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™∫√¶√™: ∏ Û˘ÁÎÚÈÙÈÎ‹ ÌÂÏ¤ÙË ÙË˜ ÌÈÎÚÔ‰ÔÌ‹˜, ÌÔÚÊÔÏÔ-
Á›·˜ Î·È ÛÙÔÈ¯ÂÈ·Î‹˜ Û‡ÓıÂÛË˜ Â·Ó·ÎÙËı¤ÓÙˆÓ Î·È ÂÚÁ·ÛÙË-
ÚÈ·ÎÒ˜ ÁËÚ·ÛÌ¤ÓˆÓ Û˘ÚÌ¿ÙˆÓ.
À§π∫√ ∫∞π ª∂£√¢√™: ™‡ÚÌ·Ù· NiTi Â·Ó·ÎÙ‹ıËÎ·Ó ÌÂÙ¿

·fi ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹ ·Ú·ÌÔÓ‹ 2 ÌËÓÒÓ ÛÂ 20 ÔÚıÔ‰ÔÓÙÈÎÔ‡˜
·ÛıÂÓÂ›˜ ÌÂ Ï‹ÚË ÛÂÈÚ¿ ·ÁÎ˘Ï›ˆÓ, ÂÓÒ Ù· ¿ÏÏ· 20 ·Ú¤-
ÌÂÈÓ·Ó ÂÌ‚·ÙÈÛÌ¤Ó· ÛÂ ‰È¿Ï˘Ì· Á·Ï·ÎÙÈÎÔ‡ ÔÍ¤ˆ˜ 0.1 ª
ÁÈ· ›‰ÈÔ ‰È¿ÛÙËÌ·. ∏ ÌÔÚÊÔÏÔÁ›· ÌÂÏÂÙ‹ıËÎÂ ÌÂ ÔÙÈÎfi Î·È
ËÏÂÎÙÚÔÓÈÎfi ÌÈÎÚÔÛÎfiÈÔ Û¿ÚˆÛË˜, Ë ÂÈÊ·ÓÂÈ·Î‹ ÛÙÔÈ¯ÂÈ·Î‹
Û‡ÓıÂÛË Î·È ÌÔÚÈ·Î‹ ·Ó¿Ï˘ÛË ÙˆÓ ÂÓ·Ôı¤ÛÂˆÓ ÌÂ ÌÈÎÚÔ·-
Ó¿Ï˘ÛË ·ÎÙ›ÓˆÓ-Ã Î·È ˘¤Ú˘ıÚË Ê·ÛÌ·ÙÔÛÎÔ›· ·ÓÙ›ÛÙÔÈ¯·,
Ë Û‡ÓıÂÛË ÙË˜ Ì¿˙·˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÌÂ Ê·ÛÌ·ÙÔÛÎÔ›· ÊıÔ-
ÚÈÛÌÔ‡ ·ÎÙ›ÓˆÓ-Ã Î·È Ë ·ÂÏÂ˘ı¤ÚˆÛË ÌÂÙ·ÏÏÈÎÒÓ ÈfiÓÙˆÓ
ÛÙÔ ‰È¿Ï˘Ì· Á‹Ú·ÓÛË˜ ÌÂ Ê·ÛÌ·ÙÔÛÎÔ›· ·ÙÔÌÈÎ‹˜ ÂÎÔÌ‹˜
Â·ÁˆÁÈÎÒ˜ Û˘˙Â˘ÁÌ¤ÓÔ˘ Ï¿ÛÌ·ÙÔ˜. 
∞¶√∆∂§∂™ª∞∆∞: ∆· Â·Ó·ÎÙËı¤ÓÙ· Û‡ÚÌ·Ù· ·ÚÔ˘Û›·Û·Ó
·‰Ú‹ ÂÈÊ¿ÓÂÈ· ÌÂ ÎÚ·Ù‹ÚÂ˜, ÂÓ·Ôı¤ÛÂÈ˜ Î·Ï›Ô˘ Î·È Ó·ÙÚ›-
Ô˘, Î·Ù¿ ÙfiÔ˘˜ Û¯ËÌ·ÙÈÛÌfi ÎÚ˘ÛÙ¿ÏÏˆÓ ·Û‚ÂÛÙ›Ô˘ ÊˆÛÊfi-
ÚÔ˘ Î·È ÚÔÛÚfiÊËÛË ÚˆÙÂ˚ÓÒÓ Î·È ·ÏÎÔÔÏÒÓ, ÛÂ ·ÓÙ›ıÂÛË
ÌÂ Ù· ÂÚÁ·ÛÙËÚÈ·ÎÒ˜  ÁËÚ·ÛÌ¤Ó· Ô˘ ·ÚÔ˘Û›·Û·Ó ÌÈ·
ÌÈÎÚ‹ ·‡ÍËÛË ÙË˜ ·‰ÚfiÙËÙ·˜. ∏ ÌÈÎÚÔ‰ÔÌ‹ ÙˆÓ Â·Ó·ÎÙËı¤-
ÓÙˆÓ Û˘ÚÌ¿ÙˆÓ ·ÚÔ˘Û›·ÛÂ Î·Ù¿ ÙfiÔ˘˜ Î·Ù·ÛÙÚÔÊ‹ ÙÔ˘
‰ÈÎÙ‡Ô˘ ÙˆÓ ÎÚ˘ÛÙ·ÏÏfiÌÔÚÊˆÓ Ì·ÚÙÂÓÛÈÙÈÎÒÓ Û¯ËÌ·ÙÈÛÌÒÓ
Èı·ÓÒ˜ ÏfiÁˆ ÙˆÓ ÊÔÚÙ›ˆÓ Ô˘ ·Ó·Ù‡ÛÛÔÓÙ·È Î·Ù¿ ÙÔÓ
ÂÁÎÏˆ‚ÈÛÌfi ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÛÙËÓ Û¯ÈÛÌ‹ ÙÔ˘ ·ÁÎ˘Ï›Ô˘, ÂÓÒ Ù·
in vitro ÁËÚ·ÛÌ¤Ó· ‰ÂÓ ·ÚÔ˘Û›·Û·Ó ÌÂÙ·‚ÔÏ¤˜. ∆Ô ÂÚÈÂ¯fi-

ABSTRACT

AIM: Comparative study of microstructure, morphology and
elemental composition of archwires retrieved 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 ultra-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 to
archwires aged in vitro which presented a slight increase in
roughness. The microstructure of retrieved wires demonstrated
localized crystal network destruction of the martensitic
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

™˘ÁÎÚÈÙÈÎ‹ ÌÂÏ¤ÙË ÙË˜ Â›‰Ú·ÛË˜ ÙË˜ in vitro Î·È in vivo Á‹Ú·ÓÛË˜
ÛÙË ÌÔÚÊÔÏÔÁ›·, ÌÈÎÚÔ‰ÔÌ‹ Î·È ÛÙÔÈ¯ÂÈ·Î‹ Û‡ÓıÂÛË ÔÚıÔ‰ÔÓÙÈÎÒÓ
Û˘ÚÌ¿ÙˆÓ ÎÚ¿Ì·ÙÔ˜ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘
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EI™A°ø°H

∏ Â˘ÚÂ›· ÂÊ·ÚÌÔÁ‹ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÎÚ¿Ì·ÙÔ˜ NiTi
ÛÙËÓ ÔÚıÔ‰ÔÓÙÈÎ‹ ¤¯ÂÈ ÂÓÙÂ›ÓÂÈ ÙÈ˜ ¤ÚÂ˘ÓÂ˜ ÁÈ· Èı·Ó¿
·ÓÂÈı‡ÌËÙ· ·ÔÙÂÏ¤ÛÌ·Ù· Û¯ÂÙÈ fi̇ÌÂÓ· ÌÂ ÙËÓ ·ÂÏÂ˘-
ı¤ÚˆÛË ÈfiÓÙˆÓ ·fi Ùo ÎÚ¿Ì· (Eliades Î·È
Athanasiou, 2002). µ·ÛÈÎfi ¿ÍÔÓ· ·˘Ù‹˜ ÙË˜ ˘fiıÂ-
ÛË˜ ·ÔÙÂÏÂ› Ë ‰È·›ÛÙˆÛË ÙˆÓ ·ÏÏ·ÁÒÓ Ô˘ ˘Ê›ÛÙ·-
Ù·È ÙÔ ÎÚ¿Ì· Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ¯Ú‹ÛË˜ ÙÔ˘ Î·È
Èı·ÓÔÏÔÁÂ›Ù·È fiÙÈ ÛÔ‚·Ú¤˜ ·ÏÏÔÈÒÛÂÈ˜ ÛÙË ‰ÔÌ‹ Î·È
Û‡ÓıÂÛË ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ¤¯Ô˘Ó Â›‰Ú·ÛË ÛÙËÓ ÂÈÊ·-
ÓÂÈ·Î‹ ÙÔ˘ ‰Ú·ÛÙÈÎfiÙËÙ· Î·È ÙËÓ ·ÂÏÂ˘ı¤ÚˆÛË ÈfiÓÙˆÓ
ÛÙÔ ÛÙÔÌ·ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ (Oshida Î·È Û˘Ó., 1992).
∏ ÏÂÈÔÓfiÙËÙ· ÙˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ ÚˆÙÔÎfiÏÏˆÓ ÛÙÔÓ
ÙÔÌ¤· ·˘Ùfi ·ÎÔÏÔ˘ıÂ› ÙËÓ Î·ÙÂ‡ı˘ÓÛË ÙË˜ ÂÍÔÌÔ›ˆÛË˜
ÙÔ˘ ÛÙÔÌ·ÙÈÎÔ‡ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Ì¤Ûˆ ÂÌ‚¿ÙÈÛË˜ ÙÔ˘
Û‡ÚÌ·ÙÔ˜ ÛÂ ‰È¿ÊÔÚ· ˘ÁÚ¿ Î·È ·˘ÍÔÌÂ›ˆÛË˜ ÙË˜
ıÂÚÌÔÎÚ·Û›·˜ ‹ ÙÔ˘ pH ÌÂ ÛÎÔfi ÙËÓ ‰È·ÌfiÚÊˆÛË
ÂÍ·ÈÚÂÙÈÎ¿ ·ÎÚ·›ˆÓ Û˘ÓıËÎÒÓ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ (µarret
Î·È Û˘Ó., 1993). 
°ÂÓÈÎ¿ Ë ÂÊ·ÚÌÔÁ‹ ·ÎÚ·›ˆÓ Û˘ÓıËÎÒÓ ÛÙË ÌÂÏ¤ÙË ÙˆÓ
‚ÈÔ¸ÏÈÎÒÓ ˘·ÁÔÚÂ‡ÂÙ·È ·fi ÙËÓ ·Ó¿ÁÎË Â›ÙÂ˘ÍË˜
·ÛÊ·ÏÔ‡˜ ÔÚ›Ô˘ ÈÎ·ÓÔ‡ Ó· ˘ÂÚÎÂÚ¿ÛÂÈ ÙÈ˜ ¿ÁÓˆ-
ÛÙÂ˜ ¿ÏÏˆÛÙÂ ÎÏÈÓÈÎ¤˜ ··ÈÙ‹ÛÂÈ˜. ™ÙË Û˘ÁÎÂÎÚÈÌ¤ÓË
ÂÚ›ÙˆÛË fiÌˆ˜ Ë Ì¤ıÔ‰Ô˜ ·˘Ù‹ Û¯ÂÙ› Â̇Ù·È ÌÂ ÙÔ ÁÂÁÔ-
Ófi˜ fiÙÈ Ù· Û‡Á¯ÚÔÓ· Û‡ÚÌ·Ù· ÎÚ¿Ì·ÙÔ˜ NiTi Â›Ó·È
‰˘Ó·ÙfiÓ Ó· ·Ú·ÌÂ›ÓÔ˘Ó ÛÙË ÛÙÔÌ·ÙÈÎ‹ ÎÔÈÏfiÙËÙ· ÁÈ·
¯ÚÔÓÈÎ¿ ‰È·ÛÙ‹Ì·Ù· ÌÂÁ·Ï‡ÙÂÚ· ÙÔ˘ ÂÍ·Ì‹ÓÔ˘
(Brantley, 2001). ŒÙÛÈ Î·ı›ÛÙ·Ù·È ÛÔ‚·Ú‹ Ë ·Ó¿ÁÎË
Â›ÙÂ˘ÍË˜ ÂÈÙ·¯˘ÓfiÌÂÓË˜ Á‹Ú·ÓÛË˜ ÙÔ˘ ˘ÏÈÎÔ‡ ÁÈ·
Ú·ÎÙÈÎÔ‡˜ ÏfiÁÔ˘˜ Û¯ÂÙÈ˙fiÌÂÓÔ˘˜ ÌÂ ÙË ‰È¿ÚÎÂÈ·

INTRODUCTION

The wide use of NiTi archwires in orthodontics has
focused research on possible side effects related to
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 simulation
through wire submerging in various solutions and
temperature or pH fluctuations that aim at 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 to the duration
of observation of the aging process. 
The use of various liquid media with a wide range of
quantitative and qualitative characteristics aiming at
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 protocols using water baths or artificial

