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Abstract
Many different types of alloys are now available in the market to be used for dental restorations and fixed prostheses. The
common criterion for all these fixed prosthodontic materials is the permanent existence of them in the oral cavity for prolonged time
without the ability to be removed by the patient. Therefore, knowledge about the biocompatibility of dental alloys is of great
importance. This article presents a literature review on the biocompatibility of dental alloys. A PubMed database search was
conducted for studies pertaining to the biocompatibility of dental alloys. The search was limited to peer-reviewed articles published
in English between 1985 and 2013. Available data revealed that substances are released from alloys into the surrounding tissues;
mainly nickel, zinc, and copper. Some alloys such as nickelechromium alloy have shown to be cytotoxic in vitro. Also, elements
released from gold alloy showed in vitro cytotoxic effect. Therefore, clinicians should give up assuming that gold alloy is
completely inert and biocompatible with oral tissues. The clinical relevance of these findings remains unclear. Further in vitro
studies, as well as controlled clinical trials, are needed due to possible exceptions.
© 2014, Production and Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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1. Introduction

Many different types of alloys are now available in
the market to be used for fixed prosthodontics. In the
developed countries like the United States, Europe and
Japan, cast gold alloy and all-ceramic materials are the
most widely used. In developing countries like the
Middle East and South America, base metal alloys and
prefabricated stainless-steel crowns are the most
prevalent types. However, the common criterion for all
these fixed prosthodontic materials is the permanent
existence of them in the oral cavity for prolonged time
without the ability to be removed by the patient.
Therefore, knowledge about the elemental release from
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these materials into the oral cavity in regards to
quantification is of great importance.

2. Dental alloy

An alloy is a metallic material formed by the
combination of two or more metals or one or more
metals with a nonmetal. In their molten state, metals
dissolve to various degrees in one another, allowing
them to form alloys in the solid state. Just as not all
liquids are soluble in one another, not all metals are
soluble in one another. This extent of solid solubility
depends on the relative sizes of the individual atom
species, the crystal structure formed by the pure metal
components, and their reactivity [1]. Dental alloys,
rather than pure metals, play a prominent role in the
treatment of dental disease because pure metals do not
have the appropriate physical properties to function in
different types of restorations. Other materials may
lack a combination of strength, modulus of elasticity,
wear resistance and biologic compatibility that a ma-
terial must have to survive long term in the mouth as
fixed prosthesis [2].

3. Biocompatibility and cytotoxicity

The term biocompatibility refers to the ability of a
material to perform its desired function with respect to
a medical therapy, without eliciting any undesirable
local or systemic effects in the recipient or beneficiary
of that therapy, but generating the most appropriate
beneficial cellular or tissue response in that specific
situation, and optimizing the clinically relevant per-
formance of that therapy [3]. Therefore, cytotoxicity is
the main component of biocompatibility.

4. Why is it significant to study cytotoxicity of
dental alloys?

The biocompatibility of dental alloys used in fixed
prosthodontics is a critical issue because these mate-
rials are in intimate contact with oral tissues for long
terms and can not be removed by the patient. Because
of this nature of prosthodontic therapies, dentists
therefore rely heavily on dental biomaterials. This
reliance on materials makes biocompatibility issues
especially relevant to prosthodontists and other
restorative dentists.

One common misperception of fixed prosthodontic
materials is that it may be inert in the oral environment.
The placement of a material into the oral cavity creates
active interfaces through which the body affects the
material and the material affects the body. Regardless
of the material placed, these interactions occur
depending on the material, the host, and the forces and
conditions placed on the material (its function) [2].
Thus, the inertness of fixed prosthodontic materials,
such as dental alloys, is not possible and it is unlikely
that alloys will be discovered releasing nothing into the
body [4].

