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The Additional Filter and Ion Chamber Sensor Combination for Reducing
Patient Dose in Digital Chest X-ray Projection
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Abstract

In this paper, we studied additional filter and Ion chamber combinations to reduce patient dose without
decreasing image quality in digital chest x—ray projection. The experiment set 125 kVp, 320 mA, AEC mode.
Ion chamber sensors was divided by 4 cases of combinations, then, we measured patient dose and calculated
organ dose using PCXMC. Also, physical image assessment using MTF was performed. As a results, The
surface entrance dose and organ dose were the lowest when selecting both left and right Ion chamber sensors
under the same conditions of additional filter. In image quality assessment, The spatial frequency scored 2.494
Ip/mm which was highest when selecting both right and left Ion—chambers and 0.1 mmCu filter. And to
conclude, to select both right and left Ion chamber sensors and 0.1 mmCu filter will help for acquiring good
quality image as well as reducing patient dose.
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I. INTRODUCTION
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I. MATERIAL AND METHOD

1. AdAs

AP A" i A (AXIOM  Aristos
MX, Siemens, USA), ¥ ME[RS-111 Rrando phantom,
Alderson Research ILaboratories Inc, USA), e AFE
(Line Group Pattern Type 81, IBA dosimetry, Germany),
A ek 27 7] (Model 20X5-60, Radical Cor. USA)E ©]&
stlon, R G T2 Image | Ver.
1.46r, National Institutes of Health, USA)S ©]-&3}3ith
YAE HE7](digital flat detector) Wl Ton chamber A1}
& &5 d9E LT, 5 2SR, 7R ElE MIDE
A gate] s AASHATHFEg 1]

Fig 1. Location of lon chamber sensor.
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2. YAEANG 54

571 DE 9} Ton chamber XA AA AALE
‘?iﬁ%k(entrance surface dose, ESD) =4 FHRAHS
yAd HE7]e] "AFsto] $12]A17]aL SID 180 cm, £
AbOE 177 x 17°% FASkAL AR DR AH] 9|
AEC moded|A AAHE= 2A0R AAL 125 kVp,
W7 320 mAR FLSHA ALk WA <l
Operating Console®| 4] #-7FZE1 9} Ton chamber /9_]/‘1 o
27} WsE Fol 49 sheith WA DR Fvlel W
5o} 91 15 mmAl BEJO] Cu BEIT AHESH) 23k
< Wnon filer)?} 1.5 mmAl + 0.1 mmCu, 1.5 mmAl +
02 mmCu. 1.5 mmAl + 03 mmCu® Cu ZE FAZ
FAH 07 F7FA 7] AL, Ton chamber®] AlME 22

W), W), 0N, ZFEhE 7 2gew 7
7t 534 Zate] NS SAT § Fdgow

2hE3st A CHEg 2].

Fig. 2. Experimental apparatus for measuring ESD.
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3l PCXMC dose calculations Ver. 1.5Radiation and
Nuclear Safety Authory in Finland) ZZ 138 0]-83}%
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oA HAF 27 AFEE ™ol Jhssith Eg
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Fig 3. lllustrates the exterior shapes of the phantom models.
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Fig 4. The x-ray examination data input from PCXMC

4. 4727}

Gel st s vaety] flste] A" w4t 3
7d 8T ARE AR Qe wxdgds
(modulation transfer fuction, MTF)& &4 3}& ]
FE 39l MTF:  Jaaxele] Fue &
(frequency response) 574+ UERE o= A(1)7
ol glele] FFIE f o tis FAAdZRE o
S AU EEe] vE T 00 tigk MTFE4
o) vk 3H(normalization) = 4 ] AT 2o Apzbah-g-

177



178

"The Additional Filter and lon Chamber Sensor Combination for Reducing Patient Dose in Digital Chest X-ray Projection”

23H=(SWRF)2] T8 39+8  ZEH (rectangular chart
method) S ©]§3to] FFa49 4= gs =
G, e QAEHAY 24 A9} EAF xAO
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I, RESULT

1. gAzEAE 54 29

B7 e F7 W35 mmAl 1.5 mmAl + 0.1
mmCu, 1.5 mmAl + 0.2 mmCu, 1.5 mmAl + 0.3 mmCu)
2} Ton chamber A4 Ao W& PAIFHA G A
Ao A Ton chamber AlX EFG/NE AHEPE o
drrmE A S gho] 0.0443, 0.0354, 0.0306, 0.0254
mGy= 7 #A JEpgor, #-9527)  Ion
chamber AAE& AHERE o YAREHEAZF SA ghol
0.0351, 0.0269, 0.0251, 0.0237 mGy= 7F4 A thebyt
THTable 1].

