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ABSTRACT
Aim: To evaluate, in vitro, the mini-implant surface changes
and the release of ions after immersion in artificial saliva during
follow-up of 60 and 120 days.
Materials and methods: As for the surface features,
examined in a scanning electron microscope (SEM), before
and after immersion in artificial saliva, there was a rough
and uneven surface, suggestive of corrosion areas for the
two trademarks evaluated after 120 days of immersion.
The extracts generated in artificial saliva analysis were
submitted to energy dispersive spectroscopy to identify
the solid corrosion products produced on the surfaces of
miniscrews.
Results: Both SIN miniscrews and Neodent brands were
observed to release minimal quantities of silver ions, chromium,
iron, nickel, titanium, and vanadium. Regarding titanium, this
index varied from 88.84% in the control group of Neodent
brand, and 91.29% in the control group of SIN brand. For the
aluminum content, the quantities ranged from 4.91% in group
immersed for 60 days in Neodent brand to 8.71% for the SIN
control group. Considering vanadium, the index ranged from
2.65% in the group immersed for 120 days to 4.53% in the
control group, both for Neodent brand. Statistically significant
differences in iron ion were observed between the control
group and the miniscrews brand SIN after 60 and 120 days
and for Neodent after 60 days of immersion. The titanium ions
suffered statistically significant decrease for both brands after
120 days of storage when compared with the control group.
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Conclusion: The studied miniscrews showed results consistent
with the biosafety of alloys for use, in vivo.
Clinical significance: The knowledge of the physical/chemical
state of corrosion products released in the oral cavity is very
important for the toxicological assessment of metal alloys used
in dental miniscrews.
Keywords: Artificial saliva, Dental implants, Immersion, In vitro
techniques, Ions, Laboratory research.
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INTRODUCTION
Several types of biomaterials are used in orthodontics,
which are exposed to the oral environment for a relatively
long period, and therefore, suffer a corrosive process. One
of the metals used in orthodontics is titanium, with extreme
biocompatibility1,2 and high corrosion resistance2,3 present
in dental implants (commercially pure) and orthodontic
miniscrews (titanium, aluminum, and vanadium alloy),
devices used as anchorage in orthodontics.2,4
The success of orthodontic treatment depends to a large
extent on anchorage devices5 and immobility is one of the
desired requirements for those devices.6,7 Dental implants
and orthodontic miniscrews provide stationary or absolute
anchorage, important for orthodontic success.8,9
The orthodontic miniscrews are used in orthodontics
with a high success rate,10 with multiple sites of application,
quite simple installation, reduction of the risk of surgical
trauma and minimum time of osseointegration prior to the
application of orthodontic forces.9,11 Therefore, stability is
directly related to biological factors related to bone quality.9,12
Nevertheless, peri-implant inflammation is the main
cause of loss of these devices, and the release of metallic
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ions is one of the main causes.13 Commercially pure
titanium is widely used in the manufacture of dental
implants, since it is considered chemically inert, presenting low corrosion and excellent biocompatibility.2,5,14
However, the alloys used in the manufacture of miniscrews are not pure, have a higher susceptibility to corrosion and a lower rate of osseointegration.14-17
The knowledge of the physical/chemical state of the
corrosion products released in the oral cavity is of great
importance for the toxicological evaluation of the alloys,
as well as for the establishment of criteria for corrosion
analysis of the several metallic alloys used in mini dental
implants,2,18 because they remain in the oral environment
for a certain period of time.
Thus, the present study proposes a better understanding of the metallic alloys used in the miniscrews and the
observation of alloys’ corrosion, verifying possible cytotoxicity to the organism. In this context, the objective of
this study was to evaluate, in vitro, the surface alterations
of the miniscrews and the products derived from their
corrosion, as well as to determine the elements released
in the artificial saliva due to the corrosive process.

