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Original Article

Longitudinal analyses of
composite resin restoration
on erosive lesions: effect
of dentin treatment with a
chitosan nanoformulation
containing green tea

Renato Gongalves dos Reis' ®, Antonio Claudio
Tedesco?®, Fabiana Almeida Curylofo-Zotti' ®,
Thiago Vinicius Cortez™ ®, Hiago Salge Borges?®,
Aline Evangelista Souza-Gabriel' ®, Silmara
Aparecida Milori Corona’

Aim: To evaluate the influence of the biomodification of
erosive lesions with a chitosan nanoformulation containing
green tea (NanoCsQ) on the clinical performance of a
composite resin. Methods: The study was performed in a
split-mouth, randomized and double-blinded model with
20 patients with 40 erosive lesions. The patient's teeth
were randomized into two groups (n=20) according to the
surface treatment: 1) Without biomodification (control), and
2) Biomodification with NanoCsQ solution (experimental).
The lesions were restored with adhesive (Tetric N-bond,
Ivoclar) and composite resin (IPS Empress Direct, Ivoclar).
The restorations were polished and 7 days (baseline), 6
months, and 12 months later were evaluated according to
the United States Public Health Service (USPHS) modified
criteria, using clinical exam and photographics. Data were
analyzed by Friedman's and Wilcoxon signed-rank tests.
Results: No significant differences were found between
the control and experimental groups (p=0.423), and also
among the follow-up periods (baseline, six months, and 12
months) (p=0.50). Regarding the retention criteria, 90% of
the restoration had an alpha score in the control group. Only
10% of the restorations without biomodification (control)
had a score charlie at the 12-month follow-up. None of the
patients reported post-operatory sensitivity. Conclusion: The
NanoCsQ solution did not negatively affect the performance
of the composite resin restorations after 12 months.

Keywords: Clinical trials as topic. Tea. Chitosan. Tooth erosion.
Nanoparticles.
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Introduction

Tooth erosion starts with the softening of the surface by acidic materials. It can be
caused by both intrinsic (acid gastric regurgitation) and/or extrinsic (acidic drinks
and food) acids, and is modified by changes in salivary flow and constituents. The
dentine is more susceptible to erosion than enamel because the crystals in dentine
are much smaller than those of enamel and the carbonate content of dentine is
greater than in enamel’.

The enamel prisms of the tooth with erosion are dissolved, which creates a surface
with fissures that resembles a honeycomb. The progression of the lesion affects the
peri and inter-tubular dentin, enlarging the dentin tubules'. Erosive dentin lesions are
heterogeneous, highly permeabilized, have high crystallinity, and partially denatured
collagen. Altogether, these structural alterations negatively impact the longevity of
restorative treatments performed on eroded dental tissues?®.

The organic matrix of the eroded dentin hinders the adhesive penetration due
to its high content of water and fibers and because might be already collapsed,
which affects the hybridization and increases the adhesive interface degradation®.
In this context, the use of protective substances, such as chitosan, might improve
the mechanical bond resistance of collagen fibrils, which are the scaffold to the
adhesive interface®®.

Chitosan is a hydrophile biopolymer of chitin composed of reactive groups, a lin-
ear polycation of high density and charge, and hydrogen bonds®¢. Such hydrogen
bonds are arranged in parallel, ensuring high resistance’. Chitosan is biocompatible
and non-toxic to human cells, promotes bio-adhesion, biodegradability, and presents
antimicrobial activity®12,

The use of chitosan straightens''* and stabilizes''® the dentin collagen, increas-
ing the number of cross-links among the collagen’s fibers. Chitosan neutralizes the
matrix metalloproteinases, creating collagen arrangements with better mechanical
properties'”. The chitosan bonds are formed by the union of molecules through cova-
lent linkages®'®, a process used to stabilize biological tissues'.

Camellia sinensis (C. sinensis) as chitosan, another biomodifier has been investi-
gated in dentistry, is a rich polyphenol, extract containing epicatechin (EC), epigallo-
catechin (EGC), and Epigallocatechin-3-gallate (EGCQq). C. sinensis extract had an
inhibitory effect over enzymes that degrade dentin collagen?'. The catechins, mainly
EGCg, can induce cross-linking of fibers, impeding the access of the collagenases
to the active sites??. In vitro tests showed that the EGCq is effective in preserving the
bond resistance of the resin-dentin for 6 months®.

