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MEPIAHWH

ZKOIlOZ: H ouykpitikij peAémn e pikpodopris, poppoAo-
yiag kai oroiyeiakiic ouvdeong enavakindéviwy kai epyactrn-
PIaKWS yNpacuEvwy ouppdTwy.

YAIKO KAl ME©OAQ?: Zippara NiTi enavakrijdnkav perd
and evdooroparikij napapovij 2 unvwv oe 20 opdodovrikolc
aoleveis pe nAijpn oeipd aykuAiwy, evdd Ta dAha 20 napé-
peivav epBantiopéva oe didAupa yalaktikod oféwg 0.1 M
yia idio didotnua. H poppoloyia peAeridnke pe ontikd kai
NAEKTPOVIKS PIKPOOKOMIO OdpWOoNG, 1) ENIPAVEIQKI] OTOIXEIAKT]
ouvdeon Kai popiakij avdAuon Twv evanoSEcewv pe pIKPOa-
vdlvon aktivwv-X kai unépubpn pacparookonia avrioroixa,
n ouv8eon ¢ pélac Tou olpparog pe pacuarookonia edo-
piopou aktivwv-X kai n aneAeu8épwon peraAikiv 16vIwy
oro diGAupa yrjpavong e pacyarookonia aTtopIKiG eKMounc
enaywyikwe ouleuypévou nAGoparog.

ATIOTEAEZMATA: Ta enavakmndévra olppara napouvoiacav
adpij empdveia pe Kpartipes, evanodéceig kakiou kai varpi-
ou, Kard TéMoug oxNuaToud KpUoTdAAwy acBeotiou pwops-
POU Kal MPooponon npwreiviy kai aAkooAwv, ot avrifeon
UE Ta €OYaoTNPIaKWG ynpaouéva mou napouciacav pia
pikenj avénon e adpdmrag. H pikpodourj twv enavakrndé-
VIwv OUppdTwy napouciace Kard TOmoug KaraoTporj Tou
SIKTUOU TwV KPUOTAAAGHOPPWY LAPTEVOITIKWY OXNUATIONWY
mdavwg ASyw Twv @opriwy nou avamticooviar Kard Tov
eykAwBiopd Tou olpparog oty oxiopr Tou aykuAiou, eva Ta
in vitro ynpaopéva dev napouciacav peraBoléc. To nepieyd-
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ABSTRACT

AIM: Comparative study of microstructure, morphology and
elemental composition of archwires refrieved and aged in
vitro.

MATERIAL AND METHOD: NiTi archwires were retrieved
following a 2-month intraoral placement in 20 fully bonded
orthodontic patients, whereas another 20 archwires were
submerged in a 0.1 M lactic acid solution for the same time
period. Morphology was studied with optical and scanning
electron microscopy, elemental surface composition and
molecular analysis of deposits were studied using X-ray
microanalysis and ulfra-red spectrometry, respectively;
composition of wire mass was studied using fluorescent
spectrometry and metal ion release in the aging solution was
investigated using atomic emission spectrometry of inductively
coupled plasma.

RESULTS: Retrieved archwires demonstrated rough surfaces
with craters, K and Na deposits, localized formations of Ca-P
crystals and absorption of proteins and alcohols, in contrast fo
archwires aged in vitro which presented a slight increase in
roughness. The microstructure of refrieved wires demonstrated
localized crystal network destruction of the marfensitic
formations, probably due to loads developing during wire
engagement in the bracket slot; on the other hand, wires aged
in vitro showed no change. Nickel wire content ranged from
47% to 53%. The aging solution showed higher ferrum

concentration resulting from the manufacturing process and
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Hevo vikéAlo ota olppara kupaivoray and 47-53%. To 6i6-
Aupa  yripavong napouoiace uynAdtepn ouykévipwon oidn-
PoU MPOEPXSEVOU and Tn O1adiKaocia KATaokeurg nou ano-
oiderai oty SiaAutdTnTa ToU o€ oxéon e GAAa oToiyeia Tou
KpGuarog, vw To VIKEAIO Kal To TITAvio KupdvOnkav oe eni-
neda ¢ 16éews ekaroorou Tou ppm.

ZYMITEPAIMATA: H epyaotnpiakij yrjpavon twv ouppdrwv
NiTi gaiverai 611 Sev napouvoidder avriotoiyia pe v KAvIKij
XPIion Kai we ek ToUTOU 1) EPApOYI TNG OEV MAPEXE! KAIVIKG

atioloyrjoipes nAnpogopieg.
AEZEIX KAEIAIA: Zdppara NiTi, yripavon eaoparookonia,

Hikpodopr]
EM. Op8od. Emd. 2003; 6: 45-58
Maperijpdn: 07.06.2002 - Eyive Sexmi: 10.02.2003

EIZATICOIrH

H eupeia epappoyh twv ouppdiwy kpdparog NiTi
omv op8odovrikr éxel evieivel TIG épeuveg yia nidava
aveni8iunta anoteAéopara oxenldueva pe My aneeu-
8épwon (Eliades
Athanasiou, 2002). Baoiké &€ova aurig mg undde-
ong anotelel n dianiotwon Twv aAaywv nou upiota-
1al 10 kpapa kard m Oidpkeia NG XProng Tou Kai
niSavoloyeitar 1 coBapég aMoiwoelg om dopr Kal
olveon tou olppatog éyouv enidpacr omyv enipa-
velakr 1ou dpaortikdmia kar my aneheudépwon 1éviwy

1IOviwy  and 10 kpdpa kal

oto oropankd nepiBaiov (Oshida kar ouv., 1992).
H nAelovomia 1wy epeuvnTikdy NEwIokOMwY  oTov
Topéa autd akoroudel mv karelBuvor g eéopoinong
Tou oropankol nepiBdMoviog péow epBantiong Tou
olppatog oe didpopa uypd kal auéopeiwong Mg
Seppokpaciag 1 tou pH pe okond mv diaudpeworn
e€aipenkd akpaiwv ouvOnkwv nepiBaioviog (Barret
kal ouv., 1993).

