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Abstract:

Introduction: The purpose of this study was to investigate the mechanism how

micro-osteoperforations (MOPs) accelerate tooth movement.

Methods: Eleven-week-old male Wistar rats were divided into 2 groups: 10 g orthodontic

force applied to the maxillary first molar (tooth movement : TM), force application plus 3

small perforations of the cortical plate (TM+MOPs). On 12 hours after force application, we

extracted the periodontal ligament (PDL) of the first molar and analyzed gene expression

profiling of the PDL using Agilent GeneSpring software. Furthermore, on days 1, 4, 7, 10 and

14, we investigated the tooth movement and alveolar bone microstructure using

micro-computed tomography (n=5). We also determined the expression of tumor necrosis

factor-alpha (TNF-a), and proliferating cell nuclear antigen (PCNA) on a pressure side of

PDLs via an immunohistochemical analysis. The expression of apoptotic cells was also

determined by the terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)

method.

Results: The TM+MOPs group exhibited a 1.4-fold increase in tooth movement with

decreased bone volume / tissue volume ratio (BV/TV) and bone mineral density (BMD)

around the first molars compared with the TM group on 14 day. In the TM+MOPs group , 23

gene expressions related to cell cycle on a pressure side of PDLs showed changes greater



than 2-fold compared to the TM group after 12 hours. The ratios of TNF-a-positive cells in

the TM+MOPs group were increased on days 1, 4, 7, 10 compared with the TM group. The

ratios of PCNA-positive cells in the TM+MOPs group were increased on days 1, 4 and 7

compared with the TM group, and the ratios of TUNEL-positive cells in the TM+MOPs

group were increased on days 1 and 7 compared with the TM group.

Conclusions: These results suggested that MOPs may accelerate tooth movement through

activation of cell proliferation and apoptosis of PDL cells.

Key words: Micro-osteoperforaitons, Orthodontic tooth movement, Periodontal ligament,

Cell proliferation, Apoptosis, Cell cycle



i

[l

P RHE IEF RO OB IE, HEAB RN R Ll LR O SOGIZ K » THRIS T &
NALEMFH 7oA THY, FREBLOEEEOYETY 7L oTHEH
SNDBGETH D, FOFEIENIREE O BT RIMERZ5 &S L, MEOH
IE XS ARMHE AR~ CRPTRORE L, A AR ME & MRSEZ 3553 5, I4FE, R IE
IBRIZBIT 2R OBENC L > THBEIND A b L ADREREAIIIZ T interleukin
(IL) -lo. & IL-1B DM A B Z 42 2 3 & oA (1], B OB BN\ T, EgmE
FEIK ¥~ (tumor necrosis factor-alpha : TNF-a) , prostaglandin E2 (PGE2) , cyclooxygenase2
(COX2), interferon-y (IFN-y) 72 E DRIEME I IV AT 4 =—F — OFEBLH g iR A
Moz owERH 5(2], £ TNF-o (FEFMIE & ERBEMEIZISWNTT
RNE—=VAZFHERT L LOREDNH V3], RIEFICEZET 52 L THOBE)IC
WCHEAREEZ R T 2 LR RBEND, L EDOZ LD REHEIE N OB E)NIC
X, RIEWET I INAT 42— F —ROT R b=V ZAFRRNFABEE L TN 5 L&
bbb,

—J7, WRE EZOESIC L WL OREDOREEZBIEL LS & T DRADR
FEPEIML TWD, LLRRb, HEOKE « BEO = v b o —/LiE gk
HIR5E T LTV DRI, RS IE TR B0 I BT S 5 72 DRI 3R A
R DD D, S BIT, MADWREEIIMRE « BEDPTT S TVRWEFEEIZ

