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ABSTRACT
White spot lesion (WSL) development of the enamel surface is 
by far the most important iatrogenic effect of fixed orthodontic 
appliance therapy and can have lasting negative effects on 
dental esthetics. The complex design of orthodontic bands and 
brackets may create an ecological environment that facilitates 
the establishment and growth of cariogenic mutans streptococci 
strains which are prominent among WSL causative organisms. 
They are most prevalent around the cervical region of bands in 
the posterior region, whereas in the anterior region, the lateral 
incisors in both arches, followed by the canines, are most 
commonly affected.  Various antimicrobials are used to prevent 
WSL but are not effective long-term unless their application 
is periodically repeated.  Probiotics are live microorganisms 
which when administered in adequate amounts (in food or as a 
dietary supplement) confer a health benefit on the host. Various 
studies have shown that the use of oral probiotics is associated 
with prevention of white spot lesions and improvement in 
periodontal health.
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INTRODUCTION

Not all outcomes in orthodontics are positive. Enamel 
demineralization clinically visible as white spot lesions 
(WSLs)1 are one of the most common adverse effects of 
orthodontic treatment and can have lasting negative 
effects on dental esthetics. White spot lesion is a broad 
term that includes: 
•	 	Developmental	 enamel	 lesions	 (fluorosis,	 enamel	

hypoplasia,	etc.)
•	 	Localized	 areas	 of	 demineralization/caries	 in	

nonorthodontic patients
•	 	Localized	areas	of	demineralization/caries	related	to	

orthodontic appliances.
White spot lesion development of the enamel surface 

is by far the most important iatrogenic effect of fixed 

orthodontic appliance therapy.2 This phenomenon has be-
come a clinical problem since directly bonded orthodontic 
brackets were introduced.3	 Furthermore,	 the	 complex	
design of orthodontic bands and brackets may create an 
ecological environment that facilitates the establishment 
and growth of cariogenic mutans streptococci strains.4 
The prevalence of WSLs is reported to vary from 4.95 to 
84%6	of	tooth	surfaces.	In	a	longitudinal	study,	Mitchell7 
found an overall prevalence of 18.5% of tooth surfaces and 
reported that the average percentage of tooth surface area 
affected	was	1.6%.	Mizrahi6 showed a high prevalence of 
84%,	which	reflected	the	fact	that	he	measured	all	(pre-	
and posttreatment) white enamel lesions and his results 
may have been affected by this patient group having a 
greater number of demineralized white lesions caused 
by local environmental effects.

When	basic	oral	hygiene	is	poor,	orthodontic	appli- 
ances	create	areas	of	plaque	stagnation,	especially	around	
brackets,	 bands,	 wires,	 and	 other	 attachments;	 this	
facilitates the development of WSLs.8 Levels of acidoge- 
nic	bacteria,	present	in	the	plaque,	notably	Streptococcus 
mutans,	 are	 higher	 in	 orthodontic	 patients	 than	 in	
nonorthodontic patients.9,10 This causes deminerali- 
zation around the brackets and leads to WSLs. The 
demineralization	 of	 enamel,	 a	 precursor	 of	 carious	 
lesion,	 appears	 opaque	 because	 of	 the	 decreased	
light-scattering ability of the decalcified enamel. The 
appearance is caused by an optical phenomenon owing 
to subsurface tissue loss and is exaggerated by thorough 
drying. They are most prevalent around the cervical 
region	 of	 bands	 in	 the	 posterior	 region,	 whereas	 in	
the	anterior	 region,	 the	 lateral	 incisors	 in	both	arches,	
followed	by	the	canines,	are	most	commonly	affected.8 
In	the	anterior	region,	the	lateral	 incisors	are	the	most	
susceptible because of decreased salivary clearance and 
also less space between the bracket and gingiva.5 This 
creates less accessibility for oral hygiene techniques. 
White spot lesions in the anterior region are clearly 
visible and can cause esthetic problems after orthodontic 
treatment.

