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Donner Laboratory of Biophysics and Medical Physics 
University of California, Berkeley, California 

March 30, 1964 

ABSTRACT 

Methods of recording and interpreting pictures from the scintillation 

camera are described. One technique makes use of a multilens oscilloscope 

camera to record several images with graded brightness simultaneously on 

one sheet of film.' . When this method is used with suitable photographic 

film, a form of background'suppression is obtained by photographic means. 

The e'ffect is similar to that produced by background-subtraction circuits 
. . 

with mechanical scanners. Another technique involves the use of a diffusion 

filter to translate dot-density information into shades of gray. When pic­

tures with sharply foeused dots a,.e observed through this filter, the individ­

ual dots are blurred, but gross patterns formed by the dots are more easily 

"'seen. Contrast versus gradation is discussed, together with methode of ob­

taining each. Other suggestions are made to maximize the visibility of the 

. . 
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INTRODUCTION 

Th~ s~intillation'came~a is a nonscanning intrUment for showing 

the distribution of "V-ray and positron-emitting nuclides within the human 

body (1-3);, · An image-producing collimator projects a "V-ray image of the 

radioactive subject on a large flat sodi~ iodide crystai. 'All photopeak . 

. scintillations produCed in the crystal by'" rays of a given ene'rgy are re­

produced in their p~oper locations as point flashes of light on a 'c!athode ... 

. ray tube. Time exp~sures of the ;cathode-r~y tube are taken on photo .. 

graphic film, and after a period of tim~, 'an bnage of the~adioaCtive areas 

of the subject results. The more 'dots recorded, the better the statiStical 

accuracy of each picture element and the more sig~i£ica~t detail a picture 
, ,'! 

has, provided it is recorded without overexposure ~r. underexposure of the 

photographic film. 

The resulting image may be called a scintiphoto to differentiate it 

from the scans obtained from mechanical scanners. Scintiphotos can be 
. j. 

used for two different purposes: (a) to show the static distribution of an ' .... 

isotope, and thus the location, size, and shape of an organ and the pres-

ence of tumors, abscesses, or other abnormalities, and (b) to determine 

the function of an organ by showing the movement of a tracer compound 

through the organ. 

For stUl pictures. the exposure time is usually limited by the length 

of time the patient and opera.tor are willing to spend. A point of diminish ... 

ing returns is reacliedp at which increasing the exposure time is not jUBti-

.. " fled by the slightly better picture quality obtained. For typical high res-

olution ~till pictures, exposureelast from 1 to 10 minutes or more, and 

from 10,000 to 100,000 or. more dots are recorded. 
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To determine the function of an organ, a series of pictures with 

relatively short exposure times is taken. The exposure time for each pic .. 

ture is limited by the speed of movement of the tracer compound through 

the organ. Exposures usually last from a few seconds to a few minutes 

per. picture. In this situation the number of dots comprising each picture 

may be small • 
. ' 

If a picture is comprised of a very large number of dots and it is re-

corded on low-contrast film. the dots merge and depict the activity of the 

subject in various shades of gray. Visual interpretation of such a picture 

is easy. If the picture is comprised of a very limited number of dots, and 

especially if the dots are small and widely spaced. it is difficult for the un­

aided eye to detect small diff'erences in dot density. Pronounced active and 

inactive areas can be easily found under these conditions, but small differ-

ences may be missed. 

The same problem has occurred in the interpretation of pictures 

obtained from conventional scanners. It was met by the use of background 

era·se(4) and contrast enhancement (5,6). The interpretability of scinti­

phQtoeil also helped by suppressing background and enhancing contrast 

wbe'r~"nece~f5ary, but in view of the nature of the scintillation ,camera, these:'. 
. ,." ::,~:t,~·< "' Y:' 

modifications in the pictures must be obtained by entirely different methods. 
.,' . 

Fortunately, they can be easUy obtained by a suitable choice of recording 

method, view.~ng conditions, and other factors. 

