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Comparison of Frictional Resistance
of Teflon-coated Stainless Steel and Stainless Steel Wires
Ligated with Various Types of Ligature in Ceramic Brackets
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Abstract

The aim of the study was to compare frictional
resistance of stainless steel (SS) and Teflon-coated
SS wires ligated with various types of ligature in
ceramic brackets. Six combinations of specimens,
comprising two types of 0.019x0.025-inch main
archwire, SS and Teflon-coated SS wires, and three
types of ligation, elastomeric, SS and Teflon-coated

SS ligatures were used in 0.022x0.028-inch
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Introduction

The demand of esthetic orthodontic appliances
is growing due to the increase in adult patients who
are concerned about their appearance during the
orthodontic treatment period.(!) Traditionally,
metal alloys have been used for manufacturing both
brackets and archwires, due to their suitable properties,

such as tarnish- and corrosion- resistance, high form-
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ceramic brackets, 10 samples for each group. The
frictional resistance of each combination was
measured using a universal testing machine. The
means of maximum static frictional resistance were
compared according to types of wire and ligature
using Two-way ANOVA followed by Dunnett's T3
post-hoc test (p < 0.05).

The results showed that the frictional resis-
tance of Teflon-coated SS wires (58.6+£35.1 g) was
not significantly different from that of SS wires
(68.8+48.4 g) regardless of the ligature type.
The frictional resistance of elastomeric ligatures
(108.5+40.7 g) was statistically significantly greater
than that of SS ligatures (32.7+17.1 g) and
Teflon-coated SS ligatures (50.0+16.0 g)
(p < 0.001), whereas the frictional resistance of
Teflon-coated SS ligatures was statistically signifi-
cantly greater than that of SS ligatures regardless
of the wire type (p <0.01).

In conclusion, the frictional resistance of
Teflon-coated SS and SS wires were not signifi-
cantly different when used in the ceramic brackets

regardless of the ligature type.

Keywords: orthodontic friction, ligature, ceramic

bracket, Teflon-coated stainless steel wire

ability, adequate stiffness, and low frictional resis-
tance.?) However, the metal brackets and archwires
were compromised esthetics.(!*)

Ceramic brackets, first introduced in 1986,(+)
offer better esthetics than either stainless steel or
polycarbonate brackets; they also exhibit good
resistance to wear and deformation, as well as color

stability. Esthetic brackets made of ceramic partially
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solve the esthetics problem. However, archwires and
ligatures are still made of stainless steel, which has
a metallic color. Attempts have been made to
develop orthodontic appliances that provide enhanced
esthetics and clinical performance in response to the
demands of patients and clinicians.

Manufacturers continually produce archwire
and ligature systems that provide esthetics and offer
good performance, to supplement the esthetic bracket
systems.(®) Currently, esthetic archwires can be
separated into two categories: fiber-reinforced and
coated metallic archwires.(”) Fiber-reinforced wires
are in the experimental stage and not universally
available commercially; there are good expecta-
tions from them for the future. Esthetically-coated
archwires are available for clinical use. The coat-
ing materials can be made of Teflon, epoxy-resin,
plastic, rhodium, or palladium.®® Currently, the two
most common aesthetic archwires on the US market
are coated with either epoxy-resin or Teflon.()
Epoxy is a synthetic resin made by combining epoxide
with another compound. Teflon, type of plastic, is
the trademark name DuPont uses for the compound
polytetrafluoroethylene (PTFE). Teflon is coated on
stainless steel wire by an atomic process that forms
a layer of about 20-25 pum thickness on the wire that
imparts to the wire a hue which is similar to that of
natural teeth.'”) Similar to archwires, ligatures have
been improved for esthetic concerns using a coating
technique. Coating materials, such as Teflon, are
used to improving the appearance of the ligatures.

The effects of epoxy-resin coating on frictional
resistance are still controversial. Some studies(!"'?)
found that epoxy-resin coating increased frictional
resistance. For example, Dickson, et al."Y who
compared the frictional characteristics of five initial
alignment wires on stainless steel brackets, found that
epoxy-coated stainless steel wire exhibited greater
frictional resistance than all other archwires and it

was observed that the coating was stripped from the
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wire; this stripping was associated with considerable
binding within the system. On the other hand, some
studies'!3!¥ found that epoxy-resin coating reduced
frictional resistance. For example, Clocheret, et al(
evaluated the dynamic frictional behavior of
different archwires on stainless steel brackets. The
results revealed that an epoxy-coated archwire
produced the lowest friction among 15 commer-
cially-available archwires. These results might be
associated with the plastic-metal contact interfaces
of some of the archwires, where the plastic might
provide some degree of lubrication, rather than the
metal-metal interfaces of other archwires.

