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Abstract

Objectives Systematically review the available literature re-
garding the caries-preventive effect of probiotics.

Data, sources and study selection An electronic search was
conducted in three databases (PubMed MEDLINE, ISI Web
of Science and Cochrane Library) to identify all suitable
studies. The outcomes had to be presented as the effect of
probiotics on the incidence of caries or on the levels of mutans
streptococci and/or Lactobacillus species. Human studies,
written in English, with at least 15 participants, comparing a
probiotic product with a placebo/no probiotic were included.
Where possible, a meta-analysis was performed to obtain
quantitative data.

Results Since only two articles presented useful data on the
caries incidence, we focused on the surrogate endpoints:
mutans streptococci and/or Lactobacillus counts. The meta-
analysis showed that when the probiotic and control group are
compared after treatment, significantly more patients in the
probiotic group had low mutans streptococci (<10° CFU/ml)
counts and significantly less patients had high (>10° CFU/ml)
counts. Regarding the Lactobacillus counts, comparing the
probiotic and control group at the end of the probiotic use, no
significant differences could be observed, neither in low
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(<10* CFU/ml) nor in high Lactobacillus (>10° CFU/ml)
counts.

Conclusions Within the limitations of the available data, it
may be concluded that probiotics decrease the mutans strep-
tococci counts. This suggests that probiotics could have a
positive effect in the prevention of caries.

Clinical relevance There is insufficient evidence that
probiotics can prevent caries, but they can reduce the mutans
streptococci counts.

Keywords Probiotics - Caries - Tooth decay - Cariogenic
bacteria - Mutans streptococci - Lactobacilli - Streptococcus
mutans

Introduction

Dental caries is one of the most common preventable diseases
and affects people of all ages [1]. It results from a disturbance
in the ecological balance at the tooth surface which ultimately
leads to loss of tooth mineral [2]. Endogenous, acidogenic
bacteria (largely Streptococcus mutans, Streptococcus
sobrinus and Lactobacillus spp. [3—7]) are of importance since
they produce organic acids which demineralize the hard tis-
sues [1, 4, 8-10]. Besides cariogenic bacteria, a susceptible
host and nutrients are considered as essential elements in the
aetiology of dental caries [11]. Furthermore, the time factor is
important for the production of acids and the subsequent
demineralization of tooth structures [11].

Current preventive strategies for dental caries target the
host factors, dietary factors and the removal of the plaque
biofilm. They encompass mainly the use of topical fluorides,
dietary monitoring, and mechanical and chemical plaque con-
trol [3]. Recently, the caries preventive effect of probiotics has
been suggested [12—14]. Probiotics are defined by the WHO
as living microorganisms that confer a health benefit for the

@ Springer


http://dx.doi.org/10.1007/s00784-014-1228-z

1540

Clin Oral Invest (2014) 18:1539-1552

host when administered in sufficient amounts (www.who.int/
foodsafety/fs_management/en/probiotic_guidelines.pdf) [17].
Although their mechanisms of action are still poorly
understood, it is known that probiotics can produce
substances such as bacteriocins against pathogenic bacteria
[15, 16]. Furthermore, they can stimulate local immunity,
modulate the inflammatory response, modify the
environment and compete with pathogens for binding sites
and nutrients [15, 16].

To date, the effect of probiotics on systemic health and
medical disorders is elaborately described [17]. Positive ef-
fects have been shown not only in the field of gastrointestinal
diseases, e.g. for diarrhoea, inflammatory bowel disease and
irritable bowel syndrome, but also for atopic diseases and
cancer [17]. Over the recent years, an increasing interest in
probiotics from an oral health perspective has emerged. The
effect of probiotics on halitosis [18-20], candidiasis [21, 22]
and periodontitis [23-3 1] (for review, see Teughels et al., 2011
[15]) has been investigated. Additionally, several papers have
examined the effect of probiotics on caries. Recently, a sys-
tematic review showed that probiotics have the capacity to
reduce mutans streptococci counts in short-term. However, a
meta-analysis evaluating this effect has not yet been carried
out. Therefore, this study aimed at systematically evaluating
the current literature by means of a meta-analysis. The primary
outcome variable of interest was caries incidence and as
secondary parameters the surrogate endpoints, mutans strep-
tococci and lactobacilli counts, were analysed.