In the use of the scintillation camera,. it is important that the Gcin· 

tiphotos appear in a form in which the observer can most easily recognize 

and interpret the information contained in them. The object should be to 

show the d1stributionof radioactivity with (a) as much resolution as possi­

ble, (b) enough contrast to' show significant variations in distribution of 

, " 
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activity within the subject. and (c) as much exposure latitude as possible. 

consistent with the other requirements. These three objectiv$s can be 

met by the use of a multilena scope camera, photographic film with the 

proper amount of contrast, and in some case s a diffusion filter through 

which the scintiphotos are observed or recorded. 

MULTILENS SCOPE CAMERA 

This simpl~ and direct method of recording still pictures makes 

use of a special oscilloscope camera and Polaroid film (3). It has been 

used for severalyears and ha.s given very satisfactory results. A dia ... 

gram of the multilane camera is shown in Fig. 1.. It has several small 

lenses with graded apertures mounted on a lens board. Several versions 

have been made, but the one most often used has six lenses. Six small 

images of the cathode-ray tube ecreen are produced simultaneously on 

one sheet of film. Each lens allows a different amount of light to reach 

the film. and a range of over- to underexposure is achieved with at least 

one satisfactory image a.ssured. 

Examples ot scintiphotos taken with the multilane oscilloscope 

camera are shown in Figs .. Z and 4.. The pictures show frontal and lat­

eral views of the hea.d of a. patient taken a few minutes after adminatration 

of gallium .. 68 EDT A. which localizes in brain tumor.s (7). 

Oa,68 is a positron emitter with a half Ufe of 68 minute8~ It is' ob­

tained simply and inexpensively from a long .. Uved poSitron cow. For 

these plctures. the scintillation camera was used. in the positron mode ot 

operati,",ll, in which a focal detector and coincidence circuit .&re used to 

aehievecollimation. This results in higb overall sensitivity combined 

with high resolution. The exposure time tor each scintiphoto was to min ... 

utes, during which about 40,000 dots were recorded.. 
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A midline tumor is visible on both the frontal and lateral views., 

The vertical line in the frontal view is the transverse sphenoid sinus, a 

normal structure seen in many subjects. The tumor is the light area to 

the right of that line. It is most apparent in the tIDl'd or fourth of the six 

images in both frontal and latel'al views. The two bright spots at the lowel' 

. part of each image are radioactive marker sources that were taped to land­

marks on the patient's bead. 

The operation of the multilene camera is extremely simple. A wide 

range of exposure times can be us~d with no adjustment of the equipment. 

For long exposures, the slower lenses give satisfa.ctory images, and for 

short exposures the faster lenses yield images of proper density. ,This ob­

viates the need for tape recording and playback of scan information to be 

sure of obtaining a properly exposed picture. Furthermore the picture 

shows all the information in readily visible form. When filed in a pa-

tie nt' s chart tbe picture can be quickly reviewed at any time without the need 

for special viewing apparatus. 

Another advantage of the multilens recording method is that subjects 
'. . 

with considerable variation in amount of activity are rendered with no loss 

of information, since the most active pal'ts of the subject receive proper ex­

posure in one image and the less active parts in another. Moderately high 

contrast film can be used when necessary with assurance that it will be cor­

rectly exposed in one or more of the images. A discussion of recording 

~ films and lens apertures is presented in the section on Contrast Enhance-

, # .. 
ment and Gradation. 

An obvious consequence of recording a large .number of images on . 

one sheet of film is the small size of the images obtained. At first this may 

seem to be a disadvantage, but after the observel' becomes accustomed to 

. , ,: ~:' '.: .,' \. 
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them, the small images are usually found to be quite satisfactory. In .. 

fact, when only a small number of dots are recorded, variations in dot den-

sity are often easier to see in the small pictures when they are viewed at 

normal reading distance. Larger pictures comprised of a small number of 

dots should be viewed from a greater distance or through a diffusion filter 

as described in the next section for maximum visibility of the dot density 

information contained in them. 