For Teflon-coated wire, many studies(!3-1%)
showed that Teflon-coated wire reduced frictional
resistance. For example, Husmann, et al. 1 evaluated
the frictional behaviour of archwires coated with
Teflon or polyethylene, compared with uncoated
archwire. They found that the coating could reduce
the frictional resistance compared to uncoated
reference archwire of the same manufacturer.

Various types of bracket have been used to
investigate the frictional resistance of esthetic
archwire. Many studies">"'® found that Teflon coat-
ing reduced frictional resistance, regardless types
of bracket. For example, Sukh, et al. 19 studied the
frictional resistance between three modern ortho-
dontic brackets, including stainless steel, ceramic,
and ceramic with metal slot brackets, against seven
different archwires. They found that the stainless
steel brackets with Teflon-coated stainless steel arch-
wires ligated with stainless steel ligatures produced
the lowest mean frictional resistance. Moreover,
Farronato, et al1® evaluated, in vitro, the influence
of Teflon coating on the resistance to sliding of
orthodontic achwires using twelve types of archwire
with round and rectangular cross-sections and of
different materials along with self-ligating brackets.
They found that Teflon-coated archwires produced

lower friction than the corresponding uncoated
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archwires.

The combination of ceramic brackets, esthetic
archwires and esthetic ligatures provides an ultimately
esthetically pleasing fixed orthodontic appliance.
However, the physical properties of the material,
especially frictional resistance, should be considered
in appliance selection, because 12%-60% of the
applied force is dissipated due to frictional resis-
tance.!”) In order to move the teeth, the orthodontist
needs to apply a force which is greater than the
static frictional resistance.?%?!) Increased frictional
resistance may reduce the effectiveness of the
mechanics, decrease tooth movement efficiency,
cause patient discomfort, increase the risk of tissue
damage, and further complicate anchorage control.
(22)

Thus, the aim of the study was to compare
frictional resistance of Teflon-coated stainless steel
and stainless steel wires ligated with various types

of ligature in ceramic brackets.

Materials and methods

Six combinations of specimens, comprising two
types of 0.019x0.025-inch main archwire, stainless
steel wires (Resilient Orthoform, 3M Unitek,
Table 1 The experimental groups.

M50 1 NgunAaey
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Monrovia, California, USA) and Teflon-coated
stainless steel wires (Micro Dental White Arch,
Modern Arch Orthodontics Supplies, Morgan Hill,
California, USA), and three types of ligature, clear
elastomeric ligatures (Quik-Stik, 3M Unitek), 0.010-
inch stainless steel ligatures (Preformed Lig Ties
Shorty, Ortho Technology, Tampa, Florida, USA)
and 0.012-inch Teflon-coated stainless steel ligatures
(Tooth Tone Preformed Shorty Ties, Ortho Tech-
nology), were used in 0.022x0.028-inch ceramic
brackets (Reflections, Ortho Technology). There
were 10 samples in each combination (Table 1). The
experimental models are shown in Figure 1.
Frictional resistance was measured on the
models in a universal testing machine (Instron model
5566, Instron Limited, Norwood, Massachusetts,
USA). A wire holder was attached to the superior
clamp of the universal testing machine, and an acrylic
base holder was attached to the inferior clamp
(Figure 2A). The wire was inserted into the wire
holder. Acrylic bases were prepared from PVC rings.
The lower part of each ring was filled with plaster,
and the upper part was filled with self-cured acrylic
resin. The acrylic surfaces were ground and

polished using a grinder polisher machine (Metpol

Group Archwire Ligature Bracket N

1 Stainless steel wire Clear elastomeric ligature Ceramic brackets 10
(Resilient Orthoform) (Quik-Stik) (Reflections)

2 Stainless steel wire Stainless steel ligature Ceramic brackets 10
(Resilient Orthoform) (Preformed Lig Ties Shorty) (Reflections)

