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Optimal magnification radiography was discussed by estimation of the composite modulation transfer

function (MTF) of the magnification radiogram of the test object of Optikel Funk in this paper. The

composite MTF was calculated experimentally or theoretically by convolution of the component MTFs,

that is, of the focal spot size, screen-film system, scatterer and movement (Fig. 1, 3, 4, 5). Two bias

tubes having a focal spot of 0.05 mm, whose capacity 125 kV, 3 mA, 2 sec. or 0.1 mm, whose capacity

150 kV, 16 mA, 1 sec. and three non-bias tubes having a focal spot of 0.1 mm, whose capacity 150 kV,
25 mA, 1 sec. or 0.3 mm, whose capacity 120 kV, 50 mA, 1 sec. were used. Kyokko MS medium-speed

intensifying screen and Kodak RP-R high-sensitive medical film were exposed in this combination accord-

ing to various magnification ratios at the constant focus-film distance of 100 cm. Actual skin doses were

measured at 100 cm of source-skin distance (SSD) and changing SSD in the radiation field of 35 x 35 cm

subject to actual exposure conditions (mAS) at 120 kV and actual exposure conditions of the above five

tubes in film density of 1.0 were obtained due to thicknesses of the body experimentally or clinically
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(Fig. 2, 6). MTF of movement was calculated theoretically by Morgan’s formula from the exposure
time obtained in the Fig. 6.

The highest MTT5 in the higher spatial frequency region or the best resolving powers were calculated
in the relationship between the variable thicknesses of water phantoms and changes of the uniform velocity
of the movement of the organs. When 4 to 8 times magnification radiography is taken by a bias tube
having a very fine focal spot of 0.05 mm in size, the best MTT is obtained in the thickness of the body
comparable with 10 cm of the water phantom covering organs which are not to be moved or moved less
than 1.8 mm/sec. of the uniform velocity. Examination of the lung is its example. When 3 to 4 times
magnification radiography is taken by a bias tube having a fine focal spot of 0.1 mm in size, the best MTF
is obtained in the thickness of 20 cm of the water phantom covering organs which are moved from 0.3 to
3 mmy/sec. of the uniform velocity. Its examples among the organs in the abdomen are liver, stomach,
pancreas and so on (Fig. 8, 9). When 2 times magnification radiography is taken by a tube having a
small focal spot of 0.3 mm in size, the best MTF is obtained in thickness of 30 ¢m of the water phantom
covering organs which are moved from 0.5 to 1.5 mm/sec. of the uniform velocity. The organs in the
pelvic cavity are its examples. The larger the movement of the organs and the much thicker the object,
the better MTF the normal roentgenography.

From mentioned above, the best combination of which size of the focal spot the tube should be used
and of which times magnification radiography should be selected, is noted according to the thickness of

the human body taken and the movement of the organs covered (Fig. 11). It is named as optimal mag-

nification radiography.
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Figr 1. MTF curves of three kinds of the focal
spot of which the size is 0.05x0.05, 0.1x0.1
or 0.3x0.3 mm commercially available in Ja-
pan and that of the combined system of medi-
um-speed intensifying screen (Kyokko MS) and
high-sensitive medical X.ray film (Kodak RP-
R), calculated experimentally.
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Fig. 2. Relationship hetween exposure conditions
and skin doses due to the source-skin distance
(58D) taken by the bias X-ray tubes having a
0.05 and 0.1 mm focal spot and the non-biases
having a 0.1 or 0.3 mm one available in Japan.
Exposure effectiveness of the bias is higher than
the non-bieas, and that of the larger size of the
focal spot of the non-bias is so than the smaller.
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Fig. 3. MTF curves of unit scatterer of water in 0.0l S | . ©
thickness of 1 em calculated experimentally and %l ) a
theoretically according to various magnification Spatial frequency , Ip/mm
ratios. ) Fig. 5. MTF curve of movement calculated the-

oretically (by Morgan’s paper).
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Fig. 4. MTF curves of scatterer of water in thic-
kness of 10 cm according to the magnification

i : fra= = Ry F =¥l e
ratios. B rofe. ERLSEROLAG, EERE 120kV.
(A} ©.05 and 0.1mm(bios) focal spot tute {B) 0.0 mminon-blos] focal spet tube (C) 0.3mem focal spot tube
Field size S50
10x0em  35%35em i e _,.:74:’,:_ 50em
Y Py rs LS 450

) S £ f of
7 Al Vs
é”/

w 0
é <
3 E If /
08 ,,"‘ / osf / 120 bV
[ A 100 em of SFD
y‘_ - p/ Kyokko M$
=" ;;‘, Kodak RP/R
[ ti
o ol b 4 0 of the tilm density
005 I X L L 1 L 005 L s L 4 s L 005 i L " L L L
L) 1] 15 20 25 30 -] 1 15 20 25 30 -] =} 15 20 25 30
Thickness of the body , cm * Thickness of the body ,cm Thickness of the body ,cm

Fig. 6. Relationship between exposure conditions in film density of 1.0 and thicknesses of
the body covering various organs taken by the bias tubes having a 0.05 or 0.1 mm fo-
cal spot (A), and the non-bias tubes having a 0.1 (B) or 0.3 mm one (C).
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Fig. 7. The composite MTF curves of magnific-
ation radiographs of 3-fold magnification taken
by a 0.05 mm focal-spot tube, of fourfold by a
0.1 mm one and of twofold by a 0.3 mm one
sing high-speed medical film with medium-sp-
ced intensifiyng screen combined with water ph-
antom of 10 cm (solid lines) or 20 cm (dotted
lines), when the theoretically calculated move-
ment ol organs is zero during exposure.
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Fig. 8 The composite MTF curves of magnification radiographs of 8-fold magnification
taken by a 0.05 mm focal-spot tube, of fourfold by a 0.1 mm one and of twofold by
0.3 mm one using high-speed medical films with medium-speed intensifying 'screens co-
mbined with water phantom of 10 cm in thickness, if the movement of organs theor-
etically calculated is that of a uniform velocity of 0.5 mmj/sec. (A), 3 mm/sec. (B),
Gmm/sec. (C) or 25 mm/sec. (D) during exposure.
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Fig. 9. The composite MTF curves combined with water phantom of 20 ¢m in thickness,
when the uniform velocity of 0.1 mm/sec. (A), 0.5 mm/sec. (B), 3 mm/sec. (C) or 6

mm/sec. (D) during exposure.
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Fig 10. Resolving power of moving organs expe-
rimented by changing thicknesses of the water
phantem and moving factors, when taken by the
0.05 or the 0.1 mm bias focal-spot tube, the
0.3 and 2 mm non-bias focal spot X-ray tubes.
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Fig. 11. When magnification radiography of 8-fold
may be taken by a 0.05 mm focal-spot tube,
that of fourfold by a 0.1 mm one, that of a tw-
ofold by a 0.3 mm one and normal radiography
done by a 2 mm one, respectively, in the rel-
ationship between variable thicknesses of water
phantom and changes of uniform velocity of
movement of the organs theoretically and expe-
rimentally estimated, the zones of which the
best resolving powers are obtained among mag-
nification and normal radiographs taken by the
above four tubes.

The zone of A; the best resolving power obtai-
ned by a 0.05 mm focus.
B; that by a 0.1 mm one.
C; that by a 0.3 mm one.
D; that by a 2 mm one.
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