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Abstract: For many years, the use of probiotics in periodontitis treatment was reflected in their
abilities to control the immune response of the host to the presence of pathogenic microorganisms
and to upset periodontopathogens. Accordingly, the aim of the present study was to assess the use of
probiotics as adjuvant therapy on clinical periodontal parameters throughout a systematic review
and meta-analysis. The literature was screened, up to 4 June 2021, by two independent reviewers
(L.H. and R.B.) in four electronic databases: PubMed (MedLine), ISI Web of Science, Scielo, and
Scopus. Only clinical trials that report the effect of the use of probiotics as adjuvants in the treatment
of periodontal disease were included. Comparisons were carried out using Review Manager Software
version 5.3.5 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). A
total of 21 studies were considered for the meta-analysis. For the index plaque, the use of probiotics
did not improve this clinical parameter (p = 0.16). On the other hand, for the periodontal pocket
depth, the clinical attachment loss, the bleeding on probing, and the use of probiotics as adjuvant
therapy resulted in an improvement of these parameters, since the control group achieved statistically
higher values of this parameter (p < 0.001; p < 0.001; and p = 0.005, respectively). This study suggests
that the use of probiotics led to an improvement in periodontal pocket depth, clinical attachment loss,
and bleeding on probing parameters. On the other hand, this protocol seems to not be beneficial for
the index plaque parameter.

Keywords: gingivitis; lactobacillus; oral health; periodontal health; periodontal treatment outcomes;
periodontitis
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1. Introduction

The first trigger of periodontal disease is the accumulation of dental plaque due to
poor oral hygiene [1]. According to this, it is defined as inflammatory conditions that
affect tissues of the teeth, which leads to the formation of pockets, gingival recession,
and therefore, there is attachment loss and bone loss [2]. The etiology of periodontal
disease is associated with bacterial plaque and considers three important factors that will
determine whether the disease develops; these factors are: a susceptible host, the presence
of pathogenic species, and the reduction or absence of beneficial bacteria [3]. Additionally,
the role of other microorganisms should be highlighted, such as fungal species, which
may act as a cofactor inducing the production of pro-inflammatory cytokines and favoring
the occurrence of periodontal attachment loss [4,5]. Epidemiological studies show that
periodontal disease and gingivitis represent a serious public health problem that can lead
to systemic diseases such as diabetes and cardiovascular diseases. Consequently, the
prevention and treatment of periodontitis is crucial not only for dental maintenance and
oral health but also for general health [6].

Scaling and root planning is a non-surgical treatment that removes the tartar from the
crown and the root surfaces of the teeth and thus leads the reduction of the microorganisms
load [7]. Scaling and root planning is the treatment considered as the gold standard, and
this type of treatment has been shown to reduce the bacterial load and eliminate plaque
and tartar. Supportive treatments for scaling and root planning include systemic and
local antibiotics, local drug delivery, host modulation therapy, lasers, and other novel
methods [8].

For many years, probiotics have been used in general medicine for the treatment of
inflammatory bowel diseases and vaginal infections and for the prevention of allergies and
respiratory infections [9]. In dentistry, the probiotics might prevent or treat oral diseases
such as caries, gingivitis, or periodontitis [10]. Commonly used probiotics in dentistry are
Bifidobacterium and Lactobacillus [11]. There is evidence that the use of a probiotic yogurt
supplemented with Bifidobacterium animalis subsp. lactis (B. lactis) could have a positive
effect on plaque buildup and gingival inflammation [1].

Probiotics are living microorganisms. When they are directed in correct amounts, they
provide a benefit for the health of the host. Therefore, the probiotics strengthen the immune
system and act against allergies, stress, and toxic substances [11]. It has been revealed
that the use of probiotics (Lactobacillus reuteri) has diminished gingival bleeding and has
also led to a decrease in gingivitis. On the other hand, oral administration of the probiotic
Lactobacillus salivarius perfected the periodontal status of healthy volunteers, especially for
smokers, except non-smoking volunteers (never/ex-smokers) [12].

Although the use of probiotics seems to be beneficial, the question of whether the use
of this adjunct therapy could improve the periodontal disease remains. Hence, the objective
of this study is to systematically review the literature to evaluate the use of probiotics
as adjuvant therapy on clinical periodontal parameters. The null hypothesis to be tested
is that the use of probiotics as adjuvant therapy will not have any influence on clinical
periodontal parameters.

2. Materials and Methods

This systematic review and meta-analysis was performed in accordance with the
PRISMA guidelines [13]. The following PICOS framework was used: population, periodon-
tal disease; intervention, scaling, and root debridement plus the application of probiotics as
adjuvant therapy; control, scaling, and root debridement only; outcome, clinical periodon-
tal parameters; and study design, randomized clinical trials. The research question was:
“Does the use of probiotics as adjuvant therapy for scaling and root debridement improve
the clinical periodontal parameters?”.
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2.1. Literature Search

The literature search was conducted by two independent reviewers up to June 04,
2021. No data limit was used for the search. Four electronic databases, PubMed (MedLine),
ISI Web of Science, Scielo, and Scopus, were screened to identify manuscripts that could
be included. The keywords and search strategy used in PubMed and adapted for other
databases are listed in Table 1. The reviewers also performed a hand search of the reference
lists of included articles for the identification of additional papers. Following the initial
screening, all studies were imported into Mendeley Desktop 1.17.11 software (London, UK)
to eliminate duplicates.

Table 1. Keywords used in search strategy.

