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Introduction: Increased resistance of oral pathogens to conventional antimicrobial agents has led to the use of alternative
methods to overcome microbial resistance. The purpose of this in vitro study was to evaluate the effect of antimicrobial
photodynamic therapy on Streptococcus mutans.

Materials & Methods: In this in vitro study, a diode laser emitting a wavelength of 810nm was used in association with
EmunDo as a photosensitizing agent. Suspensions of Streptococcus mutans were prepared and divided into six groups by
treatment: 1) EmunDo, 2) diode laser irradiation (100mW, 90 seconds), 3) diode laser irradiation (300mW, 30 seconds); 4)
EmunDo-+diode laser irradiation (L00mW, 90seconds), 5) EmunDo+diode laser irradiation (300mW, 30 seconds), 6) control
(no treatment). Immediately and 24 hours after photodynamic therapy, the bacterial suspensions were cultured. After
incubation at 37°C, viable microorganisms of Streptococcus mutans were counted and the results were reported in colony-
forming units (CFU). Data were analyzed by repeated measures analysis of variance at significance level of 0.05.

Results: According to the repeated measures analysis, no significant between-group differences were found in the number
of Streptococcus mutans colonies, either immediately or 24 hours after photodynamic therapy (P>0.05). The number of
Streptococcus mutans colonies increased significantly at 24 hours after photodynamic therapy compared to immediately after
treatment in all groups (P<0.001).

Conclusion: Under the conditions used in this study, photodynamic therapy had no effect on viability of Streptococcus
mutans. However, more evidence-based data are required regarding different photosensitizing agents and laser parameters for
a definite conclusion.
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1. Photosensitizer
2. Antimicrobial Photodynamic Therapy
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2. Brain Heart Infusion
3. Brain Heart Infusion Broth

b Sty Sl by pKa w3dS

Sl o A oS dag ol SL 0K OIS Sl
Sz 2l o sl S g Al (S o
Dl sdow g gl ol &S g opl Aoy Nsd 4l
22 e 0SB ekladl Gl S sl s
gl ol 2z b el e gl (S
Oljys (b 53 b 5,10 0Ad ol sy C B &S S 5o
5l Pl o Wl 0 4 0 pd Bl a5
Sl D (b 51 g OF 4 pdgleaiS o
3,05 ol e 4 ) Gl 03 5 ST SRS ke £lo ples
i S Vsgs o Olls Jlsle OAd Chad oo
Sesds sk 4 Jb L ST elss 5l ealinul OIS
S Wlesls 0L Sl & 5 Jg 5,05 35y 6 i
o ol o o SL (BT gland ol o 51 0slinul
BSdms s SL 5l pslie g Sl
5
Lol 53 e Jol alslie Blas o5 0

Soalulo g ) o B 4 ol ply ol (Sa5510s
L JSKon b oawlas o gal 5 cwle By, oS
(Fp Sl el gl 3Ll Sl
sl g3 sl QL dea G (gadae sla, sSU
6ok Coerl 59 e 335 sla byl e 5 el
My gl Selulagd skplasl SIS gl
bug VA4E Jle 5o L dgl el e sS 58 g 2l
day sdle 53 a5 esls ol @i, Kea 5 Burns
L @ls Selubsd 25w 31 gouan Ol
Sas 2 A gl)phecwd 51 eslil
Sl 5,8 b 5l esliial b pbgn g sS 55 53 Sl
3 555 ¥ oaus (LED) L5 akiSgble 505 ke

a-\y)
..La‘c.:; WSy, bﬁb)ﬁ.\




(d‘)&.& E) éJ‘f-‘ 4;\);9)

el $Salls 3 Jys Sn ST 1 A2 ST (g <‘ ‘A>

oy o el il les S 5o Ad sy, e e
A Ll (6 8L O geilow gw 4 EmunDo 1 Y Youl
cg> 'PBS;I VYol b s pgm ips> Gl S s
sl oS B
Aoy Loy S (pled A4S a5 S O gl
SU laee 53 42ds 0 Sds 4 (S 05 S b gl

