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conflicting studies.

make up for the discrepancies of bracket width.

The results were as follows:

Narrow (2.40mm) : 68.09 £4.69 gmf
Medium (3.00mm) : 72.75 £4.98 gmf
Wide (4.25mm) : 72.59 +4.54 gmf

simulated conditions (P>0.05).
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Frictional force between the orthodonfic bracket and arch wire during sliding tooth movement is related to many factors, such as the
size, shape and material of both the bracket and wire, ligation method and the angle formed between the bracket and: wire. There have

been clear conclusions drawn in regard to most of these factors, but as to the effect of bracket width on frictional force there are only

This study was designed to investigate the effect of bracket width on the amount of frictional forces generated during clinically
simulated tooth movement. Three different widths of brackets (0.018x0.025"standard), narrow (2.40mm), medium (3.00mm) and wide
(4.25mm) were used in tandem with 0.016x0.022" stainless steel wire. Three bracket-arch wire combinations were drawn on for 4
minutes on a testing apparatus with a head speed of 0.5mm/min and tested 7 times each. To reproduce biological conditions,
dentoalveolar models were designed with indirect technique using a material with similar elastic. properties as periodontal ligament
(PDL). In addition, to minimize the effect of ligation force, elastomer was used with added resin, which was attached to-the bracket to

1. Maximum frictional force for each bracket-arch wire combination was:

2. Frictional force was increased with more displacement of wire through the bracket slot.
3. The ANOVA post-hoc test showed that the bracket width had no significant effect on frictional force: when tested under clinically
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anine retraction and space closure during ortho—

dontic treatment with sliding mechanics involve a
displacement of wire through the bracket slots. In the sli—
ding movement of a tooth, frictional force is generated at
the contact area between the bracket and the arch wire
interface. During such a procedure, tooth movement
occurs only when applied forces overcome friction at the
bracket—wire interface. Therefore, high levels of bracket—
wire friction may result in binding of the bracket followed
by little or no tooth movement. Several variables have
been found to affect the levels of friction between bracket
and wire. These variables are either mechanical variables
such as bracket material'=9 slot size?'9, bracket
width! 1314 and angulation’~18), wire shape219. wire size
and wire material'™® as well as ligature material and force
of ligation'”~19, or biologic variables such as saliva 2,
plague and corrosion during treatment. Among these, the
effect of mesiodistal bracket width on the frictional force
has not been fully investigated. Athough there were a few
reports in the literature, including Frank and Nikoli(1980)"
‘and Tidy(1989)'? , there was conflict within their
experimental results.

Therefore, the purpose of this study was to obtain
data on frictional force during the retraction movement
of canines under simulated clinical conditions, and in
particular, to investigate the resultant effect of bracket
width. Additional aims were to analyze how frictional
force changes as the wire displaces through the bracket
slots, and to discover the most appropriate bracket
width for canine retraction.

MATERIALS AND METHODS
1. Materials

Bracket—Arch Wire Combinations (Figure1, 2)

Three types of maxiliary canine twin brackets with the
same slot size were tested (RMO, 0.018 x 0.025 " stan—
dard SS), and narrow (2.40mm), medium (3.00mm)
and wide (4.25mm) mesiodistal widths of brackets were
used. To minimize the effect of ligation force, elastomer
was used because steel ligature leads to frictional forces
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Fig. 1. Three types of standard bracket.
Resin was added to medium and narrow bracket.

Fig. 2. The wire ligated to bracket with elastomer.
Ivorine tooth was inserted into resin block.

that are technician—sensitive. The friction caused by the
elastomeric ligature, however, should increase in step
with the increasing width of brackets, so bonding resin
was attached to the bracket to make up for the discre—
pancies of width. For the experiment, 0.016x0.022 "
stainless steel wire (RMO} was used.

