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ABSTRACT

Polyphenols are plant secondary products with health-pro-
moting properties against various degenerative or infectious
diseases, and thus may help in the prevention of oral diseases.
The aim of the present systematic review was to investigate
polyphenols as a possible adjuvant in inhibiting dental biofilm
formation, which is an important precondition for the most
prevalent oral disease - caries and periodontitis. A literature
search was conducted using the databases PubMed, CENTRAL
and Scopus. Only studies with oral healthy participants and
plaque level as outcome were included. Data search and ex-
traction was conducted by two authors independently. Of
the 211 initially identified studies, only six met all inclusion
criteria. Meta-analysis was performed with five studies using
the random effect model. Treatment with polyphenols re-
duced the plaque level in comparison to a negative control,
but not significantly. Strong evidence of heterogeneity was
observed. The diversity and complexity of polyphenols and
their preparation need to be considered. There is no clear evi-
dence that clinical use of polyphenols can prevent dental bio-
film formation. Additional research with more and larger ran-
domized controlled trials are required.

Introduction

After polyphenols had been identified as health-promoting sub-
stances against various infectious and degenerative diseases, they
were investigated more intensively over the last decades [1,2].
According to the definition by Quideau et al. [2], polyphenols are
plant secondary metabolites of the shikimate-derived phenylpro-
panoid or the polyketide pathway, that have more than one phe-
nolic ring and do not contain any nitrogen-based functional
groups in their basic structure. The aromatic system and the de-
gree of the hydroxylation forms the variety of polyphenols and is

responsible for their different properties (> Fig. 1).They are abun-
dant in fruits, seeds, and leaves in particular, but are also com-
monly added to functional foods [2]. Thanks to the phenolic
groups, polyphenols can scavenge free radicals and act as anti-
oxidants, helping against numerous diseases such as cancer, neu-
rodegenerative or cardiovascular diseases [3]. A diet rich in poly-
phenols can not only prevent different diseases, but is also in-
expensive, easily accessible, and sustainable due to the natural ori-
gin of polyphenols.

Despite this, polyphenols can form complexes with metal ions
and proteins, which is why they are increasingly being investi-
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» Fig. 1 Overview on the different chemical classes of phenols.

gated in dental research [4]. Of all oral diseases, dental caries has
the highest prevalence, despite established preventive measures
such as the use of fluoridated dentifrices [5, 6].

This underlines the need for additive preventive strategies.
Polyphenols have been used in traditional medicine for thousands
of years. With the growing demand for biological alternatives,
polyphenols form an attractive group for biological approaches
in preventive dentistry.

Therefore, in the present systematic review, we searched and
analyzed the literature for the influence of polyphenols on dental
plaque, a critical etiological factor for caries [7]. The starting point
for bacterial attachment is the pellicle, a bacteria-free protein
layer on the tooth surface [8]. Polyphenols can denature and
crosslink pellicle proteins [9] and thus lead to pellicle modifica-
tion, which can diminish bacterial adherence [10-12]. This influ-
ence on proteins of the saliva and the pellicle is called the tanning
effect [13]. By interaction with bacterial enzymes, polyphenols
can inhibit glucan formation, which also plays a role in bacterial
adherence [14]. Furthermore, polyphenols can interact with the
bacterial membrane and complex metal ions that are essential
for bacteria, which ultimately lead to antibacterial effects [15,
16]. Due to the heterogeneity of polyphenols and bacterial diver-
sity in dental biofilms, no generalized conclusion is possible.

Several clinical studies have been conducted to demonstrate
the efficacy of polyphenols on biofilm formation [4]. However, a
systematic evaluation has not yet been performed. The aim of
the present systematic review was to evaluate the body of evi-
dence concerning the efficacy of polyphenols on dental biofilm
formation. If there is clear evidence, a polyphenolic diet could
provide a significant benefit for the patient with respect to oral
health.

Material and Methods

The present systematic review was performed following the
PRISMA (Preferred Re-ported Items for Systematic Review and
Meta-analysis) guidelines [17].

MEDLINE search terms. The search strategy was individually adjusted for CENTRAL and Scopus.

