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The Effect of Temperature Changes
on the Orthodontic Force Level
of Superelastic Ni-Ti Alloy Wires
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ABSTRACT

The Effect of Temperature Changes
on the Orthodontic Force Level
of Superelastic Ni-Ti Alloy Wires

Yong-Geun Yang, D.D.S. M.S.D.

Advisor : Prof. Kwang-Won Kim
D.D.S., M.S.D., Ph.D.

Department of Dentistry

Graduate School, Chosun University

The purpose of this study was to investigate the force level changes of
Ni-Ti wires with temperature changes during loading and unloading
phases. Three-point bending tests were performed and the temperature
was changed from initial 37C to 15C ~70C (three cycles). The loading
force was measured at 1.5 mm deflection and the unloading force was
measured at the same 1.5 mm deflection returning from 3.1 mm deflection.

The results were as follows.

1. The three-point bending test performed at 37C showed that the
loading force and stress hysteresis of Sentalloy were the largest, but
the unloading forces of three Ni-Ti wires were similar.

2. After temperature changes, the loading forces decreased, and the

unloading forces increased, so that the two forces became similar.

- iv -



But the remaining small difference between loading and unloading
forces after initial temperature changes did not disappeared
throughout the temperature changes.

After temperature changes, the forces of L&H Titan and Copper
Ni-Ti 35°C became similar to the median force between initial
loading and unloading forces, but the force of Sentalloy became
closer to the initial loading force.

. Copper Ni-Ti 35°C showed larger force during cooling phase 37T
relative to the force during heating phase 37C, and this was

attributed to the larger temperature hysteresis of Copper Ni-Ti 35°C.
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oJE4o R WHHWEA vl WY Ao PFow IEyHe AHS TG
Voolglgk Aol 19611d Buehler 570 ol UZA-Elety FFelA @A
i, 1971 Adreasen 570 93] wA odojolo] H& slsAo] AsE o]
UZ-getg gololes wAARA e AFEE gtow HToe FUH &
A4 AR A 2 AbE o] FuHe] gt wAyg U
o]= vl gy 9o %A (superelasticity) EIE 71w, o] %
B wAZAEA UA-EHEw ¢olojE Ab&ste FH olwdh & 5 4l
=3

Z84 UZA-HEw F95 Ar <% olAelA ®IAZH SHF7IHH
(stress-induced transformation)7} WAy ¥ o] o ~E| o] EV} 5

i
Al o] E (stress-induced martensite, ©]% SIM)Z WEIE 7] A|Z}3HA F

Lo

G5 vusd 2w 237 yeiged?, o dutHe FEA R
9lojA e A AE 10098 o) ZAHA ZA WHEAIUHBE WP S
AAGH TFh o] A FEE HEoprtE Aot o d 2w
ade AgduAe oA gholojo AEWAE EEHE B oy} 9fo]o]
o] MY Fo] mE st e WIS A sto] BEHF Aoprt wAHW

A WS7E FAadtel® Aolel g AA G shFo] FEE S A @) o]
A W9 Fe] Tkt shFo]l AA WEA @A HE o
Ao wep ARGz R mAe] S ERR
SIMe. 2 WEj¥ i, o] Ao UPTF F
oty gdt%F HAoM = SIMe] Bl AAo] L QAHUER
B

e s A WY dael me &Y 3



4 5 9k olg @ WHE gl AAAAY AAH dAAE EA
Wogavlemue 2E A An gol £x W AR et = A
Exo] gol @dlo] AAo] Aol WHHI 47

Ha, a2ZFo s QaH o EAe] Wo] Fdste] Aol AA = Aol

o] gk W FHANAM UA-ElEE e °
<, sts 2 gas FAdAE SHUIAA) o4
UERY, 2% W m2 A7 anst Jehte fAdME L5 oY
& 2 (temperature hysteresis)& EFATH 2 A=Y oA 23

a9 $Y AN FEAG gakEAe SE-ug FHol PekA

1

BE)E S HEbdA =

A gudnh %, SFA9 Qel ula BRHFAY Fol g AL
satv] ol BFA9 Y3k BaAFAY Pl AolB 3 oHGoE FH 3
A B ol @ 8 olg Aol vhEhube ol R 3T AN 2 o
sEelERRE SIMOR WEHY] ALer] A HFE Sl HA
Hojokur sl watE BAAAE GAEt AR AT AFH $
shefel Yoftpeyt sl7] wiolth waF B5 7)ol ole@ ¢ shetol
Dojuk Fol izt Aztdol wel WHY Pdrolw BPsa Yol A
FasA ot geE Fedol vEu fr

