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Abstract
Objectives The aim of this study was to longitudinally evaluate, after a 4-year period, the clinical longevity of composite resin
restoration compared to the baseline, after selective caries removal in permanent molars using Er:YAG laser or bur preparation
with biomodification of dentin with the use of chlorhexidine.
Methods Selective caries removal was performed on 80 teeth of 20 individuals who each had at least four active carious lesions.
These lesions, located on occlusal surfaces of permanent molar counterparts, were removed using (i) Er:YAG laser biomodified
with chlorhexidine, (ii) Er:YAG laser and application of deionized water, (iii) bur preparation biomodified with chlorhexidine,
and (iv) bur preparation and application of deionized water. At the end of 4 years, 64 of the 80 restorations were evaluated in 16
individuals (n = 16). The restorations were evaluated, both clinically and photographically, using scanning electron microscopy
(SEM) and pulp vitality analysis. The experimental data were statistically evaluated by kappa, Fisher’s, and chi-square tests, with
a significance level of 5%. The Kaplan–Meier test and the Cox regression analysis were used to evaluate the survival of the
restorations.
Results After 4 years of follow-up, there was a statistically significant difference in marginal discoloration criteria for all of the
groups evaluated. For marginal adaptation criteria, there was a statistically significant difference for the Er:YAG laser group
biomodified with chlorhexine (p = 0.050). For clinical and radiographic evaluation of pulp vitality, there were no statistically
significant differences among the groups (p = 0.806).
Conclusion Er:YAG laser can be used for selective caries removal, regardless of dentin biomodification with chlor-
hexidine or application of deionized water, once it produced promising results in composite resin restorations after
4 years of follow-up, according to the criteria evaluated. The selective caries removal using Er:YAG laser or bur and
the biomodification of dentin with the use of chlorhexidine did not influence the survival of composite resin
restorations after the 4-year follow-up period.
Clinical relevance Composite resin restorations applied after selective caries removal using Er:YAG laser or burs, regardless of
dentin biomodification with the use of chlorhexidine or application of deionized water, showed adequate clinical behavior after
4 years of follow-up.
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Introduction

Selective caries removal has been successfully performed on pri-
mary [1–4] and permanent teeth [5–8]. This removal of carious
tissue is performed in medium cavities where selective removal
of firm dentin should be performed prioritizing the restoration
longevity. In deep cavities with vital pulp, selective removal of
soft dentin should be carried out, preserving pulpal health over
restoration success. Demineralized tissues close to the pulp or
bacterially contaminated tissues do not need to be removed from
the cavities [9].

Selective caries removal creates conditions for long-lasting
restorations, keeps healthy dental structure, maintains pulpal
health by preventing pulp exposures, reduces levels of cario-
genic microorganisms in dentin tissue, and prevents the pro-
gression of carious lesions [2, 7, 9, 10].

Er:YAG laser can be used for selective caries removal [4, 5]
since its wavelength (2.94 μm) coincides with the maximum
absorption peak of the water and the hydroxyl group [11, 12].
The caries is removed by means of micro-explosions resulting
from the evaporation of water contained in the mineralized tis-
sues [12, 13].

Er:YAG laser promotes microstructural alterations,
micro-ruptures, and denaturation of collagen fibers
[14–16]. The exposure of the collagen fibers interferes
with the adhesion of resinous materials, because adhe-
sion to the dental surface depends directly upon the
resinous monomer engagement [17].

Conversely, Er:YAG laser increases acid resistance to de-
mineralization of dental enamel, reduces the dissolution of
acids, and prevents the occurrence of secondary caries [18].

Physical changes observed in dental enamel, such as melt-
ing and recrystallization, frequently result in pores that create
a rough surface, providing a micromechanical attachment be-
tween the dental substrate and the adhesive systems [19]. In
addition, the dentinal tubules remain open and without smear
layer formation [20, 21].

The application of chlorhexidine, used as a means of
biomodification of dentin, is considered to be a broad-
spectrum protease inhibitor, since it preserves the bond
strength [22, 23] between adhesive restorative materials and
dental substrates. Moreover, the preservation of the hybrid
layer was also verified by the inhibition of MMPs [22,
24–26], not interfering in vitro with the dentin adhesion pro-
cess after irradiation with Er:YAG laser [27].