e gl UL

5Pl g 033 G0 S 3 e KA asls IS
S 4 oK Cop SHSLU b o =
SR g A esls 1S oy S g4 plee g 3 5es
v e 25 S plomil gy S 5l Al A 3 )5
5 Aol L Sy g 1/00M? sl g S G
Osrmilow g 5 00pL Oboys 5 A colu YE L S
5 AS andls p anllle 550 glaes £ 51 G a5l 6 S
4 s s 0303 <3S BHI BT laowe (g5, p e
G A esls 18 63l 58Ul Hs Cole A S
gd Cady BB abSL s gl
S SIS ol Soled b 5 5 SL sl Ol
P el S he gy, (CFU) il S5
Soled xS b o4 s LIS L bl
38R i S sgb 4 s Sl Il G SlS
S oo s Kgh Poled 9 Sahy RB LSS U
39750 S SIS pld 3 (S R 53 LGS slu
S sls dan wmilir Jy b pholed 54 0
S a8 oled BB sl 4 g e s ol wdlad,
i FSe S loed 4 S5k dwy 4 )
LSS sl bownd aen )3 &5 528 & (w3 S
Foled S SMS SAG e 2 pln o sk 4

ok rL{r.;‘ Qw b‘JJJ L ‘J w &3 DL o

WS P

1. Phosphate-Buffered Saline

Cgr LS 13 YVOC b Ye°C s s 5L eSS
Opmilwgw ol el A (S0 chle
o553 Sl olKis 55 plige oS S 5l (5 7S
dsb 55 Sgmilbowsm o5 o g 5 A3 0305 13
Oppmilbmsm o8 o Ad 313 gl Vrr g
3,1kl Sy 548 Joles /NN G 0/0A S s gl
dly Vot LB gl a5 asl aU S o
Ol 51 A Ko 53 SIS eias K5
.l (CFU/mL)

25 Ol sms 53 s 51 adlae gl Lo
Jsb L (AR.C Laser GmbH, Nurnberg, Germany)
S5 il b 53 GG s eslitel gl A e
Ll 4 Sde 3 VeemW 5 5 Olg 5 VAJem?
g 4l Y Ol 53 FemW Ol 5l eslizal
S, Jaddl s 3 GAE 0Ly 5 Ol 28 S
9 ol s Oy o adllae cpl s s ORI ekijle
(A.R.C)Indocyanine green L EmunDO | 5 b 55
. eslaiw) Laser GmbH, Nurnberg, Germany

559 Sske w3590 slaoy S

EmunDo :Jyl 65 5

4l e VMW s s 55 b iess 0y S

B Y Sde 4 Y mW s 55 U i g 0y S

VMW s g 5 Sl + EMUNDO e, ler o £
by S

4 Y mW s g 5 46+ EMUnDO teox oy 8
WY O

S Ol g Jalid (e J25) (i 05 5
3K I Sl s ou oS

VYo pL casdllas 3,40 slaey S sl o

AL Loy Se S5 4 6 SL Ol e




M>

Y oosled / Frooy53/ 10 Jlo / A S 5005s 0dS il ales

by S SFA G SL sl Al

w5 gl i Seluls B ) da cole YE 5 Al
ey d)fb “ ol C}Lﬁ |) CSJL:LS:M QJL&S \Aoj;
ol YE ooy 8 plad 55 il ge (5 S slaws (Kl
SN A ol 4 el pl Seluls g 1 Am
Wl MBI g s BB Coge 4 gl Seluls s
<5L“°.5J§ O go,ll >4 9 b (P<y/edy F=EVVAN) >4
A ol sme Sl Cilites Ole) g3 53 bl
d9m9 psn o sS5S il S GIS ol Kl

AP=2/8N F=V/0YY) clln

300 V0 Gialns b SPSS i3 o5 ahes 4 Laesls
oSl amlie Cgr 238 15 bl oS 5 45
SLesf 53 il S S Sl sl
S e Cole YE 5 S Loy S anslin fpioman ikt
2 NS5 Gl Soslnl bgesl 51 g5 Sealuls g
RCPRFNRVIY JPS R

Laisl

slans Sl 5 Jila s OB puil (Kl polie
S o= 2 s SSRGS
RE TS R RGN R & ST B R PR 51
Oy 5 oS Jolo 53 o 45 ol OLE (6,155 glaesls

(P=4/8Y F=1/400) bl 3y Jlize J

3 e Sl Y8 5 Aoy (a0l ) 5 gy 350 058 V53 ilige e S 5S4 ful sl S Blias e O ol g Kle 1) J g

