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=5 A= togel FHII glo] A2wFor $Ho
AT e Aol Ao dtatd Fxo s
I. A = 7172 2o 3 s ct. Reynolds®E =tz 9
II. 43845 ¢ 3y 5o 20°0~30" ol A ZAAlE= AHAZ FA
m. 244 Adtctn 93, Tylman”e 2404 74 Abs)
V. % 9 2% W 24 hEe A AWK E ALEEER] o}
v.d £ of gkt st vh. ®d TAF uprightA] 7] 4|
HaEd gl 2Fge Zolrh AT AL o
RATzE uhebal gl W3S ShA] Ews9),  zjztE o] ol
AR R T Ao o A&E wet AEE7] Wl FAH
AR Fadol 7hedhA Hcoh?, zelnE AdgHe
2 o3d ANAE 47 A= AAE
I. A 2 & uprightA] 7 oF gtc}.

Aoz 7AAR FAE uprightA] 7] =H
AIHFXE GFHFE F73U 712 =F Helical uprighting spring, Open coil spring,
Z¥ 5t Xol2 A AolfAFe o] =Elo] o} T-loop spring, Broussard uprighting spring
71 WA= A Hotoleth, st Al % Burstone uprighting spring & %<& Wi

T 7b AR ket A2dlTAe 2% 24 ol ofe] ARl o3 HaE et
22 AHAAAI A24TF A= Aoz olF A olel] mAg o] ZpAA Hwl X H
v, X z%Al(alveolar ridge) > ¥HAFo= ZEol FHo| WAFA FHed, $HEHE 24
Fo] Fobdrl, 53 A2ulTA = w|AAAAH st wezs FHEEZs4 (brittle coating
2% (stress) & 7] g2 T A7 4A A method), strain gauge®, w+3o4% % 3
ofupw, 24l ArbE FHo| FAld AFdo B Feol AUk FRAW e B3 +x2E
PA=A Hcop-v, off A71= 71AA ] HE3HE /M 3A I
Kratochvil} Caputo’= 134 712 % ¢ 2 AZAA SHo 2 2E Xy uy
Ah Aol m] A& 3o wpgko] Hoje] FFHOR 224 HFI Apolo] AEI 22 PRI 2
Fafjok ANA ) AF2A o v]H = HE HL P& XA dFE 7hete dAE FEkA
3t & 4 ot 9w, Glickmansg®e & A S st 2AgeEA 2y



Fo] HA=E $FHEEY Y4E AAAHoZ
stetd 4 gl whgelrpe.

1935\ Zak'"7} mAHol HAzFo| mA &
o 3koll sl FAY-E o] &3 olal, FukA
He o] &d UL T /I P AF7L A
osl, 538 AR AGFFopA o|FoA g
che1s-24) ol g A e Kok A= Chaconas®®
7} canine retraction springs®l gabling &3
of wisll, Caputo®®+ 7z F olgAlel #A
Aot T4 ehe $EHEZ o,
Brodsky?"+= A&7 ARl vebe SHEE
of thall, =2l Baeten®°] 177}A canine

retraction springell w& retraction mecha-

nismel] H&] FeRAHE o]&F ATFE 22
3hodek. Sell A 21%0] head gear® Al
T AYHo] FAtAE mlAE G o
dl, 3} o]0 MEAW7} of7|stE L8 %
of Hg FRAeE AFE s,

2 AT 3ot AldTH I AA =] A2
TRA7E ZA 2 AAA Aol ot FF
molar uprighting spring& AH&3t5& o %
ZF vehve FHEZE 2348 FuAge
2 ula EA3te] thad) AHE Aol B
etz A} et

I. 48Xz ¥ U
. AEXNE

slet #A= A, Al 24TH P A2hTH
% Wheeler’Vol] 93] Al&3 Hq=gl Holz
712 FelAdE49 PL-1 type? epoxy resin
(Measurements Group, INC., U.S.A.)e &
Azstgct. stet #HAF ALRTA 7L AEs o]
A2el7+A7E FAe2 AR 5o o 3
% 43%(quadrant) & wsdtd 3oz A
stk (Fig. 1), A2oiFAE &7 A
Zoll el 359 Awk AHAE o] FEE g

, Aol A& Azl Hom# Turley®?2)
Haste] 7.0mmE . olw] &

2 silicone oil(Measurements Group,
INC., US.A)E dA89c. Az=FL PL

£ [
b
il

epoxy resin-———s

-1type2] epoxy resinit} FErl ] ¥
PL-3type 2 epoxy resin(Measurements
Group, INC., U.S.A.)¢ ol&gozy H
£ spring 3ol oM E HAzFo) REEHE
Lo FA-E dol 4 YA .

