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Abstract
Background: As in other fields of healthcare, probiotics have been introduced for
prevention and treatment of periodontal diseases.

Objective: This review was initiated to explore whether the use of probiotics can
influence the periodontal microbiota and periodontal health.

Materials and Methods: Literature on the mode of action of oral probiotics was
reviewed and a systematic review was performed on the microbiological and clinical
effects of oral probiotics on periodontal health.

Results: Three animal and 11 in vivo human studies were retrieved. Six studies
reported on microbiological effects whereas eight studies report on clinical effects.
Seven studies were performed on healthy or gingivitis patients and four studies on
periodontitis patients. Many of the retrieved studies are pilot in nature and with low
quality. The high degree of heterogeneity between studies hampered analysis.

Conclusion: Taking into consideration all limitations, the currently available data
indicate an effect of probiotics on the oral microbiota and a more limited effect on
clinical periodontal outcome measures. However, there is an urgent need for properly
conducted clinical trials where probiotics are used as adjuncts to standard periodontal
care, similar to antibiotics, using probiotic strains with, at least at an in vitro level,
proven periodontal probiotic effects.
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The interest in probiotics and the mod-
ulation of the microbiota for restoring
and maintaining health have gained a lot
of attention over the past decade. The
term ‘‘probiotic’’ is a relatively new
word and is currently used to name
bacteria with beneficial effects for
humans and animals. As an antonym
of the term ‘‘antibiotics’’, it was intro-

duced by Lilly & Stillwell (1965) as
‘‘Substances produced by micro-organ-
isms which promote the growth of other
micro-organisms’’. However, the use of
microorganisms to promote health is
very ancient and can even be traced
back to the classical Roman literature
where food fermented with microorgan-
isms was used as a therapeutic agent
[Plinius Secundus (maior) 77 AD]. Since
1965, several definitions for probiotics
have been proposed (Parker 1974, Fuller
1989, Havenaar & Huis In’t Veld 1992,
Schaafsma 1996, Naidu et al. 1999,
Schrezenmeir & de Vrese 2001). The
currently used consensus definition of
probiotics was put forward by the World
Health Organization, and the Food and
Agriculture Organization of the United
States. They defined probiotics as ‘‘Live

micro-organisms which, when adminis-
tered in adequate amounts, confer a
health benefit on the host’’ (http://
www.who.int/foodsafety/fs_management/
en/probiotic_guidelines.pdf). The chan-
ging definition mirrors the rapid develop-
ments in our understanding and use of
microorganisms in human conditions and
diseases. The definition will surely have
to be further adapted as scientists redis-
cover events occurring at the interface
between mucosal surfaces and the micro-
biota, and interactions of probiotic micro-
organisms with the host (Böhm & Kruis
2006).

There are a number of reasons why
probiotic research has become a hot
topic in medicine. Despite over 50 years
of antibiotics, infectious diseases remain
a major health problem, with gastroen-
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teritis killing a child every 15 s. Hospital
infection rates are not declining, multi-
drug-resistant bacteria continue to
emerge as the antibiotic pipeline dries
up and pathogenic microorganisms are
being linked with induction or worsen-
ing of many chronic diseases. Added to
this the alarming spread of infectious
diseases, plus the pending threat of a
deadly flu pandemic, and worried con-
sumers, government, scientists and
industries are looking for new
approaches to health restoration and
retention. Science itself is playing a
major role, with an ever-growing num-
ber of studies providing tangible evi-
dence that probiotics can alleviate some
disease processes (Reid et al. 2006).

Currently, well-established probiotic
effects are: (1) Prevention and/or reduc-
tion of duration and complaints of rota-
virus-induced or antibiotic-associated
diarrhoea as well as alleviation of
complaints due to lactose intolerance
(Majamaa et al. 1995, Buydens &
Debeuckelaere 1996, Cremonini et al.
2002, Hawrelak et al. 2005). (2) Reduc-
tion of the concentration of cancer-pro-
moting enzymes and/or putrefactive
(bacterial) metabolites in the gut (Gold-
in & Gorbach 1984, Haskard et al. 2001,
Ouwehand et al. 2002). (3) Prevention
and alleviation of unspecific and irregu-
lar complaints of the gastrointestinal
tracts in healthy people (de Vrese &
Schrezenmeir 2008). (4) Beneficial
effects on microbial aberrancies, inflam-
mation and other complaints in connec-
tion with: inflammatory diseases of
the gastrointestinal tract, Helicobacter
pylori infection or bacterial overgrowth
(Vanderhoof et al. 1998, Gionchetti et
al. 2000, Felley et al. 2001, Gaon et al.
2002, Ishikawa et al. 2003b). (5) Nor-
malization of passing stool and stool
consistency in subjects suffering from
constipation or an irritable colon (Nied-
zielin et al. 2001, Ouwehand et al. 2002,
Koebnick et al. 2003). (6) Prevention or
alleviation of allergies and atopic dis-
eases in infants (Isolauri et al. 2000,
Kalliomaki et al. 2001, Isolauri 2003,
Ogawa et al. 2006, Forsythe et al. 2007).
(7) Prevention of respiratory tract infec-
tions (common cold, influenza) and
other infectious diseases as well as
treatment of urogenital infections. Insuf-
ficient or at most preliminary evidence
exists with respect to cancer prevention,
the so-called hypocholesterolaemic
effect, prevention or therapy of ischae-
mic heart diseases or amelioration of
autoimmune diseases (e.g. arthritis)

(Agerbaek et al. 1995, Rafter 1995,
Reid et al. 1995, Reid 2001, Narusze-
wicz et al. 2002, Baharav et al. 2004, de
Vrese et al. 2005, de Vrese et al. 2006).

In contrast to the beliefs of some
physicians, the oral cavity is not a con-
fined compartment within the human
body. Anatomically, the oral cavity is
connected to the nasopharynx, the lar-
ynx, the tonsils, the middle ear through
the Eustachian tube and the gastrointest-
inal tract. Physiologically it is connected
to the whole body and by this, the oral
cavity is influenced by and influences
general health. Consequently, dentists
are confronted with similar healthcare
problems as physicians. Because the
oral microbiota is at least as complex
as the gastro-intestinal or vaginal micro-
biota and dental biofilms are considered
to be difficult therapeutic targets
(Socransky & Haffajee 2002), the
encouraging effects of probiotics in dif-
ferent fields of healthcare have resulted
recently in the introduction of probiotics
for oral healthcare (Meurman 2005,
Teughels et al. 2008). Today, several
clinical studies on the effects of probio-
tics in different fields of oral healthcare
have been published such as: halitosis
(Henker et al. 2001, Burton et al. 2006,
Kang et al. 2006b), oral candidiasis
(Ahola et al. 2002, Hatakka et al.
2007) and tooth decay (Nase et al.
2001, Montalto et al. 2004, Nikawa
et al. 2004, Caglar et al. 2005b, Caglar
et al. 2006, Caglar et al. 2008, Caglar
et al. 2009, Cildir et al. 2009, Stecksen-
Blicks et al. 2009).

Probiotics have also been introduced
in the field of periodontal healthcare.
The reason why probiotics might pro-
vide opportunities for periodontal
healthcare can be related to the current
view on the aetiology of plaque-related
periodontal inflammation. This aetiolo-
gical view considers three factors that
determine whether disease will develop
in a subject (Slots & Rams 1991,
Socransky & Haffajee 1992, Wolff
et al. 1994): a susceptible host, the
presence of pathogenic species and the
reduction or absence of the so-called
‘‘beneficial bacteria’’. Because it is dif-
ficult to influence the host response,
traditional periodontal therapies focused
on the reduction of the bacterial threat
(Salvi & Lang 2005). This globally
applied treatment strategy is based on
a mechanical subgingival debridement
(eventually including periodontal sur-
gery to reduce the depth of the perio-
dontal pocket), in combination with

improved oral hygiene (Haffajee et al.
2003). This shifts the subgingival micro-
biota to a less pathogenic composition,
which is characterized by high propor-
tions of Gram-positive aerobic species
and low proportions or preferably an
absence of periodontopathogens (Xime-
nez-Fyvie et al. 2000b, Roberts &
Darveau 2002). Unfortunately, it is cur-
rently unclear to which proportions
pathogens need to decrease or Gram-
positive aerobic species need to increase
to consider a subgingival biofilm as
being not pathogenic. Although reduc-
tions in the total subgingival microbiota
of up to 2-log values can easily be
achieved, a re-colonization primarily
by less pathogenic bacteria towards
baseline numbers occurs within weeks
(Harper & Robinson 1987, Goodson et
al. 1991, Maiden et al. 1991). The shift
towards a less pathogenic microbiota is
only temporary, with a re-establishment
of more aggressive microbiota within
weeks to months (Mousques et al.
1980, Magnusson et al. 1984b, van
Winkelhoff et al. 1988b, Wade et al.
1992, Quirynen et al. 2005). The
dynamics of this re-colonization process
depends on the level of oral hygiene, the
efficacy of the subgingival debridement
and the residual probing pocket depths
(PPD) (Magnusson et al. 1984a, van
Winkelhoff et al. 1988a, Sbordone
et al. 1990, Pedrazzoli et al. 1991,
Petersilka et al. 2002). The temporary
use of antibiotics or antiseptics, either
locally or systemically, does not really
improve the long-term effect of perio-
dontal therapy (Quirynen et al. 2002).
Therefore, some authors have started to
focus on the third aetiological factor for
plaque-related periodontal inflamma-
tion: ‘‘the reduction or absence of the
so-called beneficial bacteria’’. From a
theoretical point of view, restoring these
reduced numbers of beneficial bacteria
via probiotics might be of considerable
interest in the prevention and treatment
of plaque-related periodontal diseases.

It is, however, important to realize, as
outlined below, that probiotic microor-
ganisms do not act exclusively by
affecting the microbiota. They can also
exert effects either by modulating
immunological parameters, epithelial
permeability and bacterial translocation,
or by providing bioactive or regulatory
metabolites (de Vrese & Schrezenmeir
2008). The latter effects are appealing
for periodontal healthcare because cur-
rent evidence shows that the destruction
of the periodontium is substantially
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mediated by the host and driven by the
bacterial challenge (Sanz et al. 2005).
Therefore, probiotics might not only
suppress the emergence of endogenous
pathogens or prevent the superinfection
with exogenous pathogens but also they
might also protect us through the pro-
motion of a beneficial host response
(Roberts & Darveau 2002)

Surprisingly, back in 1954, although
not called probiotics at that time, a
beneficial effect of lactic acid bacteria
on inflammatory infections of the oral
mucosa was reported (Kragen 1954).
Noteworthy are also some anecdotical
Russian reports from the 1990s, on the
use of probiotics in the treatment of
periodontitis (Pozharitskaia et al. 1994,
Grudianov et al. 2002, Volozhin et al.
2004). Next to the scientific introduction
of probiotics, commercial exploitation
almost immediately followed with
claimed beneficial effects on perio-
dontal health. Given the potent para-
digm shift that this phenomenon of
oral probiotics can give rise to in the
field of periodontal healthcare, it should
therefore be based on solid clinical
evidence.

Purpose

The purpose of this review was to
analyse whether the use of probiotics
can influence the periodontal microbio-
ta. In order to answer the focused ques-
tion ‘‘Can probiotics offer opportunities
to manipulate the periodontal microbio-
ta?’’, the possible mechanisms of action
of probiotics specifically focusing on the
periodontal environment were addressed
narratively. Additionally, the clinical
effects of oral probiotics on periodontal
health were reviewed systematically.

