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A comparison of torque expression between stainless steel, titanium

molybdenum alloy, and copper nickel titanium wires in metallic

self-ligating brackets

Amy Archambaulta; Thomas W. Majorb; Jason P. Careyc; Giseon Heod; Hisham Badawie;
Paul W. Majorf

ABSTRACT
Objective: The force moment providing rotation of the tooth around the x-axis (buccal-lingual) is
referred to as torque expression in orthodontic literature. Many factors affect torque expression,
including the wire material characteristics. This investigation aims to provide an experimental study
into and comparison of the torque expression between wire types.
Materials and Methods: With a worm-gear–driven torquing apparatus, wire was torqued while a
bracket mounted on a six-axis load cell was engaged. Three 0.019 3 0.0195 inch wire (stainless
steel, titanium molybdenum alloy [TMA], copper nickel titanium [CuNiTi]), and three 0.022 inch slot
bracket combinations (Damon 3MX, In-Ovation-R, SPEED) were compared.
Results: At low twist angles (,12 degrees), the differences in torque expression between wires
were not statistically significant. At twist angles over 24 degrees, stainless steel wire yielded 1.5 to
2 times the torque expression of TMA and 2.5 to 3 times that of nickel titanium (NiTi). At high
angles of torsion (over 40 degrees) with a stiff wire material, loss of linear torque expression
sometimes occurred.
Conclusions: Stainless steel has the largest torque expression, followed by TMA and then NiTi.
(Angle Orthod. 2010;80:884–889.)

KEY WORDS: Torque expression; Orthodontic biomechanics; Self-ligating brackets; Stainless
Steel; TMA; NiTi wire

INTRODUCTION

To correct malocclusions associated with irregular
axial inclination of teeth, controlled root movement is
required. This movement is commonly referred to as
third order movement, root torque, or root uprighting.1

The twisting of an edgewise wire in a bracket slot
generates a torsional load.2 The force moment
providing rotation of the tooth around the x-axis
(buccal-lingual) is sometimes referred to in orthodontic
literature as torque expression. For the purposes of
this paper, torque is defined as the physical moment
applied to the bracket slot, measured in NNmm or in a
dimensionless form. In addition, angle or torque angle
is the angle to which the wire has been twisted in
degrees, and torque expression is defined as the
torque at a given angle or set of angles.

Torque expression is the result of the interaction of
many factors. Bracket design, wire/slot play (engage-
ment angle), mode of ligation,3 bracket deformation,4

wire stiffness,3,5 magnitude of wire torsion and dimen-
sion,4,6,7 and wire edge beveling,8–10 all have been
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suggested as factors that affect torque expression.
Clinical factors such as initial tooth inclination,4 bracket
position,11 and tooth anatomy12,13 are also determi-
nants of torque expression. Orthodontic bracket
manufacturers have sought to address these factors
by preangulating the bracket slot relative to the bracket
base. The prescription of slot angulations varies
between manufacturers, and some manufacturers
offer a range of slot angulations.

The relative contribution of wire type to torque
expression has not been well defined. Alloys with a
low modulus of elasticity, such as nickel titanium
(NiTi), result in decreased torque expression relative to
stainless steel.5 A recent publication suggested that
reduced modulus alloys such as NiTi and beta-titanium
(b-Ti), with only a fraction of the stiffness of stainless
steel wire, may be ineffective in transmitting a torque
moment within a bracket slot.3 Although no published
studies have evaluated torque expression with NiTi
and b-Ti archwires with self-ligating orthodontic brack-
ets, manufacturers have introduced 20 degree ‘‘pre-
torqued’’ NiTi wire.

The objective of this study was to compare torque
expression between three commonly employed wire
alloys: stainless steel, b-Ti, and NiTi.

MATERIALS AND METHODS

The orthodontic torque measurement device previ-
ously described by Badawi et al.14 was utilized to
measure torque expression in NNmm. This apparatus
consists of an orthodontic bracket mounted on a
multiaxis force/torque transducer (Nano 17 Multi-Axis
Force/Torque Transducer, ATI Industrial Automation,
Apex, NC) capable of measuring forces and torques in
three dimensions. The error of measurement of the
force/torque transducer is 1.5% (manufacturer speci-
fication). The load cell was used with a data acquisition
card, which imported the transducer signal to a
personal computer (DAC 16-Bit E Series NI PCI-
6033E, National Instruments, Austin, Tex). LabView
data acquisition software (National Instruments) was
used to acquire the signal from the transducer and to
log the force and torque data in the x-dimension to file,
along with the mean angle of torsion of the wire
segment. A digital inclinometer was used to measure
the angle of torsion of the wire segment (Model T2-
7200-1N, US Digital, Vancouver, Wash). The wire was
rotated by turning worm-gear. The wire subassembly
turned 3 degrees for every full turn of the worm-gear.14

To be consistent with data previously reported by
Badawi et al.,14 torque data were recorded every 3
degrees from 0 to 51 degrees.

