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Table 1. NiTi closed coil springs used in this study

Lz-ElEks B 2Y ATl sHE-usl

A2t ge AAbEo] UA-ElekE Y 22
S Aol Busta ot 4 AzAtel mhe
zejo] B4 Ud A PES) w2 o
FANE £E9 A9Y YAy 29 ~xy
Sof 21309 543 24 WFel oja) vwekn
7} 2239 QAo A§ FFsd A Wl

del Lobunzt sk
o1
LB

O 7R A =3 Abel A At 7] Y Y A-

Spring Manufacturer Wire Inner @° Length Force'
Sentalloy blue Tomy Inc, Tokyo, Japan 0.009” 0.036” 9mm 100 g
Sentalloy yellow Tomy Inc, Tokyo, Japan 0.010” 0.036” 9mm 150 g
Sentalloy red Tomy Inc, Tokyo, Japan 0.010” 0.036” 9mm 200 g
Jinsung blue (light) Jinsung, Ewang, Korea 0.009"  0.030” 8mm 100 g
Ni-Ti medium Ormco, Orange, CA, USA 0.010” 0.030" 12 mm N/A
Orthonol RMO, Denver, CO, USA 0.010” 0.030” 9 mm N/A
Nitanium Ortho Organizers Inc, San Marcos, CA, USA 0.010” 0.030” 12 mm N/A

“Inner diameter of the spring; TForce level described by the manufacturer.

Load cell

Aluminum jig

A

Fig 1. A, Schematic drawing of universal testing machine and water bath setup; B, Jigs used in this study.
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Heby =9 AZde A7 AR Agsdt

o1

E-H2 Al

o]

s E4 Al G 7](LF Plus, Lloyd instruments, Hamp-
shire, UK)E ©]-&3dt] stz-H9] F4S 43
o AY 2xe 2dE A cEFLFECW-
20G, Jeiotech, Seoul, Korea) Wloll <17 A8 A1
£ A A A ae dFrEo R AResl
o} (Fig 1). 10 N £32] load cellS AFE-3I3] o,
2 mm/min®] cross-head speed 2 2 &3} T} 37°C 3
el 22 3704 9] A& 2 mm, 5 mm, 10 mm,
15 mm, 20 mm, 25 mm, 30 mm= A1FA|A sho-HA
9 FHE Ao, o 2AAZ] Holet FLe
Aol2 AFAIZL AElolA 37°Col A 457 FA]A|
21 F oA A5 TS o R -9 Alg
= Al sttt

L3t 3Fa-FA9 oA austenite’dol| 4] marten-
site} 0.2 WEE7] AlFfele S WE AR
(transformation threshold point: ¢ ) 2= martensite
Aol A austenite .22l AWHE)r} FFHE HS
AHE] F 54 (reverse transformation finish point: 0 g)
o7 dAste] O Ao st WLAwE 5%
stk Adelrt @wkel FH o= JERd Ni-Ti
mediumol A= =49 MFA oAl F 7He] A
o] olgRHoE oav oS FoBITH (Fig 2)."

[o

Osim H

Load (N)

Or

PD
Deflection (mm)
Fig 2. Load-deflection curve illustrating superelasticity
of NiTi spring. o sm, Transformation threshold point; o g,
reverse transformation finish point; H, hysteresis (loa-
ding force - unloading force at midpoint of extension);
PD, plastic deformation.
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= ol3 A (hysteresis)2] & 2t AlAFEFe] 3t
HolAlel o2 Als 2oE Al Bel Aol & 24
si] e,

Ste-H9] AldelA ©stsAl ol 0°] =HA

o

kil
SA7] flotel A A AAZ Fof
A FAAR F 1Y 22ES HaE 2y
(Expression 1600 Pro, Epson Korea, Seoul, Korea)=
2=713}lo] Adobe Photoshop Pro (Adobe, San Jose,
CA, USA) Z 21 0||A] ruler toolS ©] &3t Zd
2327 Aol & At 453 A R & F7kd
2 WY Re Sl

AN LdF 74 TR/ UA-HEE 2
AFAES Tl ot FH= F
3t A3}= Table 2, Fig 337 2Tl Sentalloy blue,
Sentalloy yellow, Sentalloy red, Jinsung bluel A= 2
mmy-E] 30 mm7FA] 9] BE A% Helo A ZEkd
et o] YERET Ni-Ti mediumel A= 2 mme} 5
mm A7 Aol = 28] Hekejo] YehbA] edgte
Y 10 mm A% A|REE 284 HErdo] &8}
3L Orthonol, Nitaniumol| A& X84 HEkelo] 1}
B 23kt

