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Abstract

Analgesic approaches for pain relief during orthodontic treatment have been carried out and

the irradiation by dental laser is one of them. In this study, the analgesic effect and the

appropriate irradiation procedures of CO, (10,600 nm) or diode lasers (808 nm), those have

distinct illuminants and wave-lengths, was quantitatively investigated by measuring of the

jaw-opening reflex excitability in the orthodontic-force applied animal model. In this model,

the application of orthodontic-force to the right maxillary first molar elicited pain to the rat

examined by the right side threshold (uA) for inducing jaw-opening reflex. CO,, but not

diode, laser irradiation at one day after orthodontic-force application significantly suppressed

pain. On the other hand, neither CO, nor diode laser irradiation, altered the jaw-opening

reflex excitability in animals without applying orthodontic-force. The irradiation by both

CO; and diode lasers immediately after orthodontic-force application significantly suppressed

pain at one day after irradiation. Taken together, both CO, and diode lasers are able to

prevent the orthodontic-force related pain. CO, laser irradiation provides analgesic effect on

the pain already originated. Further investigations for elucidating the mechanism of

analgesic effect induced by laser are required.

Keywords : analgesics, dental laser, CO, laser, diode laser, jaw-opening reflex
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1. FEBREW & FRT VA

ARWFIEIE, HHERF R A E KR M EEE B 2B 57K (A1837) Z3%f, W

Rl " R B SR S M B I S AT bz,

EERITIE, 10~11 @i Wistar 2HEMET ~ b (ZWH o7 AR —v &, HR) #Hn

72 (n=144, {HEn=8 (FEOFEMIIZ LT D)) . GHEEREEIL, HEEA 71 12 R,

fEIR (2321 C), fa/KEREIEHIRE Lz, ok, BIEREERITHARREE (MF,

FV = ZNVEERTEE, B & HBERSETT.

BIENZAR LW T > b4 control B L7=. Control BEiL, BR O SCEHENE 2 Mgt

L7z E#IZ, BT 2 X9l L —3— (CO, b L < 1F 8K L —+—: 30, 600

b, control % : 5t 4 Bf) A AW EFEFE —HEICHE L, 516X 60 oMichiz

Y BR N BTS2 BRET L7z

Irradiation (IR) BEDZ v NI, FEIESIAM 1 BZRICE O KSHEMEZ MG L 72 EZ,

R L —¥%— (CO, L—¥%— : 15, 30, 600 ¥, Y-E{KL —¥— :30, 600 ¥) %

WAL, D% 60 oRICH- VB ARG Z G L. £/, RFEDOT v FO—

HRIE, FRIERST 1 B ICH N RSHEVE 2T L7CEAR, 30 MU A POt 2% Hst

L, 0% 60 777z Bl A RHEE 2 E L.

MIEN AW L7 1, 3, 7 ARICH N RSTEEEZRFI LT v &, 4% 4D1 H,

D3 M, D7TREE L7z (IRFE: GH8HE). ¥/, BMENAMERIZL—Y—Z2MRE L,



D1, 3, 7 HZIZE AR E A BT L7 7 v b %% 4 Pre-Irradiation (P1)-D1 &,

PI-D3 B¢, PI-D7#f (PIEf: BF68E) & L7-.

2. FEBRIIEIE ) DA

PRI S 3.0%; 1.0 0/min DA Y 7 VT UKL T C, RESZEG (PR i 5CH)
DFRBNIRNZ L ZMER L1292 T, 7y O EFANE —HEREARIZ Y TF v —
U A ¥ —(506-01, TOMY, B i) & = i), EZAM#EIZ A v > = ko3> R (110-00,
TOMY, HE) ZAEABL AN (FTF AR R U0 bT, 740-0294, 7
RTVHENT AT DAY R0, B ICTHEEL, b2 HW\WT 509 EHO Ni-Ti
Ja—RARaAf VAT Y T (A855-186, /NA AT > b, W) OMia E5EA R
— It & PR REICEES L (Fig. 1A). Ni-Ti 7 e —X RaAf VAT Y 7|2k
LEEENX, ABEAICBWTT g 7 — (22-955, YDM, HU) ZfEH L, 50

g HOIEANART SN Z & AR LTz,

3. WA L—%—

RET MK DB L —F— 8RR L EET 2 BT 2720, EERRG
WERD 2OWEH L —Y —2 R Lz, SEIER UZEEH L— Y —1%, Mk
HRINR T % CO, L—H— (XL —H#—PRO, YOSHIDA, Hi) &, fHikZEid

