
Chapter 10 

MEDICINE 

The Argument 

Cinematography in medical research has posed great technical difficulties, 

particularly if any internal structures had to be recorded. Unlike biological 

research, where the area of interest could easily be exposed by simple surgical 

removal of the outer tissues, and unlike engineering research, where the inner-

most components of a machine could be filmed by substituting transparent outer 

components, in medical research the well-being of the patient must be the fore-

most consideration, and the cinematographer has had to devise his techniques 

in subordination to this paramount objective. Human record films and the 

techniques of medical cinematography, including those of X-ray cinematography, 

have been discussed fully above. The specific advantages of the use of cinema-

tography in physiological and pathological research, as well as in diagnosis, are 

discussed at the beginning of this chapter. The greater part of the chapter is 

composed of relevant examples of the use of cinematography in medical research 

and diagnosis. They are mostly arranged under the classic physiological head-

ings, such as locomotion, digestion, respiration, and circulation, primarily because 

this will facilitate an easy cross-reference to certain biological research in the 

same field, frequently carried out for medical purposes. A section on aviation 

medicine concludes the text on medicine and the first volume. 

Scientific Cinematography in Medicine 

Medicine is an art and a science—an art because the human skill of its practi-

tioner decides the correct diagnostic tool and therapeutic agent; a science because 

medicine has adapted the scientific research techniques and results of the bio-

logical, social, and physical sciences to its own needs. The discovery of photog-

raphy in the middle, and the invention of cinematography toward the end of the 

19th century gave two research and recording techniques to the medical profes-

sion, which it has employed widely. Training and experience have demonstrated 

to many medical men the failings of the human memory; they were therefore 

delighted with the easy recording by means of photography and cinematography 

of even the most complex picture of symptoms. Once such a record had been 
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prepared it found its way not only into the case history or the research file, but 

also into the lecture theater, into the medical literature, and above all into the 

professional meeting. 

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

Movement is one of the characteristics, if not the essence, of all biological 

phenomena. For the recording of its diverse manifestations, few other research 

techniques have found the same widespread application as cinematography. In 

medicine many phenomena have been recorded on motion picture film and have 

thereby been available for repeated analysis if the experiment was unique; if 

several similar events were investigated, then the permanent cinematographic 

record permitted comparative analysis, which could be based on data far exceed-

ing those of the human memory in accuracy and reliability. 

In cytology time-lapse cinemicrography, particularly in combination with 

phase contrast microscopy, has brought about an entirely new approach to many 

problems. The pathological changes associated with such diseases as, for ex-

ample, cancer, and the therapeutic value of certain types of radiation have al-

ready been investigated by means of these techniques, but so far animal tissue 

cultures have generally been preferred. However, when time-lapse cinemicrog-

raphy was applied to human cancer cells equally important research data have 

resulted (see below). 

The effect of pharmaceutical drugs, whether acting on such delicate biological 

mechanisms as mitosis or on the gross behavior patterns of rats and dogs, has 

been filmed as contributions to pharmacological research. It might well prove 

possible to extend the usefulness of cinematography in pharmaceutical research, 

in particular during the biological assay of a new drug. It has already been sug-

gested that those physiological functions that are influenced by a new drug 

should, whenever possible, be filmed; frame-analysis and the inclusion of a 

Chronometrie device will allow an accurate determination of the normal rate of 

functioning, and hence a quantitative evaluation of the deviation caused by any 

new drug. Direct data on tolerance could thus be established and unsuitable 

drugs be eliminated on a quantitative basis. 

Many other research films that have a bearing on medicine, have been con-

sidered on previous pages. Time-lapse techniques have proved of great value 

in recording certain pathogenic bacteria and have allowed, for example, a detailed 

study of the action of penicillin on Proteus vulgaris. The nervous system and 

the sense organs of animals have been investigated by means of scientific cine-

matography by both the biologist and the student of animal behavior; the psy-

chologist has often employed similar cinematographic techniques for the inves-

tigation of the human eye and ear, and his research data and techniques might 

well be of interest to the medical profession. The use of cinematography in the 
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diagnosis and treatment of mental diseases was fully discussed under Psychiatry. 

The study of tropical diseases provides a direct link with anthropology. An 
extensive medical and nutritional survey of the Trobriand Islands was filmed and 
has been mentioned above (see p. 222) . Whatever medical research work has 
been facilitated by cinematography, in the laboratory on animals, in the clinic on 
patients, or in the distant field on native tribes, its use has depended on a num-
ber of fundamental advantages. 

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

A N D D I A G N O S I S 

Both research and diagnosis involve a systematic search for knowledge. The 
advantages and disadvantages of cinematography for research have already been 
considered in a general way above (see p. 9 ) and they are recapitulated and 
illustrated below by referring to examples from the medical field. 

The permanency of the motion picture perhaps finds its greatest advantage 
in research when X-ray cinematography is employed to srudy such rapid move-
ments as swallowing and cardiac phenomena. The short time during which a 
patient can be exposed to X-rays makes the examination of these complex move-
ments extremely difficult, and only when the finished film can be projected re-
peatedly in loop form has it been possible to evaluate them qualitatively and 
quantitatively; Rushmer and Hendron (1181) , for example, obtained compara-
tive measurements of the speed with which the bolus traveled towards the phar-
ynx. The range of size and complexity of medical phenomena that can be cine-
matographically recorded is another great advantage in research, and may extend 
from Lettres (808) research film on cell division in human cancer cells to the 
quantitative measurement of the kinetic energy of limb movements carried out 
by Fenn (408) . 

The range of time and velocity that the cine camera can record, slow down, 
or speed up, is far superior to that of the human eye. When high-speed cine-
matography was employed in laryngeal research, for example in the work of 
Farnsworth and Herriot (400) , a frequency of 4,000 f.p.s. showed clearly the 
formarion of various vowel sounds of different pitch and intensity. At the other 
end of the time scale, a frequency of 6 frames per minute and direct X-ray cine-
matography allowed Barclay (102) to study the movements of bismuth pills in 
the large intestines. The possibility of recording in darkness is shared by pho-
tography and cinematography, and at least two examples of its use can be quoted 
in medical cinematography: Löwenstein (843) and Berg (144) have described 
their methods, using ultraviolet and infrared radiation, respectively, to film dark 
adaptation. A demonstration of the potential accuracy of all cinematographic 
techniques was given by Machemer (868) , who measured changes in pupillary 
diameter to the nearest fiftieth of a millimeter and hundredth of a second. 
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Furthermore, a number of special applications of cinematographic techniques 
have been devised and employed, which deserve far wider usage in medical re-
search. There is, to begin with, the exceptional clinical case that can be em-
ployed for research, before treatment may remove a rare opportunity for observa-
tion. For example, Youman's (1481) patient with ventral hernia of 20 years' 
standing made possible direct filming of intestinal peristalsis and the effects on 
it of a number of hormones and drugs. Similarly important was Stanford's pa-
tient, filmed by Yule Bogue ( 1483 ) ; the patient's right cheek had been removed, 
and it was possible to film completely the movements of the tongue in speech. 
The significance of cinematographic records of this type lies in the fact that they 
can be employed as a cross-check on current theories; they may either confirm a 
hypothesis, as in the case of the ventral hernia, or refute one, as in the case of the 
tongue movements in speech. In such cases the research film may even be the 
precursor to the museum specimen, and if both the physiological and the ana-
tomical picture are to be preserved, then the value of each is enhanced by the 
other. More often, if and when an anatomical report becomes available after 
autopsy, the case record on film can be reviewed again with all the freshness of a 
recent patient in spite of an interval of perhaps many years. 

The filming of cadavers themselves may be of importance for medical re-
search. Marey (903) in 1894 used a wire attached to the condyle of the in-
ferior maxilla to obtain a record of its movements, and, more recently, Kobrak 
(733) studied the internal structure of the ear on a cadaver after having assured 
himself that anatomical and morphological changes were negligible. Proetz 
(1103) has also employed this method to study nasal air currents, and Mc-
Millan, Daley, and Mathews (876) have used it in cardiology. Experimental bone 
fractures could well be analyzed by means of high-speed cinematography; the 
classic work in this connection is that of Kranzfelder and Schwinning (746) , 
who employed in 1913 high-speed spark cinematography to study the penetra-
tion of a human bone by a rifle bullet. 

To name at this stage all the ingenious applications of cinematography to 
medical research would be impossible, and reference can only be made to some 
additional ones which might prove useful if more generally employed. For ex-
ample, a transparent prosthesis might on occasion be supplied and through it the 
movement of the underlying tissues be filmed; this subterfuge, often employed 
in engineering research, has only once been used in medical research, by Listiak 
(827) . He fitted such a prosthesis to a patient with an opening in the right; 
anterior portion of the face and filmed through it muscular movements of 
the velopharyngeal area. Synchronous registration of sound in combination 
with cinematography should always be considered a valuable research tech-
nique whenever accoustic phenomena are relevant: Janker (669) and a 
number of others have used it in their cardiological investigations, and in the 
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section on Speech further examples will be found. Cinematography of serial 

sections (see p. 91) is another research technique that could well be employed 

by the pathologist in his work, particularly since Bush (231) has recently over-

come its fundamental difficulty; only Reicher (1136) has employed it in neuro-

logical research. Finally, attention should be drawn ro Rothschild's (1168) 

skillful combination of cinemicrography and a statistical method of analysis, 

which allowed him to measure the average speed of the random movement of 

spermatozoa (see below). 

However, there are also disadvantages in cinematography: its cost, its lack 

of immediacy and perhaps the time and trouble involved in its use, may all be 

counted on the debit side of the motion picture film. The demand for intense 

illumination has often proved a serious disadvantage of cinematography, par-

ticularly for endoscopic work. There can be no question, however, that for cer-

tain types of medical research—and the following pages are devoted to instances 

of this kind—cinematography is, and always will be, an excellent research tech-

nique. It is used to an ever greater extent in current medical research in all 

countries, as is perhaps eloquently demonstrated by the graph showing the litera-

ture distribution on this subject (see Fig. 78 ) . 

To turn to diagnosis. As stated above, the recognition of a particular disease 

from the symptoms of a patient consists in a minor addition to the body of med-

ical facts, without necessarily improving medical theories. The inclusion in this 

work of cinematography as a diagnostic tool might be justified on ethical 

grounds, since it may contribute to a rapid restoration of the patient's health. 

Finally, practical considerations entitle it to a discussion in this context, since 

it is often difficult to distinguish between diagnosis and clinical research. 

The permanence of the cinematographic record—an advantage not shared by 

television—has recommended the cine camera as a diagnostic aid. Claoué 

(273) , an eminent French surgeon who has employed cinematography in his 

operating theater since before World War I, has summarized this advantage in 

1952 as La Lutte contre l'oubli. He rightly maintained that the mind remembers 

only the sum total of impressions that it has received and that the memory of 

minutiae is always imprecise. The advantage of cinematography is particularly 

evident when the camera is combined with such endoscopes as the broncho-

scope, the laryngoscope, the thoracoscope, the sigmoidoscope, the ophthalmo-

scope, and even the cystoscope; apparently it has not been found possible to 

use it successfully in combination with a gastroscope. Similarly in conjunction 

with radiology, it has proved exceedingly valuable for obtaining a permanent 

record that allowed repeated analysis by loop projection, either forward or 

backward. In both instances, visual inspection must necessarily be brief; to 

prolong this observation and to make it available to others has been one of 

the contributions of cinematography to diagnosis. 
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GREAT BRITAIN 

1888 1900 1920 1940 1950 

F I G U R E 7 8 . L I T E R A T U R E D I S T R I B U T I O N O F M E D I C A L C I N E M A T O G R A P H Y 

References to 7 4 5 papers dealing with the techniques and application of scientific cine-

matography in the medical sciences were plotted by country and by date of publication. 

The total showed Great Britain 9 . 1 % , Germany 2 9 . 3 % , France 1 0 . 2 % , United States of 

America 3 7 . 4 % , and the rest of the world 1 3 . 9 % . An approximate indication is given by 

these graphs of the use of scientific cinematography in the medical sciences (Chapters 

8 , 9 , and 1 0 ) at various periods and in different countries. Compare with Fig. 2 4 , a 

similar analysis for the biological sciences. 

Another advantage is the quantitative nature of all motion picture films, if 
they are evaluated by frame-analysis against their inherent time scale. Loxton, 
LeVay, and Stanford (846) , for example, have employed cinematography for 
analysis of the efficacy of therapeutic agents in rheumatoid arthritis; quantitative 
data on joint mobility were obtained by frame-analysis and were found far su-
perior to such other methods as the knitting or the grip tests. Elftman ( 388 ) 
has also used this quantitative method for determining the degree of weakness 
in the arch of the foot, and a number of ophthalmologists have found it useful in 
cases of nystagmus. In fact any specific symptom that can be filmed can be 
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employed for quantitative diagnoses; frame-analysis of the completed film will 
yield numbers and graphs of displacements against time, and from such films 
comparative data will follow automatically and will provide the basis for 
prognosis. 

Differential diagnosis by means of cinematography has been found most 

valuable when the relevant movements were too fast or too complex to be re-

solved by visual inspection alone. The classic examples of such use are degluti-

tion and coronary diseases, particularly of the congenital types. In both instances 

it has proved extremely difficult to obtain a detailed picture of the disorder by 

either visual inspection or standard radiography. Cases of Zenker's diverticulum 

and other esophageal disorders could thus be recognized. In cardiology, cine-

matography has provided the means of observing the rhythmic movements of the 

pulmonary conus and the pulmonary artery as well as of multiple lesions; in 

numerous cases this has led to confirmation of provisional diagnoses or to dif-

ferential diagnoses, and has facilitated subsequent surgery. But scientific cine-

matography has not been confined to the cardiovascular and digestive systems: 

Löwenstein (844) employed it as a routine measure for recording epileptic con-

vulsions and used the resulting motion picture films as an objective basis for his 

differential diagnoses of psychogenic and organic disorders. As there is virtually 

no limit to the size, speed, or complexity of bodily movement that can be filmed, 

cinematography may well find other applications for differential diagnoses, if 

they are based on quantitative evaluation and frame-analysis. 

