
Chapter 8 

TECHNIQUES OF 
MEDICAL CINEMATOGRAPHY 

The Argument 

Cinematography has found a wider application in medicine than in any other 

science, as was pointed out by Michaelis (940) in 1953. A brief history of its 

use in this field forms the introduction to this chapter, describing the different 

techniques which were developed to record the external conditions, surgical 

operations, cavities, and endoscopic phenomena of the human body; in addi-

tion, such special techniques as stereoscopy, illumination by invisible radiation, 

and television are also discussed. Similarly varied have been the uses of the 

resulting motion pictures, for research, for teaching, and for demonstration, but 

apart from brief references to others, only research films are considered when 

applications of the different techniques of medical cinematography are set forth 

in a subsequent chapter. 

The discussion of the different techniques is arranged in order, beginning 

with the external conditions of the patient and—following the field of interest 

to ever deeper layers of the human anatomy—is concluded in the next chapter 

with X-ray cinematography. The inherent technical difficulties grow directly 

with increasing depth. Finally it should be stressed that all cinematographic 

records are quantitative data, whatever part of the human body is concerned; 

this outstanding characteristic of scientific cinematography should lead to its 

wider use for quantitative research than has hitherto been the case. 

History 

Marey, the inventor of scientific cinematography, was a member of the 

Académie de Medicine. Like him, many other eminent medical men have taken 

a deep interest in the development of photographic and cinematographic tech-

niques for their professional work; apparently the first of these to bridge the 

gap between the still and the moving picture was Londé (830) . He developed 

in Paris in 1883 a special photographic camera with nine objectives, to expose 

nine consecutive phases of a movement, a technique that he found useful for 

medical work. Marey's own great contributions to the physiology of movement 
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are considered below in some detail (see p. 332) . The prophesies of Matus-

zewski (922) might be recalled; he foretold in Paris in 1898 a most wide-

spread use of cinematography for instructional purposes, particularly in surgery. 

Among other early papers on medical cinematography were those of Baudouin 

(117) , who considered in the same year the general applications of cinema-

tography in the medical sciences, of DAbundo (330) and of Matas (921) in 

1912, and of Polimanti (1084) in 1911 and 1920 (1086) . An extensive and 

thorough review was published in 1919 by Wieser (1455) , whose book Medi-

zinische Kinematography has remained the only work entirely devoted to this 

subject. 

Donaldson (360) mentioned that medical and surgical films were shown 

at various professional congresses at Monaco and at the University of Kiel, Ger-

many, in 1899. Keys and Julin (721) described the work of some surgeons 

who were engaged on making films toward the end of the last century. P. 

Schuster filmed pathologic body movements in 1897, Doyen started his work 

in 1898 in France, and in Berlin O. Messter was said to have filmed surgical 

operations at the Charité Hospital. Early work in America was due to W. G. 

Chase at Boston, who used a Biograph cine camera in 1905 to record epileptic 

seizures. A. M. Hamilton using a Lumière camera in America and H. de Roths-

child at the Salpêtrière in Paris with a Biograph were among other pioneers who 

were working in the field of medical and surgical cinematography before 1910. 

The only systematic research work was due to E. L. Doyen. In 1908, he 

gave his classic lecture on the value of surgical cinematography, of which the 

following extract is still of value today: "The cinematograph will also allow of 

the preservation in documentary form of the operations of the older surgeons. 

How valuable it would be to see again today upon the screen the operations of 

Lagenbeck the elder, of Maison-Neuve, of Volkmann, of Billroth or Péan. The 

documents that we shall have henceforth will, thanks to the cinematograph, allow 

the surgeon of the future to judge better of the progress achieved. . . . It is 

thanks to this marvelous instrument that I have been able to improve my tech-

nique and eliminate all useless manipulations." (360) . Kutner (768) described 

the cinematographic methods adopted by Doyen, who let himself be filmed re-

peatedly, always performing the same operation. From these records he was 

able to study all his movements in precise detail; such self-analysis led to the 

elimination of a large number of unnecessary movements and a considerable 

reduction in the time spent on the operation. Gilbreth (520) , the originator 

of time and motion study methods, filmed a mastoidectomy with a view to 

shortening the time spent by the patient on the operating table. 

The history of surgical cinematography has continued to be well docu-

mented. Sarnoif (1186) in America in 1928 discussed the dangers of surgical 

cinematography as it was then practiced, and counseled the use of cadavers 
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wherever possible in order to save the patient any unnecessary trauma. The 
difficulties of surgical cinematography with hand-cranked 35-mm cine cameras 
and arc lamps in the operating theater can hardly be imagined by the modern 
medical cinematographer, and great credit must therefore go to such other early 
pioneers in this field as v. Rothe (1167) in Germany in 1918, Claoué in 
France, the British Army surgeon Maddick and no doubt others. The attempt 
to surmount these difficulties and produce cinematographic records of surgical 
operations led to the design of gear which was strange and cumbersome by 
modern concepts, such as that of the Berlin Charité Hospital (1332) , which 
by 1928 had probably the first permanent installation for this purpose (see 
Fig. 65 ) . Further details about the fate of this historical camera installation 

F I G U R E 6 5 . A H I S T O R I C A L C A M E R A F O R S U R G I C A L C I N E M A T O G R A P H Y : 1 9 3 0 

This special Askania cine camera, constructed for work in the operating theater, was 

similar in design and principle to V. Rothe's installation (see p. 2 8 0 ) . The camera lens 

and the intermittent film movement were separated from the magazines by a long tubular 

support. 

a Camera head with lens and intermittent movement. 

b Tubular support for head. 

c Camera body with magazines and motor drives. 

d Electric motor drive for use at normal frequency. 

e Electric motor drive for raising and lowering camera head. 

f Device for threading of, and tightening slack in, film. 

g Footswitch. 

h Electric motor drive for raising whole cinematograph equipment, 

i Electric motor drive for high-speed cinematography, up to 8 0 f.p.s. 

Courtesy of Askania-Werke, Fridenau, Berlin. 
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were given by Stanford, M. Michaelis, and Coppen (1285) in 1951, in their 

review on German medical films. 

In 1929, a Commission on Educational and Cultural Films (311) was estab-

lished in England, and in its report the position of medical films was reviewed; 

however, not a single British surgical film could be named. Incidentally, 15 

years later Longland, Stanford, and MacKeith (831) discussed the reasons for 

the failure of medical teaching films in England. By about 1930, the surgical 

films made at the Charité Hospital in Berlin (1332) were widely distributed; in 

France, Gösset (1335) at the Salpêtrière was making surgical teaching films 

and de Lee (311) had produced in Chicago a six-reel survey of Caesarian oper-

ations; Alessandri (252) of the University of Rome had at that time adopted 

Doyen's method of self-analysis. 

