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The purpose of the orthodontic is function, health,
esthetic and stability. How to achieve the faster
orthodontic therapy time is the expectation of most
orthodontists. Many researches and efforts are trying
to reach the reducing treatment time. Such as using
the chemical, medicine, mechanical method etc were
reported. The low level dose laser (LLDL) is
mentioned recently in orthodontic therapy. This is a
three project, the first and second years project
were done, and have a good basic cellular data and
laser reference value. The third year project is to
apply these reference data on animal study, to
evaluate the LLDL effects on orthodontic tooth and
investigate the rate and histology of underlying bone
changes. The closed coil spring with 25 g force were
applied on lower anterior teeth of rabbit. The LLDL
diode laser with 5J and 10 J were treated on the
underlying alveolar one a week and last for three
and six weeks. The tooth movement distance and rate
were evaluated. After scarified rabbits, the lower



jaw were sectioned and performed the histology
analysis. The results showed the group with LLDL
treated tooth, i1ts moving distance did not show
statistical difference. But the histology of slide
with the collagen I stain and VonKossa stain showed
the LLDL group has prominent ostoid and collagen I
appearance. Conclusion: the LLDL treated on animal
orthodontic tooth can enhance the bone proliferation

and remodeling.

low level laser, animal study, biopsy, remodeling
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Abstract

Key words: low level laser, animal study, biopsy, remodeling

The purpose of the orthodontic is function, health, esthetic and stability. How to achieve the faster orthodontic

therapy time is the expectation of most orthodontists. Many researches and efforts are trying to reach the

reducing treatment time. Such as using the chemical, medicine, mechanical method etc were reported. The low

level dose laser (LLDL) is mentioned recently in orthodontic therapy. This is a three project, the first and

second years project were done, and have a good basic cellular data and laser reference value. The third

year project is to apply these reference data on animal study, to evaluate the LLDL effects on orthodontic

tooth and investigate the rate and histology of underlying bone changes. The closed coil spring with 25 g

force were applied on lower anterior teeth of rabbit. The LLDL diode laser with 5] and 10 ] were treated on

the underlying alveolar one a week and last for three and six weeks. The tooth movement distance and

rate were evaluated. After scarified rabbits, the lower jaw were sectioned and performed the histology

analysis. The results showed the group with LLDL treated tooth, its moving distance did not show statistical

difference. But the histology of slide with the collagen I stain and VonKossa stain showed the LLDL group

has prominent ostoid and collagen I appearance. Conclusion: the LLDL treated on animal orthodontic tooth

can enhance the bone proliferation and remodeling.
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Fo WA SGIEE A FTAT S [H & RAK T A% By IR R AR B T ER 1 IR ¥LIE B & £ - Cruz et al. 742004
FREKEE B THAENBELL AT HIHHRERRERETHRELH Ik FHR - @
{2Cruz et al A R P PTR Z AR AR Y R A+ — (46 EEE > AL RER L ARBREET BT
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AR R EE R — R RIR I AR FAME AN R TR e tm i o T im oS KB SR - #F
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Mag 7 o RT-PCR 8494 R | — 4% %MSMmkUﬂOMm“TWzW&&%%A%@km%ﬁ

B RAGAETNF- a YA RIL-169 2L B & 3, - Western blotting 4 R&LFT INOS & & R I THBAE
RAZTTH > 5 —F@AHEGHERIE  LERBRICERKE G A 3 mey 83 o K wa g
EB B BRARE SR M KRR E Rk RIA B Rk k0 LR RIEHMK 0 Bk
R BN EHREAZI T A TalX el et EREEAE TS wRERANE
MR AETALFREOILBRE KR E B ERREBZ T ESHREER -

= ~ % Y ] ¥ (biostimulatory effects)

A MR R R R S A 0 S S AR g2 B XA ¢ F 4t (laser) £ M k% ~ 5% X (magnetic) £
H ) i% Rautologous & # 1l L F o A MRl 2 BUR AIATEAG AT g £ Bk g
A RO S Ah s g E D o AT ETAF AT IE L RBOR -

F4F X & A& Laser » B Light Amplification by the Stimulated Emission of Radiation #9485 ° & 494
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e ffe L F S F 4 - Argon F A4~ = 4 §2 F 4t Diode Laser(GaAL As) ~ 48 4¢ % & 4t (Erbium
Yttrium-Aluminum-Garnet Laser)Ho-YAGE 4t ~ 4748 YSGGE #{Er, Cr:YAGGHEr:YAG &4t -
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(—) ~ 390nm-550nm: ik FX 69 —FR 8 F 4 A4S R Ok &k 4 5] £ 390-440nm#1520nm £ A, Fx K 64 JE R A 2

