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SUMMARY

Introduction Increases in market prices of gold over the last 20 years have led to expansion of basic
dental alloys, which, primarily due to their good mechanical properties and acceptable prices, have
found their place in everyday dental practice. However, within the procedure of making dental prosthetic
restorations, the alloys are melted and cast, which leads to changes in their physical, mechanical and
biological properties.

Objective The objective of the study was to test biocompatibility of a Ni-Cr dental alloy (WIRON
99) depending on the number of melting and casting processes.

Methods The working method included the testing of cytotoxicity of the alloy obtained by casting
after one, after four, and after eight successive processes of melting. Cytotoxicity of samples was
tested by means of a 24-hour and a three-day cytotoxicity test, done on L929 fibroblasts.

Results A repeatedly melted and cast alloy shows a reduced biocompatibility and causes specific
responses of the tissues in the surrounding area. Since the cytotoxic effect is more significant in
the extended contact with the culture cells, a three-day cytotoxicity test showed discrete changes
which were the indicator of cell growth inhibition in the cell culture.

Conclusion The obtained results confirm the working hypothesis that repeated alloy melting and
casting will decrease biocompatibility of dental alloys and will lead to specific responses of the
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tissue in the surrounding area.
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INTRODUCTION

Despite many weaknesses, metals are irreplace-
able constructive materials in everyday dental
practice. Metals are also present in all living
organisms and have significant roles - they
are structural elements, stabilizers of biologi-
cal structures, components of control mecha-
nisms in nerves and muscles, and above all
they are enzyme activators and redox-system
components. The essential metals are those
metals that are necessary for human life, and
without which there is no normal cell function-
ing. Metal cations, with their electrophilicity,
stabilize all electronrich functional groups thus
maintaining the stability of molecules (DNA,
RNA, structural proteins, enzymes, hormones,
receptors), and due to their chemical potency
they are often in the center of activities of cell
processes. Other metals, which are not essen-
tial, can cause an increase in toxic manifesta-
tions even in case their intake is only slightly
higher than that in the natural surroundings. A
cation is a toxicity carrier and a compound or
an element in the given environment will be as
much toxic as the amount of cations chemically
released. A cation reacts with molecules in the
bio-environment, i.e. with certain functional
groups towards which it shows affinity (car-
boxylic, amino, hydroxyl, sulphhydryl, imid-
azole functional group, etc.) [1, 2].

One of the mechanisms for revealing tox-
icity of metals is by explaining their interac-

tion with bioelements. Cations that enter this
interaction are similar enough to a certain
bioelement, with regard to their physical and
chemical properties, and therefore can come
into reaction with a bio-ligand instead of it,
and yet they are different enough to lead to
weakening or ending the function of the cell
process in which they are involved. However,
cations can react even in situations where
metals, i.e. bioelements do not have a specific
role, if the appropriate chemical conditions
have been provided. These reactions are not
usually in function of the cell system and they
cause disorders [3].

Once absorbed, the metal remains in the
organism until being excreted. In contrast to
the majority of organic compounds which are
eliminated from the tissue by means of meta-
bolic degradation, metals are indestructible as
elements and therefore they have the power of
cumulation, which leads to the occurrence of
chronic effects in the organism. Excretion is
the only way of elimination of metals from the
organism. Accumulation in tissues does not
always necessarily result in a toxic effect (e.g.
lead is deposited in bones in an inert form).

Microscopic observations of thus formed
metal materials reveal their microstructural
texture. Microstructure determines mechani-
cal, chemical and other properties of den-
tal materials. Microstructure, which is seen
through the microscope on the polished and
etched surface, is composed of elements. When
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making castings of precious dental alloys, the aim is to
achieve a fine grained microstructure [4].

Ageing is a universal process. Ageing of materials in
dentistry can be defined as fatigue of materials, hardening,
corrosion, degradation, sorption, and deformation. During
the process of definite formation, constructive elements are
exposed to some changes, either in the laboratory (in vitro)
or in the mouth (in vivo). Those changes can be sponta-
neous or deliberately caused in order to improve physi-
cal and chemical properties or to passivate the surfaces.
Over time, in the mouth, changes in temperature or the
pH value, the effect of mastication and other factors may
result in changes in constructive materials. Understanding
the ageing of materials requires knowledge of the theory
of ageing, which takes place in multi-phase solutions. The
consequence of changes in the constructive material itself
can be dissolution of the material, release of ions or another
way in which the material influences the surrounding tis-
sue, either causing or not causing the reaction [5].

