
INTRODUCTION

Tooth movement in orthodontics is achieved by the
application of mechanical forces onto the crowns of
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™ÎÔfi˜ ÙÔ˘ ¿ÚıÚÔ˘ Â›Ó·È Ó· ·ÚÔ˘ÛÈ¿ÛÂÈ Ì›· ·Ó·ÛÎfiËÛË
ÙˆÓ ÂÊ·ÚÌÔÁÒÓ ÙˆÓ ÎÚ·Ì¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÛÙËÓ ÔÚıÔ-
‰ÔÓÙÈÎ‹, Ó· ·Ó·Ï‡ÛÂÈ ÙË ÌÂÙ·ÏÏÔ˘ÚÁÈÎ‹ ÙÔ˘˜ ‰ÔÌ‹ Î·È Ó·
Û˘ÓÔ„›ÛÂÈ Ù· ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÌÂÙ·‚ÔÏ‹˜ Ê¿ÛË˜ ÙˆÓ Û˘ÚÌ¿-
ÙˆÓ ·˘ÙÒÓ. ∞ÎfiÌË, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÚfiÛÊ·Ù· ÛÙÔÈ¯Â›· Û¯Â-
ÙÈÎ¿ ÌÂ ÙÔ ÚfiÙ˘Ô ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹˜ Á‹Ú·ÓÛË˜ ·˘ÙÒÓ ÙˆÓ ˘ÏÈ-
ÎÒÓ. ∏ Â›ÙˆÛË ÙˆÓ ÌÂÙ·ÏÏÔ˘ÚÁÈÎÒÓ Î·È ÌË¯·ÓÈÎÒÓ È‰ÈÔÙ‹-
ÙˆÓ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÛÙËÓ ÎÏÈÓÈÎ‹ ÙÔ˘˜ ÂÊ·ÚÌÔÁ‹ Û˘˙ËÙÂ›Ù·È ÂÓ
fi„ÂÈ ÚfiÛÊ·ÙˆÓ ‰Â‰ÔÌ¤ÓˆÓ Ô˘ ‰ÈÂÚÂ˘ÓÔ‡Ó ÙÈ˜ ¯ÚÔÓÈÎ¤˜
·Ú·Ì¤ÙÚÔ˘˜ ÙË˜ ÔÚıÔ‰ÔÓÙÈÎ‹˜ ıÂÚ·Â›·˜ ÌÂ ÙË ¯Ú‹ÛË Û˘Ú-
Ì¿ÙˆÓ NiTi ‹ ÂÓ·ÏÏ·ÎÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ. ¶·Ú¤¯ÔÓÙ·È ÛÙÔÈ¯Â›·
Ô˘ Î·Ù·‰ÂÈÎÓ‡Ô˘Ó fiÙÈ Ë Ù¿ÛË Ô˘ ÂÎÊÚ¿˙ÂÙ·È ·fi Ù· ˘ÂÚÂ-
Ï·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ·˘Í¿ÓÂÈ ÌÂ ÙË ıÂÚÌfiÙËÙ·
Î·È ÌÂÈÒÓÂÙ·È ÌÂ ÙËÓ „‡ÍË. ™˘ÓÔ„›˙ÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù·
ÙˆÓ ‚·ıÌË‰oÙÒÓ ıÂÚÌÔÎÚ·ÛÈ·ÎÒÓ ÌÂÙ·‚ÔÏÒÓ Î·Ù¿ ÙË ı¤Ú-
Ì·ÓÛË Î·È „‡ÍË Î·È ·Ô‰Â›¯ıËÎÂ fiÙÈ Ë Ù¿ÛË Ô˘ ÌÂÙÚ‹ıËÎÂ ÛÂ
ıÂÚÌÔÎÚ·Û›· ÛÒÌ·ÙÔ˜ ˆ˜ ÙÂÏÈÎfi ÛÙ¿‰ÈÔ ‹Ù·Ó ÔÏ‡ ÌÂÁ·Ï‡-
ÙÂÚË ·fi ·˘Ù‹ Ô˘ ÌÂÙÚ‹ıËÎÂ ÛÙÔ˘˜ 37ÆC ˆ˜ ·Ú¯ÈÎfi ÛÙ¿‰ÈÔ.
∞Ó·Ê¤ÚÔÓÙ·È ÎÏÈÓÈÎ¤˜ ÌÂÏ¤ÙÂ˜ Û‡ÌÊˆÓ· ÌÂ ÙÈ˜ ÔÔ›Â˜ ‰ÂÓ
·Ú·ÙËÚ‹ıËÎ·Ó ÛËÌ·ÓÙÈÎ¤˜ ‰È·ÊÔÚ¤˜ ÌÂÙ·Í‡ ˘ÂÚÂÏ·ÛÙÈÎÒÓ
Î·È ÌË Û˘ÚÌ¿ÙˆÓ NiTi, Î·È ÔÏ‡ÎÏˆÓˆÓ Û˘ÚÌ¿ÙˆÓ ·ÓÔÍÂ›‰ˆ-
ÙÔ˘ ¯¿Ï˘‚· fiÛÔÓ ·ÊÔÚ¿ ÛÙË ‰È¿ÚÎÂÈ· ÙË˜ ıÂÚ·Â›·˜. 
§∂•∂π™ ∫§∂π¢π∞: ™‡ÚÌ·Ù· NiTi, ÌÂÙ·ÙÚÔ‹ Ê¿ÛË˜, ˘ÂÚÂÏ·-
ÛÙÈÎfiÙËÙ·.
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The purpose of this paper is to present an overview of the
applications of NiTi alloys in orthodontics, analyze their
metallurgical structure and summarize the phase
transformation characteristics of these wires; recent evidence
on the intraoral aging pattern of these materials is also
presented. The implication of the metallurgical and mechanical
properties of the wires in their clinical application is discussed
in the light of recent evidence which explore the time variants
of orthodontic therapy with the use of NiTi or alternative
archwires. Evidence indicating that the load expressed by the
superelastic nickel-titanium wires increases on heating and
decreases on cooling is provided. Effects on the stepwise
temperature changes on heating and cooling are summarized
revealing that the load measured at body temperature as the
final step was much higher than that measured at 37ÆC as an
initial step. Clinical studies are reported, according to which,
no significant differences among superelastic and
nonsuperelastic NiTi wires, and multistranded stainless steel
wires have been found with respect to treatment duration.
KEY WORDS: NiTi, metallurgy, phase transformation,
superelasticity.
Hel. Orthod. Rev. 2002; 5: 111-127
Received: 25.02.2002 – Accepted: 28.06.2002
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∏ Ô‰ÔÓÙÈÎ‹ ÌÂÙ·Î›ÓËÛË ÛÙËÓ ÔÚıÔ‰ÔÓÙÈÎ‹ ÂÈÙ˘Á¯¿ÓÂ-
Ù·È ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÌË¯·ÓÈÎÒÓ ‰˘Ó¿ÌÂˆÓ ÛÙÈ˜ Ì‡ÏÂ˜
ÙˆÓ ‰ÔÓÙÈÒÓ. ∞fi ÓˆÚ›˜ ÙÔÓ›ÛÙËÎÂ Ë ·Ó¿ÁÎË ÂÊ·ÚÌÔ-
Á‹˜ ‹ÈˆÓ Î·È Û˘ÓÂ¯ÒÓ ‰˘Ó¿ÌÂˆÓ ¤ÙÛÈ ÒÛÙÂ Ô Ú˘ıÌfi˜
ÙË˜ Ô‰ÔÓÙÈÎ‹˜ ÌÂÙ·Î›ÓËÛË˜ Ó· Â›Ó·È Ô Î·Ï‡ÙÂÚÔ˜
‰˘Ó·Ùfi˜ (Reitan, 1960, Smith Î·È Storey, 1952). √È
ÚÔÛ¿ıÂÈÂ˜ ÛÙÔ Â˘Ú‡ÙÂÚÔ Â‰›Ô ÙË˜ ‚ÈÔ˚·ÙÚÈÎ‹˜
ÂÛÙÈ¿ÛÙËÎ·Ó ÛÙËÓ ÂÈÛ·ÁˆÁ‹ ÂÌ‚ÈÔÌË¯·ÓÈÎÒÓ ˘ÏÈÎÒÓ
Î·È Û˘ÛÙËÌ¿ÙˆÓ ÈÎ·ÓÒÓ Ó· ·Ú¤¯Ô˘Ó Ù¤ÙÔÈÔ È‰ÂÒ‰Ë
Ù‡Ô ‰‡Ó·ÌË˜ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÔÚıÔ‰ÔÓÙÈÎ‹˜
ÌË¯·ÓÔıÂÚ·Â›·˜. ∂ÈÏ¤ÔÓ, Ë ‰È·¯Â›ÚÈÛË ÂÓfi˜ Û‡Á-
¯ÚÔÓÔ˘ ÔÚıÔ‰ÔÓÙÈÎÔ‡ È·ÙÚÂ›Ô˘ ··ÈÙÂ› ÌÂÈˆÌ¤ÓË
·Ú·ÎÔÏÔ‡ıËÛË ÙˆÓ ·ÛıÂÓÒÓ ÌÂ ÌÂÁ·Ï‡ÙÂÚ· ÌÂÛÔ-
‰È·ÛÙ‹Ì·Ù· ÌÂÙ·Í‡ ÂÈÛÎ¤„ÂˆÓ Î·È, ¤ÙÛÈ, Â›Ó·È ÂÈı˘-
ÌËÙ‹ Ë ÂÊ·ÚÌÔÁ‹ ÂÓfi˜ Û˘ÛÙ‹Ì·ÙÔ˜ ÌÂ ÂÏ¿¯ÈÛÙÂ˜ ··È-
Ù‹ÛÂÈ˜ ·Ú¤Ì‚·ÛË˜ ·fi Ì¤ÚÔ˘˜ Ì·˜. 
√È ÚÔ·Ó·ÊÂÚıÂ›ÛÂ˜ È‰ÈfiÙËÙÂ˜ Î·È Ë ·Ó¿ÁÎË ·ÔÙÂÏÂ-
ÛÌ·ÙÈÎÔ‡ ÂÏ¤Á¯Ô˘ ÙË˜ ‰‡Ó·ÌË˜ Ô˘ ÂÊ·ÚÌfi Â̇Ù·È ÛÙ·
‰fiÓÙÈ· ÂÍ·ÚÙ¿Ù·È ÔÏ‡ ·fi ÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ
Û˘ÚÌ¿ÙˆÓ Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÛÙË ıÂÚ·Â›·. TÔ
1989, ÔÈ Kapila Î·È Sachdeva ÚfiÙÂÈÓ·Ó fiÙÈ ÙÔ È‰·ÓÈ-
Îfi ÔÚıÔ‰ÔÓÙÈÎfi Û‡ÚÌ· Ú¤ÂÈ Ó· Û˘Ó‰˘¿ Â̇È ÌÈÎÚ‹
·Î·Ì„›·, Î·Ï‹ ÈÎ·ÓfiÙËÙ· ‰È·ÌfiÚÊˆÛË˜ Î·È ÈÎ·ÓfiÙËÙ·
·Ôı‹ÎÂ˘ÛË˜ ÌÂÁ¿ÏË˜ ÂÓ¤ÚÁÂÈ·˜. ∂ÈÚfiÛıÂÙ·, ı·
Ú¤ÂÈ Ó· ‰È·ı¤ÙÂÈ ÌÂÁ¿ÏË ÈÎ·ÓfiÙËÙ· Â·Ó·ÊÔÚ¿˜, Ô˘
ÈÛÔ‡Ù·È ÌÂ ÙËÓ Û˘ÓÔÏÈÎ‹ ·Ú·ÌfiÚÊˆÛË ÌÂ›ÔÓ ÙËÓ ÌfiÓÈ-
ÌË  ·Ú·ÌfiÚÊˆÛË ÌÂÙ¿ ÙËÓ ·Ê·›ÚÂÛË ÙË˜ Ù¿ÛË˜ (ÊÔÚ-
Ù›Ô˘). ∏ ‚ÈÔÛ˘Ì‚·ÙfiÙËÙ·, Ë ¯·ÌËÏ‹ ÂÈÊ·ÓÂÈ·Î‹ ÙÚÈ‚‹
Î·È Ë ‰˘Ó·ÙfiÙËÙ· Ù‹ÍË˜ ‹ Û˘ÁÎfiÏÏËÛË˜ Û˘ÌÂÚÈÏ·Ì‚¿-
ÓÔÓÙ·È, Â›ÛË˜, ÛÙÈ˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ È‰·ÓÈÎÔ‡ Û‡ÚÌ·ÙÔ˜,
fiˆ˜ ÙÈ˜ Û˘Ófi„ÈÛÂ Ô Brantley (Brantley, 2001).
T· Û‡ÚÌ·Ù· ·ÓÔÍÂ›‰ˆÙÔ˘ ¯¿Ï˘‚· Î·È Ù· Û‡ÚÌ·Ù· Co-
Cr-Ni (Elgiloy) ‰ÂÓ ÏËÚÔ‡Ó fiÏÂ˜ ÙÈ˜ ÚÔ·Ó·ÊÂÚıÂ›-
ÛÂ˜ ··ÈÙ‹ÛÂÈ˜, Î·ıÒ˜ ¯·Ú·ÎÙËÚ› Ô̇ÓÙ·È ·fi ÌÂÁ¿ÏË
·Î·Ì„›·, ÌÈÎÚ‹ ÈÎ·ÓfiÙËÙ· Â·Ó·ÊÔÚ¿˜ Î·È ÌÈÎÚfi
Â‡ÚÔ˜ ÂÚÁ·Û›·˜, Ú¿ÁÌ· Ô˘ ÛËÌ·›ÓÂÈ fiÙÈ ÙÔ ÔÛfi
ÙË˜ ÂÏ·ÛÙÈÎ‹˜ ÂÓÂÚÁÔÔ›ËÛË˜ ÚÈÓ ÙËÓ ¤Ó·ÚÍË ÙË˜
ÌfiÓÈÌË˜ ·Ú·ÌfiÚÊˆÛË˜ Â›Ó·È ÌÈÎÚfi.
√È Burstone Î·È Û˘Ó. ¤‰ÂÈÍ·Ó fiÙÈ ÔÚıÔ‰ÔÓÙÈÎfi Û‡ÚÌ·
ÌÂ ¯·ÌËÏfi ÏfiÁÔ Ù¿ÛË˜/·Ú·ÌfiÚÊˆÛË˜ ·Ú¤¯ÂÈ ÂÈ-
ı˘ÌËÙfi Â›Â‰Ô ‰‡Ó·ÌË˜ Î·È Î·Ï‡ÙÂÚÔ ¤ÏÂÁ¯Ô ÙÔ˘
ÌÂÁ¤ıÔ˘˜ ÙË˜ (Burstone Î·È Û˘Ó., 1985). ∆· Û‡ÚÌ·Ù·
¡i-Ti ÏËÚÔ‡Ó ÙÔ ÙÂÏÂ˘Ù·›Ô ÎÚÈÙ‹ÚÈÔ Î·È ·˘Ùfi, ÛÂ Û˘Ó-
‰˘·ÛÌfi ÌÂ ÙÈ˜ ˘fiÏÔÈÂ˜ Â˘ÂÚÁÂÙÈÎ¤˜ ÙÔ˘˜ È‰ÈfiÙËÙÂ˜,

