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AFRlE, & 70 52E 5L Comparison of orthodontic root resorption under heavy
and jiggling forces during experimental tooth movement (Korean Journal of
Orthodontics 3% B# T &) B L OEI & 72 5255 L Jiggling Force Induces
Orthodontic Root Resorption during Tooth Movement in Rats (International Journal of

Oral-Medical Sciences 2015 June 1. Vol.14 3% p. 13-20) # £ D7D ThH D,
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PERES IETBE L 5H A ERRRE D s LR RO EIE R EL < DAY » M1 & A
TN, BEOEZTHLLOD, HREINAZAEL L Z ENMBNATWD, WEE
EIRRICEBT 2 WiRIUE, T2 2 & DRERERIEO—2>TH LD,
BRI SN D Z LI XV oL 72 L, MHIBHREIC R e Ex
MIETZENH D, Kaley b [211F, ERHEERREZZ T 7213 & A EDOBEITHER
WA FRD L, ZDOHD 3 % 23 EFEHPEIRICB W CEERIRIIN RED 4
D 1L EOWIR) S HBLL 72 & LTV D,

AR DJRRNZ DWW T, FEIES O R E S [3], 1BRHIH o R Hl4], RO
ReEE (4], SMEOBETELS], th OB EiRE[6] 72 b CNTBARERA[T] 72 & 3 &
INTWDD, BfEZRJERIIRTEMRYT S CThn, R EIRRE T ICBE o
WSRO Wi ICEiiE S 5270 V78, b D —ATThHDH EEZ
HNTWND, L Lo, BEWRKINOBEIZK T LY 7Y 7 o5
DN, FEMR A = X NIRERATH 5,

Z TR TIZY 7 ) v 7 BT DRI L ORIEMEY A b A v

FEBENRE & Ll U, BARIINIZ KIT T B SOV TR LT,



BB LU
1. invivo HF%E
1) EBREWE L O OBE) ik
AREN) FEBRIT A AR FH 7 5 B E B s PRI B 9 2 158 (KR E 5
AP13MDO003 5) {ZHEU CTiT o 7=, EBRIZIL 8 @it Wistar RN ~ b (350 +
10 g) &5 50 AW, fFEEHEAY ARl ¥ —I12 T
SPF 27 U —>F v 7 NTITW, BETREREL, BOBbK, IREZR B ONS 7 — I3 T
Wb OEHR Lz, HEOESB LOREIL, X hve ¥ —F ¥
2\ (35 mg/kg body weight) THEFENTEHR 266 L, S5 FRE N C5EHE L 7=,
R — s OB ENZTT O 7ol WABEREE (B : 0.012inch, A7
> L A AF— /)L, Tomy International Inc. Tokyo, Japan) % {ESL L, EZAEHIZE—
Fth & AT VL ARAT — )L OFERHR (K S: 0.008 inch, Tomy International Inc.
Tokyo, Japan) Tiffi%k, FEAMHILG] A —/3—7R > R* (Sun Medical Co, Shiga,
JAPAN) % HWEE L7-[10] (Fig. 2), xtf& (BLF, Cont) #f, Bk ES (LLF,
Optimal force; OF) #f, 5RVVEGIET) (LT, Heavy force; HF) #f, 27U 77
(LL'F, Jiggling force; JF) BEDFE 4 BEICH T, T v MIARMTABEHOMRE 1
OF BXWIF#ETI10 g HFEETS0 g & L7=, JIOFMIZOWTIL, OF B LW

HF #£ TIXFHERD7 A~ JFRETIEEM, JHA L 7 BRI 7 s 21T > 72 (Fig.



