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B33 vk glom Schulze 592 Nd:YAG #HeolAZ F4U
A}l Pseudomonas aeruginosa, Staphylococcus aureus,
Escherichia Coli® 2@3td vt B1stgch. Wilson™ &
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ol a7 dvta 392y Burn $-& He-Ne #l°]A
U GaAs 59 A&¥ do|A¥ S. mutans, S. sobrinus,
Lactobacillus casei 59 77U 4+ B4 AdoAs a7t
githar sto] Nt Ha g 39t
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1) #lolA

374 2940nm, FHZE2E 15W, pulse repetition rated] ¥
F7F 2-50Hz Er:YAG #@le|A (Fidels Plus®, Model 21-
1AF, Fotona, Slovenia)& AH&-atth(Fig. 1). o]uf Al&-3
handpiece® HlHZE ZAM2e] RO2 model (Fotona,
Slovenia) & AH&-3l3l o™ 2HAel= TmmZ 233K, ¥
o]A 9] F ALA = articulated arm FEAF T},

2) A

F= AP edd e FARLAH FH824L8 (Korean
Collection for Type cultures, Daejeon, Korea)ollx] &kt
2 Streptococcus mutans KCTC 3065 A4t Th
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Fig. 1. Er:YAG laser(Fidels Plus®, Model 21-1AF, Fotona,
Slovenia) used in this study.

2. Aguiy

1) Al 2 uj EH|

ZyzZvo) M€ Brain heart infusion (BHI) broth £+
BHI agar platedld 37T g7k wj 7] o)Al B ste] AH-
o, At A Wz g AXUEF $T AEE A8k
A% BHI brothe] 5% Yeast extract®t 10% Age] &f=
HlA] (BHI-YS) el A i Fsksact.

2) dolA Aol W Al wjdde] xRt 34

2.94pm 322] pulsed Er:YAG #lo|A 2 2AIRAS o
3} o] g2l Zhz} 2ARIIT HlolA Ak HIHEA T
Hoz 2ARLY 08 ZAF beam®] 27-& 650smATE. ZAM|
71€ pulsed 50mJ, 100mJ, 150mJ2 ZABIRA oW o]
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ok, T3 2ARNZS 247 12, 3%, 522 3tglom Al
kgl 2u= 1049 1004= 3t ZARSHAT

olmj AlFujAe] LxHEE 950TA (= 0.5CE
0.5%) 23 4 9lo™ needle type probe’} F28 tjA"
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AEE BTt
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bacitracin®] ¥ BHI agar platec] T&38l 37C €47}
2 i1l A 48417t vt Wl FE agar plateo] A}t
g T £F EF9eY YolH g AR @4 2T
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U.S.A)9 pH meter(Model 920, Orion Research Inc.,
U.S.A)E o]&3tod 3AI7E, 6A17F, 12A13F, T28]3 2443 &
o] 3 A HA=E A3t
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A AZLThFF Al vA= FF H7t
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E 0.4ml9 Sulfuric acid/Water(5:1)el Zt}. o] oA
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1. Er:'YAG 2ll0|& ZALof| o8t Al uffele| 24k

ol

1004 AlFeekede] 222442 50md, bHz, 1sec ZAMolA
2.0C Assien A YA 150mJ, 20Hz, 5secollA
6.8C st ES 104 Adujdde] L245E 50md,
5Hz, 1sec 2AtA 6.2C AR on JddyAd
150mJ, 20Hz, 5secolA] 45.3C 35315t

AukA o 2 2ZAbo|UA], pulse repetition rate, 18|31 A}
Azte] HAAFE olof ulgsle] &7} A5 A THTable 1).

2. Er:YAG 2o]x Z=Atol| 2|8t S. mutans KCTC 306562

YEE got

1049 A wFdol e FolAE ZAEA ¥ dH9
A FE5E 100CFUR st ddid ez Frlsided, o
o] A2l ZAMIZI7} A-GE, AT 0] ZAASLE AlE &
2471 7+ ok, 28 pulse repetition ratec] wE W3k
E 50mJ 2AFES A 93 100mIF 150mIAM & & Afolrt
AAH(Fig. 2-4).

