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Objectives: To evaluate the effect of probiotic Lactobacilli reuteri lozenges on caries-associated salivary
bacterial counts (Mutans streptococci and Lactobacillus), dental plaque accumulation, and salivary
buffer capacity in a group of preschool children. Study Design: The study group consisted of 178 healthy
children (aged 3—6 years). Children were randomly grouped: the experimental group (n = 90) received
L. reuteri probiotic lozenges and the control group (n = 88) received placebo lozenges, twice daily, for
28 days. Salivary Mutans streptococci and Lactobacillus counts, and buffer capacity were assessed using
chair-side caries-risk test (CRT®) kits. The Simplified Oral Hygiene index (OHI-S) was used to assess
dental plaque accumulation at baseline and after 28 days. Results: After 28 days, the experimental group
had a statistically significant reduction in Mutans streptococci and lactobacilli (p = 0.000 and p = 0.020,
respectively) and both groups had less plaque accumulation than at baseline. While the buffer capacity in
the experimental group increased more than in the control group, it was not statistically significant (p =
0.577). Compliance was 90%, with no adverse events. Conclusions: Consumption of probiotic lozenges
containing L. reuteri reduces caries-associated bacterial counts significantly. Probiotics consumption may

have a beneficial caries-preventive effect.
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INTRODUCTION
arly childhood caries (ECC) is a particularly devastating
type of dental caries that can damage the early dentition
of toddlers and preschool children.! ECC is an infectious
multi-factorial disease?; however, early infection with Streptococcus
mutans is reported to be the main risk driver for caries develop-
ment'. Furthermore, S. mutans and Lactobacillus are considered
microbial risk markers for ECC.

The contemporary means of caries prevention focuses mainly on
host factors, dietary factors, and plaque biofilm removal*. Recently,
an alternative plan for caries prevention, involving probiotic therapy,
has been advocated. Probiotics has emerged as a natural and alterna-
tive method to combat infectious disease by displacing and replacing
pathogenic microorganisms with non-pathogenic endogenous or
commensal bacteria’. “Probiotics” refers to the bacteria that are
related to beneficial outcomes in humans and animals. According to
the World Health Organization/Food and Agriculture Organization
of the United Nations report (2002), probiotics are the live microor-
ganisms that promote health if given in an adequate amounts.

The literature surrounding the usage of probiotics for dental
caries shows inconsistent findings in studies conducted in a pedi-
atric population. Some studies reported a reduction in S. mutans,
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while other studies reported no reduction, which may have been due
to differences in the methodology used in the studies. Some studies
were conducted with a small sample size and other studies were
conducted over a short period of time’®. Further investigations are
required to provide scientific evidence about the effect of probiotic
therapy in children.

The potential effect of L. reuteri probiotics on carciogenic
bacteria counts in the saliva, dental plaque, and buffer capacity in
children has not yet been reported. Thus, this study aimed to eval-
uate whether daily consumption of probiotic L. reuteri lozenges is
effective against caries-associated salivary bacteria (Mutans strepto-
cocci and lactobacilli), in reducing dental plaque accumulation and,
and maintaining the salivary buffer capacity in a group of healthy
preschool children. The null hypothesis was that daily consumption
of probiotic L. reuteri lozenges would have no effect on the sali-
vary bacterial counts of mutans streptococci and lactobacilli, dental
plaque accumulation, or salivary buffer capacity.

MATERIALS AND METHOD

The study protocol (proposal no. 031-41) was reviewed and the
ethical approval was granted by the King Abdul-Aziz University
Research Ethics Committee, Faculty of Dentistry. The trial was
registered at www.clinicaltrials.gov (NCT NCT01601145). Prior to
the clinical trial, children’s parents were informed and their consent
was obtained.

