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Data are also presented for gonadal exposure. A 2:1 reduction 

in exposure was observed when the examination was performed with 

the image intensifier unit as compared to the conventional type. 

The technique can be adapted for use in other studies con- 
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NOMENCLATURE 

Anterior -posterior (AP): The projection in which the x -rays enter 
the anterior portion of the area of interest and emerge pos- 
teriorly. 

Contrast medium: A radio - opaque substance that is substantially 
different in density from the surrounding structures so that 
when introduced into the body, the internal structures can be 
outlined for the purposes of radiography. 

Density: The density expresses quantitatively the degree of photo- 
graphic film blackening. The density is defined as D = login 
(I /I) where I is the light intensity incident on the blackened 
region and I is the light intensity transmitted. 

Depth dose: The depth dose is the dose of radiation delivered within 
the tissue at the point of interest. 

Gastro- intestinal examination: Usually denotes a roentgenographic 
examination including all or part of the gastro- intestinal tract 
with particular emphasis on the stomach and duodenum. 

Milliampere- second (mAs): The numerical product of the milliam- 
perage and the exposure time in seconds. 

Posterior - anterior (PA): The projection in which the x -ray beam 
enters the posterior portion of the area of interest and emerges 
anteriorly. 

Phantom: A phantom is a device that absorbs and scatters x -rays in 
approximately the same way as the tissues of the human body. 

Quality: The term "quality" refers in a general way to the penetrat- 
ing power of an x -ray beam. 
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EXPOSURES IN ROUTINE UPPER GASTRO- INTESTINAL 

EXAMINATIONS USING A CONVENTIONAL AND AN IMAGE 
INTENSIFIER FLUOROSCOPE 

INTRODUC TION 

In diagnostic fluoroscopy, the radiologist uses radiation as a 

tool to study the internal structures of the body. The various de- 

grees of absorption of the x -rays passing through the patient permit 

a direct visualization of the tissue being viewed on the fluoroscopic 

screen. The patient undergoing the diagnostic examination unavoid- 

ably receives an exposure to ionizing radiation. 

In recent years much emphasis has been given to the reduction 

of gonadal exposure. The International Committee on Radiological 

Protection does not set a maximum exposure level for an individual 

examination from diagnostic fluoroscopes. Obviously, the irradia- 

tion to the patient should be minimized consistent with an adequate 

diagnosis. Modern techniques used by radiologists and further 

developments in fluoroscopes have reduced the exposure to the 

patient. The image intensifier unit introduced in the early 1950's 

provided a means of brightening the fluoroscopic image which per- 

mitted the use of lower x -ray tube currents. 

In a 1956 United Nations document, Laughlin and Pullman 

estimated that 13 million diagnostic fluoroscopic examinations are 

performed yearly in the United States. Seven million of these 



yearly in the United States. Seven million of these examinations, 

over half of the total, are performed by non -radiologists. The 

authors further estimated that 88% of these examinations involve 

the gastro -intestinal system. The remaining procedures involved 

the heart and genitourinary systems. 

There are few studies on the measurement of the exposure to 

the organs of the gastro -intestinal system, although this comprises 

88% of all fluoroscopic examinations (Laughlin and Pullman, 1956). 

Most investigators have been concerned with the exposure to the 

gonads, bone marrow, skin, and lens of eyes. It is the purpose of 

this study to fill this gap of exposure studies to include the exposure 

to various anatomical structures along the gastro -intestinal tract. 

The exposure received by the gonads will also be reported and com- 

pared with other investigators. 

For this study, thirty patients were monitored during routine 

upper gastro -intestinal examinations. The upper gastro- intestinal 

examinations were performed by three different radiologists who 

work at two nearby hospitals. The Lebanon Community Hospital 

(Lebanon, Oregon) has a conventional fluoroscope and the Good 

Samaritan Hospital (Corvallis, Oregon) has an image intensifier 

fluoroscope. The two fluoroscopic units made it possible to compare 

the exposures received by the various organs for each radiologist 

on each fluoroscopic unit. Fifteen patients were monitored during 

the examination on each unit. 

2 
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LITERATURE REVIEW 

A number of national and international committees have been 

formed to study the problems involved in the determination of the 

gonadal exposure in diagnostic examinations. The committee on 

the Hazards of Nuclear and Allied Radiations (Medical Research 

Council, 1956) reported that the medical diagnostic examination 

is the greatest contributor to the increased radiation exposure to 

the population. The United Nations Scientific Committee on the 

Effects of Atomic Radiation (UNSCEAR, 1962) list the barium meal 1 

examination as being one of the ten most significant examinations 

contributing to the gonadal exposure to the population. The Report 

of the International Commission on Radiological Protection and 

International Commission on Radiological Units and Measurements 

(1957) and UNSCEAR (1962) reported a wide range of gonadal ex- 

posure estimates received by patients as a result of diagnostic x -ray 

procedures. 

Several studies of gonadal exposure have been conducted during 

upper gastro -intestinal diagnostic examinations. Their methods of 

measurement are significant to this investigation, and will be re- 

viewed as a background for the procedures developed in this study. 

1 
The upper gastro - intestinal examination is referred to by some 
investigators as the barium swallow and meal examination. 
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Stanford and Vance (1955) estimated the gonadal exposure 

for barium swallow and meal examination at 20 mR for males, and 

9 mR for females. The gonadal exposure for male patients was 

measured by placing a dosimeter in close contact with the testes; 

for females, at a point on the skin over the ovaries. The ratio of 

ovary exposure to the measured surface exposure was correlated 

by a separate experiment on six cadavers. This study was conducted 

at a single hospital and involved more than 1500 patients. 

A similar study was performed by Larsson (1957) for barium 

swallow and meal examinations at two hospitals using 25 male and 

25 female patients at each hospital. The average gonadal exposure 

was 8. 4 mR (2. 1 mR to 29 mR) for males, and the average gonadal 

exposure was 32 mR (7. 8 to 55 mR) for females. The order of 

magnitude is similar to Stanford and Vance (1955) estimates but the 

exposure received by the two sexes are in reverse order. The 

female received the higher exposure in Larsson's (1957) study as 

compared to Stanford and Vance (1955) where the male received the 

higher exposure. 

