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. Conventional retraction on lingual orthodontic

appliances. = = = ¢ v e e e e e e e e . 3
. Cross-over retraction on lingual orthodontic
appliances. = = ¢+ v e e e v e e e e e e 3
. Circular polariscope arrangement for visualization
of isochromatic fringes.« < + « + + + = = - = 6
. Unloaded state of photoelastic model. -+ - + - - 6
. loaded state of photoelastic model. - + -« - - - 7
Schematic diagrams of photoelastic model for
retraction methods. = « = =« ¢ ¢ 00 e 10
X =t

¥ 1. Fringe order of photoelastic model for retraction
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ZEac

A& RAZAZ Fot 684 AAA AA PR B o
TAR 271 9 £Xd a3 FSAd BAYEH A7

B A3 A AlaTxE $XF F5E9 134 Y(moderate anchorage)©]
27Ee A5 AN FAAHY Fd 6dA FHAL WRI A2s0W
(Cross-over) 2241 Wyizte] AU Y A7 & o FXF9 &8 £ X 2o
2 golr7] gt APHUAYG. AAFHL 150gm, 300gm 2 3L, 450gme] = 7|l
el HZEHYL 150gme A AQYer R AlLTAZ AALD AS
Aot Bge, NxFS FEHAPL-22 Aoty HA T2 AHAL. A
s Ao wel FaAd EME AdE A ofdg 2o

1L 5 Wyold AR AAHA 150gmeS 7HAS W £ #H dF % <9 H &
gol & dojuAl &gt

2. B M5 AQ WA Aol FEsE £ ¥ dA(Vertical
bowing effect) @ 43 3 @AH(Transverse bowing effect)o] o & dojytr}

3. 22298 A WA AJFHol FEFE £ I dYo] LYY AF
AAQAgte v H¥goZ o F dojuty 4 @ Y= o F doiwrh

4. Fde AAHAA THAY AF A Ho] 2r208 A WHEG T3
ALY 2 £9 3 Aol 6 & Loy

FNHE @ HEF wAYXE, 22209 A WY, 9 H ¥4, £33 # 4,
FEAd B

v



6AA HAAA A W wE A FAF
271 ¢ BXo #% 34 EAEY 27

<AZRAF FFF>

AMuign gete Ao gt

ol 4 ¥
LA &

AE IAXNEE 1909745 2AH 07 sy AR ofF dde A
AFXNEYoZ BE 3§&S do gvh #IdA HE nYAsE 4% AR
FRoR HIE o o ARE Boprt obd AR JAAA HUG HSF W
AN dPAA ¥F AR v JdeAREH 7 4 2 A8 =4
7R §& ztoldo] Yk @Y Kurz (1982)7F At H& nAA g 7]|F
2Y A& uAAE £ §F IFAES go] AVA, 7Y SN 2

i)

22 /iXzz % ngxEd 22 AER uy 48 2™ Tt &
ga sk olHF #HAAN HE ZAABANE F&F wAARAMAYE HT
2 XNgo] vla LX) ANEE A5 Fol B ¥ L] LAY Aol EAs=
g o183 Fago] giRFe] Bx T HAMAd depdn 2 FAME 1Y
A3 93 3 A4 (bowing effect)e] 7Hg WHEAQ FAgoltt. 1B
BHx) wAFXNE] oA AAR T AAA G uAHY 2R A F Y
(vertical bowing effect) ¥ 3 ¥ @A (transverse bowing effect)d] <W& F
2@ Aot 53 4% wAXgANAE AlATA LA A5 ARG A2
TA) Abold) offset bend7t $X3HA FH7) WEA HEF RAAFA HEH LA F
9ol 34 Zolr} 1278 o AojA FEAM A (Stiffness)o]l #FAhstEz M



A 3 AAAY E dXel d A dold £ de o] Ho| anti-tip,
anti-rotation bend® 4% AAAFE EAdA B §F 24 &8 €444 ¢
agHole AT AFE AHSung T, 2003).

