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Abstract

Background: Orthodontic archwire is critical in orthodonic treatment as superelasticity, shape memory, and the capacity to provide
continuous force across a wide range of action, optimal archwire, superelastic NiTi, and Heat Activated NiTi (HANT) archwires have
been gaining popularity as initial alignment archwires.

Aims and Objectives: To investigate the load deflection characteristics of HANT and superelastic NiTi wires in the latest commonly
used MBT prescription in both ligating and self-ligating brackets with modified bending test simulating a standardized arch form
with the aim of selecting the most appropriate aligning wires.

Materials and Methods: Acrylic full arch form models were fabricated using 19 x 25 upper stainless steel archwire with portion
holding the maxillary left lateral incisor bracket was free to move in vertical and horizontal application of forces. Each arch wire
specimen was inserted into acrylic model with the lateral incisor region of the archwire engaged and activated to the designated
distance of (5, 4, 3, 2 and 1 mm). Each bending test was carried out 3 times with a new piece of archwire for each repetition.
Results: In occluso-gingival direction, VSB showed binding effect above 3mm deflection on HANT wire and 4mm deflection on Su-
perelastic wire. In labio-palatal direction, VSB showed binding effect above 4mm deflection on HANT wire and no binding was seen
on SE wire. Further, no binding effect was seen on SLB at any point of deflection on HANT and SE wires. So HANT and SE wire can be
used on SLB in both occluso-gingival and labio-palatal direction up to 5mm deflection.

Conclusion: We conclude that SE and HANT wire on SLB showed better performance when compared to VSB in both occluso-gingi-

val and labio-palatal direction in initial aligning stage.
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Introduction

The decision regarding the use of an orthodontic archwire is
critical in orthodonic treatment. For every single person, this de-
cision ought to be determined by estimated forces, which are the
best force for the highest effective tooth displacement. Because
of its unique qualities of superelasticity, shape memory, and the
capacity to provide continuous force across a wide range of ac-
tion, optimal archwire, superelastic NiTi, and Heat Activated NiTi
(HANT) archwires have been gaining popularity as initial align-

ment archwires [1-3].

However, knowledge about the actions of these wires has its
foundation on typical three-point bending tests, [4] which do not
simulate the variability seen in clinical situations, despite their re-
liability [5].

The researchers employed straight-length wires without taking
archform into account or mimicking the clinical situation of load-
ing in the occluso-gingival and labio-palatal directions, which are

frequent during alignment.

As a result, a suitable three-point bending test must recreate
clinical conditions, with wires confined to the vicinity of fixed ap-
pliances [6]. Studies have also found that variations in the model
architecture employed for such tests appear to alter the loading-
unloading graph as well as should be taken into account when as-

sessing data [7].

Therefore, the purpose of this study is to investigate the load
deflection characteristics of HANT and superelastic NiTi wires in
the latest commonly used MBT prescription in both ligating and
self-ligating brackets with modified bending test simulating a stan-
dardized arch form with the aim of selecting the most appropriate

aligning wires.

Aims and Objectives

e To determine force deflection characteristics of HANT and
Superelastic NiTi archwire during deflections of 1, 2, 3, 4
and 5mm, by using a modified bending test to simulate clini-
cal situation in occluso-gingival and labio-palatal directions
with standard stainless steel conventional MBT brackets and
self-ligating MBT brackets

e  Tocompare load achieved during deactivation of a deflection
test that attempts to imitate a clinical situation of HANT and

superelastic Niti archwires.
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Material and Methods

Two 0.016-inch round superelastic and heat activated NiTi arch-
wires on two different 0.022 x 0.028-inch MBT prescription bracket

system was tested in-vitro to compare their mechanical properties.

Model designs

2 acrylic full arch form models were fabricated using 19 x 25 up-
per stainless steel archwire, one for the conventional victory series
brackets and the other for the self-ligating smart clip brackets. The
portion holding the maxillary left lateral incisor bracket was free to

move in vertical and horizontal application of forces, in the model.

