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a  b  s  t  r  a  c  t

Background:  The  oral  health-promoting  effects  of green  tea  are  attributed  to its polyphenol  components.
Aim  of this  work  was  to systematically  review  the  literature  in  search  for clinical  trials  assessing  green
tea  for  managing  periodontitis  and  caries.
Methods:  Randomized  clinical  trials comparing  the efficacy  of  green  tea  versus  control  groups  in oral
hygiene  and  gingival  health;  periodontitis;  caries;  periodontal  pathogens  number;  Streptococcus  mutans,
Lactobacillus  spp.  Meta-analysis  and meta-regression  analysis  were  performed.

Literature  searches  were  carried  out  using  MedLine  (PubMed),  Scopus,  and  the  Cochrane  Library.
Eighteen  studies  (870  subjects)  were  included.
Results: Green  tea  treatment  had  medium  positive  effect  size  in reducing  GI  (SMD: 0.50;  95%CI:
−0.02/1.01);  PI  (SMD:  0.54;  95%CI:  0.14/0.95);  GBI  (SMD:  0.58;  95%CI:  −0.41/1.56)  and  BOP  (SMD:  0.52;
95%CI:  −0.57/1.60)  in  respect  to  the  control  group.  Splitting  to subgroups,  green  tea showed  a small  neg-
ative  effect  in  the chlorhexidine  control  groups.  Green  tea  treatment  had  medium  positive  effect  size in

reducing  CAL  (SMD  0.58;  95%CI:  −0.49/1.65)  and  large  positive  effect  size  in reducing  PPD (SMD:1.02;
95%CI:  0.45/1.59).
Conclusion:  Even if the  results  are  encouraging,  there  is insufficient  evidence  to  recommend  the use  of
green  tea  formulation  as  first  choice  treatment  for  gingivitis,  periodontitis  and  caries.
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1. Introduction

Green tea (Camellia sinensis) represents 20% of tea’s worldwide
production and it is consumed in Asia, in the Middle East and parts
of North America. Green tea is a non-fermented tea, that is produced
by drying and steaming the fresh leaves to prevent polyphenol
oxidase [1].

Green tea is the most common functional beverage consumed
worldwide. Functional foods are defined as “healthful foods or food
ingredients that have a potential health benefit beyond their nutri-
ent content when consumed regularly in typical quantities as part

of a varied diet” [2].

The health-promoting effects of green tea are attributed to
its polyphenol components (catechins). Epigallocatechin-3 gallate
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EGCG) and epicatechin-3-gallate (ECG) are the most important cat-
chins. The polyphenol concentration in green tea is higher than in
lack tea, 30−40% compared to 3–10% respectively, with a greater
ntioxidant activity and potent anti-inflammatory, antibacterial,
ntiviral, antimutagenic and anti-aging properties [3–6].

The preventive role of green tea in the development and pro-
ression of oral diseases has been shown in chronic periodontitis
effect on periodontopathogens, effect on host immune reactions)
nd in dental caries (effect on cariogenic enzymes, effect on bac-
erial biofilm, effect on F1Fo-ATPase and the agmatine deiminase
ystems, effect on oxidative stress) [7].

Latest systematic reviews have qualitatively summarized
elected studies on either caries or periodontitis [2] without com-
rehensive quantitative synthesis of the evidence available from
andomized controlled trials.
This study aimed to systematically review and synthesize avail-
ble randomized controlled trials investigating the effect of green
ea on periodontal diseases (gingivitis and periodontitis) and/or
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Fig. 1. Flo

caries. The results of this review are meant to provide useful infor-
mation to make clinical decisions, and to direct further research in
this field.

2. Materials and methods

This systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement [8] and the guidelines from the Cochrane
Handbook for Systematic Reviews of Interventions [9]. The study
protocol was registered after the screening stage (PROSPERO
CRD42019130629).

