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ABSTRACT
Objectives: The aim was to evaluate the in vitro effects of fluoride solutions with different acidities 
on load‑deflection characteristics of nickel‑titanium (NiTi) orthodontic wires.
Materials and Methods: In this study, which lasted 30 days, 36 (3 cm long, 0.016 × 0.022 inches, 
SENT 1622, G & H wire Company, Greenwood, Indiana, USA) NiTi wires, were divided into three 
experimental groups of 12 each. Two groups were subjected to 0.05 topical fluoride mouthwash with 
different acidities (G1, pH 4; G2, pH 6.6) for 90 s, twice a day, and kept in normal saline after that. 
The third group (G3, the control group) was kept in normal saline only. Load and unload forces were 
measured with three bracket bending test in a universal testing machine (Testometric Co, Rochdale, 
UK). Loading and unloading plateaus and hysteresis were also recorded. Data were then analyzed 
using analysis of variance and honestly significant difference Tukey at P < 0.05.
Results: During the loading phase, there was a significant difference between deflections (P < 0.001); but 
there was no interaction effect (P = 0.191) and no significant difference among three groups 
(P = 0.268). In the unloading phase, there was a significant difference between deflections (P < 0.001) 
and an interaction effect was also observed (P = 0.008). Further, significant differences noted among 
three groups (P = 0.037). Only in the unloading phase, at deflections of 2.2 through 0.2 mm, significant 
differences between the mean force values of the G1 and G3 groups were observed (P = 0.037).
Conclusion:Based on this in-vitro study, compared to neutral fluoride solution, daily mouthwash 
with a fluoride solution with more acidic pH of 4 affected the NiTi wires load-deflection characteristics 
during the unloading phase. This finding may have clinical implications and can be further validated 
by in-vivo studies.

Key words: Acidity, fluoride mouthwash, nickel‑titanium, orthodontic wire

An in vitro assessment of the mechanical characteristics 
of nickel‑titanium orthodontic wires in Fluoride 

solutions with different acidities
Shiva Alavi1, Sara Barooti1 and Ali Borzabadi-Farahani2

INTRODUCTION

Due to their  desirable shape memory propert ies, 
nickel‑titanium (NiTi) wires are increasingly used during the 
first stage of a comprehensive treatment in orthodontics that 
is, mainly for the alignment of teeth by correcting crowding 
and rotations.[1] These favorable characteristics include 
high spring back, flexibility, and ability to apply light and 
constant forces, as well as superelasticity, which are based 

on a martensitic phase transformation allowing the NiTi 
alloys to return to a previously defined shape when strained 
up to 8%.[2] Suboptimal oral health and biofilm formation 
are common issues in orthodontic treatment which can 
cause demineralization and caries[3] and for solving such 
problems, orthodontists may prescribe fluoride producs for 
their patients.[4] In the acidic products, such as prophylactic 
agents, the titanium protective film reacts with hydrofluoric 
acid to form sodium titanium fluoride[5,6] and the breakdown 
of the film reduces corrosion resistance because titanium 
indicates an intrinsically high activity.[7]
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Kaneko et al.,[7] showed degradation in performance of four 
major orthodontic alloys (NiTi, β-titanium, stainless steel, cobalt 
chromium) caused by hydrogen absorption during short‑term 
immersion (1 h) in 2.0% acidulated phosphate fluoride. Walker 
et  al.[8] also found that mechanical properties and surface 
characterization of orthodontic archwire decreased during 
short‑term immersion (1.5 h) in topical fluoride treatment with 
either an acidulated fluoride agent or a neutral fluoride agent 
compared with distilled water (as a control group). Kwon et al.[9] 
investigated mechanical properties of β‑titanium orthodontic 
wires in the presence of four sodium fluoride solutions (0.05% 
pH = 6, 0.05% pH = 4, 0.2% pH = 6, 0.2% pH = 4) for l or 3 days. 
He found that the tensile strength of the immersed wires was 
significantly reduced compared to as received one, and ion 
released had much increased for higher sodium fluoride (NaF) 
concentration and lower pH. Walker et  al.[10] immersed 
stainless steel and β‑titanium orthodontic archwires in either 
an acidulated fluoride agent, a neutral fluoride agent or distilled 
water (control) for 1.5 h and found that unloading mechanical 
properties were significantly decreased for both fluoride 
solutions. Kaneko et al.[11] examined hydrogen embrittlement 
of β‑titanium orthodontic wires in acidic and neutral aqueous 
solutions and concluded that the immersion in fluoride 
solutions led to the degradation of the mechanical properties 
and fracture of beta titanium alloy associated with hydrogen 
absorption. Similarly, they stated that when immersion in 
acidic fluoride  solutions was carried out, Ni-Ti superelastic 
alloy underwent general corrosion and absorbed substantial 
amounts of hydrogen.[12] In another investigation, after the 
tensile test (after immersion) and hydrogen thermal desorption 
analysis of of Ni-Ti superelastic alloy, they hypothesized that 
one reason that Ti and its alloys fractured in the oral cavity is 
because hydrogen was absorbed in a fluoride solution, such 
as prophylactic agents.[13]