Search Strategy

Periodontitis OR Gingivitis OR Periodontal therapy OR Periodontal condition OR Periodontal diseases OR Oral health OR Gingival index OR
#1 Subgingival microbiota OR Peri-implant mucositis OR Saliva microbiota OR Subgingival microbiota OR Residual pockets OR Dental plaque OR
Microbiology OR Mucositis OR Periodontopathic bacteria OR Gingival crevicular fluid

Probiotics OR Lactobacillus reuteri prodentis OR Bifidobacterium lactis OR Streptococci, lozenge OR Probiotic food supplements OR Lactobacillus

#2 salivarius OR Lactobacillus brevis OR Lactobacillus plantarum OR Lactobacillus spp OR Lactobacillus rhamnosus

43 Randomized-controlled clinical trial OR Randomized clinical trial Double-blind method OR Randomised double-blind clinical trial OR Clinical
efficacy OR Clinical evaluation OR Clinical study OR Clinical trial OR Controlled clinical trial

#4 #1 AND #2 AND #3 AND #4

2.2. Study Selection

Two reviewers (L.H. and R.B.) individually assessed the titles and abstracts of all
studies. Manuscripts for full-text review were selected according to the following eligibility
criteria: (1) reported the effect of the use of probiotics as adjuvants in the treatment of
periodontal disease; (2) included a control group where only scaling and root debridement
was performed; (3) measured periodontal clinical parameters; (4) presented the data in
mean and standard deviation; (5) published in the English, Spanish, or Portuguese language.
Case reports, pilot studies, case series, and reviews were also excluded. Full copies of all of
the potentially relevant studies were assessed. Papers that seemed to meet the inclusion
criteria or had insufficient data in the title and abstract to produce a clear decision were
designated for full analysis. The full-text manuscripts were considered independently in
duplicate by two review authors. Any discrepancy concerning the eligibility of the included
studies was decided and resolved through discussion and agreement by a third reviewer
(C.E.C.-5.). Only papers that satisfied the eligibility criteria listed were included.

2.3. Data Extraction

The data of concern from the involved studies were extracted using Microsoft Office
Excel 2019 (Microsoft Corporation, Redmond, WA, USA). These data comprised the year
of publication, study design, characteristics of the included patients, periodontal disease
diagnosis, type of probiotics used, clinical parameters measured, follow-up, and main
outcomes. If any information was missing, the corresponding authors of the included
studies were notified twice via an e-mail to retrieve the missing data. If the authors did not
respond within 2 weeks of the first contact, the missing information was not included.

2.4. Quality Assessment

The risk of bias of the selected articles was evaluated and classified according to
the Cochrane risk of bias tool for randomized clinical trials [14]. They were assessed by
two reviewers (R.B. and L.H.) according to the following items: selection bias (sequence
generation, allocation concealment), performance and detection bias (blinding of operators
or participants and personnel), bias due to incomplete data, reporting bias (selective
reporting, unclear withdrawals, missing outcomes), and other bias (protocol record in
CONSORT). Each domain was classified as having a low risk, unclear risk, or high risk
of bias.
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2.5. Statistical Analysis

Meta-analyses were performed using Review Manager Software version 5.3.5 (The
Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). The
analyses were carried out using the random-effects model, and pooled-effect estimates
were obtained by comparing the standardized mean difference between the periodontal
clinical parameters obtained from the control and experimental groups. Subgroups were
built according to the follow-up time evaluated. A p-value <0.05 was considered statistically
significant. Statistical heterogeneity of the treatment effect among studies was assessed
using the Cochran Q test and the inconsistency 12 test.

3. Results
3.1. Literature Search

The search resulted in the retrieval of 7935 records (Figure 1). After removal of
duplicates, 5222 articles were screened, and 5194 were excluded based on the eligibility
criteria. A total of 28 full-text articles were assessed for eligibility. Of these, 3 were not
considered for the qualitative analysis because they were not clinical trials, and 25 articles
were included in the qualitative analysis [1-3,6-12,15-29]. Of these, four studies [6,25,26,29]
were excluded from the meta-analysis because the mean and standard deviation could not
be retrieved. Finally, 21 studies were considered for the meta-analysis.

PRISMA FLOW DIAGRAM

c | 7935 records identified | lStudies identified by database]
9 from databases search. | |PubMed: 1729
3 The Cochrane Library: 1497
b Web of science: 1519
e .
3 2713 duplicates Scielo: 14
= removed. SCOPUS: 1802
EMBASE: 1374
g
c 5222 records screened. [ 5194 records excluded
g on the basis of the title
] or abstract.
2
E 28 articles | | 3 studies excluded:
g assessed for ellglblllty - They were not clinical trials.
fm}
25 studies included in the 4 studies excluded:
g qua“tative analysis. - Mean and standard deviation could not be retrieved.
E
[%)
£ | 21 studies included in the
quantitative analysis.

Figure 1. PRISMA flowchart.

3.2. Qualitative/Descriptive Analysis

The characteristics of the studies included in the review are listed in Table 2. The
studies included evaluated the performance of probiotics intake as adjuvant therapy from
4 weeks to a maximum follow-up time of 24 weeks. The probiotics tested included Lacto-
bacillus brevis, Lactobacillus plantarum, Lactobacillus reuteri, Bifidobacterium animalis, Weissella
cibaria, Lactobacillus salivarius, Lactobacillus rhamnosus, Lactobacillus rhamanosus, Lactobacillus
brevis, Lactobacillus plantarum, Lactobacillus reuteri, and Bifidobacterium. Most of the included
studies evaluated plaque index, bleeding on probing, probing pocket depth, and clinical
attachment loss as clinical periodontal parameters.
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Table 2. Qualitative analysis of the included studies.