Possible Mechanisms of Probiotic
Action (Narrative Review)
Search strategy

In order to review the possible mechan-
isms of action of oral probiotics on the
periodontal environment, a Medline
(PubMed) search was performed to iden-
tify articles investigating the addressed
question. The search was restricted till 30
June 2010. A similar search was con-
ducted on the ISI Web of KnowledgeSM

database. The literature was searched
specifically focusing on the general
working concepts of probiotics where
we specifically looked for literature
related to the oral environment and oral

bacteria. Owing to the low number of
papers that came out of the initial
searches, the searches were not limited
to searches where the word ‘‘probiotic’’
was one of the search terms. A variety of
search terms were used based on the
known mechanisms of probiotic interac-
tion in other fields of healthcare (de
Vrese & Schrezenmeir 2008).

Additional hand searches were per-
formed and included: (1) bibliographies
of previous reviews on the topic of oral
probiotics (Caglar et al. 2005a, Meur-
man 2005, Meurman & Stamatova
2007, de Vrese & Schrezenmeir 2008,
Teughels et al. 2008, Bonifait et al.
2009, Stamatova & Meurman 2009a,
Stamatova & Meurman 2009b) (2) bib-
liographies of all publications consid-
ered in this review and (3) cited
reference searches of all publications
considered in this review using the ISI
Web of KnowledgeSM database.

A priori, this review was restricted to
full-text peer-reviewed publications deal-
ing with oral microbial interactions,
which could constitute the basis for pro-
biotic periodontal healthcare in the Eng-
lish language. Data from in vitro, human
and animal studies were evaluated.

Results

The mechanisms of probiotic action in
the mouth are expected to be similar to
those observed in other parts of the
body. However, it has been suggested
that gastrointestinal tract probiotics may
need some additional properties when
used as oral probiotics. For instance,
oral probiotic bacteria should adhere to
and colonize periodontal tissue includ-
ing hard non-shedding surfaces and
should become part of the biofilm.
They should not ferment sugars, which
subsequently lowers the pH and can be
detrimental, resulting in caries (Caglar
et al. 2005a, Meurman 2005). Although
from a theoretical standpoint, this might
be plausible, currently there is no evi-
dence to support these suggestions.
Moreover, many of the gastro-intestinal
probiotics exert their effect without
colonizing or with only a temporary
colonization of the host. As soon as
their intake stops, the probiotic bacteria
are excreted. Even without a permanent
colonization, it may be anticipated that
the repeated daily use of probiotic pro-
ducts over a long period of time will
support an increased level of the pro-
biotic in the oral cavity. The observation
that probiotic bacteria do not need to

permanently colonize their host in order
to exert their effects can be attributed to
their mechanisms of action.

The effects of probiotics can originate
from three main modes of action: (1)
modulation of host defenses including
the innate as well as the acquired
immune system, (2) production of anti-
microbial substances against periodonto-
pathogens and (3) competitive exclusion
mechanisms. In all likelihood, there
exists not a single probiotic bacterium
exhibiting all three principles, at least not
to the extent that it could be a remedy for
prevention or therapy of all types of
diseases (Bonifait et al. 2009, Oelschlae-
ger 2010). Therefore, probiotic strains
are often used in combination with each
other in order to increase the number of
beneficial effects. Also extrapolating
effects exerted on the gastro-intestinal
microbiota to effects on the oral micro-
biota is cumbersome. Additionally, it is
important to realize that probiotic bacter-
ial strains can behave differently or
induce completely opposite effects,
which make generalizations of strain
effects to species effects difficult.

Ultimately, evidence must emerge
from clinical studies. While certain
modes of actions shown in vitro suggest
a means, these action mechanisms might
be altered or degraded within the oral
cavity and thereby have little chance
of conferring oral health benefits (Reid
et al. 2006).

Immune modulation

Despite the obvious anti-microbial
actions of probiotics, they can also act
on a wide variety of cells to modulate
the immune system towards anti-inflam-
matory action. Probiotic bacteria or their
products (e.g. metabolites, cell wall
components and DNA) can be recog-
nized by host cells such as epithelial
cells and immune cells (Delcenserie
et al. 2008, Oelschlaeger 2010). Increased
phagocytic capacity of macrophages
when challenged with Lactobacillus acid-
ophilus and Lactobacillus casei has been
reported (Perdigon et al. 2002). It is
known that probiotics can regulate the
expression of phagocytosis receptors in
the neutrophils of healthy individuals
(Pelto et al. 1998) and enhance natural
killer cell activity (Takeda et al. 2006).
They have also been shown to modulate
the immune response via the adaptive
immunity (Link-Amster et al. 1994, Braat
et al. 2004).
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Only few studies have been con-
ducted to determine whether immuno-
modulation by so-called beneficial
bacteria also applies to the oral environ-
ment. In this aspect, several publications
have shown that certain streptococci,
such as Streptococcus cristatus, Strep-
tococcus salivarius, Streptococcus mitis
and Streptococcus sanguinis can attenu-
ate theIL)-8 response induced by period-
ontopathogens such as Fusobacterium
nucleatum and Aggregatibacter actino-
mycetemcomitans on epithelial cells
(Cosseau et al. 2008, Zhang et al.
2008, Sliepen et al. 2009a). The exact
regulatory systems are still unclear,
although there are indications that these
streptococci can inhibit the nuclear fac-
tor kB-pathway (Cosseau et al. 2008,
Zhang et al. 2008). Recently, Della
Riccia et al. (2007) tested in vivo the
immunomodulatory effects of Lactoba-
cillus brevis on periodontal disease. The
in vivo use of this probiotic led to a
significant decrease in inflammatory
markers in the saliva, such as metallo-
proteinase and nitric oxide synthase
activity, prostaglandin E2 (PGE2) and
interfeon g (IFN-g) levels. No effect was
observed on IgA levels.

Antimicrobial substances produced by
probiotics

Probiotic bacteria can produce a diverse
range of compounds that act as anti-
microbial agents such as lactic acid,
hydrogen peroxide, bacteriocins and
bacteriocin-like inhibitory substances.
(Gillor et al. 2008, Gordon 2009, Oels-
chlaeger 2010)

Short-chain fatty acids such as lactic
acids can pass across bacterial cell
membranes and acidify the cytoplasm,
which in turn can inhibit bacterial pro-
liferation. In this respect, Sookkhee et
al. (2001) were able to isolate lactic acid
bacteria from healthy oral cavities of
Thai volunteers and showed that they
had an antimicrobial activity against
Porphyromonas gingivalis and Strepto-
coccus mutans. This activity was higher
at an acidic pH, indicating that the
antimicrobial effect was partly mediated
by organic acids like lactic acid. This
observation was largely confirmed
by Koll-Klais et al. (2005) who showed
higher prevalence of obligatory homo-
fermentative lactobacilli, especially
Lactobacillus gasseri, among healthy
persons when compared with perio-
dontitis persons. Homofermentative
lactobacilli produce higher concentra-

tions of lactic acid in comparison with
heterofermentative lactobacilli and
induced therefore a more pronounced
inhibition of P. gingivalis or Prevotella
intermedia.

Various in vitro and in vivo studies
have shown that production of hydrogen
peroxide by probiotic bacterial strains
can inhibit the growth of pathogenic
bacterial species (Mashimo et al. 1985,
Tompkins & Tagg 1986, Makras & De
Vuyst 2006, Falagas et al. 2007). In this
aspect, Hillman & Shivers (1988)
showed in a gnotobiotic rat model that
the level of A. actinomycetemcomitans
colonization in these rats was 45-fold
lower in animals infected with a hydro-
gen peroxide-producing S. sanguinis
strain when compared with rats infected
with a hydrogen peroxide-deficient
mutant of this S. sanguinis strain. Van-
derhoeven & Camp (1993) also showed
that S. mutans, in co-culture with S.
sanguinis, was more inhibited when
hydrogen peroxide was added to the
mixture.

Bacteriocins are ribosomally synthe-
sized cationic peptides with a narrow
spectrum of antimicrobial activity,
whereas bacteriocin-like inhibitory sub-
stances have a broader spectrum (Silva
et al. 1987, Cintas et al. 2001). Several
bacteriocins derived from indigenous
oral bacteria have been described (Oli-
veira et al. 1998, Teanpaisan et al. 1998,
Hillman et al. 2000, Hillman 2002,
Lima et al. 2002, Hillman et al. 2007).
S. salivarius produces even two potent
bacteriocins, salivaricin types A and B.
This strain has been used to prevent
dental caries caused by Streptococcus
sobrinus and S. mutans. Salivaricin B
was effectively used to treat halitosis
caused by Prevotella spp. and Micro-
monas micra (Balakrishnan et al. 2000,
Burton et al. 2005, Burton et al. 2006).
Additionally, a bacteriocin from Lacto-
bacillus paracasei HL32 was shown to
be able to kill P. gingivalis by changing
the cell envelope of the pathogen (Pang-
somboon et al. 2006).

Competitive exclusion

The competitive exclusion principle,
also referred to as Gause’s law, states
that two species that compete for the
same resources cannot stably co-exist.
One of the two competitors will always
have a slight advantage over the other
that leads to extinction of the second
competitor or a shift of this species to
another niche. The competitive exclu-

sion mechanism used by beneficial bac-
teria can occur on two levels: (1)
hindering the adhesion of pathogenic
bacteria or (2) competing for the same
nutrients.

Hindering the adhesion of pathogenic
bacteria

The literature points out that antagonis-
tic strains are better adapted to their
niche than potential pathogens, and can
therefore interfere in disease by pas-
sively occupying the niche or actively
restricting the adhesion capability of
pathogens to surfaces. However, defini-
tive proof that any of these mechanisms
occur in vivo, has seldom been given. It
has been shown that several bacterial
strains, mainly streptococci can hinder
colonization of periodontopathogens to
hard and soft tissue surfaces in vitro
(Teughels et al. 2007a, Sliepen et al.
2008, Van Hoogmoed et al. 2008a,
Sliepen et al. 2009b).

An alternative way for probiotics to
hinder pathogens is the production
of biosurfactants that prevent adhesion.
Van Hoogmoed et al. (2000) observed
that a biosurfactant generated by
S. mitis BA and BMS cells was able to
decrease the adhesion of not only
S. mutans but also from several period-
ontopathogens.

Interestingly, probiotics have been
shown to inhibit adhesion by modifying
the protein composition of the binding
site. In this aspect, Haukioja et al.
(2008) have shown that certain probiotic
strains modify the salivary pellicle pro-
tein composition by removing an impor-
tant adhesion protein, salivary
agglutinin gp340, which is necessary
for adhesion of S. mutans. The latter
resulted in a lower colonization effi-
ciency of S. mutans.

Competition for essential nutrients

Bacteria can compete for certain essen-
tial nutrients or chemicals required for
growth and in doing so can inhibit the
growth of a pathogen (Elli et al. 2000).
As an example, P. intermedia utilizes
vitamin K to grow. However, this
resource may be replaced by progester-
one or oestrogen. The levels of proges-
terone and oestrogen in gingival
crevicular fluid are greatly increased
during pregnancy. This may explain
the transition from a healthy microbiota
to the pathogenic one seen during preg-
nancy gingivitis. Probiotic bacteria, able
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to outcompete periodontopathogens for
uptake of these nutrients, could improve
oral health. More studies have yet to be
performed in this field (Wang et al.
1990, Smith & Pippin 1998).

Other mechanisms of probiotic action

The above outlined mechanisms of pro-
biotic action are numerous; however,
other modes of action exist. These
are either not applicable for the oral
situation or studies have not yet been
conducted in these areas. One example
of a probiotic mechanism that is relevant
for improving gastro-intestinal health
is the enhancement of the mucosal
barrier function. Probiotics can influ-
ence mucosal cell–cell interactions by
the enhancement of the intestinal barrier
function. Disruption of this epithelial
barrier is encountered in several condi-
tions including inflammatory bowel
disease and autoimmune diseases such
as Type 1 diabetes. Enhancement of
the barrier by probiotics can benefit the
host in such diseases (Ng et al. 2009).
Additionally, invasion of epithelial
cells is an important mode by which
bacteria exert their pathogenicity. For
gut epithelial cells, anti-invasive proper-
ties of probiotic bacteria have already
been established. Secreted factors of
Bifidobacterium bifidum strain Bb12
interfere with the invasion of epithelial
cells by Salmonella typhimurium (Botes
et al. 2008). These domains have not yet
been explored in relation to the oral
cavity.