HAS TS, W 230 72 <, i D 720, 2 0T, OB BN 1R I



20, WWEHRNRELS 2272 EOMERH %,

Al-Naoum & [4]i%, REFAZYHIT L5 2T 2 b I —NEIEREICE T 5 OB H)
HWEAREIEL 2 RE L, LL, avFa b I —3IARMRENKE L,
BEOBMENPKRENT LD, KVREODRNEER kS UGEE, Bug 2L
fif (Micro-osteoperforations : MOPs) 73% %S X417z, Alikhani & [5]i% MOPs (Z L V), IL-1
a, IL-1 8, TNF-a O¥EMZFHEST 5 2 & T, R EIREICRIT 5tk oBHhE
RS2 Z L 2HmE LT D, BEIEOEEMEKICED R IELFET 224 T, &
DVET YV ITPMEESNDARENRB X LNDD, ZO AT =X LT OV TILAH
R A 70, B AR+ ITRE ST,

DNA microarray #1250, DNA 5 — X _X— |2 D L5 D& {n+ D I B BT
FRETH 5, RO 5B CIL R IZ I D ERIR T FBL/ ¥ — o DffHT oA A
~— 1 — R D 7= 8, DNA microarray {723 O H AL TV 5, ARBFSETIE, MOPs 23t Fh
FEIEIRRICI T 2 th 0B EIC WEERAT RO —BE LT, 7 MIB
T % FEERAE OB BIRFIC MOPs % Jiti L 72 IF oD [ 38 11 S AR AL Rk O 185 T 38 BL A B &
DNA microarray {52 CHENT L7=, F 72, Micro-CT B2 TS5 OB ENREEO M E &
B IR IS AR AT 21T\, (I PR AR S A e 8 & S R R A e S T AR
RIEAR N 31T D RIEMEY A A A > & MG 1, M OT R b — 2 AFEFHR T+

DORBEZBEL, WOBEIEERED A h =X L E B LT,



BhB XU

EREW B X OB &M

REVYFEBRIL A RKFZR TR E T B ERmEICET 5158 (KRET &
AP14MDO008 &) (ZH#E LU TiTo 72, EBRICIT 11 @i Wistar RHEMET ~ B (300 =
30g) ZEatSe AV, fBEEHZ H AR th 5 LREy) & ¥ —IZ T SPF 7
V=27 v 7 NTIT, B, OBK, KEBZRLWNCr — I3 THRE L O
A U7z, EBRIWITE/ES I tooth movement (TM) AE L TM+MOPs BEIZ 0% L
Teo HEEDOIE T LN MOPs 13X, —FHEGHMIE B AT I 0.15mgkg,
& Z N 2mglkg, WARET LT 7 —/L 2.5mgkg, ALK 1.8625mg/kg) #IE
ENTESRT U, BRI N CHEE L7z, EEEAME — O LB ENT Asano 6] )7
BEIZHEW, A VAT Y 7 (KE:0.005inch, [E£%:1/12inch, Accurate Sales Co. Chiba,
Japan) & RN —FW A2 2T 2 L ZA A F— )L DOFEERRE (K E @ 0.008inch, Tomy
International Inc. Tokyo, Japan) THEWY, 2 A /L AT Y o FOMF Z i & f A TIT-
720 FEIES1X Nakano S[7)I2%EVy 10.0g & L7z, TM+MOPs BEZ XA VAT >
7 %475 L, MOPs I Teixeira b [8]D FIEIZHEVy, EBAAANE— F f 3 USRI o B 7>
5 Smm ONLEOWIEE 3 A%, kP OIEH, FIEEL R = v L EA 0.25mm O
T Uy RAR—ZC, BEE 025mm OES £ TUHILZ, EBRNEOBENILIAF 14