Larsson (1957) used a condenser chamber in contact with the 

scrotum during the examination to measure the gonadal exposure 

for male patients; and placed the condenser chamber in the rectum 

to measure the gonadal exposure for the female patients. The 

fluoroscopic technique involved kilovoltages ranging between 80 and 
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110 kVp with a mean fluoroscopic time of 7 minutes. 

Koren and Maudal (1957) estimated the gonadal exposure for 

a barium swallow and meal examination by making measurements 

on a phantom. The authors estimated the gonadal exposure for a 

3 minute fluoroscopic examination at 1.2 mR for male patients and 

45 mR for female patients. Thimble chambers were used in a 

phantom of tissue equivalent material. The stature of the phantom 

was similar to that of a standard person of 70 kg. (or 154 pounds). 

The female gonadal exposure was measured in the phantom at the 

site of the left ovary by thimble chambers. 

Ardran and Crooks (1957) conducted studies using a fluoro- 

scope with an image intensifier unit to determine the gonadal ex- 

posure during an upper gastro -intestinal examination. These in- 

vestigators used small plastic cassettes containing intensifying 

screens and films near the scrotum of male patients. The films 

were then compared with calibration films of a known exposure. 

The female ovary exposure was estimated by using a tissue equiva- 

lent phantom. Their estimate of gonadal exposure for male patients 

was 5. 0 mR, and 5. 0 mR for female patients. 

Laughlin and Pullman (19 57) estimated a much larger and 

broader range of gonadal dose in upper gastro- intestinal examina- 

tions. For males, the gonadal dose per examination ranged between 

0 and 500 mrads; and for females, the gonadal dose ranged between 
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200 and 750 mrads. The time for each examination ranged from 3 

to 8 minutes. 

Blatz and Epp (1961) suggested the use of photographic films 

for measuring the exposure to patients in fluoroscopic examinations. 

The authors indicated that a photographic film monitoring system 

provides a system capable of summing up the individual discrete 

field size exposure contributions from a fluoroscope on a slow 

emulsion film. Their procedure uses Kodak "Commercial" film in 

light proof "Ready- Pack" envelopes2 which are used to cover the 

panel of a fluoroscope prior to the examination of the patient. After 

the examination, the film density is measured by a densitometer to 

determine the incident exposure. The investigators reported that a 

larger error is possible in this procedure if the patient moves 

during the diagnostic x -ray examination. 

A similar method was used by Luzzi, Blatz, and Eisenbud 

(1964) for estimating the average bone marrow exposure in diagnostic 

fluoroscopic examinations. Their method used two films that are 

taped to the panel of the fluoroscope, interposed between the patient 

and the x -ray tube. The films will record the incident exposure 

distribution in terms of film density. The exposure is related to 

the film density by a previous measured exposure- density curve for 

the film and x -ray beam quality employed. 

2 Commercial and Ready -Pack are tradenames of the Eastman 
Kodak Company. 
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These investigators related the incident exposure distribution 

from the monitor films to the average bone marrow exposure by 

dividing the incident exposure films into "subfields ". The set of 

subfields was chosen so that the two 14 x 17 inch films were divided 

into three vertical columns and six horizontal rows. The transverse 

anatomical cross section by Eycleshymer and Schoemaker (1911) was 

used to provide the location of the bone marrow with respect to the 

set of subfields. The investigators then calculated a set of constants 

which related the average exposure distribution within each section 

to an average bone marrow exposure. The authors indicated that 

this method could be applied to other exposure studies during diag- 

nostic examination. 

Finston (1962) used Kodak Commercial films in light -proof 

Ready -Pack envelopes attached to the patient during an upper gastro- 

intestinal examination to measure the exposure to organs along the 

gastro- intestinal tract and the ovary for females. This procedure 

of attaching the films to the patient eliminated the error introduced 

by the patient movement during the examination. A Pressdwood 

phantom was used to correlate the entrance exposure recorded on 

the monitoring films to the exposure at points of interest within 

the trunk of the body. Six examinations were monitored by this 

film procedure on a conventional fluoroscopic unit. The ovarian 

exposure was determined in four of these examinations. The 
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results of the six examinations are recorded in Table 4. Appendix 

I contains a description of the Pressdwood phantom. The depth -dose 

distribution is given in Table 5 for a fluoroscopic 90 kVp x -ray beam, 

1.0 mm Al equivalent inherent x -ray tube filtration, 2mm Al added 

filtration, 0.5 mm Al equivalent table -top filtration, and a target 

to skin distance of 18 inches. 

The preceding studies were concerned with the measurement 

of the gonadal exposure and bone marrow exposure during fluoro- 

scopic examinations. Other studies have been performed to mini- 

mize the risk of injury to the patient in an x -ray examination by 

limiting the x -ray dosage to the exposure necessary for a satis- 

factory diagnosis. 

The UNSCEAR (1962) report recommends the following ways 

to reduce the gonadal exposure in fluoroscopic examinations: 

1. Reduce the fluoroscopy time and the intensity of exposure. 

2. When fluoroscopy is not essential, use radiographs. 

3. Use the appropriate physical parameters, with special 

effort to use the smallest field size. 

4. Protect the testes by adequate shielding of the scrotum. 

5. Properly train the staff engaged in x -ray diagnostic 

examinations. 

Lincoln and Gupton (1958) concluded that a large reduction in 

exposure to the patient in diagnostic procedures is obtained by 
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using a medium cone, heavy filtration and the highest kilovoltage 

and highest mAs which the technique will permit. The use of fast 

screens and image amplification are also recommended. 

Haybittle (1957) in his studies on the effects of field size on 

the exposure to the patient in diagnostic procedures, emphasized 

that more attention should be given to the proximity of the field 

edges to the vital organs, such as the gonads. 

Ochsner (1962) encouraged a standard routine in gastro- 

intestinal examinations, concentrated attention during the examina- 

tion, and flexibility in the radiologist's procedure for the individual 

requirements of the patient. By establishing a routine procedure, 

the examination takes place in an orderly fashion and the patient 

receives less exposure to the ionizing radiation. 

The interest and concern in the exposure during the fluoro- 

scopic examination, as well as the desire for improved diagnostic 

techniques, prompted Chamberlain (1942) to point out the limitations 

of conventional fluoroscopy. The primary limitation was due to the 

relatively low intensity of light at the fluoroscopic screen which 

may force the radiologist to extend the time of each examination for 

an adequate diagnosis. He encouraged manufacturers to develop 

some type of image device to provide the increased brightness re- 

quired for the better resolution and /or detail in x -ray fluoroscopy. 

