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P8 oM, EFBEICHT AL LR ED X DosteotomyDHRMEIZ O VT HEKRE L /.

EEREYY I IIARER 10~ 15kg D HEWMERER A 7 BHE v, FHANCETEEEZ/ER, THWAE4
AIEIE O & R ICAMAS 3 BIFEEGEBISH 2, 4 mO B osteotomyZ fE L, BIEEES
BELZ. CORBEHMIZ2IAME L, 81 BEHKOLLEEE X 0% 3aTHKORLBENICIE
300gL700g? 2 MHOMELZMA 2. 21H HERHAIRER L, BRIV VEE, BIK, ¥
V) VBB EITOCBEMSEARZ ER L .

FERELTRBEEBETIE, osteotomy 2m#% jE L300gM B2 MR -7V — 7% %, osteotomy
L72flicBWTHBEL D KE2EE2/R L. osteotomyRIZ & BE WL, 3007 E K |Zosteo-
tomy 4 mm% 1T o 72 EEREE D i Hlosteotomy 2 mm%E T o - EERBE X DV 2EETBE L7225, 700g
MEFICRHERICENED SNl d 572, 72, osteotomyZ Hid o & IS WIEICHBET A L
B 1 BEABORLBENIIZEA LA L o7z, HEDBEWIZE W TI00gEEREE Tl3EEREN 2
BE X HMRBBUEAS, 700ghE T3 — BB OWHENIC X ZHBEIBD bhiz. Tho DR,
FEDEW Losteotomy R & IZHEAH B Z L R LTV

T 72, MG FR12300gH osteotomy 2 mEITEE TIXEFM TERMABL L EEAT—RD
I 2 L, 700g8E, 300gEfosteotomy 4 miEfTHE TIXET I TE LWBIBEA TR S & R
JEAHT—HRINS MR IC2BICERMENEBBBO 6N, /2, 700gBETIXY 7Y v 7H
B UARREGUTHZ2EHFTERM, BRUTERSE LHX T MBS EIBE IR
EER AT AL 2RI & 55 2 BEE TIIMRABE, HEBREIOMBRT RAPEBREOBE
FHENIH L, EHEICERERKNTZD LN, COBRERE LTROBEFRIEE F & 8B L,
REFHNCERAIBR T, POEVICHEL TWAZ ENE L S5N. $£72, osteotomyEF TI2EE
X ) NEANER L BFEMRIC L 2 BHENTD SRy, HEHTHICB LTI, o, EREL
b AR IR FE N ELIZZRD bk o7z,

DL EDRERD S BB EBEM ICosteotomy Z HFHT A Z LIC X D BRI EHEZ ELRE TN L
IR, XORELBENFTETHLZ EAHHLZ.

F—T—F I FRA7A b I - (G URR), EROETRE, FOVETY VT

&

AIEREDOEHR EE L WEHOMEBRE 24 ) EF T
BEORBELUBTLILODINEDRZHE L,
BEEAANBAERZBH S5 FESHONE. 20
FEZ L BRADBRIM I HEEEDR 2 oMM %
LEET A, T2, BEEKRLE, RAOHFERETIE
RRIIEEREZRLET 2ENE . L L, ERDET

AWXOERIE, B1SHBEEHEEAFIS CPR12E11H
25H, EE) I2BWTREL..
CFR13%F 4 H17H =23)
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BEECIREHRLNIE 2 EMT 230 THY, £
CTEZONIMA DB O W F B BRI 1Ccorti-
cotomy (B 18 #8 K2 B & VB 2 R SALICBEH 3 5
FETHY, EFDSHEIMESI ™, BIPERTD
MEINTVSE, Bell”idone stagelt &\ 9 &4 T
Tl & % Aicorticotomy Z 7o 724 %, BN LMD
MBEBERVPELZDIIEREL TS, TOZERDH
INSOBEEEMAERT LD ICBEEBER DM
osteotomy (B REER & VIBEMT) Z BFH L 723 & E 72y
DBENZ@WIEL L LV RRMYICHELEEZBETE



SMIVERZICHLPICENR TRV, /2, KA TEY
MICEEELZEIAT A LX) EHEMAERIC
BIERADHE L2V b RHTH 5.

Z Z TEME TIRBEHH D A lZosteotomy & 1T - 72
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BRIEENE L TEZ LN H300gL G5\ ERER ) &
LTEZLNBT00gD 2 BMEOHETHTBE 1T
> 72BRICA U % s MR (L &SRB IS0 2 %
AIRE, X#FEEZ% O CITHBZEIIRET 21T o 7.