Dentoalveloar model (Figure 2)

An indirect technique was used to reproduce a model
of identical width to material with similar elastic
properties as periodontal ligament (PDL), and located
between the root of an Ivorine maxillary canine {Cho—
kwang Dental, Seoul, Korea) and an acrylic socket.
Initially, lead foil of 0.66mm thickness (8 layers taken
from occlusal radiograph film) was tightly adapted to the
entire canine root surface. This thickness was determi—
ned based on the average PDL space in human teeth,
which is known to be approximately 0.2mm. Teeth tend
to have a functional wider space however, particularly in



Fig. 3. Frictionless ball bearing piece to permit sliding of the
wire (left). The tooth—bearing test device was mounted on
Instron and connected with its load cell (right).

the cervical and apical portions. During periods of
orthodontic tooth movement, the distance between the
root surface and the alveolar socket may double or triple.
After lubrication with petroleum jelly, the foil—covered root
was inserted into wet acrylic (SNAP, Parkell) poured into
the box of the test device and excess acrylic was trimmed
upon curing. The foil—covered root was separated from
the acrylic socket. After removal of the foil from the
canine root and injection of a light body polyvynilsiloxane
impression material (Examix, NDS, GC AMERICA Inc.,
USA) into the acrylic socket, excess material was timmed
on setting. Its elastic modulus was 0.31 MPa.

Test Apparatus (Figure 3)

A device was designed to permit sliding of the
straight arch wire. A frictionless ball bearing piece
allowed for passive adjustment of the wire rotation to the
bracket slot before force was applied. The base of the
device allowed attachment to a universal testing
machine, Instron (Model 4466, Instron Corp., USA).

2. Methods

Test Procedure (Figure 3)
The bracket to be tested was bonded to the
midbuccal surface of each tooth with bonding resin

The effect of bracket width on frictional force between
bracket and arch wire during sliding tooth movement

(Ortho—one, Bisco, USA). A 200mm straight wire was
prepared and assigned to each of the three different
types of brackets. The wire to be tested was fitted into
the bracket slot and ligated passively to the tie wing with
an elastomer. Each tooth was mounted to the tooth—
bearing test device and then the Instron machine. A
connection between the arch wire and load cell (5kg)
was made with nylon string. The tests were run at a head
speed of 0.5mm/minute for 4 minutes, producing 2mm
of arch wire movement. The data was recorded on an XY
recorder by computer monitor. The X axis recorded wire
movement in mm/time of the experiment in seconds,
while the Y axis recorded the frictional force in grams.

A total of six test sessions were conducted. Before
each new session, all light body silicone material was
removed from each acrylic socket. Bracket bonding,
wire ligation and mounting in the Instron machine were
executed as previously described.

Data Analysis

From each session, frictional force at six displacement
points (0.3, 0.6, 0.9, 1.2, 1.5, 1.8 mm) and maximum
frictional forces were calculated. To find any significant
difference among the frictional forces of the three
bracket—wire combinations, one way ANOVA (Analysis
of variance) and post—hoc testing were carried out.
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narrow 37.06 £ 1.86 4572 £ 153 52.55 * 5,04 58.44 + 2.80 62.89 = 3.21 65.81 = 3.26 72.78

medium 4986 + 461 56.75 £ 7.61 61.83 £ 6.05 65.29 £ 5.78 67.96 £ 5.28 69.62 = 5,16 77.73

wide 39.98 £ 533 51.25 + 8,84 57.12 £ 6.01 60.83 = 4.94 65.79 = 6.88 68.51 £ 4.76 77.1
Table 2. The significance of ANOVA post—hoc test for three

bracket width per displacement

0.3 medium *
wide ns *

0.6 medium *
wide ns ns

0.9 medium *
wide ns ns

1.2 medium ns
wide ns ns

1.5 medium ns
wide ns ns

1.8 medium ns
wide ns ns

Maximal value medium ns
wide ns ns

* : significant (p<0.05). ns : not significant

RESULTS

Results for the frictional force with time or displace—
ment of wire are shown in Table 1. It showed that
friction between the bracket and arch wire increased
propor—tionally with displacement or time. The maximal
frictional forces between different bracket widihs were
72.78, 77.73 and 77.13 grams respectively (Table 1).
The dependence of frictional force on bracket width is
illus—trated in Figure 4. Analysis of variance for these
results and post—hoc testing showed that the effect of
bracket width on the maximal frictional force was not
significant at the level of 0.5% (Table 2).
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Fig. 4. The frictional force for each bracket width

DISCUSSION
Wire displacement and frictional force

Our explanation for increased friction with wire
displacement (Fig 4) may be the increased angle
formed between the wire and bracket slot, and finally
the binding of the wire to bracket during the course of
the experiment. This speculation may be supported by
previous studies measuring friction with an increased
angle’2". They have suggested that with an increase in
the angle between bracket and arch wire, the frictional
force during sliding movement also increased.

The effect of bracket width
Our results showed that bracket width had no effect

on friction, which was found by the ANOVA post—hoc
test (Table 2). This agreed with the previous study?".



