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Influence of Scatterer on Image Deterioration and Determination or
Optimal Magnification Ratio in Direct Macroradiography.
by
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Department of Radiology, Nagoya University School of Medicine, Nagoya, Japan
(Director: Prof. Shinji Takahashi)
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Influence of the object of scatterer in various thickness combined with the intensifying screen-film
system on the image quality of the conventional- or macro-radiographic system was investigated by estima-
tion of its modulation transfer function.

Calculation of the composite modulation transfer function of macroradiography in high magnification
conducted with an X-ray tube having a very fine focal spot of 50 p. was performed to obtain the optimal
magnification ratio.

The results were as follows:

(1) The more the thickness of water phantom as scatterer increased, the poorer the image quality
of both conventional and macroradiograms became. The image deterioration of macroradiograms of 4-
fold magnification according to the increased thickness of water phantom was not: remarkable compared
with that of conventional radiograms.

(2) The optimal magnification ratio of a macroradiogram taken without the object of scatterer was
4-fold when Fuji KX medical X-ray film combined with fine definition intensifying screen of Kyokko FS
was used, while 5-fold with medium speed screen of Kyokko MS and 6-fold with high speed screen of Kyo-
kko HS.

The optimal magnification ratio was 8-fold regardless of the type of screens when the experiment was
made with a water phantom of 5-15 c¢m in thickness as scatterer.

MTTFs obtained from the vascular images of the rabbit coincided with those obtained from the phan-
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tom experiments.
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(3) It was indicated from actual macroangiograms and macrolymphograms that the macroradio-

gram of 8-fold magnification produces better findings of the fine structure of vessels than macroradiogram

of other magnifications.
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Table 1. Exposing factors for conventional
radiograms and macroradiograms
of 4-fold magnification according
to the thickness of water phantom.

S Cartarer Exposure time for | Exposure time for
(water) :_:onvemmnal 4-fold magnification|
(at 110 kVp, 10mA)|(at 125 kVp, 2 mA)
(=) o 0.0167 sec. 0.05 sec.
2 | 0.0167 0.06
5 0.025 0.1
10 0.075 0.45
15 | 0.15 1.2
20 0.5 4.0
20 2.60 (8 o
Bucky blende) | ___—

5, 10, 15, 20cad>ifElLfEE ML T, REhED
TR OEE 4 S E2TRv, VARVA
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|
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BRI ARIZ EDHic b b TEERINL
XL, 737 PERAKK, BRI
BXEFS, MS, HSZHWT, 4, 5, 6,
8. 10, 20f5DILKEF A EIELAL AL o35
&, BEALE LTKS, 10, 15em% ZhEhftin
LB & W TiFiny, VAR VAR RD
To. WMEHKHFIHE2EOED TH%.

Table 2. Exposure times for macroradiograms in

various conditions according to the
thickness of water phantom. (at 120

kVp, 2mA)
Soatterer Intensifying screens
(water) | pg MS HS
(=) cm 0.05sec. | 0.05sec. | 0.025 sec.
. 5 0.1 0.075 0.05
10 0.45 0.35 0.25
15 /////‘LO _/,///
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Fig. 1 Modulation transfer function(MTF) curves
of conventional radiograms taken by a 0.3mm
focal-spot X-ray tube using Fuji KX medical
X-ray film with combination of the fine defi-
nition intensifying screen of Kyokko FS, when
the experiment was conducted with water pha-
ntom of 2,5,10,15,20cm and of 20 cm combi-
ned with 8:1 Bucky blende in thickness or
without the scatterer. The more the thickness
of water phantom increases, the poorer the
image quality of conventional radiograms be-
comes.
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Film Fuji KX
Screen Kyokko FS
1.0 Magnification 4 x
_Scatterer(-) Focal spot 50
B 7 _Water 2em
[ Water Sem
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Fig. 2 MTF curves of macroradiograms of 4-fold
magnification taken by a very fine focal-spot
K-ray tube of 50p wusing Fuji KX medical
X-ray film with the fine definition intensifying
screen of Kyokko FS, when the experiment
was conducted with water phantom of 2,5,10,
15 and 20 cm in thickness as the scatterer or
without the scatterer.