Metal alloys are used in fabrication of numerous fixed
restorations and orthodontic appliances. Each alloy is ac-
companied by the information on its exact composition pro-
vided by the manufacturer. In everyday dental practice, it is
usual that, due to economic reasons, a previously recast alloy
is not thrown away, but 50% of the new (not recast) alloy is
added to it. This can lead to serious changes in microstruc-
ture and consequently to changes of the biological values of
the dental alloy. The matter of the precise chemical compo-
sition of castings obtained in this way still remains unclear.
This generates another, more important issue — what are the
biological properties of castings obtained in this manner?
An important fact is that prosthetic restorations remain in
the patient’s mouth for many years and therefore it is crucial
to examine the biocompatibility of dental alloys.

OBJECTIVE

The aim of this study was to examine biocompatibility
of one commonly used Ni-Cr dental alloy depending on
the number of melting and casting processes. The starting
point in this study was the working hypothesis that repeat-
edly melted and cast alloy changes its chemical composi-
tion, which affects physical and mechanical properties of
the alloy. Modified physical and mechanical properties
have an adverse effect on the surrounding area where the
dental restoration is placed and this further leads to unfa-
vorable reactions and brings into question the biological
quality of such a restoration.

METHODS

A dental alloy used in this research has a wide variety of
applications in dental practice. The experiment included
several in vitro tests.

Test samples of dental Ni-Cr alloy were prepared in the
dental-technical laboratory of the Clinic for Dental Pros-
thetics, Faculty of Dental Medicine in Belgrade. Compo-

sition of the alloy was as follows: Ni - 65%; Cr - 22.5%;
Mo - 9.5%; Nb, Si, Fe, Cr, C. Alloy samples were shaped
as discs, 5 mm in diameter and 1 mm thick, and 10 mm
in diameter and 1 mm thick. All samples were cast in the
induction appliance for dental alloy casting. The number
of alloy samples and controls was six.

The samples of the tested dental alloy were marked as
follows: W1 — the alloy melted once in the induction ap-
pliance and cast in the dental-technical laboratory; W4
- the alloy melted four times in the induction appliance
and cast in the dental-technical laboratory; W8 — the alloy
melted eight times in the induction appliance and cast in
the dental-technical laboratory.

For the cell culture, a complete culture medium was
used, which contained RPMI 1640 medium (Sigma-Al-
drich, Hamburg, Germany), 10% fetal veal serum (Ga-
lenika a.d., Belgrade, Serbia), 2 mM glutamine (Sigma-
Aldrich), 100 IU/ml penicillin (Galenika a.d.) and 0.5%
streptomycin (Galenika a.d.). Fibroblast cells (NCTC,
clone 1929) originating from the adipose mouse tissue
were used. The cells were obtained from Hammersmith
Hospital (London, U.K., Department of Immunology).

As a negative control, a material that does not cause a
cytotoxic reaction was used — glass slides for histological
preparations, cut with a diamond needle, 5 mm in diam-
eter and 1 mm thick.

As a positive control, a preparation confirmed to lead
to cytotoxic changes was applied - a sterile water solution
of phenol in 4% concentration, which was applied on a
sterile filter of 5 mm in diameter.

As another negative control in the experiment, a culture
of fibroblast cells was used without any test material.

Cytotoxicity tests were done in a standard way, and
thereafter the qualitative and quantitative test results were
interpreted after a 24-hour and a three-day cytotoxicity test.

Qualitative test for estimation of cytotoxicity

A cytotoxic effect was estimated on the basis of morpho-
logical characteristics of cell cultures, using the ISO 10993-
5:1992 qualitative test [6]. Degenerative changes, such as
cell vacuolization, cell fragmentation and lysis, detaching
of cells from the base, changes in the cell volume, were an-
alyzed and recorded. Cells around the placed implant were
separately analyzed (sample test). The results were inter-
preted in such a way that the changes in normal morpho-
logical characteristics of cells were numerically expressed
with the following index of changes: 0 - no changes; 1 -
mild changes; 2 - moderate changes; 3 - serious changes.