However, this finding may not be easily compared with
those of other studies, because the previous studies
used models that did not simulate the natural tipping
and rotation movement of teeth with PDL environment.
Most experimental studies on orthodontic friction have
used a model wherein arch wires were pulled through
slots of brackets bonded to simulated teeth that were
mounted in fixed mediums!4919-24_ For example, in
the study of Frank and Nikolai, fixed angles between the
wire and bracket slot were given in a stepwise fashion,
such as 0, 3, 6 and 10 degrees, to simulate the initial
tipping of canine teeth immediately before sliding
movementl. For different bracket widths, however, a
comparison of frictional forces under the same angle
and the same retracting force should be a significant
error in testing conditions, since the different bracket
width generates a different amount of binding angle and
frictional force as well. That is, a larger retracting force
was needed for a wider bracket under the same angle.

On the other hand, in the second study, Tidy did not
need to give fixed angulations because he used the
weights o represent a single equivalent retracting force,
and the initial tipping was allowed naturally according to
the retracting force'?. He positioned retracting force
application at the center of resistance. Since ortho—
dontic forces are typically clinically applied at a distance
from the center of resistance, using the weights at that
point generated an undesirable tipping of the teeth. In
his study, more tipping was established within the
narrow bracket rather than the wider one, because the
former was easier to tip at retraction. The tipping would
generate a frictional force when the arch wire was drawn
through the bracket slot, and therefore, this experiment
made the error of placing uneven retracting force on the
teeth. In addition, the two studies mentioned above did
not allow for the rotation of teeth during sliding move—
ment; rather, they only simulated the two—dimensional
tipping of canine teeth!12.29)

