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ABSTRACT

Background:  The burden of oral diseases is increasing, which constitute a major public health 
problem. The use of probiotics as an adjuvant, along with routine dental care practice by an 
individual, can produce additional benefits in the maintenance of one’s oral health. The study aimed 
to investigate the effect of Bifidobacterium as a probiotic on oral health. 
Material and Methods: Six databases and registers were searched from the start of the database 
to December 2021 without any restrictions. Randomized controlled trials (RCTs) evaluating the 
clinical effects of Bifidobacterium as a probiotic on oral health were included in the study. The 
Preferred Reporting Items for Systematic Reviews and Meta‑analyses (PRISMA) guidelines were 
followed to conduct this systematic review. The included studies were analyzed for the risk of bias 
using the Cochrane risk‑of‑bias tool for randomized trial (RoB 2) tool as well as quality of available 
evidence using GRADE criteria. 
Results: From the 22 qualified studies, four studies showed non‑significant results. There was a 
high risk of bias in 13 studies and some concerns of bias in nine studies. No adverse effects were 
reported, and the quality of available evidence was moderate. 
Conclusion: The effect of Bifidobacterium on oral health is questionable. Further high‑quality 
RCTs are required on the clinical effects of bifidobacteria and also the optimum level of probiotic 
needed, and ideal mode of administration to provide oral health benefits. Furthermore, synergistic 
effects of the combined use of various strains of probiotics need to be studied. 
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INTRODUCTION

Recently, there is a growing interest in the use of 
probiotic products for restoring dysbiotic microbiota.[1] 
The Food and Agriculture Organization FAO and the 
World Health Organization  (WHO) in 2001 defined 
probiotics as “live microorganisms which when 
administered in adequate amounts confer a health 
benefit on the host.”[2] Because of their potential 
health‑promoting attributes, probiotic supplements 

are usually directed towards Lactobacilli and/or 
bifidobacteria. The beneficial effects may result from the 
suppression of harmful microorganisms or stimulation 
of organisms which contribute positively to the nutrition 
and health of human beings and animals. The extent to 
which this may be achieved can be difficult to assess.[3] 
Probiotic effects are strain specific; thus, each individual 
bacterial strain must be tested separately for the health 
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benefit in question, and the effects described for one 
strain cannot be directly applied to others.[4]

Bifidobacteria occur naturally in the oral cavity 
and are among the most predominant anaerobic 
bacteria within the intestinal lumen.[5] It is generally 
thought that bifidobacteria have combined local and 
systemic effects involving adhesion, co‑aggregation, 
competitive inhibition, production of organic acids and 
bacteriocin‑like compounds, and immune modulation.[6] 
A body of evidence suggests that bifidobacteria play 
a critical role in maintaining the equilibrium of the 
normal gut flora, and a number of probiotic‑induced 
benefits on general health have been proposed, such 
as reduced susceptibility to infections, reduction of 
allergies and lactose intolerance, as well as lowered 
blood pressure and serum cholesterol values.[7] In 
vitro studies using bifidobacteria have demonstrated 
beneficial effects against oral pathogens.[8‑22] Although 
various experimental studies support the beneficial effect 
of Bifidobacterium on oral pathogens and oral diseases 
such as dental caries, gingivitis and periodontitis other 
clinical trials have failed to show similar results.

Objectives
The burden of oral diseases is increasing, which 
constitutes a major public health problem. The use 
of probiotics as an adjuvant, along with routine 
dental care practice by an individual, can produce 
additional benefits in the maintenance of one’s oral 
health. However, short‑term trials focusing on the 
clinical effects of probiotics on oral health have not 
been reviewed in an evidence‑based manner. Our aim 
was to systematically assess the available evidence 
from the randomized controlled trials  (RCTs) on the 
benefits Bifidobacterium on oral health.

MATERIALS AND METHODS 

Protocol development and registration
Before starting the systematic review, the study 
protocol was registered on the PROSPERO 
database  (http://www.crd.york.ac.uk/PROSPERO, ID: 
CRD42022306243). The preferred reporting items 
for systematic reviews and meta‑analyses  (PRISMA 
2020)[23,24] was used. Since it is a systematic review, 
ethical approval was not taken.

