looped
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wire 8| fEBIPE o} Buniliel] °|3F 81t

A RER KB wEEHN RIER X
(BE#HE &

*

— B

w W
ER
BHRME o
ot 1%

s Y B

G
PN

E 3 €l

=<=gE8E-

5
L)

I. #

BIRIE R0l 8L v 7 de BER K
REF S B, B8 KE, BES HaAE 19
2 BWE BEN Folx o) T B/IENY AL
fiz7t WET T g Hyeloh

BIE D) BYIE =714 o)sked Burstone? Gr-
aber®5-& k3l 3 ARG B IEH (light continuo-
us force) o] £EMEH EHES 23 BREY K
BSRE 2ok ik

oFsla Rl BIENS TR FEEHE
By} (ERBUES Einoll &l o|Fe] Aotz #
g

olel o] MEMPES WAL  (RREES
Al 7l bl gl EEE EH4FAY AolE
ol Aol dvdl, IEl BEMES fst
A A BENS 7] Hetd ERS Tl H

L
L

2
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&

B Erobe Ao|E H{mAl7l= Aol RiFselT A
A=l

oot BRREL Wl loops kst bra-
cketA}o]9] —sg&t Mfal E017kE wired] RAo|E
Al 71 e} o

el ERER S wiredl loopE FAKSHH L SHA6L
o] BHRES dv Bl AA IR Wi B
FET1el BAERCE o] BEE A o #iksl B
e 2o BJIESo| EHESHA EFH ol EEs A
£ & obviel, loop?| HREA =ebA g &
Etke] wWotA AL ANdE & Ehst kAR
g BolAl geppienw

Skinner='* wire® 7% o 2 £BRF7 B
fir=le) BEE o) vehtln s BRI &
BEE %39 ok AX BEsctz 3k

B s BAEC BrEsE R 120
~40,0% 3} 11. 8~13.9% & Eeghiko) =} o2
Al JwEE geps

A BB HIIEIE wireo] loopE AT = A
71 BEME o o8] wire®] BHME ) Bt
B3} looped wireE ByEET $ BWHMEO o
A abH = oL E MEEPEE hooE dobi )
Hste MafTE ek

0w =%

Skinner (1960) + A 71l Ya B &8 1
ST (crystal lattice) #ERNY &BE ¥/ #



fr=lo] phEziE el SBR T2 F¥(interference) B
s Mo|n ol2 Q3 E—3 B #HE o 4
7l& ool HE} AN AE BPAZL ¥ o
Aok 3ok

Caddell (1980) -2 #4770 oja) #fr=xl &BRTES
2 R RER =gl slede REHRE et
W= o] 5o] A4 ‘back stress’ & WHEKFIE.2
A& #Es = RY A wstd o 4
Al RREZ 3H5ick

Burstone (1961) -& wire$] TEYREV]T BN #
feolvt BBl o3 2A| #ML=l= B& HHoI
v GistE BEEELE o BHAGREE 3 KT
A 4 gon, Bl 2t wired4E K Tigo
At gk, KEol, wired) BHRE LS SBH
Fol =7, IS BE, #EE RBEG Y8t
of A% #LE JelPcla kg

Ingerslev(1966) & stainless steel wire® FE3}
B4, MRS Y & 47+ BEESCR
N KRERES HME, el BHEMREZL Enst
o MESVEE B8t ddutn #@ast gk

Nikolai (1985) & wire2] Htkolli=|e} ke 2
b o] 7L ‘stress history’ o] 2}3l %g‘% u=
o shglch & AAdlE kmEY W= st
dedl 1 B £EAEY o BEREMN B2
AXH L B BEs BB welA ez
Ahrol BHTsElA F Al ¥ 5 de BK K
Hol] gl%o] ERA N EHdlAl gk AR
RA7E delA o8 Blhste Hldl Birsiciz
3} olet.

