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New Stepwedge for Bootstrap Sensitometry in Medical Radiography
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A new stepwedge has been developed for bootstrap sensitometry, which is used for determining the char-
acteristic curve of radiographic screen/film systems. Since each step of the stepwedge is separated by the
lead septum, flare generated under one step will not penetrate the region of another step. The metal of the
stepwedge can be changed with various materials. Characteristic curves obtained with new stepwedge boot-
strap (NSB) and conventional stepwedge bootstrap (CSB) techniques were compared with those obtained for
sereen/film systems with inverse sqare sensitometry. The inverse square method was used as the reference
standard for accuracy. The NSB method provided characteristic curves that agreed well with those obtained
using the inverse square method. The slope of the curve in the CSB method was lower than that in the in-
verse square or NBS method, because of scatter radiation. The shape of the characteristic curve from the
NSB method did not vary with the materials of step metals (aluminum and copper). The cumulative error
involved when using the bootstrap method is also discussed.
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Fig. 1 New stepwedge for bootstrap sesitometry.
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Fig. 2 Design of the framework of the stepwedge.
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Fig. 3 Materials of the stepwedge.

A I Aluminum. B I Copper.
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Fig. 4 Sensitometer for the bootstrap method.
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Table 1 Techniques for data collection

Inverse square CSB and NSB(Al) NSB (Cu)
sensitometry sensitometry sensitometry
kV 70 50, 60* 75
mA 50 150, 100* 150, 100*
sec 0.1 0.14, 0.1%* 0.2, 0.14*
Filter (mm)
Copper - 0.5 — 0.2
Aluminum : 4.0 — 4.0
FFD (cm) 35.0—350.0 119.15, 150.0 119.15, 150.0

* Asterisk represents the exposure condition for the G-4/MG screen/film

system.
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Fig. 5 Comparison of characteristic curves for the

BM-3/A screen/film system using the in-
verse square, NSB(Al) and CSB methods.
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Fig. 6 Comparison of characteristic curves for the
G-4/MG screen/film system using the in-
verse square, NSB (Al) and CSB methods.
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Table 2 Average gradient for the BM-3/A and the G-4/MG screen/film systemsa)

Inverse square NSB (A1) NSB(Cu) CSB
sensitometry sensitometry sensitometry sensitometry
BM-3/A 2.6540.02 2.68+0.04 2.73+0.18 2.53+0.10
G-4/MG 3.094:0.02 3.16+0.14 3.05+0.10 2.72+0.15

a) Each value is the mean * standard deviation of four measurements.
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Fig. 7 Comparison of characteristic curves for the
BM-3/A screen/film system using the in-
verse square, NSB(Al) and NSB(Cu)
methods.
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Fig. 8 Comparison of characteristic curves for the
G-4/MG screen/film system using the in-
verse square, NSB{Al) and NSB(Cu)
methods.
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Fig. 9 Variations of characteristic curves for the BM-3/A
screen/film system using the inverse square, NSB(Al)
and CSB methods. The relative positions of the three
sets of curves have no significance.
Table 3 Relative exposure vs photographic density
for the BM=-3/A screen/film system®*®
Density Inverse square NSB (Al CSB
sensitometry sensitometry sensitometry
0.20 0.170+0.013 0.173£0.014 0.146+0.008
0.40 0.440+0.007 0.445%0.010 0.4201+0.016
0.60 0.592£0.006 0.602+0.008 0.58140.013
0.80 0.7304+0.004 0.740%0.005 0.722+0.009
1.00 0.8711+0.003 0.8751+0.004 0.865+0.003
1.20 1.020+0.004 1.02040.004 1.0184+0.003
1.40 1.185+0.005 1.1814+0.004 1.187+0.010
1.60 1.371£0.006 1.366+0.004 1.3824+0.019
1.80 1.587+0.009 1.580+0.008 1.612+0.030
2.00 1.842+0.016 1.833+0.015 1.889+0.044
2.20 2.1524+0.028 2.1354+0.024 2.227+0.061
2.40 2.537+0.043 2.502£0.037 2.6441+0.087
2.60 3.029+0.056 2.960+0.052 3.170£0.130
2.80 3.678+0.059 3.55440.072 3.856+0.193
3.00 4.5801+0.084 4.395+0.111 4.817£0.277

a) Base plus fog densities in four measurements of the three

methods were about 0.17.

b) Each value is the mean =+ standard deviation of four

measurements.



Table 4 Relative exposure vs photographic density
for the G-4/MG screen/film systema)' L)

Density Inverse square NSB{Al) CSB
sensitometry sensitometry sensitometry

0.20 0.2582+0.008 0.260+0.018 —
0.40 0.497+0.003 0.507%+0.018 0.451%£0.022
0.60 0.642+0.002 0.6544+0.014 0.608+0.020
0.80 0.7731+0.002 0.782+0.010 0.751+£0.013
1.00 0.902x0.001 0.906 +0.005 0.8911+0.006
1.20 1.034+0.000 1.032x0.002 1.037£0.002
1.40 1.173£0.002 1.166+0.009 1.195+0.012
1.60 1.323+0.003 1.312+0.017 1.369+0.024
1.80 1.489+0.005 1.474+0.026 1.5661£0.038
2.00 1.675+0.006 1.658+0.036 1.794+0.054
2.20 1.890£0.008 1.873+£0.047 2.065+0.071
2.40 2.147£0.009 2.135%+0.062 2.397+0.091
2.60 2.466+0.009 2.4721+0.083 2.8254+0.110
2.80 2.890x0.010 2.94110.112 3.4231+0.124

3.00 3.525+0.023 3.697+0.145 —_—

a) Base plus fog densities in four measurements of the three
methods were 0.15.
b) Each value is the mean * standard deviation of four

measurements.
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Fig. 10 Illustration of cumulative error in the bootstrapping technique. A

. Density vs step number curves.