The sample size estimation was based on the assumption that
the intervention would reduce mutans streptococci counts. Based
on previous studies'®", it was assumed that a reduction of mutans
streptococci would occur in 30% of the subjects in the intervention
group and in 10% of the controls. A free-ware web-based operating
system, OpenEpi version 3, was used for sample size calculation.'
Eighty subjects per group were required to show a statistically
significant difference between the groups at the 5% significance
level, with 80% power. After screening 228 children, a total of 178
children (aged 3—6 years) were found eligible for participation in the
study. The children were recruited from the pediatric dentistry clinic
at King Abdul-Aziz University.

Children were allocated to two groups randomly, in a double-
blind method, using a random number generator on www.graphpad.
com to create a list of random numbers. Inclusion criteria were the
following: healthy children with no history of any systemic condi-
tion, having a full set of primary dentition, high counts of salivary
Mutans streptococci (>10° CFU/mL), a decayed, missing, and filled
teeth (dmft) index score >1, with no history of recent antibiotic
administration. The exclusion criteria were as follows: lack of
consent, medically compromised children, children who had used
topical fluoride 4 weeks before the baseline time-point, except for
fluoride in toothpaste, and use of xylitol chewing gums. Figure 1
demonstrates the number of children recruited and randomized to
the experimental (90 children) and control groups (88 children).

Figure 1. Participant flow chart showing the number of subjects in the experimental and

control groups at different time points during the study.
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Test products

Probiotic lozenges consisted of a minimum of 200 million live
L. reuteri (L. reuteri DSM 17938 and L. reuteri ATCC PTA 5289) (L.
reuteri Prodentis®) (Biogaia, Stockholm, Sweden). The size, look,
and taste of probiotic and placebo lozenges were similar, but there
were no probiotic bacteria in the placebo. The lozenges were packed
in white plastic bottles; the examiners and contributors were unable
to distinguish between probiotic and placebo lozenges. BioGaia
AB, (Stockholm, Sweden) provided the lozenges after assessing the
study protocol.

Study design

This was a double-blind clinical trial, randomly grouped, and
controlled using two parallel groups: Group A (Experimental group,
n = 90) consumed probiotic lozenges consisting of a minimum of
200 million live L. reuteri for 28 days and Group B (control group,
n = 88) consumed placebo lozenges, which did not contain any live
microorganisms, also for 28 days. At the beginning of the study, a
questionnaire was filled out about the baseline characteristics of each
subject. The parents were instructed to give the probiotic lozenges
or placebo to their children twice daily, at the same time. Parents
were instructed that participants should take their first lozenges
in the morning and the second in the evening after brushing teeth.
During the intervention period, the parents were strongly encour-
aged to perform regular dental hygiene for their children using a
“pea-size” amount of toothpaste with 500 ppm fluoride twice daily.
Both toothbrushes and toothpaste were provided to the parents. All
parents were also instructed to inform the investigators immediately
regarding any adverse effects resulting from lozenge consumption.

Clinical examination

Intraoral examinations for the children were performed by two
pediatric dentists after performing inter- and intra-examiner cali-
bration before the study. The dental caries status at the baseline was
assessed using the dmft index according to the modified WHO criteria
for diagnosis of dental caries." In addition to oral examination, bite-
wing radiographs were performed for every participant to analyze
proximal caries. The modified version of the simplified Oral Hygiene
index (OHI-S) was used to assess oral hygiene; this index had been
amended to be applicable to primary dentition.'* However, the system
used for scoring was almost the same as the original OHI-S.!> Assess-
ment of oral hygiene was carried out at baseline (T0) and after 28 days
(T1) from the beginning of the trial for every participant.