the teeth. Early on, the necessity for applying light and
continuous forces to optimize the rate of tooth
movement process was emphasized (Reitan, 1960;
Smith and Storey, 1952). Efforts in the greater
biomedical field have focused on the introduction of
biomechanical materials and systems capable of
providing such an ideal type of force during
orthodontic mechanotherapy. In addition, the
management of modern orthodontic practice requires
decreased monitoring of patients with longer intervals
between visits, and thus, it is desirable to apply a
system with minimum intervention requirements.   
The foregoing properties along with the need to
efficiently control the force applied onto teeth, greatly
depends on the mechanical properties of the wires
utilized in treatment. Kapila and Sachdeva in 1989
suggested that the ideal orthodontic wire should
combine low stiffness, good formality and high-energy
storage. In addition, it should express a large
springback, which is the total deflection minus the
permanent deformation when the load is removed.
Biocompatibility, low surface friction, and the
capability to be welded or soldered were also added
to the list of the ideal wire properties as summarized
by Brantley (Brantley, 2001).  
Stainless steel and Co-Cr-Ni (Elgiloy) wires do not
fulfill all the aforementioned requirements since they
express high stiffness, low springback and low
working range, which means that the amount of
elastic activation before the onset of permanent
deformation is small. 
Burstone et al., have shown that a low load/deflection
ratio for an orthodontic wire provides a desirable force
level and better control of force magnitude (Burstone et
al., 1985). The NiTi wires fulfill this last criterion and,
in conjunction with their other beneficial properties,
their use has been expanded. NiTi alloys find
applications in the greater biomedical materials area,
whilst in dentistry include orthodontic wires,
orthodontic removable or fixed appliances such as
Quad Helix or Rapid Palatal expanders, coils springs
for use in cases of open or closed spaces, and clasps
for removable dentures.  
The purpose of this paper is to present an overview of
the use and applications of NiTi alloys in orthodontics,
analyze the metallurgical structure and summarize the
phase transformation characteristics of these wires. In
addition, recent evidence on the intraoral aging
pattern of these materials is presented, whilst, potential
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Â¤ÎÙÂÈÓÂ ÙË ¯Ú‹ÛË ÙÔ˘˜. ∆· ÎÚ¿Ì·Ù· ¡i-Ti ¤¯Ô˘Ó
ÂÊ·ÚÌÔÁ¤˜ ÛÙÔ Â˘Ú‡ÙÂÚÔ Â‰›Ô ÙˆÓ ‚ÈÔ˚·ÙÚÈÎÒÓ ˘ÏÈ-
ÎÒÓ, ÂÓÒ ÔÈ Ô‰ÔÓÙÈ·ÙÚÈÎ¤˜ ÙÔ˘˜ ÂÊ·ÚÌÔÁ¤˜ ÂÚÈÏ·Ì-
‚¿ÓÔ˘Ó Ù· ÔÚıÔ‰ÔÓÙÈÎ¿ Û‡ÚÌ·Ù· ¡i-Ti, ÙÈ˜ ÎÈÓËÙ¤˜ ‹
·Î›ÓËÙÂ˜ ÔÚıÔ‰ÔÓÙÈÎ¤˜ Û˘ÛÎÂ˘¤˜ fiˆ˜ ÙÔ Quad
Helix ‹ ÙÈ˜ Û˘ÛÎÂ˘¤˜ Ù·¯Â›·˜ ˘ÂÚÒÈ·˜ ‰ÈÂ‡Ú˘ÓÛË˜,
Ù· ÂÚÈÂÏÈÁÌ¤Ó· ÂÏ·Ù‹ÚÈ· ÁÈ· ¯Ú‹ÛË ÛÂ ÂÚÈÙÒÛÂÈ˜
·ÓÔÈÎÙÒÓ ‹ ÎÏÂÈÛÙÒÓ ‰È·ÛÙËÌ¿ÙˆÓ Î·È Ù· ¿ÁÎÈÛÙÚ· ÙˆÓ
ÌÂÚÈÎÒÓ Ô‰ÔÓÙÔÛÙÔÈ¯ÈÒÓ. 
™ÎÔfi˜ ÙÔ˘ ¿ÚıÚÔ˘ Â›Ó·È Ó· ·ÚÔ˘ÛÈ¿ÛÂÈ Ì›· ·Ó·-
ÛÎfiËÛË ÙË˜ ¯Ú‹ÛË˜ Î·È ÙˆÓ ÂÊ·ÚÌÔÁÒÓ ÙˆÓ ÎÚ·Ì¿-
ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÛÙËÓ ÔÚıÔ‰ÔÓÙÈÎ‹, Ó· ·Ó·Ï‡ÛÂÈ
ÙË ÌÂÙ·ÏÏÔ˘ÚÁÈÎ‹ ÙÔ˘˜ ‰ÔÌ‹ Î·È Ó· Û˘ÓÔ„›ÛÂÈ Ù·
¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÌÂÙ·‚ÔÏ‹˜ Ê¿ÛË˜ ÙˆÓ Û˘ÚÌ¿ÙˆÓ
·˘ÙÒÓ. ∞ÎfiÌË, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÚfiÛÊ·Ù· ÛÙÔÈ¯Â›·
Û¯ÂÙÈÎ¿ ÌÂ ÙÔ ÚfiÙ˘Ô ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹˜ Á‹Ú·ÓÛË˜
·˘ÙÒÓ ÙˆÓ ˘ÏÈÎÒÓ. ∆¤ÏÔ˜, Ë Â›ÙˆÛË ÙˆÓ ÌÂÙ·ÏÏÔ˘ÚÁÈ-
ÎÒÓ Î·È ÌË¯·ÓÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÛÙËÓ ÎÏÈÓÈ-
Î‹ ÙÔ˘˜ ÂÊ·ÚÌÔÁ‹ Û˘˙ËÙÂ›Ù·È ÂÓ fi„ÂÈ ÚfiÛÊ·ÙˆÓ
‰Â‰ÔÌ¤ÓˆÓ Ô˘ ‰ÈÂÚÂ˘ÓÔ‡Ó ÙÈ˜ ¯ÚÔÓÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜
ÙË˜ ÔÚıÔ‰ÔÓÙÈÎ‹˜ ıÂÚ·Â›·˜ ÌÂ ÙË ¯Ú‹ÛË Û˘ÚÌ¿ÙˆÓ
Ni-Ti ‹ ÂÓ·ÏÏ·ÎÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ.

E•E§I•H TøN KPAMATøN
NiTi

To ÎÚ¿Ì· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ·Ó·Î·Ï‡ÊıËÎÂ ÛÙÔ Naval
Ordnance Laboratory ÙË ‰ÂÎ·ÂÙ›· ÙÔ˘ ’60 Î·È Ë
ÂÊ·ÚÌÔÁ‹ ÙÔ˘ ÛÙËÓ ÔÚıÔ‰ÔÓÙÈÎ‹ Î·Ù¤ÛÙË ‰˘Ó·Ù‹ ÛÙËÓ
·Ú¯‹ ÙË˜ ‰ÂÎ·ÂÙ›·˜ ÙÔ˘ ’70. ∆Ô ÚÒÙÔ ÔÚıÔ‰ÔÓÙÈÎfi
Û‡ÚÌ· NiTi (Nitinol) ‹ÚÂ ÙÔ fiÓÔÌ¿ ÙÔ˘ ·fi ÙÔ ÂÚÁ·-
ÛÙ‹ÚÈÔ fiÔ˘ ¤Ï·‚·Ó ¯ÒÚ· ÔÈ Â˘Ú‡ÙÂÚÂ˜ ÌÂÙ·ÏÏÔ˘ÚÁÈ-
Î¤˜ ÂÊ·ÚÌÔÁ¤˜ ÙˆÓ ÎÚ·Ì¿ÙˆÓ (Nickel Titanium Naval
Ordnance Laboratory) (Andreasen Î·È Brady, 1972,
Andreasen Î·È Hilleman, 1971). ∏ ÚÒÙË ÁÂÓÈ¿ Û˘Ú-
Ì¿ÙˆÓ NiTi Â›¯Â ÙÔ ¯·Ú·ÎÙËÚÈÛÙÈÎfi ÙË˜ "ÌÓ‹ÌË˜ Û¯‹-
Ì·ÙÔ˜", ÙÔ ÔÔ›Ô ·Ó·Ê¤ÚÂÙ·È ÛÙËÓ ÈÎ·ÓfiÙËÙ· ÙÔ˘ Û‡Ú-
Ì·ÙÔ˜ Ó· Â·Ó¤Ú¯ÂÙ·È Ì¤Ûˆ ÂÓfi˜ Â‡ÚÔ˘˜ ıÂÚÌÔÎÚ·-
ÛÈÒÓ ÌÂÙ¿‚·ÛË˜ (transition temperature range – TTR)
ÛÂ ÚÔÎ·Ù·ÛÎÂ˘·Ûı¤Ó Û¯‹Ì· fiÙ·Ó ÙÔ Û‡ÚÌ· ıÂÚÌ·Ó-
ıÂ›. √ Andreasen ÙÔ 1985 ¤‰ÂÈÍÂ fiÙÈ, fiÙ·Ó ¤Ó·
Û‡ÚÌ· Nitinol ˘Ô‚¿ÏÏÂÙ·È ÛÂ ·Ú·ÌfiÚÊˆÛË ÌÂÁ¿-
ÏÔ˘ Â‡ÚÔ˘˜, ÙÂÏÈÎ¿ Â·Ó¤Ú¯ÂÙ·È Û¯Â‰fiÓ ÛÙËÓ ·Ú¯ÈÎ‹
ÙÔ˘ ı¤ÛË ·ÛÎÒÓÙ·˜ Ù·˘Ùfi¯ÚÔÓ· ‹ÈÂ˜, Û˘ÓÂ¯Â›˜ ‰˘Ó¿-
ÌÂÈ˜ (Andreasen Î·È Û˘Ó., 1985), fiˆ˜ Ê·›ÓÂÙ·È ÛÙËÓ

effects on their clinical efficiency are also probed.
Finally, the implication of the metallurgical and
mechanical properties of the wires in their clinical
application is discussed in the light of recent evidence,
which explore the time variants of orthodontic therapy
with the use of NiTi and alternative archwires. 

EVOLUTION OF NiTi ALLOYS

The nickel-titanium alloy was invented at the Naval
Ordnance Laboratory in the 1960’s and subsequent
application to orthodontics became possible during
the early 1970’s. Actually, the first NiTi orthodontic
wire (Nitinol) was named after the laboratory where
the wider metallurgical applications of alloys took
place (Nickel Titanium Naval Ordnance Laboratory)
(Andreasen and Brady, 1972; Andreasen and
Hilleman, 1971). The first generation of NiTi wires
expressed the "shape memory" characteristic, which
refers to the ability of the wire to return to a previously
manufactured shape when heated through a transition
temperature range (TTR). Andreasen in 1985 showed
that when a Nitinol wire is deflected over a long
distance it eventually springs back to nearly its original
position while exerting light, continuous forces
(Andreasen et al.,1985) as shown in Fig. 1., where
the significantly lower load exerted by the NiTi wires
for a 2-mm deflection is illustrated. The same author
characterized this distinctive property on the Nitinol as
the "superelastic" property. However, in the following
years the term "superelasticity" took a different
definition based on the structural changes also known
as phase transformation that take place during the
temperature changes or the loading process of the
wire. Superelasticity is now termed as a phenomenon
where the wire exhibits a low continuous force with a
plateau during loading or unloading. This property
gives an almost constant force over a wide range and
provides clinical advantages over non-superelastic
nickel-titanium wires (Iijima et al., 2002).
During the mid-1980’s, two new superelastic nickel-
titanium archwire alloy types were manufactured and
became commercially available: the Chinese NiTi
and the Japanese NiTi. The Chinese NiTi (marked as
Ni-Ti by Ormco), was introduced in 1985 by
Burstone and colleagues, and exhibited 4.4 times the
springback of the stainless steel wire and 1.6 times
the springback of the original Nitinol (Bradley, 1993).
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ÂÈÎfiÓ· 1, fiÔ˘ ·ÂÈÎÔÓ› Â̇Ù·È Ë ÛËÌ·ÓÙÈÎ¿ ¯·ÌËÏfiÙÂÚË
Ù¿ÛË Ô˘ ·ÛÎÂ›Ù·È ·fi Ù· Û‡ÚÌ·Ù· NiTi ÁÈ· ·Ú·-
ÌfiÚÊˆÛË 2 ¯ÈÏ. √ ›‰ÈÔ˜ Û˘ÁÁÚ·Ê¤·˜ ¯·Ú·ÎÙ‹ÚÈÛÂ
·˘Ù‹ ÙËÓ ÍÂ¯ˆÚÈÛÙ‹ È‰ÈfiÙËÙ· ÙÔ˘ Nitinol ˆ˜ "˘ÂÚÂÏ·-
ÛÙÈÎ‹" È‰ÈfiÙËÙ·. ∂Ó ÙÔ‡ÙÔÈ˜, Ù· ÂfiÌÂÓ· ¯ÚfiÓÈ· ÛÙÔÓ
fiÚÔ "˘ÂÚÂÏ·ÛÙÈÎfiÙËÙ·" ‰fiıËÎÂ ‰È·ÊÔÚÂÙÈÎfi˜ ÔÚÈ-
ÛÌfi˜ ‚¿ÛÂÈ ÙˆÓ ‰ÔÌÈÎÒÓ ·ÏÏ·ÁÒÓ, Ô˘ Â›Ó·È Â›ÛË˜
ÁÓˆÛÙ¤˜ ˆ˜ ÌÂÙ·‚ÔÏ‹ Ê¿ÛË˜, Î·È ÔÈ ÔÔ›Â˜ Ï·Ì‚¿-
ÓÔ˘Ó ¯ÒÚ· Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙˆÓ ıÂÚÌÔÎÚ·ÛÈ·ÎÒÓ
ÌÂÙ·‚ÔÏÒÓ ‹ ÙË˜ ‰ÈÂÚÁ·Û›·˜ ÊfiÚÙÈÛË˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜.
ø˜ ˘ÂÚÂÏ·ÛÙÈÎfiÙËÙ· ÔÚ› Â̇Ù·È Û‹ÌÂÚ· ÙÔ Ê·ÈÓfiÌÂÓÔ
fiÔ˘ ÙÔ Û‡ÚÌ· ·ÛÎÂ› ‹È· Û˘ÓÂ¯‹ ‰‡Ó·ÌË, ÌÂ plateau
Î·Ù¿ ÙË ÊfiÚÙÈÛË ‹ ÙËÓ ·ÔÊfiÚÙÈÛË. ∏ È‰ÈfiÙËÙ· ·˘Ù‹
·Ô‰›‰ÂÈ Ì›· Û¯Â‰fiÓ ÛÙ·ıÂÚ‹ ‰‡Ó·ÌË ÛÂ ÌÂÁ¿ÏÔ
Â‡ÚÔ˜ Î·È ·Ú¤¯ÂÈ ÎÏÈÓÈÎ¿ ÏÂÔÓÂÎÙ‹Ì·Ù· ÛÂ Û¯¤ÛË ÌÂ
Ù· ÌË ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ (Iijima

The loading/unloading portion of the stress/strain
curve for the NiTi alloy is a nonlinear curve which
provides light, constant force in the middle range of
deactivation, as shown in the load- deflection curves
produced by a cantilever bending test for 0.016 inch
diameter Chinese NiTi and Nitinol (Fig. 1). Based on
this unique property of the wire, Burstone introduced
the variable modulus orthodontics, which constitutes
an alternative method to incrementally increasing the
wire cross-section to maintain control of the tooth
movement. His proposed scheme involved the
engagement of heavy rectangular wires of large cross-
section during the initial stages of treatment to
efficiently gain proper spatial crown control, followed
by changing of wire stiffness by altering wire
composition rather than wire size (Burstone, 1981;
Burstone and Goldberg, 1983). 
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∂ÈÎ. 1: ∫·Ì‡ÏÂ˜ Ù¿ÛË˜-·Ú·ÌfiÚÊˆÛË˜ ·fi ‰ÔÎÈÌ·Û›Â˜ Î¿Ì„Ë˜ ÙÚÈÒÓ ÛËÌÂ›ˆÓ ÙÂÛÛ¿ÚˆÓ ‰È·ÊÔÚÂÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ‰È·Ì¤ÙÚÔ˘

0.016 ÙË˜ ›ÓÙÛ·˜ (·fi Miura Î·È Û˘Ó., 1986).

Fig 1: Load-deflection curves produced by three-point bending tests of four different 0.016-inch wires (adapted and redrawn from

Miura et al., 1986).



Î·È Û˘Ó., 2002).
™Ù· Ì¤Û· ÙË˜ ‰ÂÎ·ÂÙ›·˜ ÙÔ˘ ’80 Î·Ù·ÛÎÂ˘¿ÛÙËÎ·Ó Î·È
Î˘ÎÏÔÊfiÚËÛ·Ó ÛÙÔ ÂÌfiÚÈÔ ‰‡Ô Ó¤ÔÈ Ù‡ÔÈ ÎÚ·Ì¿ÙˆÓ
˘ÂÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘: ÙÔ ÎÈÓ¤ È̇ÎÔ
NiTi Î·È ÙÔ ÁÈ·ˆÓ¤ È̇ÎÔ NiTi. ∆Ô ÎÈÓ¤ È̇ÎÔ NiTi (ÔÓÔ-
Ì·˙fiÌÂÓÔ Ni-Ti ·fi ÙËÓ Ormco) ‰ËÌÈÔ˘ÚÁ‹ıËÎÂ ÙÔ
1985 ·fi ÙÔ˘˜ Burstone Î·È Û˘ÓÂÚÁ¿ÙÂ˜ Î·È ·ÚÔ˘-
Û›· Â̇ 4,4 ÊÔÚ¤˜ ÙËÓ ÈÎ·ÓfiÙËÙ· Â·Ó·ÊÔÚ¿˜ ÙÔ˘ Û‡Ú-
Ì·ÙÔ˜ ·ÓÔÍÂ›‰ˆÙÔ˘ ¯¿Ï˘‚· Î·È 1,6 ÊÔÚ¤˜ ÙËÓ ÈÎ·Ófi-
ÙËÙ· Â·Ó·ÊÔÚ¿˜ ÙÔ˘ ·Ú¯ÈÎÔ‡ Nitinol (Bradley,
1993). ∆Ô ÙÌ‹Ì· ÊfiÚÙÈÛË˜/·ÔÊfiÚÙÈÛË˜ ÙË˜ Î·Ì‡-
ÏË˜ Ù¿ÛË˜/·Ú·ÌfiÚÊˆÛË˜ ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ NiTi Â›Ó·È
Ì›· ÌË ÁÚ·ÌÌÈÎ‹ Î·Ì‡ÏË Ô˘ ·Ú¤¯ÂÈ ÂÏ·ÊÚ¿, ÛÙ·-
ıÂÚ‹ ‰‡Ó·ÌË ÛÙÔ Ì¤ÛÔÓ ÙÔ˘ Â‡ÚÔ˘˜ ·ÂÓÂÚÁÔÔ›Ë-
ÛË˜, fiˆ˜ Ê·›ÓÂÙ·È ÛÙÈ˜ Î·Ì‡ÏÂ˜ Ù¿ÛË˜/·Ú·ÌfiÚ-
ÊˆÛË˜ ÌÈ·˜ ‰ÔÎÈÌ·Û›·˜ Î¿Ì„Ë˜ Û‡ÚÌ·ÙÔ˜ ÌÂ ÂÏÂ‡ıÂ-
ÚÔ ¿ÎÚÔ ÁÈ· ÎÈÓ¤ È̇ÎÔ NiTi Î·È Nitinol ‰È·Ì¤ÙÚÔ˘
0.016 ÙË˜ ›ÓÙÛ·˜ (∂ÈÎ. 1). ªÂ ‚¿ÛË ·˘Ù‹ ÙËÓ ÌÔÓ·‰È-
Î‹ È‰ÈfiÙËÙ· ÙÔ˘ Û‡ÚÌ·ÙÔ˜, Ô Burstone ÂÈÛ‹Á·ÁÂ ÙËÓ
ÔÚıÔ‰ÔÓÙÈÎ‹ ÌÂÙ·‚ÏËÙÔ‡ Ì¤ÙÚÔ˘ ÂÏ·ÛÙÈÎfiÙËÙ·˜ Ô˘
·ÔÙÂÏÂ› Ì›· Ì¤ıÔ‰Ô ÂÓ·ÏÏ·ÎÙÈÎ‹ ÙË˜ ÛÙ·‰È·Î‹˜ ·‡ÍË-
ÛË˜ ÙË˜ ‰È·ÙÔÌ‹˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÌÂ ÛÙfi¯Ô ÙÔÓ ¤ÏÂÁ¯Ô
ÙË˜ Ô‰ÔÓÙÈÎ‹˜ ÌÂÙ·Î›ÓËÛË˜. ∆Ô Û¯‹Ì· Ô˘ ÚfiÙÂÈÓÂ
·ÊÔÚ¿ ÛÙË ¯ÚËÛÈÌÔÔ›ËÛË ÙÂÙÚ¿ÁˆÓˆÓ Û˘ÚÌ¿ÙˆÓ
ÌÂÁ¿ÏË˜ ‰È·ÙÔÌ‹˜ ÛÙ· ·Ú¯ÈÎ¿ ÛÙ¿‰È· ÙË˜ ıÂÚ·Â›·˜
ÒÛÙÂ Ó· ˘¿Ú¯ÂÈ ·ÔÙÂÏÂÛÌ·ÙÈÎfi˜ ¤ÏÂÁ¯Ô˜ ÙË˜ Ì‡ÏË˜
ÛÙÔ ¯ÒÚÔ, Ô˘ ·ÎÔÏÔ˘ıÂ›Ù·È ·fi ÌÂÙ·‚ÔÏ‹ ÙË˜ ·Î·Ì-
„›·˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ·ÏÏ¿˙ÔÓÙ·˜ ÙË Û‡ÓıÂÛË ÙÔ˘ Û‡Ú-
Ì·ÙÔ˜ Î·È fi¯È ÙÔ Ì¤ÁÂıfi˜ ÙÔ˘ (Burstone, 1981;
Burstone Î·È Goldberg, 1983).
∆Ô ÁÈ·ˆÓ¤ È̇ÎÔ NiTi ·ÚÔ˘ÛÈ¿ÛÙËÎÂ ·fi ÙÔÓ Miura
(Miura Î·È Û˘Ó., 1986) ¤Ó· ¯ÚfiÓÔ ·ÚÁfiÙÂÚ· Î·È ÔÓÔ-
Ì¿ÛÙËÎÂ Sentalloy ·fi ÙËÓ GAC. ∆Ô ÎÚ¿Ì· ·˘Ùfi ‰È·-
ı¤ÙÂÈ ·ÚfiÌÔÈÂ˜ È‰ÈfiÙËÙÂ˜ Î¿Ì„Ë˜ ÌÂ ·˘Ù¤˜ ÙÔ˘ ÎÈÓ¤ È̇-
ÎÔ˘ NiTi, ·ÊÔ‡ ÙÔ ÙÌ‹Ì· ÊfiÚÙÈÛË˜/·ÔÊfiÚÙÈÛË˜ ÙË˜
Î·Ì‡ÏË˜ Ù¿ÛË˜/·Ú·ÌfiÚÊˆÛË˜, ÙfiÛÔ ÁÈ· ÙÔ ÎÈÓ¤ È̇-
ÎÔ fiÛÔ Î·È ÁÈ· ÙÔ ÁÈ·ˆÓ¤ È̇ÎÔ ¡È∆È, Â›Ó·È Ì›· ÌË
ÁÚ·ÌÌÈÎ‹ Î·Ì‡ÏË Ô˘ ·Ú¤¯ÂÈ ÂÏ·ÊÚ¿, ÛÙ·ıÂÚ‹
‰‡Ó·ÌË ÛÙÔ Ì¤ÛÔÓ ÙÔ˘ Â‡ÚÔ˘˜ ·ÂÓÂÚÁÔÔ›ËÛË˜
(Burstone Î·È Û˘Ó., 1985). ∆Ì‹Ì·Ù· 6 ¯ÈÏ. ÙˆÓ Û˘Ú-
Ì¿ÙˆÓ ·˘ÙÒÓ (Ô˘ ÛÂ Ú·ÁÌ·ÙÈÎ¤˜ ÎÏÈÓÈÎ¤˜ Û˘Óı‹ÎÂ˜
·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÙËÓ ·fiÛÙ·ÛË ÌÂÙ·Í‡ ·ÁÎ˘Ï›ˆÓ) Ô˘
˘¤ÛÙËÛ·Ó ‰ÔÎÈÌ·Û›· Î¿Ì„Ë˜  ÂÏÂ˘ı¤ÚÔ˘ ¿ÎÚÔ˘
·ÚÔ˘Û›·Û·Ó Î·Ù¿ ÙËÓ ·ÔÊfiÚÙÈÛË (·ÂÓÂÚÁÔÔ›ËÛË)
Ì›· Û¯Â‰fiÓ ÔÚÈ˙fiÓÙÈ· ÂÚÈÔ¯‹ (plateau ˘ÂÚÂÏ·ÛÙÈÎfi-
ÙËÙ·˜) ÛÙ·ıÂÚ‹˜ ÚÔ‹˜ Î¿Ì„Ë˜ (Brantley Î·È Û˘Ó.,

