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HH : Tweed-Merrifield #:TlZ, closing loop # JEMI L 727 —F U A4 Y —% il L, space close 17> T\ 5%,
AFZE T, ARERMBAT (FEA) I THMANTFEI X V5172 closing arch wire 2607 747 v M & L7125
1% vy, Tweed-Merrifield #:1281F % space close B D 75 7 v MHLHERIEITIZ DWW CTHGET 21T - 72,

Jiik s LFHEY - A E e T OVIE, CTHIE DMEL, EBRIERLZT (Y —% 3D-CAD IZTET ML L 72,
BE—/NEE S L2 ER 2 A%E L, 0.020 x 0.025 -inch @ arch wire(loop D& & : 75 mm, TE2mm) %= Hv,
WAL EEZ 1mm & L7ze BITETIVIE, loop DAL % 140t — K ik i oo B 80 Bk 930 1 mm (265 5- L 72 Model A,
B L OEIEIsE— ARk [ b s (5 mm 3#®0) 1ISFH S L7z Model B #1E# L 72 &S L Carch wire (2xf L Tl
Bfixn b2, 770y MANEEBOTAY—TBRIC—FHSE, FEAILLIDEZET Iy bATy MERIZHEEL T»
%77 % K closing loop DALE I L 2 6] O LM % 1T - 72,

iR CFEAIBWTTZ Iy bAOy FOMEE A, TNOHFERIELLIGNE onlk: A0y MERTHE
FHT)EThHE WMEP(=K) =30 X Ax &R0, TAXY—00&T7I7y hoAay MNIZAELAEIEN %
B L, arch wire x [HW5E60 777 v MARIBICE L2 x kO, DEXY, KUFHEICXAMIED %
Ko B WHEAT T2 F AN L 7o WMEATRE R L D, Tweed-Merrifield %312 £ % space close T, closing loop % fil
Y) g LI ALIE L 72 Model A 75728 vertical control #4179 M THRMTH 5 2 L HIRIEB S L7z,

WEEm  ABRERMANTICL D, Tweed-Merrifield #1287 %, closing arch wire (28T, closing loop D7 i&E D
HIEIZ £ 1) 4 7K en masse movement (22 W T OHEDOBEIFMOMELZHL I TELZLDEEZ LN L,

X—7— N GBRERE EEKANIST, %BIEJ, Tweed-Merrifield %, $R5 228 0 [ dH
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Abstract: Purpose: In Tweed-Merrifield orthodontic method, the orthodontists usually perform using closing
arch wire with closing loops during step of space close in the extraction cases. This study was to
investigate the optimal position of closing loop of arch wire using finite element (FE) analysis.

Methods: We built FE model of the maxillary bone and arch dentition by the CT image from the skull
model. And wire FE model arch wire were constructed by 3D-CAD. FE models were simulated the first
premolar extraction case, and the arch wire (loop height 7.5 mm) of 0.020 X 0.025-inch which activated
quantity 1 mm were observed. The present study investigated two different models that one of which was a
position of loop in the 1 mm distal of lateral incisor bracket (Model A) and another model was in center
between lateral incisor and cuspid brackets (5 mm distal of lateral incisor bracket) (Model B).
the reaction stress occurring at each bracket slot were determined by FEA, and compared the stresses due

We analyzed

to the position of the closing loop between two cases of FE model.

Results: The load at bracket slot could be determined that P (load) were calculated by A (slot area) times
o (stress) (P= X0« X Ax: k = node number). Therefore, we identified that the present results could
identified the stress distribution in the periodontal tissue including root, periodontal ligaments and alveolar
bone by inverse FE analysis. In addition, for Tweed-Merrifield method, the present study was suggested
that located Model A was more advantageous in an aspect to perform vertical control from present results.

Conclusion: In the Tweed-Merrifield method, this FE element analysis could be identified differences in the
aspect of tooth movement due to differences in the position of the closing loop of the arch wire in the four

C[]

en masse movements.