To simulate intraoral clinical situation, maxillary 0.022 x 0.028-
inch stainless steel brackets and first molar tubes were bonded to
the lateral surface of acrylic plate using self-cure acrylic resin and

adhesive with no angulations/torque in the system.

The inter-bracket distance was derived from typical tooth di-
mensions (accurate to within 0.5mm) for a maxillary permanent
dentition. The brackets were positioned in accordance with the av-
erage tooth width to simulate full arch form (with their long axis

parallel to the acrylic arch form model).

In model ‘1’ with conventional victory series brackets were
bonded with 3M elastomeric power modules ligature was used to
engage arch wires which were placed with a straight shooter liga-
ture gun to minimize the variation in the degree of stretching dur-
ing application and in model’ 2’ with self-ligating smart clip brack-

ets, arch wires were engaged using the smart clip inserting tool

Bending method (mechanical testing)

The acrylic jig with the wire specimens was suspended in an
artificial saliva bath (37 +1° C) in polymethyl methacrylate box
measuring (4”x 4” x 4”). Each arch wire specimen was inserted
into acrylic model with the lateral incisor region of the archwire
engaged and activated to the designated distance of (5, 4, 3, 2 and

1 mm).

Deactivation force was measured using a instron universal test-
ing machine (Model 5563) in with a 100 kg compression load cell
set on a range of 2 kg operating at a crosshead speed of 1.0mm/
minute and deflection rod tip formed from 6 mm diameter chisel

attached to upper chamber of instron machine having load cell.
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Each bending test was carried out 3 times with a new piece of

archwire for each repetition.

The wires were loaded in a labio-palatal direction and occluso-
gingivally in the arch form model to allow greater stability and po-
sitional accuracy. Wires were deflected to 1, 2, 3, 4, and 5 mm in

separate deflection test.

Measurements

Load value measurements from the unloading phase were de-
rived digitally by selecting 2 deflection points on an x - y plot on
the computer screen (x axis - compression extension and y axis
as compression load) which was auto calibrated. Few points were
chosen to represent a standardized portion of the unloading phase

plateau in the load-deflection curve.

For test deflection at 1mm, the load values were measured at
0.5 mm, for remaining, the deflection point chosen was 0.5mm less

than the maximum deflection of each bend and 1.0mm.

Mean and standard deviation of the forces generated at acti-
vation and deactivation for a deflection of 1,2,3,4 and 5 mm were
calculated with data for the deactivation force analyzed by student
“t” test

54

Results

Most but not all, load deflection graphs of the Super elastic NiTi
and HANT wires confirmed features of super elasticity, with pla-
teau regions varying in extent, gradient, and load value depending

on wire, model, temperature and method of attachment.

A mean load value is given for each of the 2 points on the curve,
and the plateau gap is the average load difference between initial
and final unloading deflection points. It therefore represents a
measure of gradient of unloading plateau over a standardized de-

flection distance and small proportional change in force level.

Deflection in Occluso-Gingival Direction (Table 1,2)

e At 1 mm and 2 mm, VSB at 0.5mm deactivation higher un-
loading values were seen on SE wire when compared with
HANT wire, whereas it was reverse in case of SLB.

e At 3 mm, VSB higher unloading values were seen on SE wire
when compared with HANT wire. In SLB higher unloading
values were seen on SE wire at 2.5 mm and higher unloading
values on 1mm for HANT.

e At4 mm and 5 mm, VSB and SLB system at 3.5mm and 4.5
mm of UDP on SE and HANT wire showed significant differ-
ence. Both VSB and SLB had higher unloading values on SE

wire when compared with HANT wire (Figure 3 and 4).

WIRE Load AT 1.0mm(g) LDP Mean (+SD) Load AT 0.5mm(g) UDP Mean (+SD) Plateau Gap
Model 1(VSB)
Superelastic wire 373 +£4.58 100 £5.0 273
Hant wire 236 £ 4.35 80 + 2.64 156
P value 0.0000** 0.0000**
Model 2(SLB)
Superelastic wire 135+£5.56 44 + 6.24 91
Hant wire 224 +721 86 +5.29 138
P value 0.0000** 0.0000**

Table 1: Comparision of the wires on model 1 and model 2 in occluso-gingival direction at 1mm deflection.