2.1. Eligibility criteria

The following inclusion criteria were applied for this meta-
analysis: (a) randomized clinical trials (RCTs); (b) all considered

participants were dentate humans who used Camellia sinensis
preparations, regardless the way of use or concentration; (c) the
control intervention could have been placebo or other treatments
(sodium fluoride, chlorhexidine, triclosan, saline); (d) studies pub-

2

u

2

e search.

ished in English, French, German, Spanish, Polish, Albanian and
ortuguese. Broad inclusion criteria have been used to be as sen-
itive as possible. The followings were the exclusion criteria: (a)
n vitro RCTs; (b) lack of effective statistical analysis; (c) abstract
nd author debates or editorials; (d) in vivo RCTs on patients with
rthodontic fixed appliances.

The outcomes to be assessed are listed as follows: oral hygiene
nd gingival health (Gingival Index [GI], Plaque Index [PI], Bleeding
n Probing [BOP], Gingival Bleeding Index [GBI]; caries (caries or
aries experience prevalence [DMFT/dmft > 0 or DT/dt > 0]; caries
xperience or its increment); periodontitis (Probing Pocket Depths
PPD], Clinical Attachment Loss [CAL]); Bacterial Colony-Forming
nit (CFU) (Streptococcus mutans [SM], Porphyromonas gingivalis

PG], Aggregatibacter actinomycementcomitans [AA], Lactobacillus
pp. [LB], Prevotella Intermedia [PI]).
.2. Search strategy and study selection

Literature searches of free text and MeSH terms were performed
sing MedLine (PubMed), Scopus, and the Cochrane Library (from
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Fig. 2. Gingiva Index (GI) after green tea treatment and control therapy. Standardize
and  increased values in green tea treatment versus control group, respectively.

1950 to December 31st 2019). All searches were conducted using
a combination of subject headings and free-text terms; the final
search strategy was determined through several pre-searches. The
keywords used in the search strategy were as follows: [(¨Camellia
sinensisÖR g̈reen tea)̈ AND (öral healthÖR c̈ariesÖR p̈eriodontalÖR
p̈eriodontitisÖR g̈ingivalÖR g̈ingivitisÖR g̈umÖR m̈utans)̈]. There
was no restriction on publication years. Reference lists of primary
research reports were cross-checked in an attempt to identify addi-
tional studies. Following the inclusion criteria, two authors (MM
and AN) independently selected the literature by reading the titles
and abstracts. The full text of each identified article was then read
to determine whether it was suitable for inclusion. Disagreements
were resolved through consensus or by discussion with a third
author (LO).

2.3. Data collection
For each eligible study, data was independently extracted by
two authors (MM  and AN) and examined by the third author (MJ)
by creating a piloted spreadsheet and comparing them through it,
according to the Cochrane Collaboration guidelines [9]. In case of

m
d
r
f

3

n differences (SMD) and 95% CI are given. Values below or above 0 indicate reduced

issing data, MJ  contacted via e-mail the corresponding author of
he related research and excluded those ones for which no reply
as  given.

.4. Data items

The following data items were recorded: study year, type
nd setting; age, size and recruitment sample; case and con-
rol interventions; any pre-treatment and co-intervention; vehicle,
aily dose and the calculated total dose; frequency and length of
onsumption; wash out period in RCTs with cross-over design;
ollow-up, drop-out and sample size at follow-up.

.5. Quality assessment

According to the PRISMA statements, the evaluation of the

ethodological quality gives an indication of the strength of evi-

ence provided by the study because methodological flaws can
esult in biases. This procedure provides a total score that can range
rom 0 to 5, where 0 is a low-quality study, and 5 is the highest pos-
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Fig. 3. Gingiva Index (GI). After splitting to subgroups, green tea treatment has med
were  used in CG, but shows very small negative effect size in the subgroup where c

sible quality. A trial is considered having a good quality when it gets
a score of at least 3.

2.6. Risk of Bias in individual studies

Selection bias (retained allocation concealment), performance
and detection bias (blinding of participants and operators), attri-
tion bias (patient dropout, wash-out period of cross over trials and
missing values or participants, too short duration of follow-up)
and reporting bias (selective reporting, unclear eliminations, miss-
ing results) were recorded, evaluated and allocated according to
Cochrane guidelines [9].

2.7. Consistency measures and risk of Bias Across studies

Heterogeneity was assessed quantitatively using Cochrane’s Q
and I 2 -statistics [10]. The high percentage of variability come
from heterogeneity of samples among studies. Funnel plot anal-
ysis were performed to assess small study effects or publication
bias for analyses with two or more studies being present.