Also, it has to be stressed that biocompatibility of
fixed prosthodontic materials is often overlooked
because many practitioners assume that, if the material
is on the market, its biocompatibility does not need to
be questioned. As mentioned before, two systems are
currently responsible for standards that can be used to
document products quality: ANSI/ADA and ISO. They
do not require specific biologic tests to approve the
quality of a new dental material. Rather, they place the
responsibility on the manufacturer to present evidence
for a compelling case for approval. So, it is up to the
manufacturer to defend the substantial equivalence
argument [5,6]. The evidences used for approval of
quality of a dental material consist of in vitro tests
(cell-culture), in vivo tests (animal tests), and usage
tests (clinical trials of the material). However, it is
becoming increasingly impractical to test all new ma-
terials through all of these stages. The problems of
time, expense, and ethics have limited the usefulness of
this traditional biologic testing scheme [7]. Therefore,
companies market materials with little clinical expe-
rience, and may rely heavily on in vitro and animal
tests.

5. Biologically relevant properties of dental alloys

5.1. Alloy composition and microstructure

It is believed that biologic reactions in general are
mainly based on the interaction of a substance eluted
from a material with a biologically relevant molecule.
Thus, the composition of dental alloy is of importance
[8]. In dentistry, alloys usually contain at least 4
metals, and often 6 or more. Thus, dental alloys are
complex metallurgically. More than 25 elements in the
periodic table of elements can be used in dental alloys.
The complexity and diversity of these alloys make
understanding their biocompatibility difficult, because
any element in an alloy may be released and any in-
fluence the body [9].

Dental alloys are commonly described by their
composition. However, composition can be expressed
in two ways; either as weight percentage (wt.%) of
elements or percentage of the number of atoms of each
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element in the alloy (atomic percentage ¼ at %).
Weight percentage is the most common way of
describing an alloy's composition, and is used by alloy
manufacturers and by standard organizations. Howev-
er, biologic properties are best understood by knowing
the atomic percentage composition. Atomic percentage
better predicts the number of atoms available to be
released and affect the body. The wt% and at% of an
alloy may be substantially different from each another.
For the nickel-based alloy, the atomic percentage of
aluminum and beryllium are 2e5 times what would be
expected, based on the weight percentages, because
aluminum and beryllium are light elements relative to
other alloy components [9].

Another way of describing an alloy is by its phase
structure (microstructure) which includes the grain
structure of the alloy. Phases are areas within an alloy
that have the same composition and crystal structure.
Single-phase alloys have, more or less, a similar
composition throughout their structure. However, ele-
ments in multiple-phase alloys combine in such a way
that some areas differ in composition from other areas.
Thus, the alloy is not homogenous throughout its
structure. Whether an alloy is single-phase or multiple-
phase is dependent on the solubility of the alloy ele-
ments [9]. The phase structure of an alloy is critical to
its corrosion properties and its biocompatibility. The
interaction between the biologic environment and the
phase structure is what determines which elements will
be released, and therefore, how the body will respond
to the alloy. In general, multiple-phase alloys (such as
nickelechromium alloy) are prone to higher corrosion
rates than single-phase alloys because of galvanic ef-
fects between the microscopic areas of different com-
positions [1].

5.2. Biodegradation and corrosion

Biological systems may have harmful or destructive
effects on dental materials, classified as biodegrada-
tion. In the oral environment, this includes not only the
process of destruction and dissolution in saliva but also
chemical/physical destruction, wear and erosion
caused by food, chewing and bacterial activity [10].
Therefore, it is important to evaluate the material
reactivity in the oral cavity, which is governed by
thermo-dynamic principles and electro-chemical re-
action kinetics. This means that when an alloy is
placed in the oral cavity, the alloy-saliva system will
be driven toward a state of thermo-dynamic equilib-
rium. At equilibrium, the alloy either will remain
stable in its elemental form or oxidize into its ionic
form (corrosion) [11].Thus, the initially uncharged
elements inside the alloy lose electrons and become
positively charged ions as they are released into
solution.

Corrosion is a chemical property that has conse-
quences on other alloy properties, such as esthetics,
strength, and biocompatibility. From a biocompati-
bility standpoint, the corrosion of an alloy indicates
that some of the elements are available to affect the
tissues around it [9].

Corrosion is measured in a number of ways, such as
electro-chemical tests that measure elemental release
indirectly through the flow of the released electrons
current, or by tests that measure the release of the el-
ements directly by spectroscopic methods. Perhaps the
most relevant measure of corrosion from the standpoint
of biocompatibility is identifying and quantifying the
elements that are released [1].