A7 Futd dF wAAEANA F5ES A U(moderate anchorage)°]l ¥
8% Ago §F wAHFAAMG 2o, FF/) X (Transpalatal arch)o]} A3
3 (Lingual arch)2 AM&8A 43 FAFAM 9 rope-tie oz BAHYE 3
o weA 7o) sHoly HEF s4o] gl FEF FAFI ME dAHA o
22 79 # @80 Eo 4A dojd F A& o] dnkFig D. old sy
Romano (2000)& &4 15 Zolu NiTi coil spring & AAF - 74 A4,
A AL AT FA(hook)ll A A2 e B T30 LAF
ANzxRZE 71248 A2 RS AGATH(Fig 2). 2 o]¢h Zo] HF a4 X
gAld Ad TS AR eEN H @AE ol WY #F A7 ZAHL
ol & AFdAM olg dFnA ATt AAHA gAM= 3 A7V A=
Ay #H d4E o F dr AV Hed, e dHAA R
Schwartz (1932)€ H&F AUdHe] 300gme ZAsHA Hd AF Adiiel A
of gtetslo} F{F FHFol AdHozM AHTY SAHEI £FE ol Y F
F47t dojdia slgen T3 Storey® Smith (1952)& o} o] Fo o)A
A £58 9o F e AYYL AFTF 150~200gmeol i g3t

€8 ZESE #HESY] A 2 A7 A9 $y L Alfredo T (1982)3%
Asundi®} Kishen (2000), Chaconas & (1989), Itoh & (1985), Kuroe % (1999),
Matsui 5 (2000), Stefanec 5 (1993) 28X Yoon & (2002)°] -7l A&3 3
g4 ¥4 (photoelastic analysis)¢Idl o]l = 3 84 ZAY(finite element
method) ¢} Y Geramy, 2000, Osamu$}t Nobuhiro, 1985, Tanne %, 1998) laser 4+
Al &AW (laser reflection technique)(¥! 5, 1995, 2+3} £ 1993, Vanden Bulcke

2

%, 1987, Vanden Bulcke %, 1986), magnetic sensing system$ ©]&3 =4
(Yoshida %, 2001), €3 #A = (electrical resistance strain gauge method) % ©)
Ak = vF 2001, A &, 1987, Gjessing, 1985, Pedersen &, 1990, Pedersen
5, 1991, Weijs¢} Dejongh, 1997).



Fig 1. Conventional retraction on Fig 2. Cross-over retraction on

lingual orthodontic appliances. lingual orthodontic appliances.

o]l W] FHL 2y 3Fo] stsie W HF e AV R WAE F
5+ e (fringe pattern)] W3le} o3 WYHE FoME HIZ IHFHY &
¢ gz fF3 22 FAYe] @o] AHgHI Jled & dFdME e B4
HE AHgE AT i 2 Esldd we dA HAEE £ Y2 35 F-3 FH
7t B E 150] foldrte Aojth(Jamese William, 1991). 122 £ 4
T BEHS Fad BAYE AHEstd HF wAAsAA Z4zte] AdHe A7)
of thal Aot AAR Fu A glolM ZR2oH A W B HAF
29 Ay g 39
.

X A% 9 2% BRI Fo§ LBFHE Ao

I Ag 2 9y

1. 3a4d 239 A

A12e] ool wak 43 FA9 A7 g A JdElUY stFe] =) w
2 & ¥go] ey § gomg B dAFdMEe EFY Ao Uz ATAE
A 3G (Choy 5, 2000, Tanne %, 1991). A€E 28709 Aot A AFAS

Mclaghlin 5 (2002)0] A tete Xo} AAEe} ELaE Foste HHS w
Ee 7H0 ¢gge AAF Fesk AR Gebn age) Aol Actel =

et

_3_‘



wkob g2 mys Aty AYHE AFA FAA AlATAE AASS @R g

T IZAR A ASsAT. g2 ZHAAM
TAE BF AAsn A® FE0 #HA EAeE =xdn g QA A
of &8 U7 & #Ze] AFXNE AU F Dykman (1969)°] AA& 235
A HAAQ Araldyte 208S AFA 9 XFHoll Fo2 gFA 23 =¥39 7
A Fo FeAd #2 PL-2(Measurements group, INC, USA)E ¥ 1 A 3A)
A B EEg AFA

