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A study of Optimum Radiographic Conditions
on Chest Examinations with Computed

Radiology (CR)in Conjunction with the Offset
Balance of Patient Dose and Image Quality

Hiroe Muto', Takehiko Mori?
and Hisao Hayakawa?®

In a report of a nationwide survey on radiographic conditions
of chest radiography in Japan, it was pointed out that the aver-
age entrance surface dose (ESD) of the computed radiography
(CR) system was higher than that of the film-screen system. It
seemed important that an objective index and criteria be estab-
lished for dose reduction without a loss of image quality that would
interfere with diagnostic observation. For this purpose, we in-
vestigated the properties of root of mean square (RMS) granu-
larity, since it is a dominant factor in CR image quality and strongly
depends on dose. The results indicated that RMS granularity
showed little dependence on tube voltage when relative exposure
was kept constant and that it decreased with the increment of
exposure and approached a finite minimum value in a very high
exposure region. For the most frequently used radiographic con-
ditions in Japan (120 kV, 2.5 mmAl, 200 cm SID, 10: 1 grid),
the decrement in RMS granularity from 6 to 16 mAs was 0.0276
to 0.0253(9.1%). This finding suggested that exposure exceed-
ing 6 mAs did not improve image quality, i.e., exposure reduc-
tion down to 6 mAs would not cause a significant loss of image
quality. It was therefore concluded that RMS granularity was a
useful objective index by which to determine the upper limit of
exposure. Use of the most frequent conditions with 6 mAs seemed
to be recommendable as an initial condition for the technical
optimization of CR chest radiography, since ESD under this con-
dition was 0.265 mGy, which was approximately equal to the value
of the ESD distribution of a total chest radiogram in Japan.
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Correlation between mAs value and S-value
(Voltage 120kV, SID 200cm, grid 10: 1, filter

2.5mmaAl)
(ﬁiz) S-value

0.5 2467
1.0 1387
2.0 695
4.0 348
6.3 230

8 183
10 142
16 90

i fh2 4

Table 2 Correlation between voltage* and S-value, with a param-
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eter of entrance surface dose"* for adult chest radiogra-
phy (mAs 4mAs, SID 200cm, grid 10: 1, filter 2.5mmAl)

‘ologe | Entaresice || Mo | suane
90 0.108+0.0012 96.7 780
100 0.131%0.0027 141.7 515
110 0.154%0.0011 197.0 409
120 0.177£0.0032 257.4 340

*measured with an x-ray analyzer manufactured by KASEI OPTONIX, LTD.
#*measured with an ionization chamber

Table 3 Radiographic conditions with the level of exposure maintained while making
changes in voltage (grid 10: 1, filter 2.5mml)

Voltage mAs SID Entrance surface Relative S-value
(kV) (mAs) (cm) dose (mGy) Exposure
0 12.8 218 0.285+0.0034 259.7 297
100 8.0 204 0.250%+0.0060 265.7 303
110 4.8 200 0.185+0.0015 245.3 318
120 4.0 200 0.177+0.0035 257.4 340

Table 4 Correlation between changes in Voltage, and
S-value and RMS value.

(A) Fixed radiographic condition
(4mAs, SID 200cm, grid 10: 1)
Voltage
(KV) RMS S-value
90 0.0468 649
100 0.0401 419
110 0.0357 365
120 0.0304 290
(B) Fixed exposures
Voltage }
(kV) RMS S-value
90 0.0346 297
100 0.0319 264
110 0.0314 310
120 0.0304 290

FRI3ESH25H

Table 5

Correlation between the mAs value and RMS value.
(120kV, SID 200cm, grid 10: 1)
mAs RMS S-value
2.0 0.0367 515
3.2 0.0334 365
4.0 0.0304 290
5.2 0.0271 236
6.0 0.0276 187
8.0 0.0268 152
10.0 0.0265 139
12.8 0.0266 98
16.0 0.0253 78
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Table 6 Result of evaluation on image quality of chest radiography conducted byobservers.

Fig. 1 Correlation between voltage* and RMS value.

*measured with an X-ray analyzer

004 7T T T T T T

RMS

0.035.... ......... %...-...:....-...-...-.....\; ------------------ ; ------------------
0.08 |—-ee-mca---- %1 .................. .................. ..................

0.025 .. __________________ e .

0.02 Il L ! L i L L 1 1 : Il L

Fig. 2 Correlation between mAs and RMS value.
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mAs
Observer 0.5 1 2 4 8 10 12
A 8 7 6 5 1 2 3
B 8 7 6 5 2 3 1
G 8 7 6 5 2 1 3
D 8 7 6 5 4 1 2
E 8 7 6 5 3 1 2
0.05 zZ =
- 4@~ - Fixed radiographic condition
’.\ —m— Fixed relative exposure” XSGR B AR LR LT =
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0.03 TEAERTICBISE SN 7/-CRIE, FREICHTA
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5. (3), @WRAIPLEN,ND,

5, =5~ 8 =[CS (5)

25> T, Table4, 5 D4 LEEL, mAsTD S 2565
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ICEAEESEMRECHM L. 6,=0028 LA, Z
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(V $=13.7) I T 2 IR EMD 0,0 fEIX, RE L
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0.05
< Experimental RMS value &
M Estimated quantum mottle 5]
0.04 |--====——=—mmm e LSRR
==
B 003 |=csomsmmmsmorn e e 2 <2 ----------
5 o0 ®CQ
o
(%] -
€ [P |~ et s asrRaraas
g y = 0.0015x
R? = 0.8561
0.01 ommrmmmmomeeee 120kViemAs T
0 | |
0 10 20 30
SQRT(S)

Fig. 3 Correlation between S-value and experimental RMS value
based on Table 4 and 5.

Open symbol: Experimental RMS value Closed symbol: Esti-
mated quantum mottle g from experimental RMS value using
Equation(5). Structure mottle §;was assumed to be 0.02, by which
the correlation coefficient was maximized.
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