To localize a subjective impression, such as a pain, may be a valuable adjunct 

to diagnosis, and cinematography has been employed for this purpose. There 

is a very simple method described by Gillis (523) in his work on amputation 

stumps. An electric contact, made by the patient at the moment of feeling pain, 

illuminated a small lamp that was included in the field of the camera lens. For 

an accurate analysis of the precise moment, the reaction time of the patient 

should be borne in mind; with a standard rate of filming of 24 f.p.s. and a pos-

sible reaction time of 0.5 seconds or more, 12 frames prior to the flashing of the 

lamp will indicate the precise bodily position that gives rise to the pain. A dis-

turbance of the ileocecal sphincter was diagnosed by Moretzsohn de Castro 

(969) after he had localized postprandial pain by means of X-ray cinematog-

raphy. For certain diagnostic tests, it might prove useful to include in the field 

of view of the camera lens a stimulus indicator (see p. 149), to record it simul-

taneously with the movement under investigation, and to allow the patient to 

register his reaction similarly on the motion picture film by means of a second 

lamp. Many modifications of this simple and effective principle may be devised, 

when a simultaneous signal of the patient's subjective reaction and an objective 

record of his bodily movements are required for diagnosis. 
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The borderline between research and diagnosis may be very narrow, and one 

may follow logically onto the other. Pavia's (1052) cinematographic records 

of the fundus oculi are a case in point: he was able to film a double retinal pulse, 

to measure its duration quantitatively, and to establish it as a symptom of pre-

glaucoma. The work of Canti, Bland, and Russell (240) could perhaps also be 

quoted in this connection; they made time-lapse cinemicrographic records of 

brain tumor cells that showed a marked difference in the behavior and morphol-

ogy of cells originating from astrocytoma and multiform spongioblastoma on the 

one hand and oligodendroglioma on the other. At that time the authors did 

not care to use research films of tissue cultures as a diagnostic method, although 

the characteristic appearances of these cultures had often indicated the type of 

glioma to expect from histological sections used as confirmation. Investigations 

of this kind suggest, however, that cytological research films may well find their 

way into clinical diagnosis, if not as a routine measure, then perhaps as confirma-

tion in doubtful cases. 

Finally one might suggest a number of future applications of cinematography 

in medical research and diagnosis. Case histories on motion picture film have 

been made for many years and on many occasions, and examples are listed in 

most medical film catalogues. However, they have rarely been prepared on a 

systematic basis and used for comparative and quantitative evaluation. The 

long-term changes in the etiology and severity of a disease; the change in clinical 

picture during, and the effect of age on, repeated attacks in the same patient; 

the variation of efficacy of the same treatment in different patients; the severity 

of attack and hence an investigation on predisposition, are all subjects that could 

be investigated by means of cinematography because it allows a quantitative 

evaluation of the symptomatology of a disease. Such investigations would be 

lengthy, costly in time and material, and might require preliminary experiments 

to establish standard conditions for filming the patients, a basis for all quantita-

tive comparisons. Cinematography would be superior for such work to the 

written word or the photograph, because it presents more comprehensive data 

and does so quantitatively against a time scale. The potential range of such 

systematic use of scientific cinematography in medical research and diagnosis 

is best indicated by the many examples set forth on the following pages. Indeed 

a very large amount of time and labor has been expended on the production of 

medical teaching films, as the following section will prove; if only a fraction of 

this effort had been expended on research films, for example cinemicrography 

of cancer, a greater direct benefit to the patient might perhaps have resulted. 

Medical Film Catalogues and Film Libraries 

Although the teaching of medicine and the prevention of disease, perhaps 
one of the noblest aims of the medical profession, are outside the scope of the 
present book, the wide availability of motion pictures dealing with these two 
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subjects is briefly indicated below. This has been done for the benefit of those 

who add instruction to their research work (see also Psychology). The very real 

value of these films to, and their appreciation by, medical men in all parts of the 

world is perhaps best shown by the fact that in 1952 (47) a total of 8,000 films 

of this type had been produced in the whole world; this figure is based on a card 

index prepared by the Centre International du Film Médical (256) , said to be in 

possession of at least the title of each. They were prepared to record or to dem-

onstrate a specific surgical technique, to teach medicine, or to instruct the lay 

public in hygiene and public health ( 39 ) . 

For posterity, these films constitute records and documents of unique value, 

and it is hoped that medical film libraries will select certain items for permanent 

preservation, adopting perhaps for this purpose some of the methods used at the 

National Film Library, London; they were described by Browne (201) in 1952. 

The strong plea made by Doyen (360) at Madrid in 1908 for the preservation 

of medical films and for treating them as archives has been taken up by too few 

in the intervening decades; Johnson (694) , who also pleaded for such archives, 

concluded a paper on this subject; "It is hoped that those who truly wish to serve 

Science, even though they do not believe that motion pictures will achieve a 

place of major importance in scientific institutions, will accord posterity the op-

portunity of deciding the matter by creating libraries or reservoirs of motion 

picture films." 

A U S T R A L I A 

The Post Graduate Committee in Medicine of the University of Sydney 

(1093) issued the first catalogue of its film library in 1948 and has continued 

to bring it up to date periodically; by 1953 the collection had reached 500. 

C A N A D A 

The National Film Board of Canada (997) issued in 1946 its first catalogue 
of medical and biological films, and in May 1951 a new and revised edition was 
prepared that listed the complete contents, 250 films, of the National Medical and 
Biological Film Library. 

E N G L A N D 

The first compilation of medical films in England was made by H. Waley and 
issued by the British Film Institute ( 195 ) in 1937. The First Handlist of Films 

of Medical Interest was published by the Medical Committee of the Scientific 
Film Association (1211) in December 1944. In January 1948, a joint publica-
tion of the Royal Society of Medicine and the Scientific Film Association was 
printed, the Catalogue of Medical Films, published by A.S.L.I.B., London. The 
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main work of compilation had fallen onto B. Stanford (1280) , who personally 

viewed the 800 films contained in the catalogue and recorded the detailed de-

scriptions of all of them. A considerably revised edition of this catalogue (49) 

appeared in February 1952 under the title: S.F.A. Catalogue of Medical Films; 

over 900 films were listed. Other film indexes issued by the Medical Committee 

of the S.F.A. included a Catalogue of Films on Anaesthesia in November 1946, 

and An Interim List of Films of Interest to Pathologists in September 1950. A 

specialized medical film library was set up during the 1930's by Kodak, England, 

and this collection was later transferred to the British Medical Association 

(196) ; a catalogue of this library was issued in 1952, listing about 250 titles. 

F R A N C E 

The distribution of films has always been the concern of private companies 

in France, and Thévenard and Tassel (1335) reported that in 1948 no special-

ized medical film library or catalogue was in existence. A list of over 100 gen-

eral medical films was available from Hygiène Sociale (271) . 

G E R M A N Y 

In 1919 a specialized medical film library under Thomalla was set up by the 

UFA and by 1922 a catalogue listed about 150 films. This was the first special-

ized library and catalogue concerned with medical and surgical films. The 

Institut für den wissenschaftlichen Film (655) , a State Institute in Western Ger-

many for the distribution of teaching films of University level, listed in its 1952 

catalogue a total of over 200 medical and surgical films. 

S O U T H A F R I C A 

A catalogue of 16-mm medical films available in South Africa was compiled 
by Lewis (813) in 1951; it listed the titles, the contents, and the distributors of 
697 medical motion pictures. Many of the films were made in South Africa. 

S W E D E N 

In Göteborg, the Societas Medica Scandinavica issued in 1951 a medical film 
catalogue that contained 203 entries of motion pictures that ranged in subject 
matter from anatomy to operative surgery. The title and a brief note of con-
tents were given. 

U N I T E D S T A T E S O F A M E R I C A 

The American College of Surgeons (13) has been the leading authority on 
the dissemination of information in the field of medical and surgical films. The 
first plans were laid in 1935, and from the following year onward, a yearly (25) 
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list of medical motion pictures approved by the College has been published in 

the Approval Number of the Bulletin; in 1936, the list comprised about 200 

titles and by 1952 had risen to over 1,500 films. From March 1952 (48) on-

ward, additional information about the most recent productions in the medical 

and surgical field has been published, including also full descriptions of the con-

tents of each film. 

The work of the American Medical Association (14) in this field is hardly 

less important than that of the American College of Surgeons. Beginning in 

1945 ( 3 3 ) , thorough reviews and appraisals have been regularly published in 

the journal of the association, and these reviews have been annually combined 

into a catalogue under the auspices of the Committee on Medical Motion Pic-

tures. By the end of 1952, a total of over 550 films had been reviewed. The 

Motion Picture Library of the Association contained over 300 copies of some of 

the most outstanding medical motion pictures, and the great demand on its 

services, which was reported by Créer (326) , amply testified to its value. A 

film entitled T H E M E D I C A L M O T I O N P I C T U R E — I T S D E V E L O P M E N T A N D P R E S E N T 

A P P L I C A T I O N (36) was produced under the technical direction of R. P. Créer 

and showed the historical development of American medical films; it was found 

impossible at the time, 1948, to include any material from England, France, or 

Germany. Créer (325) reviewed in 1948 the extensive facilities and different 

aspects of the work of the Committee on Medical Motion Pictures. 

The American Association of Anatomists, in conjunction with the American 

Society of Zoologists and the Wistar Institute, have from time to time published 

a list of films approved by their review committees, one of the first being printed 

in 1943 ( 3 2 ) . The Veterans Administration (1392) has issued reference cata-

logues of medical films, which listed under appropriate headings up to 1,500 

films of considerable professional interest. In 1952 the Library of Congress 

(816) began the publication of standard reference cards for medical motion 

pictures and film strips; the cards are now available on subscription. The Edu-

cational Film Guide (745) , published yearly since 1936, always contained a 

section on medical sciences, and a number of other organizations have published 

from time to time lists of medical films, sometimes of a somewhat general na-

ture; those of Bell and Howell (133) and the various state Departments of 

Public Health (39) might be mentioned. 

Enough has been said in this digression to show that cinematography has 

found a wide use in medical teaching and in dissemination of medical ideas to 

the lay public. 

Locomotion 
H I S T O R I C A L 

The pictorial representation of man's movements is as old as man himself, 

but a correct picture of his movements depended on a knowledge of anatomy 
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and perspective, as well as of their sequence in time and space. Although anat-
omy and perspective have been known for many centuries, it has been the con-
tribution of photography and cinematography to provide an accurate analysis of 
tne temporal and spatial sequences of man's numerous activities. Muybridge 
(989) , from 1875 onward, was the first to dissect the spatial sequence of human 
movements by a battery of photographic cameras arranged in one long line 
(see also p. 118). 

Their sequence in time, was first investigated by Marey, whose many studies 
on human and animal locomotion have remained a classic contribution to this 
field. Beginning in 1885 (892) , with multiple exposures on one photographic 
plate, he was able to record movements with a frequency of 10 pictures per 
second and exposures of 1/1,000 second. At his Physiological Station at Parc-
des-Princes, in Paris (893) , he was thus able to analyze walking at various speeds 
(894) and different types of jumping. A number of important physiological 
phenomena could be investigated, and his results were reviewed in his book 
Movement in 1894 (903) . He was able to show that during a slow walk the 
neel touched the ground and the knee was straightened with considerable force, 
and that the greater the speed of movement, the shorter the time during which 
both feet rested on the ground simultaneously. In conjunction with Demeny 
(905) , he calculated from cinematographic records the energy expended during 
various types of locomotion. A normal walk was defined as 60 to 65 paces per 
minute, with an hourly average of 5 to 5.5 km (3.1 to 3.4 miles). Another in-
teresting calculation that Marey (903) carried out from his records concerned 
the muscular energy of the lower limbs, which he found from their angular ve-
locity and their mass to be 12 kg-m/sec during slow walking and 112 kg-m/sec 
during running. 

A number of other physiologists have investigated human locomotion with 
the aid of cinematographic techniques. Braune and Bischer (188) , in a long 
series of papers published between 1891 and 1904, described their method of 
multiple photographic exposure and the mathematical results obtainable from it. 
Regnault (1131) in Paris in 1913 studied with the aid of a cine camera the 
influence on walking of such factors as dress or undress in African natives, and 
du Bois-Reymond (174) in Berlin in 1917 examined walking with artificial legs, 
which he recorded simultaneously from two directions. Calmares (235) has 
also investigated human locomotion by means of cinematography, and Wassink 
(1419) used this technique in Holland in 1928 to record disturbances of move-
ment and abnormalities in walking. 

P H Y S I O L O G Y O F L I M B M O V E M E N T S 

To film directly the movement of limbs presents no difficulty, and if suitable 
ordinates of length and time are included it can lead to quantitative results when 
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the completed film is submitted to frame-analysis. Special experimental tech-
niques were necessary, however, to film more complex aspects, and, for example, 
Elftman (388) of Columbia University, Ν. Y., used in 1934 an ingenious cine-
matographic technique to give a direct indication of the pressure of the foot. 
He suspended a heavy glass plate between two tables and laid on top of this a 
black rubber mat with a smooth upper surface, but studded with pyramidal 
projections on the side in contact with the glass. An unspecified white fluid was 
introduced between the glass and the rubber, and the deformations of each pyra-
mid, as a foot walked over the rubber mat, gave a direct indication of the pres-
sure. No less ingenious was Basler's (113) equipment! A harplike apparatus 
was set up, in which the weight of a restricted area of the foot determined the 
tension of each ten strings on the harp. The strings could be plucked, their 
sounds compared with the notes of a piano, and thus an indication was obtained 
of their tension and of the pressure on a particular area of the foot. The ap-
paratus was modified for certain experiments, and optical and electrical instru-
ments were added for amplification. Their output was then recorded on one 
half of a motion picture frame, while the other half was used for recording di-
rectly the specific muscular performance under study. This split-frame technique 
is described above (see p. 183). 

