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Corrosion Resistance of Titanium-Molybdenum Alloy as Alternative Metals for 
Endodontic Rotary Instruments (An In Vitro Study)
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ABSTRACT
Purpose: Sodium hypochlorite was considered one of the robust irrigant solutions in endodontic treatments. This 
study evaluates the effect of NaOCl on the beta-titanium and nickel-titanium rotary files. 

Materials: Two conventional NiTi files (EndoSequence, Endostep), two heat-treated NiTi files (2 Shape, Mono 2 gold), 
and two Beta-titanium files (TMA alloy) were immersion in NaOCl for 1hr and 24 hr. the corrosion analysis was 
performed via visual inspection and filed immersion scanning electron microscopy (FE-SEM).

Results: Both conventional and heat-treated files were susceptible to NaOCl corrosion. More attacks occurred through 
visual inspection and FE-SEM analysis with increasing immersion time. The beta-titanium files showed corrosion 
resistance even with increasing NaOCl immersion time.  

Conclusion: Within the limitations of this study, beta-titanium files exhibited more corrosion resistance to NaOCl 
(5.25%) for 1hr and 24hr. NiTi files show less corrosion resistance significantly when increasing the immersion time.
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INTRODUCTION 

The introduction of NiTi rotary instruments has 
facilitated endodontic procedures by reducing the 
time for chemo-mechanical preparation minimizing 
procedural errors associated with hand instrumentation 
[1]. The metallurgy of endodontic files has grown over 
the decades. As a result, endodontic files have changed 
from traditional stainless steel to nickel-titanium (NiTi) 
alloys, which exhibit more excellent physical properties, 
including flexibility, high torsional strength, and shape 
memory capabilities [2,3]. Despite that, the sudden 
fracture of the nickel-titanium (NiTi) alloys still occurs 
clinically. Therefore, it is essential to investigate different 
alloys with different properties for manufactured 
endodontic instruments [4]. 

In orthodontics, the archwires is fabricated from 
different alloys such as titanium-molybdenum (Ti-Mo) 
alloy, known as β-Titanium or TMA©. This alloy was 
introduced to orthodontics in 1980 and used during 

orthodontics treatment. It has been used because it has 
an intermediate modulus of elasticity between Ni-Ti and 
stainless steel. Furthermore, it may be helpful in Nickel 
allergic patients [4-6]. The root canal system complexity 
cannot be clean totally by mechanical canal preparation. 
Successful root canal treatment depends on mechanical 
and chemical debridement. The most common irrigating 
solution is NaOCl, at different concentrations (0.5%-
5.5%). It has a unique tissue-dissolving property and a 
broad antimicrobial spectrum [7-11].

The endodontic files repetitively interact with NaOCl 
inside the root canal space during the root canal 
preparation. Multiple cycles of cleaning and disinfection 
could be affected the endodontic file. NaOCl may corrode 
stainless steel and NiTi files at different ratios of 0.5-
5.5% as it is a highly alkaline solution [12,13]. This study 
aimed to analyze in vitro the corrosion susceptibility of 
(Ni-Ti) and (Ti-Mo) alloys as an endodontic instrument 
immersed in 5.25% NaOCl by visual assessment and Filed 
Immersion scanning electron microscopy (FE-SEM).

MATERIALS AND METHOD 

Samples distribution
Sixty new endodontic files were used in this study 
divided into two groups symmetrical and asymmetrical. 
Symmetrical groups are included subgroup A 
(EndoSequence, Bressler, USA), subgroup B (Endostep, 
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Perfect, China), subgroup C (TMA, IOS, USA). In contrast, 
asymmetrical groups are included subgroup D (2shape, 
Micromega, France), subgroup E (Mono 2 gold, Perfect, 
China), and subgroup F (TMA, IOS, USA). Ten files for 
each subgroup were divided according to immersion 
time in sodium hypochlorite solution. Five files were 
immersed in 5.25% NaOCl for (1 hr) and the other five 
files for (24 hr) (Figure 1).

METHODOLOGY

The Eppendorf was open and filled with (0.75 mL) of 
5.25% NaOCl (CHLORAXID, CERKAMED), and the flute 
and shaft were immersed approximately 18 mm of the 
file. To simulate the clinical situation, all samples were 
placed in an incubator at 37 °C (Figure 2).

