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A b s t r ac t
Aim: The study aimed to evaluate the protective effect of bioactive primer over chemical primers in and around the margins of class V composite
restorations.
Materials and methods: A total of 30 extracted mandibular premolars were chosen. These specimens were randomly divided into three groups
(10 samples in each). At first, class V cavity was prepared, and cavity walls were then pretreated with 4-(2-hydroxyethyl)-1-pperazineethanesulfonic
acid (HEPES) buffer solution (group I), chlorhexidine (CHX) digluconate (group II), and extract of an enriched fraction of green tea (group III).
The in vitro model with Streptococcus mutans [25175 American Type Culture Collection (ATCC)] was incubated for a period of 4 days. The dentin
and enamel margins of the cavity walls were analyzed by fluorescence microscopy analysis.
Results: The comparison of the mean distance from restoration in the dentinal region and also in the enamel region revealed that the distance
at which the initial lesion was seen was approximately similar in all groups, while group III green tea extract (GTE) showed a zone of inhibition
adjacent to restoration, which indicated the protective effect of green tea extract primer. Whereas mean lesion depth in the enamel and dentin
region showed that lesion depth was less for group III compared to the other two groups. Therefore overall result demonstrated that the green
tea extract primer significantly inhibited the development of secondary caries adjacent to the dentin resin interface at cavity walls. At the same
time, no significant inhibition was observed in the enamel margins of cavity walls.
Conclusion: Application of a green tea extract primer inhibited secondary caries formation. Neither the application of CHX nor HEPES buffer
had much effect on the inhibitory effect on secondary caries.
Clinical significance: Within the limitation of this study, green tea extract has shown the potential to be used in preventing the development
of secondary caries. While current chemical primers were less effective, more potent chemical agents needed to develop as an alternative in
the inhibition of secondary caries.
Keywords: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer, Chlorhexidine digluconate solution, Fluorescent microscopy, Green tea
extract solution.
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Introduction

1

Dental caries is considered to be one of the most common
microbe-mediated oral conditions that are mainly caused by
pathogenic organisms like mutans streptococci. These biofilms
are polymicrobial complexes with diverse species competing for
limited space and nutrients.1,2 Various attempts were made in
clinical research to reduce the presence of mutans streptococci
from the oral microflora with the help of various antibiotics
therapy. However, excessive use could lead to undesirable
side effects. 3
Over time composites are widely recommended as a suitable
restorative material because of their superior esthetics, ease of
handling, conservative preparation, excellent bonding potential,
good mechanical properties, and cost-effectively when compared
to other indirect restorations.4 However, studies have demonstrated
a reduced life span and a high rate of failure in comparison
to amalgam. 5,6 The reason may be because of the volumetric
shrinkage along with internal stress concentration at the interface,
which results in staining of margins and also secondary caries
formation.7 Also, the increased rate of absorption of water and
resin degradation, which are activated by esterase reaction, could
further aggravate the marginal breakdown.8

Various approaches have been developed to strengthen
the dentin matrix, specifically by bioactive agents.9 Due to the
limited durability of chemical bonding agents, more focus was
on natural compounds as alternatives for caries prevention at the
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interphase in recent years.10 Natural tea is the most commonly
used beverage consumed across the world that contains 30–40%
of polyphenol, which has antioxidant properties, along with potent
anti-inflammatory and antibacterial activity, which helps in the
prevention of periodontal disease progression and contributes
toward cariostatic action because of the presence of fluoride contents,
improve breathing capacity which in turn reduce halitosis.11–13
Over the past decade, various controversies remained about the
use of natural material over chemical agents such as CHX, and HEPES
buffer in inhibiting caries development in the field of dentistry.
Therefore the purpose of this study was to evaluate the effect of
bioactive primer over chemical primers against secondary caries
development in and around cavity walls of class V resin composite
restorations.

M at e r ia l s

and

Methods

Source of Data
Single rooted permanent mandibular premolar teeth extracted
for orthodontic purposes were collected from the Department
of Oral and Maxillofacial Surgery, PMNM Dental College
and Hospital, Bagalkot, Karnataka. The ethical clearance for
this study was obtained from the ethical committee of the
institution (PMNMDCH/1805/2017–2018).

