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Evaluation of the load system produced by a single intrusion bend in a

maxillary lateral incisor bracket with different alloys

Ricardo Lima Shintcovska; Roberto Soares da Silva Júniorb; Larry Whitec; Lidia Parsekian
Martinsd; Renato Parsekian Martinse

ABSTRACT
Objectives: To evaluate if a 0.5-mm vertical bend applied on an incisor bracket produces
movements in other planes and if different wires influence these effects.
Materials and Methods: An acrylic model of a treated patient with brackets passively bonded was
attached to an Orthodontic Force Tester, and a load cell was attached to the left lateral incisor.
Thirty 0.019 3 0.025-inch archwires were divided into three groups according to their alloy: SS
(stainless steel), B-Ti (beta-titanium), and MF (beta-titanium wire coated with nickel-titanium). Step-
bends of 0.5 mm high were placed on the lateral incisor bracket using a universal plier, and the
forces and moments in three dimensions were statistically analyzed by analysis of variance and
Tukey post hoc test.
Results: SS produced a larger force (3.4 N) than the B-Ti (1.41 N) and the MF (0.53 N; P , .001).
Lingual forces were produced by the SS (0.82 N) and B-Ti (0.31 N) groups, while in the MF group,
the force was insignificant. SS produced a mesial force of 0.24 N, while the B-Ti force was
insignificant and MF produced 0.09 N. Groups produced different crown-distal tipping moments (SS
¼ 31.48 N-mm, B-Ti ¼ 11.7 N-mm, and MF ¼ 4.55 N-mm) and different crown-buccal tipping
moments. SS produced larger moments (3.63 N-mm) than B-Ti (1.02 N-mm) and MF (0.36 N-mm)
wires. A mesial-out rotational moment was observed in all groups (SS¼ 7.17 N-mm, B-Ti¼ 3.46 N-
mm, and MF ¼ 0.86 N-mm).
Conclusions: A 0.5-mm intrusion bend produced lingual and mesial side effects. In addition to the
distal and buccal crown-tipping moments, there was a mesial-out moment. Compared with SS, B-Ti
and MF wires produced lower forces. These more flexible wires showed side effects with lesser
intensity. (Angle Orthod. 2018;88:611–616.)
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INTRODUCTION

Finishing is one of the most challenging phases of
orthodontic treatment because it requires wire-bending
experience and controlled movement of teeth. Typically,
orthodontists place small bends or twists in thicker wires,
which have decreased clearance between the wire-slot
interfaces, to achieve reasonable control of tooth
movement. However, the recent use of finishing wires
of smaller dimension produces larger clearance in
relation to the bracket slot than those originally pro-
posed. In addition, it is difficult to make perfect bends in a
three-dimensional (3D) plane without influencing the
archwire shape in the other two planes. This can lead to
undesirable movements during this phase, especially on
heavy wires, such as stainless steel (SS), which is the
most common finishing wire used today.1

Beta-titanium alloy wires have increased in popular-
ity, and their use for finishing has increased. Small
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bends or twists in the finishing phase with beta-titanium
produces lower forces compared with SS (approxi-
mately 40% less) and may undergo twice the deflection
without permanent deformation.2 Other resilient wires,
such as the nickel-titanium tubing of beta-titanium3

(Flexy-Multi, Orthometric, Marı́lia, Brazil, produced by
Beijing Smart Technology, Beijing, China), designed to
be used for finishing may prove to be equally useful for
the that specific stage.

Despite the large number of studies comparing
orthodontic wires of various alloys, most of them used
a three-point bending test in the methods, with free
extremities. This type of investigation may be excellent
for comparing the different properties of the wire, but it
might fail to show the real levels of forces actually
applied to the teeth by a continuous wire. Even in the
classic article of Burstone and Koenig,4 which analyzed
the load system of a step-bend, only a two-tooth
segment without mesial and distal supports was
evaluated. A more ideal method to compare the loads
produced by wires in brackets would be to measure the
forces and moments produced by a full orthodontic
appliance on a system that could simulate a real
clinical situation. The Orthodontic Force Tester (OFT)5

is a 3D measurement system suited for this purpose,
and it has already been used in several investigations
to measure and compare orthodontic loads.6–15 It has
never been used to measure the load systems of
finishing bends.