[evikG n epappoyr] akpaiwy cuvOnkwy ot HEAE Twv
BioUAikv unayopeteral and mv avaykn enitevéng
aocparolg opiou 1kavol va unepkepdoel TG Ayvar
o1eG dGMwoTe KAIVIKEG anaIToeIG. 2T CUYKEKPIPEVN
nepinwon opwg n pédodog aurtr oxerieral pe 10 yeyo-
véG o1 1a obyypova olUppata kpdpatog NiTi efval
Suvardv va napapeivouv ot CTopaTikr koIASTa yia
xpovikd Olactipara  peyaAliepa tou  eéaprjvou
(Brantley, 2001). ‘Eror kadicrarar coBapr| n avaykn
eniteuéng enimayuvopevng yripavong 1ou UAIkoU yida
npaknkolg Adyoug oxenldpevoug pe M Oidpkela

EAAHNIKH OPOOAONTIKH EMIOEQPHZH 2003 ® TOMOZ 6

46

S.ZINELIS et ol Comparative study of the effect of in vitro and in vivo aging on morphology

attributed to higher ferrum solubility in relation to other alloy
elements; nickel and titanium were in the order of one
hundredth ppm.

CONCLUSIONS: It seems that in vitro aging of NiTi archwires
is not comparable to their clinical aging. As a result,
application of this process does not provide any clinically
valuable information.

KEY WORDS: NiTi archwires,
microstructure

Hel. Orthod. Rev. 2003; 6: 45-58
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spectrometry,

aging,

INTRODUCTION

The wide use of NiTi archwires in orthodontics has
focused research on possible side effects related fo
ion release from the alloy (Eliades and Athanasiou,
2002). This hypothesis is based on the finding that the
alloy undergoes changes during its use and it is
speculated that significant transformations of alloy
structure and composition affect its surface reactivity
and ion release in the oral environment (Oshida et al.,
1992). The majority of research protocols in this field
follow the direction of oral environment simulafion
through wire submerging in various solutions and
tfemperature or pH fluctuations that aim af creating
extreme environmental conditions (Barret et al.,
1993).

In general, the application of extreme conditions on
the study of biomaterials is guided by the need to
achieve safety limits so as to overcome unknown
clinical requirements. In this case, however, the
method is related to the fact that modern NiTi
archwires may remain in the oral cavity for more than
six months (Brantley, 2001). Thus, the need to achieve
material aging within a short time period becomes
important for practical reasons related fo the duration
of observation of the aging process.

The use of various liquid media with a wide range of
quantitative and qualitative characteristics aiming af

the in vitro simulation of clinical situations — since
current  orthodontic  literature  lacks  such
standardization — indicates the inappropriateness of

suggested methods (Eliades et al., 2000; 2002a).
Furthermore, methods used so far impose severe
difficulties on the comparability of results of research
data from studies using different aging media.

In vitro aging profocols using water baths or arfificial
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napakoroldnong mg diadikaciag yripavong.

H xprion dlapdpwv uypwv péowv peydhou e0poug
NOCOTIKWY KAl MOIOTIKWY XAPAKINPIOTIKWY HE OKONO
mv e€opoiwon Tou KAIVIKoU avaldyou ofo epyaoTr-
plo, Wi kal Oxemnkr tunonofnon anouoidl and m
oxerikp opdodovrikry BiBAIoypagia, unodniwver mv
aoroyia 1wy npotevopevay pedddwy  (Eliades  kai
ouv., 2000; 2002a). Eni nAéov n péxp! wpa ako-
AhouBolpevn Taktikr] enipépel coBapég OUOKOAiEG
OTNV CUYKPIOIHOTNTA TwV QNOTEAEOUATWY EPEUVNTIKWY
Sedopévwy  and epyaocieg nou ypnoiponololy dia-
popenkd péoa yrjpavong.

MNpdoparta éxel diatunwdel coBapr appioBrimon twv
NPWIokOAWY  epyaomplakig yipavong He xperon
udatdroutpwy fj Aoutpol Texvniol cdhiou i opou
(Eliades kai ouv., 2002b) pe B&on mv anoucia
KOpiwv napaydviwy yripavong énwg n xAwpida kai 1a
npoidvia mg nou eival duvardv va endpdoowy o1o
kpdua efte kareudeiav, dnwg oupBaiver pe My dpdon
tou Thiobaccilum ferroxidans  (Palaghias, 1985;
Matasa, 2002), eite péow aMayrig 1wy nepiBalo-
VIIKGOV ouvOnkav &€ arrfag twv peraboAikgy npoidviwy
wv pikpoBiwv (Sutow, 2002). MNap'dha tada oyerr-
KEG OUYKPITIKEG PEAETEG nou va katadelkviouv v
nifavr} diagopd enidpaong Twv epyacTnPIakwy Hedd-
dwv oe oyéon e 1a enavakmOévia Oefypara anou-
oidlouv and m BiBAioypagpia.

H uné8eon n onoia dokipdotnke oe autriv My épeuva
oyetiCerar pe v avapevopevn eupeia peraBoAn Twv
ENIPAVEIOKWY  XAPAKTNPIOTIKWY Twv  enavakindéviwy
ouppdnwy kpauarog NiTi oe oyéon pe 1a epyacmpia-
KWG ynpeaopéva. 2kondg g epyaoiag ivar n olykpr
o G eNIPAVEIaKIG PIKPOOOWUAG, OTOIXEIaKN G OUvVOe-
ong kal pop@oAoyiag cuppdiwy nou €xouv unooref
Siadikaoia yrfipavong o1o epyacTpio Kal autdv nou
éxouv enavakmef perd and kAiviki xerion.

YANIKA KAl MESOAOX

Xmv épeuva xpnoiponoifidnkav 40 clppara kpdpa-
10¢ vikehfouitaviou (ORMCO, Glendora, CA, USA)
Siaropric 0.016 X 0.022 mg ivicag. H epyaocmpia-
ki yripavon 20 cuppdiwy éyive clppuwva He T xprion
yaAakrtkol oféwg kard g odnyieg Tou oxetikol 1SO
yia m peAém mg avidiaBpwiikAg oupnepipopds Bio-
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saliva or saline baths have been strongly questioned
recently (Eliades et al., 2002b) on the basis of
absence of major aging factors, such as bacterial
flora and its products that may affect the alloy. Their
effect may either be direct, as is the case with
Thiobaccilum ferroxidans (Palaghias, 1985; Matasa,
2002) or through changes of environmental
conditions due to bacterial metabolic products
(Sutow, 2002). Nevertheless, literature lacks related
comparative  studies  demonstrating  possible
differences of the effect of in vitro methods as
opposed fo refrieved samples.

The hypothesis tested in this study is related to the
expected major change of surface characteristics of
refrieved NiTi archwires as compared fo in vitro aged
ones. The study aims at comparing surface
microstructure,  elemental  composition  and
morphology of archwires subjected to in vitro aging
with wires refrieved after clinical use.