Eligibility criteria
The criteria were established using 
PICOS  (Participants, Interventions, Comparators, 
Outcomes, and Study design) approach. 
Randomized clinical trials investigating the 

effect of Bifidobacterium as a probiotic on oral 
health conditions were included in the study. No 
language and publication date restrictions were 
imposed. Accepted manuscripts were also included. 
Participants without any age restrictions were 
included. Participants should receive probiotics 
containing Bifidobacterium in any form, such as milk, 
curd, yogurt, ice cream, or lozenges, in any dosage 
and should be compared with participants who 
received a placebo, control, or no interventions at 
all. The outcome parameters included Streptococcus, 
Lactobacillus, and Porphyromonas gingivalis count 
in saliva and plaque, occurrence of dental caries 
in deciduous and permanent teeth, occurrence of 
periodontitis. Studies without human participants, 
control or placebo groups, <1  week of intervention, 
and reviews were excluded from the study.

Information sources and search strategy
Clinical trials were identified and included in this study 
using various electronic databases and registers such 
as  (MEDLINE, CENTRAL, Scopus, Web of Science, 
Cochrane library, and Clinical Trials Registry). The 
search was from the beginning of each database and 
registers till December 2021. No restrictions were 
imposed on the publication dates and foreign languages. 
Foreign language articles were translated into English. 
The list of references which was included in each 
study was also cross‑verified so that all the relevant 
trials were included. The various search terms used to 
identify the relevant clinical trials from each database 
were Bifidobacterium and oral health, Bifidobacterium 
and dentistry, Bifidobacterium and dental caries, 
Bifidobacterium as probiotic. The search strategies were 
peer‑reviewed as a part of the systematic review process.

Study selection and data collection
The list of clinical trials gathered through electronic 
databases was assessed by two independent 
researchers in an unblinded, standardized manner. 
Both the researches reviewed each included study 
and extracted the following details of the publication 
date, authors name, title, study design, randomization, 
study population, sample size, duration of intervention 
and follow‑up, number of dropouts, loss to follow‑up 
form, and dosage of Bifidobacterium administered, 
any adverse reactions and outcome of the study such 
as Streptococcus, Lactobacillus and P. gingivalis count 
in saliva and plaque, the occurrence of dental caries 
in deciduous and permanent teeth, the occurrence 
of periodontitis were included. Disagreements were 
resolved by the third researcher.
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DATA ITEMS

Risk of bias in individual studies
Two reviewers worked independently to assess the 
risk of bias for individual studies at the study as well 
as at the outcome level. They determined the adequacy 
involved in the various stages of randomization 
such as random allocation sequence  (selection 
bias), allocation concealment  (selection bias), 
blinding of the investigator, participants or outcome 
assessors  (performance bias), loss of follow‑up, 
incomplete outcome data (attrition bias), and selective 
reporting (reporting bias)

Summary measures
Planned methods of analysis
Two independent reviewers checked each of the trials 
for risk of bias and quality of available evidence. 
The risk of bias in the selected studies was analyzed 
using the Cochrane risk‑of‑bias tool for randomized 
trial  (RoB 2), which is the recommended tool for use 
in Cochrane Reviews, and the quality of available 
evidence was analyzed using GRADE criteria.

Risk of bias across studies and additional analyses
Overall, the quality of evidence from these trials was 
moderate.

RESULTS

Study selection
The study selection is shown in Figure 1.

Study characteristics
Methods
1) Ice cream

Nagarajappa et  al.[7] and Caglar et  al.[25] assessed 
the effect on salivary Streptococcus mutans and 
lactobacilli for 18  days and 10  days, respectively. 
Ashwin et  al.[26] assessed the effect on salivary 
S. mutans for 7 days, and Singh et al.[27] assessed the 
effect of Bifidobacterium and Lactobacilli‑containing 
probiotic on S. mutans and lactobacilli for 10 days.

2) Yogurt

Caglar et  al.,[28] Nozari et  al.,[29] and Zare Javid 
et al.[30] assessed the effect on salivary S. mutans and 
lactobacilli for 14  days. Pinto et  al.[31] and Caglar[32] 
assessed the effect on the dental plaque for 14  days. 
Kuru et  al.[33] assessed the effect on gingival health 
for 28  days. Cildir et  al.[34] assessed the effect on 
S.  mutans for 14  days. Bafna et  al.[35] assessed the 

effect of Bifidobacterium and Lactobacilli containing 
probiotic on S. mutans for 14 days

3) Tablet

Taipale et al.[36] assessed the effect on oral colonization 
of S. mutans for 2 years.