Sentalloy blue, Sentalloy yellow, Sentalloy red, Jin-
sung blueol|A1+= WE] <A1 3 (transformation threshold
point: 0 sp) FHAE] FF X (reverse transformation
finish point: o g)°] WA FEE ]S}, Ni-Ti
mediumo A& ol 7 ikek 3 0 2 UEfA
o] Aol MH A F el FAH olFEA
o= ogmd ore BYSAL, YA F T/
Y 2 AAE o o HEE F AT
(Fig 2). 0 sim= Sentalloy spring®4] 0.1 - 0.4 mm<]
Ao 1.1 - 2.3 NO2 YEFAL, Jinsung blue
A= 02 - 0.4 mme] AT 09 - 1 Ne2 1
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Table 2. Characteristics of load/deflection curves of NiTi springs at 15 mm extension
Max. extension . . . o ..
Product Loading force (N) Unloading force (IN) Superelasticity
force (N)
Sentalloy blue 2.01 £ 0.03 156 + 0.02 1.00 = 0.01 Present
Sentalloy yellow 317 £ 0.14 224 £ 0.08 1.46 + 0.05 Present
Sentalloy red 402 £ 0.26 291 £ 0.11 2.10 £ 0.09 Present
Jinsung blue 2.17 £ 0.01 1.62 + 0.02 1.37 + 0.01 Present
Ni-Ti medium 257 + 0.08 2.05 = 0.03 1.19 = 0.06 Present
Orthonol 317 £ 0.04 2.38 £ 0.03 193 + 0.02 Absent
Nitanium 348 + 0.26 254 + 0.18 2.03 £ 0.17 Absent

“Loading and unloading forces were measured at the 7.5 mm extension point of the load/deflection test of the 15 mm

extension.

T

oN

Ebt o™, Ni-Ti mediumol| A= 3 - 34 mme] 4
AlA 16 - 1.8 No2 YEINTE ogaus T A7
T A 4 kS Bl vHA, ox2 A%
7Vl whet Wshyh BEE AT e AR
Ae) T840l S4E A A AFelA 20 mm
A A= gHE SRR WSt vv]ste]
ot 22y 25 mmFEHE Bo 5248 HIE B
t}. Sentalloy blue, Sentalloy yellow, Sentalloy red,
Jinsung blue| A= ool 217&2 0.1 - 0.4 mm]
HAR A dFstA o Al ARFE 5t
ol XA oz ZHAF o] Sentalloy spring< 2.1 N
o A 0.2 N7}A] #H4% 9L, Jinsung blueo] = 1 N
oA 0.6 No.Z 74t Ni-Ti mediumol| A<= o
Y AL 1.9 mmoA 3.5 mmE F23] 715
Qom, =3 1 NolA 0.6 No.2 7HAEQTh
(Fig 4). Ni-Ti medium< 2 mm, 5 mm, 30 mm 417
AR ASele Gad FR0] Bk gl =
48 & gsle

15 mm A7 Al F3F 21521 7.5 mm 217 2] o]
212] loading force 2} unloading forcei= Sentalloy blue
7} 747} 156 N, 1 No.2 7F% 2+ gh2 yehlln
Sentalloy red”} Zt2F 291 N, 2.1 No.&2 7} 2 gk
= YERSIT (Table 2).

2 mm 217 Al §& o]E & (hysteresis)= A2
AZE R 243kl 5 mm 417 A= Sentalloy blue,
Sentalloy yellow, Sentalloy red, Jinsung blue, Ni-Ti
medium©]| 4] 0.09 - 0.43 No| &2 o]go] #AHF]
th 10 mm 417 AJoll= Sentalloy yellow”} 713 &
<8 o]dS HSA 15 mm, 20 mm A% AldlE
Ni-Ti medium©ll A 7} & &8 o|go] #AE o
™ 25 mm, 30 mm 4% A]oll= Sentalloy redoll A 7}

£ H

2 ol of

53 o|go] #zEQti(Data not shown).
A A ek AgE Al § ALY S

A% Al shEguct
2 g Bk 539 gats AlEY st vHE
wle] Zke] o] ZA 7F4AF AT} Sentalloy blue, Sen-
talloy yellow, Sentalloy red= 15 mm 417 A|5-E 3}
% A9 ZAo] 2 mm, 5 mm, 10 mm®] a5 A =
A& glojy o 22 atsaks YERISIAL Jinsung
blue, Ni-Ti medium, Orthonol, Nitanium< 20 mm 2!
& AFE stEAlY F4de] 2 mm, 5 mm, 10 mm,
15 mm®] st Al 42 Bloju o 2L shaats

UEh AT

A HY

S Algoll Al 20 mm o]ule] 417
HAM = BE 2Z8 A 1 mm ©|ste] &4 ¥
o] etk ot 25 mme} 30 mm A FAIAH S 7§
Ni-Ti medium, Orthonol, Nitanium©|A] 1 mm ©]’3<]
240 Wgo]l YElskor™ 25 mm A% Al Nita-
nium, 30 mm 417 Al = Ni-Ti mediumo] 7} &
24 A8 S BT} (Table 3).