H§1T-> 72 (Figs. 1, 2A and B),



i OB ENEERERE & B EAET

#5010, 1,4, 7,10, 14 H#IZ in vivo u-CT system (Rigaku-pCT®, Tokyo, Japan) (2T
Micro-CT #2175 7o B SMITEEIL 90 kv, FEIE 88 1 A, 175 360 FE[Hl#x &
L7z, #R5 L72 Micro-CT Eifg: (78 7 B VIS 30x30%30 um) (2 TG |t OB ER
HERE 21T o 7o, BENERES, B =7 A VEORE QR &S HlORITO R %
FESERREREE Ui-, £72, BB S 1U72 Micro-CT B8 LV, ZRovBRMESE FHH
7 k TRI/3D-BON (Ratoc System engineering, Japan) % F\U"C, 258 O thAR & FH O
Flig OB GAFE2 (bone volume / tissue volume ratio : BV/TV, %), & B (bone
mineral density : BMD, mg/cm®) Z#HHl L7-, BI.OMEIL (region of interest : ROI) &

Cheung & [9]DTFIEIZHE, 5|t O MR JE P 1mm LN OBl & L7z,

DNA microarray 35

T™M Bt & TM+MOPs BEICEW T, 5| 12 BRI = FIRA B O JEFENEFT I
R DR MEE FICCE AR L, JEEIRREE 2 R L7z (n=3), HRBRED
© Total RNA % flift} L, Agilent 2100 Bioanalyzer (Agilent, CA, US) % f\»C RNA O
EWE %47 > 7=, Cy3-CTP {#1E£ F C In vitro transcription (IVT) #:% Jifi L, Ovation Pico
WTA System V2 (NuGEN, CA, USA) %\ T mRNA O#iiE% L, D% SureTag

Comlplete DNA Labeling Kit (Agilent) % FVN TRk 21T - 72, £Zi%kaURHZ SurePrint G3



Rat GE 8x60K Microarray (Agilent) EC/g 7 U XA EB— 3 VEITWORGRE, @08
AF ¥ I TEBR DT —# ZHBUf5% L7z, GeneSpring fi#fT> 7 K (Agilent) 2T

BIa RO 21T o7,

BEAVER

MEMHE 2R L7727 v ML, =FEIRAREE CERMRE: L 721%, ARk E
10 % ThHEER L~ U O TRERBEE L7z, S HIC ESEEHIH LT, 10 %M
RN= 1 A2 T4 C T 24 FIRIER ER, B2 10 % EDTA %% (pH 7.4) 12T 4

BRI A 1T o 7o, WK U7sBHE, WiAKPES L, BIBICHE-> T3T 7 ¢ il
Ty 7 VR, UHEE AT E S dum OO T A ERL L, KYeaikE
1T o7, Yets S =K BMERIR O BIZ213 Gonzales & [10] DA IZHE N, EBS —F1
BRI D AR S35 2 0 AR Je -~ 300um D J 38 TIT o 7=, BLEL 5 S Kawasaki ©[11]
DA HERL U S5 — R st COBRAR | ARSI 2 0 3 DAR A0 & i DB RIAR

DL EREATRRE EATT A8 & TR OE 4 50 1 OHERIEAZ & L7 (Fig. 3),

FREARR R EIER L OB L 2 ek
AT XY e AV U EGRG (LLF, HE. $0) 1%, REORB T 7 ¢ %, 18
BV~ b U UIRIRE =AY W A D THETT U 7o, S ik b 7 g X

