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Abstract. Creation of artificial organs and substitutes for
biological tissue is one of the most important problems of
biomechanics. In the present study, a procedure is described for
obtaining natural hydroxyapatite (NHAp) from bone tissue of
cattle. The results of experiments, performed by absorption
method of infrared spectroscopy, show that the protein was
removed from the heat-treated specimens of bone tissue
practically completely. The structure of bone tissue before and
after deproteinization has been investigated by the method of
optical microscopy. The characteristics of mechanical properties
such as Young’s modulus (initial modulus of elasticity), ultimate
tensile stress, ultimate tensile strain, ultimate compression stress
have been determined. The density and porosity of cattle bone
tissue before and after deproteinization have been determined by
water uptake.
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1. INTRODUCTION

The creation of artificial organs and substitutes for
biological tissue and systems is one of the most vital problems
of biomechanics.  Various biomaterials, such as
hydroxyapatite, titanium, Ti-Al-V alloy, polyethylene, porous
nano-hydroxyapatite/collagen/alginate composite,
biocomposites with different hydroxyapatite-collagen ratios,
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hydroxyapatite/polycaprolactone—chitosan composites,
nanocrystalline hydroxyapatite, as well as many others play an
important role in the creation of artificial materials for
replacing the bone tissue [1-5].

In the present study, a procedure is described for obtaining
natural hydroxyapatite (NHAp) from bone tissue of cattle. The
structure of bone tissue before and after deproteinization was
investigated by the method of optical microscopy. Some
characteristics of the cattle bone tissue and NHAp were
determined. The bone tissue of cattle and NHAp have been
examined because of their potential to be used as bone
substitutes.

II. METHODS

The NHAp was obtained from the bone tissue of cattle. Before
deproteinization, the soft tissue and fat were removed from the
bone and it was cut into 2-4 mm thick layers. Then, the bone
specimens were placed in the furnace and heat-treated in a
suspended state in a stream of air at a temperature gradually
after which it was kept at a constant temperature for 5.0 — 5.5
h. Air was supplied into the furnace by a compressor through a

pipe.
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Fig. 1. Infrared absorption spectrum of the initial bone tissue (1) and those deproteinized at t = 400 — 415°C (2)
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Fig. 2. Micrographs of cattle bone tissue before (a) and after (b) deproteinization. Magnification 100x

The results of experiments, performed by absorption
method of infrared spectroscopy, wave interval 400-3500 cm™
using spectroscope SCIMITAR 800 MIR (USA), show that
the protein was removed from the heat-treated specimens of
bone tissue practically completely. Fig. 1 shows that the
stripes of absorption, which characterize protein (1240, 1540
and 1660 cm™), are absent [6]. On the contrary, the stripes of
absorption, which characterize the mineral part of bone tissue,
remained unchanging.

The structure of bone tissue before and after
deproteinization was investigated by the method of optical
microscopy (Fig. 2). Samples were investigated in reflected
light with differential interference contrast microscopy, using
Leica DMLP microscope (Germany).

Some characteristics of mechanical properties of the cattle
bone tissue before and after deproteinization were determined.
Specimens of cattle bone tissue before deproteinization were
loaded in tension at strain rates of 0.2 mm/min, 2.0 mm/min,
20.0 mm/min and 200.0 mm/min. These specimens were 70
mm long, 5+0.3 mm wide and 1.3+0.1 mm thick. Thirty-two
specimens were tested. Eight specimens from each group were
tested to obtain an average value. The experiments under
uniaxial tension were carried out with an IMP 0.5 automatic
testing machine controlled by MTS testing system (USA). The
tests were continued up to failure of the specimens. On the
basis of experimental results, the Young's modulus (initial
modulus of elasticity), ultimate tensile stress and ultimate
tensile strain were determined. Relationships of ¢ - € (Fig. 3),
c*-V,e-VandE -V (Fig.4) were obtained.