Walking and the effect of shoes on gait has continued to interest physiolo-
gists. Schwarz, Heath, and Misiek (1208) have used both an electrobasograph 
and a cine camera at 64 f.p.s. to investigate walking and the effect of shoes on 
gait. A long stage was built, and the camera, together with the necessary lights, 
was fixed to a carriage moving along with the walking person. Similar research 
work was carried out by the Boot and Shoe Research Association (26) in Eng-
land in 1936 and 1937, and Stanford and Hardie (1284) have recently analyzed 
foot movements, by Muybridge s method of recording with a battery of photo-
graphic cameras. 

X-ray cinematography has also been of great value in physiological research, 
and has been essential when the articulation of joints was under investigation. 
The first series of X-ray cinematographic records showing the movements of the 
elbow and the knee joints were published by Comandon and Lomon (309) in 
1911 (see Fig. 79 ) . Namiki (996) recorded the slow movements of the joints 
of the fingers, the hand, and the knee. Hasche (586) at the Virchow Hospital 
in Berlin used in 1939 indirect X-ray cinematography for the analysis of the 
ankle joint during a 180° rotary movement of the shoulders. It was found that, 
contrary to accepted views, a strong displacement of the tarsal and metatarsal 
bones, as well as of the fibula and tibia occurred during this movement. Janker 
(679) at the University of Bonn has made extensive X-ray cinematographic 
records of the major joints of the human skeleton; in one series of experi-
ments the mandibular, the atlantooccipital, and the atlantoaxial joints were 
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F I G U R E 7 9 . T Y P I C A L J O I N T M O V E M E N T R E C O R D E D BY 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 : 1911 

These extracts from Comandon and Lomon's ( 3 0 9 ) historic records—the first ever 

taken with the indirect method—show from left to right the movement of a hand and the 

carpal joints, the movement of the elbow, and the movement cf the knee. 

Courtesy of J . Comandon, Institut Pasteur, Paris. 
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recorded. In another, the shoulder girdle and the elbow joint were registered 

during various movements, followed by the wrist and intercarpal joints; finally 

the knee joint and the intertarsal joints were recorded by means of X-ray cine-

matography. Normal subjects were apparently used throughout. 

P A T H O L O G Y O F L I M B M O V E M E N T S 

As in the physiological studies of limb movements, cinematography of the 
exterior aspects as well as X-ray cinematography of bones and joints has been 
used in pathological research. Jarlov (686) carried out some experimental in-
vestigations on infectious joint diseases in 1936, based on the Rosenow theory; 
abnormalties of movements in rabbit were recorded cinematographically. The 
treatment of rheumatoid arthritis has been attempted with many agents, and the 
assessment of their efficacy has always presented difficulties. Cinematography 
was employed for this purpose by Dresner, Pugh, and Wild (369) in 1950 when 
ACTH (adrenocorticotropic hormone) was given. Loxton, LeVay, and Stanford 
(846) two years later at Woolwich, London, carried out a comparative analysis 
on the efficacy of deoxycortone with ascorbic acid, cortisone, and ACTH, and 
employed both photographic and cinematographic techniques as final arbiters 
to record any improvement in joint movements (see Fig. 80 ) . The 16-mm 
cine camera was run at 16 f.p.s., and its frequency was calibrated by swinging a 
standard pendulum in the field of view. Under test conditions the patient was 
asked to flex and to extend the relevant joint three times, as quickly as possible; 
the resulting film was frame-analyzed, giving a measurement in degrees of move-
ment per 1/16 second. The value of cinematography was found to lie in the 
instantaneous and permanent record of the response produced, which, as the 
authors pointed out, might well be missed if insensitive tests were employed. 

Cinematography of external conditions of the limbs was also found useful 
by Bennett and Cash (138) , who developed in 1943 an interesting diagnostic 
approach to myasthenia gravis and employed cinematography extensively to re-
cord their patients. Another instance of the use of cinematography for external 
records of limbs was the work of Zeno ( i 4 8 6 ) , who developed a method for 
transplantation of tendons and recorded his results cinematographically. 

Putti (1110) of the Orthopaedic Institute of Bologna, was apparently the 
first in 1915 to employ cinematography in the field of prosthetics. Du Bois Rey-
mond (174) in 1917 compared the walk of normal subjects and those fitted with 
artificial limbs, and Schlesinger (1197) in the same year also employed cinema-
tography to test the best prostheses for war casualties. In 1947, Gillis (523) of 
Queen Mary's Hospital, London, found indirect X-ray cinematography very 
valuable for determining the alignment of the axes of the stump and the pros-
thesis, the relation between the artificial and the natural joint in short below-
knee and below-elbow amputations, and finally in the diagnosis of the direction 
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of the spurs in relation to the movement of the stump in the prosthesis. For 
his cinematographic records, Gillis fastened lead wires securely to the skin of 
the stump before fitting the artificial limb, and the position of the wires in-
dicated clearly the movement between the stump and the prosthesis. The patient 
was given a button to press at the moment of pain, and through a suitable 
electrical contact, a small lamp flashed on the fluorescent screen; both were filmed 
together and gave a precise indication of the particular movement that caused 
discomfort. 

The value of X-ray cinematography for diagnostic purposes in this field was 
demonstrated by Moretzsohn de Castro (969) in 1947, when an interesting pa-
tient with congenital pseudoarthrosis in the tibia was examined and recorded 
while walking. Scaglietti (1188) of the University of Bologna demonstrated in 
1937, by means of indirect X-ray cinematography, the complete process of man-
ipulation of a dislocated elbow joint, a valuable method for investigating this 
type of treatment. Extremely complex photographic equipment for testing the 
articulation of artificial limbs was described by Miller and Shaftan (951) in 
1952; it required numerous electronic circuits and other auxiliary electric 
apparatus. 

P H Y S I O L O G Y O F S P O R T 

In the laboratory such physiological factors as, for example, rate of heart beat 
and respiration can be measured and recorded with ease. More important per-
haps is the fundamental research concerned with quantitative determination of 
the amount of work expended in muscular activity, and here the cine camera has 
filled an outstandingly important role. Knoll (730) published a long series of 
papers from 1930 to 1935 based on cinematographic records obtained at 64 f.p.s. 
His first was concerned with running and jumping, his second with spear and 
discus throwing, and in his third, the style of short-distance running was care-
fully analyzed. His other papers dealt with the parabolic displacement of the 
center of gravity during diving, the relationship between that center and equilib-
rium in various acrobatic exercises, the changing position of the center of grav-
ity at the start of a run, the combined center of gravity of a horse and its rider, 
and finally ski-jumping. 

The expenditure of muscular energy was determined directly from the fin-
ished film by Fenn (408) . A representative sample of undergraduates was made 
to run behind a wooden lattice grid with 1 m squares; they were filmed at 120 
f.p.s., and a time scale was provided by dropping a croquet ball over a scale 
graduated in tenths of a second. Fenn obtained, by means of frame-analysis, the 
angles that the upper and lower arms and legs made with the vertical, and hence 
the angular velocity of the limbs. Knowing the total body mass, and therefore 
the percentage of it corresponding to each limb, their kinetic energy could be 
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F I G U R E 80. R O U T I N E C I N E M A T O G R A P H Y O F J O I N T M O V E M E N T S I N R H E U M A T O I D 

A R T H R I T I S : 1952 

A cabinet containing two photographic and two cinematographic cameras was con-

structed by Stanford ( 8 4 6 ) ; on the left, this cabinet is shown in closeup, and on the 

right it is seen from the back, facing the patient behind the lamps. Two types of view 

were required for routine recording, a large field and a small one, to allow for the dif-

ference in size of joints studied; for this purpose the photographic cameras—top and 

bottom on the left—used 175-mm and 300-mm focal length respectively. Between them 

the two G . S . A . P . 16-mm cine cameras can be seen, working at f /6 , 16 f.p.s., and with 

20-mm and 5 5-mm lenses, respectively. The medical specialist, standing to the left of 

the patient, was in complete control of the recording equipment; by means of a switch he 

could select the camera to be used, and in cine work, the duration of the run. The motion 

picture films were frame-analyzed and yielded quantitative data of articulation of the 

joints before, during, and after treatment. 

Courtesy of B. Stanford, Marylebone, London. 

found. From his calculations, Fenn was able to determine the mechanical work 

turned out by an average sprinter, 2.95 hp, with an efficiency of 22.7%. Further 

research by Fenn was concerned with the movement of the center of gravity dur-

ing one running cycle, as well as the horizontal pressure, and hence the work, 

carried out by the foot on touching the ground; cinematographic records were 

again employed for obtaining quantitative data. 

The heart action of athletes before and after exercise was recorded by Gott-

heiner (539) using indirect X-ray cinematography in 1930. Famous long-dis-
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tance runners such as Nurmi were recorded, and their cardiac performances were 
compared with those of asthenic patients. The very extensive use of cinemato-
graphic recording and analytic techniques in studies of work is fully described 
under Time and Motion Studies. 

O T H E R STUDIES O F S P O R T 

The intimate connection between cinematography and sport that has existed 

since the beginning of this century cannot be reviewed in this connection. It 

might be interesting, however, to touch on a few of the more scientific uses of 

the cine camera in this field. The practical analysis of competing athletes, by 

means of high-speed cinematography, has not yet been so universally adopted as 

might be thought. Such sports implements as balls, clubs, rackets, and the like, 

have traditionally remained unchanged, in spite of the fact that many different 

techniques of high-speed photography and cinematography have been employed 

to record them in the hand of expert athletes. Photographs and motion pictures 

of this kind have been employed mainly for advertising or for training pur-

poses, rather than for improvement of the implement or for scientific analysis 

of its performance. Michaelis' (938) analysis of the rotational speed of a 

cricket ball in a wind tunnel and in free flight, using high-speed cinematography 

at 1,000 f.p.s., is an example of the latter use. For the wind tunnel experiments, 

the cricket ball was spun mechanically in two hemispherical cups and then re-

leased into the wind stream; its lateral movement was recorded at 128 f.p.s. by 

a cine camera mounted upstream and electrically operated. Frame-analysis 

showed that various methods of spinning the ball had a marked influence on its 

rotational speed and on its lateral movement. 

Recording of teams during play and study of projected films to improve 

their game is another instance of the use of cinematography in this field. Gregory 

(555) reported such a use at Cambridge, Mass. in 1920; by 1946 the University 

of California (35) used rapid processing of the film so that motion pictures 

taken during the first half of the play could be screened at half-time. The accu-

rate timing of running events at Olympic Games was carried out by means of 

stereoscopic high-speed cinematography in Berlin in 1936 (717) . A Zeiss 

camera, frequency 100 f.p.s., was used from a 9-m tower, and at the same time 

an accurate chronometer was recorded. The filming of the 1948 Olympic Games 

was described, for example, by Foster (432) . Enough has been said to indicate 

that in this, as well as in many other fields of human activity, the cine camera 

has proved a valuable instrument for recording and analyzing events that would 

not otherwise be accessible to such treatment. 

Digestion 

From the moment of ingestion to the act of defecation, the food in its pas-

sage through the digestive system is in a continuous state of motion. By using 
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suitable contrast media, these motions can be made visible by X-ray illumina-

tion and recorded cinematographically. Biological research films of similar in-

vestigations have been noted above (see p. 128). 

M A S T I C A T I O N , D E G L U T I T I O N , A N D T H E E S O P H A G U S 

There appear to be few if any dentists who have employed cinematographic 
techniques for a closer study of the process of mastication. Only Klatsky (728) 
used the indirect method of X-ray cinematography described by Stewart et al. 
(1296) for an analysis of the influence of various types of foods on the action of 
chewing. The foods used by Klatsky were arranged in ascending order of hard-
ness and fibrousness; milk, soft cake, hard bread, celery, steak and raw grain. 
The different responses to them during mastication were recorded cinemato-
graphically at 16 f.p.s. 

Visual observation of the X-ray screen and deductive evidence had been the 
main methods for studying the act of swallowing until X-ray cinematography 
made it possible to record it in all details and thereby allow quantitative anal-
ysis. This technique is equally important for diagnostic purposes, since it has 
proved practically impossible to synchronize the act of swallowing with the ex-
posure of single radiographs. Only the rapid succession of such photographs, 
by means of cinematography, has allowed accurate diagnosis. 

The first physiological investigation by means of this technique was carried 
out by Eijkmann (386) in Holland in 1901. X-ray tubes gave only short ex-
posures in those days, and the movements of the laryngeal prominence itself 
were used to trigger the tube; after 8 days of continuous recording the experi-
ments had to be abandoned owing to epilation and general erythema of the sub-
ject (see p. 298) . In spite of these very great technical difficulties, Eijkmann 
was the first to obtain a true picture of deglutition. Kiipferle (767) took up 
Eijkmann's studies in 1913, and used Dessauer's X-ray cinematograph to investi-
gate the buccopharyngeal mechanism of deglutition. A recent quantitative phy-
siological investigation of deglutition was carried out by Rushmer and Hendron 
(1181) at the University of Washington in 1951, by means of indirect X-ray 
cinematography, using a frequency of 15 f.p.s. In a number of experiments a 
wire screen with 2.5-cm squares was placed between the patient and the fluor-
escent screen, thus giving the ordinates of space for measurements of the veloc-
ity of swallowing. With the patient in the horizontal position, a bolus traveled 
toward the pharynx with a speed of 22.5 cm/sec (9 in/sec); with the patient 
erect, the velocity was twice as much. 

