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Three point bending test of recycled
Nickel-Titanium alloy wires

Sung-Ho Lee" - Young |l Chang®

The purpose of this study was to investigate the change of 3 point bending properties of various nickel titanium wires

after recycling. Four types of nickel-titanium (Align: martensitic type, NiTi, Optimalloy, Sentalloy: austenitic type) wires
were divided to three groups: as—received condition (T0: control group), treated in artificial saliva for four weeks (T1)
and autoclaved after being treated in artificial saliva (T2). Detrimental changes were observed for the selected mechanical
properties in three point bending test. Loading force at 3mm deflection, unloading force at 3mm deflection, stress hysteresis,
loading force at 1mm deflection, unloading force at 1 mm deflection and stress hysteresis at Imm deflection were calculated.
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The findings suggest that :

. Align demonstrated statistically significant increase in loading force (p<0.05) and unloading force (p<0.01) at 3mm

deflection after recycling(T2), but NiTi, Optimalloy and Sentalloy showed no statistically difference after recycling.

. Align demonstrated statistically significant decrease in hysteresis(p<0.01) after recycling(T2) but NiTi, Optimalloy and

Sentalloy showed no statistically significant difference after recycling.

. All wires showed no statistically significant difference in loading force at Imm deflection after recycling(T2).
. Align demonstrated statistically significant decrease in unloading force in 1mm deflection (p<0.05) after recycling(T2)

but NiTi, Optimalloy and Sentalloy showed no statistically difference after recycling.

. Loading force and unloading force of T1 showed no significant change compared with those of T0, but loading force

and unloading force of T2 showed significant changes compared with those of TO(p<0.05, p<0.01 respectively).

. Align demonstrated a tendency to lose some of this pseudoelsticity in T1 and pseudoplasticity and pseudoelasticity in

T2.
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lthough nickel-titanium wires are attractive as
orthodontic arch wires due to their excellent
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elasticity, unique properties of high springback and low
Stiffnessl, their high cost has led to their reuse.
Buckthal et al’ noted that 52% of clinicians recycle
them. Recycling involves sterilization and repeated
exposure of the wire to physical stresses and chemical
elements in the oral environment for several weeks or
months. The effect of double exposure to the oral
environment and sterilization may induce change of
mechanical properties and surface condition.
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Several studies have demonstrated physical changes
caused by sterilization and clinical use of orthodontic
arch wires. Buckthal® said cold disinfectant induced, if
any, change in the mechanical properties of mnickel-
titanium wires. Mayhew4 showed that neither the heat
sterilization nor multiple cycling procedures had a dele-
terious effect on the elastic moduli, surface topography,
or tensile properties of Nitinol or Titanal. But KapillaS’e,
on the contrary, showed recycling produced significant
changes in hoth the three point bending characteristics
and increased pitting of both Nitinol and NiTi wires.
Sarkar’ demonstrated that nickel titanium wire had a
tendency to corrode when subjected to either oral fluid
or chloride solutions. Schwaninger8 found no changes
in the load deflection characteristics of Nitinol follo-
wing long term immersion in a 1% NaCl solution.

Lee and Chang9 showed that the recycling had no
significant effect on the tensile properties, surface
topography and frictional properties of Nickel-titanium
alloy wires lately. However, orthodontic wires do not
usually get pressure on tensile, but tension, compre-
ssion and bending in clinical situation.

Thus the purpose of this investigation was to
evaluate the change of three point bending properties of
nickel-titanium wires, and to evaluate the efficiency of
reuse of nickel-titanium wires.

MATERIALS AND METHOD

Four brands of nickel-titanium wire (Align, A com-
pany, US.A ; NiTi, Ormco, US.A. ; Sentalloy, Tomy,
Japan ; Optimalloy, Jinsung Ind. Co., Korea) was tested.
0.016 x 0.022 rectangular wires were selected. 15 wires
of each product were prepared. Five wires of each
served as controls (T0). The experimental sample
consisted of five wires of each type were subjected to
artificial saliva (Oralube, VA medical Center, Houston,
Texas : Table 1) , maintaining in an incubator at 37 C
for 3 weeks (T1) and 5 wires of each subjected to same
artificial saliva and incubation treatment as T1, and
then sterilized by autoclave at 121C (250 F) and 15 to
20 psi for 20 minutes(T2) according to ADA method.
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Table 1. The composition of Oralube (VA Medical Center,
Mouston, Texas)

