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Abstract 
The metal alloys used in dental practice are the subject of numerous discussions referring to the effect they have on oral cavity tissues. 
Numerous scientists established that the organic molecules did not exert a significant influence on the degradation of metallic implants. 
The aim of this study was to test the cytotoxic potential of the most used dental alloys, the Ni–Cr alloy and the Co–Cr alloy. The tests were 
made on cell culture of pure cell line dermal fibroblasts and of those obtained from skin biopsies, for both, dental alloys and their eluates. 
The results were compared with control samples. At seven days after inoculation, we observed the relative similarity between the Ni–Cr 
alloy and the Co–Cr alloy, where the cells did not detach from the plate and they grow to the edge of the material. In case of the eluates, 
there were no fragments detached, the cells having a relatively high confluence. Therefore, the cytotoxic effects of the two alloys are similar, 
even if there are speculations in the literature according to which Ni–Cr alloys would have a more pronounced effect. In conclusion, our 
study revealed non-cytotoxicity of these two dental alloys, and we believe so they can be used successfully in dental practice. 
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 Introduction 

The alloys along with the entire arsenal of materials 
used in dentistry are the subject of numerous discussions 
referring to the effect they have on oral cavity tissues. 

Typically, the human body contains cations of sodium, 
potassium, calcium and magnesium, and anions of 
chlorides, bicarbonate, phosphate and organic acids, 
generally in concentrations between 2×10-3 moles and 
150×10-3 moles. A number of organic molecules such as 
proteins, enzymes and lipoproteins are also present, their 
concentrations being possibly situated in a very wide range 
of values. Most of the previous investigators established 
that the organic molecules did not exert a significant 
influence on the degradation of metallic implants [1]. 

Nowadays studies indicate that the interactions between 
implants material and oral cavity proteins should be taken 
into account. Depending on the particularities of the 
implant material or type of the dental application used, 
the alteration of pH in the oral cavity biological 
environment could also be considered. In such special 
conditions, the metallic materials used in dental practice 
may present certain grade of degradation resulting in the 
formation of different degradation products that can 
interact with the biological system in various ways [2]. 

Therefore, the identification and quantification of 
these degradation products [3] are important steps in 
evaluating the biological performances [4] of the medical 
equipment or supplies [5]. 

The cytotoxic potential of dental materials is the 
reflection of their composition. The published data about 
the alloys used in dental practice, but also their projection 
in the law are closely related to the specificity of each 
country regarding the use of these materials. For example, 
Ni–Cr alloys are widely used in the U.S., but banned in 
Sweden. 

The aim of this paper was to study the response of 
oral mucosa connective tissue fibroblasts to the alloys 
used in our country in dental practice, but also to the 
residues resulted after their use, according to ISO 10993 
and ISO 7405 [6, 7]. 

 Materials and Methods 

This study was composed from three groups of 
samples: first for the metal alloys, second for alloys 
eluates and third for control samples. Each group contained 
cell culture with two different lines of fibroblasts: a pure 
cell line purchased from a specialized company and a 
primary culture obtain by us in the laboratory. 
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In this paper, we studied two dental metal alloys. 
First material tested, referred to as M1, is the Nickel–
Chromium (Ni–Cr) alloy. The second material, called as 
M2, is the Cobalt–Chromium (Co–Cr) alloy. 

For the study, from each material, there were prepared 
96 small cylindrical samples with a diameter of 5 mm 
and a height of 2 mm, the number of the chosen samples 
being large enough so that all the measurements to be 
performed in triplicate. 

To obtain eluate probe, 48 samples of each material, 
M1 and M2, were placed for seven days in a culture 
medium specific to the cellular types chosen for testing. 
The culture plates were placed in an incubator at 370C. 
After this period, the materials were removed, and the 
remaining culture medium, considered as an eluate, was 
added over the cells cultures according to the protocol 
procedures described below. In the next lines, the eluate 
obtain in contact with M1 material is called eluate EM1 
and that obtain from M2 material is referred to as eluate 
EM2. 

For the pure cellular line culture of fibroblasts (L), we 
chose Adult Human Dermal Fibroblast cell line (HDFa), 
purchased from Life Technologies Company and kept  
in laboratory in liquid nitrogen until the moment of 
performing the experimental procedures. 

For the primary culture of cutaneous tissues fibroblasts 
(F), we used skin fibroblasts, which had been previously 
isolated in our laboratory from cutaneous biopsies and 
kept by cryopreservation. 