A5 E T A S HD-DVD L RE M 5 AT 8 Ep R A 5

>*

(=)~ 635-670nm:5SmW A F &) o) — B8 T4 £ B AAFTHETH ~ EBHFMR - A RERA L
A A & 0 4w DVD-ROM > W dEVE ) £ 100mW A Loy — 458 48 A TP &4 ~ Bl E 5%
BhiRAR B E -

(£).750-950nm : SmWIA T 84780nm —EHE EA AR TR A E LR ZAZN A EH  CEHEZ

7 CD-ROM ~ CD-game ¥ # o ° 10mW-1W ¥ 22 3% 4 55 & 75 & > 30mW #9780nm#Yy — A% §8 & 4t =T A 7
HEALER A L, B4 CD-R ° 500mW-1W 9808nm — 4252 E 44 % # ANd: YAG E 44 69 % B R, A A & &
F o IWALY S FE B EIH KRS RANES LG R ~ BRI -

Z KR THEREA
K EFH (MK AEETH) SRFEAATHZIEFHZ— L ENH500 = 1100 nm * 324F
B &4 %14 Jem2#E > M E 410 and 90 mWZ B o F B Sk 6k 545 0] do F 3R 0 R i ~ BRI By

M~ FERR R R A ~ IR TR FATA R B SIS FERIE R e rh 0 BT HRA THCY s TR T4

B —RALR T A - kT L E 4 - —ARREE 4 A 445 YSGGE 4T ©
HAFZE e T
— s BH B BB ASLA TN FF R e = s Tlhikib b > B FHEBREE > REFFR - = TH

MK R o A% e ey o W~ CO2 T T A AL A M mo H & F AT B, 1397 57 R0 6 $Hio R 4L 4
Wtk o AR W E A TR AR B, EHOEATHRKT RN - &~ BAH0E ~ REEh
AR R HE G F B, T AT T AR AT IR IE AR AP T B SRR o o8~ T AT A B S B E  IRAL S R
BEE o

W EHEALEYEZ RE



BIEEHRFZTE > —FTLRAMPEAFTREAE » b —BERAEZIRAR 5 — &K BFE
SAA R T RNEJE S B 2R A P R RO L ST (remoldeling) & F # 4 T A5 8y o —fx e fa k245
U A R L5 v {E B H) 0 B Hemostasis stage, Inflammation stage * Proliferation stagef»Remodeling
stage ° M R X FHEH B mp XHBAE > BEABRBLEZSE  WERZREAZ LR - OV &
AEHRBFAHARAAREG ORI RMEZAWNARER A S BRI HRERFRH
$ oy B AN A f B VT A A AR R I R M ag gL o ©

Loevschall & Arenholt-Bindslev 1994, »Alow-power irradiation J& ¥ 4 & 40 & 4w A > 45 RS TAL i
DNA4 %@ Balboni et al. 1986 2142 i € 4 4 1= Collagen3 im ;'Y Abergel et al. 1987, Skinner et al.
1996 > B4 & 1 Procollagen 4 it 3 Av > 3 fm 4w fi 2 3% {4 % (proliferation rate) ; '" Bednarska et al. 1998,
Webb et al. 1998 832 & A& 4t B 3L 1% € 3 o 4w I 2 4% B 48 771 (cell migration) ° ¥ Neiburger 1995 3%
TS A 44 9T 3 hw 4% 0 A (Wound healing) 5 '® Shimizu et al. 1995, Sakurai et al. 2000 'Y #F % % 3%
&8 TR L B4k Bk 2 2 1842 (inflammatory process) 2 & 5 1D % s Whitters et al. 1995 19
Renton-Harper & Midda 1992 @7 30 F 82 b KM BT S R LN B R EFREHRA -
Kawasaki etal. A% R LT HEE— R3] oF EAKREEZEHER T EHERRZALTESHRE > £R
45 B8 G114 T o 4% By v ik 36 5T LA B S84 & remodeling B % © (Y
EARN )oK K- X W Y
A=15R8 E4 (Ga-Al-As) R B AR T i pe » T mIBZ RIEHE R > MAPK/ERKE G A mZ B & >
R i 3 A A2 3k o 1 D E B E 4T I K BB B fm i (Calvarial cell) @ 4 R 335 o k)%
Insulin like growth factor I X BB TREFZ A K o @0 HrmpH TR R R THABEELELEREZ
&R 860nm T A ik 4w A3 Ak > @D 812nm ¥ 3 w4 i Z DNA G A%, > @2 660nm T S 4 4 B m o 2 4 &

