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1. INTRODUCTION

Specific microorganisms can cause periodontitis, an infection that results in periodontium damage and inflammation.' The
primary causative agent in the microbial biofilm is thought to be one pathogenic bacterium.? As of right now, the disease is
thought to progress in phases: lengthy intervals of disease remission between sporadic, relatively brief episodes of severe
tissue destruction followed by partial healing. A symmetrical pattern of alveolar bone loss and pocket development is
observed in the subsequent tissue disintegration, which is shared by numerous kinds of periodontitis, despite the seeming
random distribution of disease activity episodes.’

The most prevalent type of periodontal disease, known as chronic periodontitis, causes periodontal abnormalities, sporadic
pain, and ultimately tooth loss. A combination of acquired, inherited, and environmental variables are considered
periodontitis risk factors. Therefore, the key elements for the development of chronic periodontitis are microbial plaque and
host response. !

The disease is very common, with prevalence rates ranging from 20 to 50% around the globe (Messora et al., 2021).* The
disease, which affects the general public, can lower quality of life, cause tooth loss and impairment, and affect chewing and
appearance (Messora et al., 2021).*

When bone and attachment loss are observed at 30% of the analysed oral sites, the condition is classified as generalised
periodontitis; when less than 30% of the evaluated sites are afflicted, it is referred to as localised periodontitis. Although the
disease activity typically progresses slowly, behavioural, local, and systemic factors might influence the rate of change.
Patients in their adult and senior years are more likely to develop chronic periodontitis due to local causes, particularly tooth
plaque.!
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The goal of periodontal therapy is to reverse the inflammatory process by removing the bacterial deposits. Periodontal disease
is often treated with non-surgical and/or surgical care, with a focus on mechanical debridement. When a new microbial
community with a higher proportion of host-compatible microorganisms is generated and the levels, proportions, and
percentage of sites colonised by various periodontal pathogens are effectively reduced following therapy, improvements in
clinical parameters are attained.’

Non-surgical periodontal therapy, however, may not be adequate to eradicate periodontal infections found in soft tissues
and/or in locations inaccessible to periodontal instrumentation, nor to stop pathogenic microorganisms from frequently
recolonizing treated areas.® Novel adjunct techniques like antibiotic therapy, phototherapy, laser therapy, homoeopathy, and
probiotics have been explored as ways to improve the effectiveness and durability of traditional periodontal treatment
(scaling and root planing, SRP).”

Antibiotic usage has successfully changed the oral microbiota's balance by eradicating harmful and undesired
microorganisms. But it also gets rid of the good bacteria, which encourages the development of resistant microbes. Other
microbial replacement therapies that have the potential to restore a healthy oral microenvironment are therefore of interest
(Gupta et al., 2017).8 For the treatment of periodontal disorders, non-surgical mechanical debridement (NSMD) is still done
with hand equipment as curettes and ultrasonic scalers. On the other hand, compared to NSMD alone, adjunct therapies such
probiotic therapy (PT) have been shown to increase the overall anti-inflammatory efficacy of NSMD. °

Live bacteria and yeasts, known as probiotics, are beneficial to health when consumed or administered topically. Probiotics
are used to treat a wide range of illnesses, such as pancreatitis, cancer, mood disorders (including depression), and ulcerative
colitis. Additionally assessed has been the function of physical therapy (PT) in the treatment of clinical and experimentally
produced periodontal inflammatory diseases (PIC). °

Probiotics are believed to function through a multitude of mechanisms, such as the production of antimicrobial compounds
against periodontopathogens, the exclusion and competition with potential pathogens for nutrients and epithelial cell
adhesion, local and systemic immunomodulation, and the improvement of the mucosal barrier function.? One of these target
mechanisms of probiotics is systemic immunomodulation, which controls the production of pro- and anti-inflammatory
cytokines. '

Numerous in vitro and in vivo research have looked into the therapeutic effects of probiotics in periodontology. The
effectiveness of probiotics as a supplement to supra- and subgingival instrumentation in the treatment of periodontal disease
has been investigated in recent research.® Messora et al!! evaluated the impact of oral PT administration on the management
of ligature-induced periodontitis (LIP) in rats in an experimental investigation. Rats in the test (PT) and control (no PT)
groups were put to sleep after 44 days, or around six weeks, and their jaws were examined using a histomorphometry
technique. Alveolar bone loss (ABL) was found to be substantially greater in the control group compared to the test group.
According to the study's findings, PT lowers ABL in rats with LIP.

Probiotics have been studied in relation to periodontal disease in a number of studies. The outcomes are debatable. This
research showed that using probiotics to treat various periodontal disorders reduced the levels of periodontopathogens and
clinical indicators.!'® Research indicates that probiotics may help reduce the number of harmful bacteria and/or act as adjunct
anti-inflammatory agents during periodontal therapy. 3

Therefore, this systematic review and meta-analysis were aimed to answer the following question: Is there any difference in
the efficacy of probiotics adjunct to non-surgical periodontal treatment among adults with chronic periodontitis?

2. METHODS

A systematic review of literature and meta-analysis was performed. This study followed the (PRISMA 2020) Preferred
Reporting Items for Systematic Review 2020, the Cochrane Handbook for systematic reviews of interventions, version 5.1.0.
and 4th Edition of the JBI Reviewer's Manual and was registered at INPLASY registration number:
INPLASY2023110088

Eligibility criteria:
[A] Inclusion criteria:
a. Population —

. Studies including adult population with chronic periodontitis irrespective of gender, socio-
economic status, nationality, etc

b. Intervention —

1. Studies including use of probiotic therapy along with scaling and root planning (SRP) for
treatment of chronic periodontitis
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c. Comparison —
i. Studies including use of scaling and root planning (SRP) for treatment of chronic periodontitis.
d. Outcome —

i Primary outcome as clinical parameters such as clinical attachment loss, pocket depth, plaque
index, gingival recession, etc.

e. Study design —

i. Studies published in any language where English translation is possible.
il. Studies published between 1-1-2000 to 31-10-2023
iii. Clinical trials, in-vivo studies, randomized clinical trials, controlled clinical trial, non-

randomized clinical trials, Quasi experimental studies, non-experimental studies, cohort
studies, cross-sectional studies

iv. Studies with full-text articles were included.