Due to the multiple aromatic rings in the structure of EGC, this molecule has higher
antioxidative activity than non-phenolic or mono-phenolic compounds?. EGC also
has antimicrobial activity, affecting acid production, and the metabolisms of Strepto-
coccus mutans enzymes such as glycosyltransferases?. EGC also inhibits the syn-
thesis of extracellular polysaccharides (EPS), reducing microbial cellular adhesion
and biofilm formation?.
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There is a lack of studies on the biomodification of the eroded dentin surface.
This study evaluated the influence of the biomodification of erosive lesions with a
chitosan nanoformulation containing green tea (NanoCsQ) on the clinical perfor-
mance of a composite resin. The hypotheses tested were that there is no correla-
tion between the longevity of restorations and the application of the experimental
solution considering retention, marginal discoloration, marginal adaptation of the
resin restorations, secondary caries, and post-operatory sensitivity.

Material and methods

Experimental design

The sample was composed of 20 patients (n=20) aged between 20 to 50 years
old who had non-carious erosive lesions of medium to a deep depth at the buccal,
palatal/lingual, or incisal/occlusal faces. The study was performed in a split-mouth,
randomized, and double-blinded model. The teeth of each participant were received
one of the dentin treatments: 1) Control (without biomodification); 2) NanoCsQ -
Biomodification with a nanoformulation of chitosan containing green tea extract
(C. sinensis). The response variables were: 1) Longitudinal evaluation of the restor-
ative treatment through a clinical examination using the modified USPHS criteria
at 7 days, 6-months, and 12-months; 2) Photographic evaluation of the restorative
treatment at the same time points of the clinical follow-up. All CONSORT guidelines
were followed (Figure 1).

Ethical and legal aspects and sample size calculation

This study was approved by our local ethics committee (CAAE: 23972619.8.0000.5419)
and registered on the Brazilian Platform of Clinical Trials Registration (ReBEC)
(UTN: 1111-1245-1517). A consent form was signed by each participant.

The website www.sealedenvelope.com was used to calculate the sample size of
this study. The parameters were set to a=5%, 90% of power, 98% of success to the
experimental and control groups, and an equivalence limit of 15%. The tests pointed
to required 19 participants. The calculation values were carried out considering the
possibility of dropouts during the experiment and based on a previous clinical study?”.

Selection and preparation of the participants

Male and female patients aged from 20 to 50 years old underwent a clinical exam-
ination performed during the activities of the restorative dentistry clinics. Patients
received professional teeth cleaning with pumice-water slurry with rotating rubber
cup and brushes at low-speed handpiece. The clinical examination was performed
on dried surface under adequate light exposure.

The participants received diet and dental hygiene instructions, and information about
dental erosion. The inclusion criteria were the presence of at least two non-carious
erosive lesions of medium to deep depth at the buccal/lingual/palatal or incisal/occlu-
sal faces of two restored teeth. All teeth must have a positive response to thermic
stimuli, which was performed using Endo-frost (Roeko, Langenau, Germany).
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100 Patients evaluated
30 Patients excluded

70 Patients in need restorations

Inclusion criteria

+ Age between 20 and 50 years old; )

+ At least two non-carious erosive lesions;
+ Homolog Teeths;
+ Vital Tooths

20 Selected patients

Initial (7 days) _ :
Patients: 20 Control (n = 20) NanoCsQ (n = 20)

R =3
Drop out (n=20) (n=0) (n=20) (n=0)

Patients: O

6 months Control (n = 20) NanoCsQ (n = 20)
Patients: 20

Tooths: 40 Alfa Charlie
(n = 20) (n=0)

Drop out
Patients: 0

12 months Control (n = 20) NanoCsQ (n = 20)
Patients: 20

Tooths: 40 Alfa Charlie Alfa Charlie
(GERE)) (n=2) ( 0)) (n=0)

Drop out: there were not

Alfa and Charlie does represents the retention criteria

Figure 1. CONSORT flow chart.