--ZeM), FEah), Sah), ZFEomel vl
7HA 2% BT 15 mmAl DE TS AFSES uf AL
EW Aol 7 A YERE ST 15 mmAl + 0.1
mmCu, 1.5 mmAl + 0.2 mmCu, 1.5 mmAl + 0.3 mmCu
o] #o g SAhEwM ] FashE Ao ® eyt

Table 1. Entrance surface dose by setting lon chamber sensor

and changing Cu filter (unit: mGy)
lon charber Add filter

Non 0.1mmCu  0.2mmCu 0.3 mmCu

LT -RT 0.0351 0.0279 0.0251 0.0237

LT 0.0391 0.0313 0.0285 0.0259

RT 0.0358 0.0287 0.0260 0.0245

ALL 0.0443 0.034 0.0306 0.0260

2. A% 54 23

¥ g8 FA4 #8815 mmAl, 1.5 mmAl + 0.1
mmCu, 1.5 mmAl + 0.2 mmCu, 1.5 mmAl + 0.3 mmCu)
9} Ton chamber AlA] A& W& PCXMCEZZ13S
ol-g3te A|AE @ FEMFS AbEe ATeA
#9-Z27) Ton chamber AME PSS o Cu ZH
o] A ®ste] wE Hol A wS 0.0218, 0.0216,
0.0216, 0.0205 mSv, A& 0.0289, 0.0286, 0.0278, 0.0266
mSv2 YERtom FEAaEe 00118, 0.0116, 0.0115,
0.0106 mSvi LFEFSETHTable 2.

Table 2. Organ dose by changing Cu filter thickness when
selecting both left and right lon chamber sensors (unit: MSy)

organ Add filter
Non 0.1mmCu 0.2 mmCu 0.3 mmCu
Lungs 0.0218 0.0216 0.0216 0.0205
C-spine 0.0123 0.0119 0.0113 0.0098
T-spine 0.0169 0.01%6 0.0164 0.0134
Ribs 0.0623 0.0586 0.0551 0.0502
Scapula 0.0152 0.0151 0.0146 0.0131
Clavicle 0.0833 0.0815 0.0777 0.0765
Hear t 0.0289 0.0286 0.0278 0.0266
Breast 0.0345 0.0327 0.0313 0.0302
Liver 0.0178 0.0171 0.0171 0.0158
Stomach 0.0162 0.0162 0.0161 0.0154
Spleen 0.0099 0.0097 0.0093 0.0083
Effective dose 0.0118 0.0116 0.0115 0.0106

Z(17) Ton chamber AAME A S o Cu ZH
o] 7/ Wglel w #o] F7]d S 0.0248, 0.0244,
0.0238, 0.0228 mSv, A& 0.0320, 0.0316, 0.0307, 0.0296
mSv2 YERtom  FE A 00132, 00131, 0.0125,
0.0118 mSvZ LFEFSTHTable 3.
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Table 3. Organ dose by changing Cu filter thickness when

