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A FUNDAMENTAL STUDY ON THE EFFECT OF APPLYING INTELLIGENT
GRID TO MEDICAL IMAGES

Kohsei Kudo"”, Minoru Osanai”, Megumi Tsushima®,

Junichi Hirota”, Sho Murakami?, Satoshi Naraki?,
Katsumasa Suzaki®?, Masahiko Aoki”*® and Yoichiro Hosokawa"

Abstract Intelligent Grid (IG) is a technique to virtually reproduce the real grid (RG) in medical imaging to
improve both contrast and graininess. Application of IG eliminates the unevenness in density often seen in images of
RGs due to X-ray inclination. Although IG is expected in bedside radiography, the effect for grid ratios of IG is not
clear. Therefore, we measured the scattered radiation content (SRC), contrast, and contrast-to-noise ratio (CNR) in a
phantom experiment. Results of the experiment confirmed a decrease in the SRC with application of IG. The contrast
was confirmed to be improved compared to without the grid (WG) at all grid ratios (IG3:1, IG6:1, IG&1) at 70 kV
assuming the abdomen and at IG3:1 at 90 kV assuming the chest. However, the contrast of 1G6:1 and IG8&:1 at 90 kV
was lower than that of WG. Furthermore, the CNR was found to be improved compared to WG at all grid ratios at
a phantom thickness of 30 cm, at the same level at 20 cm, and at the same level or lower at 10 cm. These results
demonstrate the need to apply IG according to the tube voltage and body thickness.
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Fig. 1 Geometric arrangement of the experimental setup.
SID = source-image receptor distance; FPD = flat-panel detector.
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Fig. 2 Scattered radiation contents (SRCs) for the irradiated tube current time products without the grid and with the
real grid. WG; without grid. RG3:1, RG8:1; real grid with grid ratios of 3:1 and 8:1, respectively. A, B, C; tube voltage
90 kV. D, E, F; tube voltage 70 kV. ll, A @; acrylic phantom of 30 cm, 20 cm, and 10 cm total thickness. After all
raw image data were converted to X-ray intensity, SRCs were calculated.
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Fig. 3 Scattered radiation contents (SRCs) for 10 mAs of the irradiated tube current time product without the grid, and
with the intelligent grids and the real grids. WG; without grid. IG3:1, 1G6:1, IG8:1; intelligent grid with grid ratios
of 3:1, 6:1, and 81, respectively. RG3:1, RG8:1; real grid with grid ratios of 3:1 and 8:1, respectively. A, B, C; tube
voltage 90 kV. D, E, F; tube voltage 70 kV. 10 ¢m, 20 cm, 30 cm; acrylic phantom of 10 ¢m, 20 cm, and 30 cm total
thickness. After all raw image data were converted to X-ray intensity, SRCs were calculated.
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Fig. 4 Contrasts for the irradiated tube current time product without the grid and with the real grids. WG; without
grid. RG3:1, RG8:1; real grid with grid ratios of 3:1 and &1, respectively. A, B, C; tube voltage 90 kV. D, E, F; tube
voltage 70 kV. @, A, l; acrylic phantom of 10 cm, 20 cm, and 30 cm total thickness. After all raw image data
were converted to X-ray intensity, contrasts were calculated.
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Fig. 5 Contrast-to-noise ratios (CNRs) for the irradiated tube current time product without the grid and with the real
grids. WG; without grid. RG3:1, RG8:1; real grid with grid ratios of 3:1 and &1, respectively. A, B, C; tube voltage 90
kV. D, E, F; tube voltage 70 kV. @, A, B; acrylic phantom of 10 cm, 20 cm, and 30 cm total thickness. The dotted
line indicates a log approximation, and an approximate expression and a coefficient of determination are shown.
After all raw image data were converted to X-ray intensity, CNRs were calculated.
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Fig. 6 Contrasts for 10 mAs of the irradiated tube current time product without the grid, and with the intelligent grids and
the real grids. WG; without grid. IG3:1, IG6:1, IG8:1; intelligent grid with grid ratios of 3:1, 6:1, and &1, respectively.
RG3:1, RG8:1; real grid with grid ratios of 3:1 and &1, respectively. A, B, C; tube voltage 90 kV. D, E, F; tube voltage
70 kV. 10 cm, 20 cm, 30 cm; acrylic phantom of 10 ¢cm, 20 ¢cm, and 30 cm total thickness. The contrast was calculated
from the pixel value of the DICOM image.
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Fig. 7 Contrast-to-noise ratios (CNRs) for 10 mAs of the irradiated tube current time product without the grid, and with
the intelligent grids and the real grids. WG; without grid. IG3:1, IG6:1, IG8:1; intelligent grid with grid ratios of 3:1, 6:1,
and 8:1, respectively. RG3:1, RG8&:1; real grid with grid ratios of 3:1 and 8:1, respectively. A, B, C; tube voltage 90
kV. D, E, F; tube voltage 70 kV. 10 c¢m, 20 cm, 30 cm; acrylic phantom of 10 cm, 20 cm, and 30 cm total thickness.
The contrast-to-noise ratio was calculated from the pixel value of the DICOM image.
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Fig. 8 DICOM images without the grid (WG), and with the intelligent grid (IG8:1) and the real grid (RG&1), both with
a grid ratio of 8:1. X-ray conditions were a tube voltage of 70 kV, a tube current time product of 10 mAs, and an
acrylic phantom total thickness of 20 cm. CNR = Contrast-to-noise ratio.
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