To obtain cultured fibroblasts, the expanded cells were 
seeded in 24-well plates at a density of 5000 cells/cm2, 
in a culture medium specific to each cellular type: 

▪ For L: DMEM/F-12 (1:1) (Dulbecco’s Modified 
Eagle’s Medium provided by Gibco Life Technologies, 
Grand Island, New York, USA) + 10% fetal bovine serum 
(Sigma-Aldrich, Milwaukee, WI, USA) + 10 ng/mL  
EGF (Epidermal Growth Factor from R&D Systems, 
Minneapolis, MN, USA) + 3 ng/mL bFGF (basic Fibroblast 
Growth Factor from R&D Systems, Minneapolis, MN, 
USA) + 10 µg/mL Heparin (Biochemie GmbH, Kundl, 
Austria) + 1 µg/mL Hydrocortisone (Stem Cell Techno-
logies Inc., Vancouver, Canada) + 1% Penicillin/Strepto-
mycin (Sigma-Aldrich, Milwaukee, WI, USA); 

▪ For F: DMEM/F-12 (1:1) (Dulbecco’s Modified 
Eagle’s Medium provided by Gibco Life Technologies, 
Grand Island, New York, USA) + 20% fetal bovine serum 
(Sigma-Aldrich, Milwaukee, WI, USA) + 1% Penicillin/ 
Streptomycin (Sigma-Aldrich, Milwaukee, WI, USA)  
+ 3 ng/mL bFGF (basic Fibroblast Growth Factor from 
R&D Systems, Minneapolis, MN, USA). 

In order to obtain the final probes of dental alloy, for 
both types of fibroblast cultures, L and F, the cylindrical 
samples of M1 and M2 were placed in the center of 
each well. 

In order to obtain the final probes of eluate, 1 mL of 
it was added in each well. 

The visualization of the cells was performed daily 
with a Nikon Eclipse E600 microscope with reversed 
light, in phase contrast. We carefully watched and noted 
the time elapsed from exposure. The images were acquired 
using a digital camera connected to the microscope. 

The results obtained on the eluate and alloys samples, 
for both materials M1 and M2, were compared with those 

on the control sample represented by the seeded fibroblasts, 
HDFa and dermal type, respectively, in specific culture 
medium with no addition of alloy or eluate. 

 Results 

The fibroblasts from control samples were viable in 
both cell culture obtained, with cell line HDFa and with 
fibroblasts from skin biopsies. In both cell culture, there 
can be noticed the normal proliferative aspect and retained 
their fibroblastic features. As we expect, in the HDFa 
cell culture, the fibroblasts were closely packed forming 
bundles of fusiform cells compared with the cell culture 
obtained from skin biopsies were the fibroblasts were 
disposed isolated or in small groups of two or three 
spindle cells (Figures 1 and 2). 

At seven days after inoculation, in samples resulted 
after culture of pure cells HDFa in medium with addition 
of eluate EM1, we noted a proliferation index similar 
with that obtained in simple proliferation medium. The 
new formed cells kept their fibroblastic features, with 
small, thin cytoplasmic prolongations (Figure 3). 

At samples resulted between skin fibroblasts and 
medium with the addition of eluate EM1, at seven days 
after inoculation, we observed a relatively normal proli-
feration; however, there can be identified a percentage 
of cells that have lost their fibroblastic characteristics, 
becoming small and round (Figure 4). 

If we added the eluate EM2 at the simple medium, 
after seven days, the new formed fibroblasts from pure cell 
HDFa had similar pattern of growth and morphologic 
characteristics as those for eluate EM1 or for simple 
proliferation medium with no material added (Figure 5). 

In the primary culture of skin fibroblasts in the 
medium with addition of eluate EM2, after seven days 
from inoculation, it is encountered a relatively normal 
proliferation. Like in case of eluate EM1, some cells have 
lost their fibroblastic appearance and have tendency to 
detach from the plate (Figure 6). 

For both alloys materials, M1 and M2, and for both 
types of fibroblasts, pure cell HDFa or skin fibroblasts, 
in case of the samples in contact with the alloys materials, 
we noticed a normal proliferative aspect. The cells grew 
to the edges of the materials, without tendency to colonize 
them (Figures 9–12). 

At the edges of the samples in contact with alloys 
materials, it is not affected neither the number nor the 
cell shape and we are dealing with a homogeneous area 
without chattering tendency (Figures 9–12). 

