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A feasibility study of X-ray transmission measurements for contrast media with less exposure using filtered X-
rays and their energy information is described. Based on measurements of the energy spectra of La-filtered X-rays,
sensitivity to the contrast media and the relative quantity of dose exposure of filtered X-rays as the ratio to white X-
rays are shown. The dose exposure for the measurement of iodine contrast media is reduced by more than 50% with
a 400um thick La filter. By using a filter with atomic number close to that of iodine such as Cs and Ba, a greater
reduction in dose exposure with a smaller increase in the current of the X-ray tube is expected.
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|. Introduction detected by subtracting the digital radiographs each &ther.
o . Tpis ideal method, however, is not a practical one from two

X-ray transmission measurement is one of the most useful . . i ; .
oints of view that: (1) monochromatic X-rays are available

methods for the detection of tumors in the human body. X- . . ;
. . in synchrotron facilities, but not in hospitals, and (2) chang-
ray computed tomography (CT) is an extension of the X-ra) . . o .
g the energies of monochromatic X-rays is time consuming

transmission method. Both in X-ray transmission measure- . : . i
. . nd allows tumors in a subject to change their positions.
ments and CT measurements, images are given as the num - L .
ne practical example of the digital energy subtraction

of transmitted X-rays, which is reduced from the number of . )
method is employed for the measurement of bone mineral

incident X-rays due to the absorption coefficients of tissugensityw) In this method, white X-rays are transformed by

and bone in the subject. Identifying tumors, such as Canceﬁters into two quasi-monochromatic X-rays. Using semi-

by X-rays, however, is not a simple job: the absorption coei- . .

. ) ; . conductor detectors with two single channel analyzers, the

ficient of tumors is not very different from normal tissue. The o . !
) . . . number of X-rays with higher and lower energies, which were

resulting black and white X-ray photograple, radiograph,

often does show any significant difference between normtr|ansmitted through a subject, could be measured. The com-
y Si9 ination of the two digital radiographs gave the density of the

tissue and tumors. To overcome this situation, many attempns

to utilize the energy information of incident X-rayisg., en one minerals.
energy WG In this paper, we propose a method for measuring the thick-
ergy subtraction methods, have been reported. . ST X :
. . : ess of the contrast media, such as iodine, in a subject with
The energy subtraction method in off-line measuremenis . ;
. o . ess exposure. Our future goal is to detect tumors and varices
was carried out by two photographic films with an absorber

between them for bone minerals and chest radiogrihy in periodic health checks with a smaller amount of contrast
The first film had information for all of the incident X-rays media and Iowgr dosg exposure- These days the quantity of
. . ) ...dose exposure in medical treatment is not counted as the dose
passing through the subject. The second film was sensitive L . .
exposure of individuals. However, it should be taken into ac-

only to those X-rays with sufficient energy to pass through t.hgount as the personal record of accumulated dose exposure

absorber between the two photographic films. By compang@ the future and should be reduced as much as possible.

the first and second radiographs, tissues and bones with Fort expended on the reduction of dose exposure both in

ferent X-ray absorption coefficients could be identified. . : ; o .
.. : : medical treatment and in medical check-ups will increase in
These days, digital radiographs can be easily taken. The . L !
Emportance in terms of individual and public dose exposure,

energy subtraction method is performed on-line with compuf- . : .

) . . ecause the opportunities for X-ray exposure are increasing
ers. The most idealized energy subtraction method can e il
carried out with two monochromatic X-rays: with a contrastoPoY-

) _— : .. For the purpose described above, we employ filtered X-
media such as iodine and two monochromatic X-rays W'tpa s instead of white X-rays, semiconductor detectors as X-
energiesk;, E,, with the the K-edge energy of ioding&, Y yS,

between them, < Ex <E,). Two radiographs of the subject ray d.etectors2 and the energy subtractllon method to utilize en
; — . : ergy information. Hereafter, we call this method, FIX-ES, for

with an iodine contrast media are taken. Tumors, which have . ;

