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Structured Abstract
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Objectives – To investigate the in vitro coefficient of friction of

stainless steel arch wire–bracket combinations under fretting

contact test conditions performed in air and in different

aqueous solutions, like Ringer solution, Ringer with addition of

a buffer, Ringer with addition of glucose, and Coca Cola�.

Methods – The fretting test set-up used allowed to control

on-line the contact configuration and the positioning of the

contacting parts. A specific positioning method was used to

achieve a parallel alignment of arch wire and bracket slot. The

effect of arch wire size, roughness, and test environment were

investigated.

Results – It was found that the aqueous solutions act as a

lubricant compared to air. Friction was affected by the arch

wire width while the roughness was found to have a limited

effect. Stainless steel 0.018¢¢ · 0.025¢¢ arch wires exhibited

higher frictional forces than stainless steel 0.017¢¢ · 0.025¢¢
arch wires on sliding against stainless steel 0.018¢¢ · 0.025¢¢
brackets in the selected test environments when tested under

identical fretting test conditions. The wear damage on the arch

wire after these in-vitro fretting tests was investigated. It

revealed that these in-vitro tests are governed by a competition

between oxidational wear and abrasive wear taking place at

contact areas between brackets and arch wires.

Conclusions – For all aqueous solutions a lower coefficient of

friction was found compared to tests performed in ambient air.

Key words: arch wire; brackets; buffer; Coca Cola�; corrosion;

dry conditions; fretting; friction; glucose; orthodontic materials;

ringer solution; stainless steel; wear; wet conditions

Introduction

The investigation in laboratory tests of the friction

between numerous types of brackets and arch wires
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has been frequently reported in literature (1–4). Various

in-vitro techniques were used to describe the frictional

behavior of arch wire–bracket combinations. Tech-

niques such as dynamometer or a weight bucket have

been used (2). Recently, a lot of research was also

performed to simulate clinical conditions by using

different technologies and media (3).

In the last decade, the most frequently used in-vitro

test set-up was the one developed by Kusy and Whitley

(4). These authors used a standardized universal testing

machine (Instron Model TTCM; Instron Corporation,

Canton, MA, USA) to investigate friction between

brackets and arch wires under different environmental

and mechanical conditions. That technique is based on

a unidirectional single linear sliding motion between

brackets and arch wires. However, experimental data

were not acquired on-line and the dynamics of the

clinical frictional process was not considered (5).

In a recent work (6), an in-vitro fretting test set-up

operating under reciprocating tangential displace-

ments or fretting conditions was proposed. That device

was used to investigate the frictional behavior of arch

wire–bracket combinations in dry test conditions. That

machine allows an on-line control of mechanical

parameters such as normal force, displacement

amplitude, contact sliding frequency, tangential force,

and dissipated energy generated during fretting tests

between bracket and arch wire surfaces. The role of

these test parameters was reviewed by Waterhouse (7)

and he described fretting phenomena in vibrating pair

material contacts.

Furthermore, friction on orthodontic arch wire–

bracket combinations was reported to be affected by

factors such as type of arch wire and bracket materials

(8), their size and shape (9), width and slot dimensions

(10), the surface composition, roughness and cleanli-

ness of the contacting surfaces (11), the bracket-to-arch

wire positioning in a three-dimensional space (12), the

ligature force (13), and the type of ligation (14) and

inter-bracket distances (15). An important factor con-

trolling the frictional force between brackets and arch

wires is saliva (16). In the presence of human saliva or

artificial saliva (17), significant differences in friction

were noticed between dry and wet test conditions

(18–21). Some researchers relate the effect of saliva on

friction to the �adhesion theory of friction� (22).

Accordingly, an increase in friction in the presence of

polar liquids, such as artificial saliva, generates an

increased atomic attraction between ionic species. This

leads to the adhesion between surface asperities at the

bracket–arch wire interface, which may enhance the

resistance to sliding. Such a behavior was observed in

the case of stainless steel and nickel-titanium arch

wires (23). Other authors reported that the effect of

saliva on friction mainly depends on the loading con-

ditions (24,25). At low forces, saliva acts as a lubricant

while at high forces, friction may increase because

saliva is expelled from the contacts between bracket

and arch wire. As a consequence of metal-to-metal

contacts, the shear resistance to sliding increases.

