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Selection of the optimum technique of in vivo microradiography

in daily clinical practice
By

Takeshi Yamazaki and Itsuki Imamura
Department of Radiology, Osaka University Research Institute for Microbial Diseases
Akimune Hayami

Department of Radiology, Osaka University Medical School
(Director: Prof. H. Tachiiri)

Research Code No: 501

Key Words: in vivo Microradiography, resolving power, ph

Based on some phantom experiments as well as clinical experience as to the in vivo microradiography
of the patients, correlations between the exposure dose to the patient and the resultant (effective) resolv-
ing power were examined.

A practical equation to calculate the higher resolving power was derived from Dr. Et&’s formula®~®,

Concerning twe methods to delineate microscopic inner structure, i.e., high-voltage macroradio-
graphy and low-voltage microradiography, an optimum technique to minimize both of the resultant
line resolution and the exposure time, was considered within a range of reasonable exposure dose to
the patient. As a result, the following exposure technique minimizes both of the resultant line resolution

and exposure time.

2 = T y =7
f:  effective focal spot size (p)

S T N CH DAL N

o
o: line resolution of a screen-film system ()
L: FFD (cm)
1:  object-film distance (em)
y: resultant line resolution (u)
This exposure technique is defined as a standard radiography technique. Microradiography and

macroradiography correspond to the both extreme methods of this standard technique, and minimize
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the exposure time “t” as well as the resultant line resolution ‘“y”, but maximize the exposure dose to

the patient. Two-times magnification technique renders minimum exposure dose, but maximum ex-
[ 5 )

posure time “t” and worst line resolution “y”. Standard technique may also be applied to daily ex-

amination as one of the conventional macroscopic radiography.
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Table (1) Experimental values of line resolution
o (1) and magnification coefficient
MC*” of the commercially available
medical or industrial x-ray films and
screens.
Test chart: Au 30u thick.

o MC
Kodak M No-Scr. 5 9.6
Fuji ~ #80 No-Scr. 6 8
Sakara MR No-Scr. 8 6
e MR + '/, BS 10 4.8
S | Fuji KX No-Scr. |ealc.12 | 4
E MR —+ BS 13 3.7
MR + (Eass 18 2.7
KX 4 '/, BS 18 2.7
KX + BS 27 1.8
® KX -+ FS 40 1.2
KX + BS 32 1.5
° KX + FS 48 1.0
2 KX + MS | 52 | 0.9
E Fuji ~ AX + MS 60 0.8
5 KX 4 HS 75 | 0.64
s AX + HS 87 | 0.55
KX + S8 87 0.55
i AX + S8 90 0.53
® KX + FS 60 0.8
e KX 4+ Ms 66 0.73
s AX + MS 72 | 0.67
5E KX + HS 9 | 0.53
S AX + HS 99 | 0.48
AX 4 8§ 125 0.38
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Table (2) Exposure data of the practical low-voltage radiography, simulating the standard radiography
technique. Exposure doses to the patients are compared to those of routine medium-voltage
radiography, and these ratios are compared to MC*—MC?.

iy | mA | we | LD | TSD el o B (o)
Wrist, M No-Scr. 50 100 15 9 | o | r7r | "R 900 | 9o ~ g85
Breast, MR No-Scr. | 37 160 1 80 | 74 | 1.71 18 95 | 36~ 216
Ankle, MR+'/,BS 50 100 1 105 93 1.04 31 34 | 23~ 111
Knee, MR+BS 59 100 1 105 | 95 | 1.56 40 39 | 14~ 51
Neck, MR4FS 54 100 1 100 | 90 | 1.48 95 16| 7~20
Chest, MR+MS 59 160 0.1 110 | 9 | 0.28 20 4 1~
Abdomen, KX+4BS 8~ 8§
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Fig. (1) Schematic diagram and nomenclature of

a given radiography technique.

Assumptions: D=1.0

Max. Output

kVp: Constant FFD: Constant

Grid (=)

Target, Filtration, Phantom: Constant

o*=kS(k: Constant) .
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Table (3) Correlations between the relative speed
S(+78) and ¢¢ (relative value) of the
medical or industrial x-ray films and
screens.

Normalized to Y+ BS.
Low-voltage—Medium-voltage
Radiography.

|5 |5 |oGeie
Sakura R No-Scr. 2.4 1.6 2.2
MR  No-Ser. 6.1 2.5 3.0
MR+BS 16 4.0 4.8
MR+(yjs | 36 | 6.0 6.7
Sakura Y No-Scr. 13 3.6 |calc. 4.4
® Y+BS 100 | 10 10
Y4FS cale. 200 14 15
KX+MS  |calc. 320 | 18 16
AX 4+MS calc. 576 24 19
KX4+HS calc. 480 22 23
AX 4+HS calc. 864 29 27
KX488 cale. 800 28 27
AX 455 calc,]440 38 28
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Fig. (2) Top: Correlation between resultant line
resolution y and line resolution of a screen-film
system c¢.

