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Debris, Roughness and Friction of Stainless Steel Archwires Following

Clinical Use

Isabella Silva Vieira Marques?; Adriana M. Araujo?;
Julio A. Gurgel®; David Normando*

ABSTRACT

Objective: To investigate the degree of debris, roughness, and friction of stainless steel
orthodontic archwires before and after clinical use.

Materials and Methods: For eight individuals, two sets of three brackets (n = 16) each were
bonded from the first molar to the first premolar. A passive segment of 0.019- X 0.025-inch
stainless steel archwire was inserted into the brackets and tied by elastomeric ligature. Debris level
(via scanning electron microscopy), roughness, and frictional force were evaluated as-received
and after 8 weeks of intraoral exposure. Mann-Whitney, Wilcoxon signed-rank, and Spearman
correlation tests were used for statistical analysis at the .05 level of significance.

Results: There were significant increases in the level of debris (P = .0004), roughness of
orthodontic wires (P = .002), and friction (P = .0001) after intraoral exposure. Significant positive
correlations (P < .05) were observed between these three variables.

Conclusion: Stainless steel rectangular wires, when exposed to the intraoral environment for 8
weeks, showed a significant increase in the degree of debris and surface roughness, causing an
increase in friction between the wire and bracket during the mechanics of sliding. (Angle Orthod.

2010;80:521-527.)
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INTRODUCTION

Several mechanical and biological factors may
modify the frictional force generated during orthodontic
sliding mechanics."? Studies examining wires as-
received from the manufacturer have shown an
inverse relationship between the force loss caused
by friction, the slot size, and the interbracket dis-
tance.?® Direct relationships between the frictional
force and the wire section diameter,2*” as well as
the angulation between the bracket and the wire,>®
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have been reported. Despite some inconsistency in the
literature, studies have demonstrated that stainless
steel (SS) wires produce less friction than other
materials.2®"'" SS ligatures create less friction when
compared with elastic ligatures.*® More recently,
studies have demonstrated less friction when self-
ligating brackets are used during initial sliding me-
chanics.>"'2'3 However, when loosened steel ligatures
are used, the friction of conventional and self-ligating
brackets is more or less similar.®'

Biological variables causing friction include the
presence of saliva,®''*'s acquired pellicles, corrosion,
and plaque.® Studies have shown that when SS wires
are used, saliva may not act as a lubricant.”"'® Instead,
saliva may increase the friction and present an
adhesive interference, caused by increased surface
tension in the archwire. An analysis of the surface
roughness of different archwires materials suggests
that these results could be related to the coefficient of
friction of the material analyzed."

Dental material science has paid more attention to
archwire mechanical properties of as-received materi-
als than to changes produced after intraoral expo-
sure."”'® Only one investigation has evaluated the
effect of clinical use on nickel-titanium (NiTi) ortho-
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dontic wires (0.016- X 0.022-inch) in terms of surface
roughness of wires and friction during the sliding
between bracket and wire.” The NiTi archwires
showed higher coefficients of friction and roughness
after four weeks of clinical use, but no significant
relationship was observed between the increasing
roughness of the wire and the friction level.

However, although orthodontic NiTi archwires are
more commonly used, SS archwires are more fre-
quently indicated for sliding mechanics because of
their lower friction coefficients.2*'" Also, rectangular
SS archwires used during sliding mechanics may need
to stay in the oral environment for several months.
Thus, it is necessary to examine the changes
produced by the oral environment in the mechanical
properties of SS orthodontic archwires.

The aim of this investigation was to evaluate the
changes that occur in SS orthodontic archwires before
and just after clinical use for 8 weeks. Specifically, the
changes in the degree of debris impregnated on the
orthodontic wire, the wire surface roughness, and the
friction produced during sliding were evaluated before
and after exposure to the oral environment.

MATERIALS AND METHODS

This study was approved by the Commission of
Bioethics, Faculty of Dentistry of the Brazilian Federal
University, Para State 025/2008. Consent was also
sought by asking subjects to sign a form that explained
the nature and purpose of the present investigation.

The sample size was calculated assuming a normal
distribution of the tested parameters, allowing use of
the Student t test for statistical analysis of the
differences between as-received (T0) archwires and
archwires after 8 weeks of clinical use (T1). We also
assumed a power of 80% to detect a difference of 0.5
N of force and standard deviations of 0.3 (T0) and 0.6
(T1) and a bilateral alpha level of 5%. Standard
deviations were determined in a pilot study involving
six unused wires and six wires (from three patients)
examined after 8 weeks of intraoral exposure. The
sample sizes were determined to be n = 8 (T0) and n
= 16 (T1), since the variance was doubled for the
wires after clinical use.