2.8. Summary measures and heterogeneity

Differences in index values and no. of bacterial CFU between
final and initial measurements were taken as a measure of treat-
ment efficacy for both groups – Test group (TG) and Control
group (CG). Unavailable correlation coefficients between depen-
dent measurements were imputed at conservative value r = 0.5

when calculating variance of the difference [11,12]. Meta-analysis
was performed using random-effect model via metafor and com-
pute.es R packages, with Standardized Mean Differences (SMD)
and 95% confidence intervals (95% CI) being calculated as effect

p
s

4

arge positive effect size in reducing GI in the subgroups where placebo or triclosan
xidine was used in CG.

stimates. Heterogeneity was  assessed quantitatively using I2-
tatistics and Cochran’s Q [10].

For indices, for which at least 7 studies were available, meta-
egression analyses were conducted with categorical moderator,
hat was  used in CG, to examine its influence on the outcomes.

. Results

.1. Study selection

The search strategy identified 423 potential articles: 218 from
ubMed, 175 from Scopus and 30 from Cochrane. After removal of
uplicates, 237 articles were analyzed. Subsequently, 190 papers
ere excluded because they did not meet the inclusion criteria.
f the remaining 47 papers, 21 were excluded because they were
ot relevant to the subject of the study. The remaining 26 papers
ere included in the qualitative synthesis, and 18 of these were

ncluded in the meta-analysis [13–30] (Fig. 1). Table A1 in Sup-
lementary material summarizes the characteristics of each of the
8 included studies. All the included papers reported odd ratio
OR) for the study’s relevant query data. There were 18 included
tudies in meta-analysis with 2–12 studies for individual character-
stic (bacterial number or gingival-periodontitis index). The results
re shown on Figs. 2–12 and Table A1 in Supplementary material.
ositive values of SMD  indicate greater efficacy in TG (green tea
reatment), negative ones indicate - greater efficacy in CG.

.2. Study characteristics
Included studies (Table A1 in Supplementary material) were
ublished between 2011 and 2019, and used parallel group (n:14),
plit-mouth (n:3) and cross-over design (n:1). Eighteen studies
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Fig. 4. Plaque Index (PI) after green tea treatment and control therapy. Standardized
and  increased values in green tea treatment versus control group, respectively.

were performed: in children (aged < 18: 3), or adults (18−74: 15).
Sample sizes ranged between 14 and 120 participants (mean: 48).
The overall sample size was 870. Green tea was proposed through
several vehicle products: mouth rinse (n:8), gel (n:2), chewing gum
(n:1), toothpaste (n:1), drinking tea (n:2), strips (n:3) and capsule
(n:1). Intervention lasted 14 days to 12 weeks (mean: 4 weeks);
total trial duration (intervention plus follow-up) ranged between
14 days and 6 months (mean: 26 days).

3.3. Quality assessment

According to the Jadad scale for RCT, the authors evaluated the
qualities of all 26 clinical trials included in the qualitative synthe-

sis, based on 5 questions that analyze the randomization process,
the experimental blinding, and the dropout rate, i.e., the patients
lost to follow-up. In the evaluation of the quality of RCTs, cross-
sectional studies, the total score of twelve studies was less or equal

s
8
e
h

5

 differences (SMD) and 95% CI are given. Values below or above 0 indicate reduced

o 2, indicating a low-quality study, while the total score of the
ther studies was greater than or equal to 4, indicating high-quality
tudies (Table 1).

.4. Gingival and oral hygiene indices

Most of the included studies (n:15) evaluated indices of oral
ygiene and gingivitis (GI, PI, GBI, BOP) in TG and CG directly after
herapy and at different times of follow-up.

Green tea treatment had medium positive effect size in reduc-
ng GI (SMD: 0.50; 95%CI: −0.02/1.01); PI (SMD: 0.54; 95%CI:
.14/0.95); GBI (SMD: 0.58; 95%CI: −0.41/1.56) and BOP (SMD:
.52; 95%CI: −0.57/1.60) in respect to the CG. Heterogeneity was

ignificant (p < 0.001) in all cases and in relation to GI, PI, GBI, BOP,
7.8%, 80.5%, 87.5% and 82.1% of the variability came from het-
rogeneity, respectively (Fig. 2). The included studies showed high
eterogeneity with suspected publication bias.
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Fig. 5. Plaque Index (PI). By subgroups, green tea treatment has large positive effect size in reducing PI in the subgroups where placebo or triclosan were used in CG,  but
shows small negative effect size in the chlorhexidine subgroup.

