
Chapter 9 

TECHNIQUES OF 
X-RAY CINEMATOGRAPHY 

The Argument 

Few fundamental discoveries in the realm of physics have brought such uni-

versal medical benefit and were so immediately recognized as Wilhelm Conrad 

Röntgen's X-rays. In his first paper ( l l 6 l ) , December 1895, he recognized the 

differential absorption of X-rays by the skeleton and the muscles of the body, and 

this was immediately found to be of the utmost diagnostic value; it was photo-

graphed by Röntgen himself. It was but one further step to record movement 

by a series of such photographs and to combine these into a cinematographic 

film; Macintyre (869) was the first to do so at Glasgow in March 1897. He 

expected that before long all the movements of the body would be recorded by 

means of photographic film. The following pages endeavor to trace the history 

of X-ray cinematography and to outline the many difficulties that had to be 

overcome before, in recent years, Macintyre's hope could be fulfilled. Here 

again the quantitative nature of all X-ray cinematographic records needs 

stressing. 

Introduction 

A D V A N T A G E S O F X - R A Y C I N E M A T O G R A P H Y 

X-ray cinematography has a considerable number of advantages over normal 

radiography from a medical point of view. For the diagnosis of many diseases, 

and particularly those of the heart and esophagus, it is of great value to have 

a permanent record of the actual movements of the affected organ, and not to 

have to rely on a single photographic picture or on the memory of the observer. 

X-ray cinematography is of equal value for comparative work, when the effects 

of a specific treatment are to be watched, or when the natural progress of the 

disease is to be recorded over a lengthy period of time. A permanent record of 

the motions of the organs, either during natural conditions or when submitted to 

a given stimulus, has proved of great value. It has proved of equal benefit for 

consultative work, where a few feet of film could easily be transmitted over long 

distances to give a vivid and correct picture that might otherwise be obtained 
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only by transporting the patient himself. The value of X-ray motion picture 
films for teaching purposes is widely acknowledged today, both in biological and 
medical training, and was specially considered by Reynolds, Corrigan and Haden 
(1139) of the Harper Hospital, Detroit. 

The greatest benefit of X-ray cinematography for medical work however, 
still lies in the future. The inherent ability of the cine camera to slow down 
rapid events by means of high-speed cinematography has so far been impossible 
to apply with dosages of X-rays safe to the patient. It is hoped that during the 
course of the next few years, electronic methods of image intensification will 
make it possible; then entirely new physiological and diagnostic results might 
become available (see below). 

R E V I E W S O F X - R A Y C I N E M A T O G R A P H Y 

In the literature many applications of X-ray cinematography to biological 
and medical research have been described. Although simple in theory, in prac-
tice the realization of an efficient and reliable technique of X-ray cinematography 
has proved extremely difficult, and many papers on different types of equipment 
have been published (179) . Some, intended for biological research, have em-
ployed high dosages and reached a high cinematographic frequency; others, de-
signed for routine clinical diagnostic work, have been of a more elaborate nature 
and have been brought to a high state of perfection in the hands of such pioneers 
as, for example, Janker, Reynolds, and Jarre. Even before World War I, in 1913, 
Schwenter (1210) found it necessary to review the extensive literature on the 
subject before beginning his own experiments. In 1933, Jarre (689) published 
an excellent review of the literature; two years later, Mitchell and Cole (958) 
gave some interesting historical notes on X-ray cinematography that contained 
valuable information on early American work, and in 1936 Dessauer (350) and 
Kästle (713) reviewed the European contributions. 

In 1939, Janker (669) of the University of Bonn, Germany, published the 
only book that has ever been entirely concerned with X-ray cinematography: 
Die Röntgenkinematographie. He gave important information on the history 
of both the direct and the indirect methods and described fully his own contribu-
tions to these two techniques. In 1944, Djian (357) compared the evolution 
of X-ray cinematography with that of fluorography and outlined their common 
needs for improvement. In the same year Jarre (690) gave another review of 
X-ray cinematography, brought up-to-date again in 1950, and containing a brief 
selected list of references. Watson (1424) of London briefly surveyed the 
progress of component equipment made between 1940 and 1950, and a short 
review of French work with X-ray cinematography was included by Thévenard 
and Tassel (1335) in their general book on French scientific films. 
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History of X-Ray Cinematography 

Two fundamentally different techniques of X-ray cinematography can be 

distinguished. In the direct method, photographic film or plates, equal in size 

to the subject of investigation, are exposed in rapid sequence, either by some 

mechanical means or by falling past the subject. The indirect method employs 

an ordinary cine camera with a wide aperture lens to record on standard motion 

picture film, either 16 or 35 mm, the image produced on the fluorescent screen. 

Their respective advantages and disadvantages are fully discussed below. 

From a historical point of view, the direct method proved the easier to adopt 

in the early days of X-rays, and it was only in 1911 that the first description of 

the indirect method was published. There can be no doubt that Macintyre 

(869) was the originator of X-ray cinematography, but unfortunately little in-

formation about his equipment has been preserved, although there are many 

conflicting statements about his work in the literature. Here is a quotation from 

the Archives of Skiagraphy, April 1897: "Two methods have been adopted, one 

in which the shadow of the object, as seen upon the potassium platinocyanide 

fluorescent screen, was photographed by means of an ordinary camera. This, 

however, was found to be too slow for the purpose. The other method was to 

allow the sensitive film to pass underneath the aperture in a case of thick lead 

covering the cinematograph. This opening corresponded to the size of the pic-

ture and was covered with a piece of black paper, upon which the limb of an 

animal, say a frog, could be photographed." 

Only a few months later, another paper was published on this subject, this 

time in France. Roux and Balthazard (1171) were the first to apply a contrast 

medium given internally in conjunction with the direct method of X-ray cine-

matography; it was for a study of the peristaltic movements of the stomach in 

frogs and dogs. The difficulties that confronted the early pioneers of the tech-

nique were great, with weak X-ray tubes and insensitive film emulsions. And 

yet many succeeded in obtaining a number of consecutive pictures, either for 

research or for diagnosis, by ingenious attention to detail. For example, Carvallo 

(247) employed at the Institut Marey in 1907 a double-sided emulsion, specially 

prepared by Lumière, and four rotating X-ray tubes. He used a 6-cm wide, per-

forated, motion picture film that was intermittently moved across a table under-

neath which the small experimental animals and the X-ray tubes were placed. 

To apply the same techniques to human subjects was not so easy as with small 

vertebrates, principally because the area of interest was so much greater and 

needed correspondingly larger plates and films. Furthermore, if light-tight 

casettes were to be employed from a stack, the normal method in those days, 

then each casette had to have a lead backing, so that X-ray exposure occurred only 

on one plate at a time. These heavy casettes had to be moved at the rate of sev-

eral per second, and difficult mechanical problems arose. Kästle, Rieder. and 
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Rosenthal (714) in 1909 used free-falling casettes or accelerated them by elec-
tromagnetic methods. Dessauer (349) employed a circular dropping mechan-
ism, whereas Grunmach (564) used a Geneva Cross to move his 36 casettes, con-
nected to each other by suitable links, and Haenisch (569) had a wheel-like de-
vice to change his ten plates. Groedel (558) reached a frequency of 4 f.p.s. 
with 24 heavy lead casettes of 24 χ 30 cm size, which were allowed to fall past 
the chest of the patient, the X-ray tube flashing at the moment of correct 
position. 