KBRHME B LUFE

1. RREWMETE

EHMROCOENICRICRE 2RO 2 WHEREHI0~
15kgD KRR JEME R K 7 58 % B v, 1 & osteotomy
HATHNCBIEEE 2 F R, THMME 4 siE ok
E RIS 3 i 3R E L ERICH 2 in & 4 mmod BR T
osteotomy % i L, GIE3EHE % 5%, osteotomyff: FH
(LA T EBR#E & #53) & osteotomyIE Bf B & (DA xF B
BLBPDO2HLREELRARICTHEHEZAOBEL
. COBRBEBHEIEI2IHBE L, $£1HBEHEOIL
BB B X O 3T B O 0B B)1213300g & 700gD
2HEEOMEZMAZ. 21 BOFHIBER L, &k
IRV RV YRR, BK, YAV radi Tl
WEEMSREARZ R Lz, 2B, Sy L2y —
JICANEBRH I A OWENRIE L B S 2200k
7=OFBHIRH OB 2 KIZTHRILSE TS X
7oo 72, EBHIMPEH0.2% 2 avAF T I TN
aAx—=MRFRAFYVF) =, BAREREMICT
TS T TR To T
2. osteotomy DT

EBREICIITHE SHHEE A, A2 FHM, £
EXEEE L. FWIERY ¥ 3 ¥ (5% 75— 1950,
= SL ) 10~20mg/ ke I TR S TRERE A 14,
RYMWEY—NF M)IA (R TH -1 KEX
BIHK) 25mg/ kg BRIRRRFLIC X A& B RREET LB K9
AV R 2 %F v ah 4 % BIRER) X 5 R
BT TiTo 72, THE 4 BiHEHRER T CICTHSE
3ETH R O EE RS A TR L EmE &L L7,
FHIBAIZIZZEKRTA BAR(XA V7 7 —#L8), * 7 F
%A 7 BE—F—/40CK-LUX (3 ¥ F##), 101
SL.CANY FE—Z2 (3 YV FHE), X—/—a—F
9000(3 ¥ ##8) 2 HWCTHEK T TITo 2. BYME
WY Zonrv—7IZHEL, FhZFh®osteo-
tomy 2 miEfT 7 NV — 7 (LLFO-2 Vv — T L BET),
osteotomy 4 mfEfT 7 NV — 7 (BLFO-4 7 v —F L W
)& L7 EBR (GRS 3 5 H) oLl o
PR R & SR A & BB (SRR IR £ THEE M AT
SEEZEET S L JosteotomyF T - 72, FEMEITE
Tz ARMAERME 7 raFrF UL (T VO,
T ) FEE)RBAOKBE TFM AL kI, B
FHDOOERNR=) YRA (R T UOREA,
BILMb T %) 100mg/day 2 M 66480 1 8 R &% A P9 3T 5t
2iTo 7.
3. BEREDEREEE

R4 3 RTFIR, % 1 ARG RERE, @EC

Fig. 1. Orthodontic appliance—.017 X .025ss
Wire (W) and Ni-Ti closed coil spring
(CS).

W 12%EHNT VY A ERITTER L 228 ad
12,018 %.0254 ¥ FDF 2 —7 %47, WEEIZ.017
X.0254 YFDAF VY LVARAF—NVEEL, BIEHIZ
Fa—FIMMLTCwBE 7y 72 a—XF - a4
WA T 7 (NI-TI extension spring, ORMCO# %)
ERFAEZEICE-oTEZA(Fig ). &8, HED
BB IZ X5 IEH Dtension gauge (OHBA SIKIH#HH) %
HWTiTo 72, /2, TELPZTHENT—ERH
T 5 X, sgHIE S ICHMHAZL-. BEESE,
XA CIXITHAMS 4 BiE ik, EBBETIXTH
AR 4 AT R e & G & 3 /i 8 % L Hlosteo-
tomyHEfTEEEREL Vv R A Y P (A—28—K Y
K, ¥ 271 A VBRREH) ICTEHE, 4~ ML
BEDICHEZMZ 2. BREIFRIEHBICES
RBETICTAT o 72, F 72, 8 1 BHEWEHFHET I E
B OBRETHZBET L 2OEM2/32HBT AL
FREZ, XA IZAETHRBEIN%, [MICHIAE L.
4. RFBEIBOEHAILE

W BENILLT O 3 # AT TR L 72 (Fig. 2).