4) Lozenges

Toiviainen et  al.[37] assessed the effect of on 
salivary S.  mutans, amount of plaque, gingival 
inflammation, and oral microbiome. Jäsberg et  al.[38] 
assessed the effect on the salivary levels of matrix 
metalloproteinase  (MMP)‑9 and tissue inhibitors 
of metalloproteinases  (TIMP)‑1. Alanzi et  al.[39] 
assessed the effect on gingival health, dental plaque, 
and periodonto‑pathogens for 4  weeks. Invernici 
et  al.[40] evaluated the effects on clinical periodontal 
parameters  (plaque accumulation and gingival 
bleeding), on the immunocompetence of gingival 
tissues (expression of beta‑defensin‑3, toll‑like receptor 
4, cluster of differentiation [CD]‑57 and CD‑4), and on 
immunological properties of saliva  (immunoglobulin 
A  [IgA] levels) in nonsurgical periodontal therapy in 
generalized chronic periodontitis patients

5) Chewing gum

Gueimonde et al.[41] assessed the effect on saliva flow 
rate, saliva IgA levels, and saliva pH.

6) Capsule

Ishikawa et al.[42] assessed the effect on the colonization 
of candida species on dentures for 5 weeks.

7) Probiotic drop

Tehrani et  al.[43] assessed the effect on salivary 
S. mutans and Lactobacillus for 2 weeks.

8) Freeze‑dried powder

Jindal et  al.[44] assessed the effect on salivary 
S.  mutans for 14  days, and Yousuf et  al.[45] assessed 
the effect on the gingival status and plaque inhibition 
for 21 days.

Participants
Twenty‑two included studies involved 1175 
participants. The inclusion criteria in these studies 
were orally and systemically healthy non‑medicating 
participants having good oral health with no untreated 
caries lesions and daily toothbrushing habits with 
fluoride toothpaste. The exclusion criteria were 
habitual consumption of other forms of probiotics, 
systemic antibiotic medication within 6 weeks, topical 



Figure 1: Flow diagram of the record through the review process.
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fluoride treatments within 4  weeks, allergic to dairy 
products, receiving Xylitol‑containing products, use 
of antibiotics, antimicrobials, cavitated or active 
carious lesions, and lactose intolerance.

Intervention
The participants received probiotic Bifidobacterium 
in any  (ice cream, yogurt, lozenges, tablet, chewing 
gum, capsule, freeze‑dried powder, or probiotic drop) 
form or placebo minimum of once a day.

Outcomes
The outcomes that were assessed include changes in 
oral microbiota, dental plaque, gingival health, levels 
of MMP‑9, and TIMP‑1 at baseline and after the 
intervention. No study included mortality and costs as 
the outcome. The timing of outcome measures varied 
between studies

Risk of bias within studies: 
(i) Bias arising from randomization process

(ii) Bias due to deviations from intended interventions

(iii) Bias due to missing outcome

(iv) Bias in the measurement of the outcome

(v) Bias in selection of the reported result [Table 1 
and Table 2][46,47]

Results of individual studies
1) Ice cream

Postingestion  (after 1  h) in the test group, a 
statistically significant reduction (P < 0.05) of salivary 
S.  mutans was recorded, but a nonsignificant trend 
was seen for Lactobacilli. Significant results were 
also observed between follow‑ups.[7] A statistically 
significant  (P  <  0.05) reduction of salivary mutans 
streptococci was registered after the 10‑day 
consumption of probiotic ice‑cream. A certain decline 
of high mutans streptococci counts  (>105) was also 
evident after intake of the control ice cream, but the 
difference compared to baseline was not statistically 
significant. During the period of test product 
consumption, the number of subjects with high 
mutans streptococci counts  (105 colony‑forming unit) 
decreased from 56% to 0.[25] There was reduction of 
MS in the children who consumed probiotic ice‑cream 
when compared to baseline which was statistically 
significant  (P  <  0.001). The effect of which reduced 
over the washout period and throughout the study 
period, there was constant increase of MS count in the 
control group who consumed normal ice cream. There 
was no synergistic effect of probiotic organisms for 
as long as 6  months.[26] Probiotic ice cream brought 
about a statistically significant reduction  (P  =  0.003) 
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in salivary mutans streptococci levels with no 
significant effect on lactobacilli levels.[27]