. : oo . convenience. Dose exposure as a result of X-rays with low

a higher concentration of iodine contrast media, absorb the

X-rays with energyE, more than normal tissue, are clearl energy, which cannot penetrate the human body and which
y gyE2 ' Ycannot give information about the inside of the body, should

be eliminated by X-ray filters. Semiconductor detectors allow
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conventional scintillator and photo-multiplier systems, anée detector was set at 3m for the measurements of the en-
they provide energy information about the X-rays. This energy spectraof white and filtered X-rayswithout the phantom.
ergy information is applied to the energy subtraction methodVhen the phantom was inserted, the distance was reduced to
Comparing FIX-ES to the off-line energy subtraction methi.5m, because of the attenuated intensity of X-rays.
ods described in Refs. 1-4), FIX-ES gives less dose exposureThe intensity of X-rays emitted from the target of an X-ray
and can be applied io-situ observation. The energy subtrac-tube is described by the following equation,®
tion method with monochrorr_l_a_tlc X-rays can be performed | (E)dE = cZ(Ey — E)dE. 1)
only in large synchrotron facilities and allows movement of
tumor between exposures, whereas FIX-ES diagnosis will béere, 1 (E) is the intensity of X-rays with energy E, c isa
taken place in any hospitals with X-ray tubes and requiremnstant, Z isthe atomic number of the target material of the
only single exposure of X-rays. X-ray tube and E, the tube voltage. When absorbers, such
Here we discuss the sensitivity of FIX-ES to the contrasts an Al filter with 2mm in thickness, as indicated by the
media and the possibility of reducing the quantity of dos®rugs, Cosmeticsand Medical Instruments Acts, areinserted,
exposure by simple experiments and simulation calculatiorise energy spectrum of X-raysis given by,
based on the experiments. Our next move will be to take dig-

ital radiographs of subjects and discuss them. ¢(E)dE = | (E) exp {— Z wi (E)X; } dE. 2
i

I1. Experiments Here, ¢(E) istheintensity of the transmitted X-rays with en-

1. Experimental Setup ergy E, ui (E) and x; are the absorption coefficient as afunc-

A schematic drawing of our experimental setup is showHOn of energy and the thickness of i-th material, respectively.
in Fig. 1. The X-ray tube and X-ray generator employed Examples of measured X-ray spectra of white and filtered
were H7131 (Hitachi Medical Co.) and RXB-100 (TORECXT&ys are shown in Fig. 2 by solid lines. The dotted lines
Co. Ltd.), respectively. The maximum current of this X-ray" Fi9. 2 ae the results of calculations using Egs. (1) and
generator was 5mA. A lead slit (1 mod mm) was placed (2)- Theexperimental and theoretical resultsagreefairly well.
at the window of the X-ray tube. After passing the slit, thel "€ higher counts in the low energy parts are due to room-
X-rays were attenuated by an Al filter of 2mm in thicknes$€tUrn X-rays and background noise.
and a La filter made of L#s; powder sandwiched between ] ) )
acryl boards (4mm in total thickness) with various thick-> Energy Spectrum of Filtered X-rays with lodine Con-
nesses over an area of 3e@cm. The X-rays were colli-  (rastMedia . o .
mated by Pb and Al plates with a hole of 0.5mm in diame- A typical X-ray spectrum with an iodine contrast media
ter, as shown in Fig. 1. As a detector for X-rays, a Ge det00xm thick is shown in Fig. 3. The K-edges of La and |
tector (IGP105185, Princeton Gamma-Tech) was used witrPE€ clearly seen at 38.9keV and 33.2keV. The dotted line
pulsed optical feedback type preamplifier (PO-15B, PrincdD Fig- 3 is the calculation result using Egs. (1) and (2).
ton Gamma-Tech). The Ge detector was wrapped with a Pe agreement between the experimental and simulated X-
shield to avoid room-return X-rays. The energy spectra wef8y SPectrais excellent, except that the energy part is higher
measured with a multi-channel analyzer with a main amplifigh@n the K-edgeof La. We do not pay any significant attention
(System 8000, Princeton Gamma-Tech). to this disagreement, becausethe energy spectrabelow theen-

To simulate a human body, a water layer 20 cm thick wa&9Y of the La K-edge were used in our study. In Chap. 111,
inserted between the Al, La filters and the Ge detector asV¥ émployed the smulated X-ray spectra for the estimating
phantom. In this water layer, the layer of iodine contrasf® thickness of the iodine contrast media, the sensitivity to
media was defined by an acrylic box 2 cm thick, filled with

water and a suitable amount of iodine tincture (60 g of iodine, 800

409 of Kl in 1,000 nh) to obtain the required thickness of the
iodine layer. The distance between the X-ray tube and the
600} _
2
X Ray Slit Water Layer  Collimater § 400} 1
Tube / AlFilter l Shield (P 2mm) O
(emm v Ge Detector
D I | — 200r i
—
LaFilter — Al 15mme 0016726 30 40 50 60 0616 20 30 40 50 60
lodine Energy (keV) Energy (keV)
L
[ e o Fig. 2 Experimental (solid lines) and simulated (dotted lines) en-
Pb 2mm ergy spectrafor (a) white and (b) filtered X-rays
Siit immx4mm Hole 0.5mm®  py 2mmxa The voltage of the X-ray tubeis 50kV. The thickness of theLa
filter was 40 um. An Al filter of 2mm in thickness was used for
Fig. 1 Experimental setup for the measurement of X-ray spectra (@) and (b).
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Fig. 3 Experimental (solid lines) and simulated (dotted lines) en-
ergy spectra for filtered X-rays with a phantom of a water layer
(20cm) and aniodine layer (100 cm)