1) B1HEBLEIHHEAE 7S 7 v M

BEFEZEHELY L, 2, 3, 5, 7, 9, 11,
15,218 B2, 8 1 BHEABOF 2 — 7F.L L 55 3 ATF %
DF a—THLEEBEZ1/20BIRfF7 2V 7 F R
(NSK®MAX/CAL, HAHETER) 2 TEHL 7.
2) SE2HIFIH & 55 3 ATFIsR

FEFERFICH 2 AN, 53 AIHEREIEICE ¥
FA—NVEERL, ¥rh—VEOEEL*RABELZHET
AL 7.

3) E1BHEREE 2 HHEH

T e ) D R % B L 7.
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5. FrAIXBEHE

WRH X7 4 VA (ayy 738 L Bkl
P THhO—EBMBICTH20IC, B vV r—7%
— I &I (CID- 2, BRMEMATFEATH 8 2 FIH L 72 X%
BHBRREARNVF—2 A, XEEEEEICIE, DFEW
-20(H L ¥ by LERRE) 2 HV, EEE60Ky,
BEREMIOMA, XARBHER0.55& L, F2— - X#
74 VA EBBERXR-24 (3 ¥ ¥4 (2 THAE (20T,
54) #4107z,

Fig. 2. Part of the measurement.
A : Between first molar and third pre-
molar bracket.
B : Between second premolar and
third premolar.
C ! Between first molar and second
molar.

6. HEIEEER

21H HOmER, H1HEARLEIHHEB LY
HEH L HoUBR L, 140 M10%HhER LY ¥
EE I CHEEHR, Plank RychloiE 2 THIK, I
PE 5 T20~25umD ¥+ V) v E K & KKK T
VERL, BetaiziZid, Hematoxylin + Eosin ~E3efa (ML T
HE#:f6 & B53), Azan - Mallory#efs (LU T Azan e
LW59), Masson - GomoriZ = Ejefh (LT Masson
Yeft, W5 S) L, SBEFEBAMER T IS CHRFE M ICHRE
iro 7.

XEER

1. NIBRHRERR

W 72 © UFiZosteotomy S & B o B P 13 F 47 BF
BREH B, REREAIC L D BR, EREA LN,
REFMICRR, BESOREERIEEZES R, Fii
1EBBT b bHEARICREARORE LR & 28
Dol kol T2, BEEBEIDOAREIL
HEBER T T v ¥ v T 2T 72 OEBRHE R0
Loz,

2. PEREETAI(Fig. 3, 4)

1) B1EAKEE AR T 7y MHE
XFRE#E300g T 1 H B 0. 27m, ZO#EEE
HEHNT T+ —RAH Y 21H B THO. 55mTH >
72. 700gTiX 1 H B T#H0.23m, ZOHMEEETH S
A300g L FM 75 b — LK A DH D 21H H THO. 64
mTdHh o 7.
FERBE00g0-2 7V — 7 Tid 1 H B T#H0. 33mm,
ZF0H, RERIZEEL21A H THO.5mTH - 7.

300g0-4 7 v — 7 Tix1 A H T#0.65m, % O
300g0-2 7 v— T L ARBRKICBE L2IHE T
#0.95mm T o 72, 700g0-2 /¥ V—FTIE1HET
#0. 65mm, ZDBBEEZEILD B HPREEICER 4 ICBE
L21H B T#H0.9mTdh > 72, 700g0-4 7 V—7TiZ
1 HEBTHO.6mm, ZDH700g0-2 7V — 7 AR
BB % (BB L21H B T#K0.9mmTdh - 7.
2) $B2RTER & 4 3 B OFHH
xtEB#E300gTid 1 H B T#H0.01mm, 2 HH THO. 14
mBE L7200 E0RMBHREIHEN TSI F—1
B AH V21H H THO.21mT & - 72. 700gT iX
1 B B<#0.06m, 2 HEHTHO.22mBHL-dDOD
FOBMAKEEZD HH300gk BT T b — REHAA
% 0 21H B TH0.34mTH o 7=,
EERBE300g0-2 7V — 7 Tix 1 A H T:#0. 3mm,
ZFO®BERICEE L21H B TH0.48mT H - 7.
300g0-4 7 V— 7 Tix1 H B THO0.72mm, F D H



(mm) Control group

0 1 2 3 5 7 9 m 15 21 (dﬂy)

The distance between first and third premolar bracket : Dotted line
The distance between second and third premolar : Dash line
The distance between first and second molar : Chain line

<0 : Each body
Bold line A: O-4Group

Fig. 3. The distance of tooth movement with
300g force.