Azl myge] =g Holo] o) (band) S
Agste] A AL 2&FHolE 0.018X0.
025 inch slot®] bracketS, A2tHTA ol
buccal tube® A~ €AH3I F zinc phosphate
cemento. 2 A3t o]4z o] Az
ot 2% 4849 Puh 2¥e) AZT B4
e AFLHol ABdA WAt 4719 A
ole] A Z¥oll <dzke] AF-EHol EAFA
o} (Fig. 8), ¥ AT A=EY 7
s FAE o] FEAHolmg AFITH
A3l o}

Spring®] &%l W& IHE BAINI] A
3] molar uprighting spring® 0.017X0.022
inch Elgiloy 234 A2 Azste] dA
3lgit}. Helical uprighting spring® T-loop
springell = Tuncay 5?9 ®1% Hzng 3
o] 309 tip back angle® 334,
Modified T-loop9] Al F2lgtall&= 15°9 tip
back angle® Fo3dgom®,  3F#H Open
coil spring® 7d-$l¥ 0.018 inch Elgiloy 3L
A4 AAME plain AefolA dHejzta o] A
Aol 0.009%x0.036 inchel Elgiloy open coil
spring® 1ldmmz Axkste] AFslshod o (Fig.
2, Table 1).

molar uprighting spring
.018 X .025 buccal tube

PL~1
Cpoxy resind

PL-3 .

Fig. 1. Schematic illustration of test specimen.
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Fig. 2. Schematic drawings of 4 molar uprighting
springs
1. Helical uprighting spring,
2. T-loop spring,
3. Modified T-loop spring,
4. Open coil spring

Table 1. Molar uprighting springs used in this study

A blackel 0z}, rede} blue/green Abe]7} 1
2, =W redet green Abel7} 2z, AluwlA
reds} green #}el7} 3zxtz AA ZrslE &
HAe]-E e R (Table 2) .

Table 2 Dominant isochromatic fringe colors for
fulifield interpretation

-

Helical uprighting spring
T-loop spring
Modified T-loop spring

A W N

Open coil spring

=3k activationo] =& FAE HBaelr] Y
3 30° tip back angleo] ¥oizle 9= T
-loop spring?] HA FEte 2mm Fulo g
@7 cinch backg A& s}t

2. Al

Al Higd

[=N=1

1%

A=x Fekd mdo] A9 molar
uprighting spring< A3t ZAshe] FE}
A AdAR=zA Circular
Polariscope (Model PA-420,

Fine Instrument Co. Ltd.,
o:] 0 Ei H

Transmission
Riken Keiki
Japan) & o] &3}
T 4g Y53 4304 DAY

black/yellow/red/blue—green/yellow/red/
green/yellow/red/greens- 2 ul¥-3 £ =2
vebd ot BHAFE Fobe w2 obx ok

Color Approximate Fringe Order
Black 0
Yellow 0.6
Red 0.9
Purple (Tint of Passage) 1.0
Biue-Green 1.2
Yellow 1.5
Red 1.7%
Red/Green Transition 2.0
Green 2.2
Yellow ‘ 2.5
Red 2.8
Red/Green Transition 3.0
Green 3.2

A A2 momentd| ST AAse Aol
Fostnz AgAzte dd 4 Hop §o
A 7] Ad AeaTH Y ASHE TIEeR
sted FHEHE XF, Aot AFE YF 28z
gA2 wFs Yelle X, YHe S +4
%¢ 7%= A3t (Fig. 3~7).

|. Helical uprighting spring(Fig. 3,9).