2. 4% Bale] &% 9 etojofgf 44<]
S4AdE Fad 2P 0167x022° A (stainless steel wire)o] W FH W 3 3)

I 016"x022° Aoz HAF ALE A A& AFRsn 61x A
(En-masse retraction)S ¢ F39 A= digFHoeg 4 Ax 9 6 A A
& FHol FHRe AA Atoldl Al@ddE AT AAT o o] HA FAS;
A oHMatsui 5, 2000, Vanden Bulcke %, 1987). A X%} FXHE Zz} AE& 4
Zdo = rope-tieste] M RAA F #He st AJE F4F 54
P F AAFE= A28 FMS=Z double over tiedln TAFE= durydoz A
Zado. 2d F AR SO HE B g2 gold ¥§F 2aA
(Korean Smart, Korea)& 2384t}

~
o
>
23

3 Hey 2

&

S4E 2 BB 27N HAAMAFig 3. 28 §He] YUe
FHdES A& AHFig 4. AAH9] 2718 AE Yol A BHeMq Hd
Burstone# Goldberg (1983)= 49 As 2 B et A7) map
HMYEE dod)7] ARste d5He RHEZ 24z gdada e, o A7

A &4 2] second order bending momentt:, 016"x022" stainless steel wired A

ofl

_4__



3625t125gm - mm=. A HUT. 7] 62T FAY AFFTANALY A
7} F38XY £F N2 g FHoE U 6mm HAE IUFo=R
A2 AYd= Matsui (200002 A+ A7t glemz o & A7 2
HALAHEL b, FEH9 second order bending forcex 291.7~3125gme] €}
asez AE2dA AFHAY AAdFd U AFEF o A7 FASE AR
B A3gMe AUHE 150gm, 300gm, 450gmeZ Y2 A Asld 150gm A=
g AR Ad¥ges, 300gm F=E HA AJHE % 2IsE ez, a8
450gm AEE A= o At 2dAH @4 A <A(Ormeo, USA)E A5
o AzxAE 7tz AAF FasS AldFA dF 2 FAd dial
gauge(Dentaurum, Germany)Z Z3A3l9 150gm, 300gm, 450gme| o= ztzt
AZdE & F23 02 circular transmission polariscope.2 $3 ¥ ¥AS #
Zata 71Fagch. =¥ AR Fag AldT AE: Hile Fadx
150gm, 300gm, 450gme| Po 2 7tz dAZAse Y EX A4S dFs1n 7E
At 7182 JivietE ol gstd WY A= HI oA gy A4H S
W= B A @M F 2y FEl(isochromatic fringe pattern)2 YEILUA €}
(Fig 5). ] %5 ¥d9 & A4(fringe order)gl 3t=d 3ol Qs ¥ 9
g 7I1Eo R A 0dAFE Astd g 7Y & AE A5 1, F HE A5
22 Alojurtn @ SFH7 dFE ol W AF 12 A o] AFE A
o2 shtgol QS gol W BAE ¢ £ Yvh(James? William, 1991).

LS p q Model o a X
]

Fig 3. Circular polariscope arrangement for visualization of isochromatic
fringes. LS : light source, P . polarizer, Q : quarter-wave plate, A : analyzer,

M : monochrometer.



A. Buccal view B. Lingual view C. Occlusal view

Fig 4. Unloaded state of photoelastic model.

A. Buccal view B. Lingual view C. Occlusal view

Fig 5. Loaded state of photoelastic model.