The studies reported in literature differ frequently in

tested materials, methodology of the experimental de-

sign, recording technique, and lubricants used. It is

then difficult to compare results and this may well

explain some inconsistence in the results. It is a fact

that it is difficult to simulate clinical conditions in

laboratory tests.

This research aims at investigating the in-vitro fric-

tional resistance of stainless steel arch wire–bracket

combinations under fretting contact conditions. Clin-

ical conditions were simulated by using four different

media, namely a Ringer solution as artificial saliva,

Ringer solution containing a buffer, a Ringer solution

containing glucose, and Coca Cola�.

Materials and methods

The fretting machine used was developed at the

Department of Metallurgy and Materials Engineering,

Katholieke Universiteit Leuven (Belgium). It was des-

cribed earlier (6) and was used to investigate the fric-

tional behavior of arch wire–bracket combinations

tested in dry and different wet environments.

Stainless steel orthodontic rectangular arch wires (3M

Unitek, Monrovia, CA, USA) with two different cross-

sections, namely 0.017¢¢ · 0.025¢¢ and 0.018¢¢ · 0.025¢¢,
were evaluated in contact with stainless steel brackets

(Mini Twin; 3M Unitek) with a 0.018¢¢ · 0.025¢¢ slot size.

The chemical composition, the initial appearance,

and the surface roughness of each arch wire were

investigated by EDAX analyses (energy dispersive

X-ray) and scanning electron microscopy (SEM; Philips

XL30 FEG; Philips, Eindhoven, The Netherlands).

Roughness was determined with a Rank Taylor Hobson

profilometer, as described by Willems et al. (26). The
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surface morphology of the tested arch wires was also

examined by SEM and EDAX for possible wear and

possible formation of wear debris (called third body) or

corrosion products.

The stainless steel arch wires were aligned according

to the centered positioning method (6), and were sub-

jected to a small displacement oscillatory sliding (fret-

ting). Brackets glued on top of chromium-steel balls

(100 Cr 6; Fritsch GmbH, Idar. Oberstein, Germany)

with a diameter of 10 mm, were used as counterbody

and loaded on top of the arch wires.

The fretting experiments were performed using

either metallic (MWH) or polymer wire holders (PWH)

(Fig. 1) for tests performed in ambient air of 50% RH or

immersed in solutions, respectively. The tested solu-

tions were: Ringer solution selected as a model of body

fluid (27), a Ringer solution containing a buffer to get a

stable pH value, a Ringer solution containing glucose

chosen for its incidence effect on dental caries (28), and

finally, Coca Cola� to evaluate the effect of acidity on

arch wire–bracket friction. The chemical compositions

and pH values of the considered solutions are given in

Table 1.

The arch wires were fixed at their two ends in the

sample holder mounted on the oscillating x–y table.

The bracket was loaded on top of the rectangular arch

wire at a normal force of 2 N. This normal force cor-

responds to the force applied by an elastic module

when tightening the arch wire into a bracket slot (6).

Applying a vertical force significantly simplifies the

clamping of the arch wires in the brackets, and allows a

standardization of the test set-up by eliminating the

need for fixing arch wires to brackets with elastic or

metallic ligatures. A linear displacement amplitude of

200 lm at a vibrating frequency of 1 Hz was applied.

These fretting tests were performed for 20 cycles at

23�C. Each set of test conditions was repeated 10 times.

The mechanical contact response was monitored

on-line by measuring frictional force vs. displacement

hysteresis loops (Fig. 2). The dynamic frictional force

and the dissipated friction energy were calculated from

these hysteresis loops along with their standard devi-

ations. The coefficient of friction was calculated from

the ratio of the dynamic frictional force to the applied

normal force. The cumulative dissipated energy was

obtained by integrating the area of the tangential force

vs. displacement loops of each individual fretting cycle

over the test period (18). Changes in friction during the

test duration are implicitly incorporated in the cumu-

lative dissipated energy.

Prior to the tests, bracket slots and arch wires were

cleaned with ethanol (naturalized ethanol + 5% diethyl

ether), and dried with warm air.