3)o

2) FEARMERLE X OBIESHL

MEMMAERB L7 v ME, XUV EX — L) U o A CTHERREELT-
%, AR E 10% TR~ Y KR CREREE LTc, & DI REE &
HLC, 10 % R/~ Y UERICT 4°CC 24 BEIRIER ER, % 10 %
EDTA /A% (pH 7.4) 12C 4 BRMBRAEL 21T > 7=, PR L72alEHE, WikPed
L, BIEICE>TNT 7 ¢ ey ey 7 2ER%, RIS AR S 4 pm T
RN L, BFEQEAIEZMAT Lz, BIEELIE Yamamoto 5[111D iik% %

ZIZ L, FREAME OO0 HEREELZ, OZMEMETE2S 300 pm AR5

fECE TAGESR , REPIFEHERETEOAR LM 150 pm A5 300 pm AR LM E
% [B#EME) & L7 (Fig.4), Z#4UL, OF 3L HF BECHWT TA k) 13E
B E s —07, TBAEE (XFRSMIE 7D, JFEEZEWT 7 HHIXOF B & [FA

FRCTHDHM, 14 HEB L 21 HEIZBW T &S MU 8T 5,

3) Jr Btk K OV AR b Y (ks
~v hX Y e A VU B (LU, HE Beth) 1%, BOR T 7 ¢ 14,

WEIZIE AT L7,



SR LYl L, Bt ON T 7 0 1%, BIEIZHEWIETT LT, SO A1,
Wi/ XT 7 4 1% 3 % BEELKFE A X 7 — VERIRIZEIR T 15 s S8, WA
PN A X X —BRIGDBREZEIT -T2, —IRPUKRIZIE, B tartrate-resistant acid
phosphatase (TRAP) $Hi{& (Santa Cruz Biotechnology, Inc., CA, USA; dilution 1:100
rabbit, polyclonal), fi17 7 7' > K $ii{& (Santa Cruz Biotechnology, Inc., CA, USA;
dilution 1:100, goat, polyclonal), L matrix metalloproteinase (MMP) -9 H{K (Santa
Cruz Biotechnology, dilution 1:50, goat, polyclonal), T interleukin (IL) -6 HT{&
(Santa Cruz Biotechnology, dilution 1:100 goat, polyclonal), monoclonal $t
cytokine-induced neutrophil chemoattractant 1 (CINC-1) H1{&K (American Research
Products, Inc., MA, USA; dilution 1:50 rabbit, polyclonal), $T receptor activator of
NF-xB ligand (RANKL) #T{& (Santa Cruz Biotechnology, dilution 1:100 goat,
polyclonal) and #T osteoprotegerin (OPG) #L{& (Santa Cruz Biotechnology, dilution
1:100 goat, polyclonal) % H\V 7=, &-8) 71, Tris-bufferd saline (TBS) Tyeif L, il
WO—RPUAZER T 1 RSS2, —RIUERKICE, kLKL LT
Histofine Simple Stain MAX-Po (R) kit (Nichirei, Co., Tokyo, Japan) % f#i /i L,
TRAP 5 LK TOF CINC-1 %, Histofine Simple Stain MAX-Po (G) kit (Nichirei, Co.,
Tokyo, Japan)ZfEfH L, H7 7T > K, MMP-9, IL-6, RANKL 72 & (MNZ OPG %

2k a— LW ITo 72, KU IE TBS THei L, 3, 3’ -diaminobenzidine



tetrahydrochloride (DAB) (Merck KGaA, Darmstadt, Germany) (Z CHtat%, <1 ¥
—~v N XU R E DT A EIT D, T a—b e X2 L RIS T
K LOZEMZEITV, U ) — M TEAEIT 572, 723, positive control & L T
PRIEMET ~ b3 B 2 VY, negative control & L C, —kbuADIRI> 0 |2 TBS
R\,

BTG OMRIET 21 B BRI 245 (5 S @ 300 pm X BE : 225 pm) %
FEEBABEE T 400 512 TIEBE DA v AR » RO 4B 24RE L, KB alcie

SniAfaz G & U, BtEia oS R a2 R L,

2. HEEHERMT

~
=)

A5 B A I A XA PR & AR YR 22 2 SR T, BRI D 22 D RE I,

Kruscal Wallis test 2\ 7= (P<0.05 383X P<0.01),



R
1. ERPOZ v bOREE(L
MIERELGEIC LY — RIS EORD 3RO b, TORREE L, &

FEH CTHREOEICAEREITR O b > 7= (Fig. 1),

2. JREARRRAL AT R, (HE Yeta)

1) Cont#£ (0g)