The more the thickness of water phantom
increases, the poorer the image quality of ma-
croradiograms also becornes, but the image
deterioration of macroradiograms of 4-fold
magnification due to the increased thickness
of water phantom is not much more signific-
ant than of conventional radiograms, especially
in the lower spatial frequency region.

MTF of the macroradiogram of 4-fold ma-
gnification with water phantom of 20cm in th-
ickness equals to that of the conventional ra-
diogram without the scatterer.
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Film Fuji KX
Screen Kyokko FS

J.O§ Scatterer (~)
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Fig. 3 MTF curves of macroradiograms of 4- to 10-
fold magnification taken with Fuji KX med-
ical X-ray film combined with the fine defi-
nition intensifying screen of Kyokko FS with-
out the scatterer.

MTF of macroradiogram of 4-fold magnifi-
cation is superior to others in the higher spa-
tial frequency region of 9 Ip/mm, while the
5-fold one is so at the spatial frequency region
of 7 to 9 lp/mrn.

Film Fuji KX
Screen Kyokko MS
1.0 % Scatterer (=)
8
@ B
ol
x
2r
c;0 2 4 6 8 10

Frequency ( Ip/mm)

Fig. 4 MTF curves of macroradiograms of 4- to
10-fold magnification taken with Fuji KX
medical X-ray film with the medium speed
intensifying screen of Kyokko MS combined
without the scatterer.

MTF of macroradiogram of 5-fold rnagnifi-
cation is superior to others in the higher spatial
frequency region of 8§ Ip/mm.
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FARCHE 3 RDOEXL» LB XIE, S5ENEHTH
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Film Fuji KX
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[o]} e 4 6

Frequency (Ip/mm)

Fig. 5 MTF curves of macroradiograms of 5- to
10-fold magnification taken with Fuji KX
medical X-ray film with the high speed inte-
nsifying screen of Kyokko HS without the
scatterer.

MTF of macroradiogram of 6-fold magnifi-
cation is superior to others in the higher spatial
frequency region of 5 Ip/mm.

Film Fuji KX
Screen Kyokko FS
1.0 Scatterer Water Scm
8- %a\
(il “‘\ Sx
: My
II‘II:’ 4 \‘"‘&}‘( V4
s
2F =
1 1 1 1 1 1
% 2 4 &

Frequency (Ip/mm)

Fig. 6 MTF curves of macroradiograms of 5- to 20-
fold magnification taken with Fuji KX med-
ical X-ray filmm with the high definition inte-
nsifying screen of Kyokko FS combined with
water phantom of 5 cm in thickness.

MTF of macroradiogram of 6- or 8-fold ma-
gnification is superior to others in the higher
spatial frequency region of 5 Ip/mm.

6 eI B OBHEL S I TRLEREDCS
WIEREEZZ2BRE, 6, H7H, £3F
V7K 5 emd HiEL A% [0 Uic B4 © B OH
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5, 6, 8, 10, 20f#HLEKIEE D LA v A
Ths. BEZEMEREER B ER L AR
YARLL, 6, 8 I LZEM AREIIEmR TS5 % &
DUARVAIRI G, B2 FPE fHE 6 Ip/mm
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Film Fuji KX
Screen Kyokko MS
1.0 Scatterer” Water Sem

10

Frequency (Ip/mm)

Fig. 7 MTF curves of macroradiograms of 6- to 20-
fold magnification taken with Fuji KX med-
ical film with Kyokko MS intensifying screen
combined with water phantorn of 5 ¢m in thi-
ckness,

MTF of macroradiogram of 8-fold magnifi-
cation is superior to others in the higher spa-
tial frequency region of 5 lp/mm.

Film Fuji KX
Screen Kyokko HS
Scatterer Water Scm

4 6
Frequency ( Ip/mm)

Fig. 8 MTF curves of macroradiograms of 6- to
20-fold magnification taken with Fuji KX
medical “film with Kyokko HS intensifying
screen combined with water phantom of 5 cm
in thickness.