Eight pieces of straight segments of as-received SS
wire, 0.019 X 0.025 inch (3M Unitek, St Paul, Minn),
were examined. The effects of intraoral exposure were
examined in eight adult individuals (four men and four
women), who received a bonding consisting of a set of
three edgewise brackets, slot 0.022- X 0.030-inch
(Morelli, Sao Paulo, Brazil) in each hemiarch (n = 16),
from the first molar to the first premolar. A straight
segment of the same SS wire (0.019- X 0.025-inch)
was inserted into each of the 16 sets of brackets at a
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Figure 1. Bracket wire set after 8 weeks of intraoral exposure.

distance corresponding to the first molar to first
premolar of each patient. The wires were carefully
tied to the brackets with elastic ligatures (diameter
0.120 inch; Unicycles, Masel, Carlsbad, Calif). The
sets of brackets and wires remained in the oral
environment for 8 weeks (Figure 1).

After being removed from the oral cavity, the wires
were stored in four closed containers, with a layer of
utility wax, that were set upright. The tips of the wires
that maintained contact with the wax were not used in
the examinations. Debris level and roughness were
evaluated before (TO, n = 16) and after 8 weeks of
intraoral exposure (T1, n = 16) in paired analyses.
Frictional force was evaluated in as-received wires
(n = 8) and after 8 weeks of intra-oral exposure (n =
16). All examinations were performed within 48 hours
of removal of the wires from the oral environment.

Microscopic and Roughness Analysis

For the microscopic debris and roughness analyses,
the upper tip of each segment of the wire was fixed on
a glass slide. A mark in the central area of the wire was
determined previously in order to standardize the
reading. The central area (0.025 inch) of the wires
was observed by scanning electron microscopy (SEM)
using a LEO 1430. Images were obtained from
secondary electrons, with magnifications of 18X and
200X.

Assessment of the amount of debris on the surface
of the wires was performed by a single examiner. The
following scores were used, according to previous
published methods used in endodontics (Figure 2): 0
= total absence of debris; 1 = some debris, involving
less than one-fourth of the image analyzed; 2 =
moderate presence of debris involving one-fourth to
three-fourths of the image; 3 = presence of a large
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Figure 2. SEM images (200%) showing debris on the wires. (A) Score 0. (B) Score 1. (C) Score 2. (D) Score 3.

amount of debris involving more than three-fourths of
the image examined.

For analysis of error associated with the debris
score, two readings for all segments of wire used
before (n = 16) and after clinical use (n = 16) were
made in a blinded fashion with an interval of one week
between them. The Spearman correlation was used to
check the reproducibility.

The surface roughness of the wire was examined
with a rugosimeter (Mitutoyo SJ-201). An average
roughness was obtained by reading the standard Ra
through three readings of 0.8 cm on the surface of the
central area of the rectangular wire.

The analysis of debris and roughness before and
after clinical use was performed for all 16 segments of
the wire used in this experiment. The distribution of
roughness was checked with the Shapiro-Wilk test.
Because roughness was not distributed normally at TO
(P = .009), the Wilcoxon signed-rank test was used to
examine differences in roughness and debris scores.
The alpha level was established at 5% (P < .05).

Friction Testing

Friction testing was done using two rectangular
acrylic plates (area = 4 X 5.5 cm and thicknesses =
0.5 cm). Two SS edgewise brackets (0.022- X 0.030-
inch, Morelli, Sdo Paulo, Brazil) were bonded on
each plate. Each bracket was bonded with 4 mm
between and 2 mm from the extremities of the plate.
One SS wire (0.021- X 0.025-inch) was placed in the
bracket slot, providing a full filing for the bracket
alignment, and was removed after the composite had
cured.

Before the friction test, each wire segment had one
end bent. Then, the wire was tied to the brackets using
a 0.120-inch-diameter elastic ligature (Unicycles,
Masel). The plates of acrylic containing the wire
segments were fixed in the universal testing machine
(EMIC DL 2000) and positioned at a 90° angle relative
to the ground (Figure 3). The plate containing the bent
wire end was set at the upper grip. The machine was
enabled and the upper grip slid at a speed of 0.5 mm/
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Figure 3. Acrylic plate model used to examine friction.

minute for a distance of 5 mm. The test model was the
same for all friction tests, so only the wire segments
and elastic ligatures were changed. After each friction
test, the brackets bonded to the plate were cleaned
with gauze soaked in alcohol (96%) to eliminate
possible debris from the previous wire. Kinetic frictional
force was measured in Newtons (N), using the mean
force exerted from the beginning of the movement until
the end of the test.

