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ABS TRACT Objective: Titanium (Ti) and Ti alloys are suitable opti-
ons as implant material because they are biocompatible and form a cor-
rosion protective titanium oxide layer. However, the oxide layer is 
sensitive to corrosive ions such as fluoride (F) and hydrogen peroxide 
(H2O2) which are normally found in human mouth. Commercially pro-
duced toothpastes, mount rinses and cariostatic gels contain between 
0.1% and 1% content F concentration. Furthermore, H2O2 can be sec-
reted during inflammatory reactions by bacteria in oral environment. 
The corrosion of dental implants and components can cause failure of 
dental implant treatment. The aim of this study was to analyse the ef-
fects of different F and H2O2 concentrations on different treated Ti alloy 
(Ti6Al4V) in surfaces. Material and Methods: The effects of diffe-
rent F (0.5%, 2.5%) and H2O2 (0.1%, 10%) concentrations on different 
treated Ti6Al4V surfaces [electro-polished, roughed, fine-roughed and 
sodium titanate-treated (NaTi)] were analysed. Scanning electron mic-
roscopy and inductively coupled plasma with optical emission spect-
rometer provided quantitative bulk elemental composition for Ti 
samples. Results: Median corrosion values of Ti (mg/L) and V (mg/L) 
corrosion levels in 10% H2O2 and 2.5% F solutions were significantly 
higher than 0.1% H2O4, 0.5% F and control solutions. Median Ti cor-
rosion values observed in electro-polished, roughed and fine-roughed 
groups were statistically higher than NaTi treated surfaces. Conclu-
sion: This study shows that low ion release on NaTi surfaces causes 
the least amount of corrosion. Consequently, NaTi coating should be 
considered as the best alternative for protecting Ti surfaces from cor-
rosion. 
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ÖZET Amaç: Titanyum (Ti) ve Ti alaşımları biyouyumlu olmaları 
ve korozyon koruyucu titanyum oksit tabakası oluşturmaları sebebi 
ile implant malzemesi olarak uygun seçeneklerdir. Bununla birlikte, 
oksit tabakası diş hekimliğinde kullanılan koruyucu solüsyonların 
aşırı kullanımına ve florür (F) ve hidrojenperoksit (H2O2) gibi insan 
ağzında bulunabilen aşındırıcı iyonlara karşı duyarlıdır. Diş macunları 
ve ağız gargaraları %0,1-%1 içerik F konsantrasyonu içerir. Ayrıca 
H2O2 oral alanda bakteri tarafından inflamatuar reaksiyonlar sırasında 
salgılanabilir. Dental Ti implantların ve bileşenlerinin korozyonu den-
tal implant tedavisinin başarısız olmasına neden olabilir. Bu 
araştırmanın amacı, farklı F ve H2O2 konsantrasyonlarının farklı 
muamele edilmiş Ti yüzeyleri üzerindeki etkilerini analiz etmektir. 
Gereç ve Yöntemler: Farklı F (%0,5, %2,5) ve H2O2 (%0,1, %10) 
konsantrasyonlarının, farklı şekillerde hazırlanmış Ti yüzeyleri [elek-
troliz ile parlatılmış, kumlanmış, ince kumlanmış, sodyum titanat 
(NaTi) ile kaplanmış] üzerindeki etkileri, taramalı elektron 
mikroskobu ve endüktif olarak eşitlenmiş plazma optik emisyon spek-
trometresi ile analiz edilmiştir. Bulgular: %10 H2O2 ve %2,5 F 
çözeltilerinde Ti (mg/L)] ve V (mg/L) elementlerinin ortalama ko-
rozyon değerleri, %0,1 H204 ve %0,5 F ve kontrol çözeltilerinden 
anlamlı derecede yüksek bulunmuştur. Ayrıca elektroliz ile 
parlatılmış, kumlanmış ve ince kumlanmış gruplarda gözlemlenen or-
talama Ti korozyon değerleri, NaTi ile işlenmiş yüzeylerden istatis-
tiksel olarak anlamlı derecede daha yüksek bulunmuştur. Sonuç: Elde 
edilen verilere göre düşük iyon salınımı göstermesi sebebi ile NaTi 
yüzey kaplaması, Ti yüzeyleri korozyondan korumak için en iyi al-
ternatif olabilir. 
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Titanium (Ti) and its alloys have been widely 
used in dental implantology, orthopedics and 
prosthodontics due to their high mechanical, physi-
cal properties and biocompatibility.1 