Number and Age of

Author and Year Study Design Diagnostic Partici Probiotics Used Parameters Evaluated Follow-Up Main Results
articipants
There were significant
Double-blinded, 29 patients aged Lactobacillus Probine pocket depth decreases in pocket depths
Ann, 2017 [2] randomized, controlled Chronic periodontitis P 8 brevis / Lactobacillus robIng p P 12 weeks after treatment in both the
S - 25-45 years. Clinical attachment lost ;
clinical trial. plantarum experimental and
control sites.
The subjects with chronic
periodontitis, treated with
. . Bleeding on probing SRP and probiotics, show
Costacurta, 2018 [11] Randormze('l, controlled Chronic periodontitis 40 patients aged Lactobacillus reuteri Probing pocket depth 4 weeks some beneficial effect of
trial 18-70 years. . . S
Clinical attachment loss Lactobacillus reuteri, with
significant reduction pf
BOP and PPD.
Statistically significant
reductions were observed
Index plaque for plaque index, gingival
. Randomized, controlled . . e 30 patients aged . Gingival index 1 month, 45 days and index, and probing pocket
Dhaliwal, 2017 [3] study Chronic periodontitis 20-55 Years. Lactobacillus sporogenes Probing depth 3 months depth, and a significant
Relative attachment level gain in the relative
attachment level was
observed in both groups.
Double-blinded, Patients with chroni Plaque index Interl'gr;)ug) com]:()iar;sto? of
Ikram, 2019 [7] randomized, controlled atients with caronic 30 patients aged >30 years. Lactobacillus reuteri Bleeding on probing 12 weeks ciica peripconta
L . periodontitis . parameters did not show
clinical trial. Clinical attachment level . e
statistical significance.
Plaque index Intergroup comparison
Double-blinded, placebo Bleeding on probing showed greater reduction
Tkram, 2019 (b) [15] . X Chronic periodontitis 28 patients aged >30 years. Lactobacillus reuteri N 6 and 12 weeks in PPD and BOP and more
controlled clinical trial. Probing pocket depth A .
. gain in CAL in the
Clinical attachment loss O
probiotic group.
There were no statistically
. ignificant differences
Double-blinded i . P . Sig .
- : . ¢ . . . . Bifidobacterium animalis Plaque accumulation between these variables.
Ivernici, 2020 [1] randomlz::rcii, 1controlled Chronic periodontitis 30 patients aged >30 years. subsp lactis (HNO19) Gingival bleeding 30 and 90 days No adverse effects of
a probiotic therapy were
observed.
There were no statistically
gRr significant differences
I . D"“.ble blinded, . . i . Bifidobacterium animalis Plaque accumulation between these variables.
vernici, 2018 [16] randomized, controlled Chronic periodontitis 41 patients aged >30 years. 30 and 90 days

trial

subsp lactis (HN019)

Gingival bleeding

No adverse effects of
probiotic therapy were
observed.
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Table 2. Cont.

Author and Year Study Design Diagnostic Nunl‘,z:tri:ir;grﬁfe of Probiotics Used Parameters Evaluated Follow-Up Main Results
BOP improved more in the
Bleeding on probing probli(otilc\lgrqup (f)v erd
. ERT . . ; weeks. No significant
Kang, 2020 [10] Randomized, double-blind, Adults without 92 patients aged Weissella cibaria CMU Probing depth 4 and 8 weeks intergroup differences in
placebo-controlled trial periodontitis 20-39 years. Gingival index G d
Plaque index PD, GI, an, PI were
9 observed during the
intervention.
At 24 weeks, the probing
ket depth and clinical
. . Pocket depth poc P -
Kumar, 2021 [8] Randomized, controlled Chronic periodontitis 48 patients aged Lactobacillus reuteri Clinical attachment level 8,12, and 24 weeks attachment level improved
clinical trial 39-42 years. Bleedi bi in all groups from baseline,
eeding on probing with no significant
intergroup differences.
. . Pocket probing depth No significant intergroup
Laleman, 2015 [17] Randomlzte gl,lcontrolled Severe adult periodontitis 4831;2i?§nts aged Streptococci Bleeding on probing 12 and 24 weeks differences could be
na years. Relative attachment levels detected at any time point
Multivariate analysis
. showed that significantly
Double-blinded, placebo . . S Probgl 8 _poclfet depth higher odds were obtained
. - . . 66 patients aged Lactobacillus salivarius Gingival index ;
Mayanagi, 2009 [12] controlled, randomized Periodontitis . X 4 and 8 weeks for the reduction of
N . 44-45 years. WB21 Bleeding on probing -
clinical trial Plague index Tannerella forsythia in the
! subgingival plaque of the
test group.
Topical application of
Index plaque probiotics in combination
Minic, 2022 [9] Randomized prospective Periodontitis 80 patients age Lactobacillus reuteri Bleeding on probing 7 and 30 days with SRP, increases the
study non-specified. . effectiveness of
Probing pocket depth : .
conventional non-surgical
therapy of periodontitis.
Clinical attachment loss im}?rl(l) ‘%gllg; stss?:‘c/\l]fr?ical
Morales, 2017 [18] Randomized, Chronic periodontitis 47 patients aged Lactobacillus rhamnosus Probing pocket depth 3,6 and 9 months and microbiological
placebo-controlled trial 46-52 years. Bleeding on probing Lt
Plaque accumulation parameters at all time
points evaluated.
Clinical attachment loss
Morales, 2016 [20] Randomized clinical trial Chronic periodontitis 28 patients aged Lactobacillus rhamanosus Probm'g pocket de})th 3 and 6 months Bo.th groups improved
46-52 years. SP1 Bleeding on probing their clinical parameters.
Plaque accumulation
. The use of probiotics as an
Probing pocket depth, . .
. . ; : adjunct therapy failed to
Morales, 2021 [19] Randon.uz.ed’ CfmtrOHEd Stage III periodontitis 47 patients aged Lactobacillus rhamnosus l?lgedmg on probing, 3, 6,9 and 12 months provide additional benefits
clinical trial. 46-52 years. clinical attachment loss,

and plaque index.

in the treatment of stage III
periodontitis.
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Table 2. Cont.
Number and Age of
Participants

Probiotics Used

Main Results

There were no changes in
the PI scores between and

Author and Year Study Design Diagnostic

Lactobacillus salivarius

within the groups. The
value of BOP decreased in
both groups.

51 patients aged

Randomized intervention Periodontitis I and II
53-55 years.

Nedzi-Gora, 2020 [6] study

SGLO03

Lactobacillus spp. and

probing depth and clinical

Parameters Evaluated Follow-Up
Index plaque
Bleeding on probing 30 days
2 months

attachment level

Systemic probiotics did not
provide clinical or
microbiological benefits in
the treatment of

48 patients aged >18 years.

Randomized, controlled Periodontitis

Oliveira, 2021 [21] clinical trial

Bifidobacterium spp.

Bleeding on probing

3 months, and 6 months

periodontitis.

All treatment modalities
demonstrated clinical
improvements in PPD and
CAL at 6 months but

Periodontitis (stages I and 48 patients aged

Lactobacillus brevis 7480
CECT and Lactobacillus
plantarum 7481 CECT

Gingiva-Index simplified
Plaque Control Record

without a statistically
significant difference
between the groups.

