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ABSTRACT:

Compromised oral hygiene, a frequent complication with
orthodontic treatment, can lead to enamel demineralization and
decay. Therefore, orthodontists commonly prescribe a daily topical
fluoride. The purpose of this investigation was to study the effect
of two types of fluoride prophylactic gels on: 1. The mechanical
properties of mnickel titanium (Ni-Ti) and stainless steel (SS)
orthodontic wires. 2. Stress relaxation characteristics of conventional,
memory elastomeric chains and NiTi closed coil springs. To _fulfill
this purpose, the studied sample was divided into three equal
groups of ten according to the type of test media; acidulated
fluoride agent, neutral fluoride agent and artificial saliva
(control). The wires were tested in their received condition and
after one hour and half immersion in the test media at 37°C. The
loading and unloading elastic modulus and yield strength of the
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wires were measured with a 3-point bend test on a universal
testing machine. The elastomeric chains and the closed coil springs
were subjected to stress relaxation test. Force readings were taken
at initial activation and then at time intervals 1hour, 24 hours, 1, 2, 3
and 4weeks. The results concluded that 1. Topical fluoride agents
decrease the functional unloading mechanical properties of Ni-Ti
and SS orthodontic wires which could contribute to prolonged
orthodontic treatment.

2. Ni-Ti coil springs and memory elastomeric chains were not
significantly affected. So, they are recommended in association
with Topical fluoride agents for delivering steady-continuous force
for a period up to four weeks.

INTRODUCTION

Fixed orthodontic appliance must include force delivering components
such as arch wires, coil springs, elastics, elastomeric chains, threads and
modules. Synthetic elastomeric chain was introduced in 1960s. It is
inexpensive, hygienic, easy manipulated and requires little or no patient
cooperation. However, it absorbs saliva, stains and deforms permanently
after it is stretched in the oral cavity. Also, it loses its force rapidly because
of stress relaxation and can result in a less desirable force value to conduct
tooth movement.'™* Ni-Ti coil springs were introduced in 1970s and provided
an alternative to the use of the elastic products.”™®

The amount of force decay per time was dependent on multiple effective
variables such as type of the elastomers, time, tooth movement, temperature
changes, pH variations, oral fluoride rinses, disinfectant solutions, salivary
enzymes and masticatory forces.

Despite the advances in orthodontic materials and techniques in recent
years, the development of decay around the brackets continues to be a
problem. Preventive programs with fluoride can reduce the risk of
demineralization during orthodontic treatment, especially if they are associated
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with oral hygiene instructions and patient motivation. There are several
methods for delivering fluoride to teeth including topical fluorides and
fluoride-releasing materials. The mechanism of fluoride action has been shown
to increase the resistance of enamel to acids and the maturation rate of enamel,
and it also interferes with the metabolism of microorganisms.’

The effect of fluoride on orthodontic wires will be reviewed from the
view point of corrosion resistance, mechanical properties and Frictional
resistance. a) Corrosion resistance: The effect of fluoride on titanium
and its alloys have been investigated from the viewpoint of corrosion or
discoloration by several workers.'®** It was clarified that the corrosion
resistance of titanium and its alloys markedly decreases in fluoride
solutions because the fluoride ions combine with hydrogen ions in the
acidic environment to form hydrofluoric acid which dissolves the
protective oxide layer on the surface of titanium and its alloys.

b) Degradation of mechanical properties (degradation in performance):
Fracture or degradation of the mechanical properties caused by hydrogen
is generally termed hydrogen embrittlement. This hydrogen embrittlement
is often represented as a reduction in both fracture strain and area, and is
accompanied by a change in the fracture mode. Hydrogen embrittlement
of titanium alloys in the oral cavity sometimes occurs in the presence of
fluoride.>*

C) Frictional resistance: It was concluded that the frictional forces
of orthodontic brackets and wires are influenced by contact with
fluoride-containing solutions.>

By reviewing the available literatures, there is little information
regarding the effect of topical fluoride treatment on the mechanical properties
of different force components of fixed orthodontic appliance. Consequently,
the following study was done to evaluate the effect of acidulated and
neutral fluoride gels on 1.The loading and unloading mechanical
properties of Ni-Ti and SS orthodontic wires. 2. Stress relaxation
characteristics of conventional, memory elastomeric chains and Ni-Ti
closed coil springs.
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MATERIAL AND METHODS