721 HH D TA, Bl (ZBWT, BWIRFE O A > MNED O EEEIZ [ 2
S TR AN EAT T D BRHEMERS Gk & B MESE IR 2338 0 b iuie, iR

DA MEIZHER e m A2 2 LTz (Fig. 5-a~),

2) OF # (10 g)
FEIE 1 % 7~21 HH @ TA, B EIR ] 12350 THREMENERS G Rk & B 2
DETIIFRHATH - 7228, HREHOE® A NEIZEEWE () Midz &

HEARI I 1 LR80 S o> 7= (Fig. 5-g~1),

3) HF # (50 g)

MIEAWEM% 7 BA O TA flk] 1280\ T, WIRKRE ST () Mg



BRI 378D HaL (Fig. 5-m), 14 H B (Fig. 5-n) TlIfRkx 28, 21 BHE T
TS HICEEE () MRz S8 FEE TET HDHEMBWRIENZEGRD 5

7= (Fig. 5-0), [B ik | 12V T 14 B8 LU 21 H H CiI# A &7z (Fig. 5-q, 1),

4) JFHE (10 g)
FIE A% 7 HEO TA, BfEhk] (28T, OF B & [RIREICHRHENERS & /A%

B L OBHEF DO EATIZIAHA TH > 722y, WiREE D& X MEIZE K

=i

@r

B () MiEE S et I BRSO Lo 72 (Fig. 5-s,v) o 14 H BIZHBWT
XSS () IR Z & AR I E 2 RO b (Fig. 5-t, w), 21 H HIZBW

TEHEGERD BTz (Fig. 5-u, X),

3. SRR LRI

1) TRAP, 77 73> K 72 5 NI MMP-9 O 3g BB RE

Cont 33 XL TN OF BEIZEBWT, TRAP B X UNH T 7' v K BMES A () H
faix 7~21 HEZ@BL T A, B fHi] OWBRRmIIFED beioTz (Fig
6~7-a~l) 73, MMP-9 G2 EZAE () AfiX 21 H B O TA f8ik) ([2B8W TR
b 5Tz (Fig. 8-i), HF BETIX 7 HE O TA fHlk) OERFREIC TRAP, 17 7

T2 K 72 b TNE MMP-9 IG5 Z0E () M3 38 Hiv (Fig. 6~8-m), 14 3



L2101 HETCIEE L2503 O 5 (Fig 6~8-n, 0), HF B B fHElk]

IZEB W T, TRAP SIS () MidiE 14 B3XW 21 HBIZE® AL (Fig.
6-q, 1), BT 7T K EBILNZ MMP-9 [GMEL RS (%) AlaiX 21 H BIZER

STz (Fig 7, 8-1), JF#ED 7 H HIZEBWT, TRAP, 5 73 > K72 b NI MMP-9
SR () MR, TA, B i CTHIREmEICERO b0 (Fig
6~8-s,v) 28,14 HEH D TA, B fHIk] [ZB W THMESEE (1) MiE2z80 i
7= (Fig. 6~8-t, w), =HIZ221 HEH® [A, B K] (2B W T, TRAP, 7 7T K

72 5 ONT MMP-9 [P ks () AR ZHGERD b7 (Fig. 6~8-u, x),

2) IL-6, CINC-1, RANKL 72 & TNZ OPG O3 BiEhAE

Cont B L NOF B [A, B fElk] 1238\ T, IL-6, CINC-1 72 5 TNZ RANKL B
PEHEREIE 7~21 H H &8 L TIZIEFRD b iv7edr o 72 (Fig. 9~11-a~l), HF BEIZI )
T, IL-6, CINC-1 72 & NI RANKL [HEMidiE 7 H H O TA f] TR 6N, 14
BLO21 HBIZBWTHEMNRD 517z (Fig. 9~11-m~o0), HF Ao [B fHElk)
28T CINC-1 BEEMIfEIE, 7~21 H BIZCRO biL7zoizxt L, 7 HH TiX
IL-6 B MM 21 H BIZER® B4, RANKL BfEflfaid 14 3 L0021 H B TR
Hi7= (Fig. 9~11-p~r), JF B TlE IL-6, CINC-1 72 5 ONZ RANKL FaEfaE, TA,

