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Examination of entrance surface dose using scintillator with optical fiber (SOF) dosimeter in
radiography
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[Abstract]

It is important to measure and control medical exposure dose in a patient, and in radiography, the amount of radiation
dose to be administered to a patient depends primarily on the entrance surface dose. Consequently, in medical physics,
evaluation of the entrance surface dose is indispensable to achieve optimized medical exposure to radiation. In this
study, we used a scintillator with optical fiber (SOF) dosimeter, which can measure the entrance surface dose, including
backscattering radiation; furthermore, owing to its small size and construction, the SOF dosimetric probe is not visible in
radiographic images. The calibration of the SOF dosimeter was performed with an ionization chamber dosimeter (stan-
dard dosimeter), and the accuracy of the SOF dosimeter measurements was compared with the accuracy of the standard
dosimeter measurements. We observed a maximum error of 2.19% in the SOF dosimeter measurements, which is a sig-
nificant improvement over the measurements obtained with a standard dosimeter, thereby, implying a better accuracy in
SOF dosimeter measurements. In addition, SOF dosimeters can replace standard dosimeters as real-time or routine radia-
tion monitors because of their small size.
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Fig.1 Overview of the SOF dosimeter (MIDSOF)
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SOF dosimeter

AcroBio Corporation, MIDSOF SCHO1

lonization chamber dosimeter

Radical Corporation,

model 9015 Radiation Monitor

Controller

10X5-1800 Chamber

Non-invasive X-ray output analyzer

RTI Corporation, Piranha

Acrylic fiber phantom

32cm X 32cm X 1cm 20 plates

Aluminum plate

Half value layer measurement kit, purity 99%

X-ray system

SHIMADZU UD150B-40/L40 GSC-2002L
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Fig.2 Geometrical set-up for the Measurement of half value layer
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Fig.3 Geometrical set-up for the Calibration measurement and Entrance surface dose measurement
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Fig.4 Half-value layer relative curve




VI

VFL—yaY#T71)\—(SOF) BEEERV-—BBERECEI SAHRERENEH ZORE

Table 2 SOF dosimeter calibration value and Relative error for each tube voltage

N=5
Tube voltage  Tube current Time EV lon chamber SOF Calibration Relative eror

(kV) (mA) (msec) (keV) (u Gy) (u Gy) constant

60 100 100 32.0 152.3 155.0 0.983 0.017

70 100 100 33.9 223.2 23141 0.966 0.035

80 100 100 36.4 301.4 309.9 0.973 0.028

90 100 100 38.3 381.0 382.2 0.997 0.003
100 100 100 40.3 477.2 466.2 1.023 -0.023
120 100 100 42.5 630.1 615.2 1.024 -0.024

Table 3 Comparison of theoretical values and simplified measurement methods by standard measurement
method for Entrance surface dose measurement

N=5
lon chamber dosimeter SOF dosimeter
Acrylic fiber
phantom Calculated matric by Simplified measurement Simplified measurement Calibrated data
(cm)
Standard measurement u Gy Error rate (%) u Gy Error rate (%)
20 834.09 884.98 6.10 834.52 0.05 06
18 807.27 871.28 7.93 812.64 0.67
16 781.87 835.82 6.90 791.25 1.20
14 757.80 802.46 5.89 774.37 2.19
940 80 kV,12.8 mAs,SSD:120 cm
,;. s Phantom thickness 20 cm
2 920 {
~ * ok
2 900 [
=
S 880 I
Q
b=
=
© 860
)
=
£ 840 T I
5 1 :
5 820
g0
s
o 800
>
<
780 - - ; -

Standard measurement Simplified measurement  Simplified measurement
using a reference using a reference using a SOF dosimeter
dosimeter dosimeter

* %:P<0.01, n.s.:no significant
Error bars indicate standard deviation

Fig.5 Average of Entrance surface dose and significant difference and standard deviation for each measure-
ment method
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Fig.6 Influence of scattered radiation at SOF dosimeter
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