Table 1
Jadad scale for reporting randomized controlled trials (1 = yes, 0 = no, -1 = no description).

Author 1) Is the study
described as
randomized?

2) Is the study
described as
double blind?

3) Is there a description
of withdrawals and
dropouts?

4) The method of
randomisation is
appropriate?

5) The method of
blinding is
appropriate?

Total score=

Krahwinkel 2000 [49] 0 1 1 −1 1 2
Hirasawa 2002 [30] 1 0 1 1 −1 2
Awadalla 2011 [47] 0 0 1 −1 −1 −1
Ferrazzano 2011 [48] 1 0 1 1 −1 2
Kudva 2011 [27] 1 0 0 1 −1 1
Tehrani 2011 [26] 1 1 1 1 1 5
Jenabian 2012 [45] 1 0 0 1 −1 1
Chava 2013 [44] 1 0 1 1 −1 2
Gadagi 2013 [51] 1 0 1 1 1 4
Hattarki 2013 [25] 1 0 1 1 −1 2
Rassameemasmaung 2013 [43] 1 0 1 1 1 4
Hrishi 2014 [19] 1 0 1 1 1 4
Kaur  2014 [50] 1 0 1 1 1 4
Neturi 2014 [14] 1 0 1 1 1 4
Rattanasuwan 2014 [42] 1 1 1 1 1 5
Hambire 2015 [24] 1 1 1 1 1 5
Priya  2015 [23] 1 1 0 1 1 4
Radafshar 2015 [18] 1 1 1 1 1 5
Sarin  2015 [13] 1 1 1 1 1 5
Behfarnia 2016 [17] 1 0 1 1 −1 2
Chopra 2016 [21] 1 0 1 1 −1 2
Thomas 2016 [46] 1 1 1 1 1 5
Hegde 2017 [22] 1 1 1 1 1 5
Shalini 2018 [52] 1 1 0 1 1 4
Taleghani 2018 [28] 1 0 0 1 −1 1
Tripathi 2019 [29] 1 0 0 1 −1 1

6
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Fig. 6. Gingival Bleeding Index (GBI) after green tea treatment and control therapy.
Standardized mean differences (SMD) and 95% CI are given. Values below or above 0
indicate reduced and increased values in green tea treatment versus control group,
respectively. Green tea treatment has medium positive effect size in reducing GBI
in  respect to the control group.

Fig. 7. Bleeding on probing Index (BOP) after green tea treatment and control ther-
apy. Standardized mean differences (SMD) and 95% CI are given. Values below or
above 0 indicate reduced and increased values in green tea treatment versus control
group, respectively. Green tea treatment has medium positive effect size in reducing
BOP in respect to the control group.

Fig. 8. Clinical Attachment Loss Index (CAL) after green tea treatment and control
therapy. Standardized mean differences (SMD) and 95% CI are given. Values below

Fig. 9. Probing Pocket Depth Index (PPD) after green tea treatment and control
therapy. Standardized mean differences (SMD) and 95% CI are given. Values below
or  above 0 indicate reduced and increased values in green tea treatment versus
control group, respectively. Green tea treatment had large positive effect size in
reducing PPD in respect to the control group.

Table 2
Meta-regression model estimates for Gingival Index (GI).

estimate se zval p

intercept −0.110 0.460 −0.239 0.811
Placebo 0.782 0.559 1.398 0.162
Triclosan 1.419 0.950 1.494 0.135

Table 3
Meta-regression model estimates for Plaque Index (PI).

estimate se zval p

intercept −0.155 0.320 −0.483 0.629

(
b
e
p
o
(
c
I
(

3

i
(

i
u
w

or  above 0 indicate reduced and increased values in green tea treatment versus
control group, respectively. Green tea treatment had medium positive effect size in
reducing CAL in respect to the control group.