Table 5. Organ dose by changing Cu filter thickness when

selecting left lon chamber sensor (unit: mSv) selecting all lon chamber sensor (unit: mSv)
orgen Add filter orgen Add filter
Non 0.1mmCu 0.2 mmCu 0.3 mmCu Non 0.1mmCu 0.2 mmCu 0.3 mmCu
Lungs 0.0248 0.0244 0.0238 0.0228 Lungs 0.0276 0.0266 0.0258 0.0233
C-spine 0.0138 0.0134 0.0122 0.0109 C-spine 0.0145 0.0143 0.0132 0.0123
T-spine 0.0187 0.0185 0.0175 0.0150 T-spine 0.0200 0.0198 0.0181 0.0172
Ribs 0.06%4 0.0682 0.0674 0.0668 Ribs 0.0787 0.0744 0.0672 0.0565
Scapula 0.0166 0.0164 0.0171 0.0145 Scapula 0.0186 0.0184 0.0172 0.0163
Clavicle 0.0817 0.0915 0.0882 0.0928 Clavicle 0.1051 0.1034 0.0%47 0.0801
Hear t 0.0320 0.0316 0.0307 0.02% Hear t 0.0358 0.0344 0.0326 0.0301
Breast 0.0385 0.0367 0.0356 0.0334 Breast 0.0436 0.0415 0.0382 0.0328
Liver 0.01% 0.0191 0.0187 0.0176 Liver 0.0216 0.0209 0.0200 0.0184
Stomach 0.0183 0.0181 0.0175 0.0171 Stomach 0.0205 0.01% 0.01%4 0.0171
Spleen 0.0110 0.0108 0.0105 0.0092 Spleen 0.0119 0.0118 0.0105 0.0102
Effective dose 0.0132 0.0131 0.0125 0.0118 Effective dose 0.0149 0.0141 0.0134 0.0126

FZ(171) Ton chamber AIAE HEEPES of Cu ZH
o] FA Wsle] m o] 7| 0.0226, 0.0226,
0.0224, 0.0209 mSv, 417 0.0292, 0.0290, 0.0288, 0.027
mSvZ YERgon a3 0.0134, 0.0121, 0.0120,
0.0118 mSvi LFEFSETHTable 4].

Table 4. Organ dose by changing Cu filter thickness when

3. 447t A%

57F g8 74 Wsk1l.5 mmAl 1.5 mmAl + 0.1
mmCu, 1.5 mmAl + 0.2 mmCu, 1.5 mmAl + 0.3 mmCu)
9} Ton chamber A Ao W& MTF Azl A -
27l Ton chamber A9} 1.5 mmAl + 0.1 mmCu
ZEE A0S ol 2494 Ip/mmZ 7 =7 UER

selecting right lon chamber sensor (unit: mSv) o™, Ton chamber AA 37| EFE Al 15
Ad filter mmAl +0.3 mmCu ZES €3S w 2.093 Ip/mm=
oraen Non  O.1mu_ 02mlu_ 0.3mu 744 A LERthTable 6.
Lungs 0.0226 0.0226 0.0224 0.0209
Cspine 0.017 0.0124 0.0116 0.0100 Table 6. MTF measurement result for setting lon chamber
Tspine 0.0175 0.0170 0.0765 0.017 sensor and changing Cu filter thickness (unit: Ip/mm)
Ribs 0.0636 0.0603 0.0571 0.0542 ang P
Scapula 0.0157 0.0156 0.0151 0.0133 Add filter
- lon chamber
Clavicle 0.0850 0.0839 0.0804 0.0772 Non 0.1mmCu  0.2mmCu 0.3 mmCu
Hear t 0.022  0.020  0.0288  0.0271 LT AT o 4657 2 41 2 3% 2 15
Breast 0.0352 0.0336 0.0325 0.0313
Liver 00177 00175  0.0170  0.0161 L 2.38 2.3 2.2%8 2164
Stomach 0.0169 0.0167 0.0163 0.0157 RT 2.340 2.35% 2215 2122
Spleen 0.0102 0.009% 0.0100 0.0084
Effective dose  0.013  0.0121  0.0120  0.01%8 AL 230 2x& 220 208
V. DISCUSSION
Ton chamber AA EF3/NE A81dS ] Cu ZE
chamber A1 SN AT W 0 BA e e b et e Ay
o A Wgle] W w9 7ML 0.0276, 0.0266,
N, & S

0.0258, 0.0233 mSv, 4172 0.0358, 0.0344, 0.0326, 0.0301
mSvE YERGon SEATES 00149, 00141, 0.0134,
0.0126 mSvE LFERSTHTable 5).
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