Even if at the demarcation area between material M2 
and pure cell line HDFa we can distinguish a slight 
decreasing of the fibroblasts number and the presence of 
round cells with pyknotic nuclei, which are not features 
of the cell line used, however, this effect is moderate 
(Figure 9). 

 Discussion 

The oral cavity is covered by buccal mucosa composed 
of non-keratinizing squamous stratified epithelium and 
underlying loose or dense connective tissues. These two 
structures are connected by basal membrane, an acellular 
layer that forms numerous papillae between epithelium 
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and connective tissue. Even if the oral mucosa has 
different zonal particularities, the main structure remains 
the same. The dental alloys materials could affect primary 
the cells of the oral mucosa tissues, the most important 
of them being the connective tissues fibroblasts. Because 
of the similarity between the histology of buccal mucosa 
and that of the skin, we chose to work with dermal 
fibroblasts. More, in the decision of chose dermal fibro-
blasts instead of mucosal fibroblasts the cost reasons 
were very important also, the HDFa line being already 
purchased for other studies. In the same time, we 
considered useful to investigate not only the behavior in 
the culture, in addition of the alloys and eluates, of the 

dermal fibroblast as a pure cellular line, but also the 
behavior of a primary culture, obtained in our laboratory 
by processing of some cutaneous fragments. That was 
the third pros for dermal fibroblasts, the skin biopsies 
being more easily to obtain that those of oral mucosa. 

The most important properties of the dental alloys 
are biocompatibility, corrosion resistance, mechanical 
properties and ease of handling, all of these being 
determined by the components of alloy [1, 8]. 

The microstructure and chemical composition of the 
alloys are those that influence the corrosion behavior, 
which can be evidenced by the chemical and electro-
chemical tests [1, 9, 10]. 

 

Figure 1 – Cell line HDFa in simple proliferation medium 
(ob. 10×). 

Figure 2 – Primary culture of skin fibroblasts in simple 
proliferation medium (ob. 10×). 

 

Figure 3 – Cell line HDFa in medium with addition of 
eluate EM1, seven days (ob. 10×). 

Figure 4 – Primary culture of skin fibroblasts in medium 
with addition of eluate EM1, seven days (ob. 10×). 

 

Figure 5 – Cell line HDFa in medium with addition of 
eluate EM2, seven days (ob. 10×). 

Figure 6 – Primary culture of skin fibroblasts in medium 
with addition of eluate EM2, seven days (ob. 10×). 
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Figure 7 – Cell line HDFa in direct contact with M1, 
seven days (ob. 10×). 

Figure 8 – Primary culture of skin fibroblasts in direct 
contact with M1, seven days (ob. 10×). 

 

Figure 9 – Cell line HDFa in direct contact with M2, 
seven days (ob. 10×). 

Figure 10 – Primary culture of skin fibroblasts in direct 
contact with M2, seven days (ob. 10×). 

 

The corrosion properties of the alloys depend on its 
composition, potential variations, electrode potential, 
surface roughness, oxidation degree, pH, environment 
temperature, alloying ability, the presence of inhibitors 
[11–13]. Moreover, the biocompatibility of the alloys is 
affected in a large extent by its corrosion properties 
[14, 15]. 

Relying on the main toxic substances recognized by 
the European standards, we analyzed representatives of 
two dental alloy classes commonly used in dental practice 
in our country, the Ni–Cr alloy, used for crowns and the 
Co–Cr alloy, used for framed prostheses. 

Not only can the alloys material itself produce 
cytotoxic effect on oral mucosa tissues. Because of the 
biochemical properties of the connective tissue ground 
substance, the liquid solution created after the degradation 
and the corrosion of the dental alloy material in this special 
environment can have cytotoxic impact. According to 
ISO 10993-5, 12, we considered useful to check not only 
the response of the fibroblasts to the alloys materials 
themselves, but also to the eluate samples corresponding 
to each material. 

In the etiology of the oral cavity diseases, the 
cytotoxic effect of the alloys was often incriminated, but 
only rarely documented probably because of the local 
conditions [16]. For example, saliva by its acid pH and 
permanent brushing reduce the cytotoxic action of metal 
alloys. 

