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Quantitative Image of Bone Mineral Content
—Dual Energy Subtraction in a Single Exposure—
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Tokyo Medical and Dental University
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A dual energy subtraction system was constructed on an experimental basis for the qunatitative
image of bone mineral content. The system consists of a radiographing system and an image processor.
Two radiograms were taken with dual x-ray energy in a single exposure using an x-ray beam
dichromized by a tin filter. In this system, a film cassette was used where a low speed film-screen
system, a copper filter and a high speed film-screen system were layered on top of each other. The
images were read by a microdensitometer and processed by a personal computer. The image processing
included the corrections of the film characteristics and heterogeneity in the x-ray field, and the dual
energy subtraction in which the effect of the high energy component of the dichromized beam on the
tube side image was corrected. In order to determine the accuracy of the system, experiments using
wedge phantoms made of mixtures of epoxy resin and bone mineral-equivalent materials in various
fractions were performed for various tube potentials and film processing conditions. The results
indicated that the relative precision of the system was within + 4% and that the propagation of the film
noise was within + 11 mg/cm? for the 0.2 mm pixels. The results also indicated that the system
response was independent of the tube potential and the film processing condition. The bone mineral
weight in each phalanx of the freshly dissected hand of a rhesus monkey was measured by this system
and compared with the ash weight. The results showed an error of = 10%, slightly larger than that of
phantom experiments, which is probably due to the effect of fat and the variation of focus-object
distance. The air kerma in free air at the object was approximately 0.5 mGy for one exposure. The
results indicate that this system is applicable to clinical use and provides useful informaion for
evaluating a time-course of localized bone disease.
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Fig. 1 Block diagram of the imaging system.
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Table 1 Parameters of phantoms

Weight fraction

Wedge Density _ "5 """ Height Length
ID (g/em®) piperal Epoxy ~m)  (mm)
No, 0 1.12 0.0 100.0 41.8 65.2
No, 1 1.33 24.2 75.8 15.1 53.8
No, 2 1.87 28.6 71.4 15.0 53.7
No. 3 1.48 38.4 61.6 15.3 54.9
No, 4 1.62 47.8 52.2 15.1 55.0

All were straight sloping wedges.
BAERSE #50% 95
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Fig. 2 Input images of the phantoms on the CRT display.
a) Tube side image (Min-R), b) Back side image (Quanta III). The pixel size
was 0.2X0.2mm. The film density D was converted to a gray level G by G=
255(Dmax —D)/(Dmax —Diin) Where Dypay and Dy were the maximum and the
minimum density in each film, respectively,
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Fig. 3 Output images on CRT display formed by the energy subtraction from the

input images in Fig. 2.
a) Bone mineral, b) Epoxy resin
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Fig. 4 Profiles of bone mineral content and epoxy resin content were determined
from 50 scannings parallel to the longer axis of the image of each wedge. The
closed circles represent a mean of 50 determinations (pixels) under the same
wedge thickness. The broken lines indicated the calculated value from the
parameters in Table 1. The error bars showing the standard deviation were
drawn only when larger than twice of the diameter of the circle.
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Fig. 5 Profiles of bone mineral content for various tube potentials. The points
indicate a mean of 50 pixels. The standard deviations do not differ from those

in Fig. 4.

Table 2 Variation of film density with tube

potential
Potential Tube side film Back side film
(kVp) A B A B
52 2.82 0.48 2.12 1.20
54 2.98 0.60 2.50 1.53
56 3.08 0.88 2.96 2.05

A Background density near the thicker edge of the
reference wedge
B : Density at the thickest edge in the reference wedge
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Fig. 6 Profiles of bone mineral content for various film processing conditions.
The points indicate a mean of 50 pixels. The standard deviations do not differ
from those in Fig. 4
‘ e
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Fig. 8 The image of bone mineral content of a
; rhesus monkey hand. The ROI was set by graphic
o : ! " : ! cursors around the contour (arrow) of each pha-
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Fig. 7 The H-D curves of the tube side film-screen
system (Min-R/MR1) for wvarious film
processing-conditions.
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lanx and its bone mineral weight was obtained
from the summation of the pixel data within the
ROI. Another zone of ROI was set on the sur-
rounding soft tissue (bright pixels) to determine
the correction term for the fat effect.
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Fig. 9 Comparison of the bone mineral weight of
the monkey hand phalanges measured by this
method with the ash weight. The solid line and
the broken lines indicate the exact consistency
and£10% error range, respectively.
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