Study Design
A total of 30 extracted mandibular premolars were selected. Single
rooted permanent mandibular premolars were used in the study
since it was easily available from orthodontic extraction cases, and
also in this study, class V cavity had to be prepared in the mandibular
premolars, so that it does not interfere with the number of roots. These
extracted teeth were first placed in 0.1% thymol solution for a week.
Later these teeth were cleaned, and a final inspection was done for
enamel defects and white spots. The samples were first sectioned
4 mm below the cementoenamel junction (CEJ) and then mesiodistally
in the long axis of the tooth to obtain a rectangular buccal block.
Following this, a class V cavity of dimension 3 mm width × 3 mm length
× 1 mm depth was made at the CEJ using a water-cooled diamond
impregnated disc (Buehler Ltd, Lake Bluff, IL, USA).14
Cavity preparations were randomly divided into three
groups (n = 10).
•
•
•

G r o u p I : A p p l i c at i o n o f 2% 20 m m H EPE S p r i m e r
(2-[4-(2-hydroxyethyl) piperazin-1-yl] ethane-sulfonic acid
powder) (Sigma-Aldrich, St. Louis, MO, USA).
Group II: Application of 2% CHX primer (FGM, Joinville, SC, Brazil).
Group III: Application of 2% green tea extract (catechins)
(Tetrahedron Beverages Pvt. Ltd., Kakkalur, Tamil Nadu, India).

In the case of group I, cavity walls were etched using 37%
phosphoric acid for 15 seconds. Then it was rinsed for 30 seconds
with distilled water. The prepared specimens were then blotted
dry by an absorbent tissue (KimWipe, Kimberly-Clark Corporation,
Irving, TX, USA) which is then primed with 2%, 20 mm HEPES buffer
for 60 seconds. It was further rinsed and blotted dried. Following
this, a drop of dentine bonding agent (Single Bond 2, 3M ESPE,
Germany) was applied over the prepared area.
The adhesive area was then air-dried and light-cured. Preparations
were filled with universal composite (Filtek Z250 XT) material and
light-cured for 40 seconds each.15 The preparations were then
polished with an abrasive disc using a slow-speed micromotor. Group
II and group III follow the same sequence of restoration, except for
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the change in the primer used.16 Group II was primed with 2% CHX
solution while group III was primed with catechin solution.17

Specimen Preparation: Artificially Induced Secondary
Caries
At first, the application of varnish was made at a distance of 1 mm
away from the margins of the restoration. Following this, the sample
was disinfected (70% ethanol, 20 minutes) before being rinsed
twice using phosphate-buffered saline (PBS) and was then stored
overnight at 4°C.18
The next step included the culturing of S. mutans (25175 ATCC)
[inoculated into Brain Heart Infusion (BHI) broth] and incubated
(18–20 hours at 37°C). Then, cells were washed twice with PBS and
suspended in a fresh medium supplemented with 1% sucrose and
standardized to 1 × 108 cells/mL spectrophotometrically.
Specimens were then inoculated with S. mutans suspension
with 1% sucrose for 4 hours at 37°C, after which the media was
replaced with BHI without sucrose for the next 20 hours.19
Following each media change, the wells were gently rinsed
with PBS buffer solution. Further, the specimens were removed and
rinsed in running water at the end of the 4th day. Sections were cut
along the axis through the restorations.

Fluorescent Microscopic Analysis
The specimens were hydrated and stained using 0.1 mm rhodamine
B solution. 20 After an elapsed time, it was rinsed for 1 minute
and blotted dry. These sections were then examined under a
fluorescence microscope (JENOPTIK laser optic system GmbH,
Germany) with a connected digital camera (JENOPTIK ProgRes®
CT3, Germany) at 20 megapixels for measuring the distance from
the restoration at which the initial lesion was seen and at four
megapixels for measuring lesion depth. Images were analyzed
and measured with the help of an inbuilt scale in the system.
To eliminate intraexaminer variability and bias, the study was
undertaken by a single, trained examiner.

Statistical Analysis
Kruskal–Wallis test, followed by the Mann–Whitney U test, was used
for intergroup comparison of depth and distance between groups
in enamel and dentin. International Business Machines Corporation
(IBM) Statistical Package for the Social Sciences-20 (IBM Company,
Palo Alto, California, US) was used for the analyses of data at a
significance level of p < 0.05.

