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1. Introduction

When the scintillation camera is used, it is necessary to consider the performance of
the camera, characteristics of a radiopharmaceuticals and the proper imaging condi-
tions for the best possible images. Especially, the imaging conditions for RI images is
dependent upon the film types, the image size, the image density, the window width
and the distance from the surface of the collimator, etc.l) Each of these factors also
has an effect on some of imaging forming procedures. Therefore it is difficult to set
a standardization of the image and imaging methodology. However, to overcome these
problems is very important in scintigraphic studies using scintillation camera. In
consideration of these points, the author carried out an experiment on the imaging

condition for a given image density.

2. Equipments and Materials

Scintillation camera: CGR Gammatome T 90000

Collimator: Low-energy, high resolution parallel multihole type
Phantom: Liver phantom/Picker Nuclear

Radionuclide: Technetium-99m

Film type: Single coating film (3 type) and Double coating film (1 type)
Densitometer: Sakura PDA-81

Automatic processor: Sakura New QX/200

3. Methods

A parallel multihole type collimator was attached to the camera head and liver
phantom (Fig.1) filled with technetium-99m (3m Ci) was contacted with the surface of

the collimator for these experiments. And all of images were taken by means of pro-
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1) The optimal preset time settings for a given image density
The purpose of this experiment is to determine the preset time for a constant
image density. All of RI images were formed with different preset time (30, 60, 100,
120, 150, 200 and 250 seconds) at each CRT intensity (6.5, 7.0, 7.5, 8.0 and 8.5).

Four different types of film were used for the imaging procedures.

2) The proper image size setteings for a given image density
In order to set the image size for a given image density, all pictures were
performed with different image sizes (1.0, 1.2, 1.4, 1.6, 1.8 and 2.0) at the proper
preset time determined from experiment 1. Four different types of film were also

used in this imaging procedures.

3) The appropriate settings distance of the surface of the collimator for a given
image density

To determine the appropriate distance from the face of the collimator for a

constant image density, all images were taken with different distances from the face

of the collimator (0.5, 10 and 15cm) at the preset time and image size selected from

experiment 1 and 2. Also the image densities of cold areas were measured and the

detectability of them was observed.

4) The suitable window width settings for a given image density.

To establish the suitable window width for a given image density, all photo-
graphs were taken with different window widths (15, 20, 30 and 40%) at the preset
time, image size and the distance from the surface of the collimator obtained from
experiment 1, 2 and 3. Also image densities of cold areas were measured and the

detectability of them was observed.

4, Results

1) The optimal preset time settings for a given image density

Fig.2 indicates the examples of images taken by employing the different
preset time at the intensity of 7.5. A point was reached, as evidence by figures, where
the preset time was too extended, the image densities and resolution of images became
saturated and informations of the images were lost. And as the preset time increased,
the image density became more high as depicted in Fig.3. Table 1 shows the optimal
preset time for a image density of 1.3 to 1.6 at the different intensity. For examples,
when the CRT intensity was fixed upon 7.5, the preset time for a image density of
1.5 was 94 seconds in the case of A type film, 82 seconds in case of B type film,
60 seconds in the case of C type film and 205 seconds with respect to D type of film.
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In this cases, it showed that the preset time of single emulsion films (A,B,C type) was
found to be short than that of double emulsion film. And then, among the single
coating films, the preset time of C type film was too short and that of A type film was

too long at each intensity, as represented in Table 1.
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Table 1. The preset time established to produce D=l. 5at each intensity by four kinds of
films. ( Unit: seconds)

\31:1 types Single coating films . Double coating film
CRT i
intensity iy~ A type B type C type D type

O 13ltafishepiapalispeliahafisftelizaf{talisiie
6.5 88[100[112[130] 90[ 98[110]127] 60] 66] 78] 80]212/240[280]290
7.0 80| 92]102[119] 74| 82| 92[105] 54| 60[ 66] 70[171]198]|220[250
7.5 75| 85| 94(106| 66| 74| 82[ 94| 48| 54| 60| 65[160/180[205]230
2.0 68| 76| 86| 97| 60| 67| 74| 84| 44| 47| 52| 57|145]165[185(210
8.5 60| 67| 76| 86| 57| 62| 68| 76| 40| as| 48| sal132]150[170]190
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2) The proper image size settings for a given image density

Fig.4 shows the examples of images formed by adjusting the image sizes for
60 seconds at the intensity of 7.5. This imaging conditions derived from Table 1 was
for a given image density of 1.5 in case of C type of film. C type of film was used
in this imaging studies. As a result, the larger the image size, the lower image density.
As shown in Fig.5, the image density was measured to 1.42 in the image size of 1.0,
and to 1.1 in the image size of 1.2 and to 0.76 in the image size of 1.4 and to 0.66 in
the image size of 1.6 and to 0.4 in the image size of 1.8 and to 0.38 in the image size
of 2.0, respectively. Therefore, considering the half life of radioactivity, the proper
image size settings was thought as 1.0 for the image density of D = 1.5.