AHELOWL T 7 ¢ %, BIEICIEWVIETT Lo, —IRPUAIZIE, polyclonal ¥ $T TNF-



a PLi& (R&D Systems, Inc. Minneapolis, MN, USA; #ii#R{%=% 1:100) , monoclonal < v/
AH1 proliferating cell nuclear antigen (PCNA) Htf& (PC10, Cell Signal Technology, Inc.
Tokyo, Japan; A7fRAE2R 1:100) Z MW, FUIAIE, W7 7 4 1% 0.5 % mlz koK
AL ) —)VEIRIZER T 30 S S8, WRMESLVAF 0 =B R DORE %
1To72. %Y1, tris-bufferd saline (TBS) TUEH L, Bk O —kPUAZ =IE T 1 B
BOGS EH 72, L TNF- a FURSUGHIZ —IRFUA & LT Histofine Simple Stain MAX-Po
(G) kit (Nichirei, Co. Tokyo, Japan) %, HL PCNA FLIA G4 2 —IKRPLIK & L T Histofine
Simple Stain MAX-Po (Multi) kit (Nichirei, Co. Tokyo, Japan) ZfEH L, 7’1 F 2—/1|Z
W RPUR R " AiT o172, £ 1% TBS THEH L, 3, 37 -diaminobenzidine
tetrahydrochloride (DAB) (Merck KGaA, Darmstadt, Germany) (Z CH &%, ~A1 ¥ —~
~ hX U U E O TRIBE A ZIT, Tva— b - F 2L RN TRHKE LW

BREATW, ~ U J—LICTCEAZIT- T2,

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) %

7 A b= AR H 0O 72 0 TUNEL £, BB AT 7 1 4%, TACS 2TdT-
DAB In Situ Apoptosis Detection Kit (Trevigen, Gaithersburg, MD, USA) % fW\T>7'1 k
T Ve G A A AT o T2,

I N 7 1 4%, e T S —E K 2 & TBS Ik 1T 37°CIls T 15 53, 3%

WL KFET 5 A FaX—2 g LEREEKTEERE L, 20U %

N



terminal deoxynucleotide transferase (TdT), &4 >k dUTP |ZT 37°CIZC 1 FfE]A >
F 2 _N—3 3 L721%, streptavidin-horseradish peroxidase (Strep-HRP) (Z CTAHLEE L,

DAB (ZCT AR b — 3 AR % F& 414, 1% methyl green (& Txf LYt 21T - 72,

MR

et STl R O HARBRE 1B ABLE S AL FEIH 2> & MEVE 2 (T3 yE R T 5 HHEPRER L,
AGEER M EL & 45 Bt AR AR & FHEI U 7=, Sato[12] & D JFIEIZHEWVEL T O TR
ReFH L

iR = (BGEmiats / e Miai) x 100

HEEHARAT
BEh R, BV/TV, BMD M OSHRRGE S35 B M & R A2 2 R 7o, HERM]
DZEORE L, Mann-Whitney O U #7E % V2, AE/KEEIL P < 0.05 LT P < 0.01

L LT,

S
DB ERRE

5| OBENIEEEL TM+MOPs BTl TM BEE g L, W oI B IcBWT

bLEETHY, %514,7,10, 14 HRICAEZENEO b, 251 14 H&, BEHREHT



1AEAEICEETH -7 (Fig. 4).

B IR E AR AT

TM+MOPs D 25| 8 O B iR A PH O B o BV/TV (X TM B & Fige L, W ho
FHAEICB W CHIRETH Y, %51 1,7,10, 14 BRICEBEEEZRDZ, £E5 0O
e AR JE BH O B A O BMD 1235 CTH TM+HMOP BEIL TM BE & g L, W o+l

HIZBWTHIRETH Y, FEF| 7,14 HRICHEEZZRDTZ, (Figs. 5A, B),

DNA microarray f#4T

5| 12 B o, R REHIIC ISV T, TM+HMOPs BTl TM BE & bl L,
HIEE HA O #4712 B 5-4 5 minichromosome maintenance (MCM) @ 9 5 8 FE D& s+
0, £1-FOFFEKF-TH D cell division cycle (CDC) @ 9 H 15 FOEIL 25 2 f5LL

ERBLEEAIN L 7= (Figs. 6A, B),

IRERARMEFRIPT R (HE. Befd)

ol 1 A%, MEEE bRHEMERS SRk & Sl O SRR BT RO B, F
7z TM+MOPs FEIZ 3\ TIAE MR & Z IS fE 5 BRI RO b vz, #5104 H
%I, T™M BRI B ERINGE 2380 508, 2 TOEBRYIKIZH VT, TM+MOPs X

TM B & bl U, 2807 RINED RO b7z (Fig. 7).