Keywords: Finite element methods, Equivalent stress, Orthodontic force, Tweed-Merrifield method, Space
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WRMEIEBEEIZ B W T, arch length discrepancy,
BB L OO UGE S E R FEFNC DO WTIL, ik
INEAREEE L CHBEEIT->TBY, HRERBLUR
RDIZOWTREZFEREBE TS, 2 O/NB O
FEBITIX, 74 Y —® closing loop"™ % elastic chain®®
|2 CH 223 O B 84 (Space close) 2175 T\ b,

Space close FED JJZMISEIE, A ML A V7= %
IS L 72 Hi 5 P EERE 7V 2 C, space closing arch
wire (2f)5- L 7z closing loop OIEIROMEIZ L 4, FIE
NBELIOTXRZ P VHHOMEIZOWTHE S L TW
%™, ZokEE, Tweed T LT\ 2% tear drop
DK D loop DFEIETI 285w b K& <, T-loop TH b/h
SWETHo72E LTwD ™, 512, RO THBE
wEHBOI L BEIEOH S, 4 70% en-masse B LU
6 BBk en-masse D LELIZB VT, itk z HHICBET S
BIETE, B0 0% BETRELEZRO RN
EHELTWE ™, F7, FHAS Y&, closing loop 12
T space close 17 » 72354 (non-sliding mechanics) &

elastic chain & ¥ space close & 4T o 72 ¥ & (sliding
mechanics) & 2D W THEKE 217> T\ 5, Z DR,
sliding mechanics 4T 723461213, FIC4aiiB L O
& 2G1E 71234 U CB D, non-sliding mechanics T,
MATRECOBENPEL TV Ehs, hoka
EBLOHAAHENEHLZLEZHLEPIZIL TS Y,
HRERFIZBWTY, B4 % loop DIZIK, close i
#IZ2W T space close BiD JFH e izt A& LT & T
W2 M Sumi & i, IS AREZE TV EERL,
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6 Hi Bk en-masse % 17> 72854 @ tear drop closing loop
DIZRIZ D W TG 24T\, FWa# % loop TEIRIZ D W
THS2IZLTWb, F7, Tominaga b 'Y, Ozaki
5 % Hamanaka & “'913 3 RITHiF €7 2 /EHLL
sliding mechanics Z i L 7234 @ power hook ® 7 &
DOHEIZOWTHL2IZ L TWh,

Tweed-Merrifield #1128 W T, B HE—R BRI
tear drop E!® closing loop % 1 45- L 72 closing arch
wire & i L TR ZBR OB To T2, 20
closing arch wire (&, 0.022x028 -inch slot ® 77 7 »
;12 0.020%0.025 -inch @ stainless steel # @ wire T
lingual root torque (third order bend) #ff5-L, Fh
#8121 tip-back bend & L T 15°HE FE @ second order
bend % arch wire |25 L T space close %47 > CT\»
%3, F 72 twostep retraction & LT, K% mlF
By L7-f%, 4FitH% en masse (CCHYIR 7T 7 v b
DERICAH S L7238 & 75 mm, T8 2mm @ tear drop Fl o
closing loop Z1E#L L space close #4179 Z & # 4% 1L C
W2 A OB i LS 7°0 lingual root torque (third
order bend) & ff5-L, Kk l7 5 8 KB IZ 20°0
Spee curve (second order bend) % wire (2175 L, itk
MBLUOHETOEBREZELLZVWE ), T2bb
vertical dimension % #E¥i3 5 £ 9 space close 17 -
T3 Y, Zo closing loop DALIE L, MY D 75 7 v
RIS T2 2 e RHERL TV LY, EROFIE
&R Cld 25 @ arch wire @ closing loop DAL E 12,
BRIREIC L > TS EFEETH Y, closing loop DT
1 7% AL E D ZALIZ O W T Ol % DEIZ S 2 5 TR 2 B
A, FaEnTwin,



Tweed-Merrifield #1281} % space close

Z 2T, Rif%ETld Tweed-Merrifield #I2B1T 5,
two-step retraction |2 C space close % 1T 9 B ® closing
loop DT 2 (T8 OFHEIC L ) 2 FHH O 3 RITH R
ERETIVEERL, ARERFEICEL Z2HITIZLD,
DWEREBETVTCLPHONITELR D277 7 v b
FBEBICFAET A /ICDOWT loop DEICE Y ED &
INZHEL B PIC OV THE 24T 726

MRELVHE

AT, = v ¥ yHBEEFEEEAE(X1A, B) O
CTH % b &2 LIS - g ET VEEL
(n=1). FFEEWY - T OEREZET IV
Tweed-Merrifield % *12#e U, 45— /NFIh % $fidk L 72
FEFNZ BT, RO CREIAE Z/NEB O F TR
T L%, |hitkhs LWk %= 0RBE T2 2L 21
E L 72HAE TV TIRIT % 4T - 726

T35y BT —FIAXY—DOHFBRERET IV
X, 3D CAD-CAE V7 727DV )y FT—27A(Y
Vo R =27 A2021 WieHZ A2 A, vV v KT —
7 A - U8y, BWE)IZT Scanning #47\, 3KICE
TWMEE T 72 (K 2A, B)o %8B, 777 v MHRER
ETI)VIL, stainless steel(SS)#, 0.022 x 0.028-inch slot
® standard Edgewise 797 v N Ay a7 Iy

