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Titanium is a light grey metal found in such minerals as ilmenite, rutile and titanite. Nanopatrticles are becom-
ing more widely used in medicine, dentistry, pharmacy and as food additives. The aim of this work was to
highlight some aspects in applying titanium and its alloys in dental restorations. Both medical and dental im-
plant surgeons despite of huge efforts in using biocompatible materials face some challenging issues on
complications which might appear even when using as inert metals as titanium. These problems may de-
velop due to the penetration of aluminium and vanadium ions, found in negligible quantities in the implant al-
loys, into the body tissues. Failures in placing titanium implant can be caused by galvanic or electrochemical
corrosion in the oral cavity due to release of titanium ions into the neighbouring tissues. Other possible fail-
ures in implant placement may develop due to bacterial contamination, and the development of implant in-
flammatory reaction supported by presence of macrophages may lead to implant rejection and loss. Re-
leased titanium ions inhibit the growth of hydroxyapatites. During corroding process metal ions or corrosion
products penetrate body tissues and enter the body cells. Their local activity is known as 'metallosis’. From
the biological point of view this results in tissue damage. Another possible adverse effect that might be
caused by metal implants and their corrosion is allergic reactions. Side effects are rare as physical and
chemical properties of titanium, first and foremost, its biocompatibility, define it as s recommended material

to use in oral surgery, endodontics, prosthetics and orthodontics.
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The aim of this work was to highlight some as-
pects in applying titanium and its alloys in dental res-
torations based of available literature recourses.

Titanium is a widespread element makes up
0,61% of the Earth crust. It is a light, grey metal
found in such minerals as ilmenite, rutile and titanite
[1].

Titanium whites have been widely used for
years in the building construction, dyeing and car
industries. Fragmentation of metal particles to the
nanoparticle scale has made it possible to broaden
the spectrum of its application. Nanoparticles are
used in medicine, dentistry, pharmacy and as food
additives [2]. Due to extensive application of tita-
nium, its permanent presence in the environment
(water, sail) is increasing. There have been numer-
ous studies done over the past few years on the in-
fluence of titanium white nanoparticles on plants.
The results of the studies vary. Titanium is a bio-
stimulator that affects the growth and yielding of
vegetables, orchard and ornamental plants [3]. Ac-
cording to Michatowski, titanium provides a positive
effect on the increase of iron ions activity, intake of
nutrients, as well as plant health [4]. Other aspects
of wide use of titanium include its polluting effect on
the environment and its toxicity for living organisms
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[5]. The mean dose of titanium intake is 0,8 mg.
The tests show that most of the dose is not ab-
sorbed but has the potential of accumulating in
plant tissues (from 1 ppm to 80 ppm). Titanium di-
oxide nanoparticles may reach lungs, liver, spleen
and brain via respiratory or digestive tract. They
cause imbalance of biochemical parameters and
changes in gene expression and consequently the
damage of internal organs [6].

The acceptable level of titanium dioxide
nanoparticles concentration is 0,3 mg/m3.

Titanium takes the form of two allotropes: low-
temperature alpha and high-temperature beta. In
the ambient temperature, there is alpha phase with
dopants like oxygen, hydrogen, iron, nitrogen, and
all they can influence properties of titanium alloy to
various degrees (e.g. oxygen increases titanium
hardness, while hydrogen increases its brittleness)
[7].
The use of titanium in medicine is possible due
to its biocompatibility with living tissues and resis-
tance to corrosion [8,9,10]. Moreover, titanium is
resistant to diluted acids i.e. hydrochloric and sul-
phuric acids, organic acids, sulphides, chlorides,
hydrogen sulphide, hydrogen peroxide when it is
dissolves in concentrated acids.
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There is a marked affinity between titanium and
oxygen, and titanium creates a tight and durable
layer of oxides, mainly titanium dioxide on the metal
surface. The layer of titanium dioxide is not dis-
solved in the oral cavity and titanium ions, which
might react with the living body tissues, are not re-
leased. Biological inertness of the oxides layer has
a positive influence on the healing process and
bone tissue re-modelling [11].