[B] Exclusion criteria:

i. Studies not fully available in the database.

il. Observational studies, Review reports, case series, in-vitro and animal studies were excluded.
iil. Studies providing only abstract and not full text.
iv. Studies involving valid comparison group only.

Search strategy

Studies were selected based on the PICOS inclusion criteria in the review protocol. Two reviewers assessed titles and
abstracts to identify potentially eligible studies. Any queries were discussed with a third reviewer.

e The preferred reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) for conducting a meta-
analysis were followed.

e The electronic data resources consulted for elaborate search were Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, CINAHL, EMBASE, PsycINFO, Scopus, ERIC, ScienceDirect with controlled
vocabulary and free text terms. (Table 1)

e Articles published from 01/01/2000 until 31/10/2023 were searched, without any restriction concerning the
publication’s language.

e Following keywords and MeSH terms were used in combination with Boolean operators in the advanced search
option.
Focused review question:

Is there any difference in the efficacy of probiotics adjunct to non-surgical periodontal treatment among adults with chronic
periodontitis?

Search Strategy in PubMed:

((("probiotics"[MeSH Terms] OR "probiotics"[All Fields]) AND (scaling[All Fields] AND ("root planing"[MeSH Terms]
OR ("root"[All Fields] AND "planing"[All Fields]) OR "root planing"[All Fields]))) AND ("chronic periodontitis"[MeSH
Terms] OR ("chronic"[All Fields] AND "periodontitis"[All Fields]) OR "chronic periodontitis"[All Fields])) AND

("randomized controlled trial"[All Fields] OR "randomized controlled trials as topic"[MeSH Terms] OR "randomized clinical
trials"[All Fields] OR "randomised clinical trials"[All Fields])

The above mentioned was the final search history for the databases accessed till the month of October 2023.
Selection of studies

The title and the abstract of each study were reviewed and critically assessed by two independent reviewers. The methods
used to apply the selection criteria were the following:

1. integration of the searched outcomes to delete duplicate entries

il. examination of titles and abstracts to delete clearly irrelevant articles
iii. recovery of the full text of potentially relevant articles
iv. binding and gathering of multiple articles of the very same study
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v. examination of the articles’ full text to verify the degree of compliance that the studies had with the eligibility
criteria
Vi. establishing connection with researchers, if necessary, to clarify the study’s eligibility
vii. deciding about the study’s inclusion and proceeding with data gathering.

Data extraction

Two reviewers independently extracted data from the included studies. Disagreements were again resolved through
discussion. Data gathered was carried out using a verification list of items that were considered for data extraction. The main
items of this list were as follows:

Authors, Year and Title of study
Country

Study design

Sample size

Age group of participants
Gender

Intervention

Comparison

A A B o

Outcomes

_.
e

Methods of outcome assessment
11. Conclusion and other items

Details regarding the publication and the study, the participants, settings, the interventions, the comparators, the outcome
measures, study design, statistical analysis and results, and all other relevant data (funding; conflict of interest etc.) were
carefully and accurately extracted from all included studies. Data extraction was done and accurately recorded in the excel
sheets for all the primary outcomes separately.

Critical appraisal of retrieved studies
For randomized controlled trials, Cochrane RoB-2 tool® was used for quality assessment.
According to this tool, risk of bias is assessed at study level under seven domains:

1. Random sequence generation

2. Allocation concealment

3. Blinding of participants and personnel

4. Blinding of outcome assessment

5. Incomplete outcome data

6. Selective reporting

7.  Other bias

The overall risk for individual studies was assessed as low, moderate or high risk based on domains and criteria. The study
was assessed to have a low overall risk only if all domains were found to have low risk. High overall risk was assessed if
one or more of the six domains were found to be at high risk. A moderate risk assessment was provided to studies when one
or more domains were found to be uncertain, with none at high risk.

Risk of bias was evaluated using RevMan (Review Manager Version 5.3) software.

Meta-analysis

Meta-analysis was conducted on the studies that provided information on similar outcomes at same follow-up period.
Quantitative assessment was done using Review Manager version 5.4

Assessment of Heterogeneity:

Clinical heterogeneity refers to differences between studies with regards the participants, interventions, comparators,
settings, and outcomes. Methodological heterogeneity refers to the study design and the methodological quality of the studies
(risk of bias).
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The I square statistic (I?) represents the percentage of the variability in effect estimates that is due to heterogeneity. I? is the
proportion of observed dispersion of results from different studies included in a meta-analysis that is real, rather than
spurious.

Heterogeneity was considered statistically significant if P < 0.05. A rough guide to the interpretation of 12 given in the
Cochrane handbook is as follows:

(1) from 0 to 30%, the heterogeneity might not be important;

(2) from 30% to 60%, it may represent moderate heterogeneity;

(3) from 50% to 90%, it may represent substantial heterogeneity;

(4) from 75% to 100%, there is considerable heterogeneity.

3. RESULTS
Study selection:

The initial electronic database search on PubMed/MEDLINE, Cochrane library and DOAJ resulted in 6489 titles. Eight
hundred eighty four articles were duplicates. After screening the abstracts, 120 relevant titles were selected by two
independent reviewers and 5485 were excluded for not being related to the topic. Hand searching of the reference lists of the
selected studies did not deliver additional papers. After pre-screening, application of the inclusion and exclusion criteria and
handling of the PICO questions, 18 studies remained. Eighteen studies were included in the qualitative synthesis which were
subjected for data extraction and statistical analysis. (Figure 1)

Records identified through Additional records identified
g database searching through other sources
E (n = 6489 ) (n=0)
&E
E-]
£
o
= h 4 y
Records after duplicates removed
(n=884)
g
E
o
g
2 Records excluded (n
Records screened =5485)
{n =5605 ) —’
- Reviews, case reports,
invitro studies (n=3496)
- Freefull textarticles not
—_—
available (n=1700)
- Studies in other languages
z v (n=283)
S
o Full-text articles assessed
= for eligibility
Full-text articles excluded,
(=120 "
__J (n =102)
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Studies included in
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l

Studies included in
quantitative synthesis
(meta-analysis)
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Figure 1: PRISMA flow diagram
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Study characteristics

All the studies included in systematic review were randomized controlled trial, of which one was split-mouth design®' and
remaining were parallel arm design. These studies were conducted in different parts of world with one in Belgium '3, three
in Turkey!%!>%, Istanbul'4, one in Chile3, Brazil'®!82%4, China'®, Egypt!?2, Slovenia®, Italy’, lasi*!, Saudi Arabia’®, one in
India?*. The conclusions of all studies indicated that use of probiotic therapy as adjunct to SRP is more beneficial as compared
to SRP alone.