R e s u lts
The purpose of the present study was to assess the protective effect
of green tea extract primer against secondary caries development
around enamel and dentine margins of class V restoration. In this
study, fluorescence microscopy analysis was done to compare the
distance and lesion depth at which the initial lesion was seen below
the restoration between the various groups (Fig. 1).
A comparison of the mean distance from restoration in the
dentinal region between three study groups revealed that the
distance at which the initial lesion was seen is approximately
similar in all groups, with group I with a mean value of 580.30 ±
95.39, group II with a value of 519.60 ± 172.10, and group III with a
mean value of 512.80 ± 96.03 while group III (GTE) showed a zone
of inhibition adjacent to restoration in dentin, which indicates the
protective effect of green tea extract on inhibiting secondary caries
on dentin (Table 1).
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A comparison of the mean distance from restoration in the
enamel region between three study groups revealed that the
distance at which the initial lesion was seen was approximately
the same in all groups, with group I with a mean value of 729.95 ±
66.20, group II with a value of 711.35 ± 32.89, and group III with a
mean value of 748.32 ± 64.14 while group III (GTE) showed better
results compared to other groups (Table 1).
A comparison of mean lesion depth in the dentinal region
between three study groups stated that lesion depth was less for
group III with a mean value of 3.413 ± 1.126 compared to the other
two groups with a mean value of 6.339 ± 2.233 and 6.912 ± 3.200,
respectively which was statistically significant. Green tea extract
shows good results compared to other groups (Fig. 2) (Tables 2 and 3).
A comparison of mean lesion depth in the enamel region
between three study groups stated that lesion depth is less for
group III with a mean value of 1.356 ± 0.219 compared to the other

two groups followed by group II with a mean value of 2.443 ±
0.800 and then by group I with a mean value of 4.205 ± 2.284 which
was statistically significant (Fig. 3) (Tables 2 and 3).
Hence from the results obtained by comparing the lesion depth
and distance at which the initial lesion formed, it can be noted that
green tea extract had a positive response in inhibiting secondary
caries formation.

Discussion
The present study aimed to evaluate the efficiency of bioactive
primers like green tea extract primer over chemical primers in
bacterial-induced secondary caries in and around enamel and
dentin margins of cavity walls of class V composite restorations
by an in vitro bacterial caries model. In dentistry, gingival margin
discoloration or dislodgment of restorations were more frequently

Fig. 1: Fluorescent microscopic image of group I-HEPES; group II-CHX; group III-GTE
Table 1: Comparison of the mean distance from restoration in dentinal and enamel region between three study groups using Kruskal–Wallis test
Region

Groups

N

Mean

SD

Min

Max

H

p-value

Dentin

I
II
III
I
II

10
10
10
10
10

580.30
519.60
512.80
729.95
711.35

95.39
172.10
96.03
66.20
32.89

437
312
384
616
675

745
808
725
836
783

3.107

0.21

2.323

0.31

III

10

748.32

64.14

618

834

Enamel

Note: Group I, HEPES; group II, CHX; group III, GTE
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Fig. 2: Comparison of mean lesion depth in the dentinal region between
three study groups

Fig. 3: Comparison of mean lesion depth in enamel region between
three study groups

Table 2: Comparison of mean lesion depth in dentinal and enamel region between three study groups using Kruskal–Wallis test
Region

Groups

N

Mean

SD

Min

Max

H

p-value

Dentin

I
II
III
I
II

10
10
10
10
10

6.912
6.339
3.413
4.205
2.443

3.200
2.233
1.126
2.284
0.800

2.78
4.2
1.47
1.01
1.38

11.32
11.19
4.87
7.92
3.69

10.893

0.004*

14.418

0.001*

III

10

1.356

0.219

1.07

1.71

Enamel

* Statistically significant; SD, standard deviation; Note: Group I, HEPES; group II, CHX; group III, GTE

Table 3: Multiple comparisons of mean difference in the lesion depth between three groups using Mann–Whitney U test
Region