X-ray cinematography of pathological conditions has been of equally great 
value, and has often facilitated diagnosis. Janker (673) of the University of 
Bonn published in 1950 some excellent excerpts from his records, taken at 18 
f.p.s. They showed a normal subject, a pitient with a congenital cleft palate, 
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and one whose hard palate was perforated following a gunshot wound. In all 
his records full details of the diverse phases of swallowing could be seen. Many 
others—Motloch (979) , Reynolds (1140) , Rehman (1132) , Ramsey et al. 
(1120) , Corrigan and Hayden (319) , Moretzsohn de Castro and de Mattos 
Baretto (971)—have found this cinematographic technique of value in their 
investigations of pathological conditions. Fundamentally, the principles of their 
techniques were the same: A contrast meal was handed to the patient and the 
X-ray cinematograph was started slightly before the order to swallow was given. 
Depending on whether the direct or the indirect method was employed, a smaller 
or greater number of records was obtained. For diagnosis these were most fre-
quently transferred onto 16-mm film and projected in loop form so that the 
action could be viewed repeatedly on the screen, even though only one experi-
ment had been carried out. 

X-ray cinematography of the esophagus has been of considerable value in 
the diagnosis of certain pathological conditions. Preference for the indirect 
method was determined by the higher frequency of exposure and the achieve-
ment of a greater number of records in each case; loop projection and frame-
analysis allowed a detailed study of the passage of the contrast bolus. Frenckner 
(464) reported the work of Holmgren (630) in 1948, who had used X-ray cine-
matography at 16 f.p.s. for the study of the Plummer-Vinson syndrome as well 
as stricture of the upper part of the esophagus. Single radiographic plates had 
in both cases failed to record the characteristic movements. Similarly, Moretz-
sohn de Castro (967, 969) found X-ray cinematography useful for the diagnosis 
of several cases of Zenker's diverticulum. Weinberg, Watson, and Ramsey 
(1432) have also used indirect X-ray cinematography up to a frequency of 60 
f.p.s. for the diagnosis of Zenker's diverticulum; they reproduced an excerpt 
from one case. Janker (673) recorded by means of indirect X-ray cinematog-
raphy in 1950 an esophageal stenosis, caused by a carcinoma and situated in the 
lower third section, as well as a patient with Zenker's diverticulum (see Fig. 81 ) . 
Another study was carried out by means of this technique by Dahm (331 ) , who 
investigated the physiological function of the esophagus. 

S T O M A C H , I N T E S T I N E S , A N D R E C T U M 

The peristaltic movements of the stomach were among the first intestinal 
motions to be recorded by means of X-ray cinematography. Kästle, Rieder, and 
Rosenthal (714) were probably the first, in Munich in 1909, to record consecu-
tively at a frequency of about 2 f.p.s. the peristaltic movements of the stomach. 
They were followed a year later by Wertheimer (1441) , who was able to show 
the marked difference between a normal and a pathological stomach in his rec-
ords, obtained at a rate of 33 per minute. In 1911 Fraenkel (436) was able to 
extend this technique in certain cases to a diagnosis of cancer, and Groedel 
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F I G U R E 8 1 . X - R A Y C I N E M A T O G R A P H I C R E C O R D O F Z E N K E R ' S D I V E R T I C U L U M : 1950 

The diverticulum, a small pouch formed pathologically in the upper part of the 

esophagus, was recorded at 18 f.p.s. with the indirect method of X - r a y cinematography 

during the swallowing of a contrast meal. Frames 18, 26, 27 , 3 1 , 47 , and 87 are repro-

duced and show, from left to right, a small remnant of contrast meal from previous swal-

lowing in the diverticulum; renewed swallowing; complete filling of diverticulum; con-

traction of upper part of diverticulum and a flowing of contents into the esophagus; 

renewed swallowing of contrast meal and passage straight into esophagus past the rilled 

diverticulum; finally the 87th frame, 4 - 1 5 / 1 8 second after the first exposure, shows a 

momentary interruption of the stream, with the opaque meal having reached the lower 

parts of the esophagus. 

Courtesy of R . Janker ( 6 7 3 ) , University of Bonn, Germany. 

(559) in the next year published some good reproductions obtained by cine-
matography of peristalsis of the stomach. Two other important pioneeers in this 
field were Grunmach (564) and Dessauer (348) , both working in Germany in 
1912. In 1913 Dietlen (352) published a critical review of the results obtained 
by X-ray investigations of the stomach, and in 1913 Bruegel (209) was able to 
film four patients whose stomachs showed a horizontal border toward the py-
lorus. In 1914 Cole (284) reported in America on his X-ray cinematography 
carried out on the stomach and the pyloric cap. 

X-ray cinematography has since those early days been of great value to clin-
icians. Reynolds (1140) , who delivered the 1937 Hunterian Lecture at the 
Royal College of Surgeons, demonstrated his results with X-ray cinematography 
of the esophagus, stomach, and duodenum during the complete passage of an 
opaque meal. Janker (673) reproduced some excellent records, taken at 4 f.p.s., 
of a stomach, showing partial refilling after gastroenterostomy. In 1947, Moretz-
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söhn de Castro (969) described his technique for the localization of postpran-
dial pain by means of X-ray cinematography. Gastroscopic cinematography has 
been attempted by few; Giitgemann (566) mentioned in 1940 that only Korth 
and Janker had tried it but were unable to achieve any success. Apparently no 
other reports have been published. 

Both physiological and pathological investigations of the intestines have 

been carried out by means of X-ray cinematography, the standard technique. 

Only in one exceptional case could a direct cinematographic record be made of 

intestinal movement; Youman, Haney, Rush, and Zavin (1481) were able to 

film a patient with a large ventral hernia of 20 years' standing, which allowed a 

clear demonstration of movements through the thinly stretched skin. The pa-

tient was placed in a supine position, and a number of interesting experiments 

were carried out and recorded. Normal motility, the effects of fasting and feed-

ing, of pituitrin, of prostigmin followed by atropine, and a determination of the 

threshold inhibition rate of epinephrine on intestinal movements, could all be 

filmed. Little use has apparently been made of X-ray cinematography for diag-

nostic purposes in this field; only Moretzsohn de Castro (968) described an in-

teresting case of chronic duodenal ulcer in which acute appendicitis could be 

diagnosed by means of X-ray cinematography. Stewart and Stretten (1297) 

have used a similar technique to record lesions of the gastrointestinal tract. 

Physiological research of the small intestines again dates back a long time, 

and both Grunmach (564) and Kästle (712) filmed intestinal peristalsis of 

their patients in 1912; two years later, Wade (1405) an American gave an ac-

count of similar work. More recently, in 1950, Weltz (1439) adopted Stumpfs 

(1317) X-ray kymographic technique and transferred the results optically onto 

16-mm motion picture film for projection and analysis. They showed the nor-

mal physiological movements of the haustra as well as stenosis caused by cancer 

in a number of patients. Barclay (102) at the University of Oxford investi-

gated in 1935 the physiology of the large intestines by means of direct X-ray 

cinematography at 6 frames per minute; bismuth pills, coated with celluloid, 

were given to the subject on the evening prior to the examination, and their 

movements were abstracted from the finished film by means of tracings. The 

only definite motion that was observable in the large intestine appeared to be a 

turning over of the contents, thereby promoting the normal mixing and dehy-

dration process. 

For cinematography of the rectum the technical requirements are no different 

from those of other endoscopic methods (see p. 285 ) ; they have been solved suc-

cessfully in at least two cases, by Brubaker in 1940 (202) using proximal il-

lumination and by Miller and Hinman (952) in 1941 using distal illumination. 

Garner and Nesselrod (505) have also used proctoscopic cinematography, in 
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1941 and again in 1942 in collaboration with Pessel (1057) ; Brubaker's endo-

scopic cine camera was used for their work and a number of clinical pictures 

were shown. 

Respiration 

Animal experiments, impossible to carry out on human subjects, have been 
reviewed above (see p. 131), for instance coughing artificially induced by in-
sufflation of lead glass, and electrocution. 

L A R Y N X 

For laryngeal cinematography there are alternative optical methods of il-

lumination. The indirect or classic technique utilizes the laryngeal mirror for 

the reflection of both light and the resulting image. The direct method makes 

use of a standard laryngoscope to which a cine camera has been attached. These 

methods have their respective advantages and disadvantages, and the choice of 

techniques depends on the area of investigation, the need for high-speed cine-

matography with its increased demands on illumination, and the use contem-

plated for the finished record. The indirect method is a type of cavity cine-

matography discussed above in a general way (see p. 282) . The use of a 

laryngoscope in the direct method comes under the heading of endoscopic cine-

matography and, again, the guiding principles have already been stated. Spe-

cific refinements of these general techniques, insofar as they have been used for 

laryngeal cinematography, and their applications to physiological and patho-

logical investigations, are discussed here. 

The indirect method of laryngeal cinematography uses either a single mirror 

or two separate mirrors to light the larynx and to reflect its image (see Fig. 8 2 ) . 

In neither case is it easy to adjust the positions. In spite of these difficulties, 

the indirect method is often preferable to the use of a laryngoscope, because 

the laryngeal structures can be completely relaxed, and by using various sizes of 

mirrors, a wide field of view can be obtained, including the epiglottis, the ary-

epiglottic folds, and the surrounding structures of the pharynx. Distinct dis-

advantages of this method are the facts that an overhanging epiglottis would 

make it impossible, that the manipulation of the mirrors must be extremely 

steady and yet flexible, and that the resulting films are reversed in direction be-

cause of mirror reflection. Anesthesia of the mouth and of the soft palate are 

indicated. 

The first cinematographic record of the larynx with this or any other 

method, may have been carried out by Sinnhuber in 1904, according to Kutner 

(768) , but no details of his techniques or results were given. Chevreton and 

Vies (267) , on the other hand, described their methods fully in 1913. Rec-

ords of the movements of the vocal cords were obtained and tabulated. It was 
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F I G U R E 82. T H E I N D I R E C T M E T H O D O F L A R Y N G E A L C I N E M A T O G R A P H Y : 1951 

A concave mirror is employed to reflect the illumination onto the larnygeal mirror 

and from there onto the larynx. An aperture in the concave mirror allows the cine camera 

to record the image reflected from the laryngeal mirror. 

1 Vocal cords. 

2 Transparent reflector in beam-splitter to allow continuous observation during 

filming. 

3 Laryngeal mirror. 

After F . Wardlaw ( 1 4 1 5 ) , courtesy of the publishers of Medical and Biological Illustration. 

soon realized that the high frequencies of the vocal cords, of the order of 1,000 

per second, required other methods of cinematographic recording; Panconcelli-

Calzia and Hegener (1033) therefore used in 1913 a stroboscopic interruption 

of the illumination to give an apparent slow motion effect, and recorded this 

cinematographically. A further improvement of the technique was described by 

Panconcelli-Calzia (1032) in 1920. Called autocatoptry, it allowed the subject 

to position the laryngeal mirror himself, employing the front surface of the cine 

camera lens to watch the reflection of his larynx. In spite of the disadvantages 

of the stroboscopic method (see below), it has been used in conjunction with 

cinematography by Tiffin (1343) , Moore (963) , Noguchi (1010) , and Stern 

(1291) . 

A typical experimental setup for indirect laryngeal cinematography was 

described by Lell (797) in 1939, in which a Cine Kodak Special camera with a 

50-mm lens was mounted about 30 cm away from the patient's mouth; color 

film was used, and the illumination provided by either a photoflood or a 500-w 

projector lamp. While the laryngologist operated the laryngeal mirror and 

reflected the light from his own head mirror onto the appropriate position, the 

cinematographer at his side focused the camera and operated it when required. 

Other laryngologists who have employed the indirect method of cinematography 

were Marage (889) in 1925, Marschik (907) in 1928, and Tucker (1364) . 
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Neyhart (1007) suggested in 1950 that his Intraflex camera might be suitable 

for the indirect method. 

In the direct method of laryngeal cinematography the necessary illumina-
tion can be provided either by the small lamps at the distal end of the endoscope 
or a more powerful source at the proximal end. The normal minute lamps 
fitted to the distal end of the laryngoscope are hardly sufficient for cinematog-
graphy, although one such use has been reported by Pressman and Hinman 
(1099) . Powerful proximal illumination has therefore been preferred. In 
addition, a correct optical alignment between the axes and the endoscope and the 
16-mm cine camera, essential for this method, is required. In fact all the 
requirements of endoscopic cinematography (see p. 285) are operative. A dis-
tinct disadvantage of the direct method lies in the fact that the heavy high-
speed cine cameras needed, for frequencies above 128 f.p.s., cannot be employed 
in combination with a laryngoscope. On the other hand, the direct method has 
furnished extremely accurate reproductions of the small area around the cords, 
and Pressman and Hinman (1099) were convinced that from a physiological 
point of view the use of the laryngoscope did not distort the resulting picture 
in any way. 

Although the applications of direct laryngeal cinematography have been 
fairly numerous, few systematic investigations appear to have been carried out. 
A calibrated cine camera and frame-analysis would allow direct quantitative data 
to be obtained, which could be used for physiological and pathological research. 
The applications that have been reported, have mostly been confined to diagnos-
tic documentation and to case records. The first of these was apparently 
described by Russel and Tuttle (1183) in 1930, followed in 1931 by Heatley 
(592) . At a German Phonetic Congress in the same year, Flatau (420) showed 
his films, and in 1933, Lejeune (796) employed suspension cinematography 
at 16 f.p.s. to record laryngeal lesions. Morrison (977) published in 1930 
good reproductions, abstracted from his research films, of the closing of the vocal 
cords; other papers were published by Loden (829) , Solo, Fineberg, and Levene 
( 1258), and Tremble ( 1357 ) . Undoubtedly the best camera designed for endo-
scopic cinematography is the one described by Brubaker and Holinger (208) 
in 1947 (see p. 288) ; its specific application to laryngeal cinematography was 
discussed by Holinger and Meredith (627) . 

Finally, high-speed cinematography of the larynx and its advantages over 
stroboscopic illumination must be considered. If stroboscopy is employed, then 
only a truly cyclic event can be recorded, since, in fact, an integrated picture of 
many individual movements is presented; although irregularities existing in 
most cycles are shown up, individual deviations cannot be recorded. High-
speed cinematography has therefore been chosen in recent investigations of the 
action of the vocal cords. The first publication in which high-speed cinema-
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tography of the larynx was described, came in 1931 from Hala and Honty 
(570) of the Charles IV University, Prague. An optical bench was mounted 
at an agle of 90° to the axis of the 35-mm high-speed camera, and the light 
from two arc lamps was reflected onto the laryngeal mirror by a microscope 
substage mirror mounted adjacent to, but on the side of, the camera lens. The 
necessary cooling troughs and dark red spectacles added greatly to the comfort 
of the subject. Excellent reproductions showed clearly the difference in the 
action of the vocal cords in formulating the a and the h. 