Adverse effects and safety

Whereas it is important to understand
the mode of action of oral probiotics,
systemic safety of probiotics is even
more important. It is obvious that,
when probiotics are applied orally, at
least a part of them will be ingested and
can interact with a patient’s systemic
health. When ingested orally, probiotics
are generally considered safe and well
tolerated with bloating and flatulence
occurring most frequently (Kligler &
Cohrssen 2008). One theoretical con-
cern associated with probiotics includes
the potential for these viable organisms
to move into the blood stream and cause
systemic infections. Although rare, pro-
biotic-related bacteraemia has been
reported (Snydman 2008). It is esti-
mated that the risk of developing bac-
teraemia from ingested lactobacilli
probiotics is o1 per 1 million users

(Borriello et al. 2003). Although no
serious adverse events have been
described in clinical trials, systemic
infections associated with specific pro-
biotics have been noted in isolated
reports. These include sepsis or endo-
carditis and liver abscess (Snydman
2008). Bacteraemia due to lactobacilli
rarely occurs, but predisposing factors
include immunosuppression, prior hos-
pitalization, severe underlying comor-
bidities, previous antibiotic therapy and
prior surgical interventions (Salminen
et al. 2004). To date, there have been
no reports of bifidobacterial sepsis asso-
ciated with the use of a probiotic, sup-
porting the low pathogenicity of
bifidobacteria species (Boyle et al.
2006). Fortunately, most cases of pro-
biotic bacteraemia have responded well
to appropriate antibiotic therapy.
Recently, major and minor risk factors
for probiotic-associated sepsis have
been identified. Major risk factors
include immunosuppression (including
a debilitated state or malignancy) and
prematurity in infants. Minor risk fac-
tors are the presence of a central venous
catheter, impairment of the intestinal
epithelial barrier (such as with diar-
rhoeal illness), cardiac valvular disease
(Lactobacillus probiotics only), concur-
rent administration with broad-spectrum
antibiotics to which the probiotic is
resistant and administration of probio-
tics via a jejunostomy tube (this method
of delivery could increase the number of
viable probiotic organisms reaching the
intestine by bypassing the acidic con-
tents of the stomach). Therefore, Boyle
and colleagues recommend that probio-
tics should be used cautiously in patients
with one major risk factor or more than
one minor risk factor. Probiotics should
also be used cautiously in patients
taking immunosuppressants, such as
cyclosporine, tacrolimus, azathioprine
and chemotherapeutic agents, because
probiotics could cause an infection or
pathogenic colonization in immuno-
compromised patients. Additionally,
probiotic strains of Lactobacillus have
also been reported to cause bacteraemia
in patients with short-bowel syndrome,
possibly due to altered gut integrity
(Kligler & Cohrssen 2008) and Lacto-
bacillus preparations are contraindi-
cated in persons with a hypersensitivity
to lactose or milk. No contraindications
are currently listed for bifidobacteria,
because most species are considered
non-pathogenic and non-toxigenic
(Kligler & Cohrssen 2008).

Clinical Effects of Oral Probiotics on
Periodontal Health (Systematic
Review)

Materials and methods

Focused question

Do probiotics alter the periodontal con-
dition or the outcome of periodontal
therapy?

Search strategy

A Medline (PubMed) search was per-
formed to identify all articles investigat-
ing the addressed question. The search
was restricted till June 30, 2010. A
similar search was conducted on the
Cochrane and the ISI Web of Knowl-
edgeSM databases.

Additional hand searches were per-
formed and included: (1) bibliographies
of previous reviews on the topic of oral
probiotics (Caglar et al. 2005a, Meur-
man 2005, Meurman & Stamatova
2007, de Vrese & Schrezenmeir 2008,
Teughels et al. 2008, Bonifait et al.
2009, Stamatova & Meurman 2009a,
Stamatova & Meurman 2009b) (2) bib-
liographies of all publications consid-
ered in this review and (3) cited
reference searches of all publications
considered in this review using the ISI
Web of KnowledgeSM database.

Search terms

The term ‘‘replacement therapy’’ (also
called ‘‘bacteriotherapy’’ or ‘‘bacterial
interference’’ is sometimes used inter-
changeably with ‘‘probiotics’’. Although
both approaches use living bacteria for the
prevention or treatment of infectious dis-
ease, there are some slight differences
(Wilson 2005, Teughels et al. 2008).
Because there is much confusion over
the terminology, we did not specifically
differentiate between probiotic therapies
and replacement therapies in this review.
Therefore, the following MeSH terms and
key words were used: ‘‘probiotic’’ AND
‘‘periodontal’’, ‘‘probiotic’’ AND ‘‘perio-
dontitis’’, ‘‘probiotic’’ AND ‘‘perio-
dontics’’, ‘‘probiotic’’ AND ‘‘gingivitis’’,
‘‘probiotic’’ AND ‘‘oral health’’, ‘‘repla-
cement therapy’’ AND ‘‘periodontal’’,
‘‘replacement therapy’’ AND ‘‘perio-
dontitis’’, ‘‘replacement therapy’’ AND
‘‘periodontics’’, ‘‘replacement therapy’’
AND ‘‘gingivitis’’, ‘‘replacement therapy’’
AND ‘‘oral health’’, ‘‘bacteriotherapy’’
AND ‘‘periodontal’’, ‘‘bacteriotherapy’’
AND ‘‘periodontitis’’, ‘‘bacteriotherapy’’
AND ‘‘periodontics’’, ‘‘bacteriotherapy’’
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AND ‘‘gingivitis’’, ‘‘bacteriotherapy’’
AND ‘‘oral health’’, ‘‘bacterial interfer-
ence’’ AND ‘‘periodontal’’, ‘‘bacterial
interference’’ AND ‘‘periodontitis’’, ‘‘bac-
terial interference’’ AND ‘‘periodontics’’,
‘‘bacterial interference’’ AND ‘‘gingivi-
tis’’, ‘‘bacterial interference’’ AND ‘‘oral
health’’,

Inclusion criteria

A priori, this review was restricted to
full-text peer-reviewed publications
dealing with probiotics for periodontal
healthcare in the English language. Data
from both human and animal studies
were evaluated. If articles reported on
case series, at least five consecutive
cases had to be enrolled. All study
designs were considered.

Exclusion criteria

Publications not meeting the inclusion
criteria were excluded from the review.

Data extraction

Article selection was determined by
screening of the titles and the abstracts
by two independent reviewers (G. L. &
W. T.). In case of disagreement between
the reviewers, inclusion/exclusion deci-
sion was made by discussion after
screening the full-text article. Data
were extracted simultaneously by the
two reviewers and recorded in a data
extraction sheet. If data had to be
extracted from graphs, this was properly
acknowledged in the corresponding
table. The heterogeneity of the studies
and outcome variables rendered a meta-
analysis impossible.

Results

Out of the 160 studies retrieved by the
Medline, Cochrane and ISI Web of
KnowledgeSM database searches, nine
were selected based on the inclusion
and exclusion criteria (Hillman & Shi-
vers 1988, Krasse et al. 2006, Teughels
et al. 2007b, Nackaerts et al. 2008,
Shimauchi et al. 2008, Mayanagi et al.
2009, Staab et al. 2009, Twetman et al.
2009, Zahradnik et al. 2009). An addi-
tional five studies (Ishikawa et al.
2003a, Kang et al. 2006a, Matsuoka et
al. 2006, Della Riccia et al. 2007, Suga-
no et al. 2007) could be retrieved by
searching the bibliographies of the
selected papers and by cited reference
searches. Of these five studies, one

study (Matsuoka et al. 2006) did not
meet the inclusion criteria because it
was written in Japanese. However, this
Japanese paper was identical to an Eng-
lish paper (Sugano et al. 2007) but
included additional clinical data. There-
fore, the Japanese study was included in
this review but only for extracting the
clinical data that accompanied the Eng-
lish paper version of the study. This
resulted in a retrieval of 14 publications
(Hillman & Shivers 1988, Ishikawa
et al. 2003a, Kang et al. 2006a, Krasse
et al. 2006, Matsuoka et al. 2006, Della
Riccia et al. 2007, Sugano et al. 2007,
Teughels et al. 2007b, Nackaerts et al.
2008, Shimauchi et al. 2008, Mayanagi
et al. 2009, Staab et al. 2009, Zahradnik
et al. 2009, Twetman et al. 2009).

The retrieved studies were extremely
heterogeneous in the set-up of the study,
the used probiotics, the mode of applica-
tion and outcome measures. This hetero-
geneity did not allow a meta-analysis.

Only seven of the 14 papers revealed
or referenced in vitro experiments show-
ing that the probiotic strains used had the
potency to interact with the oral micro-
biota (Hillman & Shivers 1988, Ishikawa
et al. 2003a, Matsuoka et al. 2006,
Sugano et al. 2007, Teughels et al.
2007b, Nackaerts et al. 2008, Zahradnik
et al. 2009). The other studies either did
not reveal any form of interaction or
based the selection of the probiotic strain
on general assumptions, not specifically
relating to periodontal healthcare.

In only four papers, reporting on data
from three independent studies, probio-
tics were administered to a suppressed
oral ecology (either as adjunct to scaling
and root planing or germ-free animals)
(Hillman & Shivers 1988, Krasse et al.
2006, Teughels et al. 2007b, Nackaerts
et al. 2008).

Of the 14 retrieved papers, three
papers (Hillman & Shivers 1988,
Teughels et al. 2007b, Nackaerts et al.
2008) reported on data from two inde-
pendent animal studies. The general
outline of the three papers or two studies
is shown in Table 1. Both studies called
themselves ‘‘replacement therapy’’ stu-
dies rather than ‘‘probiotic’’ studies.
Additionally, both studies did not use
the rather conventional Lactobacillus
spp. or Bifidobacterium spp. but used
streptococci as effector strains. The use
of the selected effector strains was sup-
ported by a series of in vitro experi-
ments or clinical observations that these
strains (1) could inhibit the growth of
periodontopathogens (Hillman et al.

1985, Tanzer et al. 1985), (2) were
associated clinically with periodontal
health (Liljemark et al. 1984, Wolff et
al. 1985, Ximenez-Fyvie et al. 2000a) or
(3) could inhibit the colonization of
periodontopathogens towards hard and
soft tissues (Teughels et al. 2007a, Van
Hoogmoed et al. 2008b).

Seven of the 14 retrieved papers
reported on data from six clinical studies
where periodontally healthy or gingivi-
tis subjects used probiotics. The general
outline of these seven papers is shown in
Table 2. The papers by Krasse et al.
(2006) and by Twetman et al. (2009)
reported on parallel, double-blind, pla-
cebo-controlled, randomized clinical
studies in which Lactobacillus reuteri
strains were administered. However, the
study of Krasse and colleagues did not
reveal which strains were used. The
papers by Shimauchi et al. (2008) and
Mayanagi et al. (2009) both reported on
one parallel, double-blind, placebo-con-
trolled, randomized clinical study in
which Lactobacillis salivarius WB21
was used as a probiotic. All subjects
who volunteered to participate in the
study were company workers of the
company that produced the probiotic
tablets. Additionally it should be noted
that in this study, both the probiotic
tablets as the placebo tablets contained
xylitol. The additional clinical studies,
which were all open label studies, used
either Weisella cibaria CMS1 (Kang et
al. 2006a), L. casei Shirota (Staab et al.
2009), or a combination of Streptococ-
cus oralis KJ3sm, Streptococcus uberis
KJ2sm and Streptococcus rattus JH145
(Zahradnik et al. 2009).

