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X-ray television macrofluoroscopy using a small focus tube:

Consideration on information. content and patient dose
By

Tsuneharu Fujita

Department of Radiology, Nagoya University School of Medicine
(Director: Prof. Shinji Takahashi)

The macrofluoroscopy by means of X-ray television was performed using 0.3 mm small focus X-ray
tube. There were two ways for macrofluoroscopy, with X-ray enlargement and electron optical enlarge-
ment of the image intensifier tube. In order to examine the image quality, the modulation transfer func-
tions of fluoroscopic images were obtained directly by using rectangular wave form chart made of lead foil
(Optikel Funk). With 9 in. image intensifiers, X-ray magnification ratio was changeable 1.06 times to
4.24 times, while in 5 in. image intensifiers, with the electron optical enlargement technique, and that
plus X-ray enlargement technique, 1.91 times to 7.64 times at the monitor Brown tube.

The image in 7.64 times magnification revealed the best resolution. The relationship between the
image information content and the radiation dose to the skin of the patient was discussed. '

From these consideration it reached the conclusion that the most adequate X-ray magnification ratio

was about 2 times for the clinical practice, while that was best in about 4 times with X-ray and electric op-

tical magnification technique.

Some clinical macrofluoroscopic image which supported the above experimental conclusion were

shown.
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Fig. 1: Scheme of operation, diagram showing
the mechanism of X-ray enlargement tech-
nique by adjusting the distance between the
X-ray tube-patient and the patient-image
intensifier as well as that of electron optical
enlargement of image intensifier in roentgen
television. The position of the patient is va-
riable.
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A: 9 in. image intensifier
B: 5 in. image intensifier
Fig. 2: Relationship between resolution and
magnification ratio of roentgen tele-
vision macrofluoroscopy.
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Fig. 3: Modulation transfer functions of geo-
metrical macrofluoroscopic image in 1.04
(A), 2.10 (B), 3.01 (C), 4.24 (D) times
magnification conducted by means of 9 in.
image intensifiers, (a), and of combination
with electronically enlarged 5 in. image
intensifiers, (b).
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Table 1. Skin dose (R/min)
Exposure condition ; 100 KVp, 1.2~1.7
mA, Focus-I1.1. distance ; 130cm,
. magnification
ratio
macro- i 1. 06%(2. 09X|3. 01 x |4. 24 %
fluoroscopy

by means of T~
9 in. image 1.8 3 . 6.7 | 12.3

intensifier

FIFCEHEBEFCYRLIBAIC OO/ 2 £
DRMBEELVEL Lic. 94 vFWEHEfEE, 5
A vFIFWERIfEE L 2D v AR AR (Fig.
3-a, 3-b) NBHRDICEZFTWHIEEE FILAR
CETd=viet— (4L LTOBEREDOE
BEB) %7 (Table2),
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Table 2. Information content (bit) is obtained
on the basis of the MTF curves, Fig. 3. The
value of information content increases in pro-
portion to the ratio of X-ray magnification in
the range of 1-~25 times magnification. The
larger, the magnification ratio becomes, using
electron optical enlargement technique, the
information content stays or decreases.

\ magnification
. ratio

macro- - 1. 06 (2. 09¢|3. 01 x|4. 24 x

ﬂuoroscopy\‘
by means of \\’\

9 in. image !
9 in. imag ‘_A. 1..0991[3. 10414, 3602]5. 0859

5 in. irnage ol = y
Pl I B 2.1069(5.5049]5. 1156(4. 8745

B/A 1. 9169(1. 7734/1. 1732|0. 9584
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Solid line A: 9 in. image intensifier
Solid line B: 5 in. image intensifier
Dotted line C: Skin dose (F./min)

Fig. 4: Information content (bit) is shown at
various magnification.
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Fig. 5. Relationship between information co-
ntent and magnification ratio. Measured po-
ints (=) with 9 in. image intensifiers, (x)
with 5 in. image intensifiers. Information
content lays almost on a straight line for the
range of magnification ratio about 1~4 times.
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Fig. 6. Relationship between the ratio of the
information content to the patient dosage in
1.04, 2.10, 3.01, 4.24 times macrofluorosco-
py. 9 in. image intensifiers, (solid line) 5
in. image intensifiers, (dotted line)

Table 3. The most adequate magnification ra-
tio to be applied to the clinical examination.
They are calculated according to the follo-
wing parabola approximate equation.

e index
macro- . I/D D/I
ﬂuoroscopy\x‘ max. min.