Much higher camera frequencies were used by Farnsworth and Herriot 
(400) , of the Bell Telephone Laboratories, who reported their work in 1940. 
A Fastax 16-mm camera at 4,000 f.p.s. recorded the movements of the vocal 
cords. The light from a 4,000-w incandescent lamp was passed through a water 
cell and reflected by means of a mirror onto the laryngeal mirror itself. The 
first of these two mirrors had a circular hole that enabled the lens of the cine 
camera to view the vocal cords in action. Excellent results were obtained and 
reproduced; various vowel sounds of different pitch and itensity demonstrated 
the action of the normal larynx (see Fig. 83 ) . 

S P E E C H 

Cinematography has been able to record the movements of the lips, the vocal 
cords, and, by means of X-ray cinematography, the other internal organs that 
are concerned in the production of sound. In 1891, Demeny (345) was 
undoubtedly the first to record the movements of the lips and facial expressions 
of a gentleman pronouncing the phrase: "Je vous aime," on 18 consecutive 
frames. High-speed cinematography was first employed, in 1928, by Pancon-
celli-Calzia (1032) to record the movements of the lips during speech; his 
extensive work at the University of Hamburg, was closely concerned with an 
experimental study of native languages and with the education of deaf-and-
dumb children (1031) by means of cinematography. 

X-ray cinematography was first used in 1929 by Gottheiner (537) , who 
investigated the epiglottis, the larynx, and the pharynx, which had been dusted 
with a contrast powder called Lactobaryta. The tongue was similarly treated 
or covered with a thin gold foil, which did not in any way hinder its movements. 
In collaboration with Gutzmann (540) , further X-ray cinematographic films 
of voice production were made in 1931, and two years later, Gottheiner and 
Zwirner (541) reported on their simultaneous recording of sound and X-ray 
image. The technique for X-ray cinematography remained unchanged; for the 
registration of sound, a gramophone at 78 r.p.m. was used. The synchronization 
was carried out in the standard manner at a film laboratory and the phrase: 
"Was ist denn das?" was chosen for analysis; careful graphs of the movements 
of the diaphragm could be plotted against a time scale. A few years later, 
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F I G U R E 83. M O V E M E N T S O F L A R Y N X R E C O R D E D A T 4,000 F . P . S . : 1940 

Top 6 frames: One complete cycle of cord movement at low frequency, 120 cycles per 

second. The vowel sound a (as in "hat") was used, and the cords appear to be com-

pletely relaxed. 

Bottom 8 frames: Open and closed positions of vocal cords at the stated frequencies, 

using the same vowel sound. At the low pitch the tension is small in the thyroarytenoid 

and other laryngeal muscles; as the pitch rises, the muscles tense, and thus the cords 

become firmer and stretch. At 124 ~ the length of the cords varied from 12.7 to 15.9 

mm, with their widest opening 4.75 mm; at 248 ~ the length had increased to 19 mm 

and the width of the glottis decreased to 2.4 mm. Correspondingly, as the note changed 

from the lower to the higher registers, the time of closure became smaller, and in the 

falsetto, closure was not attained at all. 

Reproduced from D . W. Farnsworth and W . Herriot ( 4 0 0 ) by kind permission of the 

Editor, Bell Laboratories Record, New York. 
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Janker (678) of the University of Bonn recorded synchronously speech and 
movements of the soft palate, the tongue, and the epiglottis by means of indirect 
X-ray cinematography. 

Apart from the X-ray cinematographic technique described above, there 
appears to be no other method of recording the movements of the internal 
speech organs in a normal subject. However, in 1944, a rare chance presented 
itself to Yule Bogue and Fry (1483) in Stanford's patient, whose right cheek 
had been surgically removed; this permitted complete cinematographic records 
of the movements of the tongue during speech. Color films at 24 f.p.s. with 
simultaneous recording of sound, and high-speed cinematography at 1,000 f.p.s. 
with simultaneous cathode ray oscillograms, provided a complete documentation 
of almost all the sounds used in speaking English; for example: "There is a 
crowd in the back room," where the vowel of "in" entailed only the slightest 
movement of the tongue-tip. They concluded that the idea of tongue position 
was untenable, and that a welding of a succession of sounds into a continuous 
chain took place. 

An equally interesting case, a patient with an opening in the right anterior 
portion of the face above the level of the palate, was filmed in 1951 by Listiak 
(827) of the Department of Dentistry, University of Minnesota. A prosthetic 
appliance of clear plastic was used; through it the action of the muscles of the 
velopharyngeal area and of the tongue during speech, swallowing, blowing, and 
whistling could be recorded in color. 

Finally Barrell (110) of the Western Electric Company, New York, re-
corded in 1932 by means of sound motion picture film the performance of what 
was called an artificial larynx, used by patients whose natural organ had been 
operatively removed. During the same year, Lenk (802) published a paper in 
which he discussed the importance of sound film as an experimental technique 
in phonetics. 

N A S A L A I R C U R R E N T S A N D C I L I A R Y M O V E M E N T S 

High-speed as well as time-lapse cinematography has been employed in this 
field for physiological investigations and for quantitative measurements. Proetz 
(1103) , an American laryngologist, carried out ingenious cadaver experiments 
to study nasal air currents and to record them cinematographically (see Fig. 
84 ) . A head was sawed sagittally through the septum and again in parallel 
planes, thus cutting the outer walls of the ethmoidal and maxillary sinuses, 
respectively. Among a number of other results concerned with air pressures, it 
was established from these research films that on inspiration no current passed 
beneath the middle turbinate; on expiration, however, a distinct whirl could 
be seen to emerge from beneath it. 
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F I G U R E 84. F I L M I N G N A S A L A I R C U R R E N T S I N A C A D A V E R : 1932 

A head was suitably sectioned and mounted between glass plates; it was surrounded 

by wet cotton wool to form an air-tight space, except for the two tubes into the trachea and 

the nostril. Air currents could then be passed in either direction; the inspiratory currents 

were made visible by passing them through a container of ammonium chloride. In the 

illustration, the flow is reversed to show the expiratory currents, and the distinct whirl 

emerging from beneath the middle turbinate; this was filmed and analyzed. 

Ajter A. W. Proetz ( 1 1 0 3 ) , courtesy of the American Laryngological Association, Phila-

delphia. 

Sneezing, that all-too-common involuntary reflex action, was quantitatively 

investigated by Turner, Jennison, and Edgerton (1365) in 1941. Stroboscopic 

high-speed cinematography, 1,300 f.p.s. was used at the Massachusetts Institute 

of Technology to analyze droplet size and velocity as well as the head move-

ments accompanying a typical sneeze. A maximum droplet velocity of 46 m/sec 

(152 ft/sec) was found, although commonly it was much smaller. Very good 

reproductions extracted from these films accompanied Jennison's (692) sepa-

rate paper on this subject. 

Ciliary action has been filmed, both in situ and in culture. Frenckner and 
Ritchnér (465) have cinematographically recorded the ciliary movements of 
the nasal cavities and the nasopharynx in situ; the underlying pulsatory and 
respiratory movements were found to be a marked hindrance. Proetz (1104) , 
on the other hand, grew on artificial media ciliated columnar epithelium from 
the nasal sinuses and employed time-lapse cinemicrography to record its growth. 

T H O R A X 

McGibbon (863) of the Royal United Liverpool Hospital, England, was 

apparently the first to describe bronchoscopic cinematography, in 1940. Respi-

ratory, cardiac, and coughing movements were recorded, and extracts from his 

16-mm films were published. Brubaker and Holinger (208) of the Univer-
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sity of Illinois, Chicago, reported in 1947 their endoscopic motion picture cam-

era for bronchoscopy. Holinger (623) had published a previous paper, in 1945, 

dealing specifically with the use of Kodachrome film in bronchoscopic cinema-

tography, demonstrating beautifully a number of lesions of the tracheobronchial 

tree. The only other cine camera with which bronchial cinematography has been 

undertaken was described by Vulmière ( 1403 ) of the Institut d'Optique, Paris, 

in 1952. With it, hundreds of patients at the Hôpital St. Antoine were filmed 

at 8 f.p.s., and good reproductions showed the typical subdivisions of the bronchi. 

Soulas (1260) , using both Brubaker's and Vulmière's endoscopic cameras, re-

corded in 1951 endobronchial phenomena in color. 

The difficulties of thoracoscopic cinematography are even greater than those 

of the bronchoscopic technique. Siebert (1228) at the University of Berlin in 

1930 was apparently the first to carry out this particular technique. A special 

Agema thoracoscope with observation eyepiece and powerful illumination was 

used, attached to a hand-cranked cine camera. No further experimental details 

were reported (see Fig. 85 ) . In 1936, Mistal (955) of the University of Stras-

bourg reviewed various types of demonstration thoracoscopes but did not carry 

F I G U R E 85. T H O R A C O S C O P I C C I N E M A T O G R A P H Y : 1930 

Three typical adhesions between the lungs and the chest walls are shown in the upper 

three extracts from Siebert's ( 1 2 2 8 ) research film on the subject; the lower extracts illus-

trate the cutting of one adhesion by cauterization, showing in the middle the burner in 

action. 

Courtesy of G . Thieme Verlag, Stuttgart. 
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out any thoracoscopic cinematography. Hull (644) is the only other cinema-

tographer who has employed a thoracoscope; in fact, he used two, one to intro-

duce the illumination, the other attached to the cine camera, but again no further 

details were published. 

X-ray cinematography of the thorax has often been employed; undoubtedly 
all radiologists who were in possession of the necessary cinematographic equip-
ment have recorded respiratory movements on healthy subjects and on their pa-
tients. Valuable from a quantitative point of view, and apparently the first work 
in this field, was the research of Jarre (688) in 1930, using his Cinex camera. 
The variations in the angle of divergent bronchi and trachea were measured 
accurately, and were found to vary between 41° and 81° between the two ex-
treme phases of one respiratory cycle. Hasley (587) in 1933 also used a Cinex 
camera for an investigation of hypertrophy of the thymus and came to the con-
clusion that its incidence was rare and that complete mechanical obstruction of 
the trachea did not exist. Mediastinal flutter was cinematographically investi-
gated by Janker (680) in 1949, in both human and animal subjects. Two 
patients with lung cavities were recorded by means of X-ray cinematography; 
marked flutter was noted. In cats, mediastinal flutter was experimentally in-
duced by the introduction of a catheter deep into a bronchus. 

Many other physiological and pathological investigations have been carried 
out by means of X-ray cinematography. Rist (1150) reported, in Paris, in 1935, 
on his results in diagnosing tubercular pleurisy with X-ray cinematography. In 
1939, Torelli (1351) published an extensive series of papers concerned with 
X-ray cinematography of the thorax; in 1947 he described in conjunction with 
Valli (1352) the results of their research on bronchial movements. Other Ital-
ian workers in this field were Cignolini (269) and Pigorini (1069) , who both 
employed this technique for diagnostic purposes and specifically for pulmonary 
tuberculosis. Patex and Rehman (1039) reported in 1947 on their X-ray cine-
matographic records of the excursions of the diaphragm during shallow, nor-
mal, and deep breathing, and compared thoracic and abdominal respiration. 
Janker and Lullies (683) at the University of Bonn have employed X-ray cine-
matography to study normal and pathological conditions in the thorax. Simi-
larly, Castex, Mazzei, and Malenchi (250) , at the National Academy of Medi-
cine in Argentina, used de Abreu's technique of indirect X-ray cinematography 
to study a number of diseases of the thoracic cavity. 

Genitourinary System 

Cystoscopic cinematography and X-ray techniques have permitted a useful 
cinematographic record of certain renal and urinary functions; phase-contrast 
cinemicrography was of value in the investigation of motility of spermatozoa. 
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B L A D D E R 

The techniques of cystoscopic cinematography, employed by Stutzin (1321) 

in 1930 and by Giitgemann (566) in 1940, have been discussed above (see 

p. 287) . A retractile wave around the ureteric orifice prior to expulsion of urine 

into the bladder was noticed by Stutzin from a repeated analysis of his mono-

chrome research film. Giitgemann used only color film for his work and filmed 

the movements of the mucous membrane of the bladder and its muscular layers, 

the action of the ureters and their orifices, the opening and closing of the bladder 

sphincter, as well as the general movements of the bladder due to intestinal peri-

stalsis and due to abdominal respiration; these were followed by the correspond-

ing displacement of the air bubble in the vault of the bladder. For diagnostic 

purposes, the various movements of the mucous membrane and particularly those 

of the ureter itself and its orifice were found to be most valuable, and their cine-

matographic records were repeatedly analyzed and compared with one other; in 

certain cases indigo carmine was used to accentuate the hydrodynamic phenom-

ena, and the flow of the blue dye in relation to the yellow urine gave very distinct 

contours on color film. Giitgemann's research films present one of the highest 

achievements of medical cinematography. 

A number of other films have been made depicting the interior of the blad-

der, using various artifices to overcome the great difficulties of cystoscopic cine-

matography. Perhaps a combination of television camera and endoscope might 

facilitate this technique in the future. Such other motion pictures as have been 

made of the interior of the bladder were for demonstration of surgical tech-

niques; for example, Bruner and Cushman (211) reported in 1937 the use of 

moulage to show a transurethral resection of the prostate gland, and Rosenberger 

(1165) employed the same method for a film on transurethral electrosurgery for 

the relief of prostate obstruction. Kent (720) in 1947 used an autopsied 

bladder, cut vertically and mounted in a container with a glass window; this al-

lowed the surgeon to perform the operation through the urethra as usual but per-

mitted cinematography through the glass window. The complete extirpation of 

the bladder was cinematographically recorded in 1937 by Seiffert (1215) . 

