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— Abstract

measured using a 1-channel thermocouple thermometer.

decrease in the bacterial counts were observed.

dental caries.

Photothermal therapy

The purpose of this study was to evaluate the effect of Indocyanine Green (ICG) and near-infrared (NIR) diode laser on
Streptococcus mutans biofilms depending on ICG concentrations.

S. mutans biofilms were formed on a Hydroxyapatite disk, and 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 mg/mL ICG solutions dissolved
in sterile distilled water and a NIR diode laser having a power of 300 mW and a wavelength of 808 nm were applied to
the biofilms. The temperature changes of the biofilm surface according to the concentrations of the ICG solution were

Compared to the control group, in the groups with only the 3.0, 4.0, 5.0 mg/mL ICG solution application, and in
the groups with the 1.0, 2.0, 3.0, 4.0, 5.0 mg/mL ICG solution application and light irradiation, a statistically significant

The temperature increase according to the concentration of the ICG solutions was 9.53°C, 1043°C, 11.40°C, 12.10°C,

12.67°C, and 13.63°C in ICG solutions of 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mg/mL respectively.
This study presents the potential for clinical application of ICG and NIR diode lasers as a new method for preventing
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S, mutans ATCC25175 @& 5% CO,, 37°C2| Z=Z0{A{ 18A]
Zt &2t Brain heart infusion broth(BHI, Becton, Dickinson and
Company, Sparks, MD, USA)O| Al HiQSIRALE Ao ZEHEAHO|
£ 2& &L (Smart Plus 2700; Young-woo inst., Seoul,

ey 2, BHI brothS 0|83}
SHAL.

zet
Korea)2 ZH310 £ M +2 M

0 10’ Colony Forming Unit/mL(CFU/mL)Z 3|
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2. M- (Biofilm) &

Hydroxyapatite(HA) disk(Z4 1.27 cm, Biosurface Technologies
Of 3F HO|M 7t2 8.0 mm, MZE 2.0

ot
HE =,

Corporation, Bozeman, MT)
mm 37[9] HAE H7|1 BF HYM Nail varnishE H
gHOiZ St Foo= 222

GC Corporation, Tokyo, Japan)S = XZ5}ULCt EO gasZ oot
HA diskE 12-well cell culture plate0il €1, BHI broth 1980 pL

9 10" CFU/mLel S, mutans BIZY 20 uLE HZ 0] 5% CO,

X & (Examixfine injection type;

37°Co| ZHO|M 24A12F B9 S mutans TS HHA|IZHCH
3. AU
ICG(Sigma-Aldrich, St. Louis, MO, USA) 222 B# 3&F+
(Sterile distilled water)Ofl 3HA|7 2t2} 0.5, 1.0, 2.0, 3.0, 4.0, 5.0
mg/mL 2| sE2 MZSIRACH WOl PHY-dZ 1250 M=

= A8 0| o|Fo|FoH, LMo EastHA HEH| A
SHRACE

o2 = 72 6.0 mm, MZ 1.0 mm 7|9 XAtz
d 2¢oz FTALEH 810 nm2| THEDF 300 mW &S 7}
X|£ CO|RE 20| X (808MD-300-1245, Laserland, Besram

Technology Incorporation, Hengelo, Nertherlands)E AH& S}
®11, Radiometer(DigiRate LM-100; Monitex, New Taipei city,
Taiwan)S O|&3t0| £S5 =I5t ULt

4. M2l AMX|
S mutans M0 @EEl HA disk7t S01RUE 2 wellof| A

HjQFoH S ®M A5t 0.5, 1.0, 2.0, 3.0, 40, 5.0 mg/mL &=2| ICG

€4 10 pLE Biofilm ?(0f ==t = 527 fralof 2EstRICt.
1 Ch3 30 ZF SZAE AIESIALE 520 [HE 20tE Bl
ot7| ?lot0f ChE1at 20| &2 & /ot (Table 1).

