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Fig. 1 Block diagram of the experiment using halogen parallel lights.
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Fig. 2 Block diagram of the experiment using narrow beam He-Ne laser scanning.
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Fig. 5 Relationship between modulation

and object size in various object po-
sitions.
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(b)

The prototype system consisting of
the laser transmission photo-scanner
and microcomputer. The CRT dis-
play results immediately or stores
data in the floppy disks as color-
coded pictures. Keyboards signals
deliver commands to start scanning
or save data. (a) is the position for
axial scanning. The breast is placed
between the examination plates,
while laser beams penetrate the tis-
sue perpendicularly. (b) is the posi-
tion for lateral scanning.
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Fig. 7 Detectable size and depth of shading
plates in the ham and cheese phan-
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i L1-Fig. 8 OicH5AhEROHRMICH V12,

Right, Left or Both TN

Breast(s) and Inside of
the Breast.

A: upper inner part
B: lower inner part
C: upper outer part
D: lower outer part
E: mamillary part

C': Adjacent to C side side
Example %7 : ABE

Fig. 8 Breast cancer nomenclature for tu-

mor existing site and primary site.
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(a) (a)

(b)

Fig. 9 Case 1, 53 year old female. Right
breast C-region mass with bloody dis-
charge, no mailignancy, Class I
a: X-ray mammography
b: 630 nm LTPS image, axial view

Fig. 11 Case 3, 31 year old female,
adenocarcinoma, DCE tumor 23 X
23 mm in size.
a: X-ray mammography
b: 630 nm LTPS image
c: 830 nm LTPS image of resected
specimen

(a)

(b)

Fig. 10 Case 2, 35 year old female, left breast
mass for 10 years.
a: X-ray mammography
b: 630 nm LTPS image of right
breast, axial view.

(b)

Vol. 7 Nal (1990) -9



le) (c)

(d)
(d)

Flg. 13 Case 5, 28 year old female, a case of
butter-like cyst, 20 mm in diameter,
Class II benign cyst.
a: X-ray mammography
b: 830 nm LTPS image
¢c: Hb LTPS image
d: HbO, LTPS image

Flg. 12 Case 4, 45 year old female, a case of
chocolate like cyst, right breast C-
region.

a: X-ray mammography

b. 630 nm LTPS image

c: 830 nm LTPS image

d: Hb LTPS image

é: HbO2 LTPS image (a)
(b)

14 Case 6, 60 year old female, a case of
calicification.
a: X-ray mammography
b: 630 nm LTPS image
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(a)

(b)

Fig. 18 Case 8, 45 year old female, a case of
(b) benign mass, Class II, left breast C-
region, 12 mm in diameter.

a: X-ray mammography

b: 830 nm LTPS image

(a)
lc)

(d) o
\

Fig. 15 Case 7, 51 year old female, a case of
post-irradiation after tumor enuclea-
tion due to breast cancer.

a: X-ray mammography of post-ir-
radiation right breast

b: X-ray mammography of normal
left breast

¢: 630 nm LTPS image of right

breast —— :
d: 630 nm LTPS image of left Fig. 17 Qase 9, 52 yegr old female, a case 'of
SreaE right BD-region breast cancer with

dermal infiltration.

a: X-ray mammography (axial view)
b: X-ray mammography (lateral view)
¢c: 630 nm LTPS image

Vol. 7 Nal (1990) = 11.-



(a)

(b)

Fig. 18

Case 10, 67 year old female, 16 X 16
mm size tumor of right breast BDE-
region.

a: X-ray mammography, axial view

b: X-ray mammography, lateral view
¢: 630 nm LTPS image, lateral view
of right breast.
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Some Applications of ROC Analysis in Digital Radiography
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Recent interest in digital radiology has raised a number of important questions concerning
the extent to which digital radiology can provide the same detection accuracy as conventional
screen/film radiography, together with other questions concerning the relationships between dis-
ease detection accuracy and various design parameters, such as pixel size. These questions are
addressed best by ROC analysis, which has been used to evaluate medical imaging systems for
nearly twenty years. My presentation today will summarize briefly the results of five ROC studies
conducted at The University of Chicago and at The University of Pittsburgh as parts of major
research programs in digital radiography at those institutions. I shall not mention basic ROC
theory or methodological issues, because they have been discussed in detail elsewhere.l3) I am
very grateful to Professor David Gur of The University of Pittsburgh for allowing me to show you

some of his very recent data that will be submitted for publication in the near future.

Several early studies that investigated the pixel size needed in digital chest radiography
produced conflicting conclusions. MacMahon and colleagues at The University of Chicago®) at-
tempted to resolve this situation by using original and digitized chest films to investigate the
dependence of detection accuracy on pixel size for interstitial pulmonary infiltrates and for pneu-
mothoraces separately. Original films and digitized films carefully re-written onto film with pixel
sizes of 0.2, 0.5 and 1.0 mm were used to study the detectability of interstitial infiltrates. This
was found to increase by a small amount as pixel size was reduced, but it remained below that of
the original films even with pixels as small as 0.2 mm. For pneumothoraces, original films and
films with pixel sizes of 0.1, 0.2, 0.5 and 1.0 mm were used. Pneumothorax detection was found
to vary strongly with pixel size, remaining substantially below that of the original films even with

pixels as small as 0.1 mm.
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Another ROC study by MacMahon ef al 3) investigated the effect of digital unsharp mask-
ing on the detectability of interstitial infiltrates and pneumothoraces in digitized chest films simi-
lar to those employed in the first study. With both 0.1 and 0.5 mm pixels, digital unsharp masking
improved the detectability of pneumothoraces but reduced the detectability of interstitial infil-

trates.