Corrosion of an alloy is of fundamental importance
to its biocompatibility because the release of elements
from the alloy is nearly always necessary for adverse
biologic effects such as toxicity. The biologic response
to released elements depends on which element is
released, the quantity released, the duration of expo-
sure to tissues, mechanical aspects of function, and the
local and systemic host environment. Thus, corrosion
is a necessary but not a sufficient condition for adverse
biologic effects of dental alloys [8,9].

Regarding noble alloys, corrosion is variable; it
depends on the microstructure and the presence of
corrosion-prone micro-structural phases such as silver
and copper [9]. Corrosion of noble alloys may be
clinically visible if it is severe, but more often, the
release of elements continues for months or years at
low levels and is not visible to the eye [12]. Gold-based
alloys are referred to as noble alloys, based upon their
electrochemical properties. The corrosion resistance of
the alloys is due to the high thermodynamic stability of
the gold in the alloys [13]. In simulated body fluids and
oral environments, gold alloy would not be prone to
pitting or crevice corrosion [14]. Corrosion resistance
of dental casting alloys with reduced noble metal
content is generally inferior to that of alloys with noble
metal content greater than 75 wt% [15,16]. Increased
corrosion can occur because of lower noble metal
content, formation of multiple phase microstructures,
or segregations of elements such as silver and copper
[17]. In addition, gold-based alloys were not signifi-
cantly affected by low pH [19].

Nickelechromium alloys are not as thermodynam-
ically stable and a major aspect of their corrosion
resistance is related to the formation of a thin,
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protective oxide film (passive film) on the metal sur-
face. If the oxide film is disrupted, then the metal or
alloy must re-passivate in order for the material to be
protected [13]. Nickelechromium alloys showed un-
stable galvanic corrosion behavior [19]. They do
corrode in physiological solutions, such as balanced
salt, artificial saliva, human saliva, and artificial sweat
solutions [20]. Specifically, some of the nickel-based
alloys have been shown to be susceptible to pitting
and/or crevice corrosion phenomena. There is charac-
teristic hysterias behavior which indicates that once the
oxide film on the alloy has been disrupted, the alloys
are difficult to re-passivate [13]. In addition, incorpo-
ration of elements such as beryllium may reduce the
corrosion resistance [21]. The corrosion behavior of
beryllium-free (Be-free) nickelechromium alloy and
beryllium-containing (Be-containing) nickel-
echromium alloy was investigated by Johansson et al.
[15] who found that beryllium-containing nickel alloy
was susceptible to localized corrosion and scanning
electron microscope revealed an etched surface with
corrosion of certain micro-structural features. No sig-
nificant corrosion was predicted or observed for the
non-beryllium nickel alloy.

Regarding Stainless-steel alloys, the coating which
is formed by chromium oxides, is extremely thin and
transparent. It can not be seen by the naked eye, but it
provides protection from corrosion for the metal it
covers. When scratched, the surface oxide usually can
reform to protect the underlying metal. This protective
layer does not form as easily in a solution containing
chloride ions. Because saliva contains high levels of
chloride ions as the result from the presence of sodium
chloride, stainless-steel surfaces can be corroded in the
mouth when they are scratched or nicked. Since re-
passivation does not readily occur, the corrosion can
be accelerated in the area of the scratch, producing a
small but deep pit. This process is called pitting
corrosion, which may be sufficient to weaken the metal
to the point of failure by fracture if this occurred in a
thin section of the restoration [22].

