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In vitro corrosion of titanium
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Abstract

Titanium is used in dentistry for implants and frame work because of its sufficient chemical, physical and biological properties. The
corrosion behaviour is from high interest to value biocompatibility. A static immersion test was undertaken with a titanium test
specimen (30 mm x 10 mm x 1 mm, immersion time = 4 x | w, n =3 for each series). The following parameters were investigated:
specimen preparation, grinding, pH-value, different casting systems, comparison with CAD/CAM, influence of: chloride, thiocyanate,
fluoride, lactate, citrate, oxalate, acetate. Atomic absorption spectroscopy was used to analyse the solutions weekly. The course of
corrosion was investigated photometrically. Titanium reveals ion releases [(0.01-0.1) ng/(cm? x d)] in the magnitude of gold alloys.
There is little influence of grinding and casting systems in comparison with organic acids or pH value. The ion release increases
extreme (up to 500 pg/{cm? x d)) in the presence of fluoride. Low pH values accelerate this effect even more. Clinically, no corrosion
effects were observed. Nevertheless it is recommended that it is best to avoid the presence of fluoride or to reduce contact time. In

prophylactic fluoridation of teeth, a varnish should be used. © 1998 Published by Elsevier Science Ltd. All rights reserved
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1. Introduction

Corrosion is one parameter to determine the biocom-
patibility of dental alloys. Titanium is known as a cor-
rosion resistant and very biocompatable [1-4] material
for dental implants [5-7] and frame work,

Nevertheless, the very complex chemistry of the oral
cavity may reveal surprises concerning corrosion pro-
cesses. Aim of this study was to investigate the influence
of manufacturing and different anions on the corrosion of
titanium.

2. Materials and methods

Test specimens (30 mm x 10 mm x { mm, n = 10) con-
sisting of pure titanium (grade 1) were casted by several
casting and one CAD/CAM system by different commer-
cial dental laboratories and companies (Table 1). Static
immersion tests were undertaken in different corrosion
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solutions (Table 1). The ion release was determined by
atomic absorption spectroscopy. Test specimens for the
investigation of the influence of different ions were made
of cold formed titanium (Tikrutan RT 35/Deutsche Titan-
gesellschaft, Tyssen, 20 mm x 30 mm x 0.5mm, n = 3).
All test specimens were immersed for four weeks in cor-
rosion solution. The solutions were exchanged weekly
and were analysed with atomic absorption spectroscopy
(furnace technique). -

3. Results

The comparison of the influence of casting and CAD/
CAM systems revealed that there are more differences
between the dental laboratories than between different
casting systems (Fig. 1). There are no clinical relevant
differences between casting and CAD/CAM systems. In
each case the release of titanium is in the magnitude of
the ion release from gold or cobalt—chromium alloys. The
high ion releases of the Avatron system (Asahi company)
exhibit, that even a poor cast (by a beginner) reveals ion
releases comparable to cobalt chromium alloys.

The presence of thiocyanate ions decrease the ion
release of titanium compared to chloride ions (Fig. 2).
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Table |
Investigated casting and CAD/CAM systems and compositions of corrosion solutions

System/company Casting or CAD/CAM system Composition of corrosion solution Aim of investigation i
(each 0.1 motl™") |
Avatron/Asahij Casting NaCl, HLac Casting vs. CAD/CAM :
Titaniumer/Ohara Casting NaCl or NaF or NaSCN and HLac  Inorganic ions
Castmatic/Dentaurum  Casting HLac or HAcor HOx or HTar and  Organic ions
Rematitan/Dentaurum  Casting NaCl
Cyclac/Morita Casting HLac = lactic acid Investigations with inorganic and organic
HAc = acetic acid ions were undertaken with Tikrutan TR 35
Cowa Dental Casting HOx = oxalic acid test specimens of Tyssen

HTar = tartaric acid
NaF = sodium fluoride
NaCl = sodium chloride

Nobel pharma/Procera CAD/CAM, sparc erosion

Cold formed/Thyssen Cold formed

NaSCN = sodiumthiocyanate

ion release CoCr alioys

ion release Au alloys
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Fig. 1. Influence of different casting systems on the ion release of titanium.