MacMahon and colleagues also investigated the effect of display format on the detectabil-
ity of lung nodules, interstitial infiltrates, pneumothoraces, and bone lesions in digital chest radi-
ography. 6) In this work, chest films digitized as 1024 X 1024 matrices were displayed on film, by
1024-line “conventional” (white-bone) grey-scale video, and by 1024-line “reversed” (black-bone)
grey-scale video. Overall, film display provided the best disease-detection performance, followed
by conventional video display and reversed grey-scale video display in that order. Separate analy-
ses for the individual forms of abnormality produced similar results. The clear-cut superiority of
conventional video over reversed grey-scale video in this objective ROC study demonstrated the
unreliability of subjective preferences that some radiologists had reported after completing their

readings.

A recent large-scale experiment by Slasky and colleagues 7) at The University of Pilts-
burgh used 300 patients and 7 radiologists to investigate the detectability of lung nodules, inter-
stitial infiltrates, and pneumothoraces in conventional chest films and in digitized versions that
were displayed on laser-printed film and on a high-resolution (2K x 2K) CRT monitor. No
significant differences among the display modalities were found for nodule detection, but pneu-
mothoraces were detected significantly better with the original films than with either form of
digital display. The original films were significantly better than the high-resolution CRT display
for infiltrate detection, but their superiority over laser-printed films in this regard fell slightly
short of statistical significance.  Overall, conventional film was significantly better than either of

the digital displays.

Another recent study at Pittsburgh by Cooperstein et al.® investigated the effect of clini-
cal history on chest interpretations in a PACS environment. Digitized chest films displayed on a
high-resolution (2K x 2K) CRT monitor were read by 5 radiologists with and without a concise

computerized case history. Presentation of the case history increased average reading time by

Vol. 7 Nal (1990) -15-



7%, but this increase fell slightly short of statistical significance. Overall, presentation of the case

history had no discernable effect on diagnostic accuracy (p > 0.8). Separate analyses for the

detection of lung nodules, interstitial infiltrates, and pneumothoraces produced similar resuits.
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We made several types of screens which varied in the fundamental factors of screen struc-
ture, and we measured the wiener spectra of those screens with the various slit lengths of 400,
600, 1000 and 1500um. Those fundamental factors contained the thickness of protective layer,
the phosphor coating density per screen and the type of support.

We considered the relationships between the slit lengths and the wiener spectral values for
low spatial frequencies. Our results indicated that the increase ratio of the wiener spectral values
vs the slit lengths was almost determined by the spatial frequencies, and that the dependence on
the screen structures was very slight.

We therefore think that the slit aperture of about 1.0mm length is sufficiently available in
the measurement of wiener spectra when we use the wiener spectral values relatively in order to

compare the image qualities of various screen / film systems.
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Table 1 Components and imaging parame-
ters of experimental screens.

Thickness of | Phosphor Coating Relative Relative
No. protective Density per Support Speed MTF

layer (s#m) screen (mg/cm’) at 2c/mm
1 0 50 Black 100 125
2 6 50 Black 100 114
3 12 50 Black 100 100
4 24 50 Blaock 100 817
5 36 50 Black 100 7
6 12 21 Black 48 123
7 12 756 Black 127 85
8 12 92 Black 144 70
9 12 417 White 128 83
10% 12 46 White 161 70

Screern:Front screen and back screen are equal.

The phosphor is Gds0,S8:Thb.
Film:Fuji HR-S

% The particle size of the phosphor used for the screens No. 10 is

larger than the other screens.
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Evaluation of Scintigram by Means of Random-dot Model

Containing Signal Information
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The relation between the visual detectability of radioisotope images and the characteristics
of recording and detecting system is investigated. A random-dot model containing signal informa-
tion was used to evaluate the theoretical detectability of the imaging system. To simulate the
detection problem of visual signal in the background noise, computer-generated random dot pat-
terns with several values of dot density and dot sizes are used. Simulated microdensitometer
scans are examined to see the effect of the aperture size to the detectability of the signal. The
visual detectability of random-dot patterns is compared with the theoretical detectability. It is
shown that there is a good agreement between the visual detectability and the theoretical detecta-

bility.
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Fig. 3 Geometry for calculating the trans-
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the model.
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At the same column is the same radius of

the dot: the first column, r=0.075 mm: the second column, r=0.15 mm: the third col-
umn, r=0.25 mm: the fourth column, r=0.35 mm: the fifth column, r=0.5 mm. At the
same row is the same signal photon density: the first row, Ns=10/mm2: the second row,
N =8/mm?% the third row, N =6/mm?: the fourth row, Ng=4/mm?.
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Fig. 6 Distribution of the input photon den-

sity S(xy) of radioisotope imaging.
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