Population:

(subjects OR humans)

Intervention:
AND {polyphenol [MeSH] OR phenolic acid OR benzoic acid OR hydroxybenzoic acid OR gallic acid OR ellagic
acid OR hydrolysable tannin OR gallotannin OR tannic ackd OR ellagitannin OR punicalagin OR puricalin OR
cinnamic acid O coumaric acld OR. caffelc acld OR. ferulic acid OR sinapic acid OR. stilbene OR. resveratrol OR
ligrun OR flavoncid OR flavenol OR quercetin OR kaempferal OR flavene OR luteclin OR apigenin OR
a OR genin O h

OR OR OR flavanol OR catechin OR

P

OF. epigallocatechin OR epbcatechin-3-gallate OR ep

3gall
P gallate OR §

OR d d tannin OR

OR cyanidin OR delphinidin OR. pelargonidin OR isoflavone OR

genistein OF daidzein OR neoflavenoid OF. dalbergin OR chalcone OR flavanonol OR. taxifoling

Cutcome:
AND (dental caries [MeSH] OR plaque index OR dental blofilm OR dental health services [MeSH] OR dental

plaque [MeSH] OR dental health surveys [MeSH])

Study design:

AND (research article OR

7 study OR ob 1 study OR In-vive) NOT (case study OR in-

vitro OR in-situ OR review article)

» Fig. 2 Specific search terms.

Eligibility criteria

In order to evaluate whether polyphenols can prevent dental bio-
film formation, different eligibility criteria were defined. Human
subjects with oral health who did not receive antibiotic treatment
in the last month were included. Regarding intervention, subjects
were treated with polyphenols and negative, or positive control
such as fluoride and chlorhexidine. Additional prophylactic mea-
sures were not allowed. After treatment, supragingival plaque lev-
els were recorded. However, plaque levels on teeth with ortho-
dontic appliances were not considered. Laboratory in situ and in
vitro studies were excluded from the systematic review.

Search strategy

The electronic databases PubMed, CENTRAL and Scopus were
searched up to October 2021. Published studies in German or
English language were included. Handsearching was not con-
ducted. Specific search terms are shown in » Fig. 2. When titles
and abstracts fulfilled the eligibility criteria, the full texts were
screened, and appropriate papers were processed for data extrac-
tion. Data collection and extraction was performed independently
by two reviewers. Disagreements were resolved by discussion.

Data items

Information was extracted from full texts that fulfilled the eligibil-
ity criteria: (1) population (number of participants, age, sample
size calculation); (2) intervention (type of polyphenol and carrier
in experimental group, baseline, type of intervention in control
group, frequency and duration of intervention, washout period
in studies with cross-over design); (3) outcome; (4) study design;
and (5) risk of bias (selection bias, processing bias, measurement
bias, attrition bias; common markers were randomization, blind-
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» Fig. 3 Flow chart of study selection process. Studies with no baseline o
articles written in languages other than English were excluded.

ing, objectivity of outcome measurement, performing daily oral
hygiene). Studies were not excluded because of their risk for bias.

Data analysis

Studies recording the final plaque levels of both the experimental
group and negative control group or baseline were plotted. The
standardized mean difference was used since different plaque
level scores were recorded and calculated using the random effect
model due to the low number of included studies. In some stud-
ies, the control group was compared several times. In this case,
the number of subjects in the control group was divided by the
number of comparisons. Heterogeneity was tested by visual ex-
amination of plots and statistically with chi-square test and
I"2 statistic. Investigation of publication bias with a funnel plot
was not conducted due to the low number of included studies.
Data analysis was performed with Review Manager (RevMan). Ver-
sion 5.4, The Cochrane Collaboration, 2020.

r no recorded plaque levels, no information on active caries lesions or

Results

Study selection

A total of 211 records were identified from databases PubMed,
CENTRAL and Scopus. After reviewing titles and abstracts,
15 studies were included for further full-text screening. Nine
studies did not meet the inclusion criteria, as shown in » Fig. 3
and Table 1 [18-23]. The remaining six studies were processed
for data extraction. The study characteristics are shown in » Table
2[24-28].

Quality assessment

Risk of bias are presented in » Table 3. In most studies, treatment
was randomly assigned and at least single-blinded. In the study by
Krahwinkel and Willershausen [27], no randomization was carried
out, and uncontrolled reqular oral hygiene was allowed in addition
to the trial, which overall represents an increased risk of bias. The
study by Kaur et al. [26] has a risk of measurement bias due to
blinding and outcome. There was no attrition bias in any of the
studies.
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» Table 1 Characteristics of excluded studies.

Study Reasons for exclusion

De Souza et al., 2017 [18] The effect of a gel containing the polyphenol epigallocatechin-3-gallate (EGCG) on the protein profile of the acquired
enamel pellicle was investigated. Plaque levels were not recorded.

Goyal et al., 2017 [19] The effect of a mouth rinse containing catechins from green tea was investigated. Subjects with a dmft >4 were included
in the study without any statement on active caries lesions.

