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Welding strength of NiTi wires

Tatyane Ribeiro Mesquita1, Lídia Parsekian Martins1, Renato Parsekian Martins1

Objective: To identify the appropriate power level for electric welding of three commercial brands of nickel-titanium (NiTi) 
wires. Methods: Ninety pairs of 0.018-in and 0.017 × 0.025-in NiTi wires were divided into three groups according to their 
manufacturers — GI (Orthometric, Marília, Brazil), GII (3M OralCare, St. Paul, CA) and GIII (GAC,York, PA) — and weld-
ed by electrical resistance. Each group was divided into subgroups of 5 pairs of wires, in which welding was done with different 
power levels. In GI and GII, power levels of 2.5, 3, 3.5, 4, 4.5 and 5 were used, while in GIII 2.5, 3, 3.5 and 4 were used (each 
unit of power of the welding machine representing 500W). The pairs of welded wires underwent a tensile strength test on an 
universal testing machine until rupture and the maximum forces were recorded. Analysis of variance (ANOVA) and post-hoc 
tests were conducted to determine which subgroup within each brand group had the greatest resistance to rupture. Results: 
The 2.5 power exhibited the lowest resistance to rupture in all groups (43.75N for GI, 28.41N for GII and 47.57N for GIII) 
while the 4.0 power provided the highest resistance in GI and GII (97.90N and 99.61N, respectively), while in GIII (79.28N) 
the highest resistance was achieved with a 3.5 power welding. Conclusions: The most appropriate power for welding varied 
for each brand, being 4.0 for Orthometric and 3M, and 3.5 for GAC NiTi wires.   
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Objetivo: identificar a potência mais adequada para solda elétrica em três marcas comerciais de fios de níquel-titânio 
(NiTi). Métodos: noventa pares de fios ortodônticos de NiTi, de dimensões 0,018” e 0,017” × 0,025’’, foram soldados 
por resistência elétrica e distribuídos em três grupos: GI (Orthometric, Marília, São Paulo, Brasil), GII (3M, São José do 
Rio Preto, São Paulo, Brasil) e GIII (GAC, Yorque, Pensilvânia, Estados Unidos). Cada grupo foi dividido em subgru-
pos de cinco pares de fios soldados com diferentes níveis de potência. Nos GI e GII, os fios foram soldados com níveis 
de potência de 2.5, 3, 3.5, 4, 4.5 e 5; enquanto no GIII as potências utilizadas foram de 2.5, 3, 3.5 e 4. Os pares de fios 
foram submetidos a um teste de tração até sua ruptura, com registro das forças máximas. Análises de variância (ANOVA) 
e testes post-hoc foram realizados para determinar qual subgrupo, dentro de cada grupo, obteve a maior força de resistência. 
Resultados: a potência 2.5 exibiu a menor resistência à ruptura para todos os grupos (43,75 N para o GI; 28,41 N para 
o GII e 47,57 N para o GIII). A potência 4 mostrou maior resistência à ruptura nos GI e GII (97,90 N e 99,61 N, respec-
tivamente), enquanto no GIII (79,28 N) foi a potência 3.5. Conclusões: os níveis de potência mais adequados variaram 
para as marcas comerciais, sendo identificados como 4 para Orthometric e 3M, e 3.5 para GAC. 

Palavras-chave: Solda. Fio ortodôntico. Resistência à ruptura.
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INTRODUCTION
Electric resistance spot welding allows two or more 

metallic surfaces to be joined by the heat produced from 
an electric current conducted by two electrodes that hold 
both surfaces in tight contact.1,2 This procedure is rou-
tinely in orthodontics with stainless steel and beta-tita-
nium wires, but has not been used with nickel-titanium 
(NiTi) alloys. The reason for that might be associated to 
orthodontic literature reports that NiTi wires cannot be 
welded,3-6 even though this information diverges from 
evidences on the field of materials engineering.7  

NiTi wires could be further explored if welding is 
used. Short pieces of NiTi wires could be welded to 
the NiTi leveling wire, acting as hooks, allowing early 
use of elastics, and also as stops, decreasing cost in the 
orthodontic office. Moreover, springs made of NiTi 
could also be welded to the main wires, allowing use of 
superelasticity, shape-memory and low deformation of 
NiTi in nonconventional clinical situations. Thus, an 
approximate weld of round wires, usually used as ini-
tial leveling wires, to rectangular wires might he used 
for the mentioned situations. 

Even though four papers on electrical resistance 
welding of NiTi wires have been published,8-11 two of 
them did not compare the resistance to rupture among 
the welding power used.8,9 Moreover, none of them 
tested the welding configuration of round to rectan-
gular wires and did not use more than one commercial 
brand of NiTi. If assumed that different wires might 
exhibit different responses to heat, incorrect power 
levels used for welding may damage the wires. 