Methyl Paraben 2.00000 gm
Na CMC (Sodium CarboxyMethyl Cellulose) 10.00000 gm
Potassium Chloride 062500 gm
Magnesium Chloride Hexahydrate 0.05875 gm
Calcium Chloride Dihydrate 0.16625 gm
Potassium Phosphate (Dibasic, Anhydous) 0.80375 gm
Potassium Phosphate (Monobasic) 0.32625 gm
Sorbitol Solution, 70%, USP/FCC 427500 gm
FD & C Red Dye #40 (2% sterilized) 02500 mi
Distilled Water 10000 L

Test methods

Three point bending test was done with an Instron
(Model 4466, Instron Corp., Cantom, Mass., USA) with
a bkg load cell. Each specimen was 50mm in straight
area of preformed arch wires. 3 point bending fixture
was in Liquid bath cell (S4190A, Instron Corp., Cantom,
Mass.) that kept the temperature 371C during the test.
Temperature controlled recirculator provided the ca-
pability to recirculate artificial saliva (Oraluve : VA
medical Center, Houston, Texas) between external bath
and a sealed heater unit. Two grips which permit
sliding were positioned at each end of the wire with a
distance of 30mm remaining between the jaws. 4mm
diameter anvil pushed 3mm at the middle of the wire
and replaced to original position. The machine was
operated in the up and down mode with a crosshead
speed of bmm per min. Six characteristics of each
sample were quantified from the Instron readouts using
Series IX software: loading force (g/mm?) , unloading
force (g/mm?), stress hysteresis (g/mm?), loading force
at Imm deflection (g/mm®) and unloading force at Imm
deflection (g/mm?), stress hysteresis (g/mm?) at lmm
deflection.

All means and standard deviations were calculated
for the control and test values (for groups T1 and T2).
Student t-test was used for all statistical analyses.

RESULTS

NiTi, Optimalloy and Sentalloy demonstrated no sta
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Table 2. Summery of three point bending properties at 3mm deflection before and after recycling

Loading force (g /mm®)

‘  Optimalloy

Mean

Three point bending test of recycled Nickel-Titanium alloy wires

TO 207727 78.07 1640.91 104.64 1690.91 165.14 121364 12.45

T1 2145.46 6742 157727 20.33 1818.18 5567 1231.82 33.71

T2 2409.10 22128 159091 16.07 1818.18 64.28 1236.36 20.33
Unloading force (g /mm®)

TO 144090 139.73 1022.73 60.13 1018.18 130.95 668.19 3371

Tl 1600.00 11373 1027.27 24.89 1136.364 32.14 663.64 19.02

T2 1900.00 204.29 1018.18 2490 111364 39.36 681.82 16.01
Stress Hysteresis (g /mm”)

T0 636.37 66.26 618.18 63.07 672.73 59.27 545.46 16.07

T1 545.45 55.67 550.00 10.16 681.32 32.14 568.18 16.08

T2 509.09 38.03 572.73 19.02 704.55 4545 564.55 12.45

Table 3. Summery of three point bending properties at 1mm deflection

dlign S omn

Optiralloy

before and after recycling

- I SO Mem 8D Mean sD
Loading force (g /mm®)
TO 1640.90 38.03 1568.18 90.91 1418.18 38.03 1145.46 1245
T1 1654.56 4372 1536.36 34.47 145455 2784 115455 2490
T2 1690.91 98.54 167273 24.90 144546 20.33 1163.64 24.90
Unloading force (g /mm®)
TO 1295.46 106.60 859.09 82.57 804.55 12091 336.36 10.16
T1 1409.09 80.35 821.27 12.45 904.55 40.64 336.36 19.02
T2 145455 55.67 872.73 2591 868.19 51.82 354.54 1245
Stress Hysteresis (g /mm’)
TO 345.46 80.99 718.18 1245 613.64 8351 309.09 12.44
T 24546 40.66 703.09 19.02 550.00 40.64 818.18 1607
T2 236.37 4979 700.00 19.02 57728 5495 809.09 1245

tistically significant differences in three point bending
properties : loading force (g/mm?), unloading force (g/
mm’), stress hysteresis (g/mm?), loading force at Imm
deflection (g/mm”) and unloading force at lmm defle-
ction (g/mm®), but Align showed statistically signifi-

cant difference in loading force (g/mm°), unloading
force (g/mm?), stress hysteresis (g/mm’) and unloading
force at lmm deflection (g/mm’) between groups.

