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ESTIMATION OF EXPOSURE PATTERN AND BONE MARROW AND GONADAL DOSES
DURING FLUOROSCOPY

EZEREFORNBREFTOLH S L UE
S BRKEE

INTRODUCTION

This report describes a method of determining the
pattern of exposure and dose during fluoroscopic
examinations, and compares techniques and resulting
doses by different examiners.

Dose determinations in fluoroscopic procedures are

more difficule than for radiography or photofluore-

graphy because exposure factors vary, not only among
patients, but during repeated examinations of the
same patient, and even during a single examination.
Varying field sizes are difficult to determine. Though
the size of the frame or pressure cone near the fluoro-
scopic screen and the image size on spot films and
the fluoroscopic screen may be constant throughout
an examination, true field size on the patient may
exceed these considerably, possibly through lack of
the examiner’s attention to the collimators, because
of varying distances, or improper alignment of the
collimator with the spot film format and fluoroscopic
screen.

Variations in size of patients and size and contour of
organs, the presence of abnormalities, variation in
attention and techniques of examiners, and intrinsic
variations of different types of fluoroscopic equipment,
all affect skin, bone marrow and gonadal doses.
Difficulties in determining dose are compounded by
improper or inadequate recording of exposure facrors.
They are wusually impossible to determine afrer
examinations are completed, unless promptly recorded.

Film wmonitoring of fluoroscopic procedures has
already been advocated! and used.? To estimate
average bone marrow dose during fluoroscopy, Liuzzi
et al? subdivided the rtotal incident posteroanterior
exposure field of the trunk into a number of smaller
subfields, then totaled dose contributions to each
according to large monitor films fixed to the fluoro-
scopic table. They determined bone marro“ location
according to anatomical cross sections- 3 and calculat-

ed volume-weighed average marrow dose per subfield.
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In the present study, a film monitoring technique
similar to that of Liuzzi et al? was used to determine
field size and pattern of exposure and dose, but the
film was attached to the subject rather than to the
X-ray table.
active bone marrow? for dosimertry, using a refinement

Tables compiled to show distribution of

of the approach of Liuzzi et al, permitted study not
only of posteroanterior, but anteroposterior and
lateral projections, as well.  After relating film
density to dose, and the monitor films to the bone
marrow distribution, the mean surface dose, bone

marrow and gonadal doses were calculated.

PRESENT STUDY

The present study was begun with preliminary
observations of exposure patterns and dose by
monitoring patients with film jackets, each made of
two 14 x 17 inch sheets of Eastman type-M industrial
These
were joined edge-to-edge and fixed to several patients
during upper gastrointestinal series and barium enema
examinations. The film jacket was always at the tube

radiographic film in light-tight envelopes.

side, and constant in relation to certain body land-
marks. With this technique, pattern of exposure by
fluoroscopy and spot filming was recorded clearly on
film in any projection.

During these preliminary evaluations, interruptions
necessary for changing film jackets for each projec-
tion were inconvenient for the examiners. Separate
assessments of techniques and exposure patterns by
fluoroscopy and spot filming were needed, and it was
desirable to test this method for estimating bone
marrow and gonadal doses. For this a uniform
subject was needed, and a survey of ten radiologists
was made, using a phantom.

The phantom, a likeness of a human, with Mix-D
material for soft tissue, contained a human skeleton,
and beeswax impregnated cellulose for lung tissue.
It was altered to closely resemble a patient for upper
gastrointestinal series examination, by accommodating
a block of Mix-D containing a ‘stomach and duode-
num.’” The latter were made of a mixture of orthopedic
plaster and dental impression materials, imbedded in
the removable Mix-D block. This phantom and
radiograph thereof are shown in Figures 1 and 2.

The phantom study was performed using the same
technique as in the preliminary observations of
patients. Ten radiologists examined the phantom
with their usual techniques for an upper gastro-
intestinal series examination, using their own
fluoroscopic equipment. No radiologist other than
the one performing the examination was present

during the procedure. *Standard films’ were prepared
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FIGURE 1 Film jacket on phantom showing anterior aspect, obligue projection
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FIGURE 2 Radiograph of stomach portion of phantom
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FIGURE 3 REPRESENTATIVE GRAPH SHOWING RELATIONSHIP OF NET OPTICAL DENSITY