100:2] ATt vl Fdoll A= Hol A&

BAgle] 10Hz o]l 521t
7V 235 (Fig. 5-7).

10

o lsee - Bgec bsec Tsec  dsec | osee iec 3 _ Bsec
5Hz  6.2+24 132+32 257425 81407 168+15 27.3424 12.7+3.0 20.3+2.8 34.3+3.0
104 10Hz 87+22 152419 291425 11.1+1.8 195418 325+19 153+20 269323 385+25
20Hz 119419 203+12 833432 147422 331+17 39.3£19 18.2+2.3 40.7+3.0 45.3+2.7
5Hz  20%02 22+03 2502 28+03 3.1+03 34%03 35+04 3.7+04 39104
1004 10Hz 40405 41+06 42405 45+04 44+05 48+06 45405 4.8+0.7 50%0.7
20Hz 45404 43406 49+04 48+03 50406 53407 52405 57+0.8 6.8+0.8
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Fig. 2. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repetition rate and irradiation
energy(50mJ) in 10 BHI broth. Asterisk(*) means the
significant (P{0.05) difference from the control group(100.0
CFU).
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Fig. 4. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repetition rate and iradiation energy
(150mdJ) in 104 BHI broth. Asterisk(*) means the significant
(P{0.05) difference from the control group (100.0 CFU).
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Fig. 6. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repetition rate and irradiation energy
(100mJ) in 1004 BHI broth. Asterisk(*) means the
significant (P{0.05) difference from the control group (100.0
CFU).
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Fig. 3. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repetition rate and iradiation energy
(100mJ) in 104 BHI broth. Asterisk(*) means the significant
(P{0.05) difference from the control group (100.0 CFU).
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Fig. 5. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repstition rate and iradiation energy
(50md) in 1004 BHI broth. Asterisk(*) means the significant
(P{0.05) difference from the control group (100.0 CFU).
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Fig. 7. Bacteriocidal effects of the Er:YAG laser for
exposure time, pulse repetition rate and irradiation energy
(150mJ) in 1004 BHI broth. Asterisk(*) means the
significant (P(0.05) difference from the control group (100.0
CFU).




3. Er:YAG #o|XMZ=AZ} S. mutans KCTC 30652] &+ A4
ds0ll o|xl= g

1049] A wieFdel 2 #olAE 2AleA] ¥ gzT
o] ¥]3) 10mJ, 10Hz, 3secE #o]A S ZAZH A& Fo] 34|
ZE, 6AIZE, 12712t M pH7L A 0.2 {2 84A (P(0.05)
A AR (Fig. 8). 2 2442 2 F gizF9
pHE 4.2, 43879 pHE 4.328 & #3+9) o7l
10049] At s o] - Az Aol o dlz7n A
AT Ateld] pHE /93 A7} fiich.

4. Er'YAG #o|X =ADL S. mutans KCTC 30652 £2
A MELQohebE gHAMof| o|x|= g3

10de] Azt wjgFde] B¢ dolAE ZARHA &L UL

4.00 |- O Control
@® Lasing
3.00 L | L L |
Oh 3h 6h 12h 24h

Fig. 8. pH changes in 104 BHI-YS broth after laser
irradiation.

Asterisk(*) means the significant(P<0.05) difference
between the control and the experi-mental group.
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Fig- 10. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repstition
rate in 10# BHI-YS broth by iradiation energy of 50mdJ.
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o] A% 24N7 A3 F 19k8] 9 500.01/60042] 84 Al
FAYFHE AR 50mIe] RAMIZIZ HolHE &
A8 ASE 450-550d B84 AZATRIHE Aot
2ol vlg) FATHOE FF AolE HolAe &gttt
(Fig. 10). 28U 100mJ# 150mJ] A7|2 A #&
20Hz9! pulse repetition rateclA 3% ©)i ZARIAS o
44 AZudie Aol frelstA oAtk (Fig. 11,
12).