Among	 the	 many	 orthodontic	 appliances,	 brackets	
can play a key role in enamel demineralization because 
their complex designs increase the retention of food 
particles and dental plaque by impeding access to the 
tooth surfaces for cleaning. A previous report showed 
that extensive plaque accumulation is associated with 
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bonded	 orthodontic	 brackets,11 and a fixed appliance  
with orthodontic brackets causes specific changes 
in	 the	 oral	 environment,	 such	 as	 decreased	 pH	 and	
increased plaque accumulation. The bacterial adhesion 
to orthodontic brackets can be the primary step 
leading to pathogenic plaque formation and enamel 
demineralization	around	orthodontic	brackets,	because	
the adhering bacteria continue to grow on the tooth 
surfaces	near	the	brackets.	In	particular,	metallic	brackets	
are known to have the highest critical surface tension and 
have increased risk for enamel demineralization.12,13 This 
indicates that orthodontic brackets can impose a potential 
risk for enamel demineralization.

Enamel demineralization is caused by organic acids 
produced mainly by S. mutans,	which	are	known	to	be	
the prime causative organism of dental caries. Of these 
species,	S. mutans and Streptococcus sobrinus are the most 
frequently isolated from human oral cavities and have 
been implicated as the main causative organisms of dental 
caries.14,15	During	orthodontic	treatment,	fluoride	can	be	
administered	 to	 the	 teeth	 in	 various	 ways,	 including	
topical	 (fluoridated	 toothpaste,	 mouthrinse,	 gel,	 and	
varnish) and adhesive (fluoride-releasing cements 
and	elastomeric	modules	and	chains)	methods.	Many	
other	methods,	 including	antimicrobial	and	antibiotic	
therapies,	have	been	tried,	but	their	efficiency	lasts	only	
as long as they are supplied at regular intervals.16 These 
disadvantages have caused probiotics to be considered 
an efficient alternative that could be available in regular 
dietary supplements without causing major side effects.

“Antimicrobials” are other chemical agents that 
kill	 or	 debilitate	 the	 infection	 of	 interest,	 like	 iodine.	
Both antibiotics and antimicrobials have been used to 
treat the dental caries infections. Whether we choose 
chlorhexidine,	 povidone	 iodine,	 fluoride,	 penicillin,	or	
other	antimicrobials/antibiotics,	these	agents	kill	a	broad	
spectrum of organisms. They may be semiselective in that 
we can prescribe medicaments that preferentially affect 
Gram(+),	Gram(–),	anaerobic,	or	aerobic	organisms,	but	
they still kill an array of like organisms.

Thus,	 we	 must	 conclude	 that	 broad-spectrum	
antibiotics or antimicrobials are not effective in the long 
term unless their application is periodically repeated. 
This repeated suppression can be effective as long as 
resistant strains of the bacterial pathogens do not develop 
and no yeast infections develop because of suppression 
of	the	normal	flora.

PROBIOTICS

To overcome the limitations of the traditional disease 
management	 strategies,	 a	 number	 of	 researchers	 are	
developing “probiotic” methods to treat the caries 

causing	 infection.	 Probiotics	 were	 defined	 by	 FAO/
WHO	 (The	 Food	 Agricultural	 Organization/World	
Health	 Organization)	 as	 live	 microorganisms	 that,	
when administered in adequate amounts (in food or as 
a	dietary	supplement),	confer	a	health	benefit	on	the	host	
(improving microbiological balance in intestinal tract).17,18 
Such	 nonpathogenic	 organisms	 (yeast	 or	 bacteria,	
particularly	lactic	acid	bacteria)	are	present	in	food,	and	
can have a favorable impact on host health. Probiotics 
have	been	used	for	decades	in	fermented	products,	but	
potential use of probiotics as a nutritional medical therapy 
has not been formally acknowledged.18

Elei	Metchnikoff	was	the	first	to	state	that	probiotics	
could	 provide	 a	 health	 benefit,	 and	 proposed	 that	
Bulgarian people had a longer longevity due to 
consumption of fermented milk containing viable 
bacteria.	The	term	“probiotic,”	as	opposed	to	“antibiotic,”	
was initially proposed by Lilley and Stillwell in 1965. 
First probiotic species to be introduced in research was 
Lactobacillus acidophilus	by	Hull	et	al	in	1984,	followed	
by Bifidobacterium bifidum	by	Holcombh	et	al	in	1991.19