5.3. Ion release

Corrosion is always accompanied by a release of
elements and a flow of current. Release of metallic ions
from the metallo-lattice of dental alloys into the oral
cavity occurs, and thermo-stable substances such as
chlorides, sulfides, and oxides, are formed during this
process. The release of substances from dental mate-
rials is considered to be gradual and to occur in small
amounts [10].
Several statements can be made about the release of
elements from dental alloys based on measurements of
elemental release from many different alloy composi-
tions, although these generalizations are sometimes not
accurate. First, multiple phases will often increase the
elemental release from alloys [9]. Second, certain el-
ements have an inherently higher tendency to be
released from dental alloys, regardless of alloy
composition. This tendency of an element to be
released is sometimes referred to as its lability, such as
nickel and beryllium which are labile elements. For
nickelechromium alloys, nickel ions were released at a
slightly higher rate than bulk alloy compositions, while
beryllium ions were released at four to six times that of
bulk alloy compositions. Other alloying elements were
released at levels similar to or lower than bulk levels
[21]. Wataha et al. [23] tested different gold alloys for
element release into cell-culture medium, and found
that gold (Au) and palladium (Pd) ions generally did
not dissolve into the medium, but that silver (Ag),
copper (Cu) and zinc (Zn) ions frequently dissolved.
Third, certain environmental conditions around the
alloy will affect the release of elements. A reduction in
pH will increase elemental release from dental alloys.
This effect is especially pronounced for nickel-based
alloys. Covington et al. [20] studied the release of
nickel and beryllium from base-metal dental casting
alloys in acidified saliva at several pH levels. They
found that decreased pH increased the levels of nickel
and beryllium released. However, Wataha et al. [18]
found that exposure of high-noble and noble gold al-
loys to acidic medium did not alter elemental release
from these alloys.

The most dependable method for measuring ion
release is probably the atomic spectroscopic tests. Ion
release from dental alloys has been evaluated mainly
by in vitro studies, in which the alloy is subjected to
different settings: galvanism [19], electrolyte bath [14],
oral proteins [24], different pH levels [18], brushing
with toothpaste [25], artificial oral environment
capable of reproducing three-dimensional force-
movement cycles of human mastication [26].

L�opez-Alías et al. [27] quantified the metallic ions
released by various dental alloys subjected to a
continuous flow of saliva. They found that nickel-based
alloys essentially released nickel and chromium, while
the beryllium-containing alloy released beryllium and
significantly more nickel. Noble and high-noble alloys
were, in general, much more resistant to corrosion and
released a very low amount of zinc. In addition, Tai
et al. [26] found that nickel and beryllium were
released in vitro both by dissolution and occlusal wear
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from nickelechromium alloy after a simulated one-
year period of mastication.

Wataha et al. [12] found that the mass loss from
nickelechromium alloy after 10-month conditioning
period in a biological medium containing serum pro-
teins was about <10 ug/cm2. Then, Wataha et al. [24]
measured elemental release from different alloys with
compositions ranging from 0 to 94 at% noble elements
after exposure for 1 week to different biological media.
More elemental release occurred into the saline-bovine
serum albumin (BSA) solution compared to saline
alone for all released elements (Ag, Cu, Pd, and Zn)
except for nickel. Elemental release was less in the
cell-culture medium than in the saline-BSA solution
for most elements.

The kinetics of released elements from different
precious and non-precious alloys in the polished and
polished-cleaned conditions was evaluated so that the
effects of cleaning could be determined. Cleaning did
not change the pattern of release but did generally
significantly increase the quantities of Au, Pd and
Ni released, while decreasing the abundance of Ag and
Cu [28].

In addition, the effect of tooth brushing on
elemental release from different precious (gold alloys)
and non-precious (nickelechromium) alloys after tooth
brushing was evaluated. For the major classes of dental
alloys, brushing alone caused no significant elemental
release during the brushing, and only minor increases
after brushing. Brushing with toothpaste caused sig-
nificant increases in elemental release for all elements
of all alloys, but the largest increases were for the
nickel-based alloys [25].

At another point of view, there are different studies
of different durations for the determination of levels of
elemental release. The release of elements from alloys
may change significantly with time for some formu-
lations over 80 h [28]. But, by 10 months in a cell
culture medium, the release of elements from alloys is
higher initially then becomes almost substantially
lower than in the initial weeks with reaching a constant
rate after less than 100 days of exposure to the medium
[4]. According to a previous in vitro study done at
weakly intervals through 4 weeks, it was found that
initial release from single-phase alloys was often
significantly higher in the first weeks than in subse-
quent weeks such as silver, nickel, and zinc, but not for
all elements in an alloy (such as copper). Multiple-
phase alloys showed steady or increasing release
relative to the first week [29].

In spite of all the previous studies, it is difficult to
predict the actual ion release of an alloy inside the
patient mouth based on in vitro studies, since factors
such as diet, changes in saliva quantity and quality, oral
hygiene, tooth brushing, or the amount and distribution
of occlusal forces can influence corrosion to varying
degrees [27].