BICoH DY ER L —Y— (2L —H—Filio, YOSHIDA, i) THhb.
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BRI ESEARE — PR AP & L, ERRARIA®EIC L —F =R Sz n &
N, EFOEMEES O AAMEEAERAE T2 ) a—r 2 AHIRE (682864, =
U, ) TEWEY L. R CO, (10,600 nm), f:ifk (808 nm), L —¥—
77 : 05 W, @il (CW), HREHFR] : CO, (15 ¥, 30 #, 600 ), ik (30
b, 600 ), MRESHEIFEIT 1.67 cm?IZH— L7= (Fig. 1B). 45 L —F— MRS 0> 1 cm?
B () 1%, 15 % :4.5)cm?, 30 # : 9.0 Jem?, 600 % : 179.3Jcm* & L7=. L —H—
e lem® iz OBEEZmH TR — L7z, MREIEEEE, THERLL 7 v b
N~ 2L U7e COp L—W— D/ MO RS EEREA MRFTL, 20em ERE L. 2
O HRGT R 2 Fo 12, HRSF TR (1.67 cm?), HEA54% (COp: ¢ 0.4 mm, 4K ¢ 0.2 mm),
JrEE (COp: 4.4° , YHE(K : 254° ) IO B8R L —F— 0 BEHIFRE 3.2 cm & &
L.

Fo, EBRIEA LI L= =0T b BER L —F—I2 LD T A PR S

n5. CO; L—W— Y8k —YF—DH A REDOEEIL, £ %1,400 nm & 532 nm

ThoT-.
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IERECR L7, BRIRE 2 2.0 %I2fk D, R~ > kb (87 °C, BWT-100, /XA 4 U ¥—
¥, Kb) ETHRIBEZEHR L. HWT, S FMORELYIB L, mi{lsE e RiE
CHEXNBERAY A Y —L LT 7rra—7 4774 Y% — (791400, [E£E: 203 um,
A-M Systems, U.S.A.) DOSEd#K 1.0mm O&RE 4 HZ N SERE L, EXHEE 5 %

EENLOMRZATo 7. T D%, WKEZEEL, BN SE7ZT v b L3Em s —
Il DM & D ZAE A= A VT A v— (B : 100 pm, ZEE)I|ER, FHR)

DU O R AN SEREL, fEHERE Lz (Fig 1A).

5-2. BA AR FEBIE L

FEMA E %, WREMREE 2 1.0~1.5%; 1.0 ¢/min £ THE L, EKRERED T » hTE
BRaiTolc. 73, BRNREORmILT v OB~ Z 52 THEINDREFZ
B (FRIJR#E) OFBL2 b I BT B O ZEME 2 fRiE & Uiz, BRURIEELE
& (Spike2 Ver.8, Micro1401—3, Cambridge Electronic Design, U.K.; ISO—Flex, 77
=y, BARD) AL, RRAEE - FI R Y, SR F e e P LA VR A i )
# (0.2Hz, 5trains) ZAT\VGH _JEAG OFHIEENZHIE L.

EIRHNELE, HIE R OMIEEIN I S D £ TEREMIZ 20 pA THOME L LA S
2. 5EFEEO 5B 3 [EILLEOEE T EDOMNER: (latency) T & IEE)
kg 2 RIHGRE 2 B O RCTRA B & L, et BR G| EBEml CERD 12k

5B O RS E T BIE 2 e d 5 2 & T, IEAICHER SR 2Rl L7z, 7z,



BRE 72 & ONC R A (x 1.5, x 2.0, x3.0) IZX > Tih% SA7zBH B S o5 i
158 (latency (ms), 1EEIEER] : duration (ms), ABTEENFREE : area under the curve (AUC %
of Threshold (Th)) %452 & T, BEJAMIZL > THELTEREVAET 5B
O S HEME D2 & it L7 (Fig. 2).