2) Yogurt

A statistically significant reduction  (P  <  0.05) of 
salivary mutans streptococci was recorded after 
the probiotic yogurt consumption, which was in 
contrast to the controls.[28] In the case group, neither 
the S.  mutans count nor the Lactobacilli count 
was significantly reduced. However, there was a 
reduction in S. mutans and Lactobacillus counts in the 
control group.[29] Similarly, there was no difference 
between the yogurt containing probiotics and the 
control yogurt for any of the studied variables  (all 
P  >  0.05). A  reduction in counts of total cultivable 
microorganisms was observed in dental plaque samples 
after ingestion of either yogurts  (both P  <  0.05  vs. 

baseline) but not in saliva  (P  <  0.05).[31] In addition, 
there were no statistically differences between 
transition scores of test and placebo groups regarding 
different dental plaque sampling sites  (P  >  0.05).[32] 
No intergroup differences could be detected before 
and after the intake of the study products. However, 
after plaque accumulation, significantly better results 
for all parameters could be seen in the probiotic 
group compared to the control group  (P  <  0.001): 
lower plaque and gingivitis scores, less bleeding 
on probing, less increase in GCF volume, and 
lower total interleukin‑1  β amount/concentration.
[33] Daily consumption of probiotic yogurt for 
2  weeks decreased the mutans streptococci counts in 
saliva (P < 0.05), which was in contrast to the control 
yogurt. No significant alterations in the salivary 
lactobacilli counts were observed.[34] A statistically 

Table 2: Risk of bias within studies ‑ Crossover trials
Crossover trials

Trials Bias arising 
from 
randomization 
process

Bias arising 
from period 
and carryover 
effects

Bias due to 
deviations 
from intended 
interventions

Bias due 
to missing 
outcome

Bias in the 
measurement 
of the 
outcome

Bias in 
selection of 
the reported 
result

Overall 
risk of bias 
judgement

Caglar et al., 2009[25] Some concerns Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias High risk of bias
Singh et al., 2011[27] Low risk of bias Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Caglar et al., 2005[28] Some concerns Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias High risk of bias
Pinto et al., 2014[31] Low risk of bias Low risk of bias Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Caglar et al., 2014[32] Some concerns Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Cildir et al., 2009[34] Some concerns Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias High risk of bias

Table 1: Risk of bias within studies ‑ Parallel trials
Parallel group trials

Trials Bias arising 
from 
randomization 
process

Bias due to 
deviations 
from intended 
interventions

Bias due 
to missing 
outcome

Bias in the 
measurement 
of the 
outcome

Bias in 
selection of 
the reported 
result

Overall 
risk of bias 
judgement

Nagarajappa et al., 2015[7] Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Ashwin et al., 2015[26] Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Nozari et al., 2021[29] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Kuru et al., 2017[33] Low risk of bias Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Bafna et al., 2018[35] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Javid et al., 2019[30] Some concerns Low risk of bias Low risk of bias Low risk of bias Low risk of bias Some concerns
Taipale et al., 2012[36] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Toiviainen et al., 2014[37] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Jasberg et al., 2017[38] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Alanzi et al., 2018[39] Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Invernici et al., 2020[40] Low risk of bias Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Gueimonde et al., 2016[41] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Ishikawa et al., 2014[42] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Tehrani et al., 2021[43] Some concerns Low risk of bias Low risk of bias Some concerns Low risk of bias Some concerns
Jindal et al., 2011[44] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
Yousuf et al., 2017[45] Some concerns Some concerns Low risk of bias Some concerns Low risk of bias High risk of bias
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significant reduction  (P < 0.05) of salivary S. mutans 
was recorded after probiotic yogurt consumption 
with minimal residual effect in case group, which 
was in contrast to the controls.[35] A significant 
reduction in salivary S.  mutans  (P  =  0.001) and 
Lactobacillus counts  (P = 0.001) was observed in the 
intervention group as compared to their baseline and 
compared to the control group. While the reduction 
in S. mutans  (P = 0.594) and lactobacilli  (P = 0.071) 
was not significant in the control group after the 
intervention.[30]

3) Tablet

In the Bifidobacterium animalis subsp. lactis 
BB‑12  (BB‑12) group, only 6.3% of the children 
harbored mutans streptococci at the age of 2  years. 
This percentage was lower as compared to the xylitol 
control group  (31.4%; P  =  0.009) but did not differ 
from the sorbitol control group (10.3%; P = 0.56).[36]