Real progress in the field of medical cinematography came only with the 

introduction of the 16-mm format by Mees (928) in 1923. Strassmann (1305) 

was among the first, in 1931, to describe its use in Germany. The modern 

techniques of surgical cinematography developed slowly, and in 1934 Borden 

(175) still used two hand-cranked cameras and obtained his focus by lowering 

and raising the operating table itself. Even in America Schwartz and Tuttle 

(1209) in I934 had to urge a wider use of surgical cinematography. It was 

not until Tuttle and Henn (1372) in 1936 described the first 16-mm color 

films taken in the operating theater that cinematography became really widely 

used. By 1938, Julin (698) of the Mayo Clinic was able to compare the 

respective advantages and disadvantages of color and monochrome cinema-

tography. Such ever-widening use of cinematography has naturally found its 

echo in the medical literature ( 2 4 ) . On occasions, such a paper has covered 

only a single country; for example, Leonidov (804) described in 1946 the 

production and use of medical films in Russia; Stanford (1281) reviewed their 

evolution in England in the following year; and Moreman (965) described 

the state of medical photography and cinematography in Holland and Germany 

in I95I. Many papers have also been written on the use of films in the teach-

ing of medicine, but this subject is outside the scope of the present book. 

Nothing but a full review could render justice to this important application of 

films in all branches of medicine. 

Cinematography of External Conditions 

Among the several different techniques of medical cinematography, one 
must consider first that which records the conditions on the surface of the 
intact patient, using normal, visible illumination. Such records may be required 
for a comparative study of symptoms, to register the progress of a particular 
treatment, or for the transmission of the clinical picture to consultants at a 
distance from the patient himself. The use of cinematography for the record-
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ing of such general clinical conditions is by no means of recent date; Stein 
(1290) had already reported on his results in this field in 1912. He utilized 
sunlight and projected his finished pictures in loop form. 

C I N E M A T O G R A P H I C T E C H N I Q U E S 

To begin with, a number of general points dealing with the organization of 
a photographic and cinematographic department in a hospital may well be 
considered. For allocation of costs, McCombe's (861) thorough review should 
be carefully studied. He established as a general guide and as a breakdown for 
each specific job the figure of 33-1/3% for materials, for labor and for over-
head. He assumed that the department was run on a non-profit-making basis. 
Dittmann (353) mentioned in 1948 that it was a standard practice of the U.S. 
Army Medical Department to obtain from all patients a written agreement to 
be photographed and also absolving the surgeon, the cinematographer, and the 
institution from any claim. Similar considerations were discussed by Roger 
(1156) . It is doubtful, however, whether such a document would be accepted 
as valid if challenged in a court of law. Barnes (108) also discussed the 
organization of a motion picture department in 1942, giving particular empha-
sis to its value in occupational therapy. 

For routine cinematography of clinical cases, it is very desirable to have a 
special studio set aside in order to standardize the lighting conditions and to 
have a suitable background for such work always available. Julin (697) recom-
mended one of light or medium tone for monochrome film. For general light-
ing of the whole body, the main source of illumination should be placed above, 
slightly to one side, and in front of the subject, and he should be asked not to 
look into the lens of the cine camera, unless it is specifically desired to give 
emphasis to the eyes. To avoid disturbing shadows, the subject should be 
placed at a distance in front of the background, and in general an even illumina-
tion of the area of interest should be aimed at. Moving objects in the background 
of the picture must be strictly avoided, since they cause distraction. A slate 
showing name of patient, date, time, and other relevant information should be 
included on the first few frames of all clinical records of this type. 

Among useful cinemlatographic techniques is the splitframe—although 
difficult to perfect with color films—whereby two records, taken at different 
times or at different places may be simultaneously presented on the screen. 
Yule Bogue (1482) found this method very valuable. Stanford used it in a 
research film made in 1950. High-speed cinematography has been employed 
to record movements of the limbs that were too rapid for analysis by the unaided 
eye and has proved of great value; on the other hand, time-lapse cinema-
tography, which would allow a compression of the time factor and thus produce 
a speeding up of the slow developments of a clinical picture, has not yet been 
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applied to the exterior of the human body. It has so far apparently proved 
impossible to devise a technique that would allow the precise realignment of an 
immobilized limb so that any stages of development could be recorded at, say, 
hourly intervals on single motion picture frames. A possible solution might 
be to film through a window in a plaster cast, to show for example the healing 
of the wound or the progress of a dermatological condition. For all scientific 
cinematography of clinical conditions, a scale of length and time should always 
be included in the field of view. For certain types of clinical and surgical films, 
animation techniques have been employed with great success; they have been 
discussed, with special reference to their application in this field, by Bosse 
(176) , Norling (1013) , Julin (700) , Boyd (183) , and Clarke (276) . 

The extreme accuracy with which cinematography of all external conditions 
can be carried out was demonstrated by Machemer (868) of the University 
of Münster, Westfalen, in 1933, during an investigation of pupillary diameter. 
This was measured from projected single frames, magnification 1:30; the pro-
jection screen was made from frosted glass. Machemer was able to measure 
length and time to the nearest fiftieth of a millimeter and hundredth of a sec-
ond. To determine the error in measurements of length, he recorded a swing-
ing pendulum, amplitude 3-3 mm, at 25 f.p.s. and calculated the deviation of its 
sine curve from the theoretical value, giving him an error of ±0.015 mm. His 
error in timing, due to any variations in the primary circuit producing the spark, 
was checked by means of a rapidly rotating kymograph drum on which a tuning 
fork was recorded simultaneously; his error did not exceed ±0.005 second. 

S C R I P T I N G A N D E D I T I N G 

The content of this section is equally applicable to all types of medical 
film, whether its subject has been recorded by means of cavital, endoscopic 
or X-ray cinematography. When it has been decided to record a clinical state 
or a surgical operation on motion picture film, the clinician or the surgeon and 
the cinematographer should discuss to the fullest extent possible the details of 
the subject and the particular stages to be recorded. The ability of the cine 
camera to be selective, both of time and of field of view, should be fully exploited 
beforehand, and a script should be written (see specimen, p. 173). 

The necessity for careful scripting has been stressed by all experienced in 
this field, with the sole exception of Burke (228) . He was said to have filmed 
1,000 surgical operations in 25 years, or an average close to one per week, and 
never to have used a script for the actual scenes in the operating theater. Barr 
(109) , whose great experience in the production and use of surgical films in 
the U.S. Navy lent particular weight to his advice, emphasized this essential need, 
and so did Rächet (1116) in Paris in 1951. Harrison (583) gave a descrip-
tion of the work and equipment of Hansell's department of medical photog-
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raphy at the Westminster Hospital in London in 1950 and stressed the time and 

care spent by this medically qualified cinematographer on the scripting and 

planning of all his films. 

The techniques of editing a clinical or a surgical film do not differ in any 

way from those of editing any other film record. Standard types of splicers, 

editing benches, rewinds, footage counters and viewing equipment are required 

and full information about these will be found in the textbooks quoted above 

(see p. 13) . Julin (699) stressed the need for short and concise titles in 

silent films. The elimination of unnecessary dates in the case history, the use 

of the present tense in the titles, and the ruthless discarding of any scenes unsat-

isfactory from a cinematographic point of view, however interesting they were 

medically, were other pertinent pieces of advice. De las Casas (249) con-

firmed the old rules that the film improved more by what was cut out than by 

what was left in, that it was easier to work with small sequences, and that the 

film editor should always remember that he was setting the pace at which his 

audience was to absorb the contents of the film. 