Knowledge concerning the intensity of forces applied
in orthodontics is important, especially for intrusive
movements because of the predisposition for root

resorption in this type of movement when excessive
forces are used.16,17 Some authors have already
established that 10–25 gf (or 0.9–0.24 N) is probably
sufficient to intrude a lower incisor without any
deleterious effects.18–20 Precisely applying such rela-
tively low force levels has already been shown to be
possible with an intrusion arch.19,21

Even though some studies have used a full arch
simulation to study load systems in orthodontics,22–24

the literature fails to show how much force is applied to
a specific tooth when an intrusion bend is placed on a
finishing wire. Therefore, the aim of this study was to
measure whether a standardized intrusive vertical
bend in a maxillary lateral incisor produces any side
effects in other planes of space. In addition, the study
investigated whether the use of different finishing wires
affected these possible side effects.

MATERIALS AND METHODS

Roth prescription 0.022-inch-slot self-ligating brack-
ets and molar tubes (Morelli, Sorocaba, Brazil) were
bonded passively with epoxy glue (JB Weld Co, Sulfur
Springs, Tex), using a 0.019 3 0.025-inch SS archwire
as a guide, to an orthodontically treated patient’s model
poured in acrylic resin. The model was secured with
epoxy glue (JB Weld Co) to an OFT table (Figure 1).
Load cells (Multi-Axis Force/Nano 17 Torque, Industrial
Automation, Apex, Ind) with force measurement
ranges of 0–20 N and 0–100 N/mm were bonded to
the maxillary left lateral incisor and canine. Those teeth
were separated from the model that remained attached
to the OFT base so that the forces and moments
produced could be measured without affecting the load
system. Only the data collected from the lateral incisor
bracket were used. The origin of the coordinates was
transferred to the center of the lateral bracket by the
OFT custom software (Purdue University, West Lafay-
ette, Ind; Figure 2) with the x-axis perpendicular to the
bracket in the buccolingual direction (Figure 3). This
custom modification of the ATI transducer software
(ATI Industrial Automation Inc, Apex, NC) registered
the moment-force ratios produced when a force was
applied to the bracket away from the load cell origin
(center of the load cell). The insertion of those offset
values into the software calibration window (Figure 2)
allowed the calculation of the measurements three-
dimensionally back to the origin at the center of the
lateral incisor bracket, with the x-axis and z-axis
perpendicular to it. The 0.019 3 0.025-inch SS
archwire applied as a guide was used to calibrate
and zero the load cell to isolate the response of the
step-bend in the system.

Thirty 0.0193 0.025-inch rectangular archwires were
divided into three groups according to their alloy. The

Figure 1. An acrylic model from an orthodontically treated patient

bonded to the OFT. A guide wire allowed passive positioning of the

brackets and tubes. The left lateral incisor and canine were

individually attached to each load cell and were subsequently

separated from the model.
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SS group was composed of SS wires (Orthometric,

produced by G&H Wire Company, Franklin, Ind), the B-

Ti group was composed of beta-titanium wires (Beta

Flex, Orthometric, produced by Beijing Smart Technol-

ogy), and the MF group was composed of beta-titanium

wires coated with nickel-titanium.

Archwire passivity was checked using the software

screen before each 0.5-mm step was placed using an

intraoral bending plier (Ormco, Glendora, Calif). The

location of the bends was standardized by placing two

felt-tip pen markings on a passive template wire at the

middle of the distance between the lateral and canine

brackets and between the lateral and central incisor

brackets. An acrylic template was produced by the

guide wire and was used to verify all bends (Figure 4).

Archwires not matching the template were discarded.