B k] I8V T 14 BLU21 HEIZHEIIRRBD Gz, LrL, 7HBIZEBW



T IL-6, CINC-1 72 & TNZ RANKL FAEAIARIE, Cont 38 KO OF B & [FIEEIZER
7o 7= (Fig. 9~11-s~x),
F7-, OPG B E#liRlZ OF #£ 21 HH® BfEIE) , 14 B3 X121 B H® HF #f

A 36 L OVF#ETA, BRI 1BV TCERD bz (Fig. 12-1,n, o, t, u, w, X),

3) ABHPEMIE O E &R

TRAP, 777> K 72 5 ONZ MMP-9 [5G4 2 2008 () Mlatdx, 21 HEO
HF 33 K ONFBRIZISUV T, Cont BE & Fhlk L, TA, BB CH BRI Z58% (Fig.
13-a~c) (Kruscal Wallis test, P < 0.01), & 5|2 TRAP [ 008 (%) MfnEix
21 BB Bk D IEFHICBW T, 1T 73 KB L UMMP-9 (5 S-S ()
MifadaE 21 HE  TA, BEIk] O JF BTV T HF BEE bl L, AR
D B A7z (Fig. 13-¢) (Kruscal Wallis test, P < 0.01), ¥72, TRAP, 17 7L > K 72
5 ONZ MMP-9 [P 120 (8) MR350 % Cont 36 X ONOF BEDIZ BV TILTA,
B fHIK | ICHEREITRD 5o 7= (Fig. 13-a~c), IL-6, CINC-1 72 5 TNZ

RANKL O[5 E, 21 H B ® HF 38 X ONIF B0 TA, B fHig] (23T, Cont
BEL Ll LA BRI AZR, 1T IL-6 B f81 , CINC-1 [A, B 8% ,
RANKL B fE#%] (28 C JF #H1% HF Bk LA E28N%Z585 72 (Kruscal

Wallis test, P < 0.01) (Fig. 14-a-c), F 7=, IL-6, CINC-1 72 & ONZ RANKL & #l i

10



B 21 HEHOJFFETA 588 13 TB fEl & b LA BRI 6l (Fig

14-a~c) (Kruscal Wallis test, P <0.01),

11



Z %

AHFFETITRWVEIE S &7 ) o T HORIEMEY A NI A R BERED L
MEHT o7z, BREMICBIT 2 FERFT DT v M OEREZE(LIZOWTHERZEL
DOHNIRIPSToZ b, HEIXT Y FORRICEBEZ G R)hoTcEZD
% (Fig. 1) EDHIFEICENT, T v MO LFHHEOREFEIESIE 10 g A
L, WAEEEIREICRBI AWREIUIBENORE SPGB L TS Z &%
W& LTWA[3, 12, 13],

F7o, —HROFBIENZBIT 5 ERBINOFZEITZL < RE SN TWDHR, ¥
7V T TIOMGEIRIF E A ETThIL TR, T4, Matsuda H[14]1%, 7 v hC
B2 FHEE AR OKIEBEE T VAL Lo, RIFETIE, Z0EEBIW
FHEEZZFIZL, 7y FOHWIZEBWNWTY 7Y 7 & FBL LT, LLETOASE[3,
151 CIEBRVEE IEIZIWVEEIE ) & e U, 2 < ORI X S E ()
AR FRO b Z L 2WE Lc, ARIORER S & Rk, EafliziksnwT
THHD 10 g LI L, 50 g I8N TE < OXEME () M FEH bz,
F2,IJFHEO 21 HED (A, BfElE (2T, HF #f & Il L2 20E () A
fa OEEINATRD B, JE FED [B fEi] TiE, 14 B LU 21 HBIZBW TS EME
() MIETRD ST (Fig. 5), FBhTEMREOERE(LIZBWTY, HF £ (50 g)