It is sincerely hoped that all the cinematographic techniques described here 

will find application in the field of research. Should this be the case, and the 

completed film present new knowledge for evaluation, then the technique of 

frame-analysis must be employed. The use of a research film as evidence, or 

alternatively its editing to present a cinematographic thesis, has also been dis-

cussed above, and it should never be forgotten that valuable research material 

should be preserved in archives. 

Cinematography of Surgical Operations 

Cinematography has three useful purposes to fulfill in surgery. It can be 

used for teaching purposes, it records the personal technique of the expert, and 

it may be used by the surgeon to study his own techniques and evolve improve-

ments from self-observation not possible in any other way. Only the third, self-

analysis by the surgeon, can be said to fulfill a research function and provide new 

knowledge; this application alone will be further discussed below. 

More teaching films have probably been made in the field of surgery than in 

any other branch of science; H. L. Updegraff of Hollywood even made one with 

the title T H E M A K I N G O F A S U R G I C A L M O T I O N P I C T U R E , sponsored by the Pan 

Pacific Surgical Association. It contained a number of demonstrations of the 

simpler cinematographic techniques used in surgery. 

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

Cinematography could fulfill a far wider research function in surgery than it 
does at present. It offers the only method of analysis which a surgeon can em-
ploy for the study of his own operating techniques and a convenient permanent 
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record for studying the techniques of others. Many surgeons, on seeing them-
selves operating on the screen, must have thought of improvements that might 
not have appeared to them before, and they have undoubtedly put these into 
practice in succeeding operations. Apart from the historical instances quoted 
above (see p. 270)—and the name of Claoué (1335) should be added to those 
who have practiced this type of self-analysis and have mentioned the fact in the 
literature—there appear to be few others who have considered it worthwhile to 
employ cinematography for this purpose. It appears that only de las Casas 
(249) has in more recent years employed cinematographic records of surgical 
operations as a method of self-analysis. A nurse was employed to operate the 
cine cameras and was instructed by the surgeon when to begin and when to end 
the filming. Up to three cameras were employed in this work, carried out at the 
Hospital Vargas as Caracas, Venezuela, and described in 1939. 

It is therefore suggested that time and motion study by means of cinematog-
raphy could be applied with great advantage to the operative techniques em-
ployed in surgery. As in all work of this kind, analysis of the finished film is 
more accurate if a scale of length and time is included in the field of view of the 
cine camera lens. It may be difficult to fulfill this condition insofar as the in-
clusion of a chronometer is concered; however, if the frequency of the cine cam-
era has been tested and calibrated, it will be possible to arrive at accurate quan-
titative data by means of frame-analysis of the finished film. Another valuable 
technique of analysis of the finished film consists in projecting it backwards; it 
has been found in other fields of research that this particular method shows up 
unsuspected sequences of movement that had previously been taken for granted. 
The habitual patterns of experience and expectation are effectively reversed by 
this method and lead to the recognition of new and unexpected facts. Miles 
(948) considered these points in 1928 and suggested that as an alternative it 
might prove simpler to turn the cine camera itself through 180°—thus achieving 
the same effect by reversing the sequence of time—and to interlace such "re-
versed" sequences with the normal scenes in the film. 

T H E T H E A T E R A N D T H E C A M E R A S T A N D 

The essential requisites for successful cinematography in the operating the-
ater have been summarized by many, for example Longmore (832) . The cine-
matographer must observe the rules of theater asepsis and should have a detailed 
knowledge of theater procedure and techniques. He must be aware of the spe-
cial conditions in the theater to which his equipment is exposed and the precau-
tions he has to take to cause no hindrance to the surgical team or danger to the 
patient. He must know of the explosion and fire risk of certain anesthetics, and 
he must safeguard his camera and lamp stands against any instability on the often 
slippery floor. Most essential, he should have foreknowledge of the operation 
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F I G U R E 66. O P E R A T I N G T H E A T E R W I T H C U R V E D C E I L I N G : 1935 

Originally installed after the design of Walter ( 1 4 1 2 ) , this type of theater and its 

method of reflected illumination are ideally suited for recording operations by cinematog-

raphy or by television. The inclination of the lamp, as well as the movement of the car-

riage on which it is mounted, can be electrically controlled from the theater. A water-

containing cooling trough is placed directly in front of the source of illumination; a 

microphone, below the trough, picks up the instructions of the surgeon, which are spoken 

by him at the other focus of the curved ceiling and relayed to the cinematographer. 

to be filmed so that he can work from a script with full confidence and complete 
accuracy. 

Surgical cinematographers will be interested in the theater installed at the 
Hôpital Beaujon and elsewhere in the world, following the designs of Walter 
(1412) in about 1935 (see Fig. 6 6 ) . This small theater was equipped with a 
curved ceiling made of sheets of polished stainless steel, at one focus of which 
was the operating table and at the other a powerful lamp on a gallery outside 
the theater itself. It is suggested that a cine or television camera placed behind 
one of a number of glass ports—fitted with an optical flat—in the ceiling will be 
in an excellent position from which to record the operation without in any way 
hindering the surgical team. It would indeed be difficult to imagine a better ar-
rangement for the recording of surgical operations, unless Stanford's (1282) 
ideal, a 180° wide-aperture lens at skin incision level, could be realized. 

Separate camera stands and supports of great variety have been designed to 
place the camera over or near the right shoulder of the surgeon, or his left, 
should that eye be the master. To begin with the standard cine camera tripod: 
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its legs should be secured by chains or by the use of a wooden spider to prevent 
slipping on the glossy floor. The most essential requirement of any camera in 
the operating theater is the provision of an absolutely firm base, together with 
precautions to prevent the top-heavy stand from being overturned. As it is diffi-
cult to reach the necessary height and obtain sufficient declination of the camera 
axis with a standard tripod, most cinematographers have designed their own 
stands for work in an operating theater. Lenard ( 799 ) described one that con-
sisted of a single heavy metal pillar, adjustable in height, with a spot light at-
tached to its base. Créer (324) gave a description of a simple stand consisting 
essentially of a right-angled frame, to the vertical end of which a cine camera 
and a suitable spot light could be attached; however, this type of support suffers 
from the disadvantage that it must be placed directly next to the operating table 
to obtain the best picture, a position not often unoccupied. 