It should be noted that in only one of
the papers reporting on the effects of a
probiotic treatment on healthy or gingi-
vitis patients (Krasse et al. 2006), the
probiotics were administered as an
adjunct to conventional plaque removal.

Of the 14 retrieved papers, four papers
reported on data from three independent
clinical studies on periodontitis patients.
The general outline of these four papers
is shown in Table 3. Three of the four
papers used the same probiotic strain,
Lactobacillus salivarius TI 2711 and
came from the same group of research-
ers. The paper of Ishikawa et al. (2003a)
did not explicitly mention that the
patients that participated in this study
were periodontitis patients. However,
we assumed that these were periodontitis
patients based on the two additional
papers (Matsuoka et al. 2006, Sugano
et al. 2007) published by co-authors on
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the initial Ishikawa paper and based on
the use of the same probiotic strains.
Only the paper of Matsuoka et al.
(2006) provided data on periodontal dis-
ease (average PPD of 4.5 mm). The
paper by Della Riccia et al. (2007) men-
tions that these patients were chronic
periodontitis patients but does not pro-
vide data on periodontal disease. It was a
clear limitation that for only one of the
three independent studies (or two of the
four papers), data were provided that
proved that these were real periodontitis
patients. It should be noted that in none
of the papers reporting on the effects
of a probiotic treatment on periodontitis
patients, were the probiotics adminis-
tered as an adjunct to conventional scal-
ing and root planing.

Microbiological changes

Six papers reported on microbiological
changes induced by probiotic therapies
(Table 4). In general, all studies showed
at least that probiotic application
resulted in microbiological changes,
even though they were not always
applied as an adjunct to standard perio-
dontal treatment (scaling or root plan-
ing). Unfortunately, most of the studies
did not perform a statistical inter-group
analysis. In the gnotobiotic rat model
study of Hillman & Shivers (1988), it
was shown that the level oral coloniza-
tion by A. actinomycetemcomitans was
approximately 1.8 log lower in animals
co-infected with S. sanguinis KJ3sm and
1.0 log lower in animals co-infected
with the revertant of the hydrogen-per-
oxide-deficient mutant of KJ3sm than in
animals infected only with A. actinomy-
cetemcomitans. Although the experi-
ments were repeated in humans, they
were never published because the levels
of the S. sanguinis effector strain
decreased continuously following infec-
tion until they were undetectable in
saliva and plaque samples, usually with-
in 5 weeks (Haffajee, personal commu-
nication). In the Beagle dog model study
of Teughels et al. (2007b), where no oral
hygiene was performed, multiple appli-
cations of S. salivarius, S. mitis and S.
sanguinis resulted in significant micro-
biological changes in subgingival pla-
que. Significant decreases in the
numbers of anaerobic bacteria, black
pigmented bacteria, Porphyromonas
gulae (canine variant of P. gingivalis),
P. intermedia and Campylobacter rectus
were noted and a tendency to increasing
numbers of aerobic bacteria wasO
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observed. In comparison with scaling
and root planing alone, multiple subgin-
gival applications of S. salivarius, S.
mitis and S. sanguinis resulted in a
significant additional microbiological
reductions of 0.5 log in anaerobic bac-
teria, 0.6 log in P. gulae, 0.6 log in black
pigmented bacteria and 0.7 log in P.
intermedia, 12 weeks after root planing
and without any form of oral hygiene.

The publication by Mayanagi et al.
(2009) unfortunately did not allow data
extraction. However, the authors
reported that the numerical sum of five
selected periodontopathogenic bacteria
in the probiotic group was significantly
decreased in subgingival plaque after 4
weeks of probiotic usage and tended to
be lower after 8 weeks when compared
with the placebo group. Using a multi-
variate model adjusting for bacterial
counts at baseline, plaque index and
smoking status, the authors calculated
that the odds ratio for a reduction of
Tannerella forsythia in the probiotic
group was significantly increased over
the course of the study compared with
the placebo group.

Zahradnik et al. (2009) detected 2.6
and 2.1 log reductions for respectively
C. rectus and P. gingivalis in subgingi-
val plaque when subjects were asked to
rinse with a mixture of three streptoc-
cocci. Although the data were not pro-
vided, the authors mention that the
probiotic mixture did not influence the
subgingival P. intermedia numbers.

When combining the microbiological
effects for L. salivarius TI 2711 on
untreated periodontitis patients, Ishika-
wa et al. (2003a) and Sugano et al.
(2007) showed that this probiotic could
reduce the salivary black pigmented
bacteria levels with 1.3 log. Addition-
ally, when compared with a placebo
treatment, additional subgingival reduc-
tions of 0.93 log in P. gingivalis levels
could be achieved.

Changes in plaque index

5 studies (Kang et al. 2006a, Krasse et
al. 2006, Della Riccia et al. 2007, Shi-
mauchi et al. 2008, Staab et al. 2009)
report on changes in the amount of
plaque when probiotics were used
(Table 5). Surprisingly, only in the study
of Krasse et al. (2006), plaque was
removed before starting the probiotic
therapy. With the exception of Staab et
al. (2009), who even found an increase
in plaque index, all studies report sig-
nificant reductions on plaque index

when compared with baseline values.
Only two studies have performed an
inter-group comparison. Krasse et al.
(2006) found no statistically significant
differences between placebo and the
probiotic groups whereas Shimauchi et
al. (2008) could find a significant differ-
ence in favour of the probiotic group but
only for current smokers.

Changes in gingivitis index

Of the four studies that reported on
changes in gingivitis index, three studies
(Krasse et al. 2006, Della Riccia et al.
2007, Shimauchi et al. 2008) report
statistically significant decreases in gin-
givitis index when compared with base-
line values (Table 5). In contrast, the
study by Staab et al. (2009) shows a
statistically significant increase in gin-
givitis index. Of the two studies that
performed an inter-group statistical ana-
lysis, only the study by Krasse et al.
(2006) showed significant differences
between the placebo and one of the
probiotic formulations.

Bleeding upon probing

All three human studies that report on
bleeding upon probing show significant
decreases when compared with baseline
values (Table 5) (Della Riccia et al.
2007, Twetman et al. 2009). However,
in the study by Twetman et al. (2009),
the authors observed that as soon as the
probiotic intake was stopped, the per-
centage of sites that were bleeding upon
probing positive, increased again. Only
one study looked for significant inter-
group differences. This clinical study
(Shimauchi et al. 2008) did not detect
a statistically significant difference
between the probiotic groups and the
placebo group. However, in the Beagle
dog study of Teughels et al. (2007b) (not
incorporated in Table 5), a statistically
significant lower bleeding upon probing
was observed for pockets that received
multiple applications of probiotics,
when compared with scaled and root-
planed pockets alone (30% versus 45%,
respectively). This was considered to be
remarkable by the authors because in
this 12-week study, no oral hygiene was
provide to the dogs.

PPD and clinical attachment level
(CAL)

Of the two human studies that reported
on changes in PPD ((Matsuoka et al.

2006, Shimauchi et al. 2008), only the
study by Shimauchi et al. (2008) could
detect statistically significant greater
improvements in PPD for the probiotic
group, but only for current smokers
(Table 5). Also, the Beagle dog study
of Teughels et al. (2007b) failed to show
any significant inter-group differences
in either PPD or in CAL improvements.
These results were not surprising to the
authors because no oral hygiene was
provided to the dogs during the 12-
week duration of the study.

Inflammatory markers

In the study of Twetman et al. (2009),
the focus was predominantly on gingival
inflammation and the production of pro-
and anti-inflammatory cytokines [IL-1b,
tumour necrosis factor-a (TNF-a), IL-6,
IL-8 and IL-10]. During the 2 weeks of
intervention, the gingival crevicular
fluid volume decreased significantly in
the probiotic groups, whereas no signif-
icant changes were observed in the
placebo group. The levels of TNF-a
and IL-8 also decreased significantly
after 1 and 2 weeks respectively in the
probiotic group, which used the highest
dose of probiotics, compared with base-
line. However, these effects were only
temporary and tended to return to base-
line values 2 weeks after discontinuing
the probiotics.

Shimauchi et al. (2008) not only
reported mainly on the clinical outcome
of the study but also analysed salivary
lactoferrin levels. The study showed that
during the course of the study, for both
the placebo as well as the probiotic
group, salivary lactoferrin levels
decreased significantly from baseline
values. However, no significant differ-
ences were found between both study
groups.

Staab et al. (2009), who investigated
the effects of a commercially available
probiotic milk containing L. casei Shir-
ota on gingival health analysed, next to
the amount of interproximal plaque and
plaque index, the papilla bleeding index
and polymorphonuclear elastase, mye-
loperoxidase and matrix metalloprotei-
nase-3 in gingival crevicular fluid. At
the end of this 8-week study, elastase
activity was significant lower in the
probiotic group when compared with
the control group. When compared
with baseline values, the plaque index
and papilla bleeding index increased and
amount of the matrix metalloproteinase-
3 decreased in the probiotic group
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whereas they did not change in the
control group.

In the 4-day study of Della Riccia et
al. (2007), using a L. brevis (CD2)
lozenge on untreated periodontitis
patients, significant decreases were
seen in nitrite/nitrate, PGE2, matrix
metalloproteinase and IFN-g levels in
saliva at the end of the study.

Other effects

Based on the Beagle dog model study of
Teughels et al. (2007b), Nackaerts et al.
(2008) analysed radiologically the
alveolar bone around the teeth that
received the positive control treatment
and the alveolar bone around the teeth
that received root planing and repeated
application of the bacterial mixture.
These authors observed that the bone
density within periodontal pockets trea-
ted with beneficial bacteria improved
significantly after 12 weeks, while this
improvement was not statistically sig-
nificant for the positive control pockets.
There was also a statistically significant
increase in the bone level at the end of
the study for the pockets receiving ben-
eficial bacteria whereas no statistically
significant increase was noted for the
control pockets. It should be noted that,
as mentioned before, in these Beagle
dog studies, no oral hygiene was pro-
vided to the dogs during the 12-week
study period. Therefore, these data
might not be generalized to more con-
ventional human studies.

Additionally, in the 4-day study of
Della Riccia et al. (2007), significant
reductions in calculus and tooth tem-
perature sensitivity were noted.

Discussion/Conclusions

The present review tried to address the
question whether probiotics offer oppor-
tunities to manipulate the periodontal
oral microbiota, and by this offer oppor-
tunities to prevent or treat periodontal
infections.

Although there is a clear rationale for
using probiotics in periodontal health-
care, the possible mechanisms by which
probiotics can influence the oral micro-
biota and periodontal health have been
only sparsely investigated. They have
been based mainly on mechanisms of
action observed in gastrointestinal indi-
cations. The variety of mechanisms on
which probiotics can act make it diffi-
cult to suggest any form of in vitro testT
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to substantiate any probiotic claim
before going into clinical testing. Never-
theless, appropriate target specific in
vitro tests that correlate with in vivo
tests or outcome measures are recom-
mended. In relation to gastro-intestinal
probiotics, the World Health Organiza-
tion, suggested in 2002 a combination of
tests to verify the gastro-intestinal sur-
vival of probiotics (resistance to gastric
acid and bile, adherence to mucus,
human cells or cell lines) and the micro-
biological effect (antimicrobial activity
against potentially pathogenic bacteria
or the ability to reduce pathogen adhe-
sion). Obviously, not all of these recom-
mendations are applicable to probiotics
for periodontal healthcare. Additionally,
these recommendations focus on a sub-
stantiating an antimicrobial effect
whereas it is currently known that the
anti-inflammatory/immune modulatory
properties of probiotics are at least as
important. Before translating these
recommendations to the field of perio-
dontal healthcare, it is necessary before
clinical testing, to demonstrate that the
putative probiotic shows at least a ben-
eficial potential (either antimicrobial,
anti-inflammatory, immune modulatory
or any other clinically verifiable out-
come measure specific to the perio-
dontal field) at an in vitro level. Any
additional material supporting the survi-
val of the potential probiotic in the oral
cavity would be beneficial. These
recommendations do not prioritize local
safety regulations and testing with
regard to probiotic use. It should be
noted that the currently available testing
mechanisms are not fully adequate to
predict functionality of probiotic micro-
organisms in the oral cavity. It should
also be noted that in vitro data available
for particular strains are not sufficient
for describing them as probiotic.
Probiotics for human use will require
substantiation of efficacy with human
trials.