1004e] AT wjFde] A5 Hol|AE Al & vzT
o] A% 2443 A3 F 1018] B 500.04g/60042] B84 AE
JFHE A e 50mJF 100mJe] A7 oA E
ZARE F& 27 vjE 9 ¥ T 8473 AEATEH
Z7bo] FAHA ekt (Fig. 13, 14). 22} 150mJe] A7l 2
ZAVE A9 20Hz, 329} 20Hz, 528 ZARE oA 244
AExothdfe] Fogwa S7F #2EAH(Fig. 15).

T 100
100ul
6.00 {
5.00 |-
4.00 - O Controt
@ Lasing
3.00 L | | 1 |
Oh 3h 6h 12h 24n
Fig. 9. pH changes in 1004 BHI- YS broth after laser
iradiation.
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Fig. 11. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repetition
rate in 104 BHFYS broth by irradiation energy of 100mJ.
Asterisk(*) means the significant (P(0.05) difference from
non-lasing group.
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Fig. 12. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repetition
rate in 104 BHI-YS broth by irradiation energy of 150mdJ.
Asterisk(*) means the significant (P{0.05) difference from
non-lasing group.
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Fig. 14. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repetition
rate in 1004 BHI-YS broth by irradiation energy of 100mdJ.
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Aoz ¥ 52 zAYA], pulse repetition rate, ZAH]
ZF FAPRE A7 5E& E 5 Yo AESA gRlogE A
oo A, QA g 79 &, §7189 §=F, 23 Ad3
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Fig. 13. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repetition
rate in 104 BHIYS broth by irradiation energy of 50md.
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Fig. 15. Comparison of extracellular polysaccharide
production as function of exposure time, pulse repetition
rate in 104 BHFYS broth by irradiation energy of 150mJ.
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SRl g AlF MELG T AEAEY
o Bege Ug Foole 2GR
Aol 2831 A7) (free radical) &
AT Ak delel AZe Aubde] FataE
%qu L}E}‘LH}" Qq20,3233)

B dFqME golAe] Auatgel ofe 1 7|dE
szt o ol & As) 27kA #ol Al vkl S *}%o}

At 10d wFAe] AL HolAE 2AE A ZAMIZIG
ZARATIo| Mol AL Al o] gAs) ZdEHeH
HAA 6.2CA 1w 47.3C 2% 5o 2HEYTh ol &

T4 o3 wikedo] ZwEAN 1528 o5 I u
712X A9 sensorollE & BFE VA £ A
Z AEHY AA S8 ng) v|YEe] 25E o|Ht}
R AEHARE Aoz Ashrh wEbd 104 Al wi

= % E;q"g‘°ﬂ o3k Al XA £ AFE Hrlstaat 3
Ak,

10042 Al vl °J:°“-°']
6.8CY 2% 45E EO]E'.
Z1deb7] olgoh. 28v vl
A o= #ojH e FEA Lo }
o o3 Felgtn FH3H & *’f— Aot 23 S, mutanse ¥
¢ B4E 71 JA Friar ¢ 3414 A7 R e &
oA Ao F24AA71 )& A INAE &g, & 259

Aol ) J@Pﬂ}%

o] o3 AR EAES 7 1§ %-% F38) 2 4 9ok
Y 10049 wikdel AL HolAE ZAY A dRT
o Hl3) Ml 2] Wshr} IAY 23] & Ato] T

Atk 2-6C] L& Aso] AT
5o} ZArh(Fig. 5-7).