Besides the control of the mechanical parameters

during the sliding tests, electrochemical noise meas-

urements were recorded during fretting tests per-

formed in the solutions. Hereto an electrochemical

potentiostat interface (Solartron, type 1287; Braine

L’Alleud, Belgium) was used (Fig. 3). These electro-

Z

X Y

X-axis
motor

Z-axis
motor

Archwire
holder

Archwire

Bracket on ball

Base-plate

D (µm), f (Hz)

Fn (N)

Y-axis
motor

Fig. 1. In vitro set-up of MTM fretting machine for tests performed in

aqueous solutions. Metallic wire is mounted on polymer wire holder

(PWH), especially designed for testing in aqueous solutions.

Table 1. Specification of solutions used in this study

Solution

Composition

pHCompound Weight

Ringer NaCl 4.201 g 6.6

KCl 0.151 g

CaCl2 0.149 g

H2O 0.5 L

Ringer + buffer NaCl 4.201 g 7.9

KCl 0.151 g

CaCl2 0.149 g

H2O 0.5 L

NaHCO3 0.104 g

Ringer + glucose NaCl 4.201 g 5.67

KCl 0.151 g

CaCl2 0.149 g

H2O 0.5 L

Glucose 0.513 g

Coca Cola – – 2.8
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chemical data on potential and current allow a better

understanding of the possible depassivation (removal

of oxide surface film) and repassivation (growth of

oxide surface film) phenomena taking place during the

sliding between brackets and arch wires. Prior to the

fretting tests, the arch wire–bracket combinations were

dipped in the test solution for approximately 400 s in

order to get a stable potential. A stable potential reflects

a stable arch wire surface condition.

The statistical analysis of the data obtained from the

fretting tests were performed using the ANOVA general

linear model procedure of the SAS statistical package

(SAS Institute, Cary, NC, USA) performing a Tuckey’s

studentized range test for the variable coefficient of

friction (COF). The ANOVA enabled to differentiate sig-

nificant statistical differences between test set-ups

and the coefficient of friction for the evaluated arch

wires. The minimum level of significance was set at

0.05.

Results

Tables 2a and b depict the results from the SEM–EDAX

analyses of the unused arch wires as well as the

roughness values of these arch wires. From these

results it seems that the alloy used here for the pro-

duction of the evaluated stainless steel arch wires is

AISI type 304 (29).

The PWH set-up was used to evaluate the frictional

behavior of arch wire–bracket combinations in air and

immersed in different aqueous solutions. In order to

validate this sample holder set-up, similar experiments

in ambient air of 50% RH were carried out with the

MWH. Both MWH and PWH set ups provide compar-

able results in terms of coefficient of friction. The

obtained results were in agreement with the previously

reported data in which this MWH set-up was used (6).
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Fig. 2. Frictional force-displacement loops recorded on-line during fretting tests performed on 0.017¢¢ · 0.025¢¢ stainless steel arch wire–

bracket combinations. Test conditions were: (a) ambient air of 50% RH and (b) Ringer solution. The integrated surface corresponds to the

dissipated energy.
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Fig. 3. Schematic drawing of electrochemical noise measurement

technique connected to the fretting machine.

Table 2a. Chemical analyses of the stainless steel 3M orthodontic

arch wires 0.017¢¢ · 0.025¢¢ and 0.018¢¢ · 0.025¢¢ investigated in this

study

Main elements Fe Cr Ni O C Al Mn Si

Wt% 70.85 18.7 9.3 – 0.11 – 0.02 1.13

Table 2b. Mean roughness values of 0.017¢¢ · 0.025¢¢ and

0.018¢¢ · 0.025¢¢ as-delivered stainless steel arch wires (3M)

Type of arch wire Ra Rt Rsk Rku RzISO RzDIN

0.017¢¢ · 0.025¢¢ 0.02 0.35 )0.2 6.17 0.13 0.18

0.018¢¢ · 0.025¢¢ 0.02 0.375 )0.62 7.53 0.12 0.18
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The data from on-line mechanical contact meas-

urements were evaluated for the stainless steel arch

wire–bracket combinations during fretting performed

under different environmental test conditions. The

typical obtained data for 0.017¢¢ · 0.025¢¢ stainless steel

arch wires are plotted as tangential force vs. displace-

ment amplitude hysteresis loops in Fig. 2a,b for tests

performed in ambient air of 50% RH and in Ringer

solution, respectively. The area enclosed by the force–

displacement hysteresis loop represents the friction

energy dissipated in the contact during the corres-

ponding fretting cycle. At the onset of each stroke, the

lateral slope in the frictional force reflects the com-

bined elastic deformation of bracket and arch wire

surfaces, and the stiffness of the tribometer. The pres-

ence of a plateau in the frictional force indicates a gross

slip between the two contacting bodies, i.e. bracket and

arch wire. It was observed from these figures that the

largest loop (highest dissipated energy) was acquired

for tests performed in ambient air while the smallest

one (lowest dissipated energy) is recorded in the Ringer

solution. The corresponding typical evolution of the

dynamic frictional force with test duration is shown in

Fig. 4a,b for tests performed in ambient air of 50% RH

and Ringer solution, respectively. During the first runs

of a test, the frictional force rises up to a constant value.