3.4.1. Gingival index

Splitting to subgroups, green tea treatment has medium-large

positive effect size in reducing GI in the subgroups where placebo
or triclosan were used in CG, but shows very small negative
effect size in the subgroup where chlorhexidine was  used in CG

i
m
“
(

7

Placebo 0.910 0.381 2.386 0.017*
Triclosan 1.428 0.685 2.086 0.037*

Fig. 3). In order to examine if between-study heterogeneity can
e explained by “control group agent”, meta-regression model was
stimated. Both coefficients revealing difference in effect size com-
aring to “chlorhexidine group” are insignificant (Table 2). The
mnibus test (H0 : ˇ1 = ˇ2 = 0) shows the model is insignificant
p = 0.223). Non-explained by moderator heterogeneity is signifi-
ant (p < 0.001), 87.1% of the variability come from heterogeneity.
n the “placebo subgroup” heterogeneity remains significant also
p < 0.001), 90.4% of the variability come from heterogeneity.

.4.2. Plaque index
Green tea treatment has medium positive effect size in reduc-

ng PI in respect to the CG (Fig. 4). Heterogeneity is significant
p < 0.001). 80.5% of the variability come from heterogeneity.

By subgroups, green tea treatment has large positive effect size
n reducing PI in the subgroups where placebo or triclosan were
sed in CG but shows small negative effect size in the subgroup
here chlorhexidine was used in CG (Fig. 5). In order to exam-
ne if between-study can be explained by “control group agent”,
eta-regression model was estimated. The difference between

chlorhexidine subgroup” and two  other subgroups is significant
Table 3). The omnibus test (H0 : ˇ1 = ˇ2 = 0) shows the model
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Fig. 10. Probing Pocket Depth Index (PPD) Splitting to subgroups, green tea treatment h
positive effect size in the triclosan subgroup.

Fig. 11. Effect of green tea treatment on SM counts. Green tea treatment appeared
to  have small-medium negative effect according to Cohen’s interpretive guidelines
size  in reducing SM number in respect to the control group.
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idine agent in CG reports PPD index. The difference between
Fig. 12. Effect of green tea treatment on SM counts. Green tea treatment had small
negative effect size in reducing LB number in respect to the control group.
is significant (p = 0.027). Non-explained by moderator heterogene-
ity is significant (p < 0.001), 87.1% of the variability come from
heterogeneity. In the “placebo subgroup” heterogeneity remains

“
N
(

8

as large positive effect size in reducing PPD in the placebo subgroup and medium

ignificant (p < 0.001), but its share in overall heterogeneity falls
rom 80.5% to 71.0%.

.4.3. Gingival bleeding index
Green tea treatment has medium positive effect size in reduc-

ng GBI in respect to the CG (Fig. 6). Heterogeneity is significant
p < 0.001). 87.5% of the variability come from heterogeneity.

.4.4. Bleeding on probing index
Green tea treatment has medium positive effect size in reduc-

ng BOP in respect to the CG (Fig. 7). Heterogeneity is significant
p < 0.001). 82.1% of the variability come from heterogeneity.

.5. Periodontal indices

.5.1. Clinical attachment loss index
Green tea treatment had medium positive effect size in reducing

AL in respect to the CG (Fig. 8). Results of the studies are very
eterogeneous: 93.4% of the variability came from heterogeneity.

.5.2. Probing pocket depth index
Green tea treatment had large positive effect size in reducing

PD in respect to the CG (Fig. 9). Heterogeneity was significant
p < 0.001). 76.1% of the variability came from heterogeneity.

Splitting to subgroups, green tea treatment has large posi-
ive effect size in reducing PPD in the subgroup where placebo
as used in CG and medium positive effect size in the subgroup
here triclosan was used in CG (Fig. 10). No study with chlorhex-
placebo subgroup” and “triclosan study” is insignificant (Table 4).
on-explained by moderator heterogeneity remains significant

p < 0.001).
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Table  4
Meta-regression model estimates for PPD.

estimate se zval p
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[36]. None of the included studies evaluated the amount of EGCG
intercept 1.1277 0.3221 3.5009 0.0005
Triclosan −0.7312 0.8384 −0.8721 0.3832

3.6. LB and SM CFU numbers

Green tea treatment appeared to have small-medium negative
effect according to Cohen’s interpretive guidelines size in reducing
SM number in respect to the CG (Fig. 11) [31]. Heterogeneity is
not significant at p = 0.1 level. Only 39.7% of the variability came
from heterogeneity (variability in effect sizes that are due to true
differences among the studies) [32].

