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Table 1. The composition of Oralube(VA Medical
Center, Houston, Texas).

Methyl Paraben 2.00000 gm
Sodium CarboxyMethyl Cellulose (NaCMC)  10.00000 gm

Potassium Chloride 062500 gm
Magnesium Chloride Hexahydrate 0.05875 gm
Calcium Chloride Dihydrate 0.16625 gm

Potassium Phosphate (Dibasic, Anhydrous) 0.80375 gm

Potassium Phosphate (Monobasic) 0.32625 gm
Sorbitol Solution, 70%, USP/FCC 427500 gm
FD & C Red Dye #40 (2% Sterilized) 0.2500 ml
Distilled Water 1.0000 L

2,8 d7dA e AgdsE 435 7] fd o
Fetel 34g 473 Aeta, 948 2aAY T
F37} 7P A3, AF LM de) Asete 7HY
FEdr|R 2S¢ F, BAWEE #dsi
=3 YA-Hehg 34E AT & 28AE7 9 r}
Zelo] WMskE #dst, FAY R Wit A7l
Ag AdEn, AY Fd YA-Helw s4ds 94Y
Ao 2 AMgete Aol AFHAJAA Foldrt

o7 T2 o e
==

Az3 At © 2 37E4 9] YA -HEHE SHNTE
Ormco, Sentalloy: Tomy, Optimalloy: Jinsung Ind.
Co)# 17FA19] 2H|d# 2~ 2" &X(True arch:
A-company)& AH&-3dF3Th 0016 x 0.022 91%] Z+Y
3L A9t

Zyztol 3lAtel 5 & 30708 FH|ste, 1070 g
ToZ AZGsArh A WA £ FARATLRE qx
=(TO)elxZ, F ¥A T2 AFEA(Oralube: VA
Medical Center, Houston, Texas)ol|lA] 4F7F X2l
T(To) L, Al 1A F2 QAFetd o] 457 A2
T IRSIE IR 20 F(Toolth AREE <
Y o] JE-2 Table 19 AAsHAH.
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Table 2. Tensile properties.

Stainless Steel NiTi Optimalloy Sentalloy

Mean SD Mean SD Mean SD Men  SD
Ultimate tensile strength (kg + f/mm?
TO 197.64 253 123.72 3.98 130.50 8.80 124.98 1.45
T1 199.18 114 12551 2.03 12822 522 123.66 0.88
T2 202.16 0.23 12581 094 126.46 3.98 12423 240
Elongation rate(%)
TO 3.34 0.02 17.84 047 17.82 0.67 1937 0.73
T1 395 0.18 19.78 170 12.82 0.44 1969 093
T2 3.68 0.15 18.65 175 1276 0.32 20.67 2.66
Modulus of Elasticity(kg * f/mm®
TO 5013.13 89.74 693.61 8.03 732.37 45.30 646.21 26.29
T1 5629.16 280.36 638.61 60.97 720.36 41.58 629.21 31.62
T2 5496.76 222.79 6784 57.79 711.88 14.39 607.29 65.19

Table 3. t-test results of tensile properties.

Stginless Steel NiTi Optimalloy.

pvalue sig  pvalue sig  pvae sig  pva sie

TOvs T1 0309 NS 0.453 NS 0672 NS NS

Ultimate tensile strength TO0 vs T2  0.012 * 0.346 NS 0435 NS NS
T1vs T2 0002 o 0.796 NS 0612 NS NS
TOvs TL  0.066 NS 0.071 NS 0.986 NS NS

Elongation rate To vs T2 0.000 ok 0.402 NS 0.876 NS NS
TLvs T2 0286 NS 0.393 NS 0.853 NS NS
TOvs TI 0102 NS 0.124 NS 0.709 NS NS

Modulus of Elasticity TOvs T2 0013 * 0.624 NS 0422 NS NS
Tl vs T2 0488 NS 0.378 NS 0.713 NS NS

(%! p<0.05, = p<.01)
AL E, A, SAs 25 2 s 2. ANRISIDIZS O18et HHAHED | &E

29 549 A%E $ARCE F4E Wabt

#ZAE 9 o, NiTi, Optimalloy, Sentalloy| A+ & Fig. 1-4 9] Z+ 349 T0, T1, T29] FHE FAA

ARoz FeYNE Wab} BAHA . AQuR oz BET ALE AN, 2 ART

di‘

9] PNAFE(T0)S WL BA A ZFulr} Zol= YA
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. : _ :

a b c
Fig 2. SEM findings (X500) of NiTi a. TO b. T1 ¢. T2.

a b ‘ C

a b C
Fig 4. SEM findings (X500) of Sentalloy a. TO b. T1 ¢. T2.
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Table 5. t-test results of surface roughness.