Filters employed were Al with 2mm thickness, and La with
40 um thickness. The voltage of the X-ray tube was 50kV. The
dashed lines indicate the energies of 27.4keV, 33.2keV (K-edge
of 1), and 38.9keV (K-edge of La).

the iodine contrast media, and the quantity of dose exposure
with FIX-ES.

3. Estimating the Thickness of the lodine Contrast Media
in Tumors

Estimating the actual iodine thickness concentrated in atu-
mor is difficult due to the varying conditions of the tumors.
To obtain a rough standard of the iodine thickness, however,
we took the following stand point.%

In medical treatments, typically 100ml of iodine contrast
mediaisinjected into the human body. The amount of iodine
in the contrast mediais nearly 30 g/100 ml. On the other hand,
the amount of blood in a human body is 5,000-6,000ml. If
the injected iodine contrast media is distributed uniformly
throughout the blood, we would have 5 mg/ml of iodinein the
blood. The other extreme assumption is that the iodine con-
trast media is diluted by the whole body, for example, with
60kg in weight. Assuming the density of the human body is
1g/cm®, the density of iodine in this case is estimated to be
0.5mg/ml. With the estimation described above and the den-
sity of iodine, 4.9 g/cm?, the thickness of theiodine layer in a
tumor of 1cmin thicknessis estimated to be 1-10 um.

[11. Analysis

1. Estimating the Thickness of 1odine Contrast Media by

X-rays

In order to exploit energy information from X-ray spec-
tra, we propose the use of energy integrals of measured X-
ray events to reduce statistical errors. This method is similar
to the one reported in Refs. 6) and 7), using two transmitted
X-ray photon numbers with different energies Ea, Eg. We
extend this method to the energy integrals of X-ray spectra.

In order to estimate the thickness of the iodine contrast me-
dig, it is necessary to have a relationship between the inte-
grated energy spectra of the transmitted X-rays and the thick-
ness of the contrast media. We estimated the partial integrals
of the transmitted X-rays for the two energy ranges: ¢, for
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33.2-38.9keV, and ¢, for 27.4-33.2keV. Each energy range
has an energy of 5.7 keV, which corresponds to the energy dif-
ference of the K-edges of Laand I. An estimation was carried
out for the Lafilter O um thick (white X-ray) to 700 um as a
function of the thickness of iodine contrast media. An exam-
ple is shown for ¢, in Fig. 4. The estimated results indicate
that the integrated events fit excellently by the relationship,

(all au) <X1> _ <|n(¢10/ ¢1) — Cl) 3)
an  axn/) \X In(¢20/¢p2) — C2 ) °
Here, &; (i, j=1, 2) are the constants determined by thei-th
integration range in an X-ray energy spectrum and the j-th
material (for example, iodinefor j=1, and water for j=2), X;
the thickness of the j-th unknown material in the subject, C;
the contribution of known materials such asthe Lafilter inthe
i-th integration range, ¢; the integrated results of the energy
spectrum of filtered X-rays in the i-th integration range, and
¢io the integrated results of the X-rays without a phantom.
For the measurement of ¢, either white or filtered X-rays
can be used.

By solving Eg. (3), we obtain the thickness of the iodine
contrast media, x,, for the phantom consisting of water and
iodine as,

In(bz—W
X| =a In<ﬂ>—ﬂln(ﬂ)—0 ) (4)
$20 |n¢1_w 10
®10

In Eq. (4), aisaconstant due to the iodine and C is the con-
tribution by materials other than the water and iodine. The
values of ¢1w and ¢,y are the integrated events for the same
energy ranges of ¢, and ¢, but for awater layer with athick-
nesst. The fraction In(¢ow/$20)/ IN(P1w /¢P10) has avalue of
nearly 4/3, canceling the thickness of the water layer. The
estimated thickness of the iodine contrast mediais shown in
Fig. 5 as a function of the thickness of the iodine contrast
mediain the phantom for filtered X-rays of La 100 x«m thick.
Although the estimated thickness of theiodine contrast media
is shifted nearly 4 um, the inclination agrees excellently with