Hirasawa et al., 2006 [20] The effect of mouth rinses with different polyphenols on the pH value of dental plaque was investigated. At the baseline
stage, neither professional oral hygiene nor tartar removal was performed.

Huetal., 2011 [21] The effect of a lollipop containing the polyphenol glycyrrhizol A on the number of Streptococcus mutans in saliva was
investigated. Plaque levels were not recorded.

Liu et al., 2000 [22] The effect of tablets containing green tea polyphenols on plaque indices was investigated. The manuscript is in Chinese.

Peters et al., 2010 [23] The effect of lollipops containing liquorice root extract on the number of Streptococcus mutans in saliva was investigated.
Plaque levels were not recorded.

» Table 2 Study characteristics.

Source Population Intervention Outcome Study design Results

Diaz Sanchez 20, older carrier: pill; experimental: 36 mg of Turesky plaque RCT, double- significantly more plaque in

et al. [24] than 18 oligomeric proanthocyanidins and index, record blinded experimental group than

2017 120 mg vitamin C; negative control: after 2 and control group after 3 weeks
placebo; regimen: 2/d for 3 weeks 3 weeks

Hambire et al. 60, 9-14 carrier: mouth rinse; experimental: plaque index by RCT, triple- less plaque in experimental

[25] 2015 years old 0.5% solution of Camellia sinensis Silness and Loe; blinded group after 3 weeks than at
(green tea), positive control: 0.2% record at base- baseline; statistical results
chlorhexidine; 0.05% sodium fluoride; line, after first (comparison of experimental
negative control: baseline; regimen: rinse, first week group to control groups and
2/d for 2 weeks and second week baseline after 3 weeks) are

not listed

Kaur et al. 30, 18-25 carrier: mouth rinse, 15 ml; experi- Quigley-Hein cross-over de- experimental and control

[26] 2014 years old mental: 0.25% catechin; positive con- plaque index, sign; single- group with similar plaque
trol: 0.12% chlorhexidine; regimen: record after blinded; scores; no significant differ-
2/d for 1 week; washout period of 15d 1 week randomized ence

Krahwinkel 47, mean carrier: chew candy; experimental: approximal double blind slightly less plaque in experi-

and Willers- age of green tea extract (1,55%); negative plaque index, mental group than control

hausen [27] 25.76 years control: placebo; regimen: 8/d for record after group after 4 weeks, not sig-

2000 4 weeks 1 week and nificant

4 weeks
Moran et al. 18, mean carrier: mouth rinse; experimental: Turesky modified cross-over de- significantly less plaque (in-
[28] 1992 age of natural products (eugenol, thymol, Quigley & Hein sign, double- dex) in experimental group
26.33 years chamomile, myrrh, rhatany, sodium plaque index blinded than negative control group,

lauryl sulphate) and 6 other mouth and plaque area, but significantly more
rinses; positive control: 0.2% chlor- 4-day plaque plaque than positive control
hexidine; negative control: 0.9% regrowth group

sodium chloride; regimen: 2/d for
4 days; 4-day plaque regrowth; wash-
out period of 72 h

Radafshar 40, 18-25 carrier: mouth rinse; experimental: Turesky modified RCT, double- significantly less plaque in
etal. [32] years old green tea (1% tannin); positive control: Quigley-Hein blinded experimental group after
2017 0.12% chlorhexidine; negative control: plaque index, 4 weeks than at baseline;
baseline; regimen: 2/d for 4 weeks record at baseline no significant difference
and after 1 and between experimental and
4 weeks positive control group
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» Table 3 Risk of bias.