Our dentoalveolar model was designed to simulate
the PDL action during orthodontic tooth movement.
Accordingly, the experimental conditions could simulate
the contact established among arch wire, bracket slot

~~~~~~~ The effect of bracket width on frictional force between {:

bracket and arch wire during sliding tooth movement

and ligature upon the application of orthodontic force
for sliding tooth movement in every clinical case. If the
arch wire does not deform, the teeth will maintain
slightly tipped and rotated positions and slide parallel
along the archwire. The two previous studies that found
the effect of bracket width on frictional force used
models that do not allow these natural tipping and
rotation to occur in our clinic’ 12,

One explanation for the non—significant effect of
bracket width may be the same mechanism generating
frictional force, which is the binding of wire material to
the material of the bracket slot. There might be two
point—contacts between the edges of the bracket slot
and arch wire at the maximal friction point. At the initial
stage of sliding movement, there were some diff—
erences in frictional force among the narrow, medium
and wide brackets (Figure 4). We assume that this might
result from variations in angle between bracket slot and
the direction of wire movement at the initial stage. We
don't know precisely why at the initial stage of sliding
movement the largest frictional forces were measured
for medium brackets. As the wire continued to displace,
the frictional force value became increasingly similar.
The reason for this phenomenon may be because the
PDL-like light body polyvynilsiloxane impression
matetial adjusted the angle between wire and bracket,
buffered the different frictional forces for three brackets,
and resulted in similar force values.

Therefore our results suggest that in clinics the wide
brackets, rather than narrow ones, may be a better
choice to control the rotation and tipping of teeth at
retraction.

Ligation method

We should note the methodological error in ligation
method because of differences in frictional force
caused by different pressure from the ligature ties.
Several studies have documented that an increase in
normal force from tight ligation will cause an increase in
the measurement of frictional force?®'¥. To reduce the
potential for such bias, all ligation was carried out with
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elastic modules; but at the same time friction should
also increase with the increasing width of brackets.
Therefore, bonding resin was attached in a rectangular
shape on one side of the smaller bracket edge (Fig 1),
so that we could make the total length around tie wing
the same across all three brackets, while still not
generating any different effects on bracket—wire
interfaces.

Light body impression material and saliva
effect

It should be noted that the material we used to
simulate the PDL might have different physical pro—
perties from the actual tissue®®. According to research,
many different amounts of elastic modulus of PDL have
been reported?”). It was impossible to find an exact
material representing the elastic modulus of real PDL.
Thus, from among the materials with a somewhat lower
elastic modulus we selected the light body of silicone
impression material, which was easy to handle.

The material did allow tipping until contact was
established between the bracket and arch wire. The
results of this study may lead to speculation that actual
PDL are of minor significance in the development of
different frictional forces, but rather it may serve to
buffer the varying frictional forces.

Another criticism may be that no efforts were made to
simulate saliva effect. However, lubrication appears to
play only a minor role. Tests done under dry conditions
gave the same results as tests in water, whereas the use
of artificial saliva only produced reductions in frictional
force of 17% or less258

CONCLUSION
This study of frictional force between bracket and
arch wire during canine retraction movement under
dentoalveolar model presented some conclusions as

follows:

1. Maximum frictional force for each bracket—arch wire
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combination was:

Narrow (2.40mm) : 68.09+4.69 gmf
Medium (3.00mm) : 72.75%4.98 gmf
Wide (4.25mm) : 72.59+4.54 gmf

2. Frictional force was increased with the greater dis—
placement of wire through the bracket slot.

3. ANOVA post—hoc tests showed that the bracket
width had no significant effect on the frictional force
when tested under clinically simulated conditions.
(P>0.05).

REFERENCES

—

. Frank CA, Nikolai RJ. A comparative study of frictional resistances
between orthodontic bracket and arch wire. Am J Orthod 1980 :
78 : 593-609.
2. Kapila S, Angolkar PV, Duncanson MG Jr, Nanda RS. Evaluation
of friction between edgewise stainless steel brackets and
orthodontic wires of four alloys. Am J Orthod Dentofac Orthop
1990 : 98 : 117-26.
3. Garner LD, Allai WW, Moore BK. A comparison of frictional forces
during simulated canine retraction of a continuous edgewise arch
wire. Am J Orthod Dentofacial Orthop 1986 : 90 : 199—203.
. Kusy RP, Whitley JQ, Mayhew MJ, Buckthal JE. Surface rough—
ness of orthodontic arch wires via laser spectroscopy. Angle
