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Scanning electron microscope appearances of fretting
in the fixed orthodontic appliances
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 Fretting is one of the types of a tribologic wear. It is a process that occurs at a nominally immovable junction of elements. In den-
tistry, such elements can be brackets and archwires of fixed orthodontic appliances. They meet all the criteria for fretting to occur, i.e.,
they are nominally immovable, are subjected to initial loadings and they work in aggressive environment. Chrome-nickel stainless steel
Elite Opti-Mim brackets (Trachem) working in vivo in oral cavity environment in combination with NiTi and stainless steel archwires
were investigated. Scanning electron micrographs of bracket’s working surfaces showed the presence of fretting damaged areas. This
research also confirmed that there were almost all the types of fretting wear on the elements of the orthodontic appliances under exami-
nation.
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1. Introduction

Fretting is considered as a specific type of tribo-
logic wear. It comprises a group of mechanical, ther-
mal, chemical or electric phenomena of micro-friction
wear at loaded and nominally immovable junctions.
Fretting damage was observed not only in the ele-
ments of a mechanical device and buildings, but also
in an orthopedic implants [1] and elements of artificial
heart [2]. These types of wearing can often have dis-
astrous characteristics. Adjacent, nominally immov-
able surfaces contact only at peaks of roughness.
Therefore, only a small fraction of nominal surface is
a real contact surface. In contacts of roughness two
types of areas can be distinguished: adhering areas,
which are subjected to elastic deformations, and micro-
displaced ones. Contact loadings with the normal
force as well as with the tangential force can be a con-
sequence of small contact surface displacements as

a result of external cyclic loadings. Fretting occurs
also during vibrations of the construction itself. De-
pending on the various loading conditions and ex-
ploitation, HOEPNER [3] differentiates between
“fatigue by fretting” and “ wearing by fretting”.

The occurrence of adhering and microsliding areas
is directly connected with two different mechanisms
of wearing. Adhering area is subjected to cracking
similar to a contact fatigue, while microsliding area is
similar to adhesive wearing [4]. In both mechanisms,
the formation of wearing products is observed. High
hardness of those products works as an eraser and
accelerates wearing process, especially in its final
disastrous phase. A pure form of fretting (without
chemical changes of surfaces) occurs very rarely and
only in the case of precious metal contacts, in high
vacuum or in inert atmosphere. A contact with an
active environment causes fretting corrosion, which
induces earlier and more intensive wearing changes.
Fretting corrosion most often occurs when pairs of
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elements work under some strain. Tension increases
surface energy and enhances surface chemical reac-
tivity [5]. In the case of fretting corrosion many prod-
ucts of wear, especially metal oxides, are formed.
There can be oxides removed from the surface or
formed because of the oxidation of the ground metal
elements. The intensity of fretting depends on the kind
and magnitude of forces directed to the junction, value
of strains as well as aggressiveness of an environment.

In dentistry, junctions exposed to fretting include,
among others, orthodontic fixed appliance elements.
They are exposed to initial loadings. Despite nominal
junction immovability there are some small movements
of elements, for example, during mastication. Moreover,
they work in a very aggressive oral cavity environment.
In the appliances discussed, the places especially ex-
posed to fretting are the inner surfaces of bracket slots
being in contact with archwires (figure 1).

a) 

b) 

Fig. 1. Bracket – archwire structure: (a) general view,
(b) magnification of nominally immovable contact surface area

The objective of this study was to investigate in the
36 elements of four separate fixed orthodontic appli-
ances the presence of wear qualified as fretting.

2. Materials and methods

The material consisted of 36 Elite Opti-Mim
brackets (Trachem) taken out of four orthodontic
fixed appliances cemented in the patients’ oral cavity.

Brackets were exposed to aggressive environment for
two months.

Before the examination, half of each bracket was
cut along its longitudinal axis for better visibility of
surfaces. A scanning electron microscope (SEM)
HITACHI S-3000N was used to investigate the sam-
ples. Magnifications from over a dozen times to sev-
eral thousand times were used. For comparison, sev-
eral new, unused brackets were investigated. The
chemical composition analysis of the bracket material
was conducted in SEM using the EDS method. En-
ergy Dispersive Spectroscopy (EDS) is a method of
quantifying the elemental constituents of a sample by
measuring with a scanning electron microscope the
number of X-rays produced by a solid sample when
irradiated by electrons versus the energy of those
X-rays. Energy analysis of characteristic X-ray radia-
tion induced by electron beam in sample under inves-
tigation was performed at electron accelerating volt-
age of around 15 kV.

