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Mechanical properties of cobalt-chromium wires
compared to stainless steel and B-titanium wires

Ahmad Alobeid, Malak Hasan', Mahmoud Al-Suleiman’® and Tarek El-Bialy’

ABSTRACT

Background: Previous studies have reported on mechanical properties of different orthodontic
wires. However, there is a paucity of information that comparing the mechanical properties of Blue
Elgiloy (BE) when compared to stainless steel and TMA, as finishing wires as received by different
companies.

Aims: The aim of this study was to evaluate the mechanical properties of BE wires compared to
stainless steel (SS) and titanium Molybdenum alloy (TMA) also known as {3 titanium as provided
by two companies.

Materials and Methods: Six 0.016” x 0.022”-14mm-samples of each wire were fixed individually
to Instron machine and were tested in loading and unloading for three times. The initial load was
set for 500 Kg at a speed of 1mm/min and displacement was adjusted for (0.5, 1mm in loading and
0.5 mm unloading at 25°C).

Statistics Analysis: Variables were compared between groups by ANOVA test using SPSS statistical
software.

Results: BE shows comparable forces to SS when loaded 0.5 and showed decreased forces in
1mm loading compared to SS, and higher than TMA. BE also showed no forces at unloading and
high deformation.

Conclusion: BE from the two companies showed comparable mechanical properties while SS and TMA
were different. The deformation of BE and its decreased forces in unloading may limit its clinical use.
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INTRODUCTION

The development in the material science has helped
introduction of many alloys to fabricate improved orthodontic
wires for better clinical performance.l"? Many alloys have
been used routinely in orthodontics, and these alloys are
classified into four types, namely stainless steel (SS);
cobalt-chromium nickel alloy (Elgiloy); titanium-molybdenum
alloy (TMA) and nickel-titanium alloy.*® SS alloy has
been used in orthodontic treatment since 1950, due to
its good formability, low cost, and its acceptable clinical
performances.®® Cobalt-chromium nickel alloy has been
developed since 1950 and called (Elgiloy) that was initially
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manufactured by the Company (Elgin, USA). Elgiloy has
different forms: Blue (soft), yellow (elastic), green (half
elastic) and red (flexible). The blue type is the most commonly
used by orthodontists because of its formability and the
possibility to increase its durability by heat treatment.’®®
TMA was first introduced by Ormco Company (Ormco, West
Collins, USA) and since then is known as TMA wire. It has
been used since late eighties to apply less force compared
with SS and cobalt chromium alloys.®! Nickel-titanium alloy
has been used by at the beginning of the nineteen-seventies
and it involve using Nitinol alloy that was produced by (3M
Unitek, California, USA) refers “Nitinol” to the family of nickel
alloys and have had special characteristics in terms of shape
memory and high flexibility.[56:10-131

Access this article online

Quick Response Code:

Website:
www.jorthodsci.org

DOI:
10.4103/2278-0203.143237

Journal of Orthodontic Science = Vol. 3 | Issue 4 | Oct-Dec 2014




Alobeid, et al.: Mechanical properties of blue elgiloy wire

According to the American Dental Association and Standard
No. 32 from the American National Standards Institute, three
point bending test is an appropriate mechanical testing of
beams, like orthodontic wires, inactivation (loading) and
deactivation (unloading).l'"¥ Another study tested three
alloys (stainless, beta-titanium and TiMolium) and they used
three point bending test to evaluate load deflection rate.[" They
reported that the stainless alloy was the strongest among the
tested wires. In contrast, TMA showed the least stiffness, while
TiMolium alloy showed intermediate values between stainless
and TMA alloys. Three alloys (nickel titanium, beta-titanium
and TiMolium) have been tested using three point bending
test, and it was reported that there are variations of storage
modulus, as measured with the temperature change, between
alloys. The lowest value was for the nickel-titanium alloy then
beta titanium alloy then SS alloy.l'™ In another study, the
mechanical properties of three alloys (SS, TMA, new generation
titanium Molbydiom called CNA “Connecticut new archwire”)
were compared using three point bending test.['® This study
concluded that the SS are the hardest alloy, followed by TMA
alloy then CNA alloy. The CNA alloy showed the highest
flexibility among the alloys. From the available literature, it
can be seen that three-point testing is an acceptable test for
mechanical properties of orthodontic wires.