All patients who had spontaneous pain, sensitivity, fistulae, or edema were
excluded from this study. The teeth of the participants that were not selected for
this investigation but needed intervention were adequately treated. The anam-
nesis regarding the participant's general health and odontogram charting of the
patients were filled.

Preparation of the chitosan nanoformulation containing green tea extract
(NanoCsQ)

Low-molecular-weight chitosan nanoparticles (75-85% of deacetylation) (Sigma-Aldrich,
Saint Louis, MO, EUA) were dissolved in 0.33% (vol/vol) glacial acetic acid for a stock
solution of 2 mg/mL. The pH was adjusted to 5 using 0.1 N sodium hydroxide. Under
mild stirring, TPP solution (1 mg/mL) was slowly added, drop by drop, to chitosan
solution. The proportion of chitosan to TPP was 5:1.
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A 0.3% extract of C. sinensis (Green Tea Extract 400mg, NOW Supplements, USA)
was submitted to ultrasound bath for 10 min and centrifuged at 10,000 rpm for
15 min. The supernatants were pooled. Under constant stirring, supernatants were
added to chitosan solution, drop by drop continuously and slowly. After 30 min of
stirring, the TPP was added to the solution, following the same method of our pre-
vious in vitro study?,

Clinical procedures

The randomization of the participants was done using a sheet of random number
generation available at http://randomnumbergenerator.intemodino.com/pt/. The
participants were codified with numbers to organize the order of the treatments. Par-
ticipants' teeth were randomly separated according to the treatment to be applied
on dentin: control or NanoCsQ, using the coin tossing method, patients and operator
were blinded as to the type of treatment. The two teeth of each patient were treated
at the same dental visit by a single operator.

Before the treatment, initial photographs were taken (Canon EOS Rebel T2i
18.0 Megapixels, Cannon, Japan). The color selection of the composite resin (IPS
Empress Direct, Ivoclar Vivadent, Liechtenstein, Germany) was performed using
the Vita 3D color scale (Wilcos do Brazil Industria e Comércio Ltda, Petrépolis,
RJ, Brazil).

All teeth were treated under rubber dam (Madeitex, Sdo José dos Campos, SP, Brazil)
and dental clamps were chosen according to the dental anatomy (Duflex, SSWhite,
Rio de Janeiro, RJ, Brazil).

All teeth received selective acid conditioning with 35% phosphoric acid for 30 sec-
onds applied only on the enamel. After the acid conditioning, the cavity was washed
with water for 1 minute to ensure that acid was removed from the surface. Then,
the excess water was removed with a suction cannula and the surface was dried
with cotton.

In the experimental group NanoCsQ. Solution actively applied with a brush
(KGBrush, KG Sorensen, Cotia, SP, Brazil) for T minute. Then the surface was dried
with absorbent paper?.

A layer of the adhesive system (Tetric N-bond, Ivoclar Vivadent, Liechtenstein,
Germany) was actively applied for 20 seconds using a micro brush (KGBrush, KG
Sorensen, Cotia, SP, Brazil). Then, the adhesive was light-cured for 10 seconds with
Radii-cal LED light curing device (1200 mW/cm?) (SDI, Bayswater, Australia) previ-
ously measured with a radiometer. This procedure was performed in the all-treated
teeth following the manufacturer's recommendations.

To restore erosive dental lesions, the IPS resin (lvoclar Vivadent) was used in the
incremental filling technique. Each increment up to 2 mm in depth, was cured for
20 seconds (Radii-cal LED curing, SDI), restoring dental anatomy. The adjacent teeth
were protected with polyester straps.

Once finished, the rubber dam was removed and occlusal adjustments were done
with carbon paper (Angelus, Londrina, PR, Brazil). The dental premature con-
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tacts and occlusal interferences were removed using diamond-finishing burs
(KG Sorensen, Cotia, SP, Brazil). Diamond-finishing burs (KG Sorensen, Cotia, SP,
Brazil) and Sof-Lex discs (3M ESPE, St Paul, MN, USA) were used for finishing the
restorations. The patients returned 7 days later for a final polishing using impreg-
nated abrasive burs and discs (Enhance, Dentsply Industria e Comercio Ltda, Pet-
ropolis, RJ, Brazil).