Green tea treatment had small negative effect size in reducing LB
number in respect to the CG (Fig. 12). Heterogeneity is significant
(p = 0.01). The results of two available studies are very different,
almost 85% of the variability came from heterogeneity.

3.7. Summarizing findings

The Table 5 contains data listed on forest plots and additional
column “p-value” with significance levels of Effect Size. The fifth
column indicates two characteristics that are used in “Quality of
Evidence” and also have qualitative/graphical measures. Two other
characteristics, i.e risk of bias and impression, are rather non-
statistical.

Analyses of all measurements led to inconsistent results, except
for SM CFU. Even in the case of SM CFU No, consistency should be
taken cautiously, because the Q-based test is known to be poor at
detecting true heterogeneity when the number of studies is small.

Publication bias was detected for GI, PI, GBI, CAL, PPD indices
analyzing funnel plots.

Taking “control group agent” as moderator partially explains
between-study heterogeneity for PI and has no essential effect for
GI and PPD indexes. Additional studies of green tea are needed to
clarify the reason of inconsistency.

3.8. Risk of Bias

Most often, allocation concealment, examiner blinding, patient
drop-out were not sufficiently described or not satisfyingly com-
pleted. One cross-over study used wash-out period of 7 days [14].
The qualitative analyses revealed that the effects of the risk of bias
were consistent and quite serious.

4. Discussion
4.1. Review findings

This systematic review endeavored to comprehensively display
the available evidence on effect and efficacy of green tea on both

i

p

Table 5
Summary of findings.

Measurements Effect size (95% CI) p-value for E

Streptococcus mutans CFU/mL −0.35 (−0.77, 0.08) 0.110 

Lactobacillus spp CFU/mL −0.18 (−1.09, 0.73) 0.705 

GI  Gingival index 0.50 (−0.02, 1.01) 0.059 

PI  Plaque index 0.54 (0.14, 0.95) 0.008 

GBI  Sulcus bleeding index 0.58 (−0.41, 1.56) 0.249 

BOP  Bleeding on probing 0.52 (−0.57, 1.60) 0.352 

CAL  Clinical attachment loss 0.58 (−0.49, 1.65) 0.291 

PPD  Probing pocket depth 1.02 (0.45, 1.59) <0.001 

9
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eriodontal disease and caries using both qualitatively and quan-
itatively synthesis.

The majority of the included studies (n:15) evaluated gingival
nd oral hygiene indices, as GI, PI, GBI and BOP. Moreover, green tea
howed a medium positive effect in reducing the markers of inflam-
ation as GI, GBI and BOP, suggesting a direct major effect on the

ost immune system rather than on the oral pathogens. However,
fter splitting to subgroups, green tea treatment showed a posi-
ive effect size in those CG where triclosan and placebo were used.

hen compared with chlorhexidine subgroups, green tea showed
 very small negative effect in reducing GI and a small negative
ffect in reducing PI.

Periodontal indices have been investigated by 8 included stud-
es [15,19–21,25,27,28,30]. Green tea showed a large positive effect
n reducing PPD, large positive effect size in the placebo subgroup
nd medium positive effect size in the triclosan subgroup. Green
ea showed a medium positive effect in reducing CAL. Both the
ndices reflect the status of periodontal tissue inflammation, and
he smaller efficacy on CAL could be explained by the limited
uration of follow up, as this parameter assesses a long-term peri-
dontal status.

The bacterial CFU numbers of LB and SM have been investigated
y few studies (n:3). Green tea vehicle was  exclusively mouth rinse
nd it showed a small medium negative effect on SM and a small
egative effect on LB. The control intervention was  in two  cases
hlorhexidine 0.12% [14,22] and in one case sodium fluoride 0.05%
26]. Green tea mouth rinse was more effective than sodium fluo-
ide on LB reduction [26]. The cariogenicity of SM and LB is mostly
ased on understanding of caries as infectious disease. Moreover,
requently found in dental research on caries is the DMFT/dmft
ndex, i.e. “caries or caries experience prevalence”. However, none
f the included studies focused on these indices.