This increase in frictional force at the onset of the test is

a running-in phenomenon. Therefore, the statistical

analysis of the dynamic frictional force was quantified

using values from only the last 7 cycles where the

frictional force remains constant.

The variation of the COF and its standard deviation

(SD) during fretting for the different arch wire–bracket

combinations tested under different environmental test

conditions and different sample holder set-ups, are

presented in Fig. 5. The ANOVA statistical procedure

reveals a significant difference. The results of the

Tukey’s range test demonstrate significant differences

in the coefficient of friction for the 0.017¢¢ · 0.025¢¢ and

0.018¢¢ · 0.025¢¢ arch wires. The highest frictional force

among the two arch wires was noticed with the

0.018¢¢ · 0.025¢¢ arch wire during tests done in ambient

air, while the lowest frictional force was recorded in the

Ringer solution. For example, the 0.017¢¢ · 0.025¢¢ and

0.018¢¢ · 0.025¢¢ stainless steel arch wires exhibit both a

coefficient of friction that was significantly different for

tests performed in ambient air and in aqueous solu-

tions, i.e. the Ringer’s solutions and Coca Cola�.

Roughness measurements on the different arch wires

before the tests (Table 2a,b) showed that Ra values for

both 0.017¢¢ · 0.025¢¢ and 0.018¢¢ · 0.025¢¢ arch wires

were equal. The only difference was noticed in the

skewness value Rsk. That is the measure of symmetry of

the profile across a mean line through the roughness of

the arch wires. The 0.018¢¢ · 0.025¢¢ arch wire has a

higher skewness than the 0.017¢¢ · 0.025¢¢ arch wire

(Table 2a,b).

Representative SEM micrographs for stainless steel

0.017¢¢ · 0.025¢¢ arch wires before fretting are shown in

Fig. 6a,b. Similar micrographs were obtained for

stainless steel 0.018¢¢ · 0.025¢¢ arch wires. In general, in

both cases few scratches and grooves are noticed on

the surface of both arch wires resulting probably from

the arch wire drawing process. Figure 7a,b shows the

wear tracks on stainless steel 0.017¢¢ · 0.025¢¢ arch wires

after fretting test performed in ambient air. The SEM

micrographs reveal abrasive wear scratches in addition

to larger scratches and grooves. Figure 8a,b shows SEM
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Fig. 4. Typical force–time graphs illustrating the running-in phenomenon for 0.017¢¢ · 0.025¢¢ stainless steel arch wire–bracket combinations.

Tests were performed (a) in ambient air of 50% RH and (b) in Ringer solution.
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micrographs of the wear track obtained on stainless

steel 0.017¢¢ · 0.025¢¢ arch wire after fretting test in the

Ringer solution. All the micrographs show abrasive wear

scratches, large scratches, and grooves, and debris.

Electrochemical noise measurements were per-

formed before, during and after sliding tests. In this

way, changes in the surface state can be implicitly

correlated with changes in potential and current noises.

Typical potential–current vs. time plots are shown in

Fig. 9 for stainless steel 0.017¢¢ · 0.025¢¢ arch wires

sliding against a stainless steel 0.018¢¢ · 0.025¢¢ bracket

in a Ringer solution. Before starting the fretting process,

a steady-state current and potential were observed. On

loading the bracket on the arch wire, the potential

undergoes a significant negative shift of about 0.6 V

while the current rises in the positive direction by

about 1.1 lA. After this running-in phase that extends

for about 100 s, the fretting test was started for a dur-

ation of 20 s. During fretting, both potential and cur-

rent fluctuate in phase. Both potential and current
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Fig. 5. Coefficients of friction and standard

deviations recorded on 0.017¢¢ · 0.025¢¢ and

0.018¢¢ · 0.025¢¢ stainless steel arch wires

during fretting tests performed in air and

different solutions. Vertical bars represent

the standard deviation based on results of

10 experiments. Horizontal lines above the

bars show the results that are not statistically

different.