PH I SO RE B ORIE X, B A R FE R BME 2 E L 721212, control £ TIX 30
), 600 BHD CO, L =¥ —&H 5\ 30 B, 600 FHOER L —4 — 2 Hhf L7z
IR A CIEPH A SCHFA B 2 E L7 #%12, 15 %), 30 #, 600 #fEd CO, L —H—
BT 30F, 600 MEODNEMR L —F—2ME Lz, L—V —HEER LD 30 55[H
B@CTat 60 S FIEZ 1T o 7. L —W —M&fal (Before Irradiation: BI), PREFE % (Post
0), M4 30747 (Post30), 4T 60712 (Post60) o 4 iR T, control # & IR FEIZ
B % B B R S EME A R E LT,

Control # & IR BEIC IS 1T 29&9H OFRIEIE, L — % —HRETRTO A O BR 1 S5 5 %6 B
EamREe L, EAMNORARRNFERBEL ST & Licaa®s (K - Ao B
FFEBME (A) [ BIFFOLEM OB 0 REFEEBIE (WA) & LTHRE S DB A
FFERMELE (TH ) 2Rl 7z,

D1 #%, D3 #¥, D7 #¥, PI-D1#¥, PI-D3#¥, PI-D7 #fIZI\T &R OFEEE, ZEMl
OB H B REBME A RS L, A0 0 RFEREIEZ D1 & LicEmR G
DB A ST FEBIME (WA) /IO B 0 SO RERBIE (WA) & LTRSS DA X

SIEEFEEIMELL (TH ) 2Rl vz,
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6. L —¥—HREHEL D 1 e Py IR EE I

L SR T v b ORI ORI (L E AT B 1T, B

(IT-545NH, HORIBA, F#F) ZHAWT, ¥EOREZRIE L=, BEFHRESORIE

FiEZ, v——RREEROF.LE A, BEHEREERO LED ~— 1 — XV ESEED

&, &/ 30 mm OFEEE (¢ 2.5mm) THIE L.

BiEOFRRIL, ¥ £ BEHERRZE L U7, BERINOAFHINZ 1T 2 Hlge Tl one-way

analysis of variance (ANOVA) %17 ->721%, Bonferroni post hoc test, BafE7Z: 5 TNIE L
P35 S 7= 530 RE AR Eh o /£ A C O Heiki, two-way analysis of variance

(ANOVA) %#1T-7-1%, Bonferroni post hoc test, & L —H—MEIZE TS T~ oo

PERN OIRFEEZEAL O HlIZIE, [F L — — [ D RGTRiT# O HeiglZ paired t-test, 451 —

B —f#] T D Ll Tl Student’s t-test (2 & 0 FEEHFEHT 21TV, p< 0.05 & A EKHEL L7z,
'I/“/Ln+/7 I“

IZ, ORIGIN (Origin Lab Corporation, MA, USA) % Hu 7z,
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1. Control BEDBH O SCHH IR 92 L—H — G D2

L — W —IREAT D control #E D L ZAMIAIEE — F1 ok o P IZ XU 2 5- %, TH H&
ETDHE, [EERBCEMEOZEITISH D H OO0, [F—{EETIZHEM O TH EICA B /R 25T
2oz (Fig. 3A-D : Bl). =D, ARIFE—HEEMEIC2ED L —F—2 AL,
[FIRRIZ B A SORTE M 2 fi L7z

Control #EIZXF9 % CO, L—H— 30 RIS LV, BT 60 s IZmiHlod TH
RO T T EF Uiy (B <9.7 £9.0%, A : <11.1+6.3%), mfle K
Al & bR U CH R R ZIX e o 7= F 2, oo TH EIC A E 72 221372 0> - 7= (Fig.
3A).