5. Colony Forming Unit(CFU) 78

s
2

ZH0| mE M2 F, 2 wellg 10X £ H X201 N
2|(VC 100; Sonics & Materials Inc., Danbury, CT, USA)S}
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Table 1. Experimental Groups

ICG Concentration

Group Treatment

(mg/mL)
I Control, No ICG,
No NIR Diode laser
I NIR Diode laser only
m ICG only -1 0.5
m-2 1.0
m-3 20
-4 30
m-5 40
-6 5.0
v ICG and NIR Diode laser V-1 0.5
V-2 1.0
V-3 20
V-4 3.0
IV-5 4.0
IV-6 5.0
6. M BHO| 2= Hot
Oz X O IVEel A[EE0| S mutans M= £H
o 2= £FS RISHM AIEIRUCE 2 A0 WE M2l £, &

ZAR O Al BEBHO| 1K E SHD| 2 A(Testo 925, Testo,
AZ = Thermocouple(Serie/Batch 5971,
IKRIAIZ| 2 FZ=ALO] U2 2

Lenzkirch, Germany)O
Thermocoax, Suresnes, France)=
L HotE SESHUCH

= 710

7. &3=H 20| FAr 210|F (Confocal laser scanning

oA

o
microscopy, CLSM) £t
BE S mutans M7 EE2E 3

HILStICh. 2 A|HE 1000 pL PBSE
i, SYTO-9(-‘—=.’¥‘, MZE NZE) U TR0 RRES}
SEM A N ZE)S &Rk 200 Lol LIVE/DEAD Baclight
Bacterial Viability Kit €% (Molecular Probes, Inc, Eugene, USA)
HEot =MLl XIA0f w2t oM 152 St H2
Ofl M FASHRACE SM =0f| Ml2S 200 pL2| Double distilled
water(DDW)E2 EEZA AP ALCH I ChS HA diskE &2t
OlE 22tAE &7\, SXF H0|Z(LEICA TCS SP8, Leica

[S= =
Microsystem, Wetzlar, Germany)2 3l 108 i &2 ZAISIRICt

o

=
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Table 2. Streptococcus mutans bacterial counts and p value from
Bonferroni's post-hoc test

Bacterial count

(ir(iug) (Mean + Standard deviation)
Log (CFU/mL) p value
I (ON-) 797 + 036
oo N+) 766 + 0.77 1.000
-1 (0.5 N-) 7.18 + 0.82 1.000
-2 (10N-) 7.21 £0.90 1.000
I -320N-) 6.88 + 0.25 0.135
-4 (3.0 N-) 6.70 + 0.51° 0.023
-5 (4.0 N-) 6.62 + 0.55° 0.010
-6 (5.0 N-) 641 + 078 0.001
IV-1 (0.5 N+) 732 +0.73 1.000
IV-2 (1.0 N+) 6.63 + 0.03' 0.011
v IV-3 2.0 N+) 6.52 + 0.12: 0.003
IV-4 (3.0 N+) 643 + 039 0.001
IV-5 (4.0 N+) 597 + 061 0.000
IV-6 (5.0 N+) 544 + 024 0.000
Bonferroni's post-hoc test (* : p < 0.05)

N- = No NIR Diode laser; N+ = NIR Diode laser
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75 ‘7“

5:5

Log CFU/mL

ICG only ICG + NIR diode laser
0 N- 0 N+ 0.5N- 10N- 20N- 3.0N- 40N- 50N- 05N+ 10N+ 20N+ 3.0N+ 40N+ 50N+

Group

Fig. 1. Mean and standard deviation of Streptococcus mutans bacterial count. Bonferroni's post-hoc test (* : p < 0.05)

Fig. 2. Confocal laser scanning microscopy images. (A) Group I(0 N-), (B) Group (0 N+), (C) Group Im-1(0.5 N-), (D) Group
IM-2(1.0 N-), (E) Group II-3(2.0 N-), (F) Group II-4(3.0 N-), (G) Group II-5(4.0 N-), (H) Group I-6(5.0 N-), (I) Group IV-1(0.5
N+), (J) Group IV-2(1.0 N+), (K) Group IV-3(2.0 N+), (L) Group IV-4(3.0 N+), (M) Group IV-5(4.0 N+), (N) Group IV-6(5.0 N+).
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Table 3. Surface temperature change of Biofilms

Group Temperature (°C) T(°Q)
I (ON-) 21.07
I (0 N+) 2947 840
IV-1 (0.5 N+) 30.60 9.53
IV-2 (1.0 N+) 31.50 1043
v IV-3 (2.0 N+) 3247 11.40
IV-4 (3.0 N+) 3317 12.10
IV-5 (4.0 N+) 3373 12.67
IV-6 (5.0 N+) 34.70 13.63

N- = No NIR Diode laser; N+ = NIR Diode laser
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