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The experimental results of the measurement of the tissue constituent elements distribution, as well as impurity
elements in the tissues around a Ti-implant with protective TiO, oxide coating are presented. Study of morphology,
qualitative and quantitative analysis were carried out by means of scanning electron microscopy method with energy
dispersive X-ray analysis. The results show weak migration of Ti into the bone tissue near the interface and protective

role of the oxide coatings.
PACS: 87.68.+z

1. INTRODUCTION

Metal orthopedic implants have been applied widely
and successfully for various types of bone
reconstructions [1]. Titanium and its aloys show
excellent biocompatibility, good implant fixation due to
the surface oxide, high degree of mechanica strength
and corrosion resistance [2]. TiO, titanium dioxide is
widely used in biomedical application because its high
blood compatibility and negative surface charge in
physiological solution [3]. Surface treatments such as
anodic oxidation, thermal vacuum deposition, chemical
vapor deposition, plasma spraying and magnetron
sputtering are commonly employed to modify surface
properties and enhance interaction between implants and
adjacent tissues [4]. The implant material degradation and
metal ion dissalution from the meta materials remains the
major factor limiting the longevity of tota joint
replacements [2]. Since interaction between tissues and
titanium implants occurred at ther interfaces, protective
characterigtics of titanium should be essential [5,6]. That is,
the key factors should involve properties of surface TiO,
films and their change in biologica environment. The
protective properties of Ti based materids and oxide
coatings play the most important role because of their
ability to prevent the detrimental dement penetration to
surrounding bonetissue on the bone - implant interface[7].

2. MATERIALS AND METHODS

The electrochemica treatment of titanium samples in
salt solution of disubstititued sodium sulphate medium at
different stabilize voltage values from 10to 100 V in DC
regime was made.

The structural and morphological properties of the
interface bone-implant and diffusion of elements into the
bone tissue were characterized by the scanning electron
microscope  REMMA-102, equipped with  the
multichanne  wave-dispersive and energy dispersive
X-ray spectrometers manufactured by JSC “SELMI”
(Sumy, Ukraine). The X-ray energy dispersive
spectrometer, equipped with the semi-conductor S (Li)
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detector, had the power resolution 200 eV. The
accelerating voltage for an eectronic probe was 20 kV,
when the current of the probe was 3 nA. The time of the
spectrum acquisition in each point was 200 seconds.

To prevent the accumulation of surface electrodtatic
charge, during electron probe microanalysis, the sample
was covered with thin layer of auminum in the specid
vacuum equipment.

The Ti holders with investigated coatings were
implanted in medial surface of the proximal metaphyse of
rabbit cannon bone. The samples were extracted after the
implantation into the bone during four months tests
duration. The reparative regeneration of the bone tissue
and focal reaction of connective tissue under the condition
of bone defect reparation by means of Ti implant with
oxide coating in vivo test was observed.

The content of base elements of substrate material and
coating in bone tissue and the weight ratio Ca/P in the
bone zone near the interface was measured (see Table).

Quantities of Ti, P, Ca on the interface bone tissue -
implant (obtained by using X-ray microanalysis) in areas
of analysis (1-4) (see Fig. 1)

P Ca Ti CalP, |CalP, at.,.%
weight,%
1| 3,7644 | 7,6524 0 2,03329 | 1,572051
2| 3,2062 | 6,8926 | 0,0242 | 2,14969 | 1,662046
3| 2,0606 | 42082 | 0,043 | 2,042342 | 1,579049
4| 4,3094 | 9,0894 | 0,0302 | 2,109264 | 1,63079

3. RESULTS AND DISCUSSION

In the present study the qualitative and quantitative
analysis of the interface bone-implant and material
degradation degree estimation were made. The sample
was titanium implant, with protective oxide coating TiO,,
deposited by electrochemical method in salt solution of
disubstititued sodium sulphate medium at potential 70V.
It was extracted after the implantation into the cannon
bone of rabbits in vivo test.
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The place of tight contact of the implant with the bone
tissue and the horizontal area of bone tissue under Ti-
implant were selected for study by scanning electron
microscopy. The obtained micrograph of the bone tissue,
which formed in cavities and convexities of implant is
given below (Fig. 1).

In the Fig. 1 we marked the points of analyses which
were studied at magnification x500 and accelerating
voltage 20 kV.

Fig.1. Micrograph of the area of bone tissue which wasin
tight contact with the Ti implant

Micrographs which show morphology of the bone
tissue under the Ti-implant are given in the Fig. 2 (a-d).
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Fig.2. Micrographs of bone tissue horizontal surface
which was under Ti-implant obtained at magnification
x500: (a, b)1 and 2 points of analyses;

(¢, d) 3 and 4 points of analyses

The reaction of the living tissue on the introduced
implant was estimated by Ca/P ratio in the bone tissue.
X-ray microanalysis was carried out using SEM
(REMMA-102) with x-ray analyzer.
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The results of the qualitative and quantitative analysis
are given in the Table above. The concentration of
elements was calculated directly from the spectrum.