BT o @ 632.8nmik & T £ T RSP B4 F mip 2 A& > OV E R WIL-1FIL-8 > @) 3 38 fm
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f 2 4% By M (motility rate) © ) K R 89 P & 4o e e 45 4 A fo i AR K E T S RRAT 91 i fm i & R ARLE
HEJE  Fill > 3 R A — R R I R R > M BV b L ETREAWHGRR - 3

o Fe BN B B A 0B > VAR R e o S MR e B 00 R LR G 0 ST AR AT SR P
HAFH RS AEMBE RN R ADRE SN 3E A > PTFR B REA TR -

W ET4n o TRHABREZHRIAAETREMENER > XKFEURARTTHHEDNABAY

BRIEAR B FATIRATHTREEREMI NG AL EQA 22 E4Ek &
A ey o T8 % 6K T $R4E  IREIE S 2 4 # 4 # (physiological mechanism) ° F| B AT & 1475 &

RR A RE S o

CFTHEEBEBBHRIFRAEL
RF ¥ X AGIEA E R F AN FRY 0 Tl A4 AFBRLE THRAFTHAZI —FTHIS
R RARZ TR « RAMZ B RAGH R e H R ERE AR 0 TR RBIA AR fa e
B WRATEE > AL BT A R -
e AT AT > BAT XSG IEER 0 TR A B R A B HAA L RARRRR TR > LB Y RGE LKA -
B s EA AR ARG IR > B ES ~ TRIM R AR TR B IR F 7 ikheik B 8L -

ﬁz%ﬁﬁ%iﬁﬁ&k“ﬂéﬁn 4@—1}5&73@%{1)\& ﬂé%kﬁkﬁ/\%]‘i&ﬁﬁ > Fa “Eﬁ’ljlﬁiékﬁk ;%1“

on\

’

i~ FWFERA o 2o AR AEY R R E B 4R fiT(Cortication technique, BP Accelerated osteogenic
orthodontic#4) » ®+°) H A F A Eadt FHr R F AL > BT > AR T HXIHE - REREEF
AR A RE 0 BEBZE TR o M Cruz et al 742004 F42 K AE & AR EE F AR LGS IE B 0 5
AFEX B ERALTHRELZHHE RN O BEFRA NN TR E KA RE) AR

BT B REERAKE (Flexercell) RHE & BMIR A EAFZAF R RO RETAME » & RA

T0.04% TkH FE/LEmppig 4 PGE2 & R ¥gim 2ALP &M MR & B F 252D 7% 101000
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W ostrain 2 3 HA b Tk A VE R A A 8Y PR B fm B B @ 3 % 4w B 3% & - alkaline phosphatase (ALP) A
carboxyl-terminal collagen type I (Coll) 2 k3% Au » {2.osteocalcin (OC) B b L #E4 » B dysid iR B4 4w

He YL BB fm B 3 € A sMMPs o % BT RILEF 0 BB IR T 5 ik 69MMPs 0 e MR B R @ ek

HRALE SR AT AR AE B ha R ST B 09 454U IE & A 44 0 M AT BRI 0 AU R e B AT R RO
B it EARACE AT > Mmoo £ &35 B) — 4B % > cystein proteinase (CPs)F»MMPs b

I 4m 6 4 i ) 5 4 40 8K 2 & Bl FmRNA & 38 A o O
Lo A=
A RFAELZF=ZFZIHAR
— AR B H > AREEE FHA TR T > WA RHEETHIRENFM T o KA HA T AH
T dwm AR YL fe iRk Z m Be A A EIR A R B AT R ik T 45 B4 By 2 Hak
SR B8 0 ARIMEBE RS AR T B B e AR L fa R AR de R o ) 3 R R B
BAFIRT  ARFE — A RAFT R FHEF S HBAE - Wi T B #5 ba J Ak LB fm JR R B
BN R
BZFHTRAY ABMRR BT EIBERAT > LKA ~ BIKAEETHRBIHE > HBE