CO, L' —H— 600 MRS LV, 30 FHIMST & FIARIZ, BREE 60 45 ]I mifil
O THERDTC EF L2y (ER: <11.9+58%, A1l : <13.8+6.8%), il
b BURAT & bl U CH BRI R0 o 7o, £ 72, Moo TH FRRIZ b A B R 21L 7805
7= (Fig. 3B).

R L — P — DG LV, CO, L—H— L [RIFRIZ, M 60 Z2ICE MO TH
AT EF LA B08) : M) : <125+8.4%, £l :<11.4+7.9%, 600 7 :
FEfll <247 +74%, £ifll 0 <235+9.4%), (Wil & & METRTE i U TR E R ZEIX
o lo. E7o, WO TH RIS A EREITZ2 ) >7- (Fig.3C &D).

B F BT B 2 3556 L 7o GRS 2 x 1.5, x 2.0, x 3.0 & L7 LA 52 % &,
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BA O BRCAHEMEIL BT 2 2 L3 En S, FIPEREE O B2 S 31 JEARTEENO latency
DA FE 2D &, duration & AUC DFER EFE LTROBNS ™. ZZ T, control
BB W T U — =S OB ERIRIC X 2 ZE(b~DE B L RFT L. ZO/REE,
CO, L—#— (30 MRS OFER % Fig. 4 12779, 600 FPIHIHRG & AHTEEN 2L 70
ole (KiFmREd)) b8 ERL—F— (KRS T) OnTolHd, latency,
duration, AUC IZH ERZE(bZE 52 einoTe.

WIZ, 2HDO L —YF—DOMRINT LD T v b ORI L& HiEt L. 30 70
D CO, L— W — MG & ER L —F— D RSHZ, Wb B3RS — F ok & P i A DR
EEABEIC LR S8 LrLAansZzo EFIRER, ERL—F— LR LT,
CO, L —H—HICHEICKE o7 (CO,:<5.0+04C HEK:<06+01 C)
(Fig. 5).

AEMER L7z 20 L—F =B CIE, W s -8R L —F— D A RHH AR
ICHR S D (o2 LR L — Y — & LT L7c A~ L —H% —Filio ® L — ¥ —3,
WRIE, T4 FREREERARD). 22 CTIRBHIXI LA A RAEOH % 30 FOMES L,
WD TH Ee~DRE AR LIz, A Feo 30 FMIMGRIE, BEETNC AN T

L CHEIED > 24O TH IC BB %2 5 2 72~ 7= (Fig. 6).

2. IRFED TH te~o L —H — Rt o 2

15 B D CO, L — W —MEHZ, METANIAMIZ K L THEICE > 724l TH
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ez, BSHZ 60 IO TZ 0 DTN EA SE2D, EOE{RITAE TR o7 (F
] : <18.6 £6.5%, £iffll: <11.1+£0.8%). M T TH tb &2 el 925 &, HlOfEIX
A & bR UC BI 7217 Tre < BRA 60 filic 7z b A EIC/ NS o T2 (Fig. TA) .

30 Ml CO, L—H—HSHZ LY, MEENITARIC IR L THEICE - 724
o> TH 3 EINL (548 : <10.8+5.9 %, Al : <23.3+2.1%), M 30 53 LAREIC
MM OA R AR ZETWHA Lz, —J, ZMlo TH HIZRE#% 60 /riichiz v A&
iz~ 7- (Fig. 7B).

600 PRI D CO, L —H—RAHT K- T, BHANIIIAMNC R L THEITE) -
7oA TH EE2S BN L, BRE 30 o0 LA IC IR O A B 72 213k Lz (M1 <9.3
+56%, £ifll : <183+04%). —F, MO TH HIIZIZRS# 60 EICh=V HE
7REEINE 22 o 7= (Fig. 7C).