46

ÌÂÓÔ ÓÈÎ¤ÏÈÔ ÛÙ· Û‡ÚÌ·Ù· Î˘Ì·ÈÓfiÙ·Ó ·fi 47-53%. ∆Ô ‰È¿-
Ï˘Ì·  Á‹Ú·ÓÛË˜ ·ÚÔ˘Û›·ÛÂ ˘„ËÏfiÙÂÚË Û˘ÁÎ¤ÓÙÚˆÛË ÛÈ‰‹-
ÚÔ˘ ÚÔÂÚ¯fiÌÂÓÔ˘ ·fi ÙË ‰È·‰ÈÎ·Û›· Î·Ù·ÛÎÂ˘‹˜ Ô˘ ·Ô-
‰›‰ÂÙ·È ÛÙËÓ ‰È·Ï˘ÙfiÙËÙ¿ ÙÔ˘ ÛÂ Û¯¤ÛË ÌÂ ¿ÏÏ· ÛÙÔÈ¯Â›· ÙÔ˘
ÎÚ¿Ì·ÙÔ˜, ÂÓÒ ÙÔ ÓÈÎ¤ÏÈÔ Î·È ÙÔ ÙÈÙ¿ÓÈÔ Î˘Ì¿ÓıËÎ·Ó ÛÂ Â›-
Â‰· ÙË˜ Ù¿ÍÂˆ˜ ÂÎ·ÙÔÛÙÔ‡ ÙÔ˘ ppm.
™Àª¶∂ƒ∞™ª∞∆∞: ∏ ÂÚÁ·ÛÙËÚÈ·Î‹ Á‹Ú·ÓÛË ÙˆÓ Û˘ÚÌ¿ÙˆÓ
NiTi Ê·›ÓÂÙ·È fiÙÈ ‰ÂÓ ·ÚÔ˘ÛÈ¿˙ÂÈ ·ÓÙÈÛÙÔÈ¯›· ÌÂ ÙËÓ ÎÏÈÓÈÎ‹
¯Ú‹ÛË Î·È ˆ˜ ÂÎ ÙÔ‡ÙÔ˘ Ë ÂÊ·ÚÌÔÁ‹ ÙË˜ ‰ÂÓ ·Ú¤¯ÂÈ ÎÏÈÓÈÎ¿
·ÍÈÔÏÔÁ‹ÛÈÌÂ˜ ÏËÚÔÊÔÚ›Â˜.   
§∂•∂π™ ∫§∂π¢π∞: ™‡ÚÌ·Ù· NiTi, Á‹Ú·ÓÛË Ê·ÛÌ·ÙÔÛÎÔ›·,
ÌÈÎÚÔ‰ÔÌ‹
∂ÏÏ. √ÚıÔ‰. ∂Èı. 2003; 6: 45-58
¶·ÚÂÏ‹ÊıË: 07.06.2002 – ŒÁÈÓÂ ‰ÂÎÙ‹: 10.02.2003

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, aging, spectrometry,
microstructure
Hel. Orthod. Rev. 2003; 6: 45-58
Received: 07.06.2002 – Accepted: 10.02.2003
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·Ú·ÎÔÏÔ‡ıËÛË˜ ÙË˜ ‰È·‰ÈÎ·Û›·˜ Á‹Ú·ÓÛË˜.
∏ ¯Ú‹ÛË ‰È·ÊfiÚˆÓ ˘ÁÚÒÓ Ì¤ÛˆÓ ÌÂÁ¿ÏÔ˘ Â‡ÚÔ˘˜
ÔÛÔÙÈÎÒÓ Î·È ÔÈÔÙÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÌÂ ÛÎÔfi
ÙËÓ ÂÍÔÌÔ›ˆÛË ÙÔ˘ ÎÏÈÓÈÎÔ‡ ·Ó·ÏfiÁÔ˘ ÛÙÔ ÂÚÁ·ÛÙ‹-
ÚÈÔ, ÌÈ· Î·È Û¯ÂÙÈÎ‹ Ù˘ÔÔ›ËÛË ·Ô˘ÛÈ¿ Â̇È ·fi ÙË
Û¯ÂÙÈÎ‹ ÔÚıÔ‰ÔÓÙÈÎ‹ ‚È‚ÏÈÔÁÚ·Ê›·, ˘Ô‰ËÏÒÓÂÈ ÙËÓ
·ÛÙÔ¯›· ÙˆÓ ÚÔÙÂÈÓfiÌÂÓˆÓ ÌÂıfi‰ˆÓ (∂liades Î·È
Û˘Ó., 2000; 2002a). ∂› Ï¤ÔÓ Ë Ì¤¯ÚÈ ÙÒÚ· ·ÎÔ-
ÏÔ˘ıÔ‡ÌÂÓË Ù·ÎÙÈÎ‹ ÂÈÊ¤ÚÂÈ ÛÔ‚·Ú¤˜ ‰˘ÛÎÔÏ›Â˜
ÛÙËÓ Û˘ÁÎÚÈÛÈÌfiÙËÙ· ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ
‰Â‰ÔÌ¤ÓˆÓ  ·fi ÂÚÁ·Û›Â˜ Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡Ó ‰È·-
ÊÔÚÂÙÈÎ¿ Ì¤Û· Á‹Ú·ÓÛË˜. 
¶ÚfiÛÊ·Ù· ¤¯ÂÈ ‰È·Ù˘ˆıÂ› ÛÔ‚·Ú‹ ·ÌÊÈÛ‚‹ÙËÛË ÙˆÓ
ÚˆÙÔÎfiÏÏˆÓ ÂÚÁ·ÛÙËÚÈ·Î‹˜ Á‹Ú·ÓÛË˜ ÌÂ ¯Ú‹ÛË
˘‰·ÙfiÏÔ˘ÙÚˆÓ ‹ ÏÔ˘ÙÚÔ‡ ÙÂ¯ÓËÙÔ‡ Û¿ÏÈÔ˘ ‹ ÔÚÔ‡
(∂liades Î·È Û˘Ó., 2002b) ÌÂ ‚¿ÛË ÙËÓ ·Ô˘Û›·
Î‡ÚÈˆÓ ·Ú·ÁfiÓÙˆÓ Á‹Ú·ÓÛË˜ fiˆ˜ Ë ¯ÏˆÚ›‰· Î·È Ù·
ÚÔ˚fiÓÙ· ÙË˜ Ô˘ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÂÈ‰Ú¿ÛÔ˘Ó ÛÙÔ
ÎÚ¿Ì· Â›ÙÂ Î·ÙÂ˘ıÂ›·Ó, fiˆ˜ Û˘Ì‚·›ÓÂÈ ÌÂ ÙËÓ ‰Ú¿ÛË
ÙÔ˘ Thiobaccilum ferroxidans (Palaghias, 1985;
Matasa, 2002), Â›ÙÂ Ì¤Ûˆ ·ÏÏ·Á‹˜ ÙˆÓ ÂÚÈ‚·ÏÏÔ-
ÓÙÈÎÒÓ Û˘ÓıËÎÒÓ ÂÍ ·ÈÙ›·˜ ÙˆÓ ÌÂÙ·‚ÔÏÈÎÒÓ ÚÔ˚fiÓÙˆÓ
ÙˆÓ ÌÈÎÚÔ‚›ˆÓ (Sutow, 2002). ¶·Ú’fiÏ· Ù·‡Ù· Û¯ÂÙÈ-
Î¤˜ Û˘ÁÎÚÈÙÈÎ¤˜ ÌÂÏ¤ÙÂ˜ Ô˘ Ó· Î·Ù·‰ÂÈÎÓ‡Ô˘Ó ÙËÓ
Èı·Ó‹ ‰È·ÊÔÚ¿ Â›‰Ú·ÛË˜ ÙˆÓ ÂÚÁ·ÛÙËÚÈ·ÎÒÓ ÌÂıfi-
‰ˆÓ ÛÂ Û¯¤ÛË ÌÂ Ù· Â·Ó·ÎÙËı¤ÓÙ· ‰Â›ÁÌ·Ù· ·Ô˘-
ÛÈ¿˙Ô˘Ó ·fi ÙË ‚È‚ÏÈÔÁÚ·Ê›·.
∏ ˘fiıÂÛË Ë ÔÔ›· ‰ÔÎÈÌ¿ÛÙËÎÂ ÛÂ ·˘Ù‹Ó ÙËÓ ¤ÚÂ˘Ó·
Û¯ÂÙ› Â̇Ù·È ÌÂ ÙËÓ ·Ó·ÌÂÓfiÌÂÓË Â˘ÚÂ›· ÌÂÙ·‚ÔÏ‹ ÙˆÓ
ÂÈÊ·ÓÂÈ·ÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÙˆÓ Â·Ó·ÎÙËı¤ÓÙˆÓ
Û˘ÚÌ¿ÙˆÓ ÎÚ¿Ì·ÙÔ˜ NiTi ÛÂ Û¯¤ÛË ÌÂ Ù· ÂÚÁ·ÛÙËÚÈ·-
ÎÒ˜ ÁËÚ·ÛÌ¤Ó·. ™ÎÔfi˜ ÙË˜ ÂÚÁ·Û›·˜ Â›Ó·È Ë Û‡ÁÎÚÈ-
ÛË ÙË˜ ÂÈÊ·ÓÂÈ·Î‹˜ ÌÈÎÚÔ‰ÔÌ‹˜, ÛÙÔÈ¯ÂÈ·Î‹˜ Û‡ÓıÂ-
ÛË˜ Î·È ÌÔÚÊÔÏÔÁ›·˜ Û˘ÚÌ¿ÙˆÓ Ô˘ ¤¯Ô˘Ó ˘ÔÛÙÂ›
‰È·‰ÈÎ·Û›· Á‹Ú·ÓÛË˜ ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ Î·È ·˘ÙÒÓ Ô˘
¤¯Ô˘Ó Â·Ó·ÎÙËıÂ› ÌÂÙ¿ ·fi ÎÏÈÓÈÎ‹ ¯Ú‹ÛË. 

Y§IKA KAI ME£O¢O™

™ÙËÓ ¤ÚÂ˘Ó· ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó 40 Û‡ÚÌ·Ù· ÎÚ¿Ì·-
ÙÔ˜ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ (√RMCO, Glendora, CA, USA)
‰È·ÙÔÌ‹˜ 0.016 Ã 0.022 ÙË˜ ›ÓÙÛ·˜. ∏ ÂÚÁ·ÛÙËÚÈ·-
Î‹ Á‹Ú·ÓÛË 20 Û˘ÚÌ¿ÙˆÓ ¤ÁÈÓÂ Û‡ÌÊˆÓ· ÌÂ ÙË ¯Ú‹ÛË
Á·Ï·ÎÙÈÎÔ‡ ÔÍ¤ˆ˜ Î·Ù¿ ÙÈ˜ Ô‰ËÁ›Â˜ ÙÔ˘ Û¯ÂÙÈÎÔ‡ ISO
ÁÈ· ÙË ÌÂÏ¤ÙË ÙË˜ ·ÓÙÈ‰È·‚ÚˆÙÈÎ‹˜ Û˘ÌÂÚÈÊÔÚ¿˜ ‚ÈÔ-