(Table IT, TML, IV and V)
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Table 4. The effect of heat sterilization on three bending properties at 3mm deflection of various nickel titanium tested
statistically by t-test

TOvs TI 0178 NS 0219 NS 0.141 NS 0291 NS

L‘f’jiizg TOvs T2 0015 * 0322 NS 0.147 NS 0.066 NS

Tlvs T2 0038 * 0273 NS 1000 NS 0803 NS

TOvs TL 0083 NS 0880 NS 0086 NS 0724 NS

Unfl((::(ii“g TOvs T2 0003 - 0.880 NS 0157 NS 0273 NS
Tlvs T2 0021 + 0580 NS 0347 NS 0.141 NS

TOvs TI 0047 . 0044 NS 0771 NS 0056 NS

Hyssttff;is TOvs T2 0006 - 0.161 NS 0369 NS 0.347 NS
Tlvs T2 0262 NS 0.046 NS 0.388 NS 0172 NS

(* 1 p<0.05, #* : p<0.01)

Table 5. The effect of heat sterilization on three bending properties at 1mm deflection of various nickel titanium tested

statistically by t-test

TO vs T1 0.623 NS 0485

NS 0123 NS 0.486 NS

L‘f’jfcizg TOvs T2 035 NS 0917 NS 0.19% NS 0.182 NS

Tlvs T2 0472 NS 0002 NS 0572 NS 0580 NS

TOvs TI 0093 NS 0419 NS 0118 NS 1000 NS

U“;gfi“g TOvs T2 0019 * 0.734 NS 0311 NS 0057 NS
Tlvs T2 0329 NS 0077 NS 0252 NS 011 NS

TOvs TL 0039 * 1,000 NS 0.164 NS 0347 NS

Hfstrt;zssis TOvs T2 0033 * 0471 NS 0439 NS 1.000 NS
Tivs T2 0760 NS 0535 NS 0392 NS 0347 NS

(% : p<0O.0B, ** :p<0.01)

DISCUSSION

When a wire is deflected to place it in a bracket on
a malaligned tooth, it is subjected to loading. The
inherent tendency of the wire on loading is to try to
return to its original shape or to unload, provided that
its elastic limit is not exceeded during loading. This
unloading of the wire represents its springback and
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provides the force required to cause biologic tissue
response, which tends to move the tooth into align-
ment. The loading portion of the graphs obtained from
the three point bending test in the present study
simulates the activation of the wire, whereas the unlo-
ading portion of the graph provides some information
of the forces associated with the wire as it undergoes
deactivation. Therefore the unloading forces associated
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with the wire provided some indication of its potential
clinical behavior’,

The mechanical properties of various nickel-titanium
wires differ according to their composition and the
manufacturing processes. In the control groups, Align
had the greatest loading force, unloading force at 3mm
deflection and loading and unloading force at Imm
deflection, followed by NITi and Optimalloy which
showed similar level of forces and Sentalloy showed
lowest values (Fig. 1). Loading force at a deflection of
3.0mm for Align was 2077.27, Optimalloy 169091, NiTi
164091 and Sentalloy 1213.64. Unloading force at a
deflection of 30mm for Align was 144090, NiTi
102273, Optimally 101818 and Sentalloy 668.19. How~
ever all the wires demonstrated pseudoplasticity as
represented by small change in loads when the wires
were displaced from LOmm to 30mm during loading
and psedoelasticity as represented by sumilarly small
change in forces from 2.0mm to 1.0mm deflection
during unloading. Pseudoeplastic and pseudoelastic
properties are unique to the nickel-titanium ally wires
and umply that the forces associated with the wire
remain fairly constant dwing loading and unloading
respectively over a relatively large range of deflections.
Clinically the small change in unloading forces signifies
that the wire generates a nearly constant amount of
force over some distance during deactivation.

They also showed relatively similar values in stress
hysteresis at 3mm deflection compared with loading
and unloading forces: Align 636.37, NiTi 618.18, Opti-
malloy 67273 and Sentalloy 545.46. Therefore, though
the graph of wires showed similar shapes, Sentalloy
showed lowest position in the graph (Fig. 1).

Orthodontic wires are almost bent within the range
of 3mm in clinical situation, and this is why the level
of loading and unloading forces were mostly measured
at 3mm deflection in three point bending test in orth-
odontic fields, Mean while, tooth movement in labio-
lingual direction and incisal-gingival direction of orth-
odontic treatment is usually done within Imm. There-
fore, level of loading and unloading force and stress
hysteresis at 1mm deflection were also measured m
this experiment.