Several clinical studies were identi-
fied that addressed the focused question.
These studies could mainly be divided
in studies directly addressing the issue
by providing microbiological outcome
measures and studies that indirectly
addressed the issue by providing clinical
outcome measures.

These studies often utilized small
sample sizes and often lacked appropri-
ate randomization, blinding, study set-
up or control groups. Owing to this low
quality of some studies, one needs to be
careful in the interpretation of the data.

The number of papers that report on
real periodontitis outcome measures is
low and there is currently no RCT
involving periodontitis patients with an
appropriate placebo control that per-
formed an inter-group statistical analy-
sis. Moreover, low number of studies
make inter-group comparisons with true
placebo’s or negative controls. This
was rather surprising because this is the
only reliable way of accounting for
Hawthorne effects.

There is also a lot of heterogeneity
among studies because different probio-
tic doses (2 � 107–2 � 109 CFU/day),
treatment durations (1 day–12 weeks),
models (human, animal), patient popu-
lations (healthy, gingivitis, perio-
dontitis), strains and modes of
application are being used. Reflecting
upon the probiotic strains used, it was
surprising that some studies lacked
strain specification. Because probiotic
effects are specific to a particular strain,
this may have important implications for
the interpretation of generalizing review
data, particularly when strain designa-
tions were not provided. With regard to
the modes of application, the vehicle by
which they are ingested or delivered in
the oral cavity can also influence their
therapeutic potential and the oral colo-
nization of a probiotic. The currently
available data makes it impossible to
draw any firm conclusions, given the
wide variety of delivery vehicles (chew-
ing gum, mouth-rinse, tablets etc.).
Therefore the results should be inter-
preted cautiously due to all of these
methodological limitations.

Taking into account the above men-
tioned limitations and generalizing the
data provided in both animal and human
studies reporting on microbiological
outcomes of various probiotic treat-
ments, these studies report up to 0.55
log reductions in total anaerobic bacter-
ia, up to 0.25 log increases in total
aerobic bacteria, up to 1.3 log reductions
in black pigmented bacteria, up to 1.8
log reductions in A. actinomycetemco-
mitans numbers, up to 2.6 log reductions
in C. rectus numbers, up to 2.1 log
reductions in P. gingivalis numbers, up
to 1 log reductions in P. intermedia
numbers and up to 0.17 log reductions
in T. forsythia.

When taking a closer look at the
clinical findings of the different human
studies concerning probiotics taking
again into account the above mentioned
limitations of the studies and warning
for generalization of the data, it seems

that the effects of probiotic bacteria on
the periodontal condition (plaque index,
gingivitis index, bleeding upon probing,
PPD) are much more limited in magni-
tude when compared with the studies
reporting on microbiological outcomes.

Despite these observations, four addi-
tional considerations can be made based
on the reviewed studies and with regard
to the use of probiotics to improve
periodontal health.

(1) It was surprising for the reviewers
that many of the studies tried to
induce a microbiological shift or a
clinical probiotic effect in an
already matured oral microbiologi-
cal environment. Based on our
knowledge of the effect of antisep-
tics and antibiotics on established
biofilms and nicely demonstrated in
a recent study by Pham et al. (2009),
it seems logical that a probiotic will
have difficulty colonizing the mouth
and exerting beneficial clinical
effects under these circumstances.
Pre-treatment to reduce the levels of
oral indigenous microbiota, and
thereby create more sites for colo-
nization by probiotic bacteria, might
be a good option but this approach
was limited in most of the studies
(Krasse et al. 2006, Teughels et al.
2007b, Tsubura et al. 2009).

(2) The often limited clinical results
may be attributed to the use of
dietary lactobacilli as probiotics of
choice for a large number of the
studies. Indigenous bacteria offer
the advantage of being perfectly
adjusted to the human oral ecology.
Therefore the existence of probio-
tics in the indigenous microbiota
needs exploration and the use of
orally derived probiotics can be
recommended. Some groups have
investigated the potential of the
indigenous streptococcal population
to act as probiotics. The importance
of this population has already been
described by Roos et al. (1993) and
Roos et al. (1996) for oto-pharyn-
gealinfections.

(3) Probiotic therapy should not be seen
as a treatment that permanently
alters the oral microbiota. There
are indications that the probiotic
effect will only take place as long
as the probiotic is applied. As soon
as the patient discontinues its use,
the effect will likely disappear and
therefore does not appear to sustain
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a shift to a stable non-pathogenic
microbiota.

(4) Finally, one should realize that pro-
biotics are currently regulated as
dietary supplements and not sub-
jected to the same rigorous stan-
dards as medications. As a result,
individuals may obtain a product
that is ineffective or that contains
varying quantities of bacteria.

In conclusion, data suggest that pro-
biotics might offer opportunities to
manipulate the oral microbiota or, albeit
more limited, periodontal health by
either direct microbiological interac-
tions or by immunomodulatory interac-
tions. However, due to all the limitations
discussed above, it is currently prema-
ture to draw any conclusion on the
clinical significance of the statistically
significant results. Future research needs
to encompass better designed clinical
trials in larger populations in which we
urgently need to address following
issues:

� Long-term effects of oral probio-
tics?

� Specific oral probiotics coming from
the oral cavity or general lactobacilli
probiotics?

� Adjunct therapy or mono-therapy?
� Statistical inter- as well as intra-

group comparisons should be made

Source of Funding

This review was made possible through
grants of the KULeuven (OT/07/057)
and the nFWO (1.5.153.10; G.0772.09).
W. Teughels was supported by the nFWO
as a post-doctoral researcher.

References

Agerbaek, M., Gerdes, L. U. & Richelsen, B. (1995)

Hypocholesterolemic effect of a new fermented

milk product in healthy middle-aged men. Eur-

opean Journal of Clinical Nutrition 49, 346–352.

Ahola, A. J., Yli-Knuuttila, H., Suomalainen, T.,

Poussa, T., Ahlstrom, A., Meurman, J. H. & Kor-

pela, R. (2002) Short-term consumption of probio-

tic-containing cheese and its effect on dental caries

risk factors. Archives of Oral Biology 47, 799–804.

Baharav, E., Mor, F., Halpern, M. & Weinberger, A.

(2004) Lactobacillus GG bacteria ameliorate arthri-

tis, in Lewis rats. Journal of Nutrition 134, 1964–

1969.

Balakrishnan, M., Simmonds, R. S. & Tagg, J. R.

(2000) Dental caries is a preventable infectious

disease. Australian Dental Journal 45, 235–245.

Böhm, S. K. & Kruis, W. (2006) Probiotics: do they

help to control intestinal inflammation? Annals of

the New York Academy of Sciences 1072, 339–350.

Bonifait, L., Chandad, F. & Grenier, D. (2009) Pro-

biotics for oral health: myth or reality? Journal

Canadian Dental Association 75, 585–590.

Borriello, S. P., Hammes, W. P., Holzapfel, W.,

Marteau, P., Schrezenmeir, J., Vaara, M. & Valto-

nen, V. (2003) Safety of probiotics that contain

lactobacilli or bifidobacteria. Clinical Infectious

Diseases 36, 775–780.

Botes, M., Loos, B., van Reenen, C. A. & Dicks, L. M.

T. (2008) Adhesion of the probiotic strains Enter-

ococcus mundtii ST4SA and Lactobacillus plantar-

um 423 to Caco-2 cells under conditions simulating

the intestinal tract, and in the presence of antibiotics

and anti-inflammatory medicaments. Archives of

Microbiology 190, 573–584.

Boyle, R. J., Robins-Browne, R. M. & Tang, M. L. K.

(2006) Probiotic use in clinical practice: what are

the risks? American Journal of Clinical Nutrition

83, 1256–1264.

Braat, H., van den, B. J., van, T. E., Hommes, D.,

Peppelenbosch, M. & van, D. S. (2004) Lactoba-

cillus rhamnosus induces peripheral hyporespon-

siveness in stimulated CD41T cells via modulation

of dendritic cell function. American Journal of

Clinical Nutrition 80, 1618–1625.

Burton, J. P., Chilcott, C. N., Moore, C. J., Speiser, G.

& Tagg, J. R. (2006) A preliminary study of the

effect of probiotic Streptococcus salivarius K12 on

oral malodour parameters. Journal of Applied

Microbiology 100, 754–764.

Burton, J. P., Chilcott, C. N. & Tagg, J. R. (2005) The

rationale and potential for the reduction of oral

malodour using Streptococcus salivarius probiotics.

Oral Diseases 11 (Suppl. 1), 29–31.

Buydens, P. & Debeuckelaere, S. (1996) Efficacy of

SF 68 in the treatment of acute diarrhea. Scandina-

vian Journal of Gastroenterology 31, 887–891.

Caglar, E., Cildir, S. K., Ergeneli, S., Sandalli, N. &

Twetman, S. (2006) Salivary mutans streptococci

and lactobacilli levels after ingestion of the probio-

tic bacterium Lactobacillus reuteri ATCC 55730 by

straws or tablets. Acta Odontologica Scandinavica

64, 314–318.

Caglar, E., Kargul, B. & Tanboga, I. (2005a) Bacter-

iotherapy and probiotics’ role on oral health. Oral

Diseases 11, 131–137.

Caglar, E., Kuscu, O. O., Cildir, S. K., Kuvvetli, S. S.

& Sandalli, N. (2008) A probiotic lozenge adminis-

tered medical device and its effect on salivary

mutans Streptococci and Lactobacilli. International

Journal of Paediatric Dentistry 18, 35–39.

Caglar, E., Sandallii, N., Twetman, S., Kavaloglu, S.,

Ergeneli, S. & Selvi, S. (2005b) Effect of yogurt

with Bifidobacterium DN-173 010 on salivary

mutans Streptococci and Lactobacilli in young

adults. Acta Odontologica Scandinavica 63, 317–

320.

Caglar, E., Topcuoglu, N., Cildir, S. K., Sandalli, N. &

Kulekci, G. (2009) Oral colonization by Lactoba-

cillus reuteri ATCC 55730 after exposure to pro-

biotics. International Journal of Paediatric

Dentistry 19, 377–381.

Cildir, S. K., Germec, D., Sandalli, N., Ozdemir, F. I.,

Arun, T., Twetman, S. & Caglar, E. (2009) Reduc-

tion of salivary mutans Streptococci in orthodontic

patients during daily consumption of yoghurt con-

taining probiotic bacteria. European Journal of

Orthodontics 31, 407–411.

Cintas, L. M., Casaus, M. P., Herranz, C., Nes, I. F. &

Hernandez, P. E. (2001) Review: bacteriocins of

lactic acid bacteria. Food Science and Technology

International 7, 281–305.

Cosseau, C., Devine, D. A., Dullaghan, E., Gardy, J.

L., Chikatamarla, A., Gellatly, S., Yu, L. L.,

Pistolic, J., Falsafi, R., Tagg, J. & Hancock, R. E.

W. (2008) The commensal Streptococcus salivarius

K12 downregulates the innate immune responses of

human epithelial cells and promotes host-microbe

homeostasis. Infection and Immunity 76, 4163–

4175.