B ! Segments of the characteris-

tic curve. Log-exposure-ratios r and r’ indicate the calculated and

actual values, respectively.

C . Solid line represents the true char-

acteristic curve and the broken line is the curve with the cumulative

error.

725, Fig 10C) i28VT, ki r T+
Fig. 10B) OREMfE* 7y P LA ITRE RS %
ws, EOMEIRLISHRVOT, rJTkizTay
FENB, THE, DREELVHIZLST, #1
LONSLEENBEEINSG, TORE, Fig 10
C)OWHMO L 5 IR eficKkaLe vy 3
VEELSEIRND D, T T SHERYE
TE&, NSO IRTORITS Y FLILES
DT TH D, £2C, SHEPE OB
BT E, IV ETSNRS,
PEpZ iz kY, NSBE:IZIEBESEE i+ 2
&, WIUFIEKREND, NSBEOFEHLIR
TR PR AR DS MR OB AR e L —F T B S
LoBEmERbns,

6. & Bl

1) SEHER LA TF v 7 2 v VIRUTORKE
¥HT 5o

@ BETLEERT » Th50HEE IS
RO BE»PNTBY, /2, AT9 7Ty
PHOBEMDOEEDL Vv,

@ £BAF vy 7iE, BRI U THEZOME
WCEABIENTESL,

@  XBALHEA I O LB FEE O A % F
HATE B9, XHHEENMOELEI L2,
2)Y CSBETIE, AF vy 7T oxyPhs0EE
MOBE DI, HBELRSL NSB (AD) #LY
FEMBROEE MR T T 5,
3) NSB (Al) #EB LU NSB (Cu) EoiEM i
MISIREEEICLC—BL, ThIizvatfio
MBEIZL BEANTRDON D572,
4) 7= R+ T v FETE, 22 E4&bRIlL
BREEDFEEVET B0, 55V FHKEL,
SHONEDFH 2 LEL T 5,

B O

EERIZH I TE 72 IR R R R
KBS = —, FFERE, TEAMRIC
ISUYS (VAR DR S oS

AREGL DO, H ARSI FEEE43EE
% (19874F, HEF) IXBWTHEEKL,

_— ms__



1)

2)

3)

4)

5)

6)

7)

8)

9)

&

Ea

£ X ®

James, T. H., ed. : The Theory of the Photographic
Process. 4th ed., Macmillan, New York, p495, 1977
Haus, A. G., Marsh, L., Bencomo, J. and Vyborny, C.
. Sensitometry in medical imaging. Proc. SPIE,, 127
. 76-86, 1977

Haus, A. G. and RossmannK. . X-ray sensitometer
for screen-film combinations wused in
radiography. Radiology., 94 : 673-678, 1970
Wagner, L. K., Haus, A. G., Barnes, G. T., Bencomo,
J. A. and Amtey, S. R. . Comparison of methods used

medical

to measure the characteristic curve of radiographic
screen/film systems. Proc. SPIE., 233 : 7-10, 1980
IWTF—4, AR, FTH—K, KMHED, KEZL
B\, B, BEBEE, O BERET + v
LYATFADXEE YT A M) —IZDnT. B
HhFER, 40 1 59-78, 1984

Yoshida, A., Hiraki, Y., Ohkawa, Y. Yamada, T.,
Hashimoto, K. and Aono, K. . Modified inverse
square sensitometry for the determination of the
characteristic curve of radiographic screen/film sys-
tems. Acta Med. Okayama., 40 : 33-38, 1986
Sensitometric Properties of X-ray Films. Radiogra-
phy Markets Division, Eastman Kodak Co., Roches-
ter, New York, p27, undated

Haus, A. G., Rossmann, K., Vyborny, C. ]J., Hoffer, P.
B. and Doi,K. . Sensitometry in diagnostic radiology,
radiation therapy, and nuclear medicine. J. Appl.
Photogr. Eng., 3 . 114-124, 1977

Vyborny, C. J. © H and D curves of sceen-film sys-

10)

11)

12)

13)

14)

15)

tems: factors affecting their dependence on X-ray
energy. Med. Phys., 6 . 39-44, 1979

HH ¥ . 7-1FAL} 5y 7E. INNERVISION, 3
2 30-33, 1988

Bednarek, D. R. and Rudin, S. ! Comparison of mod-
ified bootstrap and conventional sensitometry in
medical radiography. Proc. SPIE., 233 : 2-6, 1980
Wagner, L. K., Barnes, G. T., Bencomo, J. A., and
Haus, A. G.  An examination of errors in character-
istic curve measurements of radiographic screen/
film systems. Med. Phys., 10 . 365-369, 1983

FH # ! Filter bootstrap ¥ & modified stepwedge
bootstrap HEIZ K AR/ T A N AT AT ADX

Ber b A MY - AR, 44 1535-54],
1988
SNE—, HHEO®, KIESL, MEFIE, TER

], REERE, mERER, WEEE H-D WK
WP 2T h. 270 ARHFAPE - HERRE
£, WOBRFHT, 1986

Curry, T. S., Dowdey, J. E. and Murry, R. C.
Christensen’s Introduction to the Physics of Di-
agnostic Radiology. 3rd ed., Lea & Febiger, Phi-
ladelphia, ppl65-166, 1984

16) TR EYE, KEMER  BUTRSOEROMEImE, 2.

17)

72

=}

I FPTFTAPMPIRIZTHEHBEKROE
INNERVISION, 3 :10-13, 1988

Bushong, S. C. . Radiologic Science for Technologists
. Physics, Biology, and Protection. 2nd ed., Mosby
Co., St.Louis, pp110-111, 1980

(19904E10 A 29 5 5 7H)