4) Lozenges

The probiotic lozenge decreased both PI and 
GI  (P  <  0.05), while no changes were observed in 
the control group. However, no probiotic‑induced 
changes were found in the microbial compositions of 
saliva in either group. No study‑induced changes in 
the MS counts were detected either in the probiotic or 
the control group.[37] In the probiotic group  (n  =  29), 
salivary MMP‑9 levels increased  (P  <  0.01) and 
TIMP‑1 levels decreased  (P  <  0.01) significantly 
during the intervention. Furthermore, MMP‑9/
TIMP‑1 ratio differed significantly from the baseline 
level  (P  <  0.01). Probiotic consumption did not 
affect the saliva flow rate. Probiotic intervention 
did not affect the salivary levels of MMP‑8.[38] A 
reduction in plaque index was found for both groups, 
with no difference observed between the groups 
after intervention  (P  =  0.819). Probiotic lozenges 
significantly reduced the levels of Aggregatibacter 
actinomycetemcomitans and Fusobacterium 
nucleatum in saliva and plaque  (P  <  0.05) and 
levels of P.  gingivalis in plaque  (P  <  0.05), while no 
significant changes were found in the control group. 
A significant reduction  (P < 0.001) was also noted in 
the total salivary bacterial counts of the test group. 
The short‑term daily consumption of LGG and BB‑12 
probiotic lozenges improved the gingival health in 
adolescents and decreased the microbial counts of 
A.  actinomycetemcomitans and P.  gingivalis.[39] The 
test group presented a decrease in probing pocket 
depth and a clinical attachment gain significantly 

higher than those of the control group at 90  days. 
The test group also demonstrated significantly fewer 
periodontal pathogens of red and orange complexes, 
as well as lower proinflammatory cytokine levels 
when compared to the control group. Only the 
test group showed an increase in the number of 
Bifidobacterium animalis subsp. lactis HN019 DNA 
copies on subgingival biofilm at 30 and 90 days. The 
control group presented higher levels of IL‑1  β  (30 
and 90  days) and of IL‑8  (30  days) when compared 
with the test group.[40]

5) Chewing gum

However, no statistically significant differences were 
found between probiotic and placebo groups for any 
of the parameters analyzed.[41]

6) Capsule

The detection rate of Candida spp. was 92.0% in the 
placebo group after the experimental period, whereas 
it was reduced to 16.7% in the probiotic group.[42]

7) Probiotic drop

S. mutans level decreased significantly in the probiotic 
group after intervention  (P  =  0.045), and there were 
significant differences in salivary SM counts after 
intervention between the two groups  (P  =  0.04). In 
the probiotic group, LB counts decreased significantly 
after intervention  (P  =  0.048); however, there 
were no significant differences between the two 
groups (P = 0.216).[43]

8) Freeze dried powder

A statistically significant postintervention change was 
observed in the study groups (P < 0.001). A significant 
reduction in MS counts was observed after the 
administration of probiotics (Group B and Group C) for 
14 days.[44] For both the probiotic groups, a statistically 
significant reduction  (P  <  0.05) in gingival status and 
plaque inhibition was recorded up to the 2nd  week of 
probiotic ingestion. However, no significant difference 
was observed in the placebo group.[45]

Risk of bias across studies and additional analyses
The confidence obtained from the trials included in 
this study is moderate [Table 3].[48]

DISCUSSION

Summary of evidence
Probiotic technology represents a breakthrough 
approach to maintaining oral health by utilizing 
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natural beneficial bacteria commonly found in 
healthy mouths to provide a natural defense against 
those bacteria thought to be harmful to teeth and 
gums.[7] Bifidobacteria have a wide commercial use 
and are Generally Regarded As Safe  (GRAS) for 
use as ingredients in milk‑based infant formulas.
[25] Bifidobacteria are the predominant anaerobic 
bacteria naturally occurring within the intestinal 
lumen and play a critical role in maintaining 
the equilibrium among normal intestinal flora.[28] 
Acidogenic and aciduric species of dairy products 
can inhibit other competing organisms and make 
their local environment, for example, the dental 
plaque, even more acidic. However, some species of 
Bifidobacterium may also have a role in maintaining 
health by promoting a microbiological balance 
in the oral cavity and oral defense factors, such 
as the peroxidase system, which may inhibit the 
acidogenicity of bacteria.[33] Various clinical trials have 
been performed on the different forms of probiotics 
to check its effectiveness and substantivity in the 
oral cavity so that it can be used as an adjuvant in 
oral care measures as well as a preventive aid in the 
occurrence of various dental diseases. To the best of 
our knowledge, studies solely focusing on the clinical 
effects of Bifidobacterium have not been previously 
summarized in an evidence‑based manner.