Also specimens of cattle bone tissue before and after
deproteinization were loaded in compression at strain rate of
0.5 mm/min. The specimens had the form of a parallelepiped
10£0.1 mm long, 4.2+0.2 mm wide and 4.2+0.2 mm thick for
cattle bone tissue before deproteinization, and 20+£0.1 mm
long, 6.5+0.5 mm wide and 6.5+0.5 mm thick for cattle bone
tissue after deproteinization. Twenty specimens were tested.
Ten specimens from each group were tested to obtain an
average

value. The compression tests were carried out with an
INSTRON-4301 testing machine (GB). The tests were also
continued up to failure of the specimens. On the basis of
experimental results, the Young's modulus, ultimate
compression stress and ultimate compression strain were
determined. Orientation of samples was always the same.
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Fig. 3. Relationship c-¢ for cattle bone tissue before deproteinization in
tension at different strain rates

Also four-point bending tests were carried out using an
INSTRON-4301 testing machine [7]. Six samples of cattle
bone tissue before and six samples after deproteinization were
tested to obtain an average value. The tests were carried out
using rectangular bars with dimensions of
(45.0£1.0)x(4.54£0.5)%(4.5+0.5) mm. The samples were tested
at a crosshead speed of 0.5 mm/min and the span was 20x40
mm. The four-point bend strength (c) was calculated using
the equation (1) [8]:
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Fig. 4. Relationship 6* — V, E — V and & — V for cattle bone tissue
before deproteinization in tension
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Fig. 5. Schematic illustration of a specimen in the four-point bend test
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where F is the applied force (N); L, the span of the support
loads (mm); L,, the separation of the loading span (mm); b,
sample width (mm); d, sample thickness (mm) (Fig. 5).

The density (0 ) and porosity (77) of cattle bone tissue
before and after deproteinization were determined by water
uptake [9]. The specimens had the form of a parallelepiped
25.0£1.0 mm long, 8.0+£1.0 mm wide, and 3.0+£0.5mm thick.
The o and 77 of these materials were determined on analytical

scales XT 220 A (Switzerland). The o and 77 of the cattle

bone tissue before and after deproteinization are calculated by
the equations 2 and 3:

m,
p= *Pu,0 )
m; —m,
n= m,—m, 100% 3)
m; —1m,

where M, is mass of dry specimen (g); M, , the mass of moist
specimen in water (g); M, , the mass of moist specimen in air
(8); Pro = 0.988, the density of water (g/cm®). The results

of experiments are shown in Table 4.

IIT RESULTS

All results for cattle bone tissue before and after
deproteinization (NHAp) were analysed statistically using a
standard test. Mechanical characteristics are shown in Table 1,
Table 2 and Table 3.

TABLE 1

CHARACTERISTICS OF THE MECHANICAL PROPERTIES OF CATTLE BONE TISSUE IN TENSION AT DIFFERENT STRAIN RATE

Strain rates, Ultimate stress, MPa, Initial modulus of elasticity, GPa, Ultimate strain, %,
mm/min mean + SD mean + SD mean + SD
0.2 88.12+17.62 21.30+2.71 0.417+0.05
2.0 100.0 £ 19.50 2224 +1.38 0.463+0.08
20.0 112.75£20.78 23.47+3.12 0.479+0.07
200.0 124.85+16.23 2584 +1.77 0.486+0.05
TABLE 2
CHARACTERISTICS OF THE MECHANICAL PROPERTIES OF CATTLE BONE TISSUE BEFORE AND
AFTER DEPROTEINIZATION IN COMPRESSION
Materials Ultimate stress, MPa, Initial modulus of elasticity, GPa, Ultimate strain, %,

mean = SD mean = SD mean = SD

Cattle bone tissue 107.5 + 34.03 2.963 +0.818 285740318

before deproteinization
Cattle bone tissue after 38.92 +13.22 2754+ 0.532 1.234 £ 0.035
deproteinization
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TABLE 3

CHARACTERISTICS OF THE MECHANICAL PROPERTIES OF CATTLE BONE TISSUE BEFORE AND AFTER
DEPROTEINIZATION BY FOUR-POINT BENDING

Materials

Ultimate stress, MPa, mean + SD

Initial modulus of elasticity, GPa, mean + SD

Cattle bone tissue before deproteinization

195.80 +£42.33

22.510+1.870

Cattle bone tissue after deproteinization

9.078 + 1.641

7.032 +1.436

TABLE 4

DENSITY AND POROSITY OF CATTLE BONE TISSUE

Materials Density, g/cm® Porosity, %
Cattle bone tissue before deproteinization 1.980 5.83
Cattle bone tissue after deproteinization 1.463 49.8
IV. DISCUSSION REFERENCES

Experimental data provide a necessary basis for
biomechanical analysis, although overall knowledge is certainly
not exhaustive. Several facts have emerged clearly from these
experiments.

On the basis of experimental results, performed by the
method of infrared spectroscopy, the following conclusion can
be made — a new method for removing protein from cattle bone
tissue by heat treatment at a temperature under 415 °C allows
one to completely preserve the mineral structure of bones with
the purpose of its further use as a filler for biocomposite
materials.