Materials and methods

This systematic review was conducted in accordance with the
guidelines of the Transparent Reporting of Systematic Re-
views and Meta-Analyses (PRISMA) [32].

Focused PICO question

What is, in healthy humans, the effect of probiotics compared
to a placebo just after its usage on caries incidence and on the
level of mutans streptococci and lactobacilli spp. in the oral
cavity?

Search strategy

A computerized literature search of PubMed MEDLINE, ISI
Web of Knowledge®™ and the Cochrane databases was per-
formed in order to identify all studies concerning caries and
probiotics regardless of their publication status. These
searches were restricted till June 2013. Additional hand
searches were performed and included the following: (1)
bibliographies of previous reviews on the subject [12-14,
16, 33-35], (2) bibliographies of all publications cited in these
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articles and (3) cited reference searches of the publications
considered using the ISI Web of KnowledgeS™.

Search terms

Although there are some differences, no differentiation was
made between probiotics and replacement therapy (also
known as bacteriotherapy or bacterial interference) given the
confusion regarding the use of these terms [15]. The following
search was used: “probiotic OR replacement therapy OR
bacterial interference OR bacteriotherapy” AND “dental car-
ies OR tooth decay OR cariogenic bacteria OR Streptococcus
mutans” OR “lactobacilli and dental”.

Eligibility criteria

Following criteria were used for inclusion: studies in the
English language conducted in humans. The intervention
must comprise the use of a probiotic versus a placebo or no
probiotic. For our primary parameter of interest, the results
had to be presented as the effect of probiotics on the incidence
of caries. For the indirect effect, the outcome measures had to
be presented as the levels of mutans streptococci and/or
Lactobacillus species, which are surrogate endpoints in the
development of caries. The evaluation of all parameters had to
take place before and just after using the probiotic. Only
controlled clinical trials with at least 15 participants for each
group were included.

Exclusion criteria

Studies that explicitly mentioned that the patients were wear-
ing fixed orthodontic appliances were excluded, because this
may facilitate the establishment and growth of cariogenic
streptococci strains [36]. Studies with only a positive control
group were excluded.

Risk of bias assessment

A quality assessment was conducted to evaluate the method-
ological quality of the selected studies. This was based on the
randomized controlled trial (RCT) checklist of the Cochrane
Center, the CONSORT guidelines [37], the Delphi list [38]
and the checklist as proposed by Van der Weijden et al. [39].
Seven criteria from these lists were selected to assess risk of
bias, namely random allocation, blinding of the participants
and personnel, blinding of outcome assessment, defined in-
clusion and exclusion criteria, identical treatment between
groups except for the intervention, incomplete outcome data
and selective reporting.

‘When all these criteria were assessed as low risk of bias, the
article was classified as having a low risk of bias. When one or
two of these criteria were assessed as high risk of bias or
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unclear, the study was regarded to have a moderate potential
risk of bias. The risk of potential bias was high, when three or
more criteria had a high or unclear risk of bias. Two reviewers
assessed the risk of bias independently (VD, IL).

Data extraction

Two reviewers (VD, IL) independently screened the
titles and subsequent the abstracts of all articles found.
When there was disagreement or when an abstract
contained insufficient information, the full text of the
paper was reviewed. The final inclusion of studies was
then made by discussion. Thereafter, both reviewers
extracted the data separately from the selected papers.
This information was transferred to a data extraction
sheet. The following characteristics were abstracted
from each study: first author, year of publication, age
of subjects, study design, length of treatment, number of
subjects in each treatment group, vehicle, type and
amount of probiotic used, publication bias and original
author’s conclusion.