The samples put in front of a white background were 
used to visualize all the samples via the naked eye. The 
Eppendorf were monitored after (1 hr) and (24 hr), 
and the samples were evaluated for color changes, the 
presence of bubbles, and precipitate formation in the 
solutions. Each file was taken out of the Eppendorf after 
incubation, then washed in distilled water double, and 
allowed to air-dry at room temperature overnight. Then 
randomly selected three files from each subgroup and 
mounted them on an FE-SEM platform, and the surfaces 
were examined using FE-SEM at different magnifications 
(Figure 3).

RESULTS

Visual Inspection of the Samples in Sodium 
Hypochlorite
The following parameters (color, bubble, and volume) 
were observed during the corrosion process. Color of 
NaOCl changed by starting black particles precipitation 
after (1 hr) in subgroups A and subgroup E; then the 
color becomes more intense after 24 hr for subgroups 
A, D, and E. Furthermore, the bubbles inside the NaOCl 
started after 1hr of immersion then increased over time 
to become more significant after 24 hr in the following 
subgroups A, D, and E with decreasing of the volume 
of NaOCl over the time as a result of corrosion reaction 
(Figure 4).

At (1 hr) immersion inside the NaOCl, the percentage 
of precipitation formation was for subgroups A and 
E were (100%) and for subgroups B, C, D, and F were 
(0%) with no bubble formation and no volume changes 
for all subgroups. While at the (24 hr), the precipitation 
formation, bubbles formations, and volume changes 
were for subgroups A, D, E were (100%), while for 
subgroups B, C, and F were (0%) (Figure 5).

FE-SEM analysis
The surface micro-morphology of the files was screened 
via FE-SEM for randomly selected three samples from 
each subgroup. Each piece was examined from the shank 
to the tip at different magnifications (Figure 6).

1-Control subgroup (non-exposed files)
The three unused, brand-new files from each subgroup 
were screened under FE-SEM inspection showed that no 
single file system was absolutely free of defects or debris 
(Figure 7).

2- Immersion for (1 hr) in NaOCl
Compared to the control subgroup, there are signs of 
corrosion identified under FE-SEM for the (subgroups 
A and E) that appear as white precipitation and black 
pitting over the surfaces (Figure 8).

3- Immersion for (24 hr) in NaOCl
The more aggressive action of NaOCl was shown on 
subgroups A, D, and E. FE-SEM shows a lot of white 
precipitations, corrosive pitting, and metal surface 
damaging (Figure 9).Figure 1: Sample grouping.

Figure 2: A: Eppendorf 1.5 mL were filled with (0.75 mL) of 5.25% NaOCl, including the flute and shaft of file. B: All sample are 
arranged according to each subgroup in specific container. C: Insertion of samples inside incubator.
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Figure 3: (A) Samples mounted on FE-SEM platform (B) FE-SEM (Inspect F50, Netherlands).

Figure 4: Visual aspect of the interactions between the files and NaOCl (A) Samples immersion in NaOCl for 1 hr, (B) Samples immersion in 
NaOCl for 24 hr.  

Figure 5: The percentages of color change, bubbles formation and volume change of files immersion inside NaOCl 5.25% for 1 hr and 24 hr.

Figure 6: Three samples from each subgroup over the FE-SEM platform to scanning from the shank to the tip at different magnifications.
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Figure 7: FE-SEM surface micro-morphology showing different surface defects for all subgroups (yellow arrows).

Figure 8: Immersion for (1 hr) in NaOCl 5.25%. FE-SEM surface micro-morphology showing corrosion signs as white precipitation and black 
pitting for the subgroups A and E (yellow arrows).
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DISCUSSION

Titanium molybdenum alloy, known as β-Titanium or 
TMA©, is used in orthodontic therapy. Most corrosion 
studies on Ti-Mo alloy were examined in acidic artificial 
saliva, mouth rinsing with fluoride-containing products 
[14-16]. This study compared the effect of NaOCl (5.25%) 
on TMA alloy as an endodontic rotary file with other 
conventional and heat-treated Ni-Ti rotary files by using 
direct visual inspection and FE-SEM analysis. The more 
extended NaOCl immersion of samples is associated 
with increasing the black precipitate inspection, which 
agrees with the study of O’Hoy et al., 2003 [17]. The 
levels of corrosion resistance of the endodontic file 
systems can be arranged from most resistant to least as 
follows: subgroup C, subgroup F, subgroup B, subgroup 
A, subgroup D, and subgroup E, according to our 
observation.