The restorations performed in laser-prepared cavities of
permanent molars and biomodified with chlorhexidine did
not influence the retention and marginal adaption of restora-
tions evaluated in a 1-year period [5]. After a 6-month period,
restorations performed with diamond burs, using a high-speed
handpiece and biomodified with chlorhexidine application,
showed potential benefits in lowering the occurrence of
microleakage in extracted pre-molars [23].

Due to the absence of clinical studies that longitudinally
evaluated occlusal composite resin restorations, performed af-
ter selective caries removal in permanent molars using
Er:YAG laser and the bur preparation method, biomodified
with chlorhexidine or application of deionized water, the null
hypothesis tested was as follows:

The clinical longevity of composite resin restoration per-
formance, after a 4-year period, was similar when comparing
the methods used for selective caries removal and the type of
biomodification used in the dentin.

Material and methods

Experimental design

The factors under study were the methods used for selective
caries removal, bur preparation or Er:YAG laser and
biomodification of the dentin with chlorhexidine and control
groups, application of deionized water, followed by the longi-
tudinal clinical evaluation of composite resin restorations, per-
formed by Galafassi et al. [5], after 4 years of performing
restorations. The experimental sample consisted of 20 patients
(n = 20) and 80 composite resin restorations performed on the
occlusal surface in homologous permanent molars. The exper-
imental design was performed in randomized complete
blocks. The longitudinal clinical evaluation of the composite
resin restorations was conducted using blind testing, whereby
the examiners used modified USPHS (US Public Health
System) criteria along with the photographic qualitative anal-
ysis of the restorations as response variables. This was follow-
ed by a pulp vitality analysis by clinical and radiographic
examination, as well as the quantitative analysis of the mar-
ginal integrity of the restorations by scanning electron micros-
copy (SEM).

Ethical aspects

This study was approved by the Research Ethics Committee
of the Ribeirão Preto School of Dentistry, University of São
Paulo (FORP/USP, Case No. 2016.1.586.58.4). It was regis-
tered in the Brazilian Registry of Clinical Trials (ReBEC)
under a register number (RBR-8n5n3v). Parents or guardians
of the individuals signed the Terms of Consent, agreeing to
participate in the research.

The CONSORT guide [28] for randomized clinical trials
was followed for the study design and the recruitment, alloca-
tion, follow-up, and analysis of research subjects are arranged
in Fig. 1.

During the monitoring period (4 years), four individuals
were not followed up, leaving a total of n = 16 participants
(10 boys and 6 girls) and 64 restorations for the final analysis.
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Fig. 1 CONSORT diagram, form
of recruitment, allocation, follow-
up, and analysis of research
subjects
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The data of individuals without the 4-year follow-up period
were not considered in the statistical analysis.

Selective caries removal

Approximately, 3200 children were examined in eight public
schools. A confidence level of 95% was established with the
presence of approximately 16 individuals.

The experimental sample consisted of 20 individuals be-
tween 8 and 12 years of age, of both genders, having a group
total of 80 homologous permanent molars that presented mod-
erately deep cavitated lesions reaching the dentin located on
the occlusal surface. Clinical and radiographic examinations
were performed for the diagnosis of active caries lesions. The
presence of four active carious lesions on the occlusal surfaces
(class I) of contralateral permanent first molars—with vital
pulps and the absence of sealants, amalgam, glass ionomer
cement, or composite resin restorations—established the in-
clusion criteria. A drawing was used to assist in determining
the type of treatment that would be performed on each tooth.