While the above difficulties were concerned with the frequency of the equip-
ment, the short exposure time available from the tube itself was an equally great 
problem. For example, Eijkman (386) in Holland, who chose the subject of 
human deglutition, found it necessary, with an exposure time of only 1/50 sec-
ond, to repeat the same act of swallowing 50 times in order to obtain one pic-
ture of the necessary image density. In spite of all these very great difficulties, a 
great number of radiologists employed this method before 1910, for example 
Gaiffe (499) in France, Bleyer (163) in America, Batelli and Garbasso (114) 
in Italy, and Fürstenau (496) , Köhler (738) , Albers-Schönberg ( 5 ) , and Levy-
Dorn (810) in Germany. By 1912, Villiers (1396) in France, Schnee (1201) 
in Germany, and Caldwell (234) in the United States had investigated this 
technique, and before the outbreak of World War I, the application of direct 
X-ray cinematography to the diagnosis of diseases of the digestive system was 
described by v. Bergman (145) , Bruegel (209) , Kraus (747) , and Pirie 
(1078) . 

A noted pioneer of this work in America was Cole (285) , who presented 
his first paper on direct X-ray cinematography in 1910 and published it in 1912. 
The exposure in Cole's early equipment was from 6 to 12 frames per minute, but 
later on, a perforated film 20 cm wide was used, and speeds of 4 f.p.s. could be 
obtained. Many years yater, in 1937, Cole (1296) described how he had traced 
the outlines of gastric phenomena he had recorded and thereby became an in-
ventor of an entirely different cinematographic technique, namely animation. 
He prepared silhouettes from his tracings and after rephotographing them onto 
35-mm film projected them at the Detroit conference in 1910. This constituted 
the first acknowledged application of the animation technique, and it prevented 
in later years the granting of patent rights. He claimed more fame for this inci-
dental discovery than for the meager scientific information obtainable from his 
early radiographs. 

Turning now to indirect X-ray cinematography, Comandon and Lomon 
(309) were the first to succeed with this method, which they described fully in 
their historic paper of May 27, 1911. All the fundamental requirements were 
fulfilled, and an ingenious switch, actuated by the camera itself, acted on the high 
tension current of the Gundelach tube. Excellent reproductions on Pathé ortho-
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chromatic film of the human hand, elbow, and knee, taken at 2 f.p.s., and of the 

complete thorax and abdomen of a guinea pig and monkey, at 12 f.p.s., accom-

panied their paper. In 1921, Reynolds began his experiments in London, but 

his first paper did not appear until 1927; in 1924, Comandon and Lomon at the 

Institut Pasteur published their second paper, and Janker began work at the 

University of Bonn on the indirect method in 1926, his first paper on the subject 

being published in 1931. The great contribution of these pioneers to the indi-

rect method of X-ray cinematography is fully brought out in the next section, 

dealing with the component equipment. The many eminent radiologists who 

have been mentioned above will always be remembered in the annals of cine-

matography and medicine. 

The Advantages and Disadvantages of the Direct and Indirect Method 

The direct method exposes plates of films equal in size to the subject in as 

rapid a sequence as possible; the indirect method employs the standard cine 

camera and normal motion picture film to record the image from the fluorescent 

screen (see Fig. 71 ) . Both have their advantages and disadvantages. 

To consider first then the direct method, historically the first to be successful. 

Normal cinematographic frequencies are only possible for very small areas, for 

example with biological specimens; for larger fields of human anatomy cumber-

some mechanical equipment is required for film transport. The tube require-

ments are not so stringent with this method as with the indirect, since the film 

can be covered with an emulsion on both sides, and since the image can be 

intensified by two screens, each acting on one of the emulsions. These advan-

tages had already been noted by Carvello and by Groedel, respectively, before 

1914. On the other hand, special developing and printing equipment is re-

quired to deal with the very large areas of film exposed with this method, of the 

order of 1 sq m (10 sq ft) per second. Barclay, Franklin, and Prichard (104) 

described, for example, a special developing machine for 100-ft rolls of their 

12.5-cm wide, double-coated Ilford X film. The considerable cost of both ma-

terials and solutions must also be counted against this method for routine work, 

and, further, special reduction-printing equipment is required to produce 16-

or 35-mm motion picture film suitable for projection. One might therefore ask 

why repeated attempts to solve these difficulties have been made. The only 

satisfactory answer appears to be found in the photographic quality of the rec-

ord, equivalent to the standard radiograph, which has facilitated inspection 

and evaluation. 

If the difficulties of the direct method were great, those of the indirect 

method were not much smaller. Dauvillier (337) , who was the first in 1928 to 

carry out experiments with electronic image intensification of the fluorescent 

screen, gave numerical expression to the limitations of indirect X-ray cinema-
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F I G U R E 7 1 . T H E D I R E C T A N D I N D I R E C T M E T H O D S O F X - R A Y C I N E M A T O G R A P H Y 

Above: The direct method consists in exposing a light-sensitive area equal in size to 

that of the subject of interest; shown by a wide sheet of film. 

Below: The indirect method utilizes the standard cine camera to film the image on the 

fluorescent screen. 

tography. He mentioned that for an initial current of 100 kv and 1 ma, the 
total light emitted by a screen did not exceed 3 microlumens per square centi-
meter, indeed a poor level of illumination, which demanded from rhe human eye 
a lengthy period of dark-adaptation. This method has the advantage that, at 
least in theory, any desired frequency of exposure can be used; but the photo-
graphic quality of the record is not of the same high order as that of the direct 
method, and has rarely, if ever, allowed for subsequent enlargement of the 16-
or 35-mm motion picture frame to the size of a standard radiograph. It is of 
course infinitely cheaper than the direct method, and once the film has been ex-
posed in the camera, it requires no special equipment for development, printing, 
and projection. A salient advantage of the indirect method is the fact that a 
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record of several minutes' duration can be obtained, limited only by the maga-

zine size of the cine camera; with the direct method a maximum of 60 frames 

was achieved by Fredzell, Lind, Ohlson, and Wegelius (458) when casettes were 

employed, and one of about 240 frames was realized by Barclay, Franklin, and 

Prichard (104) using film. 

At the present state of development, it might well be said that both methods 

are equally favored for routine clinical as well as for biological research work. 

The small total number of records and the high cost of the direct method are 

perhaps compensated by the excellent sharpness of the images and the possi-

bility of direct inspection without the need for projection. Light-weight casettes 

and electronic timing methods have allowed nearly normal cinematographic 

frequencies, and for research purposes the sharpness of the picture may well be 

decisive for the discovery of new facts. For routine clinical diagnosis, the in-

direct method has still the convenience and cheapness of standard motion picture 

film to recommend itself, and the recognition of an already well-known patho-

logical picture may not demand the same exacting picture quality. The 70-mm 

wide film, announced for indirect X-ray cinematography by Watson, Weinberg, 

and Ramsey (1423) in 1952, might well be looked upon as a compromise solu-

tion (see Fig. 72 ) . A frequency of 15 f.p.s. could be reached with a specially 

constructed camera and a detail gain factor of 2, compared with 35-mm film, 

could be measured. However, exposure had to be increased, and the f/0.85 

Leitz lens was found to be lacking in resolving power. 