3 Stainless steel wire Teflon-coated stainless steel ligature | Ceramic brackets 10
(Resilient Orthoform) (Tooth tone Preformed Shorty Ties) (Reflections)

4 Teflon-coated stainless steel wire | Clear elastomeric ligature Ceramic brackets 10
(Micro Dental White Arch) (Quik-Stik) (Reflections)

5 Teflon-coated stainless steel wire | Stainless steel ligature Ceramic brackets 10
(Micro Dental White Arch) (Preformed Lig Ties Shorty) (Reflections)

6 Teflon-coated stainless steel wire | Teflon-coated stainless steel ligature | Ceramic brackets 10
(Micro Dental White Arch) (Tooth tone Preformed Shorty Ties) (Reflections)
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Figure 1

The experimental models of six combinations of wires and ligatures.

(4) Group 1: stainless steel wire ligated with elastomeric ligature.

(B) Group 2: stainless steel wire ligated with stainless steel ligature.

(C) Group 3: stainless steel wire ligated with Teflon-coated stainless steel ligature.

(D) Group 4: Teflon-coated stainless steel wire ligated with elastomeric ligature.

(E) Group 5: Teflon-coated stainless steel wire ligated with stainless steel ligature.

(F) Group 6: Teflon-coated stainless steel wire ligated with Teflon-coated stainless steel ligature

220, Shenzhen Pride Instrument Inc., Shenzhen,
China). Then, the acrylic base was inserted into
the acrylic base holder. The bracket was bonded
on the acrylic base using Transbond XT Light Cure
Adhesive system (3M Unitek) in a position where
the wire was passively seated into the bracket slot
(Figure 2B). In order to polymerize the adhesive,
a light cure unit (Mini LEDTM) (Satelec, Acteon,
Mount Laurel, New Jersey, USA) provided light,
which was applied to the bracket from four
directions (Upper-Left, Upper-Right, Lower-Left,

and Lower-Right) for ten seconds in each direction
before ligation of each combination. After complete
polymerization, the holding wire was ligated into
the bracket slot using three types of ligature (clear
elastomeric ligature for Groups 1 and 4, stainless
steel ligature for Groups 2 and 5, and Teflon-coated
stainless steel for Groups 3 and 6) (Figure 1). For
elastomeric ligation, the ligature was held and tied on
the bracket wing with a Mathieu plier. For stainless
steel and Teflon-coated stainless steel ligation, the

Mathieu plier was used to hold the ligature at the
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beginning point of the twist and to turn the ligature

13 times in the same direction.

-»;" ) The static frictional resistance value of each

Ceramic bracket

™
| o

sample was measured using the experimental models
mounted on the crosshead of the universal testing
machine with a 50 N load cell, while 2 mm of wire
/ was drawn vertically through the bracket at a speed

of 0.1 mm/min in the wet state; a drop of artificial
_ saliva was applied on the ligated bracket before the

experiment was performed. The artificial saliva was

manufactured by the Faculty of Pharmacy, Chiang

(4) msvanssudidiaainuaziiinguezasanyy  Mai University. The composition of the artificial

iASBINATEY saliva, was as proposed by Fusayama.*®)
(B) msimmseuainlalusmdaninuazmsinnsey The frictional resistance test was performed
UUSAARIUUGINOZATAN on 10 samples in each combination. A new ceramic

(A) Setting of the wire holder and acrylic base holder ~ bracket, wire and ligature were used for each test. All
on the universal testing machine. experiments were performed by one examiner. The
(B) Setting of the wire in the wire holder and the ~ data were recorded on an X-Y recorder. The X—axis
bracket on the acrylic base. represented the extension of the wire beyond the

bracket in millimeters and the Y—axis represented the

Maximum static
frictional resistance

0.0

;zlﬁ' 3
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Figure 3  Graph indicating a specific maximum static frictional resistance.
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resistance to the crosshead movement in newtons.
The maximum static frictional resistance was indi-
cated from the load-extension graph as a first highest
load value before a continuous decrease (Figure 3)
and directly recorded in newtons, then converted into

grams.

Statistical analysis

The normal distribution of the maximum fric-
tional resistance values was determined using the
Shapiro-Wilk’s test. The differences in means of
maximum frictional resistance among the test groups
were determined using the two-way ANOVA test
followed by Dunnett's T3 post-hoc test (p < 0.05).
The data were analyzed using the Statistical Package
for Social Sciences program version 17 for Windows
(SPSS Inc., Chicago, Illinois, USA).