Images of restored teeth on a computer screen were used to
facilitate the calibration of the operator and two examiners
(kappa test = 0.91). Selective caries removal and
biomodification of the dentin tissue [5] were performed at four
levels: (i) Er:YAG laser (Fidelis Er III, Fotona, Ljubljana,
Slovenia) using the parameters; MSP mode, pen (R02), non-
contact mode and focal distance of 12 mm, pulse energy of
260 mJ, pulse frequency of 4 Hz (for cavity preparation and
selective caries removal) [4, 29], output beam diameter of
0.9 mm, energy density of 41 J/cm2, water spray (15 mL/
min) [30], biomodified with chlorhexidine; (ii) Er:YAG laser
(260 mJ/4 Hz for cavity preparation and selective caries re-
moval) and application of deionized water; (iii) bur prepara-
tion (high-speed turbine for cavity preparation and low-speed
turbine mounted drills for selective caries removal)
biomodified with chlorhexidine; and (iv) bur preparation
(high-speed turbine for cavity preparation and low-speed tur-
bine mounted drills for selective caries removal) and applica-
tion of deionized water. Removal of carious tissue in the per-
manent molars using Er:YAG laser and bur preparation was
performed according to the clinical protocol proposed by
Valério et al. [4], following the concepts of selective removal
of carious dentin described in the literature. [10, 31]. The high
absorption of laser irradiation in moist surfaces such as dentin
caries tissues causes an audible “popping” sound that aids the
clinician in distinguishing between the ablation of sound and
carious tissues [32]. Clinical hardness criteria were deter-
mined using curettes to confirm that all of the carious tissue
was removed from lateral walls in order to promote proper
sealing conditions [33, 34].

Restorations were employed with a 100% nanoparticle
composite containing zirconia and silica. Clinical follow-up
was conducted in the baseline, after 6 and 12months using the

protocol described by Galafassi et al. [5]. In the evaluation
period, SEM was used to analyze replicas of the restorations.

Preliminary procedures

The 20 patients (n = 20) who received restorative treatment in
four permanent molars, following Galafassi et al. [5], returned
to the School of Dentistry for follow-up. Prophylaxis was
performed with pumice paste and water (SS White (Jon, São
Paulo, SP, Brazil) on smooth surfaces using a rubber cup (Jon,
São Paulo, SP, Brazil) and brush (by Robinson) on the occlu-
sal surfaces, both connected to a micromotor (Gnatus,
Ribeirão Preto, SP, Brazil). Patients who were not found after
numerous attempts by our institution as well as those who did
not attend the scheduled appointments were excluded from the
study. The clinical examination was performed under ade-
quate lighting, followed by topical application of fluoride
and individualized oral hygiene instruction. The permanent
molars that needed retreatment due to problems related to
caries recurrence, marginal infiltration and discoloration or
even loss of restorative material, had the restorations replaced
or, if applicable, repaired. If the need for endodontic interven-
tion was verified after clinical and radiographic examination,
this procedure was performed at the Endodontics Clinic of the
School of Dentistry.

If the patient had other teeth that needed treatment, but
which were not part of the research, they were treated at this
same institution. If in any of the cases, orthodontic evaluation
was necessary, those patients were referred to the
Orthodontics Clinic.

Clinical and photographic evaluation of restorations

The restored teeth were carefully evaluated through clinical
and photographic analysis 4 years after the restorative
procedures.

The clinical analysis of the restorations, performed by the
same two examiners [5] who were previously calibrated, was
compared to the baseline. The examiners were not informed
about which method of selective caries removal, or which
method of biomodification of the affected dentin had been
used in that restoration. The latter was evaluated (blind test)
by means of visual and tactile examination, using an active tip
instrument following themodifiedUSPHS criteria [35], which
includes the analysis of retention, marginal discoloration, sec-
ondary caries, and marginal adaptation.

The restorations were classified into three categories—
Alpha, Bravo, and Charlie—following the modified USPHS
criteria used to evaluate composite resin restorations by
Valerio et al. [4]. The examiners indicated one of the
scores—Alpha, Bravo, or Charlie—for each clinical criterion
evaluated (Table 1).
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In order to perform the clinical analysis of the restorations,
standardized photographs of the restored teeth were taken by an
experienced professional following the protocol used by
Valério et al. [4]. The same examiners who performed the clin-
ical analysis verified the photographs of the restored molars on
a high-resolution flat-panel monitor (kappa test = 0.96) and
were able to compare the results from the clinical analysis with
those of the photographic one, thus reaching an accurate result.

Clinical and radiographic evaluation of pulp vitality

The clinical analysis of pulp vitality used the following
criteria: presence or absence of painful symptomatology per-
cussion or spontaneous sensitivity and fistula and edema in
the region of restored permanent molars. The thermal test
using Endofrost (Roeko, Langenau, Germany) was applied
as the most common method of performing pulp vitality eval-
uation and considered to be an accessible method with a sim-
ple technique, providing reproducible and safe results [36]
since this type of cold test has an accuracy of 86% as com-
pared to other tests [37].