Quantitative test for estimation of cytotoxicity

The percentage of necrotic cells in the culture (percentage
of cytotoxicity) was used to define the cytotoxicity ISO
7405:1997 [7]. Corresponding indexes were calculated by
means of numerical indicators and on the basis of this
calculation the results were interpreted as follows: index
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0 - no cytotoxic effect; index 1 — mild cytotoxicity; index
2 and 3 - moderate cytotoxicity; index 4 and 5 - serious
cytotoxicity.

RESULTS

Effect of dental alloy samples on the fibroblast
L929 cell culture in a 24-hour test

The first aim of the in vitro testing was to check a possible
cytotoxic effect of dental alloys on the fibroblast cell line
(L929) in the culture. The experiments were done observ-
ing corresponding ISO standards for testing cytotoxicity.

Results of the qualitative test

The results showed that none of the tested samples of the
dental alloy, either once or multiple times cast, demon-
strated a detectable cytotoxic effect. The index of changes
in the cell cultures in the presence of dental alloys and neg-
ative controls (glass or the culture of L929 cells which was
cultivated only in presence of the medium) was marked
as 0. As it was expected, a positive control (a filter paper
sample soaked in phenol) exhibited the full cytotoxicity
(cytotoxicity index 3).

Results of testing negative control cultures showed a
normal morphology of L929 cells, which in a confluent
stage of growth exhibited a typical mosaic or cobble pat-
tern. The cells were in close contact with each other, of-
ten having a polygonal form or, less frequently, a slightly
longitudinal racket-like form. Around the control glass
sample (Figure 1), no detectable changes were seen in the
morphology of cells in comparison with the cells which
were not in immediate contact with the sample.

Figure 2 displays a typical appearance of positive control
cultures, which exhibited a maximum cytotoxic effect. The
cells within the whole basin area of the cultivation plate
demonstrated an altered appearance, such as reduced vol-
ume, detachment from the base, fragmentation of cells or
their nuclei, and presence of distinct degenerative changes.

In all cultures with dental alloys, either in immediate
contact or in zones away from the placed samples, no
changes which could differ from the negative controls
were noticed.

Results of the quantitative test

Since in cell cultures growing confluently a certain num-
ber of cells die spontaneously and nonviable cells can be
present, it was necessary for the results of the qualitative
analysis to be confirmed by quantitative tests. The results
shown in Table 1 indicate that the percentage of nonviable
(necrotic) cells in the cultures with dental alloys was very
low and ranged within 2.5 £ 0.5% (sample W1). These val-
ues were not statistically significantly different from those
of the negative control (the cells in the medium: 2 + 0.6%;
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Figure 1. Appearance of L929 cells cultivated for 24 hours in the pres-
ence of the control sample (glass); normal morphology of the cells
can be noticed (x640)
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Figure 2. Appearance of L929 cells cultivated for 24 hours in the pres-
ence of the positive control; remarkable cytotoxicity is noticed; the
index of changes is marked as 3 (x640)

Table 1. Effect of dental alloys on fibroblast L929 cells in the 24-hour
culture (quantitative test)

Type of sample Percentage of necrotic cells + SD
Negative control (medium) 2.0+0.6

Negative control (glass) 27+0.5

Positive control 100+ 0

W1 25+0.5

W4 3+09

W8 33+09

Degree of cytotoxicity (cell necrosis) was determined on the basis
of 1ISO-7405:1997.

control glass sample: 2.7 £ 0.5%). As expected, cytotoxicity
in the cultures of the positive control was 100% (all cells
were necrotic).

Effect of dental alloy samples on L929 cell culture
in the three-day test

Since cytotoxic effect of dental alloys is more expressed in
extended contact with the tested cells, in the experiments
which followed we modified the previous two tests by plac-
ing the samples of dental alloys on semi-confluent layers
of fibroblast 1929, after which the cultivation of cells was
performed for three days.