It seems from the current literature that the study of the
mechanical properties of these alloys used in orthodontics
is necessary for optimum clinical utilization. Normally, the
components of these alloys are not available from the
manufacturers mainly because of trade secrets. The possible
difference in alloy structure between companies can change
their mechanical properties and consequently their clinical
performances. However, there is a paucity of information that
comparing the mechanical properties of Blue Elgiloy (BE) when
compared with SS and TMA, as finishing wires as received by
different companies. It is worthwhile studying the mechanical
properties of these materials produced by different companies
to facilitate decision making in choosing the appropriate type
of the alloy for specific treatment/application. Therefore, the
objectives of this study were to evaluate the mechanical
properties of three orthodontic alloys, namely SS, TMA and BE
that are produced by two companies that produce the wires
using three-point bending test in order to help clinicians with
decision making when considering choosing any of these wires
companies in clinical orthodontics.

MATERIALS AND METHODS

Mechanical properties have been studied of three orthodontic
alloys for two companies (company 1 [Rocky Mountain
Orthodontics, Denver, CO, USA] and company 2 [Dentaurum,
Pforzheim, Germany]). The tested wires were SS, TMA and
BE, and all have diameter of 0.016" x 0.022". The sample size
was calculated to be six samples per group based on sample
size calculation method using the standard error and the level
of confidence (95%) and the amount of allowable error (1%
based on the standard error reported by several previous
studies).*® The experiment was performed using Universal
Testing Machine (Instron, model no. 350 M, Testometric,
England) [Figure 1a].

In addition, components of each wire were performed using
High Speed Micro ED X-ray Spectrometer (Bruker AXS
GmbH Oestliche, Rheinbrueckenstr. 49 76187 Karlsruhe,
Germany) [Table 1].

Afull-scale load of 5 kN with sensitivity of 0.01 N was used at
a speed of 1 mm/min. A specially designed fixture [Figure 1b]
was used (where two brackets were soldered to the fixture,
and the length of each wire is spanning the two brackets was
fixed at 14 mm to simulate the average clinical inter-bracket
distance).

Figure 1: (a) Instron machine set up used in this experiment,
(b) Specially designed fixture. Two brackets were soldered and
the length of each wire was fixed at 14 mm to simulate the clinical
inter-bracket distance

Table 1: Chemical composition of the used wires as evaluated by XRF

Group Fe Cr Ni Ti Mo Zr Co Ca Cu Sum
SS (RMO) 66.92 14.05 9.38 0.53 3.22 0 2.96 0.82 0 97.88
SS (Den) 67.04 12.98 8.46 0 6.66 0 2.83 0 0 97.97
TMA (RMO) 0 0 0 34.55 48.49 16.96 0 0 0 100

TMA (Den) 0 0 0 38.31 42.94 18.75 0 0 0 100

Elgiloy (RMO) 14.08 12.31 24.11 0 0 0 48.13 0 1.357 99.98
Elgiloy (Den) 4.41 10.06 30.51 0 0 0 50.58 0 4.41 99.97

XRF — X-ray fluorescence; SS — Stainless steel; TMA — Titanium-molybdenum alloy; RMO — Rocky Mountain Orthodontics; Den — Dentaurum
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The wires were fixed on the brackets with using 0.012-inch
elastomeric ligatures to simulate the routine clinical use of
these wires.

The specimens from each group were evaluated at 25°C in
0.5 mm and 1 mm loading, and unloading 0.5 mm (from the
1 mm loading) then back to original position (zero position).
Each test was repeated 3 times in using the same wire (A,
B, C) to evaluate mechanical performance in unloading and
possible wire deformation.

Statistical Analysis

Measured variables were forces as measured by the Instrone
machine in loading and unloading. All the variables were
calculated and compared between groups by ANOVA test using
SPSS (version 17, SPSS, Chicago, IL, USA).

Table 2: Comparison of the mechanical properties of
different wires between company 1 and company 2 for
all alloys in A: First time test; B: Second retesting; C:
Third retesting; B deflection: Refers to the amount of
deformation of the wire (mm) after the retesting for the
second time

Test Alloy Mean+SD P
Company 1 Company 2
Test A
0.5mmloading (g) SS  682.96+102.5 7152220 0.472
BE 742.38+85.7 740.5+30.2 0.962
TMA  472.40+34.4 450.2+7.3 0.154

1 mm loading (g) SS 1466.5+85.5 1583.1+36.9 0.012
BE 1086.4+147.8 1113.9+70.4 0.690

TMA  929.1+20.7 884.1+10.2 0.001
0.5 mm unloading (g) SS 329.3+91.8  503.6+28.3 0.001
BE 0.00+0.0 0.00+0.00
TMA  305.1+19.4 367.1+17.9 0.000
TestB
0.5 mm loading (g) SS 382.9+93.8  564.7+33.8 0.001
BE 0.00+0.00 0.00+0.00
TMA  456.8+30.1 423.5+16.0 0.038
1 mm loading (g) SS 1350+94.1 1545.9+41.8 0.001