The archwires were inserted into the brackets and

tubes. After carefully checking the central location of

the bends, the software collected the force and

moments produced (Figure 5). Tests were conducted

at a temperature of 378C 6 18C. Data were saved and

analyzed using SPSS software version 16.0 (Chicago,

Ill). Analysis of variance was used to detect differences

in the forces and moments measured among the

groups. Tukey post hoc test was applied to identify

differences among groups.

RESULTS

All groups produced different intrusive forces (P ,

.001) on the lateral incisor bracket (Table 1). SS wires

produced 3.4 N, while B-Ti produced 1.41 N and MF

produced 0.53 N. The buccolingual forces were also

different (P , .001). SS wires produced a 0.82-N

lingual force, while B-Ti wires produced 0.3 N and the

MF produced a statistically insignificant force. Mesio-

distally, SS wires produced a larger mesial force (0.24

N; P , .001). B-Ti wires produced a statistically

Figure 2. The custom software had a calibration window (A) that allowed the transferring of the origin of measurements from the center of the load

cell (black dot) to the center of the lateral incisor bracket (green dot). The original axes (blue arrows) (B) were rotated and transferred to the lateral

bracket (yellow arrows) (B and C).

Figure 3. Origin of the measurements, axes of force (blue arrows), and moments (red arrows), depicting the direction of positive measurements.
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insignificant force, while MF produced a 0.09-N distal
force.

All groups produced different crown-distal tipping
moments at the bracket (P , .001; Table 1). While the
SS wires produced larger moments (31.48 N-mm), B-Ti
wires produced 11.7 N-mm and the MF group
produced 4.55 N-mm. Differences were also found in
the intensity of the buccal-lingual tipping moments
among groups (P , .001). SS wires produced larger
moments (3.63 N-mm) than both of the other groups
(B-Ti ¼ 1.02 N-mm and MF ¼ 0.36 N-mm), but there
was no difference found between the B-Ti and MF
groups. All three groups produced mesial-buccal
rotational moments of different intensity (P , .001).
Moments were larger in the SS group (7.17 N-mm)
than in the other two groups, which produced 3.46 N-
mm and 0.86 N-mm moments for B-Ti and MF wires,
respectively.

DISCUSSION

The 0.5-mm intrusive bend produced forces and
moments of different magnitudes in all of the wires
tested. The intrusive forces were greater in SS than in
B-Ti and smaller in MF. These results were not
unexpected as B-Ti has a relative stiffness of less
than half (0.42) of SS.3,25 Comparing the intrusive
forces found in B-Ti with SS (Table 1), the same ratio
was found. Even though there is little published data
regarding the MF wire, it was expected that it would be
more flexible than B-Ti because of its thinner core and

its more flexible coating (nickel-titanium). There has
been only one report4 describing MF wire as having a
different behavior and greater flexibility as compared
with B-Ti wire. Although the literature comparing wires
is extensive, most of the reports were restricted to
either tensile or three-point bending tests.26 These can
be used to compare stiffness of wires accurately but
would be unable to provide the actual forces applied to
the teeth. Past investigations tried to simulate an arch
shape27 or used finite element models.28 For specific
situations, these reports depicted configurations that
simulated clinical presentations.29 A downside to such
methods is that the force values found are valid only for
the specific situation shown (ie, for an extruded lateral
incisor). In this region of the archwire, as compared
with the straight part of the same archwire, more side
effects might be found because a vertical bend will
naturally create forces and moments in multiple
dimensions.

SS produced an intrusive force of 3.4 N in this study,
which may be considered high by most orthodontists to

Figure 4. Template used for bend calibration.

Figure 5. Measurement system that registered forces and moments

produced at the maxillary lateral incisor bracket from a 0.5-mm bend.