Eighty 0.019 x 0.025 inch Ni-Ti and SS orthodontic wires were used.
For each wire type, thirty specimens of 25mm length were taken as
experimental wires and ten specimens were tested in their received
condition. Two types of elastomeric chains of clear short modules were
used: Conventional and Memory power chain. Thirty specimens were
taken from each type of power chain. Thirty Ni-Ti closed coil 200g
springs of 12mm length were used. (American Orthodontics, Cambridge
Avenue, Sheboygan, WI, USA).Two topical fluoride gels were used:
Acidulated phosphate fluoride gel (1.23% acidulated phosphate fluoride
[APF], 0.5% w/v fluoride, pH= 5.1; Sultan chemists inc., Englewood NJ.
07631, USA) and Floropal gel (1.1% sodium fluoride neutral agent
[NaF], 0.5% w/v fluoride, pH = 7; Ultradent Products, South Jordan,
Uttah 84095). Artificial saliva used in this study was Fusayama Meyer
artificial saliva.”*

The wires were cut into length of 25-mm specimens and incubated at
37°C in individual 10-ml plastic vials with 2mL of one of the fluoride gels or
artificial saliva, control, for one hour and half. This exposure time would be
equivalent to three months of 1-minute daily topical fluoride treatments.*>**

The elastomeric chains were cut into segments of four-linked
modules each with a similar unstretched length of 12mm. Nine jigs
consisting of 10 x 2.5x 0.5-cm lengths of stainless steel base were
constructed (Figl). Unlike many previous investigations, the test
specimens were held at a constant stretch throughout the test period,
including during their transfer to the universal testing machine for force
measurement.

The prepared specimens were randomly divided into three equal
groups of ten each according to the type of test media. The first is
the control group; artificial saliva-immersed group, the second is
acidulated phosphate fluoride-immersed group and the third is neutral
fluoride - immersed group.

Mechanical testing: All wires were subjected to the three-point bending
test on a universal testing machine (model LRX-plus; Lloyd Instruments
Ltd., Fareham, UK), at a crosshead speed of 1mm/min.Each specimen
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was loaded to a deflection of 3.1 mm and then unloaded to zero
deflection. The load-deflection curves were recorded and then transferred
into stress-strain curves with the computer software (Nexygen-MT; Lloyd
Instruments Ltd).

The properties investigated were the loading and unloading flexural
Young’s modulus, loading and unloading flexural yield strength. The
elastomeric chains and NiTi closed coil springs were subjected to stress
relaxation test. Force measurement was done at time intervals 0, 1, 24hrs
and 1, 2, 3 and 4wks (Figure 2).

STATISTICAL ANALYSIS

Quantitative data were presented as mean and standard deviation
values. For parametric data, Student’s t-test was used. One way analysis
of variance (ANOVA) was used to compare between means of more than
two groups. Duncan's and Tukey's tests were used for pair-wise
comparison between the means when ANOVA test is significant.
For nonparametric data, Mann-Whitney U test and Kruskal-Wallis test
were used.

Fig. (1): The customized jig. A- Stainless steel base. B- Stainless steel post, 12cm long,
set at 60 mm apart. C- Hook was constructed from 0.9mm stainless steel wire to
provide an inter hook distance of 24 mm. D- Plastic tubing enabled the hooks
to be slid off the jig.

Volume 39 — June 2011 33



Egyptian
Orthodontic Journal

Fig. (2): Power chain specimen of 4-linked modules being tested by universal testing
machine.

A- Before activation of the machine. B- After activation.

RESULTS

The data was collected, tabulated, statistically analyzed and
represented in tables (1-3) and figures (3-8).

Table (1): Kruskal-Wallis and Mann-Whitney U test results for comparison of
percentage of change in Yield strength and Young’s modulus among the three
groups within each wire.