This would permit a better diagnosis and in turn reduce the 
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exposure to the patient. 

Langmuir (1940) was one of the first to propose and patent 

an electron - optical tube for fluoroscopic image amplification. 

Langmuir's tube consisted of a fluorescent screen with a photo- 

electric material adjacent to it that emits electrons in a direct 

proportion to the amount of radiation received by the fluoroscopic 

screen. The emitted electrons were then accelerated by voltages 

within the tube to strike a second screen where they are converted 

back to visible light. 

Coltman (1948), however, is usually credited with bringing 

the potential of image intensification to the attention of the radio- 

logical profession. His method brightens the image on the fluoro- 

scopic screen by using electronic means, without increasing the 

exposure to the patient. This was accomplished by replacing the 

conventional fluoroscopic screen with an electronic intensifier tube 

to amplify this fluoroscopic image. Since then, a great deal of 

research has been performed to further develop the image intensifier 

tube. The conventional and image intensifier fluoroscopes are de- 

scribed in Appendix II. 

Although one of the primary advantages of the image intensifier 

fluoroscope over the conventional fluoroscope is the brightened fluoro- 

scopic image, it also permits a marked increase in the ease and 

speed in performing the examination. 
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Teves and Tol (1952) noted that when an intensifier fluoro- 

scope is in use, the radiologist is able to perceive smaller details 

than is possible with conventional fluoroscopy. This is due to the 

higher visual acuity and contrast sensitivity of the eye at the in- 

creased brightness level. This eliminates the need for dark adapta- 

tion to the eyes. 

Hartzell and Chesledon (1958) sum up the advantages of the 

image intensifier fluoroscope in their comparison of two thousand 

examinations of the stomach. The records of 1000 upper gastro- 

intestinal examinations were compared with the records of 1000 

upper gastro -intestinal examinations after the installation of the 

image intensifier unit. The authors noted: the radiation exposure 

to the patient was decreased, each examination was performed with 

greater ease and speed, there is no need for dark adaptation, there 

is a greater diagnostic certainty in the examination, and the patients 

were positioned easier for spot films with the image intensifier 

fluoroscopic unit. 
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METHODS AND MATERIALS 

Most of the radiation exposure studies published to date are 

concerned with the radiographic procedures while relatively little 

information is available for fluoroscopic procedures. This lack 

of information is primarily due to the greater variation in factors 

concerned with fluoroscopic examination procedures. 

Some of these factors that must be considered in an upper 

gastro -intestinal fluoroscopic examination are: 

1. The large number of discrete exposures at various body 

locations. 

2. The variation in field sizes. 

3. The portion of the patient's body exposed to the beam. 

4. The beam "on" time. 

5. The variation in x -ray tube currents between radiologists 

and fluoroscopic units. (Current settings often vary be- 

tween radiologists from 0.5 to 2mA for image intensifier 

units and 3 to 5 mA for conventional fluoroscopes). 

Therefore, each examination must be considered a unique event, 

and a dosimetry procedure must be devised to determine the radia- 

tion exposure during the actual examination. The method devised 

is similar to the method used by Finston (1962) and Luzzi, Blatz, 

and Eisenbud (1964). 
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Film Monitoring System 

Two 14 x 17 inch low sensitivity photographic films (Kodak 

Fine Grain Positive) are placed in flexible light -proof Anscoflex 

holders. The holders are mounted side by side in a cloth apron 

attached to the posterior or anterior side of the patient to monitor 

the incident exposure and its distribution over the surface of the 

body. The total area of 17 x 28 inches will completely cover the 

area of interest. The upper portion of the cloth apron is visible in 

Figure 1 during an upper gastro -intestinal examination in the up- 

right position. 

The cloth apron is tied snugly around the patient to assure 

a minimum amount of movement during the examination. An over- 

lapping of 0.25 inches was provided in the pockets to make certain 

that the desired information was not lost at the edges of the two films. 

The correct orientation of the films with respect to the patient after 

the film development can be determined by the system of code notches 

on the films. 

The holders and apron are positioned to record only the incident 

exposure during the examination. The films were always adjacent to 

the fluoroscopic table and between the target of the x -ray tube and 

the patient. New films are placed in the holders and the apron is 

changed if the incident exposure to the patient is changed from the 
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Figure 1. Patient in upright position during an upper 
gastro- intestinal examination with apron 
on posterior side of patient. 
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posterior- anterior to anterior - posterior positions or vice -versa. 

The patient was usually examined by the radiologist in the posterior - 

anterior position for the upright position and part of the recumbent 

position. The latter part of the examination in the recumbent posi- 

tion was performed with the patient in the anterior -posterior posi- 

tion. Therefore, two aprons containing the films in the film holders 

were necessary. Appendix III describes the radiologist's procedure 

for performing the upper gastro- intestinal examination. 

The patients monitored were to be similar in stature to the 

"average man" in the cross section anatomy of Eycleshymer and 

Schoemaker (1911). The patients selected were both male and 

female, weighing approximately 150 pounds, and with heights around 

5 feet 9 inches. The tabulated data for each examination included: 

the date of the exam, age, weight, height, sex, fluoroscopic kVp 

and mA, radiographic kVp and mA, fluoroscopic time of examina- 

tion, and the position of the stomach with respect to the border be- 

tween the two films. 

The standard fluoroscopic technique was similar for the three 

radiologists on each unit. The conventional fluoroscope was operated 

at 90 kVp, 3. 5 mA for fluoro viewing; and 90 kVp, 200 mA for spot 

film radiographs. The image intensifier fluoroscope was operated 

at 95 kVp, 0. 5 mA for fluoro viewing; and 105 kVp, 200 mA for spot 

film radiographs. The position of the stomach with respect to the 
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border between the two films was determined by taping a lead 

marker on the patient's posterior side at the border of the two films. 

This lead marker on the patient's posterior side was visible on the 

routine follow -up radiographs and the position of the stomach was 

measured above or below the border of the two films. The position 

of the patient's stomach was necessary for anatomical location and 

orientation. The cloth apron and films were removed after the 

fluoroscopy portion of the examination and the monitoring films do 

not include the record of exposure during the routine follow -up 

radiographs. 