Studies investigating the effect of probiotics on 
various microbiological parameters during the 
consumption of probiotics have been conflicting. 
Apart from specific strains of Bifidobacterium 
or the mode/duration of administration, patients’ 
compliance could also affect the results. Although 
compliance was found to be good, they were 
self‑reported by the participants which cannot be 

completely relied on. Other factors that could have 
affected the reported results were dietary habits, use 
of antibacterial agents, cleansing the mouth after 
consumption of probiotic, thus washing‑out the 
probiotic from the mouth.

Probiotic icecream‑containing Bifidobacterium 
reduced the levels of salivary mutans streptococci and 
a non‑significant trend was observed for Lactobacillus 
count.[7,27] However, the study conducted by Caglar 
et al.[25] showed the high risk of bias due to selection 
and performance bias. Hence the results from that 
study are not reliable. All the studies using ice 
cream as a vehicle of probiotic delivery showed the 
moderate quality of evidence.[7‑27]

In yogurt containing Bifidobacterium, there was a 
significant reduction of salivary mutans streptococci. 
However, there was selection and performance bias.[28] 
On contrary, S.  mutans and Lactobacillus count did 
not reduce in the case group; however, there was a 
significant reduction in the control group. This study 
had inadequate information regarding randomization 
process and blinding, leading to selection bias. 
Performance bias was also encountered.[29] Both the 
studies showed high risk of bias. Furthermore, the 
study conducted by Pinto et al.[31] showed a reduction 
in the counts of total cultivable microorganisms in the 
dental plaque in both the control and the case groups, 
which implied that daily ingestion of yogurt with or 
without Bifidobacterium reduced the total microbial 
count, and this study showed some concerns of bias. 
Similar study conducted by Caglar.[32] showed no 
statistical significance in the reduction of salivary 
mutans streptococci in the dental plaque sample. This 
study also had inadequate information regarding the 

Table 3: Quality of available evidence
Study Risk of 

bias
Inconsistency Indirectness Imprecision Others No of patients 

Probiotic control
Effect Quality

Ice cream Serious Not serious Not serious Serious None 107
107

No difference Moderate

Yogurt Serious Not serious Not serious Serious None 241
238

Difference 
present

Moderate

Tablet Serious No serious Not serious Serious None 32
64

No difference Moderate

Lozenges Serious Not serious Not serious Serious None 127
111

No difference Moderate

Chewing 
gum

Serious Not serious Not serious Serious None 17
19

No difference Moderate

Capsule Serious Not serious Not serious Serious None 30
29

No difference Moderate

Drop Serious Not serious Not serious Serious None 30
23

No difference Moderate
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randomization process and blinding. Performance 
bias was encountered giving rise to a high risk of 
bias. A  study conducted by Kuru et  al.[33] showed 
lower plaque and gingivitis scores, less bleeding on 
probing, less increase in GCF volume and lower 
total interleukin‑1B amount/concentration with some 
concerns of bias. Similar to ice cream‑containing 
probiotic, a study conducted by Cildir et  al.[34] 
showed a reduction in the levels of salivary mutans 
streptocooci and not Lactobacillus. However, there 
was the selection and performance bias giving rise to 
a high risk of bias in this study. A  study conducted 
by Bafna et  al.[35] showed a reduction in mutans 
streptococci with minimal residual effect and the 
result had some concerns of bias. A  study conducted 
by Zare Javid et al.[30] showed a significant reduction 
in both S.  mutans and Lactobacillus count. However, 
participants were aware of their assigned intervention 
during the trial, and hence, high risk of bias is 
anticipated. All the studies using yogurt as a vehicle 
of probiotic delivery showed either high risk or some 
concerns of bias and hence the results obtained from 
these studies are either not reliable or questionable.

A study conducted by Taipale et al.[36] concluded that 
when Bifidobacterium administered in the form of 
a tablet in newborns, it did not result in permanent 
colonization of this probiotic or significantly affect the 
levels of mutans streptococci colonization. Only one 
study was conducted using probiotic tablet. This study 
had inadequate information regarding the blinding of 
the participants and outcome assessors, and thus, the 
result obtained is questionable, giving rise to high risk 
of bias and moderate quality of available evidence.