“Probiotic,”	as	it	 is	called	here,	means	mechanisms	
are employed to selectively remove only the (odonto)
pathogen while leaving the remainder of the oral 
ecosystem intact. When the term is defined as “medical 
probiotics” (microbial preparation) or “other probiotics” 
(functional	food),	probiotics	are	provided	in	products	in	
one of four basic ways:
•	 	As	a	culture	concentrate	added	to	a	beverage	or	food	

(such as fruit juice)
•	 	Inoculated	into	prebiotic	fibers
•	 	Inoculated	 into	 a	 milk-based	 food	 (dairy	 products	

such	 as	 milk,	 milk	 drink,	 yoghurt,	 yoghurt	 drink,	
cheese,	kefir,	biodrink)	and

•	 	As	concentrated	and	dried	cells	packaged	as	dietary	
supplements	 (nondairy	 products	 such	 as	 powder,	
capsule,	gelatin	tablets).
The use of probiotics has taken giant leaps since the 

20th	century.	Probiotics	have	been	used	in	modifying	the	
microbial	flora	of	the	stomach	and	intestines.	Probiotics	
can	create	a	biofilm,	acting	as	a	protective	lining	for	oral	
tissues against oral diseases by keeping the bacterial 
pathogens off oral tissues by filling the spaces where the 
pathogens would invade.20,21 Some probiotic species also 
secrete	antimicrobial	compounds	called	bacteriocins,	for	
example,	reuterin.22,23

Criteria for Probiotics

To	 be	 considered	 for	 use	 as	 probiotic,	 the	 following	
criteria need to be fulfilled:24

•	 	It	should	be	capable	of	exerting	a	beneficial	effect	on	
the	host	animal,	e.g.,	increased	growth	or	resistance	
to disease
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•	 	It	should	be	of	human	origin
•	 	It	should	have	high	cell	viability
•	 It	should	be	nonpathogenic	and	nontoxic
•	 	It	should	be	able	to	interact	with,	or	to	send	signals	

to,	immune	cells
•	 	It	should	have	capacity	to	influence	local	metabolic	

activity
•	 	It	should	be	capable	of	surviving	and	metabolizing	

in	the	gut	environment,	e.g.,	resistance	to	low	pH	and	
organic acids.

•	 	It	should	be	stable	and	capable	of	remaining	viable	
for periods under storage and field conditions.

Mechanisms of Action of Probiotics

Probiotics can help prevent and treat disease through 
several	 mechanisms	 including	 direct	 interaction,	
competitive	exclusion,	and	modulation	of	host	immune	
response. The treatment strategies conferred by probiotics 
are mainly anticipated to be either by inhibition of specific 
pathogens or by altering the host immune response 
through the following multiple factors.24

Inhibition of Specific Organisms

•	 	Inhibition	 of	 pathogen	 adhesion,	 colonization,	 and	
biofilm formation

•	 	Inhibition	of	pathogen	growth	by	various	substances,	
such	 as	 organic	 acids,	 hydrogen	 peroxide,	 and	
bacteriocins against oral pathogens

Effects on Host Response

•	 	Inhibition	of	collagenases	and	reduction	of	inflam-
mation-associated molecules

•	 	Induction	of	expression	of	cytoprotective	proteins	on	
host cell surfaces

•	 	Modulation	 of	proinflammatory	 pathways	 induced	
by pathogens

•	 Prevention	of	cytokine-induced	apoptosis
•	 Modulation	of	host	immune	response.