NiTi, Optimally and Sentalloy showed no significant

Thres point bending test of recycled Nickel-Titanium alloy wires

Align -
NiTi  ~mvmvoms-
Optimallay ------~--
Seatalloy - - - - -

Forcetg/mm®)

2000 b

1000+

300 Deflection{mm?)

Fig. 1. Three point bending curves of control groups

change in all the three point bending properties after
recycling, but Align was significantly altered by recyc-
ling (TO vs T2 : Table IV and V). Loading force was
increased significantly (p<0.05), unloading force was
also increased significantly (p<0.05), and stress hyste-
resis was reduced significantly (p<0.01). Loading force
at 1mm deflection showed no significant change, but
unloading force at 1Imm deflection and stress hysteresis
at 1mm deflection showed significant change (p<0.05).
Loading force and unloading force of T1 showed no
significant change compared with those of 10, but
loading force and unloading force of T2 showed signi-
ficant changes compared with those of TH{p<0.05,
p<0.01 respectively). Therefore, autoclave process inf-
luenced the three point bending properties of Align
more than treatment In artificial saliva.

Not only the values but also the shape of the curve
of three point bending test were changed significantly
(Fig 2). Pseudoplastic and pseudoelastic properties of
unused Align{T0) is represented by relatively small
decrease in forces when the wires is loaded from
14mm to 30mm and unloaded from 2.8mm to 1.0mm.
However Align demonstrated a tendency to lose some
of this pseudeelsticity in T1 and pseudoplasticity and
pseudoelasticity in T2, Align showed significant chan-
ges in three bending properties, which concurs with
Kapina’55’5 experiment in which he observed three
bending properties after placing two types of nickel
titantum wire in vivo for 8 weeks, and then through
clinical recycling and dry heat sterilization. He ascer-
tained that there was a small amount of change, but he
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Fig 2. The change of three point bending curves in various nickel-titanium wires after recycling

left the clinical significance of his results open to
question.

In the studies of Honma" and Okamoto'’s in which
they examined the thermal expansion curves of nickel-
titanium wires, they showed no significant change in
the curve when the nickel-titanium wires were put
through hot and cold cyclic treatment at under 350C.
Though they showed that significant changes occurred
in the thermal expansion curve when the wires were
heated over 500°C.

In this study, an autoclave was used for sterilization
at 121C for 15-20 minutes. Only Align altered in this
range of heat. NiTi, Optimalloy and Sentalloy are
Austenitic Ni-Ti wires that has lower transition tem-
perature range, so they are stabilized in austenitic
phase and do phase transformation in mouth tempera
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ture. However, Align is martensitic Ni-Ti wire that is
stabilized in martensitic phase'’. Martensitic Ni-Ti wire
is not suitable in orthodontic treatment usually, and
some procedures in manufacture are added to be useful
in orthodontic treatment’ for example, adding cobalt or
work hardening. Therefore, we can conclude austenitic
nickel-titanium wires were not significantly affected in
three point bending properties by recycling, but
martensitic nickel-titanium wires were changed by
recycling.

In our previous report, recycled nickel-titanium wires
showed no significant change on the tensile properties,
surface topography and frictional properties’. Further~
more recycled austenitic nickel-titanium wires showed
no significant change in three point bending properties.
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CONCLUSION

1. Align(martensitic NiTi) demonstrated statistically
significant increase in loading force (p<0.05) and
unloading force (p<0.01) at 3mm deflection after
recycling, but NiTi, Optimalloy and Sentalloy(
austenitic NiTi) showed no statistically difference
after recycling.

2. Align demonstrated statistically significant decrease
in hysteresis(p<0.01) after recycling but NiTi, Opti-
malloy and Sentalloy showed no statistically diffe-
rence after recycling.

3. All wires showed no statistically significant diffe-
rence in loading force at lmm deflection after recyc-
ling.

4. Align demonstrated statistically significant decrease
in unloading force in 1Imm deflection (p<0.05) after
recycling but NiTi, Optimalloy and Sentalloy showed
no statistically difference after recycling.

5. Loading force and unloading force of T1 showed no
significant changes compared with those of TO, but
loading force and unloading force of T2 showed
significant changes compared with those of T1{p<
0.05, p<0.01 respectively). Therefore, autoclave pro—
cess influenced the three point bending properties of
Align more than treatment in artificial saliva

6. Align demonstrated a tendency to lose some of this
pseudoelsticity in T1 and pseudoplasticity and pseu-
doelasticity in T2, but NiTi, Optimally and Sentally

Three point bending test of recycled Nicksl-Titanium alloy wires

showed no significant change in pseudoplasticity and
pseudoelasticity.