Data analysis

Concerning the levels of mutans streptococci and
lactobacilli species, the intergroup comparisons after
treatment and intragroup comparisons, as described by
the authors, were placed in a table. All available micro-
biological data regarding the mutans streptococci and
Lactobacillus counts were arranged in groups in analogy
with the interpretation charts of these chairside tests.
The microbiological results from the studies using spe-
cific agars were placed in a table with the baseline and
post-treatment counts (expressed as mean and standard
deviation) (this tables are available online).

Where possible, a meta-analysis for binary outcomes
was performed regarding the number of patients in the
probiotic versus the control group in the clusters with
the highest and lowest bacterial counts both before and
after treatment. Fixed effects were applied. Relative
risks were calculated and they were, together with their
corresponding confidence intervals, displayed in forest
plots. Comparisons were made between placebo control
(C) and probiotic groups (P) before and after treatment.
In addition, for the control and probiotics group, data
collected before treatment were also compared with
those from after the treatment. For all studies, the mi-
crobiological levels at baseline and at the end of the
probiotic usage (post-intervention) were used for this
review. When data were missing, incomplete or ambig-
uous, the authors were contacted.

Results
Search and selection

The electronic searches through the MEDLINE, Cochrane
and ISI Web of Knowledge®™ retrieved 725 unique articles
as summarized in Fig. 1. Of these, 690 were removed after a
first selection and 35 articles were read full text for eligibility.
Three studies were excluded because they appeared to be
in vitro studies [20, 40, 41] Three studies did not have a
control group [30, 42, 43]. One study had only a positive
control as control group [44]. One study combined the use
of a probiotic with the use of fluor [45]. And two studies
combined the use of a probiotic with the use of xylitol [46,
47]. One study was conducted in patients wearing fixed or-
thodontic appliances [48]. And finally, five studies included
less than 15 patients in each group [49-53]. This resulted in
the retrieval of 19 publications. For two of these studies, we
took only the data into consideration from the probiotic and/or
test groups that met the inclusion criteria [54, 55].

Pubmed : ISI Web of Cochrane
525 arti l. KnowledgeSM: database:
alees 341 articles 0 articles

>~ 7

[ 725 records after removing duplicates J

‘)[

‘ 35 full-text articles assessed for ’

eligibility
ﬂmoved:

- in vitro: Kang et al., 2006;
Simark-Mattsson et al., 2007;
Khanafari et al., 2012

- no control group Hillman et al.,
1987; Zahradnik et al., 2009;
Glavina et al,, 2012

- positive control group: Chuang et
al, 2011

- probiotic group: combined the
use of a probiotic with the use of
fluor: Stecksen-Blicks et al., 2009;
combined the use of probiotic with
xylitol: Taipale et al.,, 2012 & 2013
- patients with fixed orthodontic
appliances: Cildir et al., 2009

-<15 subjects: Montalto et al.
2004; Caglar et al. 2008a; Lexner
et al. 2010; Sinkiewicz et al. 2010;

Qﬂrt’cinen etal, 2010

‘ 19 studies included for descriptive ’

690 articles excluded }

analysis

!

‘ 12 studies included in meta-analysis ’

Fig. 1 Search strategy
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Outcome results

Table 1 summarizes the study characteristics and their out-
comes. The selected papers were substantially heterogeneous
in their set-up, duration, used probiotics, mode of application
and the assessment criteria. The number and the age of the
participants varied among the studies.

Characteristics of the study design

Since only two articles that met our inclusion criteria were
found that used caries incidence as outcome measure, it was
decided to mainly focus on mutans streptococci and
Lactobacillus counts. All included studies had as outcome
measures mutans streptococci and/or Lactobacillus counts or
the prevalence of patients having low, medium or high counts
of either mutans streptococci or lactobacilli. All studies had an
evaluation moment immediately post-intervention. Five stud-
ies had an extra evaluation moment some weeks later [21,
56-59].