WIRE Load AT 4.5mm(g) UDP Mean (+SD) Load AT 1.0mm(g) UDP Mean (+SD) Plateau Gap
Model 1(VSB)
Superelastic wire 146 + 8.88 00 146
Hant wire 62+5.0 0+0 62
P Value 0.00001** NA
Model 2(SLB)
Superelastic wire 180 £ 5.56 115+£3.0 65
Hant wire 140+ 6.0 108+ 7.0 32
P value 0.000029** 0.1500

Table 2: Comparision of the wires on model 1 and model 2 in occluso-gingival direction at 5 mm.
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Deflection in Labio-Palatal Direction (Table 3 and 4)

e At1 mm, VSB and SLB at 0.5mm deactivation higher unload-
ing values were seen on HANT wire when compared with SE
wire.

e At 2 mm, both VSB and SLB showed higher unloading values
on SE wire when compared with HANT wire.

e At 3 mm, VSB higher unloading values were seen on SE wire
at 2.5mm and 1mm UDP when compared with HANT wire. In
SLB, higher unloading values were seen on SE wire at 2.5mm

and at Imm UDP when compared with HANT wire at 2.5mm

57

e At 4 mm, VSB showed higher unloading values were seen on
SE wire at 3.5mm and 1mm UDP when compared with HANT
wire. In SLB higher unloading values were seen on SE wire at
3.5mm and 1mm UDP when compared with HANT wire.

e At5mm, VSB higher unloading values were seen on SE wire at
4.5mm and 1mm UDP when compared with HANT wire. SLB
had higher unloading values were seen on SE wire at 4.5mm

and 1mm UDP when compared with HANT wire.

and 1mm UDP.
Wire Load AT 1.0mm(g) LDP Mean (+SD) Load AT 0.5mm(g) UDP Mean (+SD) Plateau Gap
Model 1(VSB)
Superelastic wire 276 +4.58 130 £ 4.35 146
Hant wire 282 +5.0 144 +5.57 138
P Value 0.16 0.008**
Model 2(SLB)
Superelastic wire 170 £ 5.56 45+6.0 125
Hant wire 236+9.16 68 + 8.54 168
P value 0.000005** 0.005*
Table 3: Comparision of the wires on model 1 and model 2 in labio-palatal direction at 1 mm.
Wire Load AT 4.5mm(g) UDP Mean (+SD) Load AT 1.0mm(g) UDP Mean (+SD) Plateau Gap
Model 1(VSB)
Superelastic wire 176 £3.6 105 + 2.64 71
Hant wire 10 £ 5.56 00 10
P Value 0.0000** NA
Model 2(SLB)
Superelastic wire 465+5.0 100 +4.58 365
Hant wire 302 +8.02 85+ 4.58 217
P value 0.0000** 0.0039**
Table 4: Comparision of the wires on model 1 and model 2 in labio-palatal direction at 5 mm.
Discussion Nowadays, “light continuous forces” are regarded to be physi-

The subject of optimal orthodontic forces has been continually
discussed since the early 20" century. Schwarz defined ideal force
as that which causes a pressure shift similar to capillary pressure,
hence preventing vascular occlusion in the compressed area of the
periodontal ligament. This hypothesis has been restated by au-
thors including Reitan, Righ,, et al, and Proffit, but no research has
yet been conducted to measure this optimum force when applied

continuously [8].

ologically acceptable and efficacious, and producing such a force
system is the major problem in creating and operating an orth-

odontic device [8].

Superelasticity is a unique feature that results from stress-in-
duced martensitic transformation. When an external force is ap-
plied to the Ni-Ti wire, it deforms by martensitic transformation

rather than lattice sliding, as is prevalent in most metals. During
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this phase, the metal becomes increasingly soft and ductile. When
stress is reduced, the Ni-Ti alloy reverts to the harder austenitic

phase.

Clinically, the superelasticity enables the archwires to produce
a consistent force across a wide range of activities. It does not
behave linearly elastically, but rather generates continuous force

over lengthy periods of time.