2w ol @A Yd ATE ¢ olA@A ud Al wa vn

Aol sl WEf 2% kel Aol
(M He) HAA wErIALo]E
Aol A ZAEE 2% (M. Martensite Start temperature)®t G E] 37 of] A
S HUolE Aol Eu 2% (Ar Austenite Finish temperature)”} %]
sh#] gFar, mEEHEIALOlE Aol EuE & %(Mg Martensite Finish

temperature)$} Q~HYUolE #HA o] AlZE = 2%(Ag Austenite Start

Brttn mastgv. 948 43
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1. 74 =

Uza-ElebE ¢keloli= 018" x 025" 1FA e SENTALLOY 3! L&H Titan
(o] Tomy Inc, Tokyo, Japan), Copper Ni-Ti 35C (Ormco, Glendora,
USA)E AH&3k3d

7} stolo] FF § A SA9 AFHR NN 20 mm Aol Z Derete]
Aol 7A7he ARe AR

uhs 24 X8 7] (LF Plus®, Lloyd Co., Hampshire, UK)Z ©]&3}¢] $}o]o]

o] Welo] WE g WHIE SANUT A4 =59 2dS AdE wEEAA

chamberE ¥-23t1 chamber Wio] X2 A X3 & o] &
=

A A ATE FHAGL. L5} Y+ 8

=
[‘_m
—OL

gov, £59 Wrel FHe dd wEe) g

=
3} 9= % (refrigerating circulation water bath)E Al&3¢th. <

2 A on, sRA T FF9 golojo] HEFH = AAF Atolo A=
12 mm7} ¥ %% s AHFig 1). 4% A Z(plunger)= 2% W3t wp& A

a9 %, AFS Axses) A9 HeEoR ASH AT AR 49
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& RAR] ARRGOr, FH A1 Ao]F BemE HE

ok 5 kg £ 39 loadcells AF83%12™, 0.5 mm/min® cross-head speed®
Agadnt. WA ZF AHNA 31 mm7bA MAAN F A9 H A= 3FH =
SAYE F2E 3772 FAAZ AEHelA Adskdth oju] AlHE A 1o
AAAIZ F 37C A= 58 ol FAAZ F 33 = APdS A s
t}.

-
|

Fig 1. Upper & lower jigs for three-point bending test.

2-3. £ W3 A Y W 23
39 2RANGANAG FAF P02 AY

WA A 9L HFA Yo HEROE FHFHE o, 31 mmA

%
ot
-
w
ol
-
o
%
o,
=2
R
=
(o]]
8
=
S
)

WA F 15 mm W9 AHow DaFA Ade A& GaFA o
HEROR S4aA 24ze Aol WA 37C FANA 15 mmAA W
AAAN L% Astel e shFAC Y WHE 24T F oA A9A 2
AANA T, FAF AR o] g5to] A 37C BANA 31 mm7A WA
15 mm A9 Adoz a7 A L% Aste] we e FA
o @ was 2499

A4 Lx Wsle g 2o

37C = 15C = 37C = 70C = 37C (1st cycle)



= 15C = 37C = 70C = 37C (2nd cycle)
= 15C = 37C = 70C = 37C (3rd cycle)

2-4. NAFA 9% =A(Differential Scanning Calorimetry, DSC)
A 2ZAFA D EA(Q10, TA instruments, New Castle, DE)E o]&3lo] 2z}
2 AAFA DS 2489 om, ADA spec No. 32" bz}
19 IOOC‘OJ 5= %ﬂ' EE g —%—Xé“&‘}-ﬂ’ O]i.‘_:[‘_]a EEEH or-= _%_zq ]’93\5}