Table 2: Characteristics of included studies

Study | Plac | Stu | Sam | Age | Probiotic | Contr | metho | Dosa | outcom | Follow- Authors

ID e of [ dy | ple organism | ol d of | ge es up conclusio
stud | desi | size used deliver assesse ns
y gn y d
1 | Teugh | Belgi | RC | 30 - L. reuteri | SRP lozeng | twic | PPD, 3,6,9,13 The
els um T 15/1 strains e e a| GR, weeks results
2013 dou |5 DSM1793 day | BOP, indicate
ble 8 and CAL, that oral
blin ATCC PI administr
d PTAS5289 ation of L.
reuteri
lozenges
could be a
useful
adjunct to
SRP in
chronic
periodonti
tis.

2 | Ince Turk | RC | 30 35- L. reuteri SRP lozeng | twic | PI, GI, | 21,90,180 | L. reuteri
2015 ey T 50 es e a | BOP, ,360 days | containin
dou day | CAL, g

ble for 3 | PD lozenges
blin week may be a
d s useful
suppleme
nt in
moderatel
y deep
pockets of
CP
patients

3 | Tekce | Istan | RC | 40 41.4 | L. reuteri SRP lozeng | twic | PI, GI, | 0,21,90,1 | L. reuteri-
2015 bul T 2072 | +- es e a | BOP 80,360 containin
dou | 0 8.86 day days g

ble for 3 lozenges
blin week may be a
d S useful
adjuvant
agent to
slow
re-
colonizati
on and
improve
clinical
outcomes
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of chronic
periodonti
tis.

4 | Yilma
z 2015

Turk
ey

RC

dou
ble
blin

48
24/2

39-
58

Streptococ
cus oralis
KJ3,

Streptococ
cus uberis
KJ2 and
Streptococ
cus rattus
JH145

SRP

tablet

twic

day
for
12

week

PI, GI,
BOP

12 weeks,
24 weeks

No
difference
S were
detected
when
comparin
g the
adjunctiv
e use of
a placebo
or the
investigat
ed
streptococ
ci
containin
g
probiotic
tablet
after SRP

5 | Moral
es
2016

Chile

RC

dou
ble
blin

28
14/1

35-
68

L.
rhamnosus
SP1

SRP

probiot
ic
sachet

150
mL

CAL,
PD,
BOP,
plaque

3,6,9
months

The
results of
this  trial
indicate
that oral
administr
ation of L.
rhamnosu
S SP1
resulted in
similar
clinical
improvem
ents
compared
with SRP
alone

6 | Invern
ici
2018

Brazi

RC

41
20/2

> 30
year

B. lactis
HNO19

SRP

lozeng
es

10m

CAL,
PPD,
GR

1 month,
3 months

The use of
B. lactis
HNO19 as
an adjunct
to SRP
promotes
additional
clinical,
microbiol
ogical,
and
immunolo
gical
benefits in
the
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treatment
of chronic
periodonti
tis

7 | Peleko
s 2019

Chin

RC

dou
ble
blin

41
2172

533

9.6

L. reuteri
DSM1793
8 and L.
reuteri
ATCC
PTA5289

SRP

lozeng
es

twic

day

CAL,
PPD,
GR

3,6
months

The
adjunctiv
e use of
probiotics
with
NSPT did
not show
any
additional
clinical
effectiven
ess when
compared
to NSPT
alone in
the
managem
ent of
periodonti
tis

8 | Theod
oro
2019

Brazi

RC

28
14/1

45.0
7+-
6.31

L. reuteri
DSM
17938,

SRP

lozeng

twic

day
for 3
week

PD,
BOP,
GR,

CAL

3 months

The
adjuvant
use of L.
reuteri in
the
treatment
of chronic
periodonti
tis  was
effective
in
controllin
g gingival
inflammat
ion
because
reduced
bleeding
on
probing
which
means
reduced
gingival
inflammat
ion and
was
effective
in
reducing
deep
pocket in
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manner
clinically
relevant.
9 | Alshar | Egyp | RC | 40 25- | Lactobacill | SRP lozeng | twic | PI, BI, | 1 month The
eef t T 58 us es e PPD, current
2020 acidophilu day | CALM study has
S, MP8 suggested
Lactobacill an
us caseli, improvem
Bifidobact ent in
erium periodont
bifidum, al
Lactobacill parameter
us s in both
rhamnosus groups,
. and especially
Lactobacill in patients
us treated
salivarius. with
probiotic
lozenges
1 | Pudga | Slov | RC | 40 25- L. brevis | SRP gel and PI, BI, | 3month Probiotics
0 |r2020 |enia |T 20/2 | 80 (CECT748 lozeng PD, containin
dou | O 0), L. es GR, g
ble plantarum CAL, L. brevis
blin (CECT748 BOP and L.
d 1) plantarum
strains
were
associated
with
increased
odds for
healing of
gingival
bleeding
but
reduction
of the
odds for
healing of
diseased
sites
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1 | Ramos
1 | 2021

Brazi
|

RC
T

30
15/1
5

35-
50

Lactobacill
us reuteri
(DSM
17938 and
ATCC
PTA 5289

SRP

lozeng
es

twic
e a
day

PI,
CAL,
BOP,
PD, GR

1,3
months

After
three
months,
none of
the
adjuvant
therapies
provided
any
additional
benefit for
subgingiv
al
instrumen
tation

1 | Bilour
ou
2022

Brazi

RC

dou
ble
blin

24
12/1

55.6
7+
10.8

2% w/v of
Lacticasei
bacillus
casei 01

SRP

milk

100
mL
in
morn
ing
for
15
days

PD,
CAL,
oral
health
related
quality
of life

1,30,90,1
80 days

Probiotic
milk
drinks (L.
casei)
may be
used as an
adjuvant
therapy to
mechanic
al control
for the
treatment
of
periodonti
tis  with
improvem
ents in
biofilm
control
and
inflammat
ion.