Characteristics of the study population

Three studies did not mention if there were untreated caries
lesions present in their study population [21, 56, 58]. This was
an exclusion criterion for 13 studies [44, 54, 57, 59-68]. In
three studies, caries was present in the study population [55,
69, 70]. Often, specific patient groups were used in the studies.
Certain studies focused on specific age groups such as chil-
dren [56, 58, 6466, 69, 71] or elderly people [55]. Cildir and
coworkers explicitly focused on operated cleft lip/palate chil-
dren [64]. Other studies targeted patient groups with moderate
to high (>10* CFU) [56, 58, 68] or high (>10°> CFU/ml saliva)
[56, 57, 59] salivary mutans streptococci counts. One study
selected only female subjects who were studying to become a
dental hygienist [60]. Another study recruited their subjects
from the University of Helsinki, Helsinki area polytechnic
schools and Valio Ltd. personnel in Helsinki [21].

Fig. 2 Forest plot of comparison: Study or Subgroup

Type of probiotic and way of administration

Nine studies did not report on the time between brushing and
the use of the probiotic product [44, 55, 59, 60, 65, 66, 68, 69,
71], but the other authors suggest to wait 1 h after administra-
tion of the probiotic. One study [58] suggested using the
probiotic lozenges after brushing.

Microbiological changes
Mutans streptococci

Tables 3 and 4 of the online appendix show the raw microbi-
ological data. Table 5 in the online appendix shows the post-
intervention microbiological results presented as intergroup
comparison after treatment and intragroup comparison.

Twelve studies reported a significant reduction in mutans
streptococci when a probiotic was used [54, 56, 57, 6063,
65-67, 70, 71]. A decrease of the mutans streptococci counts
could also be observed in one control group [57]. However, in
this study, a pre-treatment with a chlorhexidine mouthwash
was performed. In contrast, four studies reported no signifi-
cant differences in mutans streptococci counts [55, 59, 64, 68],
albeit one of them [55] described a tendency to reduced
counts. No study reported an increase in mutans streptococci
numbers when probiotics were used.

In contrast to the intragroup comparisons, the inter-
group comparisons were made in only a few studies.
Four authors investigated the intergroup comparison on-
ly at the beginning of the study [54, 62, 64, 70], to
examine whether they start with similar groups
concerning the microbiological counts. Three studies
found a significant difference at the end of the study
between the mutans streptococci counts in the probiotic
versus control group [63, 65, 71], this difference was
not noticed at baseline. In contrast, six studies could not
detect a statistically significant difference, neither at
baseline nor at the end of the probiotic usage [21, 56,
58, 59, 67, 68].

Risk Ratio
M-H, Fixed, 95% ClI

Probiotic (P) Control (C) Risk Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI

Nése 2001

Ahola 2002

Caglar 2005

Caglar 2006 1
Caglar 2006 2
Caglar 2007

Caglar 2008

Cogulu 2010 1
Cogulu 2010 2

Cildir 2011

Jindal 2011 1

Jindal 2011 2

Singh 2011
Mortazavi & Akhlaghi
Keller & Twetman 2012

probiotic versus control group,
outcome <10° mutans
streptococci

Total (95% CI)
Total events

Heterogeneity: Chi? = 13.24, df = 14 (P = 0.51); I* = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
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197 231 178 220 45.5% 1.05[0.97, 1.15]