MATERIAL AND METHOD

Forty (40) nickelitanium 0.016 X 0.022-inch
archwires (ORMCO, Glendora, CA, USA) were used
in this study. In vitro aging of 20 wires was performed
using lactic acid according to the ISO guidelines
conceming the study of biomaterials anticorrosion
behavior (ISO, Dental casting gold alloys, ISO 1562,
1993E). Archwires were submerged in a plastic
closed confainer with 200 ml of 0.1M lactic acid
solution for a period of 2 months. Solutions were
preserved in room temperature and agitated daily.

The collection of 20 retrieved samples followed a
protocol already described (Eliades et al., 2000). In
brief, the profocol followed was: 20 patients (12
boys, 6 girls) with a mean age of 18 years (range:
13-28 years) undergoing orthodontic treatment with
fixed appliances in both arches were selected from
the last author's practice; selection criteria included
absence of restorations and no oral medication.
Special registration forms were used for each patient
with the following data: patient name, archwire type
and manufacturer, archwire placement and removal
dates, type of ligation and dental arch (upper or
lower) application. Archwires were ligated to the
same type of brackets with an 0.018-nch slot,
removed after 2 months and together with the in vitro
aged wires rinsed with water distilled twice; they
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OAikav (ISO, Dental casting gold alloys, ISO 1562,
19Q3E) epBanriloviag 1a oclppara ce NAAoTIKS KAer-
o016 oketog nou nepiefye Sidhupa 200 ml yaakrikol
oféwg ouykévipwong O. 1M yia nepiodo 2 pnvav. Ta
SiaAlpara diampolvio oe deppokpaocia nepiBaiio-
VIOG Kal avakivouvio oe kadnpepivry Bdon.

Ma mv cuMoyr] 20 enavakm8éviwy Seiypdiwy ako-
MouBndnke NpwidkoMo nou éxel neplypagei npwiire-
pa (Eliades kai ouv., 2000). Ev ouviopia, enehéyn-
oav 20 aoBeveig (12 aydpia, 6 kopitoial), pe péon
nhikia 18 ém (edpog 13-28 ém) and 1o 1arpeio Tou
teAeutaiou ouyypagéa und Sepaneia pe nAfpn ceipd
aKIVATWY OUCKEUWV Kal ota 2 16¢a, pe KPIpIo Ty
anoucia enavopdwTikwy epyaciwv kar m pn Ajyn
(PAPPAKEUTIKWY OUCIWY and Tou otdPatog. Xpnoipor
noidnkav eidikd deAtia kataypa@rig yia k&8s aode-
vij pe 1Ig akdroudeg nAnpogopies: dvopa aodevolg,
1NoG  kal KATAoKEUaoTG  oUPPATOg, NuePopnvia
tono8émong kai apaipeong olpparog, idog npdo-
deong kar 16&o epappoyng. Ta oclppara npocdédn-
kav oe id10 10no aykuAinwv diaropng oxioprig 0.018
ng ivioag, agaipédnkav perd 2 priveg kar and kor-
voU e 10 epyaoTnPIakwG yneacpéva EenAidnkav e
d1g anootaypévo vepd kal npowdidnkav yia avaiu-
on nou nepleAdpBave:

a) Onnkf pikpookonia [ME 600 Eclipse Nikon,
Tokyo, Japan) via m diepelivnon 1wy enipaveiakov
adpwV XaPAKINPICTIKWY Tou CUPHATog

B) HAekrpovikr pikpookonia cdpwong kal pikpoavd-
Auon akrivov-X (XA 733 Superprobe, JEOL, Ld,
Tokyo, Japan] yia mv Aenmopepn pehém g empaver-
akig popporoyiag 1ou kpdpatog kai diepelvnon MG
enipavelakig oroixelakig oivBeong dnwg eniong kai
1 oroiyeiakr oivOeor Twv evanodéoewy. Eikdveg deu-
TePOYEVOUG eKNOPNAG Kal e1kdOveg onio8iag okédaong
yia tonoypagia (BEFTOPO] «kar otv8eon (BEI
COMPQO) eMjepdnoav und 1aon 20 KV, 8 nA éviaon
peldparog Oéopng kar 5 nA éviaon pelparog Sokiuf-
ou. H pikpoavaAiuon éyive pe cdpwon enpaveiag kal
xprion kpuotdMwv PET, LIF.

y) Mikpoinépu8pn pacparookonia ecwrepikriG avé-
khaong (PE 1760 X, Perkin Elmer Corp. Norwalk,
CT, U.S.A.) yia mv avéiuon mg popiakig olvOeong
Tou enipaveiakol otpwuatog und 1g kawdi ouvon-
keG: e0pog 4000-400 cm’!, eukpiveia 4 cm’, pikpo-
kpUotaMog KRS-5 und ywvia 450 kar 14 eowrepikég
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were then analyzed through:

a) Optical microscopy (ME 600 Eclipse Nikon,
Tokyo, Japan) for investigation of archwire rough
surface characteristics.

b) Scanning electron microscopy and Xray
microanalysis (XA 733 Superprobe, JEOL, lid, Tokyo,
Japan) for a thorough study of alloy surface
morphology and investigation of surface elemental
composition as well as elemental composition of
deposits. Images of secondary emission and BEI-
TOPO and BEFCOMPO were taken at 20KV, at 8 nA
beam current and 5 nA specimen current.
Microanalysis was performed with surface scanning
and use of PET, LIF crystals.

c) Micro multiple infernal reflection Furier transform
infrared spectrometry (PE 1760 X, Perkin Elmer Corp.
Norwalk, CT, U.S.A.) for the study of the molecular
composition of the surface layer under the following
conditions: range 4000-400 cm’, resolution 4 cm’,
KRS-5 microcrystal under a 45° angle and 14 inferior
refractions.

d) Xray fluorescence spectrometry (XRF) for
quantitative defermination of archwire elemental
composition using a spectrometer under the following
conditions: Mo Ka tube 30 kV, 130 pA, low vacuum
[-500 mm Hg) and an incident 10-mm beam of 45°
angle. The composition was defermined using non-
standard analysis with the measurement accuracy
recommended by the manufacturer of the order of
+3% on calculated percentages [EDAX DX-Q5, Energy
dispersive X-ray spectrometry systems. Technical
Bulletin, Mawhaw, NJ, USA, 1993).

e] Metallographic analysis in order to study the effect
of the aging method on the crystallographic structure.
Specimens were embedded in resin, polished with
SiC 320-4000 grit paper under water irrigation and
were polished with a 3 pm diamond pasfe using a
finishing-polishing machine (Ecomet lll, Buehler, Lake
Bluff, IL, USAJ. Specimens were exposed fo a 1:1:1
hydrofluoric, nitric, and acetic acid solution to express
their marfensitic sfructure (MonteroOcampo et al,
1996) and were studied under optical microscopy.

f) Analysis of metfal ion concentration in the solutions
after archwires were removed, using Inductively
Coupled Plasma Atomic Emission Spectrometry - ICP-
AES (Perkin Elmer, OPTIMA 3000, U.S.A.). Following
wire removal, 10-15 ml of lactic acid solution were
placed in a teflon container where they were dried; 3
ml aqua regia were added to the solution and ions
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avakAdoElg.