The Japanese NiTi was introduced by Miura (Miura et
al., 1986) one year later and marked as Sentalloy by
GAC This wire alloy possesses very similar bending
properties to those of Chinese NiTi since, for both the
Chinese and the Japanese NiTi the loading/unloading
portion of the stress/strain curve is a nonlinear curve
that provides light, constant force in the middle range
of deactivation (Burstone et al., 1985). Clinically
realistic 6mm-segments (corresponding to interbracket
distances) of these wires tested in cantilever bending
showed a nearly horizontal region (superelastic
plateau) of constant bending moment upon unloading
(deactivation) (Brantley et al., 1997). As shown in the
stress-strain diagram shown in Fig. 2, during the initial
loading the Japanese NiTi behaves like the original
work-hardened Nitinol (o-a portion). Over the a-b
portion the stress remains constant. At point b the
removal of the stress results in the b-c portion of the
graph, which is parallel to the o-a portion. Finally the
c-d portion is parallel to the a-b. The a-b portion
expresses the gradual phase transformation from the
austenite to the martensite during loading. 
In the early 1990s a new orthodontic wire, marked
as NeoSentalloy by GAC was introduced, presenting
true shape memory at the temperature of the oral
environment, whilst Cu and Nb NiTi archwires
became available in the same decade by Ormco.

METALLURGY OF NiTi ALLOYS

The nickel- titanium wires at room temperature contain
approximately equiatomic proportions of nickel and
titanium in a stable phase. However some deviations
from stoichiometry are possible and the commercially
available orthodontic wires are usually titanium-rich
(Brantley, 1997). At room temperature the crystal
structure of the NiTi alloys consists of a complex body-
centered cubic structure as a single phase or as one
component of a two- phase system. The second phase
might be either NiTi2 or NiTi3 (Goldstein et al.,
1987).
The two major NiTi phases are the austenitic NiTi (or
austenite) has an ordered body-centered cubic
structure that occurs at high temperatures and low
stresses and the martensitic NiTi (martensite), which is
formed at low temperatures and high stresses and
appears to have a distorted monoclinic, triclinic, or
hexagonal structure. A transformation from the
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1997). Ÿˆ˜ Ê·›ÓÂÙ·È ÛÙÔ ‰È¿ÁÚ·ÌÌ· Ù¿ÛË˜-·Ú·-
ÌfiÚÊˆÛË˜ ÙË˜ ÂÈÎfiÓ·˜ 2, Î·Ù¿ ÙËÓ ·Ú¯ÈÎ‹ ÊfiÚÙÈÛË ÙÔ
ÁÈ·ˆÓ¤ È̇ÎÔ NiTi Û˘ÌÂÚÈÊ¤ÚÂÙ·È fiˆ˜ ÙÔ ÎÏ·ÛÛÈÎfi
Nitinol Ô˘ ˘¤ÛÙË ÛÎÏ‹Ú˘ÓÛË ÌÂ ÌË¯·ÓÈÎ‹ Î·ÙÂÚÁ·-
Û›· (ÙÌ‹Ì· o-a). ™ÙÔ ÙÌ‹Ì· a-b Ë Ù¿ÛË ·Ú·Ì¤ÓÂÈ ÛÙ·-
ıÂÚ‹. ™ÙÔ ÛËÌÂ›Ô b Ë ·Ê·›ÚÂÛË ÙË˜ Ù¿ÛË˜ ¤¯ÂÈ ˆ˜
·ÔÙ¤ÏÂÛÌ· ÙÔ ÙÌ‹Ì· b-c ÙÔ˘ ÁÚ·Ê‹Ì·ÙÔ˜, Ô˘ Â›Ó·È
·Ú¿ÏÏËÏÔ ÌÂ ÙÔ ÙÌ‹Ì· o-a. ∆¤ÏÔ˜, ÙÔ ÙÌ‹Ì· c-d Â›Ó·È
·Ú¿ÏÏËÏÔ ÌÂ ÙÔ a-b. ∆Ô ÙÌ‹Ì· a-b ÂÎÊÚ¿ Â̇È ÙË ÛÙ·-
‰È·Î‹ ÌÂÙ·‚ÔÏ‹ Ê¿ÛË˜ ·fi ÙËÓ ˆÛÙÂÓÈÙÈÎ‹ ÛÙË Ì·Ú-
ÙÂÓÛÈÙÈÎ‹ ÌÔÚÊ‹ Î·Ù¿ ÙË ÊfiÚÙÈÛË.
™ÙËÓ ·Ú¯‹ ÙË˜ ‰ÂÎ·ÂÙ›·˜ ÙÔ˘ ’90 ·ÚÔ˘ÛÈ¿ÛÙËÎÂ ·fi ÙËÓ
GAC ¤Ó· Ó¤Ô ÔÚıÔ‰ÔÓÙÈÎfi Û‡ÚÌ·, ÔÓÔÌ·˙fiÌÂÓÔ
NeoSentalloy, Ô˘ ‰È·ı¤ÙÂÈ ·ÌÈÁ‹ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜ ÛÙË
ıÂÚÌÔÎÚ·Û›· ÙÔ˘ ÛÙfiÌ·ÙÔ˜, ÂÓÒ ÙËÓ ›‰È· ‰ÂÎ·ÂÙ›· Î˘ÎÏÔ-
ÊfiÚËÛ·Ó ·fi ÙËÓ ORMCO NiTi Û‡ÚÌ·Ù· Cu Î·È Nb.

austenite to martensite structure is possible under
specific conditions through twinning. The twin
boundaries are mirror crystallographic plates which
move to accommodate the stress, converting one twin
orientation into another (Bradley, 1993). The
austenite-martensite transitions are displacing-type
transformations, thus the atoms forming one structure
undergo small movements and become rearranged
into a second structure. The complex cubic structure
for the austenite phase changes as if it were
elongated along one of the diagonal planes (Otsuka,
1990). Martensite transitions occur when the parent
austenite phase of high energy is converted to
martensite, with simultaneous liberation of heat
(exothermic reaction). 
An intermediate phase, which was termed as the R
phase (rhompohedral phase), delays the
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∂ÈÎ. 2: Ã·Ú·ÎÙËÚÈÛÙÈÎ¤˜ Î·Ì‡ÏÂ˜ Ù¿ÛË˜-·Ú·ÌfiÚÊˆÛË˜ ÙÂÛÛ¿ÚˆÓ ‰È·ÊÔÚÂÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ‰È·Ì¤ÙÚÔ˘ 0.016 ÙË˜ ›ÓÙÛ·˜ ˘fi

Ù¿ÛË. ¶·Ú·ÙËÚÂ›ÛÙÂ ÙÔ Â›Â‰Ô Ù¿ÛË˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÛÙÔ plateau (·fi Miura Î·È Û˘Ó., 1986).

Fig 2: Typical stress-strain curves of four different 0.06-inch wires under tension. Note the stress level corresponding to the plateau

(adapted and redrawn from Miura et al., 1986).
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META§§OYP°IA KPAMATøN
NiTi

∆· Û‡ÚÌ·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÛÂ ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·Ù›-
Ô˘ ÂÚÈ¤¯Ô˘Ó ÂÚ›Ô˘ ÈÛÔ·ÙÔÌÈÎ¤˜ ·Ó·ÏÔÁ›Â˜ ÓÈÎÂÏ›-
Ô˘ Î·È ÙÈÙ·Ó›Ô˘ ÛÂ ÛÙ·ıÂÚ‹ Ê¿ÛË. ∂Ó ÙÔ‡ÙÔÈ˜, Â›Ó·È
Èı·ÓfiÓ Ó· ˘¿Ú¯Ô˘Ó ·ÔÎÏ›ÛÂÈ˜ ·fi ÙË ÛÙÔÈ¯ÂÈÔÌÂ-
ÙÚ›· Î·È Ù· ÔÚıÔ‰ÔÓÙÈÎ¿ Û‡ÚÌ·Ù· Ô˘ Î˘ÎÏÔÊÔÚÔ‡Ó
ÛÙÔ ÂÌfiÚÈÔ Â›Ó·È Û˘Ó‹ıˆ˜ ÏÔ‡ÛÈ· ÛÂ ÙÈÙ¿ÓÈÔ
(Brantley, 1997). ™Â ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·Ù›Ô˘, Ë ÎÚ˘-
ÛÙ·ÏÏÈÎ‹ ‰ÔÌ‹ ÙˆÓ ÎÚ·Ì¿ÙˆÓ NiTi ·ÔÙÂÏÂ›Ù·È ·fi Ì›·
Û‡ÌÏÔÎË ‰ÔÌ‹ Û¯‹Ì·ÙÔ˜ Î‡‚Ô˘ ˆ˜ ÌÂÌÔÓˆÌ¤ÓË
Ê¿ÛË ‹ ˆ˜ ÙÌ‹Ì· ÂÓfi˜ ‰ÈÊ·ÛÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜. ∏
¿ÏÏË Ê¿ÛË ÌÔÚÂ› Ó· Â›Ó·È Â›ÙÂ NiTi2 Â›ÙÂ NiTi3
(Goldstein Î·È Û˘Ó., 1987).
√È ‰‡Ô Î‡ÚÈÂ˜ Ê¿ÛÂÈ˜ NiTi Â›Ó·È ÙÔ ˆÛÙÂÓÈÙÈÎfi NiTi (‹
ˆÛÙÂÓ›ÙË˜), ÙÔ ÔÔ›Ô ¤¯ÂÈ Ì›· ÂÓ‰ÔÎÂÓÙÚˆÌ¤ÓË Î˘‚ÈÎ‹
‰ÔÌ‹ ÌÈÎÚfiÙÂÚË˜ ·Ù·Í›·˜ Ô˘ ÂÌÊ·Ó› Â̇Ù·È ÛÂ ˘„ËÏ¤˜
ıÂÚÌÔÎÚ·Û›Â˜ Î·È ÌÈÎÚ¤˜ Ù¿ÛÂÈ˜ Î·È ÙÔ Ì·ÚÙÂÓÛÈÙÈÎfi
NiTi (Ì·ÚÙÂÓÛ›ÙË˜), Ô˘ ‰ËÌÈÔ˘ÚÁÂ›Ù·È ÛÂ ¯·ÌËÏ¤˜
ıÂÚÌÔÎÚ·Û›Â˜ Î·È ÌÂÁ¿ÏÂ˜ Ù¿ÛÂÈ˜ Î·È Ê·›ÓÂÙ·È Ó· ¤¯ÂÈ
·Ú·ÌÔÚÊˆÌ¤ÓË ÌÔÓÔÎÏÈÓÈÎ‹, ÙÚÈÎÏÈÓÈÎ‹ ‹ ÂÍ·ÁˆÓÈÎ‹
‰ÔÌ‹. ∏ ÌÂÙ¿ÙˆÛË ·fi ÙËÓ ˆÛÙÂÓÈÙÈÎ‹ ÛÙË Ì·ÚÙÂÓÛÈÙÈ-
Î‹ ‰ÔÌ‹ Â›Ó·È ‰˘Ó·Ù‹ Î¿Ùˆ ·fi Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ Û˘Ó-
ı‹ÎÂ˜ ÌÂ ·Ó¿Ù˘ÍË ‰ÈÏÒÓ ÎÚ˘ÛÙ¿ÏÏˆÓ. ∆· fiÚÈ· ÙË˜
ÂÚÈÔ¯‹˜ ‰ÈÏÒÓ ÎÚ˘ÛÙ¿ÏÏˆÓ Â›Ó·È ·ÓÙÈÎÚÈÛÙ¤˜ ÎÚ˘-
ÛÙ·ÏÏÔÁÚ·ÊÈÎ¤˜ Ï¿ÎÂ˜ Ô˘ ÌÂÙ·ÎÈÓÔ‡ÓÙ·È ÚÔ˜ ·Ó·-
ÎÔ‡ÊÈÛË ÙˆÓ Ù¿ÛÂˆÓ, ÌÂÙ·ÙÚ¤ÔÓÙ·˜ ÙÔÓ ¤Ó· ÚÔÛ·Ó·-
ÙÔÏÈÛÌfi ÛÙÔÓ ¿ÏÏÔ (Bradley, 1993). √È ÌÂÙ·ÙÒÛÂÈ˜
·fi ÙË Ì›· ÛÙËÓ ¿ÏÏË Ê¿ÛË (ˆÛÙÂÓÈÙÈÎ‹-Ì·ÚÙÂÓÛÈÙÈÎ‹)
Â›Ó·È ÌÂÙ·‚ÔÏ¤˜ Ù‡Ô˘ ÌÂÙ·ÙfiÈÛË˜. ŒÙÛÈ, Ù· ¿ÙÔÌ·
Ô˘ ·ÔÙÂÏÔ‡Ó ÌÈ· ‰ÔÌ‹ ˘Ê›ÛÙ·ÓÙ·È ÌÈÎÚ¤˜ ÌÂÙ·ÎÈÓ‹-
ÛÂÈ˜ Î·È ·Ó·Î·Ù·Ó¤ÌÔÓÙ·È ‰ËÌÈÔ˘ÚÁÒÓÙ·˜ ÌÈ· ¿ÏÏË
‰ÔÌ‹. ∏ Û‡ÌÏÔÎË Î˘‚ÈÎ‹ ‰ÔÌ‹ ÙË˜ ˆÛÙÂÓÈÙÈÎ‹˜
Ê¿ÛË˜ ÌÂÙ·‚¿ÏÏÂÙ·È Û·Ó Ó· ÂÈÌËÎ‡ÓÂÙ·È Î·Ù¿ Ì‹ÎÔ˜
ÂÓfi˜ ÙˆÓ ‰È·ÁˆÓ›ˆÓ ÂÈ¤‰ˆÓ (Otsuka, 1990). ŸÙ·Ó
Ë ÌËÙÚÈÎ‹ ˆÛÙÂÓÈÙÈÎ‹ Ê¿ÛË ˘„ËÏ‹˜ ÂÓ¤ÚÁÂÈ·˜ ÌÂÙ·ÙÚ¤-
ÂÙ·È ÛÂ Ì·ÚÙÂÓÛÈÙÈÎ‹ ÂÈÛ˘Ì‚·›ÓÔ˘Ó ÌÂÙ·‚ÔÏ¤˜
Ê¿ÛË˜ ÚÔ˜ ÙËÓ Ì·ÚÙÂÓÛÈÙÈÎ‹ ‰ÔÌ‹ ÌÂ Ù·˘Ùfi¯ÚÔÓË
·ÂÏÂ˘ı¤ÚˆÛË ıÂÚÌfiÙËÙ·˜ (ÂÍÒıÂÚÌË ·ÓÙ›‰Ú·ÛË).
ª›· ÂÓ‰È¿ÌÂÛË Ê¿ÛË, Ô˘ ÔÓÔÌ¿ÛÙËÎÂ Ê¿ÛË R (ÚÔÌ-
‚ÔÂ‰ÚÈÎ‹ Ê¿ÛË), Î·ı˘ÛÙÂÚÂ› ÙË ÌÂÙ·ÙÚÔ‹ ÙÔ˘ ˆÛÙÂÓ›-
ÙË ÛÂ Ì·ÚÙÂÓÛ›ÙË Î·Ù¿ ÙËÓ „‡ÍË, Ì¤¯ÚÈ Ó· ÂÈÙÂ˘¯ıÔ‡Ó
¯·ÌËÏfiÙÂÚÂ˜ ıÂÚÌÔÎÚ·Û›Â˜ (Miyazaki Î·È Otsuka,
1986). ∏ ·ÚÔ˘Û›· ÙË˜ Ê¿ÛË˜ R ˘ÔÛÙËÚ›¯ıËÎÂ ·fi
ÌÂÏ¤ÙÂ˜ Ô˘ ˘Ô‰ÂÈÎÓ‡Ô˘Ó fiÙÈ ÔÈ ˘ÔÏÂÈfiÌÂÓÂ˜
Ù¿ÛÂÈ˜ Î·È/‹ ÔÈ Ù¿ÛÂÈ˜ ·fi È˙‹Ì·Ù· ÂËÚÂ¿˙Ô˘Ó ÙÈ˜
·Ú¯ÈÎ¤˜ Î·È ÙÂÏÈÎ¤˜ ıÂÚÌÔÎÚ·Û›Â˜ ÙˆÓ Ì·ÚÙÂÓÛÈÙÈÎÒÓ
ÌÂÙ·‚ÔÏÒÓ (Goldstein Î·È Û˘Ó., 1987).