Component Equipment for X-Ray Cinematography 

There is only one fundamental requirement for all component equipment in 

X-ray cinematography: to allow the maximum amount of illumination compati-

ble with the well-being of the patient to reach the light-sensitive emulsion. This 

requirement has dominated all component design and is basic to all X-ray cine-

matography. A short exposure time, of the order of 1/10 to 1/30 second, is 

required to immobilize the movement that is to be recorded, and in order to 

achieve these short exposures, the most powerful X-ray tubes, screens with the 

highest fluorescence, and the most sensitive films available have always been 

combined, and on their joint contribution depended the success or failure of the 

resulting record. 

T H E X - R A Y T U B E 

The most powerful source of X-rays is the essential requirement for cine-

matography. This requirement is in conflict with the safety of the patient, whose 

skin will not tolerate an exposure above about 20 r per minute, and this quantity 

has been adhered to in most cases. Similarly if maximum production of X-rays 



302 T H E MEDICAL SCIENCES 

F I G U R E 7 2 . 7 0 - M M , 3 5 - M M , A N D 1 6 - M M F I L M F O R I N D I R E C T X - R A Y 

C I N E M A T O G R A P H Y : 1 9 5 2 

T o combine the advantages of the direct method—great photographic detail—with 

those of the indirect method—simple and easy intermittent movement of film—Watson, 

Weinberg, and Ramsey ( 1 4 2 3 ) have introduced 7 0 - m m film into this field of cinematog-

raphy. In comparison with the two standard sizes, 3 5 - m m and 1 6 - m m , the gain in detail 

will be obvious; by using compressed air in their special camera to hold the film flat dur-

ing exposure, easy intermittent movement and film transport, in spite of its width, were 

also achieved. 

Courtesy of J . S. Watson, University of Rochester, N . Y. , U. S. A. 

is demanded from the tube, the cathode will soon become overheated, with sub-
sequent loss of efficiency. To overcome both these limitations an intermittent 
flashing of the tube has been used, in synchronization with the intermittent 
movement of the film. A rotating lead screen safeguards only the patient. 
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These solutions are discussed below in detail. The currents used in the tubes 
have varied from a minimum of 15 kv and 50 ma in Luboshez' (847) work in 
1929 to a maximum of 110 kv and 400 ma in Watson and Weinberg's (1422) 
General Electric CRT 1-2 tube in 1948; in general they have been of the order 
of 100 kv and about 100 ma. The smallest possible size of the focal spot is an-
other desirable feature of an X-ray tube to be used for cinematography, in order 
to obtain the maximum sharpness of the image to be recorded; Janker (667, 
669) , for example, used a Müller tube, RÖ 30, in 1950 with a spot size of only 
1.2 sq mm. 

A number of different approaches have been employed to synchronize the 

output of the X-ray tube with the movement of the film, to safeguard the pa-

tient, and to allow a higher output from the same tube Carvallo (247) in 1907 

and Comandon and Lomon (309) in 1911, were the first to employ simple me-

chanical switches. Reynolds (1140) in 1921 attached a circular disk, made 

from insulating material, to the drive shaft of his cine camera; a number of 

peripheral contacts on the disk interrupted the primary current to his Philips 

tube. Similar in principle also was the method employed by Rushmer, Bark, 

and Hendron (1177) at the University of Washington to interrupt the low-

tension current (see Fig. 73) . On the other hand, Watson and Weinberg 

(1422) of the University of Rochester, preferred in 1948 to place between 

patient and tube a rotating lead shutter which was synchronized by means of a 

Selsyn motor with the cine camera shutter. 

The interruption of high-tension currents has also been employed, and in 

1933 Groedel and Franke (560) described the combination of a Simplex valve 

with an X-ray tube for direct X-ray cinematography, which allowed intermittent 

working ot tne tube at 16 t.p.s. Since 1937, j anker has used intermittent il-

lumination, synchronized with and driven by the mechanism of his cine camera. 

His equipment, designed by Bischoff (154) , consisted of a special switch valve 

in the high-tension circuit of the tube and allowed him a normal frequency with 

the indirect method. In 1949 Ramsey, Watson, Weinberg et al. (1120) de-

scribed in detail their equipment, improved since 1948. A synchronization be-

tween tube and camera was achieved by half-wave rectification of the high-

tension current producing the X-rays, and by bringing the half cycle of X-ray 

output into line with the open cine camera shutter. Quittner (1114) of the 

General Radiological Company, London, described in 1949 the equipment in-

stalled at Manchester University. A rotating anode X-ray tube was used at 

100 kv and 250 ma for cinematography, and it was synchronized with the cine 

camera through an electronic circuit containing a long impulse transformer and 

two specially constructed switch valves. Bischoff (155) discussed in 1952 the 

synchronization of the Siemens Stabilophos tube with Janker 's Askania camera. 
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F I G U R E 7 3 . V I S I B L E I N D I C A T I O N O F X - R A Y F I E L D : 1 9 5 0 

A small electric light illuminated the area exposed to the X - r a y s and thus delimited 

the field of cinematography. Note also the position of the camera in relation to the tube, 

removed as it is from the direct beam of X-rays . 

1 Tube anode. 

2 Focal spot. 

3 Aluminum mirror, 0 . 5 m m thick. 

4 Adjustable lead plates to limit X - r a y beam. 

5 Light shield around lamp. 

6 3 2 candlepower light globe. 

7 Patterson E - 2 fluorescent screen. 

8 4 5 ° front surface mirror. 

9 3 5 - m m D e Vry cine camera. 

1 0 Synchronous drive motor. 

1 1 Commutator, coupled to camera drive shaft; thus only when the camera shutter 

was open could the low-tension current pass through ignitrons to the X - r a y gen-

erator. 

1 2 Visible light beam (continuous l ine ) . 

1 3 X - r a y beam (dotted l i n e ) . 

Reproduced from F . Rushner, R. S. Bark, and J . A. Hendron ( 1 1 7 7 ) , courtesy of the 

Radiological Society of North America. 

Finally a few general points might be mentioned, such as screens, niters, and 
a special tube. Stewart, Hoffman, and Ghiselin (1296) of Lenox Hill Hospital, 
New York, employed in 1937 a G.E. 10 R.W. tube with a 1-mm aluminum and 
5-mm wood filter for indirect X-ray cinematography. Ramsey, Watson, and 
Weinberg (1120) screened the patient by means of adjustable lead screens to 
avoid excessive radiation reaching the skin. Graf (543) described in 1937 a 
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tube specially designed for X-ray cinematography, the Kino-Pantix, which was 

made by Siemens and contained an anode rotating at 1,400 r.p.m. 