SRR BT
JEIA BRI AR 51T 5 TNF- o BpPEMARIE, TM+MOPs £ Clx#5( 1,4,7,10 Hi% &
t TM B & i LA IS E TS 572, PCNA BPEREREIX, TM+MOPs £ T35 1, 4,
H#ED TMBEE I LARICHEE CH -7z, 7R h—T A s, TM+MOPs B

TIXTM BEE LB LZES] 1,7 HRICARICEE TH -7 (Figs. 8-10),

EE8
EERA R OBEIEFIZ MOPs 2175 Z &1k v, BEIWEHOEREEIX BV/TV &

BMD 2ME R L, ‘B OIS XZE LB EIERREA A EIZHMN L 72 (Figs. 4, 6A and B),
Z OfEFIT Alikhani & [5], Cheung & [8] Dt & —F9 %, Alikhani ©[5]1%, MOPs (Z
L BE Ol RAEBHIRTPICRIEE Y I VAT 4 ==X —ThH % IL-la, IL-1p,
TNF-q, IL-6, IL-8, CCL-2, CCL-3 2 O} CCL-5 23T % &L @& L TW\W5b, AIFRICE
WT b, SRR LR K D TMA-MOPs B0 136 Il # FR I C 0> TNF-o b5 AR
DEERBEMMNZED 572 (Fig. 8), MOPs (2 X ¥ A= U7z RIE DS B B o AR s

[ZP e Uiz 2 & CREENMEE SN2 LB 2 HILD D, MOPs Z it L 7= IR D B Al
DIVET U TIZONTIEHITHRE STV R0,

Z ZCARMIETIE, B IE TR OBENZ T 5, WARBEOMIQEGE, 7R h—
A EHIBEASNCE R Lis, BB o AR O @& s R A2 DNA
microarray &\ CHAT L7= & 2 4, HOBEIOFERD MOPs (2 X 0 #liaE 8 o171

5422 BOBIT08 2 fEU ERIT L Z L3O b, S bICHREMMILFRE



& TUNEL alZ L0, $EOBENOFEIZ MOPs 21T 9 & flilas s BIE R 1 PCNA O
me, 7R b= ZADOIEHALDFE O BTz, McCulloch 5 [13]1%, Ha AR IESH A 1 A0 e
B & MIRRSE DO 2 R-D Z LI K o T, fEF ML MR L T\ 5 & L, Mabuchi &
(14113, MBI A B =LA NV RAENMA D &, MBRBEIENIERIC/RD, 20
BT AR b= AT KDL e SHL D &R LTz, Funakoshi © [15]13 8 HAE5HH
(CRHGERY 7R R ) &2 N 2 % & MR A 23538142 2 & 2% L, Kyomen ©[16]i4,
B O RSB EREE AN N 1 K 0 B9 2 B & LT, PR B oD A JE S 1 IR &
R LTV 5, E70, ARBFJEICT MOPs (2 & 0 JEARIEEARIE T D TNF-o BI04
B BINAFRD B3, Thammasitboon & [3]11%, S HRIEHEND X J5E SIS TNF-a
LT, TR M=V ZAZERLSED EME L TWD, T72obb, WREMIZE
WT INF-0[Z7 R h—Y 2R S EHHERRK T TH Y, MOPs (2 & 2t OB #EH
JERHEIZB N TH TR b=V AZIERIL L TWD EB X HILHD, MOPs & TNF-a O