3) The appropriate settings of the distance from the surface of the collimator for

a given image density
Shown in Fig.6 are scintigrams taken at varying the distances from the face of
the collimator to the phantom. All images were formed for 60 seconds at the intensity
of 7.5 and the image size of 1.0 with C type film. This scintigraphic conditions se-
lected from the experimnt 1 and 2 was for a constant image density of 1.5. As shown
in Fig.7, the image density was measured to 1.42 at a distance of Ocm, to 1.29 at a
distance of 5cm, to 1.30 at a distance of 10cm and to 1.29 at a distance of 15cm.

2.0
1.42
D
1.0
1.0
C Type Film
0.4 0.38
. CRT INTENSITY
7.5
Preset time
60Sec.
BASE
D=0'13 =T T N T T
1.0 1.2 1.4 1.6 1.8 2.0
1.8 2.0 .
imge size
Fig. 4. Images of liver phantom abtained at differ- Fig. 5. Image densities versus image size for C
ent image size at the CRT intensity of 7.5 type of film
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Although the image densities for the phantom were clearly decreased within a range of
Ocm to 5cm, the image densities at a distance beyond 5cm were not approximately
changed. Hence the optimum distance from the surface of the collimotor to the
phantom proved Ocm for the sake of unchangeable image density (D = 1.5).

Table 2 represents the values of the density in various diameters of cold
area. In general, images of cold areas were deteriorated as the phantom was moved
farther away from the surface of the collimator. Thus all kinds of cold areas were
generally deviated from its circular forms at a farther distance. The density levels to
detect cold areas lies within a range of 0.16 to 0.73. From these results, all kinds of
cold areas could be detected at a distance of Ocm, but the minimum 10mm¢ cold area

2,07
1,42 1.29
D \
Ocm 5cm
1.04
C Type film
CRT INTENSITY
1.30 1.29
7.5
Preset time 60 Sec,
Image size 1.0
10cm 15¢cm T . -
0 5 10 15¢m

Fig. 6. Images of liver phantom taken as 0, 5 10 Distance grom the surface of the collimator

d im- . . .
and 15cm from the surface of the collim Fig. 7. Image densities as function of collimator -

atar phantom distance for C type of film.

Table 2. Measured densities aof cald areas by the distance between the surface of the colli-
mator and the phantom

o | 38 | 32 25 | 22| 19| v | 13] 10
Ocm 0.16 | 0.19 | 0.0 | 0.25 | 0.40 | 0.47 | 0.50 | 0.73
Scm 0.17 | 0.10 | 011 | 030 | 042 | 0.50 | 0.59 | 0.78
10cm 0.17 | 020 | 027 | 030 | 047 | 052 | 062 | 081
15cm 0.18 | 021 | 031 | 0.39 | 0.58 | 0.68 | 0.75 | 0.90
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was indiscriminable at a distance of 5 and 10cm. Furthermore, the 10mm¢ and
13mmg cold areas at a distance of 15cm could not be identified because of back-
grounds.

4) The suitable window width settings for a given image density

Fig.8 demonstrates are scintiphotos taken at varying the window width. All
photographings were performed for 60 seconds at the intensity of 7.5 and image
size of 1.0 and the distance from the surface of the collimator of Ocm with C type
film. This photographic conditions established from the experiment 1, 2 and 3 was for
a given image density of D = 1.5. As illustrated in Fig.9, the image density was
measured to 1.38 at the window of 15%, to 1.42 at the window of 20%, to 1.5 at the
window of 30% and to 1.54 at the window of 40%, respectively. According to these
facts, although the window width of 30% or 40% seems to be optimal, no image
quality improvement and the detectability on cold areas could not be observed com-
pared with "% or 20%. Therefore, the suitable window widow settings turned out
20% for a given image density of D = 1.5.