Evidence for use of Probiotics in Orthodontics

Review of literature revealed that some studies have been 
conducted	on	the	prevalence,	role,	and	effects	of	probiotic	
bacteria	in	orthodontics.	A	study	by	Cildir	et	al,25 in which 
the effect of probiotic yogurt was evaluated on S. mutans 
counts	 in	 the	 saliva	 of	 orthodontic	 patients,	 showed	
that the number of subjects with high S. mutans counts 
decreased from 63 to 21% after 2 weeks of consumption. 
Many	 studies	 have	 used	 saliva	 to	 determine	 the	
amounts of S. mutans in the oral cavity.23,26-28 The major 
disadvantage of using saliva is that the S. mutans in the 

saliva is a total count of the organisms in the oral cavity 
from	 previous	 carious	 lesions,	 the	 tongue,	 and	 other	
sites	that	harbor	the	organisms,	and	it	is	not	specific	to	
the tooth surface. Some studies have shown a difference 
between the salivary S. mutans counts and the S. mutans 
counts in plaque.29,30

A few studies have evaluated the effects of local 
administration	of	probiotic	agents,	such	as	mouthwashes,31 
lozenges,28	 tablets,	 straws,27	 milk,32-34	 cheese,26 ice 
cream,35	chewing	gums,36	yogurt,25,27	chocolate,35	curd,38 
and other supplements and have found that these have a 
beneficial effect on oral health. The benefits on oral health 
in preventing WSLs and caries27	have	been	recognized,	
and thus probiotics have been incorporated into 
mouthwashes and dentifrices for popular consumption.

Other uses of Probiotics in Oral Cavity

Apart	 from	 orthodontics,	 other	 dental	 specialties	 also	
have studied the effects or probiotics and have concluded 
some positive effects. Taking into account the two major 
treatment	strategies	against	periodontal	diseases,	namely	
the elimination of specific pathogens and the suppression 
of	a	destructive	host	response,	the	probiotic	approach	may	
add value in achieving these treatment goals. Several 
studies have concluded that there are positive effects of 
probiotics	on	gingivitis,39,40	periodontitis,41,42	halitosis,43 
and candidiasis44 as well along with their anticaries effect.

CONCLUSION

Various studies have shown that the use of oral probiotics 
is associated with prevention of WSLs and improvement 
in	periodontal	health.	More	research	and	clinical	trials	
will facilitate identification of the probiotics that are best 
suited	to	oral	use,	as	well	as	the	most	appropriate	vehicles:	
food	 products	 (cheese,	 milk,	 yogurt)	 or	 supplements	
(chewing	 gum,	 lozenges).	 The	 existence	 of	 probiotics	
in the indigenous oral microflora of humans needs 
exploration because these bacteria offer the advantage 
of being perfectly adapted to the human oral ecosystem. 
Understanding probiotic action may permit modulation 
of	 the	 immune	 system,	 both	 locally,	 and	 systemically.	
Knowledge of probiotics on the host immune system has 
entered	 a	 new	 and	 fascinating	 phase	 of	 research,	 and	
progression in this field is likely to offer novel and useful 
means	to	modulate	host	immunity	for	protection	from,	or	
treatment	of,	a	wide	variety	of	oral	diseases	and	disorders.

REFERENCES

	 1.	 Mitchell	 L.	 Decalcification	 during	 orthodontic	 treatment	
with fixed appliances—an overview. Br J Orthod 1992 
Aug;19(3):199-205.



Saurav Chaturvedi, Upendra Jain

102

	 2.	 Graber,	 T.;	 Eliades,	 T.;	 Athanasiou,	 A.,	 editors.	 Risk	 man-
agement in orthodontics: experts’ guide to malpractice. 1st 
ed.	Chicago,	 IL:	Quintessence	Publishing;	2004,	chapter	3,	 
p. 19-46.

 3. Zachrisson BU. A post treatment evaluation of direct bonding 
in	orthodontics.	Am	J	Orthod	1977	Feb;71(2):173-189.

	 4.	 Ahn	SJ,	Lim	BS,	Lee	SJ.	Prevalence	of	cariogenic	streptococci	
on incisor brackets detected by polymerase chain reaction. 
Am	J	Orthod	Dentofacial	Orthop	2007	Jun;131(6):736-741.

	 5.	 Gorelick	L,	Geiger	AM,	Gwinnett	AJ.	Incidence	of	white	spot	
formation after bonding and banding. Am J Orthod 1982 
Feb;81(2):93-98.