) Qaoparookonia e8opiopol akrivwv-X (XRF) yia tov
nocortkd npoodiopiopd G orolxelakig olvOeong
Twv ouppdiwv pe  acpardpeipo (DX-95, EDAX
International, Mahwah, NJ, U.S.A.) und ¢ xa1wd
ouvdrikes: ocwArjvag Mo Ka tube und 1éon 30 kY,
éviaon petparog 130 pA, xapunAd kevd (500 mm
Hg), kar npoonintouca akriva 10-mm und ywvia
450 eni tou dokipiou. O nocotikdg NpocdiopIopds
éyive xwpig m xperon npotdnwv (non-standard
analysis) pe akpiBeia 1wy perpricewy, katéd Tov kara-
okeuaotr, NG 1¢éng Tou +3% enf 1wv unoroyiodéviwy
nocootgv ([EDAX DXQ5, Energy dispersive X.ray
spectrometry systems. Technical Bulletin, Mawhaw,
NJ, USA, 1993).

e) MetaMoypaiki avdhuon pe okond m perémn me
enidpaong mg pedddou yripavong omyv KPUoTaAAO-
ypagik dopr. Ta dokipia yia autdv 10 okond eyki-
Burio8nkav ce pnrivn kal AeiavOnkav pe yapri SiC
320-4000 grit und ouvexrj karaiwviopd vepol Kal
on\Bwdnkav pe ndota kékkwv dlapaviol 3 pm oe
ouokeur] Aefavong-oriNBwong (Ecomet I, Buehler,
Lake BIuff, IL, USA|. Aokipia exié8nkav oe Sidhupa
udpop8opikol, vitpikol kal ofjkol oféwg oe avaio-
yia T:1:1 ko. vyia va avadelx8el n paprevoltikr
Sopn 1oug (Montero-Ocampo kar ouv., 1996] kai
peAemdnkav pe 10 onmikd PIKPOoKAMIO.

o1] AvdAuon G ouykEVIPWONG HETAAIKGY 1GVIwY oTa
SiaNlpara epBdnnong perd my apaipeon 1wy cuppd-
Twv pe Qacparockonia aropikig eknopnig enaywyr
kG ouleuypévou nAGoparog (ICP-AES) (Perkin Elmer,
OPTIMA 3000, U.S.A.). Zyenkd, 10-15 ml Siaho-
patog yaiaknkol oféwg perd mv agaipeon 1wy oup-
pérwv, ono8emdnkav oe doyeio teflon, dnou &npav-
8nkav kal npootEdnkav oe autd 3 ml Baoihikd vepd
Kal 1a neplexdpeva 16vIa UNoAoyiomKav e KAPnUAEG
BaSpovopnong. H akpiBeia mg texvikrig unoloyiom:
ke olo 1 ng/pl 4 1 ppb. H &An avéluon enavaii-
@Onke kar and 1a anoreAéopara efixdnoav péoeg
TIPEG.

ATTOTEAEZMATA

H Eik. 1 napouocialel m pikpookonikr eikéva oclppa-
10G npiv M xpron (al, perd mv yipavon (B), kar perd
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confained were calculated using calibrating curves.
Technique accuracy was estimated at the order of 1
ng/pl or 1 ppb. The analysis was repeated and
mean values were calculated.

RESULTS

Figure 1 shows the microscopic picture of a wire
before use (a), after aging (b), and following retrieval
(c). The slight effect of aging on roughness increase is
visible (b), whereas significant changes are apparent
in the refrieved sample.

Wire composition ranges at the order of 3-6% for
nickel (47-53%) and fitanium, probably due fo
manufacturing parameters and standardization.
Figure 2a-b shows the results of X-ray microanalysis,
where it can be seen that crystallike deposits contain
calcium (a) and potassium (b). Phosphate and sodium
distribution followed that of calcium and potassium.
The organic composition of the film developing on the
refrieved archwires (Fig. 3) included the following:
carboxylates (COOH) at 1730 and 1300 cm’,
amides [[CONH) at 1635 cm” (primary), 1542 cm’
([secondary] 1250 cm’ (tertiary)], carbonates [(COs)
at 1450 and 870 cm’, alcohols [(CH-OH) at 1170
cm' and “CH:OH ot 1020 cm'. In vitro aged
archwires did not show any deposits other than those
related to the aging medium.

Figure 4 shows a typical Xray fluorescence spectrum
showing the elemental composition of a NiTi
archwire. Using the software of the analytical
equipment, alloy composition was defermined as
follows: 47-53% nickel and the rest as titanium.
Figure 5 shows the microstructure of a refrieved wire
where the change in martensitic formations is
discemible. No significant change in the wires of the
other two groups was observed.

Finally, Table 1 refers to the results of solution analysis
related to alloy elements. The presence of ferrum,
which is not an alloy component, in higher
concentrations than nickel and fitanium is interesting,
and might be due fo increased ferrum solubility as
opposed fo the two main metals.

DISCUSSION

Generally speaking, the difference between
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Eik. 1. Eikéva deutepoyevolg eknopniig (SEI) oUppatog vike-
Mou-titaviou npiv tn xprion (a), Yetd ) yrpavon o€ yaia-
KTIKG o€V (B) kai petd tnv enavaktnon (y) énou Siapaivo-
vtal ta enineda twv aroidoswy twv Vo pebddwy. (Mey.
X500, otriAn 10um).