Ortho-donti Tested Kruskal-Wallis Mann-Whitney
V(\)’-irg ¢ Mechanical Test U test
Properties X? P-value [& 10 &I | M&II
Yield L | 2914 0.233 0.699 0.684 0.853
strength | ¢y | 8217 | 0.016” 0.034* 0.035* 0.247
NiTi
Young's | L | 0.669 0.716 0.744 0.853 0.739
modulus | yy | 7910 | 0.019%* 0.047* 0.045% 0.353
Yield L | 1.146 0.564 0.423 0.393 0.579
strength | ¢y | 8921 | 0.012™ | 0.013** | 0.015%* | 0.579
SS
Young's | L | 1:350 0.509 0.587 0.353 0.353
modulus | yy, [ 7265 0.026 0.006** | 0.007** | 0.165

*: Significant at P <0.05; ** highly significant at P<0.01; L= loading; Un= unloading.
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The effect of both APF (group II) and neutral fluoride agent (group /II)
was a statistically significant decrease in the unloading Yield strength and
Young’s modulus of both Ni-Ti and SS wires as compared to their control.
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Fig. (3): A bar chart for comparison of the mean percentage of change in the loading and
un loading Yield strength and Young's modulus of bending for nickel titanium
wires before and after immersion in the different test media.
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Fig. (4): A bar chart for comparison of the mean percentage of change in the loading and
unloading Yield strength and Young's modulus of bending for stainless steel
wires before and after immersion in the different test media.
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Table (2): Mann-Whitney U test for comparison between NiTi and SS orthodontic wires.

NiTi SS Mam{lJ \t:’shtltney
Mean % SD Mean % SD V4 P-value
= Group L 2.559 19.369 5.091 10.095 | -0.227 0.821
E’o I Un 2.463 29.092 6.027 16.006 | -0.151 0.880
g Group L 19.534 30.881 7.085 10.270 | -2.495 | 0.013**
; I Un 30.070 15.780 22.289 9.207 -2.436 | 0.015%*
-E Group L 11.646 35.538 6.182 18.005 | -0.302 0.762
I Un 20.615 17.108 20.823 12.633 0.000 1.000
2 Group L 7.931 20.810 0.912 16.053 | -0.907 0.364
E I Un 3.475 25.001 5.889 16.620 | -0.984 0.325
g Group L 17.852 22.372 2.637 16.021 | -2.194 0.028%*
’:n 1 Un 27.286 27.031 14.517 8.526 -2.498 | 0.012%*
§ Group L 11.940 22.764 4.252 12.192 | -1.514 0.130
- 111 Un 18.750 21.670 21.622 9.817 -0.227 0.820

*: Significant at P <0.05; **: highly significant at P <0.01

In groups I and III: there was no statistically significant difference
between mean % change in Yield strength and Young s modulus of the two
orthodontic wires (Loading and Unloading). In group II; the mean %
change in Yield strength and Young's modulus of NiTi wire was
statistically significantly higher than SS wire (Loading and Unloading).
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Fig. (5): Bar chart representing comparison between NiTi and SS wires in their mean %
change in loading and unloading Yield strength.
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Fig. (6): Bar chart representing comparison between NiTi and SS wires in their mean %
change in loading and unloading Young‘s modulus.

Table (3): The means, standard deviation values period (P>0.05).and results of ANOVA and
Duncan’s Multiple Range test for comparison among the % remaining force of the
three groups within each orthodontic material over the time intervals.

Time Orthodontic Group I Group II Group 111 Povalue
Material Mean% SD Mean% SD Mean% SD

CEC 83.676° | 5.847 | 90.007" | 11.610 | 89.439" | 19.620 | 0.042*
= MEC 98.011 | 1.633 | 95.251 | 6.971 94.80 | 11.394 0.177
CCS 99.901 | 0.551 | 99.298 | 1.263 99.1 3.405 0.455

2 CEC 67.668° | 3.636 | 83.682" | 12.508 | 74.095" | 10.626 | 0.023*
= MEC 92.013 | 4.816 | 90.744 | 5.143 | 91.971 | 10.151 0.950
N CCS 97.387 | 1.789 | 97.588 | 1.523 | 97.987 | 2.108 0.870
CEC 62.947° | 5.348 | 78.371° | 11.311 | 67.253" | 10.388 | 0.037*
z MEC 87.910 | 5.853 | 83.289 | 6.912 | 86.972 | 11.252 0.294
CCS 90.347 | 4.507 | 92.760 | 2.594 | 91.744 | 3.328 0.576

CEC 57.951° | 5.284 | 72.345° | 10.880 | 61.678" | 11.345 | 0.032*
i3 MEC 81.040 | 6.175 | 79.636 | 5.268 | 85.672 | 11.491 0.491
CCS 84.810 | 0.497 | 85.014 | 4.226 | 87.919 | 4.098 0.308