1 | Butera
2022

Italy

RC

dou
ble
blin

40
20/2

18-
70

Lactobacill
us and
Bifidobact
erium
species

SRP+
CHX

toothpa
ste

BOP,
PPD,
CAL,
Gingiv
al
recessi
on

3,6
months

—_—

Sufaru
4 12022

Tasi

spli

mo
uth
RC

40
40/4

48.6
5+-
6.62

L. reuteri
DSM
17938

SRP

local
applica
tion of
solutio
n
0.2mL

PD,
BOP,
CAL

3 months

Local
delivery
of L.
reuteri
DSM
17938
associated
to
conventio
nal non-
surgical
therapy
demonstr
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ated
significan
t
improvem
ents  of
periodont
al
attachmen
t and a
reduction
of
gingival
bleeding
in patients
with stage
34
periodonti
tis.

1 | Alham
oudi
2023

Saud

arabi

RC

37
19/1

37.6

25

not

mentioned

SRP

PD, PI,
Gl,
CAL,
salivary
cortisol

6 weeks

NSMD
continues
to be the
“gold
standard”
and most
reliable
treatment
strategy
for
managing
Periodont
al
Inflamma
tory
Condition
S.

Nasr
2023

Egyp

RC

18

57

Lactobacill

us
and

brevis

plantarum

SRP

Prolac
San®
Gel
syringe

GI, PI,
PPD,
CAL,IL
-10

1,3
months

Adjunctiv
e topically
applied
probiotic
gel
exhibited
anti
inflammat
ory

effect
through
the
significan
t
expressio
n of IL-10
after
treatment
of stage I
and II
grade A
periodonti
tis
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patients.

Ozene
r 2023

O\ —

Turk
ey

RC

dou
ble
blin

30
15/1

414

6.8

Bifidobact
erium
animalis
subsp.
lactis DN-
173010

SRP

yoghur

110g

PI, GI,
BOP,
PD,
CAL,
TVC

Imonth, 3 | The

months

administr
ation of
probiotics
has shown
beneficial
effects,
albeit
limited,
on clinical
and
microbiol
ogical
outcomes
in the
managem
ent of
periodonti
tis
patients

1 | Shetty
7 | 2023

India

RC

62
32/3

18-
72

Lactobacill
us and
Bifidobact
erium
species

SRP

chewa
ble
tablet

days

plaque
index,
bleedin
g index,
probing
depth,
CAL

1,3
months

The use of
a blend of
probiotics
containin
g
lactobacil
lus and
Bifidobac
terium
strains in
the form
of
chewable
probiotic
tablets, as
an
attachmen
t to SRP
compromi
ses
suppleme
ntary
medical
assistance
s during
the
therapy
/medicati
on of
patients
with
periodonti
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tis at
various
stages and
grades
and
varying
states of
disease.

Quality assessment of included studies

The included studies were subjected to Cochrane RoB-2 tool for quality assessment. Among the eighteen included studies,
nine showed Low risk*>7%10131419.20 " four studies showed moderate risk®!>!823 and five showed high risk of bias!16:18:21.23,

In studies by Pelekos 2019, Alshareef 2020, Sufaru 2022 and Shetty 2023 information relating to randomization and
allocation concealment was not mentioned which led to high risk of bias in these studies.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participantis and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 2: Risk of bias graph
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Meta-analysis

Data synthesis was carried out using a descriptive synthesis, with a summary of the characteristics of each included study.
For quantitative synthesis, a summary of the combined estimate related to the success or failure of treatment was used as
dichotomous outcome.

Effect measures

Effect measures refer to statistical constructs that compare outcome data between two intervention groups. For this
quantitative analysis, Standardized mean difference (SMD) was used as effect measure.

1. Plaque index

Four studies evaluated plaque index at 1 month follow-up. A total of 51 participants were evaluated in probiotic group and
46 in control group. The pooled SMD value was -0.90[-1.50, -0.30] indicating that the plaque index was reduced in
probiotic group as compared to control group at 1 month follow-up. Overall the results were statistically significant
(p<0.05) with 47% heterogeneity. Random effects model was used for analysis.

Six studies evaluated plaque index at 3 month follow-up. A total of 90 participants were evaluated in probiotic group and 85
in control group. The pooled SMD value was -0.55[-1.26, 0.17] indicating that the plaque index was reduced in probiotic
group as compared to control group at 3 month follow-up. Overall the results were not statistically significant (p>0.05)
with 80% heterogeneity. Random effects model was used for analysis.

Four studies evaluated plaque index at 6 month follow-up. A total of 66 participants were evaluated in probiotic group and
66 in control group. The pooled SMD value was -0.86[-1.70, -0.02] indicating that the plaque index was reduced in
probiotic group as compared to control group at 6 month follow-up. Overall the results were statistically significant
(p<0.05) with 80% heterogeneity. Random effects model was used for analysis.

Experimental Control Std. Mean Difference 5td. Mean Difference

Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 1 month
Alshareef 2020 35.84 1518 18 37.31 12.29 10 27.3% -0.10[F0.80, 0,700 .
Bilourou 2022 16.45 16.25 12 34.07 15.82 12 25.3% -1.06 [1.83,-0.20] —
MNasr 2023 0.53 01 ] 0.7 0.1 9 19.1% -1.62 [2.72,-0.52] —
Ozener 2023 017 008 15 034 021 15 28.4% -1.04 [1.81,-0.27] —
Subtotal (95% CI) 51 46 100.0% -0.90 [-1.50, -0.30] -
Heterogeneity: Tau®= 018, Chi*=4870,df= 3 {P=013); F= 47%
Test for overall effect: £=2.94 (P = 0.003)
1.1.2 3 month
Bilourou 2022 2863 204 12 3399 2381 12 16.59% -0.23[1.04,0.57] I —
Butera 20322 545 234 20 51.75 23 18 17.6% 0.12[-0.55,0.79] b
Morales 2016 312 183 14 265 151 14 17.0% 0.27 [[0.47,1.02] e
MNasr 2023 0.a3 0.z 3 11 0.6 9 154% -0.38 [1.32,0.55] ——
Ozener 2023 018 0.08 15 035 022 15 16.8% -1.00 [1.76,-0.23] —
Tekce 2015 06 021 00 114 029 20 16.7% -2.09 [2.88,-1.31] e —
Subtotal (95% CI) 90 85 100.0% -0.55[-1.26, 0.17] e
Heterogeneity: Tau®= 0.63; Chi*= 25.23, df= 5 (P = 0.0001); F= 80%
Test for overall effect: Z=150(P=013)
1.1.3 6 month
Bilourau 2022 28.29 1633 12 3621 201 12 242% -0.36 F1.17,0.44] — T
Butera 2022 46.75 21.66 20 72 2233 20 26.0% -1.13 [1.80,-0.45] —
Marales 2016 304 161 14 29 145 14 251% 0.01 [-0.73,0.74] —
Tekee 2015 0.63 024 200 1.23 035 20 24.7% -1.96 [F2.73,-1.19] —
Subtotal (95% CI) 66 66 100.0% -0.86 [-1.70, -0.02] e
Heterogeneity: Tau®= 0.9, Chi*=15.25 df= 3 (P=0.002); F= 80%
Test for overall effect: 2= 2.01 (P =0.04)