1.38 1,42
2,01
15%  C type film 20% /
| cRT INTENSITY D
1.5 1.5 1.54
Preset time 60 Sec. 1.0-
Image size 1.0
Collimator
30% distance Ocm 40 % - , .
15 20 30 40 %
Fig. 8. Images of liver phantom obtained with fo- window
ur different window settings (15, 20, 30 Fig. 9. Image densities versus window for C

and 40%) type of film

Table 3. Measured densities of cold area by the window width

Size of cold area
Window (—~—(mm) | 38 32 25 22 19 17 13 10
15 0.14 | 018 | 010 | 021 | 030 | 0.39 | 0.49 | 0.71
20 0.15 | 020 | 020 | 0.25 | 0.40 | 0.47 | 0.50 | 0.73
30 0.16 [ 022 028 | 030 | 0.41 | 0.48 | 0.60 | 0.80
40 0.19 | 028 | 030 [ 038 | 052 | 0.59 | 0.74 | 0.82
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Table 3 represents the values of the density in each sizc of cold areas. For the
most part, it is difficult to observe cold areas (10mm¢) in thc wide window width
(30% and 40%). Each size of cold areas was somewhat changed from its original
shape at the wider window. The density levels to detect cold areas was ranged from
0.14 to 0.74. Therefore, all kinds of cold areas could be obviously observed at the
window width of 15% and 20%, but cold arcas of 10mm@ could not be easily defined
at the window width of 30% and 40% because of backgrounds. According to a com-
parison between the degrees of blurring in the cold areas by results shown in Table 2,
and those of blurring in the cold areas by results shown in Table 3, it was apparent

that the formers were worse than the latters.

5. Disscussion

It is the purpose of the nuclear medicine imaging procedures to provide visual
information on various processes. In all cases it is important to obtain the best images,
each containning the maximum attainable informations. However, the most critical
imaging studies are those involving the detection of lesion. The lesion detectability is
dependent on each factor affecting imaging formation”: It should therefore be kept
in mind that by establishing an otpimal imaging methodology for lesion detectability,
one also maximized the performance of the system. In general, the detectability for
cold lesion has a lower degree of accuracy than that of hot lesion. 1**) To improve
the detectability for cold lesion, first of all, it should be maintained a given image
density in the scintigrams. As an examples, the maximum image density within a range
of 1.3 to 1.6~ or 1.5 1o 1.7 provide the best scintigrams for the liver, lung and
kidney studies. Recently, due to the development of high-performance CRT, others
have argued that image density of around 1.0 gives the good images for the detectabi-
lity in cold lesions. However, since the imaging conditions for the scintigrams varies
as the film types, as described in Table 1, it is necessary to evaluate the properties

D 1n the case of films

such as film speed, resolution, granularity and contrast, etc.
used in this experiment, it showed that the increase in film speed was in order of
C, B, A and D type of film, the values of gamma (r) increased in order of A, B, C and
D type film. And the increase in film latitude was in order of C, A and B type film.
Cosindering these results, a high contrast film such as A type film should be used for
hot lesion detection problems, while a sensitive, low contrast film such as C type
film should be used for flow studies and cold imaging. ™

Image size can also affect image information, more important, lesion detectability.
When the image size is large, the image density is low. Because the larger image spreads

the light dots over a larger area. So this effect should be compensated by minifying the
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large size, if possible. For this reason, the 9-image and 16-image format obtained from
a multiformat image system are the most frequently used for an image quality as well
as lesion detectability improvement.?

Although there are several types of collimators, but parallel multihole type col-
limators furnish the best combination of resolution and photopeak efficiency for
many studies with a scintillation camera. ® The -ollowing are the essential character-
istics of the collimator.%:10)  As it were, the image size is independent of the col-
limator-patient distance and the spatial resolution is best at the surface of the col-
limator. Consequently, the face of the collimator should always be positioned as
close as possible to the organ being studied, that is, touching the patient skin,%10,:11,12)
Referring to the author’s experimental results, the resolution of the images and
the detectability of cold defects was best at the face of the collimator (Ocm). But the
resolution in the images was gradually degraded with an increase in collimator-phantom
distance.

It should be appreciated that the proper window settings have an affect on both
resolution and directly affect lesion detectability. Therefore, the technologist must
select proper window width for the best image quality in the scintigrams.!® Even
though a 20% 9 window width for technetium 99m is normally used, 25% window
width'® for it is often selected. But, by the results of this study, 15% and 20% in
window width is considerated to be appropriate in terms of phantom image reproduc-
tion. And the resolution of the images and the detectability for cold defects was
best at the window width of 15% and especially 20%. However both of cold defects

were deteriorated with an increase in window width.

Conclusion

The results obtained from these experiments are as follows.

1. To obtain image density of D = 1.5 in the case of C type of film, the proper imag-
ing conditions was required to 60 seconds (preset time) at the intensity of 7.5,
2.0 (image size), Ocm (the face of the collimator-phantom distance) and 20%
(window width).

2. The preset time of single coating films was shorter than that duplitized film.

3. The resolution of the images was more improved in the case of the small image

size, short collimator-phantom distance and narrow window width.

4. The detectability for cold defects was also improved in the case of small image

size, short collimator-phantom distance and narrow window width.
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