Film Processing 

The patient's monitoring films were developed along with a 

calibration film. This calibration film was exposed to the same 

quality of fluoroscopic x -ray beam at a variety of beam current -time 

(milliampere- seconds) values. The response curve for Kodak Fine 

Grain Positive film is shown in Figure 2. The films were developed 

for 10 minutes in D -11 developer at a temperature of 68oF. The 

film response provided densities ranging from 0. 06 to 2. 50 when 

exposed to beam current -times ranging from 2 to 400 milliampere - 

seconds (mAs), the minimum and maximum value anticipated in 

this study. 

The calibration procedure consisted of placing a sheet of lead 
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on the fluoroscopic table with a 35 cm2 rectangular opening in the 

lead. The shutters were coned down to the same area as the open- 

ing. The calibration film was placed between the top of the lead 

sheet and the 5 inches of tissue equivalent material (Mix D). The 

tissue equivalent material provided the same backscatter conditions 

that exist when the patient was in the diagnostic position. The film 

was exposed to the fluoroscopic viewing current for different times 

to provide the response curve between 2 to 400 mAs. 

Since the spot film radiographic tube current (150 or 200 mA) 

is much larger than the fluoroscopic viewing tube current (O. 5 or 

3.5 mA), an experiment was conducted to determine if the film 

response was different for the same mAs value at the two currents. 

The error was very small for the range of mAs values used in this 

study. The fluoroscopic viewing current, however, was used for 

both units in determining the film response curves. 

A developed patient's monitoring film from one portion of an 

examination is shown in Figure 3. The outlines of the movement of 

the x -ray beam shows up as the darker portions in the figure. The 

movement of the barium sulfate can be traced down the esophagus 

into the darker areas of the stomach and duodenum. This two - 

dimensional film contains the information necessary to determine 

the exposure to various parts of the gastro -intestinal tract and to 

the gonads within the patient's body. 
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Figure 3. Typical monitoring films from part of an 
upper gastro -intestinal examination. 
(Size reduction 3:1) 
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Determination of Exposure to Inner Organs 

Three parameters are necessary to determine the internal 

exposure to a given point within the trunk of the human body: 

1. The two dimensional incident exposure record (obtained 

from the monitoring films). 

2. The depth -dose characteristics of the fluoroscopic 

x -ray beam. 

3. The location of the points of interest with respect to 

any point on the surface of the body through which the 

x -rays pass during the examination. 

The two - dimensional film record gives the integrated incident 

exposure and distribution for the individual fluoroscopic examination. 

The irregular overlapping of the rectangular field is evident in the 

monitoring films (Figure 3). Therefore, an orthogonal arrangement 

of smaller subfields was used. Each subfield will vary in exposure 

but will be constant in size which approximates the fluoroscopic 

examination procedure. 

Rohrer and Weens (1962) used a fluoroscopic simulator with 

an electronic and electro- mechanical system to measure the x -ray 

tube coordinates, field sizes, and the x -ray exposure time during 

a fluoroscopic examination. The examination was simulated in the 

laboratory at a future time on a phantom. The smallest field size 
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recorded by these investigators for a barium swallow and meal 

examination was 15 cm2. The average field size reported was 55 

cm2. A field size area of 35 cm2 was used in this study. This 

value is midway between the smallest and average field size deter- 

mined by Rohrer and Weens (1962). 

A field size of 5 x 7 cm, permitted the use of two 14 x 17 inch 

monitoring films (43 x 71 cm) which were divided into an orthogonal 

arrangement of subfields with 9 columns on the vertical axis and 9 

levels on the horizontal axis. The array of subfields is conceptually 

shown in Figure 4 against a background of the gastrointestinal tract 

and the trunk of the body. The 34 black dots along the gastro- 

intestinal tract and the gonads represent the internal points of interest 

where the exposure was to be determined. 

The monitor films from the patient were divided into 9 columns 

along the horizontal axis and 9 levels along the vertical axis with the 

stomach located in levels 4 and 5 of the horizontal axis (Figure 4). 

A Macbeth (Model TD -102) Densitometer was used to determine the 

density at 6 points in each 35 cm2 area. The six optical densities 

were converted to the mAs values from the film response calibration 

curves. The average mAs values were then determined for each of 

the 81 areas. 

The second parameter to be considered was the depth -dose 

characteristics of the fluoroscopic beam. The depth -dose 
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Figure 4. Gastro -intestinal tract showing subfield 
arrangement against outline of the trunk 
of the body. The black dots indicate the 
34 internal points of interest. 
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characteristics are given in Appendix I, Table 5. The data is 

applicable to an x -ray diagnostic beam of 90 kVp, 1.0 mm Al in- 

herent x -ray tube filtration, 2 mm Al added filtration, O. 5 mm Al 

equivalent table -top filtration, and a target to skin distance of 18 

inches. 

The third parameter that was determined was the location of 

the internal organs with respect to the 81 surface areas on the 

monitoring films. The reference for the anatomical considerations 

was Eycleshymer and Schoemaker (1911). Their cross section 

anatomy of the trunk was taken from a composite of 50 human cada- 

vers, sectioned at intervals of about 2. 5 cm. in the horizontal plane. 

Three adjacent sections of the anatomy (approximately 7 cm. ) was 

used as the 7 cm. dimension for the orthogonal arrangement on the 

surface of the body. The portions of the gastro -intestinal tract and 

the gonads were noted in each section. Then eighteen 5 cm. wide 

segments were sketched around the surface of the drawing represent- 

ing the surface of the body. The perpendicular distance from the 

surface of the body to each point of interest (starting with the center 

of each 5 cm. segment) was then measured. From Table 5, the 

mR /mAs values were taken for each depth and a table of 81 numbers 

was recorded for each point of interest within the trunk of the body. 

The total number of conversion factors amounted to 68 sets of 81 

numbers or 5508 mR /mAs conversion factors. 
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The Control Data Corporation Model 3300 Computer at the 

Computer Center (Oregon State University) was used to store the 

5508 conversion factors, and programmed to carry out the appropriate 

calculations when a set of incident exposure information (mAs) was 

programmed into the computer. The read out from the computer 

listed the exposure in mR for each of the 34 internal points of inter- 

est. The average exposure to the 13 organs was then calculated. 