3
AlH L& 15 ~ 20 mgo] HEE A Y.

ol

ool TRERE st A GotFT Aol P Aol E paired test® A A T}

o}

Ak BE FA £4& SPSS ver. 12 571971 (SPSS Inc, Chicago, IL)E
Q
[€]
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1. 38 25 A ¥

37C FHAelA e 37 2 AP A Al F79 o]0
284 gololo st/ FAdol vdEES #HFF F
mm W XA A FFA TL Sentalloyoll A 4.69 No.& 744 zlom o]
© L&H Titan 2t 0.68 N, Copper Ni-Ti 35C ®t} 074 N ©f & golt},

o
9 olegt

rlo

Sentalloyo| A/l 2.32No 2 713 AX o519 3 Ao
7FA 2 A YEFy ™ Copper Ni-Ti 35Co A+ 15INo =2 71 2HA e
1

AN

. @ 15mm WY A HoNA gkl Pol YooM= Al FFY 9
o]o A}o]e] o]z} 02N o] 2 F3 # tH(Table 1).

0 1 2 3 4
Deflection (mm)

—— .018'"' x .025'"" Sentalloy —— .018'"' x .025'"" L&H Titan ——— 017" x.025"" Copper NiTi 35'C

Fig 2. Load-deflection curves of Ni—-Ti wires used in this study.



Table 1. Forces and stress hystereses of Ni-Ti wires at 1.5 mm

deflection
Ni-Ti wire Loading Unloading Stress Hysteresis
Sentalloy 4.69 2.37 2.32
L&H Titan 4.01 2.22 1.79
Copper Ni-Ti 35T 3.95 2.44 1.51

unit: N (Newton)

2. 5% W3 A § Wz 54
UA-E ety ¢olo] BFox 2% Wl g 3§
oA &2 =8AA WA Yol HAadta, AL &
dstd do] Frtste AS ##ET F A H(Figs 3-5, Table 2).
Sentalloy ¢}olojol A= Wzt 7k Aol Ao 37C Aol Fof W3}
of lolA stsAlY A 139 Wz 79 A4 F A 047 N ZAsA 2
ool 23] W7zt 7td HAA 0.04 N ©f gAste] HFAHo=Z 043 N

(E

&

s} e
XA 7h

o<
-

o

LA gAY & 139 W 7td A4 §F 172 N S/ v
O E fFAHAeH, W FRoE Mg F9 37C AHAA el © AA
7}et Atk (Fig 3, Table 2). &% W3 A9 59 &a5A9 o W3}
ool Aole]l mel x7]e Hit 225 N9 59 ojFgto] 2% WE Fo&
011 Ne2 Zrasdon =& AolAnk o]y g ol W7k 719 Ao
o dASA FAHAJY, tE F % s AW 37C A A

Sol B FA 9 gaFAe @ Aok FAAL felaA FATHFig 3.



Load (N)
~

Loading ——
Unloading

3 15 3 70 37 15 37 70 37 15 37 70 37
(c1) (H1) (C2) (H2) (C3) (H3)

Temperature (°C)
Fig 3. Force level changes in Sentalloy wire according to temperature
changes. Paired #test. *, P<0.05, *x P<0.01;, ***x P<0.001

Dots indicate mean values; Bars indicate standard deviations.

L&H Titan ¢elojell A= 37C A HeA e 3] wistakol] QlojAl stz Al
o gL 189 Yzt 719 B4 F He 086 N #Z4aste] 3319 Wz 7149 3
Tol= HEHoRE 088 N #Aastdon, gatsAle L2 1319 W7
7td A ¥ 057 N Z7hste] HEHoZE= 061 N =715 A tH(Fig 4,
Table 2). 37C AMNA 9 stFAl9 @etsAe] o Aol7b £& Wt

ol = #3181 Nojloy, 13819 W7t 7t 4 Fol= 038 No2 7has)
om, o] Aol 339 W7 7tE #AA F 032 Noz #ZAssich 139

o,
_{

pasd

97t AFS AN Fo) 37C AREAAE AR AFAAN HFA I
3 g5FA G Abele] Aolsk BAHOE 95 AHFig 4.