	 6.	 Mizrahi	E.	Enamel	demineralization	following	orthodontic	
treatment.	Am	J	Orthod	1982	Jul;82(1):62-67.

	 7.	 Mitchell	 L.	 An	 investigation	 into	 the	 effect	 of	 a	 fluoride	
releasing adhesive on the prevalence of enamel surface 
changes associated with directly bonded orthodontic 
attachments.	Br	J	Orthod	1992	Aug;19(3):207-214.

	 8.	 Willmot	D.	White	spot	lesions	after	orthodontic	treatment.	
Semin	Orthod	2008	Sep;14(3):209-219.

 9. Øgaard B. White spot lesions during orthodontic treatment: 
mechanism	and	fluoride	preventive	aspects.	Semin	Orthod	
2008	Sep;14(3):183-193.

	 10.	 Bishara	 SE,	 Ostby	 AW.	 White	 spot	 lesions:	 formation,	
prevention	 and	 treatment.	 Semin	 Orthod	 2008	 Sep;14(3): 
174-182.

	 11.	 Gwinnett	 AJ,	 Ceen	 RF.	 Plaque	 distribution	 on	 bonded	
brackets: a scanning microscope study. Am J Orthod 1979 
Jun;75(6):667-677.

	 12.	 Eliades	 T,	 Eliades	 G,	 Brantley	 WA.	 Microbial	 attachment	
on orthodontic appliances: I. Wettability and early pellicle 
formation	 on	 bracket	 materials.	 Am	 J	 Orthod	 Dentofacial	
Orthop	1995	Oct;108(4):351-360.

	 13.	 Ahn	SJ,	Kho	HS,	Lee	SW,	Nahm	DS.	Roles	of	salivary	proteins	
in the adherence of oral streptococci to various orthodontic 
brackets.	J	Dent	Res	2002	Jun;81(6):411-415.

	 14.	 Babaahmady	KG,	Challacombe	SJ,	Marsh	PD,	Newman	HN.	
Ecological	 study	 of	 Streptococcus	 mutans,	 Streptococcus	
sobrinus and Lactobacillus spp. at sub-sites from approximal 
dental	plaque	from	children.	Caries	Res	1998;32(1):51-58.

	 15.	 Hamada	S,	Slade	HD.	Biology,	immunology,	and	cariogenicity	
of	 Streptococcus	 mutans.	 Microbiol	 Rev	 1980	 Jun;44(2):	 
331-384.

	 16.	 Anderson	 MH,	 Shi	 W.	 A	 probiotic	 approach	 to	 caries	
management.	Pediatr	Dent	2006	Mar-Apr;28(2):151-153.

 17. Rasic JL. The role of dairy foods containing bifido and 
acidophilus	bacteria	in	nutrition	and	health.	N	Eur	Dairy	J	
1983;4:80-88.

	 18.	 Brown	 AC,	 Valiere	 A.	 Probiotics	 and	 medical	 nutrition	
therapy.	Nutr	Clin	Care	2004	Apr-Jun;7(2):56-68.

	 19.	 Tanboga	 I,	 Çaglar	 E,	 Kargul	 B.	 Campaign	 of	 probiotic	
food	 consumption	 in	 Turkish	 children,	 oral	 perspectives	
‘Probiotics	for	your	child’.	Int	J	Pediatr	Dent	2003;13:59-64.

	 20.	 Flichy-Fernandez	AJ,	Alegre-Domingo	T,	Penarrocha-Oltra	D,	 
Penarrocha-Diago	 M.	 Probiotic	 treatment	 in	 oral	 cavity:	
an	update.	Med	Oral	Patol	Oral	Cir	Bucal	2010	Sep	1;15(5): 
e677-e680.

	 21.	 Söderling	 EM,	 Marttinen	 AM,	 Haukioja	 AL.	 Probiotic	
lactobacilli interfere with Streptococcus mutans biofilm 
formation	in	vitro.	Curr	Microbiol	2011	Feb;62(2):618-622.