45 T AG T 2 WA HrE ST 4
3125 mm olule] A1 WSO BE Mol
1 mm ©|ste] 24 Wgo] YERE o} 30 mm A7
Alol| & Orthonol, Nitanium®] Z}2} 0.97 mm, 1.27 mm
o] 24 WMEE HYI Ni-Ti medium©] 4 mme] 7}
2 2 WES BT (Table 4).
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1
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%4 ,
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0 T T T T T 1 0 1 T T T T T 1
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Deflection (mm) Deflection (mm)
10 Sentalloy red 1st cycle 101 Sentalloy red 2nd cycle
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el T
(] ©
(] o
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0 T T T T T 1 O 1 T T T T T 1
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Deflection (mm) Deflection (mm)
57 Jinsung blue 1st cycle 59 Jinsung blue 2nd cycle
4.5 4.5

0 T

T T T T 1 0 T T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Deflection (mm) Deflection (mm)

Fig 3. Load-deflection curves of NiTi springs. X axis, Deflection (mm); Y axis, Load (N). 1st cycle, initial test; 2nd
cycle, after 4 week extension.
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Fig 3. Continued.

2 3lo-He] FAAM 5/
39 e S 7R oo met
W9 o] Ml ats2 A WistelA] A €

ot & S o] &g BA] I H oA
] = A&st7] Al UYA-Hehy 2Y =2
H3 ok dutAl o' exx|o] T} o] %
= ¢ T HAE A e TS 150 - 200 g
ZHEo] 3ol Fesitty gelA] o™ Newton o
= 2 No| "tk Al1a72] TA]
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A 0}371 = 1%0}04
hookel| A Al 1tH7-2] €] hook7HA] 2]
mm= A4FE Ak o] Aglela YA- FJE}H
23X 2A| Q] dolE wl Zro] I AxF o] A%
o] Ht} A28 Zo]7} 8§ mm<! Jinsung blue} 12

mm¢! Ni-Ti medium, Nitanium< A 2] 8F YA ~
_LE_J 710]‘:. 9 mmolt’i ﬂ{—q—orﬂo] {‘—ZH’S]—X]
FETha 7HgellE B¢ =X o] AR EE 16 -
20 mme o238k = Q) w3 AT 2Y
~EYS AL A, At AR} AX Apolel
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Sentalloy yellow

Sentalloy red

L L L L& &L L L L L& &L L L L& &L
q/é‘ (oé‘ \Qé‘ \@6‘ %06‘ (f;é‘ %Qé‘ q/@ (06‘ \Qé‘ \%é‘ r&é‘ qu& {bgé‘ q/é‘ (36‘ \Qé‘ ,\b& (196‘ rﬁﬁ& %Qé‘
Deflection (mm) Deflection (mm) Deflection (mm)
3.5 Jinsung blue 3.5 Ni-Ti medium -
37 37 ._,4——-&'/. —— oguL(N)
257 257 < -~ ogy E (mm)
Z 5 Z 5 *_,-—X"’ - Og L (N)
§ 15- § 154 — 0 --x-- og E (mm)
— |
1 = S > S 1 Ao .
O'g- .___.___'____..—-»-l—‘=1¥-'=': Og_
LS L L L L& &L L L L L L& &L
q,@ (0@ \Q@ '@@ (196‘ qﬁD& '50& ,]/@ %@ \Q@ '@é‘ (196‘ qﬁoé‘ %Qé\

Deflection (mm)

Fig 4. Change in transformation threshold point ( 0 si)

Deflection (mm)

and reverse transformation finish point ( o r) according to the

amount of spring extension. X axis, Deflection (mm); Y axis, Load (N). ¢ swm L, transformation threshold point load;

o sim E, transformation threshold point extension; or L

, reverse transformation finish point load; o r E, reverse trans-

formation finish point extension. *2 mm, 5 mm o gw and 2 mm, 5 mm, 30 mm o r of Ni-Ti medium was not measured

due to their ambiguity.

