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Abstract.The behaviour of  Ni-Ti and Copper Ni-Ti orthodontic wircs was tcsted undcr induccd torsion in controlled 
conditions of  moment and temperature. The results clearly demonstrate a great diffcrcncc in the behaviour of thcsc 
wires. The loading and unloading curves and plateau rcgions were found to bc closcly mlatcd to tcmpcraturc. 
Experiments carried out in conditions of  identical toision revealed significant variations in stiffness duc to changcs 
in mouth temperature. Divcrsity of reaction to stress is linked to the crystalline struclurc of  the alloys. 

1. INTRODUCTION 

Knowledge of the magnitude of torque applied to the tooth for a given amount of torsion on 
orthodontic wires is of the utmost importance to the clinician. Orthodontists have long varied the forces by 
changing the thickness of the same alloy wires in order to move the teeth. Today new alloys are available 
which could be used to modulate forces of identical cross-section wires1 11. Researchers have studied 
orthodontic wires under bending [2-31 but few torsion experiments have been reported. The behaviour of 
wires under torsion is very different from their behaviour under flexion and this due to the fact that distance 
between orthodontic brackets induces different stiffness of the arch-wire depending o n  whether flexion or 
torsion is applied. Thus, the inter-bracket distance varies by third power law in flexion whereas in torsion 
the variation is linear. 
The purpose of this study was to test Ni-Ti and Copper Ni-Ti orthodontic wires in torsion. Evaluation and 
comparison of their pseudoelastic properties (superelastic and memory effect) are dealt with in  this paper. 
Superelasticity and memory effect are linked to structural changes at certain temperatures 141. The stn~ctural 
state at high temperature is that of the austenite, and at low temperature it is that of the martensite or the R- 
phase (depending on the alloy used)[5-6.1. The results will then be discussed using Differential Scanning 
Calorimetry (DSC). This method allows identification of the c~ystallographic phases of alloys at various 
temperatures [7]. 

2. MATERIALS AND METHODS 

An original testing bench (figure 1) was used to test orthodontic wires under induced torsion in controlled 
clinical conditions of moment and temperature [8]. The system is immersed in a thermostatically controlled 
waterbath. The tests on torsion are conducted at the level of the right centntl incisor. In clinical conditions, 
moments of more than 1400 g.mm are not generally applied to central incisors, but the test was performed 
at higher values than normal in order to observe the wire properties. To study superelasticity, each wire 
was loaded at 22' C (room temperature) with molnents varying from 0 g.mm to 1680 g.mm and was 
unloaded at 37OC (buccal temperature). To study memory effect, thc arch wires were cooled at O°C and 
were loaded at 10°C in order to measure the degree increase when moments varied from 0 g.mm to 1260 
g.mm and when they were unloaded at 37°C. The values of torsion angles (degrees) are plotted o n  six 
graphs (figures 2 to 7). 
Four commercial orthodontic archwires were studied (Table 1). All the wires were available as preformed 
archwires. The exact composition and thermo-mechanical treatments of these wires are unknown. The 
archwires were submitted to torsion tests in order to evaluate the restored torclue. Restored moments of 
different Ni-Ti alloys are compared to those of stainless steel in the sa~iie conditions. The section of 
brackets bonded to the dental arch simulator is 0.01 8 x 0.025 inches (0.46 x 0.64 mm2) and the section of 

-'the tested wires is 0.017 x 0.025 inches (0.435 x 0.64 1iim2) or 0.01 S s 0.025 inches (0.36 x 0.64 mm2). 
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Figlire I : The resting bench - A dentul arch simulutor ; B lever ; C ship of iron ; 
D gruduuredpul1e.v. E weight ; F rhertno.stutic bobbing lzeurer. 

Table I : Details on the various urcrhwires used. 

Differential Scanning Calorimetry measurements (DSC) were used to determine the transfornption 
temperatures of these Ni-Ti wires. DSC measurements were performed by a Mettler 30mA 4000 machine. 
The coolinglheating rate is S°C/min. The DSC samples of the wire were cut at the level of the central 
incisor. The different transformation temperatures are presented on Table 2. The transformations were 
exothermic on cooling, and endothermic on heating. 

Table 2: Transformaion temperatures determined by DSC during cooling or heating. 