7. Consequently recycled austenitic nickel-titanium

wires showed no significant change in three bending
properties.

REFERENCES

o

. Lopez I, Goldberg AJ, Burstone CJ. Being characteristics of nitinol
wire. Am J Orthod 1979 : 75 : 142-51.

. Buckthal JE, Mayhew MJ, Kusy RP, Crawford JJ. Survey of steri-
lization and disinfection properties. J Clin Orthod 1986 : 20 : 759-65.

. Buckthal JE, Kusy RP. Effects of cold disinfectants of the mechanical
properties and the surface topography of nickel titanium arch wires,
Am ] Orthod Dentofac Orthop 1988 : 94 : 117-22.

4. Mavhew M]J, Kusy RP. Effects of sterilization on the mechanical pro-

perties and the surface topography of nickel-titanium arch wires. Am
J Orthod Dentofac Orthop 1988 : 93 : 232-6.

5. Kapila S, Haugen JW, Watanabe LG. Load—deflection characteristics
of nickel-titanium alloy wires after clinical recycling and dry heat
sterilization. Am J Orthod Dentofac Orthop 1992 : 10 @ 120-6.

. Kapilla S, Sachdeva R. Machanical properties and clinical applications
of orthodontics wires, Am J Orthod. Dentofac Orthop 1989 : 96 : 100-9
7. Sarkar NK, Schwaninger B. The in vivo corrosion of Nitinol wire, J

*Dent Res 1980 : 59A : 528.

8. Schwaninger B, Sarkar NK, Foster BE. Effect of long- term immersion
corrosion on the flexual properties of Nitinol. Am ] Orthod Dentofac
Orthop. 1982 : 82 : 45-9.

9. Lee SH, Chang YI, Effect of recycling on mechanical propertiel of
nickel-titanium wires. Kor J Orthod 2000 : 30 : 453-465.

10. Honma T. Shape-memory alloy wire, Tokyo : Industrial Book Com-—
pany 1984 : 64-7.

11. Okamoto Y, Hamanaka H, Miura F, Tamura H, Horikawa H. Reverse
changes in yield stress and transformation temperature of a Ni-Ti
alloy by alternative heat treatments. Scripta Met 1988 : 22 : 517-20

12. Kim YB, Selection and evalulation of orthodontic wires, J of Korean

Foundation for Gnatho-Orthodontic Research 1995 : 2 : 151-215.

(S}

(o~

D

29z
A8 YA Hew
BER LR
o] A
B a7 ZRe AdE UL BE 40 38 232

737



Sung-Ho Lee, Young Il Chang OIXIWEA 304 65, 20004

A st AHgate Aol B1FEAE Lol Aolrth 4% YA-elely T4 (Align, NiTi, Optimallo, Sentalloy)&
A2 A (TO: H2)3 AFerdd] 457 A2 (T, 28z AFerY Hel F 7isksy] 245 ©(T2)2=
TE3ld] 34 Z22438-S 819 th 3mm W& A2} loading force, unloading force, hysteresis$t Imm & A12] Joading,
unloading force, stress hysteresis®] W3lE #AZslo o3 22 AIE At

1. Align& AA(T2)%] 3mm W H A9 loading force, unloding force?t BAZ 2.2 FAUA F7H8H thloading
force: p,0.05, unloading force:p<0.01). NiTi, Optimalloy, Sentalloyol A& SAA .2 oA 3lE lo]7F HolA| ¢
Fiy=

2. Align& A A (T3 hysteresis7} EAZ o2 &9 UA 7489 tHp<0.01). NiTi, Optimalloy, Sentalloyll 4=
BARCE FogUdE A7t BolA| &t

3. BE 3MoA Imm HAAY loading forces AM(T)Fo] EAACE Fodde Ao|E HolA| ettt

4. Aligne ARA(T2)E) lmm HZEAY unloading force’t AR R F4%UA S7HFAHp<0.05). NiTj,
Optimalloy, Sentalloyoll A= $AH 22 #Ad9le Abo)7F Holx] gige).

5. Align®] loading force®} unloading force= T13 TOE BA A 0.2 £ xjo]7} gl9ien, T29 TOALolo f-olA
AE Aol7F A oAz p<0.05, p<0.01).

6. Aligne T19A pseudoelasticity”} 7+43k31, T2¢) 4= pseudoplasticity 9t pseudoelasticity 7} 7+48}3th.

= HOf - LIZ-EEks &M, M, 38 =334, SIAHIHAIN
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