PR b 5 ]

Probiotics SRP

Test far subagroup differences: Chi*= 060, df= 2 (P=0.74), F=0%

Figure 4: Forest plot for plaque index

2. Pocket depth

Six studies evaluated pocket depth at 1 month follow-up. A total of 81 participants were evaluated in probiotic group and 76
in control group. The pooled SMD value was -0.23[-0.54, 0.09]Jmm indicating that the pocket depth was reduced in
probiotic group as compared to control group at 1 month follow-up. Overall, the results were not statistically significant
(p>0.05) with 0% heterogeneity. Random effects model was used for analysis.

Eleven studies evaluated pocket depth at 3-month follow-up. A total of 206 participants were evaluated in probiotic group
and 205 in control group. The pooled SMD value was-0.44[-0.74, -0.13]mm indicating that the pocket depth was reduced
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in probiotic group as compared to control group at 3-month follow-up. Overall, the results were statistically significant
(p<0.05) with 56% heterogeneity. Random effects model was used for analysis.

Five studies evaluated pocket depth at 6-month follow-up. A total of 87 participants were evaluated in probiotic group and
86 in control group. The pooled SMD value was -0.72[-1.35, -0.09]mm indicating that the pocket depth was reduced in
probiotic group as compared to control group at 6 month follow-up. Overall, the results were statistically significant
(p<0.05) with 74% heterogeneity. Random effects model was used for analysis.

Probiotic SRP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.2.1 1 month
Alshareef 2020 219 027 15 233 043 10 152% -0.40 1,21, 0.41]
Irvernici 2018 339 072 12 347 074 12 155% -0.11 0,91, 0.70]
MNasr 2023 264 05 9 266 05 g 11.7% -0.04 [-0.96, 0.89]
Ozener 2023 182 034 15 185 064 15 189.4% -0.06 [-0.77, 0.66] —_—
Raros 2021 315 028 15 327 051 15 18.2% -0.28 [-1.00, 0.44] —_—
Teughels 2013 273 05 15 283 04 15 18.9% -0.43 [-1.15, 0.30] —_—
Subtotal (95% CI) 81 76 100.0% -0.23 [-0.54, 0.09] -l

Heterogeneity: Taw®=0.00; Chi*= 086, df=5(P=097), F=0%
Testfor overall effect £=1.42 (P=0.16)

1.2.2 3 months

Bilourou 2022 339 071 12 364 047 12 77% -0.40 [F1.21,0.41]

Butera 2022 592 064 20 5485 117 20 9.8% 0.36 [-0.26, 0.99] -1
Irernici 2018 249 037 20 285 0.34 200 9.3% -115[1.82,-048] &—————

Morales 2016 22 06 14 22 02 14 BA% 0.00[0.74,0.74]

Masr 2023 213 03 9 253 04 9 B0% -1.08[-2.08,-0.07] *

Ozener 2023 205 0.36 19 206 0.35 15 B7% -0.03 [0.74, 0.69] 1

Pelekos 20149 27 04 21 3 06 20 9.9% -0.53 [1.16, 0.09] e

Pudgar 2020 1 248 20 3 29 20 9.9% 0.03 [-0.59, 0.65] N
Ramos 2021 303 027 15 313 045 15 87% -0.26 [-0.98, 0.48] I
Sufaru 2022 513 054 40 553 049 40 12.1% -0.86 [1.32,-0.41] -

Tekce 2015 38 075 20 451 071 20 9.4% -0.95 F1.61,-0300 ——————=—

Subtotal (95% CI) 206 205 100.0% -0.44 [-0.74, -0.13] -

Heterogeneity, Tau®=0.15; Chi®= 2290, df=10 {P=0.01); F= 56%
Test for overall effect Z= 2,77 (P = 0.0086)

1.2.3 6 months

Bilourou 2022 343 084 12 324 047 12 18.7% 0.27 [-0.53,1.07]

Butera 2022 491 118 20 f.4 1.08 200 20.4% -1.28[-1.98,-060] ——

Morales 2016 21 04 14 22 02 14 19.6% -0.31 [1.05,0.44] e E—
Pelekos 20149 26 04 21 28 086 20 21.3% -0.58 [1.21, 0.03] e —
Tekee 2015 3.38 0.86 20 466 064 20 19.8% -1.61 [-2.33,-0.89] —

Subtotal (95% CI) 87 86 100.0% -0.72 [1.35, -0.09] ——oul—

Heterogenaity: Tau®= 0.38; Chi*= 15.62, df= 4 (P = 0.004); F= 74%
Test for overall effect Z= 2.23 (P = 0.03)
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Figure 5: Forest plot for pocket depth

3. Clinical attachment loss

Seven studies evaluated clinical attachment loss at 1 month follow-up. A total of 101 participants were evaluated in probiotic
group and 97 in control group. The pooled SMD value was -0.20[-0.49, 0.09]Jmm indicating that the CAL was reduced in
probiotic group as compared to control group at 1 month follow-up. Overall, the results were not statistically significant
(p>0.05) with 5% heterogeneity. Random effects model was used for analysis.