19 38 14 36 3.6% 1.29[0.77,2.16]
10 21 11 21 2.7%  0.91[0.50, 1.67]
15 30 15 30  3.7%  1.00[0.60, 1.66]
19 30 18 30  45%  1.06[0.71,1.57]
1720 12 20 3.0% 1.42[0.95,2.12]
23 23 18 24 45%  1.32[1.04,1.68] -
24 35 23 34 5.8%  1.01[0.73, 1.40]
27 35 23 34 5.8%  1.14[0.85, 1.53]
7 19 9 19  2.2%  0.78[0.37, 1.66]
23 50 14 50 3.5%  1.64[0.96,2.81]
22 50 14 50 35%  1.57[0.91,2.71]
29 39 26 39 6.5%  1.12[0.84, 1.49]
21 29 16 31 3.9%  1.40[0.93,2.11]
8 18 5 18  12%  1.601[0.65,3.96]
668 656 100.0%  1.14 [1.06, 1.23]
461 396
001 0.1 1 10 100
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. . . Probiotic (P) Control (C) Risk Ratio Risk Ratio
Flg' 3 .FOI'GSt plOt ofcompanson. Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
probiotic versus control group, Nase 2001 14 231 15 220 25.7%  0.89[0.44, 1.80] ——
outcome >10° mutans Ahola 2002 38 10 36 17.1%  0.47[0.18, 1.25] —
. Caglar 2005 1 21 3 21 5.0% 0.33 [0.04, 2.95] e — —
streptococct Caglar 2006 1 130 7 30 1L7%  0.14[0.02,1.09] ——=—i
Caglar 2006 2 3 30 6 30 10.0% 0.50[0.14, 1.82] I
Caglar 2007 0 20 4 20 7.5% 0.11[0.01,1.94] ¢—————
Caglar 2008 0 23 0 24 Not estimable
Cildir 2011 7 19 7 19 11.7% 1.00 [0.43, 2.30] I
Mortazavi & Akhlaghi 2 29 7 31 11.3% 0.31[0.07, 1.35] e —
Total (95% CI) 441 431 100.0% 0.55 [0.37, 0.82] <&
Total events 33 59
ity: Chi? = = = 2= r ! } |
Heterogeneity: Chi* = 7.55,df =7 (P = 0.37); I° = 7% ol o1 10 100

Test for overall effect: Z = 2.95 (P = 0.003)

Lactobacillus species

With regard to the Lactobacillus counts, the results are even
more divergent. One study described decreased lactobacilli
counts in one of their two probiotic groups [63]. In contrast,
two studies observed a significant increase in lactobacilli
counts [57, 68]. Although the majority of studies did not find
significant differences in lactobacilli counts between the pro-
biotic group and the control group [54, 55, 61, 62, 64, 66, 67,
70].

Concerning the intergroup comparison, four authors inves-
tigated this only at the beginning of the study [54, 62, 66, 70],
to examine whether they start with similar groups concerning
the microbiological counts. One study found a significant
reduction of the Lactobacillus counts in the probiotic group
compared with the control group [63]. Four studies could not
detect a statistically significant difference, neither at baseline
nor at the end of the probiotic usage [21, 58, 67, 68].

Meta-analysis

Of these, twelve articles could be used for a meta-analysis
since data could be unambiguously extracted regarding the
number of patients having low, medium or high counts of
either mutans streptococci or lactobacilli.

The variety with which the available data were presented
made it impossible to include all the studies in a meta-analysis.
Most studies used a chairside test for evaluating the microbial
counts, dividing the patients into groups with low, moderate or
high microbial counts. However, the study of Petersson et al.
(2011) could not be used, because in this paper, there is only
mentioned in how much patients’ mutans streptococci or

Favours probiotic Favours control

lactobacilli are detected [55]. Additionally, two studies which
used cultivation methods presented their data accordingly to
the data obtained with chairside tests and could be included in
the meta-analysis [65, 67]. Of the remaining studies that made
use of cultivation methods, only from two studies it was
possible to unambiguously extract all necessary data as medi-
an and standard deviation, which is too little to perform a
meaningful meta-analysis.

The results of this meta-analysis are displayed in Table 6
and 7 of the online appendix, respectively, as the intergroup
and the intragroup analysis.

This meta-analysis showed that when the number of pa-
tients with the highest mutans streptococci counts for the
probiotic group was compared before and after treatment, a
significant decrease could be observed (RR=0.37; 95 % CI
0.25 to 0.53). This could not be observed in the control group
(RR=0.86; 95 % CI 0.63 to 1.17). When comparing the
number of patients with low mutans streptococci counts be-
fore and after intervention in the probiotic group, a significant
increase was noted (RR=1.33; 95 % CI 1.22 to 1.44). In the
control group, a similar but more modest effect could be seen
(RR=1.12; 95 % CI 1.02 to 1.22).