This coolant was sprayed on a large cotton ball and applied
to the midline of the vestibular face of restored permanent
molars and adjacent teeth and “normal” contralaterals that
were also tested to establish a baseline response.

Interproximal radiographs of the restored molars were exam-
ined to verify possible caries lesions and adaptation of the res-
torations using the digital radiography sensor (CDR Elite, Fona,
São Paulo, SP, Brazil) and positioner. The periapical radio-
graphs using digital radiography sensor (CDR Elite, Fona, São
Paulo, SP, Brazil) and positioner were used to verify the pulp
vitality through the presence of radiolucency in the furcation

and periapice region, increased periodontal ligament thickening
and internal or external tooth resorption, using Strindberg’s in-
dex, in which each variable received one of the three scores
used: 1, healthy; 2, uncertain (doubtful); and 3, unhealthy [38].

Clinical and radiographic analysis of pulp vitality was per-
formed by two examiners within a 4-year period of the restor-
ative procedures. The examiners who completed the analysis
were not informed as to which method of selective caries
removal had been used in that restored permanent molar, nor
the mode of biomodification of the dentin (blind test).

Calibration of the evaluators was conducted through the
evaluation of interproximal and periapical radiographs of per-
manent molars seen on a computer screen (kappa test = 0.98).

Evaluation of the marginal integrity
of the restorations using scanning electron
microscopy

The restorations were molded 4 years after the restorative
procedures. The moldings were formed used perforated alu-
minum partial molds (Golgran Ind. Odontológica, São Paulo,
SP, Brazil) with additional silicone (Aquasil Ultra, Dentsply
Caulk, Milford, DE, USA), using the simultaneous molding
technique. The molds were disinfected with 2% chlorhexidine
spray (Neo Química Laboratory, Anápolis GO, Brazil). They
were then cast with epoxy resin (Epo Heat, Buehler, Chicago,
USA), which was manipulated and poured over the molding,
awaiting final prey to obtain the models. The molds were cut
and the replicates of the restorations obtained were fixed onto
aluminum stubs with double-sided carbon tape, metallized
(Metalizadora and Evaporator Bal-Tec SCD 050, Los
Angeles CA, USA) with fine gold coverage, and analyzed in
SEM Scanning Electron ZEISS EVO 50, Thornwood, NY,
USA) with 20 and 200× magnification.

The analyses were performed by two calibrated examiners
with experience in scanning electron microscopy. They were
not aware of the methods used to perform the restorations
(blind test). The calibration of the evaluators was assessed
by scanning electron microscopy in restored permanent mo-
lars seen on a computer screen (kappa test = 0.93). The arti-
facts of the model were disregarded. The adaptation of the
composite resin restoration was verified, and the percentage
of the marginal integrity was calculated by measurement of
the integrated area and the area that presented a gap in relation
to the margin of the restoration [39].

Statistical analysis

The experimental data were statistically evaluated by kappa,
Fisher’s, and the chi-square tests with a significance level of
5%. The Kaplan–Meier test was used to generate the survival
curves of composite resin restorations in the 4-year follow-up
period. The Cox regression analysis pertaining to the

Table 1 Modified USPHS criteria (retention, marginal discoloration,
secondary caries, and marginal adaptation) that were used to evaluate
the restorations

Category Scores Criteria

Retention Alpha No loss of restorative material

Charlie With loss of restorative material

Marginal discoloration Alpha No marginal discoloration

Bravo Slight marginal discoloration,
without axial penetration

Charlie Marginal discoloration with
axial penetration

Secondary caries Alpha No caries recurrence

Charlie With recurrent caries

Marginal adaptation Alpha Perfectly adapted without visible
margin

Bravo Visible margin, however,
clinically acceptable

Charlie Marginal maladaptation,
clinical failure
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independent variables was used to evaluate the survival of the
restorations. Calibrated examiners (kappa score > 0.80) were
blinded from information regarding the experimental groups.
The statistical analysis was performed using SPSS software
for Windows, version 12.0 (SPSS Inc., Chicago, IL, USA).

Results

The final condition for analysis was performed with 16 indi-
viduals and 64 composite resin restorations. Four individuals
and 16 composite resin restorations were not followed up. The
demographic characteristics of the sample are set in Table 2.