The main feature of Ti metal biocompatibility is 
surface oxide film. Although a thin titanium oxide 
layer covering the Ti and Ti alloys would form an ap-
atite layer on their surface for bonding to bone tissue, 
various surface treatment modifications have been 
proposed to enforce bone-bonding activity.2,3 A thin 
layer of sodium oxide-titanium dioxide (Na2O-TiO2) 
is formed on Ti surfaces when sodium hydroxide 
(NaOH) is thermally applied to the surface. Emanci-
pated sodium (Na) ions exchange with hydronium 
(H3O+) ions in simulated body fluids and form titania 
gel that stimulate apatite nucleation.2-4 It had been 
previously reported that the apatite layer formed on Ti 
surfaces, which were subjected to NaOH and heat 
treatments, bonded tightly to surrounding bone tis-
sues within 8 weeks, while non-treated Ti did not re-
cover the same amount of the surrounding bone 
tissues despite the 12-week healing process.5 Apatite 
layers found on sodium titanite (NaTi) immersed in 
simulated body fluid.6 As an advantage of apatite nu-
cleation and the short reported induction period for 
the apatite formation, alkali titanites can be used as 
bone substitutes under load-bearing conditions.7 

Weakened wear resistance is the main mechani-
cal consequence of the corrosion. Furthermore, den-
tal plaque accumulation and increased element 
release are the long term biological devastating ef-
fects of abrasion. Regular use of dentifrices with dif-
ferent amounts of abrasives may cause abrading 
action on Ti surfaces due to the chemical alterations 
and degradation mechanisms. In addition to the dev-
astating effect of toothpastes on the alloys, tooth 
brushing may result in superficial grooves on the ti-
tanium implant abutments.8,9 

The presence of fluoride (F) and hydrogen per-
oxide (H2O2) may cause corrosion of Ti alloys. F ions 
and H2O2 are commonly found in oral environment. 
Flouride treatment is known to be the main method 
for preventing dental caries and plaque formation.10 
Commercially produced tooth pastes, mouth rinses 
and cariostatic gels contain between 0,1% and 1% of 

F.11 H2O2 can be produced by bacteria during in-
flamatory reactions in complex microbial system of 
the oral cavity.12 Some oral hygiene products like 
toothpaste, mouth rinses, prophylactic gels, as well 
as some foods and water can contain high F concen-
trations (200 to 20.0000 ppm) and high F, H2O2 con-
centrations may show detrimental effects on Ti.13-17 It 
is reported that even at these concentrations, corro-
sion on Ti was determined.10,18 Moreover, F is not the 
only factor that causes titanium corrosion, also or-
ganic acids like lactic acid and formic acid can cause 
corrosion on Ti surfaces.19 In addition, leukocytes and 
H2O2 produced by bacteria during inflammation can 
cause corrosion on Ti surfaces.17 High F and H2O2 
concentrations can change pH from neutral to acidic 
values. In this acidic environment, F ions form hy-
drofluoric acid (HF) which can be destructive on the 
passive film of Ti surface of dental restorations, im-
plants and orthodontic wires over 30 ppm.20-22 

Ti surfaces were treated with different surface 
characteristics such as surface topography and sur-
face chemistry designed to enhance the biological re-
sponse around different parts of implant. In addition, 
the corrosion resistance of titanium alloys mainly de-
pend on the surface layer properties, and modifica-
tions of Ti surfaces may be required to improve.16 

The corrosive effect of factors such as F and 
H2O2 on refined Ti surfaces has been widely re-
searched, yet the reactivity of these factors on differ-
ent treated Ti surface has not been evaluated 
comparatively, especially on NaTi surface. 