&4 HEE  fringe patternOH SRR
TAR 2R 22248 S Ao

< #etM e 1 279 &

Ho| vlmA FUINA JAEUG ubwe] A
ZoAE A2diFAe ZAzAH] 3.03H9]
L#@ A o] Yehta FEoA #AAH fringe
pattern® f-AFsht A2lEA e A1 2.0
)3 A2 A2 (0.6 F9He FH
7b o A=A dEbsd], ol A2HT-A 7t
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HAlez AAAHE Y4 moment (Mz) & &
Aoz A= 24 334 moment(My) 7}
FA = A $H AFEHY7 AZoE o F
el d&e 2oAF2 Yt 2y oEE
Al momentd] °J&o] vl oo Az
Z9| fringe’} Z(arc) & o|F+& %
P 3, HFolA A2THY 2=
A3 A2k Alo]o AZxkE: <oF 1/5-1/600 &
Ao FH 7t BAEGEH, ole A2l s}
Aoz AAAHE AAFAY AALE 2
gF 3 Yt

mo rl o

2. T-loop spring(Fig. 4, 10)

-

Helical uprighting spring?] 2-$-9} §A}3l
fringe patterng Rolz o} Hulxgow
FHzaF7E o S AE £ 4 e, o
T-loop spring®] 7}Ad (stiffness) o] ©] =t}
Ae BoFa Q. AAR S #3
FHAFE AzdhTFA e ZAA=A 3.0
Akl o] L3P n AaFAY PAA=
Aol = 3.029] SHAF o] ALt A4
T Az SHAFT 97 e
T A2 A2eEA e Al24FH Alelel] ¢l gH

P [y o

<l
<

L
5

Fig. 3. litustrating force system produced by
helical uprighting spring. C.R: Center of
rotation.

o] &3 ke FAol.
T AZol A BAH FH a4 A2d T2
AR ZA 4.02, ATl 2.2% 2
Bl Al2aH Xawk FolA o 1.9%¢]
SHo] TE3t. A2u]TH 9 ZAXZA
3.0xk2] AA Fxr} 432 wgo 2 ZA Fo
v ql+=dl, o]+ Helical uprighting spring®]
ZAtols AEHo] A ALskA] gx 9l
4ksll T-loop springol+ A& (Fy)e] A
&3 Jee BoiFm Qi

z#vt T-loop spring®] A $= Aukdozm
4] moment (Mz) &] <4 3ko] =¥} oo 4] A
2uF-A o ZAAZHEZ FEH Aol TAH
A=A <f7re] AAH (Fx)3 FEH (Fy)
of EAste +4 34 moment(My)ell <3
helical uprighting spring®] 7%} §A}siA|
g Y FAF FH7} dFoz olFslge

o, A4 A AAFAE A2dTAH Y Az

Lo

A A Eekatole AEwkE o 1/5-1/60] &

ANt YHg RHojFa g,
3. Modified T-loop spring(Fig. 5, !1)

ol A A=t F springell ®ld] AHEH <l

Y Y

@ .
—' fx X —B(% X
Fy

Fig. 4. Illustrating force system produced by T-
loop spring C.R: Center of rotation.
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fringe pattern9] °c1‘/‘c}°ﬂ Abekdt apolsb i,
A2 T2 9] FAZo] HAH
&34 éac’ﬂﬂ 719] AR Aol TA
2 A7t o Agstn ‘&/ﬁi]i’o‘ﬂ] "PE}"}
HAF £99 FHAFE 3
A= Qled], o] HFxE "—]‘7‘}31 =4 34
moment (My) 7} 2835t 9]
o}

a2 2.0xFe]e) HA FHrt A2r)TA 9
TAXZAANA A2t Hgez 35 aEd
Al Beix]xz 9lEd], o]+ T-loop springy
7ot dbelE A2dftAel  HEFE (intru-
sive force, Fy)o] A&35l1 YL HoAaF1
k. & o] 7 $olAE 94 moment(Mz)
off 23t odFo] x|ujHo]7] wFol TS Ale]
g o
A Re

r_\'ﬁ, olo

-r" 9l T-loop spring® 7}Ae] &
oy} & Aolgdo g A2

X o] FAlX ]Z: Aol 3ol 3.03E s<lsls]e]
93 TAAEUE AHAE wmA o FL

A &Ho] XL FE BdF 3 9rt.
4. Open coil spring(Fig. 6, 12).
o] Mol Ardgk Al springFE ] FEoA

W43 fringe patterne] Exl Awstz |20
TF-H o ZA Az Yehd FH A5 4.0

Fig. 5. Illustrating force system produced by
Modified T-loop spring. C.R: Center of
rotation.