BURPEIC DWW TR E LR AR LETH D,

o il

MOPs 723 FHIE IR IZ 85 1 5t DR8I I OWT T v MTTHERY
B OBE 2 ATVRE L72RER. LU T Oftm & 1572

1. #0514 Hf%., TM+MOPs BETIX TM BE & Lbilg U, BEIIREEIIN 1458 &I



BETH -T2,
2. TM+MOPs #£ D 25|t o> HH & P O Al O BV/TV 1 TM & & bk L &5
1,7,10, 14 HZIZEB W TAHBEIZIKIE CTdHh o 72, TM+MOPs BED ZE 5| H 0O AR & FH o
M8 BMD | TM B & el LS| 7, 14 HRICBW THERIZIKETH 5 7=,
3. 5] 12 B4 o, EAMIEAR A BV T, TM+MOPs BE Tt TM #E &t
2 L, 23 FE oDl & 1 BB A5 TR B 2 (5 2L BB L7,
4. JEE AR 35 1T D TNF- o BatEREREIE, TM+MOPs # Tix#5] 1, 4, 7, 10
H#% &b T™M B & i LA EICHEE Th o 72, PCNA BEPEMILIE, TM+MOPs #f Tl
#511,4,7 HtE & b TM B L LARICEMH Ch o7z, 7R h—v Afifla s, TM+
MOPs B CIEZTM BE L B LS| 1,7 HZ L b A BICEETH 72,

PLEDZ &G, lOBBIREZ MOPs 21795 Z & T, JEEM O BRI T IXJNE Kt
EARRE S S BIZTEME L S, BBIENC K DBV ET U U 7 A ZVBEFRITA

D, BENREMEESND Z EAVRE ST,



BE IR

Boas Nogueira AV, Chaves de Souza JA, Kim YJ, Damido de Sousa-Neto M, Chan

Cirelli C, Cirelli JA. Orthodontic force increases interleukin-1 and tumor necrosis

factor-a expression and alveolar bone loss in periodontitis. J Periodontol. 2013;

84:1319-26.

Davidovitch Z, Nicolay OF, Ngan PW, Shanfeld JL. Neurotransmitters, cytokines, and

the control of alveolar bone remodeling in orthodontics. Dent Clin North Am. 1988;

32:411-35.

Thammasitboon K, Goldring SR, Boch JA. Role of macrophages in LPS-induced

osteoblast and PDL cell apoptosis. Bone. 2006; 38:845-52.

Al-Naoum F, Hajeer MY, Al-Jundi A. Does alveolar corticotomy accelerate orthodontic

tooth movement when retracting upper canines? A split-mouth design randomized

controlled trial. J Oral Maxillofac Surg. 2014; 72:1880-9.

Alikhani M, Raptis M, Zoldan B, Sangsuwon C, Lee YB, Alyami B, Corpodian C,

Barrera LM, Alansari S, Khoo E, Teixeira C. Effect of micro-osteoperforations on the

rate of tooth movement. Am J Orthod Dentofacial Orthop. 2013; 144:639-48.

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. 2011; 17:489-98.



10.

11.

12.

13.

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

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

orthodontic force. Eur J Orthod. 2011; 33:335-43.

Teixeira CC, Khoo E, Tran J, Chartres, Liu Y, Thant LM, Khabensky I, Gart LP,

Cisneros G, Akikhani M. Cytokine expression and accelerated tooth movement. J Dent

Res. 2010; 89:1135-41.

Cheung T, Park J, Lee D, Kim C, Olson J, Javadi S, Lawson G, McCabe J, Moon W,

Ting K, Hong C. Ability of mini-implant-facilitated micro-osteoperforations to

accelerate tooth movement in rats. Am J Orthod Dentofacial Orthop. 2016; 150:958-67.

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. 2008; 78:502-9.

Kawasaki K, Shimizu N. Effects of low-energy laser irradiation on bone remodeling

during experimental tooth movement in rats. Lasers Surg Med. 2000; 26:282-91.

Sato K, Muramatsu T, Tsuchiya Y, Masaoka T, Enokiya Y, Hashimoto S, Shimono M.

Proliferation, migration and apoptosis of periodontal ligament cells after tooth

replantation. Oral Dis. 2010; 16:263-8.

