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ot A o] AL 7heAdel did] Bistlem, Mehl 572
Er:YAG #lle]A 9] 23 Streptococcus sanguis®) At &3}
o tia] B3t vl ot o]9jo% Hooks & &AWt~ g
o|A & Algdle] ZHA R 7|79 reamerl H-2E o] 71
T& AFsdda 9 e Moritz Y2 Nd:YAG,
Ho:YAG, Er:YAG #le]A 9] &3 W A &3 ds] B
LI I=%

o]9Jo| = Schultz 592 Nd:YAG #o|AE ZA}ste] 9H4
E5YE ke dEHQ AT Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia Coli®] &4-&
AASFF L Bustdth. Wilson”2 He-Ne #o|Av GaAs
#olA 59 AM&9 #o)lHXE Streptococcus sanguis,
Fusobacterium nucleatum %2 Aol 2d&aa7t Jokn
3o} Burn 5?2 A&Y do|A & Streptococcus mu-
tans, Streptococcus sobrinus, Lactobacillus casei 52 7
Al A A AdelAe E3t vk st Avke g 8t
Aot

glo] Ao Ao tigt T2 A] T A Ag-L
FeetaE, WARE 5 A4 7 71der 4
gh oA FF v Al Fid W e veksiAl
193 vk e oA o] 3dF Alde] A2l shabd x
grtele] G atgo] A EaRE F9dle TR 8oz 3
A5 2 9ok,

o921 Fe] X5 Agld -2 Aol AAI FHH e
2 Al ofof dl=d], o] AN AHdd FAAA LS FEF
AABA o At 3l A gEslo] o|AAY $AE /
Wals A71E AlFetA 2o A7 A AAY A2
o] Mo o] AHEEH I = EriYAGH Nd:YAG oA
o] 7 AF A Aol tigh FAAA ZF A3 AFE
0% Ao},

do)AE o] &3] XEE AAs = Bl BEd
ofdel EAlgte AlTe AT + YA o]} X|o}-2]Fe
ool 37} ok Al et E HolAE FF XA A
glo 2Alste] Alate] $41E AAE A #lolA e X FAA
B oolg} Xolp-215e dWEA o R &89 JheAdol Atku
s}t

b B A3 ErYAGS Nd:YAG o149 77 4t
A A2 sl Streptococcus mutansel] g 54 2
7% AAMERE Hrksked 1 53] Yt
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1. AgAE
1) #elA

37 2940nm, A= 15W, pulse repetition rate2] ¥
F7F 2-50Hz%] Er:YAG mode$} 34 1064nm, #Hh&"
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15W, pulse repetition rate®] ®57} 10-100Hz¢! Nd:YAG
mode® ZE dual type? #lolA (Fidels Plus®, Fotona,
Slovenia) & A8t e}. olw) 183 handpiecew BlHE £
APEA o] RO2 model(Er:YAG mode)® 300 #m® SMA
905 fiber connector(Nd:YAG mode) & AHE-3t1oH 23 A
g Tmmz 238 oA F AeAE Er:YAG
mode¥ articulated arm¥ e}, 28]3 Nd:YAG modeE op-
tic fiber WEI AT}

2) Ml

a3 Ay gedra AL FH228 (Korean
Collection for Type Cultures, Daejeon, Korea)ollA] ¥4
& Streptococcus mutans KCTC 3065< AH&-3tAth,

2. AUy

1) Ml uj ek

S. mutans® Brain heart infusion (BHI) @4xujzlel]
Z&}7t BHI g-uA] o =%3te] 37C COz Al w71l
A feksle] Algslgon, A AT W3l 3 A Zetie R #
Qe AES Ysixe BHI dAEIAl ol 5% Yeast extract®}
10% A3-% A 7HBHI-YS) 3k v sttt