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

MATERIAL AND METHOD

Forty (40) nickel-titanium 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
concerning the study of biomaterials anticorrosion
behavior (ISO, Dental casting gold alloys, ISO 1562,
1993E). Archwires were submerged in a plastic
closed  container 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 protocol 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-inch slot,
removed after 2 months and together with the in vitro
aged wires rinsed with water distilled twice; they
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¸ÏÈÎÒÓ (ISO, Dental casting gold alloys, ISO 1562,
1993E) ÂÌ‚·Ù›˙ÔÓÙ·˜ Ù· Û‡ÚÌ·Ù· ÛÂ Ï·ÛÙÈÎfi ÎÏÂÈ-
ÛÙfi ÛÎÂ‡Ô˜ Ô˘ ÂÚÈÂ›¯Â ‰È¿Ï˘Ì· 200 ml Á·Ï·ÎÙÈÎÔ‡
ÔÍ¤ˆ˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ 0.1ª ÁÈ· ÂÚ›Ô‰Ô 2 ÌËÓÒÓ. ∆·
‰È·Ï‡Ì·Ù· ‰È·ÙËÚÔ‡ÓÙÔ ÛÂ ıÂÚÌÔÎÚ·Û›· ÂÚÈ‚¿ÏÏÔ-
ÓÙÔ˜ Î·È ·Ó·ÎÈÓÔ‡ÓÙÔ ÛÂ Î·ıËÌÂÚÈÓ‹ ‚¿ÛË.
°È· ÙËÓ Û˘ÏÏÔÁ‹ 20 Â·Ó·ÎÙËı¤ÓÙˆÓ ‰ÂÈÁÌ¿ÙˆÓ ·ÎÔ-
ÏÔ˘ı‹ıËÎÂ ÚˆÙfiÎÔÏÏÔ Ô˘ ¤¯ÂÈ ÂÚÈÁÚ·ÊÂ› ÚˆÙ‡ÙÂ-
Ú· (Eliades Î·È Û˘Ó., 2000). ∂Ó Û˘ÓÙÔÌ›·, ÂÂÏ¤ÁË-
Û·Ó 20 ·ÛıÂÓÂ›˜ (12 ·ÁfiÚÈ·, 6 ÎÔÚ›ÙÛÈ·), ÌÂ Ì¤ÛË
ËÏÈÎ›· 18 ¤ÙË (Â‡ÚÔ˜ 13-28 ¤ÙË) ·fi ÙÔ È·ÙÚÂ›Ô ÙÔ˘
ÙÂÏÂ˘Ù·›Ô˘ Û˘ÁÁÚ·Ê¤· ˘fi ıÂÚ·Â›· ÌÂ Ï‹ÚË ÛÂÈÚ¿
·ÎÈÓ‹ÙˆÓ Û˘ÛÎÂ˘ÒÓ Î·È ÛÙ· 2 ÙfiÍ·, ÌÂ ÎÚÈÙ‹ÚÈÔ ÙËÓ
·Ô˘Û›· Â·ÓÔÚıˆÙÈÎÒÓ ÂÚÁ·ÛÈÒÓ Î·È ÙË ÌË Ï‹„Ë
Ê·ÚÌ·ÎÂ˘ÙÈÎÒÓ Ô˘ÛÈÒÓ ·fi ÙÔ˘ ÛÙfiÌ·ÙÔ˜. ÃÚËÛÈÌÔ-
ÔÈ‹ıËÎ·Ó ÂÈ‰ÈÎ¿ ‰ÂÏÙ›· Î·Ù·ÁÚ·Ê‹˜ ÁÈ· Î¿ıÂ ·ÛıÂ-
Ó‹ ÌÂ ÙÈ˜ ·ÎfiÏÔ˘ıÂ˜ ÏËÚÔÊÔÚ›Â˜: fiÓÔÌ· ·ÛıÂÓÔ‡˜,
Ù‡Ô˜ Î·È Î·Ù·ÛÎÂ˘·ÛÙ‹˜ Û‡ÚÌ·ÙÔ˜, ËÌÂÚÔÌËÓ›·
ÙÔÔı¤ÙËÛË˜ Î·È ·Ê·›ÚÂÛË˜ Û‡ÚÌ·ÙÔ˜, Â›‰Ô˜ ÚfiÛ-
‰ÂÛË˜ Î·È ÙfiÍÔ ÂÊ·ÚÌÔÁ‹˜. ∆· Û‡ÚÌ·Ù· ÚÔÛ‰¤ıË-
Î·Ó ÛÂ ›‰ÈÔ Ù‡Ô ·ÁÎ˘Ï›ˆÓ ‰È·ÙÔÌ‹˜ Û¯ÈÛÌ‹˜ 0.018
ÙË˜ ›ÓÙÛ·˜, ·Ê·ÈÚ¤ıËÎ·Ó ÌÂÙ¿ 2 Ì‹ÓÂ˜ Î·È ·fi ÎÔÈ-
ÓÔ‡ ÌÂ Ù· ÂÚÁ·ÛÙËÚÈ·ÎÒ˜ ÁËÚ·ÛÌ¤Ó· ÍÂÏ‡ıËÎ·Ó ÌÂ
‰È˜ ·ÔÛÙ·ÁÌ¤ÓÔ ÓÂÚfi Î·È ÚÔˆı‹ıËÎ·Ó ÁÈ· ·Ó¿Ï˘-
ÛË Ô˘ ÂÚÈÂÏ¿Ì‚·ÓÂ: 
·) √ÙÈÎ‹ ÌÈÎÚÔÛÎÔ›· (M∂ 600 ∂clipse Nikon,
Tokyo, Japan) ÁÈ· ÙË ‰ÈÂÚÂ‡ÓËÛË ÙˆÓ ÂÈÊ·ÓÂÈ·ÎÒÓ
·‰ÚÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÙÔ˘ Û‡ÚÌ·ÙÔ˜
‚) ∏ÏÂÎÙÚÔÓÈÎ‹ ÌÈÎÚÔÛÎÔ›· Û¿ÚˆÛË˜ Î·È ÌÈÎÚÔ·Ó¿-
Ï˘ÛË ·ÎÙ›ÓˆÓ-Ã (JXA 733 Superprobe, JEOL, Ltd,
Tokyo, Japan) ÁÈ· ÙËÓ ÏÂÙÔÌÂÚ‹ ÌÂÏ¤ÙË ÙË˜ ÂÈÊ·ÓÂÈ-
·Î‹˜ ÌÔÚÊÔÏÔÁ›·˜ ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ Î·È ‰ÈÂÚÂ‡ÓËÛË ÙË˜
ÂÈÊ·ÓÂÈ·Î‹˜ ÛÙÔÈ¯ÂÈ·Î‹˜ Û‡ÓıÂÛË˜ fiˆ˜ Â›ÛË˜ Î·È
ÙË ÛÙÔÈ¯ÂÈ·Î‹ Û‡ÓıÂÛË ÙˆÓ ÂÓ·Ôı¤ÛÂˆÓ. EÈÎfiÓÂ˜ ‰Â˘-
ÙÂÚÔÁÂÓÔ‡˜ ÂÎÔÌ‹˜ Î·È ÂÈÎfiÓÂ˜ Ô›ÛıÈ·˜ ÛÎ¤‰·ÛË˜
ÁÈ· ÙÔÔÁÚ·Ê›· (BEI-TOPO) Î·È Û‡ÓıÂÛË (BEI-
COMPO) ÂÏ‹ÊıËÛ·Ó ˘fi Ù¿ÛË 20 KV, 8 nA ¤ÓÙ·ÛË
ÚÂ‡Ì·ÙÔ˜ ‰¤ÛÌË˜ Î·È 5 nA ¤ÓÙ·ÛË ÚÂ‡Ì·ÙÔ˜ ‰ÔÎÈÌ›-
Ô˘. ∏ ÌÈÎÚÔ·Ó¿Ï˘ÛË ¤ÁÈÓÂ ÌÂ Û¿ÚˆÛË ÂÈÊ·ÓÂ›·˜ Î·È
¯Ú‹ÛË ÎÚ˘ÛÙ¿ÏÏˆÓ PET, LIF.
Á) ªÈÎÚÔ¸¤Ú˘ıÚË Ê·ÛÌ·ÙÔÛÎÔ›· ÂÛˆÙÂÚÈÎ‹˜ ·Ó¿-
ÎÏ·ÛË˜ (PE 1760 X, Perkin Elmer Corp. Norwalk,
CT, U.S.A.) ÁÈ· ÙËÓ ·Ó¿Ï˘ÛË ÙË˜ ÌÔÚÈ·Î‹˜ Û‡ÓıÂÛË˜
ÙÔ˘ ÂÈÊ·ÓÂÈ·ÎÔ‡ ÛÙÚÒÌ·ÙÔ˜ ˘fi ÙÈ˜ Î¿ÙˆıÈ Û˘Óı‹-
ÎÂ˜: Â‡ÚÔ˜ 4000-400 cm-1, Â˘ÎÚ›ÓÂÈ· 4 cm-1, ÌÈÎÚÔ-
ÎÚ‡ÛÙ·ÏÏÔ˜ KRS-5 ˘fi ÁˆÓ›· 450 Î·È 14 ÂÛˆÙÂÚÈÎ¤˜

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 X-ray
microanalysis (JXA 733 Superprobe, JEOL, Ltd, 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 BEI-COMPO 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 internal 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-1, resolution 4 cm-1,
KRS-5 microcrystal under a 45Æ angle and 14 interior
refractions.
d) X-ray fluorescence spectrometry (XRF) for
quantitative determination of archwire elemental
composition using a spectrometer under the following
conditions: Mo Ka tube 30 kV, 130 Ì∞, low vacuum
(-500 mm Hg) and an incident 10-mm beam of 45Æ
angle. The composition was determined using non-
standard analysis with the measurement accuracy
recommended by the manufacturer of the order of
±3% on calculated percentages (EDAX DX-95, 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 Ìm diamond paste using a
finishing-polishing machine (Ecomet III, Buehler, Lake
Bluff, IL, USA). Specimens were exposed to a 1:1:1
hydrofluoric, nitric, and acetic acid solution to express
their martensitic structure (Montero-Ocampo et al,
1996) and were studied under optical microscopy.
f) Analysis of metal 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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·Ó·ÎÏ¿ÛÂÈ˜. 
‰) º·ÛÌ·ÙÔÛÎÔ›· ÊıÔÚÈÛÌÔ‡ ·ÎÙ›ÓˆÓ-Ã (XRF) ÁÈ· ÙÔÓ
ÔÛÔÙÈÎfi ÚÔÛ‰ÈÔÚÈÛÌfi ÙË˜  ÛÙÔÈ¯ÂÈ·Î‹˜ Û‡ÓıÂÛË˜
ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÌÂ Ê·ÛÌ·ÙfiÌÂÙÚÔ (DX-95, EDAX
International, Mahwah, NJ, U.S.A.) ˘fi ÙÈ˜ Î¿ÙˆıÈ
Û˘Óı‹ÎÂ˜: ÛˆÏ‹Ó·˜ ªÔ K· tube ˘fi Ù¿ÛË 30 kV,
¤ÓÙ·ÛË ÚÂ‡Ì·ÙÔ˜ 130 ÌA, ¯·ÌËÏfi ÎÂÓfi (-500 mm
Hg), Î·È ÚÔÛ›ÙÔ˘Û· ·ÎÙ›Ó· 10-mm ˘fi ÁˆÓ›·
450 Â› ÙÔ˘ ‰ÔÎÈÌ›Ô˘. √ ÔÛÔÙÈÎfi˜ ÚÔÛ‰ÈÔÚÈÛÌfi˜
¤ÁÈÓÂ ¯ˆÚ›˜ ÙË ¯Ú‹ÛË ÚÔÙ‡ˆÓ (non-standard
analysis) ÌÂ ·ÎÚ›‚ÂÈ· ÙˆÓ ÌÂÙÚ‹ÛÂˆÓ, Î·Ù¿ ÙÔÓ Î·Ù·-
ÛÎÂ˘·ÛÙ‹, ÙË˜ Ù¿ÍË˜ ÙÔ˘ ±3% Â› ÙˆÓ ˘ÔÏÔÁÈÛı¤ÓÙˆÓ
ÔÛÔÛÙÒÓ (∂DAX DX-95, Energy dispersive X.-ray
spectrometry systems. Technical Bulletin, Mawhaw,
NJ, USA, 1993).
Â) ªÂÙ·ÏÏÔÁÚ·ÊÈÎ‹ ·Ó¿Ï˘ÛË ÌÂ ÛÎÔfi ÙË ÌÂÏ¤ÙË ÙË˜
Â›‰Ú·ÛË˜ ÙË˜ ÌÂıfi‰Ô˘ Á‹Ú·ÓÛË˜ ÛÙËÓ ÎÚ˘ÛÙ·ÏÏÔ-
ÁÚ·ÊÈÎ‹ ‰ÔÌ‹. ∆· ‰ÔÎ›ÌÈ· ÁÈ· ·˘ÙfiÓ ÙÔ ÛÎÔfi ÂÁÎÈ-
‚ˆÙ›ÛıËÎ·Ó ÛÂ ÚËÙ›ÓË Î·È ÏÂÈ¿ÓıËÎ·Ó ÌÂ ¯·ÚÙ› SiC
320-4000 grit ˘fi Û˘ÓÂ¯‹ Î·Ù·ÈˆÓÈÛÌfi ÓÂÚÔ‡ Î·È
ÛÙÈÏ‚ÒıËÎ·Ó  ÌÂ ¿ÛÙ· ÎfiÎÎˆÓ ‰È·Ì·ÓÙÈÔ‡ 3 Ìm ÛÂ
Û˘ÛÎÂ˘‹ ÏÂ›·ÓÛË˜-ÛÙ›Ï‚ˆÛË˜ (∂comet πππ, µuehler,
Lake Bluff, IL, USA). ¢ÔÎ›ÌÈ· ÂÎÙ¤ıËÎ·Ó ÛÂ ‰È¿Ï˘Ì·
˘‰ÚÔÊıÔÚÈÎÔ‡, ÓÈÙÚÈÎÔ‡ Î·È ÔÍÈÎÔ‡ ÔÍ¤ˆ˜ ÛÂ ·Ó·ÏÔ-
Á›· 1:1:1 Î.Ô.  ÁÈ· Ó· ·Ó·‰ÂÈ¯ıÂ› Ë Ì·ÚÙÂÓÛÈÙÈÎ‹
‰ÔÌ‹ ÙÔ˘˜ (Montero-Ocampo Î·È Û˘Ó., 1996) Î·È
ÌÂÏÂÙ‹ıËÎ·Ó ÌÂ ÙÔ ÔÙÈÎfi ÌÈÎÚÔÛÎfiÈÔ.
ÛÙ) ∞Ó¿Ï˘ÛË ÙË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ ÌÂÙ·ÏÏÈÎÒÓ ÈfiÓÙˆÓ ÛÙ·
‰È·Ï‡Ì·Ù· ÂÌ‚¿ÙÈÛË˜ ÌÂÙ¿ ÙËÓ ·Ê·›ÚÂÛË ÙˆÓ Û˘ÚÌ¿-
ÙˆÓ ÌÂ Ê·ÛÌ·ÙÔÛÎÔ›· ·ÙÔÌÈÎ‹˜ ÂÎÔÌ‹˜ Â·ÁˆÁÈ-
ÎÒ˜ Û˘ Â̇˘ÁÌ¤ÓÔ˘ Ï¿ÛÌ·ÙÔ˜ (ICP-AES) (Perkin Elmer,
OPTIMA 3000, U.S.A.). ™¯ÂÙÈÎ¿, 10-15 ml ‰È·Ï‡-
Ì·ÙÔ˜ Á·Ï·ÎÙÈÎÔ‡ ÔÍ¤ˆ˜ ÌÂÙ¿ ÙËÓ ·Ê·›ÚÂÛË ÙˆÓ Û˘Ú-
Ì¿ÙˆÓ, ÙÔÔıÂÙ‹ıËÎ·Ó ÛÂ ‰Ô¯Â›Ô teflon, fiÔ˘ ÍËÚ¿Ó-
ıËÎ·Ó Î·È ÚÔÛÙ¤ıËÎ·Ó ÛÂ ·˘Ùfi 3 ml ‚·ÛÈÏÈÎfi ÓÂÚfi
Î·È Ù· ÂÚÈÂ¯fiÌÂÓ· ÈfiÓÙ· ˘ÔÏÔÁ›ÛÙËÎ·Ó ÌÂ Î·Ì‡ÏÂ˜
‚·ıÌÔÓfiÌËÛË˜. ∏ ·ÎÚ›‚ÂÈ· ÙË˜ ÙÂ¯ÓÈÎ‹˜ ˘ÔÏÔÁ›ÛÙË-
ÎÂ ÛÙÔ 1 ng/Ìl ‹ 1 ppb.  ∏ fiÏË ·Ó¿Ï˘ÛË Â·Ó·Ï‹-
ÊıËÎÂ Î·È ·fi Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÂÍ‹¯ıËÛ·Ó Ì¤ÛÂ˜
ÙÈÌ¤˜. 