Gl Sarlyls g3
S 1a JERTS S Sl ! ol 05 5
YA oo V6V ae 0WVEV/TA oM
272 s 53
§Y¥vronn YAe s e ns ovag YOYvren EPTRGIVIWA § 3
YVgaae Y200 £¥/84 o By
\"mWJ}‘J‘F)ﬁLMZ - ":3
OAv vy M EEEK VONY e SYVOr e .\:.EC,.FLJIYi
YOV e ans X "Y01/00 oM
¥oomwW J;,.:J+)}1L.......~“. s 9B
§Vervaan Yoo \ VAN, YAYO0 e .\:.ECJL’I Yé
Yqrean Weaes §AVAO/YS ko lidly
VemW 58
Ofvrren Srvanan L00AY v EVTRGIVIWA §
YYeenn AL CERE] AY£47/10 oM
yeomW )
A EEEEK YYvroan QATYY YOAe v .\:.EC,.FLJIYi
Weres VeVas YAAOO/*Y Ao
..x. JJ:‘S
OYvrenns YWorenn \ Y FAAL YAVO v » EVTRGIVIWA §

F=611a1 5 P<e/en) 20l i)

F:\/'\‘V}P:'/i\ 23‘5}? Jﬂ




(d‘)&.& E) éJ‘f-‘ 4;\);9)

w il Salls 5 s Son ST 3 2 BalST e <‘ ) ‘>

Solen SLOSSL oy 2 7S JB SeS 5 Sl e B
JusSLal ol & 4y L ocih e,
22 b pl w55 8 YL A s Emundo
4 @l Sl Fampas JI o wlle
w2 5 515 axdllas 55 40 EMUndo abawl
slam Kle 45 sl Ol Lol addlhe slaasil
YE a5 Aol 4 Loy S el 55 uilise s 5Sb
bogoloine Culs ol Solulogd 51 am cola
S &l bl J RS 05 8 b peen 5 SuS
S cele YE ey S el 5o il oS
I M s BB Cose w4 gl Skl
@ olhg, opl s gl Seeluligd S ey ol
ol Y Ode 53 gdie lases s lag SL ws, s
s 4y gl 3 g WS JU gl Soalyls g3 51 g
adllas ol Lyl cow 4 dase OLE el
& g9, » EmunDo dauly 4 a5 Sselyls b
SN A S il S SR A 6 ST
Saliyls 53 0k plonil Sladllas ST 55 casdllas cnl s
035 il SSmiul tde p Jhe e glS
Soalyls g 31 VolKen 5 gy adlas 55 ool
bosd U s ok OMSP s 5 ASSL) danly 4 gl 5
A gy p (VYIEMP 5 Nem®) Cilises (g5 51 Atmils
92 AL sk 0kidy Sausdle &5 ol Ol mls
G ails b ASTal, 5 4B, LS 4 (6551 Al
SLSS S5 55 g JB fals 4 mee YL
S Wlesls 0L OlWlas I S ad sl Sk
bgs S S g el JKS 5 oSNl sl 5 Syl g3

GOO‘J&M K} de Me|0 ‘ud\.k.a BL M.}@ J'.‘.':"J |J

S8 om0 9 sh B P S ekl b ol 5 Salyls

o
390 4 505 SAylhs 5o gl 5 Saluls g3 5 )8

R Tt L BRI U B
s AL Cuslin 5 odmsy (155 4 g Son ST 5l 50
4 ol Soluls g o) 0l (S sdd samSTy 4
Sladllae 51 (ol 3 ol pd 5 el (o0, Ol
o5 5 adlas cnl s Nl 4B S 5 g s,
4 EmUnDO 5 ;g AV =50 Jgb b 50 3 Ogobs 500
(ICG) s elisal  plaeiwss  Olge
el Olge 4 1,51 EmunDo U Indocyaninegreen
e 4z s Jlb oS AT Gl b i 5
098 3 S5l b 935 S EMUNDO sl 0
W b, Cds gSlas 5 ASL . Phenothiazine dyes
das o O e gl Ar0 e Igb b a3 093l 53

v
9 Nagahara an

D Aal g (g it 3 Ges 4y e oS
635 215 215 Sealials 555 Sl S 31 V0 K0
393 55 5 1CG 3l ealeiwl b el 55 wbgas )5
21 s RB Sl g s pAro M #ge Jsb L
salie dlp5) plsgndsg sbgss slass
s SL ST, Dye ple M 5 EmunDo .46s S
;yd&af;‘,g.,ﬁa(a;j \..cl WOlas Hs edd aslis
F2r e oml Bae 593 4 s L L
Ipbeiw g pl Gl p Sl Ol 31 0 g8 EmunDo