The results are tabulated for each radiologist listing the maximum, 

minimum, and average exposure for the conventional and image 

intensifier fluoroscopes. The 34 internal points and their corre- 

sponding levels are given below. The anatomy of the "average man" 

was considered to have both types of gonads present for statistical 

purposes. 

esophagus 

stomach 

duodenum 

jejunum 

ileum 

ascending colon 

transverse colon 

descending colon 

sigmoid colon 

rectum 

anus 

ovaries upper 

lower 

4 points 

2 points 

3 points 

3 points 

6 points 

2 points 

3 points 

4 points 

3 points 

1 point 

1 point 

1 point 

1 point 

levels 

levels 

levels 

levels 

levels 

levels 

levels 

levels 

level 7 

level 8 

level 9 

level 6 

level 7 

1,2,3,4 
4, 5 

4, 5, 6 

4, 5, 6 

6, 7, 8 

6, 7 

4, 5, 6 

4,5,6,7 



The levels in the body corresponded to the following vertebrae 

from Eycleshymer and Schoemaker (1911) and Gray (1959): 

level 1 

level 2 

level 3 

level 4 

level 5 

level 6 

level 7 

level 8 

level 9 
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C -5 through T -1 

T -2 through T -5 

T -6 through T -9 

T -10 through T -12 

L -1 through L -2 

L -3 through L-5 

L -6 through Sacrum -3 

Sacrum -4 through Coccyx 

below coccyx 

T represents the thoracic vertebrae, L represents the lumbar 

vertebrae, and C represents the cervical vertebrae. 
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EXPERIMENTAL RESULTS 

The results obtained from the exposure to various anatomical 

structures along the gastro -intestinal tract and to the gonads are 

presented in Tables 1, 2, 3, and 4. The examinations performed 

by each radiologist using the conventional and image intensifier 

fluoroscopes are presented in Tables 1, 2, and 3. Table 4 combines 

the determinations for the three radiologists and gives the exposure 

for 15 examinations using each of these x -ray units. The results 

are tabulated for the maximum, minimum, and average exposure to 

the various organs in Tables 1 -4. The tabulated exposure values 

are for the fluoroscopy portion of the upper gastro- intestinal exam- 

ination and do not include the exposure contribution received from 

the routine follow -up radiographs. 

The largest exposure (Table 4) along the gastro -intestinal 

tract was to the stomach for both fluoroscopic units. A maximum of 

6. 04 R was noted when the conventional fluoroscope was used, and 

2. 03 R when the image intensifier fluoroscope was used. The aver- 

age exposure to the stomach was 2.26 R using the conventional 

fluoroscope and 0. 81 R using the image intensifier fluoroscope. 

The jejunal portion of the small intestine and the descending 

colon also received high exposures. The maximum exposure to the 

jejunum was 4.37 R using the conventional fluoroscope and 1.94 R 
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using the image intensifier fluoroscope. The descending colon 

received a maximum exposure of 4. 14 R with the conventional 

fluoroscope and 1.42 R when the image intensifier fluoroscope was 

used. The higher exposure to the descending colon is reasonable 

when the anatomy of the body is considered. The descending colon 

is posterior to the body on the left side of the patient and would be 

in the direct beam during the visualization of the small intestine. 

The gonadal exposures are also given in Tables 1 -4. The 

average exposure to the ovaries was 260 mR (100 to 580 mR) using 

the conventional fluoroscope and 120 mR (50 to 580 mR) using the 

image intensifier fluoroscope. The average exposure to the testes 

was 2 mR (1 to 7 mR) using the conventional fluoroscope and 1 mR 

(1 to 2 mR) using the image intensifier fluoroscope. The exposure 

to the testes is largely due to the scattered radiation since the testes 

are not normally in the direct fluoroscopic x -ray beam. 



Table 1. Exposure to anatomical structures along the gastro -intestinal tract and to the gonads for 
Radiologist A. 

Internal 
organ_ 

5 Examinations using a 
conventional fluoroscope 

5 Examinations using an 
image intensifier fluoroscope 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Esophagus 1.10 0.51 0.75 1.01 0.24 0.49 

Stomach 3.06 1.46 2.03 1.20 0.51 0.91 

Duodenum 2.36 1.07 1.60 0.90 0.53 0.71 

Jejunum 3.57 1.63 2.49 1.92 0.83 1.42 

Ileum 2.90 0.25 0.99 0.43 0.28 0.32 
Ascending colon 0. 77 0. 18 0. 37 0.28 0. 13 0.21 
Transverse colon 1.70 0.55 0.99 0.54 0.25 0.42 
Descending colon 4. 14 0.46 1.79 1.11 0. 53 0.86 
Sigmoid colon 0. 55 0. 11 0.26 0.24 0. 12 0. 17 

Rectum 0.18 0.06 0.09 0.13 0.04 0.08 
Anus 0.034 0.006 0.015 0.017 0.005 0.011 

Ovary 0.49 0.10 0.23 0.20 0.11 0.15 
Testes 0.002 0.001 0.001 0.002 0.001 0.001 



Table 2. Exposure to anatomical structures along the gastro -intestinal tract and to the gonads 
for Radiologist B. 

Internal 
organ 

5 Examinations using a 
conventional fluoroscope 

5 Examinations using an 
image intensifier fluoroscope 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Esophagus 0.81 0.26 0.46 0.69 0. 16 0.41 
Stomach 6.04 1.42 3.09 2.03 0.81 1. 19 

Duodenum 2.10 0.91 1.43 1.40 0. 54 0.88 
Jejunum 4.37 2.47 3.13 1.94 0.73 1.25 
Ileum 0.88 0.38 0.73 0.61 0.18 0.34 
Ascending colon 0.70 0.14 0.46 0. 86 0.07 0.34 
Transverse colon 2.20 0.70 0.49 0. 66 0.43 0. 55 

Descending colon 3.01 0.85 1.70 1.42 0.46 0.95 
Sigmoid colon 0.96 0.16 0.47 0.21 0.08 0.14 
Rectum 0.17 0.07 0.11 0.07 0.02 0.04 
Anus 0.034 0.005 0.019 0.010 0.002 0.005 
Ovary 0.42 0.12 0.29 0.22 0.06 0.13 
Testes 0.007 0.001 0.002 0.001 0.001 0.001 



Table 3. Exposure to anatomical structures along the gastro -intestinal tract and to the gonads 
for Radiologist C. 