An important parameter of titanium is its low
Young’s elasticity modulus similar to the cortical
bone elasticity modulus, which when properly cho-
sen can prevent bone resorption, overstraining and
implant destruction.

Titanium alloys have higher material fatigue re-
sistance than pure titanium [12,13,14,15]. In prac-
tice, the most common alloys are titanium and va-
nadium or titanium and aluminium (Ti6AI4V) [13].

Resistance to corrosion that decreases along
with decreasing material homogeneity, is the obvi-
ous advantage of titanium alloys. It has been
proven that titanium alloys of decreased homoge-
neity can release increased number of titanium ions
to the environment [13]. Implants can be made from
pure titanium and their surfaces modified in the
process of sandblasting or other preparation tech-
niques, € .g. machine processing. The use of pure
titanium or its alloy processed by sandblasting does
not significantly influence the surface structure or
chemical composition. The rough implant surface
obtained by preparation has good contact with
bone tissues [11,12,16].

Titanium was mostly found on the surfaces of
implants prepared by machine working; no oxygen
was detected. In the samples prepared by sand-
blasting method, the contents of titanium and oxy-
gen were similar and aluminium and sodium were
also present. The presence of these elements in
the pure titanium samples could be the conse-
quence of using abrasive. Thus, the implant surface
composition depends both on the chemical compo-
sition of the material used for machine working and
on the preparation method. Metalworking of tita-
nium and its alloys, hence dental restorations made
from them, present a serious challenge [12,17].

Based on the results of tests, Tani has proved
that titanium an alloy sandblasting requires more
time than sandblasting other alloys, e.g. Au-Ag-Pb
and Ni-Cr. Some patients with titanium restorations
complained of oversensitivity (Muller, 2006) and
slight metallic flavour [18].

Dental plaque build-up on titanium crowns is
similar to the plaque formed on the crowns made
up of other metal alloys [19]. Probste et.al (1991)
showed that titanium restorations: ‘have the ten-
dency to develop plaque on the surface’ [20].

The process of osteointegration that according
to Branemark: ‘is a direct structural and functional
connection of live bone with the surface of a loaded
implant’, is vital in the dental treatment [21]. The
procedure of implant placement is influenced by the
bone condition, the technique applied, biocompati-

bility of the material, physical and chemical proper-
ties of the implant surface.

Studies have shown that activity of body cells,
which are in direct contact with an implant is sus-
ceptible to implant properties such as chemical
composition of the surface, roughness, thickness of
the oxides layer. Medium-rough implants intensify
the osteointegration process [11, 16, 22, 23,].

Due to its physical and chemical properties and
excellent biocompatibility titanium and its alloys are
used in oral surgery, endodontics, prosthetics and
orthodontics [24].

Titanium casting is a real problem as dental
restoration casts exhibit empty spaces which, if big,
produce some quality problems. Empty spaces can
be detected by X-ray, and can not during clinical
evaluation [13]. Despite of many advantages of
dental implant placement, there are some contrain-
dications for this type of restoration, they include:

— cardiovascular diseases e.g. valvular heart
diseases

— kidney diseases

—osteoporosis

— diabetes

— radiotherapy

— drug addiction, smoking, alcoholism

Among relative contraindications there is preg-
nancy, systemic diseases, immune suppressed
conditions, mental disorders, some anatomical
conditions, for example, atrophy of bone surface.
Age is not as a contraindication for implant place-
ment although age-related diseases may be re-
garded a limitation [8, 24].

Both medical and dental implant surgeons de-
spite of huge efforts in using biocompatible materi-
als face some challenging issues on complications
which might appear even when using as inert met-
als as titanium.

These problems may develop due to the pene-
tration of aluminium and vanadium ions, found in
negligible quantities in the implant alloys, into the
body tissues.