Clinical and photographic assessment of dental restorations

The restored teeth were assessed by a clinical and photographic examination seven
days after the clinical procedures (after polishing - baseline), 6 and 12 months.

The clinical examination was performed by three examiners, following the Cvar&Ryge
modified USPHS criteria®®, which include the analyses of retention, marginal discolor-
ation, secondary caries, marginal adaptation, and postoperative sensitivity (Table 1),
the different raters were previously calibrated.

Table 1. Modified USPHS criteria used to the clinical evaluation of the restorative treatments.

Category Score Criteria

Retention
Alpha Loss of restorative material not detected
Charlie Loss of restorative material detected

Marginal discoloration

Alpha Marginal discoloration not detected

Bravo Minor marginal discoloration without axial penetration

Charlie Axial discoloration with axial penetration
Secondary caries

Alpha Secondary caries not detected

Charlie Secondary caries detected
Marginal adaptation

Alpha The restoration adapts plpsely to the tooth and there are no

visible margins

Bravo There are visible yet clinically acceptable margins

Charlie There is no marginal adaptation. Clinical failure.
Post-operatory sensitivity

Alpha No post-operatory sensitivity detected

Charlie Post-operatory sensitivity detected

Intraoral photographs of restored teeth were taken with a digital camera (Canon
EOS Rebel T2i 18.0 megapixels, Canon, Japan), intraoral mirror, and circular flash,
standardized as best as possible. The photographs evaluation was blindly and
individually carried out by three examiners by visualization of the photographs
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in a laptop screen under the same environmental and light conditions, including
the analyses of color, marginal pigmentation, and anatomical shape of the dental
restorations® (Table 2).

Table 2. Modified USPHS criteria used to the photographic evaluation of the restorative treatments.

Category Score Criteria
Color
Aloha The color of the restoration corresponds to the tooth structure in
P terms of color and translucency
Bravo There are minor alterations in the color, hue, and translucency
between the restoration and the tooth
. There is a clear alteration in the color and translucency of
Charlie ;
the restoration
Marginal pigmentation
There is no pigmentation on the margin between the restoration and
Alpha
the tooth
Bravo There is minor pigmentation between the restoration and the tooth
Charlie There is pigmentation between the restoration and the tooth
Anatomy
Alpha There is continuity with the tooth anatomy
Bravo There is no continuity with the tooth anatomy
Charlie There is loss of restorative material exposing dentin or the
restoration inner layers
Data

Statistical Package for the Social Sciences (SPSS v 25.0 Chicago, IL, USA) soft-
ware was used for data analyses at a significance level of 5%. Data analyses were
based on inferential and descriptive statistics. Descriptive statistics described
the frequency and distribution of USPHS modified scores, including the percent-
age of dental restorations with failures. The analyses of inferential statistics used
Friedman's non-parametric test and Wilcoxon signed-rank test for the different
time points (baseline, 6 and 12 months) and interactions between treatment and
period of analysis. Cohen's kappa test was used to compare inter-examiner and
intra-examiner reliability.

Results

Patients' age ranged between 20 to 50 years old (mean age ~ 30 years old) for
both genders. Regarding the restored teeth, 12 anterior and 28 posterior teeth
were restored, totaling 40 teeth. The percentage of surface erosion found was 60%
buccal/lingual/palatal and 40% incisal/occlusal.

Braz J Oral Sci. 2023;22:236839 7
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Table 3. Data obtained upon clinical examination based on the modified USPHS criteria.