Fig. 1. Secondary Electron Image (SEI) of a nickel-titanium
wire before use (a), after aging in lactic acid (b) and following
retrieval (c), where levels of changes due to both methods
are visible. (Mag. X500, bar 10um).
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laboratory and  clinical conditions is due to the
following factors, which are usually absent from all in
vitro simulations (Eliades and Athanasiou, 2002).

a) lack of simulation of the loose bracketarchwire
ligation that allows for movement, thus inhibiting the
presence of corrosion.

b) Lack of bacterial flora and its by-products.

c) The use of liquid aging media presents the
phenomenon of the initial exponential ion release
which soon saturates the solution resulting in an
artificial reduction of the ion release rate. A series of
studies following this model which were published in
the past decades have made it very difficult fo draw
conclusions and to related them to clinical practice
(Barret et al., 1993). These studies applied in vitro
results directly to clinical conditions, thus leading to
false impressions.

d) The fact that saliva confains electrolytes besides
proteins. Thus, potential inferactions of metallic fraces
with the oral environment are impossible to simulate in
vitro.

e)] Environmental factors, such as the contaminated
urban air. The average inhabitant of urban areas
inhales, during a period of eight hours outdoors, 4 m*
of air containing 10 mg of CO; (Matasa, 2002).
Metal ion concentration in biological fluids of
orthodontic patients has been investigated in the past;
nevertheless, the presence of orthodontic alloys has
not been correlated to increased metal levels (Gierdet
et al., 1991: Kesosuo et al., 1997: Bishara et al.,
1993: Staffolini et al., 1999; Kocadereli et al.,
2000). This may be due to numerous factors related
fo the presence of appliances for a short period in the
sample of patient population, patients under treatment
that are not fully bonded and special conditions of
saliva sample collection (Eliades et al., 2002b).
Generally speaking, though, using saliva as a liquid
indicative of metal presence is questionable, because
saliva does not flow in a closed sysfem, since it is
continuously replenished due to secretion. Thus, metal
levels at the specific timing of sample collection may
not reflect the situation at any given moment of the
total treatment duration. Furthermore, the nickel value
measured may not reflect the actual nickel quantity
released in fotal, because there is selective metal
deposition on different organs, which varies
depending on organ and element type (Black, 1999).
Such an example is ferrum, which seems to be
selectively deposited on the spleen and liver of mice
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Ei. 2. Eikéva oniobiag oxkédaong (BEI-COMPO) oUvBeong enavaktnBévtog olpuatog vikeAiou-titaviou. (Meyébuvon X 400,

otrjAn 100 ym).
A) Katavourj aoBeotiou
B) Katavoprj kaiou.

Fig. 2. BEI-COMPO of the composition of retrieved nickel-titanium wire. (Mag. X 400, column 100um).

A) Calcium distribution
B) Potassium distribution

mv enavakmon ly), énou diagaiverar n pikper eni-
dpaon Mg yrpavong omv aténon mg adpdmrag (B),
eviy coBapég alMoiwoelg napoucidlovial oto enava-
kinOév deiypa.

H oclv8eon 1wy cuppdiwy napoucidler diakipavorn
oo eninedo tou 3-6% yia 1a nepiexdpeva oroixeia
vikéNio (47-53%) kai miavio mbavév Adyw kartaokeu-
QOTIKGV Napapérpwy kal Tunonoinong.

H Eik. 2a-8 napoucidler 1a anoteAéopara mg Hikpo-
avaAluong akrivwyv-X énou ¢aiveral o1 n odoraon Twv
KpuotaMopoppwy evanodécewv nepihapbdver aoBé-
ono (a) kar k&Aio (B). H karavop pwopdpou kai
varpiou akoAoU8noe eniong aurjv twv aoBeotiou kal
KaAiou.

H opyavikr civ8eon Tou oxnuanlbpevou upeviou ora
enavakmn8évia olppara (Eik. 3] Bpédnke on nepiiap-
Baver ¢ €€l kopugég: kapBolulikég opddeg |-
COOH,) o1a 1730 kar 1300 cm’, apidia [[FCONH-
) ora 1635 cm’ (npwrotayrj), 1542 cm’ (Seureporo-
vil, 1250 cm’ (ipiorayd)], avdpakikéd [(COs) ora
1450 ka1 870 cm’, kar aikodieg [-CH-OH) ora
1170 em', kar -CH,OH ota 1020 cm’. Ta epya-
omplakwg ynpacpéva olpuara dev napouciacav
evanodéoeig GMeg and autég nou oxetiCovial pe 10
HEco yrpavong.

H Eik. 4 napoucidel evdeiknkd edopa p8opiopol
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after metal  solution

(Pereira et al., 1999
administration.

The fact that the medium used for in vitro aging lacks
electrolytes and proteins is essential for differences in
morphology, structure and composition of alloys aged
in vifro as opposed fo those refrieved. It is generally
known that materials subjected fo biological fluids,
such as blood, saliva and serum, change due fo a
non specific mechanism; such changes are seen in
dental materials, angiosurgical grafts, orthopedic
prostheses, efc (Eliades et al., 2002c). This
mechanism could be roughly described as initial
absorption of electrolytes, such as sodium and
potassium, which are ample in human fluids;
development of a film composed of alcohol and
amids; at a later stage, absorpfion of calcium and
phosphorus and  formation of calcium phosphate
crystals, which stabilize the whole deposition.

There are three points arising from the in vivo aging
process described above:

1. Is there a change in microsfructure due fo archwire
use?

2. Do mechanical wire properties change affer
clinical use?

3. Do materials exposed in the oral environment affect
the release of wear or corrosion products from the
alloy?

Concerning the first question, previous research
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% MICRO-MIR FTIR ON Ni-Ti ORTHO WIRES
1 1 1 1 1

%T

T T 93

89

85

81 I - 81
7 177
73 1 1 1 1 1 1 1 73
2000 1800 1600 1400 1200 1000 800 600 450
CM-1

Eik. 3. ®dopa pikpotnépubpng waopatookoniag noAAaning eowtepikrg avdkAaong enavaktnbéviog oVppuatog (nepioxrj 2000-
400 cm-1). H avdAuon twv epyaotnpiakds ynpacuévwy kai kaivolpyiwv dokipiwv dev €8eiEe opyavikég evanobEoeig.

Fig. 3. Spectrum of multiple interior refraction infrared spectrometry of a retrieved wire (band 2000-400 cm-1). Analysis of in vitro
aged and new specimens did not show organic depositions.

d:/ekevy/analys98/orthwire/bfr.spc
Label: bfr.spc 35kV 60uA col2mm vac

Prst: 120L Lsec: 120 Nika 12:30:08  7-24-98

Tika

100 200 300 400 500 600 7.00 800 9.00 1000 1100 12,00
FS: 865 CPS: 0 Cnts: 0 Kev: 10.59

Eik. 4. ®dopa pbopiopol aktivwy -X oUppatog PETA TNV ENAVAKTNOTN Orov @aivetal n otoixelakr) oOvOeon tou Sokiyiou.

