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Cytotoxicity of electric spot welding: 
an in vitro study 

Objective: The welding process involves metal ions capable of causing cell lysis. In view 

of this fact, the aim of this study was to test the hypothesis that cytotoxicity is present in 

different types of alloys (CrNi, TMA, NiTi) commonly used in orthodontic practice when 

these alloys are subjected to electric spot welding. Methods: Three types of alloys were 

evaluated in this study. Thirty-six test specimens were fabricated, 6 for each wire combi-

nation, and divided into 6 groups: Group SS (stainless steel), Group ST (steel with TMA), 

Group SN (steel with NiTi), Group TT (TMA with TMA), Group TN group (TMA with 

NiTi) and Group NN (NiTi with NiTi). All groups were subjected to spot welding and 

assessed in terms of their potential cytotoxicity to oral tissues. The specimens were first 

cleaned with isopropyl alcohol and sterilized with ultraviolet light (UV). A cytotoxicity 

assay was performed using cultured cells (strain L929, mouse fibroblast cells), which were 

tested for viable cells in neutral red dye-uptake over 24 hours. Analysis of variance and 

multiple comparison (ANOVA), as well as Tukey test were employed (p<0.05). Results: 

The results showed no statistically significant difference between experimental groups 

(P>0.05). Cell viability was higher in the TT group, followed by groups ST, TN, SS, NS 

and NN. Conclusions: It became evident that the welding of NiTi alloy wires caused a 

greater amount of cell lysis. Electric spot welding was found to cause little cell lysis. 
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any material. As negative control for each mate-

rial cylinders made from stainless steel, nickel-

titanium and TMA were utilized. After ster-

ilization with ultraviolet light, the specimens 

were exposed for 24 h to a culture medium of 

L929 cells, i.e., mouse fibroblasts. Cytotoxicity 

was evaluated by the neutral red dye-uptake 

assay for viable cells. Data were subjected to 

ANOVA followed by Tukey’s multiple compari-

son test (p<0.05). Statistically significant dif-

ferences were only found between groups NN 

(nickel-titanium) and cell control. Therefore, no 

cytotoxic potential was found in the spot weld-

ing of stainless steel wire, nickel-titanium and 

TMA. However, the group composed only of 

nickel-titanium alloy showed higher cytotoxic-

ity compared to non-exposed cells (cell control), 

probably due to the large quantities of nickel 

comprised in this type of alloy. 

Editor’s summary

Some studies have shown that silver sol-

der, although widely used in orthodontics, has 

some cytotoxic potential. In view of this fact, 

clinicians turn to spot welding as the method 

of choice for bonding orthodontic wires and 

accessories to achieve the desired orthodontic 

mechanics. Thus, the purpose of this study was 

to assess the cytotoxic potential of spot welding 

involving stainless steel, nickel-titanium (NiTi) 

and titanium-molybdenum (TMA) wires. Using 

rectangular 0.019x0.025-in wires welded to-

gether by means of an electric spot welder, six 

specimens were prepared for each of the follow-

ing groups: SS (steel/steel), ST (steel/TMA), SN 

(steel/NiTi), TT (TMA/TMA), TN (TMA/NiTi) 

and NN (NiTi/NiTi). Copper amalgam was used 

as positive control, glass as negative control and 

for cell control, cells not previously exposed to 

Questions to the authors

1) Studies assessing the cytotoxicity and 

genotoxicity of materials used in orthodon-

tics are uncommon despite the relatively 

prolonged use of different materials that 

remain in close contact with the oral mu-

cosa during orthodontic treatment. In light 

of this fact, how important are studies such 

as this one?

In recent years, the number of studies on cy-

totoxicity of orthodontic materials has increased 

significantly. This new reality represents a break-

through in the area because it is not enough for a 

material to have good physical, mechanical, aes-

thetic features, among others. It should also be 

inert to oral tissues. Studies aimed at identifying 

materials capable of causing cellular damage will 

allow these materials to be classified, thereby 

providing guidance to professionals with regard 

to the choice of materials with improved biologi-

cal characteristics.

2) This study revealed greater cytotoxic po-

tential of nickel-titanium alloy relative to the 

cell control group. Could this factor indicate 

a likely contribution of NiTi alloy to the pro-

cess of carcinogenesis?

This study on spot welding was motivated by 

the disclosure that silver solder has demonstrat-

ed a significant cytotoxic character. The World 

Health Organization International Agency for 

Research on Cancer, and the United States Na-

tional Toxicology Program have determined 

that metal components in silver solder such as 

cadmium, copper, silver and zinc are potential-

ly carcinogenic to humans. This study showed 

that spot welding between NiTi alloys had the 
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lowest cell viability, but within acceptable lim-

its, i.e., above 80%. Arguably, only those orth-

odontic materials with less than 50% viability 

should be withdrawn from clinical use. Nickel’s 

notorious allergenic potential may be related 

to the lower viability found in this group. For 

David and Lobner,1 and Eliades et al2 there is 

clear evidence of a direct relationship between 

cytotoxicity and nickel but findings by Sestini 

et al3 showed that nickel and chromium caused 

a decrease in cell activity. Nickel’s role in the 

process of carcinogenesis still defies clarifica-

tion, but these materials appear not to have a 

significant heightening effect in the process, 

which depends on the duration and amount of 

material in contact with oral cavity cells. 

3) Given the results of your investigation, 

do you regard spot welding as a biologically 

safe orthodontic procedure?

Electric spot welding has proven to be a prac-

tical, fast procedure and current machines have 

shown great effectiveness, which is also crucial. 

After undergoing spot welding, orthodontic 

wires appear cleaner and aesthetically pleasant, 

which attests to a decreased release of cytotoxic 

ions while facilitating polishing when necessary. 

Besides, there is certainly a direct relationship 

between the release of these ions and the results 

achieved in this study. One essential condition 

for the use of metallic materials in the oral en-

vironment is that these materials resist the cor-

rosive action of saliva, as well as variations in pH 

and temperature. As an orthodontic material, sil-

ver solder is particularly susceptible to corrosion. 

Furthermore, the use of this solder for bonding 

orthodontic wires has been shown to cause the 

release of cytotoxic metallic ions, in part because 

silver solder polishing is usually inadequate, 

which facilitates the release of these ions. There-

fore, spot welding has been used as a feasible and 

safe alternative in orthodontics.
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