MATERIALS AND METHODS
Experimental Design
Twelve implants of two different brands (SIN and Neodent)
were used for in vitro analysis of miniscrew surface changes
and determination of the elements released in the artificial
saliva by the corrosive process. They were divided into
four groups (n = 3 miniscrews in each group): group I: SIN
immersed in artificial saliva, group II: Neodent immersed
in artificial saliva, group III: artificial saliva (control), and
group IV: Implant controls (without immersion).
SIN miniscrews had the following characteristics:
Self-drilling, 8 mm active thread, 1.6 mm diameter, and
1 mm transmucosal profile. The Neodent miniscrews
had the following characteristics: Self-drilling, 9 mm

A

Table 1: Composition of artificial saliva
Artificial saliva
NaCl
KCl
CaCl2 H2O
CO(NH2)2
Distilled water

0.40 mg/L
0.40 mg/L
0.80 mg/L
1.0 mg/L
1,000 mL

active thread, 1.6 mm diameter, and 1 mm transmucosal
profile (medium strap). All the miniscrews were weighed
in analytical balance (Model 410, Kern and Sohn Gmbh,
Balingen, German), autoclaved at 120°C for 30 minutes,
and then divided (n = 3) and packed in four glass tubes
like vacutainers which are sterile, hermetically sealed,
and divided into their respective groups (cited above).
For immersion of the samples, artificial saliva was used
as extraction vehicle, pH 6.76, adjusted and controlled
with 10 N NaOH. The artificial saliva used was a modification of Meyer’s solution whose chloride content and corrosive activity were shown to be similar to natural saliva19
and whose chemical composition is presented in Table 1.
The amount of artificial saliva used in group III
(control) tube was 3 mL, and for groups I (SIN) and II
(Neodent), the following ratio was used (according to
the International Standards Organization): 0.2 gm of
miniscrew for every 1 mL of saliva.20
After the samples were prepared, the hermetically
sealed vacutainer tubes were incubated in an oven at
37°C and left inert. After each period, the miniscrews
were removed from the artificial saliva, washed in deionized water, dried, and stored in hermetically sealed
vacutainers. Then, each group of miniscrews (groups I
and II) underwent the following procedure: Extracts
corresponding to the saliva containing the products of the
corrosion of the three miniscrews were mixed in a 15-mL
plastic tube and stored in aliquots of 3 mL at 4°C until
analysis (Fig. 1).

B
Fig. 1: Preparation of the samples: immersion in artificial saliva
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Fig. 2: Preparation of the samples for SEM and EDE

Analysis by Activation with Neutrons method was
applied in the solution resulting from the corrosion test22
with irradiation of 500 μL of the dried sample in a polyethylene capsule in the nuclear reactor IEA-R1, together with
the element patterns for 16 hours under thermal neutron
flux. The analysis of the white (standard) of the artificial
saliva before the immersions was also performed. After
a certain decay time, the samples and the standard were
measured in a hyperpure Ge detector (Canberra) coupled
to an integrated signal processor (Model 1510), and
multichannel analyzer plate (Canberra System 100). The
gamma ray spectra were processed and the radioisotopes
formed identified by the half-life; the gamma rays energies and the elements concentrations were calculated by
comparative method.

Analysis of the Miniscrews Surfaces under SEM

Statistical Analysis

In order to evaluate the characteristics of miniscrew surfaces
in relation to the presence of imperfections and possible
areas of corrosion, a miniscrew from each group was randomly selected and examined by SEM (LEICA, model S440i,
1995). The images were obtained with secondary electron
detector, increasing from 200× to 2000×, 20 kV, and 0.8 μA.21

For comparisons between the two brands, the data were
submitted to analysis of variance/Bonferroni statistical
analysis (p ≤ 0.05) using the statistical program GraphPad
Prism software version 4.00.

Analysis of Corrosion Products by Energy
Dispersive Spectrometry
These same surfaces were analyzed by energy-dispersive
spectrometry (EDE) after each immersion period, in order
to qualitatively examine the solid corrosion products
adhered to the miniscrews’ surfaces in a microvolume,
equivalent to a 1 μm diameter sphere (Fig. 2).