Fig. 4. X-ray fluorescence spectrum of a retrieved wire showing elemental composition of the specimen.
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akrivwv-X énou @aiveral n oroiyeiakr cdvdeon clp-
patog NiTi. Me 10 Aoyiopikd NG avalutikrig ouokeu-
fig npoodiopiomke n oboraon wg: vikéhio 4/-53%
kal unéhoino Tiavio.

xmv Eik. 5 napoucideral n pikpodopr enavakndé-
viog olppatog énou diakpiveral n aloiwon Twv pap-
TEVOITIKQY oxnuanopv. Aev napampridnke oucidong
aMayn ora olppara Twv dAwv dlo opddwy.

Téhog o [Mivakag 1 avagépel 1a anoreAéopara MG
avaluong Twv SIaAUPdTWY WG NPOG Ta oTolyeia Tou
kpduatog. Evdiagépov eivar én napoucialerar ofdn-
POG Mou Oev AveUPIOKETal WG CUOTATIKS OTOIXElO TOU
KPAUaTog, oe peyaAlTepn ouykévipwon an’ &t 1o Viké:
Ao kal 1o Tiravio midavig Adyw auénuévng Slahutdm-
1aG WG NPog 1a kUpia dlo pétalAa.

SYZHTHXZH

levikd n dlapoponoinon Twv epyactpiakwy ouvn:
KWV Ot Oxéon pe TIG KAIVIKEG Opeileral otoug napa-
k&t napayovieg nou ouvidwg anoucidlouv and mv
k48e epyaompiakf efopoiwon  (Eliades
Athanasiou, 2002):

a) Anouoia eopoiwong mg xahapig npdodeong
oUpHATOG-ayKUAOU Nou va enimpénel Kivnon avaoTén
Aoviag 1ol v napoucia d1GBpwong.

B) EMeipn mg pikpoBiakrg xAwpidag kal twv napa-
NEOIGVIWY TNG.

y) H xprion uvypwv péowv yiipavong napoucialel 1o
pavépevo Mg apyikd ex8erkrig  aneAeudépwong
1I6viwy nou olviopa Spwg kadiotd 1o SIGAUPA KEKO-
peopévo pe anotréAeopa v texvntr pefwon tou pud-
pol aneleu8épwong 16viwy. Mia ceipd peletdv nou

Kal

Snpoolelmkav TG NePAcPéveg OekaeTieG akoAouduwr
viag autd 1o npdtuno, karéotoav my eéaywyr] oupne
paopdiwv ealpetikd duoyepr] Kal KAIVIKG Un ouoyeT-
oiun (Barret kai ouv., 1993). Autég ol epyaocieg avii-
yayav kareudeiav 1a anoreAéopara epyacTnPIaK@Y
epeUVWV 10 KAIVIKO nepIBAMov pe anotélecpa v
Snpioupyia ecPaAévwY EVIUNWOEWY

) To nepiexdpevo Tou CiEAoU nou ekTdG Twv NEWTEVI
koU @opriou nepiéxel kal NAektpoAlteg. Enopévwg o
AMNAENIOPACEIG TwV PETAANIKDY QUIWY IXVWV lE TO
otropankd nepiBaMov eival adlvartov va perapep-
8olv oto gpyactripio.
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Eik. 5. Eiéva ontikol pikpookoniov enavaktnBéviog,
petardoypapikd Asiaopévou obppatog, orou Siakpivetai n
Kataotpowrj Tov PApPTEVOITIKOU SIKTUOU KPpUOTAAAwY otnv
S€€id neproxn. (Meyébuvon X 80).

Fig. 5. Optical microscopy image of a retrieved,
metallographically finished wire, showing destruction of the
martensitic network on the right. (Magnification X 80).

(Eliades et al., 2000) as well as this study
demonstrate that the microstructure of refrieved
archwires is obviously altered. Structural changes do
not seem to be affected by environmental
physicochemical parameters alone, since the wires
showed selective, local disappearance of their
martensitic structure. These areas corresponded fo the
wire surface engaged inside the bracket slof. It is,
thus, speculated that loads developing during ligafion
of rectangular archwires within the bracket are
responsible for changes in alloy sfructure.

The next question is directly related to alloy clinical
behavior. It concerns its strength and ability fo release
the same load before and dfter clinical use. Data

Mivakag 1. Zuykévipworn ouoTatikwy Kpduatog oto SidAu-
pa yripavong.

Table 1. Concentration of alloy components in the aging
solution.

METAAO 2YTKENTPQXH (ng/ml)
Méon Tipr (Zra8epri Andrhion)

Nikéhio 0.03 (0.008)

Trdvio 0.06 0.01)

Xidnpog 0.3 (0.02)
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e) TNepiBalovioloyikol napdyovieg Onwg o HOoAU-
opévog aotkdg aépag. O péoog kAToIKOG Twv aoTi-
KWV NePIOYWY eIONVEEl KaTG T SIGPKEIC TOU OKIAWPOU
oe elel8epo xpo 4 m3 aépa pe nepiexdpevo 10
mg dio&eidio Tou Seiou (Matasa, 2002).

H ouykévipwon petaMikay 1éviwy ota Bioloyikd
uypd opBodoviikwy ac8eviv €xel anacyoAqoel TOUG
epeuvniég oro napeAdov xwpic va karaorei duvardv
va ouoyenoBel n napoucia op8odoviikiy kpapdiwy
ve aulnpéva enfneda perdMawv (Gjerdet kar ouv.,
1991 Kesosuo kal ouv., 1997 Bishara kar ocuv.,
1993: Staffolini kal ocuv., 1999: Kocadereli kal
ouv., 2000). Autd mbavdv ogeiletal oe pia oeipd
napayoviwy nou aniovial g napouciag CUCKEUWY
yia pikpd didompa oto deiypa nAnducpol acBevay,
oe aolBeveig und Sepaneia pe 1&€a e nuIteA oelpd
oucKeuwv, Kal 1I01aIépwy ouvOnkwy derypatoAnyiag
odhiou (Eliades kar ouv., 2002b). Tevikérepa dpwg,
n 6An Sewypnon 1ou cGAiou wG uypPol evOeEIKTIKOU TG
napouciag perdMwv gaiveral npoBAnuarikr diémn 10
odhio Sev péel oe éva khelotd olomua pia kal avar
vewveral AOyw EkkpIong Kkal enopévwg m Oedouévn
onyp Mg OelyparoAnyiag 1a enfneda perdMuwyv Sev
efval aviinpoowneutika yia 6An ) didpkeia g Sepa-
nefag. Enf nAéov n aveupiokdpevn Tipr vikeAiou eival
nifavov va pnv aviinpoownelel Autriv Nou €xel CUVO-
Aiké aneleuBepwdel Adyw Tou &1 UNAPYE! EKAEKTIKNA
evanddeon perdMuwv oe didpopa dpyava nou noiki-
Ael av@hoya pe 10 &idog kal 1o oroixeio (Black,
1999), énwg Adyou xdpiv o oidnpog nou gaiveral
o1 evanotiBeral ekAektikd o0 onAfva kal 1o fnap
novrikav (Pereira kar ouv., 1999) perd m yoprynon
HETAANIKWOV OIaAUPATWY.