G-I vs G-II

G-I vs G-III

G-II vs G-III

Dentin

p-value

0.71

0.02*

0.001*

Enamel

p-value

0.10

0.002*

0.001*

* Statistically significant; Note: Group I, HEPES; Group II, CHX; Group III, GTE

observed in class V restorations than in class III and IV restorations.
These clinical problems may result from gap formation and
subsequent microleakage between the restorative material and
the cavity walls. 21 Noncarious cervical lesions often have both
enamel and dentin margins, and therefore class V cavity was set
up to evaluate the clinical effectiveness.
The health promoting effects of green tea are mainly
attributed to its polyphenol content, particularly flavanols, which
represent 30% of fresh leaf dry weight.22 Polyphenolic compounds
have been reported to have a wide range of biological activities,
many of which are related to their conventional antioxidant action.
The four main catechins present in green tea includes
epigallocatechin-3-gallate (EGCG), epigallocatechin (EGC),
epicatechin-3-gallate and epicatechin. The beneficial influence of
green tea was mainly associated with its most abundant catechin
that was namely EGCG. The extracts from green tea were more
stable than pure EGC gallate because of the presence of other
antioxidant constituents in the extract. In general, herbal medicines
are complex mixtures of different compounds that often act
synergistically to exert their full beneficial effect.22
A study by Otake et al.,23 explained the anticariogenic effect
of polyphenols that prevented the adherence of bacterial cells
to the tooth. Polyphenols interact with microbial membrane
S48

proteins, enzymes and lipids, thereby altering cell permeability
and permitting the loss of protons, ions, and macromolecules. The
enzymatic activity of glucosyl transferase from S. mutans is inhibited
by plant polyphenols.24
Several studies have demonstrated the antibacterial nature of
polyphenols, but at present, their potential use as an anticariogenic
substance is still controversial.25 An in vitro study by Reynolds and
Black, has shown that the polyphenol contain in tea has no influence
on demineralization or remineralization of enamel structure, but
it demonstrates an anticariogenic effect via an antimicrobial
mechanism.26
Another study by Smullen et al.,27 also has shown that various
extracts of polyphenol from green tea, red grape, and cocoa have a
wide influence on various microbial organisms, including S. mutans
and thereby reducing their adherence. Moreover, extracts from
grape seeds have been shown to inhibit the growth of anaerobic
microbes like Porphyromonas gingivalis and Fusobacterium
nucleatum, which cause various periodontal diseases.28
The current findings of the present study showed the dentin
resin interface was more susceptible to caries progression than the
enamel resin interface. This is similar to the study of Kim et al.,14 who
also concluded similar findings which showed dentin resin interface
was more prone to secondary caries progression.
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Another material that was used in the study was 2% CHX primer.
The finding of the study showed CHX was less effective in inhibiting
secondary caries when compared to green tea extract. This could
be explained based on the low permanent binding mechanism of
CHX in the dentin structure. This is supported by the study of Russell
AD,29 which found similar findings of reduced permanent binding
mechanism as well as reduced bactericidal and bacteriostatic
activity at low concentrations.
The present study showed reduced effectiveness of CHX as
an inhibitory agent of secondary caries, which was supported by
the studies of Ercan et al.,30 and Elkassas et al.,31 which suggested
a weak tooth resin bond by CHX. Whereas this was contrary to the
studies by Menendez et al.,32 and Salehi et al.,33 showed that CHX
is more effective against S. mutans than green tea extract.
Another material that was evaluated in this study was HEPES
buffer, which also showed weak inhibiting capacity in secondary
caries formation. This buffer solution act more like water as its
dissociation decreases as the temperature decreases, making this
a more effective buffering agent for maintaining enzyme structure
and function at low temperatures. This was supported by a study
by Zhou et al.,34 who explains the effect of various buffer solutions
in maintaining enzyme structure.
In this study, secondary caries models were effectively used
for investigating the inhibitory properties of various agents or
materials in preventing the development of secondary caries. These
in vitro models provide better control of the test in obtaining results
when compared to in vivo models. 35 But there must be caution
when comparing results to an actual oral environment where
various confounding factors could influence the outcome of the
study. However, the present study design provided significant and
promising results that open the window and basis for future studies.

C o n c lu s i o n
Within the limitations of the present study, it can be concluded
that the application of green tea extract primer significantly
inhibits secondary caries development adjacent to dentin surface
interphase. Therefore incorporation of green tea extract in the resin
composites may reduce the formation or development of secondary
caries immediately in and around highly susceptible dentin margins.
Neither the application of CHX nor HEPES buffer had much effect
on the inhibitory effect on secondary caries.
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