T H E S C R E E N A N D T H E F I L M 

Photographic emulsions, particularly orthochromatic ones, are sensitive to 
the blue end of the spectrum; although X-rays have a direct effect on them, the 
exposure time is very long. To shorten it, a screen, known as an intensifying 
screen, is therefore placed adjacent to the emulsion; it was found at the begin-
ning of this century that natural calcium tungstate was the most efficient con-
stituent because it produced a blue fluorescence. For direct X-ray cinema-
tography it is possible to enhance the effect of X-rays further by covering the 
film base with two emulsions, one on either side, and by employing two intensi-
fying screens. An orthochromatic emulsion in combination with a blue intensi-
fying screen has generally been employed with this method. The positioning 
and intermittent movement of the intensifying screens have often presented 
difficulties, however, and three different methods have been used. One is to 
build the screens into the film casettes and provide a lead backing, as was done, 
for example, by Wyman and Scholz (1477) ; such an integral unit has the 
advantage that any afterglow of the screen can be utilized. Second, the intensi-
fying screens can be mounted separately from the film and remain stationary in 
relation to its forward movement; they are then moved apart intermittently and 
brought together again as the film passes between them. Such was the solution 
adopted by Barclay, Franklin, and Prichard (104) , van de Maele (877) , Jarre 
(687) , and Gidlund (519) · Finally, a ribbon of intensifying material can be 
constructed and moved for a short distance in conjunction with the film. Janker 
(665 ) used two such ribbons for his direct X-ray cinematography carried out on 
35-mm film, and Porcher (1091) took out a patent for his equipment in 1926, 
in which a continuous band was constructed from ten intensifying screens. 

For indirect X-ray cinematography two theoretical combinations of screen 
and film are possible: first, a yellow screen, as used in visual work, together 
with a panchromatic emulsion and a normal glass lens of very wide aperture 
(see below); second, a blue screen in combination with an orthochromatic 
emulsion and a quartz lens of equally wide aperture to allow all radiation of 
short wave lengths to reach the film. The difficulty of designing and manu-
facturing quartz lenses of extreme aperture has counter indicated the second 
method, and only Comandon and Lomon (309) have employed this combina-
tion (see p. 312) . Reynolds (1140) in his early work found an Ilford SX 
screen of bluish fluorescence with Gevaert orthochromatic emulsion preferable 
to a yellow screen, although he employed a standard glass lens. Apparently most 
users of the indirect method have employed a yellow screen, in combination 
with either 16- or 35-mm panchromatic emulsions. 35 mm has a number of 
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advantages, however, for indirect X-ray cinematography: The larger image 
gives greater radiographic details, facilitates frame-analysis in tracing move-
ments, and a larger variety of suitable emulsions are commercially available; 
the greater cost of the 35-mm camera and the raw stock are but an insignificant 
proportion of the total cost of the X-ray installation. 

A problem which is common to both methods of X-ray cinematography, 
and to general radiography, is the choice among the many different makes of 
screens and film emulsions that are commercially available. The selection of the 
optimum combination still demands tests, even if the general type has been 
chosen. Stanford (1279) , for example, carried out such tests in 1941, drawing 
particular attention to the importance of gamma in the development of the test 
films. Van Allen and Morgan (1382) described in 1946 an apparatus and 
techniques for the measurement of the resolving power of intensifying screens. 
In his comparisons for indirect X-ray cinematography, Janker (667) combined 
a number of samples of screens on a board, and under standard conditions 
exposed a variety of films that were sometimes hypersensitised and often treated 
with a number of special developers to obtain the maximum contrast range. 
Photomicrography of the developed films gave a measure of the grain size of 
his records. Kawashi (715) of Nagoya University, Japan, has also described 
his extensive tests, carried out by examining four fluorescent and five intensify-
ing screens spectrographically; however, the final combination used in this work 
was not disclosed. 

Many other combinations of screen and film have been employed, and their 
range may be seen from the following: Stewart, Hoffman, and Ghiselin ( 1296) 
employed a special yellow-green zinc sulfide screen made by Levy and West in 
combination with an Eastman Kodak panchromatic Super X 16 mm motion 
picture film. In 1952, Weinberg, Watson, and Ramsey (1432) chose for 
indirect X-ray cinematography a Patterson E-2 screen and Eastman Kodak 
Linagraph ortho-negative film for both 16-mm and 35-mm recording; they 
were developed to a gamma of 1.8 to 2.0, although graininess was produced. 
Rehman (1132) settled on a Patterson fluorescent type Β screen, having a spec-
tral range from 5,200 to 6,000 A, in conjunction with an Eastman Kodak Nega-
tive Recording film which was found the best. To save on material costs, 
Desgrez, Hertzog, Cara, and Roucayrol (347) at the Hospital Foch de Suresnes 
used, in conjunction with special screens made by Captain Saint-André, 33 cm 
wide photographic paper for their direct X-ray cinematography. Some of the 
combinations described above may perhaps give a starting point in new com-
parative tests. 

D I R E C T X - R A Y C I N E M A T O G R A P H Y : I N T E R M I T T E N T M E C H A N I S M S 

In direct X-ray cinematography, the size of the film has to be equal to that 
of the subject. For biological research work, where small areas are generally 
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involved, film can be employed and moved at normal frequency. For diagnostic 
and clinical work, however, large areas are required, and Gidlund, (519) for 
example, employed sheets up to 25 X 70 cm. Two fundamentally different 
methods are available for film movement, depending on size: either a continuous 
ribbon of film can be used, or individual sheets of film, cut to size, can be 
enclosed in light-tight casettes containing also the intensifying screens. The 
movement has to be intermittent, whether casettes or continuous ribbons of film 
are employed; naturally, the larger the area of film that has to be replaced sev-
eral times per second, the more difficult will it be to reach the minimum cinema-
tographic frequency of 16 f.p.s. and the more cumbersome and unwieldy will be 
the mechanisms designed to perform this task. 

For continuous ribbons of film, the transport mechanism depends on the 
presence or absence of perforations. Janker (665) in 1928 employed standard 
35-mm film in Leica size, 24 X 36 mm, and achieved a maximum frequency of 
22 f.p.s. using the normal perforations for transport; a rotating lead shutter, a 
necessary component of all equipment of this kind, prevented the illumination 
of the film during its movement. Ardran and Tuckey (78) in 1952 also used 
this standard raw stock but ingeniously employed a 35-mm motion picture pro-
jector as their camera. The great advantage of ready-perforated film is not 
confined to this standard size. Van de Maele (877) used Gevaert X-ray film, 
13 cm wide, specially perforated with holes at 2 cm distance; intermittent move-
ment of the film was obtained by a Geneva Cross. In 1935, Mitchell and Cole 
(958) also used specially perforated film, 25 cm wide, which was moved inter-
mittently by sprocket wheels. 

If film is not perforated by the manufacturer, this can always be done by 
the user in a special machine for this purpose; this was a standard practice at 
the beginning of the century, when each cine camera had its own size of perfora-
tion holes. Barclay, Franklin and Prichard (104) used unperforated, double-
coated Ilford X-ray film, 12.5 cm wide, which they perforated in their camera. 
The film was moved intermittently by means of a cork-covered roller clutch at 
a frequency of 3 to 4 f.p.s., and as it came into the correct position for exposure, 
two punches, acting as locating pins, perforated the film, and the X-ray tube was 
flashed. 