Orthod 1988 : 58 : 33—-45.
5. Drescher D, Bourauel C, Schumacher HA. Frictional forces between
bracket and arch wire. Am J Orthod Dentofac Orthop 1989 : 96 :
397-404. '
. Angolkar PV, Kapila S, Duncanson MG Jr, Nanda RS. Evaluation
of friction between ceramic brackets and orthodontic wires of four
alloys. Am J Orthod Dentofac Orthop 1990 - 98 : 499—506.
7. Pratten DH, Popli K, Germane M, Gunsolley JC. Frictional
resistance of ceramic and stainless steel orthodontic brackets.
Am J Orthod Dentofac Orthop 1990 : 98 : 398—403.
8. Vaughan JL, Duncanson MG Jr, Nanda RS, Currier GF. Relative
kinetic frictional forces between sintered stainless stee! brackets
and orthodontic wires. Am J Orthod Dentofac Orthop 1995 :
107 1 20-7.
9. Kusy RP, Whitley JQ. Coefficients of friction for arch wires in
stainless steel and polycrystalline alumina bracket slors. I. The dry
state. Am J Orthod Dentofac Orthop 1990 : 98 : 300-12.
10. Andreason GF, Quevedo FR. Evaluation of frictional forces in the
.022x 028 edgewise bracket in vitro. J Biomech 1970 : 3 151—
60.

11. Kamiyama MT, Sasaki T. Friction and width of brackets. Nippon
Kyosei shika Gakkai Zasshi 1973 : 32 : 286-9.

12. Tidy DC. Frictional forces in fixed appliances. Am J Orthod Den—
tofac Orthop 1989 : 96 : 24954,

13. Yettram AL, Wright KW, Houston WJ. Center of rotation of a

maxillary central incisor under orthodontic loading. Br J Orthod

1977 1 4. 23-7.

.

[=)



- The effect of bracket width on frictional force between
bracket and arch wire during sliding tooth movement

. Pryputniewicz RJ, Burstone CJ. The effect of time and force 22. Dickson JA, Jones SP, Davies EH. A comparison of the frictional
magnitude on orthodontic tooth movement. J Dent Res 1979 : characteristics of five initial alignment wires and stainless steel
58 1 1754—64. brackets at three bracket to wire angulations : an in vitro study. Br

. Burstone CJ, Pryputniewicz RJ. Holographic determination of J Orthod 1994 : 21 1 15-22,
centers of rotation produced by orthodontic forces. Am J Orthod 23. Kusy RP, Whitley JQ, Prewitt MJ. Comparison of the frictional
1980 © 77 396—409. coefficients for selected arch—wire bracket slot combinations in

. Burstone CJ, Pryputniewicz RJ, Bowley WW. Holographic mea— the dry and wet states. Angle Orthod 1991 : 61 : 293-302.
surement of tooth mobility in three dimensions. J Periodontal Res 24. Sims AP Waters NE, Birnie DJ. A comparision of the forces
1978 : 13 : 283-94, required to produce tooth movement ex vivo through three types

. Berger JL. The influence of the SPEED brackets seli-ligating of preadjusted brackets when subjected to determined tip or
design on force levels in tooth movement : A comparative in vitro torque values. Br J Orthod 1994 : 21 : 367-73.
study. Am J Orthod Dentofac Orthop 1990 : 97 : 219-28. 25. Yamaguchi K, Nanda RS, Morimoto N, Oda Y. A study of force

. Ireland AJ, Sheriff M, McDonald F. Effect of bracket and wire application, amount of retarding force, and bracket width in
composition on frictional forces. Europ J Orthod 1991 : 13 : 322-8. sliding mechanics. Am J Orthod Dentofac Orthop 1996 : 109 :

. SimsAPT, Waters NE, Bimie DJ, Pethybridge RJ. A comparison of 50-56.
the forces required to produce tooth movement in vitro using two 26. Yousefian J, Ngan P, Saito S, Shafeld J, Davidovitch Z.
ligating brackets and a preadjusted bracket employing two types Hydrostatic system of force transmission in the periodontium, In :
of ligation. Europ J Orthod 1993 : 15 : 377-85. Davidovitch Z and Norton LA. ed. Biological mechanism of tooth

. Baker KL, Nieberg LG, Weimer AD, Hanna M. Frictional changes movement and craniofacial adaptation. Boston : Socliety for the
in force values caused by saliva substitution. Am J Orthod advancement of Orthodontics, 1996 : 161-71.

Dentofac Orthop 1987 : 91 : 316—20. 27. Geramy A. Initial stress produced in the periodontal membrane by

. Peterson L, Spencer R, Andreason G. A comparison of frictional orthodontic loads in the presence of varying loss of alveolar
resistance for nitinol and stainless steel wire in edgewise brackets. bone © a three—dimensional finite element analysis. Europ J
Quintessence Int 1982 : 13 : 563-71. Orthod 2002 : 24 @ 21-33.

R R B e e R AR R

X|ot HF O|F Al Btz 0| 243}
T & Ao[2] DHE®of OjXj= it

MY, YRV, WY, YR, LRE?), weg?

Rote] EF 01FA] A E HEpAlul 54 A0 mEE e Be Qs JE W Bl 5 *94 7], Fe LE
N AE, 289y o1 Bep -S40 2 £ 330 Y ojd @
Ak B o] npEe o) nRls 3o Jd s =8to] o

OlH ol7i= QAo A9l B2t BO) X[0} O|EA] HEl Zo] 2 g = @y el ¢ njXj= SAE XAl $5
MEQIT} Z0) T2 A7HK Bk (0.018x0.025 standard) & &FL A (2.40mm), &7 A (3.00mm), 28I §e& A
(4.25mm) B2 0.016x0.022 2HQH A~ 28 S A1 84 ALESHHT) A7HA EtA -4 ZEES % 05mmE 4

Vol. 34. No. 3. 2004. Korea. J. Orthod.




*) Won—Cheul Choi, Tae—Woo Kim, Joo—Young Park, Jae—Hyuk Kwak, Hyo—Jeong Na,Du—Nam Park

B BRI A SEOIES ST 42 734 €HE S-S HESEY YEjE AHAS/IAN A0 AE ZF2 A
B FAS B E de B8 0] Clii= Zlé‘ﬂgi AIZEE=ERT ATt 2889 SUE FH4F567] A5t Eep
€ ECIAN IRE ZRFC2H B Z9 X018 EASFATH

gds e gtk

|

-S4 R FHn) nag e,

(2.40mm):68.0 + 94.69 gmf

(3.00mm):72.7 % 54,98 gmf

(4.25mm):72.5 * 94.54 gmf

0] B £8& RUHA LMQ#% o@# e 716

NOVA AZAE 21 Y43 86 B9 g0 Bl £ ntg@dg o) of2d g8e nRIx] FUTHp>0.05).

y—

loh BT op mh N
oo B oro
SRS

w
>

1
k0
re
2
Iz
o
1
gm

]
2
o

TN 7YY 3437 3%, 2004