Morphology of oral cavity mucous membranes,
especially lamina propria is designed to provide
protection. lons released from implants are ab-
sorbed by the mucous membrane and their spread-
ing within the body is limited [ 25,26]. Failures in
placing titanium implant can be caused by galvanic
or electrochemical corrosion in the oral cavity due
to release of titanium ions into the neighbouring tis-
sues. Such corroding activity of titanium-containing
materials differs depending on the environmental
pH and chemical composition [27].

Other possible failures in implant placement
may develop due to bacterial contamination, and
the development of implant inflammatory reaction
supported by presence of macrophages may lead
to implant rejection and loss. Released titanium
ions inhibit the growth of hydroxyapatites [10, 16,
22]. Therefore, it seems quite appropriate to apply
pure, class IV titanium, which has physical parame-
ters similar to titanium alloys and is characterised
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by good strength and corrosion resistance. Ele- 4.
ments made of titanium alloys are covered by a thin

layer of titanium oxide forming so- called passive 5.
layer in the oxidizing atmosphere. 6.

During corroding process metal ions or corro-
sion products penetrate body tissues and enter the ;
body cells. Their local activity is known as 'metallo- '
sis’ by Nicole [30,31,32]. From the biological point 8.
of view this results in tissue damage [33].

Another possible adverse effect that might be 9.
caused by metal implants and their corrosion is al- 0
lergic reactions. Most often they are reactions to '
trace quantities of chromium, nickel, cobalt [34].

Another unfavourable reaction caused by the "
presence of metal implants and their corrosion are
allergic reactions. There are available studies that 10
suggest unfavourable reactions after pure titanium '
implant surgeries with complications involving fistu-
las, matallosis or allergic reactions [35,36,37]. 13.

Some of these reactions may be delayed and
appear as bone or bone marrow inflammations and 14.
are described during orthopaedic treatment [38].
Patients after dental procedures may experience
skin allergic reactions that disappear once the im- 15.
plants are removed [39].

Valentine-Thon et al. suggest that allergic reac- 16.
tions are reactions to trace quantities of nickel, co-
balt and palladium, although the implants are re- 17.
ported as the pure titanium ones [40].

There is no scientifically confirmed evidence that
titanium causes allergic reactions [35]. 18.

There are also no titanium specific skin tests
that should be administered to supersensitive pa- 18.
tients whose implants might be rejected [41]. 20.

Side effects are rare as physical and chemical
properties of titanium, first and foremost, its bio- 21
compatibility, define it as s recommended material
to use in oral surgery, endodontics, prosthetics and 2
orthodontics.

The research conducted by Makuch has proven -
that the content of titanium in oral mucosa mem- '
brane covering endogenous dental implants varied
and most probably depended on the type of implant o,
placement method used. Titanium content is esti-
mated at 0.00 pg/g to 122.5 pg/g [42] while the im- 5.
plant location, age and sex of the patient has no 2.
impact on the titanium content in the mucous mem-
brane tissues. .

Conclusion 2

Despite objections of some scientists, titanium
has been proven as a material worth recommend- 28.
ing and using in medical implant surgery.
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Pedepar
MPUMEHEHUE TUTAHA B CTOMATOINOMMYECKOW MPAKTUKE
BauyaHek Tepesa, 3umeHkoBckun AHaxen, Cubunckuii Bonogumup, MNutypa KaponuHa, Xenasen bap6apa, BonsHcka EBa,
Cambopckuii laptow, Boposuu, AHyLww, TumunH-bopoeuy, Bap6apa
KntoueBble croBa: TUTaH, crnae, pasmeLleHne nMnnaHTaToB, NobovHble peakuuu.