Internal 
organ 

5 Examinations using a 
conventional fluoroscope 

5 Examinations using an 
image intensifier fluoroscope 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Esophagus 0.98 0.35 0.63 0.23 0.08 0. 15 

Stomach 2.41 0.74 1.66 0.45 0.20 0.34 
Duodenum 1.93 0.59 1.27 0.32 0.17 0.26 
Jejunum 3.30 1.09 2.21 0.86 0.33 0.47 
Ileum 1.13 0.21 0.51 0. 19 0.09 0. 13 

Ascending colon 0. 52 0. 12 0.30 0.25 0.04 0. 14 

Transverse colon 1. 14 0. 34 0.70 0.25 0. 10 0. 17 

Descending colon 2. 30 0. 56 1.32 0.70 0.17 0.37 
Sigmoid colon 0.71 0.14 0.32 0.10 0.02 0.06 
Rectum 0.23 0.05 0.11 0.03 0.02 0.02 
Anus 0.037 0.007 0.016 0.006 0.001 0.004 
Ovary 0.58 0.11 0.26 0.15 0.05 0.07 
Testes 0.003 0.001 0.002 0.001 0,001 0.001 



Table 4. Exposure to anatomical structures along the gastro- intestinal tract and to the gonads 
for the three radiologists. 

Combined 15 examinations Combined 15 examinations 
using conventional unit using image intensifier unit 

Internal 
organ 

Maximum 
(R) 

Minimum Average 
(R) 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Esophagus 1.10 0.26 0.61 1.01 0 08 0.35 
Stomach 6.04 0.74 2.26 2.03 0 20 0.81 
Duodenum 2.35 0.59 1.43 1.40 0 17 0.62 
Jejunum 4.37 1.09 1.61 1.94 0 33 1.04 
Ileum 2.90 0.21 0.75 0.61 0.09 0.26 
Ascending colon 0.77 0.12 0.38 0.86 0.04 0.23 
Transverse colon 2.20 0.34 1.06 0.66 0 10 0.38 
Descending colon 4.14 0.46 1.60 1.42 0.17 0.73 

Sigmoid colon 0.96 0. 11 0.35 0.24 0.02 0. 12 

Rectum 0.23 0.05 0.10 0.13 0.02 0.05 

Anus 0.04 0.01 0.02 0.02 0.001 0.007 

Ovary 0.58 0. 10 0.26 0.22 0.05 0. 12 

Testes 0.007 0.001 0.002 0.002 0.001 0.001 

(R) 
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DISCUSSION OF EXPERIMENTAL RESULTS 

The variation in exposure values for the various internal 

organs in Tables 1, 2, 3, and 4 shows that for any one type of 

fluoroscopic examination, a wide range of exposure values can be 

obtained. This was previously noted by Blatz and Epp (19 61) and 

the UNSCEAR (1962) report. The wide range of exposure values 

may be attributed to the techniques of each radiologist during the 

examination, rather than the uncertainty in measurements. 

A comparison of the data shown in Table 6, determined by 

Finston (1962) for the various organs along the gastro -intestinal 

tract and the female ovary, indicates similar exposures to the 

various organs when compared to the conventional fluoroscope data 

in this study. The largest exposures along the gastro -intestinal 

tract were to the stomach, jejunum, and descending colon in both 

studies. The average ovary exposure of 1.05 R determined by 

Finston (1962), however, is larger than the ovary exposure of 0.26 

R in this study. This may be due to the different techniques used 

by the radiologists in the two studies. 

The results in Table 4 indicated that the gonadal exposure with 

the patients examined on the conventional fluoroscope received ap- 

proximately 2 times the exposure as compared to the patients ex- 

amined using the image intensifier fluoroscope. The average 
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exposure to the ovaries was 260 mR for female patients examined 

on the conventional fluoroscope, and 110 mR for female patients 

examined on the image intensifier fluoroscope. The exposure deter- 

minations to the ovaries in this study compares with the lower esti- 

mate (200 to 750 mrads) reported by Laughlin and Pullman (1956). 

The exposure determinations are also within the range of 9 to 1108 

mR to the ovaries for the 12 countries participating in the study of 

gonadal exposures (UNSCEAR, 1962). 

The exposure to the testes ranged from 1 mR to 7 mR for the 

conventional fluoroscope and 1 mR to 2 mR for the image intensifier 

fluoroscope. This compares with the estimate of 1.2 mR by Koren 

and Maudal (1957), the estimate of 5 mR with the image intensifier 

unit used by Ardran and Crook (1957), and the estimate of 8. 4 mR 

by Larsson (1958). The values are near the lower estimates of 

exposure of 3 to 123 mR for the 12 participating countries in the 

UNSCEAR (1962) report. 

The fluoroscopic time of the examination is an important 

factor in determining the exposure to the various organs. The 

patient receives a larger exposure to the organs for a longer exam- 

ination. The average fluoroscopy time for the 15 examinations 

performed on the conventional fluoroscope was 3 minutes 25 seconds 

and ranged from 3 minutes 5 seconds to 4 minutes 40 seconds. This 

can be compared with an average fluoroscopy time of 2 minutes 
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35 seconds and ranged from 1 minute 30 seconds to 3 minutes 50 

seconds for the 15 examinations performed on the image intensifier 

unit. 

The average height for the 30 patients was 5 feet 8 inches 

(5'8") and ranged from 5'5" to 6'0". The average weight was 158 

pounds for the 30 patients and ranged from 132 to 195 pounds, The 

body size of the patients are similar to the "average man" as given 

in the cross - section anatomy of Eycleshymer and Schoemaker (1911). 

Considerable effort was made in this study to minimize the 

potential sources of error. The depth dose procedures in Appendix 

I are assumed to be applicable. The sources of error of ± 5% may 

be associated with the film calibration and the determination of the 

film density. This was reduced to a minimum by careful film 

development and handling procedures. The image intensifier unit . 

in this study used a 95 kVp fluoroscopic and 105 kVp spot film radio- 

graphic kilovoltage while the depth dose measurements are based 

on a 90 kVp fluoroscopic and radiographic beam. To minimize the 

error due to this difference, the film response curves were deter- 

mined at an intermediate kilovoltage of 95 kVp for determining the 

exposure relationships using the image intensifier unit. 

