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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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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‹
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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
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