Toniollo et  al.[14] evaluated the effects of fluoride‑containing 
solutions on the commercially pure titanium  (Cpti) using 
three solutions as follows: Distilled water, 0.05% NaF, 0.2% 
NaF during different times and concluded that fluoride 
containing solutions (pH = 7) used as mouthwashes did not 
damage the surface of Cpti and could be used in patients with 
titanium‑based restorations.

Ramalingam et al.[15] determined the in vivo effect of fluoride 
agents on the mechanical properties of NiTi and copper NiTi 
archwires. Thirty patients were divided into three groups. First 
group used no topical fluoride agent. The second group used 
fluoride mouthrinse and the third group used fluoride gel. Then 
arch wires were examined and it was concluded that unloading 
properties of orthodontic wires fell significantly in gel group. 
Apparently, topical fluoride agents altered the mechanical 
properties of NiTi wire and hence could prolong orthodontic 
treatment.

The widespread use of NiTi wires in orthodontics and the 
importance of mechanical properties of orthodontic wires 

in the treatment efficiency as well as the probable effect of 
fluoride mouthwashes resulting from the presence of hydrogen 
and fluoride ions on the orthodontic wires, demand further 
research on the possible interaction between fluoride use 
and NiTi archwire properties. The aim of this in vitro study 
was to assess the effect of daily fluoride mouthwashes on 
the mechanical characteristics of orthodontic NiTi orthodontic 
archwires.

MATERIALS AND METHODS

For the present in  vitro study, 36 NiTi wires  (3  cm length) 
with the dimensions of 0.016  ×  0.022 inches  (SENT 1622, 
G & H wire Company, Greenwood, Indiana, USA) were used. 
The samples were divided into three groups of 12 each as 
follows:
•	 G1, the pH  =  4 group, samples were immersed in the 

normal saline solution for 30 days, and were immersed in 
the 0.05% fluoride solution (pH = 4) twice a day for 90 s. 
Subsequently, they were returned into normal saline.

•	 G2, the pH = 6.6 group, samples were immersed in the 
normal saline solution for 30 days, but were immersed in 
the 0.05% commercial fluoride mouthwash  (Advantage 
Mouth Rinse, Oral B, South Boston, UK) with the pH = 6.6 
twice a day for 90 s; subsequently they were returned into 
normal saline solution.

•	 G3, the normal saline group; samples were only immersed 
in normal saline solution (pH = 7) for 30 days.