&k

Load (N)
I

Loading ——
Unloading

o o

3r 1. 3y y0 3 15 3¢ V0 37 15 3F 70 37
(C1l (H1) cz (H2) (C3) (H3}

Temperature (°C)

Fig 4. Force level changes in L&H Titan wires according to temperature
changes. Paired #test. *, P<0.05; ** P<0.01

Dots indicate mean values; Bars indicate standard deviations.

Copper Ni-Ti 35C 9}olojol 4 37C A HolA 529 L& 2= W3}
5 A 5 Hi 047 N gasd i, gasAe 9 &% WIs AN &
093 N A5ste] stz Aleh @atsAle] P9 ztol7h 2719 ¥t 1.65 NoA
024 N2 7+A3st9 =d(Table 2), W7 7149 #4& 13 AW F9 37C A

Ho AN Al P @etFA P Akl o] Ao]rb FAA
o2 59389 (Fig 5). Copper Ni-TidlAE EostA Wd & L1 A%
we] 37C AAEY o] I Jtd F L® 4 W 37C AHEY
Fu o Aded, sbA W 7td R4 37C AHEY PO AAHe

PE Aad 27 ex ¥EgE AQ F s P2 073 N gasdn
gt A 9 071 N S7ket ek x99 W7 4AE AW Foll=
AEAR stFA 3 & TAHR Fofd zolrt 9l

t}(Fig 5).
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Load (N)
.

Loading ———
Unloading

0 . . . . . . . . . . . . .

37 15 37 70 37 15 37 70 37 15 37 0 37
(C1) (H1) (cz) (H2) (C3) H3)

Temperature (°C3

Fig 5. Force level changes in Copper Ni-Ti 35C wires according to
temperature changes. Paired #test. *, P<0.05.

Dots indicate mean values; Bars indicate standard deviations.
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Table 2. Means and standard deviations of forces of Ni-Ti wires at 37C

Unit: N (Newton)

1O N gt 2nd 37CY 3rd 37CT Final 37¢°
Ni-Ti wire

Loading 4.68 + 0.13 4.28 + 0.12 4.29 + 0.10 4.25 * 0.05

Sentalloy Unloading 2.42 + 0.10 2.69 + 0.09 4.14 + 0.03 4.14 = 0.07
Diff. 225 £ 020 159 £ 004 015 £ 013 011 £ 0.11

L&H Loading 3.86 £ 0.14 3.62 + 0.13 3.00 £ 0.04 2.98 £ 0.09
Titan Unloading 2.05 £ 0.06 236 + 0.04 262 = 009 266 £ 0.04
Diff. 181 + 0.18 1.26 + 0.10 0.38 = 0.10 0.32 £ 0.08

Copper  Loading 390 + 0.14 297 + 0.01 340 + 0.01 343 *+ 0.08
Ni-Ti  Unloading 225 £ 0.16 242 £ 0.13 324 £ 0.09 3.18 = 0.10
35C Diff. 165 + 026 055 + 012 0.16 + 0.10 0.24 + 0.08

* initial 37C before temperature changes; ¢, 37 Cafter first cooling; Y, 37T
after first cooling and heating; §, 37C at the end of temperature changes.

- 12 -



3. AAFA dF 3

2 o]gslo] -40C ~ 100C 2Z=3kollA v de] WS
SAT A% A FF dolo] BFoA W vtde] wE HEE YEWe
T 9 Fd ga2E #EL 5 A aey Al TR efelofol A R
54 9 WH2:EE 24 YEwdt. 5 9d74A M O RE ZA oA
Sentalloy®} L&H Titan® 7ol B2(YWA +Z)->REHSAF%)—-B19Y’
(AR T x) W7 dojus Aoz Bolw Copper Ni-Ti 35C 7%=
B2—B19" WH 7} dojy= Ao 2 HAUH(Table 3, Fig 6). 7Fd34 2] o
98 259 A; 2% SentalloyolA 243C= 7F4 w1 L&H Titanol A
405C= 7} =9kow Copper Ni-Ti 35Col A= AEFHol e Jde 2
=91 35T FAFS 341CE eI Y (Table 3, Fig 7).