Clinical and photographic evaluation of restorations was
statistically analyzed using Fisher’s exact test (p < 0.05). The
results showed that there was no statistically significant dif-
ference between the groups tested for the retention criteria
when one composite resin restoration (performed after selec-
tive caries removal using Er:YAG laser biomodified with
chlorhexidine) had to be replaced. For marginal discoloration
criteria, there was a statistically significant difference for all of
the groups evaluated, in which five composite resin restora-
tion presented Bravo score for the bur group with the applica-
tion of deionized water, five for the bur group biomodified
with chlorhexine, 13 for the Er:YAG laser group with appli-
cation of deionized water, and nine for the Er:YAG laser group
biomodified with chlorhexine. This was after selective caries

removal in a 4-year follow-up compared to the baseline. For
marginal adaptation criteria, there was a statistically signifi-
cant difference for the Er:YAG laser group biomodified with
chlorhexine. In this group, six composite resin restorations
presented Bravo score, after selective caries removal in a 4-
year follow-up, as compared to the baseline. For secondary
caries criteria, there was no statistically significant difference
between the evaluated groups. One composite resin restora-
tion performed after selective caries removal using a bur with
the application of deionized water and two restorations using
the laser biomodified with chlorhexidine group presented re-
currence of caries and were repaired as shown in Table 3. The
results presented in Table 3 show that there was no statistically
significant difference between the treatments of the studied
groups, bur preparation or Er:YAG laser and biomodification
of the dentin with chlorhexidine and control groups, and ap-
plication of deionized water. There was a statistically signifi-
cant difference between the periods of analysis (baseline and
4 years of follow-up).

The restoration survival was statistically analyzed using
Kaplan–Meier test. The distribution of composite resin resto-
rations was described according to the independent variables
(Table 4) in frequency, valid percentage, success, and failure.
Twenty-four composite resin restorations (37.5%) were per-
formed in female patients and 40 (62.5%) in male patients.
After 4 years of clinical follow-up, seven restorations had
some type of failure. The Er:YAG laser group biomodified

Table 2 Demographic characteristics of the sample

Individuals. Age (years) Gender Oral hygiene Tooth type Cavity deep Dentin consistency Dentin color Pulp protection