Optimalloy

WA 304 4%, 20004

Stainless Steel NiTi  Sentalloy
p value sig p value sig p value sig p value sig

TO vs Tl 0.016 x 0.113 NS 0.030 x 0.380 NS
Ra  TOvs T2 0.004 = 0.004 - 0011 x 0.053 NS

T1 vs T2 0.007 = 0.068 NS 0.045 x 0.279 NS

T0 vs T1 0.029 x 0.164 NS 0.089 NS 0.346 NS
Rqg  To vs T2 0.001 - 0016 * 0.017 * 0.053 NS

Tl vs T2 0.003 - 0.134 NS 0.106 NS 0.320 NS

(x: p<0.05, **: p<0.01)
Table 4. Surface roughness(Ra,Ra).
Stainless Steel NITi T Doy S ey
Mean SD Mean  SD Mean D Mean D

Ra (nm)
TO 3797 843 390.97 653 2243 9.69 304,60 1536
T1 60.17 442 411.03 1585 4313 487 417.00 36.25
T2 14687 2067 “2.37 13.13 70.03 1539 45273 3372
Rq (nm)
TO 7831 1561 512,67 1665 59.80 23.84 51170 19.82
T1 113.00 8% 540,03 2228 10207 22,42 54157 4.20
T2 231.37 2081 572.00 1940 14753 3043 579.40 3839
gt AT Fol A7l GE A=l gk dRE 3 FAE §Eo] BolAlm, 99| 3 M54
oxe] Z+ 5o FHe 5L AFT(TL, T2)A o] BobArh T2« Tl EE} GEF A F-2 o] Hol

= W59 RS i, G
uQlth 289y 2 29 3AHY A% TIIAE T

Hrh o dx
FAER, T2oA
33 o] HRAo] A4 BRI (Fig. 1).
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2 Jed, 1 AERE TS} fAlste], AAA oz
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Table 6. Maximum frictional coefficients.

0] HE-ElEks 40| 22X AL BN AE7(0) 0Rls ¥F

Stainless Steel NiTi Optimalloy Sentalloy
Mean SD Mean SD Mean SD Mean SD
Maximum Frictional Coefficient (gm)
TO 60.91 1.77 58.04 409 18.35 4776 137.03 1478
T1 75.67 7.18 8843 5.86 2190 2.38 139.35 19.92
T2 146.89 29.67 108.90 853 31.91 2,42 14734 854
Table 7. t-test results of Maximum frictional coefficients.
Stainless Steel NiTi Optimalloy Sentalloy
p value sig p value  sig p value  sig p value sig

TO vs T1 0.000 ok
Max1mum Fl’iCtiOl’léﬂ T0 vs T2 OOOO o
Coefficient

T1 vs T2 0.044 *

0.000 ok 0.000 % 0.79% NS
0.000 ¥ 0.000 *k 0.110 NS

0.000 ok 0.005 ok 0315 NS

(2 p<0.05, *=* p<0.01)

' — ]
| Maximum tensile strength{kg f/mm? 70 MT1 @T2] |

220
200
180
160
140

;120

100

Fig. 5. Maximum tensile strength.

¥}+= Table 53 Zt}.
zHdd s 28 349 Ag, FEALYE Tio|
TOX T} 27}0}M¢ T2 A T1ET £ 3e 712
o} NiTi9] 7§ T2% Too ¥8] 52 THAAY] &
< Holr Optimalloys Ragtoll A& T0, T1, T23ko]
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Fig 6. Elongation rate.
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Fig 7. Modulus of elasticity.

A A ¢8-AF HAdA dz27H Zol7} 9
e Kapilla®el A9 2ol7} ok a8 AAA
g & BA9] zpo]r} Ho|A|uk o|Flo] YAH o E f
ojio] dEAd dade ¢ & frvtn

2EQg 2 28 349 A= UA-HEE 34
e 2 AFAE A3 AN Foll 1 Bl 2
Atk ARAE A= FolA a1, dA&E AR o
= 7tz g @ 121 CellA] 15-2083F 4
27t JA7) WEez A4Et £ AHJE A 2~
98 d48d o BE 800 °F(288 °C)olde] #HY
2odA 5RAE A28 AN gETIEE S &
o 2R e 259 121 ColA] 208 F =] 94
YrE B4 9L 75t AZdr

ol AFoA Al HAZA =7t NiTiolA
& o7t 2718t 3, Optimalloyol A& 27 ZAagit)
A4 A$E Optimalloy, Sentalloyo]A] <zt
Z7ksh, X Wategol wl¢- Aor, BAH #
94l glgiet.

aemg, A4 Ao AYIYE AR vd-E
BE sAe Bed 4de Wt 98 ez o
Aol gidkn AZ4dEdh

2. HEAED

YA -elelg 2A0A 7 A F9] E49 Aole H|
wA 3R ggko, e Fe e 47 st 2t
2 Bt ETS A2 Hlaskd B A EFed
Ao A A7le gEol e, 2EdH s &
g sAdMe AEUgeg 7tea 1 ¢ES Ko
o, NiTie o|®t} H§& FFEYSE
g A9 9¥3 gh¥e FE2 0|
Optimalloy?] A$-E vl 3 o8¢ THE Ho