Srp Arh Celok Lek. 2016 Nov-Dec;144(11-12):574-579

w -‘ — '
| -
b ’ ’
e - '

«J ¢ 4

Figure 3. Appearance of L929 cells cultivated for three days in the
presence of the Wiron 99 alloy (W4); normal cell morphology is
noticed, including a confluent growth as well (x640)
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Figure 4. Appearance of L929 cells cultivated for three days in the
presence of the Wiron 99 alloy; cell morphology is noticed as normal,
but in certain smaller zones next to the explant the cells are of an
elongated, racket-like and fibroblastoid form (x640)

Table 2. Effect of dental alloys on fibroblast L929 cells in the three-day
culture (quantitative test)

Type of sample Percentage of necrotic cells + SD
Negative control (medium) 1.8+1.0
Negative control (glass) 82+23
Positive control 100+0
W1 83+26
W4 95%+1.6
w8 10+1.7

Degree of cytotoxicity (cell necrosis) was determined by means of trypan blue dye

Results of the qualitative test

In the negative control (glass) cultures, no morphologi-
cal changes in L929 cells were noticed, either along the
edge of the preparation or along the whole basin surface
of the cultivation plate. The appearance of the cells was
very similar to the control cultures (medium control). The
cell morphology was similar to that of cells in the negative
control of 24-hour cultures (Figures 1 and 2), except for
periodically present oval-shaped cells which were lean-
ing on the adherent cells. This finding was typical for the
long-therm tests. Only individual cells in these cultures
exhibited degenerative changes in a sense of cytoplasmic
vacuolization or volume reduction.

The cultures of Wiron 99 (BEGO GmbH & Co. KG,
Bremen, Germany) (W1, W4, W8) exhibited changes
which were either discrete (mildly inhibited growth
around the alloy samples) or they did not differ from the
negative controls (Figures 3 and 4). However, the index of
changes for all cultures with dental alloys and for negative
controls was marked 0.

Results of the quantitative test

The quantitative test results are given in Table 2. The per-
centage of necrotic cells (8.2 + 2.3%) was significantly
higher in the control sample (glass) than in the control
without a sample (medium control), where the basal cyto-
toxicity was 1.8 + 1.0%. In the cultures with the Wiron 99
samples, no statistically significant changes in percentage
of necrotic cells were noticed in comparison to the control
(glass). Although the percentage of necrotic cells in the
cultures with multiple recasting (W4 and W8) was slightly
higher than the one relating to once-cast alloy samples
(W1), the differences among them were not statistically
significant.

DISCUSSION

The oral cavity is a complex and dynamic environment
where constructive dental materials should endure pro-
longed contact with the saliva (electrolyte), extended pres-
sure of chewing, and contact with various chemical agents
originating from food. Normally, every material in such
conditions has to undergo some changes in its chemical
composition and structure.

During fabrication, dental alloys are thermally treated
and enriched with various elements that improve their
mechanical properties but also significantly influence the
reduction in biocompatibility. As indicators of biocompat-
ibility, the responses of the surrounding tissues (cell viabil-
ity, changes in cell morphology, changes in cell metabolic
activities, etc.) were observed. The cytotoxicity tests which
were performed in this study are very reliable [8-11].

In this research, the cytotoxicity of a Ni-Cr dental alloy
was tested. Reference data indicate the disagreement in
attitudes among different authors concerning the issue of
possible repeated casting of these alloys [12-17]. Know-
ing the procedure of fabrication of dental restorations, the
question which arises is whether the use of previous cast-
ing residues is harmful. In practice, up to 50% of an alloy
which has not been recast is added to such residues and
this mixture is used again in fabrication of dental restora-
tions. It is obvious how important it is to find out whether
recasting of the alloy will change its biocompatibility [18-
23]. In this research, cytotoxicity was observed after the
first, fourth, and eighth recasting of the alloy.

Degradation of the material is the main limiting factor
in selection and use of a certain dental alloy and it directly
influences the biocompatibility of the alloy. Corrosion is
the most common cause of degradation of dental alloys.
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One of the signs of corrosion can be discoloration if the
outer layer of oxide, sulphide, or chloride is porous.