H anoucia nAekipoAutv kai npwieivav and 1o epya-
omplakd péoco yApavong eival KataAuTIkg wG nNPog m
Siagoponoinon g poppoloyiag doprg kal olvie
ONgG ToU €PYAoTPIAKWG YNEACoKévou Kpdpatog and
1o enavakidév. levikd eival yvword o1 UAIKG eknOé-
peva oe Bioloyika uypd onwg aipa, odhio kar opd,
napoucialouy aMoIboeIG nou opeilovial oe N eldr
kS pnxaviopd pia kal dieg peraBorég AapBdavouv
xwpa oe odoviatpikd UAIKG,  ayyeIoxeIpOUpYIKA
pooyetpara, opdonaidikég npodéceig kiA. (Eliades
kar ouv., 2002¢). O pnxaviopds autdg 8a pnopod-
O€ YeVIKA va neplypagel wg npoopdenorn ot apyikd
o1dd10 nAekTpoAUTY dnwg varpio kar kdAio nou Bpi-
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about the degradation of wire strength following its
use are insufficient. This is probably due to the
multifactorial nature of the phenomenon and specific
oral conditions characterizing each patient, which
does not allow for grouping of results. Similar lack of
data is also observed conceming load release from
refrieved wires compared fo the confrol group.
Nevertheless, it seems that this property is significantly
affected since superelastic wires are very sensitive to
femperature. A recent study concerning load release
both under stable temperature conditions and during
ascending or descending temperature cycles showed
that the load increased during heating and decreased
during cooling (lijima et al., 2002). The same authors
have also shown that during cyclic heating (37°,
temperature rise and back to 37°) the load at body
femperature at cycle start differed from that upon
return from the higher femperature. This sensitivity may
be maximized following exposure to more drastic
aging factors.

Finally, it has not been clarified whether exposure to
the oral environment for long periods leads fo
increased mefal ion release. Initially, the interest
focused mainly on nickel due to the vast body of
literature  associating  nickel with  undesirable
reactions, such as DNA changes and increased
malignancy rates (Costa, 1997; Zhou et al., 1998;
Lloyd and Phillips, 1999). Research into orthodontic
applications has so far reached no conclusions since
oral environment simulation is impossible and the
study of nickel levels in biological fluids of people
undergoing orthodontic freatment is extremely difficult.
An alternative method to study this phenomenon has
recently been presented with composition analysis of
refrieved materials, based on the hypothesis that the
presence of lower nickel concenfrations in used
materials may be due to infracral ion release (Eliades
etal., 2002c]. This hypothesis seems fo confirm nickel
loss, since it was found that used brackets contain less
nickel compared fo control specimens. However,
precise quantitative measurement of released nickel is
difficult because the exact nickel content of these
alloys may vary and manufacturers give a nickel value
range of 3-5% for stainless steel and nickelitanium
alloys. Results of Xray fluorescence spectrometry
reflect this fluctuation; alloy nickel content ranges from
47-54%. Ferrum in the aging solutions is most
probably related to additives or impurities during
manufacturing or titanium incorporation into the alloy.
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okovial oe apBovia ora uypd Tou opyavicpou, dnpr
oupyia evdg upeviou and aikodAeg, apidia kar oe
perayevéorepa orddla npoopdenon aoclectiou kal
PWOPOPOU KAl OYXNHATIOHS KPUOTAAMWY PwoPopIKoU
aobeotiou ondre kar n avaniuén autdyv 1wy KPUOTaA
Awv ota8eponolel mv evanddeon.

Ta Baoikd epwmpara nou npokintouv and mv nepr
ypageioa eikdva yipavong in vivo avagépovial oe 3
kupiwg &éoveg:

1. Yndpyer aMayn omv pikpodopr Adyw Mg xpriong
ToU olppaTog ;

2. ANGlouv ol pnxavikég 1016MTEG ToU oUPPaTOg
Hetd MV KAIVIKA Tou Xprion;

3. 'Exel enidpaon n ékBeon Tou uAikol oo oroparkd
nepiBaAov oty aneheudépwon

npoidviwy eopdg 1 didBpwong and 1o kpdaa;
YyenkG pe 10 npwio, nponyouuevn épeuva (Eliades
kar ouv., 2000) aMé kai n napodoa karadeikviouv
o1 n pikpodopr| Twv enavakmdéviny cuppdiwy eival
eppavwg arMolwpévn. Or aMolgoeig om dopr| dev
gaiveral va ennpedlovial pévo and TiG UOIKOXNHIKEG
napapérpoug 1ou nepiBaMoviog pia kar 1a clppara
eppdvioav  ekAekTikr] katd neploxég eéapdavion g
paptevoltikig Soprg 1oug. Or neployég auig avir
orolyoloav omy enipdvelia Tou olpuatog nou frav
eykhwBiopévn omv oyiopr Tou aykuAiou kal eNopévwg
elkalerar o1 1a eoptia nou avantiooovial KAt v
npdodeon Twv opdoywviwy cuppdiwy o0 aykiAio
evéyovial yia alayég oty Oopr| Tou KPAPaTog.