Results

The descriptive statistics of the mean maximum

static frictional resistance values of stainless steel

CM Dent J Vol. 40 No. 3 September-December 2019

wires and Teflon-coated stainless steel wires, ligated
with three types of ligature in ceramic brackets are
shown in Table 2. The Teflon-coated stainless steel
wires ligated with stainless steel ligatures (Group 5)
provided the lowest mean maximum static frictional
resistance, whereas the stainless steel wires ligated
with elastomeric ligatures (Group 1) provided the
greatest mean maximum static frictional resistance.

The data satisfied the normality of distribution,
and were required for parametric statistical tests,
but the homogeneity of variance assumptions was
unequal. Thus, the obtained data were statistically
calculated through two-way ANOVA followed by
Dunnett’s T3 post-hoc test. No interaction was
detected in the frictional resistance tests between
the types of wire and types of ligature in any of the
combinations of brackets and archwires. Moreover,
there was no statistically significant difference in
mean maximum static frictional resistance between
stainless steel wire and Teflon-coated wire. This
finding shows that, regardless of the types of

ligature, the mean maximum static frictional

MW 2 ANARY ANDEOULLIATY LA AR IaUAIANmUIREANIUaARgugavavaIamanaa | saiuAuaIamannals

FsARD U RNTLNAA 186237 3 HialuuySaamasin

Table 2 Mean, standard deviation and ranges of the maximum static frictional resistance values of stainless steel and Teflon-coated
stainless steel wires ligated with three types of ligature in ceramic brackets.
Maximum static frictional
Group Wire Ligature resistance (gram)
Mean SD Min Max
1 Stainless steel wire Elastomeric ligature 118.6 52.5 54.6 190.2
2 Stainless steel wire Stainless steel ligature 36.5 16.6 19 67.4
3 Stainless steel wire Teﬂoq—coated stainless 514 16.1 237 753
steel ligature
4 Teﬂon—goated stainless Elastomeric ligature 98 4 297 612 136.1
steel wire
5 Teﬂon—?oated stainless Stainless steel ligature 8.9 17.7 115 64.2
steel wire
6 Teﬂon-poated stainless Teﬂon'-coated stainless 436 16.6 332 R6.4
steel wire steel ligature
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resistance of Teflon-coated stainless steel wires
(58.6+35.1 g) was not significantly different from
that of stainless steel wires (68.8+48.4 g) (Figure 4).

On the other hand, two-way ANOVA showed
a statistically significant difference in the mean
maximum static frictional resistance among the
different types of ligature. Therefore, Dunnett's T3
post-hoc test was used to determine the statistical
difference in mean frictional resistance values
between three types of ligature, and showed that the
mean frictional resistance of elastomeric ligatures
(108.5+£40.7 g) was significantly greater than
that of stainless steel ligatures (32.7+17.1 g) and
Teflon-coated stainless steel ligatures (50.0+£16.0 g)
(p < 0.001), whereas the mean maximum static
frictional resistance of the Teflon-coated stainless
steel ligatures was significantly greater than that
of stainless steel ligatures, regardless of wire type
(» <0.01) (Figure 5).
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Discussion

Theoretically, frictional force is directly propor-
tional to the normal force and perpendicular to the
contacting surfaces, such that F = uN (F = frictional
force, u = coefficient of friction, N = normal force).
Thus, frictional resistance depends on two factors,
the coefficient of friction and the normal force. The
coefficient of friction can be altered, depending
on many factors, such as the material type of the
object, surface hardness, surface chemistry and
surface roughness.(') In this study, the ligation force
that was perpendicular to the direction of archwire
movement was the normal force.