1 10 Male Poor Permanent molars Moderately Soft Yellow Adhesive System

2 12 Male Poor Permanent molars Moderately Soft Yellow Adhesive System

3 10 Female Poor Permanent molars Moderately Soft Brown Adhesive System

4 8 Male Poor Permanent molars Moderately Soft Yellow Adhesive System

5 9 Female Poor Permanent molars Moderately Soft Brown Adhesive System

6 8 Female Poor Permanent molars Moderately Soft Brown Adhesive System

7 11 Female Poor Permanent molars Moderately Soft Brown Adhesive System

8 9 Male Poor Permanent molars Moderately Soft Yellow Adhesive System

9 9 Female Poor Permanent molars Moderately Soft Brown Adhesive System

10 9 Male Poor Permanent molars Moderately Soft Yellow Adhesive System

11 10 Male Poor Permanent molars Moderately Soft Brown Adhesive system

12 9 Male Poor Permanent molars Moderately Soft Brown Adhesive system

13 11 Female Poor Permanent molars Moderately Soft Yellow Adhesive system

14 8 Male Poor Permanent molars Moderately Soft Brown Adhesive system

15 12 Female Poor Permanent molars Moderately Soft Yellow Adhesive system

16 11 Female Poor Permanent molars Moderately Soft Yellow Adhesive system

17 10 Male Poor Permanent molars Moderately Soft Yellow Adhesive system

18 9 Female Poor Permanent molars Moderately Soft Brown Adhesive system

19 8 Female Poor Permanent molars Moderately Soft Brown Adhesive system

20 9 Male Poor Permanent molars Moderately Soft Brown Adhesive system
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with chlorhexine presented the highest frequency of failures 5
(7.81%). One composite resin restoration (1.56%) presented
Charlie score for the retention criteria, one (1.56%) Charlie
score for the marginal adaptation criteria, one (1.56%) Charlie
score for the marginal discoloration criteria, and 2 (3.12%)
Charlie scores for the secondary caries criteria. The laser
group with the application of deionized water did not present
any failures. The bur group with application of deionized wa-
ter presented one restoration of composite resin (1.56%), with
Charlie score for the secondary caries criteria. The bur group
biomodified with chlorhexidine presented one composite res-
in restoration (1.56%) with Charlie score for the marginal
discoloration criteria. The survival of the composite resin res-
torations was verified using Cox regression analysis. The
Er:YAG laser group biomodified with chlorhexidine (p =
0.54), Er:YAG laser with application of deionized water
(p = 1.00), bur biomodified with chlorhexidine (0.95), and
bur with application of deionized water (0.95) did not signif-
icantly affect the survival of composite resin restorations after
4 year of clinical follow-up.

Clinical evaluation of pulp vitality by means of presence or
absence of pain, symptomatology percussion or spontaneous
sensitivity, fistula, and edema criteria in the region of restored
permanent molars were statistically analyzed using Fisher’s
exact test (p < 0.05). The results showed no statistically sig-
nificant differences among the groups (p = 0.806), since two
restorations of the Er:YAG laser group with application of
deionized water presented pain and fistula as shown in Fig. 2.

Radiographic evaluation of pulp vitality, performed by
Strindberg’s index, was statistically analyzed using Fisher’s
exact test (p < 0.05). The results showed no statistically sig-
nificant differences among the groups (p = 0.806), since two
restorations of the Er:YAG laser group with application of
deionized water showed the presence of radiolucency in the
furcation and periapice region and increased periodontal liga-
ment, receiving the scores “unhealthy” and “uncertain”
(doubtful) as shown in Fig. 3.

Compared to the baseline, the replicas of the composite
resin restorations evaluated by SEM showed no gaps or irreg-
ularities in the restored teeth regardless of the method used for
selective caries removal and the biomodification of the dentin
with chlorhexidine (Fig. 4).

Discussion

Er:YAG laser irradiation has advantages as compared to the
bur preparation method, regardless of the minimally invasive
approach, which promotes less pressure, noise, vibration, and
pain, providing greater comfort to patients [40, 41].
Furthermore, when this type of tool is used for selective caries
removal, it presents advantages regardless of the conventional
caries removal method, such as preserving healthy andTa
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remineralizable tissues, maintaining pulpal health, and pro-
moting greater longevity for the restorations [9, 31].

The null hypothesis presented was accepted, since the clin-
ical longevity of composite resin restorations performed after
a 4-year period were similar between the methods used for
selective caries removal and the type of biomodification used
in the dentin.

Although the results of this study showed a statistically
significant difference for the marginal discoloration criteria
in all the studied groups, the polymerization shrinkage stress
of resin composite materials can be responsible for this situa-
tion. Extrinsic factors, such as dietary habits with the ingestion
of dyes, can affect the marginal surface of restorations.
However, these factors are irrelevant, since it is not necessary
to replace the restoration, especially in posterior teeth, without
compromising the patient’s dental esthetic [5, 42]. This same
relationship was verified by Galafassi et al. [5], after a 1-year
follow-up period.

The literature shows that occlusal restorations performed in
permanent molars were clinically evaluated over a 2-year pe-
riod using USPHS criteria [35], after the total removal of
caries lesions performed with conventional methods and
Er,Cr:YSGG laser, respectively presenting (5.6% and 7.4%)
Bravo score for marginal discoloration criteria as in Yazici
et al. [43]. In a longitudinal clinical study, Hamidi et al. [44]
evaluated occlusal composite resin restorations using modi-
fied USPHS criteria [35], after the total caries removal using
Er:YAG laser in a 5-year period in which 46.3% of the resto-
rations employed were classified with Bravo score. The limi-
tation of this study is related to the non-use of a control group.

Regarding the marginal adaptation criteria, there was a sta-
tistically significant difference for the Er:YAG laser group
biomodified with chlorhexidine that presented a Bravo score
after a 4-year follow-up period, albeit clinically acceptable.
The same relation was not observed in the scanning electron
microscopy analysis, compared to the baseline, agreeing with
Galafassi et al. [5], which found a non-expressive number of
restorations showing gaps and irregularities of tooth-restoration
interface after 6 and 12 months as compared to the baseline.