Determination of the Elements released from the
Miniscrews in Artificial Saliva by Instrumental
Analysis by Activation with Neutrons
In order to determine the concentrations of the metallic ions released by the miniscrews, the Instrumental

A

RESULTS
Analysis of Mini-implant Surfaces using SEM
In the microscopic images, SIN (control) miniscrews
presented a smooth and regular surface, with no adherent particles or spots (Fig. 3). After 60 days of immersion
in artificial saliva, they presented a smooth and regular
appearance, but with some dark spots (Fig. 4). After
120 days, areas of porosity suggestive of pitting corrosion
sites (cavities with depth greater than their diameter) and
accumulation of residues on an irregular surface were
observed (Fig. 5).
Neodent miniscrews presented a polished and regular
surface, with some adhered particles, probably derived
from industrial manipulation, and porosity areas (Fig. 6).
After 60 days in artificial saliva, they presented few areas of

B

Figs 3A and B: Miniscrew SIN brand, without immersion in artificial saliva, 200× (A) and 2000× (B)
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B

A

Figs 4A and B: Miniscrew SIN brand, after 60 days, 200× (A) and 2000× (B)

B

A

Figs 5A and B: Miniscrew SIN brand, after 120 days, 200× (A) and 2000× (B)

A

B
Figs 6A and B: Miniscrew Neodent brand, without immersion in artificial saliva, 200× (left) and 2000× (right)

irregularities and rough surface appearance with several
porous sites and some adhered particles (Fig. 7). After 120
days, a rough and irregular surface was observed with
porous points, suggesting areas of pitting corrosion (Fig. 8).

Analysis of Corrosion Products by EDE
This analysis was performed in the dark spots and in the
adhered particles of the surface of the two miniscrews

brands studied, before and after the immersion in artificial saliva.
According to Table 2, we can verify that in the spectra
of SIN control group were verified peaks of titanium and
aluminum. After 60 and 120 days of immersion, these
values changed and vanadium element was found on
the miniscrew surface.
In the Neodent controls (Table 3), peaks of titanium,
aluminum, vanadium, and iron were verified. After 60
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A

B
Figs 7A and B: Miniscrew Neodent brand, after 60 days, 200× (A) and 2000× (B)

B

A

Figs 8A and B: Miniscrew Neodent brand, after 120 days, 200× (A) and 2000× (B)

Table 2: Ti, Al, and V elements of SIN brand during the respective periods

SIN

Control
91.29%

Titanium
60 days
90.48%

120 days
89.57%

Control
8.71%

Aluminum
60 days
5.76%

120 days
6.0%

Control
–

Vanadium
60 days
3.76%

120 days
4.43%

Table 3: Ti, Al, and V elements of Neodent brand during the respective periods
Titanium

Aluminum
Vanadium
Iron
Sodium
120
60
120
60
120
60
120
60
120
Control 60 days days
Control days days
Control days days Control days days Control days
days
Neodent 88.84% 90.77% 90.47% 5.86% 4.91% 6.88% 4.53% 3.6% 2.65% 0.77% –
–
–
0.72% –

and 120 days, the values also underwent changes in the
peaks of titanium, aluminum, and vanadium (Table 3).
According to Table 4, for the Ag and Cr ions, there was
no statistically significant difference between the concentration in the control saliva and the different periods of
immersion of both brands.
However, for Fe ion, the difference in their release
was statistically significant in all samples, except when
compared with the control artificial saliva extract and
the Neodent brand extract (after 120 days). There was
a statistically significant difference when we compared
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this ion concentration in the period of 60 days between
both brands, with decline of the concentration when we
compared the brands separately, from 60 to 120 days.
Considering the Ni ions, there was a statistically significant difference in two situations: In the saliva extracts
in the 60-day period for both brands when compared
with the control saliva extract, and in the 60-day extract
compared with 120 days of the brand SIN.
Considering Ti ions, there was a statistically significant concentration reduction present in the extracts of
artificial saliva where the miniscrews of both brands

JCDP
Ions release Evaluation and Changes in Mini-implant Orthodontic Surface
Table 4: Ions concentration in the artificial saliva in 60 and 120 days of the two commercial brands