Mostly, in vivo ion release studies of dental alloys
were done for stainless-steel alloys used for ortho-
dontic appliances. Nickel and iron ions release in saliva
from patients receiving treatment with fixed ortho-
dontic appliances were evaluated at three weeks after
placement using electro-thermal atomic absorption
spectroscopy. No statistical significant difference either
in concentrations or in absolute masses of nickel or
iron in samples taken without appliances and in those
obtained with appliances [30]. Also, no significant
differences were found for chromium and nickel sali-
vary concentrations between the appliance-free sub-
jects and orthodontic patients after insertion of the
appliances [31].

Nickel ions release in saliva from patients receiving
treatment with fixed orthodontic appliances were
investigated at 16 months after placement using
electro-thermal atomic absorption spectroscopy. They
found that nickel release occurred into the saliva in a
situation that may reflect time dependence of its
release [32]. Moreover, nickel ion release into cheek
mucosa from patients with fixed orthodontic appli-
ances was quantified using the coupled plasma mass
spectrometry. Nickel concentrations were 3.4 times
higher in patients than in the controls (without ortho-
dontic appliances) [33].

6. Toxicity of dental alloys

6.1. Means of cytotoxicity testing

Current knowledge about biomaterialsetissue in-
teractions has been gained through bioassays in vitro
and in vivo. Taking into account biocompatibility tests
available in the general field, cytotoxicity assays are of
special concern. In vitro studies are mainly performed
to evaluate the cytotoxicity. A vast number of different
in vitro test methods exists which include both quan-
titative and qualitative methods of acute cytotoxic ef-
fect, i.e. cell damage or lysis caused by membrane
leakage [34]. However, each test method basically
consists of three components: (a) the biological sys-
tem, (b) the cell/material contact, and (c) the biological
endpoint and corresponding recording system.

The biological system used in in vitro cytotoxicity
tests may be (a) organ cultures, (b) cells in culture or
(c) cell organelles. The most widely-used biological
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systems for in vitro toxicity testing of dental materials
are cells in culture. Two types of cells are used; per-
manent cell lines derived from type-culture collections
(L929 or 3T3 mouse fibroblasts) or primary cells
derived from gingival or mucosal explants and estab-
lished in each individual laboratory. Permanent cell
lines are well defined and generally available [35].

The cell-material contact may be direct; the cells
grow next to, or even on the test material. In in vitro
tests, direct cell/material contact methods simulate the
in vivo situation in certain instances [35]. In indirect
contact, materials and cells are separated by a barrier
[36,37]. Eluates derived from a dental material by
storing it for a specific period of time in a liquid, such
as the nutrient medium, may be used for toxicity
testing instead of the material itself [35].

Besides the description of cell morphology,
different biological endpoints can be used as indicators
for cell damage: membrane effects, cell activity and
proliferation rate. The cell reaction can be described
morphologically as is done with the lysis index in the
agar overlay test. However, this method is considered
to be only qualitative, or at most, semi-quantitative in
nature. Furthermore, some dental filling materials
contain or produce considerable amounts of in-
gredients, which if applied to cells in culture; the
morphology of the cells will appear to be normal,
indicating no cell damage even though the cells are no
longer vital [38]. The use of membrane effects, cell
activity and proliferation rate have no such drawbacks.
Membrane effects can be demonstrated by dye exclu-
sion (trypan blue). The trypan blue exclusion assay can
be used to indicate cytotoxicity, where the dead cells
take up the blue stain of trypan blue, and the live cells
have yellow nuclei [39]. Direct cell counting is easy to
perform and can be combined with a vital stain in order
to exclude dead cells [40].

6.2. Toxicity related to dental alloys used in fixed
prosthodontics

Till now, some manufacturers produce nickel-
echromium alloys with increased percentage of nickel
in their casting alloys. The resultant compositions
possess a number of improved clinical characteristics,
but concern has existed regarding biological
compatibility.

Stainless-steel alloys, as mentioned before, have an
oxide film that serves as a passivating, or protective,
coating. When scratched, the surface oxide usually can
reform to protect the underlying metal. This protective
layer does not form as easily in a solution containing
chloride ions. Because saliva contains high levels of
chloride ions as the result of the presence of sodium
chloride, stainless-steel surfaces can be corroded in the
mouth when they are scratched or nicked leading to the
availability of some elements that can affect the tissues
around alloy [22].

