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Abstract

The aim of this study was to set up the optimal exposure condition according to detector type
considering image quality (IQ) with radiation dose in chest digital radiography. We used three detector
type such as flat—panel detector (FP) and computed radiography (CR), and charge—coupled device
(CCD). Entrance surface dose (ESD) was measured at each exposure condition combined tube voltage
with tube current using dosimeter, after attaching on human phantom, it was repeated 3 times. Phantom
images were evaluated independently by three chest radiologists after blinding image informations.
Standard exposure condition using each institution was 117 kVp—AEC at FP and 117 kVp—8 mAs at
CR, and 117 kVp—8 mAs at CCD. Statistical analysis was performed by One way ANOVA (Dunnett T3
test) using SPSS ver. 19.0. In FP, IQ scores were not significant difference between 102 kVp—4 mAs
and 117 kVp—AEC (28.4 vs. 31.1, p=1.000), even though ESD was decreased up to 50% (62.3 xGy
vs. 125.1 ¢Gy). In CR, ESD was greatly decreased from 117 kVp—8 mAs to 90 kVp—8 mAs without
significant difference of IQ score (p=1.000, 24.6 vs. 19.5). In CCD, IQ score of 117 kVp—8 mAs was
similar with 109 kVp—8 mAs (29.6 vs. 29.0), with decreasing from 320.8 xGy to 284.7 pGy (about
11%). We conclude that optimal x—ray exposure condition for chest digital radiography is 102 kVp—4
mAs in FP and 90 kVp—8 mAs in CR, and 109 kVp—8 mAs in CCD.
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<Table 1> Entrance Surface Dose according to Exposure Condition at Each Detector

Exposure P—value
—valu
Type condition Measured ESD (1Gy) Range
mAs kVp mAs (min—max) Post hoc Between
90 | 18.0(3.6) | 2098(385) | 168.0-244.0 0.064
ape 102 [ 9.7(.0) 1546(300) | 121.3-179.5 1.000 0.047
109 | 7.5(16) 139.8(29.6) | 106.2-162.0 1.000 :
117 | 5702 125.1(25.8) 95.4-142.2 Ref,
AR
i = 2.1 1315 001
FP 2 109 = 35.2(3.4) 31.0-386 0.024 0.000
117 = 42.6(2.6) 10.4=45.5 Ref,
90 = 45.3(2.6) 13.3—48.2 0.000
A 102 = 62.3(3.0) 60.1-65.7 0.000 0.000
109 = 73.9(3.7) 71.0-78.1 0.007 :
117 = 87.2(3.8) 841-915 Ref,
90 = 39.8(6.6) 33.0-46.2 0.012
) 102 - 52.4(7.7) 117-60.1 0.195 0012
109 = 59.4(8.0) 51.9-67.1 1.000 :
117 = 69.3(9.6) 60.1-79.3 Ref,
9002 = 55'8?18!43 8621.42—87.4 8812;%
i = 7.9(147 A-1117 .
CR 4 109 = 115.6(19.0) 96.2—134.1 1.000 0.017
117 = 13020175 | 11L.1-1455 Ref,
90 = 1565(28.2) | 1245-177.7 0.038
. 102 = 201.1(34.3) | 162.7-208.7 0.374 0,032
109 = 232.5(30.3) | 180.3-266.2 1.000 :
117 = 265.0(A1.5) | 217.2-=291.9 Ref,
90 = 52.2(4.9) 19.9=55.1 0.008
) 102 - 65.6(4.0) 62.7-68.4 0.063 0.005
109 = 73.4(4.0) 70.5-76.2 0.414 :
117 = 82.7(2.6) 80.8—84.5 Ref,
9002 = 181.8%,% 925322—10372.8 8.802
i - 127.9(6. 123.0-132.5 017
CCh 4 109 = 144.5(1.7) 143.3=1457 0.143 0.002
117 = 164.4(0.7) 163.9-164.9 Ref,
90 = 204.2(9.3) 197.6=210.7 0.001
. 102 = 253.4(5.8) 219.3-9575 0.007 0.001
109 = 284.710.0) | 277.6-2918 0.066 :
117 = 320.8(6.2) 316.4—325.2 Ref,

AEC=Automatic exposure control; CCD=Charge coupled device, lens type; CR=Computed radiography;

ESD=Entrance surface dose; FP=Flat panel detector. ESD was expressed as mean (standard deviation).

