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[Abstract]

The purpose of this study was to evaluate the utility of structural similarity (SSIM) in setting target dose indices (EIt)
for chest X-ray imaging. Specifically, we investigated the relationship between radiation dose, image quality changes due
to noise reduction processing (Flexible Noise Control: FNC), and the correlation between visual assessment and SSIM.

The EIt, determined from clinical imaging data histograms, was used as the reference dose. Chest phantoms were im-
aged three times each at seven different dose levels: DI -3.0,-2.0,-1.0, 0.0, +1.0, +2.0, and +3.0. Noise reduction process-
ing (FNC) was applied at seven levels (0.0,0.2,0.4,0.5,0.6,0.8,and 1.0) to each image, resulting in a total of 147 images.
SSIM was calculated for all combinations, and correlations between radiation dose, FNC, and SSIM were analyzed. Addi-
tionally, SSIM was computed for 24 image pairs (randomly combined from images with DI 0.0 and DI -3.0) with FNC ap-
plied at three levels (0.0, 0.5, 1.0). A visual assessment experiment was conducted by two radiologists with over 10 years
of experience and four radiologic technologists using the Scheffe’s paired comparison method, and the results were
compared with the SSIM values.

SSIM reflected the radiation dose and the degree of FNC application. Similarly, visual assessment showed that higher
SSIM values were associated with smaller interval scale values, indicating a correlation. Furthermore, the analysis sug-
gested that the appropriate use of FNC could contribute to further reduction in radiation exposure.

In chest radiographs, SSIM was demonstrated to be a novel evaluation method that can easily determine the target ex-
posure index EIt.
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Fig.1 Calculation method of SSIM in this study. ——

SSIM of 8x8 pixels ROIls at corresponding positions 06
between the two images was calculated. This process
was repeated by shifting the entire image to ensure
the ROIs did not overlap, and SSIM values were then
averaged.

Table 1  Detail of clinical data at each facility.

Facility Name Number of Cases Age Average
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Fig.2 Histograms of El at each facility.
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Table 2 Radiographic conditions for chest
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T, 9, EHEER (Image A)
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40  -30 20 -1.0 0.0 1.0 2.0 3.0 4.0-4.0 3.0 2.0 -1.0 0.0 1.0 20 3.0 4.0
DI DI

(©) (d)

Fig.3 SSIM in DI variations (FNC 0.0).
(@) SSIM (b) Brightness (c) Contrast and (d) Structure

Note: The point at DI = 0.0 corresponds to a comparison between separately
acquired images obtained under identical imaging parameters.
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Fig.4 Changes in SSIM for reference dose (DI 0.0) and low dose
(DI -1.0, -2.0, -3.0) images, and reference dose and high
dose (DI +1.0, +2.0, +3.0) images, with variations in the
degree of FNC enhancement.

(a) Low dose range, (b) High dose range.

Interval scale values

LT \ \E

[} i | | il

FNC 0.0 FNC 0.5 FNC 1.0 FNC 0.0 FNC 0.5 FNC 1.0
DI —3.0 DI —3.0 DI —3.0 DI 0.0 DI 0.0 DI 0.0

2 1.5 -0.5 0 0.5 1 1.5

*: Interval scale values > Y, 5

**: Interval scale values > Y, ,

Fig.5 Interval scale values using Scheffe’s method are presented
on a yardstick line.

Table 3 Comparison of SSIM and interval scale values for each

combination.

Image A Image B SSIM Interval scale
DI, FNC DI, FNC values
0.0, 0.0 0.0, 0.5 0.990 0.708
0.0, 0.0 0.0, 1.0 0.983 0.917

I 0.0, 0.0 -3.0, 0.0 0.887 2.042*
0.0, 0.0 -3.0, 0.5 0.923 0.583
0.0, 0.0 -3.0, 1.0 0.929 0.167
0.0, 0.5 0.0, 1.0 0.997 0.208

I 0.0, 0.5 -3.0, 0.0 0.901 2.750*
0.0, 0.5 -3.0, 0.5 0.940 1.292**
0.0, 0.5 -3.0, 1.0 0.948 0.875
0.0, 1.0 -3.0, 0.0 0.904 2.958*

m 0.0, 1.0 -3.0, 0.5 0.944 1.500**
0.0, 1.0 -3.0, 1.0 0.952 1.083*

*: Interval scale values > Yo.os (Yardstick value by 5 % significance level) = 1.0093
** 1 Interval scale values > Yoo (Yardstick value by 1 % significance level) = 1.1989
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R A (X)) 236032 &, SSIM
EAVNES ©ERBIREMEA K E <, SSIMAEA K 3
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0.948 %7/R L, HHEFFM T “AEEL L LHWFS
e, ORI, AT 4 v 7RSI L D
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LIz, 14y MEETH-THL=255%ikEL I
(Maruyama®’ O%). 7T THYC b e
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Fig.6 Comparison of close-up radiographs acquired at the same dose level (8 X8 pixels).

(@) Images were acquired at a deviation index (DI) of +3.0 in two separate exposures.
(b) Images were acquired at a deviation index (DI) of -3.0 in two separate exposures.
(c), (d) The digital values of each pixel obtained by subtracting two images.

first DI= 0.0
(a) DI=0.0

(b) DI=0.0 & DI=+3.0

second DI= 0.0
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(c¢) Sum of pixel value differences : 120
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(d) Sum of pixel value differences : 113

Fig.7 Comparison of close-up radiographs acquired at the same or different dose levels (8x8 pixels).

(a) Images were acquired at a deviation index (DI) of 0.0 in two separate exposures.
(b) Images were acquired at a deviation index (DI) of 0.0 & +3.0 in separate exposures.
(c), (d)The digital values of each pixel obtained by subtracting two images.
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