Salivary microbial and buffer capacity evaluation

To assess the salivary Mutans streptococci and lactobacilli
counts, and the buffer capacity, a simple chair-side caries risk test
(CRT®; Ivoclar Vivadent AG, Bendererstrasse 2, FL-9494 Schaan,
Liechtenstein) was used according to the manufacturer’s instruc-
tions. For the salivary mutans streptococci and lactobacilli counts,
the data obtained were scored as either “low” (<10° CFU/mL) or
“high” (>10° CFU/mL), on the scale recommended by the manufac-
turer. The readings were collected by one investigator for all chil-
dren, using the model chart. The buffer capacity BC was recorded as
high, medium, or low, according to the strip color. A blue color was
recorded as a “high”, a green color indicated “medium BC”, and a
yellow color meant a “low BC”. These assessments were collected
at baseline (T0) and after 28 days (T1).
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Compliance assessment

Two weeks’ supply of lozenges was handed out to the parents.
To assess compliance, the number of remaining lozenges returned by
each child’s parent was counted to confirm the missed consumption
of lozenges. Furthermore, a compliance calendar chart was given
to the parents to document the brushing frequency and intake of
lozenges. Parents were instructed to mark one box for each lozenge
taken per day, but if a lozenge was not taken, the corresponding box
was left unticked. Moreover, a text message was sent weekly as a
reminder for the parents/guardians.

Examiner calibration

To achieve good intra- and inter-examiner reliability, exam-
iners were calibrated prior to baseline registration. Ten children
were examined by two of the examiners to assess their caries and
plaque. One examiner was responsible for evaluating salivary
microbial counts and buffer capacity. Subjects were re-examined
the next day and the level of agreement between corresponding
readings was assessed.

Statistical analysis of data

Statistical Package for Social Sciences (version 20 Inc., Chicago,
IL, USA) software was used to analyze all variables. Numerical data
were described using mean and standard deviation. Qualitative data
were described in the form of frequencies and percentages. Internal
consistency was calculated using Cronbach’s Alpha. In order to
perform inter- and intra-examiner reliability, the inter-class correla-
tion (ICC) test was used. A t-test was applied for comparisons of
quantitative variables and chi-square for qualitative variables. The
variation in the inter-group salivary buffer capacity, salivary lacto-
bacilli counts, and salivary S. mutans counts were evaluated using
the Wilcoxon’s signed-rank test. Statistical significance was set at a
p-value < 0.05.

RESULTS

In assessment of intra-examiner reliability for each examiner
for recording dmft, the Intra Class Correlation (ICC) was 0.920
and 0.934, respectively, while the ICC for inter-examiner reliability
was 0.965, indicating an almost perfect level of agreement. For the
debris component (DI-S) of the simplified OHI-S measurement, the
inter-examiner reliability was 0.819, indicating a strong level of
agreement. The intra-rater reliability for caries-associated salivary
bacterial counts (Mutans streptococci and Lactobacillus) using the
CRT® test was determined using the kappa test of agreement, which
was 0.83. Figure 1 shows the participant flow chart. The baseline
characteristics of children are shown in Table 1. Baseline data on
the subjects’ OHI-S and salivary parameters are given in Table 2.
Changes in the counts of Mutans streptococci and lactobacilli, and
in buffer capacity, after 28 days’ consumption of probiotic lozenges
are shown in Table 3.

After 28 days of lozenge consumption, the experimental group
showed significantly lower microbial counts compared to the
control group (Table 3), for both salivary Mutans streptococci and
lactobacilli P= 0.000, P=0.020 respectively. However, there was no
statistically significant difference between the experimental and the
control groups in terms of the buffer capacity (p = 0.577) More-
over, there was also no statistically significant difference between
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Table 1. Baseline characteristics of children at the baseline of

the study.

Baseline Experimental Control Total p
characteristic (n=90) (n=88) (n=178) value*
Sex Male 38 (42.2%) 32 70 0.446
(%) (36.4%)  (39.32%)

Female 52 (57.8%) 56 108
(63.6%) (60.68%)
Mean Age 490 (+1.012) 4.98 (¢ 0.617
(Years) 0.950)
Mean dmft at 6.83 (£ 2.94) 7.28 (£ 0.353
baseline 3.728)

dmft, decayed, missing, and filled teeth

Table 2. Percent distribution of Mutans streptococci and
Lactobacillus counts, buffer capacity, and mean debris
component (DI-S) of the OHI-S score between the
experimental and control groups at baseline.