Bottom: Correlation between y and magnificati-
on M. Effective focal spot size f, ¢ and M are
combined together independently upon.
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Fig. (3) Top: Correlation between y and ¢ or f.
Bottom: Variation of y, (minimum value of ¥)
plotted against the object film distance 15, in
case of the standard radiography technique.
Different from the case of Fig. (2), e should
be selected here, inversely proportionate to f,
according to the equation (4). (See text)

2¢lo "'<- =T fo
I -g hhhhhhh
o ——" Yo """-—-.____-_-__.____h..,,

fe—— Lu & L ’Lu

Fig. (4) Geometrical representation of the standard
radiography technique.
ﬁ._::__In j’-: L_]" = f" = L__'lo
f, L 2q, L 2at, Iy

ARESREREREE B3R gi2g

(S—b—L)

‘F‘é—'-'ﬁ/ t X1 7 Okl & 5.
(b) af=—ET, 1 DAALDHAY TOM
IMEVRFEAE LR,
V—B—3. BEWEEE OME
@) @WxXx»

= _%f’%_z_ SRba
(L—
) (-ﬁ )

P C, —Hcir Xe iapi ke, Mpili
ALE EDNE G,
LEEDRAME vo, to RE % D BE OPRE R
Xpo 1, (11—b) k1 b
/2 \2 2BLVa Vi, -
Xpy = [2- B 22V OV
n=(2) e (14)
(14) KTty =—EFEDBH
0«— Iy —L
(004-——-}(90——»00)
lo=-12’—®ﬂ¥f Xeg 1% 1 2 Ofi/MHE
Bva Vi
_8—‘111?}———‘/% o )
T2 Vo=—EDHAIE, Xeo 1k ty L ERIC—
ETHD. RO THHIRGRE X, B—5EDE

Table (4) Variation of the values of f,, ¢, Yos
Xp, (exposure dose to the patient),
v't, (exposure time t,), altering mag-
nification M, from 1 to co, of the
standard radiography technique.

1 1 2 =
Mo Micro) 43 | (x72) | 4 | (Macro
5%— o | 3 1 3 | o
o
20 | 312 ay L 12a ff
Yﬂ 0 ’ f }r2 0
Min) | V4 %) Ny | 34 | Miny
4B
Xpo co Ty oo
(Min)
| __BL
vt 0 2o v 0
(Max)
1y o0 0
[ 0 o
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Table (5) Values of ¢, and y, (in parenthesis),
calculated from f, and M,. Screen-film
systems are decided from both f; and
M, for the standard radiography tech-

nique.
501 15001 21 0ty < 200/
1.01<M,< 8
v~ | sos | w0m | s00n | s00

1.01 2.5(5.0)
1.02 3(5.9)| 5(9.8)
1.04 2(3.8)  6C 12)| 10 19)
1.1 | 2.5(4.5)] 509.1)| 15( 27| 25 45)
1.2 5(8.3) 10C 17)| 30( 50)| 50¢ 83)
1.4 10C 14| 20¢ 29 60C 86) 100(143)
2 25C 25)] 50C 50| 150(150)
3 50( 33)[ 100C 67)
4 75( 38)| 150( 75)
8 175( 44)
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RBRAL vo LoEREILEPARTH S,
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T Udich K R, FXHE ik
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5. % ©0 v wrheh, Bk
Film 7 B8 & Bt fids L OV g o iR A7
2 md. ZhEgiEKo DMy, i (50
~ 100 4) XEREC X D EEIRREEY O R RE A
E29~401 LB L, F, B, AF, B E
ZDFROL TIRISER 2 R, BB clk
EEHE (MR4+MS, FS) #9245, AL
MR+ B S BRA[RE/CB A EESRE 2 R, i
MR+F S, MS T# 100 H 5w X BEELK
IR TV 5.

BEUESR 0 & 2 7 XM G BB 8, —
HECbHER IR S, fl el ug,
L= 200cm, ly=20cm, a,=67x (Au3Q, 7y v
Fa (4+), KX+FS) &3+5E, {,=1206p,
Yo= 121p & g b, BUfED 2 mm fEp Tk &8
5. EIcHO ML —HEE (X-TV, Over-
tube) T, L= 120cm, ly =18cm (K7 4 L A

Table (6) Reversely calculated FFD (L), y, and J@P_- (line resolution in the midplane) from I,

(width), c¢, of the low-voltage radiography in Table (2).

Numbers of the left column of L, ey, yo, LotYo . without phantom, right column: with
phantom.
kVp fo 1y L ) G Yo 1 _au'zi‘i
2 cm cm I m m
Wrist, M No-Scr. 50 460 3 133 | 114 5.3 6.2 10.4 12.1 7.9 9.2
Ankle, MR4-'/,BS 50 460 7 160 | 114 | 10.5 15 20 28 15.3 22
Breast, M RNo-Scr. 40 510 6 197 | 155 8 10.3 15.5 20 11.8 15.2
Breast, MR+-1/,BS 40 510 6 159 | 124 | 10 13 19 25 14.5 19
Knee, MR-+BS 60 410 | 10 156 99| 14 23 26 4] 20 32
Chest, MR4-BS 60 410 | 20 312 225 | 14 20 26 36 20 28
Chest, MR+ (5% | 60 | 410| 20 | 225| 166 20 | 28 | 36 | 40 | 28 | 39
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