—7J7, 30 FbfHl & 600 AV D -8 fk L —F — Bt L v, AN/ i LT
BEAE s 724D TH BT (bE3, Bl 721 T/a < B 60 r 7= 0 iifilR
WCEBRREND-T=. —J, Mo TH ElE, BBE#% 60 i3 i EJ L7223,
FOEITAE TR B0 : £ : <16.8+1.1%, 1l : <13.8+2.4% ; 600

o ] - <287+95%, £l : <143+51%) (Fig. 7D &E).

3. PI-D1 ##, PI-D3 #f, PI-D7 #ElCH1T 5 TH btk
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7 v bO EEARE —FAEICIEEEE 2T o EZIC 30 L —TF B L, %
» 1A%, 3 H%, 7 ARICWEIOBANEEZ R L7z (Fig. 8). CO: L—%—
DRSS 1 H%D THEH (PI-D1:111.2 £4.7 %) 1%, RHH (D1:725+37%) &HL
THEICKEpoT, L—P—MH & Thlked THEEEES 3 Atk (D3R & 7H
% (DTHE) O TH L, AN L. ZOfEH, D3FEE PI-D3 #EfH, D7 REE
PI-D7 Bt A B2 TH kD= e o 7.

PRER L —F— DS 1 B2 THLEL (PI-D1:97.2+9.6%) &, KM (D1:60.2+
A7 %) LB L CTARICKE o7 (Fig.9). TD#%Fig8 LWL X HICL—H—
WaTOR] THEELE 3 A% (D3R &7 H% (D7TH) O THHIE, BAKIC
U772, D3 REL PI-D3 FEfM, D7 #E& PI-D7 BERICAE R TH LD X720 -

7-.
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R
AWFIETIE, HEIE (CPED IEIRICHT L, IR EWRORRDEHH L —Y —2%

AW TEIFBMNTRETH LN E R L. S E THESh T RER—AL—Y—o
PR ORI LTI, BRARAIFSE Tl VAS 152 I 72 3 9%0, JLEERFsE

B0 7N —3 v 7O PP TH Y, WFR b LIRSS TR, Z
D=, R L —F — D8RR A & BT 572018, HBESARICHE S K%
BRI E BRI ATRE R BV E T VA L, MG EIT O MERH D EE X 7. Rif
RCTHNZET L, BESOAMICLDERZHHT L0, BETHEASND
Ni-Ti 7 @ —X RaAf VAFY 72l UEBRIIFEIE ) 2 A L7z, IR BEICRB W T,
BIE DN AR ST AMO THHIZAEEIIK T L (Fig. 6 & 7). ZORERIE, BE
TN & o THEBEE M RIEMIEIRAE L TWD Z L &2mRied 5 %18 — o k5 )
WEFLEANT, HEH L ——REIC L D8RR 2 RE L2, L —— R

AR D SRR PRI S 2 5.2 D v[RetE b B be, ZOREMHT L7720, &

h

B ZAM LTV control #E~D L —W— M54 £ 97V B O SCHHE M2 Mgt L

o RRRARE - EE PR L — = 2 BT B, AT ) a2 — 2 T A
MlickogimE+sZ2ick XL, Zhicky, L—F—MENC L Dm0 N
SCIHEE~ DB E G5 2 ENATREL 2ol O RER LY, 2O L—F—
EBMlD TH A ERENE 5 2 2o 72 (Fig. 3).

&Iz control BEIZBWT, WD L—HF—IZHfEHINTWA T A RIEDEE Iz
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[ZOWTHREEIT o 72, A RRIZ L —F =G L0 & —[A10 K& W R S
M, FREE DI O #E A G O T ek O oI ER D ¥ ZoH A PRI
L— = ORRICRRFICHRA SN S, EZTIRBEOZ Yy MIXL, A ok
ZWStZ L (Fig. 6). IRFFIIBENAM LI BEOT v FTHY, THEITARINE
RN U CTHRIS/NS oo, A Rz RE L7ZE®R S B 60 751 £ THIA
O TH HIFAEMNZ L0 /&<, A RIEOREHIB O STEEICEE L v B 2
bId.