FoZ ok St Fap R IE -

AN BT R TR EAH

AR BT BB ERXT > hixA ~ BKRETHBIHE  HBETHIBHRE IR
= B e RE o

— BRI EREH - BERERARE

B AR KR TFIMAESFE R 2AMIRERE20kgAL & © RFHF RIKAEL45-54kg > A&
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4.1~5.4kg ° FHRFEIA N8 > RAERIFHES~6AN - FESEA L HFHAETRE - e B H @B
Ja kg MEERIE 0 5 TEE -

HtT~ECARGEMERE L BEBRRGHHEETC REFRREMF CEHHRRIFT > 44550

AAxZ B4 o o Byl 2 iR vAK etamine (90 mg/kg body weight)Z & #l B i£ 4114 > AT B8R 2 324E -

% #Kobayashi et al. 23230V n THE M A FLRBH L > HONELREBELT N RE

B — R AEERME >R BTEARZTTHES - A — AR RA  BETEHBY -

— HKEETHIREETSHZR Bk

MR A P EHBHEEALRGEAMGI R CHBTCR  HEHRANTFZ5 > A5 Jx
KA E AR T RS MR AR HE L 3,6 weeks (HFR&TE ) FEHEBHBWA > A KRG
HHEPTE—KFHE » MF— IR » 5513, 6 weeks YF =X M F o 2R = 30k -
ZBHYBRHE - ABhBRE

EAE A — RACAR R A AR AL B 1 o dRAETE 0 USSR EER > MBERKGEEMTEERA BT
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FFo AR 0 KN E4mm3 e BEAL o IR T B R E RIS R - BAA-T0°C e

VA 4 4% paraformaldehyde % Phosphate buffered saline /& /& B < 48 &% ; # -4 °C F > ¥ 10%
ethylenediaminetetraacetic acidZ diethylpyrocarbonate , phosphate buffer saline &% it 45 + R o Z 184§ 20 4
¢ 327 paraffin wax » 1E494um X2 41 | 5§41 B fFHematolylin and esoin (HE stain) , Vonkossa stain,

Toluidin stain Trichrome stain and Colalgen stain¢ & #1520 T < F o 91 5 58 40 8% 54 4k - GO

W~ KA

P A 4 R 3328 T (mean +/- SD) > ¥A SPSS 10.0 (SPSSFW, SPSS, Chicago, IL, USA) $£%% > ANOVAf
GItodr e mEBRAEIERMEEZ Moy £EBAJERY t ¥ (Unpaired Student’s t-test) 247 ° &

RUA p<0.05 K ELA G L LB EHE
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— ~ i BISERRAE A E ) 1R 2 b T

£ — -
3w Laser

Diastema | 1.96

2 2.33

3 2.75

4 2.04

5 .76
average 2.17 +/-0.23

Incisor | 2.68

2 2.74

3 3.07

4 2.00

5 2.42
average 2.58+/-0.33

Molar | 1.60

2 0.89

3 1.80

4 1.40

5 1.22
average [.38+/-0.41

AR hRBRX

A-EHazald RAENXEHRE (B —)

3w Non-L
.12
0.93
1.32
.16
1.86
1.28+/-0.41
2.43
1.05
1.78
.18
1.88
1.66+/-0.25
.74
1.70
1.68
1.02
1.88
1.60+/-0.39
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6w Laser

2.73
1.89
1.70
2.02
2.07

2.08+/-0.26

2.93
2.26
2.79
2.65
2.66

2.66+/-0.31

.45
2.07
1.58
[.19
2.95

1.85+/-0.24

6w Non-L

1.98
243
2.10
3.41
1.27

2.24+/-0.31

2.07
2.79
3.68
3.16
2.21

2.78+/-0.26

.69
1.53
1.75
3.89
|.44

2.06+/-0.25



H&E stain

Toludine stain

Hbone

BZ cytoplasma, nuclei.

acidic carbohydrates are
metachromatic (pink to purple)

Collagen stain

Von Kossa stain
11|51 S 55
34l cytoplasma

Trichrome stain

BZ clooagen

4 soft tissue
Hradiopaque HEFEE
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3 week,

no ortho, no laser
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H&E stain

Toludine stain

Collagen stain

Von Kossa stain

Trichrome stain
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3 week, no ortho, laser
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H&E stain

Toludine stain

Collagen stain

Von Kossa stain

Trichrome stain
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3 week, ortho, no laser



D #Hazalk AAEANLFHEE (B W)