Experimental Control p value
N =90 N =88
n1 (%) n2 (%)
Mutans streptococci (CFU/mL)
High (210°) 90 (100) 88 (100) NA*
Low (<109) 0 (0) 0 (0)
Lactobacilli (CFU/mL)
High (=10°) 75 (83.3) 77 (83.3) 0.526*
Low (<109) 15 (16.7) 11 (16.7)
Buffer capacity
High 45 (50) 50 (45) 0.151*
Medium 27 (30) 30 (34)
Low 18 (20) 20 (9)
Debris component (DI-S) of (OHI-S)
Mean (+ S.D) 1.6 (x0.4) 1.6 (+ 0.49) 0.979**

*p-value using chi-square test

**p-value using t-test

n1 = number of children in experimental group.
n2= number of children in control group.

N = total number of children.

the experimental and the control groups in terms of OHI-S for the
Debris Component (DI-S) P=0.451. However, intragroup evaluation
revealed that probiotic lozenge administration resulted in a signifi-
cantly improved buffer capacity after 28 days as compared to the
baseline levels (P = 0.000; Table 4). There were also decreases in the
oral hygiene indexes in both groups, but these were not statistically
significant. All parents reported that lozenge consumption compli-
ance of their children exceeded 90% over the 28 days, indicating
perfect compliance. There were no significant differences in the
number of lozenges consumed between the two groups (p = 0.590).
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Table 3. Percent distribution of Mutans streptococci and
Lactobacillus counts, buffer capacity, and mean
debris component (DI-S) of the OHI-S score between
the experimental and control groups at the end of the

study.
Experimental Control p value*
N =90 N =288
n1 (%) n2 (%)
Mutans streptococci (CFU/mL)
High (210°) 46 (51.1) 79 (89.8) 0.000*
Low (<10°) 44 (48.9) 9(10.2)
Lactobacilli (CFU/mL)
High (210°) 57 (63.3) 70 (79.5) 0.020*
Low (<10°) 33 (36.7) 18 (20.5)
Buffer capacity
High 58 (64.4) 50 (56.8) 0.577*
Medium 24 (26.7) 28 (31.8)
Low 8(8.9) 10 (11.4)
Debris component (DI-S) of (OHI-S)
Mean (+ S.D) 1.12(+0.43) 1.20 (£ 0.48) 0.451**

*p-value determined using chi-square test.
**p-value determined using t-test

n1 = number of children in Experimental group.
n2 = number of children in Control group.

N = total number of children.

DISCUSSION

The prevalence of dental caries was gauged to be roughly 80%
for the initial dentition, using a mean dmft of 5.0 and 70% for chil-
dren’s primary dentition, using a mean dmft of 3.5.!° According to
these data, dental caries is considered to be a serious public health
problem in Saudi Arabia. Dental caries treatment is costly, necessi-
tating the use of various preventative strategies. Thus, we examined
whether the daily consumption of probiotic L. reuteri lozenges is
effective in reducing caries-associated salivary bacterial counts and
dental plaque accumulation, and refining salivary buffer capacity,
in a high-risk group for caries, i.e., healthy preschool children in
Jeddah, Saudi Arabia.

We found that mutans streptococci counts were significantly
decreased in the experimental group as compared to the control
group by the end of the study period. L. reuteri secretes an antimi-
crobial compound, reuterin, which may partly be responsible for this
positive effect.!” This finding was corroborated by many previous
studies that evaluated mutans streptococci levels in saliva after oral
probiotic therapy, in both adults and children, using different probi-
otic stains.*! 1324 Four of those studies used the L. reuteri probiotic
strain in different forms; all the studies were conducted in adult’s
populations.'!: 2122 25 The results of these studies showed that prod-
ucts containing L. reuteri resulted in an apparent decline in salivary
mutans streptococci. Conversely, some studies contradicted the
findings of this study, as they reported no changes in salivary mutans
streptococci levels post-probiotic administration.® 263! One of these
studies examined the impact of L. reuteri as a probiotic in the form
of oral drops on the salivary mutans streptococci and lactobacilli
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Table 4. Distribution of children according to changes in salivary Mutans streptococci counts, lactobacilli counts, and buffer
capacity from baseline in the experimental and control groups.