Assessment of Load‑Deflection Characteristics
After 30  days, the wires were removed from the solutions 
and Universal Testometric Machine  (Testometric Co, 
Rochdale, UK) measured the load‑deflection characteristics of 
the samples in the 37°C water bath using a setup made for this 
purpose. In order to produce the load-deflection curves, three 
copper cylinders with a length of 3 cm and a rectangular cube 
bar with dimensions of 10 cm × 12 cm × 1 cm with completely 
smooth surfaces were prepared, two copper cylinders with 
the central distance of 14 mm were screwed, and the third 
cylinder was connected to the crosshead of the instrument. On 
each of the three cylinders, a stainless steel maxillary canine 
bracket was placed (Equilibrium® 2, Dentarum, Inspringen, 
Germany) with the slot size of 0.018 inches, and fixed with 
the cianoacrylate glue. The wire was subsequently placed 
passively in the slot of the brackets so that the wire maintained 
the straight form; subsequently wires were placed in the bracket 
slots and tied by elastomeric ligatures (Safe-T-Tie Silver, Ortho 
Organizer, Carisbad, CA, USA) and the three bracket bending 
test was performed on each sample.

The instrument began to move with a speed of 0.5 mm/min 
with the range of 2.4 mm; the loading and unloading forces 
were registered, and the load‑deflection curves plotted. 
Loading forces at 2.4–0.2 mm deflection  (L2.4 to L0.2) and 
unloading forces at 2.2–0.2  mm deflection with 0.2  mm 
deflection intervals (L2.2 to L0.2) were recorded. Further, the 
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unloading  (between UL0.6 and UL1.6) and loading plateau 
means (between L 0.6 and L 1.6) and the difference between 
them (hysteresis) was estimated for each sample.

Statistical Analysis
Data were analyzed using SPSS 15 for windows (SPSS Inc, 
Chicago, III). The repeated measurement of ANOVA and 
Tukey’s post‑hoc tests were used for statistical analysis. All 
statistical analysis were undertaken at the P < 0.05 level of 
significance.

RESULTS

The measured force values (mean and standard deviation) 
for loading and unloading of all groups are shown in Table 1. 
The loading and unloading plateau means and the hysteresis 
relevant to three groups are shown in Table 2 and Figure 1.

During the loading phase, there was a significant difference 
between the deflections  (P  <  0.001). There was also no 
interaction effect  (P  =  0.191); the changes occurred in 
three groups at various deflections were similar. Overall, 
there was no significant difference among three groups  
(P = 0.268).

In the unloading phase, firstly, there was a significant difference 
between the deflections (P < 0.001). Secondly, there was an 
interaction effect  (P = 0.008), that is, the changes occurred 
in three groups at various deflections were not similar. 
Further, there were significant differences among three 
groups (P = 0.037).

Honestly significant difference Tukey was also applied to 
determine which groups were statistically different. It became 
clear that this difference was related to the unloading phase 
between the G1 and G3 groups  (P  =  0.037) and at UL0.2, 
UL0.4, UL1.4, UL1.6, UL1.8, UL2, UL2.2  (P  < 0.05). There 
was not any significant differences between the mean values 
of unloading plateau (P = 0.324), loading plateau (P = 0.464) 
and hysteresis (P = 0.566) for three groups.

DISCUSSION

The present in‑vitro study demonstrated that the fluoride and 
hydrogen ions could affect the load-deflection characteristics 
of NiTi wires, particularly, the hydrogen embrittlement effect, 
which has been discussed previously.[16] Despite the presence 
of a protective film, metal ions such as titanium and nickel 
could leak out of the alloy and presenting with relatively 
lower corrosion resistance and higher amount of Ion release, 
which can be cytotoxic.[17-23] A  component of the NiTi alloy, 
Nickel, is also allergic and cytotoxic.[24] Although the released 
titanium is not cytotoxic, the lower pH can result in higher 
release of nickel ions.[25] It is possible to examine surface 
roughness and topographic characteristics of the wires with 
scanning electronic microscope reported by other researches Ta
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and these studies had shown that the immersed wires as 
compared with the control group also showed a difference in 
this regard.[7,9,25] Overall, a protective layer is formed on NiTi 
and the titanium surface when these contact with the aqueous 
environment.[26,27] For the titanium surface the protective film 
is constituted by titanium oxide (TiO2), but on NiTi the passive 
film has also smaller amounts of nickel oxide or metallic Ni, 
making it more susceptible to chemical attack.[26,27] Further, 
issues associated with poor corrosion resistance can affect the 
treatment effectiveness as well as toxic and allergic reactions 
due to nickel release, creating biocompatibility issues for of 
NiTi alloys.[28] The present study, however, did not assess the 
corrosive characteristics of the NiTi wires.