Because of the surface changes produced in the
orthodontic wires after the friction test, eight segments
of as-received wires were used to perform the control
friction test (TO). Thus, these wires were not used
clinically. The other 16 wires were subjected to friction
evaluation after 8 weeks of intraoral exposure (T1).

The normal distribution assumption was tested with
the Shapiro-Wilk test. Because the intraorally exposed
wires (T1) displayed a nonnormal distribution (P =
.009), the Mann-Whitney nonparametric statistical test
was used to examine the differences. Correlations
between the degree of debris, roughness, and kinetic
friction were examined with the Spearman correlation
test. For correlation analysis, all the wires (TO + T1,
n = 24) were examined. The alpha level was
established at 5% (P < .05).
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RESULTS
Scanning Electron Microscopy

The Spearman correlation showed excellent repro-
ducibility (P < .0001) for the debris scores obtained in
this study (r = 0.96, 18X magnification, and r = 0.99,
200X magnification). Analysis of debris on the as-
received wires (TO) using SEM showed a complete
absence of debris (zero score) for all segments of wire
at 18 and 200X magnification. However, the degree
of debris was significantly increased for wires that had
remained in the oral environment for 8 weeks (T1). The
median score after clinical use was 2 (moderate
debris) at 18X magnification (P = .0004), and 3 (large
amount of debris) at 200X magnification (P = .0004)
(Table 1).

Roughness

Before exposure to the oral environment (TO0), the
wires showed homogeneity (SD = 0.02) and very low
values of roughness, with an average Ra of 0.02. Eight
weeks of intraoral exposure (T1) caused a significant
increase in the degree of roughness of the wires (P =
.0022) (Table 1). The segments of the wire at T1
showed a mean value of Ra = 1.09 (SD = 0.9)
(Table 1).

Friction

There was a significant increase in frictional force
from TOto T1 (P = .0001), with an average increase of
1.48 N (Table 1), corresponding to a 20.8% increase in
the friction level.

Correlation Between Frictional Force, Amount of
Debris, and Roughness

Spearman correlation analysis showed a significant
association between kinetic friction and the degree of
debris measured using 18X magnification (r = 0.50, P
= .019) and 200 magnification (r = 0.46, P = .029),
as well as between kinetic friction and roughness (r =
0.44, P = .044). A greater degree of correlation was
observed in the association between roughness and
debris (P < .0001; r = 0.80 for 18X and r = 0.78 for
200X) (Table 2).

DISCUSSION

The friction of brackets, ligatures, and archwires as
received from manufacturers has been studied exten-
sively.2'%'277 The effect of aging in the oral environ-
ment is an important factor to consider with regard to
the efficacy of orthodontic mechanics. Aging effects on
surface archwire roughness,' surface topography,?
fracture,?' and friction' have been examined in only a
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Table 1. Descriptive Statistics for Debris, Roughness, and Friction and P Values for Comparisons of As-Received SS Archwires (T0) and

Clinically Used SS Archwires (T1)

As Received (T0)

Clinically Used (T1)

Variable n Mean/Med SD/IQR n Mean/Med SD/IQR P
Debris 18x? 16 0 0 16 2 1 .0004***
Debris 2002 16 0 0 16 3 1 .0004***
Roughness (Ra) 16 0.02 0.02 16 1.09 0.89 .0022***
Friction (N) 8 7.1 0.36 16 8.58 1.34 .0001***

2 Debris at 18X and 200X are described by medians and interquartile ranges (IQRs); roughness and friction are described by means and

standard deviations (SDs).
P < .001.

few investigations on NiTi archwires. SS wire has not
been evaluated recently. Our choice of rectangular SS
wires was motivated by the fact that these wires are
very useful during mechanical sliding because of their
lower coefficient of friction>®" and lower surface
roughness.’ Also, during mechanical incisor retrac-
tions, a rectangular SS archwire needs to remain in the
oral environment for several months. Edgewise brack-
ets were used in the present study because the slots
are flat and they can be assembled without any angles
or inclinations.