Experimental group

Control group

Changes in salivary counts

n Mean P-value* n Mean Rank P-value*
Rank
Negative Ranks 44 22.50 5.00
Mutans Positive Ranks 0 0.00 .00
strepto- )
cocci Ties 46 79
Total 90 0.000 88 0.003
Negative Ranks 20 11.50 11 8.00
. Positive Ranks 2 11.50 4 8.00
Lactobacilli
Ties 68 73
Total 90 0.000 88 0.071
Negative Ranks 0 11.00 5 10.00
Buffer Positive Ranks 21 0.00 11 7.00
capacity Ties 69 72
Total 90 0.000 88 0.166

*p-value determined using Wilcoxon’s signed-rank test.

n = total number of children in each group

Table 5: Comparison of mean and standard deviation of
number of lozenges taken after 28 days between the
experimental and control groups.

Number of lozenges

Study groups taken P-value*
Mean (x S.D.)
Experimental group (n =90) 53.84 (+ 9.380)
0.590

Control group (n = 88) 54.49 (+ 6.275)

*p-value determined using t-test.

counts in children with cleft lip/palate, aged 4—12 years.® The results
of that clinical trial showed no statistically significant decrease in
salivary mutans streptococci and lactobacilli after consumption of
probiotic or placebo drops. The authors explained their results as
follows. First, the expected effect of probiotics and their interactions
on the oral microflora of this group of children may be complex.
Secondly, oral drops may not be a suitable form for administration
of probiotics. Lastly, the limited number of subjects in the study (n
= 19) may have confounded the results.

When assessing the effect of L. reuteri probiotic therapy on
lactobacilli levels, a statistically significant reduction in Lactoba-
cillus level was recorded in the experimental group, as compared
to the control group, similar to the findings of other studies. A
study performed by Cogulu et al/ found a significant decline in both
salivary mutans streptococci and lactobacilli after multistrain probi-
otic-kefir consumption®. Additionally, two studies performed by
Caglar et al in 2005 3 and 2006 ! found a reduction of lactobacilli
after probiotic consumption; however, this reduction did not reach
statistical significance. In this study, the reduction in Lactobacillus
levels observed in the experimental group may have been due to the
improved oral hygiene care for children by their parents.
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Additionally, it was observed that the buffer capacity value did
not reduce from high to low or medium in any of the cases in either
group. Most of the children with low or medium buffer capacity
increased their buffer capacity, although all the children with high
buffer capacity retained their high values. While buffer capacity in
the experimental group increased more than in the control group,
there was no statistically significant difference among the experi-
mental and the control groups. This suggests that certain changes in
buffer capacity might be related to improvement in OHI-S, and that
the changes are not related to probiotic therapy alone.

Plaque accumulation was measured by the debris component
of the OHI-S, which has been accepted for measuring oral hygiene
in large epidemiological studies .>> Both experimental and control
groups experienced improvement in the debris component of the
OHI-S by the end of the study period. One potential reason for this
improvement in children in the control group may be the improved
oral hygiene care and plaque removal due to being observed as a
participant in this study. This so-called Hawthorne effect (which is
also known as observer influence) is well documented in clinical
trial literature.’ Specifically, the parents in this study were coun-
seled that they were participating in a trial about probiotic lozenges
to decrease salivary cariogenic bacteria and plaque levels of their
children. Therefore, knowledge about the targeted outcome may
have consciously or subconsciously caused these parents to take
greater care in their children’s oral hygiene routines, as they knew
beforehand which outcomes were being evaluated.