(a) (b)

Fig. 6. SEM micrographs of unused 0.017¢¢ · 0.025¢¢ stainless steel arch wire at different magnification. (a) General view of arch wire surface, (b)

detail of the surface showing irregular surface finish probably due to the drawing process during manufacturing.
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remain in this state as long as the fretting test was

performed. At the end of the fretting tests, the bracket

was lifted away from the arch wire. At that time, the

potential of the arch wire increases progressively but

reaches a level lower than before the start of the fretting

test. The current flowing between the arch wire and a

microelectrode (Pt micro-cathode) used as counter-

electrode, decreases drastically reaching almost the

initial current value recorded before fretting.

Discussion

A sliding test was used to evaluate the friction between

different stainless steel arch wires in contact with a

(a) (b)

Fig. 8. SEM micrographs taken after fretting tests in a Ringer solution on stainless steel arch wires 0.018¢¢ · 0.025¢¢. Fretting test parameters

were: 2 N, 1 Hz, 200 lm, 20 cycles, 23�C. Fretting tests were performed with bracket 0.018¢¢ · 0.025¢¢. (a) General view of the wear track,

(b) details of the wear track showing scratches due to abrasive wear.

(a) (b)

Fig. 7. SEM micrographs after fretting tests performed in ambient air of 0.017¢¢ · 0.025¢¢stainless steel arch wire. Fretting test parameters were:

2 N, 1 Hz, 200 lm, 20 cycles, 23�C. Fretting tests were performed with bracket 0.018¢¢ · 0.025¢¢. (a) General view of the wear track, (b) details of

the wear track showing scratches due to abrasive wear.
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Fig. 9. Evolution of potential and current noise recorded on stainless

steel arch wires 0.017¢¢ · 0.025¢¢ before, during, and after fretting tests

performed in a Ringer solution. Fretting test were parameters: 2 N,

1 Hz, 200 lm, 20 cycles, 23�C.
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stainless steel bracket. An MWH was used for tests in

ambient air and PWH was used for tests performed in

ambient air or immersed in different solutions. No

significant statistical differences were found between

sliding tests performed in ambient air with the PWH

developed for this work and the ones performed with a

previously used MWH (6). The test consisted of an

oscillating sliding at a small displacement amplitude

(fretting) between bracket and arch wire. This set-up

was chosen because tooth movement is not a linear

and continuous motion but a discontinuous and

dynamic one (6).

After calibration of the PWH, the effect of four dif-

ferent media was evaluated in order to simulate the

in-vivo conditions. It was found that under wet testing

conditions, i.e. in Ringer’s solutions and Coca Cola�, a

decrease of the coefficient of friction was noticed

compared to test in ambient air. This could be attrib-

uted to a lubrication effect of these aqueous solutions

or to the presence of a third-body at the interface

between bracket and arch wire. That third-body may be

wear debris or corrosion products which may alter the

initial friction contact conditions. This funding is in

agreement with earlier reports (24,25) for a similar

tribosystem but involving lower normal loads. In fact,

friction between sliding surfaces is a result of various

synergistic effects of adhesion between surfaces, wear

particles formation and movement, and elastic or

plastic asperity deformation. This friction usually cau-

ses some wear. For instance, wear particles can remain

entrapped in the sliding interface and undergo a

repeated deformation resulting in the consumption of

energy. In aqueous solutions, such wear particles may

act as a lubricant resulting in a lower energy con-

sumption and thus contribute to a decrease of the

coefficient of friction. In addition, fretting in aqueous

solutions may generate corrosion products and oxidize

or hydrolyze material surfaces present in the sliding

interface. Such corrosion products can be formed by

electrochemical oxidation reactions. Depending on the

fretting conditions and the nature of the interface, the

oxide layer and the corrosion products on the top of

material surfaces can be destroyed (depassivation

process) during the sliding contact events, and the bare

material surfaces may re-oxidize (repassivation pro-

cess) after the depassivating contact event. Depending

on the nature of the repassivated surface film (abrasive

oxide or lubricating oxide), the frictional force may

increase or decrease. In this study, the frictional force

was found to be lower in fretting tests performed in

solutions compared to tests performed in ambient air.