BRESL wire®] HFAUXE ERAA B
A X S-S WA 4 gonzg Brksejofk
3ke, 2 AWiollvix o] B-L EEHHo] o Yxnt
—HHI2 2 WA} e BE T
teol vetx ahglek oledt Mol LR
feot sugEo o8 BMb" 4+ diul, M@
of wirezl . BHRE L Lo AHe wod &8
F Aol 8] #ao] FoAAT MES FEho] UA
SIS 2= Bofel B, MR E R VAE
o BLE ol s, BABEEKE MEdlux
7t BRE QA= 9 wirezt BirsHA o=
Fekol vieldeia gich

I+ ARl 2171 iRy 2 RRBA HEe
B ollvx 7 Hidesw EEFREE o) BB 18
mm, oo} HHTHES] WNE Holxiut FE

HL FA gL 4t 28y loopE BT
B == BYE S0 wired] WEBHEA 91+
MBS O o) sl EREI F¥e] ™
&gk

Thurow (1982) = B IEfiffToll 4 wireol| o3l #yl
B BRE A3 REFHE £9F L elastic
memory s {RHEEAIA wired] HEE KEMIA #
FAA Eohx 34k

Backofen(1951) o] EHFAH 3 closing loopell o
3t SIRE®RS EE &5, BEERN] ZEE
Bl -2 BEoll wls) EHARE AL ®insksich

Funk(1961) = stainless steel® mattress spring
S e ¥, BV BEE deAER #Eed
BRI th, 1elsl 28l springd FRASLY F—
3 dog AolgtA o B BEE HESNE &
R, 850F oA 34[ BRI} 5B #el st
2 Al gEslslcl

Howe (1968) &= stainless steel wire® ——7E[bH
A7 3 o RER SRS gl AuRER =
Eolzh PEgkel BuRFEE; MM B KRS BB E
HEE FEst RARel mfedl =teb4 12.0~40.0
%) BEME 10| BEEA o8 REHAGT e
3H4iet

= BREARS BEET % FIRER S BTl
L KR, 1 BEEBL 3~8% s icka 69
o},

Lane(1980) 2 contraction loopdl] w3t 3|EKE
ol 4] ByRE Fizl £ EERES ME HESHH
11.8~13.9% 4 EIkRE HRE HEHU

Martin(1984) & blue ElgiloyE furnaces} BH=
BRI 5, Bl ¥ 5RERE sl T Ahx B
R Kk 5 HEs) Wik Bt dgicte ¢
.
Nikolai(1985) = MR #uEfsl A% Bith, &
R loop®] LSS AT A B8 w
HA BERA BEENY B BEel  EH#S
R QAR wired] @Y B, 28z
ITHE(L S BEEol =lebd BERE, BWiolux),
BRBE/ BnE 75 stz B s E sga 8
et
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I. ®EaME X K&

ko2 wo) A=l v BWIVELE wired
016% 018, .016x.022% 018X.022"2] WKL 7}
Ao e x) 98 stainless steel wire{Unitek;
standard) 2} cobalt-chromium-nickel wire (Rocky
Mountain; Elgiloy) & 234t}

o] % EEAH T 1. 6me F—& ZRolz A
F B FEBEEE, loopuak FEBGEIERE, loopl
B BuREEoe  Jrglc

loop®] M¥E BRI L= £3 2ol U-loop,
L-loop, circle loop?] A 7215 sl At (18

1) O mm

—

2.5mm O

ag .

B ~ ¥k —loop?] WREE- BAEEET o whel M
4" HAX 5602, & HAE RAgE 644
2 3t FEhebo) BMREe) BEEERS fiEs Y
128

FRFE E Toll 35 2 5 d: 2IUE H
R3S B A B B A 5 A L0
HAA R T B Aolst Wem Al sHle (2
g 2)

loopT B A% Ormcofit ¢} 043-CK plier® [&—3}
MBEA F—3 HHELE loont HHEIRS: HES
o BfEst el

BRN ] BHREE] BWEFHS 1/20m7t=) #i
%E T[HER} vernier caliper (Mitutoyotk BU5)E M
Bl BiER B|ECAA D= s

AFE BE Wl BEA7IL 1 REE F o
2] o) ¥ caliper® JiEsle LH\EDL 3, F 0

R=N
=

11.6cm

10.0 om

AFEL 1.