The DSC experiments show that it is the A - R transformation which occurs in the case of US Ni-Ti@ 
and Neo Sentalloy F l W ,  and the A - M transformation which occurs in the case of Copper Ni-Ti 358 
and Copper Ni-Ti m. 



In order to study superelasticity, each wire is loaded at 22OC and unIoaded at 37OC. To observe memory 
effect, the wires are loaded at 10°C and unloaded at 37OC. In the graphs, the thin lines correspond to the 
loading wire and the thick lines to the unloading wire. 
There is a certain gap between the section of these wires and the brackets. Torsion play is evaluated at 4.5' 
maximum [9]. This explains the behaviour of wires in the first 4-5Odegrees of torsion. 

Stainless steel 

i 

Figure 2 : Curves of US Ni-Ti @. Figure 3 :Cwve.s of' Neo Sentalloy F 200 @. 

US Ni-Ti@ (fig. 2): With superelastic and memory effects, the unloading slopes are similar, only the 
unloading plateaux are different. The loading slopes are more gradual than the unloading slopes in the case 
of two properties. 
Neo Sentalloy@ (fig. 3) and Copper Ni-Ti 35@ (fig. 4) show the same behaviour in memory effect : the 
loading slope is more gradual than the unloading slope. This is not the case with superelasticity : the 
loading and unloading slopes are similar. 
Copper Ni-Ti 40@ (fig. 5) curves are similar to Copper Ni-Ti 3 5 8  curves in memory effect, but the plateau 
level is inferior. In superelasticity, the loading slope is more gradual than the unloading slope. After 
unloading, this wire shows a certain deformation which is greater in superelasticity than in memory effect. 
Figures 2 to 5 show that the temperature does not modify the elastic behaviour of stainless steel. 
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Figure 5 : Curves of Copper Ni-Ti 40 @. 
Figure 4 : Curves o f  Copper Ni-Ti 35 8. 

A11 the diagrams show characteristic curves of superelasticity and memory effect. All the curves in torsion 
present, on loading, a slope followed by what is more o r  less a plateau and, on unloading, a plateau 
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followed by a slope. All the wires in memory effect show an unloading plateau which is lower than that 
recorded for superelasticity. 
Apart from Copper Ni-Ti 408,  all the wires, after unloading, return to their original shape. This behaviour 
during unloading is very important : it corresponds to tooth movement. 
Superposition (fig. 6 and 7) of the curves of different wires permits a comparison between.superelasticity 
and memory effect. 

Figure 6 : Ssiperelnsticiry. Fixr~rc! 7 : Mcnzory cff'ect 

Analysis of these different wires allows them to be classified i n  order of decreasing restored moment at the 
plateau values level (table 3). This order is not the same for superelasticity and memory effect. 
Memory effect MUS Ni-Ti > M ~ o ~ ~ c r N i - ~ i  35 > MNS Fl(X) > M~oppcrNi-Ti 30 : 
Sllperelasticity : Ni-Ti > MNS F100 > M~op~crNi-~i  35 > M~o~)~crNi-Ti 40. 

These torsion tests show the difference of behaviour of Ni-Ti and Copper Ni-Ti wires  rider similar stress 
when environmental temperatures change. Diversity of reaction to stress is linked to the cryst ;I 11' ~ n e  strttcture 
of the alloys, and this is investigated by DSC (Table 2). 

Wire 

US Ni-Ti8 

Copper Ni-Ti 3 5 0  

Neo Sentalloy F1000 

Copper Ni-Ti 4 0 8  

4. DISCUSSION 

The DSC graphs during cooling give the structural state of the wires before loading at a certain temperature, 
and thus, during heating, enable us to estimate the behaviour of the wire during unloading (when teeth are 
moving). Stainless steel does not show any transformation at buccal temperature. Magnitude of stress 
applied to the teeth is not linked to buccal temperi~t~~re. Loading and unloading slopes are the same. 

Table 3 : Restored moments in memory cffi!cr t r t d  .sr~ppercltr,sricir~ (11 the pktrtetrr~u 1cvcl.s. 

