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Abstract. We report thermal diffusivity measurements in bull bone and commcrci
hydroxyapatite (HA), both in powder form, in order to determinate the thermal compatibility
between these materials. Besides this, we report a comparison between these measured valne
and those of metallic samples frequently used in implants, as high purity titanisn aml
stainless steel. Our results show a good thermal compatibility (74%) between HA and bom
both in powder form. Finally, it was obtained a one order of magnitude difference between tw
thermal diffusivity values of metallic samples and those corresponding values to bone and [1A

being this difference greater in titamium than in stainless steel, which 1s important to conssdi
in some biomedical and dental applications.

INTRODUCTION

The hydroxyapatite (HA) 1s a ceramic mineral of exogen origin [1[, 1t hine
special interest from the medical point of view since, amongst other things, 1A s
used in technology of osseous implants [2, 3] and dental applications [4], as well we
In the reconstruction and restoration of osseous damage [3], like a coating, |."] wul
still like cementing of porous type [5]. Besides these, 1t has been used as coating i
metallic substrates in bone 1implants [6] and its applications favours the adliciii e
and the osteoblast differentiation {7]. The HA 1s in the nature like mincral, as well i
in the living beings, it 1s the most important mineral component of bonc tissue, Gt i
70 % (by volume) in bone and until 98% (by volume) in dental enamel, and 1t ci he
obtained 1n synthetic form[8&].

The study and determination of physical, chemical and biological propettiva i
biomaterials used in implants for medical and dental applications ts fundamienial
from the point of view of the compatibility that these materials must present witly il
tissue which they will replace mainly by the long time contact which they miantiiaine
with alive tissues of the body [9]. The thermal ditfusivily () gives a mcasiinten-p
of the heat flow that propagates through a medium and tts importance lie my, ke e
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. TABLE 1. Experimental Thermal Diffusivity and Namples Characteristics
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apticul absorption coetlicient, it s an unique value tor cach material, which i allowns
its thermal charactenization | 10]. The thermal diffusivity is a quantity extremely
sensible o the composition and microstructure of the materials. This is the case oy
porous materials and powders, in which « depend in addition (o, the present type of
porous structure and its porosity degree {11]. Nowadays thermal compatibility iy
bone and HA has not been studied, therefore we report it now.

RESULTS AND DISCUSSION

The bone used 1n this work comes from the upper part of one of the back legs ol

18 to 20 month old mature male bull. The bone was cleaned of flesh with a scalpel
and boiled for 2 hours 1n order to remove bone issue and fat. The bone was dried i1

air for one weak at room temperature, after this the bone was baked in a microwave
oven for 5 minutes 1n order to eliminate residual humidity.

The samples have a disk shape of 1 ¢cm of diameter and thickness between 320
and 452 um. Table 1 show samples characteristics. Samples 1 to 9 were obtained
from commercial hydroxyapatite powder compressed and samples 10 to 14 consist

of a pill of bull bone powder compressed. These bone powders was obtained from

the dust when the dense bone was cutted with a fine handsaw. All the samples were
free humidity storaged.

279

] Sample type Pressure Thickness ( /,) Thermal diffusivity ()
- 1. Compressed hydroxyapatife | /KON .4 1 (.04
2. Compressed hydroxyapatite . Lot 1 O ._ )21 0.08
3. Compressed hydroxyapatilc 3 RITNEIT DR 00
4. Compressed hydroxyapatite | ISR I LO OO
. 3. Compressed hydroxyapatite 5 AR ) NI
L 6. Compressed hydroxyapatite ¢ AN 10 Vi nn
' 7. Compressed hydroxyapatite 7 W9t/ NN NIEIY,
8. Compressed hydroxyapatite 8 39 1 OK A v
9. Compressed hydroxyapatite 9 405 + 0K N INIETY,
10. Compressed bone powder 5 124 1 0 RN
11. Compressed bone powder 0 452 16 LS NTTT
12. Compressed bone powder 7 400 £ 10 )
13. Compressed bone powder 8 306 + 14 LO o
14. Compressed bone powder 9 388 £ 05 Vo

We obtained thermal diffusivity values by means of the photoacoustic (I'A)
technique in a heat transmission configuration at room temperature [11]. Table |

' shown « values determined for the 14 studied samples. In Fig. 1(a) we show the
results data of our nine hydroxyapatite samples and Fig. 2(b) shown « values of our



live sumples of bone powders as o function o the compression, ‘The data was bend
fitted (o a curve represented by a logastic funchion, mnmely
o explp po/Ap) "
Leexplp - py/An)
Here a; represents the saturation value, taking place during an intcrval Ap, and p,
the interval at which the fractional change (p-p.,) Ap rcaches hallway to il
saturation value. The result obtained from the data fitting of « to Eq. (1), leaving, o,
Do, and Ap adjustable parameters, 1s shown in Fig. 1 by the solid curve. The valies
obtained for the fitting parameters are given in Table 2. From these parameters w.
obtained the « saturation value, which represent the most representative value o

the thermal diffusivity in each case, namely, 4.19 107 em®/s for HA and 3.11 1 ¢ o
10~ em?/s for Bone. These results show and excellent thermal compatibility (/-1 )

between these materials.
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Figure 1. Thermal diffusivity versus compression for (a) hydroxyapatite powders and (1) hoius
powders. The curve indicate the best fit of logistic Eq. (1) to experimental dala.

TABLE 2. Result parameters from the data fitting of a to Eq. (1).

Sample O, Po ?:

10 em’/s ons [ONN
Hydroxyapatite 4.19 £0.06 2.05 +0.09 1.80 t 0.11
Bone Powder 3.11 £0.09 4.63 +0.09 DRGNS

On the other hand, metals as the titanium and the stainless steel have been pul
extensively m dental and orthopedic surgery as screws, plates, prothesi, eh
However, from values reported in literature [12], high purity titanium and stiainleas
steel have o values of 92 x 10 “em®/s and 36 x 10~ n_;:w\.f respectively, Allin we
compare these values with those of HA and bone result a one order of mupmitude

2R()

difference, being this difference preater me titnndum than in stninless steel. whicl)
S:.:E be important to ke into account for biomedical und dental ::::“:___ﬁ::_.._
marnly in the titanium case. :

In this form, we report thermal diftusivity determination in HA and bone. in
wwEaE. form, as well as a good thermal compatibtlity (74%) between (his _:::._,..,,:__,rh_
Finally, a not good thermal compalibility among titanium, stainless steel and bone
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