Among the test and control
groups, there were
significant intra-group
differences in primary

outcomes: CAL and PPD;

Randomized, controlled,
Patyna, 2021 [22] clinical pilot study III, grade B) 57-59 years.
Double-blinded,
. e 41 patients aged
Periodontitis 52-54 years.

paralleled-arm,
placebo-controlled,

Pelekos, 2019 [23]
randomized clinical trial

Lactobacillus reuteri

Lactobacillus and

Clinical attachment levels 90 and 180 days

Probing pocket depths

Plaque index
Modified gingival index

Bleeding index 1 and 3 months

percentage of sites with
bleeding on probing and
visible plaque.
There were no statistically
significant inter-group
differences.

All the clinical and
microbiological parameters
were significantly reduced
in both groups at the end
of the study.

32 patients aged

Randomized, controlled . . ..
Chronic periodontitis. 2559 years.

Penala, 2016 [24] trial

Bifidobacterium

Probing depth (PD)
Clinical attachment level

Fedorov-Volodkina HI
score, Green-Vermillion HI
Score, PMA gingival index,

1st, 5th and 10th days

Probiotic application for
the treatment of
generalized periodontitis
contributed to the
improvement of oral

Chronic periodontitis of T 28 patients aged 40 to

Lactobacillus acidophilus and
Lactobacillus rhamnosus,

Lactobacillus salivarius
WB21

and Miihlemann Papillary
Bleeding Index.

Probing pocket depth
Gingival index
Bleeding on probing
Index plaque

4 and 8 weeks

health.

Periodontal clinical
parameters were improved
in both groups after an
8-week intervention.

Petrushauko, 2020 [25] Randomized clinical trial and IT degrees of severity 55 years.
Randomized, .
i’ . . 66 patients aged
Periodontitis 4445 years.

double-blinded,

Shimauchi, 2008 [26]
placebo-controlled study
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Table 2. Cont.

Author and Year Study Design Diagnostic Nunl‘,zstri:ir;grﬁfe of Probiotics Used Parameters Evaluated Follow-Up Main Results
We have detected an
Index plaque improvement of clinical
38 patients aged Gingival index indices (sulcus bleeding
Szkaradkiewicz, 2013 [27] Original article Chronic periodontitis ?E 46 ear§ Lactobacillus reuteri Sulcus bleeding index Two weeks index (SBI), periodontal
years. Probing pocket depth probing depth (PPD),
Clinical attachment loss clinical attachment level
(CAL)).
Randomized 30 patients aged Clinical attachment 1 All clinical parameters
Teughels, 2013 [28] onmizec, Chronic periodontitis patients age Lactobacillus reuteri ca attachment (08 3,6,9 and 12 weeks were significantly reduced
placebo-controlled study 4546 years. Bleeding on probing .
in both groups.
Index plague There were no significant
naexplaq differences in the clinical
Vivekan, 2010 [29] Preliminary randomized Chronic periodontitis 30 patients aged Lactobacilli reuteri Gin inlzrallg‘tl)‘II;édHilr?eTn dex 0,21 and 42 davs and microbiological
! clinical trial P 34-50 years. (Prodentis) & 8 ’ ¥y

Periodontal pocket depth
Clinical attachment loss

parameters between the
Prodentis and placebo
groups.
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3.3. Risk of Bias of the Included Studies

When analyzing the risk of bias, most studies were not at a high risk of bias except for
the parameter related to reporting bias and other bias (protocol recorded at CONSORT or
ClinicalTrials). The selection, performance, and detection of bias due to incomplete data
were those which presented a low risk of bias (Table 3).

Table 3. Qualitative synthesis for clinical trials. (*: articles excluded from the meta-analysis).

Performance and Bias Due to

Study Selection Bias Detection Bias Incomplete Data Reporting Bias Other Bias
Ann, 2017 [2] Low Risk Low Risk Low Risk High Risk High Risk
Costacurta, 2018 [11] Low Risk High Risk Low Risk High Risk High Risk
Dhaliwal, 2017 [3] Low Risk High Risk Low Risk High Risk High Risk
Tkram, 2019 [7] Low Risk Low Risk Low Risk High Risk Low Risk
Ikram, 2019 (b) [15] Low Risk Low Risk Low Risk High Risk High Risk
Invernici, 2020 [1] Low Risk Low Risk Low Risk High Risk Low Risk
Ivernici, 2018 [16] Low Risk Low Risk Low Risk High Risk Low Risk
Kang, 2020 [10] Low Risk Low Risk Low Risk High Risk Low Risk
Kumar, 2021 [8] Low Risk Low Risk Low Risk High Risk High Risk
Laleman, 2015 [17] Low Risk Low Risk Low Risk High Risk High Risk
Mayanagi, 2009 [12] Low Risk Low Risk Low Risk High Risk High Risk
Minic, 2022 [9] Low Risk High Risk Low Risk High Risk High Risk
Morales, 2018 [18] Low Risk Low Risk Low Risk High Risk High Risk
Morales, 2016 [20] Low Risk Low Risk Low Risk High Risk High Risk
Morales, 2021 [19] Low Risk Low Risk Low Risk Low Risk Low Risk
Nedzi-Gora, 2020 * [6] Low Risk Low Risk Low Risk High Risk High Risk
Oliveira, 2021 [21] Low Risk Low Risk Low Risk High Risk Low Risk
Patyna, 2021 [22] Low Risk Low Risk Low Risk Low Risk High Risk
Pelekos, 2019 [23] Low Risk Low Risk Low Risk Low Risk Low Risk
Penala, 2016 [24] Low Risk Low Risk Low Risk High Risk Low Risk
Petrushauko, 2020 * [25] High Risk Low Risk Low Risk High Risk High Risk
Shimauchi, 2008 * [26] Low Risk Low Risk Low Risk Low Risk High Risk
Szkaradkiewicz, 2013 [27] High Risk High Risk Low Risk High Risk High Risk
Teughels, 2013 [28] Low Risk Low Risk Low Risk High Risk High Risk
Vivekan, 2010 * [29] Low Risk Low Risk Low Risk High Risk High Risk