HAE g g wfe] " 1 FAjol s v
2 Al BEEEES WEst, S BEk Folold
ERS TG o] F wAlUE AR Bk
T % HA RAY Fold WER ¥ EER ¥
olo} phirale) A=ie) kAol A VT FtEst
ek ol kAR Eo| & 0.2% BhEd
a}74x] 100mg# FfE-S #inAl Hoh

0.2% %) AABF o] Golshs =] FES 2 R
o) BWRES, O o8 S eSS MiRmeR
st o] Eo KRS WMEEHE=Z Hcpe

ByR P2 Big-Jane (Esmadentiit) furnaced
A 850°F¢ BEE 3 oM ZugEmslch

BRENC o3 WEBPES) BEES loop ¥
O FEBURER Y MIESHEAA B JepuriEn
o HEMPEE W Lo sldw, RE st
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BLE-S loopfUnk FURIRRFS| FEBE A loop
AR SEBRIERF o) FEEPES W HEL S5
1 HEHS 27 Hske t-testE ML

N. ® 8 i &

BREER BHEEES HIME T R REREES

£ 1), BEFERY A o BEEREAEE X
2o Vel gicl,
o] 5& e R MESMEEES THEI Aol
#3ol9 1 Bfit gm/mmr} HEE 3che
T1¥ 3¢ BRI REEHE S ﬁflﬁa B 55k
HES & JUEE BRg 2 =Zolch
e EEEL
0.35 . 2 AT
S 4%
0-30 DL e
C: Circle loop
0.25
0.20
0.15
0.10
.05
(g mm)
UILIC] 15 ‘
016" 018 016X 022" 018 X 022"
0.35
0.30
0.25
0.20
0.15
0.10
0.05
(9111/1:) |
3 U C UlLlc] BlUlLlc| [SUlLic
016" 018" 016 X.022" 018 x.022"
18] 3. (A) Stainless steel wired| SFHHE
(B) Cobalt-chromium-nickel wire®| 5H&H =

1. loopfpi Ol I8t HESTES L

loopf el Sl A WESH AL #kxl B &
Bate] %4 ol JebRgdeh o] LB loop AL
BB S MEMTEAA BER IFBUEEERNS
FEBMPES W HolH, By #EARS

ol kel A1
VEh 2] &7 95t t-test B HEfTESiER

Z 4. loopd Aol 9% s FHY =2 ¥3lzk(gm/mn)
2 A Uloop Lloop  Circle loop
016 003 *** 004 *** 002 ***
2 | 018 005 *** 005 *** 002 ***
2| 016 ggs5 s+ 007 *** 001
g |x022
@
018 g7 *** 012 *** 003 *
X.022
£ 016 0.03 ***  0.03 *** 001 ***
g 018 0.05 ***  0.06 *** 001 ***
-
S | 016 o7 **s 008 *** 001 **
3 glx.022
2
O §| 018 g7 *+x (.11 *** 003 ***
X.022
*p<0.05 **P<001 ***P<0.001
5 5. loopdAlell 23t stEHIH T wsle| & (%)
2 7 Uloop L loop Circle loop
| 016 42.86 57.14 28.57
g | 018 50.00 50.00 20.00
w
g 016 31 35 43.75 —
g |x.022
8
@ 018 3484 63.16 15.79
X.022
g 016 37.50 37.50 12.50
'g‘ 018 41.67 50.00 8.33
i
S _ | 016 4118 52.94 5.88
£ T | x022
23
3 §| 018 3333 52.38 14.29
X.022
H$TF 39.33 50.86 15.05
5ol ERREES H¥eo® lopdl FEEHVE

o) @it S HHRE YebHth

£ 44 loopmel st £Mtfhos  HES
BrEA mmg A2 vebgth 53 FRE AL
loop?] FLRER BMLEA, F—3t B HRAA
£ L loopd] FIEBUE /A Ek, T ol
U loop, circle loop?] JEOI T E#REECl AL i
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BEEMEL Yk

loops] RAGE MESMES Hmsle RS
HEsa, EE KA vlstd L loopt THES
WA 5 50.86% Emst AL, U loopy 39.33
%, circle loopt 15.05% © ¥%kvh (% 5)

#£3 4 HE P RERBESY £2RE &5 s
o, A—% BEE RA—AF#AA 84 cobalt-
chromium-nickel wire2] FfEBMZE 7} stainless st-
eel wired] WEBHE R} 2 S Roch

o] 2 wired+5 WEBBE L 22 loop
el o8 wmBE ZA Jepydel (29 3, &
4)

2. SyRIBON oSt HIEWTES WL

sppE o] MEMPE - L8 HANA JERUE
RS MESVE LB BEE 2o (2™ 3)
FIsE 018X.022” stainless steel®] L loop JHA S
BEEAS) MEEREL o 330 t-test BR,
HEHo| gdodrh