To overcome this limitation, Dekking (344) constructed a tubular frame-
work on casters, in the shape of a rectangle, so that its lower section could be 
wheeled below the operating table while the upper part of the rectangle acted as 
support for the camera and the lights, vertically above the field of surgery; Con-
nolly (314) has also devised a bridgelike support for the camera and the cine-
matographer. The Kamm Stand (706) is the best and most versatile yet de-
vised; it was described by Hansell (575) in 1950 (see Fig. 6 7 ) . It consisted 
essentially of two webbed triangular castings, bolted together with spacing tubes. 
Between the apexes of the triangles, the mainshaft was mounted, rotatable 
through 360°; by a combination of all the possible movements, every point 
within a sphere of 120-cm (4-ft) radius could be used for positioning the camera. 
A general review of the various types of stands and mobile cranes employed in 
the motion picture industry was published in 1950 (40) ; their general principles 
of positioning and mobility might well be considered by those designing their 
own equipment for surgical cinematography, as was done for the Kamm Stand. 

To turn now to other mechanical methods of supporting the camera in the 

theater: Julin (697) described in 1946 the two techniques used at the Mayo 

Clinic. One consisted in clamping the camera to a suitable place on the obser-

vation gallery of the operating room. The other was a box, open at one side and 

the top, in which the camera man could stand. Stout (1304) clamped his Bell 

and Howell Filmo camera directly onto the operating theater light by means of 

a strong metal ring, fastened between the main lens of the Operay and the base. 

For the release of the clockwork motor a solenoid was employed, and provision 

was made for rewinding of the camera from a distance. For this purpose a V-

grooved pulley, 10 cm in diameter, was attached to the winding key socket of the 

camera, and several turns of fine piano wire were passed around the pulley. The 

wire passed through a flexible tube to a small wheel with a crank that could be 

wound by an attendant nurse during the operation. 
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F I G U R E 67. T H E K A M M S T A N D : 1950 

This universally useful camera support is shown with a Cine Kodak Special mounted 

for work in the operating theater. Note the small chain grounding the whole stand and 

the platforms at various levels to allow the cinematographer to reach the same height as 

the camera. 

Illustration specially prepared and reproduced by courtesy of P. Hansell, Department of 

Medical Photography, Westminster Medical School, London. 

The use of mirrors presents an optical solution to the problems of having, 
ideally, the surgeon, lamp, and cine camera in the same position. Wuerth ( 1469 ) 
mounted two cine cameras on tripods some distance from the table and had the 
axis of their lenses, one of normal, the other of the long focal type, pointing at a 
mirror suspended over the incision. Dittmann (353) of the U. S. Army Medical 
Department developed in 1948 a similar arrangement; to his fully extended tri-
pod, mounted on a small truck, he attached a front-surfaced mirror 25 X 30 cm 
(10 X 12 inches) by means of a flexible arm; to erect the reversed image thus 
produced, a prism was added to the lens of the Cine Kodak Special camera. His 
lights were mounted on the camera tripod, as suggested by Burke (227) , by 
means of Dazor flexible arms. 
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C A M E R A S , L E N S E S , A N D I L L U M I N A T I O N 

A number of requirements should be fulfilled by any cine camera that is to 
be employed for the recording of a surgical operation. It should be equipped 
with lens turret, and allow for direct focusing through the lens itself. In addi-
tion, since it may often be necessary to record the actions of the surgeon for 
several minutes on end, an electric drive and magazine loading will become ex-
tremely valuable. Any motor drive used must, of course, be completely enclosed, 
so that there is no risk of anesthetising gases reaching the sparking brushes of 
the motor. As a precaution all electrical contacts should be well grounded. As 
it further will be necessary in some cases to have the camera positioned a fair 
distance away from the operating table, long focal length lenses will frequently 
be employed. Accurate focusing and following of the movements will only be 
possible with direct viewing of the field through the taking-lens. 

Of purely historical interest now are two cine cameras specially constructed 
for surgical cinematography, one by v. Rothe, the other by Askania, both de-
scribed by Isermann (656) in 1930; the principle was the same in both; (see 
Fig. 65 ) . Their one advantage was the fact, as pointed out by Thomalla (1338) 
that the spherical container of the lens, camera gate, and shutter could be easily 
sterilized and thus brought within a very short distance of the open wound. An-
other type of aseptic container for a cine camera is considered below. 

A camera often used for this type of work has been the 16-mm Cine Kodak 
Special, both Mark I and II, with interchangeable magazines, lens turret, and 
focusing through the lens while the camera is not running. An electric motor 
has been optional and was described by Tuttle and Henn (1372) in 1936. How-
ever, the Arriflex 16-mm and the Caméflex 16/35-mm cameras should prove 
preferable for this type of work, particularly the latter, in which the magazine 
can be changed instantaneously while the camera is running at normal speed. 
In addition, both are electrically driven, both have divergent lens turrets, and 
both employ a mirror reflex shutter which permits the cinematographer to follow 
the field of his lens continuously while the camera is operating. In spite of their 
high price, it is likely that this type of camera, combined with a stereoscopic at-
tachment, will become the standard for work in the operating theater. Faasch 
(398) discussed in 1950 cine cameras for work in the operating theater; he 
found mirror-reflex shutter cameras difficult to focus during running and sug-
gested that a beam-splitter should be used, the solution adopted in the Pathé-
Webo camera. The disadvantage of a beam-splitter is the inevitable loss of light, 
a critical factor if color film is used (see Cinemicrography). 

Asepsis of the camera is a highly desirable requisite for surgical cinematog-
raphy since it allows the recording of the relevant action from a closer viewpoint 
and permits the use of a lens of short focal length, with a greater depth of focus 
at a lower level of illumination. A practicable method was described by Julin 
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(701) for a photographic camera, completely enclosed in an aluminum housing, 

the front of which contained a flat optical glass; the housing could be sterilized 

in an autoclave and the camera inserted after cooling. A simple and practical 

solution is to wipe the camera with a rag soaked in alcohol and to cover it with 

a sterile cloth supported on a wire framework and having two holes, one for the 

lens, the other for the viewfinder; this allows completely unhindered access for 

focusing and change of aperture. 

The focal lengths of the most commonly used lenses for recording on 16-mm 
film range from 50 to 114 mm (2 to Α

Ι
Λ inches) ; this range supposes the camera 

to be 1 to 3 m (3 to 10 ft) away from the incision and allows a recording of the 
site of operation before the incision has been made. If the operating theater is 
not air-conditioned, it is a wise plan to allow the camera lenses to come to the 
ambient temperature so as to prevent any condensation of moisture on them. 
Finally it might be mentioned that Tuttle (1370) of the Eastman Kodak Com-
pany recommended the Kodak Cine Ektar lenses for surgical cinematography in 
1951. 

To judge the correct exposure for filming a surgical operation is a matter for 
precise measurement, although most surgical cinematographers have worked with 
standardized conditions of illumination and arrived by trial and error at the cor-
rect exposure. Burke (228) has even recommended working with one hand on 
the aperture stop while the camera was running. The normal wide-angle ex-
posure meters can be held over the illuminated site of the wound, which has been 
covered temporarily with a white sterile towel to provide a surface highlight 
reading. The S.E.I, telescope comparator photometer (1214) , with its very nar-
row angle of acceptance, Vi°> is more suitable for determining the illumination 
inside a deep cavity. This is especially so when it is used on the highlight 
method, and a clean white gauze swab is inserted into the incision, at the same 
time forming an excellent test object for correct focusing. The use of the small 
sterile label found inside the suture container for focusing in the incision has 
also been suggested ( 2 7 ) , but this is not recommended. 