3.4. Meta-Analysis

Four different clinical parameters were analyzed (Figures 2-5). Figure 2 shows the
results of the meta-analysis performed for the index plaque, where the use of probiotics
did not improve this clinical parameter (p = 0.16). When evaluating the periodontal pocket
depth, the use of probiotics as adjuvant therapy helped to improve this parameter, since
the control group achieved statistically higher values of this parameter (p < 0.001; Figure 3).
Figure 4 shows the result from the analysis of the clinical attachment loss parameter. Once
again, the control group achieved statistically higher values of this parameter, meaning
that the use of probiotics as adjuvant therapy resulted in an improvement (p < 0.001).
Finally, bleeding on probing was also evaluated. The results favored the use of probiotics
as adjuvant therapy, and the control group achieved statistically significant values for this
clinical parameter (p = 0.005).
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Control

Study or Subgroup Mean SD Total Mean

Probiotics

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

25.1.1 6 weeks

Dhaliwal 2017 124 0.38 15 1.29
Ikram 2019 0.82 0.1 15 0.85
Ikram 2019 (b) 54.38 8.13 14 43.46
Invernici 2020 15.33 9.47 15 9.58
Minic 2022 0.25 0.01 20 0.1
Penala 2016 045 0.25 16  0.31
Szkaradkiewicz 2013 172 034 14 165
Subtotal (95% Cl) 109

0.18 15 5.0%
0.1 15  4.9%
9.17 14 47%
5.75 15 4.9%
0.01 20 11%
0.17 16  50%
0.26 24 51%
119 30.7%

Heterogeneity: Tau® = 1.93; Chi* = 77.07, df =6 (P < 0.00001); I* = 92%

Test for overall effect: Z =2.30 (P = 0.02)

25.1.2 8 weeks

Kumar 2021 048 0.18 15
Mayanagi 2009 06 0.1 32
Subtotal (95% Cl) 47

0.55
0.7

0.24 15 49%
0.1 34 5.4%
49  10.3%

Heterogeneity: Tau® = 0.12; Chi*=2.18, df =1 (P = 0.14); I’ =54%

Test for overall effect: Z = 2.14 (P = 0.03)

25.1.3 12 weeks

Dhaliwal 2017 1.11 0.15 15 1.2
Ikram 2019 08 0.98 15 082
Ikram 2019 (b) 3367 947 14 26.28
Invernici 2020 2266 9.99 15 18.27
Kumar 2021 0.52 0.18 15 0.62
Morales 2016 26.5 151 14 312
Morales 2021 324 139 15 113
Penala 2016 0.72 039 16 035
Subtotal (95% CI) 119

0.2 15 4.9%
0.1 15 50%
4.12 14 4.8%
17.11 15  4.9%
0.19 15  4.9%
18.3 14 49%

16 0
0.18 16 4.9%
104 34.3%

Heterogeneity: Tau® = 0.32; Chi* = 19.37, df =6 (P = 0.004); I* = 69%

Test for overall effect: Z =0.61 (P = 0.54)

25.1.4 24 weeks

Kumar 2021 0.7 04 15
Morales 2016 29 145 14
Morales 2021 276 125

Subtotal (95% CI)

0.73
30.4

0.24 15 5.0%
16.1 14 4.9%

15 252 131 16  5.0%
44

45 148%

Heterogeneity: Tau® = 0.00; Chi*=0.37,df =2 (P =0.83); I’=0%

Test for overall effect: Z =0.03 (P = 0.98)

25.1.5 36 week

Morales 2021 26.8 133 15
Subtotal (95% CI) 15

Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)

25.1.6 48 weeks

Morales 2021 358 183 15
Subtotal (35% CI) 15

Heterogeneity: Not applicable
Test for overall effect: Z = 1.79 (P = 0.07)

Total (95% ClI) 349

281

251

14.6 16  5.0%
16 5.0%

12.8 16  4.9%
16 4.9%

349 100.0%

Heterogeneity: Tau? = 0.72; Chiz = 123.94, df = 20 (P < 0.00001); I = 84%

Test for overall effect: Z =1.42 (P=0.16)

Test for subaroup differences: Chi* = 13.24, df = 5 (P = 0.02). I* = 62.2%

Figure 2. Results from the meta-analysis for the index plaque clinical parameter.
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Control Probiotics Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
25.3.1 6 weeks
Costacurta 2018 3.47 065 20 391 05 20 3.5% -0.74 [-1.39, -0.10] -
lkram 2019 3.64 0.55 15 3.63 0.52 15 3.3% 0.02 [-0.70, 0.73] -1
Ikram 2019 (b) 4.08 0.76 14 344 064 14  31% 0.88 [0.10, 1.67] -
Invernici 2018 278 037 21 253 025 20 36% 0.77 [0.14, 1.41] —
Invernici 2020 2.78 0.37 21 253 025 20 3.6% 0.77 [0.14, 1.41] -
Minic 2022 4.72 0.36 20 4.08 0.22 20 3.1% 2.10[1.32, 2.89] -
Szkaradkiewicz 2013 3.34 0.38 14 3.06 0.35 24 3.4% 0.76 [0.08, 1.44] -
Subtotal (95% CI) 125 133 23.6% 0.64 [0.01, 1.27]

Heterogeneity: Tau? = 0.59; Chi* = 34.56, df = 6 (P < 0.00001); I = 83%
Test for overall effect: Z = 1.99 (P = 0.05)

25.3.2 8 weeks

Kumar 2021 494 059 15 471 05 15 3.3% 0.41[-0.32, 1.13] -
Mayanagi 2009 24 02 32 25 01 34 41%  -0.63[-1.13,-0.14] —
Subtotal (95% Cl) a7 49  7.3% -0.15 [-1.16, 0.87] i

Heterogeneity: Tau? = 0.44; Chi? = 5.40, df =1 (P =0.02); I?=81%
Test for overall effect: Z=0.28 (P =0.78)