Aol it AT 7] 98 24417 Bt Al wi gy
o] pHE 333 A7} A 7to] 7 HA pHIF 7HAF 0] 244
7t Folle oA e AR I AFufekade] oke] FAFO
4.2-4. 574 EolA e A#HE BoFa th(Fig. 8, 9). 104
A wddel A$- 3217, 6AIZE, 1280l e HolAE 24}
& Aol 2ABIA e T W) o ¥& pHE Ho
22R(P(0.05) & AX -] AT AjtHA UsS
AFa glov} 24417 Folle tzTH Aol E Helx| ggo
2R 12417 o] Fof] 2 A Tl HAL B & 4 9)
o} 23y 1004 Al vl

oFole] A% 2ET APTH A
7 ATl B2 pHe| Aol7} g, ol

2-6CAole] 2=

#eL S. mutans®] 2t AAEol bR HIE 2R B
gohe AE & 5 S tH(Fig. 9).
ojgt #& AFAA WFo] £ o HolAE A FF L

AT o)de] Lxdso] AW S. mutanse) 4+ BT
ol Ast=m E3 YPA|Tte] AE Folle AR A A
4 8] g BHT= AME & F U

S. mutans® virulencyE #F$-Ee T o2 2471 A
e FaEle) ol 22 FAFL S5 2L B4 AX

JUBH Y4 Foh o\ FolAT, e B Aol |
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o[A FEAle] o B84 Al ELqTRF
Wl R FASmIH XA FS
g Wsl} A E Hristaat st
104 AlTelrede] 4 40C AFAA 2ol Fid
100mJ, 20Hz, b2=% 150md, 20Hz, 32<3 150mJ,
20Hz, 527 B84 AR Aol 300-400p¢g/
600U E #olAE ZANSHA] @& dlZTol vl3] 100-200¢g/
6004 ZAEATHFig. 10-12). 1004 Aokl 42 o
273 AR B4 Axuidi Ade xelst glalch
(Fig. 13, 14, 15). ol9} 22 Aoz & uf go|A XAl 9
3 S. mutans® B84 A EuldF Aol dizt J

Ao BE Ars

frarele Vlrulency°ﬂ

A B v g3k vlE iAo Y Aeg v
Epgtet.

ojg} Zro] Aol o3} AThALY FE-& AAste 71A) W
34 Mehl 52& dolA Goll 3] AT AFE 19 F%
3 o]2 Q3 AEH E)3gA | @ttm sgon
o2 A std oA B Feo] dF9 glucosed 2FIZAL

2 B3ste B 2o 273 BHEA T, 2 FoME
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Abstract

INHIBITORY EFFECT OF Er:-YAG LASER ON THE GROWTH OF
STREPTOCOCCUS MUTANS

Gwang-Chul Song, Chang-Seop Lee, Sang-Ho Lee, Nan-Young Lee

Depariment of Pediatric Dentistry, College of Dentistry, Chosun Untversity

The purpose of this study is to investigate the sterilization effect of Er:YAG laser against the intraoral acid
producing bacterium, S. mutans, by irradiating the culture solution containing S. mutans KCTC 3065 with
Er:YAG laser having a 650#m diameter beam through the non-contact method. We obtained the following re-
sults after examining the temperature changes of the culture solution, numbers of bacterial colonies, and acid-
producing ability and attaching ability on teeth by measuring the amount of extracellular polysaccharide pro-
duced by S. mutans.

The number of bacterial colony was decreased in 104 culture solution irradiated with laser in overall compared
to the control solution. The number decreased as the irradiation intensity and pulse repetition rate were larger
and as the exposure time was increased. However, it did not change significantly in 1004 culture solution com-
pared to the control solution.

Although the acid-producing ability of S. mutans was inhibited for a certain duration after laser irradiation in
104 bacterial culture solution, it did not change in 1004 solution compared with the control solution.

The amount of extracellular polysaccharide synthesized by S. mutans was partially decreased through laser ir-
radiation in 104 culture solution but did not change in 1004 culture solution.

Based on these findings, we concluded that Er:YAG laser has an sterilization effect on S. mutans in which we
presume that the mechanism is through the heat effect rather than the mechanical effect from development of
ultrasound.

Key words : Er:YAG laser, Streptococcus mutans
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