Flouride ions reveal titanium releases up to 10000 times
higher. This effect is even more accelerated by the pres-
ence of other organic ions (Fig. 3). There are complex
relations between organic and inorganic ions and the
pH-value. A direct relation between pH-value, organic
ions and ion release can only be observed in the sodium
chloride containing solutions. Low pH-values increase
the ion release.

Grinding of the test specimens reduces the titanium
release in every case, Unground lest specimens reveal
approximately three times higher ion releases.

4, Discussion

Because of the extreme low ion releases corrosion is
influenced almost completly by the surface. Therefore,

little inhomogenous areas on the surface accelarate the
ion releases. Only by the presence of fluoride ions deeper
regions of the titanium are reached.

Titanium casting systems show differences in
the melting procedure, mould material and investment
materials [8-29]. Although the dental laboratories
use different wax techniques. All those parameters lead
to the observed differences. This investigation exhibit
that the differences between dental laboratories using
the same casting system can be larger than the differ-
ences between different casting systems or between cast-
ing systems and the investigated CAD/CAM system.
Titanium exhibits a sufficient passivating behaviour
which is necarly independent from the casting or
CAD/CAM system. Reason for the passivation is the
formation of stable oxide layers which are formed in
a few nanoseconds [30].
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Fig. 2. Influence of chloride, thiocyanate and fiuoride ions on the corrosion behaviour of titanium.
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Fig. 3. Influence of lactate, acctate, oxalate or tartrate in combination with chloride or fluoride ions on the corrosion behaviour of titanium.

Fluoride containing tooth pastes or prophylactic
agents can react with titanium surfaces [31-34]. On
the other hand, no clinical cases are published which
report changes of titanium surfaces in vivo. As reason for
this the formation of biological films on the titanium
surfaces can be assumed. Also, the saliva in the oral
cavity dilutes the flouride concentration and functions as
a buffer.

Because the concept of PEARSON of soft-acid-hard-
base reactions (SAHB concept) [35] it is explicable that
fluoride ions exhibit a high reactivity towards titanium in
contrast to chloride and thiocyanate ions. Fluoride ions

can form soluble complexes with titanium ions derived
from the oxide layers. Without the passivating oxide
layers acid corrosion can take place and titanium reacts
like one can aspect from its position in the electrochemi-
cal series.

Because of the discussed mechanism of the solvation of
the passivatig oxide layers and the accelerated solubility
of titanium oxide by decreasing pH-values the concentra-
tion of hydrogen cations effect the ion release of titanium.
In chloride containing solutions titanium oxide exhibits
an amphoteric behaviour, which cannot be observed in
fluoride containing solutions.




1498 R. Strietzel et al. | Biomaterials 19 (1998) 1495-1499
|
dift. specimena/NaCl — values of ditfsrent experiments
cerami fleings - min: 2 firings, max: no firings
rioaingNec P
. calculated with min. and
et I - v
series (worst case
simulation) [
PHNaF min: 8,3; max: 4,3
PHNCH . min: 7,3; max: 2,3
o1g. acideNaF min: HAc; max: HTar _
org. acikiaNaCl min: HAc; max: HOx
Inorg. anlons min: SCN; max: F
]
0.1 10 10.0 100.0 1000.0 10000.0

100000.0

over 4 weeks cumulated ion releasa (11 g/em?|

Fig. 4. Comparison of the influences of casting, simulated firings, inorganic and organic ions, pH-value and grinding on the corrosion behaviour

of titanium.

In Fig. 4 different influences are compared. Simul-
ated ceramic firings [36,37], grinding [38], casting
systems, organic anions and pH-value are influencing the
jion release of titanium only little. The ion release of
different test specimens under comparable conditions
differ in the same order of magnitude. As discussed the
ion release is accelerated by fluoride ions about 10000
times compared with chloride or thiocyanate ions. Inor-
ganic anions exhibit the highest influence on titanium
corrosion.

Although in vitro corrosion investigations are
important to value the biocompatibilty of dental
materials the results must be regarded very carefully.
Only when compared with in vivo and clinical investiga-
tions the biocompatibility of a material can be valued.
In the case of titanium in vitro, in vivo and clinical
investigations reveal the same results confirming a high
biocompatibility.
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