The comparison of the mechanical properties of the NiTi super-
elastic wires and wires of other alloys presents outstanding dif-
ferences; the structural properties (form and dimension) seem to
have a similar outcome in the movement of teeth with regard to

deflection.

According to Burstone, Koenig, Waters and Hemingway et al
many complex factors influence the performance of an orthodontic

archwire in the mouth. These factors are as follows

e  The curvature of the wire

e  The width and angulation of the brackets

e  Friction within the brackets, which limits the ability of the
archwire to slide.

e  Friction may also be affected by the type of ligation used.

e  The effect of occlusion

e Inter bracket distance.

e  Direction of activation

e  Slot dimension.

The explanation for this could be frictional resistance through-
out the wire and bracket slot, or force fluctuation amongst the un-
relaxed elastomerics utilized, and the results were comparable to
Wilkinson PD [1,4].

When compared to VSB, the plateau gap reveals a consistent de-
livery of force on SLB on SE and HANT wire, implying that it can be
employed in mild to moderate crowding situations. As the degree
of three-point deflection grows to 2mm, the slope of the unloading
curve becomes significantly reliant on both the initial deflection

and the extent of recovery.

The VSB and SLB demonstrated statistically significant results
for unloading SE and HANT wire at 1.5mm, with a linear graphic
depiction in the occluso-gingival and labio-palatal directions. VSB
gave the shortest load values on discharging at 1.5mm deflec-
tion, demonstrating that more frictional resistance between these

brackets and the wire decreased the load values when compared

60

to SLB, which caused substantially less friction, and the wire were

therefore able to exert higher loads [1,9].

According to Bartzela TN, Senn C, and Wichelhaus, a narrow-
er plateau gap during the unloading phase indicates a lower and
more steady force in clinical applications. Derotational operations
require a wire with a longer clinical plateau and larger application
force [10].

In our study, the HANT wire had the smallest plateau gap on SLB
in the occluso-gingival direction and the smallest plateau gap on
VSB in the labio-palatal direction, indicating a low and consistent
force in those directions. When compared to SE wire, these data
indicate that HANT wire on SLB can be utilized when teeth are
strongly positioned, while HANT wire on VSB can be used when

teeth are mildly to moderately crowded.

The 3mm three-point deflection revealed statistically signifi-
cant results for all wires and brackets in both directions. A linear
graph for HANT wire on SLB and VSB in the occluso-gingival direc-
tion, HANT and SE wire on SLB in the labio-palatal direction, and
the rest curve displayed “Steps and Spikes” graphically. This was
due to slippage of the wire inwards over the supports as the deflec-
tion rose, and the spike in the graph was caused by a sudden rise in
force, which could indicate that the wire was completing its reverse

transformation back to the austenitic metallurgic phase [9].

On unloading to 2.5mm, SLB provided higher load than VSB on
both SE and HANT wire in both directions, and the cause was be-

cause of less frictional in the wire.

The plateau gap revealed an unusual behavior on SE and HANT
wires on VSB in the labio-palatal direction, with negative values.3
According to Mallory DC, this was owing to a lack of sufficient heat
to return the wire to its totally austenitic phase. And HANT wire
on SLB created the smallest plateau gap of any wire, showing the
least and most consistent force, implying that these wires can be

employed in mild to moderate crowding in both directions.

At 4mm three-point deflection, there was a statistically signifi-
cant difference in 3.5mm unloading in the occluso-gingival and
labio-palatal directions compared to 1mm unloading. The entire
graph began to display “Steps and Spikes” in graphic depiction,
with the exception of the HANT wire on SLB in occluso-gingival and
labio-palatal directions and the SE wire on SLB in labio-palatal di-

rection.
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When unloaded to 3.5mm deflection, VSB showed less load
than SLB, however when unloaded to 1mm deflection, the wire did
not restore to its previous form due to the binding effect seen. This
demonstrates that the SE or HANT wire performed poorly when
used on VSB with deflections greater than 3mm due to the binding
effect. The plateau gap was negative on HANT wire in VSB in the
labio-palatal direction, and the smallest plateau gap was detected
on HANT wire on SLB in the occluso-gingival direction, indicating

that it can be employed in strongly placed teeth [3].