300g0-2 7 v — 7 L RIMBERMICEE L21IHE T
#70.95mmTdH o 72, 700g0-2 7 V—FTIE1HABT
#0. 45mm, F DB XD B AR % ICBE)
L21H H T#0.88mTH - 7z. 700g0-4 7V —F Tl
1 HBTHO0.6mm, ZDHE700g0-2 7 N — 7 RIFEREE
BICBR 4 1B 8 L21A H TR0, 9mTd - 7-.

3) F1BEHELE 2 AR O

xFBE#E300g Tk 1 H B T#0.13mm, 2 H HTH0.21
mBELAd0DFORBEERZXDLIN TSI -1
ReiAAH 0 210 B TH0.31mmTH - 72, 700gTiE 1 H
HCOm, 3HEHTHO.28mBBIL72dDDFDH
AR B B AHEREICBR 4 128 L21H B T#0.32
mTdHh o7z,
EEBE300g0-2 Z V—FTid 1 HET 0w, D
2IHBE £ TO0mmT & o 7. 300g0-4 7V — 7 Tl
1B TOomm, ZDH%H300g0-2 7 )V— 7 LITITFEK
21H H T#0.05mmT & - 72. 700g0-2 7 Vv — 7 Tl
1HETOm, Z®#%21HH F Th 3 240.05mmTdH
o7z, 700g0-4 7NV —FTIX1HEBTOm, 0%
700g0-2 7V — 721 H H THO0.05mnTH - 7=.

3. XRFHEmMR (Fig. 5, 6)

300gHF0—-2 7 v — 7 ™21 H H TldosteotomyERid =
REREN, BN ERNSUIBRIC & 5 AKIEE
BROOLNTDIIHLTOAA TNV —-FTEIDEH
RIBIIFRD SN d o 72,

Osteotomy % #FF L 72 EERIBE T B 55

(mm) Control group

: ik . o
0 1 2 3 5 7 9 n 15 21 (day)

The distance between first and third premolar bracket : Dotted line

The distance between second and third premolar : Dash line
The distance between first and second molar : Chain line

<0 : Each body
Bold line A: O-4Group

Fig. 4. The distance of tooth movement with
700g force.

700gB¥0-2 7' )V — 7 ®21H H TiZ300g# [ B /AT
BRI LI & BB, [l o E R A E RO
HEZ2AD. -4 7V —7Tix1HBE X Yosteo-
tomyfR TR R ER SN, 21HE TEO-2 7 v —7
[F] Bkosteotomy #BIZ AT 19 % FIKALIRHSFRD S 7z,
4. HEFHMR
1) osteotomyB (Fig. 7)

HEZ:f Tl3, osteotomy#f A & H WEB~IES 2
FFMABI X B A F DR & WA F R
&% & LREEHB T S Tu/, —FAzanfta
TldosteotomySBJHBH O KRB DO R AT L HH~D
RRBOFAESHFXI SN, Masson$fa Tid, osteo-
tomy &R THEBE Y 2 MKE R O BLH % /R & 72 W B R AR
MeEDTRAICEIZ S 7.

2) control® (Fig. 8, 9)

PR Z2BR DS — E TRME D EATICBE L T &1kt
BLEBOBWLBEREHASAKRAO Mol T,
Azan$ft, Massonefa T i3 o BRI 4G HE o D IR EB A3
HELZRREZEL Twi.

3) 300g¥¥
(1) »}HEE (Fig. 10, 11)

osteotomy B F#E & JBt Likoki® & /2045 3 A EI Mk
O & OAE R P RRAYE < B TR BRI E & b
XAy VEBRNAGBE SN, —HFESH T
EBRELFARFAEBTORESIZIEA RSN o7z,
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The immediate day of the The 1day later The 21days later
device installation

s ; : 2 :
WG a : S

C : Experiment O—4 group of the 300g

Fig. 5. X-ray photographs of the 300g.

The immediate day of the The 1day later The 21days later
device installation

C : Experiment O—4 group of the 700g

Fig. 6. X-ray photographs of the 700g.
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Fig. 7. Osteotomy region.