X-ray cinematography can give a useful picture of certain renal and urinary 

functions, as was shown by Cumming (329) in 1931. A Cin-ex camera was 

used and Pyelognost and Uroselectan were injected as contrast media, the first 

with severe reactions, the second producing troublesome gas formations, but 

otherwise being safe. Excretion of the agent was very rapid, however, and the 

best results were obtained with urethral obstructions, for example with hy-

dronephrosis. Similar results were obtained by Moretzsohn de Castro et al. 

(972) in Brazil in 1946. 
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S P E R M A T O Z O A 

The combination of phase contrast microscope and cine camera has made it 

possible to record the motility of human spermatozoa with great accuracy and 

clarity. Farris (402) , of the Wistar Institute in Philadelphia, has used this com-

bination since 1947 to record motility as an index of fertility. The rate of sperm 

travel could be obtained from his records. MacLeod (875) , of Cornell Univer-

sity has also used cinemicrography for the recording of the motility of human 

spermatozoa and showed that the presence of glucose was essential for normal 

activity, its absence resulting in considerable loss of movement. Rothschild 

(1168) of Cambridge University, England, developed in 1953 an important 

cinematographic method for the determination of the average speed of sperma-

tozoa, based on the statistical method of probability after effect. A small drop 

of semen, or of slightly diluted semen, was recorded cinemicrographically at a 

magnification of 200 times and a frequency of 4 to 10 f.p.s., preferably using a 

phase contrast microscope for this purpose. The developed film was projected 

onto a circle of radius r, and the number of spermatozoa in consecutive frames 

counted, yielding a series of numbers n, whose average was denoted by n. From 

these the average value of the squares of the differences between consecutive 

numbers was calculated, δ
2
; τ denoted the interval between consecutive frames 

of the film. The average speed, c of the sperm suspension was then given by the 

equation 

c= -3.6169r/rlogio ( l -P /25 ) 
Rothschild recommended the counting of 75 consecutive frames, an operation 

which took him 2
L
A hours. In comparison, frame-analysis of high-speed cine-

matographic records, a method that was employed for confirmation, occupied 

him for one week. As an example, Rothschild quoted the average speed of the 

spermatozoa in bull semen, diluted VA with Ringer fructose at 37° C, to be c = 

120 μ per second, with a standard error of 24.5. This extremely simple and at-

tractive method for the determination of velocity of spermatozoa was suggested 

by Rothschild to be particularly valuable for human sperm suspension, where 

other experimental methods were likely to give misleading results. 

Circulation 

Cinematography has been employed extensively in studies of the vascular 

system, an essentially kinetic phenomenon. The injection of radio opaque contrast 

media and the use of X-ray cinematography have generally been found superior 

to a single radiograph for diagnostic purposes and for physiological investiga-

tions. High-speed cinematography has been able to make great contributions 

to cardiovascular research in animals, and Prinzmetal's work on auricular fibrilla-

tion and coronary artery spasms in dogs is of fundamental interest to medicine 

and biology alike (see p. 137) . 
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H I S T O R I C A L 

The first cinematographic investigation of a cardiac phenomenon, which was 
of direct interest to medicine, was carried out by François-Franck (439) in 1902, 
verifying the existence in dogs of systolic murmers that Potain had previously 
established in man. Undoubtedly the first X-ray cinematographic record of a 
normal human heart beat was obtained by Comandon and Lomon (310) in 1924 
during their work at the Faculté de Medicine of the Sorbonne. In the same year, 
v. Zezschwitz (1487) mentioned that in 1916 he had been able to record on a 
short strip of film the heart of a soldier containing a shell splinter. 

In 1924 Breton (192) published the results of his experiments, in which he 
also used indirect X-ray cinematography to record cardiac movements. Stumpf 
(1316) in 1929 was apparently the next clinician to analyze the heart by means 
of X-ray cinematography. The work of Crawford and Rosenberger (323) , re-
cording in I926 cinemicrographically the circulation in human capillaries should 
also be mentioned; Rosenberger (1164) described his technique of rendering the 
skin at the base of the fingernails optically transparent by a drop of cedar wood 
oil. 

G E N E R A L C I R C U L A T I O N 

The following interesting experimental investigation of pulmonary embolus, 
carried out by Naegeli and Janker (995) at the University of Bonn in 1932, 
constitutes an excellent example of the advantage of quantitative research possible 
only in animals and yet of very great value for medicine. An artificial plug, made 
from 10 parts of barium sulfate, 1 part of ferric chloride, and 5 parts of physio-
logical saline, was injected into the femoral or jugular vein of a cat. The move-
ments of the radio opaque plug were followed and recorded by means of X-ray 
cinematography, and by frame-analysis the velocity was measured with which the 
plug moved toward the heart. 

Normal and pathological circulation of the human cerebral vascular system 
were investigated by indirect X-ray cinematography at 16 f.p.s., by Weinberg, 
Watson, and Ramsey (1431 ) at the University of Rochester and by Holm (628) 
at the Serafimerlazarettet, Stockholm, in 1950. It was found that the time taken 
for the passage of the contrast medium from the internal carotid artery to the 
jugular vein was 3.25 seconds. Leighton and Rosen (794) filmed a 19-year-old 
patient suffering from spontaneous attacks of syncope induced by pressure on 
the left carotid sinus. 

The use of indirect X-ray cinematography and its value in venography and 
arteriography was described by Holmgren (630) , working at the same Swedish 
Hospital in the following year. Although he had difficulties in observing minor 
changes in the walls of the vessels, he could detect complete or partial obstrue-
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tions much better from his films than from a single radiographic exposure, and 

he could clearly recognize the collateral circulation in cases of thrombosis. 

The circulation within the thorax was investigated by Stewart, Breimer and 

Maier (1294) using indirect X-ray cinematography. Diotrast was injected into 

one of the antecubital veins and the passage of the medium through the heart, 

lungs, and great vessels was filmed for 10 seconds at 16 f.p.s. Timing the flow 

became possible, and various pathological conditions could be demonstrated from 

the cinematographic records projected in loop form. Quantitative investigations 

of pulmonary circulation were carried out by Janker and Hallerbach (681) . 

Beginning with the first appearance of the contrast medium in the pulmonary 

artery until its return through the pulmonary vein, an average figure of 3.29 sec-

onds of normal pulmonary circulation was found; considerable divergence from 

this figure in pathological conditions was noted. 

H E A R T 

For certain types of heart disorders X-ray cinematography provides a method 

of diagnosis that is beginning to be widely applied. Instead of trying to re-

construct movement from individual exposures, a single short film is made of 

one characteristic heart beat; this can then be projected both backward and for-

ward ad infinitum to form the basis for diagnosis. Should it become desirable to 

follow the movements of any particular part of the heart, it can be located from 

tracings, and its movements can be plotted against the time-ordinate given by 

the cine camera. Combined electrocardiography and X-ray cinematography pro-

vide a diagnostic tool of great efficiency. 

In general cardiology, a number of interesting investigations have been car-

ried out in which the cine camera was used alone, or in combination with 

sound recording equipment, or with X-ray illumination. McMillan, Daley, and 

Matthews (876) or St. Thomas' Hospital, London, used cinematography in 1952 

for the study of aortic and pulmonary valves, both normal and pathological. An 

electrically driven cine camera was adapted to film objects through water at a 

range of 15 cm, and with a fresh postmortem specimen an artificial system was 

designed which resembled that of the living human heart. Particularly useful 

was the demonstration of the action of a stenosed valve after valvulotomy, since it 

explained why regurgitation was less than expected. The certitude with which 

the valve margins came together was similarly impressive. Janker (669) took 

a simultaneous record of heart sounds and the relevant images by X-ray cine-

matography and combined these into a sound film demonstrating various patho-

logical conditions. Similar sound films of heart tones were made by Watanabe 

Π420) and Kawashi (715) . Willbold (1458) carried out some experiments 

to determine the changes in the great vessels and the heart during immersion 

of the patient in a bath, using 16-mm X-ray cinematography for recording pur-
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poses. Other radiologists who have employed X-ray cinematography in cardiol-
ogy were Böhme (172) in Hungary in 1939, de Abreu (2 ) in Buenos Aires in 
the same year, Gama Rodriguez (501) in Säo Paulo, Brazil, in 1944, and Valaz-
quez (1379) in Puerto Rico in the same year. All found it a valuable diagnostic 
and research technique. 

Natural calcification of vessels and heart valves can be recorded by means 
of X-ray cinematography without the use of a contrast medium, which is nor-
mally obligatory for this technique. Odqvist (1018) in 1945 was able to do 
this in a patient with a calcified mitral ring. A detailed analysis of the move-
ments of the intracardiac calcification showed a triangular course of the ring. 
Holmgren (631) , also using indirect X-ray cinematography, reported two simi-
lar patients a year later, but could find no evidence for this triangular course of 
the mitral ring; he attributed the discrepancy to different depositions of calcium 
in different patients (see also p. 139). 

An outstanding contribution to the diagnosis of heart disorders, mostly of 

the congential type, came from Janker, who had been working with X-ray cine-

matography at the University of Bonn since 1926. In 1932, in collaboration 

with Jacobi and Schmitz (660) , he carried out investigations of the heart by 

means of X-ray cinematography, tonometry, and electrocardiography. His many 

investigations in the zoological field with this type of cinematography (668) 

have all been reviewed above. He described his methods and techniques in 

human cardiology fully in 1950 (672) (see also p. 312) . After preliminary 

tests for iodine idiosyncrasy, the patient was placed in the prone position on 

the special couch containing the X-ray equipment and the cine camera. The 

total time of injection was about 1 to 2 seconds, the time of recording, mostly 

at 18 f.p.s., 6 to 8 seconds, and the intensity of radiation 50 r. For the analysis 

of the resulting films, Janker (671) invariably used loop films, which allowed 

him a lengthy inspection of the few heart beats actually recorded. His signal 

lamp, triggered by the patient's pulse and recorded synchronously with the 

image on the fluorescent screen, has already been described above. 

Many disorders were recorded and diagnosed with these techniques, and a 

complete film, containing typical examples from numerous cases, was presented 

by Janker (674) at the surgical congress of Frankfurt-am-Main in 1950. By 

1951 Janker had been able to carry out the investigation of 475 patients with 

congenital heart disease in collaboration with Grosse-Brockhoif, Neuhaus, and 

Schaede (562) . Numerous patients with Fallot's tetralogy, Eisenmenger's syn-

drome, truncus arteriosus communis, pulmonary stenosis, tricuspid atresia, patent 

ductus arteriosus, and aortic isthmus stenosis could be recorded cinema-

tographically. These records either were used as confirmation of already exist-

ing diagnoses, or served as a differential diagnostic method in difficult cases, 
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and often provided the basis for the surgical operations. A separate paper deal-

ing with 14 cases of tricuspid atresia, 13 of whom were filmed and diag-

nosed, was published by Janker and Hallerbach (682 ) in 1951. Eighteen patients 

with isolated patent ductus arteriosus were described by Janker (675) during 

the same year (see Fig 8 6 ) ; it was particularly the demonstration of to-and-

fro movements of the pulmonary conus and of rhythmic refilling of the pul-

monary artery from the aorta that cinematographic records surpassed the con-

ventional angiocardiographic techniques. A further advantage of cinematog-

raphy lies in the detection of multiple lesions, which are often difficult to bring 

to light during clinical examination; their discovery saves the patient a haz-

ardous and sometimes unfruitful operation. 

Other radiologists, particularly in the United States, have found X-ray cine-

marography equally valuable for their diagnostic work. Stewart, Breimer, and 

Maier (1295) of the Lenox Hill Hospital, New York, have reported their expe-

rience with indirect X-ray cinematography on the diagnosis of four heart dis-

orders. Their first patient was diagnosed as having a defect in the interven-

tricular septum; the second had a typical tetralogy of Fallot; in their third 

patient they confirmed a clinical diagnosis of septal defect; in their last case, 

a ventricular aneurysm was identified by means of X-ray cinematography. Fred-

zell, Lind, Ohlson, and Wegelius (458) at the Nortulls Hospital in Stockholm 

have employed their two-dimensional method of direct X-ray cinematography 

for the diagnosis of congenital heart diseases; they were able to illustrate their 

paper with very good reproductions of the right and the left heart chambers. 

Rushmer, in collaboration with Blandau (1178) , employed this technique 

for the diagnosis of congenital malformations of the heart. In particular he 

recorded acyanotic congenital heart diseases, not only by means of X-ray cinema-

tography, but also by registering acoustically the characteristic murmurs of the 

specific diseases on the sound track of his films. In 1953, Rushmer, Crystal, 

Tidwell, and Hendron (1180) were able to report a further series, remarkable 

on account of the age of the patients in whom X-ray cinematographic diagnosis 

was carried our. An 11-week-old infant was injected with 20 cc of Diotrast in 

the exposed left jugular vein, and during nine seconds of exposure, 144 frames 

were obtained, about half of which were reproduced. 

Electronic amplification of the image on the fluorescent screen may well 

bring about an even wider application of this method of diagnosis. The brighter 

screen should allow high-speed cinematography of the human heart; up to the 

present the dangers of increased X-ray dosages have prevented such a use. Both 

from a physiological and from a diagnostic point of view, a new field may be 

opened up, and a single heart beat may be expanded to as much as ten times its 

normal duration. 
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Sense Organs 

Cinematography of the eye and the ear is beset with considerable difficulties, 

at least if a living subject is to be recorded. A number of research films dealing 

with sense organs have already been noted in the fields of Zoology (see p. 143), 

Animal Behavior (see p. 151), and Psychology (see p. 245) . 
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M O V E M E N T S O F T H E E Y E B A L L 

In nystagmus, whether postrotary, miners', or positional, it is essential to 
record simultaneously on film the ordinates of time and space so that quantita-
tive data can be obtained easily on subsequent frame-analysis. Apparently the 
first cinematographic records of this disorder were presented by Buys and Cop-
pez in 1910 to the French Society of Ophthalmology, but were severely criticized 
and condemned. In 1914, Abrahams ( 1 ) mentioned this fact in his own paper 
on postrotary nystagmus, when he gave a full description of his quantitative 
technique to the Royal Society of Medicine. An electrically-driven cine camera, 
at 25 to 30 f.p.s., recorded simultaneously the involuntary movements of the 
eyeball and the second hand of a watch. To mark the movements of the eyeball 
the patient's eyes were covered with a mask containing one opening, in which 
two threads at right angles to each other located the center of the eye. Both the 
nystagmic and the reactionary movements occurred with a regular frequency of 
4 per second, their duration being always in the ratio of 3:5, which remained 
constant throughout. 