BHI @A o] S. mutansE L3l o1& 2443t vl
g g, shte] 228 10 mie] BHI HAulA o 3 Fst] 24
A|Zb FoF v okslar, Microplate Autoreader(Model:
EL311SX, BIO-TEX Instruments Inc., Cortland, NY,
USA)E °] 43l 450 nme] #Ff the FE=(A0)7H 0.1
2 93EA Al gN-E A8t HolA XALE H8
100 9] A vhFAE eppendorf tubed] $713 U4 EE
(5,000% g, 38zb38l] A AL A AT AT pellets AU
o}

2) "lolA ALY S. mutans KCTC 306591 g 54 ¢
A &7 37}

glo]# ZAle] WE S. mutans KCTC 30659 2] 9A&
HE golry] ke 2.94 pm FF9| Er:YAG #olA
1.06 #m 389 pulsed Nd:YAG @lo]AE A3l HIHE
2 i o 2 2ARIGITE ZAMIZIE pulsed 50 mJ & 4K}
Rom ol pulse repetition rates 10Hz$} 30HzS F %
FE AT B3 AR 522 At Nd:YAG #l°]
A 2% A9 Mz wel FrEd 32 ol ¥oerw
Chinese ink2 gAg 299} 137 Y2 BF2 vhro] AL
sun. Zzte] Ade Efd oz 8¥ nhEsle] A3ttt

Ho) A & ZALEF Z42he] Al pelletell 100 4] BHI-YS Al
LN S Y3 AT pelletS & G the, 10 w¥E A
28 200 49 BHI-YS Alxufdado] HEal3itt o] & 37C
CO2 Al w710 A wjdslint. o] o 2, 4, 8, 12, 16, 20,



24X3kuct i) 4 A=E Loy 918k Microplate
Autoreaderg ©]-&3t] 450 nme] HFdl| R FHEE =
Bt oldf #HolHE AV R AT pelletS HRT
o2 AME-3I T

3) #lolA Ak S. mutans KCTC 306590 thak 4+ A4
s IA &3} 3ot

glo]A 2] ZA} S, mutans KCTC 30659 AF AA] 5] 1|
Ae FE Goli7] 3l do|AE A A gL AL E
WETOR 3o, HolAE 2AIR 22 APTor BFAN
o Al AFs] A A ugde) pHE 7.02 24319
1=

371 2)¢} 2] Er:YAGS Nd:YAG #lolA & 2tz zAlst
3, Al pellets 8Aeka, M2 200 ©9] BHI-YS Al H)
Fhell FEdtA 24413t B3 v kst 24413t B3t wl ksl
HA Al g o] £ho]l 25 EAGE pH electrode(Model
91-5/06, Orion Research Inc., U.S.A.)% pH
meter(Model 920, Orion Research Inc., U.S.A.)E o] &3}
o] 12, 16, 20, 2421201} 2 A A =& S 31qTh,

4) #olx 2Atel 8. mutans KCTC 30659 g B84
AFEAGLH ol v 3k Hr}

#olA e Fqet AP WE S, mutans KCTC 3065
o B84 AEAULH T vlXE 9&S Lot st
o Ho|AE ZAFHA Fe F& YEToR 31, ZAZRAE
3719 )83 Zolsled HOHE 2AG S-S APFoE
ato] B84 A XTIEHA S99 S 2389t

Er:YAGS Nd:YAG #lAE Z2 2418 3 AlF pellet
< A8t3, A= 200 42 BHI-YS AT vjkde] 4 Z3
o] 24N7F B Wit o B84 A ETIRRE A ey
o} ol f3 A AT gFAS 5000x gl 15837 QA