2 3A Jelygc}, o]+ FA (main wire) oll
os wAlEl+ 94 moment(Mz) 9 open
coil springell 9j&l 2H&-=+= 48 (Fx)o] d
Al 8ld moment(My) & WA ZZ
AT FH7F §Eoz o)Fso] UFE RoAF
2 k. o] ZFolE  helical uprighting
spring?] ZfollAMzE AFHolu et el
AY EAA 7] Wl AT A4
Az2Ao] vehd FHAY FH7E FAYLE
a8 vetyz 913, 44 moment(Mz) 2
g Hohe YAE (Mx)9 9ol ©l 27

A2 FA 8] A 2ol 4 &
o] WAYL AR TYL
of 24 AzAol FHA
A5 olch. A2eTFA ol A ol A 2,

o o] BAHUD AAATHE @} S

o] Azl Frlsle] HAXRAAAE 5,239

Fig. 6. lllustrating force system produced by
Open coil spring. C.R: Center of rota-
tion.
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Fig. 7. Mlustrating force system produced by
T-loop spring with activation. C.R:
Center of rotation.v

2 Sl #A=EUG, AT HA} A

Aoz AAAHE A moment(Mz)o 314

FAL A2dlFA e A Zwk Yo g o]FE

Ak, ol 7]2£9 T-loop springS 2mm 3

Wo 2 oA activation A7 FozA A2d

TH ol ZAH (Fact)o] #&3la 3-F& B
F3 et

V. 5% % 2@

A2l A o} TAAAE AT A2
3 ekr=lEdl Aol AF HIA He
A&zl shtelch, AINFAE FFHF
b dd &3ty Aol AFAE
of ol3tsle] 7 A H&EEE Holald]),
Ast5392 13~144] olzollA 35.29%<] A1t
FAHo A4AEE vdckn sk AT
7} A<EAE o A2dTFAE 4oz A
Ha 7o An %

AARA THE uprightingA] 7= %A
obe MAAl HEAA Y o A"l 91

Fgozd AFA AFAGSH g4
ol 9o
upright 4|

2= gt

f rlo

o
rd 2 ooy

3L

NORE)

(occlusal traumatism) &
410,35.37). _‘El_./g 7(;)];}.5‘,]_ :,’-;2]—%—

N

AR PAA] Az =25 APE 3
A A ZHAEL] HFAE Fola, RAEY
AR} A2 A& BYsHA == A
Ao AARE ez & 5 gled, 45
b2 AA (pontic design) S AL 4 %
ohosn. geja AAA FAY 24l EAE
2 e FUNAFYe] AA=HZ, HFF] A
ote] A& ozt AtEY| wFo AAH
7] sl }%ﬂ"i A3 AF2AE 74
] })\;}_8—10,12,1438). °]°ﬂ 1\;1__
TF-oll M= %*c. 2.2 AR T3 9 uprighting
of AgEz dE' o= ¢  molar
uprighting springol 2}3] ZA=EE A=FY
o & B3 PAE vla HEIA XFzF
o]l $2)3 springg AHAY F Y= Fo=
A QAH §gol =gol HuA gt
- Heotoll mAgH o] AsAA = HE2a} A
ZFol §H (stress)o] WA Hch. o2
232 rhekdl mAAR ) Y8 AEdEHE vl
H BA44 force systemol &8 Aol o AF
zHo] wgatA Ak, Hobrb o] wf 47
= AgAdg AgFA (center of
resistance) el 2t3 d=d], o] Aoty =3}
FAE B3 JHElA" XA olE F, transla-
t10n°] dojvta HgFAE FHHA Fe
2 HAolF #ub ofzl F ol moment7}
TA3lo] Qo] doludeh, AGFAl-L Hopl
9 3% %l dol otz Hote] Helo} 27,
E 2 2o Al s w3t
EP”“"’. HZH el AA AL Az=AA
ALAR A AAEH 1/3-1/4o1 HA 3
2, S2AE A FAY ASE AZTAF
(furcation area)ol4] ALTEHSZ 1~2mm
sk A ZApolel] EAGP. Aol Helst
2Ad ARFAL AIREoE o]F3A H
AL l X‘ﬂc’i A zFo] AA="
wEog Werh, 2z A
< A Aol AGFAlo]l AB