A : Hematoxylin + Eosin (HE) staining showed the
formation of bone that was newly generated by ac-
tive osteoblasts from the area surrounding osteot-
omy area to the inner area, and the intra-trabecular
area of the newly generated bone was filled with

connective tissue containing blood vessels.

B : By Azan Mallory (Azan) staining, red matured
bone surrounding the osteotomy area was distin-
guished from pale purple newly generated bone in
the inner area.

C : Masson Gomori (Masson) staining showed green
collagen fibers in the osteotomy area, in which no
functional fascicular alignment was observed. X 10.

Fig. 8. Control group. HE

A : The periodontal ligament space showed a con-
stant width, and no changes in the fibrous course
and no rapid bone remodeling were observed. X2.5.

B : Pressure side of interalveolar septum and an en-
larged area (a) of Fig. 8A.

C : Tension side of interalveolar septum and an en-
larged area (c) of Fig. 8A. X 10.

Fig. 9. Interradicular region of the control group
and an enlarged area (b) of Fig. 8A.
A : HE staining. Azan (B) and Masson (C) staining

(2) O-2 7 Vv—7(Fig. 12, 13)

osteotomy#R & HHEE 3 G E-OH & ORI R
A IR IC B CEEMCHTREREE L I
WR L BOBREBRIBIZE SN, KESDOE TIIHESM
TEFMRIZL 2BHEEBEHRICE S FRIA
HETLIHANEERERRPBEB SN, T,
Masson#eft CiE B THREENES & L THER%
B3R VBEHEROASRGIC B IR, OB
Tid, HREBEDO ) EF) UV ERERXBEER
ggsni., —F, EFFHTIEEATAS LA

showed clear fasciculation of the periodontal liga-
ment fascicles. % 10.

ZERUEHASRPBREINT, FLHEFORELIFE
AER SRz,
(3) O-4 7 )v—7(Fig. 14, 15)

A, ZESIMICB T2 E0%EBSIE, 700g8
O-2 7 V=7 LEPT 2BIPBEI NI WRET
1%, Masson#ef |2 B\ CTHEBERIACH) % 7R3 R ME s A%
BEBRICEIZE s N, 300gBEO-2 /X Vv —F L RIME 108
Bbohiz.

4) 700gEE
(1) *fER#¥ (Fig. 16, 17)
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YO A Phat?

Fig. 10. Control group (300g loading). HE.
A : Direction of orthodontic force (double arrows).

X 25.

B : An enlarged area (c) of Fig. 10A, Resorption of al-
veolar bone (arrowhead) and cementum (arrow) was

observed on the pressure side.

C : An enlarged area (a) of Fig. 10A, Almost no for-
mation of newly generated bone was observed on
the tension side, as seen in the experimental group.
% 10.

A : Direction of orthodontic force (double arrows).
X 2.5.
B : An enlarged area (a) of Fig. 12A hyaline degen-

eration and bone adhesion (arrows) were observed

on the pressure side.
C : An enlarged area (c) of Fig. 12A. X10.

)

Fig. 13. Interradicular region of the O-2 group (300g
loading) and an enlarged area (b) of Fig. 12A.

A : Resorption of alveolar bone (arrow) was observed
on the pressure side. HE.

JEBH 2 3B CERBRBCHRR OB 7R & E Al
CEBBERINASBE S WBNO -zt ¥ ME,
HSFENC D ROBARBLALRL C IR HEFH 12 R SR Y0E
BEARH N, MOBRCS W TEAMTEK

C : By Masson staining, only collagen fibers, which
showed no functional fascicular alignment, were

stained in green on the pressure side. X 10.

BRIND SBHEENEBITERTHRIVBREI L.
—77, A BEIC B TESMTREREZEL, KW
AR BLARAHE ATHIR B B & T700gE B L R ARAR A
Yot X /2B HMassonHea TBILZ X iz,



Fig. 14. O—4 group (300g loading). HE.
A : Direction of orthodontic force(double arrows).
X 25.

1 N

i

Fig. 15. Interradicular region of the O—4 group (300g

loading) and an enlarged area (b)of Fig. 14A.

Fig. 16. Control group (700g loading). HE.

A : Direction of orthodontic force (double arrows).

X 2.5.

B : An enlarged area (c) of Fig. 16A, hyaline degen-
eration of the periodontal ligament tissue and bone
resorption by osteoclasts (arrowhead) were observed

ATA.