Treatment T"?‘e Retention  Discoloration Secor.\dary Margln_al Post-opgrgtlve
point caries adaptation  sensitivity
Baseline A B C A B C A B C A B C A B C
(7days) 20 20 - - 20 - - 20 - - 2 - - 20
(C\thfol y (% 100 - - 100 - - 100 - - 100 - - 100
ithout
biomodifying n=20 20 - - 20 - - 20 - - 20 - - 20
agent) (6months) 0" 100 - - 100 - - 100 - - 100 - - 100
(1 year) n=20 18 - 2 20 - - 20 - - 20 - - 20
y (% 9 - 10 100 - - 100 - - 100 - - 100
Baseline A B C A B C A B C A B C A B C
(7 days) n=20 20 - - 20 - - 20 - - 20 - - 20
Y (%) 100 - - 100 - - 100 - - 100 - - 100
Biomodification
ith N n=20 20 - - 20 - - 20 - - 20 - - 20
Wi NanocsQ - (6 months) (% 100 - - 100 - - 100 - - 100 - - 100
(1 year) n=20 20 - - 20 - - 20 - - 20 - - 20
y (% 100 - - 100 - - 100 - - 100 - - 100

Clinical examination

The intra-examiner kappa index equaled 1.0 for the same examiner (A compared to
A, B compared to B, C compared to C). The inter-examiner index (A and B and C)
equaled 0.98.

As for the retention criteria, an alpha score of 100% was achieved after 6 and
12 months after dental restoration with NanoCsQ (n=20). In the control group
(without NanoCsQ pre-treatment), the alpha score was found in 100% (n=20) of
the restorations 6 months later. After 12 months, the alpha score was found in 90%
of the restorations (n=18), and 10% (n=2) had the charlie score. Only two resto-
rations from the control group obtained charlie score for the criteria retention upon
12-month follow-up and were replaced by new ones.

The statistical analyses regarding the criterion "“retention” did not show a sig-
nificant difference between groups (green tea-containing chitosan nanoformu-
lation versus no treatment) (p=0.432). Also, no significant difference between
time points (baseline, 6 and 12 months) (p=0.500) and the interaction treatment
between time points (p=0.126).

Regarding the remaining criteria analyzed in this study (marginal discoloration, sec-
ondary caries, marginal adaptation, and post-operatory sensitivity), no changes were
observed for the scores at the different time points for both groups (control and
experimental gruop), so that all restorations maintained the alpha score.

Photographic evaluation

Within 12 months, 100% of the dental restorations with NanoCsQ received alpha
scores for all the photographic criteria analyzed: restoration color, marginal pigmen-
tation, and anatomical shape. In the control group, (without biomodification), 90% of

Braz J Oral Sci. 2023;22:236839 8
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the restorations received an alpha score of 90% and 10% of them received a charlie
score for the criteria anatomic shape (Figure 2 and Table 4).

A B c D
E F G H
| J K L

Figure 2. A. Initial clinical aspect of the teeth 44 and 45; B. Baseline (7 days); C. 6-month follow-up of;
D. 12-month follow-up; E. Initial clinical aspect of the teeth 34 and 35; F. Baseline (7 days) G. 6-month
follow-up; H. 12-month follow-up; I. Initial clinical aspect of the teeth; J. Baseline (7 days); K. 6-month
follow-up; L. 12-month follow-up.

Table 4. Data obtained from photographic analyses based on the modified USPHS criteria.

Treatment Time point Color of restoration pigMn:gltl;?ilon Anatomic shape
Baseline A B C A B C A B C
n=20 20 - - 20 - - 20 -
Control (7 days) (%) 100 _ R 100 - R 100 _
f)w"h";’-tf i n=20 20 20 20
iomodifying = - - N - N
agent) (6months)  “o)" 00 - - 100 - - 100 -
(1 year) n=20 20 - - 20 - - 18 - 2
y %) 100 - - 100 - - 90 - -
Baseline A B C A B C A B C
n=20 20 - - 20 - - 20 -
o (7 days) (%) 100 - - 100 - - 100 -
Biomodification
WiNanoCsQ g months) "C20 T T T & T T
(1 year) n=20 20 - - 20 - - 20 -
y (%) 100 - - 100 - - 100 -

Discussion

Dental erosion is a complex process characterized by mineral dissolution that
exposes the organic matrix to bacterial and enzymatic degradation, such as metallo-
proteinases (MMPs)31%2,

Braz J Oral Sci. 2023;22:236839 9
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Biomodifying substances such as chitosan and green tea have potential against
erosive dentin lesions®®. Chitosan has been used to improve the mechanical resis-
tance of collagen, thereby, increasing its resistance to the degradation of its fibrils,
which are used as support to the establishment of an adhesive interface obtained
during restorative procedures with dental composites®®. Benefits were demon-
strated through the use of chitosan on the dentin such as the increase of surface
resistance of the dentin'® and the mechanical resistance of dental restorations,
contributing to less hydrolytic degradation of collagen fibrils by collagenases'. Chi-
tosan also promotes collagen preservation and efficacy in preventing and treating
dentin erosion®*®, factors that can contribute to the clinical longevity of dental res-
torations in erosive lesions.