L, BEWEBIES (10 @) YTV T HTBWTEEME () M
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BB %EZ R LTz (Fig. 13-b,¢), ZDFERNE, V7V 7 TRV EIE S &
el U, sRARMIN 2 M4 2 mIREMED & 5, — 7, Eross H[16]1%, & MMIHBWT
FRWVBIE S (225 g) LHRWCZ Y 7 ) (225 g) ORNTITHRERIUZ B W TH
HALENRNZ L almd L, ZO/MEDOAR—EE, BIEHORE SLEED
DR, © e Ty hOFEOEWVCER L TWAARERS D LEZ BN
L2 LlMb, V7V TONOMRE & EARRIN O BRI Z R T 5 72D ITIT '
ROMENMLETH D,

BRI A FEAT 5K E LT, BAMTO TR MO N E
Z BTV D[17-19], BARMED G FERZS M DWRINIZ TRAP MitE 2 28 () #H
FadBAE-LCnd Z & &2 L72[20], 27U > 7)) IF BEOARBERLE, 7 B
B DS ST 5 720, Y RRZE AR OO T S BRI R 52 2 & 3 HESR
ENd, #o T, WRBHHFEORIERNC, THETAMLTWZBIES L RS
FmDTEMR 25 T E0E, IO FEREMEDTERR & 78 L, 5 RAIC iR
WL 2 PRS2 Z & 3B X HivD, Bross H[16]h, MMM T AICHEIE 1A
WMINDT TV 7B TEEFERRINAZFEL TS E@E LT,

T 7 KB LN MMP-9 B EE () MOV T, TA fElk) 12
BWCHFBXOOFRE L Ll L, 21 HHDIJFRETE L FBO B (Fig. 7, 8-t, 1),

F7-, BHEE TIlL, 4 BLU21 HEHOHEF BLXOVOF BE & bhilig LU JF BT <
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BOLNT- (Fig. 7,8w,X). T 7V v Kaghr7usr 7 —EBIO~ ) v’
AA BT T A4 F—E (MMP) 1%, ZEE (%) MidicnTZnbos s
N E R SR e i S T & THEMRRIC R 1T D ARRE O RIS L T b,
¥Rl 77 v KB LU MMP-9 OREBLE, ZEE () MAE21, 221128\ T
FrETodH D, Tsuchiya H[23]1%, 7 v MIEBIT 2 OB &GO HARKILIC IS U
TEEM BRI & ks iaD B 7 7" > K & MMP-9 ORBIBITRIL T\ 5
ZlEWmELE, o T, ZNODOMELEARNRORERLY, P27V T hhhk
DBEEIZIBWTHCE () MR EZFET 5 2 LN RR ST,

HJE RN & RIETEY A N B A > & OBARIEI, in vivo IZB W T < e S
NTWBD, HEROIFIEIZIBNT, 5RWVEIES) (50 g) 1% IL-6, IL-8, RANKL 72 5 O
(2 OPG PEAEZAT LT, HEWRWINZFHIET H[24-26]Z L 2 L TRy, Z
AUIANIZETO 21 H H D HF # TA, B fl# (2T IL-6, CINC-1 72 5 TMZ RANKL
BEERIA Y Cont HE & IR LA B ZENH ST Z L LRIk TH D, F7z, IL-6,
CINC-1 72 & ONZ RANKL BtEfifat, 21 H B JF # [A k) 2B\ T, JF
B TBfEiR) & LA EZ2RZENRRD vz (Fig. 14-a~c), 5%, 7 V70
WL DRIEMEY A DA L DOEETRD A T = X LN E RS 5720121, in vitro 12
BOWTHLMET2X4E NS D, WED in vitro TOWFFE[24-26]I2BW\T, JEHE )

