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Measurement System of Bone Mineral Content by Coherent/Compton
Scattering Method

Kiyoko Sakurai, Shigeru Iwanami and Keiji Nakazawa
Department of Radiology, School of Medicine, Kitasato University
(Director: Prof. Takashi Matsubayashi)

Researcch Code No.: 501

Key Words :  Bone mineral content, Gamma-ray scattering method,
Coherent /Compton scattering ratio

The technique to evaluate bone mineral content by measuring coherent/Compton scattering ratio
of gamma-rays was investigated. This technique has the very important point that mineral content of
a limited volume of bone can be obtained in vivo without undesirable influence from surrounding tissues.
A device with two gamma-ray sources of 200mCi **' Am and a pure Ge detector was designed to measure
the distal radius and ulna. Using mixtures of Cas(PO,), and H,O at a series of known concentrations,
the relation between coherent/Compton scattering ratio(R) and bone mineral content (W in weight
percent) was assured to be linear in good approximation. The reproducibility of the measurement for
homogeneous substances such as Ca;(PQ,), powder or water was so good that the values of R obtained
at different points of time agreed well within statistical errors. However, the values of bone mineral
content(W) which were obtained by repeated measurments of pig’s tibiae surrounded with soft tissues
suggested that positioning of thd object to be measured was very important to evaluate bone mineral
content with good reproducibility. Bone mineral contents of the authors’ radii were evaluated by the
measurments for ten minutes. The obtained values were well correlated with mean values of CT-
number. The exposure dose for ten minutes was 140mR at the surface of the skin irradiated directly
by the incident garmma-rays, while less than 0.2mR at points 3cm apart from the path of narrowly
collimated gamma-rays.
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Fig. 1 [lustration explaining coherent/Compton
scattering method.
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Fig. 2 Energy spectra of gamma-rays scattered
from Ca, (PO,), (upper) and H,O (lower). The left
peaks result from Compton scattering and the
right ones result from coherent scattering.
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(a) (b)

Fig. 3 (a) Our device designed to obtain bone mineral content of the distal
radius and ulna. : S source (**Am : 200mCi) and collimator (with 6mm.¢ hole,
30mm long). : D Ge detector (Tmm thick) and collimator (with 6mm¢ hole,
30mm long). : G shielding box of glass containing lead of 2mm equivalent
thickness. The arrows («<-*) indicate movable directions.

(b) Measurement of bone mineral content with our device.
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Fig. 4 Procedure for evaluating coherent/Compton scattering ratio (R) from an
energy spectrum of scattering gamma-rays.

A=3 Cw),A="3 Cm-BG,
n=420 Amp—3

B.G.=7‘i—>< {C (p—5)+Clp—4)+Clp+4)+C(p+5)}, R=A/A’. A and A’ mean the
peal: areas for coherent and Compton scattering, respectively. B.G. means the total
count of the back-ground under the coherent peak. The region including the
coherent peak is expanded in the right upper corner.
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Fig. 5 Ralation between coherent/Compton = (%)
scattering ratio (R) and bone mineral content g 80
(W). The points represent the experimental data 9—:; 30} =
obtained by the measurement of mixtures of H,O s z
and Ca; (PO,).. The solid line, R xX10°=0.341W + @ l 4602
4.5, was obtained by x*-fitting method and used _E_, + * | 8
as the calibration curve to obtain W from R. ‘gzo - i f g
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Table 1 Results of the study on reproducibility in g { 2
the case of homogeneous materials 3 H f + {208
€10
H.0 Cas(PO,): E ! } **I J
W=0w% W=100w% . { 0
: BONE > Hz0 —
M‘fgr =R 4.91 41.08 0 . R ,
d 5 10 15 20
S.D.of R 0.16 0.72 eenterNotliore distance (mm)
(ARm) (b3
Mean of?.tal;istic:al 07 1% Fig. 6 (a) Illustration indicating the geometry of
?:;Sm ' ’ scanning for a pig's tibia in a water bath. The
—— scanning was made along a line through the
I center of a cross section across the middle of the
due to ARm 0.42 1.95 .
(AW W) tibial shaft (A — B).
Relati (b) Profile of bone mineral content of a pig’s tibia
2lative error . - . .
AW - 2.0 obtained alone the line (A — B) as shown in Fig.
( ? *x100%) 6 (a).
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Table 2 Results of the study on reproducibility. pig’s legs were used as samples. The CT-
images of the measured regions A, B, C, and D are shown in Fig. 7.

