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Variation of Static Frictional Forces in the Fixed Orthodontic System
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Currently, the aesthetic appearance of fixed orthodontic appliances is an important factor for patients
seeking orthodontic treatment. The aim of this study was to evaluate static frictional forces generated by
different types of round 0.016" NiTi archwires, with and without aesthetic coating, when coupled with
monocrystalline alumina brackets. The static frictional force was determined using a testing machine for
measuring compression and tension forces. The results showed a variation of static frictional forces depending
on the type of archwire used. Uncoated archwires have produced the lowest static frictional forces. Partially
aesthetic coated archwires have generated lower static frictional forces than fully aesthetic coated ones.
Fully aesthetic coated archwires have produced the highest static frictional forces, but no significant
differences were noted between archwires with polymer and epoxy resin coating.
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An orthodontic appliance is a device that applies force
to the teeth and their supporting structures, to produce
changes in the relationship of the teeth and the skeletal
structures, and to control their growth and development,
by using gentle force [1].  Lately, the number of adults
seeking orthodontic treatment has been steadily growing
[2]. Consequently, this has led to an increased demand for
fixed orthodontic appliances that are both aesthetic and
efficient in terms of treatment duration. Dental materials
used in the treatment of oral pathology have to fulfill several
properties, such as biocompatibility [3,4], homogeneity [5-
10], strength [2,11-21], aesthetics [1], corrosion and
degradation resistance [22-25] indifferent of the general
status health of the patient [26, 27].

The first aesthetic brackets were made of plastic
materials (polycarbonate) and marketed in the early 1970s,
followed by alumina and zirconia ceramic brackets
[28,29]. More recent technological advances have also
targeted another component of the fixed orthodontic
appliance - the orthodontic archwire. Nowadays, various
companies produce aesthetic orthodontic archwires that
differ in respect of the manufacturing processes and
materials used. Transparent non-metallic archwires are
increasingly researched, yet aesthetic coated metallic
archwires remain most clinically popular [30,31].
However, the behavior of these products during fixed
orthodontic therapy is not as well investigated as that of
aesthetic brackets.

When analyzing the mechanics of a fixed orthodontic
system (bracket-archwire-ligation) various forces arise, of
which the static frictional force is one of the most
important variables. Superficial dental erosion emerges as
results of physical factors as well as of certain chemical
factors [32].

The aim of this study is to evaluate static frictional forces
generated by different types of round 0.016" Nickel-
Titanium (NiTi) archwires, with and without aesthetic

coatings, when coupled with monocrystalline alumina
brackets.

Experimental part
Material and method

The study group consisted of 0.016" NiTi wires with ovoid
arch form. We chose these archwires because of their
routine use in the leveling and aligning phase of orthodontic
treatment with fixed appliances (0.022x0.028" bracket
slot).

Thermally activated NiTi archwires have been excluded
from the study so that temperature variation would not
alter their behavior during the experiments. In respect of
the type and coverage of the aesthetic coating this study
considered the following archwires: two fully aesthetic
coated archwires (one with polymer (FC1) coating and
another with epoxy resin (FC1) coating) (Fig. 1), a partially
aesthetic coated archwire (PC) with a tooth-coloured
plastic layer covering only the vestibular surface of the
archwire and an uncoated archwire (UC).

The most detailed information regarding the coating
material was provided by the manufacturer of the polymer
coated archwire. This polymer coated wire has a double-
layered coating structure on its entire surface with a thin

Fig. 1. Microscope
image of an epoxy

resin coated archwire,
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inner silver layer and an outer bio-polymer coating, resistant
to corrosion and staining [33].

The archwires were tested with monocrystalline
alumina brackets (MCS) from three different
manufacturing companies, with MBT prescription and
0.022" slot. We chose MCS brackets because they are
among the most used aesthetic brackets due to their
translucency. The brackets (form upper right central incisor
to upper right second premolar) were fixed on standardized
maxillar y models with a light curable orthodontic
adhesive. In order to reduce bonding errors that could
influence the frictional resistance, brackets were aligned
under the guiding of a 0.021x0.025" stainless steel
rectangular archwire. Before each test the archwire was
secured to the brackets with elastomeric ligatures
(diameter 0.120").

The static frictional force was determined using a
universal testing machine for measuring compression and
tension forces with a maximum capacity of 500N (Test
Stand HV-500N, Schmidt Control Instruments), within the
Faculty of Mechanical Engineering and Mechatronics,
University Politehnica of Bucharest (Fig. 2) [34,35].

parametric distribution of the recorded frictional forces.
Uncoated archwires generated the lowest values of static
frictional forces (Table 1).

