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Purpose. To critically evaluate the available literature and conduct a systematic review of recent randomized controlled trials to
assess the efectiveness of probiotics compared to chlorhexidine mouthwash in enhancing periodontal health. Methods. Five
databases were searched electronically, as well as the gray literature. Using the Cochrane risk-of-bias tool for randomized clinical
trials, the risk of bias was examined. Te weighted mean diference (WMD) method was used to calculate the efect sizes.
Heterogeneity was assessed using I2 and τ2 statistics. Te GRADE approach was adopted to assess the certainty of the evidence. To
assess the robustness of the fndings, sensitivity analysis and publication bias assessment were undertaken. Results. A total of 1850
studies were initially identifed. Sixteen clinical trials were eligible for qualitative synthesis, and ten were included in the meta-
analysis. In terms of the gingival index, in total, no statistically signifcant diference was observed between chlorhexidine and
probiotics within 4weeks (WMD −0.03, 95% CI: −0.09∼0.04, P= 0.3885). Similar to GI, no statistically signifcant diference was
observed between chlorhexidine and probiotics regarding the plaque index within 4weeks (WMD 0.11, 95% CI: −0.05∼0.28, P

= 0.1726). No statistically signifcant diference was observed between chlorhexidine and probiotics in all time intervals regarding
oral hygiene index-simplifed (WMD −0.01, 95% CI: −0.05∼0.04, P= 0.7508). Te robustness of these fndings was confrmed by
sensitivity analysis and publication bias assessments. Conclusions. Based on the fndings, probiotics were an acceptable alternative
to conventional chlorhexidine in improving periodontal health. High-quality studies with rigorous methodology should be
conducted to assess the optimum doses of probiotics for clinical implications.

1. Introduction

One of the most prevalent oral diseases in the world is
periodontal disease [1]. Dental plaque has been proved to be
the main factor in the onset and progression of periodontal
diseases. Tus, the prevention and treatment of periodontal
diseases are based on plaque control and antimicrobial
therapies [2].

Adjuvant chemical approaches, such as mouthwash,
have been proposed as an additional therapy due to the
limitations of mechanical plaque management techniques
and the rise in antibiotic resistance. [3].

Antimicrobial agents such as hydrogen peroxide, chlo-
rhexidine (CHX), essential oils, cetylpyridinium chloride
(CPC), and triclosan are commonly used for this purpose.
Based on the present fndings, the gold standard for plaque
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control is chlorhexidine, a broad-spectrum antimicrobial
agent [2]. However, continuous use of chlorhexidine has side
efects such as an increase in calculus formation, alteration in
taste, and oral mucosal erosion [4].

Probiotic usage has been suggested as an alternative to
manage periodontal diseases in recent years. In this way,
probiotics may be a turning point in periodontal treatment
[5]. Tey were defned as “living microorganisms that, given
in sufcient quantities, bring health benefts to the host” [5].
Probiotics have been shown to reduce the acidic pH inside
the oral cavity and release bacteriocins that prevent plaque
formation [6].

Moreover, previous studies have shown that the use of
probiotic products can reduce oral caries. In these studies,
reducing the level of some bacteria efective in causing
caries, including Streptococcus mutans, has been shown
[7]. Probiotics have also been reported to be associated
with decreased Candida colonies in saliva and the prev-
alence of oral candidiasis. By inhibiting the growth of
microorganisms, probiotics can change the host’s
microbiome [8].

Te role of probiotics in periodontal disease and
a signifcant decrease in plaque indices, bleeding on
probing, and gingivitis have been proposed [9]. However,
only a small number of clinical trials have examined the
antiplaque and anti-infammatory efects of probiotics and
chlorhexidine mouthwash. Tis systematic review and
meta-analysis aimed to compare the use of chlorhexidine
mouthwash and oral probiotics to evaluate the efcacy of
probiotics as a potential alternative agent for the im-
provement of periodontal status and critically appraise the
available literature.

2. Materials and Methods

2.1. Protocol and Registration. Tis review was organized
based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [10]. Also,
it was registered at PROSPERO with the protocol regis-
tration code: CRD42021261054.

2.2. Eligibility Criteria. Te main objective of this meta-
analysis was to respond to the following question: Do
probiotics have the same periodontal health-improving
power as CHX mouthwash?