A¶OTE§E™MATA

∏ ∂ÈÎ. 1 ·ÚÔ˘ÛÈ¿ Â̇È ÙË ÌÈÎÚÔÛÎÔÈÎ‹ ÂÈÎfiÓ· Û‡ÚÌ·-
ÙÔ˜ ÚÈÓ ÙË ¯Ú‹ÛË (·), ÌÂÙ¿ ÙËÓ Á‹Ú·ÓÛË (‚), Î·È ÌÂÙ¿

contained were calculated using calibrating curves.
Technique accuracy was estimated at the order of 1
ng/Ìl 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 retrieved sample. 
Wire composition ranges at the order of 3-6% for
nickel (47-53%) and titanium, probably due to
manufacturing parameters and standardization. 
Figure 2a-b shows the results of X-ray microanalysis,
where it can be seen that crystal-like 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
retrieved archwires (Fig. 3) included the following:
carboxylates (-COOH) at 1730 and 1300 cm-1,
amides [(-CONH-) at 1635 cm-1 (primary), 1542 cm-1

(secondary) 1250 cm-1 (tertiary)], carbonates (-CO3)
at 1450 and 870 cm-1, alcohols (-CH-OH) at 1170
cm-1 and –CH2OH at 1020 cm-1. In vitro aged
archwires did not show any deposits other than those
related to the aging medium.
Figure 4 shows a typical X-ray fluorescence spectrum
showing the elemental composition of a NiTi
archwire. Using the software of the analytical
equipment, alloy composition was determined as
follows: 47-53% nickel and the rest as titanium. 
Figure 5 shows the microstructure of a retrieved wire
where the change in martensitic formations is
discernible. 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 titanium is interesting,
and might be due to  increased ferrum solubility as
opposed to the two main metals.

DISCUSSION

Generally speaking, the difference between
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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 bracket-archwire
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 to 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 contains electrolytes besides
proteins. Thus, potential interactions of metallic traces
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 m3

of air containing 10 mg of CO2 (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 (Gjerdet
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
to 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 system, 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 total, 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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∂ÈÎ. 1. ∂ÈÎfiÓ· ‰Â˘ÙÂÚÔÁÂÓÔ‡˜ ÂÎÔÌ‹˜ (SEI) Û‡ÚÌ·ÙÔ˜ ÓÈÎÂ-
Ï›Ô˘-ÙÈÙ·Ó›Ô˘ ÚÈÓ ÙË ¯Ú‹ÛË (·), ÌÂÙ¿ ÙË Á‹Ú·ÓÛË ÛÂ Á·Ï·-
ÎÙÈÎfi ÔÍ‡ (‚) Î·È ÌÂÙ¿ ÙËÓ Â·Ó¿ÎÙËÛË (Á) fiÔ˘ ‰È·Ê·›ÓÔ-
ÓÙ·È Ù· Â›Â‰· ÙˆÓ ·ÏÏÔÈÒÛÂˆÓ ÙˆÓ ‰‡Ô ÌÂıfi‰ˆÓ. (ªÂÁ.
Ã500, ÛÙ‹ÏË 10Ìm).

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 10Ìm).

‚/b

Á/c



ÙËÓ Â·Ó¿ÎÙËÛË (Á), fiÔ˘ ‰È·Ê·›ÓÂÙ·È Ë ÌÈÎÚ‹ Â›-
‰Ú·ÛË ÙË˜ Á‹Ú·ÓÛË˜ ÛÙËÓ ·‡ÍËÛË ÙË˜ ·‰ÚfiÙËÙ·˜ (‚),
ÂÓÒ ÛÔ‚·Ú¤˜ ·ÏÏÔÈÒÛÂÈ˜ ·ÚÔ˘ÛÈ¿ Ô̇ÓÙ·È ÛÙÔ Â·Ó·-
ÎÙËı¤Ó ‰Â›ÁÌ·. 

∏ Û‡ÓıÂÛË ÙˆÓ Û˘ÚÌ¿ÙˆÓ ·ÚÔ˘ÛÈ¿ Â̇È ‰È·Î‡Ì·ÓÛË
ÛÙÔ Â›Â‰Ô ÙÔ˘ 3-6% ÁÈ· Ù· ÂÚÈÂ¯fiÌÂÓ· ÛÙÔÈ¯Â›·
ÓÈÎ¤ÏÈÔ (47-53%) Î·È ÙÈÙ¿ÓÈÔ Èı·ÓfiÓ ÏfiÁˆ Î·Ù·ÛÎÂ˘-
·ÛÙÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ Î·È Ù˘ÔÔ›ËÛË˜. 
∏ ∂ÈÎ. 2·-‚ ·ÚÔ˘ÛÈ¿ Â̇È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ÌÈÎÚÔ-
·Ó¿Ï˘ÛË˜ ·ÎÙ›ÓˆÓ-Ã fiÔ˘ Ê·›ÓÂÙ·È fiÙÈ Ë Û‡ÛÙ·ÛË ÙˆÓ
ÎÚ˘ÛÙ·ÏÏfiÌÔÚÊˆÓ ÂÓ·Ôı¤ÛÂˆÓ ÂÚÈÏ·Ì‚¿ÓÂÈ ·Û‚¤-
ÛÙÈÔ (·) Î·È Î¿ÏÈÔ (‚). ∏ Î·Ù·ÓÔÌ‹ ÊˆÛÊfiÚÔ˘ Î·È
Ó·ÙÚ›Ô˘ ·ÎÔÏÔ‡ıËÛÂ Â›ÛË˜ ·˘Ù‹Ó ÙˆÓ ·Û‚ÂÛÙ›Ô˘ Î·È
Î·Ï›Ô˘. 
∏ ÔÚÁ·ÓÈÎ‹ Û‡ÓıÂÛË ÙÔ˘ Û¯ËÌ·ÙÈ fi̇ÌÂÓÔ˘ ˘ÌÂÓ›Ô˘ ÛÙ·
Â·Ó·ÎÙËı¤ÓÙ· Û‡ÚÌ·Ù· (∂ÈÎ. 3) ‚Ú¤ıËÎÂ fiÙÈ ÂÚÈÏ·Ì-
‚¿ÓÂÈ ÙÈ˜ ÂÍ‹˜ ÎÔÚ˘Ê¤˜: Î·Ú‚ÔÍ˘ÏÈÎ¤˜ ÔÌ¿‰Â˜ (-
COOH) ÛÙ· 1730 Î·È 1300 cm-1, ·Ì›‰È· [(-CONH-
) ÛÙ· 1635 cm-1 (ÚˆÙÔÙ·Á‹), 1542 cm-1 (‰Â˘ÙÂÚÔÙ·-
Á‹), 1250 cm-1 (ÙÚÈÙÔÙ·Á‹)], ·ÓıÚ·ÎÈÎ¿ (-CO3) ÛÙ·
1450 Î·È 870 cm-1, Î·È ·ÏÎÔfiÏÂ˜ (-CH-OH) ÛÙ·
1170 cm-1, Î·È -CH2OH ÛÙ· 1020 cm-1. ∆· ÂÚÁ·-
ÛÙËÚÈ·ÎÒ˜ ÁËÚ·ÛÌ¤Ó· Û‡ÚÌ·Ù· ‰ÂÓ ·ÚÔ˘Û›·Û·Ó
ÂÓ·Ôı¤ÛÂÈ˜ ¿ÏÏÂ˜ ·fi ·˘Ù¤˜ Ô˘ Û¯ÂÙ› Ô̇ÓÙ·È ÌÂ ÙÔ
Ì¤ÛÔ Á‹Ú·ÓÛË˜.
∏ ∂ÈÎ. 4 ·ÚÔ˘ÛÈ¿ Â̇È ÂÓ‰ÂÈÎÙÈÎfi Ê¿ÛÌ· ÊıÔÚÈÛÌÔ‡

(Pereira et al., 1999) after metal solution
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 vitro as opposed to those retrieved. It is generally
known that materials subjected to biological fluids,
such as blood, saliva and serum, change due to a
non specific mechanism; such changes are seen in
dental materials, angiosurgical grafts, orthopedic
prostheses, etc (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, absorption 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 microstructure due to archwire
use?
2. Do mechanical wire properties change after
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

∂ÈÎ. 2. ∂ÈÎfiÓ· Ô›ÛıÈ·˜ ÛÎ¤‰·ÛË˜ (µ∂π-COMPO) Û‡ÓıÂÛË˜ Â·Ó·ÎÙËı¤ÓÙÔ˜ Û‡ÚÌ·ÙÔ˜ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘. (ªÂÁ¤ı˘ÓÛË Ã 400,
ÛÙ‹ÏË 100 Ìm).
∞) ∫·Ù·ÓÔÌ‹ ·Û‚ÂÛÙ›Ô˘
µ) ∫·Ù·ÓÔÌ‹ Î·Ï›Ô˘. 

Fig. 2. BEI-COMPO of the composition of retrieved nickel-titanium wire. (Mag. X 400, column 100Ìm).
A) Calcium distribution
B) Potassium distribution

·/a ‚/b
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∂ÈÎ. 3. º¿ÛÌ· ÌÈÎÚÔ¸¤Ú˘ıÚË˜ Ê·ÛÌ·ÙÔÛÎÔ›·˜ ÔÏÏ·Ï‹˜ ÂÛˆÙÂÚÈÎ‹˜ ·Ó¿ÎÏ·ÛË˜ Â·Ó·ÎÙËı¤ÓÙÔ˜ Û‡ÚÌ·ÙÔ˜ (ÂÚÈÔ¯‹ 2000-
400 cm-1). ∏ ·Ó¿Ï˘ÛË ÙˆÓ ÂÚÁ·ÛÙËÚÈ·ÎÒ˜ ÁËÚ·ÛÌ¤ÓˆÓ Î·È Î·ÈÓÔ‡ÚÁÈˆÓ ‰ÔÎÈÌ›ˆÓ ‰ÂÓ ¤‰ÂÈÍÂ ÔÚÁ·ÓÈÎ¤˜ ÂÓ·Ôı¤ÛÂÈ˜.

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.
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FS: 865 CPS: 0 Cnts: 0 Kev: 10.59
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EÈÎ. 4. º¿ÛÌ· ÊıÔÚÈÛÌÔ‡ ·ÎÙ›ÓˆÓ -Ã  Û‡ÚÌ·ÙÔ˜ ÌÂÙ¿ ÙËÓ Â·Ó¿ÎÙËÛË fiÔ˘ Ê·›ÓÂÙ·È Ë ÛÙÔÈ¯ÂÈ·Î‹ Û‡ÓıÂÛË ÙÔ˘ ‰ÔÎÈÌ›Ô˘. 