Intergroup comparisons showed that when the probiotic
and control groups were compared after treatment, signif-
icantly more patients in the probiotic groups had low
mutans streptococci (<10° CFU/ml) counts (RR=1.14;
95 % CI 1.06 to 1.23) (Fig. 2) and significantly less
patients in the probiotic group had high (>10° CFU/ml)
counts (RR=0.55; 95 % CI 0.37 to 0.82) (Fig. 3). This
pronounced significant difference was not present at base-
line (respectively, RR=0.95; 95 % CI 0.87 to 1.05 and
RR=1.35; 95 % CI 1.02 to 1.78).

. . . Probiotic (P) Control (C) Risk Ratio Risk Ratio
Flg' 4 .FOI'CSI plOt ofcompanson. Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
probiotic versus control group: Ahola 2002 9 38 5 36 23.5% 1.71[0.63, 4.61] —f—
4 4H Caglar 2005 5 21 2 21 9.2% 2.50[0.54, 11.48] —
outcome <10” lactobacilli 9 :
Caglar 2006 1 3 30 3 30 13.7% 1.00 [0.22, 4.56] . E—
Caglar 2006 2 1 30 0 30 2.3% 3.00[0.13, 70.83] —_—
Caglar 2007 3 20 2 20 9.2% 1.50[0.28, 8.04] e e —
Caglar 2008 0 23 0 24 Not estimable
Cildir 2011 7 19 0 19 2.3% 15.00 [0.92, 245.39] —
Singh 2011 0 39 0 39 Not estimable
Mortazavi & Akhlaghi 8 29 9 31 39.8% 0.95[0.42, 2.13] ——
Total (95% CI) 249 250 100.0% 1.70 [1.05, 2.75] s 2
Total events 36 21
itv- Chi2 = - - S22 = k + + J
Heterogeneity: Chi® = 5.18, df = 6 (P = 0.52); I° = 0% 02 o1 T 50

Test for overall effect: Z = 2.14 (P = 0.03)
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. . . Probiotic (P) Control (C) Risk Ratio Risk Ratio
Flg' 5 .FOI'GSt plOt ofcompanson. Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
probiotic versus control group, Ahola 2002 13 38 15 36 12.8%  0.82[0.46, 1.48] —
6 1 Caglar 2005 9 21 7 21 5.8% 1.29[0.59, 2.81] -
> s
outcome >10 laCtObaCﬂh Caglar 2006 1 15 30 15 30 12.5% 1.00 [0.60, 1.66] -
Caglar 2006 2 18 30 19 30 15.8% 0.95 [0.64, 1.41] e
Caglar 2007 8 20 4 20 3.3% 2.00[0.72, 5.59] T
Cildir 2011 2 19 4 19 3.3% 0.50[0.10, 2.41] —
Singh 2011 30 39 32 39 26.7% 0.94[0.75, 1.18] -
Mortazavi & Akhlaghi 12 29 13 31  10.5% 0.99 [0.54, 1.80] -
Keller & Twetman 2012 4 18 11 18 9.2% 0.36 [0.14, 0.93] —
Total (95% CI) 244 244 100.0% 0.93 [0.78, 1.10] ¢
Total events 111 120
itv: Chi2 = — = 2= k + + J
Heterogeneity: Chi* = 7.54, df = 8 (P = 0.48); I = 0% o1 o1 ) 100

Test for overall effect: Z = 0.86 (P = 0.39)

When the number of patients with high Lactobacillus
counts was compared before and after treatment, no signifi-
cant difference could be noticed (control: RR=0.71; 95 % CI
0.43 to 1.17 and probiotic: RR=0.88; 95 % CI 0.59 to 1.31).
Also, for the group with the lowest lactobacilli counts, no
significant differences could be noted when comparing the
number of patients in this group both before and after treat-
ment (control: RR=0.98; 95 % CI 0.83 to 1.16 and probiotic:
RR=1.13; 95 % CI1 0.93 to 1.38).

Differences in low counts (<10* CFU/ml) of lactobacilli are
noted when comparing the probiotic with the control group at
baseline (RR=0.80; 95 % CI 0.67 to 0.97); this could not be
detected at the end of the treatment (RR=0.93; 95 % CI 0.78
to 1.10) (Fig. 4). When we compare the probiotic and the

Table 2 Estimated risk of bias

Favours probiotic Favours control

control group for the patients with high Lactobacillus
(>10° CFU/ml) counts, no statistically significant difference
could be observed, neither at baseline (RR=1.24; 95 % CI
0.82 to 1.87) nor after treatment (RR=1.70; 95 % CI 1.05 to
2.75) (Fig. 5).