Cremonini, F., Di Caro, S., Nista, E. C., Bartolozzi, F.,

Capelli, G., Gasbarrini, G. & Gasbarrini, A. (2002)

Meta-analysis: the effect of probiotic administration

on antibiotic-associated diarrhoea. Alimentary

Pharmacology & Therapeutics 16, 1461–1467.

de Vrese, M. & Schrezenmeir, J. (2008) Probiotics,

Prebiotics, and Synbiotics. Food Biotechnology

111, 1–66.

de Vrese, M., Winkler, P., Rautenberg, P., Harder, T.,

Noah, C., Laue, C., Ott, S., Hampe, J., Schreiber, S.,

Heller, K. & Schrezenmeir, J. (2005) Effect of

Lactobacillus gasseri PA 16/8, Bifidobacterium

longum SP 07/3, B-bifidum MF 20/5 on common

cold episodes: a double blind, randomized, con-

trolled trial. Clinical Nutrition 24, 481–491.

de Vrese, M., Winkler, P., Rautenberg, P., Harder, T.,

Noah, C., Laue, C., Ott, S., Hampe, J., Schreiber, S.,

Heller, K. & Schrezenmeir, J. (2006) Probiotic

bacteria reduced duration and severity but not the

incidence of common cold episodes in a double

blind, randomized, controlled trial. Vaccine 24,

6670–6674.

Delcenserie, V., Martel, D., Lamoureux, M., Amiot, J.,

Boutin, Y. & Roy, D. (2008) Immunomodulatory

effects of probiotics in the intestinal tract. Current

Issues in Molecular Biology 10, 37–54.

Della Riccia, D. N., Bizzini, F., Perilli, M. G.,

Polimeni, A., Trinchieri, V., Amicosante, G. &

Cifone, M. G. (2007) Anti-inflammatory effects of

Lactobacillus brevis (CD2) on periodontal disease.

Oral Diseases 13, 376–385.

Elli, M., Zink, R., Rytz, A., Reniero, R. & Morelli, L.

(2000) Iron requirement of Lactobacillus spp. in

completely chemically defined growth media. Jour-

nal of Applied Microbiology 88, 695–703.

Falagas, M. E., Betsi, G. I. & Athanasiou, S. (2007)

Probiotics for the treatment of women with bacter-

ial vaginosis. Clinical Microbiology and Infection

13, 657–664.

Felley, C. P., Corthesy-Theulaz, I., Rivero, J. L. B.,

Sipponen, P., Kaufmann, M., Bauerfeind, P., Wie-

sel, P. H., Brassart, D., Pfeifer, A., Blum, A. L. &

Michetti, P. (2001) Favourable effect of an acidified

milk (LC-1) on Helicobacter pylori gastritis in man.

European Journal of Gastroenterology & Hepatol-

ogy 13, 25–29.

Forsythe, P., Inman, M. D. & Bienenstock, J. (2007)

Oral treatment with live Lactobacillus reuteri inhi-

bits the allergic airway response in mice. American

Journal of Respiratory and Critical Care Medicine

175, 561–569.

Fuller, R. (1989) Probiotics in man and animals.

Journal of Applied Bacteriology 66, 365–378.

Gaon, D., Garmendia, C., Murrielo, N. O., Games, A.

D., Cerchio, A., Quintas, R., Gonzalez, S. N. &

Oliver, G. (2002) Effect of Lactobacillus strains (L.

casei and L. acidophillus strains CERELA) on

bacterial overgrowth-related chronic diarrhea. Med-

icina-Buenos Aires 62, 159–163.

Gillor, O., Etzion, A. & Riley, M. A. (2008) The dual

role of bacteriocins as anti- and probiotics. Applied

Microbiology and Biotechnology 81, 591–606.

Gionchetti, P., Rizzello, F., Venturi, A. & Campieri,

M. (2000) Probiotics in infective diarrhoea and

inflammatory bowel diseases. Journal of Gastro-

enterology and Hepatology 15, 489–493.

Goldin, B. R. & Gorbach, S. L. (1984) The effect of

milk and Lactobacillus feeding on human intestinal

bacterial enzyme-activity. American Journal of

Clinical Nutrition 39, 756–761.

Goodson, J. M., Tanner, A., McArdle, S., Dix, K. &

Watanabe, S. M. (1991) Multicenter evaluation of

tetracycline fiber therapy. III. Microbiological

174 Teughels et al.

r 2011 John Wiley & Sons A/S



response. Journal of Periodontal Research 26, 440–

451.

Gordon, D. M. (2009) The potential of bacteriocin-

producing probiotics and associated caveats. Future

Microbiology 4, 941–943.

Grudianov, A. I., Dmitrieva, N. A. & Fomenko, E. V.

(2002) Use of probiotics Bifidumbacterin and Aci-

lact in tablets in therapy of periodontal inflamma-

tions. Stomatologiia (Mosk) 81, 39–43.

Haffajee, A. D., Arguello, E. I., Ximenez-Fyvie, L. A.

& Socransky, S. S. (2003) Controlling the plaque

biofilm. International Dental Journal 53 (Suppl. 3),

191–199.

Harper, D. S. & Robinson, P. J. (1987) Correlation of

histometric, microbial, and clinical indicators of

periodontal disease status before and after root

planing. Journal of Clinical Periodontology 14,

190–196.

Haskard, C. A., El-Nezami, H. S., Kankaanpaa, P. E.,

Salminen, S. & Ahokas, J. T. (2001) Surface

binding of aflatoxin B-1 by lactic acid bacteria.

Applied and Environmental Microbiology 67,

3086–3091.

Hatakka, K., Ahola, A. J., Yli-Knuuttila, H., Richard-

son, M., Poussa, T., Meurman, J. H. & Korpela, R.

(2007) Probiotics reduce the prevalence of oral

Candida in the elderly - A randomized controlled

trial. Journal of Dental Research 86, 125–130.

Haukioja, A., Loimaranta, V. & Tenovuo, J. (2008)

Probiotic bacteria affect the composition of salivary

pellicle and Streptococcal adhesion in vitro. Oral

Microbiology and Immunology 23, 336–343.

Havenaar, R. & Huis In’t Veld, J. M. J. (1992)

Probiotics: a general view. In: Wood, B. J. (ed).

Lactic Acid Bacteria in Health and Disease, Vol. 1,

pp. 151–170, London: Elsevier Applied Science

Publishers.

Hawrelak, J. A., Whitten, D. L. & Myers, S. P. (2005)

Is Lactobacillus rhamnosus GG effective in pre-

venting the onset of antibiotic-associated diarrhoea:

a systematic review. Digestion 72, 51–56.

Henker, J., Schuster, F. & Nissler, K. (2001) Success-

ful treatment of gut-caused halitosis with a suspen-

sion of living non-pathogenic Escherichia coli

bacteria - a case report. European Journal of

Pediatrics 160, 592–594.

Hillman, J. D. (2002) Genetically modified Strepto-

coccus mutans for the prevention of dental caries.

Antonie Van Leeuwenhoek International Journal of

General and Molecular Microbiology 82, 361–366.

Hillman, J. D., Brooks, T. A., Michalek, S. M.,

Harmon, C. C., Snoep, J. L. & Van Der Weijden,

C. C. (2000) Construction and characterization of

an effector strain of Streptococcus mutans for

replacement therapy of dental caries. Infection and

Immunity 68, 543–549.

Hillman, J. D., Mo, J., McDonell, E., Cvitkovitch, D.

& Hillman, C. H. (2007) Modification of an effector

strain for replacement therapy of dental caries to

enable clinical safety trials. Journal of Applied

Microbiology 102, 1209–1219.

Hillman, J. D. & Shivers, M. (1988) Interaction

between wild-type, mutant and revertant forms of

the bacterium Streptococcus sanguis and the bac-

terium Actinobacillus actinomycetemcomitans in

vitro and in the gnotobiotic rat. Archives of Oral

Biology 33, 395–401.

Hillman, J. D., Socransky, S. S. & Shivers, M. (1985)

The relationships between Streptococcal species

and periodontopathic bacteria in human dental

plaque. Archives of Oral Biology 30, 791–795.

Ishikawa, H., Aiba, Y., Nakanishi, M., Oh-Hashi, Y. &

Koga, Y. (2003a) Suppression of periodontal patho-

genic bacteria in the saliva of humans by the

administration of Lactobacillus salivarius TI2711.

Journal of the Japanese Assocation of Perio-

dontology 45, 105–112.

Ishikawa, H., Akedo, I., Umesaki, Y., Tanaka, R.,

Imaoka, A. & Otani, T. (2003b) Randomized con-

trolled trial of the effect of Bifidobacteria-fermen-

ted milk on ulcerative colitis. Journal of the

American College of Nutrition 22, 56–63.

Isolauri, E. (2003) Probiotics in the treatment and

prevention of allergies. Monatsschrift Kinderheilk-

unde 151, S27–S30.

Isolauri, E., Arvola, T., Sutas, Y., Moilanen, E. &

Salminen, S. (2000) Probiotics in the management

of atopic eczema. Clinical and Experimental

Allergy 30, 1604–1610.

Kalliomaki, M., Salminen, S., Arvilommi, H., Kero,

P., Koskinen, P. & Isolauri, E. (2001) Probiotics in

primary prevention of atopic disease: a randomized

placebo-controlled trial. Lancet 357, 1076–1079.

Kang, M. S., Chung, J., Kim, S. M., Yang, K. H. & Oh,

J. S. (2006a) Effect of Weissella cibaria isolates on

the formation of Streptococcus mutans biofilm.

Caries Research 40, 418–425.

Kang, M. S., Kim, B. G., Chung, J., Lee, H. C. & Oh, J.

S. (2006b) Inhibitory effect of Weissella cibaria

isolates on the production of volatile sulphur com-

pounds. Journal of Clinical Periodontology 33,

226–232.

Kligler, B. & Cohrssen, A. (2008) Probiotics. Amer-

ican Family Physician 78, 1073–1078.

Koebnick, C., Wagner, I., Leitzmann, P., Stern, U. &

Zunft, H. J. F. (2003) Probiotic beverage containing

Lactobacillus casei Shirota improves gastrointest-

inal symptoms in patients with chronic constipation.

Canadian Journal of Gastroenterology 17, 655–

659.

Koll-Klais, P., Mandar, R., Leibur, E., Marcotte, H.,

Hammarstrom, L. & Mikelsaar, M. (2005) Oral

lactobacilli in chronic periodontitis and periodontal

health: species composition and antimicrobial activ-

ity. Oral Microbiology and Immunology 20, 354–

361.

Kragen, H. (1954) The treatment of inflammatory

affections of the oral mucosa with a lactic acid

bacterial culture preparation. Zahnärztlı̈che Welt 9,

306–308.

Krasse, P., Carlsson, B., Dahl, C., Paulsson, A.,

Nilsson, A. & Sinkiewicz, G. (2006) Decreased

gum bleeding and reduced gingivitis by the probio-

tic Lactobacillus reuteri. Swedish Dental Journal

30, 55–60.

Liljemark, W. F., Bloomquist, C. G., Uhl, L. A.,

Schaffer, E. M., Wolff, L. F., Pihlstrom, B. L. &

Bandt, C. L. (1984) Distribution of oral Haemophi-

lus species in dental plaque from a large adult

population. Infection and Immunity 46, 778–786.

Lilly, D. M. & Stillwell, R. H. (1965) Probiotics:

growth-promoting factors produced by microorgan-

isms. Science 147, 747–748.

Lima, F. L., Farias, F. F., Carvalho, M. A. R., Alviano,

C. S. & Farias, L. M. (2002) Influence of abiotic

factors on the bacteriocinogenic activity of Actino-

bacillus actinomycetemcomitans. Research in

Microbiology 153, 249–252.