Regarding noble and high noble alloys, few studies
showed a trend that copper and silver were the metal
elements which induced cytotoxic effects of the
respective alloys [41,42].

Generally, metals may be biologically active in one
or all of three chemically distinct states: (1) the pure
metal as an ingot or dust (many metals are vastly more
reactive as dust [for example, nickel becomes flam-
mable]), (2) organo-metallic and metallic salt com-
pounds, and (3) alloys. However, not all chemical
states of a certain metal appear to be equally hazard-
ous. Non-precious metal use may conceivably expose
dental personnel to a metal in all three of these
chemical states. Pure metal vapor evolved during
casting may undergo chemical reactions and/or
condense as dust. Organo-metallic and metallic salts
form during corrosion, both in the mouth and during
casting. The alloyed metal may exist as both an ingot
(in the mouth) and as dust (in the laboratory) [43].

The first step to approach dental alloy toxicity is to
analyze the toxic potential of metal ions; e.g. in cell
culture systems. Data from such experiments are
dependent upon the cell culture conditions chosen; e.g.
the cell line, cell culture medium, incubation time [44].
Fourteen metal ions which leach from dental casting
alloys were screened for cytotoxicity by the use of four
different cell lines (Balb/c3T3, L929, ROS17/2.8 and
WI-38). Succinic dehydrogenase activity was used to
monitor cytotoxic response. It was found that the cell
lines responded differently to most of the studied
metallic elements including nickel [45].

Hornez et al. [46] use both epithelial cells and fi-
broblasts to detect the in vitro cytotoxicity of different
precious and semi-precious alloys using colony form-
ing cell viability methods. In vitro cell viability tests
showed that gold (Au), palladium (Pd), platinum (Pt)
and indium (In) ions have no cytotoxic effect; Chro-
mium (Cr), copper (Cu) and silver (Ag) ions were
toxic; nickel (Ni), zinc (Zn) and cobalt (Co) ions were
highly toxic. Also, Wataha et al. [42] studied the cor-
relation between cytotoxicity and the elements released
by noble gold alloys and found that Ag and Cu
appeared to be the primary cause of cytotoxicity with
these alloys.

Single-salt solutions were also investigated for the
determination of cytotoxic alterations due to an
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individual metal. Wataha et al. [23] evaluated in vitro
the cytotoxicity of nine metal cations common in
dental casting alloys using Balb/c3T3 fibroblasts.
Concentrations causing 50% toxicity compared to
controls (TC50's) and reversibility of these effects were
determined. Their results revealed that all metal cat-
ions tested (Ag1þ, Au4þ, Cd2þ, Cu2þ, Ga3þ, Ni2þ,
Pd2þ, and Zn2þ) exhibited toxicity, and the rank for
potency of metal cation toxicity (most toxic to least
toxic) was: Cd2þ, Ag1þ, Zn2þ, Cu2þ, Ga3þ, Au4þ,
Ni2þ, Pd2þ. All toxic effects were reversible at con-
centrations near the TC50 concentrations.

In addition, Schmalz et al. [41] compared the
cytotoxic potency of medium alloy extracts and iden-
tical salt solutions. They detected Ag, Cu, Ni, and Zn
elements in extracts of dental alloys by inductively
coupled plasma mass spectroscopy (ICP-MS). The
amount of elements that caused 50% cell death was
slightly lower in corresponding salt solutions prepared
from chloride than in extracts. Therefore, cytotoxicity
of medium extracts consistently proved to be slightly
less than that of the corresponding salt solutions. On
the contrary, Messer and Lucas [47] evaluated the
response of cultured human gingival fibroblasts to both
nickelechromium alloy discs and salt solutions of ions
(Beþ2, Crþ6, Crþ3, Niþ2, Moþ6) which were released
from nickelechromium alloy. Viability and alterations
in metabolic activity were determined by staining the
cells with trypan blue. They found that the combina-
tion of ions released from nickelechromium alloy
discs caused cellular alterations at concentrations
significantly less (ppm range) when compared to the
salt solutions of the individual ions (ppm range).