25.3.3 12 weeks

Ann 2017 299 1.45 68 3.12 1.48 68  4.6% -0.09[-0.42, 0.25] -1
lkram 2019 2.88 049 15 291 0.37 15 3.3% -0.07 [-0.78, 0.65] -1
Ikram 2019 (b) 395 0.78 14 254 052 14 26% 2.07 [1.12, 3.01] e
Invernici 2018 2.85 0.34 21 249 0.27 20 3.5% 1.15[0.48, 1.81] -
Invernici 2020 2.85 0.34 21 249 027 20 3.5% 1.15[0.48, 1.81] -
Kumar 2021 5.03 0.57 15 4.75 049 15 3.3% 0.51[-0.22, 1.24] T
Laleman 2015 3.26 0.49 24 3.15 0.52 24 3.8% 0.21[-0.35, 0.78] T
Morales 2016 21 02 14 22 06 14 3.2% -0.22 [-0.96, 0.53] /1
Morales 2018 24 05 15 21 03 16 3.3% 0.71[-0.02, 1.44] —
Morales 2021 24 05 15 22 04 16 3.3% 0.43[-0.28, 1.15] T
Pelekos 2019 3 06 31 27 05 28  4.0% 0.53 [0.01, 1.05] —'—
Subtotal (95% ClI) 253 250 38.3% 0.53 [0.18, 0.89] ‘
Heterogeneity: Tau® = 0.25; Chi* = 35.49, df = 10 (P = 0.0001); I?=72%

Test for overall effect: Z = 2.93 (P = 0.003)

25.3.4 24 weeks

Kumar 2021 5.08 05 15 492 0.58 15  3.3% 0.29[-0.43, 1.01] I
Laleman 2015 298 047 24 299 047 24 3.8% -0.02 [-0.59, 0.54] 1
Morales 2016 22 02 14 21 04 14 3.2% 0.31[-0.44, 1.05] -
Morales 2018 24 05 15 23 04 16 3.3% 0.22[-0.49, 0.92] 1T
Morales 2021 24 05 15 23 04 16 3.3% 0.22[-0.49, 0.92] T
Pelekos 2019 29 06 31 26 04 28 4.0% 0.57 [0.05, 1.10] —
Subtotal (95% CI) 114 113 20.9% 0.28 [0.01, 0.54] L g
Heterogeneity: Tau? = 0.00; Chi*=2.38,df =5 (P =0.79); I?= 0%

Test for overall effect: Z = 2.06 (P = 0.04)

25.3.5 36 weeks

Morales 2018 25 06 15 22 03 16 3.3% 0.62[-0.10, 1.35] _'_
Morales 2021 25 086 15 22 03 16 3.3% 0.62[-0.10, 1.35] -
Subtotal (95% CI) 30 32 6.6% 0.62[0.11, 1.13] <o
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df =1 (P = 1.00); I = 0%

Test for overall effect: Z = 2.38 (P = 0.02)

25.3.6 48 weeks

Morales 2021 24 0.55 15 23 03 16 3.3% 0.22[-0.48, 0.93] 1T
Subtotal (95% CI) 15 16 3.3% 0.22 [-0.48, 0.93] -

Heterogeneity: Not applicable
Test for overall effect: Z = 0.62 (P = 0.54)

Total (95% Cl) 584 593 100.0% 0.44 [0.22, 0.66] L 2
Heterogeneity: Tau? = 0.24; Chi? = 92.18, df = 28 (P < 0.00001); I* = 70% =4 2 o 2 .
Test for overall effect: Z = 3.97 (P < 0.0001)

Probiotics  Control
Test for subaroup differences: Chi? = 4.02, df =5 (P = 0.55), I =0%

Figure 3. Results from the meta-analysis for the periodontal pocket depth parameter.
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Control Probiotics Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
25.4.1 6 weeks
Costacurta 2018 4.3 0.52 20 394 085 20 35% 0.50 [-0.13, 1.13] T
Dhaliwal 2017 8.56 1.21 15 844 1.28 15 2.9% 0.09 [-0.62, 0.81] -1
Ikram 2019 3.66 0.58 15 34 075 15 2.8% 0.38 [-0.35, 1.10] T
Ikram 2019 (b) 399 089 14 369 067 14  27% 0.37[-0.38, 1.12] T
Invernici 2018 313 05 21 277 044 20 34% 0.7510.11, 1.38] I
Invernici 2020 3.13 05 21 277 044 20 3.4% 0.75[0.11, 1.38] -
Szkaradkiewicz 2013 356 0.41 14 3.16 0.27 24 29% 1.20 [0.48, 1.91] —
Subtotal (95% CI) 120 128 21.5% 0.59 [0.33, 0.85] L 2

Heterogeneity: Tau? = 0.00; Chi* = 5.80, df =6 (P = 0.45); I?= 0%
Test for overall effect: Z =4.47 (P < 0.00001)

25.4.2 8 weeks

Kumar 2021 466 0.52 15 472 046 15 2.9% -0.12 [-0.84, 0.60] -
Oliveira 2021 289 096 23 274 114 19 3.6% 0.14 [-0.47, 0.75] 1T
Subtotal (95% CI) 38 34 6.5% 0.03 [-0.43, 0.50] <P

Heterogeneity: Tau? = 0.00; Chi?=0.29, df =1 (P = 0.59); I?= 0%
Test for overall effect: Z = 0.14 (P = 0.89)

25.4.3 12 weeks

Ann 2017 487 155 68 51 146 68 6.9% -0.15[-0.49, 0.18] -
Dhaliwal 2017 821 108 15 8.16 155 15 2.9% 0.04 [-0.68, 0.75] -1
Ikram 2019 331 058 15 304 08 15 28% 0.38 [-0.35, 1.10] T
Ikram 2019 (b) 386 059 14 324 047 14 24% 1.13[0.32, 1.94] —_—
Invernici 2018 324 051 21 27 038 20 32% 1.17 [0.51, 1.84] —
Invernici 2020 324 051 21 277 038 20 33% 1.02[0.37, 1.68] —
Kumar 2021 468 075 15 48 061 15 29% -0.17 [-0.89, 0.55] —
Laleman 2015 466 045 24 447 039 24 3.9% 0.44 [-0.13, 1.02] —
Morales 2016 42 14 14 38 09 14 27% 0.33[-0.42, 1.08] o
Morales 2018 41 14 15 34 06 16 28% 0.64 [-0.08, 1.37] —
Morales 2021 41 14 15 34 06 16 28% 0.64 [-0.08, 1.37] —
Pelekos 2019 46 16 31 4 13 28 45% 0.40[-0.11, 0.92] —
Teughels 2013 421 067 15 397 097 15 29% 0.28 [-0.44, 1.00] -T—
Subtotal (95% CI) 283 280 43.9% 0.4 [0.18, 0.70] <