Integrated Events

010 20 30 40 %0
lodine Thickness (um)

Fig. 4 Example of integrated events ¢, for the energy range of
33.2-38.9keV of filtered X-ray spectra as afunction of the thick-
ness of iodine layer

The thicknesses of Lafilters are 0 um, i.e., white X-rays (e ),
100 um (m), 200 em (1), 400 um (A), and 700 um (V).
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Fig. 5 Estimated thickness of iodinelayer by FIX-ES asafunction
of iodine thickness
The line with squares is the estimation. The line without sym-
bolsisthe reference.

the one of the actua iodine thickness. The thickness of the
Lafilter has very little influence on the proportionality of the
result of FIX-ES, but on the offset of the result.

In the case where there are more than two different mate-
rialsin a subject, such as tissue, bone and contrast media, we
simply have to define three integrating ranges: by solving an
equation similar to Eq. (3), but with a 3x 3 matrix, the thick-
ness of the contrast mediais obtained in the same way.

2. Sensitivity tothelodine Contrast M edia Thickness

In order to reduce the charge to patients, the quantity of
iodine contrast media injected into them should be decreased
as much as possible. In this section, the sensitivity of FIX-
ES to the thickness of the iodine contrast media is estimated.
In the case of X-ray radiographs, the iodine contrast mediais
shown as a smaller number of transmitted X-rays. Here, we
employ the estimation formula f such that,

_N
=0 ®)

The function f is only an example of the sensitivity estima-
tion, and many other estimating functions could be proposed,
such as, (p1—¢2)/¢p». Equation (5) is chosen for its simplic-
ity.

In this formula, f becomes smaller with thicker contrast
media. The change of f, i.e, the sensitivity of FIX-ES to
the thickness of the contrast media, as a function of the io-
dine thickness and the thickness of the La filter is shown in
Fig. 6. Compared to the result with white X-rays (La thick-
ness, 0 um), f has a higher value as the thickness of the La
filter increases. Changes due to the iodine thickness also be-
come steeper with thicker La filters, especialy in the thin
iodine region.

f

3. Estimation of X-ray Dose Exposure

In this section, we would like to compare the relative quan-
tity of X-ray dose exposure of filtered X-raysto white X-rays.
As a condition for the estimation, we define the statistical er-
ror of the function f as g where,

I.KANNO et al.

0 10 20 20 40 50
lodine Thickness (um)

Fig. 6 Sensitivity of FIX-ESto the thickness of iodine
The thicknesses of the La filters are Oum, i.e., white X-rays
(e), 100 um (m), 200 um (), 400 um (A ), and 700 um (V).

df dm)z <d¢2>2

—| = — ) +({—). 6
f \/( ¢ ¢2 ©)

The errors, d¢y and d¢,, are given as the statistical errors.

They are expressed as the square root of ¢; and ¢, respec-

tively. We have asimple equation for estimating the condition
of relative dose exposure as,

1 1
=, /—+—. 7
J V¢1+¢2 @

The function g means the quality of the radiograph im-
ages, which corresponds to the statistical error of the num-
ber of measured electric charges, such as electrons and holes
in semiconductor detectors and electrons in scintillator and
photo-multiplier systems.

The comparison of dose exposures is performed with the
condition that,

Olfiltered = Olwhites (8)

where glfiitered @Nd glwhite Stand for the errors of f in cases of
filtered and white X-rays. To achieve this condition, the tube
current of the filtered X-rays was adjusted.

Several methods for estimating the quantity of dose expo-
sure have been proposed. In this stage of our study, we esti-
mate the quantity of dose exposure as the ratio of dose expo-
sure of filtered X-rays to that of white X-rays. The employed
estimating formula for dose exposure is given by,

Fo [
X=/ ¢(E)—dE. 9
0 P

Here, ¢ (E) istheintensity of incident X-ray, which is trans-
mitted through the Al and Lafilters, asgivenin Eq. (2), tothe
subject, and w,,/p is the mass energy-absorption coefficient
of water. InFig. 7, the energy spectra, (a) before and (b) after
passing through the phantom of 20 cm of water layer, of white
and filtered X-rays are shown. The estimation function g has
the condition written in Eq. (8) in Fig. 7(b). By changing the
thickness of the La filter, the tube current which satisfies the
condition of Eq. (8) is determined, and the amount of dose
exposure X is calculated from Eqg. (9) with the obtained tube
current. In Fig. 8, relative dose exposures are shown as func-
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Fig. 7 Calculated energy spectra for white (dotted lines) and fil-
tered (solid lines) X-rays (a) before and (b) after passing through
the water phantom without an iodine layer

The thickness of the La filter was 400 um. The values of the
function g of white and filtered X-raysin (b) arethe same. Dashed
lines indicate energies of 27.4keV, 33.2keV (K-edge of 1), and
38.9keV (K-edge of La).