MTF of macroradiogram of 8-fold magnifi-
cation is greatly superior to others in the hig-
her spatial frequency region of 5 Ip/mm.

LI ETIX10, 20f50)Fic v A4 v AIMEF LT,
5, 6, 8fEDVAHRVALDEL %, He6X
F SERATIX, Zeff@s 9.5lp/mm Lk <ix
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Film Fuji KX
Screen Kyokko FS
1.0 Scatterer Water I0cm
AN
J \.\‘:\\\__ 6x B
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Frequency (Ip/mm)

Fig. 9 MTF curves of macroradiograms of 6- to
20-fold magnification taken with Fuji KX
medical film with Kyokko FS intensifying
screen combined with water phantom of 10
cm in thickness.

MTF of macroradiogram of 8-fold magnific-
ation is superior to others in the higher spatial
frequency region of 4.5 lp/mm.

Film Fuji KX
Screen Kyokko MS
1.0 % Scatterer Water [0cm
\\‘ﬁ\_v
g 6 N
5 ‘& /'st"
g RN
& 4+ SN 20
RSN
2b RNNYE
RNt
o ! ! 1 ! | LN R
o] 2 4 6 3

Frequency ( lp/mm)

Fig. 10 MTF curves of macroradiograms of 6- to
20-fold magnification taken with Fuji KX
medical film with Kyokko MS intensifying
screen combined with water phantorn of 10
cm in thickness.

MTF of macroradiogram of 8-fold magnifi-
cation is superior to others in the higher spa-
tial frequency region of 4 Ip/mm.

FOR, 10K, H11BNZAK 10cnDBE i
MUTHET, HREK O A AHeRFS, M
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WO VAR ABIRTH 5. (B2 AME IR
TRELEARE VAR Y AR L2, 5lp/mm
L FREERFIRTIE 85 0 vAX VAR
bFChTWA, 6, 100 VA H# Yy AITESFL
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Film Fuji KX
Screen Kyokko HS
Scatterer Water |0cm

".lox
20x
0 1 1 1 1 1 \\T 2.y
[¢] 2 4 6 8

Frequency (Ip/mm}

Fig. 11 MTF curves of macroradiograms of 6- to
20-fold magnification taken with Fuji KX
medical film with Kyokko HS intensifying
screen combined with water phantom of 10 cm
in thickness.

MTF of macroradiogram of 8- fold magnific-
ation is superior to others in the higher spatial
frequency region of 3 lp/mm.

Film Fuji KX
Screen Kyokko MS

Scotterer Water 15¢m

Response

0 2 4 6 ] 8
Frequency | Ip/mm)

Fig. 12 MTF curves of macroradiograms of 8-,
10-and 20- fold magnification taken with Fuji
KX medical film with Kyokko MS intensify-
ing screen combined with water phantom of
15 em in thickness.

MTF of macroradiogram of 8-fold magnifi-
cation is superior to those of 10- and 20-fold
ones in the higher spatial frequency region.
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(3) HIBRIREOHE, 2, 4, 6, 8,
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ThD, 6, SEHERKOVAREVARIWVWE ST
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—FLTCwBEELBRA. FL4HIL2, 4,
S EDIMEERETHD. 25X D 4 E21HA1M
EORECETITH BN, 8 FIXEICHIMELSY

Response

L 1 —
8

Frequency ( lp/mm )

Fig. 13 MTF curves of conventional- and rnacroan-
giograms of the rabbit of 2- to 15-fold magni-
fication taken with Kodak royal blue medical
X.ray film with Kyokko MS intensifying scr-
een.

MTF of macroangiogram of 6- or 8-fold
magnification is superior to the others.
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Fig. 14 Macroangiograms of the rabbit of 2-, 4-
and 8-fold magnification.

Fine vessels are imaged more on macroa-
ngiogram of 4-fold magnification than of 2-
fold. Fine structure of the vessels is better
imaged on macroangiogram of 8-fold magni-
fication than 4-fold.

Fig. 15 Conventional- and macrolymphograms of 4-
and 8-fold magnification.

Fine lymph vessels not detectable on con-
ventional are imaged on macrolymphogram of
4-fold magnification and much better on
8-fold.
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