H&E stain Toludine stain Collagen stain

Von Kossa stain Trichrome stain 3 week, ortho, laser
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367 T2 ke aE gt R E > a8kl ¥ collagen stainfr VonKossa stain R B, g4 4l 405 o
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75 F
60
S
‘S 45 } OcCtl
8 B N-Ort,Las
@]
B Ort,N-Las
30 F
B Ort,Las
15 F
0
Col Bone
Tissue
B 3

Az AR ERBTREHREI AT > EHBIERANE > L FaBZ 50 E R REKE N #
AR EHREARRRG - BEATdm —F A RET  KARZFA5), 10J A mprk R RE LR
Mo & H ¥ A LB R BB, o HIEB TSR0 B AL E RN ARFEZFTERUANEL SR PT
ZRERBFE collagen 1 1 osteoid stains R34 414845 » 44 -F & 7 A bone remodeling increase 3L
% 0 b RH20124F Altan 5 5 R & R AR #1A20g /1 4 A # albino Wistar rats » 4% A 820nm
Ga-AL-As =152 E 4t > 100mW ik E B4t » BBREBARBIRB MR A X it BERLE

T 4R I 1% 2 fm I remodeling 4 R 0 3 H 3k 48 i@osteoblast differentiationif &, * 12 % 4F £ 430 & e 3%
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BB 5 BAATEL BIRBETTRZ @ - (37)

ARRFERAFERRBRMELEART L xR BMFRR > BRAMEAIRAATERS  MAT
HMBERERE  REBEIRAHEARTHL AR  Ed A RERER > BHEAanZ BRI L7 —
oo ERERAEM  BFEHRABAB@BELRE  EREHATEILHTURE R ERLE - £
RAFRFHABER > RE ARG T EEREICEREE  BRAATFRR RS R 2R A £EN
HH -

2000 f Kawasaki¥38)FIARALLLTRE X R AR E T S BHH R« LLLTREZ T HEHHRF
H 3G % IEALE S &40k BAT 0 LLLTR 322 5k /7 48] 4m il A7 38 4 L AL 3L % 0 BP B 4@ i A remodeling 3
%t # o Bone remodeling 4 R ¥ B AT #F £ LLLT4E I # % F 2 1 B Z collagen 1 3% Au & R A8 42 ©
Kawasaki #f &4 A EHE 2o 8 EMBA » RE540J8 8 > FH— 248 iA5 JXRE -
HABIBEXTE  FIFERETHREREZRE AR HEARIH — Kk £3436 RZBH R3tae=E
#51530] c ZRARAARITEHHEMNFRIETHAMEKZIT > B KARE -

BE BN EZRL RUFRERL22Dgh T LI T X ZRAA S 0 mKawasakiFt £ T 545 %)
ZHRIENEN0g REFR M T EBHETRAA TR IA ZR 0 BB TABSEH R

A AR T 0 AEHFAA Ga-Al-As diode LLL BRI R ° | E £ 5498)/cm2 > t RZ B REB
fibronection #ucollagen type I A PABAME hm » 4EH R ALLLT ™ vARAS By F i 0 » (RIBE & s = ik 48
e EB T HWERBE - (39) WEZERTAER » KA R collagen] TR B LM IAER B K
3], o

IR

AFNE=ZFZARER > —BEARETETHEA kB R TAERA A &R EILEDY)

& BPAT AR in 2 I K 0 iR 5L R 0 HAA S T o B B de i ROE AL 2 BLIE R HOR
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HATE ZTESH L LT Mk > K3 E R KA BER  EHAREZILLLTS®M > Bl &XARRT

HE

o FM o e RA B SR EH ARSI A AN ES LR 0 8 Zmodify 0 & T VA

HERAEZSHME > Bt BRARSMETERAS —REE -
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Abstract