Statistics was analyzed by One way ANOVA (Bonferroni test referencing with 117 kVp at all detector).
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<Table 2> Image Quality according to Exposure Condition at Each Detector

EXDO,S%He Parenchymal Retrocardiac Subdiaphragm Total
condition
Type
mAs | kVp |Mean(SD) |P—value| Mean(SD) |P—value| Mean(SD) [P—value| Mean(SD) | Range [P—value
90| 9.17(0.90) 0.099 11.93(0.67) 0.110 16.33(1.08) 0.057 37.43(1.99) | 35.7-39.6 | 0.007
AEC 102 8.07(0.76) | 1.000 | 10.60(1.08) | 1.000 | 15.43(0.93) | 0.424 | 34.07(1.76) | 32.2-35.7 | 0.300
109 7.60(0.72) 1.000 10.13(0.50) 1.000 15.27(0.90) 0.617 32.97(0.78) | 32.1-33.6 1.000
117| 7.27(0.68) Ref. 9.80(1.13) Ref. 14.00(0.10) Ref. 31.07(1.58) | 29.7-32.8 Ref.
90| 5.30(0.53) 1.000 6.67(0.38) 0.377 8.53(0.32) 0.007 20.50(0.27) | 20.2-20.7 | 0.078
FP 2 102 5.40(0.70) 1.000 7.10(0.85) 1.000 9.93(0.55) 0.152 22.40(1.81) | 20.7-24.3 | 0.620
109] 5.37(0.84) 1.000 8.23(0.76) 1.000 11.40(1.08) 1.000 | 25.00(2.27) | 23.4-27.6 1.000
117| 5.47(0.51) Ref. 7.83(0.55) Ref. 11.70(0.95) Ref. 25.00(1.87) | 22.9-26.5 Ref.
90| 6.90(0.70) 1.000 9.07(0.40) 1.000 11.83(0.57) 0.933 27.83(1.00) | 26.7-28.6 1.000
4 102] 6.93(0.42) 1.000 9.13(0.64) 1.000 12.37(0.55) 1.000 | 28.43(0.49) | 28.1-29.0 1.000
109 6.93(0.51) 1.000 8.90(0.46) 1.000 13.63(1.19) 1.000 | 29.43(0.87) | 28.7-30.4 1.000
117| 6.60(0.79) Ref. 9.27(0.40) Ref. 12.97(1.04) Ref. 28.77(0.59) | 28.1-29.2 Ref.
90| 2.30(1.51) 0.887 1.50(1.23) 0.074 2.03(2.03) 0.128 5.87(4.63) 2.9-11.2 0.179
9 102 3.30(0.82) 1.000 3.17(0.90) 1.000 4.50(2.00) 1.000 10.93(3.64) | 8.4-15.1 1.000
109 3.23(0.67) 1.000 3.53(0.67) 1.000 5.17(1.32) 1.000 11.93(2.70) | 9.2-14.6 1.000
117| 3.67(0.98) Ref. 3.80(0.56) Ref. 6.00(1.32) Ref. 13.47(2.80) | 11.8-16.7 Ref.
90| 4.10(0.36) 0.022 4.27(0.76) 1.000 4.43(1.25) 0.026 12.87(1.72) | 11.5-14.8 | 0.019
CR 4 102 4.40(0.76) 0.073 4.60(0.63) 1.000 7.03(0.78) 1.000 16.03(1.58) | 14.3-17.4 | 0.671
109] 4.93(0.25) 0.710 4.70(0.56) 1.000 7.73(1.46) 1.000 17.33(1.99) | 15.6-19.5 1.000
117| 557(0.15) | Ref. 4.90(0.46) Ref. 7.87(0.50) Ref. | 18.40(1.06) | 17.6-19.6 | Ref.
90| 5.93(0.38) 1.000 5.90(0.72) 0.121 7.63(1.47) 0.062 19.50(2.17) | 18.1-22.0 | 0.099
8 102] 5.80(0.44) 1.000 6.83(0.87) 1.000 9.27(1.42) 0.873 21.87(2.47) | 19.8-24.6 | 0.875
109 6.43(0.15) 1.000 7.23(0.61) 1.000 10.60(1.11) 1.000 | 24.27(1.80) | 22.5-26.1 1.000
117| 6.10(0.95) Ref. 7.70(0.82) Ref. 10.80(0.10) Ref. 24.57(1.68) | 23.5-26.5 Ref.
90| 1.50(0.14) 0.010 0.55(0.64) 0.039 0.00(0.00) 0.011 2.05(0.78) 1.5-2.6 0.001
9 102 3.10(0.42) 0.111 2.25(0.21) 0.214 1.20(0.85) 0.042 6.55(1.06) 5.8-7.3 0.004
109 3.85(0.64) 0.592 3.25(0.78) 0.786 2.00(0.57) 0.135 9.15(0.35) 8.9-9.4 0.023
117 4.80(0.42) Ref. 4.80(1.27) Ref. 3.95(0.35) Ref. 13.60(0.57) | 13.2-14.0 Ref.
90| 3.65(0.35) 0.002 2.35(0.07) 0.001 1.30(0.70) 0.039 7.25(0.35) 7.0-75 0.000
CCD 4 102 6.10(0.14) 0.803 6.50(0.70) 0.359 3.85(0.64) 0.253 16.50(0.14) | 16.4-16.6 | 0.026
109] 6.60(0.28) 1.000 7.00(0.14) 1.000 4.75(1.63) 0.585 18.40(1.27) | 17.5-19.3 | 0.149
117| 6.55(0.07) Ref. 7.55(0.35) Ref. 7.20(1.27) Ref. 21.30(0.99) | 20.6—22.0 Ref.
90| 7.45(0.21) 1.000 7.60(1.84) 0.545 3.90(1.41) 0.014 18.90(0.71) | 18.4-19.4 | 0.025
8 102] 7.70(0.42) 1.000 8.35(0.07) 1.000 9.45(0.07) 0.485 25.50(0.28) | 25.3-25.7 | 0.516
109 7.35(0.35) 1.000 9.75(0.35) 1.000 11.90(1.41) 1.000 | 29.00(2.12) | 27.5-30.5 1.000
117 7.55(0.64) Ref. 9.85(0.78) Ref. 12.25(1.34) Ref. 29.6(2.83) | 27.6—31.6 Ref.

