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Evaluation of CRT Images of Digitized Film Angiographs

Shinichi Mashita, Takeo Ishigaki, Mitsuru Ikeda and Sadayuki Sakuma
Department of Radiology, Nagoya University, School of Medicine

Research Code No. : 207.1
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X-ray sheet film images of the test chart, the vascular phantom and angiography were digitized at
sampling pitch of 0.2 mm and 0.15 mm using film digitizer TFR-01 (Toshiba) and transfered to a device
for image storage and display system with 1635-line display monitor (TDF-500AS, Toshiba).
Comparison of image qualities between film- and CRT-images was performed in fundamental and
clinical studies. Resolution of the test chart image of conventional radiography was worse on CRT
than on the original film, although it was improved when film image was digitized at resorution of 0.15
mm/pixel in comparison with that at resolution of 0.2 mm/pixel. Moire stripes which occured due to
interference were found on CRT images taken using a grid technique. On CRT images of X-ray sheet
film using direct magnification technique moire stripes were not produced because of non grid
technique, and the resolution approached that of the original film. In the study using vascular
phantom, the optimal image on CRT could be obtained by various image processing procedures, and
image quality on CRT with resolution of 0.15 mm approached that of original film. In case of direct
magnification CRT images were superior to film images. Subtraction image of the vascular phantom
at resolution of 0.2 mm/pixel was obtained on CRT and compared with film subtraction image. On
conventional subtraction CRT image moire stripes impaired the image quality in comparison with the
film subtraction. However, magnification subtraction image of the vascular phantom on CRT was
superior to the film subtraction. The results obtained in the test chart studies and phantom studies
were also comfirmed in clinical studies using various kind of angiograms. In addition, ROC study
using clinical angiograms showed no significant statistical differencies between the original film and
CRT image even with 0.2 mm matrix size. Angiographic image on CRT at resolution of 0.15 mm/pixel
or less is available for clinical use in place of conventional film image.
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Table 1 TDF-500AS

20 inch CRT : scanning line 1635
1024 X 1536 matrix
256 degradation

: B00MB

: 1.8GB X2

: 2048 X 2560 matrix
sampling pitch 0.1mm, 0.125mm,
0.15mm, 0.175mm, 0.2mm
pixel size 0.1mm
1024 degradation

: reduction, magnification, frequency
processing, degradation processing,
temporal subtraction, energy sub-
traction

image disc
optical disc(2)
film digitizer

image processing
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Fig. 1 Resolution of test chart image. a, film image ; about 3,9lp/mm b, CRT
image with 200 micron pitch; about2,9lp/mm ¢, CRT image with 150micron
pitch; about 3,2lp/mm d, magnification film image ; about 5.0lp/mm e, CRT
image with 200 micron pitch ; about 4.0lp/mm f, CRT image with 150 micron

pitch; about 5.0lp/mm

LB 7 4 LV ABTIRZ Y » FBRTFHS [ 1,
40/cm) LT AP F ¥ — FERT L HAETIEG
4.0lp/mm FCHRHB Lz, Y7V Iy F
0.2mm DO CRT#EgTIEZ V) y FDE L CRTD
FEEREDOHFNTH I 7 VRBEL 7 4
AL TREE AL, #3.0lp/mm T
Hote, 0.15mmOF v 7V VI o FTET L
wEEs bR DO D0.2mm iz H 70 <
Toote, fREEITHN3.2lp/mm TH -7z,

EREE TR » FEBAVWDE7 v
BAECh ot 74 & AMBETIEF5.0lp/mm %
TR Lz, CRTBTHy v 7Y v Iy 5
0.2mm, 0.15mm T%Xh%Zhf94.0, 5.0lp/mm *
T L 27,

2—1) MEEE 772 2L 752
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Fig. 2 vascular phantom subtraction image. a, film subtraction image b, CRT
subtraction image with 200 micron pitch ¢, CRT subtraction image with 150
micron pitch d, magsification film subtraction image e, magnification CRT
subtraction image with 200 micron pitch f, magnification CRT subtraction

irnage with 150 micron pitch

On CRT with 200 micron pitch image spatial resolution is worse than that on
film image due to Moire strips. With 150 micron pich it is improved. Contrast
resolution on CRT imags is better than that on film image. On magnification
CRT image with 200 and 150 micron pitch spatial resolution is better than that
on film image. Contrast resolution is also better.

Table 2 Comparison of image quality between
CRT and film image of 37 conventional angio-
graphs

Table 3 Comparison of image quality between
CRT and film subtraction images of 27 conven-
tional angiographs

CRT> CRT= CRT<
film

film film
spatial sampling pitch
resolution 0-2mm 0 18 19
0.15mm 8 28 1
trast sampling pitch
contra
resolution 0-2mm 31 6 0
0.15ram 30 7 0

M CMEORETHHEHEEFLE LFT
IEHHEEEL 7 v s LRASEMEREUETHD, X
HETIECRT iz MEhiboiighsiz,

CRT>film CRT=film CRT<fim

. spatial 0 6 21
s%n ing resolution
.2mm  contrast 19 7 1
resolution
. spatial 9 18 0
sggn ing  resolution
ite
3. 15mm  contrast 23 4 0
resolution
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Fig. 3 Celiac arteriogram of a patiant with gall bladder cancer. a, film image b,
CRT image with 200 micron pitch ¢, CRT image with 150 micron pitch
CRT image with 200 micron pitch spatial resolution is worse than that on film

image due to Moire stripes. With 150 micron it is improved. On CRT contrast
resolution is better than that on film.

(53)
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Fig. 4 Subtraction angiograms of a patient with angiomyolipoma. a, film sub-
traction image b, CRT subtraction image with 200 micron pitch ¢, CRT subtrac-
tion image with 150 micron pitch
On CRT image with 200 micron pitch spatial resolution is worse than that on
film image, but with 150 micron pitch it is improved. On CRT image contrast
resolution is better than that on film.
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Fig. 5 Magnificantion subtraction angiogram of a patient with osteoblastoma.
a, film subtraction image b. CRT subtraction image with 200 micron pitch c,
CRT subtraction image with 150 micron pitch
On CRT images with 200 and 150 micron pitch spatial resolution and contrast
resolution are better than that on film image.

SERUTCAE 8 A25H (55)
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Table 4 Comparison of image quality between i
CRT and film image of 61 magnifiction angio-
graphs with original mode and subtraction

processing

&R D CRT Z#r

cerebro
vascular
desiese

CRT>film CRT=film CRT<film

spatial
resolution

original
image
subtraction
image

1

0

0.51

TPR

contrast
resolution

original
image
subtraction
image

other
deiese

spatial
resolution

original
image
subtraction
image

21

17

33

1 Lo}

contrast
resolution

original
image

subtraction

37

42

17

11

0.5 10
FPR

image
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fo., Z4ANARWERELCT 2 M4¥F—1CAT
LiciBEd, EiE3ehn-Be LRLHE
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0 0.5 1.0
FPR
Fig. 6 ROC curves of radiologist A, B and C. No
statistical significant difference between CRT
image with 200 micron pitch and film image
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Fig. 7 a, vascular phantom CRT subtraction image with 150 micron pitch, b,
vascular phantom CRT subtraction image with 125 micron pitch, ¢, CRT

subtraction image of malignant schwanoma with 150 micron pitch, d, CRT

subtraction image of malignant schwanoma with 125 micron pitch, Moire strips
are less on 125 micron pitch image

PR 8 A25H (57)
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