Table 3. Transformation temperature ranges of Ni-Ti wires

Unit: C
Heating Cooling
Ni-Ti wire
RS Rf AS Af Rs Rf MS Mf
Sentalloy - - 188 24.3 19.7 14.1 * *
L&H Titan 96 275 365 405 35.1 30.9 * *
Copper Ni-Ti 35C - - 83 341 - - 156 -7.2

* ReB19’ transformation peaks was not revealed due to the lower
temperature limit (-40C) of DSC analysis.

- 13 -



17.08°C
f
f\ 19.73°C
G 1%_(:;; . 5.613J/g
e e
sentalloy
33.75°C
Il
[ 3s518°C
30.67°C /| | 6.3704ig
[—— s N
L &H
3.70°C
. / 15.568°C i
7.24°C/ \ 52.37°C
. 1 ®73C
Copper NiTi
40 20 0 20 40 60 80

Temperature (C)

Fig. 6. DSC thermograms for forward transformation of Sentalloy wire,

L&H Titan wire and Copper Ni-Ti 35C wire.
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18.81°C
sentalloy ok aanee
\\|| [
\
|
I|||
¥
21.58°C
L &H 36.46°C
e BOBRIG, 9050
E ' ._.__'I_. .|
\J
38.49°C
7.38°C
13. 32J.|’g 34, 09°
Copper NiTi \ /
23.90 C
-40 =20 [} 20 4I[} GID 80

Temperature (C)

Fig. 7. DSC thermograms for reverse transformation of Sentalloy wire
L&H Titan wire and Copper Ni-Ti 35C wire
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1. 33 23 AN ¥

37 =233 Ag A7 Al FFY <ol
2 UeEbsth. Sentalloy 2Folojol A 7}
ghol etk ow gatgAl o] oAM= Al 7 Solo] Alelo 3
7} 02 N o]y th(Fig 2, Table 1). 18]} €% W3} F o] 32 Sentalloyol
A 414 No2 718 AZROEZ(Table 2), A4 +7 WelAe mAHL
Sentalloyoll Al 7} & oz Az g,

durd oz Ni-Ti ol ¥dA F=ol Nitt d& 18&3t= Cus
H7FstE B2—B19—-B19' ¥ e 7} dojuta WH 2=
el &8 oldzgle] ZadtE Aoz delA At Fig. 4 @ Table 13 2
o] Copper Ni-Ti 35C 2}o]o]¢] 15mm ®Y A HolAHe d5A %L &35
Al %8 olFgho] vrA yEly = Z(Table 1) Ni-Ti o] A ol A Nizt
Ae& 1gstE Cudl H7bol 7198e Aow dddt)

Flﬂ }u
ol
ofN 1~N'
>,
o
A=
)
o)
rlu
olo
i
>
iy

)
2
o

2. NAFAEF 54

Sentalloy ¥ L&H Titan ¢}eo]ofeAle] B2—RA WH+= Fig 8% #2 24
AW e 24 A T2 (body -centered cubic)oll A A 5% (Rhombohedral)
2o AAFxY WstrA WA Y A WFom AxAN o5 o
o vttt AutA o g B2-RA WEHE (1) WiZFEF 400C ~ 500C2] of
d Aol ot A9 Aud, (2) Ni 7 =49 Ni-TiAl =& 443
A g F 400C ~ 500C ZZollAe] Aaxeol o3 HE=9 YA ==
(3) B2=B19(A A+ =x)—B19" W& 9Alst= Al 3¥&(Fe = ADO A
7hell o3 A ofd,

2 AFA Sentalloy ¥ L&H Titan ¢fo]oj2] B2—RY WH= Ni 744

Fi
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Alg A el os A

o3
T

ki3

dH = 7HE

&

sfo] of

x4 Ni-TiA

AP oz A

ZEA ¥ AL ole] wel B2-RA WE7E dojut

ol

|

e
i
G

RS

|

c (001)ga

a (100)gy

b (010}g2

€ (001)g,

¢ {111)g;
(001}

b {010)g,

Fig 8 Lattice change associated with the R-phase transition; (a) the B2

16)

type parent phase and (b) the R-phase
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3999, Youngson S'7& mAL B AH(725C) A7t 2@
6C)E "4 do] #7404 +& ®ztE FAS 23 FHd 630C, H4
154C¢e] =7t AFHAon, FAFAAE D A 25 W7t ASH
Aot Al2di A @53 ke A2 A ASddAe A =% ¥t o