AEC=Automatic exposure control; CCD=Charge coupled device, lens type; CR=Computed radiography;

FP=Flat panel detector. Statistics was analyzed by One way ANOVA (Bonferroni test referencing with

117 kVp at all detector).
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117 kVp—8 mAs9} vl &S uf 109 kVp—4 mAs
(p=0.124), 117 kVp—4 mAs (=0.43D)$} 90
kVp—8 mAs, 102 kVp—8 mAs, 109 kVp—8 mAs
oA (p=1.000) EAZCE Fo3t 2jo]S Holx| ¢k
orth whebA, 117 kVp—8 mAse] & XA =Ex4
7 90 kVp—8 mAs Tl 7 Ao FAEA
21017 AAATH24.6 vs. 19.5, p=1.000), ESDE= =L
Al 7H4(265.0 1Gy vs. 156.5 1Gy) 3F3tHEFig. 2).

CCDAleM = 87 s 37 XA w2324
117 kVp—8 mAs$} vl & =, 102 kVp—8 mAs
(p=0.383) ¢} 109 kVp—8 mAselA (p=1.000) =4
o= {Folst Apolg Holx| oksirh mEbA, BFE X
A =Z%7 117 kVp—8 mAsel H&l 109 kVp—8
mAs & 2F 11%9] ESD 7+4(320.8 Gy vs. 284.7
©Gy)E BHAA Q487 Hg= vlse3eh(29.6 vs.
29.0, p=1.000) (Fig. 3).
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(P1NIS DS I P2 b N k= =271 117
kVp—AECS} Hlm & w, 90 kVp—4 mAs
(p=0.702) 2} 102 kVp—4 mAs, 109 kVp—4 mAs,
117 kVp—4 mAs, 102 kVp—8 mAs, 109 kVp—8
mAsolA FARCRE {3t AolE Holx] itk
(p=1.000). w=bA], 102 kVp—4 mAs EFE 9o
Jrre EFE wE2F7 117 kVp—AECE 98 Aka}
Ao folgt Mg Apolrt fAAARHE8.4 vs.
31.1, p=1.000), ESDx= 50% 7A(62.3 unGy vs.
125.1 xGy)S BtHFig. 1). =31 FPaAloxi=
AEC XA =347 ARgslaA BdAgT ge A
2 G A i Bk ESD 571 Fo| Fith