The rich vasculature of oral mucosa contributes  

to rapid dispersion of the allergens followed by their 
absorption in the blood. It is well known that oral mucosa 
contains a large number of lymphocytes and plasma 
cell, responsible in the genesis of immune response. The 
quick decrease of the number of allergens may be an 
advantage because it diminishes the contact between 
immune cells of oral mucosa and the allergens, followed 
by a reduced immune response. In the same time, from 
the cytotoxic perspective, the rapid absorption of the 
active elements resulted from alloys degradation can 
constitute a disadvantage. 

The clinical manifestations of alloys cytotoxic effect 
are polymorphic. The symptoms can be divided into 
local and systemic. 

The local symptomatology appears first and initially 
is usually subjective, being characterized by pain, 
paresthesias and burning mouth syndrome [17, 18]. The 
important cytotoxic changes occur after a long period 
(five years) of contact between alloys and oral mucosa 
tissues. Most of them are objective symptoms and may be 
represented by stomatitis, glossitis, gingivitis, depapillated 
tongue, dry desquamative cheilitis, perleche or even peri-
oral skin rash [19–21]. 

The lesions may be described as plaques, erosions and 
ulcers with erythematous, atrophic or reticular aspect. 
They appear especially on the buccal mucosa and tongue 
edge [22, 23], and are due to cations released from alloys 
corrosion [4, 24]. 

Systemic manifestations can have different localizations. 
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It is not very well documented if they appear only because 
of the alloy cytotoxic action. There are different studies 
that suggested a cumulative effect of two or more alloys 
with different localization (oral cavity and other part  
of the body). As in our study, they highlighted that the 
cytotoxic effect is probably the same, having no importance 
if the alloys are made from the same metal or different 
ones [25–28]. In our paper, we observed the same cyto-
toxic effect for both alloys studied. 

Moreover, we emphasized the relative similarity 
between the material M1 and M2, where the cells do not 
detach from the plate and they grow to the edge of the 
material. In case of the eluates, there are no fragments 
detached, the cells having a relatively high confluence. 
Therefore, the cytotoxic effects of the two alloys are 
similar, even if there are speculations in the literature 
according to which Ni–Cr alloys would have a more 
pronounced effect. 

Even if there are few articles in the literature that 
highlight the cytotoxicity of elements Ni, Cr, Co, our 
results are similar with other published data [25–28]. 

 Conclusions 

All the samples we used during the study maintained 
their initial characteristics. The cytotoxicity of the alloys 
tested was similar and had minimal in vitro effects on 
fibroblasts from cell culture. We believe that the tested 
alloys can be successfully used in the dental practice 
despite of the tendency to give up metal in this medical 
field. 

References 
[1] Bayramoğlu G, Alemdaroğlu T, Kedici S, Aksüt AA, The effect 

of pH on the corrosion of dental metal alloys, J Oral Rehab, 
2000, 27(7):563–575. 

[2] Bruze M, Thoughts on implants and contact allergy, Arch 
Dermatol, 2008, 144(8):1042–1044. 

[3] Ameer MA, Khamis E, Al-Motlaq M, Electrochemical behaviour 
of recasting Ni–Cr and Co–Cr non-precious dental alloys, 
Corrosion Sci, 2004, 46(11):2825–2836. 

[4] Angelini E, Pezzoli M, Rosalbino F, Zucchi F, Influence of 
corrosion on brazed joints’ strength, J Dent, 1991, 19(1):56–61. 

[5] Al-Salehi SK, Hatton PV, Johnson A, Cox AG, McLeod C, 
The effect of hydrogen peroxide concentration on metal ion 
release from dental casting alloys, J Oral Rehabil, 2008, 
35(4):276–282. 

[6] ***, Biological evaluation of medical devices, International 
Organization for Standardization, ISO 10993, 1–19, 2009. 

[7] ***, Dentistry – Evaluation of biocompatibility of medical 
devices used in dentistry, International Organization for 
Standardization, ISO 7405, 2008. 

[8] Vatter P, Welz T, Aspekte einer neuen Legierungsgeneration: 
Die Gold-Titan-Legierung Esteticor Vision® – ein Erfahrungs-
bericht aus der Praxis, Quintessenz Zahntech, 2000, 26(6): 
605–612. 

[9] Nakagawa M, Matsuya S, Ohta M, Effect of microstructure 
on the corrosion behavior of dental gold alloys, J Mater Sci, 
1992, 3(2):114–118. 

[10] Endo K, Araki Y, Kawashima I, Yamane Y, Ohno H, Matsuda K, 
In vitro study on the corrosion behavior of three commercial 
silver–palladium–copper–gold alloys in Ringer’s and 0.1% 
sodium sulfite solutions, Higashi Nihon Shigaku Zasshi, 1989, 
8(2):155–163. 