ZD XD G E R, 2 FEOWRH L — I — RN SRR G IE AR D
KR L TR R ZF o e it Lz, 7, BENAMICHEIER~D L —
P—RFOFE L LT, CO, L —H—I1T 15 RS TITAM TH I E R Z (b E 5
2720723, 30 R & 600 AU DO RREGT TliE 30~60 43 Al TH He3 A B IS HN
L7 (Fig. 7A-C). Z DOfEHRIL, CO, L—HV —NERWEENIC L - TEEINTK
Ik L, BRI R 8R s R A I LT & B2 6D, — 07, FHERL—F—E, CO,
L—Y— LRI ORN 21T > Thb AR RER R L RS> (Fig. 7D & E).

ARFZE TR L 7= COy L —HF—1F, K ~DOWRUAREAN K & VOFARE I 06 h

0, FAREER T 0.5 mm L P TH T FLF— RIS, MM IZ BT 3oL
XF—NEEINDEEBEZLN TS, £72, CO, L—YF—MEFHZ LV E U BT RV

— XTI O RIRE 2 LF S8, BEFTMROE KIS EmmE Ok, B X

SIEMEME OFEAIF 2T HAREERSH D EEZ N TWDE Y. —J7, FEkL —
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— IR DORIUREDS D S OHLRE B D TH Y, LN 4.0 mm B 2 ~ofn
REL, MCHREOI hary RYTIERT B2 6N TV

EHLOHEMEMNBAETHL ERETHL DD, —KIZEIKTIX, CO, L—
— IR STV B, SRS RITEER L — Y -l ko THE LD Z L
LWV EHE S, RIFRORERE R D.
ZOEHIZHONWTITRD L HIZEZ D, FHEER L —F—DFERm DRI OV T
INETHEMEAETT LT v N H*OMRIAET » F P2V THRESNATE . Zh
5OWETIE, BERBIEDT-DICH TFX—F 003 ViR EOREWE % AT
JRREE T VMERLS L, FIEMT & LT IL-1, IL-6, TNFa &\ o 7o RIEMEY A b4
A UNEETHEEZLNTVWE D L HI2, BENEZAMTHZ & TEFRE
I LIZAMIIE L 1X T DOFERGENESRRY, BRMOBFLEDOr I INVAT 4
T — b BRI ENBIOND. SHIEL OMFARET LTI, KiRx 7 L—
IV T L TR Y, RIFROFETIEE RE RS, 4%, HEKL—F—(C
K DT INEIET 2 B 53 5 LT, BERE TV & AR ORE R OE W A R TS
HZETHERARMANEOND Z EMBIff S D.

PI-D1 #HIZEBWTHEIE NARMERZIC CO, L — P —0M8 kL — W — 2 32 &
TH LS L7202kt L, PI-D7 BEICH O T TH 2B U7z U BaRZE . L—
PR 7 BRI, A0 TH EFAMNZ G U CHREIC ER- Lz, ZoRRKEI

SRR S AR R AL 7 & DS N L A BURIEA B 5T A FTREME B V),
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LSBEBIZEDAN=Z AL TR LNIT HUERDS.

AEFREEIC LTS THIICBE LT, S JEMAEOHEEINIER T T
IEDPPEETHD. 22T, BARKKNFAEREBEEZNELZOL, B LR (x 1.5,
x 2.0, x3.0) \ZXo THR SN ORKSOFH _NEMEE) (latency (ms), THBNRFRH]:
duration (ms), 7% BIHE/E: area under the curve (AUC (% of Threshold (Th))) 2k v,
SERBVFEIE S OB 1 NGV RT3 B 2 gt L7-. BHERIIC s W THR Sz
B O S latency 23—E CThAVE, FIRIZISE Lo UGNZEE L CRosk SAUHE RIT
B7g EHNRAE LN D & AR 5 ). [AHRIC duration & AUC DOZ2EI, 5 (a0
RCRIGL O AE % ORI AME DO RIFLE BN 5B % 5 2, WIEZRRERHR R E ST
WD T L ERERT S, IEH AU TR IR U C RS EAMIR 2035 2 L
5, ABHET S H ANETEORIFREISEME 2 e LTV D, S BIZ, RIERES
BTSN 2000 8 E OB E L TOARNZ L ~OfR L 6725,
AREBRTHERETBWT, HETRE O _EF I, latency (ms) 13K T, duration (ms)
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Figure legends

Fig. 1 Application of experimental orthodontic force and recording of jaw-opening reflex (A),
and region of laser irradiation (B).