Regardless of ligature type, the Teflon-coated
stainless steel archwires in this study showed no
significant difference in frictional resistance from the
stainless steel wire when used in ceramic brackets.
Different outcomes were observed by Katta, e al.>¥
and Sukh, e al.('9 Their studies revealed that

€ : I
> T e i
& 200.00 elastomeric ligature
8 68.8+48.4 58.6+35.1 & ss ligature .
% I 1 [2] Teflon-coated ss ligature
k7]
73
Q  150.00 | |
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S 11.6
=
2
< 100.00
2
=
©
S
7
£
S
£  50.007
=
m """"""
£
c
3
2 0.00 R RS
Group1 Group2 Group3 Group4 Group5 Group6
ss wire . Teflon-coated ss wire
Wire
U4 maSEudigumIANUAIN IFsANIEAAgIga (ANady + ANTE0UNNINTGIN) ATRINENANTSATUURZRIA
wanaglsaduAfoumnasy AnaREANUmIUIIREANIUEAngogaALaAsTourInTIN
Figure 4 Comparison of the maximum static frictional resistance values (Mean + SD) between stainless steel and Teflon-coated

stainless steel wires. Mean maximum static frictional resistance values are shown above each bar.
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Teflon-coated stainless steel archwires generated
significantly lower frictional resistance than stainless
steel archwires when used in ceramic brackets.
Furthermore, with stainless steel brackets, Husmann,
et al."), Farronato, et al.'"® and Kim, et al.®
showed that coated stainless steel archwires generated
significantly lower frictional resistance than stainless
steel archwires. On the other hand, Dickson, et al (M
reported that coated stainless steel archwires generated
greater frictional resistance than did stainless steel
archwires. The rationale for the different outcomes
was not obvious. However, one factor to consider
would be the use of different types of bracket.

Ceramic-slot ceramic brackets were used in this

CM Dent J Vol. 40 No. 3 September-December 2019

study, whereas Katta, et al.®® and Sukh, et al.('®
used metal-slot ceramic brackets, and Husmann,
et al.(ls), Farronato, et al."® and Kim, et al.®® ysed
stainless steel brackets. Further study on the influence
of bracket type and slot type on frictional resistance
using Teflon-coated stainless steel archwires should
be conducted to explore the causes of different
outcomes among the studies, and to determine the
ideal combination of esthetic archwires and ceramic
brackets to provide the least frictional resistance.

In comparing ligatures, this study showed that
the mean maximum static frictional resistance of
elastomeric ligatures was significantly greater than

that of stainless steel ligatures and Teflon-coated

Wire

Sig
|
Hokok

200.00

B ss wire
[£] Teflon-coated ss wire

150.00

118.6

100.00

| 32.7+17.1 |

Sig
%k

| 50.0+16.0 |

50.00

Mean maximum static frictional resistance (gram)

0.00- -
Group 1

Group 5

Group 3

Group 4 Group 2 Group 6
elastomeric ligature ss ligature Teflon-coated ss ligature
Ligation

U5 mMaSEuiguAIA NN IIF AN IEAAGIga (ANaRY + ANTE0UNLINTEIN) TAI0EANIA FIndARanAsls

aRnuazaIndnmanns1lsaduAfoumnasy ANaREANUAUIREANINEAGogaAuaAsTouronTIN

lne ** uanvAnuuAnA B TTET A MIFaRANT2AY 0.01

U AAYATINUAAAIDE I NESIAZYNRAAN3A L 0.001
Figure 5 Comparison of the maximum static frictional resistance values (Mean + SD) among elastomeric, stainless steel and

Teflon-coated stainless steel ligatures. Mean maximum static frictional resistance values are shown above each bar.

The statistically significant differences are presented by ** (p < 0.01), *** (p < 0.001).
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ligatures. A similar outcome was observed by De
Franco, et al.*® who reported that elastomeric
ligatures also generated greater frictional resistance
than Teflon-coated stainless steel ligatures when used
in ceramic brackets. They explained that Teflon-
coated materials had a lower coefficient of friction
than did polyurethane elastomers. In agreement,
Bortoly, ef al.*”) using stainless steel brackets, found
that elastomeric ligatures generated greater frictional
resistance than did stainless steel ligatures and
Teflon-coated stainless steel ligatures. Moreover,
many studies®®3") have shown that the elastomeric
ligatures generated greater frictional resistance than
loose stainless steel ligatures when used in stainless
steel brackets. However, the frictional resistance
depends on a force of engagement known as a
ligation force. Another possible explanation for
lower frictional resistance is that lighter forces
generated by Teflon-coated and stainless steel
ligatures (compared to those generated by elasto-
meric ligatures) produce lower frictional resistance.
These lighter forces vary with the number of turns
during ligation®? (the greater the number of turns,
the greater is the ligation force).