Risk of bias assessment

An evaluation of the risk criteria showed that two studies had a
low potential risk of bias [66, 67]. The estimated risk of bias
was moderate for ten papers [54-56, 58, 61, 62, 64, 68-70]
and high for seven papers [21, 57, 59, 60, 63, 65, 71]. See
Table 2.

Random Blinding Blinding Defined inclusion Identical treatment Incomplete Selective Estimated
allocation? participants of outcome and exclusion between the groups outcome reporting potential
and personnel? assessment? criteria? except for the data risk of bias
intervention?

Nase et al. 2001 + + + - + + + Moderate
Abhola et al. 2002 + ? ? + + + - High
Nikawa et al. 2004 ? + ? - + ? - High
Caglar et al. 2005 ? + + + + + Moderate
Caglar et al. 2006 ? - + + + + + Moderate
Caglar et al. 2007 ? + + + - + + Moderate
Caglar et al. 2008b ? + + + + + + Moderate
Cogulu et al. 2010 ? ? ? + - + - High
Aminabadi et al. 2011 + ? ? + - - + High
Cildir et al. 2011 ? + + + + + + Moderate
Jindal et al. 2011 ? ? ? + + + + High
Petersson et al. 2011 + + + + + - Moderate
Singh et al. 2011 + + + + + + Low
Mortazavi and Akhlaghi 2012 + + + + + + + Low
Keller and Twetman 2012 + + - + + + + Moderate
Keller et al. 2012 ? ? ? + + + + High
Sudhir 2012 ? ? ? + + + + High
Juneja and Kakade 2012 + ? ? + + + + Moderate
Burton et al. 2013 ? + + + + + + Moderate

+ low risk of bias, — high risk of bias, ? unclear
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Discussion

The aim of this review was to evaluate the effect of probiotics
in the prevention of caries. Seeing the multitude of factors that
play a role in the aetiology of caries, long-term studies with
the incidence of caries as primary outcome measure are need-
ed. However, only two articles that met the inclusion criteria
reported on the effect of probiotics just after its usage,
reporting the incidence of caries as an outcome measure [55,
69]. On the other hand, it became clear from the initial
searches that a wide variety of articles reporting on the effects
of probiotics assessed the level of caries-associated bacteria,
namely mutans streptococci and lactobacilli. This is probably
because caries is a relative slow process and probiotics are
often used for a relatively short period of time. Lack of
funding for long-term clinical trials involving probiotics
seems a reasonable explanation. Although caries incidence
should be the preferred hard endpoint of such studies, the lack
of studies using this endpoint forced us to rephrase our antic-
ipated focused question “What is the impact of probiotics in
healthy humans on the incidence of caries in the oral cavity
when compared to a placebo” to “What is the impact of
probiotics in healthy humans on the level of the surrogate
outcome parameters mutans streptococci and lactobacilli
counts in the oral cavity when compared to a placebo” in
order to obtain a meaningful result. It should be noted that
there exists controversy regarding the value of surrogate end-
points, such as mutans streptococci levels, as a predictor for
caries. Some studies report a poor correlation between mutans
streptococci levels and risk for caries development [72] while
others find correlations [73—76].

Nineteen articles were included in the final, descriptive
analysis. These studies often utilized small sample sizes, no
follow-up and frequently did not describe how randomization
and blinding were performed. Additionally, there was a con-
siderable variation in the study parameters, such as used
probiotic strain, mode of application, length of the studies
and outcome measures. This caused serious restrictions on
reviewing the literature in a quantitative way. Twelve articles
could be included into the meta-analysis. Because of the way
the available data were presented, it was only possible to
perform a meta-analysis concerning the groups with the low-
est and highest mutans streptococci and lactobacilli counts.
For this, we used the results from research conducted with
chairside tests and with conventional cultivation methods on
selective agar plates. A significant correlation concerning the
mutans streptococci and the lactobacilli counts has already
been shown for these two methods [77—-79]. However, to date,
there are more sensitive and specific techniques available,
such as qPCR.

