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Selection of the optimum technique of in vivo microradiography
of the digestive tract in daily clinical practice
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This report aims to obtain a high resolution radiogram of the digestive tract requiring optical
magnification with routine spot radiography of an ordinary x-ray TV unit. Experimental formulae
were derived for the mathematical analysis from phantom experiments upon the followings: 1) the
relation between tube voltage “V** and both the effective focal spot size “f*" and line resolution ““e,”
of screen-film systems, 2) the variation of “«,” values with the density and atomic number of subjects,
3) the correlation between “oy” and the relative speed of screen-film systems, 4) the correlation between
“f”” and its maximum radiographic rating (calculated on the exposure rating charts of many diagnostic
x-ray tubes), 5) the relation between grid ratio “G” and its increasing exposure factor, 6) the increase of
“uy”" values due to scattered radiation fog and its improvement by grid. From these experimental data,
more detailed than the former report®®, an optimum set of f, oy, Magnification (Geometry), G, and V
was introduced analytically to minimize both the resultant line resolution and the exposure dose to the
patient, in case of constant exposure time, unit radiographic density and maximum heat unit radiography.
As a result, the following combination was concluded for a standard Japanese: a newly designed high
speed rotating anode x-ray tube (180 Hz operation) with 0.8 mm focus, ordinary medical x-ray film
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with ultrafine grain screen, focus-film distance 116 cm, 8:1 grid, 88 kVp, 0.1 sec. Well collimated

gastrointestinal picture near the film may be enlarged 2--3 times optically without blurring. Barium

sulphate is of 70-120 w/v9%. The digestive tract of the patients has been examined routinely by this

technique, viewed with magnifying lens and some new clinical findings were noticed as to the fine structure

of gastrointestinal mucosae. Exposure dose to the patient is about 0.24 R/exp.
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Table(1) Approximately calculated ¢, values in
microns of both BaSO, and bone(in parenthesis)
from Table (1) of the former report®™ and Fig.
(1) of this issue.

‘ 10kVp | 80kVp | 120kVp
“Kodak T 10 [ _
M No-scr. (25)
Sakura 16 - .
MR No-scr. (40)
MR--BS (ZBE:) - i
FS 36
MR+(nas (90) - -
Fuji 54 70 80
KX+BS (135) (175) (200)
. ) 94 112
| KX+SF - (235) | (280)
' FS 80 106 123
KX+ (MS (200) (265) (320)
N 168 192
KX+HS - (420) | (480)
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Fig. 2. Correlation between the maximum radi-
ographic rating (kVxmA) per unit area of the
effective focal spot of many diagnostic x-ray
tubes and the nominal effective focal spot sizes.

Relative value to the 1.5 mm focus,

60 Hz ~~ 60 kVp 0.1 sec.
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Fig. 3. Scattering from subjects increases the line
resolution of a screen-film system and both grid
and Groedel technique result in its improvem-
ent. ¢ values in microns are plotted against
grid ratios and tube voltages.
Phantom: 160 cm? Acrylite 16 em thick, KX
+MS, Au 30 p chart, chart-film contact.
Equivalent G values of Groedel technique are
inserted in the” figure.
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Fig. 4. Schematic diagram and nomenclature of
a given radiography technique with or without
grid.
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Table(Z) Exposure data and calculated resultant
line resolution of our in vivo microradiography

of the digestive tract corapared to those of the
macroradiography with 100¢ focus tube in the

literature.

Macroradiogr. | Microradiogr.

kVp 120 88

mA 15~20 350

sec 0.1 0.1

L em | 105 116

1 cm 70 10

Magnification % 3 x1.09

G - 8

1, 100 800
Film & Screen KX4HS KX +4SF(BS)
| y.(BaSO) 121 139 ( 113)
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Fig. 5. Velvety reticular appearance of the mucosal surface of duodenal loop.

2.7 optically magnified.
a) bulb b) middle of 1), «¢) inferior flexure
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Fig. 6. Finely serrated or brushy bordered double contour of the small intestine.
a) duodenal bulb b) jejunum ¢) jejunum % 2.7.
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Fig. 7. Microradiogram of a barium-coated specimen (fixed) of the resected small
intestine. 10,
a) duodenum, second portion b) terminal ileum
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Fig. 2 Diagrammatic illustration of the fine str-
ucture of upper small intestine corresponding
to villous pattern. The pattern varies with
distention of mucosa.

Fig. 8. In vivo microradiogram of upper intestine
of a rat.
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Fig. 10. Diagram illustrating the variation of
innominate groove pattern with contraction of
the colonic wall.
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Fig. 11. Innominate groove pattern of cecum.
x2.7.
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Fig. 12. Variation of innominate groove Fattern
with contraction of the colonic wall.
Sigmoid colon. x2.7.

Fig. 13. Double contrasted rectum of a case of

diffuse polyposis.
Innominate grooves disappeared. x2.7.
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