Fig. 4. X-ray fluorescence spectrum of a retrieved wire showing elemental composition of the specimen.
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·ÎÙ›ÓˆÓ-Ã fiÔ˘ Ê·›ÓÂÙ·È Ë ÛÙÔÈ¯ÂÈ·Î‹ Û‡ÓıÂÛË Û‡Ú-
Ì·ÙÔ˜ NiTi. ªÂ ÙÔ ÏÔÁÈÛÌÈÎfi ÙË˜ ·Ó·Ï˘ÙÈÎ‹˜ Û˘ÛÎÂ˘-
‹˜ ÚÔÛ‰ÈÔÚ›ÛÙËÎÂ Ë Û‡ÛÙ·ÛË ˆ˜: ÓÈÎ¤ÏÈÔ 47-53%
Î·È ˘fiÏÔÈÔ ÙÈÙ¿ÓÈÔ.
™ÙËÓ ∂ÈÎ. 5 ·ÚÔ˘ÛÈ¿ Â̇Ù·È Ë ÌÈÎÚÔ‰ÔÌ‹ Â·Ó·ÎËı¤-
ÓÙÔ˜ Û‡ÚÌ·ÙÔ˜ fiÔ˘ ‰È·ÎÚ›ÓÂÙ·È Ë ·ÏÏÔ›ˆÛË ÙˆÓ Ì·Ú-
ÙÂÓÛÈÙÈÎÒÓ Û¯ËÌ·ÙÈÛÌÒÓ. ¢ÂÓ ·Ú·ÙËÚ‹ıËÎÂ Ô˘ÛÈÒ‰Ë˜
·ÏÏ·Á‹ ÛÙ· Û‡ÚÌ·Ù· ÙˆÓ ¿ÏÏˆÓ ‰‡Ô ÔÌ¿‰ˆÓ.   
∆¤ÏÔ˜ Ô ¶›Ó·Î·˜ 1 ·Ó·Ê¤ÚÂÈ Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜

·Ó¿Ï˘ÛË˜ ÙˆÓ ‰È·Ï˘Ì¿ÙˆÓ ˆ˜ ÚÔ˜ Ù· ÛÙÔÈ¯Â›· ÙÔ˘
ÎÚ¿Ì·ÙÔ˜. ∂Ó‰È·Ê¤ÚÔÓ Â›Ó·È fiÙÈ ·ÚÔ˘ÛÈ¿ Â̇Ù·È Û›‰Ë-
ÚÔ˜ Ô˘ ‰ÂÓ ·ÓÂ˘Ú›ÛÎÂÙ·È ˆ˜ Û˘ÛÙ·ÙÈÎfi ÛÙÔÈ¯Â›Ô ÙÔ˘
ÎÚ¿Ì·ÙÔ˜, ÛÂ ÌÂÁ·Ï‡ÙÂÚË Û˘ÁÎ¤ÓÙÚˆÛË ·’ fiÙÈ ÙÔ ÓÈÎ¤-
ÏÈÔ Î·È ÙÔ ÙÈÙ¿ÓÈÔ Èı·ÓÒ˜ ÏfiÁˆ ·˘ÍËÌ¤ÓË˜ ‰È·Ï˘ÙfiÙË-
Ù·˜ ˆ˜ ÚÔ˜ Ù· Î‡ÚÈ· ‰‡Ô Ì¤Ù·ÏÏ·.  

™YZHTH™H

°ÂÓÈÎ¿ Ë ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ ÂÚÁ·ÛÙËÚÈ·ÎÒÓ Û˘ÓıË-
ÎÒÓ ÛÂ Û¯¤ÛË ÌÂ ÙÈ˜ ÎÏÈÓÈÎ¤˜ ÔÊÂ›ÏÂÙ·È ÛÙÔ˘˜ ·Ú·-
Î¿Ùˆ ·Ú¿ÁÔÓÙÂ˜ Ô˘ Û˘Ó‹ıˆ˜ ·Ô˘ÛÈ¿ Ô̇˘Ó ·fi ÙËÓ
Î¿ıÂ ÂÚÁ·ÛÙËÚÈ·Î‹ ÂÍÔÌÔ›ˆÛË (∂liades Î·È
Athanasiou, 2002):
·) ∞Ô˘Û›· ÂÍÔÌÔ›ˆÛË˜ ÙË˜ ¯·Ï·Ú‹˜ ÚfiÛ‰ÂÛË˜
Û‡ÚÌ·ÙÔ˜-·ÁÎ˘Ï›Ô˘ Ô˘ Ó· ÂÈÙÚ¤ÂÈ Î›ÓËÛË ·Ó·ÛÙ¤Ï-
ÏÔÓÙ·˜ ¤ÙÛÈ ÙËÓ ·ÚÔ˘Û›· ‰È¿‚ÚˆÛË˜. 
‚) ŒÏÏÂÈ„Ë ÙË˜ ÌÈÎÚÔ‚È·Î‹˜ ¯ÏˆÚ›‰·˜ Î·È ÙˆÓ ·Ú·-
ÚÔ˚fiÓÙˆÓ ÙË˜. 
Á) ∏ ¯Ú‹ÛË ˘ÁÚÒÓ Ì¤ÛˆÓ Á‹Ú·ÓÛË˜ ·ÚÔ˘ÛÈ¿ Â̇È ÙÔ
Ê·ÈÓfiÌÂÓÔ ÙË˜ ·Ú¯ÈÎ¿ ÂÎıÂÙÈÎ‹˜ ·ÂÏÂ˘ı¤ÚˆÛË˜
ÈfiÓÙˆÓ Ô˘ Û‡ÓÙÔÌ· fiÌˆ˜ Î·ıÈÛÙ¿ ÙÔ ‰È¿Ï˘Ì· ÎÂÎÔ-
ÚÂÛÌ¤ÓÔ ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ÙÂ¯ÓËÙ‹ ÌÂ›ˆÛË ÙÔ˘ Ú˘ı-
ÌÔ‡ ·ÂÏÂ˘ı¤ÚˆÛË˜ ÈfiÓÙˆÓ. ªÈ· ÛÂÈÚ¿ ÌÂÏÂÙÒÓ Ô˘
‰ËÌÔÛÈÂ‡ÙËÎ·Ó ÙÈ˜ ÂÚ·ÛÌ¤ÓÂ˜ ‰ÂÎ·ÂÙ›Â˜ ·ÎÔÏÔ˘ıÒ-
ÓÙ·˜ ·˘Ùfi ÙÔ ÚfiÙ˘Ô, Î·Ù¤ÛÙËÛ·Ó ÙËÓ ÂÍ·ÁˆÁ‹ Û˘ÌÂ-
Ú·ÛÌ¿ÙˆÓ ÂÍ·ÈÚÂÙÈÎ¿ ‰˘Û¯ÂÚ‹ Î·È ÎÏÈÓÈÎ¿ ÌË Û˘Û¯ÂÙ›-
ÛÈÌË (Barret Î·È Û˘Ó., 1993). ∞˘Ù¤˜ ÔÈ ÂÚÁ·Û›Â˜ ·Ó‹-
Á·Á·Ó Î·ÙÂ˘ıÂ›·Ó Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÂÚÁ·ÛÙËÚÈ·ÎÒÓ
ÂÚÂ˘ÓÒÓ ÛÙÔ ÎÏÈÓÈÎfi ÂÚÈ‚¿ÏÏÔÓ ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ
‰ËÌÈÔ˘ÚÁ›· ÂÛÊ·ÏÌ¤ÓˆÓ ÂÓÙ˘ÒÛÂˆÓ 
‰) To ÂÚÈÂ¯fiÌÂÓÔ ÙÔ˘ ÛÈ¤ÏÔ˘ Ô˘ ÂÎÙfi˜ ÙˆÓ ÚˆÙÂ˚ÓÈ-
ÎÔ‡ ÊÔÚÙ›Ô˘ ÂÚÈ¤¯ÂÈ Î·È ËÏÂÎÙÚÔÏ‡ÙÂ˜. ∂ÔÌ¤Óˆ˜ ÔÈ
·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÙˆÓ ÌÂÙ·ÏÏÈÎÒÓ ·˘ÙÒÓ È¯ÓÒÓ ÌÂ ÙÔ
ÛÙÔÌ·ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ Â›Ó·È ·‰‡Ó·ÙÔÓ Ó· ÌÂÙ·ÊÂÚ-
ıÔ‡Ó ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ. 

(Eliades et al., 2000) as well as this study
demonstrate that the microstructure of retrieved
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 to the
wire surface engaged inside the bracket slot. It is,
thus, speculated that loads developing during ligation
of rectangular archwires within the bracket are
responsible for changes in alloy structure.
The next question is directly related to alloy clinical
behavior. It concerns its strength and ability to release
the same load before and after clinical use. Data
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∂ÈÎ. 5. ∂ÈÎfiÓ· ÔÙÈÎÔ‡ ÌÈÎÚÔÛÎÔ›Ô˘ Â·Ó·ÎÙËı¤ÓÙÔ˜,
ÌÂÙ·ÏÏÔÁÚ·ÊÈÎ¿  ÏÂÈ·ÛÌ¤ÓÔ˘ Û‡ÚÌ·ÙÔ˜, fiÔ˘ ‰È·ÎÚ›ÓÂÙ·È Ë
Î·Ù·ÛÙÚÔÊ‹ ÙÔ˘ Ì·ÚÙÂÓÛÈÙÈÎÔ‡ ‰ÈÎÙ‡Ô˘ ÎÚ˘ÛÙ¿ÏÏˆÓ ÛÙËÓ
‰ÂÍÈ¿ ÂÚÈÔ¯‹. (ªÂÁ¤ı˘ÓÛË Ã 80).

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

¶›Ó·Î·˜ 1. ™˘ÁÎ¤ÓÙÚˆÛË Û˘ÛÙ·ÙÈÎÒÓ ÎÚ¿Ì·ÙÔ˜ ÛÙÔ ‰È¿Ï˘-
Ì· Á‹Ú·ÓÛË˜.

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

META§O ™Y°KENTPø™H (ng/ml)
M¤ÛË TÈÌ‹ (™Ù·ıÂÚ‹ AfiÎÏÈÛË)

NÈÎ¤ÏÈÔ 0.03 (0.008)

TÈÙ¿ÓÈÔ 0.06 (0.01)