Taking the above-mentioned limitations into account, this
meta-analysis showed that when comparing the probiotic and
control group, significantly more patients in the probiotic

group had low mutans streptococci (<10° CFU/ml) counts
and significantly less patients had high (>10° CFU/ml) counts.
Regarding the Lactobacillus counts, comparing the probiotic
and control group at the end of the probiotic use, no significant
differences could be observed, neither in low counts
(<10* CFU/ml) nor in high Lactobacillus (>10° CFU/ml)
counts. The heterogeneity of the used probiotics did not allow
a subanalysis concerning the used probiotic strains.

These data suggests that probiotics could have a positive
effect in the prevention of caries. These results are in agree-
ment with the three available articles that describe, just after
the usage of a probiotic, caries incidence as primary outcome
measure. Nase and coworkers (2001) evaluated the children’s
oral health according to the WHO criteria [69]. They com-
bined these clinical results with the microbiological findings
to develop a caries risk index. They claimed that milk con-
taining Lactobacillus rhamnosus GG reduced the risk of
caries significantly. This effect was particularly clear in the
group with the 3—4-year-olds. Stecksen-Blicks et al. (2009)
evaluated the effect of milk supplemented with L. rhamnosus
and fluoride on enamel and dentine caries at the level of the
canines and molars [45]. After 21 months, there was a statis-
tically significant difference in caries activity between the two
groups, with a preventive fraction of 75 %. Unfortunately,
with this study design, one cannot determine if the positive
effect is attributable to fluor, the probiotic or the combination
of both. Petersson et al. (2011) investigated caries, in particu-
lar, root surface caries in older patients [55]. This paper
showed that daily milk supplemented with fluoride and/or
probiotic bacteria may reverse primary root caries lesions in
older adults. The combination of a fluor and a probiotic
showed better results than when only one of those two prod-
ucts was administered. However, more long-term studies with
caries activity as primary outcome are needed. Besides, it is
useful to investigate whether the effect of the probiotic con-
tinues after treatment, because it is believed that the effect of
the probiotic will disappear when the patient discontinues its
use and that the probiotic treatment does not induce a defin-
itive shift towards a less pathogenic microbiota [15]. The
currently available literature about the short-term follow-up
after probiotic usage is contradicting, in regard to both the
mutans streptococci and the Lactobacillus counts several
weeks after probiotic therapy. However, it is remarkable that
Aminabadi and coworkers (2011), when comparing the group
that only received a probiotic with the group that received a
probiotic and was pre-treated with a chlorhexidine mouth-
wash, showed in the latter group significantly lower mutans
streptococci counts and increased Lactobacillus counts post-
follow-up. This was not the case in the group that solely had
the probiotic yoghurt. These results were not confirmed in the
study by Keller and coworkers (2012) nor by Burton and
coworkers (2013) [58, 59], yet it can be considered useful to
remove the established biofilm before using the probiotic
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since probiotics have difficulties exerting their beneficial ef-
fects on an already matured biofilm [80]. On the other hand,
two recent long-term studies demonstrated that the use of a
probiotic in infancy compared to a placebo or the use of
xylitol/sorbitol showed no difference in the occurrence of
dental caries few years after the cessation of their usage [47,
81]. Furthermore, their microbiological data support the view
that probiotic bacteria are only temporary colonizers, even in
young children.

Finally, future studies need to focus on the best way of
administration, the used bacteria and the optimal
concentration.

Conclusion

Within the limitations of the available data, it may be con-
cluded that probiotics can have a positive effect on reducing
the mutans streptococci counts as long as they are being used.
This may indicate a possible positive effect of probiotics on
the development of caries. There is a need for examining the
positive effect of these products with caries development as
primary outcome and for determining the most appropriate
species, treatment time, the ideal concentration and vehicle.
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