Objectives: The purpose of this study was to analyze proliferation, inflammation and osteogenic
effects on periodontal ligament (PDL) cells after low level laser therapy (LLLT) under simulated
orthodontic tension conditions. Background data: Low level lasers affect fibroblast proliferation
and collagen synthesis and reduce inflammation. Few studies have focused on the LLLT changes
in the PDL due to moving teeth. Materials and Methods: A human periodontal ligament (PDL)
cell line was cultured in a -100 kPa tension incubator. The PDL cells were treated with a 670 nm
low level diode laser, output power of 500 mW (continuous wave modus) for 2.5 or 5 seconds,
spot area 0.25 cm?, corresponding to 1.25 J and 2.5 J at an energy density of 5 J/em® or 10 J/cm®
respectively. PDL cell viability was assayed by detecting the ability of the cells to cleave
tetrazolium salt to formazan dye. Inflammation and osteogenic markers were analyzed by western
blot analysis. Results: PDL cell viablity increased in the experimental group, based on the ability
of the cells to cleave tetrazolium salt at day 7 (p<0.05). The experimental group showed no
difference in PDL cellular morphology compared with the control group. The inflammation
markers iNOS, COX-2 and IL-1 showed stronger expression in 5J/cm” and 10 J/cm® therapy at
day 1 and day 5, but decreased in expression at day 7. The osteogenic marker osteocalcin (OC)
expression level was significantly higher at day 7 (p<0.05) than in the control cells. Conclusion:
The LLLT significantly increased PDL cell proliferation, decreased PDL cell inflammation and

increased PDL OC activity under the tension conditions used in this study.



Introduction

Orthodontic tooth movement is a process that combines both pathologic and physiologic
responses to externally applied forces. Recently, how to enhance the rate of tooth movement
without causing harmful effects to periodontal tissue has become an issue of significant interest
to patients as well as orthodontists. Efficient tooth movement may be accomplished by
mechanical, biomechanical or bio-stimulatory methods. The mechanic methods are focused on
the bracket structure design, such as self-ligating brackets or materials involving metal or ceramic.
The biomechanical methods involve medicine such as prostaglandin E2, a parathyroid
hormone.'? Biostimulation involves the modification of the environment to stimulate existing
bacteria capable of bioremediation. With the introduction of therapeutic lasers, biostimulation
also refers to the application of photon energy to injured tissue, in order to achieve a stimulatory
and regenerative effect at the molecular level. The one of bio-stimulatory method is performed
using sub-500 mW ranges of low level laser therapies (LLLTSs).

Previous studies have shown that low level lasers affect fibroblast proliferation and collagen
synthesis and reduce inflammation.*® LLLT irradiation facilitates the reorganization of the
connective tissues during tooth movement in rats. ' In orthodontics, LLLTs induce an
enhancement of rapid palatal expansion and rapid tooth movement.>’

The purpose of the present study is to analyze the proliferation, inflammation and osteogenic

effects in PDL cells after LLLT in simulated orthodontic tension conditions.

Materials and Methods

Periodontal ligament cell line culture

A PDL was obtained from the Bioresource Collection and Research Center of Taiwan (ATCC
33277; DSM 20709). PDL cells were cultivated in two different media. Medium A (MA) is
composed of DMEM medium supplemented with 10% fetal calf serum, 2 mM L-glutamine, 100
U/ml penicillin, 100 pg/ml streptomycin, and 1 mM HEPES. Medium B (MB), differentiation
medium, is composed of DMEM medium supplemented with 10 ul/uL 10 M dexamethasone,
0.05 g/uL L-Ascorbic acid and 2.16 g/uL glycerol 2-phosphate disodium salt hydrate. All
incubations were at 37 °C, 95% humidity and 5% CO,.



Tension incubator and diode laser on PDL cells

The PDL cells were seeded at a density of 1x10* cells/well in 96-well plates. After 24 hours of
cultivation, the media were changed either MA or MB. The culture plates were transferred to a
tension incubator (TI, Model. 3618P, Lab-Line Instrument - Thermolyne Co. IL., USA) for one
day under the following conditions: -100 kPa (1 Pa= 1/100,000 kg/cm®, equal to a negative force
of 101 g/mm?), 37 °C and 5% CO,.

The PDL cells were irradiated with a 670 nm diode laser (Ga-Al-As, Arts-Laser Model 970, Arts
International Biotechnology, Inc., Germany) using directly mounted fiber optics at an output
power of 500 mW (continuous wave modus) for 2.5 or 5 seconds, spot area 0.25 cm?’,
corresponding to 1.25 J and 2.5 J at an energy density of 5 J/cm2 or 10 J/cm2 respectively [5]. In
the experimental groups, the laser beam was adjusted to exactly cover the bottom of one culture
well. After laser treatment, the plates continued incubating in the TI for one, five or seven days.
The experiment was performed in triplicate. The extracts of mineral trioxide aggregate (MTA),
which have osteoinduction ability, were used as a positive control group.'® After treatment, cells

were analyzed for their proliferation and expression of cellular proteins.