Al-Hiyasat et al. [48] investigated the cytotoxicity
of four different nickelechromium alloys discs by the
di-Methyl Thiazol diphenyl-Tetrazolium (MTT)
method. The results showed the difference in the
cytotoxicity of alloys which was markedly affected by
their composition. Nickelechromium alloys contain-
ing high amounts of copper (12.3%) showed the
highest cytotoxicity, while the others were within a
much smaller range of toxicity but the higher con-
centration of chromium and molybdenum, the lower
the cytotoxicity were present.

Different studies have shown that nickelechromium
alloys may elicit adverse tissue and cellular reactions.
Elements released from these alloys may subsequently
interfere with many biochemical and enzymatic
cellular reactions, resulting in necrosis. They may also
influence the synthesis of special cellular products
which themselves are involved in a clinical reaction
(inflammation), or which protect the cell from damage
(detoxification) [8]. Nickelechromium alloys and their
corrosion products did not affect morphology or via-
bilities of the cultured cells, but did decrease cellular
proliferation [21]. Messer and Lucas [49] evaluated the
metabolic and morphological response (cell viability,
DNA-/RNA-/protein synthesis, membrane integrity) of
cultured human gingival fibroblasts to salt solutions of
ions which may be released from nickelechromium
alloys. Chromium (Crþ6) and beryllium (Beþ2) were
the most toxic cations; nickel (Niþ2) was moderately
toxic, while chromium (Crþ3) and molybdenum
(Moþ6) were the least toxic ions.

Furthermore, direct contact experiments with solid
alloy specimens placed together with the cells in the
culture wells at the same time have been performed. In
these studies, effects due to released metal ions and to
surface parameters were investigated as well. However,
contradictory results were reported. Craig and Hanks
[50] evaluated the cytotoxicity of a series of different
dental alloys including gold alloys and nickel-
echromium alloys using succinic dehydrogenase
histo-chemical reaction in fibroblast cell culture. They
found that gold alloys and nickelechromium alloys
were biocompatible. Craig and Hanks [51] also
investigated the cytotoxicity of a series of 29 experi-
mental alloys and six pure metals succinic dehydro-
genase histo-chemistry in fibroblasts. Of the pure
metals, Au and Pd were the least cytotoxic, followed
by Ag, then Ni, and finally Cu. Single-phase alloys
with moderately high Cu and without high Pd and Au
concentrations had high cytotoxicity, as did multiphase
alloys, even when they were high in Au and Ag.

When, Wataha et al. [23] evaluated nickel-
containing alloy cytotoxicity using Balb/c3T3 fibro-
blasts and MTT-formazan production tests, they found
that nickel was only moderately toxic (small, but sta-
tistically significant). Later, Bumgardner and Lucas
[21] found that nickel was highly cytotoxic in primary
human gingival fibroblasts as evidenced by a promi-
nent decrease in cellular proliferation.

Craig and Hanks [51] evaluated the cytotoxicity of a
stainless-steel alloy (69% Fe, 18.5% Cr, 11% Ni) with
a cell culture technique and succinic dehydrogenase
histo-chemistry. The width of any ring of inhibition
and optical density of histo-chemically stained cells
were determined. They found that stainless-steel alloy
was highly biocompatible with a 0.0e0.1 mm width
ring of inhibition of cells around the alloy.

In addition to affecting adjacent oral soft tissues,
ions released from metallic restoration may also have
an adverse effect on nearby alveolar bone. Osteoblastic
differentiation of human bone marrow cells was
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influenced, in vitro, by Fe3þ, Cr3þ, and Ni2þ,
depending upon the state of differentiation of the
cultured cells due to the effect of corrosion products of
stainless-steel alloy [52].