To turn now to illumination: Color film is most commonly employed for 
surgical cinematography, and a number of excellent commercial emulsions enjoy 
world-wide distribution. To achieve a color balance close to the original in tone, 
it is essential to bring the color temperature of the illumination as near as possi-
ble to the value for which the emulsion has been standardized; the variation 
should not be more than 100°C. Tuttle and Henn (1371) recommended the 
use of No. 2 Photofloods for Kodachrome, Type A, and many cinematographers 
have employed this type of lamp with great success. Other light sources and 
film emulsions have been used with equally great success. 

The support and arrangement of the lamps is often not easy, since they must 

not take up excessive floor space, yet they should be easily maneuverable to fol-
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low any changes of camera position or the progressive stages of the operation. 

The cables should be inspected frequently and renewed when the slightest sign 

of abrasion on the insulation becomes visible; all plugs should be firmly fixed in 

their sockets, and as an added precaution, if screw cap fittings are not available, 

it is wise to tape them together. The best type of switch to employ is the totally 

enclosed mercury switch, where there is no possible danger of any spark. If 

photofloods or other naked electric light bulbs are to be employed, then they 

should be new ones for every operation, to prevent any failure or explosion, al-

though Burke (228) estimated this chance to be of the order of only 1 in 

1,000,000. It is a very good plan to connect all lights through a variable resist-

ance circuit, preferably of the Variac type, so that their intensity can be easily 

regulated. In order to avoid excessive heating of the open wound, it is strongly 

recommended to shield all lamps with heat-absorbing glass, which also acts as a 

protection against any explosion. 

To sum up: Much has been written about surgical cinematography, a great 

deal of practical experience is available, and not unnaturally some outstanding 

films have been produced that are of greatest credit to their makers, cinematogra-

phers and surgeons alike. It must always be deeply regretted that so very few 

research applications have occurred and if the technique has again been discussed 

in detail above, it is with the hope that it will at last be used for the production 

of research films. 

Cavity Cinematography 

The great difficulty in this type of cinematography is to provide adequate il-

lumination of the sides and bottom of the cavity. Many ingenious devices have 

been constructed to provide the required level of illumination in the cavity itself; 

some of the principal types will be discussed below. Stanford (1282) surveyed 

the field of cavity illumination for the purpose of photography and cinematogra-

phy in 1951. He distinguished two types of cavity: the conical cavity, where 

the entrance is wider than the bottom, for example the abdominal cavities during 

surgical operations; and cylindrical or inverted cone cavities, where the diam-

eter of the orifice is the same as, or smaller than, the remainder of the cavity, 

for example the mouth and the vagina. 

I L L U M I N A T I O N O F C O N I C A L C A V I T I E S 

The most common examples of this type of cavity are found during surgical 
operations, and their illumination by means of the standard operating theater 
light, although by no means ideal, must therefore be considered for cinematogra-
phy. The normally available light is insufficient for color cinematography, how-
ever, and attempts to replace electric light bulbs by photofloods have led to the 
danger of overheating and the subsequent risk during operation of damage, or 
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even breakage, of the system of lenses and mirrors. A useful expedient is to sup-

port a number of photofloods, with reflectors, from an adaptor fixed to the oper-

ating theater lamp. As an example, Versteeg (1390) employed for the cinema-

tographic recording of a gynecological operation, a total of 5,000w obtained 

from 5 photofloods in Zeiss mirror reflectors suspended from a rail. 

The depth of the cavity is an important factor to consider when a number of 

lamps are arranged for illumination of the deeper parts; if their distance from the 

central axis of the cavity is too great it might lead to illumination of only the 

sides; if the opening is too small, the intervening hand of the surgeon will block 

out the light, however shadowless the illumination at the opening surface of the 

incision. Stanford ( 1282 ) compared the use of a 2-kw spot and a 240-w aircraft 

landing lamp for this purpose; care had to be taken to avoid overheating the 

field, about 10 to 20 w being incident per square inch, and he eliminated a great 

deal of heat by the use of heat-absorbing glass, Chance ON 20. 

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

Apparently few have employed multiple sources of illumination for the cine-

matographic recording of cylindrical cavities; an example of this technique for 

aural surgery was described by Mackie and Gwynne-Evans (872) , who solved 

the problem in a highly successful manner. A small gantry was built around the 

camera, and four microscope projection lamps (6 v, 36 w) were suspended from 

it; these could be swiveled in all directions and the parallel light beams were 

brought to a focus on the optical axis of the lens. 

A single small spot lamp with collimated beam is perhaps the most simple 

lighting for this type of cavity; it becomes difficult to use, however, when the 

central area at the bottom of the cavity is to be illuminated and cinematographi-

cally recorded, as both camera lens and light would have to occupy the same posi-

tion in space. The most obvious way out of this difficulty is to employ a plane 

mirror, pierced through its center, through which the cine camera can view the 

field, while the light is reflected from the surface of the mirror. As an example, 

Wardlaw (1415) used a simple converging mirror, with a central aperture 2.5 

cm in diameter, for laryngeal cinematography (see Fig. 8 2 ) . A plane parallel 

glass plate at 45° might be used instead of a mirror; Frenckner (463) employed 

this method successfully for the cinematography of the tympanic membranes. 

Great ingenuity has been expended on the design of cavital illumination of this 

type, and descriptions of various combinations of mirrors and cameras designed 

for photographic purposes have from time to time appeared in the literature 

(280) . 

Special cine cameras have been constructed embodying this principle of re-

flection of a single light, and Pavia's (1046) use of the Zeiss Nordenson retinal 

camera for cinematography should be mentioned. In 1946, LaRue and Bru-
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baker (779) used a design basically similar to their famous endoscopic cine 
camera for the cinemacrography of the ear drum. Neyyhart ( 1007 ) used an in-
genious mirror in his body-cavity camera (see Fig. 68 ) . It was of the trans-



T E C H N I Q U E S O F M E D I C A L C I N E M A T O G R A P H Y 285 

mission-reflection type, covered on its reflecting surface with thin lines of an 

opaque aluminized coating, leaving the plain glass between the lines, two-thirds 

of the total surface, as the transmission area. A small electric blower was at-

tached to the lamp house for cooling purposes, and the housing swiveled to allow 

the lamp to burn with its base vertically down. The camera was also described 

in 1952 by Sturgis (1318) , who undertook its commercial production (1319) , 

and by Lane (773) . 

One other possibility remains for the illumination of the deeper cylindrical 

cavities with a single light source: to "pipe" the light through either a quartz 

rod or through a speculum carved from Perspex or Lucite. For laryngeal cine-

matography, Morrison (977) used a 4-mm quartz rod, and so did Russell and 

Tuttle (1183) , and Stanford (1283) described in 1951 his cervical speculum 

of Perspex, which he employed successfully for photography, but which might 

lend itself to cinematography if a more powerful light source were employed. 