transformation of the austenite to martensite until lower
temperatures, during cooling (Miyazaki and Otsuka,
1986). The presence of an R phase was supported
by studies suggesting that the residual stresses and/or
stresses from precipitates affect the start and finish
temperatures of the martensite transformations
(Goldstein et al., 1987).
A typical differential scanning calorimetry (DSC) plot
for these wires shows that on cooling, the Ms
(martensite-start) and Mf (martensite-finish)
temperatures are the temperatures at which the
transformation to martensite begins and is completed;
on heating, the As (austenite-start) and Af (austenite-
finish) temperatures are the temperatures at which the
transformation to austensite begins and is completed,
respectively (Fig. 3). The TTR for each of the three
structures (austenite, R-phase, and martensite) refers to
the temperature range for the start and completion of
the transformation to that particular structure.
The original Nitinol and other nonsuperelastic nickel-
titanium orthodontic wire alloys contain substantial
quantities of stable martensite. The As temperatures for
these alloys are much higher than room temperature
and the temperature of the oral environment (Bradley,
1993). The shape-memory wire alloys present Af
temperatures below that of the oral environment, and
therefore these wires have essentially the completely
austenitic structure in vivo. 
The nonsuperelastic (not true shape-memory) alloys
have microstructures that are incompletely transformed
to austenite at the temperature of the oral environment.
The Af temperatures for these wires can be much
greater than 37ÆC.
For the Nitinol SE alloy, the Af temperature on heating
is about 60ÆC, so that this alloy would be a mixture
of R-phase and austenite at the temperature of the oral
environment (Bradley, 1993). 
The shape-memory alloy (NeoSentalloy), has
essentially a completely austenitic structure at the
temperature of the oral environment, whereas the
nonsuperelastic alloy (Nitinol) is composed of
martensite, austenite and perhaps R-phase at the
temperature of the oral environment. The Copper Ni-
Ti archwires are available in three temperature
variants of 27Æ, 35Æ and 40ÆC, corresponding to the
austenite-finish temperatures for the completion of the
martensite-to-austenite transformation (Brantley,
2001). Thus, the 27ÆC variant would be useful for
mouth-breathers; the 35ÆC variant is activated at
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∆Ô ¯·Ú·ÎÙËÚÈÛÙÈÎfi ‰È¿ÁÚ·ÌÌ· ‰È·ÊÔÚÈÎ‹˜ ıÂÚÌÈ‰Ô-
ÌÂÙÚ›·˜ Û¿ÚˆÛË˜ (differential scanning calorimetry-
DSC) ·˘ÙÒÓ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ‰Â›¯ÓÂÈ fiÙÈ Î·Ù¿ ÙËÓ „‡ÍË,
ÔÈ ıÂÚÌÔÎÚ·Û›Â˜ Ms (Ì·ÚÙÂÓÛ›ÙË˜-·Ú¯ÈÎ‹) Î·È ªf
(Ì·ÚÙÂÓÛ›ÙË˜-ÙÂÏÈÎ‹) Â›Ó·È ·˘Ù¤˜ Î·Ù¿ ÙÈ˜ ÔÔ›Â˜ ·Ú¯›-
Â̇È Î·È ÔÏÔÎÏËÚÒÓÂÙ·È, ·ÓÙ›ÛÙÔÈ¯·, Ë ÌÂÙ·‚ÔÏ‹ ÛÂ

Ì·ÚÙÂÓÛ›ÙË. √ÌÔ›ˆ˜, Î·Ù¿ ÙË ı¤ÚÌ·ÓÛË, ÔÈ ıÂÚÌÔ-
ÎÚ·Û›Â˜ ∞s (ˆÛÙÂÓ›ÙË˜-·Ú¯ÈÎ‹) Î·È ∞f (ˆÛÙÂÓ›ÙË˜-ÙÂÏÈÎ‹)
Â›Ó·È ÔÈ ıÂÚÌÔÎÚ·Û›Â˜ ¤Ó·ÚÍË˜ Î·È ÔÏÔÎÏ‹ÚˆÛË˜,
·ÓÙ›ÛÙÔÈ¯·, ÙË˜ ÌÂÙ·‚ÔÏ‹˜ ÛÂ ˆÛÙÂÓ›ÙË (∂ÈÎ. 3). ∆Ô TTR
ÁÈ· Î¿ıÂ Ì›· ·fi ÙÈ˜ ÙÚÂÈ˜ ‰ÔÌ¤˜ (ˆÛÙÂÓ›ÙË˜, Ê¿ÛË R
Î·È Ì·ÚÙÂÓÛ›ÙË˜) ·Ó·Ê¤ÚÂÙ·È ÛÙÔ ıÂÚÌÔÎÚ·ÛÈ·Îfi
Â‡ÚÔ˜ ¤Ó·ÚÍË˜ Î·È ÔÏÔÎÏ‹ÚˆÛË˜ ÙˆÓ ÌÂÙ·‚ÔÏÒÓ
Ê¿ÛÂˆÓ ÛÙË Û˘ÁÎÂÎÚÈÌ¤ÓË ‰ÔÌ‹.
∆Ô ÚÒÙÔ Nitinol Ô˘ Î˘ÎÏÔÊfiÚËÛÂ Î·È ¿ÏÏ· ÎÚ¿Ì·-
Ù· ÔÚıÔ‰ÔÓÙÈÎÒÓ ÌË ˘ÂÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›-
Ô˘-ÙÈÙ·Ó›Ô˘ ÂÚÈ¤¯Ô˘Ó ÛËÌ·ÓÙÈÎ¤˜ ÔÛfiÙËÙÂ˜ ÛÙ·ıÂÚÔ‡
Ì·ÚÙÂÓÛ›ÙË. √È ıÂÚÌÔÎÚ·Û›Â˜ ∞s ·˘ÙÒÓ ÙˆÓ ÎÚ·Ì¿ÙˆÓ

normal body temperature; and the 40ÆC variant
would provide activation only after consuming hot
food and beverages. The Af temperatures for the three
variants were within 3ÆC of the values reported by the
manufacturer (Brantley, 2001).
The superelastic nickel-titanium wires, including the
true shape memory nickel-titanium wires, show
exceptional temperature sensitivity. Thus, alterations in
mouth temperature could cause a stress fluctuation in
nickel- titanium wires during orthodontic treatment. In
a recent study, three different superelastic nickel-
titanium wires were examined at constant temperature
and stepwise temperature changes from 37Æ to 60ÆC
and back to 37ÆC and from 37Æ to 2ÆC and back to
37ÆC, in order to evaluate the effects of temperature
changes onto mechanical properties of the wires
(Iijima et al., 2002). It was shown that the load
expressed by the superelastic nickel-titanium wires
increases on heating and decreases on cooling.
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∂ÈÎ. 3: Ã·Ú·ÎÙËÚÈÛÙÈÎfi ‰È¿ÁÚ·ÌÌ· DSC ÔÚıÔ‰ÔÓÙÈÎÔ‡ Û‡ÚÌ·ÙÔ˜ NiTi (·˘ı·›ÚÂÙÂ˜ ÌÔÓ¿‰Â˜).

Fig 3: A characteristic DSC plot of a NiTi orthodontic wire (arbitrary units).
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Â›Ó·È ÔÏ‡ ˘„ËÏfiÙÂÚÂ˜ ·fi ÙË ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·Ù›Ô˘
Î·È ·˘Ù‹ ÙÔ˘ ÛÙÔÌ·ÙÈÎÔ‡ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ (Bradley,
1993). ∆· ÎÚ¿Ì·Ù· Û˘ÚÌ¿ÙˆÓ ÌÂ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜
·ÚÔ˘ÛÈ¿˙Ô˘Ó ıÂÚÌÔÎÚ·Û›Â˜ ∞f ¯·ÌËÏfiÙÂÚÂ˜ ·˘Ù‹˜
ÙÔ˘ ÛÙfiÌ·ÙÔ˜ Î·È, ¤ÙÛÈ, Ù· Û‡ÚÌ·Ù· ·˘Ù¿ ¤¯Ô˘Ó Ô˘ÛÈ·-
ÛÙÈÎ¿ Ï‹ÚË ˆÛÙÂÓÈÎ‹ ‰ÔÌ‹ in vivo.
∆· ÌË ˘ÂÚÂÏ·ÛÙÈÎ¿ (ÌÂ ÌË ·ÏËı‹ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜)
ÎÚ¿Ì·Ù· ‰È·ı¤ÙÔ˘Ó ÌÈÎÚÔ‰ÔÌ¤˜ Ô˘ ¤¯Ô˘Ó ·ÙÂÏÒ˜
ÌÂÙ·ÙÚ·Â› ÛÂ ˆÛÙÂÓ›ÙË ÛÙË ıÂÚÌÔÎÚ·Û›· ÙÔ˘ ÛÙfiÌ·-
ÙÔ˜. √È ıÂÚÌÔÎÚ·Û›Â˜ ∞f ·˘ÙÒÓ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÌÔÚÂ›
Ó· Â›Ó·È ÔÏ‡ ˘„ËÏfiÙÂÚÂ˜ ÙˆÓ 37ÆC.
°È· ÙÔ ÎÚ¿Ì· Nitinol SE, Ë ıÂÚÌÔÎÚ·Û›· ∞f ÙË˜ ı¤Ú-
Ì·ÓÛË˜ Â›Ó·È ÂÚ›Ô˘ 60ÆC, ¤ÙÛÈ ÒÛÙÂ ÙÔ ÎÚ¿Ì· ·˘Ùfi
Ó· ·ÔÙÂÏÂ› ÌÂ›ÁÌ· Ê¿ÛË˜ R Î·È ·Ô˘ÛÙÂÓ›ÙË ÛÙË ıÂÚ-
ÌÔÎÚ·Û›· ÙÔ˘ ÛÙfiÌ·ÙÔ˜ (Bradley, 1993). 
∆Ô ÎÚ¿Ì· ÌÂ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜ (NeoSentalloy), ¤¯ÂÈ
Ô˘ÛÈ·ÛÙÈÎ¿ ÙÂÏÂ›ˆ˜ ˆÛÙÂÓÈÙÈÎ‹ ‰ÔÌ‹ ÛÂ ıÂÚÌÔÎÚ·Û›·
ÛÙfiÌ·ÙÔ˜, ÂÓÒ ÙÔ ÌË ˘ÂÚÂÏ·ÛÙÈÎfi ÎÚ¿Ì· (Nitinol)
ÛÙËÓ ›‰È· ıÂÚÌÔÎÚ·Û›· ·ÔÙÂÏÂ›Ù·È ·fi Ì·ÚÙÂÓÛ›ÙË,
ˆÛÙÂÓ›ÙË Î·È, Èı·ÓfiÓ, Ê¿ÛË R. ∆· Û˘ÚÌ¿ÙÈÓ· ÙfiÍ·
NiTi ÌÂ ¯·ÏÎfi (Copper Ni-Ti) ‰È·Ù›ıÂÓÙ·È ÛÂ ÙÚÂÈ˜
ıÂÚÌÔÎÚ·Û›Â˜ 27Æ, 35Æ Î·È 40ÆC, Ô˘ ·ÓÙÈÛÙÔÈ¯Ô‡Ó
ÛÙÈ˜ ÙÂÏÈÎ¤˜ ıÂÚÌÔÎÚ·Û›Â˜ ÔÏÔÎÏ‹ÚˆÛË˜ ÙË˜ ÌÂÙ·‚Ô-
Ï‹˜ ÙÔ˘ Ì·ÚÙÂÓÛ›ÙË ÛÂ ˆÛÙÂÓ›ÙË (∞f ıÂÚÌÔÎÚ·Û›Â˜)
(Brantley, 2001). ŒÙÛÈ, ÙÔ Û‡ÚÌ· ÙˆÓ 27ÆC Â›Ó·È
¯Ú‹ÛÈÌÔ ÛÂ ¿ÙÔÌ· ÌÂ ÛÙÔÌ·ÙÈÎ‹ ·Ó·ÓÔ‹, ÙÔ Û‡ÚÌ·
ÙˆÓ 35ÆC ÂÓÂÚÁÔÔÈÂ›Ù·È ÛÂ Ê˘ÛÈÔÏÔÁÈÎ‹ ıÂÚÌÔÎÚ·-
Û›· ÛÒÌ·ÙÔ˜ Î·È ÙÔ Û‡ÚÌ· ÙˆÓ 40ÆC ÂÓÂÚÁÔÔÈÂ›Ù·È
ÌfiÓÔ ÌÂÙ¿ ·fi Î·Ù·Ó¿ÏˆÛË Â̇ÛÙÒÓ ÙÚÔÊÒÓ Î·È ÔÙÒÓ.
√È ıÂÚÌÔÎÚ·Û›Â˜ ∞f ÁÈ· ÙÈ˜ ÙÚÂÈ˜ ·˘Ù¤˜ ·Ú·ÏÏ·Á¤˜
‹Ù·Ó ÂÓÙfi˜ 3ÆC ·fi ÙÈ˜ ÙÈÌ¤˜ Ô˘ ·Ó·Ê¤ÚÂÈ Ô Î·Ù·-
ÛÎÂ˘·ÛÙ‹˜ (Brantley, 2001). 
∆· ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· NiTi, Û˘ÌÂÚÈÏ·Ì‚·ÓÔÌ¤-
ÓˆÓ Î·È ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÌÂ ·ÏËı‹
ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜, ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÂÍ·ÈÚÂÙÈÎ‹ Â˘·ÈÛıË-
Û›· ÛÙË ıÂÚÌÔÎÚ·Û›·. ŒÙÛÈ, ÔÈ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ıÂÚÌÔ-
ÎÚ·Û›·˜ ÛÙfiÌ·ÙÔ˜ ÌÔÚÂ› Ó· ÚÔÎ·Ï¤ÛÔ˘Ó ‰È·Î˘-
Ì¿ÓÛÂÈ˜ ÙË˜ Ù¿ÛË˜ ÛÙ· Û‡ÚÌ·Ù· NiTi Î·Ù¿ ÙËÓ ÔÚıÔ-
‰ÔÓÙÈÎ‹ ıÂÚ·Â›·. ™Â ÚfiÛÊ·ÙË ÌÂÏ¤ÙË, ÂÍÂÙ¿ÛÙËÎ·Ó
ÙÚ›· ‰È·ÊÔÚÂÙÈÎ¿ ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· NiTi ÛÂ ÛÙ·-
ıÂÚ‹ ıÂÚÌÔÎÚ·Û›· Î·È ÛÙ·‰È·Î¤˜ ıÂÚÌÔÎÚ·ÛÈ·Î¤˜
ÌÂÙ·‚ÔÏ¤˜ ·fi 37Æ ÛÂ 60ÆC Î·È ¿ÏÈ ÛÙÔ˘˜ 37ÆC,
Î·È ·fi 37Æ ÛÂ 2ÆC Î·È ¿ÏÈ ÛÙÔ˘˜ 37ÆC, ¤ÙÛÈ ÒÛÙÂ
Ó· ·ÍÈÔÏÔÁËıÔ‡Ó ÔÈ ÂÈ‰Ú¿ÛÂÈ˜ ÙˆÓ ıÂÚÌÔÎÚ·ÛÈ·ÎÒÓ
ÌÂÙ·‚ÔÏÒÓ ÛÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ Û˘ÚÌ¿ÙˆÓ
(Iijima Î·È Û˘Ó., 2002). µÚ¤ıËÎÂ fiÙÈ Ë Ù¿ÛË ÙˆÓ ˘Â-

These phenomena were associated with a change in
the critical stress for martensite transformation induced
by temperature changes. The critical stress for
martensite formation appeared to increase on
heating, whereas the load during the stepwise
temperature changes on cooling was consistent with
that measured at a corresponding constant
temperature. In the stepwise temperature changes on
heating, the load measured at body temperature as
the final step was much higher than that measured at
37ÆC as an initial step. Two possible explanations
were proposed to substantiate for this finding:
a) a change in the transformation temperature of alloy
because of the generation of dislocations, which were
introduced by moving the interface between the
martensite and austenite phases upon heating and
cooling, and 
b) the inhibitory effect of restraint on the
transformation. 
The previous study showed that the mechanical
properties of superelastic nickel-titanium wires were
substantially affected by temperature changes. Meling
and Odegaard (1998b) came to the same
conclusion, showing that some true shape memory
wires continued to exert sub-baseline bending force
after short-term application of cold water, and this
effect remained even after 30 min of post exposure
restitution. In addition, it has been indicated that the
temperature of orthodontic wire increased up to 50ÆC
with an intake of a hot dink and several minutes are
required for it to return to its original temperature
(Airoldi et al., 1997). 