Relative Dose Exposure

0.4
0 100 200 300 400 500 600 700
LaFilter Thickness (um)

Fig. 8 Estimated quantity of dose exposure as afunction of Lafil-
ter thickness
The thickness of the iodine layers are Oum (o), 30 um (m),
and 50 um (A) with atube voltage of 50kV. Open circles show
the case of no iodine layer with a tube voltage of 100kV. The
dose exposures are normalized to the one of white X-rays (no La
filter), in each case.

tions of thicknesses of La filter for tube voltages of 50kV
(e) and 100kV () without the iodine contrast media. The
same calculation procedures were repeated for a tube volt-
age of 50kV with the thickness of iodine contrast media of
30m (m) and 50 um ( A). The amount of dose exposure in
each thickness of iodine contrast media were normalized to
the one with a Lafilter thickness of O um, i.e., white X-rays.

The relative dose exposure has the minimum value at aLa
filter thickness of nearly 400 m, and isless than 50% of that
of white X-raysin case of no iodine contrast media and with
atube voltage of 50kV. The minimum value decreases as the
thickness of iodine contrast mediaincreases.

For filters other than La, the estimated relative exposure
doses are shown in Fig. 9 in the case of no iodine contrast
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Relative Dose Exposure

020 111 560 1 |10|00|
Filter Thickness (um)

Fig. 9 Estimated quantity of exposure dose as afunction of thick-
nessfor Sm (m), Ce (0J), La(e ), Ba(O) and Cs (A) filters
These relative dose exposures are estimated for the cases of no
iodine layer and tube voltage 50kV.

100 prpmr=—r

10

Relative Current

7000 1500

Filter Thickness (um)
Fig. 10 The X-ray tube currentsto achieve the results of Fig. 9 for

thefilters of Sm (m), Ce (O), La(e),Ba(() andCs(4A)
The tube currents are normalized to that of white X-rays.

media. As the atomic number decreases, the minimum rela-
tive dose exposure haslessvalue. In Fig. 10, tube currentsfor
the cases of filter thickness of materialsin Fig. 9 are shown.

V. Discussion

1. Estimation Methodson FIX-ES

The thickness of the water layer of the phantom employed
in the experiments was 20 cm. The usual thickness of the wa-
ter layer for simulating the human body is 25cm to 30cm.
Our phantom thickness was chosen taking into account the
small current of our X-ray tube. Because experimental results
were used to prove the validity of the simulation calculation,
the thinner water layer did not affect our results.

In determining the thickness of the contrast media, we are
able to measure both ¢109 and ¢,y before exposing the subject
to X-rays, i.e., the subject was exposed only once. This en-
abled us to reduce the quantity of dose exposure and to avoid
the movement of tumors which causes unclear observed ra-
diographs.

In actual diagnosis, medical doctors judge tumors from the
change in the density of black dots in X-ray radiographs. In
this paper, we have carried out an analytical estimation of the
sensitivity and we have not been able to make black and white



462

images at this stage. In the estimation using the function f,
the thickness of the contrast media reflected in the numera-
tor: the thicker the contrast media the smaller the value of f.
Visual images of f and its error g are shown in Fig. 11. In
the case of paying attention to a certain point in a radiograph,
alarge error g makes the blackness of the point obscure, even
in the case of high blackness, as shown in Fig. 11(a), and
sometimes makes high blackness look like low blackness, as
shown in Fig. 11(c). Even if the value of f, i.e, the black-
ness of the point, is small, the smaller error makes the tumor
image clearer. This small error corresponds to radiographs
taken with a greater quantity of X-rays. In light of the dis-
cussion above, we think that estimating the quality of images
with the function g is very similar to judging tumors by the
density of black dotsin radiographs.