B 1 BHEEEHA (A IR, B ATED) (n=1)

SR 4412 H

M, FPI—A I —FTaFn, W)L L THEELL
(FDo 7T—FTIAY—OFMRERET VI, SSEDOT
IX¥—=( x4 ==TF4 FTAXY—, TPV x/8y, K
) I2E X 75mm, 18 2mm @ tear drop % o closing
loop Z IV E B L O RERICEI L 727 —F 74 Y —%
T EL72(K2A, B)o BIHE DT A ¥ —EB531E, 7°&
7 %4 lingual root torque 738 fr L, & 512, Spee curve
MWL BB T =T ITAX—DETIVLEITS 720
AKWFZED B ZH SN2 T 5729, loop = Ik 7 F
v b 1mm B H IS L7z Model A(X2A), B X
OMEEI gk - Kk o [ () s~ 7 7 v b a5 mm) 12
loop #ff45- L 72 Model B(H2B) D 2 2D A RERET
WIZDOWTHREE /T o 720 RI2A B X UK 2B O£ 4K

M2 AHREFEETFNV(A : Mode A, B:Model B)

x1 MEARE

Material Young's modulus (Gpa)?  iPoisson's ratio?
Tooth 196 0.3
Alveolar bone 137 0.3
Periodontal ligament 0.666 x10-2 0.49
Arch wire/ Bracket 197 0.3
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X, LFEVB L OEEE (775 Y BL T —F T
AXY =% &) LARTHE TY Y B - 724G [E oA RER
EFNTH LY, AT TRIEATHELEEK, T4bb
EREALCT—=FIAXY=—BLO7I 7y FORBETH S
BEICOWTORIT 21T o720 ZOFREFETE T IV OW
WEBIZH L, EEMHRTH S 2 &2 WRT 550 Gk
S RAHIN L 72 R CRERRR ) & L CREAT 2 4T 5 72
WREMHLE LT, M3ABXUMIBOTI47 v MY
HOLRENIR LA, 7 —F 74X — O aI ki
TAERBETRELZL LS, 7Ty NET—F A
Y2 ELCKREZHBT27-00WE (AT 15—
WHE) 2 fTo 720 612, BICHRN L H 2, KFHFT
FRFRMEE 5720, K3B OIEFEICR L2 KHg
Ui S T REEE ORI OWTIR, T—FUA Y —%
ELETOETIVOREICH L, MHEEE4IML, %
WEOMEERZ R LITRLE Y,
H3ADE)IZWMESMEE LT, &7 97 v MEH
BILBTAT =T 74X —DOERERET VORI LS
B2z xt L, closing loop D iEMHALE 1 mm #0215
IBL7BDOT7 —F T4 Y —DIRE -3 5 L 95 (25
TS5z, V) RI—=2A-vy3Ialb—varof

3 RS (A - MR, B A

EPNEES
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RERIANTIZ X AFERPOLETTr v b ATy MERIZA
LB haER L. S50, Z0IHE»S 757
Mt 27 —=FIAXY =D OOMEP(=K) %iHH
L GEEAT), COPET—F 74X —6DBIETIE L
720

#w R

Model ADE TS 4 v b Aay EBICAET S XYZ F
OB %F 2B LR 4A 2R L7z Model A 2B
L4 =250BIEE, PTG - HEETS
L3R 1897 S e 91 DN [ = 20 ) 11 N - e =2
JE R A0, & /NERICE L - A - BT AR, B
FIB LT O - 0 - R, 58 ORISR T - B -
JEFHNELT S ZEDHL DL o720 RIRTICA L
720 (Z W B E 1) (XA FTCE M 54.2 MPa
Thh, KB X O (Z#m) oo aHIE
LN 508 MPa TdH » 72728, Hith il % i~
T LR D TR E -7z, Vertical Control 2479 |2
&, ET - EB (Y #) FROSHAEETH S M, S
DB TG U TR R wire %312 7°0 lingual root
torque B X IF Spee curve & 20°E 1w LANT %17 o 72 4%

4 Xl c B DE O, K - FeR s ST, Y B
i E A, Z sho5n  wiek B A, K - IR
WL (A D Mode A @IS JJfE, B : Model B ®It i)



Tweed-Merrifield #1281} % space close

R, AR L ORI T HIICA L Twiz (32,
1A).