Change in mechanical characteristics of wires immersed in the 
acidic electrolytes could be related to different factors such as 
the concentration of fluoride ions present in the solution, the pH 
of the solution, the manufacturing characteristics of the wires, 
and the duration of immersion, that had been referred to in the 
previous studies.[29] In this study, three bracket bending test was 
used, which is the alternative to the three point bending test,[30] 
and the most precise design for examining mechanical properties 
of orthodontic wires. As brackets were used in this procedure, a 
relatively comprehensive simulation was obtained in terms of the 
inter bracket distance, wire length, bracket type, and the friction 
between the wire and bracket.[31] The central distance between 
two brackets, which were installed on the fixed cylinders, was 
selected to be 14 mm, that is, the inter‑bracket distance was 
7 mm, which was more consistent with the bracket distance in 
the patient’s mouth. The speed of the middle cylinder connected 
to the crosshead of the machine was 0.5 mm/min with a range 
of 2.4 mm, which lies within the scope of previous studies.[30]

In this study, incubation and three bracket bending test was 
performed in the humid environment at 37°C, which simulated 
the mouth condition. There were controversies in various studies 
regarding the effects of the acidity rate on the performance and 
characteristics of orthodontic alloys. Kwon et al.[9,32] reported that 
through increasing the acidity (reducing) pH, elements released 
from the alloy had been increased. While according to Harris 
et al.,[33] the acidity of the environment did not have any effect on 
the properties of the alloy. The NiTi wires were used due to their 
increasing use in clinical practice and their desirable properties. 
In addition, regarding the crucial importance of the mechanical 
characteristics of the wires in efficiency and duration of orthodontic 
treatment, it was decided to use this kind of wire in the present 
study. Further, three solutions were used. The reason for using 
0.05% fluoride was that this concentration is present in the 

commercial fluoride mouthwashes, which are used daily as part of 
home health care. Moreover, using various pH values allowed us 
to examine the effect of acidity on the properties of NiTi wires. In 
most studies on the mechanical characteristics, yield strength and 
modulus of elasticity and tensile strength were examined.[9,10,18, 33]

Our findings were consistent with Ramalingam’s et al. report[15] in 
that the mechanical characteristics of NiTi wires during unloading 
was dropped using professional fluoride gel, but did not change 
with mouthwash. Walker et al.[10] found that the acidity caused 
the unloading of the mechanical characteristics of NiTi alloy to 
be reduced. This finding verified our research but regarding the 
effect of fluoride ions on the NiTi alloys, they reported a reduction 
in mechanical characteristics while we did not observe such 
an effect statistically. Moreover, one probable reason can be 
that they have used high fluoride concentration of 1.1% in their 
research. Toniollo’s et al.[14] findings suggested that fluoride ion 
in the concentrations of 0.05% daily did not damage the surface 
of the titanium alloys. Findings of Kao and Huang[34] indicated 
that NiTi alloy corroded in the artificial saliva with pH = 4 more 
than NaF solution, this may explain the results of present study 
concerning the effect of acidity. Similarly, Yokoyama et al.[16] stated 
that acidic fluoride solutions adversely affected the properties of 
superelastic alloys that show some similarity with our findings.

CONCLUSIONS

•	 The NiTi mechanical characteristics were affected in the 
acidic solutions

•	 Compared to neutral fluoride solution, a fluoride mouthwash 
with more acidic pH of 4 affected the NiTi wires mechanical 
characteristics adversely during unloading phase.
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