CEC 54.650° | 5.004 | 67.672" | 9.629 | 53.149° | 6.295 | 0.002%**
,E MEC 76.191 | 6.201 | 75.174 | 8.957 | 76.651 | 8.236 0.955
CCS 77.162 | 2.974 | 73.444 | 2.839 | 78.563 | 7.796 0.296

CEC 51.884° | 3.237 | 66.418" | 8.891 | 51.759° | 7.372 | 0.008**
Z MEC 73.060 | 12.330 | 75.926 | 13.600 | 72.472 | 9.537 0.888
CCS 79.178 | 2.574 | 71.333 | 5.033 | 76.833 | 13.640 0.359

S.D.: Standard Deviation, *: Significant at P <0.05,** highly significant at P<0.01; Means with
different letters are statistically significantly different according to Duncan’s test.
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As regards the conventional elastomeric chains (CEC), groups II
and III showed a statistically significant higher mean percentage of remaining
force than group I over the first hour. Group II showed the highest mean%
remaining force (P<0.05 at 24-hour, 1 and 2-week and P<0.01 at 3 and 4-week
test period). While, there was no statistically significant difference between
groups I and III which showed the lowest mean% remaining force.

As regards the memory elastomeric chains (MEC) and Ni-Ti
closed coil springs (CCS), there was no statistically significant difference
among the three groups throughout the test
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Fig. (7): Line chart representing the changes by time in the percentage of remaining force for
the conventional and memory elastomeric chains in the three test media.
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Fig. (8): Line chart representing the changes by time in the percentage of remaining
force of the nickel titanium closed coil springs in the three test media.
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DISCUSSION

The current study was directed to investigate the effect of fluoride
prophylactic agents on the mechanical properties of most force components
of fixed orthodontic appliance. Acidulated phosphate fluoride gel and
Floropal gel were chosen in this study because of widespread use,
identical method of application and fluoride ion concentration, and
differences in pH.

I- Bending test: Currently the three-point bending test is preferred as it
better simulates clinical inter bracket distances and is more suitable for the
very low elastic modulus nickel titanium wire than the previous test. *°

The most recent specification for orthodontic wires indicates that
unloading mechanical testing data shall be reported.’” This is because of
the fact that unloading properties are responsible for tooth movement.*®

Young's Modulus is very important clinically as it gives idea about
the stiffness or rigidity of the wire within the elastic range. Its value is the
slope of the elastic region of the load-deflection curve expressed as the
ratio of stress to strain. Yield strength is the stress at which the material
begins to function in a plastic manner. At this stress a limited permanent
strain usually 0.1% or 0.2% of the total permanent strain occurs.

The effect of acidulated and neutral fluoride agent was a statistically
significant decrease in the unloading Yield strength and Young’s modulus
of both Ni-Ti and SS wires as compared to their control. It could be
explained by previous reports that hydrofluoric acid (HF), produced
according to equation 1, could dissolve the protective oxide layer on the

surface of titanium and its alloys (TiO,) according to equations 2 and 3. '**
H;PO4 + 3NaF — Na3PO, + 3HF (1)
TiO, + 4HF— TiF4 + 2H,0 (2)
TiO, + 2HF— TiOF; + H,O 3)

The degradation and the loss of the oxide film expose the underlying
alloy, leading to corrosion and the absorption of hydrogen ions from the
aqueous-based solution due to the high affinity of titanium with hydrogen
resulting in the formation of a brittle titanium hydrides.** Titanium
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hydrides have been reported to form a body-centered tetragonal
structure™ considered to be the cause of the related degradation of alloy's
mechanical properties.*’

Concerning the SS orthodontic wires; SS passive layer is very
complex” and the protective character is due primarily to chromium
oxide, Cr,03.** Hydrofluoric acid could dissolve this passive layer
according to the following equation: Cr,O3; + 6HF— 2CrF; + 3H,0O Once
passive layer degradation occurs; SS has a propensity for hydrogen

absorption leading to embrittlement and stress corrosion cracking.””**

On the other hand, the results of exposure to neutral fluoride agent
showed a degradation of unloading mechanical property for Ni-Ti and SS
wires similar to results of exposure to APF. These findings suggested that
fluoride-related alloy effects depend on both pH and fluoride concentration
of the prophylactic agent.