CREA M= 9387 dors 25 XA w224

3L A&
3
Aty

<Table 3> Optimal Exposure Condition considering ESD with Image Quality at Each Detector

FP CR CCD
mAS kVp
Overall IQ | ESD (x#Gy) | Overall IQ | ESD (#Gy) | Overall IQ | ESD (pGy)
90 20.5(0.3) 21.9(1.2) 5.9(4.6) 39.8(6.6) 2.1(0.8) 52.2(4.2)
) 102 22.4(1.8) 30.2(1.1) 10.9(3.6) 52.4(7.7) 6.6(1.1) 65.6(4.0)
109 25.0(2.3) 35.2(3.4) 11.9(2.7) 59.4(8.0) 9.2(0.4) 73.4(4.0)
117 25.0(1.9) 42.6(2.6) 13.5(2.8) 69.3(9.6) 13.6(0.6) 82.7(2.6)
90 27.8(1.0)* | 45.3(2.6) 12.91.7) 75.8(13.4) 7.3(0.4) 101.5(8.9)
A 102 | 28.4(0.5)*x | 62.3(3.0) 16.0(1.6) 97.9(14.7) 16.5(0.1) 127.9(6.6)
109 29.4(0.9)= | 73.9(3.7) 17.3(2.0)* | 115.6(19.0) 18.4(1.3) 144.5(1.7)
117 | 28.8(0.6)*« | 87.2(3.8) 18.4(1.D=* | 130.2(17.5) | 21.3(1.0) 164.4(0.7)
90 37.4(2.0) | 209.8(38.5) | 19.5(2.2)# | 156.5(28.2) | 18.9(0.7) 204.2(9.3)
S/AEC 102 | 34.1(1.8)#« | 154.6(30.0) | 21.9(2.5)*x | 201.1(34.3) | 25.5(0.3)* | 253.4(5.8)
109 | 33.000.8)# | 139.8(29.6) | 24.3(1.8)#x | 232.5(39.3) | 29.0(2.1)=+ | 284.7(10.0)
117 31.1(1.6) | 125.1(25.8) | 24.6(1.7) | 265.0(41.5) | 29.6(2.8) 320.8(6.2)

AEC=Automatic exposure control; CCD=Charge coupled device, lens type; CR=Computed radiography;
ESD=Entrance surface dose; FP=Flat panel detector. Overall IQ= Overall image quality was included
parenchymal and retrocardiac, and subdiaphragm. Data are expressed as mean (standard deviation).
Statistics was analyzed by One way ANOVA (Bonferroni test referencing with 117 kVp—AEC at FP, and
117 kVp—8 mAs at CR or CCD: *, P>0.05; =+ P=1.000).
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A B

<Figure 1> Images producted by flat—panel type (window width=3749, level=1874). Image quality (IQ)
scores were not significant difference between (A)117 kVp—AEC and (B)102 kVp—4 mAs (31.1 vs. 28.4,
p=1.000), even though entrance surface dose was decreased up to 50% (125.1 ¢Gy vs. 62.3 «Gy).

A B

<Figure 2> Images producted by computed radiography type (window width=3749, level=1874).
Entrance surface dose was greatly decreased from 117 kVp—8 mAs (A, 265.0 ¢Gy) to 90 kVp—8 mAs
(B, 156.5 «Gy) without significant difference of image quality (IQ) score (24.6 vs. 19.5, p=1.000).
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<Figure 3> Images producted by charge coupled device type (window width=3749, level=1874). Image
quality (IQ) score of (A)117 kVp—8 mAs was similar with (B)109 kVp—8 mAs (29.6 vs. 29.0), with
decreasing from 320.8 xGy to 284.7 1Gy (about 11%).
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