However, during the running-in phase (the first 13 cy-

cles) (Fig. 4), it was noticed that the frictional force

increases gradually till reaching a stable value for

the different arch wire–bracket combinations. This

increase may be attributed to an initial abrasive contact

between bracket and arch wire, or a minimum dissi-

pation of frictional energy required for the formation of

wear debris.

The highest coefficient of friction was noticed for

the 0.018¢¢ · 0.025¢¢ arch wire sliding against a

0.018¢¢ · 0.025¢¢ slot bracket in all test environments

used in this study. The lowest coefficient of friction was

recorded for 0.017¢¢ · 0.025¢¢ arch wire (Fig. 5). It seems

thus that the dimensions of the arch wire play a role in

the friction behavior of arch wire–bracket combina-

tions. The contact area between the bracket and the

arch wire surface is the largest one in case of

0.018¢¢ · 0.025¢¢ arch wire–bracket combinations. In

fact, the contact area determines the probability of

getting large wear track exposed to the environment

and thereby the chance of consuming more frictional

energy resulting in an increase of the frictional force,

thus increasing the coefficient of friction. In agreement

with our results, Glenys et al. (30) reported also that a

larger arch wire size may lead to an increase of the

coefficient of friction.

Useful information can also be derived from the

analysis of worn surfaces. All the wear tracks visible on

the arch wires after fretting tests performed under the

different set of test conditions considered in this study,

contain scratches, grooves, and oxidized layers.

Therefore, different wear mechanisms are active in the

sliding contacts between bracket and arch wire indu-

cing a competition between abrasive wear and oxida-

tional wear processes.

A zoom-in on the different wear tracks on the arch

wires generated during fretting in the different envi-

ronmental tests, clarifies the damage on the arch wire

surfaces. In ambient air of 50% RH (Fig. 7), SEM of the

wear tracks on the arch wires reveals grooves and

scratches as well as a number of cracks on 0.017¢¢ ·
0.025¢¢ and 0.018¢¢ · 0.025¢¢ arch wires. Some oxidized

debris are also observed in and around the wear tracks.

Based on the electrochemical results (Fig. 9), a drop

in potential and an increase in current noticed once
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fretting is started, may indicate that the initial surface

oxide layer film on top of the arch wire is partially or

totally removed (depassivation process). While at the

end of fretting, when the bracket is lifted away from the

arch wire surface, an inverse behavior of potential and

current is observed marking the repassivation process.

At that stage, the damaged arch wire surface becomes

covered by a freshly formed passive oxide surface film.

Such observations were noticed in all test environ-

ments used in this study. However, differences were

noticed between the potential and current values

recorded in the different test solutions. These differ-

ences can be related to the nature of the passive oxide

film formed in the different solutions depending on the

pH value and the composition of each solution.

The highest initial open-circuit potential was noticed

in the Ringer solution in comparison with the other

solutions, namely the Ringer solutions containing

either a buffer or glucose, and Coca Cola�. This may

indicate the good quality of the passive formed film in

Ringer solutions. The currents recorded before and

after the fretting tests were almost at the same level in

all cases. This indicates that repassivation takes place

after the end of the fretting tests in all tested solutions.

In all cases, except Coca Cola�, the current increases

sharply on loading of the bracket on the arch wire, then

decreases, and remains at a lower level until fretting is

ended. But in Coca Cola�, the current increases not

only on loading but also during the whole duration of

the fretting test and can be explained by its low pH

value, which does not promote repassivation of the

wear track area.

Conclusions

The frictional behavior of stainless steel arch wire–

bracket combinations during fretting tests performed

in different test environments was investigated. The

highest coefficient of friction was noticed for the

0.018¢¢·0.025¢¢ arch wire–bracket combination in

comparison with 0.017¢¢·0.025¢¢ arch wire–bracket

combination for all test environments tested, namely

ambient air, a Ringer solution, a Ringer solution

containing either a buffer or glucose, and Coca Cola�.

The lowest coefficient of friction was noticed during

fretting tests performed in solutions most probably

due to a lubricating effect of the solution in the con-

tact interface, what did not occur in ambient air. The

coefficient of friction was found to be independent of

the surface roughness of the arch wires used in this

study, but could be related to the effect of the arch

wire size. The damage on the arch wires induced

during in-vitro fretting tests is governed by a compe-

tition between oxidational wear and abrasive wear

process.
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