A. A schematic drawing of application of experimental orthodontic force to the right
maxillary first molar by placement of nickel-titanium closed coil spring between the
incisors and right maxillary first molar. Electrodes were placed for electromyographic
(EMG) recording from bilateral anterior digastric (AD) muscles as well as for electrical
stimulation to the bilateral maxillary first molar gingiva. Arrows: electrodes for EMG
recording from AD, arrowheads: electrodes for electrical stimulation

B. The region for laser irradiation by CO, or diode laser was expressed as green circle (¢
14.6 mm, 1.67 cm?). The left molars and gingiva were covered by a silicone rubber

impression material to avoid laser irradiation (blue square).

Fig. 2 Recording of jaw-opening reflex.

Representative recording trace of physiological features (e.g., EKG and EMG) of
isoflurane-anesthetized rat. EMG trace contained right side stimulation-induced
jaw-opening reflexes (square). These jaw-opening reflexes were induced by suprathreshold

(x 1.5, x 2.0, x 3.0) intensity. Squared region of LAD trace was processed (smoothed and
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rectified) then enlarged to indicate the EMG features (e.g., latency, duration and area under

the curve (AUC)). Arrow heads: electrical stimulation, EKG: electrocardiogram, EMG:

electromyogram, LAD: left anterior digastric muscle, RAD: right anterior digastric muscle,

AUC: area under the curve during duration

Fig. 3 Stability of the jaw-opening reflex excitability after laser irradiation in rats without

applying orthodontic force.

There were no significant differences between the left and right side thresholds for inducing

jaw-opening reflex excitability. And application of neither CO, (A: 30 s, B: 600 s) nor diode

(C: 30 s, D: 600 s) laser irradiations failed to alter the jaw-opening reflex excitability. BI

denotes before laser irradiation. Each TH ratio (%) was represented by threshold for

inducing the jaw-opening reflex in the left and right sides (uA) / threshold for inducing the

jaw-opening reflex in the left side at Bl (uA). Post 0, 30, and 60 denote 0, 30 and 60 mins

after laser irradiation, respectively.

Fig.4 Representative data of EMG features those induced by threshold and suprathreshold

stimulations in control groups after 30 s of CO, laser irradiation.

The excitability of all three EMG features were increased in stimulation intensity

dependent-manner and were observed as significant decrease of latency and significant
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increase of duration and AUC. Application of orthodontic force or laser irradiation did not

alter the relationship between stimulation intensity and EMG excitability. AUC: area under

the curve during duration

Fig 5. Temperature alteration of laser irradiated region.

Irradiation with CO, and diode laser significantly raised the surface temperature of the right

maxillary first molar gingiva. Pre and Post denote pre- and post-irradiation, respectively.

Paired t-test, *: p < 0.05, Student’s t-test, #: p < 0.05

Fig. 6 Effect of guide light irradiation on orthodontic treatment-induced excitation of the

jaw-opening reflex excitability.

The application of orthodontic-force for one day significantly reduced the right side threshold

for inducing jaw-opening reflex and the application of guide light for 30 s to the maxillary

first molar region failed to alter the reduction of the threshold for 60 min. Bl denotes before

laser irradiation. Post 0, 30, and 60 denote 0, 30 and 60 mins after laser irradiation,

respectively. Each TH ratio (%) was represented by threshold for inducing the jaw-opening

reflex in the right side (wA) / threshold for inducing the jaw-opening reflex in the left side at

Bl (LA).

Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;
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one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs “BI of left”

Fig 7 Effect of CO; or diode laser irradiation on orthodontic treatment-induced excitation of

the jaw-opening reflex excitability.

Bl denotes before laser irradiation. Each TH ratio (%) was represented by threshold for

inducing the jaw-opening reflex in the right side (uA) / threshold for inducing the

jaw-opening reflex in the left side at BI (nA). Post 0, 30, and 60 denote 0, 30 and 60 mins

after laser irradiation, respectively.

A. The application of orthodontic-force for one day significantly reduced the right side

threshold for inducing jaw-opening reflex at Bl and the application of CO, laser for 15 s to

the maxillary first molar region failed to alter the reduction of the threshold for 60 min.

The reduced right side threshold for inducing jaw-opening reflex was not altered after 15 s

CO; irradiation (Post 30 - 60). Left vs right: two-way ANOVA, side: p < 0.05, time: p <

0.05, side x time, #: p < 0.05; one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs

“BI of left”. The reduced right side threshold for inducing jaw-opening reflex at Bl was

significantly increased after 30 s CO, irradiation (Post 30 - 60).

Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;

one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs “BI of left”

B. The reduced right side threshold for inducing jaw-opening reflex (Bl) was significantly
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increased after 600 s CO; irradiation (Post 30 - 60).
Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;
one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs “BI of left”
C. The reduced right side threshold for inducing jaw-opening reflex was not altered after 30 s
diode irradiation (Post 30 - 60).
Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;
one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs “BI of left”
D. The reduced right side threshold for inducing jaw-opening reflex was not altered after 30 s
diode irradiation (Post 30 - 60).
Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;
one-way ANOVA, Bonferroni post hoc test, *: p < 0.05: vs “BI of left”
E. The reduced right side threshold for inducing jaw-opening reflex was not altered after 600
s diode irradiation (Post 30 - 60).
Left vs right: two-way ANOVA, side: p < 0.05, time: p < 0.05, side x time, #: p < 0.05;

one-way ANOVA, Bonferroni post hoc test, *: p <0.05: vs “BI of left”

Fig.8 Effect of CO, laser irradiation immediately after application of orthodontic-force on
development of orthodontic treatment-induced excitation of the jaw-opening reflex

excitability.
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Thirty seconds of pre-irradiation by CO, laser significantly increased the right side

threshold for inducing jaw-opening reflex (PI-D1) but this effect was not seen at three and

seven days after pre-irradiation (PI-D3 and PI-D7). TH ratio (%) in D1, D3 and D7, were

represented by threshold for inducing the jaw-opening reflex in the right side (nA) /

threshold for inducing the jaw-opening reflex in the left side before laser irradiation (uA).

TH ratio (%) in PI-D1, PI-D3 and PI-D7, were represented by threshold for inducing the

jaw-opening reflex in the right side (uA) / threshold for inducing the jaw-opening reflex in

the left side (LA).

Student’s t-test,*: p < 0.05,

P1-D1: pre irradiation day 1. PI-D3: pre irradiation day 3. PI-D7: pre irradiation day 7.

Fig.9 Effect of diode laser irradiation immediately after application of orthodontic-force on

development of orthodontic treatment-induced excitation of the jaw-opening reflex

excitability.

Thirty seconds of pre-irradiation by diode laser significantly increased the right side

threshold for inducing jaw-opening reflex (P1-D1) but this effect was not seen at three and

seven days after pre-irradiation (P1-D3 and P1-D7). TH ratio (%) in D1, D3 and D7, were

represented by threshold for inducing the jaw-opening reflex in the right side (nA) /

threshold for inducing the jaw-opening reflex in the left side before laser irradiation (uA).
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TH ratio (%) in PI-D1, PI1-D3 and PI-D7, were represented by threshold for inducing the

jaw-opening reflex in the right side (uA) / threshold for inducing the jaw-opening reflex in
the left side (LA).

Student’s t-test, *: p < 0.05

PI1-D1: pre irradiation day 1. PI-D3: pre irradiation day 3. PI-D7: pre irradiation day 7.
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