\v e
( ).c,.«! ok odalin

o 5t olKea 5 Baumler
5 ol SLil Gl w gladhe gosb g osbs
bag edd ole 3 6555 e & Hs S Ol
O3St (31 5 o S 5 0dd fd5 Lo 4 ICG
2 gbe S sladghe 300 5 3151 IS5 5
035 53 ol en 4 e3le ol Vol Ken o Kranz aslas




m>

Y oosled / Frooy53/ 10 Jlo / A S 5005s 0dS il ales

ol 03 i s 4 5Lyl B8 O
bl oo i

28 SIPFS on P 4 gl Solls g o]
s S ST 5 )18 3,05 (S (KilS slalolss
o ps copm 4 SEEIs s gl Seluls i3
ol 9 e Sl w5
Shos b Gl SN L b s slagslen Ol
o9y Olge 4 grmen 9 39, 0 s 4 Rampant
o 55l olal 53 g5 K HL alS g il
ol @l S sy bl e O e 5l
a5 3pd o slgidn Jy AL euiS S Wl g o andlan
5 ML ed 6 Ol g e Al ) la sl
S SL b ade 5 P ol s Seedd ool
Sgs g Ol mld

S5 Ao

232 53 gl F Salils g3 canlllae ol byl b o
sla 5ol slaws coudl g5 EmunDo g AVenm 545 54
S SolS SIA dns alS 1y pilige oS S 5
CBdS Gl cele YE Gl day uilise S oS 5 Sl
Sl OLE 1y ams BB I a5 Selyls s
S depe A o adlae 4 oarg b oslal
Bl o bl bl 58 sl g8 b 5 NG Ll S
bl s 4 5 S5 S G

S 309 g i

led 4 gl al OLL 51 a3 S, Al
Aoy cpdy ABl o dgda K550 saKls 5 Y148
Apa (S p s oKl phagh Cisle (5)\Ken )
s ged a1 Eags cal plomil (sl 1) b Cylem S
238 g0 Sy

s S 1y e eSS 5 el o311 il
Soolals g )3 55 55 o 4 Ks o5 e 5 eslinal
slee adllas 5 conl adls of o 4 05 =W 5
Olgs 4 cpisfas 5 osS oY oBaus 5 TV0lKen
30550 VoKer 5 b oS addllae 3 5l 555
@ ok OASdS 5 S, 5 (LED) 5 ediSabla
ol addlas g5 a3 5 A ealial b 535 O g0
g e g BB s oS oS 5 Al Sla SIS sl
Sy, 4 et (Ol ol el s 4zl
930515 adlae s ool 03 ol andllae I gline
SLeSL s g B el VoK
3 @lF Selulsgd Gl A 6l eSS 5 Sl
S edalis EmunDo G eslael b gl 5 Jle g g
Sslee Mo, Ken 5 Basso asdllae s 0T NS,
e Yz ST LIS 5 ign o 55 55 55 ol
@ Selulo b a5 5 Ad oL SSL Sl slony!
2 A6 pde A gl Fae s S 50l S5 g
oo gl aallle ys bss S S8 el 65
Lol 5 glamll 5 esliwl bl 4 ool
e X S A S A TP R S1
hw 53 G5l A amd 5 g 3, aemy e
el 58 055 o8 Ol 5 adly fals Oy p
Al g 6 L sl sland 4t 3 5,1k s gy iU
s S (BT ool 3529 pae s 4 4y 5105 0L
dos S RGP el 5o 5 SL A,
Ve L 5l el (sl sls OLE Cslu YE )
el (G el Lo patie s 4 S Se
395 SRl Pl AEL il el b 0y 4 Sl 550
Cod & (Gl S Sl (K 58 55 6Ok L
EmunDo U i, ;5 o5 jlew Oladlas 5 aSG aas




(O 5 sl 1 415,9) e gy Sealisls g s Koo 5T 31 p s be3T o <\ H’>

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

F W

Dean JA, Avery DR, Mc Donald RE. Dentistry for the Child and Adolescent. 9" ed. London: Mosby Co; 2011.
P. 177.

Peters MC. Strategies for noninvasive demineralized tissue repair. Dent Clinics North Am 2010; 54(3): 507-25.
Diniz IM, Horta ID, Azevedo CS, Elmadjian TR, Matos AB, Simionato MR. Antimicrobial Photodynamic
Therapy: A promise candidate for caries lesions treatment. Photodiagnosis Photodyn Therop 2015.

Santin GC, Oliveira DS, Galo R, Borsatto MC, Corona SA. Antimicrobial photodynamic therapy and dental
plaque: A systematic review of the literature. Sci World J 2014; 2014: 824538.

Burns T, Wilson M, Pearson GJ. Killing of cariogenic bacteria by light from a gallium aluminium arsenide
diode laser. J Dent 1994; 22(5): 273-8.