Therefore, the present study aims to test the weld 
resistance of NiTi wires, in order to identify the most 
appropriate power level to be used in wires manufac-
tured by three different trademarks. 

MATERIALS AND METHODS 
Ninety pairs of round 0.018-in and 0.017 × 0.025-in 

NiTi wires were divided into three groups according 
to their manufacturers: Group I (GI) was made with 
wires from Orthometric (Marília, São Paulo, Brazil), 
Group II (GII), from 3M (3M OralCare, St. Paul, 
CA); and Group III (GIII), from GAC International 
(GAC, York, PA, United States).  

The thinner surface of the rectangular wire of each 
group was welded by electrical resistance to a respec-
tive round wire (Fig 1), using a modified spot welding 
machine (Pontomatic NiTi - Electronic Automat-
ic, Kernit, Indaiatuba, São Paulo, Brazil). Subgroups 
were created within each group, according to the pow-
er levels used for the welding. Groups I and II were 
divided into six subgroups, which were welded with 
power levels of 2.5, 3, 3.5, 4, 4.5 and 5 (each power 
level of the welding machine represents 500W), while 
Group  III wires were divided into four subgroups, 
welded with power levels of 2.5, 3, 3.5 and 4. The tests 
started at a power level of 2.5 because this was the 
smallest power capable of welding wires, while higher 
values than the ones tested damaged the wires during 
welding. The welding machine was calibrated to apply 
an electric current for 3 milliseconds between two flat 
electrodes, producing a force of 12N when joining the 
wires. All the welding procedures were performed by 
the same calibrated operator. 

For the tension test, the welded wires were secured 
at a distance of 4 cm from the weld, with clamps spe-
cially made for the study, and subjected to the tensile 
strength tests using a universal testing machine (EMIC, 
São José dos Pinhais, Paraná, Brazil), with a 5 kN load 
cell. The tests were performed with a crosshead speed 
of 0.5 mm per minute until the rupture of the wires. 

A

Figure 1 - A) Schematic drawings of the electric resistance weld. B) Image of a weld analyzed in this study. 
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Table 1 - Average and standard deviations of the tensile strength (in Newtons) of NiTi wires welded at different power levels.

Each unit of power level of the welding machine represents 500W. Equal letters: absence of statistically significant difference  (p > 0.05, ANOVA). 

Figure 2 - Graph of maximum tensile strength of 
the welds performed in NiTi wires of the tested 
groups, according to the used power levels. 
* One unit of power level of the welding ma-
chine represents 500W. 

Power level GI (N) GIII (N) GIII (N)

2.5 43.75  ± 6.10 a 28.41  ± 12.36 a 47.57 ± 4.39  a

3 61.69 ±  9.41 a 79.66 ±  7.64 b.c 67.96 ±  4.77 a.b

3.5 64.99 ±  11.11 a 89.75 ±  12.48 c 79.28 ± 12.62  b

4 97.90 ±  11.59 b 99.61 ±  10.14 c 67.69 ± 18.14  a.b

4.5 92.11 ±  17.51 b 93.61  ± 15.74 c ...

5 53.74  ± 14.39 a 58.79 ±  18.29 b ...

Sig. <.001 <.001 .004

The dedicated software of the machine recorded the 
breaking-point force, in Newtons (N). 

Statistical analysis was performed using SPSS soft-
ware, version 16.0. (SPSS Inc., Chicago, IL, USA). 
The data distribution was normal and subgroups were 
compared using an analysis of variance with a signif-
icance level of 0.05, to identify subgroup differences 
while Tukey post-hoc test (p = 0,05) was used to deter-
mine which groups were different.  

	
RESULTS 

All the wire ruptures were very close to the weld.  
There was a difference between the forces registered 
in the GI subgroups (p < 0.001) (Table 1). The pow-
er levels of 2.5, 3, 3.5 and 5 produced similar forces 
of rupture, with values of 43.75N, 61.69N, 65.00N 
and 53.76N, respectively. The power levels 4 and 4.5 
were statistically similar to each other, but different 

from the remaining levels, with forces of 97.90N and 
92.11N, respectively (Fig 2).  

There was also a difference between the force val-
ues of GII (p < 0.001). The power level 2.5 resulted in a 
maximum force (28.41N) different to the other power 
levels. The power levels 5 and 3 (58.79N and 79.66N, 
respectively) produced similar forces, which were differ-
ent from the remaining levels. The levels 3, 3.5, 4 and 4.5 
were statistically similar and produced forces of 79.66N, 
89.75N, 99.61N and 93.61N, respectively (Fig 2). 