Infrared absorption method and optical investigation using a
light microscope have showed that mineral part of bone tissue
remains unchanged after protein removing.

The experimental results of present paper showed that by
increasing the strain rate of bone tissue specimens from 0.2
mm/min to 200 mm/min, ultimate stress, initial modulus of
elasticity and ultimate strain increased by 41.68%, 21.31% and
16.55%, respectively. Thus from present results it can be
asserted that ultimate tensile stress more depends on a strain rate
that both modulus of elasticity and ultimate strain.

From experimental results of «cattle bone tissue in
compression, it can be concluded that ultimate stress decreases
considerably after deproteinization (Table 2). However, initial
modulus of elasticity changes insignificantly.

From experimental results of cattle bone tissue by four-point
bending, it is also possible to observe the same relationship but
in a more distinctive way (Tables 2 and 3). As seen from the
data in Table 2, Table 3 and Table 4, mechanical characteristics
of bone tissue, such as ultimate stress and initial modulus of
elasticity, depends on the density and porosity of the materials.
Bone tissue as a natural composite consisting of hydroxyapatite
and protein has characteristics of mechanical properties on
much higher level than hydroxyapatite and protein individually.
It confirms studies conducted in [10-11].

Also from the results of experiments it is possible to conclude
that protein has considerably lower density than mineral part of
bone tissue. Thus, it can be reported that porosity of bone tissue
after thermal treatment increases considerably (Table 4).
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Viktors Filipenkovs, Lauris Rupeks, Ivars Knéts, Natalija Borodajenko, Zilgma Irbe, Liga MeZmale, Ineta RozenStrauha, Visvaldis
Vitins. Naturala hidroksiapatita un liellopa kaulaudu mehanisko ipasibu raksturojums.

Maksligo cilvéka organu izveido$ana un dabigo biologisko audu aizstajeju radiSana tiek uzskatita par misdienu biomehanikas vienu no
galvenajiem un svarigakajiem uzdevumiem. Dazada veida biomateriali, tadi ka aluminija oksidu saturosi savienojumi, hidroksiapatits, titans,
Co-Cr-Mo un Ti-Al-V sakaus€jumi, metilakrilats, polietilens, uz poraina nanohidroksiapatita bazaes veidoti materiali, kolagénu un alginatu
saturosi savienojumi ka arT daudzi citi ir loti nozimigi maksligo biomaterialu radiSanai, kuri savukart tiek izmantoti kaulaudu defektu
aizvieto§anai. Saja darba ir aprakstita termiskas apstrades metodikas izstradasana naturala hidroksiapatita iegiiSanai no dabigajiem liellopa
kaulaudiem. Misu eksperimentu rezultati, kuri tika veikti ar infrasarkanas spektroskopijas metodi, paradija, ka olbaltums no termiski
apstradatajiem kaulaudiem ir izdalits praktiski pilniba. Kaulaudu struktiira tika analiz&ta ar optiskas mikroskopijas palidzibu gan pirms, gan p&c
termiskas apstrades un olbaltuma eliminacijas. Tapat noteiktas dabigo kaulaudu mehaniskas ipasibas gan pirms, gan péc deproteinizacijas, ka
arT So materialu blivums un porozitate. Pamatojoties uz iegiitajiem datiem iesp&jams izdarit secinajumu, ka jauna olbaltumvielu eleiminacijas
metode — termiski apstradajot dabigos kaulaudus temperatiira zem 415 °C lauj pilniba saglabat kaulaudu struktiiru, kas savukart vértgjams ka
pozitivs moments lai $o materialu talak vargtu izmantot biokompozitu veidosana. Eksperimentalie rezultati tapat parada, ka kaulaudu graujosais
spriegums deproteinizacijas rezultata ievérojami samazinas, turpretl sakotngjais elastibas modulis mainas neliela diapazona. Eksperiments cetru
punktu liecé paradija lidzigu sakaribu, bet vel izteiktak. Pamatojoties uz iegiitajiem datiem ir iesp&jams apgalvot ka materiala stipriba tiesi
korel€ ar ta blivumu un porainibu. Iegiito hidroksiapatitu turpmak paredzets izmantot maksligo biomaterialu radiSanai un kaulaudu defektu
korekcijai.