ByE Mo olgl HMEMHBE S MLES X6
ebdlc). o] Bl BuRER ] FEBPEAA
BUSENY RIEBEZEE W Aotk

+® 6. Gzl 2t 5T €Y= Hs(gm/om)

z A Uloop L loop Circle loop
016 001 ** 001 ** 000
8 | o18 o0.00 001 * 001 *
2
8 X-g;g 0.01 0.01 0.01
8
@ x'?);g 0.02 *** 001 0.00
g | 016 001 *** 001 *** 000
32
B | 018 002 %+ o001 ** o001 ***
'5-;; 016 902 *+ o001 0.02 ***
£31x.022
S8 o
STx L8 004 **+ o004 *** o002 *
*P<005 **P<00L ***P<0.001

6 olA R o8 WEME L Bm A
&+ HA el 2 @ES loopie A% AR
23, lopd] MEM BEEME FAR ML A
€ B%keh v MR HE 2RE WK 4

B3k, stainless steel®.t}= cobalt- chromium-ni-
ckel wireoll4] % EFEsl v}

V. 8 % 3

E® #FH2 At BBl aed],304
type?] stainless steel 2 #FIE st¢m, EERGY
REHS Fol7] Hsle TR iES Lbike BR
o} 10em3A| 3}

E HES A o RAlol BELZ HexHA
2 KF A7t FobA A calipere} Aol ] PhM
7t A7l vlA BEAEsle HE BEE g HE
caliper7} fitER +3dE £ 4L + U=
£ 39ick

#AH ¢ Aol Backofen, Funk, Ingerslev® &
Boell 2291 RK S Ty Rojol &l sl 10emz 3}
ek

VR o} BWMEFEIRS RE-S ME o3 Eih
= S 0.2% 7} kAR = o o HES #A
Bog vk ok WMESUE iR BEH
ol MR o 3 Bow BRSA dx A
A3 BfTE7 sEoleh weld xABHE-S FE
T 4 & ko] LR o], Ingerslev®: 0.5mm
o] kAERo| A7lv A< EYLE 332 Howe
9 0.2% 4 KAMHES Koz sl & HER
dlAde F 7kl ket Wl bR BRSO BHol &
o|l2E M3 MEAE 1 #7Ho] o}E BE &
BE A —#e BER s & BB —Ed
g HEmow sk Aol AEMClIA 0.2% B
mEe #sldc

SR TEEEol REES) Bl sl A= ol e B
kol glot SR BEfol gt Ingerslevd] &
R@0~257) S mstslnye A2 8 287 @k
& Eiolde 2 BES FEE P #igsld B
B%t Funk® &gl =elA 850°FellAl 34rR #k
sl et

ol #EREsE HAY BE HEA Bl
F—37 3 BEY loopE 9AMY A6 EBRH
AERSTLE X &4 = 8 HiEsld 344
Ag Bmal Yy BRE B Bl ¥ HEE
Fol7l #18 Bho BE F—sA 34k

HRAR, loop/okRs s BEE A A
FEEBMEE S THE #@nrt gk (P<0.05) o]
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0.35
]

0. 304
0.254
0.204
0.154

0.10+

0. 054

(9771-/7”7”) 1 1
.016 .018

.016 .018 .
X022 X0z {inch)

(A) Stainless steel wire

.016 .018 .016 .018 ,.
%. 022 X. 022 inch)

(B) Cobalt-chromium-nickel wire

L :Lloop
C : Circle loop

O 4 ¥ 2T SR

= BEEH 8 HMERTES o4 B s
Burstone®] FiRolu} A& #bslx %&b In-
gersler®| Rl M= <int BRI MHES
MES ®BinAl2lcls Nikolai®] #HBzE —B sl
Rolrt.

loopd} R MEMPEE —Hx @SS Jelb
At Lolooprt BE B5Bol 7 mEEHE L &
$3 1 t}go| U loop% i, circle loops RE #
Hob BEfCA 7 BEERA 77he 3¢ 29En
(29 4)

ol BM#HEEKS WX %+ @EAN —ed B
BEE B o) Rl o8 BiEsE o] L
loop7} 7} A3 U loop-circle loop- B EE ) IEFF
2 Fotd g =i