DIFFUSION FILTER 

If the pictures have a limited nwnber of sharply focused dots, the 

ability of the observer to see small differences in dot density can often be 

improved by viewing the pictures through a diffusing filter. A satisfac­

tory filter consists of a sheet of glass with a very finely pebbled surface, 

such as Tru-Site Picture Framing Glass (Dearborn Glass Co., Bed!ord 

Park, Illinois). The amount of diffusion obtained with this filter is di­

rectly proportional to the distance between the glass and the picture. The 

optimum amount is obtained for any picture by holding the glass at a dis­

tance determined by trial. 1£ there is too little diffusion, the individual 

dots are still visible, and if there is too much, resolution is lost. With 

the optimum amount of diffUSion, variations in dot density are changed into 

different shades of gray. The choice is somewhat subjective, but optimum 

diffusion is usually obtained when the filter is ito Z inches away from a 

six-lens Polaroid picture and Z to S inches away from a one-lens Polaroid 

picture. 

Dlffusion has the effect of suppressing background because isolated 

dots are defocused and blend into the background where they become less 

noticeable. i't the same time, parts of the picture with large numbers of 

dots per unit area are highlighted. since the defocueed dots add together to 

form a prominent bright area. 
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Examining the pictures through a minifying lens, or simply looking 

;t them from a considerable distance. has somewhat the same effect as 

looking at them through the diffusion filter. The diffusion in the former 

cases is taking plAce in the eye olthe observer. However, use of the filter 

has the advantage that it allows presenting the image to the observer in its 

normal size rather than as a tiny image that is hard to examine carefully. 

Diffusion of the pictures is particularly helpful for inexperienced . 

observers. However, even expe~ienced observers usually find that with the 

proper amount of diffusion. it is easier to see variations in dot density at 

a glance. Familiar patterns in the subject become instantly recognizable, 

because the dot-density information is presented to the observer as a eim-

pIer pattern in shades of grey, black, and white. After a certain pattern 

has been recognized by viewing the picture through the diffusion filter. an 

observer can nearly always see the same pattern more faintly when the fil­

ter has been removed, but diffusion makes complex patterns and small dif­

ferences in concentration easier to recognize. Without it there is prob­

ably more chance of overlooking something significant in the pictures. 

The effect of diffusing the images is shown in Fig. Z. A copy of a 

sharply focused original is shown in Fig. ZA. The other pictures were 

made by placing a diffusion £ilter i/z. i, and Z inches before the original . 

and copying it on Polaroid film. If the original scintiphoto is examinedvis-­

ually through the diffusion filter, the effect is the same as seen in Fig. ZB. 

C. and D, except for a moderate increase incontrast. The tumor and the 

structure of the head are more smoothly outlined in the diffused pictures. 

Another example of the e£fect of diffusion is shown in Fig. 3. These 

pictures show the distribution of erythropoetic marrow in the shoulder 

area of a human subject. The tracer was S.Z ... hour positron-emitting FeS~ 
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arid the coincidence method of collimation was used (3). In the sharply 

focused original, Fig. 3A, marrow is shown in the humerus, the clavicle, 

and the scapula. In the diffused copies, it is also easily seen in the ribs, 

the oblique lines at the lower left. It is easy to overlook the ribs in the 

original picture, although they can be seen if the observer looks for them. 

In the diffused pictures they are less likely to be missed, especially by in .. 

experienced observers . 

.';' A variation of the techiuque of viewing the sharply focused orig .. 

inals through thedifiusion filter is to record the scintiphoto initially with a 

certain amount of diffusion. This can be done by (a) placing the diffusion 

filter an inch or more in front of the cathode .. ra.y tube, (b) defocusing the 

cathode ray tubs with its focus control, or (c.) placing a defocusing lens in 

front of the scope camera. (8). The use of the filter has the advantage that 

the light from each dot is spread into a nearly Gaussian pattern instead of 

a sharp-edged disc. and the subjective effect is better than that given by the 

other methods of defocusing. Furthermore, the diffusion is equal over the 

entire picture area, it is easy to vary the amou:nt. and it does not vary with 

the f stop of the oscilloscope camera lens. 