Table 1. Mean Values, Standard Deviations, and Significant Differences for the Lateral Incisora

Group

Fz (N) Fx (N) Fy (N) Mx (N-mm) My (N-mm) Mz (N-mm)

Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

SS 3.40 (0.39)a �0.82 (0.26)a �0.24 (0.21)a 31.48 (3.73)a �3.63 (0.99)a 7.17 (2.91)a

B-Ti 1.41 (0.20)b �0.31 (.16)b �0.02 (0.16)*b 11.7 (1.75)b �1.02 (0.38)b 3.46 (1.34)b

MF 0.53 (0.17)c �0.04 (0.27)*c 0.09 (0.11)b 4.55 (1.70)c �0.36 (0.53)b 0.86 (2.63)b

P (significance) ,.001 ,.001 ,.001 ,.001 ,.001 ,.001

a To convert Newtons into grams-force, multiply by 102. The same subscript letters indicate that there was no significant difference within the
same variable (P . .05)

* Indicates nonsignificant values.
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intrude an upper lateral incisor, since 0.1 to 0.24 N (10–
25 gf) is estimated to be enough to intrude one
incisor.18–20,28 Because a correlation might exist be-
tween root resorption and high intrusive forces,16,17

intrusion may require more careful attention by
orthodontists. Moreover, excessive forces applied to
the brackets might lead to debonding, thereby increas-
ing the chair time required. Therefore, the use of wires
with greater flexibility than SS, such as B-Ti or MF,
which produced 1.41 and 0.53 N, respectively, may be
more appropriate for intrusion.

Unexpected buccolingual forces were observed as a
side effect to the vertical bends, even with the
standardized bends used. This was probably due to a
change in the shape of the orthodontic arch as the
active bend was inserted into the brackets, such as
what happens to orthodontic loops in their neutral
position.30 This deflection associated with the amount
of wire added between the brackets by the bend
probably produced this side effect. In addition, a
normal force not perfectly vertical from the archwire
acting on the bracket could produce buccolingual
forces if the slots were not entirely parallel to the
transverse plane. Because the forces produced be-
tween the wires were different (because of their moduli
of elasticity), the undesirable buccal forces were
smaller in B-Ti and insignificant in MF. This points to
a smaller chance of side effects with the more flexible
wires because the unwanted forces may be suboptimal
or even subthreshold. Thus, an intrusive bend placed
in SS may cause space opening, which could be
prevented by tying the teeth together with steel ties
and/or by using lighter wires. Similar results have not
been previously reported in the literature because
isolated intrusive bends in continuous arches have not
been previously evaluated while the load systems of
intrusion arches were investigated.28,29,31 Mesial forces
were also detected but were either statistically or
clinically insignificant (�0.02 N and 0.09 N, in B-Ti and
MF wires, respectively). The wire shape during
activation may also have been responsible for this
effect. Although the mesiodistal forces were small
(�0.24 N) in SS, they would still require tying the teeth
together to avoid space opening.

High tipping moments, consistent with the stiffness
of the wires, were produced at the bracket. In addition,
the standardization of the bends did not guarantee
centering between the brackets, producing a crown-
distal tipping tendency. The archwire being curved in
this specific region prevented a perfect centering of the
bend with conventional orthodontic instruments, which
is probably also impossible to accomplish chairside. As
a bend is placed closer to the bracket, the tipping
tendency will be larger on it because of the greater
stiffness of the wire in that region. However, that effect

may go unnoticed clinically, because the intruded tooth
may return to its initial axial position, provided there is
small second-order clearance between the wire and
the bracket and provided the wire is stiff enough,
allowing a ‘‘shape-driven orthodontic’’32 effect because
there are mesial and distal supporting points (provided
by the adjacent brackets). In situations in which there
are no mesial or distal supports of a tooth being
moved, such as an on a second molar being intruded,
the estimation of movement based on a shape-driven
approach will not be predictable, since the deflection of
the wire and the different bracket angulations modify
the force system.4

Moments tending to tip the lateral incisor crown
buccally, proportional to the stiffness of the wires, also
occurred on the lateral incisor bracket. The deflection
that the wire assumes due to its flexibility when being
inserted into the slots probably generated a twist in the
wire, causing this effect. The use of thicker wires,
aiming to decrease play in the third order, was not
enough to prevent a buccolingual tipping tendency.
This could have been minimized if there had been a
buccal tipping restriction, provided by a bracket with
less torque prescription or by a compensatory twist in
the wire. However, this effect was minimized in the
more flexible wires, suggesting their use as a way to
avoid the side effects described. In addition to the side
effects, the deflection of the wires also produced
rotational moments in the lateral incisor bracket in the
mesial-buccal direction. Again, this effect probably
occurred because the brackets were closer to one of
the bends and possibly would be temporary, as long as
the first-order play was small.