The aim of this study was to analyze the effects 
of different F and H2O2 concentrations on different 
Ti surfaces. The analyses were conducted with scan-
ning electron microscopy (SEM) and inductively 
coupled plasma (ICP), with optical emission spec-
trometer (OES) to provide quantitative bulk elemen-
tal composition for different Ti surfaces. 

The null hypotheses of this research were that 
there will be no significant difference between the ef-
fects of different F and H2O2 concentrations and dif-
ferent surface treatment methods such as 
electro-polished, roughed, fine-roughed, and NaTi 
coating does not have any effect on corrosion resis-
tance on Ti surfaces.  
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 MATERIAL AND METHODS 

Surface preparatIon of SpecImenS 

Titanium alloy Ti6Al4V (ISO 5832-3, ASTM F67) 
specimens 1 mm of thickness and 10 mm diameter 
size were randomly divided into four experimental 
groups. The first group included electro-polished Ti. 
The second group included fine-roughed Ti treated 
with 100 μm aluminic (Al2O3) sand-blasting proce-
dure. In the third group, 300 μm size aluminic 
(Al2O3) particles were used in order to acquire more 
roughed surfaces. The fourth group with sodium ti-
tanate (NaTi) was obtained by immersing specimens 
into 5N NaOH solution at 60˚C for 48 hours which 
was then thermally treated at 600˚C for 2 hours. The 
disks were ultrasonically cleaned in deionized water 
and sterilized in an autoclave at 121°C for 20 min-
utes. 

teSt SolutIonS 

Every sample was tested in five different solutions to 
assess the corrosion rate. An artificial saliva was pre-
pared based on the widely used Fusayama Meyer’s 
solution, since it resembles the natural saliva.10 The 
composition of the Fusayama’s artificial saliva solu-
tion used is given in Table 1. The second and third 
mediums had the same content enriched with NaF at 
concentration of 0.5% (5 g/L) and 2.5% (25 g/L). The 
fourth and fifth mediums were prepared by enriching 
Fusayama’s artificial saliva solution with H2O2 at 
0.1% and 10% H2O2 concentrations. 

Prepared specimens were dipped into the test so-
lutions at a rate of 10 ml per sample area (10 cm2) for 
9 days and sealed to prevent evaporation. Samples 
were incubated at 37°C under 100% humidity and 
rinsed daily. Test solutions were changed every 3 days. 

InductIvely coupled plaSma optIcal emISSIon 
Spectrometry  

The concentration of corrosion rate and elemental re-
lease of Ti, aluminum (Al), vanadium (V) ions at dif-
ferent corrosive solutions was analysed with static 
immersion test method according to International 
Standards Organization (ISO) 10271:2001by using 
ICP-OES. Detection limit was below 0.01 ppm.23 

ScannIng electron mIcroScopy  

Three samples in each group were examined with 
SEM analysis. Each sample air was dried for 1 
minute and coated with 200 Å of gold-palladium for 
5 minutes at a flow rate of 10 mA. Specimens were 
examined and photographed with SEM (Carl Zeiss 
AG-EVO 40) at 20-kV accelerating voltage under 
500X magnifications.  

StatIStIcal analySeS 

Release amounts of Ti, Al and V ions were compared 
between the experimental groups. Since the data were 
nonparametric, Kruskal-Wallis one-way analysis of 
variance tests were performed. Differences were con-
sidered significant at p<0.05. Relationships among 
the corrosion of Ti, Al and V values were analyzed 
by Spearman’s correlation analysis with the signifi-
cance set at 0.05. All analyses were performed using 
the SPSS Statistics 12 software pac. 