Periodontal pathogens (AA and PI) were investigated by 1 study
n green tea catechin strips as local drug delivery system in addition
o scaling and root planning (SRP) in patients with chronic peri-
dontitis with a significative reduction in periopathogens number
nd PPD compared to scaling and root plaining alone [27]. These
esults are in accordance with a recent systematic review on the
ositive effect of topical green tea as an adjunct to SRP in non-
urgical periodontitis therapy, without negative side effects [33].

None of the studies included in this systematic review reported
n adverse events. Nevertheless, the most prevalent adverse events
AEs) from human intervention studies involving different green
ea preparations or EGCG were on the gastrointestinal system and
lso, at a very low rate, reported hepatotoxicity [34]. However,
ncidence of liver-related AEs is very low in published clinical tri-
ls involving green tea preparations [35]. Moreover, there is clear
vidence that green tea catechins are not genotoxic or carcino-
enic. The recent safety assessment by Dekant et al., proposed a
00 mg/day dosage limit for EGCG consumed in supplemental form
n the used preparations.
The control interventions were: i) chlorhexidine (n:5); ii)

lacebo (n:7); iii) triclosan toothpaste (n:1); iv) sodium fluoride

S No of participants TG/CG (studies) Consistent/pub.bias

65/100 (3) yes/no
55/80 (2) no/no
273/293 (10) no/yes
279/299 (11) no/yes
73/72 (4) no/yes
45/45 (2) no/no
129/129 (4) no/yes
124/124 (7) no/yes
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(n:1); v) none (n:4). Chlorhexidine is a gold-standard anti-plaque
agent, because of its substantivity, retention in the oral cavity and
slow release, allowing anti-plaque efficacy. However, the long-term
use of chlorhexidine is associated with several side effects, as tooth
discolouration, taste alterations and oral desquamation. In vitro
studies have confirmed the chlorhexidine toxicity on fibroblasts,
also showing cytotoxicity and genotoxicity [37–39].

Green tea does not exhibit side effects and shows effective anti-
inflammatory and antioxidant properties when compared with
placebo or triclosan agent. The present review confirms the efficacy
of green tea in the management of gingival inflammation, as docu-
mented by Kushiyama [4], by lowering the oxidative stress. EGCG
has shown in former in vitro studies to stop the production of toxic
metabolites of P. gingivalis [40]. Moreover, EGCG reduces also the
expression of matrix metalloproteinase-9 in osteoblasts and avoids
the formation of osteoclasts, thus green tea might be used to pre-
vent alveolar bone resorption in patients with periodontal disease
[41].

4.2. Limitations

Many of the included studies had limited validities, as blinding
of the examiners, allocation concealment and patient drop-out fre-
quently remained unclear. Moreover, none of the included studies
provided a precise dosage of EGCG in the green tea formulations
used. The present analyses found high heterogeneity among stud-
ies, therefore, for future studies, it is required to consider more
homogeneous designs.

4.3. Recommendations and conclusions

This review comprehensively evaluates the results of random-
ized control trials on the use of green tea and its effects on processes
of gingivitis, periodontitis and tooth decay. For gingival inflam-
mation and periodontitis, these parameters were found to be
positively affected by green tea. Based on these results, there is suf-
ficient evidence to support the use of green tea to prevent and treat
periodontal disease. This review shows that there is currently insuf-
ficient evidence for recommending the use of green tea to manage
dental caries.

Moreover, even if the results are encouraging, there is no suffi-
cient evidence that green tea could/can fully replace chlorhexidine,
therefore the latter is still the recommended solution for treating
gingivitis and periodontitis.

In conclusion, there is a growing number of clinical trials inves-
tigating the potential of green tea as an adjunct to the prevention
and treatment of oral diseases. In a world scenario of antibi-
otic resistance and growing number of side effects of agents as
chlorhexidine, that is not suitable for a chronic disease manage-
ment, the development of new, more patient- and eco-friendly
agents, should be encouraged.
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