Many published studies describe the microstructure
and properties of precious and basal alloys in their cast
form and after a thermal treatment [24-28]. By artifi-
cial ageing, i.e. exposing the constructive dental alloys
to alternate influences of high and low temperatures and
pressures, the conditions close to clinical conditions in the
mouth can be created. In this way, changes being the con-
sequence of an ageing process are noticed faster than it is
possible in the clinical conditions. A multiple remelted and
recast alloy used in fabrication of fixed dental restorations
and metal skeletons for partial prosthesis has accelerated
ageing of the alloy as a consequence. Alterations which oc-
cur due to burning of micro constituents (deoxidants) and
binding of some elements affect the alloy microstructure
and are responsible for changes in mechanical and other
properties of the alloy. Modified physical and mechanical
properties of the alloy have an adverse effect on the en-
vironment where the dental restoration has been placed,
which can cause unfavorable reactions that may affect the
response of the surrounding tissue.

Results of this research concerning specific responses
of the surrounding tissue, reference data, and known phe-
nomena which are difficult to be controlled (metabolic
products of bacteria, enzymes, water, dissolvents of either
endogenic or exogenic origin on the one hand, and wear-
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EdekaT npeTtanara Ha 6uonoluka cesojctea Ni-Cr geHTanHe nerype

AnekcaHgpa Yauposuh', BecHa MakcumoBuh?, Kataputa Pagosuh', CnoboaaH Hypuiumh'

'YHuep3utet y beorpagy, Cromatonoluky dakynTeT, KnuHyka 3a cTomatonoLky npotetuky, beorpag, Cpbuja;
*YHusep3uTeT y beorpapy, MIHCTUTYT 3a HykneapHe Hayke ,BuHua’, beorpag, Cpbuja

KPATAK CAAP>KA)J

YBop lMopacT LeHe 31aTa Ha CBETCKOM TPXULUTY Y MOCeAHUX
20 rofMHa AOBEO je o eKcnaH3mnje 6a3HNX AeHTanHUX nery-
pa, Koje cy npe cBera 360r 4O6PUX MEXAHUYKUX CBOjCTaBa 1
NPUCTYNaYHNX LieHa Halue NpYMeHy Y CBaKOJHEBHOj CTOMa-
TOJIOLLKOj NpaKcy. Y npouenypy n3page NpoTeTcKUX pajoBa
nerype ce Tone v 13n1Bajy, LUTO JOBOAW A0 MPOMEHa HUXOBIX
GU3NYKO-MEXaHNYKIX 1 BUONOLLKKX CBOjCTaBa.

Lwm paga Lvb papa 6o je ncnutrearbe 6uokomnatnomui-
HocTu jepHe Ni-Cr nerype (WIRON 99) y 3aBucHoCTM of 6poja
TOM/berba U NInBetba.

Metope papa Y papy je ucnmtrBaHa LMTOTOKCMYHOCT nerype
nobujeHe n3nMBakbeM Nocse jeAHOr Toryberba, Nocie YeTupu
1 Mocsie 0cam y3acToMHUX Tomberba. LIToToKcnuHoCT y3opa-
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Ka je ucnutrBaHa nomohy 24-4aCcoBHOT U TPOAHEBHOT TeCTa
LIUTOTOKCUYHOCTY Ha L929 punbpobnactima.

Pesynratu Buie nyTta Ton/beHa v IMBEHa lerypa nokasarna je
CMabeHy 6rokomnaTnbunHoct, gosogehn go cneundryHUxX
ofroBopa TKMBa Y HemocpeaHOM OKpy»Keky. Byayhu aa je un-
TOTOKCUYHY edeKaT N3paKeHUjU y MPOLYKEHOM KOHTAKTY ca
henunjama 13 KynType, TPOAHEBHN TECT LIUTOTOKCUYHOCTHU je
roKasao ANCKpeTHe NPOMEHe Koje Cy MoKasaTesb MHxmbuuuje
pacta henwja y Kyntypu.

3aksbyyak [lobujeHn pesyntatyi noTBphHYjy pagHy xunotesy aa
BULLE MyTa NOHaB/baHa TOM/bEHA U NIVBEHA IErypa CMakbyjy
61OKOMNATNOUNHOCT JEHTANIHUX JIerypa 1 AOBOAE A0 Cheuu-
bVUHUX OAroBOpa TKMBA Y HEMOCPEAHOM OKPYXKEHbY.
KmbyuHe peun: 6MoKomMnaTMOUNHOCT; AeHTaHe Nerype; Lu-
TOTOKCUYHOCT
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