Er:-YAG

[e Control —4— 10Hz —0—30Hz

) g g

Relative growth rate of S.meatans

o

Fig. 1. Relative colony count of S. mutans according to
pulse repetition rate of Er:YAG laser.
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£23le] AT pellets 3, o|E 1 me] 1XPBSE AH3
T2 o] E tHA] 99} 28 20N AR sl AL
21, Al pellettHe deth. o8 A #4-& 13 whEg
o2 0.4 m2 0.5 N NaOHE 23 A-&dlA 9087 g
o2 5,000xgoll A 1587 FAEe gt AAN 0.2 niE Al
2 eppendorf tube® &7]13, 9719 0.1ml¢ 1IN HCIE
Yol AFAL F3A 7T 97]d] 0.9mlel Wges Y1
5,000x gl A 1083 A Eelst] FA AL vlgla, pellet
£ 0.4ml9 Sulfuric acid/Water(5:1)ell Z1tt. o] oA
0.1 m% 0.1 m2 0.5% phenol® FA] 4 th& 0.5 m9
BFE S E2 A wgh ohe A 24 2083 e
7131, 495nm 3ol FFE (Agos)E SR

TLS
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1. #lo|X Z=Alel S. mutans KCTC 306501 Cist
H &3}

54 o

FRE 248

<] RA

2AE

go| A& 2R B2 d2TL 4417
3ta] 24Xt 73] el dkelA = S
o] AAFAS Ao Er'YAG #olAE T2 84
RE FHo] A= B2 FolA Al o F2oA &
FHE BoFa gler 1241, 1643, 2047H(30Hz ZARL)
A= ol Hs] T F2o] A ¥ FHE H
o] 2 ATH(PX0.05) (Fig. 1).

Nd:YAG #lo]A19] A% do|AE 2AIF 25 dzas 2

A2}

curve

o] WYAY S curve B AAINE Boln You} 12,
16, 20, 24413t A3 2ol B8] 232 240l o o)

o7 @3E& Bolx Yoh(P0.05)(Fig. 2)
At pelletd Chinese ink2 G435} photosensitization
AlZ1 F NA:YAG #o|AE 2ARRH 79 20/ ZHAIREH &

Nd:YAG

Relative growth rate of S.matans

[ 2 q El 1 2 3

16
Growth time(hours)

Fig. 2. Relative colony count of S. mutans according to
pulse repetition rate of Nd:YAG laser.
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Aol AZRH B2 4AZHE FHo] AFEE tz2F vs)
#A3] S0l AAIHE S Bola Yh(P0.05) (Fig. 3).
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Fig. 3. Relative colony count of S. mutans Vaooording to
pulse repstition rate of Nd:YAG laser photosensitized with
Chinese ink.

glo] A Z#9} photosentization 940 W& 2 A3}
€ vud 23 Er'YAG #o]A7F Nd:YAG #lo] A H]s) o
A&7} 2A Jelsk oy Chinese ink® photosensitization
< A3 Nd:YAG #lo]AE ZAR A% Bohe JA &
7t vt 2102 eyt (Fig. 4). Pulse repetition ratecll @
E 34 A BT Aole gl Aoz eyt

2. ol =ALe] S. mutans KCTC 306501 CHet At MM

=2ps k=niy

Er:YAG #lo|Ae] A+ #olAE 2AHA] &2 dixTdl
H3j #o]A & ZARE Fo] 12417F, 1641 el A pH7I A
o2 fo3A(P0.05) A #&HAHFig. 6). 28 24
Ay A & gz pHE 4.0, 2379 pHE 44
4.2(10Hz), 4.5(30Hz)Z2 & ¥#7t9] Aol7t itk Pulse
repetition rate’t H=T2 1641 AFAAA A AHHE
AR 3t EA7F ZA JERTHFig. 5).

Nd:YAG #olA2] 3% #olA A7} S. mutanse) AF A

50mJ, 30 Hz, Ssec

—O—ERVAG - &--NAYVAG "k»N&VAGﬂﬂ)‘
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3
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Fig. 4. Relative colony count of S. mutans according to the types of laser with irradiation condition.
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Fig. 5. pH changes in BHI-YS broth after irradiation of
Er'YAG laser.
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Fig. 6. pH changes in BHI-YS broth after irradiation of
Nd:YAG laser.
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Fig. 7. pH changes in BHI-YS broth after irradiation of
Nd:YAG laser photosensitized with Chinese ink.