CONCLUSIONS

� A 0.5-mm intrusion bend applied to the upper lateral
incisor bracket in all archwires produced lingual and
mesial forces as side effects. In addition, crown-distal
and crown-buccal tipping moments were detected, as
well as mesial-buccal rotation.

� B-Ti and MF wires produced, in that order, smaller
intrusive forces and often insignificant side effects,
when compared with SS wires.

REFERENCES

1. Keim RG, Gottlieb EL, Vogels DS III, Vogels PB. 2014 JCO

study of orthodontic diagnosis and treatment procedures,

part 1: results and trends. J Clin Orthod. 2014;48:607–630.

2. Burstone CJ, Goldberg AJ. Beta titanium: a new orthodontic

alloy. Am J Orthod. 1980;77:121–132.

3. Insabralde NM, Poletti T, Conti AC, et al. Comparison of

mechanical properties of beta-titanium wires between

leveled and unleveled brackets: an in vitro study. Prog

Orthod. 2014;15:42.

Angle Orthodontist, Vol 88, No 5, 2018

INTRUSION BEND WITH DIFFERENT ALLOYS 615

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-16 via free access



4. Burstone CJ, Koenig HA. Force systems from an ideal arch.

Am J Orthod. 1974;65:270–289.
5. Chen J. Apparatus and method for measuring orthodontic

force applied by an orthodontic appliance. US patent
6,120,287. September 19, 2000.

6. Yadav S, Chen J, Upadhyay M, Roberts E, Nanda R. Three-
dimensional quantification of the force system involved in a

palatally impacted canine using a cantilever spring design.
Orthodontics (Chic.). 2012;13:22–33.

7. Viecilli RF, Chen J, Katona TR, Roberts WE. Force system
generated by an adjustable molar root movement mecha-

nism. Am J Orthod Dentofacial Orthop. 2009;135:165–173.
8. Yadav S, Chen J, Upadhyay M, Jiang F, Roberts WE.

Comparison of the force systems of 3 appliances on palatally

impacted canines. Am J Orthod Dentofacial Orthop.
2011;139:206–213.

9. Gajda S, Chen J. Comparison of three-dimensional ortho-
dontic load systems of different commercial archwires for

space closure. Angle Orthod. 2012;82:333–339.
10. Mittal N, Xia Z, Chen J, Stewart KT, Liu SS. Three-

dimensional quantification of pretorqued nickel-titanium
wires in edgewise and prescription brackets. Angle Orthod.

2013;83:484–490.
11. Xia Z, Chen J, Jiangc F, Li S, Viecilli RF, Liu SY. Load

system of segmental T-loops for canine retraction. Am J
Orthod Dentofacial Orthop. 2013;144:548–556.

12. Almeida L, Ribeiro A, Parsekian Martins R, Viecilli R,
Parsekian Martins L. Nickel titanium T-loop wire dimensions

for en masse retraction. Angle Orthod. 2016;86:810–817.
13. Katona TR, Isikbay SC, Chen J. Effects of first- and second-

order gable bends on the orthodontic load systems produced
by T-loop archwires. Angle Orthod. 2014;84:350–357.

14. Kroczek C, Kula K, Stewart K, Baldwin J, Fu T, Chen J.
Comparison of the orthodontic load systems created with

elastomeric power chain to close extraction spaces on
different rectangular archwires. Am J Orthod Dentofacial

Orthop. 2012;141:262–268.
15. Chen J, Isikbay SC, Brizendine EJ. Quantification of three-

dimensional orthodontic force systems of T-loop archwires.
Angle Orthod. 2010;80:566–570.