To date, the impact of L. reuteri probiotic in lozenge form has
not been reported for a group of preschool children with high caries
risk. Furthermore, the effect of probiotic lozenges was evaluated on
different oral health aspects, i.e., caries-associated salivary bacterial
counts (Mutans streptococci and Lactobacillus), dental plaque accu-
mulation, and salivary buffer capacity. We showed that L. reuteri
probiotic lozenges can be used safely in children and that lozenges
are an ecasy and acceptable vehicle for probiotic administration, as
demonstrated by the high compliance to the study protocol.
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In the present study, there were a few unavoidable limitations.
An inherent limitation of this study was the confounding vari-
ables. Although randomization was performed so that the effect of
confounding variables would be evenly distributed between both
study groups, there is a chance that the groups were not identical.
Some potential confounding variables that may have affected the
outcome are diet, fluoridate toothpaste, and the frequency of eating.
Each of these variables exert an influence on plaque build-up and
cariogenic bacteria levels as well.* The other limitation is that the
result of the probiotic lozenges related to the incidence of the caries
itself has not been evaluated, as dental caries incidence require
a long-term follow-up period, and this will be costly, since other
parameters evaluated in the study should be included as well. The
intention to treat analysis was not performed, as no subject was
excluded during the trial.

Finally, the body of literature regarding the use of oral probi-
otics is currently growing; however, the scientific evidence is still
not well established. Further studies on oral probiotics are required
to evaluate the clinical significance of probiotic therapy. More
investigations should be undertaken to define the optimal dose
and time intervals of administration for each strain and delivery
vehicle, as the existing literature does not provide any beneficial
insights in this regard.

336 doi 10.17796/1053-4625-42.5.2

CONCLUSION

‘We conclude that consumption of a probiotic lozenge containing
L. reuteri significantly reduces caries-associated bacterial counts.
The probiotic lozenge was also found to be effective in reducing
plaque accumulation. Probiotic consumption may have a beneficial
effect on salivary buffer capacity. Further clinical trials are needed
to assess the different methods of probiotic administration in the
oral cavity and to make recommendations regarding long-term
and short-term use, and the frequency and dose of oral probiotic
consumption required.
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Where the past meets the future

Congress/ location / air connectivity / entertainment / culture / gastronomy / hospitality

1. Welcoming more than 10 million visitors each year, Cancun is a real paradise on earth, and one of
the reasons why Mexico is set to become the 6th most visited country in 2019.

2. World-class hotels available at short, walking distance from the venue.

3. The most beautiful beaches, surrounded by sparkling turquoise waters, and world-renowned aquatic
entertainment and amusement parks.

4. Avariety of water sports and activities, including golf, scuba, and diving in the world’s second largest
coral reef.

5. Archeological sites, some of them regarded one of the new wonders of the world plus the delights of
Mexican cuisine, now declared Intangible Heritage of Humanity by UNESCO.

6. Outstanding air connectivity; dozens of direct flights available from destinations in the US, Canada,
and Europe.

7. The International Association of Pediatric Dentistry (IAPD) is a global organization which brings
together dentists from over 70 countries around the world.

8. At this year’s event, about 3,000 dentists from 60 countries are expected to attend, including a
program with the participation of renowned speakers from different continents. The event’s official
language is English.

9. This year’s Congress is the ideal place to network with colleagues from different countries, establi-
shing opportunities for learning and exchanging ideas and information on what other countries are
doing, plus a great opportunity to gain Educational points from your local association.

10. Congress event dates: July 3 - 7; perfect dates to incorporate a family vacation into your plans; other
important considerations include tax return in Mexico and a congress tax deduction.

This year’s IAPD Congress — Cancun 2019 is sure to provide everyone a unique and unforgettable
experience, from networking, to learning and leisure.

REGISTER NOW o @IAPDCongress

o http://iapd2019.org
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