VIRIEMEY A N A T D IL-6, IL-8 72 5 NI RANKL DA # g+ 5 2 &
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EWE LTS, ABFFROERICBNT, BN 2 AN L miREESE,
B2 CTRFESMNZEBNTH 2L DORIEMEY A ULV 2FEL T 5D,
WoT, 7V T NE, JEBE R ORRDMWEOEIEN M52 LITLY,
—HEORFEIET) L HEE L, RIEVEY A DA TN T 5 2 & 2R Lz, TA,
B fHI) DOZAEBIZHOWTIX JFREO 21 HBIZKBWT Bl Lreigl, TAGE
i) 128V T IL-6, CINC-1 72 5 NI RANKL O MR Z O M AZE S 67
(Fig. 14-a~c), Garlet H[2711XZ5 A & bl L, HEMANIZ 35T RANKL Bl
DOIBUAMZHE Lic, 2o OEREHET D &, RFFICBWT B fEik)
O P AR EGRRAHESEAR AL 1 Bl DJEE ) & 2 Bl # S| S %520 B DIkt L, [TA k)
O W R BRMESERIIIE, 2 B & 1 B ERFNEZTDHZ EIChD, (o
T, TAfE] ICBT2EEFENRL T L5, B k] & bl LA R

PN LT JRIR EHEZR S D,
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JFREZ BT D RIEVEY A b A R BLEhRE 2 HF #F & Lhige U, SR
HEICOWTHRE LToER, LT ofsma 57
1. TRAP, 15 72 > K 72 5 NI MMP-9 OB/ T 2 s (#) #laix, 21
HEBWTIFREO [TA BfEE CHF & &, HREARBEMBERD 5T,
2. IL-6, CINC-1 72 & TNZ RANKL [P, 21 B HIZFW T HF #E & i LU JF
HCTHERBEMDFD b,
3. IL-6, CINC-1 72 i TMNZ RANKL ftEflifiaix, 21 H HIZ3W\ T JF #F TA ) T
HF 3 X OVIF B (B fHl) KV AERBMDZRD i,
Lo Z enn, vy NMIBTF LDV 7 Y 7T EET &g L, B

FEIES) T b SRV 2 38 S 5 aTREVED RIR S Tz,

16



BE R

1.

Henrikson T, Ekberg E, Nilner M. Can orthodontic treatment improve mastication?

A controlled, prospective and longitudinal study. Swed Dent J 33:59-65, 2009.

Kaley J, Phillips C. Factors related to root resorption in edgewise practice. Angle

Orthod 61: 125-132, 1991.

Chan E, Darendeliler MA. Physical properties of root cementum: part 5. Volumetric

analysis of root resorption craters after application of light and heavy orthodontic

forces. Am J Orthod Dentofacial Orthop 127: 186-195, 2005.

Levander E, Malmgren O, Stenback K. Apical root resorption during orthodontic

treatment of patients with multiple aplasia: a study of maxillary incisors. Eur J

Orthod, 1998; 20: 427-434.

Malmgren O, Goldson L, Hill C, Orwin A, Petrini L, Lundberg M. Root resorption

after orthodontic treatment of traumatized teeth. Am J Orthod 82: 487-491, 1982.

Linge BO, Linge L. Apical root resorption in upper anterior teeth. Eur J Orthod 5:

173-183, 1983.

Al-Qawasmi RA, Hartsfield JK Jr, Everett ET, Flury L, Liu L, Foroud TM, Macri

JV, Roberts WE. Genetic predisposition to external apical root resorption in

orthodontic patients: linkage of chromosome-18 marker. J Dent Res, 2003; 82:

17



10.

11.

12.

13.

14.

356-360.

Brezniak N, Wasserstein A. Root resorption after orthodontic treatment: Part 2.

Literature review. Am J Orthod Dentofacial Orthop 103: 138-146,1993.

Mirabella AD, Artun J. Risk factors for apical root resorption of maxillary anterior

teeth in adult orthodontic patients. Am J Orthod Dentofacial Orthop 108: 48-55,

1995.

Hayashi A, Hayashi H, Kawata T. Prevention of root resorption in hypofunctional

teeth by occlusal function recovery. Angle Orthod in press.

Yamamoto S. Regional changes in the periodontal ligament during the orthodontic

tipping movement of rat molars. Tsurumi Univ dent J 35: 21-30, 2008.

Gonzales C, Hotokezaka H, Yoshimatsu M, Yozgatian JH, Darendeliler MA,

Yoshida N. Force magnitude and duration effects on amount of tooth movement and

root resorption in the rat molar. Angle Orthod 78: 502-509, 2008.