1. 2 =

H
i
A
Y,
ro

7h 150gmel AN A&

Fxelqe AlTAt A2dTAe 294 AW ¥ A9 A5 19
GEhIRLT A2aTAe 2HE A2wel AFR BB A5 3, FAY KED
Acd 3 Q45 A2AEA A5 % GeARTh 3ol AlRTAS A2
EAe 9UF AW B A5 12 deigD ALRTAY 2H3 A2w
B 4B A5 12 JEien A2aTA 24S v AHR 4=

ol



of A4 342, FUE KEW ATER A5 22 47 YUtk BFAZo)
A A2AETAS AIGTH L A2RTFASY U A2AB A5 18 b
AL A1£TFA ) FA} 9ol A4 28 vhehIATHFig 6).

' 300gmel AN A&

Y2AME 150gmel AAPL AENS Wsh FAW P YehiYw HE
AAE AldTAe] 245 AU AR BB A5 3¢ FHY KF A
& 28, ATeEC] A5 1 4% VAL Az2TAY 24E H2AY A3
B yme] A% 4%, WY %EC A4 3%, ATUER A5 28 44 Je
A olt 150gme] AUNHL &N Wt FAE 4L G 2PES
AL 150gme] WAL H4We st AR P4 vhehATHFig 6).

th. 450gme] AU A&

&AM E AldTA 2dHE A2d 2 A2EFd A4 28 YRR
A&7 2AF AU ARQR KEFA Ax 48, TN K A2LEHE
WHE 2R A5 3& 72+ Yl A e 150gme] AAHE 7HYE o
g Y9 F4e YT dEFdAA s AldAe 245 ASE R A2
Zo a4 28 YEAT A2a:TR O ZHE AW ABR KER I
%EA A 3, ATDF A5 28 47 Ul A 9fdl= 150gme] AYH
AERe B} FIT FFE YA aFAFANE AlaTA FH
ol 24 38 Uehd A o= 150gm] AUHEE HEAS o TS IS
YUebh 3l tH(Fig 6).

4o

¢ e

2. 82 Cross-over 4%

7} 150gme) A9 H HE
HEo M A2a7A 945 AUy Aldg+x, 22lx A7 29
A& A2H € AZ2dFd ¢ 1S YD A22TAY 2A4EF ASHY

...7_.



ARY Yme A5 0, FHF YE A5 1, A2ee| A5 12 ehy
Ak AEAME ALAFAS AAFAY AMS A2V} A2EFe) A5 1
GehiglE ALRTAY 2AE ATEY ARY KB A5, FLE KBE
A% 28 dehigen A2iTAY TAS AW AR YEA A5 342,
FUY 4ER ATUEA A4 %8 42 el LFASAAE A2ETA,
ARFA, A27A) BAE A2AZ) A% 18 YRR A1aTAe £
Aot Rgele A4 28 YEAATHFig 6)

'} 300gmel AAY A g

ol AFR FAZ A2 SA”Y ARR % 29l A5 1E, F
B BEA AS %S U A% A22TA AE A2A AR KH 52
3 %Z A4 1 vehd A AYsue 150gme AARE NG Wt
U P4 el SiTkFig 6).

o} 450gme] AYY H&

FEAME A22TRY A4S N2W 2 2A4E N29F4 A 11E v
d A golE 150gme AYHE AL do YT FFE JEUY A
dAE AT ZAHSE A2de] AAMALZ A5 1§ HEINJ R AL T X
o] 24F A2 ANAH KFo A 48, FUR KBF AF 34E, NILF
o ¢ 248 YEd AF dAF AW PR LI} TR KEF g 2
g, A2eRd 2 14E& YEbd RS A9das 150gme HAAHS ALHUS
et FLE FFE YT AFEEZAAE AlATAY FALG T 5
38 YEIRA T A2&TF A HE A2EFR A5 28 vEd A el 150gm
o Hdge ALAL dd I S e A (Fig 6).

99 2F4Eg 2 YebHATHTable D).



Buccal view Lingual view Occlusal view

150g
Lingual

£ . 300g

retraction
450g
150g

Cross-over

. 300g

retraction
450g

Fig 6. Schematic diagrams of photoelastic model for retraction methods.