CLASSIFICATION OF THE
NiTi ORTHODONTIC
ARCHWIRE ALLOYS

The mechanical properties of the different types of
NiTi alloys that are currently available allow an initial
classification to the following categories: superelastic,
non-superelastic, and true shape memory. However,
this classification introduces confusion with respect to
the meaning of the terms and as a result, an
alternative, structured-based classification was
proposed by Kusy as cited by Brantley (Brantley,
2001): 
Martensitic-stabilized: the processing of this type of
wires creates a stable martensitic structure and thus no
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ÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ·˘Í¿ÓÂÈ ÌÂ ÙË
ı¤ÚÌ·ÓÛË Î·È ÌÂÈÒÓÂÙ·È ÌÂ ÙËÓ „‡ÍË. ∆· Ê·ÈÓfiÌÂÓ·
·˘Ù¿ Û˘Û¯ÂÙ›ÛÙËÎ·Ó ÌÂ ·ÏÏ·Á¤˜ ÙË˜ ÎÚ›ÛÈÌË˜ Ù¿ÛË˜
ÌÂÙ·‚ÔÏ‹˜ ÙÔ˘ Ì·ÚÙÂÓÛ›ÙË Ô˘ ÚÔÎ·ÏÂ›Ù·È ·fi ·ÏÏ·-
Á¤˜ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜. ∏ ÎÚ›ÛÈÌË Ù¿ÛË ÁÈ· ‰ËÌÈÔ˘Ú-
Á›· Ì·ÚÙÂÓÛ›ÙË Ê¿ÓËÎÂ Ó· ·˘Í¿ÓÂÈ ÌÂ ÙË ı¤ÚÌ·ÓÛË,
ÂÓÒ ÙÔ ÊÔÚÙ›Ô Î·Ù¿ ÙÈ˜ ÛÙ·‰È·Î¤˜ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ıÂÚ-
ÌÔÎÚ·Û›·˜ ÌÂ ÙËÓ „‡ÍË ‹Ù·Ó ·ÚfiÌÔÈÔ ÌÂ ·˘Ùfi Ô˘
ÌÂÙÚ‹ıËÎÂ ÛÂ ·ÓÙ›ÛÙÔÈ¯Ë ÛÙ·ıÂÚ‹ ıÂÚÌÔÎÚ·Û›·. ™ÙÈ˜
ÛÙ·‰È·Î¤˜ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ ÌÂ ÙË ı¤Ú-
Ì·ÓÛË, ÙÔ ÊÔÚÙ›Ô Ô˘ ÌÂÙÚ‹ıËÎÂ ÛÂ ıÂÚÌÔÎÚ·Û›·
ÛÒÌ·ÙÔ˜ ˆ˜ ÙÂÏÈÎ‹ ıÂÚÌÔÎÚ·Û›· ‹Ù·Ó ÔÏ‡ ˘„ËÏfiÙÂ-
ÚÔ ·fi ·˘Ùfi Ô˘ ÌÂÙÚ‹ıËÎÂ ÛÙÔ˘˜ 37ÆC ˆ˜ ·Ú¯ÈÎ‹
ıÂÚÌÔÎÚ·Û›·. ¢‡Ô Â›Ó·È ÔÈ Èı·Ó¤˜ ÂÍËÁ‹ÛÂÈ˜ ÁÈ· ÙÔ
Â‡ÚËÌ· ·˘Ùfi:
·) ·ÏÏ·Á‹ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ ÌÂÙ·‚ÔÏ‹˜ ÙÔ˘ ÎÚ¿Ì·-
ÙÔ˜ ÏfiÁˆ ‰ËÌÈÔ˘ÚÁ›·˜ ·ÚÂÎÙÔ›ÛÂˆÓ, ÔÈ ÔÔ›Â˜ ÂÈ-
Û˘Ó¤‚ËÛ·Ó ÌÂ ÙË ÌÂÙ·Î›ÓËÛË ÙË˜ ÌÂÛfiÊ·ÛË˜ ÌÂÙ·Í‡
ÙË˜ ˆÛÙÂÓÈÙÈÎ‹˜ Î·È Ì·ÚÙÂÓÛÈÙÈÎ‹˜ Ê¿ÛË˜ Î·Ù¿ ÙË ı¤Ú-
Ì·ÓÛË Î·È ÙËÓ „‡ÍË, Î·È 
‚) ·Ó·ÛÙ·ÏÙÈÎ‹ Â›‰Ú·ÛË ÂÚÈÔÚÈÛÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ
Â› ÙË˜ ÌÂÙ·‚ÔÏ‹˜.
∏ ÚÔËÁÔ‡ÌÂÓË ÌÂÏ¤ÙË ¤‰ÂÈÍÂ fiÙÈ ÔÈ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙË-
ÙÂ˜ ÙˆÓ ˘ÂÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÂË-
ÚÂ¿ÛÙËÎ·Ó Ô˘ÛÈ·ÛÙÈÎ¿ ·fi ÙÈ˜ ıÂÚÌÔÎÚ·ÛÈ·Î¤˜ ÌÂÙ·-
‚ÔÏ¤˜. √È Meling Î·È Odegaard (1998b) Î·Ù¤ÏËÍ·Ó
ÛÙÔ ›‰ÈÔ Û˘Ì¤Ú·ÛÌ·, ‰Â›¯ÓÔÓÙ·˜ fiÙÈ ÔÚÈÛÌ¤Ó· Û‡Ú-
Ì·Ù· ÌÂ ·ÏËı‹ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜ ÂÍ·ÎÔÏÔ‡ıËÛ·Ó Ó·
·ÛÎÔ‡Ó ‰‡Ó·ÌË Î¿Ì„Ë˜ Î¿Ùˆ ·fi ÙÔ ‚·ÛÈÎfi fiÚÈÔ
ÌÂÙ¿ ·fi Û‡ÓÙÔÌË ÂÊ·ÚÌÔÁ‹ ÎÚ‡Ô˘ ÓÂÚÔ‡, Î·È ÙÔ Ê·È-
ÓfiÌÂÓÔ ·˘Ùfi ·Ú¤ÌÂÈÓÂ ·ÎfiÌË Î·È ÌÂÙ¿ ·fi 30 ÏÂÙ¿
·ÔÎ·Ù¿ÛÙ·ÛË˜. ∂ÈÏ¤ÔÓ, Î·Ù·‰Â›¯ıËÎÂ fiÙÈ Ë ıÂÚÌÔ-
ÎÚ·Û›· ÙÔ˘ ÔÚıÔ‰ÔÓÙÈÎÔ‡ Û‡ÚÌ·ÙÔ˜ ·˘Í‹ıËÎÂ Ì¤¯ÚÈ
ÙÔ˘˜ 50ÆC ÌÂÙ¿ ·fi Â̇ÛÙfi ÚfiÊËÌ· Î·È ··ÈÙ‹ıËÎ·Ó
·ÚÎÂÙ¿ ÏÂÙ¿ Ì¤¯ÚÈ ÙÔ Û‡ÚÌ· Ó· Â·Ó¤ÏıÂÈ ÛÙËÓ ·Ú¯È-
Î‹ ÙÔ˘ ıÂÚÌÔÎÚ·Û›· (Airoldi Î·È Û˘Ó., 1997).

TA•INOMH™H TøN
KPAMATøN TøN
OP£O¢ONTIKøN
™YPMATøN NiTi

√È ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ ‰È·ÊfiÚˆÓ Ù‡ˆÓ ÎÚ·Ì¿ÙˆÓ
NiTi Ô˘ Î˘ÎÏÔÊÔÚÔ‡Ó Û‹ÌÂÚ· ÂÈÙÚ¤Ô˘Ó ÌÈ· ·Ú¯È-
Î‹ Ù·ÍÈÓfiÌËÛË ÛÙÈ˜ ·Ú·Î¿Ùˆ Î·ÙËÁÔÚ›Â˜: ˘ÂÚÂÏ·-
ÛÙÈÎ¿, ÌË ˘ÂÚÂÏ·ÛÙÈÎ¿ Î·È ÌÂ ·ÏËı‹ ÌÓ‹ÌË Û¯‹Ì·-

shape memory or superelasticity is expressed. Typical
representative of this category is the non-superelastic
Nitinol wire.  
Martensitic–active: this type of NiTi wires employs the
thermoelastic effect to achieve shape memory. The
temperature raise within the oral environment leads to
the transformation of the martensitic back to the
austenitic structure and as result the deformed arch
wire returns to the starting shape. This category
includes the superelastic, shape-memory wires, such
as NeoSentalloy and Copper NiTi.
Austenitic–active: these alloys experience a
pseudoelastic behaviour, where the martensitic
structure transformation of these alloys is stress-induced
resulting from the activation of the wire. Superelastic
wires that do not prossess thermoelastic shape
memory at the oral environment temperature, such as
Nitinol SE, belong to this category.  

METHODS OF STUDYING
THE NiTi ORTHODONTIC
ARCHWIRE ALLOYS

The majority of studies investigating the mechanical
properties and structural conformation of NiTi wires
employed three major routes to elucidating certain
aspects of the wire structure of performance. The most
commonly-used method consists of deflection curves,
or cantilever testing of segments of archwires under
various loading patterns. The problem with this
method is that it cannot differentiate the superelastic
properties of archwires because this characteristic
refers to the crystallographic structure of the material
and not specific mechanical property.
XRD studies of archwires, provide important evidence
on the crystallographic structure of the alloy. X-ray
diffraction is inherently a near- surface analytical
technique, since the depth of penetration of the X-ray
beam is typically no greater than 50 Ìm and
frequently less for the metals of usual interest (Eliades
and Brantley, 2001).
Lastly, differential scanning calorimetry (DSC) has
been increasingly used for study of nichel-titanium
orthodontic archwire alloys. DSC determines
enthalpies (heat absorbed or liberated) for phase or
structural transformations, and the transformation
temperature ranges, by measuring the differential heat
flow required to maintain a sample of the
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ÙÔ˜. ∂Ó ÙÔ‡ÙÔÈ˜, Ë Ù·ÍÈÓfiÌËÛË ·˘Ù‹ ÚÔÎ·ÏÂ› Û‡Á¯˘ÛË
fiÛÔÓ ·ÊÔÚ¿ ÛÙËÓ ¤ÓÓÔÈ· ÙˆÓ fiÚˆÓ Î·È, ¤ÙÛÈ, ÚÔÙ¿-
ıËÎÂ ·fi ÙÔÓ Kusy Ì›· ÂÓ·ÏÏ·ÎÙÈÎ‹, ‚¿ÛÂÈ ÙË˜ ‰ÔÌ‹˜,
Ù·ÍÈÓfiÌËÛË, fiˆ˜ ·Ó·Ê¤ÚÂÈ Ô Brantley (Brantley,
2001):
™Ù·ıÂÚÔÔÈËÌ¤ÓË˜ Ì·ÚÙÂÓÛÈÙÈÎ‹˜ ‰ÔÌ‹˜: Ë Î·ÙÂÚÁ·-
Û›· ·˘ÙÔ‡ ÙÔ˘ Ù‡Ô˘ Û˘ÚÌ¿ÙˆÓ ‰ËÌÈÔ˘ÚÁÂ› ÛÙ·ıÂÚ‹
Ì·ÚÙÂÓÛÈÙÈÎ‹ ‰ÔÌ‹ Î·È, ¤ÙÛÈ, ·˘Ù¿ ‰ÂÓ ‰È·ı¤ÙÔ˘Ó
ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜ ‹ ˘ÂÚÂÏ·ÛÙÈÎfiÙËÙ·. Ã·Ú·ÎÙËÚÈÛÙÈÎfi
·ÓÙÈÚÔÛˆÂ˘ÙÈÎfi ÙË˜ Î·ÙËÁÔÚ›·˜ ·˘Ù‹˜ Û‡ÚÌ· Â›Ó·È
ÙÔ ÌË ˘ÂÚÂÏ·ÛÙÈÎfi Û‡ÚÌ· Nitinol.
∂ÓÂÚÁÔ‡ Ì·ÚÙÂÓÛÈÙÈÎ‹˜ ‰ÔÌ‹˜: Ô Ù‡Ô˜ ·˘Ùfi˜ Û˘ÚÌ¿-
ÙˆÓ NiTi ¯ÚËÛÈÌÔÔÈÂ› ÙÔ ıÂÚÌÔÂÏ·ÛÙÈÎfi Ê·ÈÓfiÌÂÓÔ
ÁÈ· ÙËÓ Â›ÙÂ˘ÍË ÌÓ‹ÌË˜ Û¯‹Ì·ÙÔ˜. ∏ ·‡ÍËÛË ÙË˜ ıÂÚ-
ÌÔÎÚ·Û›·˜ ÂÓÙfi˜ ÙÔ˘ ÛÙfiÌ·ÙÔ˜ Ô‰ËÁÂ› ÛÙË ÌÂÙ¿‚·ÛË
·fi ÙË Ì·ÚÙÂÓÛÈÙÈÎ‹ ÛÙËÓ ˆÛÙÂÓÈÙÈÎ‹ ‰ÔÌ‹ ÌÂ ·ÔÙ¤ÏÂ-
ÛÌ· ÙÔ ·Ú·ÌÔÚÊˆÌ¤ÓÔ Û˘ÚÌ¿ÙÈÓÔ ÙfiÍÔ Ó· Â·Ó¤Ú-
¯ÂÙ·È ÛÙÔ ·Ú¯ÈÎfi ÙÔ˘ Û¯‹Ì·. ∏ Î·ÙËÁÔÚ›· ·˘Ù‹ ÂÚÈ-
Ï·Ì‚¿ÓÂÈ Ù· ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ÌÂ ÌÓ‹ÌË Û¯‹Ì·-
ÙÔ˜, fiˆ˜ ÙÔ NeoSentalloy Î·È ÙÔ Copper NiTi.
∂ÓÂÚÁÔ‡ ˆÛÙÂÓÈÙÈÎ‹˜ ‰ÔÌ‹˜: Ù· ÎÚ¿Ì·Ù· ·˘Ù¿ ¤¯Ô˘Ó
ÌÈ· „Â˘‰ÔÂÏ·ÛÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿, Î·Ù¿ ÙËÓ ÔÔ›· Ë
ÌÂÙ·‚ÔÏ‹ ÙË˜ Ì·ÚÙÂÓÛÈÙÈÎ‹˜ ‰ÔÌ‹˜ ÙÔ˘˜ ÚÔÎ·ÏÂ›Ù·È
·fi ÙË ‰ËÌÈÔ˘ÚÁ›· Ù¿ÛÂˆÓ ÏfiÁˆ ÙË˜ ÂÓÂÚÁÔÔ›ËÛË˜
ÙÔ˘ Û‡ÚÌ·ÙÔ˜. ™ÙËÓ Î·ÙËÁÔÚ›· ·˘Ù‹ ·Ó‹ÎÔ˘Ó ˘ÂÚÂ-
Ï·ÛÙÈÎ¿ Û‡ÚÌ·Ù· Ô˘ ‰ÂÓ ‰È·ı¤ÙÔ˘Ó ıÂÚÌÔÂÏ·ÛÙÈÎ‹
ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜ ÛÙË ıÂÚÌÔÎÚ·Û›· ÙÔ˘ ÛÙfiÌ·ÙÔ˜,
fiˆ˜ ÙÔ Nitinol SE.

ME£O¢OI ME§ETH™ TøN
KPAMATøN TøN
OP£O¢ONTIKøN
™YPMATøN NiTi

∏ ÏÂÈÔ„ËÊ›· ÙˆÓ ÌÂÏÂÙÒÓ Ô˘ ‰ÈÂÚÂ˘ÓÔ‡Ó ÙÈ˜ ÌË¯·-
ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Î·È ÙË ‰ÔÌ‹ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ¡È∆È ·ÎÔ-
ÏÔ˘ıÔ‡Ó ÙÚÂÈ˜ Î‡ÚÈÂ˜ Î·ÙÂ˘ı‡ÓÛÂÈ˜ ÌÂÏ¤ÙË˜ ÙË˜ ·fi-
‰ÔÛË˜ ÂÓfi˜ Û‡ÚÌ·ÙÔ˜. ∏ Û˘ÓËı¤ÛÙÂÚ· ¯ÚËÛÈÌÔÔÈ-
Ô‡ÌÂÓË Ì¤ıÔ‰Ô˜ ·ÊÔÚ¿ ÛÂ Î·Ì‡ÏÂ˜ ·Ú·ÌfiÚÊˆ-
ÛË˜ ‹ ‰ÔÎÈÌ·Û›Â˜ ÂÏÂ˘ı¤ÚÔ˘ ¿ÎÚÔ˘ ÙÌËÌ¿ÙˆÓ Û˘ÚÌ¿-
ÙÈÓˆÓ ÙfiÍˆÓ Î¿Ùˆ ·fi ‰È·ÊÔÚÂÙÈÎ¤˜ Û˘Óı‹ÎÂ˜ ÊfiÚÙÈ-
ÛË˜. ∆Ô Úfi‚ÏËÌ· ÌÂ ÙË Ì¤ıÔ‰Ô ·˘Ù‹ Â›Ó·È fiÙÈ ‰ÂÓ
ÌÔÚÂ› Ó· ‰È·ÊÔÚÔÔÈ‹ÛÂÈ ÌÂÙ·Í‡ ÙˆÓ ˘ÂÚÂÏ·ÛÙÈÎÒÓ
È‰ÈÔÙ‹ÙˆÓ ÙˆÓ Û˘ÚÌ¿ÙˆÓ, ‰ÈfiÙÈ ÙÔ ¯·Ú·ÎÙËÚÈÛÙÈÎfi ·˘Ùfi
·Ó·Ê¤ÚÂÙ·È ÛÙËÓ ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ‹ ‰ÔÌ‹ ÙÔ˘ ˘ÏÈÎÔ‡
Î·È fi¯È ÛÂ Û˘ÁÎÂÎÚÈÌ¤ÓË ÌË¯·ÓÈÎ‹ È‰ÈfiÙËÙ·. 

experimental material and an inert reference material
at the same temperature. This analysis provides
information about the bulk material, in contrast to X-ray
diffraction (Eliades and Brantley, 2001). 
Nonetheless, the structure of nickel-titanium (NiTi)
orthodontic wires, still constitutes a matter of dispute.
Originally, it was proposed that the non-superelastic
NiTi wires consisted predominantly of work-hardened
martensitic NiTI , whereas the superelastic NiTI wires
consisted predominantly of  NiTi in the austenitic
structure (Miura et al., 1986; Khier et al., 1991).
However recent X-ray diffraction analyses comparing
superelastic wires with non-superelastic wires in the
as-received condition and under tensile strain suggest
that the as-received non superelasic wires are actually
predominantly austenitic NiTi, i.e., the same structure
as the superelastic wires (Thayer et al., 1995). This
conclusion is not supported by differential scanning
calorimetric (DSC) analyses which indeed verify that
the superelastic NiTi are predominantly austenitic
structure and the non-superelastic wires are
predominantly martensitic NiTi at both room
temperature and 37ÆC degrees (Bradley et al.,
1996). The conflicting results of these two studies may
be attributed to the fact that X-ray diffraction typically
analyses a near-surface region for a metal, whereas
DSC provides information for the overall bulk
specimen as noted previously. 