™›‰ËÚÔ˜ 0.3 (0.02)
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Â) ¶ÂÚÈ‚·ÏÏÔÓÙÔÏÔÁÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ fiˆ˜ Ô ÌÔÏ˘-
ÛÌ¤ÓÔ˜ ·ÛÙÈÎfi˜ ·¤Ú·˜. √ Ì¤ÛÔ˜ Î¿ÙÔÈÎÔ˜ ÙˆÓ ·ÛÙÈ-
ÎÒÓ ÂÚÈÔ¯ÒÓ ÂÈÛÓ¤ÂÈ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙÔ˘ ÔÎÙ·ÒÚÔ˘
ÛÂ ÂÏÂ‡ıÂÚÔ ¯ÒÚÔ 4 m3 ·¤Ú· ÌÂ ÂÚÈÂ¯fiÌÂÓÔ 10
mg ‰ÈÔÍÂ›‰ÈÔ ÙÔ˘ ıÂ›Ô˘ (ªatasa, 2002). 
∏ Û˘ÁÎ¤ÓÙÚˆÛË ÌÂÙ·ÏÏÈÎÒÓ ÈfiÓÙˆÓ ÛÙ· ‚ÈÔÏÔÁÈÎ¿
˘ÁÚ¿ ÔÚıÔ‰ÔÓÙÈÎÒÓ ·ÛıÂÓÒÓ ¤¯ÂÈ ··Û¯ÔÏ‹ÛÂÈ ÙÔ˘˜
ÂÚÂ˘ÓËÙ¤˜ ÛÙÔ ·ÚÂÏıfiÓ ¯ˆÚ›˜ Ó· Î·Ù·ÛÙÂ› ‰˘Ó·ÙfiÓ
Ó· Û˘Û¯ÂÙÈÛıÂ› Ë ·ÚÔ˘Û›· ÔÚıÔ‰ÔÓÙÈÎÒÓ ÎÚ·Ì¿ÙˆÓ
ÌÂ ·˘ÍËÌ¤Ó· Â›Â‰· ÌÂÙ¿ÏÏˆÓ (Gjerdet Î·È Û˘Ó.,
1991; Kesosuo Î·È Û˘Ó., 1997; Bishara Î·È Û˘Ó.,
1993; Staffolini Î·È Û˘Ó., 1999; Kocadereli Î·È
Û˘Ó., 2000). ∞˘Ùfi Èı·ÓfiÓ ÔÊÂ›ÏÂÙ·È ÛÂ ÌÈ· ÛÂÈÚ¿
·Ú·ÁfiÓÙˆÓ Ô˘ ¿ÙÔÓÙ·È ÙË˜ ·ÚÔ˘Û›·˜ Û˘ÛÎÂ˘ÒÓ
ÁÈ· ÌÈÎÚfi  ‰È¿ÛÙËÌ· ÛÙÔ ‰Â›ÁÌ· ÏËı˘ÛÌÔ‡ ·ÛıÂÓÒÓ,
ÛÂ ·ÛıÂÓÂ›˜ ˘fi ıÂÚ·Â›· ÌÂ ÙfiÍ· ÌÂ ËÌÈÙÂÏ‹ ÛÂÈÚ¿
Û˘ÛÎÂ˘ÒÓ, Î·È È‰È·ÈÙ¤ÚˆÓ Û˘ÓıËÎÒÓ ‰ÂÈÁÌ·ÙÔÏË„›·˜
Û¿ÏÈÔ˘ (Eliades Î·È Û˘Ó., 2002b). °ÂÓÈÎfiÙÂÚ· fiÌˆ˜,
Ë fiÏË ıÂÒÚËÛË ÙÔ˘ Û¿ÏÈÔ˘ ˆ˜ ˘ÁÚÔ‡ ÂÓ‰ÂÈÎÙÈÎÔ‡ ÙË˜
·ÚÔ˘Û›·˜ ÌÂÙ¿ÏÏˆÓ Ê·›ÓÂÙ·È ÚÔ‚ÏËÌ·ÙÈÎ‹ ‰ÈfiÙÈ ÙÔ
Û¿ÏÈÔ ‰ÂÓ Ú¤ÂÈ ÛÂ ¤Ó· ÎÏÂÈÛÙfi Û‡ÛÙËÌ· ÌÈ· Î·È ·Ó·-
ÓÂÒÓÂÙ·È ÏfiÁˆ ¤ÎÎÚÈÛË˜ Î·È ÂÔÌ¤Óˆ˜ ÙË ‰Â‰ÔÌ¤ÓË
ÛÙÈÁÌ‹ ÙË˜ ‰ÂÈÁÌ·ÙÔÏË„›·˜ Ù· Â›Â‰· ÌÂÙ¿ÏÏˆÓ ‰ÂÓ
Â›Ó·È ·ÓÙÈÚÔÛˆÂ˘ÙÈÎ¿ ÁÈ· fiÏË ÙË ‰È¿ÚÎÂÈ· ÙË˜ ıÂÚ·-
Â›·˜. ∂› Ï¤ÔÓ Ë ·ÓÂ˘ÚÈÛÎfiÌÂÓË ÙÈÌ‹ ÓÈÎÂÏ›Ô˘ Â›Ó·È
Èı·ÓfiÓ Ó· ÌËÓ ·ÓÙÈÚÔÛˆÂ‡ÂÈ ·˘Ù‹Ó Ô˘ ¤¯ÂÈ Û˘ÓÔ-
ÏÈÎ¿ ·ÂÏÂ˘ıÂÚˆıÂ› ÏfiÁˆ ÙÔ˘ fiÙÈ ˘¿Ú¯ÂÈ ÂÎÏÂÎÙÈÎ‹
ÂÓ·fiıÂÛË ÌÂÙ¿ÏÏˆÓ ÛÂ ‰È¿ÊÔÚ· fiÚÁ·Ó· Ô˘ ÔÈÎ›-
ÏÂÈ ·Ó¿ÏÔÁ· ÌÂ ÙÔ Â›‰Ô˜ Î·È ÙÔ ÛÙÔÈ¯Â›Ô (Black,
1999), fiˆ˜ ÏfiÁÔ˘ ¯¿ÚÈÓ Ô Û›‰ËÚÔ˜ Ô˘ Ê·›ÓÂÙ·È
fiÙÈ ÂÓ·ÔÙ›ıÂÙ·È ÂÎÏÂÎÙÈÎ¿ ÛÙÔ ÛÏ‹Ó· Î·È ÙÔ ‹·Ú
ÔÓÙÈÎÒÓ (Pereira Î·È Û˘Ó., 1999) ÌÂÙ¿ ÙË ¯ÔÚ‹ÁËÛË
ÌÂÙ·ÏÏÈÎÒÓ ‰È·Ï˘Ì¿ÙˆÓ.  
H ·Ô˘Û›· ËÏÂÎÙÚÔÏ˘ÙÒÓ Î·È ÚˆÙÂ˚ÓÒÓ ·fi ÙÔ ÂÚÁ·-
ÛÙËÚÈ·Îfi Ì¤ÛÔ Á‹Ú·ÓÛË˜ Â›Ó·È Î·Ù·Ï˘ÙÈÎ‹ ˆ˜ ÚÔ˜ ÙË
‰È·ÊÔÚÔÔ›ËÛË ÙË˜ ÌÔÚÊÔÏÔÁ›·˜ ‰ÔÌ‹˜ Î·È Û‡ÓıÂ-
ÛË˜ ÙÔ˘ ÂÚÁ·ÛÙËÚÈ·ÎÒ˜ ÁËÚ·ÛÌ¤ÓÔ˘ ÎÚ¿Ì·ÙÔ˜ ·fi
ÙÔ Â·Ó·ÎÙËı¤Ó. °ÂÓÈÎ¿ Â›Ó·È ÁÓˆÛÙfi fiÙÈ ˘ÏÈÎ¿ ÂÎÙÈı¤-
ÌÂÓ· ÛÂ ‚ÈÔÏÔÁÈÎ¿ ˘ÁÚ¿ fiˆ˜ ·›Ì·, Û¿ÏÈÔ Î·È ÔÚfi,
·ÚÔ˘ÛÈ¿˙Ô˘Ó ·ÏÏÔÈÒÛÂÈ˜ Ô˘ ÔÊÂ›ÏÔÓÙ·È ÛÂ ÌË ÂÈ‰È-
Îfi ÌË¯·ÓÈÛÌfi ÌÈ· Î·È ›‰ÈÂ˜ ÌÂÙ·‚ÔÏ¤˜ Ï·Ì‚¿ÓÔ˘Ó
¯ÒÚ· ÛÂ Ô‰ÔÓÙÈ·ÙÚÈÎ¿ ˘ÏÈÎ¿, ·ÁÁÂÈÔ¯ÂÈÚÔ˘ÚÁÈÎ¿
ÌÔÛ¯Â‡Ì·Ù·, ÔÚıÔ·È‰ÈÎ¤˜ ÚÔı¤ÛÂÈ˜ ÎÙÏ. (∂liades
Î·È Û˘Ó., 2002c). √ ÌË¯·ÓÈÛÌfi˜ ·˘Ùfi˜ ı· ÌÔÚÔ‡-
ÛÂ ÁÂÓÈÎ¿ Ó· ÂÚÈÁÚ·ÊÂ› ˆ˜ ÚÔÛÚfiÊËÛË ÛÂ ·Ú¯ÈÎfi
ÛÙ¿‰ÈÔ ËÏÂÎÙÚÔÏ˘ÙÒÓ fiˆ˜ Ó¿ÙÚÈÔ Î·È Î¿ÏÈÔ Ô˘ ‚Ú›-

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 concerning load release from
retrieved wires compared to the control group.
Nevertheless, it seems that this property is significantly
affected since superelastic wires are very sensitive to
temperature. 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 (Iijima et al., 2002). The same authors
have also shown that during cyclic heating (37Æ,
temperature rise and back to 37Æ) the load at body
temperature at cycle start differed from that upon
return from the higher temperature. 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 to
increased metal 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 treatment is extremely difficult.
An alternative method to study this phenomenon has
recently been presented with composition analysis of
retrieved materials, based on the hypothesis that the
presence of lower nickel concentrations in used
materials may be due to intraoral ion release (Eliades
et al., 2002c). This hypothesis seems to confirm nickel
loss, since it was found that used brackets contain less
nickel compared to 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 nickel-titanium
alloys. Results of X-ray 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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ÛÎÔÓÙ·È ÛÂ ·ÊıÔÓ›· ÛÙ· ˘ÁÚ¿ ÙÔ˘ ÔÚÁ·ÓÈÛÌÔ‡, ‰ËÌÈ-
Ô˘ÚÁ›· ÂÓfi˜ ˘ÌÂÓ›Ô˘ ·fi ·ÏÎÔfiÏÂ˜, ·Ì›‰È· Î·È ÛÂ
ÌÂÙ·ÁÂÓ¤ÛÙÂÚ· ÛÙ¿‰È· ÚÔÛÚfiÊËÛË ·Û‚ÂÛÙ›Ô˘ Î·È
ÊˆÛÊfiÚÔ˘ Î·È Û¯ËÌ·ÙÈÛÌfi ÎÚ˘ÛÙ¿ÏÏˆÓ ÊˆÛÊÔÚÈÎÔ‡
·Û‚ÂÛÙ›Ô˘ ÔfiÙÂ Î·È Ë ·Ó¿Ù˘ÍË ·˘ÙÒÓ ÙˆÓ ÎÚ˘ÛÙ¿Ï-
ÏˆÓ ÛÙ·ıÂÚÔÔÈÂ› ÙËÓ ÂÓ·fiıÂÛË.
∆· ‚·ÛÈÎ¿ ÂÚˆÙ‹Ì·Ù· Ô˘ ÚÔÎ‡ÙÔ˘Ó ·fi ÙËÓ ÂÚÈ-
ÁÚ·ÊÂ›Û· ÂÈÎfiÓ· Á‹Ú·ÓÛË˜ in vivo ·Ó·Ê¤ÚÔÓÙ·È ÛÂ 3
Î˘Ú›ˆ˜ ¿ÍÔÓÂ˜:
1. À¿Ú¯ÂÈ ·ÏÏ·Á‹ ÛÙËÓ ÌÈÎÚÔ‰ÔÌ‹ ÏfiÁˆ ÙË˜ ¯Ú‹ÛË˜
ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ;
2. ∞ÏÏ¿˙Ô˘Ó ÔÈ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜
ÌÂÙ¿ ÙËÓ ÎÏÈÓÈÎ‹ ÙÔ˘ ¯Ú‹ÛË; 
3. Œ¯ÂÈ Â›‰Ú·ÛË Ë ¤ÎıÂÛË ÙÔ˘ ˘ÏÈÎÔ‡ ÛÙÔ ÛÙÔÌ·ÙÈÎfi
ÂÚÈ‚¿ÏÏÔÓ ÛÙËÓ ·ÂÏÂ˘ı¤ÚˆÛË
ÚÔ˚fiÓÙˆÓ ÊıÔÚ¿˜ ‹ ‰È¿‚ÚˆÛË˜ ·fi ÙÔ ÎÚ¿Ì·;
™¯ÂÙÈÎ¿ ÌÂ ÙÔ ÚÒÙÔ, ÚÔËÁÔ‡ÌÂÓË ¤ÚÂ˘Ó· (Eliades
Î·È Û˘Ó., 2000) ·ÏÏ¿ Î·È Ë ·ÚÔ‡Û· Î·Ù·‰ÂÈÎÓ‡Ô˘Ó
fiÙÈ Ë ÌÈÎÚÔ‰ÔÌ‹ ÙˆÓ Â·Ó·ÎÙËı¤ÓÙˆÓ Û˘ÚÌ¿ÙˆÓ Â›Ó·È
ÂÌÊ·ÓÒ˜ ·ÏÏÔÈˆÌ¤ÓË. √È ·ÏÏÔÈÒÛÂÈ˜ ÛÙË ‰ÔÌ‹ ‰ÂÓ
Ê·›ÓÂÙ·È Ó· ÂËÚÂ¿˙ÔÓÙ·È ÌfiÓÔ ·fi ÙÈ˜ Ê˘ÛÈÎÔ¯ËÌÈÎ¤˜
·Ú·Ì¤ÙÚÔ˘˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ ÌÈ· Î·È Ù· Û‡ÚÌ·Ù·
ÂÌÊ¿ÓÈÛ·Ó ÂÎÏÂÎÙÈÎ‹ Î·Ù¿ ÂÚÈÔ¯¤˜ ÂÍ·Ê¿ÓÈÛË ÙË˜
Ì·ÚÙÂÓÛÈÙÈÎ‹˜ ‰ÔÌ‹˜ ÙÔ˘˜. √È ÂÚÈÔ¯¤˜ ·˘Ù¤˜ ·ÓÙÈ-
ÛÙÔÈ¯Ô‡Û·Ó ÛÙËÓ ÂÈÊ¿ÓÂÈ· ÙÔ˘ Û‡ÚÌ·ÙÔ˜ Ô˘ ‹Ù·Ó
ÂÁÎÏˆ‚ÈÛÌ¤ÓË ÛÙËÓ Û¯ÈÛÌ‹ ÙÔ˘ ·ÁÎ˘Ï›Ô˘ Î·È ÂÔÌ¤Óˆ˜
ÂÈÎ¿ Â̇Ù·È fiÙÈ Ù· ÊÔÚÙ›· Ô˘ ·Ó·Ù‡ÛÛÔÓÙ·È Î·Ù¿ ÙËÓ
ÚfiÛ‰ÂÛË ÙˆÓ ÔÚıÔÁˆÓ›ˆÓ Û˘ÚÌ¿ÙˆÓ ÛÙÔ ·ÁÎ‡ÏÈÔ
ÂÓ¤¯ÔÓÙ·È ÁÈ· ·ÏÏ·Á¤˜ ÛÙËÓ ‰ÔÌ‹ ÙÔ˘ ÎÚ¿Ì·ÙÔ˜.
∆Ô ÂfiÌÂÓÔ ÂÚÒÙËÌ· Ô˘ ÚÔÎ‡ÙÂÈ ¤¯ÂÈ ¿ÌÂÛË Û¯¤ÛË
ÌÂ ÙËÓ ÎÏÈÓÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ Î·È ·ÊÔÚ¿
·Ê’ ÂÓfi˜ ÛÙËÓ ·ÓÙÔ¯‹ ÙÔ˘ Î·È ·Ê’ ÂÙ·›ÚÔ˘ ÛÙËÓ ÈÎ·-
ÓfiÙËÙ· Ó· ·Ô‰›‰ÂÈ ÙÔ ›‰ÈÔ ÊÔÚÙ›Ô ÛÂ Û¯¤ÛË ÌÂ ÙËÓ
·Ú¯ÈÎ‹ ÙÔ˘, ÌË ÁËÚ·ÛÌ¤ÓË Î·Ù¿ÛÙ·ÛË. ¢ÂÓ ¤¯Ô˘Ó ·Ó·-
ÊÂÚıÂ› Â·ÚÎ‹ ‰Â‰ÔÌ¤Ó· ÁÈ· ÙËÓ ˘Ô‚¿ıÌÈÛË ÙË˜
·ÓÙÔ¯‹˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÌÂÙ¿ ÙË ¯Ú‹ÛË ÙÔ˘. ∞˘Ùfi Èı·-
ÓÒ˜ ÔÊÂ›ÏÂÙ·È ÛÙËÓ ÔÏ˘·Ú·ÁÔÓÙÈÎ‹ Ê‡ÛË ÙˆÓ ÂÈ-
‰ÚÒÓÙˆÓ ·Ú·ÁfiÓÙˆÓ Î·È ÙËÓ È‰È·ÈÙÂÚfiÙËÙ· ÙË˜ ÛÙÔÌ·-
ÙÈÎ‹˜ ÎÔÈÏfiÙËÙ·˜ ÙÔ˘ Î¿ıÂ ·ÛıÂÓÔ‡˜ ˆ˜ ÂÚÈ‚¿ÏÏÔ-
ÓÙÔ˜ Ô˘ ‰ÂÓ ÂÈÙÚ¤ÂÈ ÙËÓ ÔÌ·‰ÔÔ›ËÛË ÙˆÓ ·ÔÙÂÏÂ-
ÛÌ¿ÙˆÓ. ¶·ÚfiÌÔÈ· ¤ÏÏÂÈ„Ë ‰Â‰ÔÌ¤ÓˆÓ ·Ú·ÙËÚÂ›Ù·È
Î·È ÁÈ· ÙËÓ ·fi‰ÔÛË ÊÔÚÙ›Ô˘ ·fi Â·Ó·ÎÙËı¤ÓÙ·
Û‡ÚÌ·Ù· ÛÂ Û¯¤ÛË ÌÂ Ì¿ÚÙ˘ÚÂ˜. ¶·Ú’ fiÏ· ·˘Ù¿ Ê·›-
ÓÂÙ·È fiÙÈ ·˘Ù‹ Ë È‰ÈfiÙËÙ· ÂËÚÂ¿ Â̇Ù·È ÛËÌ·ÓÙÈÎ¿ ÌÈ· Î·È
Ù· ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ‰Â›¯ÓÔ˘Ó ·˘ÍËÌ¤ÓË Â˘·È-
ÛıËÛ›· ÛÙË ıÂÚÌÔÎÚ·Û›·. ¶ÚfiÛÊ·ÙË ÂÚÁ·Û›· ÂÍÂÙ¿-