To endpevo epwmpua nou npoklniel €xel Gueon oxéon
He TV KAIVIKY oupnepipopd Tou olppatog kal apopd
ag’ evdg oty avioxr Tou kal ag’ e1aipou oMy IKa-
vémna va anodidel 10 idlo poprio oe Oxéorn pe TV
apyIkr Tou, pn ynpaouévn kardoraon. Aev éxouv ava-
pepel enapkr] Sedopéva yia mv unobdaduion mng
avioxrg Tou oclpuarog perd m xprion tou. Autd nida-
VWG ogeileral oty noAunapayovriki @ion Twv enr-
OPWVIWY Napayoviwy Kal v 191aItepdInTa G OToHa-
TKkAG koIAdTag Tou k&8e aodevols wg nepiBaAo-
VIOG nou Oev eniTEEne! TNV opadonoinon Twv anoteAe:
opdrwv. [Napdpoia éNeryn dedopévwy napampeiial
kal yia mv andédoon ¢opriou and enavakmOévia
olppara oe oyéon pe paptupeg. Iap' dAa autd eai-
veral o1 aut n 101611a ennpedderal onpaviiké pia Kal
1a unepehaotikd olppara Oefyvouv auénuévn eualr-
o8noia om Beppokpacia. INpdopam epyacia eéetd-
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The commercially pure type | fitanium (cp Ti grade |)
contains ferrum up to 0.2% in weight, which increases
for commercially available types of higher purity (ISO,
Implants  for surgery-metallic materials Part 2,
unalloyed fitanium, 58322, 1992). Nevertheless,
such levels of metal content cannot be defected using
spectrometfry because this technique examines
material mass and very low concentrations of added
metals remain undetected, especially in non-standard
analysis. The presence of higher ferrum concentration
in the solution is due fo greafer ferrum solubility as
opposed fo other alloy elements.

Generally speaking, it seems impossible to quantify
the nickel released from biomaterials within the oral
environment. In the past, research attempted to
overcome this shortcoming with in vitro experimental
models where the interactions of factors involved in
this phenomenon were confrolled. Unfortunately, those
studies were compromised due tfo numerous
approximations and many fallocious hypotheses
(Wataha et al., 1999%a).

Despite all the above, quantitative evaluation of nickel
might probably be less important than initially
believed. Related literature does not show a dose-
dependent response fo nickel, whereas the spectrum
of its biological effects on DNA, release of mediators
with oxidative effect and cancer development may be
expressed by nickel concentrations that are often
lower than foxic ones (Wataha et al., 1999b; Hayes,
1997). However, it is natural to be skeptical about the
moximum amount of nickel release permitted for
practical reasons. The relevant Directive of the
European Union that has been legally binding since
19906, states that materials such as jewelry or other
objects of everyday use (Basketter et al., 1993) that
come into confact with tissues should not release more
than 0.5 mg/cm?2 of surface material per week over
a fime period of 2 vyears (Delescluse and Dinet,
1994). Given that this nickel value is extremely low,
we cannot but stress the importance of low levels of
nickel release. Future research should be directed at
studying the composition of refrieved wires for the
defermination of approximate nickel loss.
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(oviag 10 poprio anddoong und oradepr| Seppokpa-
ofa kar katd m Sidpkeia avodikold i kadodikou
kOkAou G Seppokpaciag édeiée ot 1o poprio auéa-
vérav karé my 8éppavorn kal peiwvorav katd m pién
(lijima kai ouv., 2002). Eniong, or idiol cuyypageig
édeifav On kard m Oidpkela KukAIkAG Sépuavong
(370, dvodog Beppokpaciag kar enavapopd otoug
370) 10 goprio om Seppokpacia cwparog kard mv
évapén tou kikAou Arav dlagopenkd and autd kard
mv eniotpopr and uynAorepn Seppokpacia. Eivai
ni8avédy autj n evaic8noia va peyicronoleital petd
v ék8eon oe nio OPAcTkoUG NAPAyovIEG YrPavong.
Téhog, dev éxel anoocagnviorel av n ékdeon oro oro-
patkd nepiBaMov yia peydAoug xpdvoug NEokaAel
auvénuévn aneleudépwon  petaMikay 1oviwy.  Kar'
apyrv 1o evolapépov evionifgral kupiwg oto VIkEANIO
Noyw G euplramg BiBAioypagiag nou cuvdéer 10
vikéNio pe avem8ipnieg avnidpdoelg dnwg arayi
oo DNA kar auénuéva enineda kakon8eiag (Costa,
1997; Zhou kar ouv., 1998; loyd xar Phillips,
1999). H péxpr wpa épeuva yia oplodoviikég
epappoyég Oev éxel katahiéel oe oupnepdopata pia
kar n eéopoiwon tou cropatkol nepiBdAoviog eival
adlvarn kal eniong n peAém Twv eninédwv VikeAiou
ora Biohoyikd uypd Tou opyaviopol atdpwv und
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47-54%. Eniong n avelpeon oidrjpou ora SiaAipa-
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1a yfipavong oxetiCeral pdAov pe npoopitelg katd mv
kataokeur] 1] peragopd Tou mraviou oo kpdpa. To
epnopika kadapd midvio 1nou | (cp Ti grade 1),
nepiéyel oidnpo péxpr 0.2% k.B. nocootd nou auéd-
Vel yia TouG endpevoug 10noug epnopikig kadapdm:
1ag (ISO, Implants for surgery-metallic materials Part
2, unalloyed titanium, 5832-2, 1992). Qoidoo
1€1010 enineda nepleknkdmMIag oe Péralha Oev avi-
yvelovial pe v paoparockonia Adyw 1ou &1 1) Texvi-
ki aut e&etalel ) pala 1ou UAIKoU ki €101 MOAD Yapn:
MG OUYKEVIPWOEIG MPOCTETWY PETAAWY NaPAPEVOUV
ave€iyviaoreg, eidikd oe avaiuon xwpig M xerfon
npotdnwyv. H avelpeon peyaAitepng ouykévipwong
oidrjpou o1o didAupa ogeiletal omy peyaiitepn dia-
AutdNIé Tou Ce oéon pe GA\a oroixeia Tou kpdpa-
10G.

levikd, ¢aiveral o eival adlvatog o noootkdg
NPocdIopIcPOG Tou ViKeAiou nou  aneleuBepiveral
and BiotAikd oro oropankd nepiBdMov. Autiv v
aduvapia npoonddnoav oto napeAddv va unookeAi-
oouv epeuvVNTIKEG Npoonddeleg e epyacmEIakn ner
papariki diataén énou of aMnAenidpdoeig wv napa-
YOVIWV MOU UNEICEPYOVIAl OTO PaIVOHEVO efval eAey-
xopeveg. Atuxwg autég ol epyacieg avaykalovial va
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(Wataha kal ouv., 1999a).
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Sedopévo om n npf aut eival e€aipenikd xapnAj eival
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xapakmpiotiki n 101aitepn éupacn nou npocdideral

omv ék8eon oe kard 1o duvatdv xapnAd enineda vike-

Nou. MeMovrikég épeuveg npéner va kareuduvBoly
omv peAémn G olotaong Twv enavakindéviwy oup-
HaTwv yia Tov adpd npocdiopiopd NG anwAeiag
vikeAiou.
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