The protective effects of chitosan on the collagen fibrils***® and the increase of
the bond resistance of adhesive restorations when green tea was used?*®%". Could
have contributed to the longevity of the restorations. The possible explanation for
absence of statistical difference for control group is the short period of clinical eval-
uation. The literature is lacking in studies on the efficacy of green tea in chitosan
nanoformulations to improve adhesive restorations, especially in eroded substrate.

Among the MMPs inhibitors, green tea, a natural inhibitor of MMPs, as well as its
active components had therapeutic potential along with EGCG, a polyphenol found in
the green tea. EGCG when applied on the dentin has satisfactory results, for example,
protective effect against dentin erosion® and improvement in the adhesive resistance
when used combined with resin composites®’.

In our study, clinical and photographic evaluations of the baseline-, 6-, and 12-month
time points showed no significant difference for both clinical (retention, marginal dis-
coloration, secondary caries, marginal adaptation, and post-operative sensitivity) and
photographic criteria (restoration color, marginal pigmentation, and anatomic shape).
The main limitations of this study were the “n" of samples that meet the inclusion cri-
teria although adequate was relatively low, and the heterogeneity of erosive lesions.
A possible explanation for the outcomes is the restorative materials' quality, such as
the Tetric N-Bond adhesive (Ivoclar), IPS Empress Direct composite (Ivoclar), as well
as the careful clinical protocol. The selective enamel etching can be another factor
that collaborated with the final results in this study once, the retention rates observed
here were satisfactory®®%. The use of selective enamel etching increases the bond
resistance of the enamel*, which might have contributed to the low loss index of
restorations we observed.

As for the polymerization of the composite resin, the light-curing unit used had its
power previously measured (1200 mW/cm?) and was fully charged. The increments
were standardized in 2 mm and the light source was really close to the dental sur-
face. Literature demonstrates that the constant use of the light-curing for more
than 25 times without previous loading reduces the polymerization intensity*'. In
this study, only two restorations were performed per each appointment, to avoid
possible overload or radiant power loss.

Two dental restorations from the control group obtained charlie score for the crite-
ria retention upon 12 months and needed to be replaced by new ones. One of them

Braz J Oral Sci. 2023;22:236839 10
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was done in the maxillary central incisor (palatal face) and the other was done in the
vestibular face of a mandibular pre-molar. During 12 months of follow-up, no failure
regarding retention was observed in the experimental group, the one that under-
went biomodification of the dental surface, we can thus accept the two hypotheses
raised initially. In vitro®3” and situ*? studies highlight that green tea has a promis-
ing protective effect against dentin erosion®, as well as it improves the adhesive
resistance in restorative procedures that involve the dentin®¢%’, and increased the
microhardness of dentin?.

In corroboration with the present study, Souza et al.?/(2021) noted that the application
of 2.5% chitosan nanoformulation on eroded dentin did not increase failures of resin
restorations after 1 year and it can be used as a pre-treatment solution. Vailati et al.®
(2013) found that restorations of erosive lesions had marginal integrity and absence
of infiltration 6 years after the clinical procedure. Wilder et al.? (2009) observed that
the retention rates after 12 years were approximately 93% in the group that underwent
selective enamel etching and 84% in the group subjected to non-selective etching, with
aretention rate of 89%, the restorations in both groups had classification "alpha" of 88%
or above in all the categories of clinical evaluation, except for marginal coloration.

The outcomes of our study showed that overall, the use of a green tea-containing
chitosan nanoformulation did not affect the performance of dental composite resto-
rations after 12 months. Due to the promising results found in the literature concern-
ing the use of these modifying agents on the eroded dentin, more studies need to be
conducted to indicate this protocol on clinical practice.
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