Table 1. Fringe order of photoelastic model for retraction methods

Lingual retraction

Cross-over retraction

2nd premolar 1st molar 2nd premolar 1st molar
Mesial Distal Mesial Distal Mesial Distal Mesial Distal
Cervicall/3 35 25 1.0 1.0 25 1.0 10 1.0
Buccal .
i Middle 1/3 25 25 1.0 1.0 15 10 1.0 1.0
view
Apical 1/3 25 25 1.0 1.0 10 1.0 1.0 1.0
Cervicall/3 35 15 0.0 1.0 35 1.0 1.0 1.0
150g Lingual
: Middle 1/3 25 15 1.0 1.0 25 00 20 1.0
view
Apical 1/3 25 0.0 0.0 1.0 25 15 0.0 1.0
Occlusal  Buceal 20 10 10 10 20 10 10 10
view [ ingual 20 1.0 1.0 1.0 20 1.0 1.0 1.0
Cervicall/3 35 25 1.0 1.0 25 1.0 10 1.0
Buccal .
: Middle 1/3 25 25 1.0 1.0 15 1.0 1.0 1.0
view
Apical 1/3 25 25 1.0 1.0 1.0 1.0 1.0 1.0
Cervicall/3 40 40 30 1.0 35 15 15 1.0
3002 Lingual
_ Middle 1/3 30 3.0 20 1.0 25 15 25 1.0
view
Apical 1/3 20 20 10 1.0 25 15 0.0 1.0
Occlusal  Buccal 20 10 1.0 1.0 20 1.0 1.0 1.0
VieW  [ingual 20 1.0 1.0 1.0 20 10 1.0 1.0
Cervicall/3 40 30 20 20 25 15 10 1.0
Buccal
Ut Middle 13 30 30 20 20 15 15 10 10
view
Apical 1/3 30 3.0 2.0 2.0 15 15 1.0 1.0
Cervicall/3 40 30 2.0 1.0 45 25 1.0 1.0
4502 | ingual
NeUe \fddle 13 40 30 20 10 35 25 10 10
view
Apical 1/3 20 20 20 10 25 15 10 10
Occlusal  Buccal 30 1.0 1.0 1.0 3.0 1.0 1.0 1.0
View [ ingual 3.0 1.0 1.0 1.0 30 20 10 1.0




V. 11 3

A& mAARC AolA EA ] ANA FHHI FE aHFAES 2o
¥ o) FAZE Hed, 2 oA £9 # 32 g B AxTol 71
HE HEE nPdes A 2 wAsA 41 F2 AN deye ol&
gt W £Ee I AAE FAS} At AlRTA Abolo AYHA A& 4
F AldFA7E Ao PPN LFARI} YolAE FPoitt. 53 FTE
g nA@dol &7HE T 7 THE AEEA FE A4 oH@ &
ol FF detdcd old tF AR LG FUHF HF wAARA
Aot A B4 FaY AldTAe dS Ay FI v ILFEoY
NiTi coil spring€ ZA ¥ AT B 2aAS ¥Fst g3 B
9 F39 ©&A aF=oly NiTi coil springg 2ot xxAL 7124y 4
TE 22228 A WS ASSVIE @t ol dE & A7E M@ 2
3 g TR A2 FAANEAY FEES DAYCZ AZ 20w AQ) WY
& AHgstel Ao 6dAE Adste WY THHA dEAA e Bt 618X A
A @l A AR FHA AT T AAH A7)d wE Fel7t %
£¢ ¢ F ARG HEF P dyog AIY 150gme RS 99 300gme
RS e 2%E Wady EHH, AldTANN HEANE M7t gled 45
dMe od 74 2SS A2EY Ae7t G A AlTAY FAF
Az o BN ol F7ta A4 SAEAUN £ F @Ado] dojd At
T FUHEE & ¢ AL A2RTAANE FFAME WU gloy dF
AN SHF AIwY AFR )5 FAg THE KEAA ATt FAE AL A
2aTAE G4 JAHAUAM £33 F ol dolvtE FAA 37 F 4 FA
o 2 dojd AT A0 S & F AU F 150gmE S AdlE §
H4E BA BT FATE AEOA BEE o A2LTA A2 ddd AT
A Az 24HWEA EAY Y 300gme TS Ao AT FHEAA HkE
W RS FAE A2 AA o] EAFE RAOE "ol FAR AZ Ao