The use of probiotic lozenge by Toiviainen et  al.[37] 
showed improved periodontal status without affecting 
the oral microbiota and adhesion properties of plaque. 
Another study conducted by Jäsberg et  al.[38] showed 
increased MMP‑9 and decreased TIMP‑1 levels in 
saliva, suggesting immunomodulatory effects in the 
oral cavity. However, both the studies had some 
concerns of bias arising from the randomization 
process as well has inadequate information on 
blinding of the study participants and outcome 
assessors, giving rise to a high risk of bias. Hence, 
the results are questionable. Alanzi et al.[39] suggested 
the use of lozenges as a simple adjunct to standard 
oral care, but the results had some concerns of bias. 
The overall quality of available evidence is moderate. 
Invernici et  al.[40] suggested the use of B.  lactis 
HN019 as an adjunct to SRP for promoting additional 

clinical, microbiological, and immunological benefits 
in the treatment of chronic periodontitis

Only one study was conducted using probiotic 
chewing gums by Gueimonde et  al.[41] which 
concluded a positive impact on the salivary flow rate, 
salivary pH, and IgA levels with or without the use of 
Bifidobacterium probiotic. This result is questionable 
because of inadequate information regarding the 
blinding of the participants and outcome assessors. 
Hence, this study had a high risk of bias as well as 
the moderate quality of available evidence.

A study conducted by Ishikawa et  al.[42] using 
probiotic capsules, concluded that there was the 
reduction in the colonization of Candida species, 
suggesting the use of probiotics as an alternative 
treatment in elderly denture wearers. This result is 
also questionable because of the high risk of bias 
due to inadequate information on the awareness of 
participants and outcome assessors of their assigned 
intervention during the trial and moderate quality of 
available evidence.

A study conducted by Tehrani et  al.[43] on probiotic 
drop decreased salivary counts of mutans streptococci 
and Lactobacillus in children with higher salivary 
counts. There were some concerns of bias and 
moderate quality of available evidence in this study, 
so the results obtained are questionable.

Studies done by Jindal et  al.[44] and Yousuf et  al.[45] 
showed that freeze‑dried probiotic powder reduced 
Mutans streptococci count and improved gingival 
status and plaque inhibition, respectively. Both the 
studies have not mentioned whether the participants, 
as well as carers and people delivering the 
interventions, were aware of the assigned intervention 
during the trial or not, giving rise to high risk of bias 
and moderate quality of available evidence. Hence, 
the reliability of these studies is questionable.

Overall, the risk of bias for all the studies included 
in this review ranged from some concerns to high 
risk and the quality of available evidence was also 
moderate.

Strengths and limitations
RCTs represent the highest level of evidence in 
health care interventions, and we adhered to the 
well‑established guidelines in this review. As to our 
knowledge, there has been no systematic review 
done so far to evaluate the clinical effectiveness of 
Bifidobacterium as a probiotic in oral health care. The 
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search did not have any restrictions on languages or 
publication date and was extensive. The studies that 
were included in this review did pose some limitations. 
The strains of Bifidobacterium used, its dosage, duration, 
mode of administration differed among studies. Majority 
of the studies had recruited less participants, which can 
pose a threat to the precision as well as reduce the 
generalizability of the results retrieved.

Recommendations for future research
The proven effects of probiotics on general health 
have led to more research in the oral health field. Its 
antimicrobial and immune‑modulating ability provides 
a new therapeutic approach for preventing infectious 
disease.[40] Although there are various studies on 
probiotics done so far, further researches are needed 
to conclude the optimum level of probiotic required 
and the ideal mode of administration to maximize the 
use of probiotic in preventing oral diseases. It is also 
essential to evaluate the effects of using a single strain 
as well as the synergistic effect of combining multiple 
species of probiotics into a single entity.

Future researches have to be carried out with a larger 
sample size so that it can be extrapolated, long duration of 
interventions assessing the long‑term effects of probiotic 
use, washout period extending more than 2 weeks in case 
of cross‑over trials, combinations of probiotic strains so 
that it provides additional benefits on oral health.

CONCLUSION

To conclude, from the evidences available from these 
trials, the effect of Bifidobacterium in oral health is 
questionable. Further high‑quality RCTs are required 
on the clinical effects of Bifidobacteria and also 
the optimum level of probiotic needed, ideal mode 
of administration to provide oral health benefits. 
Furthermore, synergistic effects of the combined use 
of various strains of probiotics need to be studied.
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