Anyway, one important condition that limits the
relevance of all these previous in vitro tests is the
duration of the exposure of the material to the cell
cultures. Most “direct contact” in vitro tests, which
place the material directly adjacent to cells, are less
than 168 h long because of the various limitations
involved in culturing cells for longer periods of time.
These limitations include microbial contamination,
loss of potency or nutrition of the medium, or cell
overgrowth. The relatively short contact times are not
relevant to materials such as dental alloys, which are
present in the mouth for years [12,54]. One alternative
to direct contact testing is indirect contact testing. In
this strategy, the tested material is cultured with cell
culture medium (but no cells) for a specific length of
time, and then the medium is transferred to the cells for
toxicity testing in a second step. Using the indirect
strategy, it is possible to “age” the material in a bio-
logical medium and change the extracted medium
several times, testing its toxicity on cell cultures peri-
odically. This strategy has been used to test the
cytotoxicity of a variety of dental alloys. Nelson et al.
[7] evaluated the cytotoxicity of different
AueAgeCuePd alloys with Balb/c fibroblasts after
short-term conditioning in either saline, cell-culture
medium, or a saline/bovine serum albumin solution
for 72 h. Cell viability was assessed by succinic de-
hydrogenase activity, and compared to unconditioned
alloys. Their results revealed that the alloys were
cytotoxic initially and then became less cytotoxic after
preconditioning. In another study, Nelson et al. [5]
evaluated the cytotoxicity of nickel-chromium alloys
after more prolonged conditioning (168 h). They found
that alloy toxicity varied with the conditioning solu-
tion. The saline/BSA conditioning solution reduced the
cytotoxicity of the alloys compared with unconditioned
alloy cytotoxicity. The other conditioning solutions
were not as uniform in their acceleration effect: some
were increasing toxicity (saline AgePd), others
decreasing it (saline AueAgeCu).

However, the indirect contact strategy had some
disadvantages. The medium must be changed on the
cells. This procedure can itself kill a percentage of the
cells. Furthermore, the indirect system was not a dy-
namic system that allowed the material and cells to
interact over time [54]. A second alternative to tradi-
tional direct contact testing is to first condition the
material in a biological medium, then use a direct
contact test to evaluate the cytotoxicity of the material,
not the conditioning medium. This modified direct test
allows the material and cells to dynamically interact,
limits the practical problems of the indirect tests, and
allows the material to be aged to give more relevant
information [12]. Therefore, Wataha et al. [12] tested
in vitro the cytotoxicity of different dental casting al-
loys, including gold alloys and nickelechromium al-
loys, indirectly in cell culture of mouse fibroblasts after
polishing (initial) or after 10 months of conditioning in
a biological medium containing serum proteins. Their
results showed that alloys with little initial cytotoxicity
showed no 10-month cytotoxicity and alloys with
significant initial toxicity showed significantly less
toxicity at 10 months, which indicated that short-term
cytotoxicity tests may not accurately measure the
long-term cytotoxicity.

Whatever is the material used for fixed prostho-
dontic appliance, it is nevertheless difficult to predict
the clinical behavior of an alloy from in vitro studies,
since factors such as changes in the quantity and
quality of saliva, diet, oral hygiene, polishing of the
alloy, amount and distribution of occlusal forces, or
brushing with toothpaste, can all influence corrosion to
varying degrees [27]. From a biocompatibility stand-
point, the corrosion of an alloy indicates that some of
the elements are available to affect the tissues around it
[9].

Therefore, a study was performed to quantitatively
assess the element release from gold alloy crowns into
saliva of fixed prosthodontic patients. A significant
increased release of zinc and copper ions from gold
crowns into saliva was evident after three months of
clinical service. However, these amounts of released
elements were not sufficient to cause visible signs of
gingival inflammation in patients [54].

Finally, although the release of elements from
dental fixed prosthodontic materials is well established
in vitro and in vivo, the local biologic effects of these
released elements are still a topic of intense debate.
The central question in this debate is whether the levels
of elements that are released are sufficient to affect or
alter the viability of the tissues around the fixed pros-
thodontic materials. Unfortunately, insufficient evi-
dence exists to definitively answer this question.

7. Conclusions

Substances are released from dental alloys into the
surrounding tissues; mainly nickel, zinc, and copper.
Some alloys such as nickelechromium alloy have
shown to be cytotoxic in vitro. Also, elements released
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from gold alloy showed in vitro cytotoxic effect.
Therefore, clinicians should give up assuming that gold
alloy is completely inert and biocompatible with oral
tissues. The clinical relevance of these findings remains
unclear. Further in vitro studies, as well as controlled
clinical trials, are needed due to possible exceptions.
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