Te PICO components were the following items:
population (any patients with no restrictions regarding
their age), intervention (probiotics in any form or type),
comparator (conventional chlorhexidine mouthwash),
outcome (clinical parameters such as the plaque index, the
gingival index, the probing pocket depth, the clinical at-
tachment level, the sulcular bleeding index, gingival re-
cession, and the periodontal infamed surface area index),
and study design (randomized controlled trials). No lan-
guage restriction was applied to decrease the risk of lan-
guage bias. Studies were excluded if they were nonpeer-
reviewed RCTs and conference papers, editorial, and review
papers.

2.3. Information Sources and Search. Te electronic search
for articles took place in December 2021. Te following
databases were searched: PubMed, Web of Science, Scopus,
EMBASE, Virtual Health Library, Cochrane Oral Health,
and Group Trial Register. Te gray literature was also
searched through Google Scholar. Te MeSH (Medical
Subject Headings) database was utilized to verify all key-
words (Supplementary Table 1). Free relevant keywords
were searched additionally. Moreover, all primary research’
reference lists were thoroughly searched for further scientifc
papers.

2.4. Study Selection. Two reviewers (KHS and OBLM) rig-
orously and impartially evaluated the articles. Reading
through all of the article titles and abstracts in the afore-
mentioned databases served as the frst step in the selection
process. Articles that did not meet the predefned inclusion
criteria were excluded after reading the titles and abstracts.
Te full texts of the papers that were retrieved after the frst
step were gathered, and full-text publications were evaluated
by the authors following inclusion criteria. Any discrep-
ancies concerning eligibility and any disputes between the
two reviewers were settled by discussion.

2.5. Data Extraction. Te data were extracted by one author,
and a second reviewer subsequently double-checked the
data. All the data obtained by the articles were tabulated as
follows: study design, sample size, age of participants, ex-
perimental groups, comparator groups, clinical parameters,
and follow-ups. In addition, if studies had insufcient data
for the meta-analysis, the authors were contacted to
provide them.

2.6. Risk of Bias. Two reviewers (GMS and KHS) in-
dependently evaluated the risk of bias in this review using
the Cochrane Collaboration’s assessment tool (version 2)
[11]. Te randomization procedure, variations from inten-
ded interventions, missing outcome data, assessment of the
outcome, and selection of the reported result are the fve
primary domains of this tool.

2.7. Data Analysis. Te meta-analysis was conducted on the
gingival index, plaque index, and oral hygiene index-
simplifed (OHI-S). Te “meta” package and the R soft-
ware, version 3.6.2, were used for all of the analysis. If the
data were numerically similar, the weighted mean diference
(WMD) utilizing the inverse variance approach was ex-
amined for continuous variables. Apart from that, the
standard mean diference (SMD) was used. Te fxed-efect
model was used when I2 = 0, and the random-efect model
was used when I2> 0. All the P values were two-sided, and
the statistical signifcance was defned at a level of α= 0.05.
Te same methodology used in three previously published
meta-analyses was adopted [12–14]. Te leave-one-out
method, which recalculates the meta-analysisN− 1 time
while omitting one study each time, was used for sensitivity
analysis. Outliers can be discovered in this method. Re-
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analysis was performed after the outlier studies’ removal to
test the robustness of the results. Egger’s test [15] and Duval
and Tweedie’s trim-and-fll method [16] were used to
quantitatively assess the publication bias, and contour-
enhanced funnel plots were built to visualize it.

2.8. Certainty Assessment. Te Grading of Recommenda-
tions, Assessment, Development, and Evaluation (GRADE)
ranking through fve analysis criteria was used to evaluate
the level of the evidence (risk of bias, inconsistency, indirect
evidence, imprecision, and publication bias). As a result, the
degree of certainty in the evidence was rated as high,
moderate, low, or extremely low [17].

3. Results

3.1. Study Selection. 1800 publications were found following
a thorough search and the removal of duplicate studies. 26
studies were retained and evaluated for full-text evaluation
after titles and abstracts were fltered according to the eli-
gibility criteria. Hence, ten studies were excluded, and f-
nally, sixteen RCTs [18–30] were assessed for qualitative
synthesis and ten for meta-analysis [18, 21, 22, 25–29]
(Figure 1).