Endoscopic Cinematography 

To inspect and to film body cavities that extend beyond a certain depth is not 

possible unless the orifice of the cavity is kept open artificially. The endoscope, 

F I G U R E 68. N E Y H A R T ' S I N T R A F L E X C A M E R A , F O R C A V I T Y C I N E M A T O G R A P H Y : 1950 

The diagram illustrates the optical system of this camera, model C . 3, shown below 

in its external aspects; it was designed by Neyhart ( 1 0 0 7 ) . 

1 Opaque mirror. 

2 Condenser lens. 

3 Light source, 1000-watt projector lamp. 

4 16-mm aperture. 

5 Projector lens. 

6 Nonreflecting light trap. 

7 Coincidental cone of illumination and field of view of camera lens. 

8 Special transmission-reflection mirror. 

A Typical light ray from projection lens, passing through to field of interest. 

Β Similar tray, reflected from opaque strip of mirror into light trap, 6. 

C Image-forming ray, reflected from aluminized strip surface of mirror into cine 

camera. 

D Potential image forming ray, absorbed by repeated internal reflections. 

9 Erecting mirror for camera image. 

10 Focusing control, by means of rack and pinion. 

11 Camera lens. 

12 Through-the-lens view-finder. 

13 G . S . A . P . 16-mm electric camera, magazine loading. 

14 Monitor view-finder in continuous focus; a small ellipse of 50% coating was in-

cluded in the otherwise opaque erecting mirror, 9. 

Courtesy of A . P . Neyhart, Hollywood, U . S. A . 
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in practice a hollow metal tube, is employed for this purpose, and a number of 
optical elements may be included to transmit the image from the bottom of the 
cavity. Again, as in cavity cinematography, the difficulty consists in providing 
sufficient incident illumination, and if it were not for this obstacle, aggravated 
by the light losses of the optical system, endoscopic cinematography would be 
employed as frequently as cinemicrography. 

G E N E R A L T E C H N I Q U E S 

In principle, two types of endoscopes can be distinguished according to their 
relative length: the short tube, whose sole function is to keep the tissue walls 
apart—like the vaginoscope, laryngoscope, bronchoscope, and the sigmoidoscope 
—and longer tubes—like the cystoscope, gastroscope, and thoracoscope—which 
have to contain an optical system to transmit the primary image to the eyepiece. 
For cinematography in conjunction with the short endoscope it is necessary to 
employ a lens of long focal length outside the patient's body; and, in order to 
illuminate the area of interest, a powerful lamp is normally mounted proximal 
to the cine camera, at the open end of the endoscope. The second type of endo-
scope, containing an optical system in a long tube, requires a wide-angle lens of 
short focal length at the tip of the endoscope inside the patient's body, and also 
demands illumination at its distal end. These two methods are recognized in 
all endoscopic work, reviewed for example by Hull (644) , in their relation to 
cinematography. 

Whatever type of endoscopic cinematography is used, it is highly desirable to 

have an observation eyepiece or beam-splitter incorporated between the endo-

scope itself and the cine camera, if the latter is not fitted with a reflex mirror 

shutter; it then becomes possible to view the event to be recorded during the 

whole time the cine camera is in operation and, at the same time, the beam-

splitter will allow for accurate focusing. 

The cine camera itself should be of the greatest lightness possible, as the 

endoscopist will have to direct the camera by hand throughout the inspection 

and recording. The advantage of having an electrically driven camera must be 

foregone on account of the additional weight of the motor; the light clockwork-

driven amateur camera, preferably with magazine loading, has been found most 

suitable for this type of work. The camera, and the proximal light source if 

provided, should be easily detachable from the endoscope itself, so that visual 

inspection is possible while the tube is introduced, before the beginning of the 

filming. In all endoscopic cinematography it is essential to prevent the conden-

sation of moisture on the optical parts of the instruments. A separate glass slide, 

warmed by the heat of the lamp, or a stream of warm air, itself a byproduct from 

the cooling of the lamp with compressed air, has been employed for this purpose. 
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D I S T A L A N D P I P E D I L L U M I N A T I O N 

Endoscopic cinematography with distal illumination has seldom been 
achieved. The light output from the endoscopic lamps, even if overvolted to 
approach a light level sufficient for cinematography, is still extremely small. The 
relatively short endoscope, such as the bronchoscope and the laryngoscope, has 
the sole function of keeping the tissue walls apart, and does not contain 
an optical system. Hinman, in collaboration with Pressman (1099) and with 
Miller (952) , used a Negus laryngoscope and sigmoidoscope in 1940; successful 
color motion pictures were obtained. Two lamps of the Welch Allen otoscope 
variety were inserted on diametrically opposite sides of the endoscopes, and a 16-
mm De Vry camera with a 50-mm lens, f/1-5, and a 6-mm extension tube was 
employed. Bronchoseopic cinematography with distal illumination was carried 
out by McGibbon (863) of the Royal United Liverpool Hospital, England, in 
1940, with a 16-mm Magazine Cine Kodak camera fitted with a special lens as-
sembly; it consisted of a 12-cm socket with a lens-cell at its distal end and an 
adapter for the cine camera at its proximal end. The illumination of the trachea 
was produced by overrunning two endoscopic lamps of 2.5 ν and 0.45 w. 

A comparatively lengthy endoscope containing an optical system is required 

for cystoscopy, and distal illumination is essential. Stutzin (1321) was the first 

in 1930 to employ monochrome film for this type of endoscopic cinematography, 

and by an enlargement of the optical components of the exit pupil he obtained 

relatively successful records. Giitgemann (566) of the Surgical Clinic at the 

University of Bonn, employed in 1940 Kodachrome Type A film exclusively for 

this purpose. A standard photographic cystoscope supplied by G. Wolf. Berlin, 

and incorporating a removable observation eyepiece, was attached to a Cine Nizo 

D 16-mm camera, and images of 9-mm diameter were obtained. Endoscopic 

lamps designed for photography were overvolted by 50% through a rheostat 

and the maximum illumination was achieved at 22 ν and 0.8 amp. Additional 

modifications were carried out, such as removing all apertures and diaphragms 

from the cystoscope, increasing the opening of the shutter angle of the cine 

camera, and recording at a frequency of 8 to 10 f.p.s. No descriptions of the 

apparatus used for gastroscopic cinematography by Korth and Janker were 

found, and the filming of the interior of the living stomach has yet to be achieved 

successfully. Finally, the use of distal illumination in combination with a tele-

vision camera is discussed below. 

Piped illumination is intermediate between the distal and the proximal type: 

the lamp is placed near the cine camera and the light conducted through a suit-

able conduit to emerge at the distal part of the endoscope. In practice, a solid 

quartz rod is used, and complete internal reflection allows for a light input at one 

end and a discharge at the other end. To have such a rod inside the endoscope 
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is a disadvantage, however, as the small internal diameter of the instrument is 

further reduced for the reflection of the image. 