The obtained results show, that quantity of Ti israther
small, close to the detection limit of device. The weight
ratio Ca/lP (1,9-2,03) which is typicad for HA
(hydroxyapatite) observed in the bone zone near the
interface region correlate with the ratio for thereal bone.

Asit is shown at the graph in Fig. 3, first three points
were at the surface of implant, where content of Ti was
maximal but there was no Ca and P. Then, at the fourth
point the quantity of Ti decreases (interface implant-bone
tissue), but the quantity of Ca and P increases grestly
(which connected with the bone tissue formation).
Further, the concentrations of this elements are nearly at
the same levd.
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Fig. 3. The Ti, Ca, P concentrations depending on the
distance in the zone implant-bone

In the Fig. 4, the Ti concentration a the distances
more than 10 um from the implants are given in the
narrower concentration range.
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Fig. 4. Dependence Ti concentration
(% dry weight) on distance (microns)

At the distance of 10 um from implant concentration
of Ti is low, which is related with the loss of electron
beam in the connective tissue. At the points 10, 12, 14 we
can see the sudden change of Ti concentration. It could be
explained by the presence of connective tissue, in which
the distribution of Ti isirregular. At the rest of the points
the concentration of Ti gradually decreases with the
increase of the disgtance from the implant.
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HCCJIEJOBAHUE BJIMSIHUSI OKCUAHOI'O HOKPBLITUSI HA ®OPMUPOBAHUE UHTEP®ENCA
KOCTh-UMILTAHT-METOJA0M CKAHUPYIOIIEMN JIEKTPOHHONH MUKPOCKOIINI
C PEHTTEHOCHEKTPAJIbHBIM MUKPOAHAJIN3ATOPOM

A.A. I'yoaxoea, C.H. /lanunvuenxo, JI1.®@. Cyxodyo, B.B. Jlykvanuenxo, A.B. 3vikoea, B.U. Caghonos

HPCIICTaBJ'IeHBI OKCIICPUMCHTAJIBHBIC PE3YJIbTATbl HCCICAOBAHUA PACIIPCACIICHUA 3JJICMCHTOB, COCTABJIIOMINX
KOCTHYIO TKaHb H HpHMeCCﬁ OJICMCHTOB B TKAHAX BOKPYI' TUTAHOBOI'O MMIUIAHTATa € 3allIlUTHBIM IMOKPBITUCM T|02
HBy‘ICHI/IG MOpq)OJ'IOFI/II/I, KOJMYCCTBEHHEBI U KAa4eCTBCHHBIM aHAJIN3 MMpOBOAWIM C MMOMOIIBIO MCTOJA CKaHprIOHIefI
BHCKTPOHHOP’I MUKPOCKOIINU € PEHTICHOBCKUM MHKPOAHAJIN30M. PC3yJ'II>TaTI>I IIoKasaJin cna6yfo MUT'pallMi0 TUTAHA B
KOCTHYIO TKaHb BO3JIC I/IHTCp(i)CI\/'Ica 1 OMOCOBMECTUMOCTD OKCHUIHBIX HOKpBITHfI.

AOC/IIPKEHHS BILIUBY OKCUHOT'O TOKPUTTS HA ®OPMYBAHHSA IHTEP@EﬁCY
KICTB-IMIIVTAHTAT METOAOM CKAHYIOYOI EJEKTPOHHOI MIKPOCKOIIII
3 PEHTTEHOCHIEKTPAJIbHUM MIKPOAHAJII3ATOPOM

I'.A. I'yoaxoea, C.H. /laninvuenko, JI.@. Cyxodyo, B.B. Jlyk’anuenxo, I.B. 3uxoea, B.1. Caghonos

[IpencTaBneHO eKCIEPUMEHTANbHI PE3YNbTaTH JOCTIPKCHHS PO3MOJUTY E€IEMEHTIB, IO BXOIATH A0 CKIATy
KICTKOBOI TKaHWHH Ta CIifiB €JIEMEHTIB y TKAHWHAX HABKOJO THTAHOBOTO IMIUIAHTATy 3 3aXUCHUM HOKpHUTTsM TiO,.
Jocmimxenns: Mmopdonorii, KUIbKICHAH Ta SIKICHUH aHai3 MPOBOJVIM 32 JOIIOMOTOI0 METOJy CKaHYI0YOi eeKTPOHHOT
MIKpOCKOMii 3 PEeHTTeHIBCBKUM MIKpOaHalli3oM. Pe3ynpraTy mokasann ciabKy MITparilo THTaHy B KiCTKOBY TKaHHHY
6imnst iHTepdeiicy Ta 610CYyMiCHICTh OKCHIHUX ITOKPHUTTIB.
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