In the current study, the changes were detected only in the unloading
properties following fluoride exposure. This might be attributed to the
absorbed hydrogen molecules which did not cause any evident effect
within the lattice until the wire has been loaded beyond the elastic range,
when lattice dislocations and slip occur. Although this has not been
studied in orthodontic wires, it has been reported that absorbed hydrogen
can be trapped within the SS lattice vacancies, potentially affecting both
plastic flow and recovery.” A similar situation might occur with
hydrogen absorbed into the Ni -Ti lattice structure. **

In vivo, despite fluoride dilution with saliva and the little wire
exposure time of onlyl-minute daily topical fluoride treatment, the actual
wire exposure time could be increased because instructions indicate to
avoid rinsing for at least 30 minutes after the application and to use the
product before bed time. This increased fluoride exposure time could be
important as it has been associated with a linear increase in hydrogen

absorption and potential alloy mechanical property degradation.** *°
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I. Stress relaxation test: The viscous behavior of the elastic
molecules, leads to permanent deformation of the elastics if stretched over
an extended period of time. This in addition to the very complex nature of
elastics makes it difficult to predict the level of their active force
especially under multifactorial medium such as the oral cavity. **

Regarding the effect of test media on conventional elastomeric chain:

In this experiment, the effects of APF on the force decay properties
of conventional elastomeric chain were in accordance with other
research® in which APF reduced the level of force decay exhibited by
elastomers. These results were also in agreement with a previous reported
decrease in the force decay rate of the chain elastics in the acidic
(pH 4.95) solution over four weeks. *°

This could be related to the pH of the media. However, it is unlikely to be
the complete answer, since it contradicts a previous work”’ in which the drink
Coke® with pH as low as 2.01 had a greater effect on force loss of elastomeric
chain than water alone, suggesting that some factor within the former solution
might be modifying the properties. The results also contradict the finding of a
previous study™ in which, acidity had no significant effect on the mechanical
properties of three polyurethane-based orthodontic elastomeric chains.

The difference in our results may be due to presence and nature of
fluoride agent since we used high fluoride ion concentration gels. Also, this
may be due to the differences in type of the test product and the amount of the
extension distance.

On the other hand, in the case of NaF; it is difficult to explain the
behavior of the conventional elastomeric chains in the NaF up to the
1-hour test period. It is possible that the elastomeric chain may absorb the
test gels and possibly show some increased stiffness, thereby affecting the
measured force. This effect appears to be short lived with the force
continuing to fall over the following days.

In the case of artificial saliva, it showed an initial and rapid force
loss, but it remained stable over an extended period of time. The effects of
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artificial saliva on the pattern of force decay of conventional elastomeric
chain in this experiment were more or less in accordance with the results
of the previous researches.” **

Regarding the effect of test media on memory elastomeric chain:

There was no statistically significant difference in the force levels
over the examination period among those specimens stored in artificial
saliva, APF or NaF gel (P>0.05). In the all test media, MEC showed a
relatively stable force over an extended period of time of about one week,
and began to decay from the second to the fourth week by about 20 to
25% of its original force. These findings were more or less in accordance
with the results of a previous study in which the force decay of fluoride
release, memory and conventional elastic power chains were studied
under dry and wet conditions.**

Regarding the effect of test media on nickel titanium closed coil
springs: The results when considered over the whole test period showed
that there was no statistically significant difference among the three test
media in the mean percentage of remaining force (P >0.05). The rate of
force loss was almost identical for each of the three test media throughout
the test period. These findings were in accordance with previous studies.” *#°
The produced constant force is due to superelasticity of the NiTi closed
coil springs. »°

CONCLUSIONS

1- Both pH and fluoride concentration are important factors in the breakdown
of the protective oxide layer of nickel-titanium and stainless steel, leading to
potential hydrogen absorption and associated mechanical property degradation.

2- Using topical gels with high concentrations of fluoride in association with
stainless steel or nickel-titanium orthodontic wires is considered a factor in
prolongation of orthodontic treatment time.

3- Nickel-titanium coil springs and memory elastomeric chains were not
significantly affected by the test media.
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RECOMMENDATION

1. During the long-period orthodontic treatment, the fluoride-containing
products should be carefully used and prescribed according to the treatment
phase and the alloy used to minimize unexpected damage on orthodontic
wires.

2. Nickel-titanium coil springs and memory power chains are recommended for
delivering steady-continuous force for a period up to four weeks.
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