INTRAORAL AGING OF
NiTi ALLOYS

Several in vitro and in vivo studies have been made
in order to evaluate the effects of exposure of the NiTi
orthodontic archwire alloys to the oral environment
and to the mechanical loading during treatment.
Generally, it has been shown that the intra-oral
exposure of NiTi wires alters the topography and
structure of the alloy surface through surface attack in
the form of pitting or crevice corrosion or formation of
integuments as shown in Fig. 4 (Eliades et al., 2000). 
Retrieved NiTi orthodontic wires are characterized by
the formation of a proteinaceous biofilm, the organic
constituents of which are mainly alcohol, amides and
carbonate. The elemental distribution of the biofilm
complies with the formation of NaCl, KCl, and Ca-P
crystalline precipitates on the wire surfaces, that alters
the surface composition and topography of the wire
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ªÂÏ¤ÙÂ˜ XRD ÙˆÓ Û˘ÚÌ¿ÙˆÓ ·Ú¤¯Ô˘Ó ÛËÌ·ÓÙÈÎ¤˜ ÏË-
ÚÔÊÔÚ›Â˜ Û¯ÂÙÈÎ¿ ÌÂ ÙËÓ ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ‹ ‰ÔÌ‹ ÙÔ˘
ÎÚ¿Ì·ÙÔ˜. ∏ ‰È¿ıÏ·ÛË ·ÎÙ›ÓˆÓ Ã Â›Ó·È ÂÁÁÂÓÒ˜ ÔÏ‡
ÂÈÊ·ÓÂÈ·Î‹ ·Ó·Ï˘ÙÈÎ‹ ÙÂ¯ÓÈÎ‹, ÂÊfiÛÔÓ Ù˘ÈÎ¿ ÙÔ
‚¿ıÔ˜ ‰ÈÂ›Û‰˘ÛË˜ ÙË˜ ‰¤ÛÌË˜ ÙˆÓ ·ÎÙ›ÓˆÓ Ã ‰ÂÓ
˘ÂÚ‚·›ÓÂÈ Ù· 50Ìm, Î·È, Î·Ù¿ Î·ÓfiÓ·, Â›Ó·È ÌÈÎÚfi-
ÙÂÚÔ ÁÈ· Ù· Ì¤Ù·ÏÏ· Û˘Ó‹ıÔ˘˜ ÂÓ‰È·Ê¤ÚÔÓÙÔ˜ (∏ÏÈ¿-
‰Ë˜ Î·È Brantley, 2001).  
∆¤ÏÔ˜, ¯ÚËÛÈÌÔÔÈÂ›Ù·È fiÏÔ Î·È ÂÚÈÛÛfiÙÂÚÔ Ë ‰È·-
ÊÔÚÈÎ‹ ıÂÚÌÈ‰ÔÌÂÙÚ›· Û¿ÚˆÛË˜ (DSC) ÁÈ· ÙË ÌÂÏ¤ÙË
ÙˆÓ ÎÚ·Ì¿ÙˆÓ ÔÚıÔ‰ÔÓÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›-
Ô˘. ∆Ô DSC Î·ıÔÚ› Â̇È ÙËÓ ÂÓı·Ï›· (ıÂÚÌfiÙËÙ· Ô˘
·ÔÚÚÔÊ¿Ù·È ‹ ·ÂÏÂ˘ıÂÚÒÓÂÙ·È) ÌÂÙ·‚ÔÏÒÓ Ê¿ÛË˜
‹ ‰ÔÌ‹˜ Î·ıÒ˜ Î·È ÙÔ ıÂÚÌÔÎÚ·ÛÈ·Îfi Â‡ÚÔ˜ ÙˆÓ
ÌÂÙ·‚ÔÏÒÓ, ÌÂÙÚÒÓÙ·˜ ÙË ‰È·ÊÔÚÈÎ‹ ÚÔ‹ ıÂÚÌfiÙËÙ·˜
Ô˘ ··ÈÙÂ›Ù·È ÁÈ· ÙË ‰È·Ù‹ÚËÛË ÛÙËÓ ›‰È· ıÂÚÌÔÎÚ·-
Û›· ‰Â›ÁÌ·ÙÔ˜ ÙÔ˘ ÂÈÚ·Ì·ÙÈÎÔ‡ ˘ÏÈÎÔ‡ Î·È ÂÓfi˜
·‰Ú·ÓÔ‡˜ ˘ÏÈÎÔ‡ ·Ó·ÊÔÚ¿˜. ∏ ·Ó¿Ï˘ÛË ·˘Ù‹ ·Ú¤-
¯ÂÈ ÏËÚÔÊÔÚ›Â˜ Û¯ÂÙÈÎ¿ ÌÂ ÙÔÓ Î‡ÚÈÔ fiÁÎÔ ÙÔ˘ ˘ÏÈ-
ÎÔ‡ ÛÂ ·ÓÙ›ıÂÛË ÌÂ ÙË Ì¤ıÔ‰Ô ‰È¿ıÏ·ÛË˜ ·ÎÙ›ÓˆÓ Ã
(∏ÏÈ¿‰Ë˜ Î·È Brantley, 2001).  
∂Ó ÙÔ‡ÙÔÈ˜, Ë ‰ÔÌ‹ ÙˆÓ ÔÚıÔ‰ÔÓÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ NiTi
ÂÍ·ÎÔÏÔ˘ıÂ› Ó· ·ÔÙÂÏÂ› ·ÓÙÈÎÂ›ÌÂÓÔ ‰È¯ÔÁÓˆÌ›·˜.
∞Ú¯ÈÎ¿ ˘ÔÛÙËÚ›¯ıËÎÂ fiÙÈ Ù· ÌË ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡Ú-
Ì·Ù· NiTi ·ÔÙÂÏÔ‡ÓÙ·Ó ‚·ÛÈÎ¿ ·fi Ì·ÚÙÂÓÛÈÙÈÎfi
NiTi Ô˘ Â›¯Â ˘ÔÛÙÂ› ÛÎÏ‹Ú˘ÓÛË ÌÂ ÌË¯·ÓÈÎ‹ Î·ÙÂÚ-
Á·Û›·, ÂÓÒ Ù· ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ·fi NiTi ˆÛÙÂ-
ÓÈÙÈÎ‹˜ ‰ÔÌ‹˜ (Miura Î·È Û˘Ó., 1986; Khier Î·È Û˘Ó.,
1991). ¶·ÚfiÏ· ·˘Ù¿, ·Ó·Ï‡ÛÂÈ˜ ÌÂ ‰È¿ıÏ·ÛË ·ÎÙ›-
ÓˆÓ Ã Ô˘ Û˘ÁÎÚ›ÓÔ˘Ó ˘ÂÚÂÏ·ÛÙÈÎ¿ Î·È ÌË Û‡ÚÌ·Ù·,
·ÊÂÓfi˜ ÛÙËÓ Î·Ù¿ÛÙ·ÛË Ô˘ ·˘Ù¿ ·Ú·Ï·Ì‚¿ÓÔÓÙ·È
Î·È, ·ÊÂÙ¤ÚÔ˘, ˘fi ÂÊÂÏÎ˘ÛÙÈÎ‹ ·Ú·ÌfiÚÊˆÛË, ˘Ô-
‰ÂÈÎÓ‡Ô˘Ó fiÙÈ Ù· ÌË ˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ÛÙËÓ ÚÒÙË
ÂÚ›ÙˆÛË Â›Ó·È Î˘Ú›ˆ˜ ˆÛÙÂÓÈÙÈÎ‹˜ ‰ÔÌ‹˜, ‰ËÏ·‰‹
¤¯Ô˘Ó ÙËÓ ›‰È· ‰ÔÌ‹ ÌÂ Ù· ˘ÂÚÂÏ·ÛÙÈÎ¿ (Thayer Î·È
Û˘Ó., 1995). ∆Ô Û˘Ì¤Ú·ÛÌ· ·˘Ùfi ‰ÂÓ ˘ÔÛÙËÚ› Â̇Ù·È
·fi ·Ó·Ï‡ÛÂÈ˜ ‰È·ÊÔÚÈÎ‹˜ ıÂÚÌÈ‰ÔÌÂÙÚ›·˜ Û¿ÚˆÛË˜
(DSC), ÔÈ ÔÔ›Â˜ Ú¿ÁÌ·ÙÈ ÈÛÙÔÔÈÔ‡Ó fiÙÈ ÙÔ ˘ÂÚÂ-
Ï·ÛÙÈÎfi NiTi ¤¯ÂÈ ‚·ÛÈÎ¿ ˆÛÙÂÓÈÙÈÎ‹ ‰ÔÌ‹ Î·È Ù· ÌË
˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ·ÔÙÂÏÔ‡ÓÙ·È Î˘Ú›ˆ˜ ·fi Ì·Ú-
ÙÂÓÛÈÙÈÎfi NiTi ÙfiÛÔ ÛÂ ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·Ù›Ô˘ fiÛÔ
Î·È ÛÙÔ˘˜ 37ÆC (Bradley Î·È Û˘Ó., 1996). ∆· ·ÓÙÈ-
ÎÚÔ˘fiÌÂÓ· ·ÔÙÂÏ¤ÛÌ·Ù· ·˘ÙÒÓ ÙˆÓ ‰‡Ô ÌÂÏÂÙÒÓ ÌÔ-
ÚÂ› Ó· ·Ô‰ÔıÔ‡Ó ÛÙÔ ÁÂÁÔÓfi˜ fiÙÈ Ë ‰È¿ıÏ·ÛË ·ÎÙ›-
ÓˆÓ Ã Î·Ù¿ Î·ÓfiÓ· ·Ó·Ï‡ÂÈ ÂÚÈÔ¯‹ ÙÔ˘ ÌÂÙ¿ÏÏÔ˘
ÎÔÓÙ¿ ÛÙËÓ ÂÈÊ¿ÓÂÈ·, ÂÓÒ ÙÔ DSC ·Ú¤¯ÂÈ ÏËÚÔÊÔ-

alloy (Eliades et al., 2000).
At the wire edge opposing that engaged to the
bracket, increased frequency of cracks and crevices
was observed presumably due to the presence of
tensile forces produced locally due to the wire
engagement. These force vectors induced changes in
the microstructure of the alloy evolving a reduction in
grain size at the compressed locations, which
extended beyond the near-surface region. Changes in
grain size are well documented in the NiTi metallurgy
as SIM (stress-induced martensite) where the
martensitic transformation occurs below the transition
temperature range (TTR) when external stress is
applied (Weyman, 1993). Whether this transfo-
rmation reflects an effect with clinical implications
possibly related to the expression of the superelastic
properties of the wire is not known.
The microscopic investigation of the metallographic-
ally-polished specimens showed that the wire surfaces
engaged to the bracket slots demonstrated material
loss and various modes of corrosion such as
delamination, crevice, and pitting corrosion. The sites
of the retrieved wires engaged to the brackets
exhibited much smaller grain size compared to the
etched reference wires.

Several important differences were noted in the
surface profile morphology of the longitudinally-
sectioned and polished wires relative to the as-
received specimens. Surface regions engaged to the
bracket slot showed surfaces demonstrating excessive
wear, while characteristic patterns of delamination
were observed. The enhanced deterioration of this
specific region may be assigned to compressive
forces accompanying wire activation through ligation,
and possible frictional damage produced inside the
slot. Alternatively, this effect may arise from plowing
during sliding of NiTi alloy wire on stainless steel
bracket slot. NiTi and ‚-Ti wire alloys are most likely
to present this effect because of the presence of rough
surfaces associated with the wire drawing process.

CLINICAL IMPLICATIONS 
OF THE SUPERELASTIC 
PROPERTIES AND AGING 
OF NiTi ALLOYS

The nickel-titanium wires have the lightest force
delivery and widest elastic range of the four popular
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Ú›Â˜ ÁÈ· ÙÔÓ Î‡ÚÈÔ fiÁÎÔ ÙÔ˘ ‰Â›ÁÌ·ÙÔ˜ fiˆ˜ ·Ó·Ê¤Ú-
ıËÎÂ Î·È ÚÔËÁÔ˘Ì¤Óˆ˜. 

EN¢O™TOMATIKH °HPAN™H
TøN KPAMATøN NiTi

Œ¯Ô˘Ó Á›ÓÂÈ ·ÚÎÂÙ¤˜ ÌÂÏ¤ÙÂ˜ in vivo Î·È in vitro ÁÈ· Ó·
·ÍÈÔÏÔÁËıÔ‡Ó Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ¤ÎıÂÛË˜ ÙˆÓ ÎÚ·-
Ì¿ÙˆÓ ÙˆÓ ÔÚıÔ‰ÔÓÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ NiTi ÛÙÔ ÛÙÔÌ·ÙÈ-
Îfi ÂÚÈ‚¿ÏÏÔÓ Î·È ÛÂ ÌË¯·ÓÈÎ‹ ÊfiÚÙÈÛË Î·Ù¿ ÙË ıÂÚ·-
Â›·. °ÂÓÈÎ¿, Ê¿ÓËÎÂ fiÙÈ Ë ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹ ¤ÎıÂÛË ÙˆÓ
Û˘ÚÌ¿ÙˆÓ NiTi ·ÏÏÔÈÒÓÂÈ ÙËÓ ÙÔÔÁÚ·Ê›· Î·È ÙË ‰ÔÌ‹
ÙË˜ ÂÈÊ¿ÓÂÈ·˜ ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ Ì¤Ûˆ ÚÔÛ‚ÔÏ‹˜ ÙË˜
ÂÈÊ·ÓÂ›·˜ ÌÂ ÙË ÌÔÚÊ‹ ‚ÔıÚ›ˆÓ ‹ ‰È¿‚ÚˆÛË˜ ÙˆÓ
·˘Ï¿ÎˆÓ ‹ ‰ËÌÈÔ˘ÚÁ›·˜ ˘ÌÂÓ›ˆÓ, fiˆ˜ Ê·›ÓÂÙ·È ÛÙËÓ
ÂÈÎfiÓ· 4 (Eliades Î·È Û˘Ó., 2000).
∆· Â·Ó·ÎÙËı¤ÓÙ· ÔÚıÔ‰ÔÓÙÈÎ¿ Û‡ÚÌ·Ù· NiTi ¯·Ú·-
ÎÙËÚ›˙ÔÓÙ·È ·fi ÙË ‰ËÌÈÔ˘ÚÁ›· ÌÈ·˜ ÚˆÙÂ˚ÓÔ‡¯Ô˘ ‚ÈÔ-
ÌÂÌ‚Ú¿ÓË˜, Ù· ÔÚÁ·ÓÈÎ¿ ÛÙÔÈ¯Â›· ÙË˜ ÔÔ›·˜ Â›Ó·È
Î˘Ú›ˆ˜ ·ÏÎÔfiÏË, ·Ì›‰Â˜ Î·È ·ÓıÚ·ÎÈÎ¿. ∏ Î·Ù·ÓÔÌ‹
ÙˆÓ ÛÙÔÈ¯Â›ˆÓ ÙË˜ ‚ÈÔÌÂÌ‚Ú¿ÓË˜ ·˘Ù‹˜ Û˘Ó¿‰ÂÈ ÌÂ ÙË
‰ËÌÈÔ˘ÚÁ›· NaCl, KCl Î·È ÎÚ˘ÛÙ·ÏÏÈÎÒÓ È˙ËÌ¿ÙˆÓ
Ca-P ÛÙÈ˜ ÂÈÊ¿ÓÂÈÂ˜ ÙˆÓ Û˘ÚÌ¿ÙˆÓ, Ú¿ÁÌ· Ô˘
·ÏÏÔÈÒÓÂÈ ÙË Û‡ÓıÂÛË Î·È ÙÔÔÁÚ·Ê›· ÙË˜ ÂÈÊ¿ÓÂÈ·˜

alloys, along with outstanding springback, particularly
for the shape-memory alloys.  However, these wires
are expensive, have poor formability, and cannot be
soldered or welded (Brantley, 2001). Archwire-
bracket friction is comparably high to that for beta-
titanium because of the relatively rough wire surfaces
that arise from the high titanium content. However,
clinical studies determining the comparative sliding
friction among various alloys are lacking. The only
evidence currently available is not supportive of a
difference in the duration of treatment in patients
treated NiTi alloys possessing distinctively different
surface characteristics, i.e. ion-bombarded NiTi and
conventional NiTi (Kula et al., 1998).
As note previously, rectangular NiTi archwires may be
used early in treatment, to facilitate simultaneous
rotation, tipping, leveling and torquing, and thus in
some cases, treatment can begin with full-size
rectangular wires that nearly fill the bracket slot. The
superelastic and shape-memory nickel-titanium wires
are particularly useful where large deflections are
necessary for malpositioned teeth, whereas
superelastic nickel-titanium coil springs, originally
developed for orthodontics by Miura et al., (1988),
have also found wide applicability. The force
generated by the coil spring depends upon the wire
diameter, lumen size, pitch of the open spring and the
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∂ÈÎ. 4: EÈÎfiÓ· ‰Â˘ÙÂÚÔÁÂÓÔ‡˜ ÂÎÔÌ‹˜ Â·Ó·ÎÙËı¤ÓÙÔ˜ Û‡ÚÌ·ÙÔ˜ NiTi ÌÂÙ¿ ·fi ¤ÎıÂÛË 6 ÌËÓÒÓ ÛÙÔ ÛÙfiÌ· ·ÛıÂÓÔ‡˜.

a) ·Ú·ÙËÚÂ›ÛÙÂ ÙËÓ ·‰Ú‹ ÙÔÔÁÚ·Ê›· Î·È ÙÈ˜ Î·ıÈ˙‹ÛÂÈ˜ ÛÙËÓ ÂÈÊ¿ÓÂÈ· ÙÔ˘ Û‡ÚÌ·ÙÔ˜ (·Ú¯ÈÎ‹ ÌÂÁ¤ı˘ÓÛË 80Ã).

b) ÌÂÁ·Ï‡ÙÂÚË ÌÂÁ¤ı˘ÓÛË ÏÂÙÔÌ¤ÚÂÈ·˜ ÙË˜ ÂÈÎfiÓ·˜ 4·, fiÔ˘ Ê·›ÓÂÙ·È Ë ˘ÎÓ‹ ÌÂÌ‚Ú¿ÓË ˘ÌÂÓ›ˆÓ Ô˘ ¤¯ÂÈ Î·ıÈ˙¿ÓÂÈ ÛÙËÓ ÂÈ-

Ê¿ÓÂÈ· ÙÔ˘ Û‡ÚÌ·ÙÔ˜ (·Ú¯ÈÎ‹ ÌÂÁ¤ı˘ÓÛË 400Ã).