Ten studies evaluated clinical attachment loss at 3-month follow-up. A total of 186 participants were evaluated in probiotic
group and 186 in control group. The pooled SMD value was -0.39[-0.73, -0.05]mm indicating that the CAL was reduced in
probiotic group as compared to control group at 3-month follow-up. Overall, the results were statistically significant
(p<0.05) with 61% heterogeneity. Random effects model was used for analysis.

Four studies evaluated clinical attachment loss at 6-month follow-up. A total of 67 participants were evaluated in probiotic
group and 66 in control group. The pooled SMD value was -0.58[-0.93, -0.23]mm indicating that the CAL was reduced in
probiotic group as compared to control group at 6-month follow-up. Overall, the results were statistically significant
(p<0.05) with 0% heterogeneity.
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Probiotic SRP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 1 month
Alshareef 2020 314 058 18 314 0.6 10 12.6% 0.00[-0.80, 0.80] . B
Bilourou 2022 36 075 12 411 118 12 12.2% -0.50[-1.32,0.31] e
Invernici 2018 277 0.44 20 313 04 21 19.4% -0.75 [1.38,-0.11] —
MNasr 2023 126 048 9 143 08 9 95% -019F1.12,0.74] E E—
Ozener 2023 212 045 15 205 042 18 155% 016 [-0.56, 0.87] I
Ramaos 2021 373 0488 15 358 0.44 18 154% 0.28 [-0.44,1.00] e
Teughels 2013 397 0497 15 421 067 15 154% -0.28 [1.00, 0.44] —_—T
Subtotal (95% CI) 101 97 100.0% -0.20 [-0.49, 0.09] <
Heterogeneity: Tau®=0.01; Chi*=6.34, df=6 (P = 0.39); F=5%
Testfor overall effect: Z=1.35(F=018)
1.3.2 3 months
Bilourou 2022 363 078 12 381 088 12 8.8% -0.21 [-1.01, 0.59] .
Butera 2022 573 094 20 605 2.07 20 10.9% -0.20 F0.82, 0.43] .
Invernici 2018 277 0.38 20 324 051 21 10.4% -1.02 [1.68,-0.37] I
Marales 2016 38 04 14 43 18 14 9.4% -037 112,037 I
Masr 2023 073 01 9 138 07 9 BT% -1.24 [2.27,-0.21] e —
Ozener 2023 226 045 15 206 0.35 15 9.6% 0.48[-0.24,1.21] T
FPelekos 20149 4 13 21 46 16 20 10.9% -0.40[-1.02,0.21] 1
Pudgar 2020 37 33 20 36 31 20 10.9% 0.03[-0.59, 0.65] I
Ramaos 2021 348 038 15 348 048 15 9.7% 0.05 [-0.67, 0.76] I
Sufary 2022 3497 0.65 40 465 062 40 12.8% -1.06 [-1.53, -0.55] I
Subtotal {95% CI) 186 186 100.0% -0.39 [-0.73, -0.05] S 4
Heterogeneity: Tau*=0.18; Chi*= 2314, df= 9 (P = 0.006); F=61%
Testfor averall effect Z= 222 {(F=0.03)
1.3.3 6 months
Bilourou 2022 341 088 12 4 1.09 12 18.2% -0.58[-1.39, 0.24] e —
Butera 2022 464 1.78 200 B53 1.82 20 27.8% -1.03[1.689,-0.37] —
Marales 2016 38 12 14 43 18 14 221% -0.27 [1.02,0.47] e
FPelekos 20149 4 13 21 46 16 20 3.9% -0.40[-1.02,0.21] —
Subtotal {95% Cl) 67 66 100.0% -0.58 [-0.93, -0.23] -
Heterogeneity: Tau®= 0.00; Chi*=271,df=3 (P=044); F=0%
Testfor averall effect 2= 3.25 (P =0.001}
t 1 }
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Test for subaroup differences: Chi*=2.71, df= 2 (P=0.260, F=26.1%

Figure 6: Forest plot for CAL

4. Gingival recession

Probiotic SRP

Three studies evaluated gingival recession at 1-month follow-up. A total of 67 participants were evaluated in probiotic group
and 66 in control group. The pooled SMD value was 0.07[-0.55, 0.69]mm indicating that the recession was greater in
probiotic group as compared to control group at 1-month follow-up. Overall, the results were not statistically significant

(p>0.05) with 0% heterogeneity.

Four studies evaluated gingival recession at 3-month follow-up. A total of 75 participants were evaluated in probiotic group
and 76 in control group. The pooled SMD value was 0.08[-0.25, 0.40]mm indicating that the recession was greater in
probiotic group as compared to control group at 3-month follow-up. Overall, the results were not statistically significant

(p>0.05) with 0% heterogeneity.

Probiotic SRP Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.4.1 1 month
Invernici 2018 0.23 032 20 0.35 033 21 36.3% -0.36 [-0.98, 0.26] — &
Ramaos 2021 058 0.44 15 034 016 18 31.3% 0.71[-0.04,1.49] T
Teughels 2013 1.24 075 15 1.28 042 15 32.3% -0.06 [-0.78, 0.65] t
Subtotal (95% CI) 50 51 100.0% 0.07 [-0.55, 0.69]
Heterogeneity: Tau®= 017, Chi*= 4.80, df= 2 (F = 0.09), F= 58%
Test for overall effect Z=0.22 (P =0.83)
1.4.2 3 months
Butera 2022 32 073 20 34 118 20 267% -0.20 [-0.82, 0.43] I
Invernici 2018 0.27 087 20 0.38 047 21 2T.4% -0.12[-0.73, 0.50] — =
Pudgar 2020 08 06 20 08 03 200 267% 0.21[-0.41,083] .
Ramos 2021 0.47 0.26 15 035 015 15 19.3% 0.55[-0.18,1.29] I e —
Subtotal (95% CI) 75 76 100.0% 0.08 [-0.25, 0.40] e 2
Heterogeneity: Tau®= 0.00; Chi*= 292 df= 3 (P=040), F=0%
Test for overall effect Z=0.46 (P = 0.64)

-2 ] 0 1 :

Test for subaroup differences: Chi®= 0.00, df=1 (P = 0.98), F=0%

Figure 7: Forest plot for gingival recession
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5. Bleeding on probing

Two studies evaluated BOP at 1-month follow-up. A total of 27 participants were evaluated in probiotic group and 27 in
control group. The pooled SMD value was -2.37[-5.09, 0.35] indicating that the BOP was reduced in probiotic group as
compared to control group at 1-month follow-up. Overall, the results were not statistically significant (p>0.05) with 92%
heterogeneity.