Finally, unperforated film can be used; intermittent movement is difficult, 
since friction between rollers does not always offer an easy method of producing 
the necessary acceleration and braking of the wide ribbon. Jarre (687) devel-
oped in 1929 a simple apparatus for direct X-ray cinematography, the Cin-ex 
camera. Four different widths of unperforated film band, from 12.5 cm to 25 
cm wide could be used, and these were moved intermittently by means of a 
Brown-Sharp clutch up to a maximum speed of 4 f.p.s. Foxon (434) has also 
described simple equipment in which the standard X-ray film was wrapped in 
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light-proof paper and moved intermittently at 3 f.p.s. The equipment of Busi 
(232) , with a frame size of 6 X 7.5 cm, and that of Ruggles, Chamberlain, and 
Dock (1175) , employing 20 X 25 cm film at a frequency of 15 f.p.s., should 
also be mentioned. Janker (676) constructed in 1951 a camera for direct 
X-ray cinematography, using film 30 cm wide and 20 m long, with which he 
was able to reach a frequency of nearly 5 f.p.s. Further modern equipment of 
this type was constructed by Gidlund (519) of the St. Eriks Hospital, Stock-
holm, in I949. It was designed to produce 13 X 18 cm pictures up to a rate 
of 3.5 f.p.s.; this equipment was later improved to produce pictures 30 cm 
square at a frequency up to 5 f.p.s. 

To consider lastly the equipment in which casettes are used; their heavier 
weight has demanded more complex mechanical arrangements for rapid, yet 
intermittent, transport. Historical solutions of this problem have already been 
discussed above (see p. 297) . Van de Maele (877) achieved this by momen-
tarily arresting the fall of his casettes, 17 X 17 cm, or by using a system of 
dragging and extracting spindles. Fredzell, Lind, Ohlson, and Wegelius (458) 
developed an ingenious two-dimensional method of direct X-ray cinematog-
raphy at the Nortulls Hospital in Stockholm in 1950, working at 12 f.p.s. (see 
Fig. 74 ) . Synchronization of the two X-ray tubes, one for each plane, was 
carried out by ignitrons and other electronic circuits. Cavanaugh (254) de-
scribed an automatic seriograph, utilizing a casette-changing mechanism syn-
chronized with the action of the X-ray tube. Wyman and Scholz (1477) 
employed casettes that could be unloaded from a stack of twenty at the rate of 
6 f.p.s. Each casette, 25 X 30 cm, contained its own intensifying screen with 
the necessary lead backing. 

INDIRECT X - R A Y C I N E M A T O G R A P H Y 

The Cine Camera and Layout of Equipment 

In this method of X-ray cinematography, the image of the fluorescent screen 
is filmed by a standard cine camera fitted with a large aperture lens. As with 
other components, the camera itself has to allow the maximum light to reach 
the photographic emulsion. There has been a need, therefore, to modify the 
normal 180° shutter. Two 35-mm cameras, Askania R and Vinten, have incor-
porated a special 270° open shutter allowing as much as 0.047 second exposure 
per frame. A number of other special features have been designed and are dis-
cussed below; a 70-mm camera has already been mentioned above (see p. 301). 

A 35-mm cine camera with 270° shutter opening was first mentioned by 
Gottheiner (538, 539) in 1930 for indirect X-ray cinematography, but was not 
described. Graf (543) in 1937, however, gave full details of the special 
Askania R camera, designed by Janker. Since there was only a 90° closure 
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F I G U R E 74. A M E C H A N I S M F O R D I R E C T X - R A Y C I N E M A T O G R A P H Y : 1950 

The general layout of the equipment can be seen in the top sketch, showing the posi-

tion of the two X - r a y tubes at right angles to each other. The bottom sketch shows in 

detail the two rotating lead shutters incorporated in the table; the two stacks of casettes, 18 

X 24 cm in size, and their bags for reception after exposure should be noted. The inset 

depicts the use of the rotating shutters as ejection mechanisms. 

This equipment was developed by G . Fredzell, J . Lind, Ε . Ohlson, and C . Wegelius 

( 4 5 8 ) . Courtesy of G . Schönander, Stockholm. 

during film transport, the claw mechanism had to be modified and speeded up, 

and an electromagnetic braking device was placed between the camera and 

its electric motor drive, so that an immediate arrest could be achieved. Kawashi 

(715) has also employed this Askania R camera in Japan. The special Vinten 

camera for X-ray cinematography was described by Quittner (1114) in 1950, 

its shutter performance being the same as the Askania R. The same effective 

increase in exposure time per frame was achieved by Ardran and Tuckey (78) 

at the Nuffield Institute, Oxford University, in 1952 by their excellent adapta-

tion of a 35-mm projector as a camera for indirect X-ray cinematography. The 
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natural 3:1 ratio of immobility to movement of the film produced by the Geneva 
Cross pull-down mechanism could be effectively utilized in combination with a 
half-wave rectified current energizing the X-ray tube. In fact at their usual 
frequency of 25 f.p.s., a shutter could be completely dispensed with and only at 
50 f.p.s. was the afterglow of the screen noticeable. 
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If continuous X-ray illumination is employed, as distinct from the equip-

ment just described, then each closure of the shutter presents a waste of X-rays 

and a danger to the patient. To avoid this, an unusual recording mechanism, 

the so-called "Berlin Twin-Camera" was developed by Metzner and Beck (936) 

in 1952. Two normal cine cameras were combined with their shutters out of 

phase by 180°, so that, with continuous X-ray illumination, a continuous record-

ing of the fluorescent screen could take place. It appears doubtful if this idea 

will prove practicable for routine diagnostic purposes, since the heavy capital 

and running costs will not be less than that of the Askania R camera, which the 

twin camera was intended to replace on account of cheapness. Two other spe-

cial camera modifications can be mentioned. Reynolds, Corrigan, and Haden 

(1139) of Detroir modified a 16-mm Cine Kodak Special by adapting it with 

an electric drive motor and a cam and spring mechanism, producing a change 

of frames in 1 millisecond and thereby avoiding completely the need for a shut-

ter. Rehman (1132) , using a 35-mm Mitchell at 60 f.p.s., synchronized it with 

a half-wave rectified tube current in such a way that when the tube had reached 

its maximum output, the camera shutter was opened. 

Apart from these special cine cameras standard commercial models have 

been used by the majority of workers in this field. Comandon and Lomon (309) 

used a hand-cranked Pathé, Reynolds (1140) a standard 16-mm Victor, Watson 

and Weinberg (1422) a 35-mm Bell and Howell; Stewart, Hoffman, and 

Ghiselin (1296) a Bell and Howell 16-mm Filmo 70 D; Rushmer, Crystal, 

Tidwell, and Hendron (1180) a 16-mm Paillard Bolex; Rushmer, Bark, and 

Hendron (1177) a 35-mm De Vry; De Abreu (2 ) a 16-mm Siemens, and, 

finally, Moretzsohn de Castro (969) , who has used indirect X-ray cinematog-

raphy at Sao Paulo, Brazil, since 1939, employed a 16-mm and later a 35-mm 

camera; he developed his equipment in conjunction with Jany (970) . 