TuTaH npeacrtaBngaet cobol nerkun metansn Ceporo LBeTa, KOTOPbIN BCTpeYaeTCs B TakMx MuHepanax,
KaK UMbMEHUT, PYTWUM U TUTaHUT. HaHo4acTuLbl ero NCnonb3ytTca B MeanumnHe, ctomaTonornm, apmades-
TUKE M B KayecTBe nuuieBblx gobasok. Llenbo aaHHOM pa6OTbI ABNAeTcqa o3HakoMneHne ¢ HeKOToOpbIMU U3-
OpaHHbIMK acnekTaMn NMPUMEHEHUS TUTaHa B CTOMaTONIOrMYECKOM NpaKTUKe Ha OCHOBE MMEIOLLENCA nuTe-
paTypbl. HeCMOTpS Ha OrpoOMHOE CTpeMIieHMe NCNOoNb30BaTh BUOMNOrMYeckn COBMECTUMbIE MaTepuansl, 1 B
MeOULMHCKON, N B 3y6HOl71 UMNaHTaALWOHHOM XUPYPrun BO3HUKAIOT HexenaTenbHble |'Ip06]'leMbI naxe npu
NCNOSb30BaHUN METArOB, CHATAOLMXCS UHEPTHBIMKU, HANpUMep, TUTaHa. ATn NpobnemMbl ABNAIOTCA cnea-
CcTBMEM NPOHUKHOBEHUA B TKaHW OpraHn3mMa MOHOB antoMUHUA U BaHaauA, KOTOpble B HE3HAYUTESIbHbIX KO-
nu4yecTBax BXOAST B COCTaB MMMnaHTaTa. Heygaum npu neyeHun ¢ NCNonb3OBaHNEM TUTaHa MOTyT Mpouc-
XOOUTb U3-3a ranbBaHUYECKON UM INEKTPOXMMUYECKON KOPPO3UM B MOMOCTU pPTa, T. €., BbICBOOOXAEHMS
WOHOB TWUTaHa B NpunerarLmne TKaHu, YTO CBA3aHO C UX peakuuen ¢ GUONOrMYECKUMU XNOKOCTAMU opra-
Hu3ma. [pyrme Heygayun B MMNNaHTaUMOHHON XUPYPrim MOTYT Bbi3blBaTbCA GaKTepI/IﬂMM, npu4em npucyTCT-
BME MakpodaroB Npu BOCMAnNUTENbHOW peakumm Ha MMMNaHTaT MOXET Bbi3BaTb OTTOPXKEHWE MMMMaHTaTa.
BbicBOOOX/OEHHbIE MOHbI TUTaHa 3aToOpMaxuBaloT yBENUYEHNE rMapokcmnanaTtuToB. B npouecce Koppo3suu
MOHbI MeTarnmna nnum NpoayKTbl KOPPO3NUN NPOHUKAIOT B TKAHN OpraHn3mMa, T. €., B MeXKNneTo4Hble KaHalnbl Unu
e MPOHUKAOT B KNETKU opraHuama. Vix mectHoe Bo3aencTeme 6bino Has3BaHo «MeTannosomy. C Guonoru-
YECKOW TOYKM 3peHns 3TO NpeacTaBnsieT cobon pesynbTaT noBpexaeHus TkaHu. [pyras He6naroanﬂTHaﬂ
peakLms Bbl3blBAETCA NPUCYTCTBUEM METaNSIMYECKMX UMMNMAHTATOB U UX KOPPO3UEN, YTO Bbi3bIBAET annep-
rmyeckne peakumun. MobouyHble ahhekTbl cnyvarTes peako 6naro.qap;| PUINYECKUM U XUMUYECKMUM CBONCT-
BaM TWUTaHa, YTO AenaeT ero 6Monornmyeckn COBMECTUMbBIM U pekomeHayemMbiM MaTtepunanom ana npuMeHe-
HUSA B XUPYPrnyeckom CTOMaToONorm, 3HA0A0HTUN, NPOTE3NPOBAHUN N OPTOAOHTUM.