Kohno T, Matsumoto Y, Kanno Z, Warita H, Soma K. Experimental tooth movement

under light orthodontic forces: rates of tooth movement and changes of the

periodontium. J Orthod 29: 129-135, 2002.

Matsuda Y, Motokawa M, Kaku M, Kawata T, Fujita T, Ohtani J, Terao A, Tanimoto

K, Tanne K. Influences of jiggling forces on the onset of root resorption in rats. The

18



15.

16.

17.

18.

19.

20.

71st annual meeting of the Japanese orthodontic society Supple 79, p157, 2012.

Nakano Y, Yamaguchi M, Fujita S, Asano M, Saito K, Kasai K. Expressions of

RANKIL/RANK and M-CSF/c-fms in root resorption lacunae in rat molar by heavy

orthodontic force. Eur J Orthod 33: 335-343, 2011.

Eross E, Turk T, Elekdag-Turk S, Cakmak F, Jones AS, Végh A, Papadopoulou AK,

Darendeliler MA.. Physical properties of root cementum: Part 25. Extent of root

resorption after the application of light and heavy buccopalatal jiggling forces for

12 weeks: A microcomputed tomography study. Am J Orthod Dentofacial Orthop

147: 738-746, 2015.

Kurol J, Owman-Moll P. Hyalinization and root resorption during early orthodontic

tooth movement in adolescents. Angle Orthod 68: 161-165, 1998.

Kvam E. Scanning electron microscopy of tissue changes on the pressure surface of

human premolars following tooth movement. Scand J Dent Res 80: 357-368, 1972.

Rygh P. Ultrastructural cellular reactions in pressure zones of rat molar

periodontium incident to orthodontic tooth movement. Acta Odontol Scand 30:

575-593,1972.

Meikle MC. The tissue, cellular, and molecular regulation of orthodontic tooth

movement: 100 years after Carl Sandstedt. Eur J Orthod 28: 221-240, 2006.

19


http://www.ncbi.nlm.nih.gov/pubmed/26038078
http://www.ncbi.nlm.nih.gov/pubmed/26038078
http://www.ncbi.nlm.nih.gov/pubmed/26038078

21.

22.

23.

24.

25.

26.

Wucherpfennig AL, Li YP, Stetler-Stevenson WG, Rosenberg AE, Stashenko P.

Expression of 92 kD type IV collagenase/gelatinase B in human osteoclasts. J Bone

Miner Res 9: 549-556,1994.

Oshiro T, Shibasaki Y, Martin TJ, Sasaki T. Immunolocalization of vacuolar-type

H+-ATPase, cathepsin K, matrix metalloproteinase-9, and receptor activator of

NFkappaB ligand in odontoclasts during physiological root resorption of human

deciduous teeth. Anat Rec 264: 305-311, 2001.

Tsuchiya M, Akiba Y, Takahashi I, Sasano Y, Kashiwazaki J, Tsuchiya S, Watanabe

M. Comparison of expression patterns of cathepsin K and MMP-9 in odontoclasts

and osteoclasts in physiological root resorption in the rat molar. Arch Histol Cytol

71: 89-100, 2008.

Asano M, Yamaguchi M, Nakajima R, Fujita S, Utsunomiya T, Yamamoto H, Kasai

K. IL-8 and MCP-1 induced by excessive orthodontic force mediates

odontoclastogenesis in periodontal tissues. Oral Dis 17: 489-498, 2011.

Hayashi N, Yamaguchi M, Nakajima R, Utsunomiya T, Yamamoto H, Kasai K.

T-helper 17 cells mediate the osteo/odontoclastogenesis induced by excessive

orthodontic forces. Oral Dis 18: 375-388, 2012.

Kikuta J, Yamaguchi M, Shimizu M, Yoshino T, Kasai K. Notch signaling induces

20



root resorption via RANKL and IL-6 from hPDL cells. J Dent Res 94: 140-147,
2015.