The general layout of component equipment for indirect X-ray cinema-
tography demands a number of fundamental precautions, whatever camera, lens, 
or screen is adopted (see Fig. 75 ) . Around the fluorescent screen and the 
camera lens, a light-tight shield should protect the emulsion in the camera from 

F I G U R E 75. F L E X I B L E A P P A R A T U S F O R T H E I N D I R E C T M E T H O D : 1952 

This equipment, now commercially available, is characterized by its ability to be used 

in both the horizontal position (above) and the vertical position ( b e l o w ) . A vertical 

stand supports on a pivot the cross-arm, which carries a Machlett Super-Dynamix tube, 

the screen, and the Newall 35-mm cine camera. The relative distance between these com-

ponents is varied by means of the hand wheels at the extreme ends of the cross-arm; the 

height of the whole arm above the floor is electrically adjusted from the control panel. 

Note the large bellows between screen and camera and the small observation eyepiece at 

the camera end. The system was developed in England by Watson in collaboration with 

R. J . Reynolds ( 1 1 4 0 ) . 

Courtesy of Watson & Sons, North Wembley, London. 
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any stray light except the radiation from the screen itself. Another valuable 

precaution consists of shielding the film in the camera from stray X-rays by a 

cover of lead; this has frequently been taken by workers in this field. 

While X-rays are, of course, not subject to the general laws of optics, the 

image generated by the fluorescent screen can be reflected by a mirror; a num-

ber of radiologists, for example Janker (667) , Rushmer and Hendron (1180) , 

and Böhme (167) found it a considerable advantage to place their fluorescent 

screen in the horizontal position and to reflect its image by means of a 45° 

mirror into the camera lens. This removed the motion picture film from the 

direct beam of the X-ray tube, and in circulatory experiments the effect of grav-

ity on the blood could be neglected. The prone position has also recommended 

itself for clinical work, and Janker (672) constructed in 1950 a special bench 

on which the patient could be placed and viewed from underneath, with the 

observer protected all the time by means of lead plates and lead glass. Of inter-

est also was the account of the layout of Janker's (669) own laboratories, which 

contained two installations for X-ray cinematography, one for clinical and the 

other for biological work. 

The Cine Camera Lens 

The highest possible aperture of the lens has been the most salient require-

ment for indirect X-ray cinematography; since it has to record only a flat field, 

the fluorescent screen, depth of focus is not essential. Except for one lens com-

posed of Uviol glass and quartz, f/1.55, used by Comandon and Lomon (309, 

310) with orthochromatic film and a screen of relatively high output in the 

ultraviolet region of the spectrum, most workers in this field have preferred to 

employ a yellow-green screen, panchromatic film, and a wide aperture lens of 

standard glasses. In fact, some of the widest aperture lenses ever computed were 

specially prepared for this type of cinematography. They were reviewed in 

1949) by Gaprelian (710) of the American Signal Corps Engineering Labora-

tories. He considered objective lenses of f/1 aperture and greater, with refract-

ing and reflecting systems, with both spherical and aspherical surfaces. The accu-

rate focusing of these lenses presents a difficulty because of their extremely 

shallow depth of focus, and Reynolds (1140) , who employed the R Biotar for 

most of his work in London, found it easier to focus when he placed a metallic 

grid immediately behind the fluorescent screen. Reynolds, Corrigan, and Haden 

(1139) of the Harper Hospital, Detroit, have focused their Biotar onto a target 

consisting principally of a number of small steps 6 mm (
L
A inch) distant; the 

resulting films were studied with a low-power microscope and allowed the con-

struction of an accurate distance scale, which was engraved on a large lens 

mount. 
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The protection of the camera lens from X-ray exposure must be considered. 

It is a little-known fact that this irradiation causes some of the metal constitu-

ents of the glass to pass from a state of free solution to an agglomeration of 

finite metallic particles that obstruct the passage of light. In the lens itself, it is 

the heavy barium crown glass which is most likely to suffer this deterioration in 

transmission, and Stanford (1279) investigated this effect in 1942. After ini-

tial transmission readings, a sample of barium crown glass was submitted to 

extensive irradiation, and the resulting loss in transmission was plotted against 

X-ray exposure. It was found that crown glass suffered the greatest impairment 

at the start, but that after 1000 r units of exposure the rate fell off and reached 

stability at about 5% loss in the spectral range of 5,460 Â to 5,790 Â; in the 

violet line, 4,358 Â, the loss was of the order of 10%. It is advisable therefore 

to employ an X-ray-absorbing lead-glass filter between the fluorescent screen 

and the camera lens, a standard procedure in mass radiography units, where the 

same factors are operating. The light transmission of lead glass itself, lead 

equivalent 2.7 mm, was also measured by Stanford in collaboration with R. Herz 

and was found to be on the average 12% in the spectral range of 4,300 Â to 

6,800 Â. A theoretical choice therefore confronts each investigator using a 

yellow-green screen: either to use no lead-glass filter to save 7% in light trans-

mission, to let the X-ray beam pass unhindered into the room, and to build 

up gradually a neutral density filter in the camera lens during the course of the 

first 1000 r exposure; or to leave the standard lead glass filter built into most 

fluorescent screens in place, and to accept a constant light loss of 12%. In prac-

tice, however, the lead glass screen should always be left in place, since the pro-

tection of the personnel and of the film in the camera will be the more impor-

tant consideration. 

The early development of these extreme lenses and their use in X-ray cine-

matography is interesting. Watson and Weinberg (1422) mentioned that 

Luboshez (848) had, from 1928 onward, computed a number of special lenses 

for X-ray cinematography, which ranged in aperture from f/0.85 to f/0.67, but 

these were never available commercially. In 1929 and 1931 Luboshez (847) 

himself described the use of a f/0.625 lens for X-ray cinematography and 

pointed our that he was able to use low tube currents of only 50 ma and 15 kv 

for normal and high-speed cinematography on 16-mm film. Djian (356) 

reported in 1935 on his f/0.53 lens for indirect X-ray cinematography. The 

second element was composed of four parts, jointly presenting an aspherical con-

vex surface to the light rays in the outer ones of this element. If the lens was 

stopped down to f/0.75, however, the light was transmitted across spherical sur-

faces only. Djian and Dariaux (358) employed this lens extensively for indi-

rect X-ray cinematography and were able to achieve a frequency of 30 f.p.s. 
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with tube currents of 80 kv and 15 ma. Béclère (129) described and com-
mented on Djian's solution of X-ray cinematography in 1935. 