After the total removal of caries lesions using conventional
methods and Er,Cr:YSGG laser, Yazici et al. [43] showed 13%
of patients received Bravo scores for marginal adaptation eval-
uated over a 2-year period in a laser group, and after total caries
removal using Er:YAG laser in a 5-year period, five restora-
tions (12.2%) received Bravo ratings for marginal adaptation
[44]. Comparing different restorative resins, Yazici et al. [45]

showed a statistically significant difference for marginal adap-
tation criteria, receiving Bravo scores after a 3-year follow-up
period and de Andrade et al. [46], after a 54-month period and
comparing different restorative resins, showed statistically sig-
nificant differences in the marginal adaptation criteria.

In primary molars, occlusal composite resin restorations
were clinically and photographically evaluated by the modified
USPHS criteria [35] after partial caries removal (1-year period)
in a randomized split-mouth clinical trial, using Er:YAG laser
or bur preparation. There were no significant differences be-
tween the restorations employed [4]. In a randomized con-
trolled trial comparing Er:YAG laser irradiation and rotary
bur, Sarmadi et al. [47] over a 2-year period showed no statis-
tically significant differences between the restorations per-
formed after excavation with the two methods, either in quality
or survival of restorations using the USPHS criteria [35].

This positive result can be justified by the fact that Er:YAG
laser promotes physical changes on the surface of dental sub-
strates, such as melting and recrystallization with pores, which
create a coarse surface that provides a micromechanical bond for
adhesives [18]. Regarding the occurrence of secondary caries,
these were probably not observed in this study because Er:YAG
laser irradiation increases the resistance of enamel to acid demin-
eralization while reducing the acid dissolution [19, 48].

In dentin, Er:YAG laser can increase the microhardness, as
well as the quantities of Ca of the laser-prepared cavities [13].
Er:YAG laser irradiation on dentin might promote changes in
the percentage of O, C, and Mg independently of energy den-
sity. Additionally, morphological changes, such as the absence
of smear layer and exposed dentinal tubules, were observed
[49]. Er:YAG laser irradiation increased microhardness of resid-
ual caries-affected dentin biomodified with chitosan, changing
its surface morphology and chemical composition in vitro [50].

In caries-affected dentin, Koyuturk et al. [51] showed an
increase in bond strength using Er:YAG laser irradiation to cav-
ities in primary canines prepared with self-etch primers; Er:YAG
laser’s bond strength was found to be similar to the bur prepa-
ration method [52]. Using Er:YAG and Er,Cr:YSGG lasers can
decrease microleakage to the level of bur preparation in primary
canine teeth in vitro, as seen by Malekafzali et al. [21].

The results herein showed that there were no statistically
significant differences for the response variable clinical and
radiographic evaluation of pulp vitality. These results can be
explained as a function of irradiation with Er:YAG laser being
a safe and effective tool [4] for the removal of caries lesions
when using safe parameters. This is because this type of laser,

Table 4 Distribution of the
composite resin restorations
according to the independent
variables in frequency, valid
percentage, success, and failure

Independent variables Frequency Valid percent Success Failure Gender

Gender

Male 24 37.5% 20 (83.34%) 4 (16.66%) 64 (100%)
Female 40 62.5% 38 (95%) 2 (5%)
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by its wavelength (2.94 μm), through thermo-mechanical ab-
lation process involving micro-explosions [53], has a great
potential for hard-tissue ablation. This is due to its high ab-
sorbability in water and hydroxyapatite. It has been shown to
remove enamel and dentin using a pulsed laser beam com-
bined with water spray [30]. In addition, it has an affinity for
moist surfaces, such as infected dentin [54], it does not dam-
age the remaining dental structures [55], and there is no no-
ticeable pulp temperature increase [56, 57]. Vogel and
Venugopalan [58] demonstrated that ablation thresholds of
dental tissues are reduced at shorter laser pulses than the ther-
mal time relaxation of the ablated surface; therefore, less heat
is transferred to the surrounding tissues, leading to faster ab-
lation and a smaller amount of residual heat deposition [59].

It is difficult to compare these results of response variable
clinical and radiographic evaluation of pulp vitality after selec-
tive caries removal using Er:YAG laser with biomodification of
the dentin with those presented in the literature, since there are
no similar studies published. The partial removal of carious
lesions using burs in primary molars [60] showed satisfactory
clinical and radiographic outcomes, while not showing internal
or external resorption or periapical lesion. A case report

Stafuzza et al. [61] showed that in an 18-month follow-up ex-
am, after selective caries removal in primary molars using burs,
the teeth did not present painful symptomatology, periapical
lesions, fistulas, or abscesses.