3.2. Study Characteristics

3.2.1. Review of the Included Studies. Te main character-
istics of the included studies are presented in Table 1. Te
papers compared the use of probiotics (experimental group)
in any form with chlorhexidine mouthwash (comparator).
Six studies had other experimental groups [18, 19, 21, 26].
Eleven studies had control groups using saline, mint water,
distilled water, or regular oral hygiene measures
[20, 22, 23, 25–30, 33]. Te studies were conducted between
2010 and 2021.829 patients were evaluated. Te number of
participants ranged from 15 to 90, divided into experimental
and comparator groups, with a mean of 51.8 participants.
Te included studies assessed whether daily oral adminis-
tration of probiotics could infuence the infammatory re-
sponse and plaque accumulation. Tirteen studies evaluated
PI and GI [18–25, 27, 30, 33]. Tree papers evaluated only PI
[26, 28, 30]. Five papers also evaluated OHI-S [18, 22, 23, 30].

3.2.2. Risk of Bias within Studies. Te risk of bias within the
included studies is presented in Figure 2. Te majority of the
included RCTs showed a moderate risk of bias and quality
due to deviations from intended interventions [18–25,
27–30, 33]. On the other hand, two showed a low risk of bias
[26, 33].

3.2.3. Publication Bias Assessment. Te results of the pub-
lication bias assessment are presented in Table 2 and Fig-
ure 3. Based on the quantitative tests, publication bias was
not proved for all outcomes. However, according to the
asymmetric pattern of funnel plots, publication bias was
suspected to some extent.

4. Results of Meta-Analysis

4.1. Gingival Index. In terms of the gingival index, no sta-
tistically signifcant diference was observed between CHX
and probiotics in all time intervals (WMD −0.03, 95% CI:
−0.09∼0.04, P � 0.3885) with a very low level of evidence
(Figure 4 and Supplementary Table 2). After removing
outlier studies, similar to the previous analysis, no signifcant
diference was observed in all time points (WMD −0.05, 95%
CI: −0.11∼0.01, P � 0.0971) with a very low level of evidence
(Supplementary Figures 1 and 2 and Supplementary
Table 2).

4.1.1. Plaque Index. Similar to GI, no statistically signifcant
diference was observed between CHX and probiotics re-
garding PI (WMD 0.11, 95% CI: −0.05∼0.28, P � 0.1726)
with a very low level of evidence (Figure 5 and Supple-
mentary Table 2). On the contrary, a statistically signifcant
diference was shown in the fourth week after using
mouthwashes (WMD 0.16, 95% CI: −0.05∼0.28), which
favored chlorhexidine, with a moderate level of evidence
(Figure 5 and Supplementary Table 2). Moreover, after re-
moving outliers, using sensitivity analysis, no statistically
signifcant diference was observed between CHX and
probiotics regarding PI (WMD 0.01, 95% CI: −0.03∼0.05, P

� 0.5272) with a very low level of evidence (Supplementary
Figures 3 and 4 and Supplementary Table 2).

4.1.2. Oral Hygiene Index-Simplifed (OHI-S). No statisti-
cally signifcant diference was observed between CHX and
probiotics in all time intervals regarding OHI-S after per-
forming sensitivity analysis (WMD −0.01, 95% CI:
−0.05∼0.04, P � 0.7508) with a moderate level of evidence
(Figure 6 and Supplementary Table 2).

5. Discussion

Concerning chlorhexidine’s long-term side efects, re-
searchers have been looking for an alternative agent to
improve the periodontal status and manage periodontal
diseases. Tus, probiotics have been the subject of many
clinical trials to prove their efcacy in reducing plaque
accumulation and gingival infammation [8].

Te current systematic review investigated randomized
clinical trials to assess the efectiveness of probiotics as an
alternative to chlorhexidine for the management of peri-
odontal status. All the included papers used periodontal
clinical parameters (plaque index and/or gingival index) to
evaluate interventions in follow-ups with diferent mouth-
washes and probiotic lozenges [18–30, 33] [29–30, 33].

Ten studies included in the meta-analysis used the Sil-
ness–Loe plaque index (1964) [18, 21, 22, 25–30], nine papers
used the Loe–Silness gingival index (1963) [18, 21, 22, 25–28,
30], and fve clinical trials used oral hygiene index-simplifed
(Green and Vermillion) [18, 22, 23, 30]. Te data were
numerically similar and were measured using the same
techniques; hence, the weighted mean diference (WMD)
was used to pool efect sizes.
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After pooling efect sizes, no statistically signifcant
diference was observed between probiotics and chlo-
rhexidine mouthwash within 4 weeks of follow-up. Tere
was no signifcant statistical diference found in the
gingival index. Tis fnding demonstrates that probiotics
have been shown to improve infammatory response. It is
well known that probiotics contain benefcial commen-
sals, which operate as a natural barrier against bacteria
[5–7, 34]. Probiotics lessen bacterial adhesion to tooth
surfaces, which may prevent microbial growth and pro-
liferation as well as the development of the intercellular
plaque matrix. It demonstrates the value of utilizing
probiotics by altering the biochemistry of plaque,

preventing the production of cytotoxic products that alter
the ecology of plaque, and preventing toxicities and an-
tibiotic resistance [5–7, 34].