Fig 4: Secondary electron image of a retrieved NiTi wire following exposure to the intraoral environment of a patient for 6 months. 

a) note the rough topography and precipitations on the wire surface (Orig. Mag. 80X).

b) higher magnification of a detail of Fig 4a revealing the dense integument film precipitated on the wires surface (Orig. Mag

400X).  
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ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ (Eliades Î·È Û˘Ó.,
2000). 
™ÙËÓ ·ÎÌ‹ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ Ë ÔÔ›· ‚Ú›ÛÎÂÙ·È ·¤Ó·ÓÙÈ
·˘Ù‹˜ Ô˘ Â›Ó·È ÂÓÙfi˜ ÙÔ˘ ·ÁÎ˘Ï›Ô˘ ·Ú·ÙËÚ‹ıËÎÂ
·˘ÍËÌ¤ÓË Û˘¯ÓfiÙËÙ· ÚˆÁÌÒÓ Î·È Û¯ÈÛÌÒÓ, Èı·ÓÒ˜
ÏfiÁˆ ÙË˜ ·ÚÔ˘Û›·˜ ÂÊÂÏÎ˘ÛÙÈÎÒÓ ‰˘Ó¿ÌÂˆÓ Ô˘
‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È ÙÔÈÎ¿ ·fi ÙËÓ ÂÌÏÔÎ‹ ÙÔ˘ Û‡ÚÌ·-
ÙÔ˜ ÂÓÙfi˜ ÙÔ˘ ·ÁÎ˘Ï›Ô˘. ∞˘Ù¿ Ù· ·Ó‡ÛÌ·Ù· ‰˘Ó¿ÌÂˆÓ
ÚÔÎ¿ÏÂÛ·Ó ·ÏÏ·Á¤˜ ÛÙË ÌÈÎÚÔ‰ÔÌ‹ ÙÔ˘ ÎÚ¿Ì·ÙÔ˜,
ÔÈ ÔÔ›Â˜ ÚÔÎ¿ÏÂÛ·Ó ÌÂ›ˆÛË ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÎfiÎ-
ÎˆÓ ÛÙÈ˜ ÂÚÈÔ¯¤˜ Ô˘ Û˘ÌÈ¤ÛÙËÎ·Ó. √È ·ÏÏ·Á¤˜ ÙË˜
ÌÈÎÚÔ‰ÔÌ‹˜ ÂÂÎÙÂ›ÓÔÓÙ·Ó Î·È ¤Ú· ·fi ÙËÓ ÂÚÈÔ¯‹
ÎÔÓÙ¿ ÛÙËÓ ÂÈÊ¿ÓÂÈ·. ∞ÏÏ·Á¤˜ ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÎfiÎ-
ÎˆÓ Â›Ó·È Î·Ï¿ ÙÂÎÌËÚÈˆÌ¤ÓÂ˜ ÛÙË ÌÂÙ·ÏÏÔ˘ÚÁ›· NiTi,
ˆ˜  SIM (stress-induced martensite – Ì·ÚÙÂÓÛ›ÙË˜ Ô˘
‰ËÌÈÔ˘ÚÁÂ›Ù·È ÏfiÁˆ Ù¿ÛË˜), fiÔ˘ Ë Ì·ÚÙÂÓÛÈÙÈÎ‹ ÌÂÙ·-
‚ÔÏ‹ ÂÈÛ˘Ì‚·›ÓÂÈ Î¿Ùˆ ·fi ÙÔ ıÂÚÌÔÎÚ·ÛÈ·Îfi
Â‡ÚÔ˜ ÌÂÙ¿‚·ÛË˜ (TTR - transition temperature range)
ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÂÍˆÙÂÚÈÎ‹˜ Ù¿ÛË˜ (Weyman,
1993). ¢ÂÓ Â›Ó·È ÁÓˆÛÙfi Î·Ù¿ fiÛÔÓ ·˘Ù‹ Ë ÌÂÙ·‚Ô-
Ï‹ ·ÓÙÈÎ·ÙÔÙÚ› Â̇È ¤Ó· Ê·ÈÓfiÌÂÓÔ ÌÂ ÎÏÈÓÈÎ‹ ÛËÌ·Û›·
Ô˘ Û¯ÂÙ› Â̇Ù·È Èı·ÓÒ˜ ÌÂ ÙËÓ ¤ÎÊÚ·ÛË ÙˆÓ ˘ÂÚÂÏ·-
ÛÙÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙÔ˘ Û‡ÚÌ·ÙÔ˜. 
ªÈÎÚÔÛÎÔÈÎ‹ ‰ÈÂÚÂ‡ÓËÛË ÙˆÓ ÌÂÙ·ÏÏÔÁÚ·ÊÈÎ¿ ÛÙÈÏ-
‚ˆÌ¤ÓˆÓ ‰ÂÈÁÌ¿ÙˆÓ ¤‰ÂÈÍÂ fiÙÈ ÔÈ ÂÈÊ¿ÓÂÈÂ˜ ÙÔ˘ Û‡Ú-
Ì·ÙÔ˜ Ô˘ ‹Ù·Ó ÂÓÙfi˜ ÙË˜ Û¯ÈÛÌ‹˜ ÙÔ˘ ·ÁÎ˘Ï›Ô˘
·ÚÔ˘Û›·˙·Ó ·ÒÏÂÈ· ˘ÏÈÎÔ‡ Î·È ‰È¿‚ÚˆÛË ‰È·Êfi-
ÚˆÓ Ù‡ˆÓ, fiˆ˜ ·ÔÛÙÚˆÌ¿ÙˆÛË, Û¯ÈÛÌ¤˜ Î·È ‚ÂÏÔ-
ÓÔÂÈ‰‹ ‰È¿‚ÚˆÛË. ∆· ÛËÌÂ›· ÙˆÓ Â·Ó·ÎÙËı¤ÓÙˆÓ Û˘Ú-
Ì¿ÙˆÓ Ô˘ ‚Ú›ÛÎÔÓÙ·Ó ÂÓÙfi˜ ÙÔ˘ ·ÁÎ˘Ï›Ô˘ Â›¯·Ó
ÌÈÎÚfiÙÂÚÔ Ì¤ÁÂıÔ˜ ÎfiÎÎˆÓ Û˘ÁÎÚÈÙÈÎ¿ ÌÂ Ù· ·‰ÚÔÔÈ-
ËÌ¤Ó· Û‡ÚÌ·Ù· ·Ó·ÊÔÚ¿˜.
∞ÚÎÂÙ¤˜ ÛËÌ·ÓÙÈÎ¤˜ ‰È·ÊÔÚ¤˜ ·Ú·ÙËÚ‹ıËÎ·Ó ÛÙËÓ
ÂÈÊ·ÓÂÈ·Î‹ ÌÔÚÊÔÏÔÁ›· ÙË˜ Ï¿ÁÈ·˜ fi„Ë˜ Û˘ÚÌ¿-
ÙˆÓ ÛÙ· ÔÔ›· ¤ÁÈÓ·Ó ÂÈÌ‹ÎÂÈ˜ ÙÔÌ¤˜ Î·È ·ÎÔÏÔ‡ıË-
ÛÂ ÏÂ›·ÓÛË Û˘ÁÎÚÈÙÈÎ¿ ÌÂ Ù· ‰Â›ÁÌ·Ù· ÛÙËÓ Î·Ù¿ÛÙ·ÛË
Ô˘ ·˘Ù¿ ·Ú·Ï·Ì‚¿ÓÔÓÙ·È ·fi ÙÔ ÛÙfiÌ·. ∂ÈÊ·ÓÂÈ-
·Î¤˜ ÂÚÈÔ¯¤˜ Ô˘ ‚Ú›ÛÎÔÓÙ·È ÂÓÙfi˜ ÙË˜ Û¯ÈÛÌ‹˜ ÙÔ˘
·ÁÎ˘Ï›Ô˘ ·ÚÔ˘Û›·Û·Ó ÂÎÛÂÛËÌ·ÛÌ¤ÓË ÊıÔÚ¿, ÂÓÒ
·Ú·ÙËÚ‹ıËÎ·Ó, ·ÎfiÌË, ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ Û¯‹Ì·Ù·
·ÔÛÙÚˆÌ¿ÙˆÛË˜. ∏ ‰ÈÂ˘ÎfiÏ˘ÓÛË ÙË˜ ÊıÔÚ¿˜ ÙˆÓ
Û˘ÁÎÂÎÚÈÌ¤ÓˆÓ ÂÚÈÔ¯ÒÓ ÌÔÚÂ› Ó· ·Ô‰ÔıÂ› ÛÂ
‰˘Ó¿ÌÂÈ˜ Û˘Ì›ÂÛË˜ Ô˘ ÂÌÊ·Ó›˙ÔÓÙ·È ÌÂÙ¿ ·fi ÂÓÂÚ-
ÁÔÔ›ËÛË ÙÔ˘ Û‡ÚÌ·ÙÔ˜ Î·Ù¿ ÙËÓ ÚfiÛ‰ÂÛ‹ ÙÔ˘,
Î·ıÒ˜ Î·È ÛÂ Èı·Ó‹ ÊıÔÚ¿ ÏfiÁˆ ÙÚÈ‚‹˜ Ô˘ ÂÈ-
Û˘Ì‚·›ÓÂÈ Ì¤Û· ÛÙË Û¯ÈÛÌ‹ ÙÔ˘ ·ÁÎ˘Ï›Ô˘. ∂Í¿ÏÏÔ˘, ÙÔ

martensite transformation temperature. These springs
can exert constant light, continuous force over a very
wide range, providing an optimal appliance for tooth
movement under appropriate clinical conditions.
However, it has been found that the force delivery of
the superelastic coil springs can be substantially
affected by small changes in temperature (Brantley,
2001).
A concern has been expressed on the effect of
intraoral aging as analysed in the foregoing section,
which involves severe surface and structural alterations
of the wires, on the martensite-austenite phase
transformation characteristics and proportions.
Evidence on this issue is lacking, however, a recent
study investigating the phase transformation of NiTi
endodontic rotary NiTi files reported that files
exposed to clinically-simulated procedures presented
similar percentage of phase transformation to that
found for the as-received products (Brantley et al.,
2002). The exposure of endodontic files to the
intraoral environment is vastly irrelevant to the
archwire application because of the duration and
potency of affecting variables, thus, further research
on this issue is required before a definitive consensus
is reached.
In addition, the mechanical properties of the nickel-
titanium archwires that have been previously
discussed, and mainly the superelastic property, refer
mostly to a laboratory level and were basically
observed in vitro. Clinical studies focusing on the
assessment of the rate of tooth movement during
treatment using different archwire alloys, showed no
significant differences among superelastic,
nonsuperelastic NiTi wires, and multistranded
stainless steel wires (Cobb et al., 1998). Others have
concluded that superelasticity bears little or no clinical
importance for torque applications, since at least 45Æ
of activation was required to show deactivation
plateau (Meling and Odegaard, 1998a). Lastly,
three-point bending studies showed that superelastic
wires required at least 2mm of deflection to exhibit a
plateau region (Tonner and Waters, 1994). Support
to the foregoing conclusion has been provided by a
study revealing that that many superelastic wires
exhibit no superelastic properties in vivo, or at least no
advantage over conventional NiTi wires (Segner and
Ibe, 1995). These wires required a tooth
displacement of at least 1mm to express a plateau
region and a force level at the plateau reached 500
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Ê·ÈÓfiÌÂÓÔ ·˘Ùfi ÌÔÚÂ› Ó· ÚÔ¤ÏıÂÈ ·fi ÙË ‰ËÌÈÔ˘Ú-
Á›· ·˘Ï·ÎÒÛÂˆÓ Î·Ù¿ ÙËÓ ÔÏ›ÛıËÛË ÙÔ˘ Û‡ÚÌ·ÙÔ˜
·fi ÎÚ¿Ì· NiTi ÂÓÙfi˜ Û¯ÈÛÌ‹˜ ·ÁÎ˘Ï›Ô˘ ·fi ·ÓÔÍÂ›-
‰ˆÙÔ ¯¿Ï˘‚·. ∫Ú¿Ì·Ù· Û˘ÚÌ¿ÙˆÓ NiTi Î·È ‚-Ti ¤¯Ô˘Ó
ÙÈ˜ ÂÚÈÛÛfiÙÂÚÂ˜ Èı·ÓfiÙËÙÂ˜ Ó· ÂÌÊ·Ó›ÛÔ˘Ó ·˘Ùfi ÙÔ
Ê·ÈÓfiÌÂÓÔ ÏfiÁˆ ÙË˜ ·ÚÔ˘Û›·˜ ·‰ÚÒÓ ÂÈÊ·ÓÂÈÒÓ
Ô˘ Û¯ÂÙ›˙ÔÓÙ·È ÌÂ ÙËÓ ÂÂÍÂÚÁ·Û›· ÙÔ˘ ÎÚ¿Ì·ÙÔ˜ Î·Ù¿
ÙËÓ ÂÏ·ÛÌ·ÙÔÔ›ËÛ‹ ÙÔ˘. 

K§INIKH ™HMA™IA 
TøN Y¶EPE§A™TIKøN
I¢IOTHTøN KAI TH™ 
°HPAN™H™ TøN 
KPAMATøN NiTi

∆· Û‡ÚÌ·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ·Ô‰›‰Ô˘Ó ÙÈ˜ ËÈfiÙÂÚÂ˜
‰˘Ó¿ÌÂÈ˜ Î·È ¤¯Ô˘Ó ÙÔ ÌÂÁ·Ï‡ÙÂÚÔ ÂÏ·ÛÙÈÎfi Â‡ÚÔ˜
·fi Ù· Ù¤ÛÛÂÚ· ‰ËÌÔÊÈÏ‹ ÎÚ¿Ì·Ù·. ∂›ÛË˜, ‰È·ı¤-
ÙÔ˘Ó ÂÍ·ÈÚÂÙÈÎ‹ ÈÎ·ÓfiÙËÙ· Â·Ó·ÊÔÚ¿˜, È‰È·›ÙÂÚ· Ù·
ÎÚ¿Ì·Ù· ÌÂ ÌÓ‹ÌË Û¯‹Ì·ÙÔ˜. ∂Ó ÙÔ‡ÙÔÈ˜, Ù· Û‡ÚÌ·Ù·
·˘Ù¿ Â›Ó·È ·ÎÚÈ‚¿, ¤¯Ô˘Ó ÌÈÎÚ‹ ÈÎ·ÓfiÙËÙ· ‰È·ÌfiÚÊˆ-
ÛË˜ Î·È ‰ÂÓ ÌÔÚÔ‡Ó Ó· ˘ÔÛÙÔ‡Ó Û˘ÁÎfiÏÏËÛË ‹ Ù‹ÍË
(Brantley, 2001). ∏ ÙÚÈ‚‹ ·ÁÎ˘Ï›Ô˘-Û‡ÚÌ·ÙÔ˜ Â›Ó·È
ÂÍ›ÛÔ˘ ˘„ËÏ‹ ÌÂ ·˘Ù‹ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ‚‹Ù·-ÙÈÙ·Ó›Ô˘,
ÏfiÁˆ ÙˆÓ Û¯ÂÙÈÎ¿ ·‰ÚÒÓ ÂÈÊ·ÓÂÈÒÓ Û‡ÚÌ·ÙÔ˜ Ô˘
ÔÊÂ›ÏÔÓÙ·È ÛÙË ÌÂÁ¿ÏË ÂÚÈÂÎÙÈÎfiÙËÙ· ÙÈÙ·Ó›Ô˘. ¶·Úfi-
Ï· ·˘Ù¿, ‰ÂÓ ˘¿Ú¯Ô˘Ó ÎÏÈÓÈÎ¤˜ ÌÂÏ¤ÙÂ˜ Ô˘ Ó· Î·ıÔ-
Ú›˙Ô˘Ó ÙË Û˘ÁÎÚÈÙÈÎ‹ ÙÚÈ‚‹ ÔÏ›ÛıËÛË˜ ÌÂÙ·Í‡ ‰È·Êfi-
ÚˆÓ ÎÚ·Ì¿ÙˆÓ. ∆· ÌfiÓ· Â› ÙÔ˘ ·ÚfiÓÙÔ˜ ‰È·ı¤ÛÈÌ·
ÛÙÔÈ¯Â›· ‰ÂÓ ·ÔÎ·Ï‡ÙÔ˘Ó ‰È·ÊÔÚ¤˜ ÛÙË ‰È¿ÚÎÂÈ·
ÙË˜ ıÂÚ·Â›·˜ ·ÛıÂÓÒÓ Î·Ù¿ ÙËÓ ÔÔ›· ¯ÚËÛÈÌÔÔÈ‹-
ıËÎ·Ó ÎÚ¿Ì·Ù· NiTi ÌÂ ÙÂÏÂ›ˆ˜ ‰È·ÊÔÚÂÙÈÎ¿ ¯·Ú·ÎÙË-
ÚÈÛÙÈÎ¿ ÂÈÊ·ÓÂ›·˜, ‰ËÏ·‰‹ NiTi ‚ÔÌ‚·Ú‰ÈÛÌ¤ÓÔ ÌÂ
ÈfiÓÙ· Î·È Û˘Ì‚·ÙÈÎfi NiTi (Kula Î·È Û˘Ó., 1998).
Ÿˆ˜ ÂÈÒıËÎÂ ÚÔËÁÔ˘Ì¤Óˆ˜, Ù· ÙÂÙÚ¿ÁˆÓ· Û‡ÚÌ·-
Ù· NiTi Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ¯ÚËÛÈÌÔÔÈËıÔ‡Ó ÛÙËÓ ·Ú¯‹
ÙË˜ ıÂÚ·Â›·˜ ÁÈ· Ó· ‰ÈÂ˘ÎÔÏ‡ÓÔ˘Ó ÙËÓ Ù·˘Ùfi¯ÚÔÓË
‰ÈfiÚıˆÛË ÛÙÚÔÊÒÓ Î·È ·ÔÎÏ›ÛÂˆÓ, ÙËÓ ÂÈ¤‰ˆÛË
Î·È ÙËÓ ·fi‰ÔÛË ÙÔ˘ torque Î·È, ¤ÙÛÈ, ÛÂ ÔÚÈÛÌ¤ÓÂ˜
ÂÚÈÙÒÛÂÈ˜, Ë ıÂÚ·Â›· ÌÔÚÂ› Ó· ÍÂÎÈÓ‹ÛÂÈ ÌÂ ÙÂÙÚ¿-
ÁˆÓ· Û‡ÚÌ·Ù· ÌÂÁ¿ÏË˜ ‰È·ÙÔÌ‹˜ Ô˘ Û¯Â‰fiÓ ÏË-
ÚÔ‡Ó ÙÂÏÂ›ˆ˜ ÙË Û¯ÈÛÌ‹ ÙÔ˘ ·ÁÎ˘Ï›Ô˘. ∆· ˘ÂÚÂÏ·ÛÙÈ-
Î¿ Î·È Ù· Û‡ÚÌ·Ù· ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘ ÌÂ ÌÓ‹ÌË Û¯‹Ì·-
ÙÔ˜ Â›Ó·È È‰È·›ÙÂÚ· ¯Ú‹ÛÈÌ· ÂÎÂ› fiÔ˘ ··ÈÙÔ‡ÓÙ·È
ÌÂÁ¿ÏÂ˜ ·Ú·ÌÔÚÊÒÛÂÈ˜ ÙÔ˘ Û‡ÚÌ·ÙÔ˜ ÛÂ ÂÎÙÂÙ·Ì¤ÓÔ
Û˘ÓˆÛÙÈÛÌfi, ÂÓÒ Î·È Ù· ˘ÂÚÂÏ·ÛÙÈÎ¿ ÂÚÈÂÏÈÁÌ¤Ó·

gr, a magnitude far beyond the typical limits of
orthodontic force application, whereas others have
estimated a maximum vertical force of 390 gr, by
simulating 1mm and 2mm crowding with 20Æ
angulation (Schumacher et al., 1992). Thus, in vivo
studies revealed no superelastic behavior of
superelastic NiTi wires and no differences on tooth
migration in cases treated with these wires compared
to the therapeutic results of the conventional NiTi
wires. 