Russell and Tuttle (1183) in 1930 obtained color records of the larynx with 

the aid of a phonopharyngoscope with an internal quartz rod for transmission of 

illumination. In the same year Morrison (977) used a 4-mm quartz cylinder, 

coaxial with the center of his laryngoscope, to obtain a light intensity of about 

500 foot-candles on the larynx. Through a condenser system his lamp was pro-

jected onto the proximal end of the quartz rod, ground into a 45° prism with a 

silvered hypotenuse. Vulmière (1403) described an 8-mm cine camera attach-

ment in 1952. The light source, situated proximally, reflected the illumination 

through a 2.5-mm diameter quartz rod; this extended the length of a broncho-

scope of 9-mm internal and 10-mm external diameter. Eight-millimeter Koda-

chrome film was used at 8 f.p.s. Another use of piped illumination was that of 

Hull (644) , who employed two thoracoscopes and mentioned this fact briefly in 

1944; one was for the introduction of the necessary illumination, while the other 

was attached to the cine camera. 

P R O X I M A L I L L U M I N A T I O N 

In this type of endoscopic cinematography, the light source is placed on the 
near side of the endoscope and, by means of suitable mirrors, the light beam 
entering the endoscope and the image reflected from the area of investigation 
are coaxial. Its very great advantage over other types of illumination lies in the 
fact that a light source of great power can be employed for cinematography, since 
no restrictions of space operate. 

The outstanding contribution to this field is due to Brubaker (see Fig. 6 9 ) , 

S I D E V I E W F R O N T V I E W 
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F I G U R E 69. B R U B A K E R ' S E N D O S C O P I C C I N E C A M E R A : 1947 

The three diagrams illustrate the optical system of this camera, shown below in the 

corresponding side-view with some of its cover plates removed. 

1 240-watt airplane headlight lamp, 12-v, 20 amp. 

2 Condenser lens. 

3 Heat-absorbing glass. 

4 4 5 ° plane mirror. 

5 Round tube, threaded on inside, permitting image of field to fall onto film in 

camera. 

6 Optically flat glass slide. 

7 Endoscope, in this instance a laryngoscope. 

8 T ip of bronchoscope or esaphogoscope, when fitted. 

9 Plane of sharp focus at object. 

10 Range of focus adjustment, 22.8 cm to 62.3 cm. 

11 Thread on inside of endoscope to produce light ring around image on film. 

12 Spherical mirror, behind light source. 

13 Object plane in sharp focus when supplementary, 15, lens is used. 

14 Range of focus adjustment with supplementary lens, 10.2 cm to 12.7 cm from 

flange. 

15 Achromatic supplementary lens, 24.4-cm focal length. 

16 Cine camera lens, f /4 .5 , 90 -mm focal length, Tessar type. 

17 Telescope view-finder lens, f / 4 . 5 , 90-mm, Tessar type. 

18 Beam-splitter cube, diverting light to telescope view-finder. 

19 Front surface mirrors to bring view-finder eyepiece to proper position. 
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a photographic engineer of Evanston, 111., and Holinger of the University of 
Illinois. In 1952, after 12 years' experience in this difficult work, Brubaker 
(205) published the theoretical requirements for his endoscopic cameras, with 
particular reference to the choice of correct focal length of the camera lens and 
the required level of illumination for ranges of magnification between 0.2 and 
1.0. A considerable number of design calculations were published. He began 
in 1940 (202) with proctosigmoidoscopic cinematography and constructed an 
apparatus which contained the light source, a 108-w, 6-v, tungsten ribbon filament 
lamp, a beam-splitting telescope, and a clockwork-driven magazine-loading 16-
mm cine camera, all mounted on one base. An improved model was described 
in 1941 by Brubaker and Holinger (206) ; the same lamp was employed, but its 
voltage was automatically raised from 6 to 8 when a trigger in the handle started 
the camera. Further refinements were reported by Brubaker (203, 208) in 1945. 
The camera shutter was modified, its opening was increased by 35°, and two 
right-angled prisms were used to reflect the light beam into the endoscope and 
to reflect a portion of the returning rays into the eyepiece of the telescopic ob-
servation view finder. 

The next development in this unique series of endoscopic cameras with prox-
imal illumination was reported in 1946 (207) for a photographic camera; its 
improvements were incorporated in the 1947 (626) cinematographic camera. 
The lens could be moved by a rack and pinion that allowed the plane of sharp 
focus to change over a range of 43 cm. An aircraft landing light, 240-w, 12 v, 
was used, overvolted to 14.5 volts during exposure, giving a light intensity of 
160 candles per square foot at the endoscope tip. The cine camera was a clock-
work-driven Bell and Howell, and a lens of 90-mm focal length was fitted. The 
depth of field remained unchanged at 6 mm for a maximum circle of confusion 
on the film of 0.1 mm. (204) . 

In 1948, Holinger, Anison, and Johnston (625) stressed the point that an 
admittedly complex camera might be more convenient, easier to use, and produce 
better results than a mere attachment to a standard cine camera. Brubaker's 
cameras have been criticized by Soulas (1261) on account of their large endo-
scope and the short protection against condensation provided by the glass plate; 
Vulmière (1403) has attempted to overcome these weaknesses by the use of 8-

20 Image plane of view-finder objective lens. 

21 View-finder image-erecting lens, f /2 .5 , 25-mm focal length. 

22 Image plane of eyepiece. 

23 Free working length of laryngoscope. 

24 Eyepiece lenses. 

25 16-mm motion picture film in camera. 

26 Movable masks to remove endoscope reflections from film. 

27 Focusing motions of camera and viewfinder—objective lenses. 

Courtesy of J . D . Brubaker, Evanston, Illinois, U. S. A. 
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mm film and a constant stream of hot air. The use of 8-mm film might certainly 

prove a disadvantage; the use of compressed air for cooling purposes, on the 

other hand, appears to be a good point, but requires an additional lead to the 

instrument (see Fig. 7 0 ) . 

A number of other examples of endoscopic cinematography exist in which 

proximal illumination was employed. La Rue and La Rue (780) reported in 

1947 on a macroscopic camera, with proximal illumination identical with Bru-

baker's 1946 model; it was much used for eardrum cinematography by La Rue 

Sr. (779) . A simple method of proximal illumination for laryngoscopy was de-

scribed by Nugat (1015) in 1950. A 48-w, 12-v lamp was mounted near the 

cine camera and projected the illumination to the laryngoscope through a con-

denser lens and a concave mirror with an aperture. Lejeune ( 796 ) employed a 

16-mm Bell and Howell camera with extension tubes and a beam-splitting 

focusing device. In his case the illumination was provided by two 200-w lamps, 

placed proximal to the camera and the laryngoscope, and cooled by a simple fan; 

both camera and lamps were placed on a joint tripod. Other examples of this 

technique and its use are reviewed in connection with the areas of anatomy in 

which they may be applied to medical research such as the rectum (see p. 342) , 

the larynx, (see p. 345) , and the ear (see p. 364) : 

The optical system is composed of the following components: 
1 Microprojection lamp, 30 w. 