Ao &S FA A (Fig. 6).

22y} Chinese ink® photosensitization® A3 st
Nd:YAG #l°o|A& 2AR A% S. mutans?] 4+ A5l
B TS Fol 2443t A=A 30HzS) A% pH7L 6.62
AL wtolA)7] gkokom 10Hz9 A% pH7} 5.28 iz
4.29) 93 fostA A JeERETHP<0.05) (Fig. 7).

[0|X Z=AP} S. mutans KCTC 30652 284 M=e|
Mol o|x|= dE

3.4
CigR

Er:YAG #lotx o] A% #o|A & 2Atet 739 24412 A1}
F 17k 3 27 1057pg/6004(10Hz), 8731g/60014(30Hz)
o] E844 AXgFRE AAsH o tl2T-E 860 #g/600
M) B8 NI HE AFFEER dolA A wet
FAALE Folgwdt AXTiR A AolE HoFR|
EATHP)0.05).

Nd:YAG #o}A¢] 2% Al oA E AR B 746
#g/600M(10Hz), 741#g/600M4(30Hz)9) B84 Axelttd
FE AAstH e, d2Te T076g/60049) B84 AFott

78 AR RN oA XAl BE A TudF T4
Aol & HAFA] FATHP)0.05).

Chinese ink& AFH&-8t9 photosensitizations A7l &
Nd:YAG #olAE ZAMe B9 2251¢g/6004(10Hz),
25501g/600M4(30Hz) o] &84 AXdie AAsHon
2L 2443ug/60042) B84 AZUIHE YAslns
A HolA XAt mE Az T AolF HAFA
EATHP)0.05).

721} Chinese ink& AT pelletS 943+ Nd:YAG &
oA E 2AIE A& EriYAG #olA e Nd:YAG #Ho|A S
9507 AR A% Bo 27y AdT RRdA EAA
44 Axdue® 7t #EEdEd

i

o= fre|gyd
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Comparison of glucan synthesis

4000
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2000

Glucan (fg/cell
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Nd:-YAG
Types of laser

Nd:YAG(Ink)

Fig. 8. Comparison of extracellular polysaccharide
production according to types of laser and irradiation
parameter(pulse repetition rate).

(P€0.05), ©}& Chinese ink7} F3% &30 9L FU71
5oz A7tEtH(Fig. 8).
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oA Az2 A7l B4 ol HolAE A 2A
3= 52& Streptococcus mutans, Streptococcus sobri-
nus, Lactobacillus casei 59 2t B3 Ad& 2L JA3t
o Xop5-2FE dAYES  Actinobacillus actino-
mycetem comiyans, Porphyromonas gingivalis,
Streptococcus sanguis 59 XFA#E Fdsle A7y &
A& AdAFEER FEEY] duoly 8™ ZHXEA
@ WEY AP T8 reamertt fileFo 7| AEY
T A Z 7L 4 o] FANE 23 U Al Al o)
g A7t FE o] R Yo FYo|AE o] &F ZH Y &
& AA QA Bol AHEE T ). dlojA]e) AFel gk
ZAL B3 g o8 A7, Havt e g2
Nd:YAG, Er:YAG, &b7lA, ol2& gojA 5 128 dlo)
AE LR 3 on*55 AR A& He-Ne, Diode
glo|A 59 A& oA 2} Ao thE) Emstm ¢l
E}_II,ZS,ZQ)'

£ AFdA e HeolAe FHo| we} spgo] 4z tanz
TRNAA & BAE ke U AT Streptococcus
mutans©l o[ F7<] #o|A7} 7MY B o g Z4g o)
A8 dotr izt ek £3 dolA 3 Nd:YAG #o|A
© AR F571 ZE 22 photosensitization©] 7}53le
Ao ks A3 8402 s 1 AHE Hrlsta
2t ATt