The preceding results are in reasonable agreement with that 

reported by other investigators on gonadal exposure (UNSCEAR, 

1962 report, Koren and Maudal, 1958, and Larson, 1957); and 
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on the exposure to various structures along the gastro -intestinal. 

tract (Finston, 1962). 
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SUMMARY 

The exposure to the anatomical structures along the gastro- 

intestinal tract and to the gonads were measured during 30 routine 

upper gastro- intestinal examinations. The diagnostic examinations 

were performed by three different radiologists using a conventional 

fluoroscope at the Lebanon Community Hospital (Lebanon, Oregon) 

and an image intensifier fluoroscope at the Good Samaritan Hospital 

(Corvallis, Oregon). A film monitoring system was used in this 

study similar to that proposed by Blatz and Epp (1961) and Luzzi, 

Blatz, and Eisenbud (1964). The proposed method was modified to 

place the film on the patient in a cloth apron and thereby reduce the 

source of error encountered by Luzzi, Blatz, and Eisenbud (1964) 

for their fixed film monitoring system. 

The data in Table 4 show the range of exposures to the various 

structures along the gastro -intestinal tract. The stomach received 

the largest exposure on both fluoroscopic units. An average value 

of 2.26 R, with a range from O. 74 R to 6. 04 R was obtained using 

the conventional fluoroscope. This can be compared to an average 

stomach exposure of 0. 81 R, with a range from 0. 20 R to 2. 03 R 

with the image intensifier fluoroscope. A similar reduction in 

exposure to the other structures along the gastro- intestinal tract was 

observed using the image intensifier fluoroscope. 
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The data for the gonadal exposure indicated approximately a 

2:1 reduction in exposure to the testes and ovaries when the exam- 

inations were performed on the image intensifier fluoroscope. This 

method can be adapted for use in other studies concerned with 

measuring the exposure to inner organs of the human trunk in diag- 

nostic examinations. 
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APPENDIX I 

DEPTH DOSE DATA3 

A rectangular phantom was constructed of sheets of Pressdwood 

by Finston (1962) to determine the depth dose characteristics of a 

particular diagnostic "quality" of beam. The dimensions of the phan- 

tom approximated the size of the human trunk (60 cm. long x 30 cm. 

wide x 21.5 cm. thick). The Pressdwood phantom is shown in Figures 

5 and 6. A portion of the phantom was provided with holes to accomo- 

date the Memorial Ionization Chambers developed by Garrett and 

Laughlin (1962) for use in the x -ray energy region. The depth of the 

chambers below the surface of the phantom was varied by placing dif- 

ferent amounts of sheet Pressdwood above or below the central por- 

tion (Figure 5), always keeping the total thickness constant (21.5 cm.). 

The chambers were spaced in the phantom in an arrangement 

such that there was a separation of 5 cm. between the axis of each 

chamber across the width of the phantom (X- axis), and 7 cm. between 

the midline of each chamber along the 60 cm. dimension (Y- axis). 

The Memorial Chambers were placed in the phantom and exposed to 

a 90 kVp diagnostic beam. The target - phantom surface distance was 

3 This depth dose information is included for reference. The 
adopted depth dose characteristics and pictures were provided 
by Dr. Roland A. Finston (1966). 
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set at 18 inches (the same target -table top distance of a standard 

fluoroscopic unit). The total filtration in the useful beam was 3.5 

mm Al equivalent. 

The exposure distribution in mR /mAs in the X -Y plane was 

recorded at five depths on the phantom (4.25 cm. , 8. 5 cm. , 12.75 

cm. , 16. 0 cm. , and 20. 0 cm. ). The resulting distribution is shown 

in Table 5 of this appendix. To account for scattered radiation and 

the exposure in the direct beam, the exposure distribution was 

carried out to 1% of the on -axis value. Beyond this distance the 

scatter radiation was taken as zero. 

The phantom was used to study the extent of the error which 

might arise as a result of this method. The phantom (Figure 6) was 

scanned with a 5 x 7 cm. x -ray field and at random while the ex- 

posure was monitored both with the Memorial Chambers and the 

film placed on the surface of the phantom. The latter monitored 

data was used in conjunction with the depth dose distribution data in 

Table 5 to calculate the exposure expected on the Memorial Chambers 

within the phantom. The film was able to predict the exposure to an 

accuracy of 15 %. A more stringent test of the method by scanning 

with random field was also able to predict the exposure to within 

? 15%. 
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I 
Figure 5. Pressdwood phantom showing location 

of holes for ionization chambers. 
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Figure 6. Pressdwood phantom with sheet of film in Ready Pack envelope. 
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Table 5. Exposure in mR /mAs at various depths using a 
Pressdwood phantom. 
Distance 

left or right 
of central 

Depth beam in cm. 
(cm) on Y -axis 

Exposure (mR /mAs) 

On axis 5 cm front 10 cm front 15 cm front 
or back or back or back 

on X -axis on X -axis on X -axis 

4.25 

8. 50 

12.75 

16.00 

20. 00 

0 

7 

14 
21 

0 

7 

14 
21 

0 

7 

14 
21 

0 

7 

14 
21 

0 

7 

14 
21 

13.152 
1. 109 

. 186 

.057 

5.940 
1.069 

. 162 

.053 

2.692 
.638 
.113 
.036 

1.225 
.371 
.099 

.556 

.222 
.060 

1.893 
.660 
. 128 

1.441 
.630 
. 138 

.810 

.371 
.111 

.458 

.252 

- - 

.218 

. 143 

.363 

.244 
.060 

.366 

.232 

.074 

.285 

. 164 
.067 

.172 

.122 

- - 

.098 

.069 

-- 

.111 

.081 

.042 

.109 

.074 

.030 

.078 

.058 
.034 
.017 

.060 

.051 

.028 

.013 

.049 

.038 
.025 
.013 

- - -- - - -- - - -- 

- - -- - - -- - - -- 

- - -- - - -- 

- - -- - - -- 
- - -- - - 

- - -- - - -- 
- - -- - - -- - - 
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Table 6. Exposure to anatomical structures along the gastro- 
intestinal tract and to the ovary from Finston's 
(19 62) data. 