There is controversy regarding the frictional
resistance generated by stainless steel ligatures
and Teflon-coated stainless steel ligatures. Katta,
et al.®® and Khamatkar, et al.®3 concluded that
the frictional resistance of Teflon-coated stainless
steel ligatures is significantly less than that of stain-
less steel ligatures. In contrast, this study shows
that the mean maximum frictional resistance of the
Teflon-coated stainless steel ligatures was signifi-
cantly greater than that of the stainless steel ligatures.
Although this study tried to standardize the size and
length of both the Teflon-coated stainless steel and
the stainless steel ligatures, the diameter of the Teflon
coating ligature wires was increased by 0.002 inches
from the conventional stainless steel ligatures due to

the coating thickness indicated by a description of the

CM Dent J Vol. 40 No. 3 September-December 2019

ligature and by a digital veneer caliper measurement.
The same number of turns to tighten the ligatures
might have resulted in a greater force of engagement
in the Teflon-coated stainless steel ligatures. Thus,
the frictional resistance of the Teflon-coated stainless
steel ligatures might have been greater than that of
the stainless steel ligatures with the same diameter.
However, additional studies of the relationship
between coating thickness and frictional resistance
are still needed.

Several studies have investigated the effect of
artificial saliva on frictional resistance. Baker, et al.®%
and Tselepis, e al. 3% found that during the sliding of
wires in brackets, artificial saliva reduced frictional
resistance. On the other hand, Downing, ef al. (36),
Stannard, et al. (7 and Pratten, et al. (8) reported that
artificial saliva increased the frictional resistance, and
Ireland, ef al.®”) and Andreasen, et al.*”) found no
significant difference in frictional resistance between
tests with and without saliva. Regardless of whether
artificial saliva increased or decreased frictional
resistance between archwires and brackets, in this
study we chose to apply artificial saliva on the brackets
before testing to simulate the oral environment.

Teflon coating protects the underlying wire from
the corrosion process. However, corrosion of the
underlying wire likely to take place if it is used for
longer period in the oral cavity since this coating is
subject to flaws that may occur during clinical use.
Silva, e al.*V) identified the problems of greater
deterioration and surface roughness of various types
of coated archwire (Tooth Tone Plastic Coated,
Esthetic Shiny Bright, Esthetic Flexy Supper Elastic,
and Coated NiTi) than of conventional stainless steel
or NiTi archwires occurring after clinical use. This

24 who

finding corresponds with that of Katta, ez al.
found that Teflon-coated archwires expressed more
(sic) irregularities after frictional resistance testing
than before testing. This finding might lead to greater

frictional resistance in used archwire. To eliminate
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error from using tested materials, new archwires,
new brackets and new ligatures were used in each
test.

However, the large standard deviation values
may have resulted from a limitation of the sample
size in this study. Thus, further study should have a
larger sample to find if there are small statistically
significant differences.

In choosing between stainless steel and
Teflon-coated stainless steel archwires for esthetic
orthodontic treatment with ceramic brackets, there
is no difference in frictional resistance. However,
in situations demanding maximal esthetics, the
Teflon-coated archwires would be good options.

As for ligature selection, both clear elastomeric
and Teflon-coated stainless steel ligatures are
esthetically appropriate for use with Teflon-coated
stainless steel wires and ceramic brackets. However,
Teflon-coated stainless steel ligatures show signifi-
cantly less frictional resistance than do elastomeric
ligatures, but greater frictional resistance than
stainless steel ligatures. Therefore, selecting Teflon-
coated stainless steel ligatures would have benefit
over elastomeric ligatures due to their low frictional
resistance.

However, in clinical practice, consideration
should also be given to other factors than frictional
resistance and esthetic appearance, such as the cost
of materials, availability of materials in the market,
reputation and production standard of the supplier,
the result of the clinical studies, etc., in order to

provide appropriate and effective treatment.

Conclusions

1. Regardless of ligature type, the mean
maximum static frictional resistance of Teflon-
coated stainless steel and stainless steel wires were
not significantly different when used in ceramic

brackets.

CM Dent J Vol. 40 No. 3 September-December 2019

2. Regardless of wire type, the mean maximum
static frictional resistance of elastomeric ligatures
was significantly greatest followed by Teflon-coated
stainless steel ligatures and stainless steel ligatures
respectively, when used in ceramic brackets.
(» <0.001).
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