B0

g

2
FLI

d Fo] Aol Al Hole] IAFAl
(center of rotatlon) FAoz ArelE
(tipping) & &} Slt}h. olul A=A X o}
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FE Al X Zut Abolo] YA et db

o x| Fo) mAHBo] momente}t A FLghct

o HAFAL ATHFor o]FshA i,

moment”} % 7psjAlw A Al o] FE BHA

= olw o] IAFAL FIAHNE o]F3}A

AL AFFAE Tl Al ol

ok, A A o]Fo] dojuA

gl= 24% o]zld moment-to-force
ratio(M/F ratio) 2] Z78t =io] Yrj?.

2 o Fo] 4 molar uprighting springefl tip
back angel¥ %13 72 o]#{d moment7}t
A& dle] AAolFE Uyl HE Aol
o, 2 dFoAE  AzdTAA 4FFe
molar uprighting spring2 #23 23 =%
A AFA A z2AAM A ZA A A
& ok 1/5-1/60014 BAE Pz, AHFA
FAer Yior  AAxHE WG4
moment 7} 248 = 9 ‘

o= Holo]Fol= 7 AbolF (tipping) #
) Al 0] % (bodily movement) 5] =k A4
o] 52 wial mAHol el FpaA w Lo

G, Aot #1334 Aoz AAA

poh N A

rulo

o old Wo] AEHE He AzA WS
Azed AT ATA2 kg A

=2

oo b Aol AANEY W AL
o vmd TR FHol FEIED. A
AolEol ey mARET v 2 mAHo|
AAE FAA Yol A ¢ oz
AFHA gorne AFzAel FHT FBE
9|4 spsAel o Ak aeimz HohelFel
Hehol glofal Aol Fuc AalolBe] A
zAo| ©} wl@AY AojelFoletn ¥ + 3
.

2 Aol A8E 4559 spring 2ol A
Az FA el ZAATHA ol BAHAT
gae] 271k ofze Aeld HPAR vlad

FodebA sl AT AFzA 2 £

o] %ol 2|3} uprighting.o
74w A Ag At §

o= w3, Hoto]Fol wEe
(anchorage) 8]i XotAL£E A
(edentulous ridge) ¢ okAtell whel A #
i GraberVv A<£® dhet AlHTAE
gt wyers FAFY FRHAgE &
el Erlsslckn stedx, Kessler®= +3
o} x 2% Al (edentulous alveolar ridge) ©l
Hzor gAEo Y AL AN2EFY A
z}-2-4 7} (gingival dehiscence) %
27|27} ok71 =l 7] wl el X e
o ¢4t molar uprighting& F#-3t t{_ﬂd, Al
EH e 27 Hazh wpekA 0}1:]- #}3247)
5l o] sojex 3
2 oF ]HL T-loop spring¥ activation
A& o] ulmolA activation Aol 207X
Ao vmd 7YY $HELE B
= A2l R FAATHE R A2

REEEC YL

)

A
- d
o
_%
|

© bl
#BAFo] LAF U EH, 2Ym=
223 4o 7HA 4 dene
Fx 9] QA7 At 23 uprightinge] ©f =hat
Attt
retraction springell 4] gable angle®] Z7]ol
A glo] 3% activation® A1F3 A A
Abo) o] ofrlEoivta stgiEdl, £ el
% 2mm9 cinch backe] =3 activation
2 zZg3ste] A2l A ArbelEel of
21" Aotz AA"c, 2R %
activationo] w2 Ao thal we AF7}
Zgsie|ela A2t

2 oA T2 Z uprightA]Z @ modified

Caputo®<  canine

T-loop springs A3 =E 7459 springel
A AgelTEA ol FEHo| st Aotst
AZsm Hote] 7| A Fel & nygA o4
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& wxer]l g wgzyel AL
] B10,34.08) o] <qldl] #FAulAJe] ofr|E Yu}
bk BRAEAA LLY 4 glo] 2% u
47 43¢ 2stnz o2 WYIHE X
F d4oz FAAA 1A FAE F2 F
RAHA gl A o] o3 RAAss ulgkd s

