cm 27.2 28.7 30.0 31.9 34.2 36.9 9.7

12 cm 281 28.9 30.0 31.2 32.9 34.6 6.5
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Table 4. Temperature profiles of 25~25 cm electrode.

Distance from the electrode center

Depth

Center 5 cm 10 cm
3 cm 13.0 11.0 6.7
6 cm 11.2 8.9 4.6
9 cm 9.7 7.6 41
12 cm 6.5 6.0 4.0
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Fig. 3. Temperature Profiles (liver
protocol session 5), (a) electrode
25~25 cm, (b) electrode 15~15
cm.
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Fig. 4. Thermal distribution of 15~15 cm electrode (liver protocol session 5), (a) surface, (b) depth 3 cm, (c) depth 6 cm, (d) depth
9 cm, (e) depth 12 cm.

Fig. 5. Thermal distribution of 15~25 cm electrode (liver protocol session 5), (a) surface, (b) depth 3 cm, (c) depth 6 cm, (d) depth
9 cm, (e) depth 12 cm.
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Fig. 6. Thermal distribution of 25-15 cm electrode (liver protocol session5), (a) surface, (b) depth 3 cm, (c) depth 6 cm, (d) depth

9 cm, (e) depth 12 cm.
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