i ®astgeh Erst 5 85T 0C9 82 nd o
°Q

0o
P>
-
B
>
2
é
)
Ju
)
)
e

x 0]
3
H
£
iUy
3!
o
=)
B
)
rfo
K
rr
ox
2

=
7125 137C2 Yggorn, Huero it
1)

o
R
2
o
ke
rO

Tl M= Youngson 5170 Hadk LU Lx w9l
C =

2 1547C, 3 680CE wtgo =z 15C ~ 707

e SR WE F 37CelA Aokdom, waRFEAe Yo Lx Wa F 37C
14 AR olel weh sEAe An daFEAe g en wE & A=

o] F7tete Yte EATH(Figs 3-5, Table 2). o]#jgr A4S 2% W3t 3
ol A vhERIALOJE/Q AHYOlE Hgo] W3tE o] X7 tA] 37CE
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FEsols & Wl do mtEdAielE/ AHYolE HER IHHA X

A 2 A 5 HAoNA S xEHUERRE SIMO R WHE Y
A ZFet7] el A& Sentalloy 9Folojol M 4.7 N9 do], L&H Titan ¢}o] o]
o A= 4.0 N9 3], Copper Ni-Ti 35T 2to]oje A= 3.7 No| 3o] Hg g
Aoz vyttt a5 Ao SIMo] e xEHUolER JWE 7| Az
7] sl E dAAT 7 FAaE dojekwt 7] wEel Fd W el Ao
st Ao} gatF Al 3 zto], & 38 o]gdAo] YERUA Hh o]g A o
e ANAIE HAEiA @A 3 A vEdr] g e oA W 7
a7 oA =HH, oA WeH At dojd Folok o A~H o] ER
ARE 7t MAETE H wite Fd W AHAAN T AL nEEelE/
S zEYolE H &R} H3lF A9 nfREAlO]E/O ~HUolE v Fo] ¢ A
A dAch 28y B 49 AR Hol oy d &8 ojHAN e Fd W
9 Al e stFAl P DatFA T Aol 2% Wil A RE
7b dolupi A w2 EIALO]E/Q ~HUo]E H]Fo] AR fAbs el wep 7t
2%tE Ao Bt

X
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4-1. 37CEFH I5CE ¥4 ¥

37Col A 15C= WadAE o stzAlek &3t
g, o] F @ Apo]9] Aol Z7] 37CoAMHRT ZEA HH, o5 3 A
ol v 37CE IHHAS W7hA IR FA o], ARH o s A9
71t o Folga, gets Al S 7RG ¥ Axo. ¥4 Y
© W7 AAoA e ZH U] EAo]
AdHow RY/LEHUYOE H &
T mtEHAE/S ~HUolE Bl &o] FIEEAl =7 wiiEelt. 15T A A
oA skFAlek "ets Al P Aolrt AT olfr= 9ol EY Ri(R
Finish temperature) =%7} RAo] 7WAl5 = Sentalloy®} L&H Titanol A Z+
7k 14.17C, 30.9C o]l aL, Rl A=A eF+= Copper Ni-Ti 35T M; &%
7F -7.2Co]om, Sentalloy@r L&H Titan® M; 2%+ -40C o]tz FA

H 7] wEo|(Table 3), 15C A ™ol A= Sentalloy®t L&H Titand 7o+
o729 WHHZF A9 F5HS L, Copper Ni-Ti 35T A $ol+= np=Hl
AtolE4fo 2ol REZE 718 TR ¥ dtTAlek Dets Ao R/ L 2H o
& L vtERAE/Q AHYOE HEo] fAMSAY] WEow F4
Ao ¥z 5 37C= EHAS W Yol stFAY Froe AFgru &
= Brode ARt AN ARHom F Fol fAks|A
AA 2 W o]de steAlY P EstTAY F Atold F& dEWA
A ¥4 F 37CR 2% IHAY RYA/S2HUOE HE T w2
Aol E/0 2E ol E wgo] 7] 37T shEFA RA/QAHUE H&

Aol ol mE vroprE

HE vhE Rl B/ mE ol £ N &3} 5T A RA/LAHGO|E H&
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