Table 3. Plastic deformation of NiTi springs

(unit: mm)
Product 15 mm 20 mm 25 mm 30 mm
Sentalloy blue 0.05 + 0.04 0.01 = 0.01 0.02 =+ 0.03 0.00 = 0.00
Sentalloy yellow 0.09 + 0.04 0.09 + 0.08 0.05 = 0.04 0.00 = 0.00
Sentalloy red 0.05 = 0.06 0.02 + 0.02 0.00 = 0.00 0.01 = 0.02
Jinsung blue 0.05 = 0.00 0.22 + 0.19 0.11 = 0.05 0.17 £ 0.15
NiTi medium 0.15 + 0.02 036 £ 0.13 117 = 011 392 =+ 0.16
Orthonol 0.11 + 0.06 0.48 + 0.09 1.34 + 0.19 3.61 £ 0.66
Nitanium 0.17 = 0.07 0.75 + 0.20 201 = 0.71 366 + 2.08
mm= AL ¢ Stk & AN 2xFe] o] #AHAUTL o]9} FAleHA %2 UA-Helw
o A17gE 30 mm=E AAFste] 2~z e] AFHH ¢ P 2L xR gk of5-A 9] Aol A Sen-
= 2 mmolA 30 mmE B 3FAc} talloy 4= Y ~Zgnto] Fgi3k ek HEekd
Sentalloy blue, Sentalloy yellow, Sentalloy red, Jin- S Hotn Bad up ok A A (0 am)
sung blue® A= 2 mmF-E| 30 mm7H<] & ol & Aol BAIgle]l 4R S Blov o
A 22 o] EASHITE Ni-Ti mediume 2 HE TR0 ATl S7Hg uet wst

mm& 5 mm A7 Aol 28 Herjo] HEE
Al ket 10 mm A1 AlFElE 284 S
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Table 4. Plastic deformation after 4 weeks of extension
(unit: mm)
Product 15 mm 20 mm 25 mm 30 mm
Sentalloy blue 017 + 0.12 0.07 + 0.06 050 + 0.87 0.10 + 0.17
Sentalloy yellow 0.10 = 0.10 0.23 + 0.06 0.33 + 0.06 0.20 + 0.17
Sentalloy red 0.10 = 0.00 0.10 + 0.10 017 + 0.15 060 £ 0.20
Jinsung blue 0.07 = 0.12 0.10 = 0.10 0.10 = 0.10 0.13 = 0.06
NiTi medium 0.17 + 0.06 0.30 + 0.17 063 + 0.25 400 + 1.44
Orthonol 0.10 £ 0.00 047 + 0.12 050 + 0.10 097 + 0.06
Nitanium 0.17 £ 0.06 0.40 + 0.00 0.60 = 0.10 127 + 0.15
U stegke] HlAom agged ole &Y A ek w2 Ft A A o] I EH = A
o|glo] 4l 7Fo] F7IdTE AXT] Wil Ao = 3t Al EUE @9t Al §3 #-EEE A
AZEY, o83t g Q ~HUolE YA-EE s Al g8 UA-EEhE 2Y 228 e
7 golojol|A] Aol SIS E 22 W 45 o]} AEstA® 3o Arl= AA WA %
Ao "sts Al do] gAastitiar Haigh Bur- = A= odnh ey deket S21Eo|u ol
stone 59 AT}t e ZAifo|r) B o)A Edof o3l ~xge] dRFEo] HEstA Eoud
Ni-Ti medium-2 A1747Fo] F71eT5 o9 W7k A GTHREE s Jenz ddHow A8t
< HARAH oz FkE 3 stk ot A dle S GTHE of Fol #3E o] Hgsith
tl, ©]= Ni-Ti mediumellA] 44 Wao] 7} =7) Chang 5"°& UA-EelgA H43d 7Y ~=&)
Foz Aztdch 15 mm A% Al 0 Jinsung o &4 WIS st Azt @ AFolA
bluel A+ 0.35 mm, 0.92 N XA o] 3 Ni-Ti me- Ormco?] ~X&o] 20 mm 417 A] 3.6 mm=E 7}3+
dium< 2.1 mm, 098 N Aoz AZ=HUth 2 24 W8S Yehda, 522 Ortho Organi-
Jinsung blue| A= 0.35 mm F =2 413 5Fo] A zers®] 232 o] 32 mme] 24 WES Yehy o

H AFel= vdo] LI HUA 092 N9 jlo]
FAE RS Ni-Ti mediumol| A= &4 W]
oJu} 2 mm o]st= Aol Fasw et F
F¥o] jlo] 543 FaHUT