Recording the pictures with diffused dots has the disadvantage that 

the diffusion cannot be reduced after the picture has been recorded. The 

method is satisfactory. however •. in routine clinical situations for which the 

optimum amount of diffusion is known, since the pictures can be viewed 

just as they come from the camera. Alternatively, the pictures can be re-' 

corded with a small amount of diffusion and more can be added later by ob­

serving them through the £lIter. 

When the pictures are recorded with diffused dots, the exposure be­

becomes more critica.l when medium- or bigh .. contrast film is used~ 
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However, use of the multilene scope camera overcomes this problem. 

CONTRAST ENHANCE~1ENT AND GRADATION 

The question of how much contrast enhancement is necessary and 

desirable in scintiphotos is partly subjective. Inexperienced observers 

often prefer pictures with very high contrast. However, experienced ob­

servers usually prefer to retain a. c'ertain amount of gradation. Gradation 

refers to the number of gray tones visible in the image from increments in 

concentration of activity. 

To Ulustrate~ a series of six-lens pictures with gr'aded contrast is' 

shown in Fig. ,4.: In this right latera.l view of the same patient shown in 

, " Fig.' Z,' a brain'tumor is shown, as well as an outline of the head'due to 

body background. Also visible are marker sources taped to the bottom of 

.. 

the ear lobe and near the corner of the eye. Figure 4A is a direct copy of 

the sharply focused original~ and Fig. 4B is a diffused copy" Figure 4C 
" 

and 4D.:are diffused copies in which the contrast has been increased photo-

graphically. In the later two pictures the tumor stands out brightly from 

the background in the third image of. the series. The marker sources, 

being in an area of more intense body background, are visible in the fourth 

image. However,' both the twnor and the marker sources are quite visible 
.'~ . 

in the third and fourth ima.ges of Fig. 4B. The contrast of this picture is 

sufficient to see random variations in body background, and the additional 

contrast of Fig. 4C and 40 ia, not necessary. Adequate contrast helps the 

observer to see small di££erencea in concentration of the a.ctivity, but alter 

this requirement has been met, a maximum amount of gradation should be 

retained. Extreme contrast amplification results only in a loss of picture 

information because of over- and underexposure of parts of the image. 
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Furthermore, if the picture statistics are poor; random variations 

in dot density maybe amplified so much that'they may be mistaken for some-­

thing real in the subject. When the number of dots in the image is small, 

no contrast enhancement is necessary in·' order to see all sigDlficant var­

iations in d'ot density. This can easily be proven by taking 'a series of short 

exposures of astatic subject and obaerv1ngthe appa.rent varia.tions in the 

shape of the subject as shown in the pictUres. The variati~ns will be even 

mo~e apparent if the pictures are viewed through a diffusion filter. . ',; 

AD. obVious method of retaining gradation is to record the pictures 
, , , 

on low-contrast film. The intensity of light £rom the cathode ray tube 

must be adjusted so that single dots produce only partial exposure of the 

film. Where the dots overlap, the greater intensity of the subject will 

then be apparent from the greater density of the image. Kodak Commer­

cial film or the negative component of Polaroid pIN 55 poaitive-~ega.tive 

film is suitable for this purpose. The positive print obtained from the 

Polaroid pIN 5S packet has much higher contrast and consequently less 

gradation. 

When a mo'derate amount of contrast enhancement is desired, it can : .. ,''' 

be obtained by the use of Polaroid type 47 self-developing film. 'This fUm, 

especially when it is fresh and is developed' for 20 seconds itistead of the 

usua110 seconds, ha.s moderat,ely high contrast. It yields'positive prints 

in which the active parts of the subject are gray or white. In the denSity .. 

versus .. exposure characteristic of this film. there is a threshold that must 

be exceeded before the film responds. The print remains blacl(. even 

though exposed to a certain amount of light, and then with very little more 

exposure it turns gray, and with still more exposure white: 
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When the dots are numerous enough and large enough 80 they over .. 

lap and pile up in parts of the image, the contrast characteristic of the 

film provides both contrast enhancement and a lower-level cutoff. Parts 

of the subject in which the concentration of activity is below a certain level 

remain black in the image, while parts above the level are grey or white. 