The most famous of these classic lenses for indirect X-ray cinematography 
was undoubtedly the Zeiss R-Biotar, f/0.85, computed by Mené (932) in 1934. 
It was based on the Petzval type, with an air space between its first and second 
element, followed by another singlet and a doublet. This lens has been used 
extensively by many, for example by Janker (667) , by Barklay, Franklin, and 
Prichard (104) , by Kawashi (715) , by Stewart, Hoffman, and Ghiselin 
(1296) , by Westermark (1445) , by Holm (628) , and by Weinberg, Watson, 
and Ramsey (1432) . Leitz (795) also developed a lens of aperature f/0.85 
based on a modification of the Gauss system; this lens was employed by Janker 
(667) in 1950 and by Watson, Weinberg, and Ramsey (1423) in 1952. 

A number of new lenses have become available in recent years. The first of 
these was described by Kaprelian (709) in 1947, of aperture f/0.6 and based on 
a modification of the Zeiss R Biotar: he added another element to obtain bet-
ter spherical and chromatic correction and to obtain an increase in the back 
focal length by a shift in power. In 1951, Wynne (1478) of Wray Optical 
Works, Kent, published the details of his f/0.71 lens for X-ray cinematography. 
Using new rare-earth oxide glasses of high index and low dispersion, in com-
bination with very dense flint glasses, he was able to build a lens system com-
posed of one single lens followed by three doublets. In 1952, Schade (1190) of 
Eastman Kodak described the Fluoro Ektar lens, f/0.75, which had been specifi-
cally computed by his company for indirect X-ray cinematography; it was 
essentially a Cooke triplet. Weinberg, Watson, and Ramsey (1432) mentioned 
that they had used this new lens in 1952; it apparently replaced one of their 
previous lenses, f/0.8, computed by Luboshez and modified by Herzberger 
(603) . It should be mentioned that Rushmer, Crystal, Tidwell, and Hendron 
(1180) found a Kern Swittar f/1.4 quite satisfactory for some of their 16-mm 
work, but that they replaced it later by a Taylor, Taylor, and Hobson lens of 
f/0.8, which incorporated the principle of the Schmidt correction plate; it was 
computed by Warmisham (1417) . 

P R O J E C T I O N , A N A L Y S I S , A N D P R I N T I N G 

Many bodily movements that have been recorded by this technique are of a 
recurrent nature or only of short duration. It has often been a practice, there-
fore, to join the two ends of a suitable length of film into a loop and to project 
this ad infinitum. In cardiac movements, however, it has proved difficult to 
determine precisely the length of film representing complete heartbeats, and 
artificial extrasystoles were thus introduced at the splice of the two ends of the 
film. Janker (671) described in 1949 a simple method to overcome this defect 
by precisely marking during exposure one point per heartbeat on the film. For 
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this purpose, a small microphone was attached to the patient's carotid or radial 

artery; the sound of the pulse was amplified electronically to give a small cur-

rent impulse, which in turn flashed a light at the edge of the fluorescent screen. 

A useful method of frame-analysis for indirect X-ray cinematography was 

described by Rushmer (1179, 1181) in 1951. By simultaneously printing the 

positive and negative of the original film, offset by one frame, the light and 

dark areas of the film matched and cancelled; it was possible thereby to subdue 

any nonmoving structure. However, moving parts of the organs were empha-

sized by this method of printing and brought out in greater contrast; it was 

called "Counter-offset" printing by Rushmer. If direct X-ray cinematography 

has been employed for the recording of movements, a special printer is nor-

mally required to reduce the original radiographs to the standard size of 16 or 

35 mm in order to project them. One other possibility exists, which relies on 

intermediate tracings from the original size; these may be refilmed on 16-

or 35-mm motion picture film. This was used by James (662) , who employed 

a silhouette technique, with white tracings pasted onto a black background, and 

refilmed these on 16-mm film. Cole's (285) historic use of this technique has 

already been mentioned (see p. 298) . 

Stereoscopic X-Ray Cinematography 

The three-dimensional representation of the X-ray image is highly desirable 

for research and for diagnosis. It has been achieved photographically by a 

number of methods that have relied on lateral movement of the X-ray tube. 

However, for cinematographic records it also becomes possible to use a dis-

placement in time: to register the two steroscopic images on consecutive frames 

of the same film and to project alternate ones for each eye. 

Janker (663, 669) was the first radiologist who succeeded in perfecting 

stereoscopic X-ray cinematography. In principle his apparatus consisted of two 

tubes, separated horizontally by a suitable distance, with a rotating lead shutter 

between them and the patient; this allowed for the alternate exposure of con-

secutive frames of the film (see Fig. 76) . For projection, a transparent red-

green filter was rotated in front of the projector lens and the observer used an 

analogous pair of spectacles. The equipment, used for stereoscopic X-ray cine-

matography on human subjects since 1943 (670) , employed an Askania R cam-

era with f/0.85 aperture objective and 270° cine camera shutter opening. 

Further work in this field is now being carried out in America; it was men-

tioned (1423) that F. Bishop of the University of California had begun in 1951 

work on sterescopic X-ray cinematography. In 1953, a preliminary note 

appeared about other equipment of this type. Weinberg, Gramiak, Ramsey, and 

Watson (1430) of the University of Rochester described their method as using 

a single camera with a synchronous movement of the tube and the patient, to 



316 T H E MEDICAL SCIENCES 

create the necessary shift of images. Two prints of the film were made and 
projected onto a metallic screen by two synchronous projectors equipped with 
Polaroid filters. Finally another technique should be mentioned, which Janker 
found in 1949 to give a strong stereoscopic impression; the subject was rotated 
through its own axis and illuminated with only one X-ray tube. Metzner (935) 
described in 1952 how Janker had utilized this effect for cinematography by 

F I G U R E 7 6 . J A N K E R ' S S T E R E O S C O P I C X - R A Y C I N E M A T O G R A P H Y : 1 9 4 9 

The principle of this equipment was to register alternate left and right views on consecu-

tive frames of the motion picture film. 

1 Shafts synchronizing 9 0 ° camera shutter, 2 , with rotating lead shutter, 5. 

2 Camera shutter, 2 7 0 ° opening. 

3 Askania Röntgen cine camera, 35 mm. 

4 Opening in lead shutter. 

5 Rotating lead shutter. 

6 Bevel gears transmitting motion of the shafts, 1 . 

7 Fluorescent screen. 

8 Pertinax plate. 

9 X - r a y tubes. 

1 0 Intermediate shaft, adjustable in length, to allow for different distances between 

camera and patient. 

1 1 Patient. 

Reproduced from J . Janker ( 6 7 0 ) , courtesy of G . Thieme Verlag, Suttgart. 
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rotating the subject, for example, once every 4 seconds, and by filming at a fre-

quency of 22.5 f.p.s. This, then, is the present stage of development of this 

promising technique, and further improvements and applications will be wel-

comed by both biologists and members of the medical profession. 

Electronic Intensification of X-Ray Image 

The great strides made in electronic techniques in recent years, particularly 

in television, have suggested to a number of radiologists that they employ these 

methods to bring about an intensification of the image on the fluorescent screen; 

the successful achievement of this aim would prove of great value to X-ray 

cinematography, particularly since it would allow higher camera frequencies 

and thus permit slow-motion. Four essential requirements have to be fulfilled: 

intensification, definition, contrast, and uniformity of response over the whole 

field. The theoretical limitations, present equipment, and practical results 

achieved so far are discussed below. It should be realized that work in this 

field is by no means of recent origin. 