Six studies evaluated BOP at 3-month follow-up. A total of 122 participants were evaluated in probiotic group and 121 in
control group. The pooled SMD value was -1.10[-1.86, -0.35] indicating that the BOP was reduced in probiotic group as
compared to control group at 3-month follow-up. Overall, the results were statistically significant (p<0.05) with 85%
heterogeneity.

Four studies evaluated BOP at 6-month follow-up. A total of 66 participants were evaluated in probiotic group and 67 in
control group. The pooled SMD value was -0.94[-2.24, 0.36] indicating that the BOP was reduced in probiotic group as
compared to control group at 6-month follow-up. Overall, the results were not statistically significant (p>0.05) with 91%
heterogeneity.

Probiotic SRP Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 1 month
Bilourou 2022 1402 1352 12 3099 1824 12 51.4% -1.02[-1.88,-0.16] L
Ozener 2023 G.42 1.8 18 17.48 358 15 48.6% -3.80[-5.05, -2.54] ——
Subtotal (95% CI) 27 27 100.0% -2.37 [-5.09, 0.35] -

Heterogeneity: Tau®= 3.586, Chi*=12.80,df=1 (P =0.0003); F=92%
Test for overall effect Z=1.71 (P = 0.09)

1.5.2 3 months

Bilourou 2022 12681 1462 12 2105 1588 12 16.2% -0.53 [-1.25,0.29] ™
Butera 2022 2925 2082 20 B9.25 18.06 20 16.5% -2.01 [-2.79,-1.24] -
Marales 2016 282 102 14 2749 a4 14 167% 0.03[F0.71,0.77] -
Ozener 2023 1088 316 15 2234 5323 15 147% -2.65[-3.66,-1.63] —
Pelekos 2019 ar4 201 21 422 17E 20 17.6% -0.25 [-0.86, 0.27] "
Sufaruy 2022 1492 B17 40 264 954 40 18.4% -1.42[-1.91,-0.83] -
Subtotal (95% CI) 122 121 100.0% -1.10 [-1.86, -0.35] L 2

Heterogeneity: Tau®= 0.74; Chi® = 33.78, df= 4 (P = 0.00001); F= 85%
Testfor overall effect: Z= 2.87 (P=0.004)

1.5.3 6 months

Bilourou 2022 146 1516 12 2391 2484 12 249% -0.44 [-1.25,0.37] =
Butera 2022 26 1485 20 74 1407 200 239% -3.251[-4.23,-2.29] -
Marales 2016 29.7 21 14 2749 a4 14 253% 0.27 [0.47,1.01] -
Pelekos 2018 206 121 21 367 17 20 258% -0.47 [-1.09,0.149] =
Subtotal (95% CI) 67 66 100.0% -0.94 [-2.24, 0.36] S

Heterageneity: Tau®=1.59; Chi*= 3385, df=3 (P = 0.00001); F= 91%
Testfor overall effect Z=1.42 (P =0.16)
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Figure 8: Forest plot for BOP

4. DISCUSSION

Bacterial colonisation, inflammation, adaptive immune responses, and both hard and soft periodontal tissues are all thought
to play a role in the multifactorial nature of periodontitis. Periodontal disease treatment options include nonsurgical and
surgical care, with a focus primarily on mechanical debridement and, in certain circumstances, the use of antibiotics. The
complete spectrum of periodontal infections that invaded and localised in the periodontal tissues was the target of these
therapeutic techniques. A novel therapy approach for periodontal disease was required due to the emergence of antibiotic
resistance and the recurring recolonization of managed sites by pathogenic organisms.!

The cornerstone of periodontal therapy, which aims to eliminate the etiologic cause and restore a biologically suitable root
surface for healing, is still non-surgical periodontal therapy. Thus, it not only serves as the initial treatment option for
periodontal disease but also promotes tissue health.

Local delivery of probiotics was used as an additional treatment to basic periodontal care. It has the potential to function as
a monotherapy or adjuvant treatment, contributing to the prevention of infections as well as the disruption of microbial
pathways that lead to inflammatory immunological diseases. The scientific community is becoming more interested in
probiotics as a preventive strategy for a variety of disorders, including periodontal diseases, due to their ease of administration
and the lack of side effects documented in the literature.?

Probiotics have been shown to have a number of effects on host immunity, including reducing or inhibiting the development
of harmful bacteria, changing cell proliferation and apoptosis, and modifying pro-inflammatory and anti-inflammatory
cytokines. These effects have been documented in the literature.!
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The clinical effectiveness of probiotics in conjunction with nonsurgical periodontal therapy for the treatment of periodontitis
has been the subject of multiple clinical investigations.! Thus, this systematic review and meta-analysis of the literature
sought to analyse if there is any difference in the efficacy of probiotics adjunct to non-surgical periodontal treatment among
adults with chronic periodontitis.

The overall risk of bias was low in the studies conducted by Teughels et al'3, Ince et al'?, Tekce et al'4, Morales et al’, Pudgar
et al'®, Ramos et al?°, Bilourou et al*, Butera et al’ and Alhamoudi et al®. The studies by Yilmaz et al'3, Theodoro et al'®, Nasr
et al’> and Ozener et al® showed moderate overall risk of bias.

Whereas 5 of the studies included in this systematic review and meta-analysis showed a high risk of bias which included the
studies by Invernici et al'®, Pelekos et al'7, Alshareef et al', Sufaru et al*! and Shetty et al.?*

The method of delivery of probiotics in all the studies was through lozenges except the studies done by Yilmaz et al'®,
Morales et al’, Bilourou et al*, Butera et al’, Sufaru et al*!, Nasr et al®, Ozener et al® and Shetty et al>* in which it was given
in the form of tablet, satchet, milk, toothpaste, applied locally or as a gel.

Most of the studies used Lactobacillus reuteri as an adjunct to SRP in chronic periodontitis including the studies by Teughels
et al’®, Ince et al'’, Tekce et al'4, Pelekos et al'”, Theodoro et al'®, Ramos et al?’, Sufaru et al?'. The studies done by Pelekos
et al'” and Alshareef et al! showed high risk of bias regarding the random sequence generation and allocation concealment,
whereas the other studies had a low risk of bias.