S curved 9 4AFA L Yo} Er:YAG #olAE 2AM
T2 SAZTE F2jo] AlAE B2A HolA] Al ofg 224
oA AHE ez 9lem 1247, 16417, 20A17F A THA)
A%tz Hla] 7] S =7t A3 Y S Ho|n
JeH(Fig. 1). $9L 104 AlFelddd] Ho|H & 50-150mJ
2 A 5 FA 6.2C0N 1 47.3¢Y 2% Aol 2
HEAT T H o ol 2E4 5o o8] wgdo] Sty w
A 71828 3] EE& w122 2%A19) sensorde
2 e 7AA 73 Aoz AREY AA) ¢35 uF9]
HFEY] L2 olBet R A5EHUS Ao Bad v} g
o webA B A3 Al pellete viFAo] 2Ale AS B}
SRdsol F AR AIEHY o|9) 2 Holxo FLRE
of oaf Alde] F4o] AN S A Yot 1} g
o] & ZA}A] pulse repetition rated] W& z}o] Holz] gro
z24 goAdA 2 e 289 24 2 PAA g9

€ Ao Atz

Nd:YAG ol 9] ¢ d2Tdl vla] EZAH £4 74
AZto] 4XZEo 2 Apol7t gl e o] F Q33 Z4o] &z
T &S BAe(Fig. 2) o1& Nd:YAG #olAE o
e AT pelletol]l 471 Bo| o] FoJA|A] gho} L&Ak
o] A fE=EEN 938l #F F4L AN Aoz Als
. 22y AlE pellet® Chinese ink® FAg 2$

444

Nd:AYG #e]Ae] 57} 7= 0] Alie] S2lo] agtxos
dA= = Aoz velgth(Fig. 4). A2 98 RoldA #HolA
L dut U o] &g 23 o Atolu 2AHA & AlFgske
dl glo] B} FFEE F7RIIAY Adedoz F4A2 &
Ao 222 A AHEt] GAE dla k. ZEdl of
2] A5 o] toluidine bluet porphyrin & g4 S A
238l 232& photosensitizationAl7| 224 24 AT &
2 AXE ¥ AT)= AlEE st 9ok Burns §22 S.
mutans\t S. sobrinus Al Mgl toluidine blue OZhe
FAAE Hrlteayn o] ¥ golHz Ade F4$
AAANAG D Budliom S, mutansBtHe S. sobrinus7}
q ggo] Zokn RusHtt. T3 GaAs #lolA FA] alu-
minium disulphonated phthalocyanine(ADP)e]&h= &4
A Al s Fdol] Arbsle] AL A e FHINE S
sobrinus®t Lactobacillus casei®] $4°] JAHUTt B11
skt

2 AFNME Nd:YAG #ojAe] 488 S7MAFE A
9] Chinese inkE AMHE3IE2XR AFZ4S FAFoR
AAE 4 AUt WA gz FolHe F4E
= A A AFE o] FoH Be Yoz
de &4& FA ga Add AFHez £4%
Wo] JleE g Xo) i},

A AB%E GA] Er:YAG ol 49} Chinese ink& A3 pel-
letS A F NAQ:AYG HolAE AR A% 4PN F
b2 ATl G T8-S JAElY 1247 o] FRE & Hlo]
AE ZAVHA B& 2T vlE SAHCE fodve
pH7F =4 et a8y 24412 Aol pHF 2T
# 22 £Eo 2 YolAh(Fig. 5, 7).