The commercially pure type I titanium (cp Ti grade I)
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 titanium, 5832-2, 1992). Nevertheless,
such levels of metal content cannot be detected using
spectrometry 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 to greater ferrum solubility as
opposed to 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 controlled. Unfortunately, those
studies were compromised due to numerous
approximations and many fallacious hypotheses
(Wataha et al., 1999a).
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 to 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 toxic ones (Wataha et al., 1999b; Hayes,
1997). However, it is natural to be skeptical about the
maximum amount of nickel release permitted for
practical reasons. The relevant Directive of the
European Union that has been legally binding since
1996, states that materials such as jewelry or other
objects of everyday use (Basketter et al., 1993) that
come into contact with tissues should not release more
than 0.5 mg/cm2 of surface material per week over
a time period of 2 years (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 retrieved wires for the
determination of approximate nickel loss.  
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˙ÔÓÙ·˜ ÙÔ ÊÔÚÙ›Ô ·fi‰ÔÛË˜ ˘fi ÛÙ·ıÂÚ‹ ıÂÚÌÔÎÚ·-
Û›· Î·È Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ·ÓÔ‰ÈÎÔ‡ ‹ Î·ıÔ‰ÈÎÔ‡
Î‡ÎÏÔ˘ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ ¤‰ÂÈÍÂ fiÙÈ ÙÔ ÊÔÚÙ›Ô ·˘Í·-
ÓfiÙ·Ó Î·Ù¿ ÙËÓ ı¤ÚÌ·ÓÛË Î·È ÌÂÈˆÓfiÙ·Ó Î·Ù¿ ÙË „‡ÍË
(Iijima Î·È Û˘Ó., 2002). ∂›ÛË˜, ÔÈ ›‰ÈÔÈ Û˘ÁÁÚ·ÊÂ›˜
¤‰ÂÈÍ·Ó fiÙÈ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· Î˘ÎÏÈÎ‹˜ ı¤ÚÌ·ÓÛË˜
(370, ¿ÓÔ‰Ô˜ ıÂÚÌÔÎÚ·Û›·˜ Î·È Â·Ó·ÊÔÚ¿ ÛÙÔ˘˜
370) ÙÔ ÊÔÚÙ›Ô ÛÙË ıÂÚÌÔÎÚ·Û›· ÛÒÌ·ÙÔ˜ Î·Ù¿ ÙËÓ
¤Ó·ÚÍË ÙÔ˘ Î‡ÎÏÔ˘ ‹Ù·Ó ‰È·ÊÔÚÂÙÈÎfi ·fi ·˘Ùfi Î·Ù¿
ÙËÓ ÂÈÛÙÚÔÊ‹ ·fi ˘„ËÏfiÙÂÚË ıÂÚÌÔÎÚ·Û›·. ∂›Ó·È
Èı·ÓfiÓ ·˘Ù‹ Ë Â˘·ÈÛıËÛ›· Ó· ÌÂÁÈÛÙÔÔÈÂ›Ù·È ÌÂÙ¿
ÙËÓ ¤ÎıÂÛË ÛÂ ÈÔ ‰Ú·ÛÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜ Á‹Ú·ÓÛË˜. 
∆¤ÏÔ˜, ‰ÂÓ ¤¯ÂÈ ·ÔÛ·ÊËÓÈÛÙÂ› ·Ó Ë ¤ÎıÂÛË ÛÙÔ ÛÙÔ-
Ì·ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ ÁÈ· ÌÂÁ¿ÏÔ˘˜ ¯ÚfiÓÔ˘˜ ÚÔÎ·ÏÂ›
·˘ÍËÌ¤ÓË ·ÂÏÂ˘ı¤ÚˆÛË ÌÂÙ·ÏÏÈÎÒÓ ÈfiÓÙˆÓ. ∫·Ù’
·Ú¯‹Ó ÙÔ ÂÓ‰È·Ê¤ÚÔÓ ÂÓÙÔ› Â̇Ù·È Î˘Ú›ˆ˜ ÛÙÔ ÓÈÎ¤ÏÈÔ
ÏfiÁˆ ÙË˜ Â˘Ú‡Ù·ÙË˜ ‚È‚ÏÈÔÁÚ·Ê›·˜ Ô˘ Û˘Ó‰¤ÂÈ ÙÔ
ÓÈÎ¤ÏÈÔ ÌÂ ·ÓÂÈı‡ÌËÙÂ˜ ·ÓÙÈ‰Ú¿ÛÂÈ˜ fiˆ˜ ·ÏÏ·Á‹
ÛÙÔ DNA Î·È ·˘ÍËÌ¤Ó· Â›Â‰· Î·ÎÔ‹ıÂÈ·˜ (Costa,
1997; Zhou Î·È Û˘Ó., 1998; Lloyd Î·È Phillips,
1999). ∏ Ì¤¯ÚÈ ÙÒÚ· ¤ÚÂ˘Ó· ÁÈ· ÔÚıÔ‰ÔÓÙÈÎ¤˜
ÂÊ·ÚÌÔÁ¤˜ ‰ÂÓ ¤¯ÂÈ Î·Ù·Ï‹ÍÂÈ ÛÂ Û˘ÌÂÚ¿ÛÌ·Ù· ÌÈ·
Î·È Ë ÂÍÔÌÔ›ˆÛË ÙÔ˘ ÛÙÔÌ·ÙÈÎÔ‡ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Â›Ó·È
·‰‡Ó·ÙË Î·È Â›ÛË˜ Ë ÌÂÏ¤ÙË ÙˆÓ ÂÈ¤‰ˆÓ ÓÈÎÂÏ›Ô˘
ÛÙ· ‚ÈÔÏÔÁÈÎ¿ ˘ÁÚ¿ ÙÔ˘ ÔÚÁ·ÓÈÛÌÔ‡ ·ÙfiÌˆÓ ˘fi
ÔÚıÔ‰ÔÓÙÈÎ‹ ıÂÚ·Â›· Â›Ó·È ÂÍ·ÈÚÂÙÈÎ¿ ‰‡ÛÎÔÏË.
ªÈ· ÂÓ·ÏÏ·ÎÙÈÎ‹ Ì¤ıÔ‰Ô˜ ÌÂÏ¤ÙË˜ ÙÔ˘ Ê·ÈÓÔÌ¤ÓÔ˘
·ÚÔ˘ÛÈ¿ÛÙËÎÂ ÚfiÛÊ·Ù· ÌÂ ÙËÓ ·Ó¿Ï˘ÛË ÙË˜ Û‡ÓıÂ-
ÛË˜ Â·Ó·ÎÙËı¤ÓÙˆÓ ˘ÏÈÎÒÓ ‚·ÛÈ˙fiÌÂÓË ÛÙËÓ ˘fiıÂÛË
fiÙÈ Ë ÂÌÊ¿ÓÈÛË ÌÈÎÚfiÙÂÚË˜ Û‡ÛÙ·ÛË˜ ÛÂ ÓÈÎ¤ÏÈÔ ÛÂ
¯ÚËÛÈÌÔÔÈËÌ¤Ó· ˘ÏÈÎ¿ Â›Ó·È Èı·ÓfiÓ Ó· ÔÊÂ›ÏÂÙ·È ÛÂ
ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹ ·ÂÏÂ˘ı¤ÚˆÛË ÈfiÓÙˆÓ (∂liades Î·È
Û˘Ó., 2003). ∏ ˘fiıÂÛË ·˘Ù‹ Ê·›ÓÂÙ·È fiÙÈ ÂÈ‚Â‚·È-
ÒÓÂÈ ÙËÓ ·ÒÏÂÈ· ÓÈÎÂÏ›Ô˘ ÌÈ· Î·È ¯ÚËÛÈÌÔÔÈËÌ¤Ó·
·ÁÎ‡ÏÈ· ‚Ú¤ıËÎÂ Ó· ÂÚÈ¤¯Ô˘Ó ÏÈÁfiÙÂÚÔ ÓÈÎ¤ÏÈÔ ÛÂ
Û¯¤ÛË ÌÂ ‰ÔÎ›ÌÈ· Ì¿ÚÙ˘ÚÂ˜ ˆÛÙfiÛÔ Ô ·ÎÚÈ‚‹˜ ÔÛÔ-
ÙÈÎfi˜ ÚÔÛ‰ÈÔÚÈÛÌfi˜ ÙˆÓ ‰È·Ê˘ÁfiÓÙˆÓ ÂÈ¤‰ˆÓ ÓÈÎÂ-
Ï›Ô˘ Â›Ó·È ‰˘Û¯ÂÚ‹˜ ÏfiÁˆ ÙÔ˘ fiÙÈ ÙÔ ·ÎÚÈ‚¤˜ ÔÛfi
ÂÚÈÂ¯fiÌÂÓÔ˘ ÓÈÎÂÏ›Ô˘ ÛÙ· ÎÚ¿Ì·Ù· ·˘Ù¿ ÌÔÚÂ› Ó·
ÔÈÎ›ÏÂÈ Î·È Ô Î·Ù·ÛÎÂ˘·ÛÙ‹˜ ‰›‰ÂÈ Â‡ÚÔ˜ ÙÈÌ‹˜ ÓÈÎÂ-
Ï›Ô˘ ÙË˜ Ù¿ÍË˜ ÙÔ˘ 3-5% ÁÈ· ÙÔÓ ·ÓÔÍÂ›‰ˆÙÔ ¯¿Ï˘‚·
Î·È Ù· ÎÚ¿Ì·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘. ∂Ó‰ÂÈÎÙÈÎ¿ ÛÙÔÈ¯Â›·
·˘Ù‹˜ ÙË˜ ‰È·Î‡Ì·ÓÛË˜ ·ÔÙÂÏÔ‡Ó Ù· ·ÔÙÂÏ¤ÛÌ·Ù·
ÙË˜ Ê·ÛÌ·ÙÔÛÎÔ›·˜ ÊıÔÚÈÛÌÔ‡ ·ÎÙ›ÓˆÓ-Ã fiÔ˘ Ë
ÂÚÈÂÎÙÈÎfiÙËÙ· ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ ÛÂ ÓÈÎ¤ÏÈÔ Î˘Ì·›ÓÂÙ·È ·fi
47–54%. ∂›ÛË˜ Ë ·ÓÂ‡ÚÂÛË ÛÈ‰‹ÚÔ˘ ÛÙ· ‰È·Ï‡Ì·-
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Ù· Á‹Ú·ÓÛË˜ Û¯ÂÙ› Â̇Ù·È Ì¿ÏÏÔÓ ÌÂ ÚÔÛÌ›ÍÂÈ˜ Î·Ù¿ ÙËÓ
Î·Ù·ÛÎÂ˘‹ ‹ ÌÂÙ·ÊÔÚ¿ ÙÔ˘ ÙÈÙ·Ó›Ô˘ ÛÙÔ ÎÚ¿Ì·. ∆Ô
ÂÌÔÚÈÎ¿ Î·ı·Úfi ÙÈÙ¿ÓÈÔ Ù‡Ô˘ π (cp Ti grade I),
ÂÚÈ¤¯ÂÈ Û›‰ËÚÔ Ì¤¯ÚÈ 0.2% Î.‚. ÔÛÔÛÙfi Ô˘ ·˘Í¿-
ÓÂÈ ÁÈ· ÙÔ˘˜ ÂfiÌÂÓÔ˘˜ Ù‡Ô˘˜ ÂÌÔÚÈÎ‹˜ Î·ı·ÚfiÙË-
Ù·˜ (ISO, Implants for surgery-metallic materials Part
2, unalloyed titanium, 5832-2, 1992). øÛÙfiÛÔ
Ù¤ÙÔÈ· Â›Â‰· ÂÚÈÂÎÙÈÎfiÙËÙ·˜ ÛÂ Ì¤Ù·ÏÏ· ‰ÂÓ ·ÓÈ-
¯ÓÂ‡ÔÓÙ·È ÌÂ ÙËÓ Ê·ÛÌ·ÙÔÛÎÔ›· ÏfiÁˆ ÙÔ˘ fiÙÈ Ë ÙÂ¯ÓÈ-
Î‹ ·˘Ù‹ ÂÍÂÙ¿ Â̇È ÙË Ì¿˙· ÙÔ˘ ˘ÏÈÎÔ‡ ÎÈ ¤ÙÛÈ ÔÏ‡ ¯·ÌË-
Ï¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÚfiÛıÂÙˆÓ ÌÂÙ¿ÏÏˆÓ ·Ú·Ì¤ÓÔ˘Ó
·ÓÂÍÈ¯Ó›·ÛÙÂ˜, ÂÈ‰ÈÎ¿ ÛÂ ·Ó¿Ï˘ÛË ¯ˆÚ›˜ ÙË ¯Ú‹ÛË
ÚÔÙ‡ˆÓ. ∏ ·ÓÂ‡ÚÂÛË ÌÂÁ·Ï‡ÙÂÚË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜
ÛÈ‰‹ÚÔ˘ ÛÙÔ ‰È¿Ï˘Ì· ÔÊÂ›ÏÂÙ·È ÛÙËÓ ÌÂÁ·Ï‡ÙÂÚË ‰È·-
Ï˘ÙfiÙËÙ¿ ÙÔ˘ ÛÂ Û¯¤ÛË ÌÂ ¿ÏÏ· ÛÙÔÈ¯Â›· ÙÔ˘ ÎÚ¿Ì·-
ÙÔ˜.
°ÂÓÈÎ¿, Ê·›ÓÂÙ·È fiÙÈ Â›Ó·È ·‰‡Ó·ÙÔ˜ Ô ÔÛÔÙÈÎfi˜
ÚÔÛ‰ÈÔÚÈÛÌfi˜ ÙÔ˘ ÓÈÎÂÏ›Ô˘ Ô˘ ·ÂÏÂ˘ıÂÚÒÓÂÙ·È
·fi ‚ÈÔ¸ÏÈÎ¿ ÛÙÔ ÛÙÔÌ·ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ. ∞˘Ù‹Ó ÙËÓ
·‰˘Ó·Ì›· ÚÔÛ¿ıËÛ·Ó ÛÙÔ ·ÚÂÏıfiÓ Ó· ˘ÔÛÎÂÏ›-
ÛÔ˘Ó ÂÚÂ˘ÓËÙÈÎ¤˜ ÚÔÛ¿ıÂÈÂ˜ ÌÂ ÂÚÁ·ÛÙËÚÈ·Î‹ ÂÈ-
Ú·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË fiÔ˘ ÔÈ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÙˆÓ ·Ú·-
ÁfiÓÙˆÓ Ô˘ ˘ÂÈÛ¤Ú¯ÔÓÙ·È ÛÙÔ Ê·ÈÓfiÌÂÓÔ Â›Ó·È ÂÏÂÁ-
¯fiÌÂÓÂ˜. ∞Ù˘¯Ò˜ ·˘Ù¤˜ ÔÈ ÂÚÁ·Û›Â˜ ·Ó·ÁÎ¿ Ô̇ÓÙ·È Ó·
‰Â¯ıÔ‡Ó ÌÂÁ¿ÏÔ ·ÚÈıÌfi ÚÔÛÂÁÁ›ÛÂˆÓ Î·È ÔÏÏ¤˜
·Ú·‰Ô¯¤˜ Ô˘ Â›Ó·È ÂÎ ÚÔÔÈÌ›Ô˘ Ï·Óı·ÛÌ¤ÓÂ˜
(Wataha Î·È Û˘Ó., 1999a).
¶·Ú’ fiÏ· ·˘Ù¿ Ë ÔÛÔÙÈÎ‹ ·ÍÈÔÏfiÁËÛË ÙÔ˘ ÓÈÎÂÏ›Ô˘
Â›Ó·È Èı·ÓfiÓ Ó· ¤¯ÂÈ ÏÈÁfiÙÂÚË ÛËÌ·Û›· ·fi fiÙÈ Ê·›-
ÓÂÙ·È ·Ú¯ÈÎ¿. ∏ Û¯ÂÙÈÎ‹ ‚È‚ÏÈÔÁÚ·Ê›· ‰ÂÓ ·ÚÔ˘ÛÈ¿-
Â̇È Û¯¤ÛË ‰fiÛË˜-·¿ÓÙËÛË˜ ÁÈ· ÙÔ ÓÈÎ¤ÏÈÔ ÂÓÒ ÙÔ