The study by Invernici et al'® showed a high risk of bias in allocation concealment. All the studies scored low risk of bias in

blinding of participants and personnel except for the studies by Theodoro et al'®, Pelekos et al'7, Alshareef et al', Nasr et al®
and Shetty et al** who had it as unclear.

The randomized controlled trials by Theodoro et al'® and Alshareef et al' showed an unclear risk of bias whereas the other
studies included showed a low risk of bias of blinding of outcome assessment. All of the included studies a low risk of bias
for incomplete outcome data excluding the studies by Butera et al’, Alhamoudi et al® and Shetty et al** where it was unclear.

A low risk of bias was seen in selective reporting in all the included studies but unclear in the studies by Pelekos et al'” and
Sufaru et al?!. All the included studies assessed bleeding on probing, plaque index, pocket depth, clinical attachment loss and
gingival recession as the outcomes to check the effectiveness of the probiotics.

The randomized controlled trials by Ince et al'®, Tekce et al'* and Theodoro et al'® had a dosage of the probiotics twice a day
for 3 weeks which resulted as a useful supplement in controlling the gingival inflammation and slowing down the re-
colonization in chronic periodontitis.

Lactobacillus and Bifidobacterium species used by Alshareef et al' and Shetty et al>* had shown that improvement in
periodontal

parameters at various stages and grades and varying states of disease. Lactobacillus reuteri used in the randomized controlled
trials of Teughels et al'4, Ince et al'®, Tekce et al'¥, Theodoro et al'®, Sufaru et al>! demonstrated a significant improvement
of periodontal attachment and a reduction of gingival bleeding in patients.

But in the studies by Pelekos et al'” and Ramos et al?® the use of Lactobacillus reuteri did not show any additional clinical
effectiveness when compared to NSPT alone in the management of periodontitis. Yilmaz et al'> had conducted a randomized
controlled trial using the Streptococcus spp concluding that there was no difference detected when comparing the adjunctive
use of a placebo or the investigated streptococci containing probiotic tablet after SRP.

After following up the patients for 9 months in the study of Morales et al® with the probiotic L.rhamnosus, the results of this
trial indicate that oral administration of L. rhamnosus SP1 resulted in similar clinical improvements compared with SRP
alone. The study by Invernici et al'* using B. lactis HNO19 as an adjunct to SRP concluded that it promotes additional
clinical, microbiological, and immunological benefits in the treatment of chronic periodontitis.

The L. brevis and L. plantarum used in the study of Pudgar et al'® indicates an increased odds for healing of gingival bleeding
but reduction
of the odds for healing of diseased sites, but in the study of Nasr et al?> exhibited anti-inflammatory effect through the
significant expression of IL-10 after treatment of stage I and I grade A periodontitis patients.

It can also be seen through the study of Bilourou et al* that probiotic milk drinks (L. casei) can be used as an adjuvant therapy
to mechanical control for the treatment of periodontitis with improvements in biofilm control and inflammation.

The Bifidobacterium animalis subsp. Lactis in the study of Ozener et al® showed a beneficial effect, albeit limited, on clinical
and microbiological outcomes in the management of periodontitis patients.

Meta-analysis was conducted on the studies that provided information on similar outcomes. The overall risk of bias was low
in the studies conducted by Teughels et al'3, Ince et al'’, Tekce et al'4, Morales et al®, Pudgar et al'®, Ramos et al?°, Bilourou
et al*, Butera et al” and Alhamoudi et al®. The studies by Yilmaz et al'3, Theodoro et al'®, Nasr et al® and Ozener et al® showed
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moderate overall risk of bias.

Whereas 5 of the studies included in this systematic review and meta-analysis showed a high risk of bias which included the
studies by Invernici et al'%, Pelekos et al'7, Alshareef et al', Sufaru et al*! and Shetty et al®*.

The plaque index was reduced in probiotic group as compared to control group at 1, 3 and 6 months follow-up with
statistically significant (p<0.05) results at 1 and 6 months with 47% heterogeneity and 80% heterogeneity, respectively.

The results were statistically significant (p<0.05) at 3 and 6 months follow up with 56% heterogeneity and 74%
heterogeneity, respectively showing reduction in pocket depth in probiotic group as compared to control group, but not
statistically significant (p>0.05) with 0% heterogeneity at 1 month follow up.

Clinical attachment loss was reduced in probiotic group as compared to control group at 1, 3 and 6 months follow-up which
was statistically significant (p<0.05) at 3 and 6 months follow up with 61% heterogeneity and 0% heterogeneity, respectively.
Recession was greater in probiotic group as compared to control group at 1and 3-months follow-up which was not statistically
significant (p>0.05) with 0% heterogeneity.

The bleeding on probing was reduced in probiotic group as compared to control group at 1, 3 and 6-months follow-up with
statistically significant (p<<0.05) results with 85% heterogeneity at 3 months follow-up.

Accordingly, favourable outcomes have been attained, supporting the use of probiotics for their immunomodulatory
properties. It is also vital to make comparisons with various treatments, including photoactivation therapy or antibiotic
consumption. Probiotic use in conjunction with less invasive techniques like 0zone and photo biomodulation may also yield
further intriguing findings on the subject.’

5. CONCLUSION

Reduced probing pocket depth, increased attachment level, and decreased bleeding on probing suppuration are the
objectives of periodontal therapy. To accomplish the therapeutic results, a new microbial population is required. Given
the advantages of probiotics, this therapy may be a good complement to or replacement for periodontal treatments.
Probiotic use in dental care applications is on the rise. There is mounting evidence that using probiotic strains now available
can improve oral health. Therefore, suggesting a treatment that combines non-surgical therapy and probiotic consumption
may lead to improved regulation of bacterial plaque and thereby support a successful periodontal treatment. They
may also have an impact on immunological markers. To completely optimise and quantify the magnitude of this
advantage, more study is required.

Probiotics are a viable treatment option for periodontal problems even if research into their potential advantages for
periodontal health is still in its early stages. According to the results, this systematic review pointed out that there is an
improvement in periodontal parameters in patients managed by nonsurgical periodontal treatment and probiotic lozenges
than in patients managed by nonsurgical periodontal treatment only.
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