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Evaluation of Approximate Exposure to Low-dose Ionizing Radiation
from Medical Images using a Computed Radiography (CR) System
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Abstract

This study suggested evaluation of approximately exposure to low—dose ionization radiation from medical
images using a computed radiography (CR) system in standard X—ray examination and experimental model can
compare diagnostic reference level (DRL) will suggest on optimization condition of guard about medical
radiation of low dose space. Entrance surface dose (ESD) cross—measuring by standard dosimeter and
optically stimulated luminescence dosimeters (OSLDs) in experiment condition about tube voltage and current
of X—ray generator. Also, Hounsfield unit (HU) scale measured about each experiment condition in CR system
and after character relationship table and graph tabulate about ESD and HU scale, approximately radiation dose
about head, neck, thoracic, abdomen, and pelvis draw a measurement. In result measuring head, neck, thoracic,
abdomen, and pelvis, average of ESD is 2.10, 2.01, 1.13, 2.97, and 1.95 mGy, respectively. HU scale is
3,276%x3.72, 3,217£2.93, 2,768+3.13, 3,782%5.19, and 2,318%4.64, respectively, in CR image. At this
moment, using characteristic relationship table and graph, ESD measured approximately 2.16, 2.06, 1.19, 3.05,
and 2.07 mGy, respectively. Average error of measuring value and ESD measured approximately smaller than
3%, this have credibility cover all the bases radiology area of measurement 5%. In its final analysis, this study
suggest new experimental model approximately can assess radiation dose of patient in standard X-ray
examination and can apply to CR examination, digital radiography and even film—cassette system.
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Table 1. Specification of the image reader and imaging plate.

Image plate (IP)
Image reader Image size Dlglt.al Pixel size
Mode ) matrix
(inchs) ; (um)
(pixels)
Agfa 14 x 17 2320 x 2828 150
e GBX a0 8 x 10 1950 x 280 100

Table 2. Specification of the X-ray generator.

Properties of unit Specification

Mode | REX-650R
Focus size 1.2/0.6 mm
Inherent filteration 2.4 mmAl
Additional filteration 1.0 mmAl
Target material/angle Rhenium-Tungsten / 12°
Maximum tube voltage 150 kVp
Maximum tube current 640 mA

0
_ Glose ' Open
8 UD
Wi Y KDt ina
Plasucpadwl Mot

Figure 2. InLightTM OSL system. The MicroStar reader is a
compact, lightweight, portable reader. OSLDs are plastic discs

infused with crystals of Al2O3:C and little build-up in device itself.
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Figure 3. lllustration of experimental set-up for exposure dose
evaluation of dosimeter, OSLDs, and CR images with Hounsfield
unit scales.
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Figure 4. Measuring equipment of set-up for exposure dose.
Source to surface distance was 100 c¢cm, and the depth in
water was 16 cm. Surface of the water phantom inserted the
dosimeter and OSLDs, respectively.
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dsize

{20 20em?)

Figure 5. lllustration shows the reading of Hounsfield unit
profile to the cross section of the field size center in
INFINITT PACS system.

Table 3. Exposure and scan conditions base on the each
examination.

Tube Tube Scan Tube current

vol tage current time X Scan time
(kvp) (mA) (sec) (mAs)
Skull 76 200 0.2 40
Neck 74 200 0.16 32
Chest 68 200 0.1 20
Aobdomen 78 200 0.2 40
Pelvis 74 200 0.2 40

1. Z#xt

1. OSL A=A1¢] =4

Table 42 A=A 9} OSL AHFAS wxp wAsHe]

AH@ell oJste] Tzl WA AdE HoFErh B4 %
F Z9E 71Feg 7 OSLD Z8tay #Ae d=
A o 1.32 mGy, #4117 mGy Fon Hit A
FE 1234005 mGy otk o] gk HPAY A
2% 1.20£0.02 mGy Btk °F 25% S7HE AgoR &

AEAt w3 OoSL AEAY Hit
1.02+0.04% ) 1.11, & 0957HA] L3 BEE o]
FRow wHE ZAof gk 7t MEFAe] X Algko] A
2 AABAVE dEAE B4 Hste wrE

Bl BAS Alaer Aufol A p ko] 0.05 mlwho] S0

H FAACE Fofd grem AHEE 5 Atk

Table 4. Calibration factors of the optically stimulated
luminescence dosimeters (OSLDs) used in this study.

Measurement values

(mGy)
*p-value
Max Min Avg. £8D
Dosimeter 1.23 1.18 1.20£0.02 0.000
0SLDs 1.32 1.17 1.2340.05 0.016
Galibration 0.5  1.0240.04  0.018
factors

SD; standard deviation, OSLDs; optically stimulated luminescence dosimeters,
Unit; Measurement values of dosimeter and OSLDs used mGy unit.
*; repeated measures analysis of variance (p-value < 0.05)

e . |
f 40kVp. .y 50kVp i} 80kVp
’ 200mA D 200mA f 200 mA

40mAs 4. 32mAs £ 20mAs

ot L i¥ ot il
x 2 HiiE, i ol

Fig. 6. Unable to read the Hounsfield unit value of images due
to the noise of the CR imaging plate. These images were
excluded in this study.
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Fig. 7. Comparison results of Hounsfield unit scales (HU) and
entrance surface doses (ESD) due to the tube
currents—exposure time products (mAs). ESD values were
average measuring values of dosimeter and OSLDs in surface
of the water phantom.
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Fig. 8. Comparison results of Hounsfield units (HU) and
entrance surface doses (ESD) due to the tube voltage peak
(kVp). ESD values were average measuring values of
dosimeter and OSLDs in surface of the water phantom.
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Fig. 9. Characteristic curve of entrance surface dose
(ESD) on the Hounsfield units (HU).
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Table 5. Comparison results of measurement and approximately
evaluated dose for entrance surface dose (ESD) pre radiography.

Entrance surface dose (ESD)
/ radiography (mGy)

Skull Neck Chest Abdomen  Pelvis
Measurement
Dosimeter 2.07 1.9 1.14 2.2 1.93
0SL0s 2.13 2.03 1.17 2.9 1.97
Average 2.10 2.01 1.16 2.97 1.9
Evaluation
Hounsfield unit 3,276 3,217 2,768 3,782 2,318
+3.72 +2.93 £3.13 4519 +4.64
Approximate dose 2.16 2.06 1.19 3.06 2.07

*; values were average measuring values of dosimeter and OSLDs in
surface of the water phantom.

Table 6. Comparison results of measurement and approximately
evaluated dose for entrance surface dose (ESD) pre radiography.

Entrance surface dose (ESD)
/ radiography (mGy)

Skull Neck Chest  Abdomen  Pelvis
This study
Neasurements (ESE) 2.10 2.01 1.16 2.97 1.95
Approximate dose 2.16 2.06 1.19 3.05 2.07
International organizations

IAEA (BSS No. 115) 5 - 0.4 10.0 10.0
CRCPD (ESE) - - 0.2 4.3 3.9

IPSM (ESD) 5 - 0.3 10.0 10.0

EC (ESD) 5 - 0.3 10.0 10.0

NRPB (ESD) 5 - 0.3 10.0 10.0
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