AND EXPOSURE IN MILLIROENTGENS
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TABLE 1 TECHNICAL FACTORS USED BY EXAMINER AND HOSPITAL
£1 HHESLUBRECEOALEATVBREICHT 38N
Hospital #ifi A B C D E F
Doctor [EAf 1 2 3 4 5 6 7 8 9 10
Type of Equipment * Trans. Trans. Trans. Trans. Condens. Condens. Trans. ‘Trans. Trans. Trans.
T LEN
FTD # s 8 5 B gE om 40 40 40 40 38 38 40 40 40 41
Filter B mmAl 1.2 1.2 0.5 0.5 1.0 1.0 1.5 1.5 0.5 1.5
Fluoroscopy #fl
kvp 70 70 70 70 70 70 65 65 75 80
ma 3 3 2 2 2 3 3 0.5 3
Time** PA ¥FBAHm 1'25" 215" .4 A 0. e il i 2! 2113 21231 3ripon  1'o8"
B ] AP I3 K 15" 121 2" 45" 0 0 271 3g soM 1tosn
Total & it 140" plogn 2L350 3t 2'37" 21 240" 3o 400 2150
Spot Filming % #H: %
kvp 140 140 95 95 70 70 75 75 80 BG
ma 50 50 150 150 200 200 200 150
Time B8 sec ¥ 0.05-0.2 0.05-0.2 0.1-0.25 0.1-0.25 0.2 0.2 0.06-0.1 0.1-0.15
Size and Exposures
74 A4 X Bk R
PA 10x12 in, 1 1 1 1 1} 1 il 1
8x10 in. 3 3 1 2 1 1 2 2
8x10 in. div 2 1 1
Bx10 in, div 4 4 4 8 4 10 8 4 2
5% 6 in. 3 3
AP 8x10 in. 1 1 A5 2
8x10 in. div 2 1 1 1
Bx10 in. div 4 2 2
Total exposures
£ 2HRR 6 8 8 11 9 3 S 13 11 9 8
*Trans, = Transformer Condens. = Condenser w* ‘= Minutes 5 — Seconds
EEHL T F -



using the factors employed during each of these
examinations. Dosemeter readings were also
obtained, using an Electronic Instruments Limited
dosemeter, Model No. 37A, with a 35 cc polystyrene
chamber. All films from the jackets and all *standard
films’ were processed under controlled conditions.
Dupont developer was prepared according to the
manufacturer’s specifications, then diluted with
water to a 25% concentration. Developing time was
3 minutes at 20 C. The remainder of processing was
performed in the usual manner. These procedures
were strictly adhered to because of their effect on
film densi[y,z’5 To relate film density to dose,
densitometer readings were obtained from ‘standard
films* with a MacBeth-Ansco Color Densitometer,
Model No. 12. Correlation of net optical density to
dose in milliroentgens was established, and an
example is shown in Figure 3.

The technical factors used in the present study are
shown in Table 1. Hospital C used 38 cm focus-
table-distance; Hospital F, 41 cm; all others,
40 em. Fluoroscopy time represents the total for all
projections. The totals of various sizes of film used
for spot filming are also summarized in Table 1. -

-

Wide variations in exposure patterns were obtained
on the monitor films in the jackets. The monitor
films were divided into 5 cm squares, corresponding
to the bone marrow cubes described in a previous
reportd, and their densities were assessed along the
central axis of each square. Using graphs relating
optical density to dose in milliroentgens (Figure 3),
surface dose was plotted in histograms for fluoroscopy
and for spot filming. Examples of surface doses
plotted for fluoroscopy and spot filming are shown in
Figures 4 and 5, each with corresponding exposure
patterns from the monitor films in the jackets.

From the mean surface dose per square on the monitor
films, doses to the center of the cubes at specific
depths were calculated, using depth dose data from a
previous study®, and calculating a 10% attenuation
by bone. This value was then multiplied by bone
marrow weight, and finally totaled for all cubes

inside the beam of X-ray. Since oblique projections ~

are frequently used in upper gastrointestinal series,
dose calculations were made in two ways: for the
true postercanterior and anteroposterior projections,
and for the posteroanterior and anteroposterior, plus
the lateral projections. Mean values of bone marrow
doses obtained by these two methods were adopted.
Gonadal doses for both males and females were also
calculated. Not only direct, but scattered radiation
was incorporated in these calculations. A value of
0.93 was used as a conversion factor from roentgens

to rad.

v RS & {f - T, Electronic Instruments Limited 845
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FIGURE 4
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FIGURE 5
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Film Jacket iR 5
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Histogram; example of exposure pattern for fluoroscopy, posteroanterior projection,
according to sections, E-0, in phantom.4 Exposures near right and left margins of
film are generally due to oblique pofitioning.
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Histogram; example of exposure pattern for spot filming, posteroanterior projection,
dccording to sections, E-O, in phantom.4 Exposures nedar right and left margins of
film are generally due to oblique positioning.
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The bone marrow and gonadal doses so obtained from ZoBEET, WAORM - E2BEL SFORLZEHM
the ten examinations in this study are shown in BRELIUEHERSE I, R2LUILERT. B

Table‘S 2 and 3. To facilitate comparison ?f EORBEEDCT S0, BEICLAHEE M
techniques, flu.orc!SLOpy doses were expres'sed. in BENDFS -5 FERBLEY] BORENS:D 0%
gram rad per minute and total dose per examination.

