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Bone Densitometry using Near-infrared Spectroscopy

Shigeo M. TANAKA,* Masamichi Nocawa,” Ken-ichi YAMAKOSHI®

Abstract

The purpose of this study is to investigate the optical absorbance spectrum of bone tissue in the

near-infrared region for the development of bone densitometry using near-infrared light. Using bone samples
from a bovine femur, optical absorbance spectrums were measured between 750~2500 nm. With high bone den-
sity, the absorbance increased beyond 1400 nm. To predict bone density from the spectrum data, pairs of wave-
lengths with absorbance ratios or differences having a high correlation coefficient (r > 0.99) with bone density
were identified. One of the best results was shown by a pair of 1200 nm and 1550 nm with coefficients (r) of 0.994
and 0.996 for absorbance ratio and difference, respectively. Even in thedensity range of the trabecular bone, the
coefficients were 0.892 and 0.881 for absorbance ratio and difference, respectively. The results suggest the possi-
bility applying near-infrared spectroscopy to bone densitometry.
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Fig. 1 Bone samples taken from a bovine femur. (a)Trabecular bone (220 mg/cm?®). (b)Trabecular bone (344

mg/cm®). (¢ )Cortical bone (1721 mg/cm?).
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Fig. 2 Near-infrared absorbance spectrum of bone.
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Fig. 3 Selection of two wavelengths. (a)Relationship be-

tween relative absorbance and bone density with a re-
gression line and a correlation coefficient. (b)
Distribution of pairs of two wavelengths indicated by
the slopes (s) of the regression line and correlation coef-
ficients (r). (¢ )Large magnification of the area‘A’in
(b), in which the pairs of two wavelengths in area
‘B’ with slopes below 10000 and correlation factors
over 0.99 were selected.
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Fig. 4 Distribution of pairs of A; and A. with the slope of a re-

gression line below 10000, and a correlation coefficient
over 099 in a relationship between relative absor-
bance and bone density. (a)Absorbance ratio. (b)
Absorbance difference.
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Fig. 5 Relationship between bone density and absorbance ra-

tio at the two selected wavelengths (4, =1200 nm, .=

1550 nm). (a ) All samples including bone marrow, tra-
becular bone with bone marrow, and cortical bone.

(b)Bone marrow and trabecular bone samples. (¢ )
Cortical bone samples only.
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Fig. 6 Relationship between bone density and absorbance
difference at the two selected wavelengths (1 =1200
nm, A,=1550 nm). (a)All samples including bone
marrow, trabecular bone with bone marrow, and corti-
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Fig. 5 Near-infrared absorbance spectrums of skin and
water.
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