Fig. 17. Interradicular region of the control group
(700g loading) and an enlarged area (b) of Fig. 16A.
A : In the furcation area, the shift to bone formation

from excessive bone resorption was observed on the

Osteotomy % #f i L /- ZERROSE T #E) 50

B : An enlarged area (a) of Fig. 14A.
C: An enlarged area (c) of Fig. 14A. X 10.

HE (A), Azan (B) and Masson (C) staining. X 10.

on the pressure side. The resorption of cementum
and dentin was also noted, and bone remodeling was
extensively observed in the periodontal ligament tis-
sue. X 10, %25,

C : Formation of newly generated bone (asterisk)
was observed on the tension side. X 10.

S

@

pressure side (arrows), and excessive bone formation
was noted on the tension side (asterisk). HE (A),
Azan (B) and Masson (C) staining. X 10.
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Fig. 18. O-2 group (700g loading). HE.
A : Direction of orthodontic force (double arrows).
On the tension side, bone induction was observed in
the cervical area (c), and tissular images contrary to
bone adhesion were noted on the root apex side (d).

Fig. 19. Ankylosis region of the O—2 group (700g loadi
larged area (d) of Fig. 18A.

A: X10.B: x25, HE.

BON Rl 3 1B Fa
Fig. 20. Interradicular region of the O-2 group (700g
loading) and an enlarged area (b) of Fig. 18A.

A : In the furcation area, rapid bone formation by os-
teoblasts after bone resorption was observed on the
pressure side (arrows), and formation of thick newly

(2) 0-2 7 V—7(Fig. 18, 19, 20)

HE¥ft CTid300gH & LB L C, é%ﬂ@_ﬂlEiﬁﬁU,
EF A CHEHELBYWERARPBE SN, EIHTHS
AR 3 ATFI ST AR LR IR EE TR R,
BRATERER LR T 2P FAMTRERD Sz,
FR AU B U A B 8 B C B R 2 B L B 3R R
WCEBBREFRI ) ERBRIEE SN HEFD
ERBIZIZY N—25 4 Y PBBRINT:.

—75, ML BV TES [T RETEIC
PIFTECEEBTERSBE SN, T 7, RS
IIBERERECS & L COMMERE 2SI TR S

X 25.

B : An enlarged area (a) of Fig. 18A, hyaline degen-
eration and bone adhesion(arrows) were observed on
the pressure side.

C : An enlarged area (c) of Fig. 18A. X 10.

generated bone was noted in the intraseptal alveolar
crest on the tension side (asterisks). HE.

B : Azan staining. C : By Masson staining, the newly
formed fibers were extensively stained in green (ar-
rows). X 10.

TS K BB S /2. Massonde e TR 4212
TERE S N7 RERE XA EPR ISR 2 BT 5 B0 5
.

(3) 0-4 ¥ v—7(Fig. 21, 22)

JEEH, ZEF[MIZB 2 EOBERSIIRSUEIRIC
BWTT700gBEO-2 7V — 7 oM & FBEHEE %
BYEHARFRD LRI,

- 5) EBREICBEAE T 5% 2 B & 8 2 BRE M (Fig.

23, 24)
RGIBERIZ BT 2 BEAE TIE 88 CHRE SR
BEZIPFTECHEBIER SNERETHLIE1HE
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Fig. 21. O—4 group (700g loading). HE. B : An enlarged area (a) of Fig. 21A.

A : Direction of orthodontic force (double arrows). C : An enlarged area (c) of Fig. 21A. X 10.
%X 25.

Fig. 22. Interradicular region of the O—4 group (700g HE (A), Azan (B) and Masson (C) staining. X 25.
loading) and an enlarged area (b) of Fig. 21A.

A : Direction of orthodontic force (double arrows). X 2.5.

B : An enlarged area (a) of Fig. 23A. Bone remodeling in the
opposite direction of the movement direction of the experi-
mental teeth was observed. X 10.

. VB e ;
nd premolar teeth near experimental side. HE.
A : Direction of orthodontic force (double arrows). X 2.5.

B : An enlarged area (a) of Fig. 24A. X 10.