Link-Amster, H., Rochat, F., Saudan, K. Y., Mignot,

O. & Aeschlimann, J. M. (1994) Modulation of a

specific humoral immune response and changes in

intestinal flora mediated through fermented milk

intake. Fems Immunology and Medical Microbiol-

ogy 10, 55–63.

Magnusson, I., Lindhe, J., Yoneyama, T. & Liljenberg,

B. (1984a) Recolonization of a subgingival micro-

biota following scaling in deep pockets. Journal of

Clinical Periodontology 11, 193–207.

Magnusson, I., Lindhe, J., Yoneyama, T. & Liljenberg,

B. (1984b) Recolonization of a subgingival micro-

biota following scaling in deep pockets. Journal of

Clinical Periodontology 11, 193–207.

Maiden, M. F., Tanner, A., McArdle, S., Najpauer, K.

& Goodson, J. M. (1991) Tetracycline fiber therapy

monitored by DNA probe and cultural methods.

Journal of Periodontal Research 26, 452–459.

Majamaa, H., Isolauri, E., Saxelin, M. & Vesikari, T.

(1995) Lactic acid bacteria in the treatment of acute

Rotavirus gastroenteritis. Journal of Pediatric Gas-

troenterology and Nutrition 20, 333–338.

Makras, L. & De Vuyst, L. (2006) The in vitro

inhibition of Gram-negative pathogenic bacteria

by Bifidobacteria is caused by the production of

organic acids. International Dairy Journal 16,

1049–1057.

Mashimo, P. A., Yamamoto, Y., Nakamura, M.,

Reynolds, H. S. & Genco, R. J. (1985) Lactic acid

production by oral Streptococcus mitis inhibits the

growth of oral Capnocytophaga. Journal of Perio-

dontology 56, 548–552.

Matsuoka, T., Sugano, N., Takigawa, S., Takane, M.,

Yoshinuma, N., Ito, K. & Koga, Y. (2006) Effect of

oral Lactobacillus salivarius TI2711 (LS1) admin-

istration on periodontopathogenic bacteria in sub-

gingival plaque. Journal of the Japanase

Association of Periodontology 48, 315–324.

Mayanagi, G., Kimura, M., Nakaya, S., Hirata, H.,

Sakamoto, M., Benno, Y. & Shimauchi, H. (2009)

Probiotic effects of orally administered Lactobacil-

lus salivarius WB21-containing tablets on period-

ontopathic bacteria: a double-blinded, placebo-

controlled, randomized clinical trial. Journal of

Clinical Periodontology 36, 506–513.

Meurman, J. H. (2005) Probiotics: do they have a role

in oral medicine and dentistry? European Journal of

Oral Sciences 113, 188–196.

Meurman, J. H. & Stamatova, I. (2007) Probiotics:

contributions to oral health. Oral Diseases 13, 443–

451.

Montalto, M., Vastola, M., Marigo, L., Covino, M.,

Graziosetto, R., Curigliano, V., Santoro, L., Cuoco,

L., Manna, R. & Gasbarrini, G. (2004) Probiotic

treatment increases salivary counts of Lactobacilli:

a double-blind, randomized, controlled study.

Digestion 69, 53–56.

Mousques, T., Listgarten, M. A. & Phillips, R. W.

(1980) Effect of scaling and root planing on the

composition of the human subgingival microbial

flora. Journal of Periodontal Research 15, 144–151.

Nackaerts, O., Jacobs, R., Quirynen, M., Rober, M.,

Sun, Y. & Teughels, W. (2008) Replacement ther-

apy for periodontitis: pilot radiographic evaluation

in a dog model. Journal of Clinical Periodontology

35, 1048–1052.

Naidu, A. S., Bidlack, W. R. & Clemens, R. A. (1999)

Probiotic spectra of lactic acid bacteria (LAB).

Critical Review in Food, Science and Nutrition

39, 13–126.

Naruszewicz, M., Johansson, M. L., Zapolska-Down-

ar, D. & Bukowska, H. (2002) Effect of Lactoba-

cillus plantarum 299v on cardiovascular disease

risk factors in smokers. American Journal of Clin-

ical Nutrition 76, 1249–1255.

Nase, L., Hatakka, K., Savilahti, E., Saxelin, M.,

Ponka, A., Poussa, T., Korpela, R. & Meurman, J.

H. (2001) Effect of long-term consumption of a

probiotic bacterium, Lactobacillus rhamnosus GG,

in milk on dental caries and caries risk in children.

Caries Research 35, 412–420.

Ng, S. C., Hart, A. L., Kamm, M. A., Stagg, A. J. &

Knight, S. C. (2009) Mechanisms of action of

probiotics: recent advances. Inflammatory Bowel

Diseases 15, 300–310.

Niedzielin, K., Kordecki, H. & Birkenfeld, B. (2001)

A controlled, double-blind, randomized study on

the efficacy of Lactobacillus plantarum 299V in

patients with irritable bowel syndrome. European

Journal of Gastroenterology & Hepatology 13,

1143–1147.

Nikawa, H., Makihira, S., Fukushima, H., Nishimura,

H., Ozaki, Y., Ishida, K., Darmawan, S., Hamada,

T., Hara, K., Matsumoto, A., Takemoto, T. & Aimi,

Probiotics in periodontology 175

r 2011 John Wiley & Sons A/S



R. (2004) Lactobacillus reuteri in bovine milk

fermented decreases the oral carriage of mutans

Streptococci. International Journal of Food Micro-

biology 95, 219–223.

Oelschlaeger, T. A. (2010) Mechanisms of probiotic

actions - A review. International Journal of Med-

ical Microbiology 300, 57–62.

Ogawa, T., Hashikawa, S., Asai, Y., Sakamoto, H.,

Yasuda, K. & Makimura, Y. (2006) A new synbio-

tic, Lactobacillus casei subsp casei together with

dextran, reduces murine and human allergic reac-

tion. Fems Immunology and Medical Microbiology

46, 400–409.

Oliveira, A. A. P., Farias, L. M., Nicoli, J. R., Costa, J.

E. & Carvalho, M. A. R. (1998) Bacteriocin pro-

duction by Fusobacterium isolates recovered from

the oral cavity of human subjects with and without

periodontal disease and of marmosets. Research in

Microbiology 149, 585–594.

Ouwehand, A. C., Lagstrom, H., Suomalainen, T. &

Salminen, S. (2002) Effect of probiotics on con-

stipation, fecal azoreductase activity and fecal

mucin content in the elderly. Annals of Nutrition

and Metabolism 46, 159–162.

Pangsomboon, K., Kaewnopparat, S., Pitakpornpree-

cha, T. & Srichana, T. (2006) Antibacterial activity

of a bacteriocin from Lactobacillus paracasei HL32

against Porphyromonas gingivalis. Archives of Oral

Biology 51, 784–793.

Parker, R. B. (1974) Probiotics, the other half of the

antibiotic story. Animal Nutritional Health 29, 4–8.

Pedrazzoli, V., Kilian, M., Karring, T. & Kirkegaard,

E. (1991) Effect of surgical and non-surgical

periodontal treatment on periodontal status and

subgingival microbiota. Journal of Clinical Perio-

dontology 18, 598–604.

Pelto, L., Isolauri, E., Lilius, E. M., Nuutila, J. &

Salminen, S. (1998) Probiotic bacteria down-regu-

late the milk-induced inflammatory response in

milk-hypersensitive subjects but have an immunos-

timulatory effect in healthy subjects. Cinical and

Experimental Allergy: Journal of the British Society

of Allergy and Clinical Immunology 28, 1474–1479.

Perdigon, G., Maldonado, G. C., Valdez, J. C. &

Medici, M. (2002) Interaction of lactic acid bacteria

with the gut immune system. European Journal of

Clinical Nutrition 56 (Suppl. 4), S21–S26.

Petersilka, G. J., Ehmke, B. & Flemmig, T. F. (2002)

Antimicrobial effects of mechanical debridement.

Periodontology 2000 28, 56–71.

Pham, L. C., van Spanning, R. J. M., Roling, W. F. M.,

Prosperi, A. C., Terefework, Z., Ten Cate, J. M.,

Crielaard, W. & Zaura, E. (2009) Effects of pro-

biotic Lactobacillus salivarius W24 on the compo-

sitional stability of oral microbial communities.

Archives of Oral Biology 54, 132–137.

Plinius Secundus (maior), G. (77 ad) Naturalis histor-

iae Vol. 28, pp. 36–135.

Pozharitskaia, M. M., Morozova, L. V., Mel’nichuk,

G. M. & Mel’nichuk, S. S. (1994) The use of the

new bacterial biopreparation Acilact in the com-

bined treatment of periodontitis. Stomatologiia

(Mosk) 73, 17–20.

Quirynen, M., Teughels, W., De Soete, M. & van

Steenberghe, D. (2002) Topical antiseptics and

antibiotics in the initial therapy of chronic adult

periodontitis: microbiological aspects. Perio-

dontology 2000 28, 72–90.

Quirynen, M., Vogels, R., Pauwels, M., Haffajee, A.

D., Socransky, S. S., Uzel, N. G. & van Steen-

berghe, D. (2005) Initial subgingival colonization of

‘pristine’ pockets. Journal of Dental Research 84,

340–344.

Rafter, J. J. (1995) The role of lactic acid bacteria in

colon-cancer prevention. Scandinavian Journal of

Gastroenterology 30, 497–502.

Reid, G. (2001) Probiotic agents to protect the uro-

genital tract against infection. American Journal of

Clinical Nutrition 73, 437S–443S.

Reid, G., Bruce, A. W. & Taylor, M. (1995) Instilla-

tion of Lactobacillus and stimulation of indigenous

organisms to prevent recurrence of urinary tract

infections. Microecology and Therapy 23, 32–45.

Reid, G., Kim, S. O. & Kohler, G. A. (2006) Selecting,

testing and understanding probiotic microorgan-

isms. Fems Immunology and Medical Microbiology

46, 149–157.

Roberts, F. A. & Darveau, R. P. (2002) Beneficial

bacteria of the periodontium. Periodontology 2000

30, 40–50.

Roos, K., Grahn, E., Holm, S. E., Johansson, H. &

Lind, L. (1993) Interfering alpha-Streptococci as a

protection against recurrent Streptococcal tonsillitis

in children. International Journal of Pediatric

Otorhinolaryngology 25, 141–148.

Roos, K., Holm, S. E., GrahnHakansson, E. & Lagerg-

ren, L. (1996) Recolonization with selected alpha-

Streptococci for prophylaxis of recurrent Strepto-

coccal pharyngotonsillitis - A randomized placebo-

controlled multicentre study. Scandinavian Journal

of Infectious Diseases 28, 459–462.

Salminen, M. K., Rautelin, H., Tynkkynen, S., Poussa,

T., Saxelin, M., Valtonen, V. & Jarvinen, A. (2004)

Lactobacillus bacteremia, clinical significance, and

patient outcome, with special focus on Probiotic L-

Rhamnosus GG. Clinical Infectious Diseases 38,

62–69.

Salvi, G. E. & Lang, N. P. (2005) The effects of non-

steroidal anti-inflammatory drugs (selective and

non-selective) on the treatment of periodontal dis-

eases. Current Pharmaceutical Design 11, 1757–

1769.

Sanz, M., Quirynen, M. & European, W. P. (2005)

Advances in the aetiology of periodontitis - Group

A Consensus report of the 5th European Workshop

in Periodontology. Journal of Clinical Perio-

dontology 32, 54–56.

Sbordone, L., Ramaglia, L., Gulletta, E. & Iacono, V.

(1990) Recolonization of the subgingival microflora

after scaling and root planing in human perio-

dontitis. Journal of Periodontology 61, 579–584.