PDL cell viability assay

PDL cell viability was determined using the mitochondria tetrazolium bromide (MTT)
colorimetric assay. Briefly, the control and experimental PDL cells were harvested after one, five
or seven days in the TI. Then, 10 pl MTT (5 mg/ml in phosphate-buffered saline [PBS]) was
added to each well, and the plate was incubated at 37 °C for 4 h to produce formazan. The
medium was then removed from the culture wells, and the cells were gently rinsed three times
with PBS. Following this step, a 100:1 dilution of 0.04 N HCI (stop solution) was added to each
well of the tissue-culture plate to halt further reduction of MTT. This stop solution was removed,
the cells were rinsed three times with PBS, and the formazan in the cells was extracted with
isopropanol. The formazan extracts were transferred, and their absorbance was measured at a
wavelength of 570-600 nm in a spectrophotometer (U 2000 type, Hitachi Co., Tokyo, Japan). The
results were compared using analysis of variance (ANOVA). Differences in treatment means
were analyzed using the Student-Newman-Keuls test and were considered to be significant at

P<0.05.

Cellular protein expression analyzed by western blot

According to our previously described western blot analysis method,'" the harvested cells were
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lysed in 50 ml of lysis buffer (1% Triton X-100, 0.5% NP40, 10 mM EGTA, 0.2 mM Na3;VOy,
0.2 mM NaF, and 0.2 mM PMSF). Cell lysates were cleared at 15,000 rpm for 15 min at 4 °C.
Twenty-five micrograms of protein from each sample was boiled for 5 min after adding 1 pul SDS
gel-loading buffer (125 mM Tris, pH 6.8, 5% glycerol, 28 mM SDS, 1% beta-mercaptoethanol,
and 0.006% brompophenol blue).

Proteins were separated by 12.5% SDS-PAGE and transferred onto polyvinylidend difluoride
membranes. The membranes were blocked for 1 h at room temperature in 3% BSA, 5% nonfat
dried milk, 10 mM Tris, pH 7.5, 100 mM NaCl, and 0.1% Tween 20. To detect the proliferation,
inflammation and osteoblastic effects of the experimental PDL, the appropriate antibodies [iNOS,
IL-1, COX-2, MMP-3 alkaline phosphatase (ALP), osteocalcin (OC)] were used to immunoblot
the membrane. After four washes, the membrane was overlaid with a secondary antibody for 1 h,
then washed with TBS-T buffer for 20 min. The resultant films were scanned and quantified

using a densitometer and the SCION image program.

Results

PDL cell viability (Fig. 1) and morphology (Fig. 2)

The LLLT-treated PDLs cultured in MA or MB and incubated under -100kPa demonstrated
similar trends in behavior. PDL cells under -100kPa and LLLT showed a significantly lower
viability rate than the control group at day 1 (p<0.05). PDL cell viability in MA under -100kPa
incubation was lower than in the control group at day 1 and day 5 (p<0.05). However, in MB, the
PDL cell viability was lower at day 1 only. There was no difference in PDL cell viability between
the 5 J/em® and 10 J/cm® laser in the MA group under -100 kPa incubation (p>0.05). PDL cell
viability in the MB group at 10 J under -100 kPa incubation showed higher viability than the 5
J/em’® condition at day five and day seven (p<0.05) (Fig.1).

The PDL cell morphologies under the different treatment condition are shown in figure 2.
Normal PDL cell morphology takes on a spindle shape, and this morphology was observed with

no changes in all conditions tested.

Inflammation expression

Inflammation markers in PDL cells cultured in MA and MB showed similar patterns of
expression (Fig. 3). iNOS, COX-2 and IL-1 expression appeared highest at day 1 and decreased
in expression by day 7 (p<0.05). MMP-3 expression increased from day 1 to day 7 (p<0.05).



(Figure 3b, ¢). The PDL cells cultured under -100 kPa incubation with 10 J/cm® showed the
highest MMP-3 expression of all the treatment conditions (p<0.05).

Osteogenic reaction

Osteogenic markers in PDL cells cultured in MA and MB showed similar patterns of expression
(Fig. 4). In the western blot analysis, the bands corresponding to ALP and OC in the MB group
were stronger than those in the MA group. Expression of the bone formation marker ALP was
highest in PDL cells cultured in MB at day 5 (p<0.05). The OC expressed in PDL cells cultured
in MB was higher in the 10 J/cm? treatment group than in the 5 J/cm? group at day 7 (p<0.05).
The PDL cells cultured in MB had higher ALP and OC expression than PDL cells cultured in
MA (p<0.05) (Fig. 4).