Ê¿ÛÌ· ÙˆÓ ‚ÈÔÏÔÁÈÎÒÓ ÙÔ˘ ‰Ú¿ÛÂˆÓ ÛÙÔ DNA, ÙËÓ
¤ÎÏ˘ÛË ÌÂÛÔÏ·‚ËÙÒÓ ÔÍÂÈ‰ˆÙÈÎ‹˜ ‰Ú¿ÛË˜ Î·È ÙËÓ
ÂÌÊ¿ÓÈÛË Î·ÚÎ›ÓÔ˘ ··ÓÙ¿Ù·È ÛÂ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ·ÚÎÂ-
Ù¤˜ ÊÔÚ¤˜ ÌÈÎÚfiÙÂÚÂ˜ ÙˆÓ ÙÔÍÈÎÒÓ (Wataha Î·È Û˘Ó.,
1999b; Hayes, 1997), ÌÔÏÔÓfiÙÈ Â›Ó·È Ê˘ÛÈÎfi Ó·
˘¿Ú¯ÂÈ ÚÔ‚ÏËÌ·ÙÈÛÌfi˜ Î·È ÁÈ· ÙËÓ Ì¤ÁÈÛÙË ÂÈÙÚÂ-
fiÌÂÓË ÔÛfiÙËÙ· ·ÂÏÂ˘ı¤ÚˆÛË˜ ÓÈÎÂÏ›Ô˘ ÁÈ· Ú·-
ÎÙÈÎÔ‡˜ ÏfiÁÔ˘˜. ™¯ÂÙÈÎ‹ Ô‰ËÁ›· ÙË˜ ∂˘Úˆ·˚Î‹˜ ŒÓˆ-
ÛË˜ Ô˘ ·fi ÙÔ 1996 ¤¯ÂÈ Î·Ù·ÛÙÂ› ÓfiÌÔ˜, ·Ó·Ê¤ÚÂÈ
fiÙÈ ˘ÏÈÎ¿ fiˆ˜ Ù· ÎÔÛÌ‹Ì·Ù· ‹ ¯ÚËÛÙÈÎ¿ ·ÓÙÈÎÂ›ÌÂÓ·
(Basketter Î·È Û˘Ó., 1993) ÛÂ Â·Ê‹ ÌÂ ÈÛÙÔ‡˜ ‰ÂÓ
Ú¤ÂÈ Ó· ·ÂÏÂ˘ıÂÚÒÓÔ˘Ó ¿Óˆ ÙÔ˘ 0.5 mg/cm2 ÂÈ-
Ê¿ÓÂÈ·˜ ˘ÏÈÎÔ‡ Â‚‰ÔÌ·‰È·›ˆ˜ Î·È ÁÈ· ‰È¿ÛÙËÌ· ÙÔ˘-
Ï¿¯ÈÛÙÔÓ 2 ÂÙÒÓ (Delescluse Î·È Dinet, 1994). ªÂ
‰Â‰ÔÌ¤ÓÔ fiÙÈ Ë ÙÈÌ‹ ·˘Ù‹ Â›Ó·È ÂÍ·ÈÚÂÙÈÎ¿ ¯·ÌËÏ‹ Â›Ó·È

Dentofac Orthop 2002c;122:217-20. 
Gjerdet NR, Erichsen ES, Remlo HE, Evjen G. Nickel

and iron in saliva of patients with fixed orthodontic
appliances. Acta Odontol Scand 1991;49:73-8.

Hayes RB. The carcinogenicity of metals in humans.
Cancer causes and control 1997;8:371-85.

Iijima M, Ohno H, Kawashima I, Endo K, Mizoguchi
I. Mechanical behavior at different temperatures
and stresses for superelastic nickel-titanium
orthodontic wires having different transformation
temperatures. Dent Mater 2002;18:88-93.

Kerosuo M, Moe G, Hensten-Pettersen A. Salivary
nickel and chromium in subjects with different
types of fixed appliances. Am J Orthod
Dentofacial Orthop 1997;111:595-8. 

Kocadereli I, Atilla A, Selin K, Durisehvan O. Salivary
nickel and chromium levels in patients with fixed
orthodontic appliances. Angle Orthod
2000;6:431-4.

Lloyd DR, Phillips DH. Oxidative DNA damage
mediated by copper, iron and nickel fenton
reactions: evidence for site-specific mechanisms in
the formation of double-strand breaks, 8-
hydroxydeoxyguanosine and putative intrastrand
cross-links. Mutat Res 1999;424:23-36.

Matasa CG. Characterization of used orthodontic
brackets. In Eliades G, Eliades T, Brantley WA,
Watts DC, eds. Dental Materials in vivo: Aging
and related phenomene. Quintessence,
2003:139-55.

Montero-Ocampo C Lopez H, Salinas Rodriguez A.
Effect of compressive straining on corrosion
resistance of a shape memory NiTi alloy in ringer’s
solution. J Biomed Mater Res 1996;32:583-91. 

Oshida Y, Sachdeva RCL, Miyazaki S.
Microanalytical characterization and surface
modification of TiNi orthodontic archwires. Bio-
Medical Materials and Engineering 1992;2:51-
69.

Palaghias G. Oral corrosion and corrosion inhibition
processes. Swed Dent J 1985;Suppl. 30:39-65.

Pereira MC, Pereira ML, Sousa JP. Histological effects
of iron accumulation on mice liver and spleen after
administration of a metallic solution. Biomaterials
1999;20:2193-8.

Staffolini N, Damiani F, Lilli C, Guerra M, Staffolini
NJ, Belcastro S, Locci P. Ion release from
orthodontic appliances. J Dentistry 1997;27:49-
54.

57



O
P£

O
¢
O
N
TI
KH

ET

AIP
EIA E§§A¢O

™
1963™. ZHNE§H™ Î·È Û˘Ó. ™˘ÁÎÚÈÙÈÎ‹ ÌÂÏ¤ÙË˜ ÙË˜ Â›‰Ú·ÛË˜ in vitro Î·È in vivo Á‹Ú·ÓÛË˜ ÛÙË ÌÔÚÊÔÏÔÁ›·

E§§HNIKH OP£O¢ONTIKH E¶I£EøPH™H 2003 ñ TOMO™ 6 HELLENIC ORTHODONTIC REVIEW 2003 ñ VOLUME 6

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

¯·Ú·ÎÙËÚÈÛÙÈÎ‹ Ë È‰È·›ÙÂÚË ¤ÌÊ·ÛË Ô˘ ÚÔÛ‰›‰ÂÙ·È
ÛÙËÓ ¤ÎıÂÛË ÛÂ Î·Ù¿ ÙÔ ‰˘Ó·ÙfiÓ ¯·ÌËÏ¿ Â›Â‰· ÓÈÎÂ-
Ï›Ô˘. ªÂÏÏÔÓÙÈÎ¤˜ ¤ÚÂ˘ÓÂ˜ Ú¤ÂÈ Ó· Î·ÙÂ˘ı˘ÓıÔ‡Ó
ÛÙËÓ ÌÂÏ¤ÙË ÙË˜ Û‡ÛÙ·ÛË˜ ÙˆÓ Â·Ó·ÎÙËı¤ÓÙˆÓ Û˘Ú-
Ì¿ÙˆÓ ÁÈ· ÙÔÓ ·‰Úfi ÚÔÛ‰ÈÔÚÈÛÌfi ÙË˜ ·ÒÏÂÈ·˜
ÓÈÎÂÏ›Ô˘.  
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