Source Selection bias Processing bias Measurement bias Attrition bias
Diaz Sanchez et al. no no no no
[24] 2017 randomized by informatics complementary hygiene methods subjective outcome;
programme LACER S.A.; were not allowed; double-blind but double-blinded
double-blind
Hambire et al. no no no no
[25] 2015 randomized; triple-blinded; children brushed their teeth addition- subjective outcome;
professional oral hygiene ally; however, the same tooth brush triple-blinder
before trial and fluoride tooth paste was used
Kaur et al. [26] no no yes no
2014 cross over design; randomized; oral hygiene (dentifrices, other mouth subjective outcome;
single-blinded; professional rinse) was not allowed single-blinded
oral hygiene before trial
Krahwinkel and yes yes no no
Willershausen double-blinded; however, regular oral hygiene during trial was objective outcome;
[27] 2000 no randomization; professional allowed and not controlled; double- double blinded
cleaning before trial blinded; no randomization
Moran et al. [28] no no no no
1992 cross-over design; professional cross-over design; normal oral subjective outcome;
cleaning before trial hygiene was not allowed during trial double blinded
Radafshar et al. no no no no
[32] 2017 randomized; professional double-blinded; oral hygiene was subjective outcome;
cleaning before trial allowed only with provided tooth- randomized; double-
brush and toothpaste blinded
Experimental Control Std. Mean Difference Std. Mean Difference
Stucy or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Diaz Sanchez 2017 335 159 10 168 1.43 10 20.2% 1.06[0.11, 2.01] 5
Hambire 2015 056 04 20 1.52 0405 20 20.0% -3.30 [-4.28,-2.32) ——
Krahwinkel 2000 296 175 22 38 172 25 211.6% =012 F0.70, 0.45] e T
Moran 1992 382 079 18 527 083 2 171% -1.74 [-3.32,-0.16] B Rt
Radafshar 2017 126 023 20 161 029 20 21.2% -1.31 [-2.00,-0.62) e
Total (95% CI) 90 77 100.0% -1.05 [-2.38, 0.29] =l
Heterageneity Tau®= 2.07; Chi*= 48.39, df=4 (P < 0.00001); F=92% 4 2 5 2 4

Test for overall effect. Z=1.54 (P =0.12)

[experimental] [contral]

» Fig. 4 Forest plot. Treatment with polyphenols reduced the plaque level in comparison to the negative control, but not significantly (p =0.12).
Strong evidence of heterogeneity was observed (Chi*2 =48.39, p<0.00001, 1"2=92%).

Meta-analysis

Of the six studies identified for data extraction, five were running
a negative control and three a positive control. Meta-analysis was
performed with five studies by comparing the effects of polyphe-
nols and negative controls on the plaque level (> Fig. 4). The study
of Kaur et al. [26] was not included in the meta-analysis due to
missing negative control. For each study, the mean, standard de-
viation, and number of subjects were listed, and standardized
mean difference was calculated (» Fig. 4). Treatment with poly-
phenols reduced the plaque level in comparison to the negative
control as indicated by the summary estimate, but not signifi-

cantly (p=0.12). Strong evidence of heterogeneity was observed
(Chi*2=48.39, p<0.00001, I"2=92%).

Discussion

Summary of evidence

Considering the six included studies, of which five were meta-an-
alyzed, treatment with polyphenols favours a reduction of plaque
levels in comparison to a negative control, but not significantly.
According to the high number of laboratory and experimental in
situ studies, there is a great interest for polyphenols in dental re-
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search [4]. Therefore, the present review was conducted in order
to evaluate the clinical efficacy of polyphenols against dental bio-
film formation and to find an alternate to current preventive mea-
sures, in particular fluorides and chlorhexidine. Despite the intro-
duction of fluorides for oral health care and the associated decline
in caries, the prevalence of caries is still high and, particularly in
countries with a non-established market economy, fluorides are
difficult to acquire [5]. Unlike fluorides, which interfere with the
development of caries in different ways, chlorhexidine is consid-
ered the gold standard for plaque control and was often listed as
a positive control in the included studies [29]. However, several
side effects limit the long-term use of chlorhexidine, such as tooth
discoloration, taste irritation and burning sensations of the oral
mucosa [30]. Therefore, polyphenols were examined as alternates
in the present review, which are often active components of nat-
ural products [31].

Initially, more than 200 studies were identified through three
databases. Most studies were excluded based on their title and
abstract. The reasons were typically that no polyphenols were
used, the effect was not related to biofilm management, no
plaque levels were recorded, or subjects suffered from periodon-
titis. Ultimately, six studies were included, of which five showed
an inhibitory effect on plaque [25-28,32] and one study showed
the opposite effect [24]. While most studies had a negative con-
trol, the study by Kaur et al. [26] was running just a positive con-
trol according to a non-inferior design. The observed inhibitory ef-
fects were attributed to antibacterial and anti-adherent proper-
ties of polyphenols. Even in the study by Diaz Sanchez et al. [24]
in which more plaque was found than in the negative control, the
authors suggested a change in the bacterial composition of
plaque as other collected data, such as the degree of gingival in-
flammation, decreased.