 RESULTS 

InductIvely coupled plaSma-optIcal emISSIon 
Spectrometry reSultS 

The release amounts of Ti, Al and V in each solution on 
different surfaces is shown in Figure 1. It was noticed 
that increased concentrations of Ti, Al and V are re-
leased from all surfaces with increasing concentrations 
of H2O2 and F solutions. Furthermore, roughed and 
fine-roughed surfaces showed remarkable Ti dissolu-
tion at 10% H2O2 and F solutions, whereas NaTi sur-
face showed the least Ti dissolution.  

Table 2 presents differences among four surface 
properties in terms of corrosion values. Although dif-
ferences among the corrosion values of V (mg/L) and 
Al (mg/L) for both surface treatment groups were not 
statistically significant (p>0.05), statistically signifi-
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Compounds (g/L) 
NaCl 0.4 
KCl 0.4 
CaCl2•2H2O 0.795 
Na2S•9H2O 0.005 
NaH2PO4•2H2O 0.69 
Urea 1 

TABLE 1:  Composition of the Fusayama's artificial saliva.



cant differences were observed for Ti (mg/L) values 
(p<0.05). Ti (mg/L) corrosion values on electro-pol-
ished and fine-roughed groups were statistically 
higher than Ti (mg/L) corrosion levels on NaTi sur-
faces.  

Differences in corrosion values of five different 
solutions are presented in Table 3. Significant differ-
ences were observed for Ti (mg/L), V (mg/L) and Al 
(mg/L) corrosion levels at 10% H2O2, 0.1% H2O2, 
2.5% F, 0.5% F and control solution groups. Median 
corrosion values of Ti (mg/L), V (mg/L) corrosion 
levels at 10% H2O2, and 2.5% F solutions were sig-
nificantly higher than 0.1% H2O2, 0.5% F and control 
solutions. Also Al (mg/L) corrosion value at 0.1% 

H2O2 was significantly higher than 2.5% F and 0.5% 
F solutions. 

ScannIng electron mIcroScopy analySeS reSultS 

The surface micrographs of samples obtained from 
SEM are shown in Figure 2, Figure 3, Figure 4, Fig-
ure 5 and Figure 6. Overall changes were observed 
due to interaction between the solutions and speci-
men surfaces. 

Characteristic surface textures of specimens are 
presented in Figure 2. Smooth, intact surface is 
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FIGURE 1: Amount of released Ti, Al and V elements in each solution at different surfaces.

Median IQR Z p value Difference 

Ti (mg/L) Electro polished 1.38 4.609 13.007 0.005* 1.3-4 

Roughed 0.39 3.475  

Fine roughed 0.55 5.030  

NaTi 0.05 0.894  

V (mg/L) Electro polished 0.07 0.074 2.926 0.403 - 

Roughed 0.09 0.142  

Fine roughed 0.12 0.156  

NaTi 0.07 0.096  

Al (mg/L) Electro polished 0.07 0.057 4.472 0.215 - 

Roughed 0.08 0.075  

Fine roughed 0.06 0.047  

NaTi 0.08 0.052  

TABLE 2:  Differences between four different surface 
properties in terms of corrosion values. 

*:p<0.01; IQR: Interquartile range.

Median IQR Z p value Group  
differences 

Ti (mg/L) 10% H2O2 7.07 4.688 75.930 0.000* 1,3-2,4,5 
0.1% H2O2 0.34 0.332  
2.5% F 4.34 3.259  
0.5% F 0.24 0.637  
control 0.10 0.116  

V (mg/L) 10% H2O3 2.00 0.923 70.432 0.000* 1,3-2,4,5 
0.1% H2O3 0.07 0.023  
2.5% F 0.15 0.096  
0.5% F 0.07 0.067  
control 0.01 0.070  

Al (mg/L) 10% H2O4 0.86 0.361 78.779 0.000* 1-3,4,5 
0.1% H2O4 0.10 0.033  
2.5% F 0.06 0.011 2-3,4 
0.5% F 0.06 0.019  
control 0.07 0.025  

TABLE 3:  Differences in corrosion values of five different 
solutions.