	 22.	 Caglar	E,	Kargul	B,	Tanboga	I.	Bacteriotherapy	and	probiotics’	
role	on	oral	health.	Oral	Dis	2005	May;11(3):131-137.

	 23.	 Caglar	 E,	 Cildir	 SK,	 Ergeneli	 S,	 Sandalli	 N,	 Twetman	 S.	
Salivary mutans streptococci and lactobacillus levels after 
ingestion of the probiotic bacterium lactobacillus reuteri 
ATCC	55730	by	straws	or	tablets.	Acta	Odontol	Scand	2006	
Oct;64(5):314-318.

	 24.	 Stamatova	 I,	 Meurman	 JH.	 Probiotics	 and	 periodontal	
disease.	Periodontol	2000	2009;51:141-151.

	 25.	 Cildir	SK,	Germac	D,	Sandalli	N,	Ozdemir	FI,	Arun	T,	Twetman	S,	 
Caglar E. Reduction of salivary mutans streptococci 
on orthodontic patients during daily consumption of 
yoghurt	 containing	 probiotic	 bacteria.	 Eur	 J	 Orthod	 2009	
Aug;31(4):407-411.

	 26.	 Ahola	AJ,	Yli-Knnuttila	H,	Suomalainen	T,	Poussa	T,	Ahlstrom	A,	 
Meurman	JH,	Korpela	R.	Short	term	consumption	of	probiotic	
containing cheese and its effect on dental caries risk factor. 
Arch	Oral	Biol	2002	Nov;47(11):799-804.

	 27.	 Caglar	E,	Sandalli	N,	Twetman	S,	Kavaloglu	S,	Ergeneli	S,	 
Selvi	 S.	 Effect	 of	 yoghurt	 with	 Bifidobacterium	 DN-173	
010	 on	 salivary	 mutans	 streptococci	 and	 lactobacilli	
in	 young	 adults.	 Acta	 Odontol	 Scand	 2005	 Nov;63(6): 
317-320.

	 28.	 Caglar	E,	Kuscu	OO,	Cildir	SK,	Kuvvetli	SS,	Sandalli	N.	A	
probiotic lozenge administered medical device and its effects 
on	salivary	streptococci	and	lactobacilli.	Int	J	Pediatr	Dent	
2008	Jan;18(1):35-39.

	 29.	 Loesche	 WJ,	 Rowan	 J,	 Straffon	 LH,	 Loos	 PJ.	 Association	
of Streptococcus mutans with human dental decay. Infect 
Immun	1975	Jun;11(6):1252-1260.

	 30.	 Lindquist	 B,	 Emilson	 CG.	 Distribution	 and	 prevalence	 of	
mutans	streptococci	in	the	human	dentition.	J	Dent	Res	1990	
May;69(5):1160-1166.

	 31.	 Hillman	JD,	McDonell	E,	Hillman	CH,	Zahradnik	RT,	Soni	MG.	 
Safety	 assessment	 of	 ProBiora3,	 a	 probiotic	 mouthwash:	
subchronic	 toxicity	 study	 in	 rats.	 Int	 J	 Toxicol	 2009	 Sep-
Oct;28(5):357-367.

	 32.	 Näse	L,	Hatakka	K,	Savilahti	E,	Saxelin	M,	Pönkä	A,	Poussa	T,	 
Korpela	R,	Meurman	JH.	Effect	of	long-term	consumption	of	
a	probiotic	bacterium,	Lactobacillus	rhamnosus	GG,	in	milk	
on	dental	caries	and	caries	risk	in	children.	Caries	Res	2001	
Nov-Dec;35(6):412-420.

	 33.	 Petersson	LG,	Magnusson	K,	Hakestam	U,	Baigi	A,	Twetman	S.	 
Reversal of primary root caries lesions after daily intake of 
milk	supplemented	with	fluoride	and	probiotic	lactobacilli	
in	 older	 adults.	 Acta	 Odontol	 Scand	 2011	 Nov;69(6): 
321-327.