Relative error

w Mean of W S.D.of W
Rx10 = AW

i (W) (W w) (AW wih) S X100%
13.0 25.1

A 12.6 23.8 24.8 0.8 3.2
132 25.6
2.8 -4.9

B 65 6.1 —0.1 46 -
4.0 -15
14.1 28.3

e 13.8 27.4 27.6 05 18
13.7 27.0
135 26.6

D 15.0 30.9 28.0 2.1 75
135 26.5

ac
i

Fig. 7 CT-images of pig's legs used for the study on reproducibility. Bone
mineral contents were obtained at the points A, B, C, and D. The results are
shown in Table 2.
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Fig. 9 Mean values of CT-number versus bone
mineral contents of the regions as shown in Fig.
8.
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Fig. 8 X-ray and CT-images of the distal ends of the radius and ulna of one of
the authors. The circles on the X-ray images and the square on the CT-image
indicate the region whose bone mineral content was measured.

Table 3 Dose rates at the points indicated in Fig. 10

BeO M350 (Mg, Si0,:Tb)

;. Dose rate - Dose rate
Position (R Ani) Position (mR/min)
Al, A5 10.6 A 13.8
A2, A4 12.2 B 0.52

A3 12.7 G C 0.022
B1, B5 0.26 DD 0.022
B2, B4 0.51 E, E 0.014

B3 0.59 F, F 0.017

Hv = BOEEED I DR E DT/ X I iEE
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S5TC30.2mR UTFTh 5.
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Fig, 10 Illustration of the measurement of exposure doses. The small open
circles (Al,, A5, Bl,,, B5, AB,,,,F.C,, F) show thermo-luminescent dosimeters
{BeO and MSO). A nylon rod with the diameter of 50mm was used as a phantom
of the forearm. Dose rates at the points A, Al,,,A5 were measured without a
collimator.
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Fig. 11 Effect of non-equality of Compton scatter-
ing coefficients of Cay(PO,), and H.0 (S, Ss) on
the relation between R and W. Solid line : with
the assumption $5,=8;, RX10°=0.341W+4.5.
Broken line : without the assumption,

6.31+0.3621W

A parameter D was defined as D=—§L —1 and the
B

result D=10.32 was obtained by x*-fitting method.
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Fig. 12 Effect of components of bone sample on
the relation between R and W. The solid line, R X
10°=0.354W+3.2, was estimated from exper-
imentally obtained R values of gelatine and Ca,
(PO,), and theoretically obtained R values of Ca,,
(PO,)s (OH), and Ca, (PQ,),, assuming that bone
consists of gelatine and Ca,;o(PO,)s, (OH), The
broken line, R X 10°:=0.341W+4.5, was obtained
by the experiment using mixtures of H,O and Ca,
(PO,)..
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Fig. 13 Effect of fat contained in bone on the
relation between R and W. W’ means fat content
in weight percent. RX10°=0.341W —0.034W" +4.
9
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Table 4 Analysis of errors in the estimation of bone mineral content

B1E

Cause Error (w) Mature
Nom-equa’hty of Col?'lpton —2.0 (at W=30w%) A systematic error*
scattering coefficients

—2.6 (at W=20w%)

Components of bone sample A systematic error*

=2.2 (at W=30w%)
Ana L
T when fat of HSASEE
Fat contained in bone =20, ’ . +
20w% is contained :
Fluctuation
; k le of
Difference between +1.9 ,'Y muse ? © -
. 2.0cm thickness| An average
absorptions of Compton —— bone o 0
‘ +2.
aniliColisrent seietad &0 |::r.3cm thickness ﬂ Fluctuation®**
e (at W=30wT%)
+1.4 (at W=20w%)
Statistics of counting ELE L YEE0wN) Fluctuation***

when total count of
coherent peak: is 2500.

" These errors are caused from the calibration curve, and cause no relative error for indivi-
dual measurements. Moreover, these errors are possible to be eliminated by modifying
the calibration curve.

** An individual error is devided into an average value and fluctuation. The average value is
a kind of systematic error just like the first and second errors.
*** These errors may be decreased by measuring the gamma-rays scattered at an angle(6)

less than 90°.
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