Heterogeneity: Tau? = 0.12; Chi? = 26.17, df = 12 (P = 0.01); 12 = 54%
Test for overall effect: Z = 3.32 (P = 0.0009)

25.4.4 24 weeks

Kumar 2021 479 0.9 15 482 06 15  29% -0.04 [-0.75, 0.68] -1
Laleman 2015 46 048 24 451 041 24 4.0% 0.20[-0.37,0.77] T
Morales 2016 43 186 14 39 1.2 14 27% 0.27 [-0.47, 1.02] T
Morales 2018 41 14 15 33 06 16 2.8% 0.73 [0.00, 1.46] —
Morales 2021 42 14 15 35 06 16 2.8% 0.64 [-0.08, 1.37] |
Pelekos 2019 46 16 31 4 13 28 45% 0.40[-0.11, 0.92] T
Subtotal (95% CI) 114 113 19.7% 0.36 [0.09, 0.62] <

Heterogeneity: Tau? = 0.00; Chi# = 3.15, df =5 (P = 0.68); I?= 0%
Test for overall effect: Z = 2.66 (P = 0.008)

25.4.5 36 weeks

Morales 2018 43 14 15 34 06 16 2.7% 0.82[0.09, 1.56] -
Morales 2021 43 15 15 35 07 16 2.8% 0.67 [-0.05, 1.40] ——
Subtotal (95% Cl) 30 32 56% 0.75[0.23, 1.27] <
Heterogeneity: Tau? = 0.00; Chi*=0.08, df =1 (P = 0.78); I>= 0%

Test for overall effect: Z=2.83 (P = 0.005)

25.4.6 48 weeks

Morales 2021 44 15 15 37 06 16 2.8% 0.60[-0.12, 1.33] T
Subtotal (95% CI) 15 16 2.8% 0.60 [-0.12, 1.33] -
Heterogeneity: Not applicable

Test for overall effect: Z = 1.64 (P = 0.10)

Total (95% CI) 600 603 100.0% 0.44 [0.30, 0.58] 4
Heterogeneity: Tau? = 0.05: Chiz = 42.41, df = 30 (P = 0.07); I = 29% i‘ 2 5 2 i

Test for overall effect: Z = 6.14 (P < 0.00001)
Test for subaroup differences: Chi = 6.14, df =5 (P = 0.29), I = 18.5%

Probiotics  Control

Figure 4. Results from the meta-analysis for the clinical attachment loss parameter.
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Control
Study or Subgroup Mean SD_Total

Probiotics
Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

25.2.2 6 weeks

Costacurta 2018 58.15 10.38 20
Dhaliwal 2017 4.55 0.8 15
Ikram 2019 074 0.21 15
Ikram 2019 (b) 58.23 12.77 14
Invernici 2020 9.38 867 15
Kang 2020 19.15 17.88 34
Minic 2022 0.28 0.06 20
Penala 2016 0.82 0.13 20
Szkaradkiewicz 2013 1.75 031 14
Subtotal (95% CI) 167

3145 1597 20  3.0%
496 1.13 15  3.0%
074 02 15 31%

3425 6.32 14 27%
485 52 15  3.0%

16.21 14.23 34  33%
0.18 0.06 20  3.0%
024 012 16  23%

124 031 24 3.0%
173 26.5%

Heterogeneity: Tau? = 1.29; Chi? = 80.54, df = 8 (P < 0.00001); I* = 90%

Test for overall effect: Z=3.23 (P = 0.001)

25.2.3 8 weeks

Kang 2020 9.74 14.26 34
Kumar 2021 23.33 824 15
Mayanagi 2009 139 25 32
Oliveira 2021 247 199 23
Subtotal (95% CI) 104

629 854 34 33%
2267 88 15  31%
192 24 34  32%
322 231 19  32%
102 12.8%

Heterogeneity: Tau? = 1.16; Chi? = 40.64, df = 3 (P < 0.00001); I = 93%

Test for overall effect: Z=0.94 (P = 0.35)

25.2.4 12 weeks

Dhaliwal 2017 415 073 15
Ikram 2019 067 0.19 15
Ilkram 2019 (b) 46.24 114 14
Invernici 2020 121 8.19 15
Kumar 2021 31.67 19.97 15
Morales 2016 236 148 14
Morales 2018 407 133 15
Morales 2021 408 133 15
Patyna 2021 988 963 16
Pelekos 2019 422 176 31
Penala 2016 0.71 043 16
Subtotal (95% CI) 181

462 132 15 3.0%
068 0.19 15  3.1%
13.89 3.25 14 23%
592 6.12 15  3.0%
23.33 14.84 15  3.0%
282 102 14 3.0%
392 148 16  3.1%
392 149 16 3.1%
1213 914 16  3.1%
374 201 28 33%
031 014 16 3.0%
180 33.0%

Heterogeneity: Tau? = 0.48; Chi? = 45.60, df = 10 (P < 0.00001); I> = 78%

Test for overall effect: Z=1.72 (P = 0.09)

25.2.5 24 weeks

Kumar 2021 43.33 22.09 15
Morales 2016 279 8.9 14
Morales 2018 415 145 15
Morales 2021 423 153 15
Patyna 2021 11.31 12.15 16
Pelekos 2019 36.7 1741 31
Subtotal (95% Cl) 106

35 2276 15  3.0%
297 105 14 3.0%
421 1386 16 3.1%
421 1386 16  3.1%
488 6.72 16  3.1%
206 121 28 33%