He & OfHH RN TLREWHETVFRBD bz, THLH%2HHMN, %2 REBIEREOBE TN
FIBICH 2T HE THREMICB VTR, EH 8 LELFANOBYEEHR I ED Sh-.
HRETHLEORERPBRE SN 26, BEER  6) FHEHH
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Fig. 25. Temporomandibular joint. HE. X 10.
A : control group, B : 300g group and C : 700g group
The condyle showed almost a semicircular shape on
both the medial and lateral sides, and the mandibu-

Y

lar fossa showed a shape corresponding to the con-
dylar shape on the medial and central sides, and the

Fig. 26, 27, 28.
Fig. 26 : An enlarged area Fig. 25A. Fig. 27 : An en-
larged area Fig. 25B. Fig. 28 : An enlarged area Fig.
25C (A ; anterior. B ; central. C ; posterior)

(1) §§9LKFT R (Fig. 25)

THEIZBWTHME, SAMETRIZERNEZEL,
THELANBLIUHRCTCTHREAICHD LEEY
BULAMITIRFEETH - 72, BEHHRIZ ETEESEN
Y THEOBRIC—HRLFRTRIIIEETH D

z

1. BURZBRT 3MEREICOVT
SHRHLE % T BB I BRI & kR L, Cun-

! p ’ c S AVEANT
lateral side showed a flat shape. The articular disc
was in the supero-inferior articular cavity, and
showed a shape corresponding to the shape of the
mandibular fossa, with the thinnest area in the cen-
tral area and thick areas on both the medial and lat-
eral sides.

& Crge  Ste. S w

In each experimental group, no inflammatory find-
ings and bone -remodeling were observed in the
mandibular fossa, articular eminence, articular disc
and condyle. X10.
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SumMmARY In this study the effects of various loads and osteotomy on tooth movement were investigated.
Seven experimental dogs were divided into groups O-2 and O—4 according to the kind of osteotomy per-
formed on the lower third premolar on the right side: vertical osteotomy was performed on the distal intraal-
veolar septum from the marginal point to the level below the root apex and 2 mm, 4 mm, mesio-distal, respec-
tively.

In six dogs, the lower fourth premolars were extracted bilaterally. Orthodontic appliances were used to
apply various loads in both groups on the immediate day postoperatively. In the O-2 and O—4 groups, 300 g
and 700 g loads plus closed coil spring loads were applied. The same loads were applied to the left lower third
premolars, on which no operations had been performed and these were designated as controls. The right
third premolars, on which operations had been performed in the O-2 and O—4 groups were designated the ex-
perimental groups. After three weeks of load application, differences in tooth-movement rate in each tooth
and of the histological changes around the periodontal ligament and temporomandibular joint were observed,

The movement distance in all cases in which osteotomy was performed was greater than that in the con-
trol group, except for one case in the O-2 group in which a 300 g load was applied. In regard to the amount
of osteotomy, when a 300 g load was applied, movement distance in the O—4 group was approximately twice
that in the O-2 bgroup in the experimental group; however, no differences were observed between the two
groups when a 700 g load was applied. Almost no mesial movement of the first posterior molar was caused by
osteotomy, and this was not related to the values of applied loading. In regard to the values of applied loading,
tissular reaction caused by continuously applied loading was observed in the 300 g experimental group, and
that caused by transiently applied loading was observed in the 700 g group. These resulats suggested that
there was a relationship between the values of applied loading and the amount of osteotomy.

Histologically, the amount of bone induction was small on the tension side, and further bone resorption
was observed on the pressure side in the 300 g group. In the 700 g and 300 g with 4 mm osteotomy groups,
marked bone formation was observed on the tension side, and rapid bone induction after the bone was re-
sorbed was simultaneously observed on the pressure side. In the 700 g group, because movement, continuous
tipping movement in which the tooth crown and tooth root area slightly move by turns occurred, different im-
ages of tissular reaction on the tension side such as bone induction in the cervical area and bone adhesion on
the tooth root side were observed In the second anterior and posterior molars adjacent to the experimental
tooth, bone remodeling in the opposite direction of the movement direction of the experimental tooth was ob-
served in the furcation and é]veo]ar intraseptal areas. As the causes, anatomically it was considered that the
alveolar intraseptal area was several times wider than that in humans, and the tooth was a multi-rooted tooth
with separated tooth roots. By HE staining, bone generation by active osteoblasts from the surrounding area
of osteotomy to the inner area was observed: however, no macroscopical and histological changes were ob-
served in the temporomandibular joint area both in the control and experimental groups.

These results suggest that osteotomy is suitable for rapid orthodontic tooth movement over a wide range
providing the relation between the osteotomy method and orthodontic force are carefully considered.