Model B OENTIZE 5€ 7T 7y b Aay MBIZAT
5 XYZ Ao %k 2B LUK 4B 12783, Model B
IZBTZ T4V —=200/BIEE, OO - FHl -
SN N (51 171 - s [ £ N 111 N N
W ETAE, SR - B - R T 5,
o N bt 3 = = 1 Y = B ) [T - Sty N 5 b S N S g
FEME - FE T HANCE LTz, Bl Model A 2L
I 5 EREFIZEFT L TWLHERETH o720 TUIHE L
OMAIY) B D Fr 350 7 0] (Z i) 1A U7z I D id AR CE
HHENT69MPa Th Y, MG EHEE DR - FIH U=
L JTIA(Z Bl ) CULEE L 1A 189.7 MPa Tdh » 72728,
HWz R A~NBET 200N REDr 72, F72,
Model B 128w T¥ arch wire IZ Second B X U third
order bend #5975 Z L2k ) FEEFIEEATE T L,
T A anti-clockwise rotation i Z95 X ) R XA A=
AN b ZEDHLNE o T,

z =

Tweed-Merrifield #1238V TlL, directional force &
L T J-hook headgear % i L A % @ 08 %, M4
W79y hEERIC closing loop Z2145- L 72 closing
arch wire |Z T space close 179 2 L 23 L Tw
B Y, A, %% 513 closing loop D L1 2 FTiE D
MEEIZ X D NI G 2 2 I8 TTOMHEIZ D W T 2TEEHO
FEA E7 VI THEMGE 217> 720

fEsk, BT, E—HEEOREEEELLA ML
A=V ISH LIRS ERETVIZT, 2HOT
AY =% 4 XBLXV4HD closing loop & MLA A A 72
T—=FT7AY—%HWT, 6HIKHE L U4 Hit en masse
movement IZ2WTHO T 77 v MILEHDIEIIIZDOWT

SR 4412 H

B EZ L Twb, ZOFE%E, closing loop HAliA &
HEUBEBIENE 100% & L2a, Hikzs i~ BHd
% & 13 6§l B en masse movement % 1T » 72 ¥ &,
437% TH Y 4 HIRHTIE423%TH Y, K& HEE R
Holzk LTwWa 7, Loop IWIRDMETIX, Tweed &
T L TW5b tear drop OIEZIRD loop DIEIETTH I b
K& <, T-loop FBIKD loop THRO/NSEWETH - 72 &
LTw3 7,

BIESIIZO W T, Ricketts'1d, #i&BHT5I1213E
WEEIESID S ), Bieh & BT IR E§ 5 1R
FHICR LT, 100 ~200 g/cm? EDEWY TH 5 & Wi
LTwa, F72, EROMEIZLDE, KR CT W%
L) FEA ETNVEMERL, IN CREZ ZOBE L7225
DISTIHATNZ DN THET L 72655, KR EL B
JBHIE# 50kPa TH o7z LTwn ¥, KAHREHKE
TV TIRAT L7246 R Cld, wisko Z i (/) o 7 Z
oy MM ORI, Model A B XU Model B\ 3°
Nh 1HIZD &8 30 MPa R U Tz RFHTET
)i, Tear drop & closing loop TH 57:%, B
el DL AR, RS X OIS 1213 heavy force 234
CCTWAHREMEDVURIE S L7z, BRIRIYIC @A 1E T Tl
DORE) 1T O A1, closing loop TEIK, 7 A4 ¥ —H% 1 X,
loop @ activate ®EZED I L 1T ) LEVEAIRE S L7z,
F 72, SRBITICOVWTIE, OMELEMETHY 2 EEL
TATA T —WRICTHREFEZITH, BLUOOUAY—D
TERIC & B IEMIES L OB O IERE L ZE L 723k
PRICIEIT IO W TR 2 N2 5 B ZEAVRIEZ S 7z,

BT, Y EAR Y OER)EEFRIC, B
AR OEEEMTE LA N LA Y=V %0 L7zt
FISEBRETVICT, F—/NEwROIREAEG % 82 L,
N —F 2=V EHVTAR=A 70— %7 1254
(sliding mechanics) &, tear drop closing loop % #l&

# 2 Model A B & UF Model B It /I 1iE

e k] PNES] NS E—KEAK B KHE
Model A X&h75a] 38.5 -39.8 31.5 -11.0 13.2 -1.4
Y#h5 1@ 224.6 159.7 253.7 2.7 -8.3 7.1
ZEh75 ] -24.0 -30.2 51.8 -19.9 6.2 12.7
Model B X&h751a] 16.1 -13.3 7.0 -17.0 -19.3 -22.5
Y75 [ 213.8 144.1 849.5 191.5 186.6 282.1
Z8h5m -44.9 -32.0 101.8 34.6 46.4 6.9
BHAI: MPa
Xel (+) :U08E; a0, KB - EIeE; Rl
Yot (+) ET
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H ok