Ag
Cr
Fe
Ni
Ti
V*

Saliva control
(μg/mL)
0.01 ± 0.006
0.01 ± 0.015
0.71 ± 0.02
0.36 ± 0.01
43 ± 1.63
0.005 ± 0.001

SIN 60 days
(μg/mL)
0.02 ± 0.008
0.01 ± 0.015
1.24 ± 0.01
0.83 ± 0.01
43 ± 1.63
0.01 ± 0.001

SIN 120 days
(μg/mL)
0.01 ± 0.006
0.01 ± 0.015
0.82 ± 0.01
0.50 ± 0.1633
32 ± 1.63
0.002 ± 0.001

were immersed for 120 days compared with the control
saliva.
Finally, for V ions, the difference in vanadium release
was statistically significant when comparing the concentration in the control saliva extract and the SIN brand
saliva extract immersed for 60 days. When comparing
the extract of the SIN miniscrews for 60 and 120 days,
a statistically significant difference was also observed.

DISCUSSION
The devices and accessories made from metal alloys of
different compositions constitute the professional arsenal
tooth movement.15 Since the enzymatic and microbiological characteristics of the oral cavity provide a favorable
environment for metals corrosion, in recent years, these
devices have been widely studied, since this corrosion
causes the release of metallic ions that, in toxic concentrations, can lead to adverse physiological effects including
cytotoxicity, genotoxicity, carcinogenicity, and allergenic
effects.2,13,23,24
In order to evaluate the biological safety of new
materials, in vitro and in vivo tests have been performed
according to the following levels: Level 1—in vitro (assessing toxic potential, allergenic, or carcinogenic reactions),
level 2—in vivo in animals, by implanting the material to
be evaluated in appropriate regions so that both function
and adverse reactions can be investigated), and level 3—
involving clinical studies.20,25
In the literature clinical studies are reported that
aim to evaluate the corrosion of orthodontic appliances
in vitro.15,26-28 However, the lack of standardization in
the experimental design allied to the presence of different electrochemical factors in the studies hinders data
reproducibility.18 Differences in the experiments design
may also occur and the resulting corrosion products
may adhere to the metal surface and become unavailable
for instrumental analysis of the solutes and may not be
observed.2,13,14,29
According to Mikulewicz and Chojnacka 30 and
Bortagaray et al,15 the main in vitro tests’ disadvantage is
that the experiment design does not reflect in vivo conditions, i.e., the presence of biofilm growing on the surface
of materials in the oral cavity.

Neodent 60 days
(μg/mL)
0.01 ± 0.006
0.01 ± 0.015
1.08 ± 0.01
0.70 ± 0.16
43 ± 1.63
0.006 ± 0.001

Neodent 120 days
(μg/mL)
0.01 ± 0.006
0.01 ± 0.015
0.72 ± 0.01
0.48 ± 0.01
30 ± 1.63
0.003 ± 0.001