BE 1030.5+147.8 1050.3+73.4 0.775

TMA  9549+329 870.7+12.7 0.000
0.5 mm unloading (g) SS 193+39.7 418.3+59.3  0.000
BE 0.00+0.00 0.00+0.00
TMA  291.8+25.2  358.7+18.7 0.000
TestC
0.5 mm loading (g)  SS 243.8+55.7 477.1x62.1 0.000
BE 0.00+0.00 0.00+0.00
TMA 448.2+31.7 415.4+15.4 0.046
1 mm loading (g) SS 1197.5+81.1 1466.1+70.2 0.000
BE 522.4+187.3 573.3+112.1 0.581
TMA  973.9+34.2 865.7+12.1 0.000
0.5 mm unloading (g) SS 101.6+22.5 376.2+55.8 0.000
BE 0.00+0.00  0.0000+0.00
TMA 282.7+26 352.6+18  0.000

SS — Stainless steel; TMA — Titanium-molybdenum alloy; SD — Standard deviation;
BE — Blue Elgiloy
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RESULTS

Comparisons of three-point bending forces in loading and
unloading in the three deflections, A, B and C between
alloys from the two companies are outlined in Tables 1, 2
and Figure 2. Company 1 SS wires showed lower forces
than company 2 SS wires in loading while showing higher
forces in unloading tests. Furthermore, company 1 SS wires
deformed more than company 2 SS wires, especially after
second (B deflection) or third (C deflection) tests [Figure 2].
There was no significant difference between the force levels
when testing BE wires of the two companies both in loading
and unloading [Figure 3]. However, company 2 BE wires
showed high deformation after third test compared with
company 1 BE wires [Figure 2]. Also, there was no statistical
significant difference of the force levels in loading TMA wires
between the two companies in bending 0.5 mm (loading). In
contrast, there was statistically significant differences in force
levels of TMA wires in the rest of the tests both loading and
unloading [Tables 2 and 3]. With regard to wire deformation
of BE and TMA, there was no significant difference between
the wires of the two companies in the second deflection, while
company 2 TMA showed more deformation than company 1
TMA wires [Figure 2].
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Figure 2: Comparison deformation of the 0.016" x 0.022" wires alloys
between the two companies after second (B deflection) and third
(C deflection)

Deformation mm]
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Company 2
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Company 1

@SS mBE 0TMA
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Figure 3: Comparison of force levels in loading and unloading for
0.016" x 0.022" wires alloys between the two companies
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Table 3: Differences between alloys for company 1 wires,
diameter 0.016"x0.022" with ANOVA test

Table 4: Differences between alloys for company 2 wires,
diameter 0.016"x0.022" with ANOVA test

Test Alloy Alloy Differences Standard P Test Alloy Alloy Differences Standard P
| [} between error | Il between error
means means
Test A Test A
0.5 mm loading (g) SS Elgiloy 64.28000 26.07721 0.077 0.5 mm loading (g) SS Elgiloy -25.54 1271 0177
TMA  326.37500 26.07721 0.000 TMA 264.81 12.71  0.000
Elgiloy TMA  262.09500 26.07721 0.000 Elgiloy TMA 290.35 12.71  0.000
1 mm loading (g) SS Elgiloy 164.00667 23.25156 0.000 1 mm loading (g) SS Elgiloy  469.16 26.73 0.000
TMA  562.11500 23.25156 0.000 TMA 698.95 26.73 0.000
Elgiloy TMA  398.10833 23.25156 0.000 Elgiloy TMA 229.79 26.73 0.000
0.5 mm unloading (g) SS Elgiloy 200.23000 11.19241 0.000 0.5 mm unloading (g) SS Elgiloy  503.60 11.17  0.000
TMA  113.26167 11.19241 0.000 TMA 136.46 11.17  0.000
Elgiloy TMA  -86.96833 11.19241 0.000 Elgiloy TMA -367.14 11.17  0.000
TestB TestB
0.5 mm loading (g) SS Elgiloy 192.27167 19.51106 0.000 0.5 mm loading (g) SS Elgiloy  564.73 12.49 0.000
TMA  110.68667 19.51106 0.000 TMA 141.18 12.49 0.000
Elgiloy TMA  -81.58500 19.51106 0.002 Elgiloy TMA -423.54 12.49 0.000
1 mm loading (g) SS Elgiloy 168.45167 25.27847 0.000 1 mm loading (g) SS Elgiloy  495.62 28.51 0.000
TMA  508.71167 25.27847 0.000 TMA 675.21 28.51 0.000
Elgiloy TMA  340.26000 25.27847 0.000 Elgiloy TMA 179.59 28.51 0.000
0.5 mm unloading (g) SS Elgiloy 176.74667 10.30788 0.000 0.5 mm unloading (g) SS Elgiloy  418.34 20.73 0.000
TMA  -5.08333 10.30788 0.949 TMA 59.60 20.73 0.034
Elgiloy TMA -181.83000 10.30788 0.000 Elgiloy TMA -358.73 20.73 0.000
TestC TestC
0.5 mm loading (g) SS Elgiloy 232.09000 16.51042 0.000 0.5 mm loading (g) SS Elgiloy  477.11 21.34 0.000
TMA  -11.97000 16.51042 0.859 TMA 61.64 21.34 0.033
Elgiloy TMA  -244.06000 16.51042 0.000 Elgiloy TMA -415.46 21.34 0.000
1 mm loading (g) SS Elgiloy 254.55333 29.08315 0.000 1 mm loading (g) SS Elgiloy = 892.83 44.31 0.000
TMA  384.15500 29.08315 0.000 TMA 600.42 44.31 0.000
Elgiloy TMA  129.60167 29.08315 0.001 Elgiloy TMA -292.40 44.31  0.000
0.5 mm unloading (g) SS Elgiloy 89.37667 11.12659 0.000 0.5 mm unloading (g) SS Elgiloy  376.26 19.57  0.000
TMA  -86.57167 11.12659 0.000 TMA 23.58 19.57 0.573
Elgiloy TMA  -175.94833 11.12659 0.000 Elgiloy TMA -352.68 19.57  0.000