S. mutans®] 54& A= 84 F vl 35S 9
7¥ete AQH®, ole T3 B2 B84 AxeddH a4
g Hrlshe Aolth, B dFoME dolA Rl o5 B4
A AETR T F4%50] AR dgtem 23]8 Chinese
ink® G4 F FolAE 2R A4e 2T FojA =
Al BF ol ERhg /b FAE AT ol oA Al
#AR] Chinese ink7} £44 AEIFFe T4 &4
AFlE RAo2 FH3 & 4 glovt FEg 71 A4 el a7t
8% 7og AlgH

golA AL Aldel 2oy 47 Aty ZE-& JA)
£ 7170l tia|A Mehl 572 Eell & AlZA9] 87 Zuta}
ol Qg N xde] Eelslsta B 93t sigen o
£ AsEd SdoA B go] dE9l glucoseE FFAAL
2 Eajste Al dag 2734 B as: &, I FoME
53] phosphogluco-mutase, kinase, 281 phosphatase
ABAR E4E 7IRtEEN Ze] o]FH tiild] AfE X
atn| o) ¢} 22 @l 93] Al 27} s vt sk}

& AT e S. mutanstHe tFLZ %21 Rooney
T2 Ao o5 37e] W3l U TAPA o7l G

(o]



g A wet golA 2AF A3t thada 3 b, g2
Al M= AF7} o] FojHof & Fart St} Zakari-
asen & Alde TR wet oA Al e A 3
3 EEo] th2va atglon old S v £ Je 8
Z Fo|A ZAMZ] & glo|A Yol HdZtolet &t

go|A 9] FF wet A gt o] g F e,
£ dPdM = Er:YAG o)A 7t Nd:YAG #elA ¢l &) S.
mutans®] F4% o IAs= A2 YEdtt. Morirz 59
289l Escherichia coli$t Enterococcus faecalis 59 Al
TE W2 YAGAH #HolAE A A3 Er:YAG,
Nd:YAG, Ho'VAG ©0.2 77} £90hn B naar.

2 d7dAM e & 7 7 Ads dde= sidev &
% 8. sobrinus, Lactobacillus casei, 1#1 1. A. viscosus 5
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Abstract

INHIBITORY EFFECT OF DENTAL LASERS ON THE GROWTH AND THE FUNCTION OF
STREPTOCOCCUS MUTANS

Kang-Seog Han, Joong-Ki Kook*, So-Young You*, Hwa-Sook Kim*, Jong-Whi Park,
Heon-Dong park, Sang-Ho Lee

Department of Pediatric Dentistry, Oral Biochemistry®,
College of Dentistry, Chosun University

This was performed to evaluate the inhibitory effect of laser on the growth of S. mutans. The bacterial pallets
containing S, mutans KCTC 3065 were irradiated with Er:YAG laser and Nd:YAG laser by non-contact method
at an intensity of 50mJ for 5 sec with the pulse repetition rates of 10Hz and 30Hz, respectively.

The following results were obtained on colony count, acid producing ability, and the amount of insoluble extra-
cellular polysaccharide synthesis. '

1. The irradiation of Nd:YAG laser after photosensitization with Chinese ink inhibited the proliferation of S.
mutans the most, and the irradiation of Er:YAG also inhibited the proliferation. However, the irradiation of
Nd:YAG laser alone could not inhibited the proliferation of S. mutans. The pulse repetition rate did not af-
fect significantly on the proliferation of bacteria in overall.

2. The irradiation of Nd:YAG laser after the photosensitization with Chinese ink inhibited the acid production
of S. mutans the most for a certain period of time. Er:YAG laser also inhibited acid production. When
Nd:YAG laser was used alone, the acid production of S. mutans was not been inhibited. The irradiation of
Nd:YAG laser after photosensitization with Chinese ink inhibited the acid production ability of bacteria the
most as the pulse repetition rate increased.

3. Laser irradiation did not inhibited the synthesis of insoluble extracellular polysaccharide of S. mutans.

From these results, we conclude that the irradiation of Er:YAG laser and Nd:YAG laser after photosensitiza-
tion with Chinese ink would inhibit the proliferation and acid production by S. mutans, which may prevent den-
tal caries. However, this effect does not last long time so that the laser irradiation should be repeated frequently

in order to obtain clinical effect: thus, this laser irradiation would not have a clinical usefulness in preventing
dental caries when used solely.

Key words : Er:YAG laser, Nd:YAG laser, Streptococcus mutans, Photosensitization
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