3. Results

The results of our investigation comprise images of
bracket surfaces obtained in scanning electron micro-
scope (figures 2 and 3), chemical analysis of the bracket
material (table 1) and EDS spectrogram from the brack-

a) 

b) 

Fig. 2. A scanning electron microscope appearances
of the working surfaces of a new, unused bracket
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ets (figure 4). Images presented a significant difference
between the new elements and the used ones (compare
figures 2 and 3). The surface of new brackets was quite
smooth and only traces of mechanical processing during
their formation were visible (figure 2). However, used
elements showed explicit marks of wear, which were
observed as crumblings of various sizes and cracks initi-

ated crumbling of the material (figure 3c). In the bottom
of some defects (figure 3e, f) products of corrosion were
observed, which may give evidence of a complicated
mechanism of wear – fretting and fretting corrosion.

The results of chemical analysis indicated that
elements of orthodontic appliances investigated were
made of stainless steel.

a) b)

c) d)

e) f)

Fig. 3. Examples of wear on orthodontic bracket working surfaces.
(Description in the text)

Table 1. Chemical analysis of the bracket material

Chemical composition of alloy examined
Al Si Cr Ni Fe

% mass. % weight % mass. % weight % mass. % weight % mass. % weight % mass. % weight
0.47 0.23 1.54 0.8 23.32 22.27 2.40 2.58 rest rest
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4. Discussion

So far in the literature, only the occurrence of fric-
tion forces between orthodontic brackets and archwires
was mainly discussed [6]–[8]. The majority of articles
in this field were reported by KUSY et al. [8]–[11].
Researchers conducted their investigations in the ex-
perimental dry, water, and human or artificial saliva
environment [11] and did not mention wear by fretting
in those elements. Only the friction movement model
in experimental environments was observed, without
other wear types of bracket slot surfaces, working in
vivo in the patients’ oral cavity.

Fretting destruction on bracket working surfaces,
observed in this study, is manifested by the loss of
material. There are distinct differences between sur-
faces of a new and working in vivo brackets (com-
pare figures 2 and 3). In most cases (figure 3(a)–(d))
there are material defects of significant size reaching
several dozen micrometers. Various sizes of the de-
fects observed (compare figures 3(a) and 3(f)) are
probably due to the observation of the different
phases of wear. Also various characteristics of such
destruction seem to be different. There are mostly
cracks of the material. Cracks found in this area (fig-
ure 3(c)) can provide evidence of the material fatigue
(contact fatigue). Some fragments of destruction seen
in figure 3(e) are similar to material pulling out, be-
ing an effect of adhesive wear. Lack of the cracks in
this case might be a confirmation of this kind of de-
struction.

Corrosion, as an electro-chemical reaction be-
tween metal and its environment, intensifies through
the inner strains of the metal, non-homogenous alloy
structure and the contacts with other metals in the oral
cavity environment (bracket – archwire) with the for-
mation of the corrosion products. In particular, nickel

ion releasing during stainless steel corrosion is clini-
cally important. The presence of the metal oxides in
the oral cavity can lead to different allergic reactions.
Figures 3(b) and 3(f) show that there are places in
defect area where oxides can be observed. Brackets
are made of Fe–Cr alloy, and that is why chromium
oxides should rather appear because of their better
chemical affinity to oxygen than the ion of iron. De-
spite the fact that the scanning electron microscope in
this research was equipped with the X-ray micro-
analysis detector it was impossible to prove the pres-
ence of these oxides on the surfaces observed. The
difference between the values of characteristic radia-
tion energy Lα for chrome and Kα for oxygen was
below the detector’s distribution capability. There is
no possibility to differentiate an element from which
the signal comes. The presence of these oxides con-
firms fretting corrosion in the elements of orthodontic
appliances being observed. No signs of abrasive wear
with corrosion products or other products of wear
were observed.

An orthodontic appliance fastened to the enamel
works through activated archwires inserted and fixed
in the bracket slots. Orthodontic brackets, different for
each tooth, with a defined torque and angulation give
a desirable tooth position in the dental arch. Wear by
fretting on the bracket slot surfaces can probably in-
fluence the magnitude and direction of the forces
transferred to teeth by brackets. This research proves
that there is fretting and there are almost all types of
fretting wear on the elements of the orthodontic appli-
ances under examination. ARTICOLO [12] in his re-
search put forward a theory of notch formation, in
which a vertical movement from tooth or wire during
mastication caused fretting wear, and horizontal
movement during orthodontic procedures such as
space closure, tipping or bodily movement caused
sliding wear. Undoubtedly, there is a necessity to

Fig. 4. EDS spectrogram from the bracket material
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continue further research to establish the influence
this kind of bracket surface wear can have on the du-
ration and the final result of a treatment with fixed
orthodontic appliances.
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