Miners' nystagmus, an occupational disease due to the extremely low level 
of illumination produced by safety lamps in coal mines at the beginning of the 

F I G U R E 8 6 . J A N K E R ' S X - R A Y C I N E M A T O G R A P H I C R E C O R D O F A P A T E N T D U C T U S 

A R T E R I O S U S : 1 9 5 1 

A 6-year-old girl was diagnosed by X - r a y cinematography at 1 8 f.p.s. as having a patent 

ductus arteriosus and endocarditis lenta. The 1 2 frames reproduced, which show a total 

duration of less than 3 seconds, were selected by Janker ( 6 7 5 ) from a total of 1 9 8 . Read 

from left to right and top to bottom: 

Frame 27 : 

3 0 

3 3 

3 6 

3 9 : 

4 2 : 

4 5 : 

4 8 : 

5 1 : 

6 3 : 

7 5 : 

7 9 : 

IVz second after the first appearance of contrast medium in vena cava 

cranialis. Systole, filling of right atrium and ventricle and both pulmonary 

arteries; pulmonary valve open. 

Diastole, pulmonary valve closed. 

Systole, tricuspid valve closed, pulmonary valve open. 

Diastole, pulmonary valve closed. 

The filling of the pulmonary arteries is now obvious; also note the marked 

movements of the infundibulum and the pulmonary trunk since the beginning. 

Systole, similar to 3 3 . 

Diastole, similar to 3 0 and 3 6 . 

Systole, similar to 3 3 and 3 9 . 

Diastole. 

Systole; the pulmonary vessels are now completely filled. 

Systole, two heartbeats after 5 1 , beginning levogram. Considerable filling of 

the pulmonary veins and left atrium, but only very limited filling of the left 

ventricle and aorta. 

Systole, two heartbeats after 6 3 . The lungs have been replenished from the 

aorta through the ductus. 

Next diastole showing a marked contrast between left ventricle and aorta. 
Courtesy of R . Janker, University of Bonn, Germany. 
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century, was investigated cinematographically by Kunz and Ohm (766) in 1917. 
A spark source of light was focused on the eyes, and the reflection registered on 
a film 8 cm wide, moving continuously at 25 f.p.s. Considerable diagnostic work 
of a quantitative nature was carried out with this equipment. Fromm and 
Nylén (491) used, in 1935, a rotatable stand for the cinematographic recording 
of positional nystagmus. A standard record was obtainable of the patient in the 
upright, dorsal, ventral, lateral, and upside-down positions. No results were 
communicated in this paper. 

P U P I L 

The first attempts to arrive at accurate measurements of pupillary diameter 
by photographic means go back to the end of the last century; Weiler (1428) , 
in 1905, was the first to demonstrate his cinematographic method, which was 
later employed by Gr adle (542) . The many subsequent attempts show how 
necessary it is for comparative work to obtain accurate data that do not suffer 
from the subjective errors of the observer. 

Pupillary reflexes have also been investigated with the aid of cinematography. 
The problem has been to find a source of illumination to which the human eye 
was insensitive, but which allowed for the formation of an image on the motion 
picture film; both the ultraviolet and infrared regions of the spectrum have been 
employed for this purpose. In practice it will generally be easier to find a film 
emulsion sensitive to the ultraviolet than to the infrared part of the spectrum, 
but ultraviolet light has a well-known harmful effect on tissues, and if used in 
large amounts might produce changes on the retinal receptors and possibly the 
cornea. On the other hand the heat associated with strong infrared illumination 
may constitute an undesirable effect, unless it is removed by suitable filtering 
devices, like cooling troughs or heat-absorbing glass. 

Extensive research work with ultraviolet light was carried out by Löwenstein 

(843) ; he placed two strong lamps of several thousand candlepower tangentially 

to the bulbus oculi and interposed a number of violet filters; with this setup he 

could record the pupillary diameter on film when a stimulus light was switched 

on. Plotting pupillary diameter against time, he obtained characteristic curves. 

Löwenstein pointed out that these, as well as head and limb reflexes, were de-

pendent on each patient and on any particular stimulus applied. This technique 

was employed by Löwenstein in 1927 as a method of differential diagnosis be-

tween convulsions of psychogenic and organic origin (see p. 260) . In 1939, 

Franchetti and Rorsotti (437) employed Löwenstein's method for similar 

experiments, and Gardner (504) has used an analogous technique in which 

purple-violet illumination served for the cinematography of the pupil, a white 

light acted as stimulus. 
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Berg (144) described in 1950 a cinematographic method employing infra-
red illumination, where this spectral range was used for the study of changes in 
pupillary diameter; but his paper was confined to a detailed description of the 
technique (see p. 292) . The extreme accuracy with which pupillary diameters 
can be measured was shown by Machemer (868 ) ; his experimental technique 
for this purpose has already been described (see p. 274) . 

R E T I N A A N D V I T R E O U S H U M O R 

The retina of the eye is the only section of the brain which is accessible to 
investigation during normal life. While photographic records of the retina have 
been made for many years, the distinction of first filming it, in 1930, must go to 
Pavia (1048) of Buenos Aires, Argentina. Essentially, his technique consisted 
in attaching a cine camera to the Zeiss Nordenson (1012) retinal camera, the 
standard instrument for photographic work, described, for example, by Koch 
(736) . It projects a narrow beam of light onto the retina, and the image 
returns on a slightly divergent path through a system of mirrors and prisms; it 
is normally recorded by means of a photographic plate. A retinal photographic 
camera, constructed on basically similar lines, was described by Trimby (1360) 
and is now available from Bausch and Lomb (120) . 

Pavia's work with the Zeiss retinal camera began soon after its introduction 
in 1926, when he combined it with a Zeiss Kinamo 35-mm camera (see Fig. 
87 ) . Pavia's first attempts to employ a Cine Kodak Special 16-mm camera, in 
I934, were not successful, owing to focusing difficulties, but these were finally 
overcome and by 1938 even color film could be used. For both color films and 
high-speed cinematography (1050) , up to 64 f.p.s., the light output had to be 
increased by 20% and the standard orange filter omitted. 

From a diagnostic and quantitative point of view Pavia (1052) proved the 
value of cinematography of the retina by showing the existence of a double 
retinal pulse, filming it, and establishing that it was a symptom of preglaucoma. 
This research resulted from his collaboration with Baillart ( 9 8 ) , a French oph-
thalmologist, whose toniometer was employed. Pavia's research films showed 
that the venous pulsation appeared when the eye was applied to Baillart's oph-
thalmodynamometer; on continued ocular compression arterial pulsation was 
also produced, and at that instant, its simultaneous persistence with the venous 
pulse, constituted the double retinal pulse; this afforded a strong presumption of 
glaucoma. By frame-analysis of the film recorded at 26 f.p.s., Pavia could deter-
mine accurately the various times occupied by these phenomena. 

A number of other ophthalmological investigations were carried out by 
Pavia (1049) , one of his research films in 1939 being concerned with arterial 
hypertension. In 1933, he filmed the capillary circulation in a patient with 
areolar choroiditis (1046) and the effects of artificial stimulants on retinal cir-
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F I G U R E 87. P A V I A ' S C O M B I N A T I O N O F C I N E A N D Z E I S S N O R D E N S O N R E T I N A L 

C A M E R A S : 1928 

In order to film the retina of the eye, Pavia ( 1 0 4 8 ) combined these two cameras, the 

rentinal standing on a table and the cine supported by a tripod from the floor; the patient 

was immobilized on the normal head and shoulder rest. 

1 Retina. 

2 Ophthalmoscope lens. 

3 Carbon arc crater. 

4 Prism reflecting illumination into ophthalmoscope. 

5 Observation eyepiece for visual inspection. 

6 Removable mirror for focusing. 

7 Lens of observation eyepiece. 

8 Cine camera, in this case 35-mm Kinamo. 

After J . L. Pavia ( 1 0 4 8 ) . 

culation. A year later he was able to record a patient with synchisis scintillans 
(1047) ; the presence of floating Cholesterin crystals in the abnormally fluid 
vitreous humor could be clearly seen. The pulsation of the central retinal artery 
and its analysis by means of cinematography were the subject of another of 
Pavia's (1051) many investigations. 

Apparently the only other cinematographic record of the interior of the 
eyeball was carried out by Waldman (1409) at the Jefferson Medical College 
Hospital, Philadelphia, when he came upon a patient with asteroid hyalitis in 
1940. A Cine Kodak Special camera was attached to a corneal microscope to 
film the movements of the asteroid bodies. Illumination was provided by the 
ordinary slit-lamp beam, and a frequency of 16 f.p.s. was achieved. The film 
showed that the asteroid bodies were spherical, occurred singly, and might 
gather in small groups, but did not coalesce. 

But to return to the retina and indicate a technique that may facilitate in 
future the difficult task of recording it cinematographically. Pye of England 
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(1284) demonstrated a color television system at an Opthalmological Con-

gress in London in 1950 and screened the fundus oculi in full color on a 

number of kinescopes. The color quality was apparently excellent and the 

light incident on the patient's retina was far below that required for color 

photography or cinematography—in fact, an adaptation of an ordinary visual 

retinoscope was used. Cinematographic recording of kinescope screens has 

become a routine matter, so that it would be easy to provide the permanent 

cinematographic record, essential for time evaluation by frame-analysis and 

hence comparative research (see Volume I I ) . 

O P H T H A L M O L O G Y I N G E N E R A L 

Cinematographic records of eye operations have been made for many years, 

and numerous papers on this subject have appeared in the medical literature of 

different countries. As the purpose of such films has been primarily for teach-

ing surgical techniques and not for research, only a brief review will be given. 

Thiel (1336) , in 1922, was one of the first to record a rare operation on the 

eyelid; in 1929, McLean (874) filmed a Barraquer operation for the removal 

of a cataract. Four years later, Pierce (1067) described his methods of record-

ing eye operations, and in 1934, Castraviejo (251) was able to show a film of 

the transplantation of the cornea at the Ophthalmological Congress in Madrid. 

In 1936, Hartinger (584) employed a stereoscopic system for the recording of 

eye operations, and in the following year Lordan and Stimson (833) gave some 

details of their own technique in America; in Holland, Weve (1450) reported 

on his methods in 1939, as did Dekking (343) , of the University of Groningen, 

in 1950 (see also p. 278) . In Spain, Poyales (1096) ; in Japan, Shoji (1227) ; 

and in Greece, Fronimopoulos (493) , have all published their procedures. 

But apart from ophthalmological surgery, there have been a number of other 

interesting applications of cinematography in this field. Tourville (1354) in 

England devised in 1933 a stereoscopic cinematograph for ocular calisthenics, 

and Paton and Auchinclose (1041) described in America in 1935 their cine-

fusionometer, a training apparatus to enhance the fusion faculty of patients. 

High-speed cinematography was employed by Galling and Re (500) in Buenos 

Aires in 1937 on a patient with Marcus Gunn phenomenon—a synkinesis of 

jaw and upper eyelid—and de Rivas Cherif (1151) demonstrated in Mexico 

in 1944 ocular refraction problems by means of cinematography. Laszt (781) , 

in Switzerland in 1949, filmed and determined the rate of blood circulation in 

the finest conjunctival blood vessels. Enough has been said to indicate that the 

application of cinematographic techniques to all fields of ophthalmology has not 

been confined to one single country or to one particular period. 
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E A R 

To film the internal structures of the ear is very difficult. While it is pos-
sible to reach the tympanic membrane and through it the malleus with endo-
scopic cinematography, it is not practicable to record the other ossicles, since 
they are too deeply embedded in the scull. 

Fresh cadaver specimens provided a solution to these difficulties for Kobrak 
(733) of the University of Chicago, who has, since 1931, filmed the ossicles, 
even employing high-speed cinematography for this purpose. He first assured 
himself that the changes, both anatomical and morphological, between the liv-
ing human subject and fresh cadaver specimen were negligible. Three types of 
anatomical exposure were made. An opening into the anterior wall of the outer 
auditory canal enabled the ear drum to be recorded at 64 f.p.s. The roof of the 
middle ear cavity was removed in another experiment, and this gave a good view 
of the malleus and incus and particularly of their articulation. The cochlear 
window was also inspected and filmed by a suitable operative procedure. In 
all cases the sound was conducted from a loudspeaker through a funnel and a 
rubber tube to the outer ear of the specimen. Kobrak observed that ossicular 
amplitude was directly proportional to sound intensity over a moderate range; 
however, at higher intensities this relationship did not hold. In his second 
paper, in 1946 (734) , he described the recording of the fenestra rotunda mem-
brane. Frame-analysis of the resulting records provided the basis for quantitative 
calculations of the amplitude of vibration of that structure and also of the fluid 
vibrations in the cochlea. New results were reported by Kobrak (735) in 1951. 
High-speed cinematography at 3,000 f.p.s. was employed to record the destruc-
tion of the middle ear by an explosion. 