59 YA-HEHE 39| bending property S
AbgE A% A= RMO2Q| Orthonol &8 et
= YERA] 2= W] Ormeo®] Ni-Ti 342 %
& Uehdtta Bastgith B ATl A = Sen-
talloy blue, Sentalloy yellow, Sentalloy red, Jinsung
blued| A= & MM 2] Yehga &4
Wgo]l Ao ¢glA™ ¥ Ni-Ti mediumel| A= 10
mm A7 AR 28 Feeo] EAshd &4
o] 3A YEREIL Orthonol} Nitaniumel| A &
g 2edo] yehA] edsken a4 W ol

hul

S
73

P

¥ OBk

&)
8}
5]
o}
] she-H9] I 473 xRS AGA
A Fo] 23z o5
%2l
Ag Al

15 Al
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AN A 47 T shEihe
st e ghe nyth
a2 7he wof gl o 2
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P
it 2 |

Tomy2] ~3XFo] 1.0 mmzE 7 2 24 S
et stk 2 AFeME A WA sks-H
9 AlgollA 30 mm AFAIZ S 7% Ni-Ti medium,
Orthonol, Nitanium©]A 3 mm ©]%e] &4 W o]
ERE 2™ Sentalloy spring< 0 - 0.1 mme] &/ ¥
S BHAh 45 Foke] &4 WY =S =%3
A%} 30 mm 417 Alell& Orthonol, Nitanium®] 1 -
2 mm Ate]e] &4 W13 B3, Ni-Ti medium-
A2 30 mm A Al 392 mme] A4 WIS B
3, 473 AGAA FABHE et SR 4
mme]| A&/ Wigo] dojuf 7P & & WY S B

et

a=

dF T YA-Hers A43
2 mm, 5 mm, 10 mm, 15 mm, 20 mm, 25 mm, 30
mm A F EF89 54 24 WFS
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ET BT
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X

0;
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. ols-A9 23 Z3} Sentalloy springZ} Jinsung
blueol| A= 2= HelolA 284 Feteo] =4
SIS Th Ni-Ti mediume= 10 mmF-EH & 28 3
Elodo] 2435} 2™ OrthonolZ}t Nitaniumol| A=
ZEdo] HEEA] Zth

2. Aol F71etd = Sentalloy springZ} Jinsung

blue= FHE T8O WA 79 LAsHA
ou guid Fu39 stk FxAew
A2E A, Ni-Ti mediumel & 24 W3] =
Zhel et gue TR Mgt FA e
2 7t o stk ot A doh

3. Sentalloy spring, Jinsung blue®lA1+= 30 mm 217
Alel% 1 mm ©]ste] &4 WMol Yepke
Ni-Ti medium, Orthonol, Nitanium®]4]+£ 25 mm

o] A7 AIFH 1 mm o] a4 Wdo]

il

ZEgiek. 4 B FAG T 24 WIE )
=3 AFL By

4. 3 WA WY ARLS AW F 4T A2
L e Zolz AFAA #AF F oA B
W9 AR ARG A3, 4F T FEghe 3
WA A9 A9 sEgkET e @S Ha
53] gtz AR a5 Al go] o AA 7
2E A

ol’de] AxE T8 = W Sentalloy®} Jinsung

2 - 30 mm®] A7) el
Aol 2ebg A glo] AMEE o 3l
473 FAStA = Goks Al §lo] A
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ORIGINAL ARTICLE

Load-deflection characteristics and plastic deformation of

NiTi closed coil springs

Ah-young Son, DDS, MSD,* Sung-hoon Lim, DDS, MSD, PhD"

Objective: NiTi closed coil springs were reported to have relatively constant unloading forces. However, the char-
acteristics of NiTi closed coil springs from various manufacturers have not been elucidated. The purpose of this
study was to compare load-deflection characteristics of various NiTi closed coil springs and to find out the optimal
range of extension. Methods: Seven kinds of NiTi closed coil springs from five manufacturers were tested. Load
deflection curves were obtained at extension ranges from 2 mm to 30 mm. Also, springs were kept extended
during a 4 week period, and then load deflection curves were obtained again. Results: Sentalloy (Tomy) and
Jinsung blue (Jinsung) showed superelasticity in every extension ranges tested and showed plastic deformation
of less than 1 mm. Ni-Ti (Ormco) showed superelasticity only after the springs were extended at or more than
10 mm, thereby meaning that clinicians should extend these springs at or more than 10 mm to utilize the
superelasticity. Orthonol (RMO) and Nitanium (Ortho Organizers) did not show superelasticity. After 4 weeks of
extension, all springs showed plastic deformation less than 1 mm when the extension was at or under 25 mm.
Conclusions: The superelastic behavior of NiTi closed springs were different among various NiTi spring products,
and some NiTi closed springs failed to show superelasticity. (Korean J Orthod 2009;39(5):310-319)
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