*: p<0.001; IQR: Interquartile range.



shown in Figure 2-A. Scattered swallow scratches 
and microcracks spread all over the observed surface 
on NaTi surfaces (Figure 2-B). Rough, wide and deep 
crater texture were detected on rough and fine-
roughed surfaces (Figure 2-C, Figure 2-D). 

Although they were not substantial, degraded 
areas and nonspecific changes were observed on 
specimens immersed in 0.1 % H2O2 solution (Figure 
3-A, Figure 3-B, Figure 3-C and Figure 3-D). 

Significant changes in the surface morphology 
and image of slits and cracks covering the entire sur-
face were observed on all tested specimens at SEM 
images of 10% H2O2 solutions (Figure 4-A). In ad-

dition, pits and fissures on the fin-roughed, roughed 
and NaTi surfaces were extremely abraded when 
compared with the samples in the control group (Fig-
ure 4-B, Figure 4-C, Figure 4-D).   

Although less abrasion at pits and fissures of 
fine-roughed and roughed specimens immersed in 
2.5% F solution was observed, a high amount of NaF 
sediments was detected in the sample (Figure 5-A, 
Figure 5-B, Figure 5-C, Figure 5-D). Despite that, 
within the minimal morphological changes, less 
amount of NaF sediments were observed on NaTi 
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FIGURE 2: Scanning electron microscopy photomicrograph (×500) of specimens 
with different surface A) Electro polished, B) NaTi, C) Fine roughed and D) Roug-
hed at control solutions. 

FIGURE 3: Scanning electron microscopy photomicrograph (×500) of specimens 
with different surface A) degraded areas on electro polished surface, and unspe-
cific surface changes observed at B) NaTi, C) Fine roughed and D) Roughed sur-
faces at 1% H2O2 solution. 

FIGURE 5: Scanning electron microscopy photomicrograph (×500) of specimens 
with different surface; less NaF sediments were observed at A) Electro polished 
and B) NaTi surfaces, minimal morphologic changes and more NaF sediments 
observed on C) Fine roughed and D) Roughed surfaces at  2.5% F.

FIGURE 4: Scanning electron microscopy photomicrograph (×500) of specimens 
with different surface A) slits and cracks covering the entire surface of electro po-
lished surface, B) NaTi, extremely abraded C) Fine roughed and D) Roughed sur-
faces at 10% H2O2 solution. 



surfaces (Figure 5-D), and electro-polished speci-
mens (Figure 5-A). 

When large size and smaller volume of NaF de-
posits were observed on surfaces of specimens at 
0.5% F concentrations, smaller sized and more 
counted NaF deposits spread over the entire surface 
at 2.5% F concentrations (Figure 6-A, Figure 6-B, 
Figure 6-C, Figure 6-D) were observed. Importantly, 
NaF deposits which were easily noticeable on electro-
polished and NaTi surfaces were barely visible in 
deep craters of roughed and fine-roughed surfaces 
(Figure 6-C, Figure 6-D). 

 DISCUSSION 

Titanium and its alloys have been essential materials 
used in the dental industry due to  their biocompati-
ble nature and mechanical properties.1 Given their 
outstanding properties, Ti and its alloys have just 
begun to be used for not only dental implants, but 
also for complex compounds like abutment, pros-
thetic bar and supporting substructure material for 
fixed partial dentures which were in direct contact 
with saliva, beverages, oral hygiene solutions, etc.  

The present study examined decomposition and 
degradation risk of Ti materials in the clinical use 
evaluated in body simulating medias to specify the 
corrosion resistance of Ti alloy with different surface 
treatment methods.  