McCulloch CA, Barghava U, Melcher AH. Cell death and the regulation of populations

of cells in the periodontal ligament. Cell Tissue Res. 1989; 255:129-38.



14.

15.

16.

Mabuchi R, Matsuzaka K, Shimono M. Cell proliferation and cell death in periodontal

ligaments during orthodontic tooth movement. J Periodontal Res. 2002; 37:118-24.

Funakoshi M, Yamagucni M, Asano M, Fujita S, Kasai K. Effect of compression force

on apoptosis in human periodontal ligament cells. J Hard Tissue Biol. 2013; 22:41-50.

Kyomen S, Tanne K. Influences of aging changes in proliferative rate of PDL cells

during experimental tooth movement in rats. Angle Orthod. 1997; 67:67-72.



™

TM+MOPs

14 day

Oday 12hr 1 day 4 day 7 day 10 day
3 ratsca—’A
5rats(B -®
5 rats (D @
5 rats Ej =’
5rats(D ,
5 rats (D ’ ‘
3 rats[G— A
5 rats[3 >
5 rats I:='| ® @
S rats m| .
5 rats O >
5 rats
- EEY Pe 1

OEEFIAINES S
02 A VAT Y 2 7355 + MOPsHiff

A\ Gene expression analysis
@ (A
@ Micro-CTH:

Fig. 1 FEBRA /7 2—/L




Fig. 2A, B A /L A7 Y v 745 L MOPs ffit;




L

sl —
- EN - C
e’ ¥ ol
!
€

EDIERIR |

T
r_
LY X

-

Fig. 3 HEAVERL b @22

T

i




TOOTH MOVEMENT(MM)

e
=

0.6

e
W

e
~

e
(%)

<
)

--T™

—TM+MOPs o

ok

DAYS

14

Fig. 4 i OB BYREEDHER

(*P <0.05 .U} **P <0.01)




15 r

8 T™M TM+MOPs

*

* s
w [ T W
I I I

Days

BMD (g/cih)

B

29

28

2.7

.“
=

BTM

TM+MOPs

Iw II IT

Days

10

14

Fig. 5 A: BV/TV OHR

B:

BMD DO#t%

(*P <0.05 J Tt **P <0.01)




TM+MOPs

TM+MOPs

=10 =3 0 5 -10 =3

™ ™

B

Fig. 6 A: MCM #1n B E D LiE B: CDC & is 1R BLE D Hik




7day

™

MOPs

™

Fig. 7 JREAHAR PRI G AR R (HE. 4uf)

B side: 51, R side: BRI, PDL: #ARMEE 200 fi%, Bar: 50 um.




Ratio of TNF-a
positive cells (%)

= NN s Gt
o O O O O O O

A5z =

Bside PDL Rside

1 4 i 10 14

Days ™ m TM+MOP

Fig. 8 ShlZfilifibt Y fit B (TNF-a) & BPESRD 2 FER] Hifg
B side: PFEE1H], R side: pEAR{H], PDL: SRR 200 %, Bar: 50 pm. *P< 0.05.




™

-

L R side

= [\ w [
o [==] o (=]
T T T 1

Ratio of PCNA-
positive cells (%)
[wn]

-
il i
7 10 14

Days ™ = TM+MOPs

Fig. 9 (o b Y ks 5 (PCNA) & BEMER D 2 BER] ik
B side: HEFEE 1A, R side: HEAR{H|, PDL: SRR 200 fi%, Bar: 50 pm. *P< 0.05, **P <0.01.




10day

7day

4day
et -EJ.'\',-;@" LTARRY

[

—

m W © F N O
(%) ST[92 @an31sod
-THNMLL 30 o138y

*P<0.05.

50 pm.

Bar

b

m TM+MOPs
FEfE bhse

.
N2

D2
FREE 400 f

s

L
H{j

™

il A &

/]

PDL

()

Days
o

X
{1l

EOS

D

PR

10 TUNEL

Fig.
B FE/EH, R side

B side