At 5 mm three-point deflection, there was a statistically signifi-
cant effect in 4.5mm unloading in the occluso-gingival and labio-
palatal directions, but not at Imm unload. Except for the SE and
HANT wire on SLB in the labiopalatal direction, all graphs dis-
played “Steps and Spikes” graphically. When unloaded to 4.5mm
deflection, VSB showed less load than SLB, however when unload-
ed to 1mm deflection, the wire did not restore to its previous form
due to the binding effect seen. This demonstrates that the SE or
HANT did not function well on VSB with deflections greater than
3mm due to the binding effect. The least plateau gap was observed
on SE and HANT wire on SLB in the occluso-gingival direction, in-
dicating that it can be employed in highly placed teeth.

Superelastic wire responds mechanically very differently from
HANT wire on different brackets system. After the wire is deflected
from 1-5mm and deactivation occurs, wire-slot friction at the sup-
port reduces the net unloading force at the lateral incisor bracket
as the deflection increases. These changes in frictional and spring

back forces occurred for two reasons.

First, frictional force creates wire and bracket-slot contacts at
the central incisor along with canine brackets. As the deflection
amplitude grows, so does the wire curvature between the lateral
incisor and the supporting bracket slots, which in turn curvature
leads in higher normal and frictional forces at the supportive
bracket slots. Second, increased deflection-amplitude with SE and
HANT wire resulted in lower unloading stiffness and spring back
forces. A deflection condition may occur when the wire’s spring
back potential is insufficient to counteract frictional forces, caus-

ing the wire to bind in those slots.

In the occluso-gingival direction, VSB demonstrated binding
above 3mm deflection on HANT wire as well as 4mm deflection on
SE wire. In the labio-palatal direction, VSB demonstrated binding
over 4mm deflection on HANT wire, and no binding was seen on

SE wires.
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Binding was stronger in the occluso-gingival direction than in
the labio-palatal direction because SE wires had a higher loading

force than HANT wires, and vice versa.

When viewed clinically, a bound wire may “free-up” and unload
as a result of the coupling exerted, which may twist the central inci-
sor and canine towards the malpositioned lateral incisor, resulting
in either no tooth movement or undesirable tooth movement. It
should be observed that SE and HANT wires bind in both the occlu-

so-gingival and labio-palatal directions.

Some studies suggest that self-ligating brackets create a “virtu-

ally friction-free” appliance in which binding is impossible [11,12].

The unloading curves in this study fell within limited boundar-
ies, despite varying degrees of superelastic activity. The unloading
plateau occurs at a clinically meaningful displacement of 1 to 2.5
mm. This unloading plateau region is the force value that is most
likely to be used in a clinical setting once teeth have moved inside

the periodontal ligament.

We discovered that the load deflection performance of 0.016-in
alignment wires varied based on the test model’s design, bracket
type, and degree of deflection. In addition, HANT wire exhibited
the lowest and constant deactivation force, while SE wire had the
largest deactivation force on unloading in both VSB and SLB in the

occluso-gingival and labio-palatal directions.

Key findings

e In case of occluso-gingival direction, VSB showed binding ef-
fect above 3mm deflection on HANT wire and 4mm deflection
on Superelastic wire.

e In case of labio-palatal direction, VSB showed binding effect
above 4mm deflection on HANT wire and no binding was seen
on SE wire.

e No binding effect was seen on SLB at any point of deflection
on HANT and SE wires. So HANT and SE wire can be used on
SLB in both occluso-gingival and labio-palatal direction up to

5mm deflection.

Therefore, we advocate a multi-centric, large sample, random-
ized-controlled, standardized study to eliminate all the shortcom-

ings encountered in our study.
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Conclusion

We found that SE and HANT wire on SLB showed better perfor-

mance when compared to VSB in both occluso-gingival and labio-

palatal direction in initial aligning stage. We recommend further

investigation required to address other aspects like biological re-

sistance and bracket angulations, so this test may have a limited

application to clinical conditions.
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