In this study, we used Fusayama Meyer artificial 
saliva in order to replicate the conditions of the 
human body, which is one of the most widely used 
artificial saliva. This is in line with the previous re-
search in which the effects of conditions of the human 
body on the corrosion of the implant material has 
been investigated using solutions reproducing saliva 
and body fluids such as blood serum and tissue ex-
tracts.25 

One of the important issues in the research re-
garding the corrosion of titanium and its alloys is the 
observation period. Previous studies lack consistency 
regarding this issue since there is no consensus over 
the optimal observation period. The effect of the 
surrounding environment on the corrosion behav-
ior of dental alloys has been examined for various 
periods of time, ranging from 10 minutesup to 200 
days.25,26 Beline et al. reported that the corrosion re-
sistance of CPTi against H2O2 and NaF solutions 
was reduced at 7th and 14th days.27 Also Mabilleau 
et al. noted a progressive degrading effect of F on 
titanium and its overlying oxide layer and 9 days of 
immersion at floriated solution was determined as a 
critical time at which roughness of Ti samples in-
creased importantly.17,27,28 Consequently, a 9-day of 
immersion was decided to be the most optimal period 
for this study.  

In this study, ICP-OES and XRD were assumed 
to be the most suitable and mutually complementary 
methods to examine the biological degradation of 
metal alloys in body fluids.29 Spectroscopic test meth-
ods like ICP-OES are beneficial for chemical ana-
lyzing of extracts of metallic biomaterials after 
immersing them in different solutions which simu-
late body fluids. Elemental release from biomaterials 
should be further investigated for allergic, inflamma-
tory, toxic, carcinogenic effects and failure mecha-
nism.30 

Different percentages of H2O2 concentrations 
were used to test the corrosion resistance of Ti and Ti 
alloys at peroxide containing environments.27 High 
abrasion of 3% H2O2 solution with pitting or crevice 
corrosion destruction on Ti6Al4V surface have been 
reported with the SEM analyses.31 Furthermore, Yu et 
al. reported increased corrosion rates at different per-
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FIGURE 6: Scanning electron microscopy photomicrograph (×500) of specimens 
with different surface; large sized and less amounts of NaF sediments observed 
on A) Electro polished, B) NaTi, C) Fine roughed and D) Roughed surfaces at 
0.5% F.



centages of H2O2 solutions.32 The authors have re-
ported that the presence of H2O2 promotes corrosion 
of Ti6Al4V by increased anodic and cathode reac-
tions. Besides, corrosion of Ti might have been oc-
cured due to the alteration of the passive film layer 
(2-6 nm) consisting of a thin oxide layer (2-6 nm), 
mainly TiO2. Corrosion of Ti occurs due to the alter-
ation of the passivation oxide film.33  

The study revealed signs of pitting corrosion 
with both H2O2 concentrations. Importantly, the SEM 
and ICP-OES analyses revealed that the corrosion in-
creased even in very low concentration of (0.1%) 
H2O2 solutions. The more active corrosion attack of 
H2O2 can be explained by temperature close to the 
oral cavity. Furthermore, it has been found that the 
effect of surface treatment was significant at corro-
sion resistance to H2O2. This finding is in concor-
dance with Burnat et al. who showed higher corrosion 
in Ti6Al4V alloys at sandblasted specimens in com-
parison to machined samples.34 Decreased corrosion 
resistance relates to sandblasting procedures on Ti 
surface which may increase surface activity and com-
promise the integrity and thickness of the oxide film; 
however, an increase in stability of the passive oxide 
layer and consequently a decrease in surface activa-
tion is observed for the titanium alloys.2,3,16 

The corrosion resistance is reduced on rougher 
surfaces except for NaTi coated surfaces. Moreover, 
they showed better corrosion resistance than elec-
tro-polished surfaces. Although SEM images of the 
study revealed the devastating effect of high 10% 
H2O2 concentrations on electro polished and sand-
blasted samples, less corrosive effects observed on 
NaTi surfaces were consistent with the ICP-OES 
findings.   