GIII also showed a difference between the regis-
tered forces (p = 0.004). The weld with a power level of 
2.5 produced a maximum force of 47.57N, which was 
similar to the power levels 3 (67.96N) and 4 (67.69N). 
The  power level 3.5 produced a maximum force of 
79.28N, which was statistically similar to the power lev-
els 3 and 4. The power levels 4.5 and 5 were not tested 
as the wires were destroyed during welding (Fig 2). 
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DISCUSSION 
The power that produced the strongest weld in the 

NiTi wires was identified for each tested brands. Al-
though there are only four articles in the literature related 
to electric resistance welding in NiTi wires,8-11 none of 
them tested wires of different commercial brands, which 
is very important, according to the present results. More-
over, none of them tested which power was more appro-
priate to be used according to the resistance of the weld.   

The most appropriate power level for each brand 
was defined as the one that produced a weld with the 
highest tensile strength. The tests started at a power 
level of 2.5 — since lower levels did not weld the NiTi 
wires —, and these power levels were increased in steps 
of 0.5 until the heat produced by the weld broke the 
wires during the welding process. Present results show 
that the maximum tensile strength of the welded wires 
increased with the power levels up to a certain point, af-
ter which the resistance began to decrease. These peaks 
of resistance (Fig 2) were at the power 4 for the GI and 
GII groups, and 3.5 for GIII group. The resistance de-
crease with higher power levels occurred because the 
heat produced by the weld causes annealing of the 
wire10, which is sufficient to significantly alter its me-
chanical properties and sometimes even break the wire, 
as occurred in the wires of the GIII group when welded 
at power levels higher than 4 (and therefore were not 
used in this study). The difference of power levels that 
obtained the highest resistance for each group can be 
explained by variations in the manufacturing process of 
the wires, which may be due to its composition, as the 

Figure 3 - A) Welded NiTi hooks for vertical elastic use. B) Welded stop for tying the archwire. C) Stops to keep wire from sliding distally.

BA C

nickel percentage can vary,12 or due to the tested weld-
ing machine setting and cooking processes.  

The rupture of the wires never occurred at the 
weld but very close to it. This was probably due to 
the heat produced around the weld, which anneals the 
wire making it less resistant. Welded wires show less 
maximum resistance to tension than solid wires,8,13-15 
however, it need to be strong enough to tolerate or-
thodontic forces. In this report, it were found values 
ranging from 8 to 10 kilograms-force, which are high 
enough to support orthodontic forces. Even though 
the objective of this paper was not to compare the ten-
sile forces of NiTi and stainless steel (SS) wires, a ten-
sion test was performed on same dimension SS wires 
(3M OralCare, St. Paul, CA) for discussion purposes. 
This comparison was not present in the objectives of 
this study, since SS wires need a higher power to pro-
duce adequate weld than NiTi wires, due to its higher 
melting point. Nonetheless, necessarily using a higher 
power level (5), the SS wires showed an average force 
of resistance to rupture of 134.3 ± 6.96 N, which was 
approximately 35, 37 and 69% higher than for the GII, 
GI and GIII groups, respectively. 

This results are lower than the results reported in 
the literature8-10 because the wires used in this work had 
smaller diameters. The clinical implications of welded 
NiTi orthodontic wires are of great importance as they 
allow a combination of the advantages of this alloy, such 
as high flexibility, shape memory, superelasticity, the 
possibility of using hooks for attaching elastics, and the 
use of omega loops or stops (Fig 3). Additionally, springs 
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may also be welded to alignment wires, to assist in that 
phase of treatment (Fig 4).  

Although these results open up new possibilities for 
the use of NiTi alloys in orthodontics, further studies 
should be made to evaluate these welded wires in the 
long term within the oral cavity, where they are sub-
jected to factors such as corrosion by saliva as well as 
thermal and mechanical cycling. Additionally, it would 
be of great value to develop, if possible, a type of weld in 
which there is no annealing of the wire around the weld 

point, both for NiTi wires and steel wires, which are 
usually reinforced with a silver alloy weld. 

CONCLUSIONS 
The most suitable power levels for electric resistance 

welding of NiTi wires varied for the different brands.  
The most appropriate power level to weld the wires 

with the parameters given by the used welding machine 
was identified as being 4 (2000W) for the Orthometric 
and 3M brands, and 3.5 (1750W) for GAC.
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Figure 4 - 0.014-in NiTi proclining loops welded to the main wire, initial stage: A) frontal view and B) lateral view. Same patient, 30 days after: C) frontal view and 
D) lateral view. Same patient, after 30 more days: E) frontal view and F) lateral view.
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