Buxrop ®uaunenkos, Jlaypuc Pynekc, UBapc Knere, Haranus Bopoaaenxo, 3uirma Upoe, Jiura Me:xxmane, Hnera Pozenmrpayxa,
BucBanauc BuTunbm. XapakTepUCTHKH MeXaHMYECKHMX CBOMCTB KOCTHOH TKAHH KPYNHOIO0 POraToro cKOTa W HaTypaJbHOIO
TUIPOKCHANIATUTA.

Co31aHue UCKYCCTBCHHBIX OPTaHOB M 3aMCHUTEICH OHMOJIOTHYECKHX TKAaHEH OTHOCHUTCA K YHCIY HamOoliee BaXKHBIX 3a/1a4 OMOMEXaHUKH.
Paznuunpie OnoMaTepmanbl, Takhe KaK OKCHJ aTIOMHHUS, THAPOKCHAnaTut, ThrtaH, ciiaBbl Co-Cr-Mo wu Ti-Al-V, merunmerakpuiar,
MOJIMATHUIICH, KOMITO3UTHI HA OCHOBE MOPUCTOr0 HAHOTMJIPOKCHUAIATHTA, KOJUIareHa M ajbrMHATa U MHOTHE JIPYTHe, UTPAlOT BAXKHYIO POJIb B
CO3/IaHUM HCKYCCTBCHHBIX MATEPUAJIOB JJIsI 3aMCHICHUS KOCTHOW TKaHW. B paboTe omucaHa METOAMKA MOJYYCHHUs HATypaTbHOTO
THIPOKCHANATUTa U3 KOCTH KPYHMHOTO POraToro CKOTa IPH MOMOIIM TEPMUUYECKOH 00paboTKH. Pe3ynbpTaThl SKCIIEPUMEHTOB, MPOBEICHHBIX
METO0M MH(PPAKPACHON CIIEKTPOCKOIHMHU MOKAa3aiH, YTO OSIOK U3 TePMHYECKH 00pabOTaHHBIX 00Pa3OB KOCTHOH TKaHH KPYIIHOTO POraToro
CKOTa yIaJleH MPaKTHYECKH MOJTHOCTHI0. CTpyKTypa KOCTHOM TKaHM H3y4YeHAa METOIOM ONTHYECKOW MHUKPOCKONHU KaK 10, TaK M IIOCIe
yaaneHus u3 Hee Oenka. OnpeneneHbl HEKOTOPBIE XapaKTePUCTUKN MEXaHHUYECKHX CBOMCTB KOCTHOM TKaHM KPYITHOTO POTaTOro CKOTa Kak [0,
TaKk W mocie JenpoTenHm3anuu. OmnpenesieHbl IUIOTHOCTh M MOPHCTOCTh JaHHBIX MAaTEepHANIOB. TakuM 00pa3oM MOXHO YTBEPKAATh, YTO
HOBBIl METOJ ylIaJieHus Oelika M3 KOCTHOHM TKaHW IMPH MOMOIIM OT)KUTa MPH TeMmIieparype Huxke 415 OC mospomster COXPAHAThH MOJIHOCTHIO
MHUHEPAJIbHYIO CTPYKTYPY KOCTH C IIEJIbIO JaJbHEHINEr0 MCIOJIL30BAHUS B KAUeCTBE HAIMOMHUTENS JUIs OMOKOMIIO3UTHOTrO MaTepuaia. M3
JKCIIEPUMEHTAJIBHBIX PE3YyJIbTATOB TaK-Ke BUIHO, YTO Pa3pyllaloliee HaNpsHDKEHHE KOCTHOM TKaHU KPYIHOI'O POraTtoro CKOTa 3HAYUTEJIbHO
YMEHBILACTCS MOCIe ACMPOTEHHNU3ALNH, @ HAYaJbHbIM MOIYJIb YIPYTOCTH MEHSETCS HE3HAUUTENbHO. DKCIIEPUMEHTHI HA YETHIPEXTOYCUHBIH
M3rud MoKa3ai TaKylo jk€ 3aBUCHMOCTb, HO B 0oJiee BBIpaKeHHOM BHJIE. TakuM 0O6pa3oM MOXKHO yTBEp)KIOaTh, YTO MIPOYHOCTh MaTepuana B
3HAYUTENBPHON CTENEHH 3aBUCHT W OT €ro IUIOTHOCTH W mopucTocTH. I[Ipeamonaraercss MONMyYeHHBIH THIPOKCHANATUT HCIIONB30BaTh IPH
CO3JIaHUY HCKYCCTBEHHBIX MaTEpPHAaJIOB sl 3aMEIICHHST KOCTHOHM TKaHMH.
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