SS - Stainless steel; TMA — Titanium-molybdenum alloy; A — First time test; B — Second
retesting; C —Third retesting

DISCUSSION

The wide variety of available orthodontic wires by different
companies may have some misperception about which
wires would be the best choice for different clinical
situations. Thus, understanding the possible mechanical
properties of similar wires provided by different companies
may help the clinicians in their decision making about
which wire would be optimum for their clinical use.
Although BE wires were introduced to orthodontics long
time ago, evaluation of their mechanical testing, especially
comparing those of different companies is not available in
the literature.

The decreased force levels in loading and unloading by TMA
wires of both companies than SS wires in our study [Table 4]
is in agreement with previous studies.['26-81518 The decreased
force levels of TMA wires in loading and unloading for both
companies than SS wires is in agreement with previous
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SS - Stainless steel; TMA — Titanium-molybdenum alloy; A — First time test; B — Second
retesting; C —Third retesting

studies [Figure 2]. This is consistent with other studies?®
that confirmed the high stiffness for SS alloy and high
resilience for TMA alloy. However, those two studies did
not test BE alloy. The increased deformation of company
2 TMA than company 1 TMA wires after third loading/
unloading suggests that company 2 wires can be only bent
once for an adjustment while company 1 TMA wires may
provide more than one bending without severe deformation.
This difference in mechanical properties between different
wires and companies also could be due to the difference in
chemical composition [Table 1]. Furthermore, the decreased
deformation of company 1 BE after the third loading/unloading
may indicate that its shape memory is better than company
2 BE wire that shows more formability than company 1 BE
wires [Figures 2 and 3]. It is to be noted that all the tested
BE wires were not heat treated, with heat treatment these
values may be different. This may warrant future studies to
evaluate the behavior of these wires after heat treatment.
The clinical relevance of the decreased force levels of BE
in unloading may be important clinically in that BE might be
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a preferred wire selection for clinicians who prefer lighter
forces. However, the almost zero force level in unloading
may question its clinical efficacy in delivering any forces for
orthodontic tooth movement.

The present study showed some differences in forces in
loading and unloading that may be clinically considered
when choosing special wire dimension/alloy from different
companies. A possible compensation for the differences in
wires forces in loading and unloading could be achieved
by changing wire dimension, however this warrant further
investigation. BE in its as received state, although is still
been used by many clinicians in finishing the stage, its
deformation and decreased forces in unloading may limit
its use to perform special types of tooth movement. Future
research may be conducted to test BE mechanical properties
after heat treatment.

CONCLUSIONS/IMPLICATIONS

*  BE without heat treatment shows comparable forces to
SS when loaded 0.5 and showed decreased forces in
1 mm loading over the three tests compared to SS, and
higher than TMAin the first two 1 mm loading experiments.
However in the third 1 mm loading, BE showed lowest
forces

e TMA alloy showed the lowest forces in loading and
unloading and the least deformation compared to BE or
SS alloys

* There were insignificant differences in loading and
unloading forces between SS and BE alloys

*  Afterrepeating the tests, wire deformation was the highest
for BE then SS then TMA alloy

+ SS and TMA wires showed differences in forces to
deformation and resilience between companies. However,
there were no differences in BE mechanical properties
between companies

* Increased deformation of BE after loading may limit its
clinical use.
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