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During contact of two elastic-plastic bodies at
small loads, the surface is deformed elasticallyhwi
the maximum shear stress occurring at the surface,
some distance below the center of the contact
region. The deformation grows from purely elastic
to elastic-plastic (contained) followed by fully
plastic (uncontained) common for most engineering
material combinations.

due to plastic or elastic deformation of the filmda

to the increased contact area at the interfacedsgtw
the sliding counterface and the coating where the
shear takes place [24].

Furthermore, the surface of coating was very
rough. At the beginning of the fretting movements,
only a few large asperities came into contact with
the counterface. Due to the high pressure appled o

The substrate surface roughness has an almostthe specimen, plastic deformation would occur at

negligible influence on friction if the surface
roughness is considerably smaller than the thicknes
of the soft coating/soft matrix, and if the coatiisg
stiff enough to carry the load [cf. Figures 1 and>7

& cf. Figures 2 and 8; D-E). However, when the
roughness of the slider is higher than the
coating/matrix thickness, coating/matrix penetmatio
will take place and the friction is considerably
increased due to scratching of the substrate rahteri
In addition, interaction of two rather rough sudac
may result in mechanical interlocking on a micro or
macro scale. During sliding, interlocking would
result in plowing of one of the surfaces. Because o
plowing displacement, a certain lateral (friction)
force is required to maintain the motion. This also
provides more resistance during angulation of the
bracket to the archwire, and causes the highest
friction for composite brackets.

In orthodontics, surface roughness of orthodontic
archwires additionally may affect the aesthetics of
the appliance and the performance of sliding
mechanics by its influence on the coefficient of
friction (cf. Figures 2 and 8). Whether sliding
mechanics are used to align irregular teeth at
extraction sites, frictional forces dictate the ganet
efficiency and future reproducibility of the
clinician’s activation force. This discussion shows
that a clear relationship does not always exist
between surface roughnesses) (@and the frictional
force, when adhesive or abrasive mechanisms are
present. Moreover, the present studies show tlyat dr
frictional forces can exceed those values repdrted
the orthodontic literature [23].

To investigate further the apparent anomalous
behavior of Australian Wilcock (Figure 8 D) and
aesthetic developed archwires (Figure 8 E), all
contact flat surfaces were examined with a scanning
electron microscope. After drawing an equal amount
of the five archwires through a unique set of
contacts [cf. Figures 2 & 8 (C, E)] showed some
damage as the archwires gouged long channels

the tips of these asperities. Because of the velati
movement of the two counterfaces, some of the
asperities were fractured and formed the debris,
while the others could move back and forth to take
up some tangential movement by elastic
deformation. Much debris formed escaped from the
contact areas in the surrounding hollows or hates i
the coating. With the increasing number of
oscillatory cycles, a large amount of debris was
formed, and some of the asperities of the coating
were gradually worn flat [25]. This debris played a
dual role in controlling wear and friction: the
formation of the compacted layer and the abrasive
action before their compaction and after the
delamination of the compacted layers. The wear
process is thus governed by the plasticity and
fracture of this debris and the possibility of thei
ejection from the contact area. The debris was
spherical in shape with a typical diameter of saler
microns.

The first reason could be the different fretting
wear mechanisms. Work hardening was likely to
prevent these deformed asperities from being
completely flattened so that the sharper asperties
a rough surface would be able to accumulate more
of the tangential movement by elastic deformation.
During fretting, a lot of debris accumulated on the
contact surface and caused severe ploughing, but on
the rough surface of the coating, there were greate
chances, that wear debris escaped from the contact
areas into the adjacent hollows or depressions,
instead of ploughing the wearing surfaces. The
porous and lamellar structure of the coatings
appeared to promote the delamination wear and
more and more debris generated could then plough
the two counterfaces. Under lubricated conditions,
all the typical gross-slip is indicating the ocamce
of wear. It can be observed that for coatings under
unlubricated conditions, the coefficient of frigtias
stable. For the lubricated conditions, the coedfiti
of friction is much lower and is stable at a consta

across an otherwise rather featureless surface. The value around. This probably can be attributed & th

relationship between the above mentioned three
parameters will result in a number of different
contact conditions characterized by specific cantac
mechanisms. If one considers such a contact on a
microscale, there is effectively a soft coating an
hard substrate, although now the coating plays the
role of hard substrate, and the soft microfilm fedn
plays the role of a coating. The friction usually
increases with coating thickness for soft coatings,

lamellar structure of coating which facilitates the
generation of debris. Existence of the pores and
micro-cracks in the deposited coating can promote
the propagation of cracks and delamination
processes [26]. In contrast, the surface roughokss
the identical shape and size of archwire has gaven
more or less normal trend to increased or decreased
frictional force and shown a positive correlation
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with frictional forces. The three round archwires
surface characteristics are in different manner.

However, categorized the archwire as aesthetic
composite (CRO-DEV: PMC), SRO-AW (A.
Wilcock): SS (Martensitic soft coated), and SRO-
OR; Ormco: SS) which is an evidence of increasing
frictional force with higher surface roughness [[Eab
4; cf. Figures 2 & 8; (E, D, C)]. More friction (¢
0.05) is found with the aesthetic composite arcawir
(glass fiber) compared to SS archwire (Ormco). In
the wear tests, a ball-on-flat wear test on contposi
resin (Metafil) demonstrates high friction coefént
and brittle fracture by debonding of fillers and
matrix. The reason is that Metafil has lower
hardness and fracture toughness, and therefote, fre
heavily in the abrasive process [27].

Whether sliding mechanics are used to align
irregular teeth or to close space at extractioessit
frictional forces must be overcome. The magnitude
and variability of the frictional forces dictateeth
present efficiency and future reproducibility oeth
clinician’s activation force. This discussion shows
that a clear relationship does not always exist

between surface roughnesses and the coefficients of

friction, when adhesive or abrasive mechanisms are

present. Moreover, the present measure-ments show

that the dry frictional coefficients can exceeds#o
values reported in the orthodontic literature.

The occurrence of adhesive wear in the form of
cold welding is not surprising in the soft
coatings/soft matrices, since both can be quite
reactive [28] and can display poor wear properties
[29]. If cold welding should persist and “sticksli
occur when in contact with human saliva or at
velocities less than 1 cm minthis archwire alloy
should not be considered for sliding mechanics [cf.
Figures 2 & 8 (D, E)].

5. Conclusion

In this study surface topography (ST) and surface
roughness (SR) of the brackets and archwires
investigated which differed significantly in terro
frictional resistances. The main finding of this
research is that dissimilar material contacts at th
interface between bracket slots and archwires (like
metal/ceramics, polymer/ceramics, polymer/SS etc.)
produced more frictional force. However, thereris a
exception in frictional force for the developed
aesthetic composite bracket and SRO-OR/SRO-AW
archwires combinations which challenges the
characteristics of dissimilar material contactssd.e
depletion of soft matrix for aesthetic PMC-BGF
brackets against the SRO-OR archwires might be
due to its low surface roughness and mild peaks.
Whereas, soft matrix might be depleted severely for
SRO-AW (Australian Wilcock) archwires due to
high surface roughness and sharp peaks. It would
contribute further in the periodic orthodontic
treatment for the better selection of aesthetichet

and archwires combinations and impetus for the
new researcher or practitioner. A clear concept of
the friction parameter especially SR would be
possible when these results on the sliding registan

are focused with future investigation.
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