L loope| W&E#ME L 7124 & 22 U loopst
circle loopel] vl loop?| HKE-L Bl Eh [al
Bt wot B SIo] of wol WSy HFol
2 B

loopfE el 28 MIESMHES BsEs Be 2

= JHH 4] stainless steel® ) cobalt~ chromium-
nickel wire7} ZLA| Jebykel, ( 4) Bk  pg
ARFE 28 3 0l4] ®Eo] cobalt-chromium - nickel
wirez} v} & FEEPES L) o]  cobalt-
chromium-nickel wire7} stainless steel wire Xt}
ftko] 2 #ktd& et}

Bk o] & wiredE MEBHEL TR loop
Wil &l =l &% 2ZA vebsdeh (E 4,
1% 4)

oo ol4 EIR AN BEES REEMEL B
S42 22 AL wired] YEBH HH A3 Aol
I looplkell 2130 HEpmiEe]l & AL BEELS
Jehy = ) SBET Bl F&  wireoll 4
o gkr] Aozl 4 zsch

sh s o| MEMTE = FEBURER | RIEEY
EEH) A Jepstch (% 3, ¥ 3, £ 6)

loopf iRl B4 s BARES I Y HEEY
B Emsgene MERE T BRES KR
*(5W HESHET B =k dhlod 2394
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0.40-|
0.354
0.30- o L
o U
0.254 /
0.20 4 /
0.154 //
0.10 1 /
0.054
(Wt/m i I L 1
.016 .018 .016 .018 .
X.022 X.022 (inch)
(A) Stainless steel wire
U : U loop L : L loop

.016 .018 .016 .018 .
%.022 . og2 {inch)

(B) Cobalt - chromium - nickel wire
C : Circle loop

a7 5 AHETY SFUYE

®/hng A2, loopE THu RO BEEHS AA
B zlak A9 Vel =] #yol aljt BEE %Rl
sl MBS AF o2 A=) loopd WE
WIS 27| BFE FEBuRERAA et o] L
loop, U loop, circle loop2 & Jelytek (1Y 5)

V. & i

§55h 3 Fifiel |ENS A7) sted iR
loopE HkE o B4 BEEDA it wi-
red| BHME ol ksl A7), BuyRHo] o
g 8L B Tzl BES A

0167 0184 016” x.022% .018X.022”¢] ERE
Zt+= stainless steel (Standard), cobalt-chromium-
nickel(blue Elgiloy) wirei{ & —Egt Aolz =
< 5 EAH, loopMEK JEZEERE, looplgRk #
RERCE gk

loop2} FEE-2 U loop, L loop ¥ circle loop %

& B2 KTshsich

ByRHE furnaceol| 4| 850°Foll4 3 53f Mn#ist
Ak

& il Wt Wi Bl KRS T3 F 2
BHEES BHERS MEsly ol2fe WEE

WEE HESHR

AR T] loopTU AR FEBGREERE-S KISl loopl
iRell o3 MESEESY #MLE B vl AuRHEd
o3t #MbE looplWRk B TERE >} JEBURER S A
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THE LOAD DEFLECTION RATE OF LOOPED WIRE
AND (TS CHANGE BY HEAT TREATMENT
Yong-Kook Lee, D.D.S.

Dept. of Orthodontics, Graduate School, Seoul National University
(Directed by Prof. Yong-ll Chang, D.D.S., M.S.D.,Ph.D:)

This study was conducted to evaluate the effects of loop formation and heat treatment upon

the elastic properties of orthodontic wires,
The specimens selected were .016", .018", .016x.022", and .018x.022" sized stainless steel
(standard) and cobalt-chromium-nickel wires, and were divided into 7 groups as;

1.

2
3.
4.
5
6
7

straight non-heat treated

" U looped non-heat treated

L looped non-heat treated
Circle looped non-heat treated
U looped heat treated

L looped heat treated

Circle looped heat treated

Heat treatment was performed in Big Jane furnace at 850’ F for 3 minutes.

The elastic limit and the elastic range of each specimen were determined by bending test,

and load deflection rate was computed from those values.

The findings were as follows;

1. The formation of loop resulted in increased load-deflection rate for both stainless steel and

cobalt-chromium-nickel wires.

2. The heat treated group showed higher load-deflection rate than non-heat treated group,

which was more apparent in cobalt-chromiumnickel wire than in stainless steel wire,

3. L loop had the highest load-deflection rate among 3 types of loops, followed by U loop and

circle loop.

4. The specimens with greater diameter displayed the more increase in load-deflection rate by

looping and heat treatment.
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