Overall, there is insufficient evidence that treatment with poly-
phenols can reduce plaque levels. Of the five studies that showed
inhibitory effects, the results were statistically proven in only
three studies [27,28,32]. In addition, sample size calculation was
not performed in every study [24,27,28]. In the study by Moran
et al. [28], significantly less plaque was found than in the negative
control, but significantly more plaque than in the positive control
chlorhexidine. On the one hand, in order to establish an alternate
to chlorhexidine regarding plaque control, the novel agent must
either be more effective or have similar efficacy but without the
side effects. On the other hand, polyphenols are usually con-
sumed with diet, so they do not represent an alternate but an ad-
ditive and could support oral health in the form of a polyphenolic
diet.

Another point to consider is that the reviewed studies did not
explicitly address subjects with high risk for caries, who could par-
ticularly benefit from a treatment with polyphenols. Our conclu-
sions do not apply to this important subset of population, since
most studies included dental students who likely have good oral
hygiene [24,26,32], or even assumed high standard for oral
hygiene [28]. The small number of included studies and missing
funnel-plot analysis did not allow to draw any conclusions about
publication bias that could overestimate the inhibitory effect of
polyphenols on dental plaque.

Limitations

The present review was limited by the diversity of polyphenols
and plants as well as heterogeneity in interventions and outcomes
of the included studies. It should be kept in mind that polyphenols
represent a large heterogeneous group that shows various effects
in the oral cavity [4,33]. Since polyphenols include chemically
very different substances, it is not possible to make a general
statement about the effect of polyphenols on dental biofilm for-
mation [34]. Polyphenols not only differ in their effect, but also
growth conditions; the preparation and the pharmaceutical
form/mode of delivery can have an influence on the efficacy. In
addition, the frequency of application and the time of residence
in the mouth differ, which can influence the outcomes. The poly-
phenols were applied using different carriers, such as pills, mouth
rinses or chew candies. While all mouth rinses were used twice a
day for 60 seconds, the amount applied ranged from 10 to 20 ml
[25,26,28,32]. In contrast, polyphenols integrated in candies
were chewed 5 min and 8 times a day [27], whereas the pills did
not provide any information on the intraoral exposure time since
they were used until dissolution [24].

As polyphenols are mainly ingested through diet, effective and
compatible extracts should first be identified in experimental
studies and then verified with clinical studies. Then, polyphenols
could contribute to oral health as part of a polyphenolic diet,
e.g., by frequent consumption of berry juice or tea. In the in-
cluded studies, various tannins and green tea extracts were used,
whereby the latter contain other active components in addition to
various polyphenols that can contribute to the anticariogenic
properties of tea, such as fluorides [35]. Taken together, the
heterogeneity in intervention may be related to the different ob-
servations made in each included study. Studies with longer clini-
cal use can be evaluated as more reliable.

With regard to outcomes, also different plaque levels were re-
corded, which is why the standardized mean difference was calcu-
lated in the forest plot analysis. Apart from the study by Krahwin-
kel and Willershausen [27], only subjective plaque levels were
used, such as the Turesky plaque index or the plaque index by
Silness and Loe. Of these, the study by Kaur et al. [26] was the only
one that was not blinded and measurement bias can therefore be
assumed. However, several efforts have been made to reduce bias
in general such as randomization and blinding. In addition, profes-
sional tooth cleaning was performed before the trial in most stud-
ies [25-28,32], so that all subjects, regardless of their allocation
to the experimental or control group, were brought down to a
common denominator with respect to plaque levels. There is a
risk of selection and processing bias in the study by Krahwinkel
and Willershausen [27], since no randomization was carried out
and reqular oral hygiene was allowed during the trial, which was
not controlled and could therefore have had a considerable im-
pact on plaque formation.

The main limitation of the present review was the language re-
striction and consideration of plaque as the only outcome. How-
ever, polyphenols show different effects in the oral cavity, such
as on gingival and periodontal health, that were not taken into ac-
count [36]. Furthermore, plaque represents only one etiological
factor of the multifactorial disease caries, and anti-plaque agents
do not necessarily inhibit caries [37].
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Conclusions

Given the level of interest in polyphenols in dental research, it was
surprising to find few clinical studies. Polyphenols tended to re-
duce dental biofilm formation compared to a negative control,
but without significance. Considering the small number of in-
cluded studies and the significant heterogeneity, more and larger
randomized controlled trials with the same outcome measure-
ments are required to properly assess the clinical efficacy of poly-
phenols against dental biofilm formation. Therefore, clinical ex-
perimental studies to identify particularly effective substances
and subsequently clinical controlled studies with longer observa-
tion phases should be conducted. Since patients with high risk for
caries could particularly benefit from such a preventive measure,
this group should be preferentially included. Finally, the adverse
effects of polyphenols should also be systematically recorded.
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