Dauvillier (336) was probably the first to suggest in 1915 the use of elec-

tric principles for the intensification of the X-ray image, and after many 

improvements had been made, a full description of his equipment, the Radio-

phot, was published in 1928 (337) (see Fig. 77 ) . Dauvillier calculated that 

for 15 f.p.s. a rotation of 900 r.p.m. of the Nipkow wheel was required. The 

first experimental apparatus worked with 100 picture elements; a second was 

tried with 900, and a final apparatus with 3,600 was envisaged for 1929- Des-

sauer (350) reviewed Dauvillier's work in 1936. G. Hoist of the Philips 

Laboratories in Holland also patented an electronic image amplifier at that 

time, as was reported by Teves, Toi, and Oosterkamp (1331) ; an amplifica-

tion of 800 times could be achieved. In 1926, Milani (947) suggested a similar 

approach by means of television principles, using a grid of selenium cells as 

receptors, but apparently he had to abandon the idea. These early experiments 

seemed to have fallen into neglect, and this subject was not re-opened until 

Chamberlain (258) appealed in 1942 for the development of fluoroscopic image 

amplifiers to overcome the inherent difficulties of all X-ray work. 

The fundamental need for intensification of the fluoroscopic image need 

hardly be stressed, and Dauvillier's calculations have already been referred to. 

More recently, in 1948, Coltman (288) of Westinghouse has restated the case 

by pointing out the extremely low light levels of fluoroscopic vision; an increase 

in brightness of the image of 100 to 1,000 times the present value seemed desir-

able for visual, let alone cinematographic, purposes. 

From purely theoretical considerations, however, a limit has to be set to 

such intensification, since X-rays are of a discontinuous or quantum nature; 

with great intensification, they would give rise to a visual perception of the 
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individual scintillations, normally present but too dim to be perceived on the 
fluorescent screen. Sturm and Morgan (1320) of Johns Hopkins University 
and Hospital approached the subject of screen intensification from a statistical 
and mathematical point of view in 1948. They cautioned against an unlimited 
improvement of the image, basing their conclusion on the statistical fluctuation 
theory applied to the intensity of the X-ray image on the screen. An intensity 
of about 50 times greater than that of the Patterson B-2 screen was then con-
sidered as a theoretical maximum; any increase beyond that would merely 
shorten the dark-adaptation period and could not increase the contrast dis-

F I G U R E 77. D A U V I L L E R
;
S M E T H O D O F I M A G E I N T E N S I F I C A T I O N : 1928 

The principle of this equipment was to scan the X-ray beam by means of a Nipkow 

wheel and to feed the resulting electrical impulses into a Kerr cell; the modulated light 

beam emerging from the cell was scanned again and cinematographically recorded or 

visually inspected. 

1 Amplifier. 

2 Polarizing analyzer. 

3 Sprocket wheels for motion picture film. 

4 Large photocell, detector screen. 

5 Aperture. 

6 Viewing screen. 

7 Motion picture film. 

8 Image projected onto viewing screen. 

9 Kerr Cell. 

10 Light source. 

11 Electric drive motor ( 9 0 0 r .p .m. ) . 

12 Nipkow wheel, having diametrically opposed, spirally-arranged apertures. 

13 Lens system. 

14 Object under investigation by X-rays. 

15 Polarizer. 

16 Virtual image of object. 

17 X-ray tube. 

Reproduced from A. Dauvillier ( 3 3 7 ) , courtesy of G. Thieme Verlag, Stuttgart. 
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crimination of the observer. Preliminary experiments, mentioned by Lusby 
(853) in 1951, indicated that image degration did occur when intensification 
was carried too far. 

From a practical point of view, the system developed by the Westinghouse 
East Pittsburgh Laboratories appears so far to have been the most promising, 
and in 1948 Coltman (288) described their first successful tube, the forerunner 
of the Fluoricon. It consisted essentially of an evacuated glass envelope with a 
zinc sulfide screen 12.5-cm in diameter, backed by a cesium-antimony photo-
surface, on one side of the tube, and an anode 2.5 cm in diameter of fine-grain 
zinc-cadmium sulfide, backed by a thin aluminum foil, on the other end of the 
intensifier. The Fluoricon, itself, described by Lusby in 1951, was claimed to 
have satisfactory intensification—100 times, definition, contrast, and uniformity 
of response. Davies (338) , who reviewed in 1952 Coltman's work at Westing-
house, stated that image amplification of the order of 100 to 150 had been 
achieved. 

In other countries, systems similar to the Fluoricon have been used. In Ger-
many, Weiser (1435) gave in 1950 a description of his Bildwandler which 
differed little in principle; an intensification of 500 was obtained. In Hol-
land, Teves and Toi (1330) of the Philips Laboratories described in 1952 an 
electronic image amplifier, that allowed inspection of the fluorescent screen in 
an undarkened room and permitted cinematography without reaching dangerous 
X-ray dosages for the patient. In 1950, Rawlins (1125) of the National Gal-
lery, London, stated that experiments of a similar kind were undertaken in 
England. 

An entirely different system was that adopted by R. J . Moon and described 
by him at the short symposium held on this subject by the American Roentgen 
Ray Society in Chicago in 1948, opened by Sturm and Morgan's (1320) theo-
retical paper. Moon's scanning X-ray tube consisted essentially of a scanning 
beam of cathode rays, impinging on a target of tantalum foil, 0.0025 cm thick 
and 10 X 17.5 cm in size. The X-rays thus generated impinged on a special 
lead-barium sulfate screen, were received on a photo-cathode, amplified by a 
photo-multiplier tube circuit, and finally converted into a visible image on a 
Kinescope. Hodges and Skagg (615) gave a progress report of Moon's scan-
ning tube in 1950. Although small-scale amplification appeared promising, 
much further work remained to be done at that time before Moon's system could 
be made available for clinical trials. 

From a clinical point of view, Morgan and Roach (974) discussed the 
advantages of screen intensification systems in 1949; they forecast a number of 
benefits, including the removal of the limitations of X-ray cinematography. The 
clinical and experimental trials that have been carried out so far, however, 
have revealed that further work will be required before these systems can be 
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universally applied. During September of 1950, the first two experimental instal-
lations, using a Fluoricon with amplification of over 100 times, were put into 
operation at Morgan's department at Johns Hopkins Hospital, Baltimore, and at 
Chamberlain's laboratory at Temple University Hospital, Philadelphia. A folded 
Schmidt optical system of high speed and resolution was added to the Johns Hop-
kins installation and described by Morgan and Sturm (975 ) in 1951. It was used 
to focus the image of the fluorescent screen onto the tube, and two-stage amplifi-
cation gave an increase in brightness of 3,000 times. Finally, in December 1951, 
Morgan (973) demonstrated the possibilities of his method of screen intensifi-
cation in conjunction with cinematography. A barium-enema examination of 
a child, age 7 years, was filmed for periods of 3 minutes at 7.5 f.p.s., and the 
patient received a total skin dosage of only 20 r. Apparently the results were 
not yet satisfactory in the resolution of detail. 