REFERENCES

Airoldi G, Riva G, Vanelli M, Filippi V, Garattini G.
Oral environment temperature changes induced by
cold/hot liquid intake. Am J Orthod Dentofacial
Ortop 1997;112:58-63.

Andreasen GF, Brady PR. A use hypothesis for 55
nitinol wire for orthodontics. Angle Orthod
1972;42:172-177.

Andreasen GF, Heilman H, Krell D. Stiffness changes
in thermodynamic nitinol with increasing
temperature. Angle Orthod 1985;55:120-126.

Andreasen GF, Hilleman TB. An evaluation of 55
cobalt substituted nitinol wire for use in
orthodontics. J Am Dent Assoc 1971;82:1373-5.

Bradley TG. A differential scanning calorimetrc
determination of the phase transformation
temperature ranges in superelastic and
nonsuperelastic nickel-titanium orthodontis arch
wires. Master of science. Thesis. Columbus.1993.

Bradley TG, Brantley WA, Culbertson B.  Differential
scanning calorimetry (DSC) analyses of
superelastic and nonsuperelasticity nickel-titanium
orthodontic wires. Am J Orthod Dentofacial
Orthop 1996;109:589-597.

Brantley WA, Webb CS, Soto U, Cai Z, McCoy BP.
X-ray diffraction analyses of Copper Ni-Ti
orthodontic wires. J Dent Res 1997;76:401.

Brantley WA. Orthodontic wires, in: Brantley WA,
Eliades T (eds) Orthodontic materials: scientific
and clinical aspects. Stuttgard (Germany): Thieme
2001:91-99.

Brantley WA, SvecT, Iijima M, Powers J, Grentzer T.
Differential scanning calorimetry of new and used
nickel-titanium rotary files. J Dent Res 2002; 80
(AADR abstracts):3854.

Burstone CJ. Variable modulus orthodontics. Am J

125



O
P£

O
¢
O
N
TI
KH

ET

AI
PEI

A
E§§A¢O

™
1963X. °KIOKA Î·È £. H§IA¢H™ YÂÚÂÏ·ÛÙÈÎfiÙËÙ· ÔÚıÔ‰ÔÓÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›Ô˘-ÙÈÙ·Ó›Ô˘

E§§HNIKH OP£O¢ONTIKH E¶I£EøPH™H 2002 ñ TOMO™ 5 HELLENIC ORTHODONTIC REVIEW 2002 ñ VOLUME 5

C. GIOKA and T. ELIADES Superelasticity o f nickel-titanium orthodontic archwires

ÂÏ·Ù‹ÚÈ· NiTi, Ô˘ ·Ú¯ÈÎ¿ ‰ËÌÈÔ‡ÚÁËÛ·Ó ÁÈ· ÔÚıÔ-
‰ÔÓÙÈÎ‹ ¯Ú‹ÛË ÔÈ Miura Î·È Û˘Ó., (1998), ¤Ù˘¯·Ó
Â˘ÚÂ›·˜ ÂÊ·ÚÌÔÁ‹˜. ∏ ‰‡Ó·ÌË Ô˘ ·ÛÎÂ›Ù·È ·fi ÙÔ
ÂÏ·Ù‹ÚÈÔ ÂÍ·ÚÙ¿Ù·È ·fi ÙË ‰È¿ÌÂÙÚÔ ÙÔ˘ Û‡ÚÌ·ÙÔ˜, ÙÔ
Ì¤ÁÂıÔ˜ ÙÔ˘ ·˘ÏÔ‡, ÙÔ ‚‹Ì· ÙÔ˘ ·ÓÔÈÎÙÔ‡ ÂÏ·ÙËÚ›Ô˘
Î·È ÙË ıÂÚÌÔÎÚ·Û›· Ì·ÚÙÂÓÛÈÙÈÎ‹˜ ÌÂÙ·‚ÔÏ‹˜. ∆· ÂÏ·-
Ù‹ÚÈ· ·˘Ù¿ Â›Ó·È ÛÂ ı¤ÛË Ó· ·ÛÎÔ‡Ó ÛÙ·ıÂÚ‹, ‹È·,
Û˘ÓÂ¯‹ ‰‡Ó·ÌË ÛÂ ÌÂÁ¿ÏÔ Â‡ÚÔ˜, ·Ú¤¯ÔÓÙ·˜ ÙË ‚¤Ï-
ÙÈÛÙË Û˘ÛÎÂ˘‹ ÁÈ· Ô‰ÔÓÙÈÎ‹ ÌÂÙ·Î›ÓËÛË ˘fi ÙÈ˜ Î·Ù¿Ï-
ÏËÏÂ˜ ÎÏÈÓÈÎ¤˜ Û˘Óı‹ÎÂ˜. ∂Ó ÙÔ‡ÙÔÈ˜, ‚Ú¤ıËÎÂ fiÙÈ Ë
·fi‰ÔÛË ‰‡Ó·ÌË˜ ÙˆÓ ˘ÂÚÂÏ·ÛÙÈÎÒÓ ÂÚÈÂÏÈÁÌ¤ÓˆÓ
ÂÏ·ÙËÚ›ˆÓ ÌÔÚÂ› Ó· ÂËÚÂ·ÛÙÂ› Ô˘ÛÈ·ÛÙÈÎ¿ ·fi
ÌÈÎÚ¤˜ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ (Brantley,
2001).
∞ÓËÛ˘¯›· ÚÔÎ·ÏÂ›, Â›ÛË˜, Ë Â›‰Ú·ÛË ÙÔ˘ Ê·ÈÓÔ-
Ì¤ÓÔ˘ ÂÓ‰ÔÛÙÔÌ·ÙÈÎ‹˜ Á‹Ú·ÓÛË˜ - fiˆ˜ ·Ó·Ï‡ıËÎÂ
ÚÔËÁÔ˘Ì¤Óˆ˜, Î·È ·ÊÔÚ¿ ÛÂ ÛËÌ·ÓÙÈÎ¤˜ ÂÈÊ·ÓÂÈ·-
Î¤˜ Î·È ‰ÔÌÈÎ¤˜ ·ÏÏÔÈÒÛÂÈ˜ ÙˆÓ Û˘ÚÌ¿ÙˆÓ - ÛÙ· ¯·Ú·-
ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ÌÂÙ·‚ÔÏ‹˜ Ê¿ÛË˜ Ì·ÚÙÂÓÛ›ÙË-ˆÛÙÂÓ›ÙË
Î·È ÛÙÈ˜ ·Ó·ÏÔÁ›Â˜. ¢ÂÓ ˘¿Ú¯Ô˘Ó Â·ÚÎ‹ ‰Â‰ÔÌ¤Ó·
ÁÈ· ÙÔ ı¤Ì· ·˘Ùfi. ∂Ó ÙÔ‡ÙÔÈ˜, ÌÈ· ÚfiÛÊ·ÙË ÌÂÏ¤ÙË
Ô˘ ‰ÈÂÚÂ˘Ó¿ ÙË ÌÂÙ·‚ÔÏ‹ Ê¿ÛË˜ ÙÔ˘ NiTi ÛÙÈ˜ ÂÓ‰Ô-
‰ÔÓÙÈÎ¤˜ ÂÚÈÛÙÚÔÊÈÎ¤˜ Ú›ÓÂ˜ NiTi ·Ó·Ê¤ÚÂÈ fiÙÈ ÔÈ
Ú›ÓÂ˜ Ô˘ ÂÎÙ¤ıËÎ·Ó ÛÂ Û˘Óı‹ÎÂ˜ ÎÏÈÓÈÎ‹˜ ÚÔÛÔÌÔ›-
ˆÛË˜ ·ÚÔ˘Û›·Û·Ó ·ÚfiÌÔÈÔ ÔÛÔÛÙfi ÌÂÙ·‚ÔÏ‹˜
Ê¿ÛË˜ ÌÂ ·˘Ùfi ÚÈÓÒÓ Ô˘ Â·Ó·ÎÙ‹ıËÎ·Ó ÌÂÙ¿ ·fi
ÎÏÈÓÈÎ‹ ¯Ú‹ÛË (Brantley Î·È Û˘Ó., 2002). ∏ ¤ÎıÂÛË
ÂÓ‰Ô‰ÔÓÙÈÎÒÓ ÚÈÓÒÓ ÛÙÔ ÛÙÔÌ·ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ ‰ÂÓ
¤¯ÂÈ Î·Ì›· Û¯¤ÛË ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙÔ˘ Û˘ÚÌ¿ÙÈÓÔ˘
ÙfiÍÔ˘, ÏfiÁˆ ÙË˜ ‰È¿ÚÎÂÈ·˜ Î·È ÙÔ˘ ‰˘Ó·ÌÈÎÔ‡ ÙˆÓ
·Ú·Ì¤ÙÚˆÓ Ô˘ ÂÈ‰ÚÔ‡Ó. ŒÙÛÈ, ··ÈÙÂ›Ù·È ÂÚ·ÈÙ¤Úˆ
¤ÚÂ˘Ó· ÛÙÔ ı¤Ì· ·˘Ùfi ÚÔÙÔ‡ ˘¿ÚÍÂÈ ÔÌÔÊˆÓ›·.
∂ÈÏ¤ÔÓ, ÔÈ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ Û˘ÚÌ¿ÙˆÓ ÓÈÎÂÏ›-
Ô˘-ÙÈÙ·Ó›Ô˘ Ô˘ Û˘˙ËÙ‹ıËÎ·Ó ÚÔËÁÔ˘Ì¤Óˆ˜, Î·È
Î˘Ú›ˆ˜ Ë ˘ÂÚÂÏ·ÛÙÈÎ‹ È‰ÈfiÙËÙ·, ·Ó·Ê¤ÚÔÓÙ·È Ô˘ÛÈ·-
ÛÙÈÎ¿ ÛÂ ÂÚÁ·ÛÙËÚÈ·Îfi Â›Â‰Ô Î·È ·Ú·ÙËÚ‹ıËÎ·Ó
Î·Ù¿ ‚¿ÛË in vitro. ∫ÏÈÓÈÎ¤˜ ÌÂÏ¤ÙÂ˜ Û¯ÂÙÈÎ¿ ÌÂ ÙËÓ
·ÍÈÔÏfiÁËÛË ÙÔ˘ Ú˘ıÌÔ‡ Ô‰ÔÓÙÈÎ‹˜ ÌÂÙ·Î›ÓËÛË˜ Î·Ù¿
ÙË ıÂÚ·Â›· ÌÂ ÙË ¯Ú‹ÛË ‰È·ÊÔÚÂÙÈÎÒÓ ÎÚ·Ì¿ÙˆÓ Û˘Ú-
Ì¿ÙˆÓ ‰ÂÓ ¤‰ÂÈÍ·Ó ÛËÌ·ÓÙÈÎ¤˜ ‰È·ÊÔÚ¤˜ ÌÂÙ·Í‡ ˘Â-
ÚÂÏ·ÛÙÈÎÒÓ, ÌË ˘ÂÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ NiTi Î·È
ÔÏ‡ÎÏˆÓˆÓ Û˘ÚÌ¿ÙˆÓ ·ÓÔÍÂ›‰ˆÙÔ˘ ¯¿Ï˘‚· (Cobb
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45Æ ÂÓÂÚÁÔÔ›ËÛË˜ Ì¤¯ÚÈ Ó· ÂÌÊ·ÓÈÛÙÂ› plateau ·Â-
ÓÂÚÁÔÔ›ËÛË˜ (Meling Î·È Odegaard, 1998a).
∆¤ÏÔ˜, ÌÂÏ¤ÙÂ˜ Î¿Ì„Ë˜ ÙÚÈÒÓ ÛËÌÂ›ˆÓ ¤‰ÂÈÍ·Ó fiÙÈ Ù·
˘ÂÚÂÏ·ÛÙÈÎ¿ Û‡ÚÌ·Ù· ··ÈÙÔ‡Û·Ó ÙÔ˘Ï¿¯ÈÛÙÔÓ 2 ¯ÈÏ.
·Ú·ÌfiÚÊˆÛË˜ Ì¤¯ÚÈ Ó· ÂÌÊ·ÓÈÛÙÂ› ÂÚÈÔ¯‹ plateau
(Tonner Î·È Waters, 1994). ∞˘Ùfi ÂÈ‚Â‚·ÈÒÓÂÙ·È Î·È
·fi ÌÂÏ¤ÙË Ô˘ ·ÔÎ·Ï‡ÙÂÈ fiÙÈ ÔÏÏ¿ ˘ÂÚÂÏ·ÛÙÈÎ¿
Û‡ÚÌ·Ù· ‰ÂÓ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ˘ÂÚÂÏ·ÛÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜
in vivo ‹, ÙÔ˘Ï¿¯ÈÛÙÔÓ, ‰ÂÓ ¤¯Ô˘Ó ÏÂÔÓÂÎÙ‹Ì·Ù· ¤Ó·-
ÓÙÈ ÙˆÓ Û˘Ì‚·ÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ NiTi (Segner Î·È Ibe,
1995). T· Û‡ÚÌ·Ù· ·˘Ù¿ ··ÈÙÔ‡Ó Ô‰ÔÓÙÈÎ‹ ÌÂÙ·Î›ÓË-
ÛË ÙÔ˘Ï¿¯ÈÛÙÔÓ 1 ¯ÈÏ. Ì¤¯ÚÈ Ó· ÂÌÊ·ÓÈÛÙÂ› ÂÚÈÔ¯‹
plateau ÛÙ· Û‡ÚÌ·Ù· ·˘Ù¿ Î·È ÙÔ Â›Â‰Ô ÙË˜ ‰‡Ó·-
ÌË˜ ÛÙÔ plateau ¤ÊÙ·ÓÂ Ù· 500 ÁÚ, Ì¤ÁÂıÔ˜ Ô˘
ÍÂÂÚÓ¿ Î·Ù¿ ÔÏ‡ Ù· Ù˘ÈÎ¿ fiÚÈ· ÂÊ·ÚÌÔÁ‹˜ ÔÚıÔ-
‰ÔÓÙÈÎ‹˜ ‰‡Ó·ÌË˜. ÕÏÏÔÈ ÂÚÂ˘ÓËÙ¤˜ ˘ÔÏfiÁÈÛ·Ó Ì¤ÁÈ-
ÛÙË Î·Ù·ÎfiÚ˘ÊË ‰‡Ó·ÌË 390 ÁÚ. ÛÂ Û˘Óı‹ÎÂ˜ ÚÔ-
ÛÔÌÔ›ˆÛË˜ Û˘ÓˆÛÙÈÛÌÔ‡ 1 ¯ÈÏ. Î·È 2 ¯ÈÏ. ÌÂ ÁˆÓ›ˆÛË
20Æ (Schumacher Î·È Û˘Ó., 1992). ŒÙÛÈ, ÔÈ in vivo
ÌÂÏ¤ÙÂ˜ ‰ÂÓ ¤‰ÂÈÍ·Ó ˘ÂÚÂÏ·ÛÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ
˘ÂÚÂÏ·ÛÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ Ô‡ÙÂ ‰È·ÊÔÚ¤˜ ÛÙËÓ Ô‰ÔÓÙÈ-
Î‹ ÌÂÙ·Î›ÓËÛË ÛÂ ÂÚÈÙÒÛÂÈ˜ Ô˘ ıÂÚ·Â‡ÙËÎ·Ó ÌÂ Ù·
Û‡ÚÌ·Ù· ·˘Ù¿ Û˘ÁÎÚÈÙÈÎ¿ ÌÂ Ù· ıÂÚ·Â˘ÙÈÎ¿ ·ÔÙÂÏ¤-
ÛÌ·Ù· ÙˆÓ Û˘Ì‚·ÙÈÎÒÓ Û˘ÚÌ¿ÙˆÓ NiTi.
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