105 18.6%

Heterogeneity: Tau? = 0.00; Chi*=4.29,df =5 (P =0.51); P=0%

Test for overall effect: Z=1.77 (P = 0.08)

25.2.6 36 weeks

Morales 2018 459 129 15
Morales 2021 452 1341 15
Subtotal (95% CI) 30

424 1486 16 3.1%
424 146 16 3.1%
32 6.1%

Heterogeneity: Tau® = 0.00; Chi*=0.01, df =1 (P = 0.92); = 0%

Test for overall effect: Z = 0.87 (P = 0.39)

25.2.7 48 weeks

Morales 2021 408 115 15
Subtotal (95% CI) 15

Heterogeneity: Not applicable
Test for overall effect: Z=0.50 (P = 0.62)

Total (95% CI) 603

Heterogeneity: Tau? = 0.74; Chi? = 222.08, df =

Test for overall effect: Z = 2.80 (P = 0.005)

43 123 16 3.1%
16 31%

608 100.0%
32 (P <0.00001); I* = 86%

Test for subaroup differences: Chi? = 10.54, df = 5 (P = 0.06). I = 52.5%
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Figure 5. Results from the meta-analysis for the bleeding on probing parameter.

4. Discussion

A systematic review and meta-analysis were conducted regarding the use of probiotics
as adjuvant therapy on clinical periodontal parameters. Four different clinical parame-
ters were analyzed. For index plaque, the use of probiotics did not improve this clinical
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parameter, while for the periodontal pocket depth, the clinical attachment loss, and the
bleeding on probing, the use of probiotics as adjuvant therapy resulted in an improve-
ment of these parameters. Accordingly, the null hypothesis tested in this study could be
partially accepted.

According to the statistical analysis, the index plaque parameter was not improved
by the use of probiotics. One should bear in mind that the first initiating mechanism in
dental periodontal diseases is dental plaque accumulation. This could be the result of
reduced oral hygiene [30]. Thus, maintaining the gingival health might prevent the rise of
gingival crevicular fluid and, subsequently, the growth of proteins that act as a source of
nutrients for periodontopathogens [1]. In fact, it has been determined that one favorable
approach for the treatment and control of periodontal diseases is the modulating of the
host inflammatory response, as it is distinct that certain principal pathogens are fascinated
by inflammation. Consequently, controlling the inflammation is of supreme significance for
dealing with the infection [31]. In this situation, a potential adjuvant therapy for preventing
the gingival inflammation and the dental plaque accumulation could be achieved by using
probiotics [32]. These live microorganisms might suppress harmful bacteria in oral health
and lead to the reduction of plaque accumulation [33,34]. This conclusion did not match
with the finding of this review, as probiotics did not play a role on the improvement of the
index plaque parameter. This behavior may be due to the fact that dental plaque can be
reduced only with proper oral hygiene, without the need for more specialized periodontal
treatment [35].

For the periodontal pocket depth, the use of probiotics as adjuvant therapy improved
this parameter. Ideally, when maintaining oral hygiene and using different probiotic strains,
this resulted in lessening bacterial translocation through the pocket recuperation stage [8].
Additionally, the rationale behind the use of probiotics in periodontal therapy is converting
the dysbiotic pocket microbiome to a symbiotic and beneficial microbiome [36,37]. Another
explanation for the improvement in the periodontal pocket depth parameter could be
found in the fact that probiotics have been probed to play a protective role in the gingival
epithelial barrier by maintaining protein expression, thereby preventing mucous membrane
apoptosis [38]. In addition to this, the improvement of this clinical parameter should
take in account the supplementary role of the presence of the probiotics through various
mechanisms such as the inhibition of the growth of pathogens, the inhibition of collagenases,
and the reduction of inflammation associated molecules [3].

Regarding the clinical attachment loss parameter. Once again, the control group
achieved statistically higher values of this parameter, meaning that the use of probiotics as
adjuvant therapy resulted in an improvement of this parameter. The clinical attachment
loss is a parameter used to assess the loss of periodontal tissue support in periodontitis [39].
In this sense, it is important to explain that pro-inflammatory cytokine response plays a
significant role in the nonspecific response against bacterial and fungal pathogens, and
this is considered a principal mediator of periodontal disease [40]. Some reports have
explained that a decrease in the levels of TNF-a, IL-1b, and IL-17 in the periodontal pockets
of patients with periodontitis is observed following the treatment with the probiotic strain
of L Lactobacillus reuteri, which may carry clinical significance [41,42]. The decrease in the
pro-inflammatory cytokine response in chronic periodontitis caused by the application of
probiotics may explain the results obtained in this meta-analysis.

Finally, bleeding on probing was also evaluated, and the results also favored the
use of probiotics as adjuvant therapy. Bleeding on probing is a primary parameter to set
the threshold for gingivitis. The insertion of a probe to the bottom of the pocket elicits
bleeding if the gingiva is inflamed and if the pocket epithelium is atrophic or ulcerated,
which is believed to be mediated by subgingival pathogenic microorganisms [43]. Some
studies [44,45] have demonstrated that the administration of probiotics is effective in the
reduction of pathogens related to the periodontal disease, which can explain the results
obtained in this review.
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From this review, clinical evidence was assessed with regard to the use of probiotics as
adjuvant therapy on clinical periodontal parameters. The outcomes should be considered
with caution. Future research must be conducted, especially randomized controlled clinical
trials, with the purpose of gaining a better understanding of the performance of probiotics in
the improvement of the clinical and biochemical success of periodontal diseases. Moreover,
a larger sample size with a longer follow-up should be employed in further studies. It needs
to be mentioned that these findings should not be generalized, as probiotic agents were
characterized by different concentrations and frequencies of application or other modes of
administration. It is known that the selection of the “best” probiotic for oral health is still a
controversial topic. Of interest, this study demonstrated that the use of probiotics seems to
display beneficial outcomes when periodontal disease exists.

5. Conclusions

This study suggests that the use of probiotics leads to an improvement in some clinical
parameters, including periodontal pocket depth, clinical attachment loss, and bleeding
on probing. On the other hand, this protocol seems to be not beneficial for the index
plaque parameter.
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