Under these conditions the multilens scope camera gives a series ofimages 

with graded background suppression. The effect is similar to the back­

ground-erase systems used in conventional scanning. except that several 

degrees of suppression are obtained at once. 

If very high contrast is desired, the pictures should be recorded on 

a higher-contrast film, such as Kodak Contrast Ortho or Polaroid type 

i46L transparency film. Kodak Contrast Ortho has uniform quality and 

. yields excellent images, but it has the disadvantage that it must be devel­

oped in the regular manner. It produces negative transpariencie:a in which 

the active parts of the subject are grey or black. This fi~m .rem.ains 

clear until a certain exposure threshold is reached and then it turns black. 

A method of retaining gradation in im~ges comprised of a limited 

number of dots while using high-contrast film is simply to record with very 

sharply focused dots. The intensity of the light from the cathode ray tube 

should be adjusted so that each flash produces a fully exposed dot. Then if 

the picture is observed through a diffusion filter, the dots blend together 

and the brightness of the resulting grey tones varies with the number of dots 

per unit area. All the original information is retained in a single picture. 

Therefore this recording method can be used with a single lens scope 

camera to obtain a large image. There i8 a limitation on the number of 

dots that can be recorded without nonlinearity of response, because the re­

sponse becomes nonlinear in any part of the subject where the dots over .. 

: lap appreCiably. The larger image obtained by this method is preferred by 

. some to the small images obt:ained from the multilene scope camera. 
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However, the latter method permits recording without loss 0.£ picture infor-

mation over a much wider range of activity concentration. 

Several things can be done to change contrast after a picture has 

been taken. For instance, it can be viewed on closed-circuit television (6). 

Another method of i1\'lcreaaing contrast is to make a copy on high..contrast 

film. A Polaroid copy of a picture, especially when it is overdeveloped, 

has appreciably increased contrast. If the dota are sharply focused on 

the original, the copy should be made through a diffusion filter to obtain 

maximum increase in contrast. The contrast gain shown in Fig. 4C was 

obtained by copying on Polaroid film the diffused picture shown in Fig. 4B. 

Also, Fig. 4D is a copy of Fig. 4C. 

The apparent contrast of film transparencies can be increased by 

placing them against a white surface and viewing them as prints. Alterna­

tively the contrast of prints can be reduced by viewing them as transpar­

encies with a strong source of light behind them. Parts of the image that 

are otherwise below the cutoff level on Polaroid prints can be seen this way. 

This latter technique is used to advantage in taking single-lens pic­

tures of the thyroid gla.nd and surrounding area. Examples are shown in 

Fig. 5. The first picture shows a slightly enla.rged thyroid gland taken with 

the aiH of a multichannel collimator (3). This type of collimator is used to 

take medium-resolution pictures-of the thyroid and all other tissue within a 

9-inch-diameter circle that concentrates iodine. The e~p09ure time was 

5 minutes and the gland contained 21 microcuries of 11.31. The exposure 

time and other parameters were chosen so that the most active parts olthe 

gland are white on the image. The same picture, when examined by trans­

mitted light, appears as shown in Fig. SB. The backgroUnd. which is beloVl 

the c'utof! level in Fig. SA, is now easily seen. and it is apparent that no hot 

~: 
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nodule or other aberrant tissue is present in the vicinity of the gland. 

The picture shown in Fig. 5C is a high-resolution close-up of the 

same gland taken with the triple-aperture pinhole collimator (3). From 

right to left are shown (a) an enlarged oblique view of the left lobe, (b) a 

frontal view of the .entire gland, and (c) an enlarged oblique view of the 

right lobe. These, views were obtained in a single 5-min~te exposure. The 

appearance of the Original picture viewed by reflected Ught is shown in Fig. 