2 Condenser lens, f / 0 . 8 5 , made from Calex glass. 

3 Prism, reflecting illumination into quartz rod. 
4 Internally reflecting quartz rod, covered with nickel. 
5 Base plate for mounting bronchoscope, lamp, and beam-splitter. 
6 Visual observation eyepiece, 3 X magnification. 
7 Beam-splitting prism. 
8 Glass plate, protecting beam-splitter from condensation. 

9 8-mm cine camera. 
10 Entrance face of quartz rod. 
11 Exit face of quartz rod, unpolished and inclined at an angle to its longitudinal 

Reproduced from J . Vumière ( 1 4 0 3 ) , courtesy of Éditions de la Revue d'Optique thé-

orique et instrumentale, Paris. 

F I G U R E 70. V U L M I È R E ' S E N D O S C O P I C C A M E R A : 1952 

axis. 
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Special Techniques of Medical Cinematography 

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

Stereoscopic cinematography may have great advantages to offer for the re-

cording of surgical operations; for certain conditions it may well become the 

standard technique. A limitation is set by the dimensions of the cavity that is to 

be filmed; if its depth is too great and its entrance diameter too small, it will be 

impossible to obtain a true stereoscopic effect; this is because the angle subtended 

by the axes of the two camera lenses is too narrow. A practical difficulty will 

also arise in changing this angle during filming in order to preserve the same 

degree of stereoscopy throughout when it is required to follow the introduction 

of an instrument into a deep cavity. However, these and other experimental 

factors concerned with illumination may well be solved in the near future. 

The two-camera system has so far found most favor in the operating theater. 

It appears that Pack and Schwartzel (1027) in 1943 were among the first, if 

not the original, users of stereoscopic cinematography in the operating theater. 

Their method was simple: Two Kodak Magazine 16-mm cameras were combined 

on a suitable base mount, which allowed for the angular displacement of the 

optical axis of one of the cameras. Mechanical coupling and an electric motor 

drive were used for the cameras as well as for the two projectors, which were 

fitted with Polaroid filters at an angle of 90° to each other. Another two-camera 

system, employing Cine Kodak Special cameras was described by Tannura ( 1325 ) 

in 1942, and Evatt (396) reported in 1952 on a similar system developed by 

F. A. Ramsdell of the Worcester Film Corporation, Mass. These cameras were 

employed by S. F. Marshall at the Lahey Clinic, Boston, for the stereoscopic cine-

matography of a radical resection for carcinoma of the stomach; the film enjoyed 

a wide screening in America and England. 

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

Infrared radiation has found extensive use in medical photography, and Clark 
(275) in 1946 reviewed its use; however, he did not mention any examples of 
cinematography. Apparently only one application of this kind has been de-
scribed, by Berg (144) in 1950: R. B. Morris of Kodak, England, recorded by 
means of a 16-mm Cine Kodak camera the reflex action of the human pupil at 
different levels of illumination. Aerographic infrared film, specially cut to size 
and sensitive in the region of 6,800 to 8,600 A was used. The sources of infra-
red illumination were two No. 1 Photofloods in safelight fittings equipped with 
Wratten No. 87 filters that transmitted only radiation of 7500 A and longer. 
There is no technical difficulty involved in the use of infrared illumination, and 
many research projects could be undertaken with its aid (see also Biology). 

Ultraviolet radiation has also been employed apparently only once in medical 
cinematography, surprisingly enough for the same experimental conditions. 
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Löwenstein (843) in 1927 recorded the changes in pupillary diameter by plac-
ing violet filters over strong light sources and then using a small light stimulus. 
Most film emulsions are sensitive in the ultraviolet range of the spectrum and no 
difficulty exists in recording any events in that range, provided quartz lenses are 
employed. An example of the use of such a lens is noted in the consideration of 
indirect X-ray cinematography. 

T E L E V I S I O N 

The advantages and disadvantages of television compared with cinematogra-
phy have already been discussed for biological research work. In the medical 
field, the demonstration of a surgical operation to a large body of students by 
means of television in color (41) or stereoscopically (1490) has recently been 
used in teaching hospitals in America and Europe. It would be of great and 
lasting benefit if, at the same time, any unusual operation would be cinema-
tographically recorded from a monitor screen, so that future generations of 
students, having missed the original exposition, could still see it on film. Such 
recordings might also be used for recapitulation: Carpenter and Greenhill (245 ) 
have found that the maximum amount of learning from a film will result only 
after two screenings. 

In medical research television techniques have already won a useful place. 

Zworykin and Flory (1490) of the R.CA. Laboratories at Princeton, N. J., have 

reviewed such uses and have mentioned a number of interesting applications. 

Lilly (821) at the University of Pennsylvania arranged, in 1950 25 skin elec-

trodes in a suitable array in order to obtain from the variations of their output 

an indication of heart and brain activity. The output was suitably amplified, 

displayed on a board by means of small lights, and filmed at 64 and 128 f.p.s., 

thereby allowing an analysis of the different patterns. Mellors and Silver (929) 

scanned with an ultraviolet light spot of the same size as the nucleus itself, and 

generated by a Nipkow wheel, a slide of differentially stained nuclei, while the 

mechanical stage of the microscope was displaced automatically. This work, car-

ried out at the Sloan Kettering Institute, New York, was directed toward the 

early diagnosis of cancer, since the nuclei of carcinoma cells absorbed certain 

fluorochromes to a greater extent than normal cell nuclei Zworykin and Flory 

(1490) also described their own technique, which employed a Vidicon tele-

vision camera in combination with an optical microscope for the automatic 

counting of red blood cells. In their method, each pulse was compared with a 

standard pulse whose length could be varied; the most prominent pulse length 

was determined by a variation of the standard until a maximum of coincidence 

was obtained, and the reading of the pulse count was then adjusted automatically 

to read the true cell count. 
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There can be little doubt that many television techniques will be employed 
in future medical research, often in combination with cinematography. Stanford 
(1284) suggested mounting a miniature photosensitive target area at the distal 
end of an endoscope and scanning it from an electron gun mounted in the prox-
imal position. Apparently the smallest target area in use at present is that of the 
Vidicon, equal in size to that of a 16-mm motion picture frame, 10 X 7.5 mm; 
with an average diameter of 10 mm for many endoscopes, it might not prove 
too difficult to realize Standford's suggestion. Should it be impossible, however, 
to reduce the size of such auxiliary components as the deflection yoke and the 
focusing coils, the miniature target area might be mounted at the proximal end 
of the endoscope and the image of the field transmitted optically to it, the stand-
ard method in cystoscopes and gastroscopes. The great advantage of such ar-
rangements would lie in the fact that a normal endoscope lamp could be em-
ployed for illumination of the field. The brightness of the image reflected from 
the field of interest could then be electronically amplified and cinematographically 
recorded on the kinescope screen. 