ANfzrma—=T v 77 =57 4% — & (non-sliding
mechanics) DAEIZ DWW TIREMET L T b, 208 R,
87 —F = — v % 7z sliding mechanics TlZH Y]
WEUZBENPRORNEL, RETRIADNZHELT
W7zDZxF L, non-sliding mechanics Tix, A ~DJ
PR TR /NS, KEIIBWTRE L NE2RD
ELTWwB Y ABFZERH 2B v T, non-sliding
mechanics TH 2720, FEFIZKETRE LT EZROT
BY, AL A =Y FI0HLEABERET VL
RO 278 L C Wiz L7zho T, ARERFEOM
FEATICE D 7Ty MASEH OIS % 5 HFEEH S I
T&L I EHIRBINI,

%12 closing loop I~ 7 7 v b @ 1 mm 5%
W25 L7z Model A B & OMIG)#h - Koo b [ (5 mm
) W25 L 72 Model B OB 7t OB BIREA 12D
WCEERIT) &, Model B DFNKEEND SAEH AR
EnZEh5, Model A OFAHYHMIZ AL B L O
Y2 HMWICBE L TWAEZ EPPLPE R o2 72,
R O M A AN A U725 d7 & 5 i % 9O T
HEUBIENZILET 5L, Model A DA i &h % &
HICRET 2 ICI3ERTHL Z EIRBENTHFAS Y
1%, closing loop |2 T space close %47 o 72354, Hil &l
D torque B X HHEELD Spee curve 215 L w &,
B HER F IR OBIE IS E L7z e ME L Twb, 4
[ FEA € 7 )V T, #i B &5 12 7° @ lingual root
torque B L R L2 5 HEZRKRHEAEIZ 2T T2000
Spee curve Z5- L7z wire 122 W THET L7238, B
HEICIE T HIMDIE I NE L TwiZ &5, closing
arch wire 754 U 2 Wi s~ OHEH 7 1> 7 ¥ 1 30 &
N5 EDTRIES LT,

PLEL Y, KENREED S Tweed-Merrifield 1235
75, two-step retraction 2T space close #4179 B,
closing loop #flI4ItE 7 F 7 v b ® 1 mm £ HIAF5 L
7z arch wire @555, WYIH - KW OH IS L7228
B LD, REAOBAER Rk & RN S
LIZIEHERTH L Z EDREBEINT,

L 1%, FEAE®TIVIZDOWTIL, bracket slot BL O
wire & OEEIER wire-slot MO & & 04 b & L CHl
AANTZE TR, WREEOIERIL 5 itk & B o
a8 7 b L B BT LD AR RO & R
LZZET VST 24T ) SEDPEE LW I EURIZS
N7ze L22L, SHoOfER LY Tweed-Merrifield #:12
B+ 5, closing arch wire (28T, closing loop DT
BEOMEIZL D 4K en masse movement (Z2W T O
OBEEMHOMEZHSNICTELLDEEZ SN S,

#

Tweed-Merrifield #1281) % space close F:® closing
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loop DNLEDAENS 7T 7 v MHBEIZAE L A0

DWTC, FRERMET = H BT 247w, DTFoO

K w1572,

1. BAREZRMATICBNT, %$P<:}iﬁ>:20kXAk
ERY, TAX =K TTry boAay MIZ
ALHBIENEHB LR KRS L2BIE
3% KD B Wi AT Fik 2 e L7z,

2. WA CTEONIEREIZLY, Tweed-Merrifield ¥
|2 & % space close TlZ, closing loop Z Y]t 7
Sy M5 1 mm BOIIALE L 72 closing loop @
Jihs, WY - KREOREIIZ loop 25 L72T7 —F
7 A X —X1), vertical control %177 i THH TH
b ENTRIE ST,

WEMADIZH72Y), HARKRAHEAEHEFE IS L O H
RRAEFET A OBRRICR CEBFOZEERL L. AR,
ERYNCS i A e A N ) St g R R R T i
(A), (B)IZTAT M Tzo RIFFED—EFILEE 49 [ H AR F A FET
SEHR AT AR 2% (2016 4F) B & UV 75 Ml H ARG IE R FHA S AR
Z(2016 ) I B W THE L 720 B, KRWFFEICH L TR
EH ) FEA
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