Internal 
organ 

6 Examinations using a conventional 
fluoroscope 

Maximum 
(R) 

Minimum 
(R) 

Average 
(R) 

Esophagus 

Stomach 

3.29 

6. 67 

0. 82 

2.05 

1.86 

3. 67 

Duodenum 3.75 1.24 2.23 

Jejunum 5.78 3.26 4.01 

Ileum 0.89 0.37 0.63 

Ascending colon 0. 73 0.20 0.42 

Transverse colon 2.34 0.91 1.40 

Descending colon 3.45 1.32 2. 16 

Sigmoid colon 0. 61 0. 18 0. 35 

Rectum 0. 64 0. 06 0.20 

Anus 0.14 0.01 0.04 

Ovary 1.24 0.86 1.05 
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APPENDIX II 

CONVENTIONAL AND IMAGE INTENSIFIER FLUOROSCOPES 

In conventional fluoroscopy, a fluoroscopic screen serves as 

the image recording devide and upon it the radiologist directly ob- 

serves the image of the internal anatomy. X -rays from the tube 

pass through the table top in a fixed relationship to the viewing 

screen, through the patient and through the back of the screen to 

the phosphor layer, thus casting a shadow image on the fluoroscopic 

screen. To protect the radiologist from the direct radiation, the 

screen is covered by a sheet of lead glass which is thick enough to 

absorb the emergent radiation. The fluoroscopic screens are made 

from phosphors such as zinc cadmium sulphite - a phosphor which 

fluoresces within the maximum sensitivity range of the well dark - 

adapted eye. 

The basic component of an image intensifier fluoroscope is 

an electronic tube which serves as the recording device. The basic 

components of a typical image intensifier tube (Figure 7) are the 

input phosphor, photocathode, accelerating electrodes, and the out- 

put phosphor. The x -rays from the target of the fluoroscopic x -ray 

tube pass through the biological material (A) and enter the image tube 

to strike the input phosphor screen (B). At the input phosphor screen, 

the x -ray photons are converted to light photons. This input phosphor 



(A)Biological material 
(B) Input phosphor 

X- rays 

(C) Photocathode 

(D) Accelerating electrodes 

(E) Output phosphor 

Envelope 

To optical 
system 

Figure 7. Diagram of typical image intensifier tube (Adapted from Bloom, 1963). 
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screen is similar to the conventional fluoroscopic screen, however, 

the crystals are much smaller to provide the greater detail, 

The image of the biological material is transmitted through 

this input phosphor to the photocathode, usually made of compounds 

containing metals such as cesium, potassium, or barium, When 

the light strikes the photocathode, low velocity electrons are given 

off in direct proportion to the incident quantity of light. The efficien- 

cy of conversion of light photons to electrons is low. Bloom (1963) 

suggested the use of a combination of elements of the alkali group 

for the photocathode which will produce three to five times as many 

electrons emitted as the conventional emitters. 

The low velocity electrons emitted from the photocathode are 

then focused and accelerated by the accelerating electrodes (D) at a 

potential of 25, 000 volts to form a bright image on the output phosphor 

screen (E). The image is much brighter at the output phosphor screen 

for two reasons. First, there is a minification (demagnification) of 

9 for a typical input phosphor screen of 9 inches and an output phos- 

phor screen of I inch. This reduction in the image size gives a 

brightness amplification that is proportional to the area reduction and 

is a function of the square of the minification. Second, the accelerat- 

ing electrode potential increase the velocity of the electrons to higher 

speeds and produce a brighter image when they are stopped by the 

output phosphor screen. Thus, the image transmitted out of the 



49 

intensifier tube is in the form of visible light which can be enlarged 

by using an optical system of mirrors and /or lenses. 

Fluoroscopy with image intensification can also be combined 

with closed circuit television for remote viewing. In this system, 

the output phosphor is viewed by the television camera. Such an 

arrangement has the advantage that several observers can view the 

screen simultaneously. Cinefluorography (x -ray motion pictures) 

is particularly useful in the circulatory and gastro -intestinal systems 

which are often too rapid to be observed on a fluoroscope and for 

recording purposes since they are dynamic slides. 

The primary limitation of the conventional fluoroscope was 

the relatively low intensity of light at the fluoroscopic screen. The 

image intensifier fluoroscope provided the increased brightness 

level by electronic means. With the image intensifier, gains in 

brightness of about 3000 over the conventional fluoroscope, are 

available, making it possible to use cones of the eye in the examina- 

tion with an increased visual acuity and resolving power, and elimina- 

tion of the need for dark adaptation. 
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APPENDIX III 

UPPER GASTRO- INTESTINAL EXAMINATION PROCEDURE 

The upper gastro - intestinal examination is usually performed 

in a room with reduced illumination for an image intensifier fluoro- 

scope; and a completely darkened room for a conventional fluoro- 

scope. The following procedure is typical of the three radiologists 

cooperating in this study. Variation will occur depending on the 

condition of the patient, the movement of the barium sulfate through 

the gastro - intestinal tract, and the radiologist's individual tech- 

nique. In all instances, the x -ray monitoring film is the point of 

reference. 

The patient in the upright erect position is rotated right 

anterior oblique to distinguish the esophagus from the spine. During 

the swallowing of several portions of barium sulfate, the swallowing 

mechanisms are observed and the esophagus is evaluated for possi- 

ble pathology. The stomach is observed for any abnormality. A 

pressure cone is used to check the pliability of the stomach wall in 

both oblique positions and the frontal position. The duodenal bulb 

areas are observed in the right anterior oblique position and eval- 

uated for any abnormalities. 

Commencing in the erect position, the patient is tilted to the 

recumbent supine position. The esophagus is observed in a slight 
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right anterior oblique position and maneuvers are used to increase 

the abdominal entry to show any pathology. The patient is rotated 

to the prone right oblique position to distinguish the distal stomach 

and duodenal bulb. The patient is rotated to the supine left oblique 

position to show the air contrast of the antrum of the stomach and 

the duodenal bulb. 

During the examination when a permanent record is desired, 

the fluoroscopic screen carriage holds a cassette containing a film. 

The film can be automatically positioned into the same position as 

the fluoroscopic screen and the radiograph exposure is made. The 

radiographs produced are referred to as "spot films ". Generally 

more than one exposure is made on the x -ray film. The procedure 

used by the three radiologists in this study usually includes 4 spot 

films. 

The routine radiographs following the fluoroscopic examination 

are usually taken in the following positions: 1 -AP, 1 -PA, 2 -right 

anterior oblique, 1 -right lateral, and 1 AP delayed film. 