~

by means of

9 in. image PRy :
intensifier 2.06 (A) | 1.8 (C)
5 in. image 1.88 (B) 1.79 (D)

intensifier

A y=— 0.7 x*+ 2,685 x— 1.185
B: y=— 0.745x>+ 2.805 x—1.06
C: y= 0.728 x*— 2.691 x4- 3.035
D: y= 0.625 x*— 2.235x42.61

SR h s inEkRT. FlEBoBEEA
TH5 (Fig. 7). Z OFEMHEMBABMZ RO
& Lic Borrmann[-IV i@+ 54 DT, =D
TR B NBATE D ECTH S . FEEEE(X)
OIRFFEERCAT 1 enbEie U T Holaihs RaEe
TZ O 2.5emc ¥k X5, FOMMlicipEKs
v -7 OWERR LIRS . Z ORI ERR L
T SRR EISERIRT X 2T ORERHZE
L 5 2k hiz,
FTURERC ) U AR B CHERS L,
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Fig. 7. Resected spec1men of Borrmemn Type
carcinoma which fills the Antrum. Crater
(), surrounded by the nodular gastric mu-
cosa.

1.5x 1.56mm S0 T BHARR Lk
WICUIBRIEA T ERAXE 7 A v s (2 SKX)
EHAME SO 7 A A a Aty FHRF LTV
Wi oM 12 50 KVp, 100mA, 0.05f o
WA CEERY Loy HIER @ 58 Lic
(Fig. 8-A), Z D YREH @ 9 4 v F I\ EHaREE
# VT XL R B E © i CE B O %S
BE L IZERKR D2, 10658 % 3 Tl Ui 7k T60

Fig. 8 A: Normal radiogram taken with 1.0
% 1.0mm focus tube.
"B: A photo on X-ray television moni-
ter in 2.10 times magnification.

HARE SRR AR B305 BT
x9omfk (7, FA-2v88) CiELi-3o
e Lic (Fig. 8-B). 2D X 5122. 1051 X §¢
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BLETHRFANCIR LE O EXERILK 2. 354 ff
ML T4 4fficik Lic (Fig. 9-C), iz
DR R ERE LSS, RbEED Dk
ANMRTHSD . ZOFERGETEEED & ) REETINE
EBODFORLEDS X {7 h, HEXHERCI
BT 5 LESIREI R4 5 0MREBEE S hE
EmOERIBELLT s, BFbhbhat
BERE T T BINKREROFERE Y D
»RLic (Fig. 9-A). 7z hd BT XEMC
1.8t KA DA 2 LEED T hEEE I T
WHZ kbbb (Fig. 9-B),

Fig. 9: TV pictures of the specimen of gastric
cancer of Fig. 7
A: normal fluoroscopic image in 1.06 times
magnification
B: macrofluoroscopic image in 1.91 times
magnification by electron optic enlarge-

ment

C: macrofluoroscopic image in 4.4 times
magnification obtaind by the combination
of X-ray enlargement with electron
optical enlargement
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1 A: Macrofluoroscopic image of the do-
uble contrasted stomach in the liv-
ing body, 1.06 times magnification,

B: 3.77 times magnification.

Fig.

FEDTXMT vy = YIERBERBIXET v
€Y g VOREWLRETHHMENOET 2k
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B, TRER BB DO TERE o s
x{iieote (Fig.10). HEbhbhar @R L v
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YA JWBED X 5 75 XA D 4 o ko ik
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fo (Fig.11).1.06f%{& (C),% D XHHER3 . 0142
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L UVAMHREE O X 5 T LA LR /s 2 flide
WIEETIER L TLBIEE Lo T E A C & bl
LThhd. ThTHILEDK X WREFT M
THRFERETIn27 (Fig.12).1.066%{% (A),
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Tep ol HFE 5 RE B OBR i 2 h T
5.
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Fig. 11: A calcification shadow of the right
hilar area in the lung is shown.

A: Direct magnification radiogram in 3 tim-

es magnification taken by 50u focus tube,

B: TV picture of the same magnification ratio,

C: TV picture in 1.06 times magnification,

Fig. 12: Macrofluorcscopy in high magnificat-
ion reveals smaller finding than that in non

magnification.

A: Macrofluoroscopic image of the bronchus
in bronchogram, 1.06 times. Arrow sho-
wing the part of the bronchus macrosco-
pied 7.64 times, B.

VT R O A {13 — A ki i o FUB R g
 BRTHT B0 ik U Tl il
Fnuilioc LT EDL. NEHNEE RSO
BEEO =y v=DFERKIEGTHS (Fig.13).
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Fig. 13: Videotaperecorder method of macro-
fluoroscopy reveals better findings than that
of non magnification.

A: VTR image of ulcer in 1.06 times mag-
nification.

B: That of 1.8 times magnification by elec-
tron optical technique.
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