—

fr
rO
£ o

=

2

2
A

fr



Vol. 30, No. 4, 2000. Korea. J. Orthod. K-

O

o v}
B3] HRao] #ad T} Sentalloye] 4-$ W
o] Wj-¥ ARz U A ¥ woke] WAz ¢tE
o FAHAT}

Sentalloy® AYatiye 25 A Fol Ay
2ol ZUkslH, ol HWHY RS gu|gt}
Sentalloy®] 2% A FAE 1 o] Wals}
Ao, ol FAMGH ] e sMRG Z A&
oJn) gte}. Harris’, Huerter™= Nitinole] @] %%
¥ surface interruption, At3}, HE2lo] FAFLH
3 8k3a, Edie®  Sakar®, Schwaninger™S-&
Nitinol 2412 % B34 7k a1 glon], o]
Tofl 7 SN Fajo] A4 spAde] wrha Bt
# =, Optimalloy, NiTi®] 7% 0|59 A&7} 4x]
sl A3E B o Sentalloye] A9 QA=
o FAATYE Folv T49& 37 Reg A7
L21=3

Ra(Roughness average)x= 7|A17 w¥lo=z Fw
ARVIE R8s Ao H3, PgFes Aed
T UE ARV ZEHOR Ao ditAow ¥
WAAZIE Bdeted M ol Algdy. 3,
Ra(Root mean square)= W] F49] e & 1}
Ble 8oz 544 f94S 2dg o
88 AFE ALS-HEY ol Aol e Rast ReZ
T5 AbEE ERARYE A H ghvHFig. 8319).
BE A ARIE T ZHAAI} e
o 2B dE s 28849 NiTi, Optimalloyl A
ARHP (T EEAHZE Frrekd o,
Sentalloy®] 74§ o] Z717F BAAcR FI4S 1
ol & Fsit.

xS ¥wsha, NiTi®h Sentalloye] THAR
A7} 7V o aa 20 A 2" o] o5
B} oF 1/109 gk Holw, 713 ¥wo] mjmy$
Optimalloy+ 1/189] £WAA7 & Held}, dubs o
2 z8 2 29 540l UA-EeEA sARTg
#Fo| v wpaEe] Avtm ga 9k ole
NiTiv} Sentalloy 2.t} ~H| Q1@ A 28 3M0) FHA
A7I7F Egta, 9o Axtel wdaih ey,
Optimalloy®] A% ®WZ A7 Hal
SentalloyWt NiTi2] A3t g o &= P17 L& & v}
2 dulag-g ARt 2822 Optimalloys HE
o YA-HehsA 349 el gme] AzS T8
ato], ~EQ1E s 2" sAEY o388 ®Hol win

et

30| Lig-Eleks &

9]

Mo
)
ikl
O>
il
1=
EH
=
il
il
~
=2
=]
ﬂ
mr
0

_9_!1

500
400
300
200

SS NiTi Optimalloy  Sentalloy

Fig 8. Ra(Roughness average).
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Table 8. Actual size in posterior tooth area of
various .016 x .022 Ni-Ti and stainless
steel wire (mm).
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-ABSTRACT-

Effects of recycling on the mechanical properties and the surface
topography of Nickel-Titanium alloy wires

Sung-Ho Lee, Young-I! Chang

Department of Orthodontics, College of Dentistry, Seoul National University

The purpose of this study was to investigate the change of mechanical properties, surface topography and
frictional force of various nickel titanium wires after recycling. Three types of nickel-titanium wires and one type
of stainless steel wire 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). Some changes were observed
for the selected mechanical properties in tensile test, surface topography by means of SEM and 3D profilogram,
and frictional coefficient. The findings suggest that:

1. Nickel-titanium wires demonstrated no statistically significant differences in maximum tensile strength,
elongation rate and modulus of elasticity, but stainless steel wire demonstrated statistically significant
differences in maximum tensile strength, elongation rate and modulus of elasticity between the groups(p<0.05).

2. NiTi, Optimalloy, Stainless Steel wires demonstrated increased pitting and corrosion in SEM finding.

3. Recycled NiTi, Optimalloy and stainless steel wires demonstrated significantly greater surface roughness(Ra and
Raq) through 3D profilogram when compared with the control wires(p<0.05), but Sentalloy didn’t demonstrate
significant difference.

4. Recycled NiTi, Optimalloy and stainless steel wires demonstrated significantly greater maximum frictional
coefficient when compared with the control wires(P<0.05), but Sentalloy didn’t demonstrate significant
difference.

The changes of surface roughness and frictional coefficient in NiTi and Optimalloy had no clinical implication.
Consequently recycled nickel titanium wires demonstrated no clinical problem in tensile properties, surface
topography and frictional coefficient.
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