US Ni-Ti@ : The transformation from tile ziustenitic state to the R-phase takes place at 245°C. This 
explains why the slope of the curve at 22°C is lower than the slope of the curve at 37°C. At 22"C, o n  
loading, the material is certainly biphased (austenite and R-phase) and at 37OC, it is in the austenitic phase. 
In fact, the R-phase elastic modulus is much lower than the austenitic phase. After cooling at O°C, the 
material is entirely in R-phase and the loading slope at 10°C is lower than that at 22°C. For the same amount 
of torsion of an edgewise wire, the developed moments at 10°C will be weaker than those developed at 
22OC. 

Memory cff'cct 
Torsion 

P, 
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57 -+ 15 

57 -+ 20 
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57 4 21 
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Restored M 
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1680 4 1330 

1050 -+ 980 

1 120 -3 700 

630 -+ 280 



After unloading, the wire returns to its original shape (0' torsion) because the reverse transformation (R 
-t A) is finished at 29OC, a temperature which is lower than buccal temperature. 

In the case of Neo Sentalloy F1008, at 22OC when stress is applied, the material is austenitic (TR = 
21.7OC), and the mechanical energy applied during loading is sufficient to allow the R-phase to appear. The 
orthodontist can advantageously use superelasticity. After cooling at O°C, the material is entirely in R-phase 
and the orthodontist can use memory effect. After unloading, as in the case of US Ni-Ti@, the wire returns 
to its original shape (0' torsion) because the reverse transformation (R -+ A) finishes at 27.2OC. 
The A tt R transformation is used for US Ni-Ti8 and Neo Sentalloy F1008 because the transformation 
temperatures to martensite are too low. In superelasticity, this wire shows an unloading plateau of 1600 
g.mm which is too high a level for a central incisor. 

Copper Ni-Ti, which is characterized by direct transformation from austenite to martensite, never 
experiences the R-phase (Table 2). DSC measurements of Copper Ni-Ti 358 during cooling show that the 
martensitic transformation (Ms) occurs at 17S°C (Table 2). When the wire is loaded at 22OC, it is in the 
austenitic phase. Thus, the loading and the unloading curves for superelasticity are the same. A load of 910 
g.mm allows the martensitic phase to appear and thus the orthodontic wire develops superelastic behaviour. 
When the wire is cooled at O°C, the material is partially martensitic (Mf : -8.5OC). Therefore, the loading 
slope is Inore gradual than the unloading slope. At buccal temperature (37"C), the wire, after unloading, 
presents no permanent deformation because the reverse martensitic transformation is finished at 363°C. 

The transformation temperature of Copper Ni-Ti 408 from austenite to martensite begins at 20.2OC. Thus, a 
load of 560 g.mm is enough to provoke the superelasticity. The restoring moments delivered by this wire 
are weaker than those delivered by Copper Ni-Ti 358. After cooling at O°C, the material is completely 
martensitic (Mf : 3OC). Hence, the loading slope is more gradual than the unloading slope. At 37OC, the wire 
remains partially martensitic because the transformation ends at 40°C. Thus, after unloading, a permanent 
deformation remains : < So torsion. But Copper Ni-Ti 408 wire could return to 0' torsion only if the patient 
ate hot food. The restored moments of Copper Ni-Ti 408 are weaker than those observed in the case of the 
other wires. 

5. CONCLUSIONS 

Experimental study of Ni-Ti and Copper Ni-Ti alloy orthodontic wires in torsion give rise to the following 
observations. Compared to stainless steel archwires, these wires can produce slight forces and are able to 
endure great deformation in torsion without undergoing permanent deformation. The present results show 
that, in most cases, these wires have the ability to exhibit a  plate:^^ on unloading and thus produce a 
constant orthodontic force. Thus they provided the optimal conditions for tooth movement 1101. The level 
of the forces applied to the teeth depends on the transfor~nation temperatures of Ni-Ti and Copper Ni-Ti 
wires in relation to buccal temperature. The orthodontist can profitably use superelasticity or memory effect 
according to the clinical case. The clinician can choose between superelasticity and memory effect 
depending on the unloading level he is aiming at. During loading, the wire can easily be placed in the 
bracket without running the risk of bonding failure. Ni-Ti wires have other advantages like a reduction in 
the number of archwire changes needed to align teeth 11 I] .  
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