One-hundred fifty maxillary right central incisor
brackets of each of three types of self-ligating brackets

(total: 450 brackets, In-Ovation-R, GAC, Bohemia, NY;
SPEED, Strite Industries, Cambridge, Ontario, Can-
ada; Damon 3MX, Ormco, Orange, Calif) were
included in the study. Straight lengths of 0.019 3

0.025 inch stainless steel, titanium molybdenum alloy
(TMA, a type of b-Ti), and copper nickel titanium
(CuNiTi) wire were tested in torsion, with a new
segment used for each experiment (300 Series
Stainless Steel lot #07J2J and #05A8A; TMA lot
#06E22E and #04B16B; 35 degree CuNiTi Custom
Order; Ormco, Glendora, Calif). The torque prescrip-
tion of the brackets was assumed to have no effect on
the method of study because each data set was
adjusted to the estimated true zero position of that
bracket during the data analysis.

The orthodontic torque measurement device was
placed in an incubator (Air-Shields Isolette Infant
Incubator, Model C100/200-2, Series 00, Serial DT
9290, Draeger Medical Systems Inc., Telford, Pa),
where all tests were conducted at an average
temperature of 37.92uC. All 450 experiments were
individually randomized to keep differences in temper-
ature and calibration of the device from confounding
the results. The device was calibrated before data
collection was begun (ATI Industrial Automation). Data
were collected by one investigator during an average
of two sessions per week for 14 weeks.

Statistical analysis was carried out at four angles
(12, 24, 36, and 48 degrees) to compare between
wires within brackets using multivariate analysis
(MANOVA), with the Bonferroni corrected significance
level (P , .017 is statistically significant).

RESULTS

Figures 1 to 3 show plotted comparisons of the
wires for each of the three bracket types by plotting
measured torque vs the angle of torque. Because this
was intended to be a comparative study between
wires, all torque values were expressed as a dimen-
sionless fraction of the maximum measured torque for
each bracket. Therefore, the maximum torque value
within each figure was set to be exactly one. The
remainder of this paper uses these nondimensiona-
lized units whenever quantifying torque. For each of
the three brackets, stainless steel wire produced the
greatest torque, followed by TMA, and then NiTi.

Statistical results for comparison of torque results
are shown in Table 1. At 12 degrees, the only
statistically significant difference was noted between
stainless steel and NiTi wires in In-Ovation brackets.
At all higher angles of torque (24, 36, and 48 degrees),
a statistically significant difference between wires was
seen for all types of brackets. The mean torque
difference is the difference in average torque for each

TORQUE EXPRESSION OF SS, TMA, AND CUNITI WIRES 885

Angle Orthodontist, Vol 80, No 5, 2010



wire comparison. For example, at 12 degrees, the
steel wire in the In-Ovation brackets produced an
average torque of 0.0467, whereas the NiTi produced
an average torque of 0.0240. Subtracting gives a mean
torque difference of 0.0226. Statistically irrelevant
results were excluded, which was particularly notable
at 12 degrees.

DISCUSSION

The maximum torque application angle (wire twist
relative to bracket slot) in the present study was

arbitrarily set at 51 degrees. Other researchers such
as Morina et al.3 have chosen to record only up to 20
degrees of torque angle. The typical bracket prescrip-
tion is less than 20 degrees, and use of straight wire
would limit torque ‘‘angulations’’ to the bracket
prescription. However, it is common clinical practice
to ‘‘pretwist’’ SS and TMA arch wires to add torque
expression. To account for the orthodontist bending a
‘‘twist’’ into the archwire, the present study evaluated
torque angle to 51 degrees. It is unlikely that a clinician
would introduce more than 51 degrees of twist into a
segment of archwire before engagement into the

Figure 1. Relative average torque expression in Damon brackets.

Figure 2. Relative average torque expression in In-Ovation brackets.
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Figure 3. Relative average torque expression in SPEED brackets.

Table 1. Statistical Comparisons

Torsional Angle, degrees Bracket Wire Comparisons Mean Torque Difference P Value (P # .017)