[11] Aksüt AA, Bayramoğlu G, The effect of propargyl alcohol on 
the corrosion of pure aluminum and aluminum alloys in 
aqueous solution, Corros Sci, 1994, 36(3):415–422. 

[12] Geis-Gerstorfer J, In vitro corrosion measurements of dental 
alloys, J Dent, 1994, 22(4):247–251. 

[13] Al-Hity RR, Kappert HF, Viennot S, Dalard F, Grosgogeat B, 
Corrosion resistance measurements of dental alloys, are they 
correlated? Dent Mater, 2007, 23(6):679–687. 

[14] Wataha JC, Principles of biocompatibility for dental practitioners, 
J Prosthet Dent, 2001, 86(2):203–209. 

[15] Williams DF, On the mechanisms of biocompatibility, Bio-
materials, 2008, 29(20):2941–2953. 

[16] Chen AY, Zirwas MJ, Denture stomatitis, Skinmed, 2007, 
6(2):92–94. 

[17] Geurtsen W, Biocompatibility of dental casting alloys, Crit 
Rev Oral Biol Med, 2002, 13(1):71–84. 

[18] Eisen D, Eisenberg E, Oral lichen planus and the burning 
mouth syndrome. Is there a role for patch testing? Am J 
Contact Dermat, 2000, 11(2):111–114. 

[19] Garner LA, Contact dermatitis to metals, Dermatol Ther, 2004, 
17(4):321–327. 

[20] Freysdottir J, Zhang S, Tilakaratne WM, Fortune F, Oral 
biopsies from patients with orofacial granulomatosis with 
histology resembling Crohn’s disease have a prominent 
Th1 environment, Inflamm Bowel Dis, 2007, 13(4):439–445. 

[21] ***, Guidance document on using in vitro data to estimate  
in vivo starting doses for acute toxicity, National Toxicology 
Program, NIH Publication No. 01-4500, 2001, Available at 
http://www.epa.gov/hpv/pubs/general/nih2001b.pdf. 

[22] Deshpande M, Tipnis S, Shetty P, Ghosh D, Viswanathan C, 
Majumdar AS, Immunologic properties of human dermal 
fibroblasts, Hum Immunol, 2010, 71(11):1089–1098. 

[23] Elshahawy WM, Watanabe I, Kramer P, In vitro cytotoxicity 
evaluation of elemental ions released from different 
prosthodontic materials, Dent Mater, 2009, 25(12):1551–
1556. 

[24] Al-Hiyasat AS, Darmani H, The effect of recasting on the 
cytotoxicity of base metal alloys, J Prosthet Dent, 2005, 93(2): 
158–163. 

[25] Kadyk DL, McCarter K, Achen F, Belsito DV, Quality of life 
in patients with allergic contact dermatitis, J Am Acad 
Dermatol, 2003, 49(6):1037–1048. 

[26] Kanerva L, Rantanen T, Aalto-Korte K, Estlander T, 
Hannuksela M, Harvima RJ, Hasan T, Horsmanheimo M, 
Jolanki R, Kalimo K, Lahti A, Lammintausta K, Lauerma A, 
Niinimäki A, Turjanmaa K, Vuorela AM, A multicenter study 
of patch test reactions with dental screening series, Am J 
Contact Dermat, 2001, 12(2):83–87. 

[27] Gociu M, Pătroi D, Prejmerean C, Păstrăv O, Boboia S, 
Prodan D, Moldovan M, Biology and cytotoxicity of dental 
materials: an in vitro study, Rom J Morphol Embryol, 2013, 
54(2):261–265. 

[28] Schmid-Schwap M, Franz A, König F, Bristela M, Lucas T, 
Piehslinger E, Watts DC, Schedle A, Cytotoxicity of four 
categories of dental cements, Dent Mater, 2009, 25(3):360–
368. 

 
 
 
 
Corresponding author 
Flavia Baderca, Lecturer, MD, PhD, Department of Microscopic Morphology, “Victor Babeş” University of 
Medicine and Pharmacy, 2 Eftimie Murgu Square, 300077 Timişoara, Romania; Phone +40256–202 619, e-mail: 
flaviabaderca@yahoo.com 
 
 

Received: August 20, 2013     Accepted: January 29, 2014 