	 34.	 Stecksén-Blicks	 C,	 Sjöström	 I,	 Twetman	 S.	 Effect	 of	 long-
term consumption of milk supplemented with probiotic 
lactobacilli	and	fluoride	on	dental	caries	and	general	health	
in preschool children: a cluster-randomized study. Caries 
Res	2009;43(5):374-381.

	 35.	 Caglar	E,	Kuscu	OO,	Selvi	Kuvvetli	S,	Kavaloglu	Cildir	S,	
Kuvvetli	SS,	Sandalli	N,	Twetman	S.	Short	term	effects	of	ice	
cream containing Bifidobacterium lactis Bb-12 on the number 
of salivary mutans streptococci and lactobacilli. Acta Odontol 
Scand	2008	Jun;66(3):154-158.

	 36.	 Hata	S,	Hata	H,	Miyasawa-Hori	H,	Kudo	A,	Mayanagi	H.	
Quantitative	detection	of	Streptococcus	mutans	in	the	dental	
plaque of Japanese preschool children by real-time PCR. Lett 
Appl	Microbiol	2006	Feb;42(2):127-131.

	 37.	 Khanafari	 A,	 Porgham	 SH.	 Investigation	 of	 probiotic	
chocolate effect on Streptococcus mutans growth inhibition. 
Jundishapur	J	Microbiol	2012	Sep;5(4):590-597.



 Importance of Probiotics in Orthodontics

Journal of Orofacial Research, July-September 2015;5(3):99-103 103

JOFR

	 38.	 Sudhir	 R,	 Praveen	 P,	 Anantharaj	 A,	 Venkataraghavan	 K.	
Assessment of the effect of probiotic curd consumption on 
salivary	pH	and	streptococcus	mutans	counts.	Niger	Med	J	
2012	Jul;53(3):135-139.

	 39.	 Krasse	 P,	 Carlsson	 B,	 Dahl	 C,	 Paulsson	 A,	 Nilsson	 A,	
Sinkiewicz	 G.	 Decreased	 gum	 bleeding	 and	 reduced	
gingivitis	by	the	probiotic	lactobacillus	reuteri.	Swed	Dent	J	
2006;30(2):55-60.

	 40.	 Twetman	S,	Derawi	B,	Keller	M,	Ekstrand	K,	Yucel-Lindberg	T,	 
Stecksen-Blicks C. Short term effects of chewing gum 
containing probiotic lactobacillus reuteri on the levels of 
inflammatory	mediators	 in	gingival	 crevicular	fluid.	Acta	
Odontol	Scand	2009;67(1):19-24.

	 41.	 Shimauchi	 H,	 Mayanagi	 G,	 Nakaya	 S,	 Minamibuchi	 M,	
Ito	 Y,	 Yamaki	 K,	 Hirata	 H.	 Improvement	 of	 periodontal	
condition by probiotics with Lactobacillus salivarius WB21: 

a	randomized,	double-blind,	placebo-controlled	study.	J	Clin	
Periodontol	2008	Oct;35(10):897-905.

	 42.	 Mayanagi	G,	Kimura	M,	Nakaya	S,	Hirata	H,	Sakamoto	M,	
Benno	 Y,	 Shimauchi	 H.	 Probiotic	 effects	 of	 orally	 admin-
istered Lactobacillus salivarius WB21-containing tablets 
on	 periodontopathic	 bacteria:	 a	 double-blinded,	 placebo-
controlled,	randomized	clinical	trial.	J	Clin	Periodontol	2009	
Jun;36(6):506-513.

	 43.	 Iwamoto	 T,	 Suzuki	 N,	 Tanabe	 K,	 Takeshita	 T,	 Hirofuji	
T. Effects of probiotic Lactobacillus salivarius WB21 on 
halitosis and oral health: an open-label pilot trial. Oral Surg 
Oral	Med	Oral	Pathol	Oral	Radiol	Endod	2010	Aug;110(2): 
201-208.

 44. Prakash S. Suppression of Streptococcus mutans and Candida 
albicans	by	probiotics:	an	in	vitro	study.	Dentistry	2012;2(6): 
141-148.