12 In-Ovation Steel-NiTia 0.0226 .011

24 Steel-NiTi 0.1237 ,.001

Damon TMAa-NiTi 0.0416 .011

Steel-TMA 0.0821 .001

Steel-NiTi 0.1175 ,.001

In-Ovation TMA-NiTi 0.0349 ,.001

Steel-TMA 0.0826 ,.001

Steel-NiTi 0.1425 ,.001

SPEED TMA-NiTi 0.0490 .005

Steel-TMA 0.0934 ,.001

36 Steel-NiTi 0.3803 ,.001

Damon TMA-NiTi 0.1241 ,.001

Steel-TMA 0.2562 ,.001

Steel-NiTi 0.3492 ,.001

In-Ovation TMA-NiTi 0.0963 ,.001

Steel-TMA 0.2529 ,.001

Steel-NiTi 0.3749 ,.001

SPEED TMA-NiTi 0.1423 ,.001

Steel-TMA 0.2326 ,.001

48 Steel-NiTi 0.6719 ,.001

Damon TMA-NiTi 0.2634 ,.001

Steel-TMA 0.4085 ,.001

Steel-NiTi 0.6602 ,.001

In-Ovation TMA-NiTi 0.2284 ,.001

Steel-TMA 0.4318 ,.001

Steel-NiTi 0.5920 ,.001

SPEED TMA-NiTi 0.3203 ,.001

Steel-TMA 0.2717 ,.001

a NiTi indicates nickel titanium; TMA, titanium molybdenum alloy.
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bracket. Ormco recently introduced pretorque NiTi wire
to add to the torque expression provided by the
bracket prescription. The amount of preset angular
twist provided by the manufacturer could easily be
altered to increase the range of torque expression in
resilient archwires.

All brackets yielded a similar result in that steel
produced the largest torque expression, followed by
TMA and then NiTi. This is not unexpected, given that
stainless steel is the stiffest material, followed by TMA
and then NiTi.5 The angle at which torque expression
began was between 10 and 12 degrees in the Damon
brackets, whereas the In-Ovation and SPEED brack-
ets began to express torque at approximately 5
degrees. This discrepancy is likely due to the effects
of active self-ligation in the In-Ovation and SPEED
brackets, which reduced the torque play. All three
bracket types took until approximately 25 degrees to
display fully linear torque expression results (when the
wire was fully engaging the slot). From the initial torque
expression angle until approximately 25 degrees, the
slot was ‘‘partially engaged.’’ At 48 degrees, the
stainless steel wire deviated from the linear trend in
the SPEED bracket, which could be attributed to
opening or partial opening of the door.

At 12 degrees, less statistically significant differenc-
es occurred than at higher angles. In fact, only one of
nine wire-bracket comparisons was statistically rele-
vant according to the Bonferroni corrected significance
level. This may be so because at 12 degrees of wire
torsion, the wire was near the end of the torque play
region and the beginning of the partially engaged
region. At 24 degrees, which occurred at the end of the
partially engaged region, all nine comparisons resulted
in statistically significant differences. In all cases, steel
expressed torque better than NiTi and TMA. The mean
torque difference was within approximately 10%
between all three brackets when steel was compared
with either NiTi or TMA. The mean torque difference
between NiTi and TMA displayed up to 40% variation
(In-Ovation: 0.0349, SPEED: 0.0490). This could have
produced less predictable torque expression. In
general, steel wires produced 1.5 to 1.8 times the
torque of TMA and approximately 2.5 times the torque
of NiTi at 24 degrees.

At 36 degrees, one would intuitively expect to see
the best comparison between wires because the wire
is fully engaged in the bracket slot. All three brackets
appeared to have a linearly rising torque, which
indicated that the wire was fully engaged. The mean
torque difference was within about 5% between all
brackets when steel was compared with either NiTi or
TMA, but when NiTi was compared with TMA, a large
variation between brackets (up to 45%) was observed.
In general, steel wires produced approximately two

times the torque of TMA and three times the torque of
NiTi at 36 degrees.

At 48 degrees, the steel wire in the SPEED bracket
was no longer following the linear trend, as seen in
Figure 3, possibly because the slot door had started to
open. The clinician should be aware that with SPEED
brackets at higher angles of torque, particularly with
steel wire, the bracket is no longer giving a reliable or
predictable linear torque expression.

CONCLUSIONS

N At low angles of twist, when the wire is not engaged
and is not ‘‘partially engaged’’ in the bracket slot, the
differences in torque expression between wires are
generally not statistically significant. This is particu-
larly notable at angles of torsion of 12 degrees or less.

N At any angle of significant torque expression (24
degrees or greater), stainless steel wire yields
approximately 1.5 to 2 times the torque expression
of TMA and 2.5 to 3 times that of NiTi.

N At very high angles of torsion (over 40 degrees) with a
stiff wire material, such as stainless steel, there is a risk
of losing linear torque expression in certain bracket
types. In this experiment, the SPEED brackets lost
linear torque at very high angles of torque.
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Erratum

The figures in the The Angle Orthodontist (2010, Vol 80, No. 5, P. 884–888) are not in the correct order,
‘‘A comparison of torque expression between stainless steel, titanium molybdenum alloy, and copper
nickel titanium wires in metallic self-ligating brackets.’’

The correct order of the figures is as follows:

Figure 1 should be shown as Figure 3 (Average torque expression in SPEEDTM brackets)
Figure 2 should be shown as Figure 1 (Average torque expression in DamonTM brackets)
Figure 3 should be shown as Figure 2 (Average torque expression in In-OvationTM brackets)
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