dojd & e 2o HEg 43 A PydAE 300gmTH 74 ¥ 4o

2



dojdtreE RS & F AN FF H AL, FHASAAM By & A FA
o W& A2 AN Yol HEF Y X7t JeddEA agdSo)
A BRS¢ AZo] AHoz G Wu AU AXTo] M7kl FHA
BEF &9$ 23 glojof dojutn Qi & 4 ded o] A AF HAWH
ol 300gm* e Yebgth. 23 x 300gme 7HAE W} 450gme HAS @
A%E vas B AlQTAY AdZFM FAZ X2 A2D 999 X7t
Z7hst 3 # @4l o A dold & YRS ¢ & AU )RS FH
AN AT FF 29 24Z9 AFY S/t dAF 49y Fot=
94 2 A2 FHo A7t FUHE o2 RH ¢2 & ¢ F UAdG A2a
FAANNE FEA 24S A2HY ¥ FANA a7t Frkstq +3 # @
dol B & dojd F USS YENAY. 2en 2EAFZAA A1ATFR FXo
71 §HF 02 a7t 71 AL AYYe FUhE & Ay 23 dA
H3 £ A ZAHAA HEe] FHHUSE BAFE Aot gFeg
azzed ZAA WA 150gme AUHE L&A W9} 300gme] AYH S
HE&AE WE vud BE, A Al FAF X2 SA4HEY X7
Y RN AFrt Fks AL AJQEY FULE o] H99 Ao Frigt
Rez, AQTFA7L FAE A2 2FY22ZA Y Befo] 7tFHASTE BYF
Aoltk. a8y AlhFRe FAE X2 2D FH9 ZAHAA A7}
0ol A F7hetA] &gtom 150gme] AJAHE HEAEL W vtz A4S
AZE FALE F AlTFAY AL A FE AYES & F AU
300gme] NS HALPS W} 450gme] HAAHE HEPYS WHE vu B4E
A2&TH 9 HEAA Z4HE A2HY AR 4 FHAA A7t S AL
T2 3 @4l O F dojd ¢ UFE RAFE AFolrh £ RFAZAA
22T A AZW F99 27t F7HE AL o] F oA g o] F7t
3 AL Vel FE Ao2A o2 A AW % H d¥FHE v A
AZ Wdo] Yol 4 UALS BAFAG 2T AlaTAY FAL e ¥
Bz RN A57h Frhe AL AAGe Frz A A B 9w
5 99 45 A
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A BRdMe 2 olf2 2208 A WAA 300gmFHE AM2aT A7
A A2d dAAd $¥E B Ao dEtoy AldTAY ATHEE 454
A RS ANl 24de) $8E 2A ¥E 47 H0gm AAE SASRUT. 1
oz 4% A s azxed A ¥ 74 AU wet vns] B
W, 150gme] AAH L HE4PE o, FFoAM Bhe A T2 A WY
of vlsf AF A W] A2ATA AHF AR ABF B FAANA A
b H 2 R FA ol A Aee 9 dojd = AL dEdn. 1
#3 300gme] AJHE HEAL W, FoA R4S Ao AldTFAg FAF
2ol 242 2 AZY 2o A, 2220w A wyrt A2 A Sy
A zerk | & AL o] ¥ dHFe] Frhs AINTFAI FASF AL

FAo2 A4 AAFLZHN FA £4 H AYL oIS AAEE ¢ F A
Ak, B A&7 2AHE A2 AQR % FAe A5k AFAN F
A7b o Az 3 3 4= ¢ 2 oprldne A& ¢ £ WG deoR
450gme] ZAAHE AP o HF AL ol vl Az2em AL PylA
B AT 2P 4F FHd 357 o 2A e o] Bele] gy
F7t2 I £33 @ @4dE doo £9 F o] o & vk A

