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Dielectric properties of air-dried bone in the a - dispersion region
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Abstract: Measurements of dielectric properties of calcified and decalcified bone were made in the electric
field frequency range of 10r - 10s rrz and at temperafures from 22 to 250 "C.The water content was 10 and
l8o/o by weight of calcifiedand and decdcified bone,

respectively. The temperature dependences of the
complex dielectric constent of bone eppeår ås a consequence of Maxwell-Wegner-Sillers polarization .
INTRODUCTION
The experimental methods used to study the structure and

properties

of bone also include dielectric

techniques.

Measurements of the dielectric properties of calcified and
decalcified bone in the solid state over a wide range of
electric field frequ€rcy, temperature and hydration are
determined the
reported. For example, Marino et al.
critical hydration of bone which ranges from 0.037 to

[]

0.048 elg dry bone. Above this range water significantly
affects the value of the complex dielectric constant. Maeda
et al. [2] proposed a two-phase model of bone structure
consisting of collagen fibers and mineral hydroxyapatite to
explain the dielectric polarization mechanisms. They suggested electrode polarization and Maxwell-Wagner effect
as possible mechanisms of polarization in bone.
In this paper, particular attention has been paid on dielectric results of the fully calcified and decalcified bone above
100 oC, as literature data on the dielectric properties of
this kind of protein in the high temperature region are
practically non-existent.
METHOD

The fully calcified and decalcified bone samples were
obtained from the compact cortex of the bovine femur from
2- to 3- year-old animals. The procedure to obtain the

samples was as follows. Bone (bovine femur) was imin ethyl ether to remove fat, washed in distilled
water and in 0.1n NaCl solution. Then the bone was cut
perpendicularly to the fibres of collagen and formed into
rectangular samples suitable for measurements. The typical size of the calcified bone samples thus obtained was
7x3.5x0.85 mm. A certain number of the samples obtained
were subjected to decalcification in a solution of EDTA
(0.5 mol/t, pH 7.5) for 4 days. As a result of this procedure
samples lost 70 *.l0%o of their ueight and their size was
mersed

reduced

*

to

5x2.5x0.48

mm.The remaining

mass,

of the original mass, was collagen and water.
These samples were considered decalcfied bone. The
i.e. 30

lOYo

calcium content was 70 *,l0o/o and about 0oÄ of the
weight in calcified and decalcified bone samples, re-

spectively. The largest surfaces of the samples were covered with silver paste electrodes. Prior to measurements
the samples were air-dried at room temperature. The water content in these samples, determined relatively to their
oC
to the mass before the process of decommass at 210
position starts, was l0 +0.5Yo and 18 +loÄ at room temperature for calcified and decalcified bone, respectively.
Dielectric measurements of calcified and decalcified
bone were performed by the bridge method in temperatures
from 22o to 250oC and in the electric field frequency from
l0llz to lO0kHz. The measurements were carried out under normal pressure in air.
RESIJLTS

Figures I and 2 present the temperature dependences
of the dielectric constant e' and loss constant a " for
calcified and decalcified bone at different frequencies,
respectively. The maximum values of e ' and e " for de'
calcified bone occurs at a temperature (50 "C) lower than
that for calcified bone (70 "C). This shift is due to a higher
water content in decalcified bone when compared to that in
calcified bone. In addition, the amplitude of t' and € "
peaks decreases with increasing frequencies. The character
of the curves above the maximum values e' and e " differs
for calcified and decalcified bone. Both a' and € " for
calcilied bone (Figure l) decrease in the range 70 - 160 'C
and then approach nearly constant values at higher temperatures. In the case of decalcified bone, the values of e'
oC,
and
and a" decrease continuously up to nearly 210
above this temperature began to increase for all frequencies.

DISCUSSION

The dielectric results shown in Figures l-2 can be explained on the basis of Maxwell-Wagner-Sillars (MWS)
polarization, and proton conduction mechanisms. In the
measured samples, the higher conductivity
phases are made of water molecules and very low conductivity characterizes collagen and hydroxyapatite. Polarization effect is associated with the appearance of a difference
in electric potentials on the border of the phases. Similar
interpretation of dielectric behavior of collagen, and other
proteins in the a-dispersion region were also reported [261. In an attempt to study the mechanism of proton transport in the samples, we could determine the dielectric relaxation time of the o.-dispersion. For various proteins the
relaxation time is then described as [6]:
case

of the
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is determine for f = l0 Hz in the study presented. We obtain the expression for the relaxation time:

3.0

where

e'

(3)

t"'

at 100 kHz corresponds to

6_ in Equation (l).

Figure 3 shows the plots of log r versus lff, where T is
temperature (K) for calcified and decalcified bone.
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Fig.3 Temperature dependence ofthe relaxation time .r for
calcified and decalcified bone.
CONCLUSIONS

1X

The results obtained for bone revealed two main molecular processes. The first process corresponds to the loss of
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water in the range 22-160"C and 22-2l0oC for calcified
and decalcified bone, respectively. The second is associated with the decomposition of iollagen in bone, but it
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occurs only for decalcified bone above 210"C.
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where € o is the permittivity of free space, t @ is the
permittivity at the high - frequency limit of the dispersion
and ä is the conductivity at the low-frequency limit of
this dispersion. Furthemore, ä induced by dielectric polarization, can also be defined
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