Pedepar
S3ACTOCYBAHHA TUTAHY B CTOMATOJIOMYHIV MPAKTUL
BauyaHek Tepesa, 3imeHkoBCbkuii AHIxXel, CnbuHcbkuii Bonogumup, Mitypa KaponiHa, XeHa3en bapbapa, BonsiHcbka EBa,
Cambopcbkuii flaptow, Boposuup AHyw, TumunH-Boposuub Bapbapa
KntoyoBi cnoea: TuTaH, cnnae, po3MilLleHHs iMnnaHTaTie, nobivyHa peakuist.

TutaH - ue nerknii MeTan Ciporo Konbopy, KU 3yCTPiYaeTbCs B TakMX MiHepanax, sik inbMeHiT, pyTun i
TUTaHIT. HaHoYacTKM MOro BUKOPUCTOBYIOTLCA B MeAULUHI, cToMaTonoril, hapMaueBTuli Ta B AKOCTi Xap4o-
BUX gobasok. MeTot gaHoi poboTn € 03HaNOMMNEHHS 3 AesKMMU OBpaHNMK acrnekTaMu 3acTOCyBaHHS TUTa-
Hy B CTOMAaTOIMOriYHI NpaKTULi Ha OCHOBI HasiBHOI NiTepaTypu. HesBaxaloun Ha BenuyesHe nparHeHHs Bu-
kopucToByBaTU BionoriyHO cyMicHi mMaTepianu, i B MeauyHin, i B 3yOHi iMnnaHTauiiHiA Xipyprii BUHWKaOTb
HebaxaHi Nnpobrnemn HaBiTb NPU BUKOPUCTaHHI MeTaniB, O BBAXXAOTbCA iHEPTHUMM, Hanpuknaga, Tutany. Lli
nNpobremMu € HacnigKoM NPOHUKHEHHS B TKAHWHW OpraHiamMy ioHiB anoMiHilo | BaHagito, AKi B HE3HAYHUX Kifb-
KOCTAX BXOASATb 4O cknagy iMnnaHTaty. Hesgadi npu nikyBaHHI 3 BUKOPUCTAHHAM TUTaHy MOXYTb BigbyBsa-
TUCA Yepes ranbBaHiYHy abo eneKkTpoxiMiyHy KOpo3ito B MOPOXHUHI poTa, TOOTO, BMBINIbHEHHS iOHIB TUTaAHY B
npunerni TKaHWHK, WO NOB'A3aHo 3 IX peakuieto 3 GionoriyHuMK piguHamm opraHiamy. IHWI HeBaadi B iMnnaH-
TauinHin Xipyprii MOXYTb BUKNUKaTUCS BaKTepiamu, Npudomy NpUCYTHICTb Makpodaris Npu 3ananbHin peakwuit
Ha iMNNaHTaT MOXe BWKIMKATW BIATOPrHEHHS iMMnaHTaTy. BuBinbHeHi ioHM TuTaHy 3aranbMoBYHOTb 36inb-
LLIEHHs rigpokcunanaTuty. Y npoueci Koposii ioHn meTtany abo npodyKTu Koposii NPOHMKaTb B TKAHWHW Op-
raHiamy, To6TO, B MiXXKMITUHHI KaHanu abo X NPOHMKaTb B KMiTUHW opraHiamy. Ix micueBui Bnnve 6yno Ha-
3BaHO «MeTano3omy». 3 GionoriYyHOl TOYKM 30py Lie € pe3ynbTaT YLWKOAXKEHHS TKaHWHW. IHWa HecnpuaTnMea
peakuisi BUKITMKAETLCA MPUCYTHICTIO MeTaneBmx iMnnaHTaTiB Ta iX KOpo3i€to, L0 BUKIMKAE aneprivyHi peakuii.
MobGiyHi ecbekTn TPanNNATLCA PiAKO 3aBAAKU i3UYHMM i XIMIYHMM BRAcCTUBOCTAM TUTaHY, O poOUTb MOro
BioNoriYHO CyMiCHUM i pekOMeHAOBaHNUM MaTepianom A4S 3aCTOCYBaHHA B XipyprivHi ctomartonorii, eHao-
OOHTIi, NPOTe3yBaHHi Ta OPTOOOHTI.
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