o3 Azt
A st ool A WA AFE ) 4
Fude o8 we A7 A% o2 g

sdold oo Awe nae Aust 4
A geish SAsop Aol e AnE

Ag ¢ Aoke Aoleh, e Aol
WA el AYeAE 44347 o o
£ ASE ok £ Aol ALY FRLrY
= s B 2ANA Aol o) FoiA
Fajol 2 Aste e Rolr} gleds
3 ot $3 2o Axd B4,
FRea9R 9 AAAZEH AT 5 59

o} ®r} olAA el molar uprightingel] <H§ o
T} AldEoleol & Ao AgFHT
V. 4 g

24 AAE s A2 AE uprlghtmg*l
7 o Jz2Eo] Jehte FEELE WA
A Bt AEH-5 Dyl o‘?}‘a‘ 2%
A2tz Helical uprighting spring, T-loop
spring, Modified T-loop spring % Open
coil spring® 32 424 molar uprighting
spring$ A zHste] Ryol AAg F FHELT
F4E 22 FRAHE o] & vz R4

& A% st 2o AEE A

1. spring®} FFfol W& AT, 4FF2
spring 25 A2)Fxe] 34 A (center of
rotation) & A &A I AFuk Alelo AErlE
o 1/5-1/60141 FAEE e},

2. 4559 spring =5 A2uhFxe FAIH
o] wAE $He 3o oA %t
Aolg BgAat vlady FASA LEgc

3. spring®} FFol gloiAl, A2dFAHA =
45+ 494 moment¥ Open coil spring,

Helical uprighting spring, T-loop spring o
Modified T-loop spring? #o2 AHA 7}
3hod A3 o,

4. T-loop springoll4] AZ&#Ho] 4 =27
WA gl = Modified T-loop springoll & ¢k

o] wAEgoer, LYAHL Open coil
springell 4 7Hg A vebget,

5. T-loop springell activationg 4|83 7
- A2ATFHE 2AATHA YEhE &F
L Aol AzAo 2 AFE Fiste A
ZHoNA L SHAF] BAHA.
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— ABSTRACT -

A PHOTOELASTIC STUDY OF THE STRESS DISTRIBUTION
IN THE ALVEOLAR BONE BY VARIOUS MOLAR
UPRIGHTING SPRINGS

Jin-Hugh Choi, D.D.S., Jong-Chul Kim, D.D.S., M.S.D., Ph.D.

Dept. of Orthodontics, College of Dentistry, Chonnam National University

This study was performed to analyze the effects of forces to the alveolar bone by various
molar uprighting spring such as helical uprighting spring. T-loop spring, Modified T-loop spring
and open coil spring. The simplified two-dimensional photoelastic model was constructed with
a lower left posterior quadrant containing the second molar, the first and second premolars and
the canine, with the first molar missing. Several molar uprighting springs were fabricated from
0.017 by 0.022 inch blue Elgiloy and applied to the photoelastic model. Two-dimensional photo-
elastic stress analysis was performed, and the stress distribution was recorded by photography.

The results obtained were as follows;

1. In all the kinds of the springs, the center of rotation of the mandibular second molar was
oserved at the apical 1/5-1/6 between the alveolar crest and the root apex.

2. In all the kinds of the spring, the stress induced in the mesial root surface of the mandibular
second molar was relatively homogeneous but there was some difference in the magnitude
of the stress.

3. In the kinds of the springs, the distal crown tipping moment of the second molar was in-
creased in turn as open coil spring, helical uprighting spring, T-loop spring, and modified
T-loop spring.

4. The largest extrusive force was occured in the T-loop spring,intrusive force was occured
in Modified T-loop spring only, and the largest distal tipping force was occured in open coil
spring.

5. In the T-loop spring with activation, the stress induced in the mesial root surface of the
second molar was increased gradually from the root apex to the alveolar crest and highly
concentrated in the alveolar crest.
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Fig. 8.
Fig. 9.
‘Fig. 10.
Fig. 11.
Fig. 12,
Fig. 13.

EXPLANATION OF FIGURES

No molar uprighting spring. A) buccal, B) lingual
Helical uprighting spring. A) buccal, B) lingual -
T-loop spring. A) buccal; B) lingual

Modified T-loop spring. A) buccal, B) lingual
Open coil spring. A) buccal, B) lingual

T-loop spring with activation. A) buccal, B) lingual
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