Endoscopic cinematography of a living human subject has proved equally 
successful in research work. Frenckner (463) of the Sabbatsberg Hospital, 
Stockholm, described in 1939 a relatively simple method for recording the move-
ments of the tympanic membrane and the malleus. A Brüning speculum was 
inserted into the patient's auditory canal and fixed there by a fiber band encir-
cling his head. Between the camera lens and the speculum a plane sheet of 
optical glass at 45° reflected light into the ear and allowed the image to pass 
back into the camera. The resulting films were frame-analyzed and, from a 
knowledge of the magnification employed, quantitative data were derived. A 
special camera, basically similar to Brubaker's endoscopic cameras (see p. 288) , 
was constructed by LaRue and Brubaker (779) for the cinemacrography of the 
ear drum, which gave on the film a reproduction 1:1 of the ear drum. Holinger 
(624) has employed it in otology for the cinematographic recording of normal 
and diseased tympanic membranes. 

A number of other investigations have been carried out by means of similar 
cinematographic techniques. Wesseley and Schwartz (1443) , recording by 
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means of endoscopic cinematography, described the movement of tympanic 

membranes in patients with excessively rapid respiration. Belou (134) chose 

bone preparations of the ossicles and the surrounding regions for an anatomical 

study and filmed their movements after suitable stimulation. Aschoff and 

Auturum (81) compared, in their experiments in 1949 at the University of 

Göttingen, the reactions of animals and human subjects with abnormal laby-

rinthine symptoms. 

Neurology 

The earliest application of a cinematographic technique to neurological 

research was presented to the First Neurological Congress at Dresden in 1907, 

when Reicher (1136) projected his film composed of 1,235 individual brain 

sections; ir showed particularly clearly the formation of the pyramidal tracts, 

the continuation of the strands, and the decussation of the pyramids. The details 

of this technique are fully described above (see p. 91 ) . In 1910, Hennes (596) 

stressed the value of cinematography as a recording method for neurological 

cases, and Adam (4 ) presented in 1918 cinematographic records of his patients 

who had suffered neurological injuries during World War I. 

The value of cinematography for recording abnormal cases, thereby allow-

ing a searching analysis of a rare event, was exemplified by Pool and Scarff 

(1090) in 1946 when they filmed the neurological and reflex status of a patient 

with a completely divided spinal cord. Reichard and Wortis (1134) prepared 

in 1931 a series of four cinematographic records, in which the differential diag-

nostic methods of clinical neurology were demonstrated on a large number of 

patients, contrasting them with others suffering from hysterical functional 

tremors, tics, and other psychopathological disorders. Goodhart (530) also 

employed cinematography in 1942 to record various types of extrapyramidal tract 

syndromes, as well as his methods of differential diagnosis. Cinemicrographic 

investigations of brain tumor cells are discussed below. 

Pathology 

Numerous examples of the application of cinematography to pathological 

investigations have already been noted on the preceding pages. There are, how-

ever, a number of specific subjects, such as cancer, hemocytology, protozoal and 

tropical diseases which might be considered separately. 

C A N C E R 

The contributions of time-lapse cinemicrography to research work on car-

cinomatous tissue cultures of animal origin have been discussed above (see p. 

109). Not surprisingly perhaps, fewer applications of this technique have oc-
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curred when human carcinoma cultures were investigated. Höfer (618) , at the 

Dermatological Clinic of the University of Berlin in 1934, was apparently the 

first to use time-lapse cinemicrography on coverslip cultures prepared from ex-

cised tumors; Askania equipment was employed. Numerous details of the 

behavior of the cancer cells were described by him, perhaps one of the most 

interesting being the formation and growth of long protoplasmic bridges 

between individual cells, leading to a grid-like appearance of the whole struc-

ture; unusual, star-shaped, rigid, protoplasmic extensions could be seen to grow 

to great length in dying cultures. 

A year later, time-lapse cinemicrography of human brain tumor cells, cul-

tured in vitro, was carried out by Canti, Bland, and Russell (240) (see p. 75) 

at the London Hospital. On projection of the research films at normal fre-

quency, the marked difference in morphology and behavior of cells in astrocy-

toma and oligodendroglioma could be clearly observed; conversely, a certain 

similarity of behavior was noticed between cells of astrocytoma and multi-

form spongioblastoma, and it was concluded that this cultural resemblance 

suggested an intimate relationship between these two types of glioma. Par-

ticularly interesting was the observation of rhythmical pulsations in cells 

of oligodendroglioma, a fact that was confirmed recently in normal Oligoden-

droglia! cells by Lumsden and Pomerat (852) at the University of Texas (see 

p. 142). After Canti's death, Bland and Russell (162) continued their investi-

gations on tumor cells of dural meningioma, and they found that the same mi-

grating cell could take up the form of a flame, spindle, flat-fusiform, and flat-

polygonal cell; it was concluded that the cell form was too plastic in culture to 

preserve the distinctive histological types. Comparisons were made with fetal 

leptomeninges. 

Cell division in human cancer cells was cinemicrographically recorded by 

Lettré (808) at the University of Heidelberg in 1950, using phase contrast and 

time-lapse techniques. Numerous individual cancer cells could be found in the 

serous fluid of the peritoneal cavity in a patient with ascites. Various types of 

division were recorded, some arrested in prophase, others producing the normal 

diploid picture. By great perseverance, Lettré succeeded in filming a tetrapolar 

division of a human cancer cell, probably a unique record. It is suggested that 

these few examples of the use of time-lapse cinemicrography in cancer research 

could well be extended and thus contribute their share toward a more complete 

knowledge of this disease. 

H E M O C Y T O L O G Y 

Cinemicrography, employed mostly in time-lapse, has been found a valuable 

research instrument in the investigation of the slow movements of blood cells, 

and, by means of frame-analysis, has allowed quantitative evaluation of the 
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results. Comandon (291) at the Institut Pasteur has carried out extensive 
investigations on the rate of locomotion of human and animal leukocytes and 
has based comparative studies on detailed frame-analysis of his research films. 
His work, as well as that of other biologists on animal blood cells has been dis-
cussed above. Phagocytosis (292) in vitro of pathogenic bacteria was simi-
larly investigated by him and in collaboration with de Fonbrune (295) ; the 
escape of hemoglobin during hemolysis was cinemicrographically analyzed in 
1926. 

Hemolysis of human erythrocytes was investigated in 1933 by Ponder 
(1089) , and it was found that 2 to 6 seconds elapsed before loss of pigment 
was complete; no evidence of escape through a hole or vent could be found. 
Waitz (1408) has also employed cinemicrography in an investigation of the 
escape of hemoglobin from a red blood corpuscle. 

For recording the irradiation of single erythrocytes with polonium particles 
of 5.3 Mev energy, time-lapse cinemicrography was found very useful by Buchs-
baum and Zirkle (218) . Minute sources of radioactivity were suitably mounted, 
and, whereas shrinkage was confined to the area directly irradiated, swelling and 
hemoloysis occurred over the whole cell, however small the original area of 
exposure. 

G E N E R A L P A T H O L O G Y 

Cinematography has played a significant part in a number of other diverse 
research projects. The advantages, particularly of phase contrast time-lapse 
cinemicrography, for pathological research were stressed by Pulvertaft (1107) of 
Westminster Hospital, London, in 1952. He found that phase contrast micro-
scopy allowed the observation of living material, and, with the added advantage 
of time-lapse cinemicrography, it became possible to observe and record slow 
changes in the tissues. He preferred to mount these on small agar cubes, incor-
porating a suitable serum, which allowed the preparation to live for an extended 
period. Chemical and antibiotic agents could be introduced into the agar and 
thus provided an opportunity for pharmacalogical assay and experimenr at cell 
level. An outstanding example of his technique was a cinemicrographic record 
of the action of penicillin on a colony of Proteus vulgaris, which clearly demon-
strated the swelling of the bacteria to abnormal size before their death. Weston 
(1108) was responsible for the cinemicrography. 

In the demonstration of protozoal diseases, cinemicrography has been equally 
valuable. Barrow and Woodard (111) presented their motion pictures of 
human amebiasis in 1930 at the annual meeting of the American Medical Asso-
ciation in Detroit; they were probably the first to have recorded Endomoeba 

dysenteriae and E. coli on film. 
The recording of rropical diseases in the field was found a useful application 

for cinematography. For example, Philips (1064) led one section of the large 
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expedition sent by the University of California to Africa in 1947. The objec-
tive was to make a detailed study of such diseases as madura foot, kala-azar, 
malaria and schistosomiasis for the American Navy Medical Services, and cine-
matography was employed extensively to obtain a record of the clinical picture. 
Rasser (1122) has also employed cinematography for recording tropical dis-
eases, but his work was carried out on patients in Germany. 

A radical cure of lupus was described and cinematographically recorded by 
Daubresse-Morelle (335) in Brussells in 1933; this is but one example out of 
hundreds of others in which motion picture film was employed to record a num-
ber of pathological stages. 

Aviation Medicine 

This specialized branch of medicine is by no means of recent origin and may 
be said to have originated with the first flight of a sheep, a duck, and a cock, on 
September 19, 1783, in the hot-air balloon of the Montgoliier brothers. Cine-
matography has been frequently employed to aid its advance, but unfortunately 
only a limited number of papers have appeared in the general medical and scien-
tific literature. The cine camera was found a particularly valuable research 
instrument in this work, because it could record very complex phenomena, give 
accurate quantitative data, and perform these duties under conditions often too 
dangerous for human observers. The advantages of high-speed cinematography 
to record and to slow down behavior patterns too ephemeral to be seen by a 
human observer were well appreciated in aviation medicine. 

Various cinematographic techniques employed during World War II, and 
the problems investigated with their aid at the Mayo Clinic, were described by 
Coffey (281) . Three main research areas arose: the effects of gravity, of low 
temperatures, and of low pressures; in each field, cinematographic records of 
subjects were required. For the investigation of gravitational acceleration a 
centrifuge was constructed to produce effects on the human subject equivalent 
to several times those of normal gravity. It was found that clockwork-driven 
cine cameras, when mounted on the centrifuge and subjected to the same forces 
as the subject, would give unreliable results; electrically driven Cine Kodak 
Special cameras were therefore employed to record the face of the subject and 
simultaneously a small instrument board (see Fig. 88 ) . A special Air Force 
camera, described by Harrison (582) , recorded similar experiments on the 
observer and on the pilot during test flights 

Low temperature experiments were carried out in special refrigeration 
chambers where temperatures down to - 4 0 ° , F or C, could be produced. The 
effects of low pressure were investigated by means of chambers that could be 
evacuated and that were fitted with glass portholes to facilitate observation and 
cinematography. The standard recording material throughout was 16-mm color 
film, and R-2 photofloods were found to be most suitable. 
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F I G U R E 8 8 . F I L M I N G T H E F A C E O F A S U B J E C T O N C E N T R I F U G E : 1 9 4 5 

A single frame from a cinematographic record made during an experiment to study 

the effect of wearing an "anti-£" suit; the top-scale indicated time, the bottom dial showed 

g. An electrically driven camera was mounted on the centrifuge 9 0 cm away, and a 1 5 - m m 

f / 2 . 7 lens was used. The illumination, two R - 2 photofloods, were mounted about 6 0 cm 

above the eye level of the subject and thus outside his peripheral vision, to allow for his 

response to visual signals. 

Courtesy of L. A. Coffey ( 2 8 1 ) , Mayo Clinic, Rochester, Minn., U.S.A. 

Eye movements of pilots during instrument reading on blind flying exercise 
were cinematographically investigated by Fitts, Jones, and Milton (414) for 
the American Air Material Command. Their work was a continuation of a 
wartime study by McGehee that had remained unpublished. A cine camera was 
installed in the gangway between the pilot's and the co-pilot's seats, and through 
several mirrors the eyes and the image of a stopwatch were recorded on film 
at 8 f.p.s. The direction of the pilot's eyes was determined before the begin-
ning of the blind landing experiments by a number of reference pictures, which 
were also used for rhe evaluation of the finished film. The results showed that 
the average time for eye fixation per instrument was slightly more than 0.6 
second, that the pilot's eyes were fixed on his instruments for 97% of the toeal 
time, and that only 3% was spent on moving his eyes from one instrument to 
another. 

The impact force acting on human subjects during a crash landing was 

studied with high-speed cinematography by Bierman and Larsen (153) in 1946. 

An aircraft seat was placed with its back in the horizontal position, and from 

the pilot's normal shoulder straps a 165-cm (65-inch) steel rod was suspended; 

weights could be made to fall on this rod and thus simulate the forces acting on 

a subject during an aircraft crash. A Kodak high-speed camera was placed ver-

tically above the volunteer and recorded the event at 3000 f.p.s. A sliding action 
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of the straps during impact, a shortening of the long axis of the body, an ex-
tremely brief forward flexion of the head—invisible to the unaided eye—en-
gorgement of the veins, and various forms of transmission waves on the surface 
of the body could all be seen in detail when the high-peed motion picture film 
was projected at normal frequency. 

The effects of powerful forces on the human anatomy have been investigated 
by means of cinematography in other laboratories, for example by Wood, Baldes, 
and Code ( 1463 ) , who submitted their subjects to extremes of positive accelera-
tion. Similar experiments in 1947 were concerned with the comparative safety 
of forward- or backward-facing seats in aircraft in case of crash. Again, volun-
teers were filmed when a rocket-propelled trolley moving at 100 km.p.h. (50 to 
60 m.p.h.) was suddenly brought to a halt. A forward-facing seat threw its 
occupant for about 2m, but a backward-facing passenger survived the sudden 
stop with only temporary discomfort. These experiments were shown in the 
film T H I S IS B R I T A I N N O . 16 ( 7 3 ) . Cinematographic techniques like the ones 
described above must have been employed in aviation medicine in many other 
countries; for example, in a German film that reached London in 1948 (1115) , 
X-ray cinematography was used to show the action of high gravitational 
forces on the heart and lung. 

Just as it was considered prudent, in 1783, to make animals the first passen-
gers of a balloon, so in April 1952 (51) 10 mice were sent in an Aerobee 
rocket to a height of 130 km (80 miles) to investigate their behavior prior to 
human rocket flight. A cine camera was installed in this American Army rocket 
to record the state of weightlessness that was achieved on the return flight to 
Earth. Later experiments with monkeys, equally successful, were similarly filmed. 
It will probably not be long now before the first films of human rocket flight 
will be produced. 