In estimating the quantity of X-ray dose exposure, the cur-
rent of the filtered X-rays was adjusted to have the relation-
ship of EQ. (8) on g. The current of the filtered X-rays for
this condition is determined uniquely: the energy spectra of
the transmitted filtered X-rays with the same thickness of fil-
ter and the same contrast media, and the number of eventsis
proportional to the current of the X-ray tube. Asaresult, the
tube current of the filtered X-rays is determined uniquely to
make g have the same value as with the white X-rays.

The reason that the relative dose exposure has a minimum
value is explained as follows. The error g is taken as a kind
of statistical error and is proportional to the inverse square
root of the tube current. On the other hand, the quantity of
dose exposure is proportiona to the tube current. These two
components work in opposite ways in the evaluation of the
relative dose with the same quality of radiograph images as
white X-rays and give a minimum point.

2. Practicability

This paper described a feasibility study of filtered X-rays
as amethod for achieving less contrast mediaand X-ray dose
exposure: we have neglected the performance of conventional
X-ray tubes and semiconductor detectors. For example, the
X-ray tubes in practical transmission diagnosis are operated
at nearly 800-900 mA, a current which is almost the same as

150

Blackness
g

3

@  ®  ©

Fig. 11 Schematic drawings of the meanings of the function f and
itserror g
The function f corresponds to the “Blackness’ as shown by
squares. The “Blackness” is high when the contrast mediais thin
and the number of transmitted X-raysislarge. () high blackness
with large error, (b) high blackness with small error, and (c) low
blackness with small error. Case (@) corresponds to the measure-
ment with less X-rays. The measured point with image quality (a)
is sometimes regarded as the image (c).

I.KANNO et al.

with the maximum performance of the X-ray tubes. On the
other hand, as shown in Fig. 10, tube currents for filtered X-
rays to have the relationship of Eqg. (8) range some to some
tens of that for white X-rays. A tube current of several am-
peresis not practical. In Fig. 12, a summary of Figs. 9 and
10 is shown. For the La filter, a minimum dose exposure
of nearly 50% of white X-rays is obtained with a thickness
of 400 um and a corresponding current nine times as high
as white X-rays. When we choose Cs as the filter material,
we have 40% and 34% of dose exposure with a thickness of
700 and 1,000 .«m, and a corresponding current of 2.7 and 4.2
times as high as white X-rays. These are the best parameters
in our study, if we could have enough tube current.

We think, however, that taking informative X-ray radio-
graphs with filtered X-raysis possible. The amount of X-rays
equivalent to nearly one ampere of tube current is too much
for identifying tumors. Reducing the current of X-ray tubes
to aquarter of an ampere may not change much the quality of
the resulting radiograph. Based on this condition for white X-
rays, a Cs filter with 700 «m in thickness brings us the same
quality of radiograph, and a 60% reduction in dose exposure.
Studies of X-ray radiographs with less X-ray tube current will
be performed as an extended theme of this research.

Another field of medical treatment with X-ray exposure,
called interventional radiology (IVR), in which interventions
are carried out by a catheter and observations by radiographs,
has the problem of skin ulcers caused by the X-ray exposure.
With the invention of a catheter with an iodine compound
coating or catheters made of materials with high atomic num-
bers, our proposed method would be applicable for the obser-
vation of a catheter with less dose exposure.

V. Conclusion

To decrease the quantity of X-ray exposurein X-ray trans-
mission measurements, it isimportant to reduce X-rays with
low energy, which only contribute to dose exposure but not
to information about tumors in a subject. To detect the con-
trast media, such as iodine, in tumors, the energy subtrac-
tion method is quite useful. With the use of filtered X-rays
and the energy subtraction method, higher tube currents and
energy information about the X-rays are indispensable. To

g
3
o
Q.
I
8
(@]
[}
=
®
J)
04
0_2“ 1 1 ||||l|l|O I 1 llIII:II-L)O
Relative Current

Fig. 12 Summary of Figs. 9 and 10
The symbols show the filters of Sm (m), Ce (O), La(e), Ba
(O)andCs(a).
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meet the requirements described above, we have proposed
the energy subtraction method by semiconductor detectors
with filtered X-rays, based on the measurements of the en-
ergy spectra of Lafiltered X-rays. In the measurements, we
do not always have to measure energy spectra with a multi-
channel analyzer, but to count X-rays in two energy ranges,
such as 33.2-38.9keV and 27.4-33.2keV with two single-
channel-analyzers and counters. With energy information
about the filtered X-rays, the thickness of the contrast media
is sensitively measured with less quantity of dose exposure,
compared to white X-rays. Although a higher tube current
is required, radiographs with the same quality will be taken
by filtered X-rays with 50% or less dose exposure than with
white X-rays.
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