The Dunn-Bonferroni tests show statistically significant
differences between the uncoated and both fully aesthetic
coated archwires (Table 2).

Although not identical from a methodology point of view,
other research studies had similar results, associating low
frictional forces with uncoated archwires. A study
conducted by Al-Ghroosh et al. (2018) on round 0.018" NiTi
archwires pointed out that uncoated wires produced
smaller frictional forces than aesthetic archwires, but
differences were not statistically significant [36,37].

Partially coated archwires produced lower static
frictional forces than fully coated aesthetic archwires. The
values generated by partially coated archwires were higher
than those produced by uncoated archwires, but differences
between the two were statistically insignificant (Table 2).
According to the Dunn-Bonferroni test there are statistically
significant differences between the partially coated
archwires and aesthetic archwires with polymer coating.
These results could be explained by the incomplete coating
coverage (only on the vestibular surface) of the partially
coated archwires, thus contact between bracket and wire
occurs in part on uncoated areas. Our findings are similar
to those of Rudge et al. [38], which observed in their study
on different types of 0.016" aesthetic archwires, that some
partially coated archwires are associated with lower
kinetic frictional forces than fully coated wires.

Fully aesthetic coated archwires produced the highest
static frictional forces (Table 2). Of these, aesthetic
archwires with polymer coating generated static frictional
forces superior to those with epoxy resin coating, but
differences between the two types of aesthetic archwires
were not significant (Table 2). Other studies also indicate
higher static frictional force values for aesthetic archwires,
compared to uncoated archwires [38-42]. These results
could be explained by the proneness of aesthetic coating
to scratches and peeling during orthodontic sliding
mechanics [39,40] or by adhesive forces between the
bracket and aesthetic archwire surfaces [40]. The results
of the study conducted by Al-Ghroosh et al. [36] also reveal
lower frictional forces for epoxy resin coated archwires
than for other types of aesthetic archwires, but the values
were not significantly different. Research by Ryu S.H. et al.
[43] demonstrates that polymer coated archwires, having
the most important surface roughness, determine higher
frictional forces than those with epoxy resin or teflon
coating.

However, there are also studies that are discordant with
previous observations [44-46]. These advocate that new,
unused aesthetic archwires can generate lower frictional
forces than uncoated archwires, probably due to the
different degrees of surface roughness of various bracket-

Fig. 2. Testing machine used to
determine the static frictional

force

For each experiment, a computer connected to the
testing machine recorded the frictional forces, which were
expressed in Newton (N). The maximum value recorded
immediately before archwire movement was considered
to be the static frictional force. All the experiments were
performed by the same team of operators under the same
conditions, and repeated six times using new orthodontic
archwires for every test.

The data were entered into a Microsoft Excel 2010
document and statistically analysed using SPSS program
(SPSS, Chicago, IL). The descriptive statistics included
means and standard deviations, tests that verify the
normality of distribution and that compare the frictional
forces among the different types of archwires. Statistical
significance was considered for a p-value ≤ 0.05.

Results and discussions
The results of our experiments showed a variation of

static frictional forces with the type of archwire used (Table
1). The Shapiro-Wilk test for normality revealed a non-

Table 2
POST-HOC TEST FOR STATIC FRICTIONAL

FORCES GENERATED BY DIFFERENT TYPES OF
ARCHWIRES

Table 1
STATIC FRICTIONAL FORCE
VALUES AT THE BRACKET-

ARCHWIRE INTERFACE
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archwire couples [47]. Characterization of different
archwires from the point of view of their mechanical
properties is extremely important in understanding their
behavior in a clinical situation [43]. It is important to note
that experimental conditions cannot reproduce the
complex interactions occurring in the oral cavity, but can
provide a scientific basis for comparing the aesthetic
coated archwires.

Conclusions
Our experiments showed a variation of static frictional

forces depending on the type of archwire used. Thus:
-Uncoated archwires have generated the lowest static

frictional forces. Although less aesthetic, these archwires
can be considered the most efficient choice in terms of
sliding mechanics of a fixed orthodontic system using
monocrystalline alumina brackets;

-Partially aesthetic coated archwires have been
associated with lower static frictional forces than fully
aesthetic coated ones and could represent a better
therapeutic alternative compared to fully aesthetic coated
archwires;

-Fully aesthetic coated archwires have produced the
highest static frictional forces. No significant differences
were noted between archwires with polymer and epoxy
resin coating.
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