The miniscrews surfaces analysis by SEM showed, in
the present study, that the samples did not suffer expressive corrosion, confirming the high corrosion resistance
of the miniscrews evaluated. The study conducted by
Alves et al5 also showed no evidence of corrosion with
the miniscrews made by Neodent® and SIN companies,
revealing smooth surfaces.
However, it was observed that the longer the immersion period in artificial saliva, the greater the susceptibility of the surfaces to the appearance of darkened spots.
Similar results were observed by Sridhar et al,31 through a
combination of optical microscopy and scanning electron,
who found a positive correlation between corrosion and
immersion time.
It was also observed in this study a greater amount of
adhered particles and irregularities, favoring the localized
attack of corrosion, which can progress rapidly, inducing
a greater metal loss of thickness and causing perforations
and points of concentration of stresses. This can decrease
the mechanical strength of the material by increasing the
release of metal ions and the risk of fractures.
An interesting finding in this research was the presence of the sodium ion detected on the surface of the
miniscrews by the analysis of EDS, suggesting that this
ion may be present in the artificial saliva composition.
In vitro and in vivo studies reported in the literature
demonstrate the importance of released metal ions’
identification from alloys in the evaluation of toxic
effects.2,16,29,30,32-34
In the study reported by Marigo et al,13 the samples
analyzed in the anatomical absorption spectrophotometer
showed extremely low amounts of Ti, Al, and V in all
groups tested. However, significantly higher concentrations of magnesium, aluminum, silicon, phosphorus,
sulfur, potassium, calcium, titanium, vanadium, manganese, iron, cobalt, copper, zinc, nickel, and chromium were
observed when wires, brackets, and metal bands were
stored in artificial saliva.29 Silverstein et al35 conclude that
ions composition observed by spectrophotometer will
depend on the brand of the miniscrew studied.
The results of the present study showed a statistically significant increase in the vanadium release in the
artificial saliva extract where the SIN miniscrews were
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immersed for 60 days compared with the artificial saliva
control extracts, and in the SIN miniscrews that were
immersed for 120 days. According to the World Health
Organization (WHO), the absorption of vanadium is
approximately 5%, and values above 0.1 μg/mL may
indicate excessive exposure. Thus, the amount of vanadium found in the present study does not present risks
and toxicity when ingested by the patient.
The amount of titanium ions detected in the artificial
saliva extracts analyzed in this study ranged from 32 to
43 μg/mL. Titanium is an inert substance with minimal
side effects, is nontoxic, and is not retained in the intestinal tract. Therefore, patients who use miniscrews are not
at risk of ingesting toxic doses of titanium.2,29,36
Chromium is added to the metal alloys in order to
form a protective oxide layer, providing an excellent corrosion resistance. The amount of chromium ions released
in all samples of artificial saliva extract was 0.01 μg/mL.
The WHO recommends as acceptable an average daily
chromium intake of approximately 33 μg. Therefore, the
amount of chromium found in our study represents no
risk of toxicity.
Studies on the corrosive behavior of orthodontic wires,
bands, and brackets highlight the importance of the evaluation of the ions release in the oral cavity, emphasizing the
evaluation of the nickel release due to the possibility of
patient hypersensitivity, leading to allergenic effects.37,38
The release of nickel ions found in the present study was
0.83 μg/mL in the artificial saliva extract in which the SIN
and Neodent miniscrews were immersed for 60 days.
There is an increase in the ions concentration during
the period of 60 days, compared with the concentration
in the control saliva, and a decrease in the 120-day period.
This fact suggests the possibility of a first ions release in
the saliva (60 days), proposing that after this period, ions
can migrate from the artificial saliva to the corrosion areas,
increasing this area.
Although in vitro corrosion evaluations are important
in assessing the biocompatibility of dental materials, the
results should be evaluated cautiously, since they only
guide some parameters. The present study analyzed a
miniscrew randomly, and further studies need to be done
to define all of these behaviors described in the study as
standard.
In addition, only when compared with in vivo and
clinical studies, the biocompatibility of the material can
be ensured. In the case of titanium, in vitro, in vivo, and
clinical tests show the same results, confirming the high
biocompatibility of titanium.2,15,33

CONCLUSION
The results suggest that miniscrews, when analyzed in
the SEM, before and after immersion in artificial saliva,
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showed some dark spots, rough and irregular surfaces,
with evidence of corrosion areas after 120 days in artificial
saliva immersion.
Through the analysis of EDE, it was verified that
SIN brand miniscrews presented titanium, aluminum,
vanadium, carbon, and silicon elements. The Neodent
miniscrews presented titanium, aluminum, vanadium,
iron, sodium, and carbon elements.
After chemical analysis of the artificial saliva, it was
observed that the SIN and Neodent miniscrews brands
presented silver, chromium, iron, nickel, titanium, and
vanadium ions release. However, more tests should be
performed, since the study was done in artificial saliva.
In vivo tests need to be done to provide a better understanding of the miniscrew corrosion process in the oral
cavity, since in vivo tests have the presence of other factors.

Clinical Significance
The knowledge of the physical/chemical state of the
corrosion products released in the oral cavity is of vital
importance for the toxicological evaluation of the metal
alloys used in miniscrew implants.
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