However, these fndings were based on very low to
moderate certainty of the evidence. Te analyses showed
very low levels of certain evidence for the gingival index and
plaque index outcomes due to a large amount of hetero-
geneity and the lack of precision. Rücker et al. have proposed
three sources of heterogeneity in meta-analyses including
clinical heterogeneity (such as diferences between sample
characteristics), statistical heterogeneity, and other sources
of heterogeneity (such as design-related heterogeneity) [35].
Studies that used various probiotic formulations and

Records identifed through database searching
Databases (n = 1850)

Pubmed (n=18), Web of science (n=17), Scopus (n=13), CENTRAL (n=9), 
Embase (n=30), VHL (n=43), Google Scholar (n=1720)

Records afer duplicates removed
(n = 1800)

Records screening
(n = 1800)

Records excluded
(n = 1774)

Full-text articles assessed for 
eligibility
(n = 26)

Full-text articles excluded
(n = 10)

Studies included in qualitative
synthesis
(n = 16)

Identifcation of studies via databases and registers

Id
en

tif
ca

tio
n

Sc
re

en
in

g
In

clu
de

d
El

ig
ib

ili
ty

Studies included in quantitative 
synthesis (meta-analysis)

(n = 10)

Figure 1: PRISMA fow diagram of the literature search.
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concentrations of chlorhexidine may have contributed to the
observed heterogeneity. On the other hand, blindness varied
among the included studies.

Age, weight, and adherence to oral hygiene advice are
a few variables that may have an impact on periodontal
health. Moreover, previous research has shown that obesity
serves as a potentiator of the periodontal condition because
of the elevation of infammatory cytokines [36]. Tese
characteristics might have a variety of efects on a hetero-
geneous sample, making it more challenging for the sys-
tematic review’s external validity.

Also, the presence of publication bias was suspected
based on the asymmetrical pattern of the funnel plots for
outcomes. However, publication bias was not proved using
statistical tests. It is crucial, however, not to jump to

conclusions and interpret the funnel plot cautiously. In fact,
publication bias is just one of many possible reasons for
funnel plot asymmetry. Small studies with extremely large
efect sizes, between-study heterogeneity, and diferent study
designs can lead to funnel plot asymmetry [37]. It is
a common fnding that low-quality studies tend to show
larger efect sizes because there is a higher risk of bias. Large
studies require more investment, so, likely, their method-
ology will also be more rigorous [37].

As a result, these fndings should be interpreted
cautiously. To standardize comparisons, we advise that
future randomized clinical studies be conducted using the
same probiotic composition and chlorhexidine
concentration.

We advise conducting more longitudinal studies and
microbiological testing before prescribing probiotics as an
antiseptic and antibacterial agent. Due to the inclusion of
low to moderate-quality primary papers, this review was
constrained. Furthermore, the probiotic and chlorhex-
idine comparison in these clinical trials lacked stan-
dardization. Tey employed several types of probiotics,
chlorhexidine formulations, and concentrations. Te
aforementioned issues should be considered in future
studies.
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Figure 2: Summary of the risk-of-bias assessment.

Table 2: Results of the publication bias.

Outcomes Funnel plot Eggers’
test (P value)

Trim-fll
method (P value)

GI Asymmetric 0.680 0.410
PI Asymmetric 0.079 0.858
OHI-S Asymmetric 0.751 0.390
OHI-S: oral hygiene index-simplifed; PI: plaque index; GI: gingival index.
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Figure 3: Contour-enhanced funnel plots visualizing publication bias. (a) GI outcome; (b) PI outcome; (c) OHI-S outcome. Te vertical
dashed line in the middle of the funnel shows the average efect size.
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Figure 4: Forest plot for the gingival index (experimental: probiotics and control: chlorhexidine).
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6. Conclusion

Probiotics are an alternate option for enhancing periodontal
health. It might also serve as a substitute for chlorhexidine
mouthwash to avoid any potential negative efects. To de-
termine the ideal doses for clinical implications, additional
high-quality research with strict methods should be
conducted.
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Figure 5: Forest plot for the plaque index (experimental: probiotics and control: chlorhexidine).
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