A wide wvariation in doses was demonstrated. For MBETEbINTVS. BERESSLRELESLDEN
total dose in gram rad for fluoroscopy, by examiner, H3. MEERIRLAST AL -7 FHEITEDhENE
a different distribution of doses is seen, dependent EHE2ERIIIE LV RSN B A, T hIEERE
on fluoroscopy time. Wi MET2 L 0THB.

TABLE 2 ACTIVE BONE MARROW DOSE* IN UPPER GASTROINTESTINAL SERIES EXAMINATION
#2 LFEBEBERECHIIAGEHMRER

Hospital Doctor Fluotoscopy. ## Spot Filming % &
i 5 B g-rad/Minute  g-rad/Examination  g-rad/Exposure  g-rad/Examination
o B T 41 =4

A 1 23.5 39.1 1.58 = 12.6

2 28.3 69.1 1.33 10.6

B 3 23.7 61.1 2.07 22.7

4 18.6 55.9 13.4 121.0

& 5 58.9 153.0 5.6 28.0

6 83.3 ° 1670 6.05 30.2

D 7 28.6 76.2 26.5 345.0

8 31.1 93.2 6.73 74.0

E 9 34.1 148.0 2.17 19.6

F 10 86.3 191.0 7.74 61.9

Mean 3 41.6 105.0 7 72.6

* Active bone marrow dose in g-rad is integral dose to active bone marrow exposed during examination.
Y7 A— 7 FEETHEb LAFSEMERE, MELS L TrREEMCBEE s TRt TS .

TABLE 3 GONADAL DOSE IN UPPER GASTROINTESTINAL SERIES EXAMINATION
%3 LS b5 LR

Fluoroscopy i&# Spot Filming ffm i &
: Male 9 Female # ) Male 3 Female +#
Hospital Doctor
ik i morad/ m rad/ m rad/ m gad/’ m rad/ m rad/ m rad/ m rad/
Minute Examination Minute Examination Exposure Examination Exposure Examination
vis tai £ M 3 & i i I 83 ickied
A 1 0.132 0.220 12.5 20.8 0.022 0.179 0.772 G.18
2 0.093 0.228 6.26 15.4 0.010 0.076 0.412 3.29
B 3 0.073 0.188 5.84 15.1 0.045 0.496 1.46 16.1
4 0.063 0.190 5.61 16.8 0.053 0.480 2.86 25.8
C 5 0.111 0.290 6.79 17.8 0.028 0.141 1.52 7.58
G 0.470 0.939 29.5 58.9 0.030 0.151 1.97 9.86
D 7 0.131 0.351 10.9 29.0 0.380 4.95 37.6 488.0
8 0.101 0.306 8.42 25.4 0.061 0.666 5.01 55.2
E 9 0.082 0.356 5.58 24.2 0.016 0.145 1.01 9.16
3] 10 0.441 0.977 28.0 62.1 0.078 0.625 5.70 45.6

Mean 0.170 0.405 11.9 28.6 0.072 0.791  5.83 66.7

-~



DISCUSSION

Results in the present study indicate this monitoring
system is efficient for estimating field size and
pattern of exposure and dose during fluoroscopy
examinations. Some error results from lack of the
jacket’s conforming exactly to all body contours.
This error might be overcome with a different jacket
design. A small error results due to divergence of the
X-ray beam. Using a uniform subject for examination
during this basic study, comparison of field sizes
used by the examiners was facilitated, but without a

patient as the subject for examination, attention of

each examiner was less, and fluoroscopy time
correspondingly brief.
Review of the literature revealed relatively few

reports
intestinal series examinations;
dose. There were wide ranges in dose
values, and various techniques were used in determin-
ing them. Perhaps the values of Liuzzi et al,

of bone marrow dose from upper gastro-
most reports were of
gonadal

Osborn,” Hashizume et al,B and those of the present
study were the most comparable. Though values in
the present study were less, results of these studies

were approximately of the same magnitude.?

Techniques used here would be difficult to apply
on a wide scale or in large population studies with
the same equipment because of the time and effort
required to prepare and use the various materials,
This study,
designed as a basic evaluation of a procedure for

and in numerous calculations employed.

monitoring exposure pattern and dose, fulfilled its
and with some modification, the
technique may be applicable for use during examina-
tions of patients. It affords a means of comparing
techniques of different examiners.

objectives well,

SUMMARY

A technique using industrial type X-ray film to
determine pattern of exposure and dose during
is described. Using bone marrow
distribution tables previously compiled, a basic
evaluation of the procedure was made with the
cooperation of ten

fluoroscopy

radiologists in the community.
Bone marrow dose and gonadal dose were calcu-
lated each of the and are
included. The procedure proved practical and
efficient in demonstrating differences in dose by
examiner. With modification, it may be useful

during examination of patients.

for examinations
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