Discussion

The orthodontists are interesting in alveolar bone change under orthodontic force. To fasten the
tooth movement at orthodontic pressure side and increase the orthodontic tooth stability are still
in working. Until recently, the mechanism for osteogenesis at tension sites in tooth movement
was not well understood, but reasonable inferences could be made from various
mechanotransduction models.'* Periodontal ligament cells respond to force by increasing cell
viability and apoptosis. The relative extent to which these two competing processes occur
controls the proportion of the various cell populations in the periodontal ligament and reflects the

. . . .13
specific biomechanics of osteogenesis.

The present in vitro study aimed to simulate the tension site of tooth movement and apply LLLT
to PDL cells to evaluate whether this procedure could promote osteogenesis. The results of this
study reveal that LLLT caused PDL cell viability to decrease at day 1 and day 5 but increase at
day 7 in both experimental groups (grown in either MA or MB) incubated under -100 kPa. After
LLLT was applied, the PDL cells cultured in a tension incubator showed higher viability at both
5 J/em® and 10 J/cm” than the control group at day 7 (Fig. 1). The inflammation markers iNOS,
COX-2, MMP-3 and IL-1 showed higher expression in PDL cells cultured in the -100kPa
incubator than in control cells (Fig. 3). There was a statistically significant increase in the
expression of these markers at day 1 and day 5 but expression decreased at day 7. Similar studies
have shown that inflammatory responses to tension might be strain-dependent because low
magnitude tensile strains are anti-inflammatory and induce magnitude-dependent anabolic signals

in osteoblast-like periodontal ligament cells, culminating in the regulation of inflammatory gene
6



transcription. 14

PDL cell inflammatory markers decreased after LLLT at day 1 and 5 in MA or MB groups (Fig.
3 b, ¢). This finding is similar to another study, which compared the TNF-a and IL-1 expression
upon LLLT-induced inflammation in rats."” The results showed that LLLT has anti-inflammatory
activity. "> Similarly, LLLT reduced inflammation in our present study, which indicates that
LLLT can be beneficial to overcome cellular inflammation. After cellular inflammation subsided,
initiation of the osteogenic effect could be observed. It is reasonable that the tension side of the

alveolar bone has osteogenic capabilities.

The application of MTA in the present study was to provide osteoinduction material. '’ Both the
MTA-positive control group and the experimental laser treatment group under -100 kPa tension
induced similar cellular reaction patterns. Morphological evidence of PDL cell disruption at
tension sites in tooth movement has also been described after only 5 minutes of tension loading,
further suggesting the involvement of an inflammatory mechanism. '*'” In the present study, the
lack of any PDL cell morphology changes may be due to the 5 min delay between loading and
imaging (Fig. 2).

In vivo, normal cells are in differentiation. To add differentiation medium in the test group was to
promote that the cell was under differentiating. It provided more information on experimental
conditions that were similar with in vivo condition. ALP expression in the MA group showed no
significant difference in growth at any time interval of culture (Fig. 4 b). LLLT did not increase
ALP expression in PDL cells grown in MA. In contrast, ALP expression in PDL cells was higher
in the MB group at day 5 but showed no difference at days 1 and 7. Differentiation medium
(MB), which has been optimized to promote preferential differentiation, seemed to enhance the

ALP expression in the present study.

The OC expression in PDL cells was higher, compared to control cells, in the MA group treated
with LLLT 10 J/cm® at day 7, while the PDL cells in the MB group treated with LLLT had
higher, compared to control cells, OC expression at day 5 and 7 (Fig. 4b). OC is known to
express late in the process of bone formation. In the present study, the presence or absence of
differentiation medium did not affect OC expression. These results indicate that the LLLT-

applied tension in PDL cells can promote osteogenesis.



The clinical relevance of present study may be more important with regard to the stability of
post-orthodontic tooth movement. It is because bone formation can be quickly initiated at the
tension site of orthodontic tooth movement, thus increasing post-orthodontic stability. The animal

model to set up and test with present experimental conditions will be the future study.

Conclusion
The LLLT significantly increases cellular viability, decreases cellular inflammatory markers
expression and increases OC activity in PDL cells in present study. Although not yet proven by

our studies, LLLT may promote the tooth movement rate under clinical conditions.
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