The present study found that TMA endodontic rotary files 
in both cross-sections (symmetrical and asymmetrical) 
(subgroups C and F) showed excellent corrosion 
resistance when immersion in NaOCl for (1hr and 24hr). 
The possible explanation is that TMA alloy is free from 
Nickel elements. The selective removal of the nickel 
from the instrument’s surface by NaOCl immersion may 
cause the micro-pitting that has an adverse effect on the 

NiTi files [18]. Another possible explanation is that TMA 
alloy is rich in Molybdenum elements. Molybdenum is a 
silvery-white metal that is ductile and highly resistant to 
corrosion [19].

Regarding NiTi rotary files, the presented study 
shows that in symmetrical cross-sections. Subgroup 
A has less corrosion resistance when increasing the 
immersion time in NaOCl for (24 hr) even this subgroup 
has electropolishing surface treatment. This may be 
attributed to these files being considered a conventional 
NiTi file. So, these instruments have to be ground rather 
than twisted. So, the surface irregularities such as milling 
mark potentially boost corrosion susceptibility [20]. This 
result agrees with Cheung et al., 2007; they are shown that the 
corrosion resistance doesn’t improve by electropolishing of 
strain-cycled instruments [21]. However, this result disagrees 
with Praisarnti et al., 2010 [22].

Conversely, subgroup B showed more corrosion 
resistance than (subgroup A) in both (1 hr and 24 hr) 
immersion in NaOCl. This may be related to the passivation 
layer capacity in supporting and protecting the external 
surface from aggressive pitting corrosion [23]. 

On the other hand, in asymmetrical subgroups, 
subgroup E is minor corrosion resistant than subgroup 

Figure 9: Immersion for (24 hr) in NaOCl 5.25%. FE-SEM surface micro-morphology showing white precipitation, corrosion pitting for 
the subgroups A and D and sever metal surface damaging in subgroup E (yellow arrows).
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D, even though they have the surface heat treatment. The 
possible explanations are that pitting corrosion may be 
more closely related to the endodontic file's design than 
the use of heat treatment. They are variable in the design 
along the axis of the instrument. The other cause may be 
related to principles of thermodynamics (enthalpy and 
entropy). ‘’A thermodynamic quantity representing the 
unavailability of a system's thermal energy for conversion 
into mechanical work, often interpreted as the degree of 
disorder or randomness in the system’’. So, molecular 
disorganization means significant irregularities, directly 
influencing the corrosion resistance of the material 
[24,25]. 

On another side, the effects of NaOCl immersion were 
evaluated via FE-SEM analysis. It is essential to mention 
that none of the samples are utterly free of imperfections 
or debris under FE-SEM examination (Figure 7). 

Nevertheless, it can only examine one side of the file at 
a time, and this is one of FE-SEM limitations. This could 
explain why minor signs of corrosion were identified 
on the file surface for the subgroup's A and E that 
immersion in NaOCl for (1 hr) (Figure 8 - A1, A2; E1, E2). 
Furthermore, this FE-SEM identification was genuinely 
reflected in visual inspection of the samples through the 
formation of fewer black particulates in the bottom of 
Eppendorf (Figure 4-A).

In the subgroups that immersion in NaOCl for (24 hr), 
FE-SEM analysis was showing more corrosion aggressive 
marks on file surfaces, especially for heat-treated 
subgroups (subgroup D and E) (Figure 9 - D1, D2; E1, 
E2). The surface is damaging, reflected through the 
increase of black particulates in the bottom of Eppendorf 
(Figure 4-B). These findings agree with the study of Lin 
et al., 2021; they conclude that heat treatment of the 
NiTi file may not directly impact the file’s susceptibility 
to NaOCl corrosion [26].

CONCLUSION

Within the limitation of this study, TMA files in 
symmetrical and asymmetrical cross-sections have high 
corrosion resistance when immersion in NaOCl for (1 
hr and 24 hr). Ni-Ti files show less corrosion resistance 
with increased NaOCl immersion time. Heat surface 
treatment doesn’t prevent the corrosions attack.
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