27. Garlet TP, Coelho U, Repeke CE, Silva JS, Cunha Fde Q, Garlet GP. Differential

expression of osteoblast and osteoclast chemmoatractants in compression and

tension sides during orthodontic movement. Cyfokine 42: 330-335, 2008.

21



B LUK

22



(2) 380

370

w——control

360

—H F

350

340

330

The body weights of the rats

0 1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 (day)
Fig.1

Fig. 1. Body weights during the experimental period.
The body weights of the rats in the experiment group decreased transiently
on day 2 after the application of the orthodontic devices and then recovered.

No significant differences between the four groups were observed.
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Fig. 2. Experimental tooth movement.

Experimental tooth movement was induced with the design of the appliance (diameter:
0.012 inch, Stainless steel wire) ligated to the maxillary first molar cleat by a 0.008 inch
stainless steel ligature wire. The upper first molar was moved palatally or buccally
using the appliance with a force of 10 or 50 g. The appliances were attached to the rats

after activation in each direction.
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Control
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Fig. 3. Experimental schedule for each group.

The rats were randomly assigned to four groups: control group, no appliances; optimal
force (OF) group, treatment with 10 g of compression; heavy force (HF) group,
treatment with 50 g of compression; and jiggling force (JF) group, 10 g compression on

day 7, 10 g tension on day 14 and 10 g compression (“A” area) and 10 g tension on day

Palatal
movement

Palatal
movement

Palatal

movement

Buccal
movement

Palatal
movement

Og

10g

50g

14

21 (day)

Fig. 3

7, 10 g compression on day 14 and 10 g tension (“B” area) on day 21.
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Fig. 4. Schematic illustration showing the area of investigation (box) in the palatal
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buccal
I

aspect of the distal palatal root of the first molar.

DP: distal palatal root, DB: distal buccal root, bar; 500 um
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14 days 21 days
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Fig. 5. Light macroscopic images showing the effects of different orthodontic forces on

multinucleated osteoclasts (hematoxylin and eosin: original magnification x400).

The expression of odontoclasts (small arrow) on the cementum in the JF group (u) was

higher than that in the HF (0) and OF groups (i) on day 21. PDL: periodontal ligament,

C: cementum and D: dentine; bar = 50 um. The direction of the applied force is

indicated by the large arrow.
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Fig. 6. Effects of the different orthodontic forces on the expression of Tartrate-resistant

Acid phosphatase (TRAP)-positive odontoclasts (original magnification x400). bar = 50

pum.
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Fig. 7. Effects of the different orthodontic forces on the expression of cathepsin

K-positive odontoclasts (original magnification x400). bar = 50 pm.
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Fig. 8. Effects of the different orthodontic forces on the expression of matrix

metalloproteinase (MMP) -9-positive odontoclasts. (original magnification x400). bar =

50 pm.
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Fig. 9. Effects of the different orthodontic forces on the expression of interleukin (IL)

-6-positive odontoclasts. (original magnification x400). bar = 50 um.
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Fig. 10. Effects of the different orthodontic forces on the expression of

cytokine-induced neutrophil chemoattractant 1 (CINC-1) -positive odontoclasts.

(original magnification x400). bar = 50 um.
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Fig. 11. Effects of the different orthodontic forces on the expression of receptor

activator of NF-kB ligand (RANKL) -positive odontoclasts. (original magnification

x400). bar = 50 pm.
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Fig. 12. Effects of different orthodontic forces on the expression of osteoprotegerin
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Fig. 13. Statistical diagram depicting the quantitative assessment of

immunohistochemistry of TRAP-, cathepsin K- and MMP-9 positive cells on day 21.

*: P <0.05, **: P<0.01, Significantly different from the corresponding control; f: P

<0.05, ¥1 : P <0.01, Significantly different from the corresponding HF group.
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Fig. 14

Fig. 14. Statistical diagram depicting the quantitative assessment of

immunohistochemistry of IL-6-, CINC-1-, RANKL - and OPG positive cells on day 21.

*: P<0.05, **: P<0.01, Significantly different from the corresponding control; f: P <

0.05, i1 : P <0.01, Significantly different from the corresponding HF group.
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