4 5 Agem, B Yol B Ao A2aTA 2HE A2 X7
B % 29 AFE FAH O Anz £4 ¥ Y= o 2 dojdne AL
2} % 919tk AdH AME v Zo] FUAF AAFL HAEWS W, ¥ A

wpc azxon A PEAN 4 8 @4 o % Lojue Aoz vy
e ot AA $F Aol A3} £5¥ AUl UF A Wyunh o
2 d AelAr] HEY Aoz F2Eh F B AT 4¥ 2YAME F A
W) Aozt BEZA AZ20W A WHS AHgekel 150gm, 300gm, 450gm
o AQdon A HE AAS: YFoz RS AN 2¥ 23
1229gm, 245.7gm, 3686gmo 2 Zlgo] ZolErt aejuR 7] n#o] AlALE
A& 150gm BES ARE AAAL AN L, 85 AQ PP A220
W A Mol 2T 43 ¥ 84 2 53 ¥ @40) v, 300gm A
AAYe HgAolE, aRsom A el £ ¥ WYL AP & o

\2)

rir



Ege 2709 AQY HgAd 4AF AAYe) Faz 53 ¥ AYE

ok7l@the otk 181 450gm AEY AAFL Agaw Tzxow A B
e 4% 2 PHAA Lol & AE 49 ¥ AARE v B &
Bhe $9 8 @40 dold & AL, 44 ¥ WA T o T dojdre o)

o # YL 207 A8 AF 2AXNBANA AEHE WPeRE B AT7dA
2EH B azzow AQY WY 9oX multiple slot B0 2 anti-bowing
segmental archwire( ABS archwire )& A}83lAY 3 M4 anti-bowing curve&
Fosts By, G AT A4 AAg BAE] Yo BeAe g 24

o2 Fastu 24 BAE wAEY] A8 2gds 0 94 BAANA B
= WY, £ 017°x025” ©)°¢9] stainless steel 218348 AL ALY AT
29} A24TAE rope-tieR2 £ B4 LEZF 2L NiTi coil springe AW 23
o hookol M A24:TA2 A FATA AJAstes WwyPTFel A LA UG
(Romano, 2000).

5o Ze Ay sl Post® method?! fringe multiplication g o]}
mixed field-patterns ¢ WH & AFE3IUH AP AT E EAX 24 3 &9
2ot o AEstd 99t SAgo N AUt ARE AL F g Aola, E
3l stress freezing processZ o] &3t} PO 2 HE o AAL HA}Y 1
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ABSTRACT

A photoelastic analysis about initial stress distribution on maxillary
posterior periodontal area during en-masse retraction with different retraction

methods by lingual orthodontic appliances

Jeong Hyun Lee
Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Chung Ju Hwang)

This study was performed to find out the difference of the stress
distribution between the conventional en-masse retraction method and the
cross-over en-masse retraction method as magnitude of retraction force in the
lingual orthodontic treatment to require moderate anchorage. magnitudes force
of 150gm, 300gm and 450gm were compared with each other. One side
maxillary model without first bicuspid was fabricated using a photoelastic
material(PL-2) to simulate alveolar bone and resin teeth to simulate teeth.
Through the photoelastic analysis taken at each case, following results were

obtained.

1. Both vertical bowing effect and transverse bowing effect were hardly
occurred in two retraction methods by application of optimal force 150gm.

2. In conventional lingual retraction method, the increase of retractive force led
to the increase of vertical bowing effect and transverse bowing effect.

3. In cross-over retraction method, the increase of retractive force led to the

increase of vertical bowing effect and transverse bowing effect opposite to



that in conventional lingual retraction method.
4. For the same retraction force, the conventional lingual retraction method
generated vertical bowing effect and transverse bowing effect more than

cross—over en-masse retraction method.

Key words : Lingual orthodontic treatment, cross-over en-masse retraction

method, transverse bowing effect, vertical bowing effect, photoelastic analysis
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