This test setup used linear unidirectional sliding
mechanics, while orthodontic tooth movement is
dynamic. Debris in archwire can potentially increase
friction, but it is only one of the factors involved in the
resistant force system.? It is also important to consider
the different normal forces that can change during
active orthodontic movement and the influence of the
debris on this phenomenon. Although it is quite hard to
simulate in vitro the dynamic relation between archwire
and bracket slots, this issue should be investigated
further.

The choice of elastic ligatures was made because
they are the first choice for most clinical orthodontists.
Furthermore, it is more difficult to standardize the tying
strength when using SS ligatures.?®

In the present study, the as-received SS wire
showed very low values of roughness, with an average
of 0.02 um. After intraoral exposure for 8 weeks, there
was a significant increase in roughness (Table 1). A
previous study'® demonstrated an increase in rough-
ness for four different NiTi wires as a result of 4 weeks

Table 2. Correlation Coefficients (r) and P Values for the
Variables Examined

P Values
r Value Friction  Debris 18X  Debris 200X Roughness
Friction — P =.0197* P = .029* P = .044*
Debris 18X r = 0.50* — — P < .0001***
Debris
200X r=0.48" — — P < .0001***

Roughness r = 0.44* r=0.80"* r=0.78"" —
*P < .05; ***P < .001.

of intraoral exposure. The values reported previously
seem to differ from those of the present study,
probably because of differences between the materials
used to manufacture the wires and the duration of
intraoral exposure.

There is little information in the literature regarding
increased debris on orthodontic wires after clinical use,
a very common measure in endodontics studies for
evaluating methods of cleaning endodontic files.?*2¢ In
this study, using SEM, a debris score of 0 was
obtained for as-received wires, but after 8 weeks of
intraoral exposure, the scores were significantly higher
(P < .001). Increases in roughness™ and significant
deterioration in topography and structure® in retrieved
NiTi archwires have been previously demonstrated.

Comparison of the frictional force of SS before and
after clinical use showed an average increase of 1.48
N (20.8%) after 8 weeks of intraoral exposure.
Resistance to sliding of orthodontic appliances in the
dry state may not correspond to actual friction in the
oral environment. However, the presence of saliva
seems to cause an increase in friction." The samples
were analyzed until 48 hours after removal from the
oral environment, which might have caused the drying
of residues on the archwire surface. This might have
influenced the friction level; however, this dryness can
also occur during the clinical use of orthodontic wire,
since the orthodontist usually removes the archwire
from the mouth and replaces it after a short period of
time.

The difference of 1.48 N (20.8%) in the magnitude of
force loss caused by friction generated by the
presence of debris seems to be an important factor
to be considered when the force to be applied is
calculated. It seems evident that the force used to
move a canine, usually around 1 N, is insufficient to
generate appropriate movement under the conditions
observed in rectangular arches after 2 months of
clinical use. This study defends the importance of
cleaning the archwires at every clinical appointment to
remove plaque and debris from the archwire surface
and prevent an increase in friction during mechanical
sliding.
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No data were found for SS wires in the literature, but
increased friction after intraoral exposure for 4 weeks
was previously reported for NiTi wires, with increases
ranging from 7% to 137%."® The authors did not find
any correlation between friction and roughness and
attributed the increased friction to the loss of ions
implanted in the wire to reduce roughness and friction.
Clinically, surface roughness is a property of the wires
that affects corrosion and biocompatibility, as it allows
a greater accumulation of plaque.™ According to the
present findings, surface roughness is also significant-
ly related to higher levels of frictional force.

Correlation analyses showed significant positive
correlations between the degree of debris on the
archwire surface, surface roughness, and friction
(Table 2). However, the correlation between friction
and debris was less significant than the correlation
between debris scores and roughness. In this study,
changes in structural characteristics of the archwire
surface were not examined. It is possible that other
factors, in addition to the accumulation of debris on the
surface of the archwire, may have contributed to the
higher level of friction. Further research using levels of
debris, roughness, and friction to evaluate the efficien-
cy of methods employed to clean orthodontic arch-
wires is needed.

CONCLUSIONS

« SS rectangular wires exposed to the intraoral
environment for 8 weeks show a significant increase
in the amount of debris and degree of surface
roughness.

« An increase in friction between the wire and bracket
occurs during the mechanics of sliding. This change
is correlated to the degree of debris and roughness
on the archwire surface.
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