Within the corrosive area of the oral cavity, F 
ions which are well known as effective at preventing 
plaque formation and dental caries, may potentially 
have a corrosive effect on Ti and Ti alloys.35,36 Previ-
ous studies have shown that F ions can reduce corro-
sion resistance and cause localized and general 
corrosion on Ti and Ti alloys.27,37,38 

Pits and cracks were observed on implant sur-
faces which were immersed in 0.1 or 0.2% NaF so-
lutions, which is the concentration found in 

commercially available mouth rinses. Also, corrosion 
products were observed and they defined sodium alu-
minum fluoride (Na3AlF6).38,39 

Mabilleu et al. reported a significant attack and 
increased roughness of the Ti surface in 0.5 F con-
centration.17 Ca/P deposits were defined with pres-
ence of uniform attack at SEM observation. 
Crystalline deposits were observed on Ti surfaces at 
2.5% high F concentration. Similar crystals at the cp-
Ti surface have been found at 1% NaF solution.37 
Moreover, morphological damages characterized by 
pits and delamination on surface were obtained at 
atomic force microscopy images of 0.2%, 1.1% con-
centrated NaF.39. Our findings are supported with the 
previous results. It is important to note that the NaTi 
surface was also the least corroded and changed sur-
face even at high F concentrations. 

Unlike Ti element, vanadium is a toxic element 
with its high corrosive tendencies.40 Furthermore, 
some adverse effects of Al have been reported.41 We 
found that Al and V corrosion values were consider-
ably lower than Ti. Our findings are in line with those 
of Rykowska et al. who reported similar, but slightly 
higher concentrations of Ti alloy than our study, 1.7 
to 13.1 µg g-1 and 0.05 to 11.21 mg/l, respectively.41 
It is important to note that the corrosion concentra-
tions reported by Rykowska et al. were determined at 
1, 4 and 6-month periods from overlying mucosa.41  

In-vitro conditions which include over simplifi-
cations in simulating oral area dramatically increased 
the results relative to the actual clinical conditions. 
Patients having Ti implants, orthodontic wire and 
wearing Ti based fixed or partial prostheses must be 
advised about the corrosion behavior of fluoride and 
H2O2 containing solutions.42 In addition, biological 
environment especially oxidants released by bacteria 
during inflammation can be aggressive for titanium 
implants and implant parts.17 However, avoiding di-
rect contact between Ti and saliva or corrosive solu-
tions in oral cavity is virtually impossible; therefore, 
other alternatives must be developed to decrease the 
corrosion of titanium surfaces. The results of this 
study suggest that NaTi coated Ti surfaces are more 
resistant to corrosion than other surface treatment 
methods. 
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In addition to the titanium implants having 
conventional surface treatments, our study included 
the implants which received a hot NaOH solution 
treatment followed by thermal fixation. With this 
procedure, these implants, identified shortly as 
NaTi, became coated with a thin but firm layer of 
sodium titanite ceramic, consisting of Na2TiO3. The 
NaTi coating may cause a barrier effect on the Ti 
surface, which shows the ingress of anions in the 
electrolyte from attacking the metal surface.43 The 
titanite layer protected the metallic implant from di-
rect contact with the corrosive fluids, resulting in 
considerable reduction in corrosion. 

 CONCLUSION 

We have highlighted the behavior of different sur-
faces against corrosives. NaOH solution and heat 
treatments not only accelerate bone development, 
but also provide a bioactive macroporous titanium 
surface that is more resistant to corrosive oral flu-
ids. It would be advisable to use NaTi surface treat-
ment for dental implants and Ti prosthetic implant 
parts. However, more in-vivo experiments are re-

quired to determine the best surface treatment 
method for corrosion resistance. 
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