16. Harris DA, Jones AS, Darendeliler MA. Physical properties
of root cementum: part 8. Volumetric analysis of root

resorption craters after application of controlled intrusive
light and heavy orthodontic forces: a microcomputed

tomography scan study. Am J Orthod Dentofacial Orthop.
2006;130:639–647.

17. Faltin RM, Faltin K, Sander FG, Arana-Chavez VE.

Ultrastructure of cementum and periodontal ligament after
continuous intrusion in humans: a transmission electron

microscopy study. Eur J Orthod. 2001;23:35–49.
18. Melsen B, Agerbaek N, Markenstam G. Intrusion of incisors

in adult patients with marginal bone loss. Am J Orthod
Dentofacial Orthop. 1989;96:232–241.

19. Weiland FJ, Bantleon HP, Droschl H. Evaluation of

continuous arch and segmented arch leveling techniques

in adult patients—a clinical study. Am J Orthod Dentofacial

Orthop. 1996;110:647–652.

20. Costopoulos G, Nanda R. An evaluation of root resorption

incident to orthodontic intrusion. Am J Orthod Dentofacial

Orthop. 1996;109:543–548.

21. Burstone CJ. Deep overbite correction by intrusion. Am J

Orthod. 1977;72:1–22.

22. Mencattelli M, Donati E, Cultrone M, Stefanini C. Novel

universal system for 3-dimensional orthodontic force-mo-

ment measurements and its clinical use. Am J Orthod

Dentofacial Orthop. 2015;148:174–183.

23. Montasser MA, Keilig L, Bourauel C. Archwire diameter

effect on tooth alignment with different bracket-archwire

combinations. Am J Orthod Dentofacial Orthop.

2016;149:76–83.

24. Owen B, Gullion G, Heo G, Carey JP, Major PW, Romanyk

DL. Measurement of forces and moments around the

maxillary arch for treatment of a simulated lingual incisor

and high canine malocclusion using straight and mushroom

archwires in fixed lingual appliances. Eur J Orthod.

2017;39:665–672.

25. Burstone CJ. Variable-modulus orthodontics. Am J Orthod.

1981;80:1–16.

26. Iijima M, Muguruma T, Brantley WA, Mizoguchi I. Compar-

isons of nanoindentation, 3-point bending, and tension tests

for orthodontic wires. Am J Orthod Dentofacial Orthop.

2011;140:65–71.

27. Wilkinson PD, Dysart PS, Hood JA, Herbison GP. Load-

deflection characteristics of superelastic nickel-titanium

orthodontic wires. Am J Orthod Dentofacial Orthop.

2002;121:483–495.

28. Saga AY, Maruo H, Argenta MA, Maruo IT, Tanaka OM.

Orthodontic intrusion of maxillary incisors: a 3D finite

element method study. Dental Press J Orthod .

2016;21:75–82.

29. Sifakakis I, Pandis N, Makou M, Eliades T, Bourauel C. A

comparative assessment of the forces and moments

generated with various maxillary incisor intrusion biome-

chanics. Eur J Orthod. 2010;32:159–164.

30. Martins RP, Caldas SG, Ribeiro AA, Vaz LG, Shimizu RH,

Martins LP. Differences in the force system delivered by

different beta-titanium wires in elaborate designs. Dental

Press J Orthod. 2015;20:89–96.

31. Sifakakis I, Pandis N, Makou M, Eliades T, Bourauel C.

Forces and moments generated with various incisor

intrusion systems on maxillary and mandibular anterior

teeth. Angle Orthod. 2009;79:928–933.

32. Burstone CJ. Part 2: biomechanics. Interview by Dr. Nanda.

J Clin Orthod. 2007;41:139–147.

Angle Orthodontist, Vol 88, No 5, 2018
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