Hakimiha N, Khoei F, Bahador A, Fekrazad R. The susceptibility of Streptococcus mutans to antibacterial
photodynamic therapy: A comparison of two different photosensitizers and light sources. J Appl Oral Sci 2014;
22(2): 80-4.

Tonon CC, Paschoal MA, Correia M, Spolidorio DM, Bagnato VS, Giusti JS. Comparative effects of
photodynamic therapy mediated by curcumin on standard and clinical isolate of Streptococcus mutans. J
Contemp Dent Pract 2015; 16(1): 1-6.

Ricatto LG, Conrado LA, Turssi CP, Franca FM, Basting RT, Amaral FL. Comparative evaluation of
photodynamic therapy using LASER or light emitting diode on cariogenic bacteria: An In vitro study. Eur J
Dent 2014; 8(4): 509-14.

Paschoal MA, Santos-Pinto L, Lin M, Duarte S. Streptococcus mutans photoinactivation by combination of
short exposure of a broad-spectrum visible light and low concentrations of photosensitizers. Photomed Laser
Surg 2014; 32(3): 175-80.

Baptista A, Kato IT, Prates RA, Suzuki LC, Raele MP, Freitas AZ. Antimicrobial photodynamic therapy as a
strategy to arrest enamel demineralization: A short-term study on incipient caries in a rat model. Photochem
Photobiol 2012; 88(3): 584-9.

Fekrazad R, Khoei F, Hakimiha N, Bahador A. Photoelimination of Streptococcus mutans with two methods of
photodynamic and photothermal therapy. Photodiagnosis Photodyn Ther 2013; 10(4): 626-31.

Dogandzhiyska V, Gergova R, Dimitrov S, Doychinova M. Antimicrobial activity of photodynamic therapy
against microorganisms isolated from deep carious lesions. J IMAB—Annual Proceeding Scientific Papers 2013;
19(4): 430-4.

Parker S. The use of diffuse laser photonic energy and indocyanine green photosensitiser as an adjunct to
periodontal therapy. Br Dent J 2013; 215(4): 167-71.

Voos AC, Kranz S, Tonndorf-Martini S, Voelpel A, Sigusch H, Staudte H, et al. Photodynamic antimicrobial
effect of safranine O on an ex vivo periodontal biofilm. Lasers Surg Med 2014; 46(3): 235-43.

Liu PF, Zhu WH, Huang CM. Vaccines and photodynamic therapies for oral microbial-related diseases. Curr
Drug Metab 2009; 10(1): 90-4.

Nagahara A, Mitani A, Fukuda M, Yamamoto H, Tahara K, Morita |. Antimicrobial photodynamic therapy
using a diode laser with a potential new photosensitizer, indocyanine green-loaded nanospheres, may be
effective for the clearance of Porphyromonas gingivalis. Journal of Periodontal Research 2013; 48(5): 591-9.
Baumler W, Abels C, Karrer S, Weiss T, Messmann H, Landthaler M. Photo-oxidative killing of human colonic
cancer cells using indocyanine green and infrared light. Br J Cancer 1999; 80(3-4): 360.

Kranz S, Huebsch M, Guellmar A, Voelpel A, Tonndorf-Martini S, Sigusch BW. Antibacterial photodynamic
treatment of periodontopathogenic bacteria with indocyanine green and near-infrared laser light enhanced by
Trolox(TM). Lasers Surg Med 2015; 47(4): 350-60.

Vahabi S, Fekrazad R, Ayremlou S, Taheri S, Lizarelli R, Kalhori K. Antimicrobial photodynamic therapy with
two photosensitizers on two oral streptococci: An In vitro study. Laser Physics 2011; 21(12): 2132-7.

de Melo MA, Rolim JP, Zanin IC, Barros EB, da-Costa EF, Rodrigues LK. Characterization of antimicrobial
photodynamic therapy-treated Streptococci mutans: An atomic force microscopy study. Photomed Laser Surg
2013; 31(3): 105-9.

Lee YH, Park HW, Lee JH, Seo HW, Lee SY. The photodynamic therapy on Streptococcus mutans biofilms
using erythrosine and dental halogen curing unit. Int J Oral Sci 2012; 4(4): 196-201.

Basso FG, Oliveira CF, Fontana A, Kurachi C, Bagnato VS, Spolidorio DMP, et al. In vitro effect of low-level
laser therapy on typical oral microbial biofilms. Braz Dent J 2011; 22(6): 502-10.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Voelpel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25753989
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tonndorf-Martini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25753989
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sigusch%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=25753989