Schaafsma, G. (1996) State of art concerning probiotic

strains in milk products. International Dairy Fed-

eration Nutrition Newsletter 5, 23–24.

Schrezenmeir, J. & de Vrese, M. (2001) Probiotics,

prebiotics, and synbiotics: approaching a definition.

American Journal of Clinical Nutrition 73, 361S–

364S.

Shimauchi, H., Mayanagi, G., Nakaya, S., Minamibu-

chi, M., Ito, Y., Yamaki, K. & Hirata, H. (2008)

Improvement of periodontal condition by probiotics

with Lactobacillus salivarius WB21: a randomized,

double-blind, placebo-controlled study. Journal of

Clinical Periodontology 35, 897–905.

Silva, M., Jacobus, N. V., Deneke, C. & Gorbach, S. L.

(1987) Antimicrobial substance from a human

Lactobacillus strain. Antimicrobial Agents and Che-

motherapy 31, 1231–1233.

Sliepen, I., Hofkens, J., Van, E. M., Quirynen, M. &

Teughels, W. (2008) Aggregatibacter actinomyce-

temcomitans adhesion inhibited in a flow cell. Oral

Microbiol Immunol 23, 520–524.

Sliepen, I., Van Damme, J., Van Essche, M., Loozen,

G., Quirynen, M. & Teughels, W. (2009a) Micro-

bial interactions influence inflammatory host cell

responses. Journal of Dental Research 88, 1026–

1030.

Sliepen, I., Van, E. M., Loozen, G., Van, E. J.,

Quirynen, M. & Teughels, W. (2009b) Interference

with Aggregatibacter actinomycetemcomitans:

colonization of epithelial cells under hydrodynamic

conditions. Oral Microbiol Immunol 24, 390–395.

Slots, J. & Rams, T. E. (1991) New views on

periodontal microbiota in special patient categories.

Journal of Clinical Periodontology 18, 411–420.

Smith, V. H. & Pippin, D. J. (1998) Implications of

resource-ratio theory for oral microbial ecology.

European Journal of Oral Sciences 106, 605–615.

Snydman, D. R. (2008) The safety of probiotics.

Clinical Infectious Diseases 46, S104–S111.

Socransky, S. S. & Haffajee, A. D. (1992) The

bacterial etiology of destructive periodontal dis-

ease: current concepts. Journal of Periodontology

63, 322–331.

Socransky, S. S. & Haffajee, A. D. (2002) Dental

biofilms: difficult therapeutic targets. Perio-

dontology 2000 28, 12–55.

Sookkhee, S., Chulasiri, M. & Prachyabrued, W.

(2001) Lactic acid bacteria from healthy oral cavity

of Thai volunteers: inhibition of oral pathogens.

Journal of Applied Microbiology 90, 172–179.

Staab, B., Eick, S., Knofler, G. & Jentsch, H. (2009)

The influence of a probiotic milk drink on the

development of gingivitis: a pilot study. Journal

of Clinical Periodontology 36, 850–856.

Stamatova, I. & Meurman, J. H. (2009a) Probiotics

and periodontal disease. Periodontology 2000 51,

141–151.

Stamatova, I. & Meurman, J. H. (2009b) Probiotics:

health benefits in the mouth. American Journal of

Dentistry 22, 329–338.

Stecksen-Blicks, C., Sjostrom, I. & Twetman, S.

(2009) Effect of long-term consumption of milk

supplemented with probiotic Lactobacilli and fluor-

ide on dental caries and general health in preschool

children: a cluster-randomized study. Caries

Research 43, 374–381.

Sugano, N., Matsuoka, T., Koga, Y. & Ito, K. (2007)

Effects of probiotics on periodontal disease. Den-

tistry in Japan 43, 123–126.

Takeda, K., Suzuki, T., Shimada, S. I., Shida, K.,

Nanno, M. & Okumura, K. (2006) Interleukin-12 is

involved in the enhancement of human natural

killer cell activity by Lactobacillus casei Shirota.

Clinical and Experimental Immunology 146, 109–

115.

Tanzer, J. M., Kurasz, A. B. & Clive, J. (1985)

Competitive displacement of mutans Streptococci

and inhibition of tooth decay by Streptococcus

salivarius TOVE-R. Infection and Immunity 48,

44–50.

Teanpaisan, R., Baxter, A. M. & Douglas, C. W. I.

(1998) Production and sensitivity of bacteriocin-

like activity among Porphyromonas gingivalis,

Prevotella intermedia and Pr-nigrescens strains

isolated from periodontal sites. Journal of Medical

Microbiology 47, 585–589.

Teughels, W., Haake, S. K., Sliepen, I., Pauwels, M.,

Van Eldere, J., Cassiman, J. J. & Quirynen, M.

(2007a) Bacteria interfere with A. actinomycetem-

comitans colonization. Journal of Dental Research

86, 611–617.

Teughels, W., Newman, M. G., Coucke, W., Haffajee,

A. D., Van der Mei, H. C., Haake, S. K., Schepers,

E., Cassiman, J. J., Van Eldere, J., van Steenberghe,

D. & Quirynen, M. (2007b) Guiding periodontal

pocket recolonization: a proof of concept. Journal

of Dental Research 86, 1078–1082.

Teughels, W., Van Essche, M., Sliepen, I. & Quirynen,

M. (2008) Probiotics and oral healthcare. Perio-

dontology 2000 48, 111–147.

Tompkins, G. R. & Tagg, J. R. (1986) Incidence and

characterization of anti-microbial effects produced

by Actinomyces viscosus and Actinomyces naeslun-

dii. Journal of Dental Research 65, 109–112.

Tsubura, S., Mizunuma, H., Ishikawa, S., Oyake, I.,

Okabayashi, M., Katoh, K., Shibata, M., Iizuka, T.,

Toda, T. & Iizuka, T. (2009) The effect of Bacillus

subtilis mouth rinsing in patients with periodontitis.

176 Teughels et al.

r 2011 John Wiley & Sons A/S



European Journal of Clinical Microbiology &

Infectious Diseases 28, 1353–1356.

Twetman, S., Derawi, B., Keller, M., Ekstrand, K.,

Yucel-Lindberg, T. & Stecksen-Blicks, C. (2009)

Short-term effect of chewing gums containing

probiotic Lactobacillus reuteri on the levels of

inflammatory mediators in gingival crevicular fluid.

Acta Odontologica Scandinavica 67, 19–24.

Van Hoogmoed, C. G., Geertsema-Doornbusch, G. I.,

Teughels, W., Quirynen, M., Busscher, H. J. & van

der Mei, H. C. (2008a) Reduction of periodontal

pathogens adhesion by antagonistic strains. Oral

Microbiology and Immunology 23, 43–48.

Van Hoogmoed, C. G., Geertsema-Doornbusch, G. I.,

Teughels, W., Quirynen, M., Busscher, H. J. & van

der Mei, H. C. (2008b) Reduction of periodontal

pathogens adhesion by antagonistic strains. Oral

Microbiology and Immunology 23, 43–48.

Van Hoogmoed, C. G., van der Kuijl-Booij, M., Van

der Mei, H. C. & Busscher, H. J. (2000) Inhibition

of Streptococcus mutans NS adhesion to glass with

and without a salivary conditioning film by biosur-

factant-releasing Streptococcus mitis strains.

Applied and Environmental Microbiology 66,

659–663.

van Winkelhoff, A. J., van der Velden, U. & de Graaff,

J. (1988a) Microbial succession in recolonizing

deep periodontal pockets after a single course of

supra- and subgingival debridement. Journal of

Clinical Periodontology 15, 116–122.

van Winkelhoff, A. J., van der Velden, U & de Graaff,

J. (1988b) Microbial succession in recolonizing

deep periodontal pockets after a single course of

supra- and subgingival debridement. Journal of

Clinical Periodontology 15, 116–122.

Vanderhoeven, J. S. & Camp, P. J. M. (1993) Mixed

continuous cultures of Streptococcus mutans with

Streptococcus sanguis or with Streptococcus oralis

as a model to study the ecological effects of the

lactoperoxidase system. Caries Research 27, 26–

30.

Vanderhoof, J. A., Young, R. J., Murray, N. &

Kaufmann, S. S. (1998) Treatment strategies for

small bowel bacterial overgrowth in short bowel

syndrome. Journal of Pediatric Gastroenterology

and Nutrition 27, 155–160.

Volozhin, A. I., Il’in, V. K., Maksimovskii, I., Sidor-

enko, A. B., Istranov, L. P., Tsarev, V. N., Istrano-

va, E. V. & Aboiants, R. K. (2004) Development

and use of periodontal dressing of collagen and

Lactobacillus casei 37 cell suspension in combined

treatment of periodontal disease of inflammatory

origin (a microbiological study). Stomatologiia

(Mosk) 83, 6–8.

Wade, W. G., Moran, J., Morgan, J. R., Newcombe, R.

& Addy, M. (1992) The effects of antimicrobial

acrylic strips on the subgingival microflora in

chronic periodontitis. Journal of Clinical Perio-

dontology 19, 127–134.

Wang, H. L., Greenwell, H. & Bissada, N. F. (1990)

Crevicular fluid iron changes in treated and

untreated periodontally diseased sites. Oral Surgery

Oral Medicine Oral Pathology Oral Radiology and

Endodontics 69, 450–456.

Wilson, M. (2005) Manipulation of the indigenous

microbiota. In Wilson, M. (ed.), Microbial Inhabi-

tants of Humans. pp. 365–416, New York: Cam-

bridge University Press.

Wolff, L., Dahlen, G. & Aeppli, D. (1994) Bacteria as

risk markers for periodontitis. Journal of Perio-

dontology 65, 498–510.

Wolff, L. F., Bakdash, M. B. & Bandt, C. L. (1985)

Microbial interpretation of plaque relative to the

diagnosis and treatment of periodontal disease.

Journal of Periodontology 56, 281–284.

Ximenez-Fyvie, L. A., Haffajee, A. D. & Socransky, S.

S. (2000a) Comparison of the microbiota of supra-

and subgingival plaque in health and periodontitis.

Journal of Clinical Periodontology 27, 648–657.

Ximenez-Fyvie, L. A., Haffajee, A. D., Som, S.,

Thompson, M., Torresyap, G. & Socransky, S. S.

(2000b) The effect of repeated professional supra-

gingival plaque removal on the composition of the

supra- and subgingival microbiota. Journal of Clin-

ical Periodontology 27, 637–647.

Zahradnik, R. T., Magnusson, I., Walker, C., McDo-

nell, E., Hillman, C. H. & Hillman, J. D. (2009)

Preliminary assessment of safety and effectiveness

in humans of ProBiora(3) (TM), a probiotic

mouthwash. Journal of Applied Microbiology 107,

682–690.

Zhang, G., Chen, R. & Rudney, J. D. (2008) Strepto-

coccus cristatus attenuates Fusobacterium nuclea-

tum-induced interleukin-8 expression in oral

epithelial cells. Journal of Periodontal Research

43, 408–416.

Address:

W. Teughels

Department of Periodontology

Research Group for Microbial Adhesion

Kapucijnenvoer 33

3000 Leuven

Belgium

E-mail: wim.teughels@med.kuleuven.be

Clinical Relevance

Scientific rationale for the study:
Oral healthcare workers are likely
to be confronted with the new phe-
nomenon of probiotics. Therefore,
the present review aimed to evaluate
the available scientific evidence

regarding the effects of probiotics
on periodontal health.
Principal findings: Although one can
question the selection of certain pro-
biotic strains and the applied metho-
dology of the studies, the currently
available literature shows that pro-
biotics could be effective in im-

proving periodontal health by manip-
ulating the periodontal microbiota.
Practical implications: At this
moment, practical implications
remain difficult due to the lack of
long-term studies using probiotics as
an adjunct to standard periodontal
healthcare.
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