5C. The appearance of the same pictur~ viewed by transmitted light is 

shown in Fig. ,5D. The dark area shown in the oblique view of the right lobe 

in Fig. 5C corresponds in location to a large palpable nodule. It is visible 

. in the oblique view but not the frontal view. 

To summarize this section. the contrast and linear range of the re­

cording method should be matched to the intensity range of the particular 

subject. The thyroid gland and adjacent aberrant tissue is an example of a 

high-contrast subject requiring a recording method that displays a wide 

range of activity concentration. The multilene scope camera used with 

Polaroid type 47 fUm is well suited to this purpose. For this type of Bub-

. jed. the apertures of the six lenses ahould progress by about one f stop 

per lens. The brightness of the cathode-ray beam should be such that the 

brightest image shows isolated dots due to background and any tissue with 

low uptake. Then the darker images will accurately show the most intense 

parts of the gland. 

1f the larger images obtained from a single-lens scope camera are 

desired, one of the low-contrast recording films will give convenient expo­

sure latitude. Alternatively, Polaroid type 47 film can be used if the dots 

are sharply focused and a limited number are recorded. An increase in 

latitude is obtained under these conditions ,if the film exposure is carefully 
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controlled and the print is examined both by reflected and by transmitted 

light. The aperture of the lenG and the intensity of the cathode-ray beam 

should be adjusted so ~at isolated dots are just visible when the print is 

eXamined by transmitted light. The e>""P0sure time should be limited to that 

which produces an image wit.h the most intense parts almost white when the 

resulting print is examined by reflected light. This was the method used to 

o;btain the example shown in Fig. S. 

For subjects that have a smaller range of activity concentration, 

such as the brain, a one -lens scope camera and' medium"contrast recording 

material, such as Polaroid type 47 film, can be used if the exposure is 

carefully controlled. The exposure latitude is greater if the dots are very 

sm.aJl, but maxim~ contrast enhancement is obtained if the dots are diffuse. 

Especially when the image is recorded with diffused dots, the cathode-ray 

tube beam intensity, the f stop of the scope camera, and the number of dots 

per unit area in the picture must all be correct, or the picture may be over­

or underexposed. 1£ the dots are not diffused before recording, the picture 

should be examined through the diffusion filter. This is especiallyimpor­

tant for the larger pictures. 

To obviate the need for careful control of exposure, a multilens 

scope camera with apertures that progress by one-half f stop per lens is 

suitable for this type of subject. Polaroid type 47 film usually gives ade­

quate contrast and background suppression. particularly when the image is 

recorded with diffused dots. Kodak Gdntrast Ortho !ibn gives uniformly 

excellent results under these same conditions. The multilene camera al­

lows a wide range of exposure time and other parameters to be used with 

as surance that a satisfactory image will be obtained. 
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FIGURE CAPTIONS 

Fig. i. Schematic drawing of multilens scope camera. Lens apertures 

p~ogress by i/2 to 1 f stop, depending upon application. 

Fig. 2. Brain tumor pictures taken with six-lens scope camera. The 

effect of viewing the sharply focused original (A) through a dif­

fusing filter is shown in (B). (C). and (D). 

Fig. 3. Bone marrow distribution in the shoulder area of a normal 

human subject taken with a one-lena. scope camera. The effect 

of diffusion in erasing isolated background dots is shown. 

Fig. 4. Lateral view of the subject shown in Fig. 2. The effect of in­

creasing contrast and decreasing gradation is shown. 

Fig. 5. These examples show how parts of the image below the black 

cutoff level in Polaroid prints can be made visible by viewing 

them by transmitted light (B and D). The subject was a human 

thyroid taken with multichannel collimator (A and B) and triple-

. aperture pinhole collimator (C and 0) • 
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Lens poard holding 
six lenses with graded 
aperture sizes 

Polaroid or other photographic film. 
Six images of the subject are recorded 
with graded image intensity on one 
sheet of film 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or"usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such.employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