Although two restorations of the Er:YAG laser group with
application of deionized water presented problems related to
pulp vitality evaluated through clinical and radiographic anal-
ysis, this may have occurred due to serious occlusal trauma
reported by individuals that generated fracture in the perma-
nent molar and also because of the patient’s delay in seeking
our institution, keeping the dental tissues exposed to the oral
environment for a long time. The same relation has been dem-
onstrated by Hamidi et al. [44], in which two teeth were sub-
mitted to endodontic treatment because of pulp inflammation
between the baseline and a 4-year follow-up period after class
I preparation using Er:YAG laser irradiation.

To preserve the hybrid layer and to promote bond durabil-
ity, studies have applied chlorhexidine (CHX) to its antibac-
terial activity as a potential inhibitor of endogenous proteases
such as matrix metalloproteinases (MMPs). MMPs are zinc-
and calcium-dependent proteases that require calcium ions to
maintain their tertiary structure as well as zinc ions to catalyze

Fig. 2 Results of clinical pulp
vitality evaluation

Fig. 3 Results of radiographic
pulp vitality evaluation
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the hydrolysis process. These enzymes degrade extracel-
lular matrix proteins and regulate the physiological and
pathological metabolism of collagen-based tissues [62,
63].

CHX can interact with organic components of dentin ma-
trix. This interaction occurs through electrostatic forces, be-
tween CHX protonated amine groups, mineral phosphates,

and non-collagenous phosphoproteins that in turn are closely
related to collagen fibrils [64].

The preservation of collagen integrity in the hybrid layer
occurs through the interaction of CHX with the sulfhydryl
group on domain or cysteine located at the active site of
MMPs. That may distort MMPs molecules and prevent them
from binding to substrates, thus competing for the binding of

Fig. 4 Representative
photographs of treatments: (1)
Scanning electron microscopy at
the baseline and (2) scanning
electron microscopy after 4-year
follow-up. (A) In a bur prepara-
tion biomodified with chlorhexi-
dine, (B) Er:YAG laser prepara-
tion with application of deionized
water, (C) bur preparation with
application of deionized water,
and (D) Er:YAG laser preparation
biomodified with chlorhexidine
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calcium and zinc ions to MMPs because of their chelating
action.Without these ions,MMPs lose their catalytic activities
[65].

When dentin was exposed to a 0.2% CHX solution after the
etching protocol and before the application of the dentin adhe-
sive, no improvement or adverse effects on bond strength were
verified [66]. However, Stanislawczuk et al. [67] described that
the use of 2% CHX, associated or not with phosphoric acid,
preserved resin–dentin bond durability. In the same way,
Montagner et al. [68] concluded that the application of CHX
as anMMP inhibitor used as a coadjutant in dentin adhesion did
not influence the retention of class V restorations after 6 months
of follow-up. In turn, class V cavities prepared in vitro using
Er:YAG laser can be rinsed with chlorhexidine since this pro-
cedure did not interfere in the adhesion process [27].

In caries-affected dentine, the wettability of the surface was
higher than in sound dentin, and chlorhexidine did not influ-
ence this property using flat dentin surfaces in vitro [69].
In vivo, the use of chlorhexidine as an adjuvant to the adhe-
sion to dentin did not produce any detrimental effect to the
immediate bond strength and was capable of reducing the rate
of resin–dentin bond degradation [70].

After 2 years of water storage, Malaquias et al. [71] con-
cluded that chlorhexidine, up to 0.2%, is a viable method by
which to provide an adhesive drug release system to maintain
stable resin–dentin adhesive interfaces. In this study, after se-
lective caries removal and biomodification of the dentin with
chlorhexidine, no statistically significant difference was ob-
served in the restorations performed after a 4-year follow-up.
To our knowledge, there are no similar clinical studies in the
literature that allow a greater comparison of these results re-
garding the biomodification of the dentin using chlorhexidine.

Considering the lack of scientific studies that provide a
better discussion of the data obtained and the difficulties re-
lated to the development of in vivo studies, we can state that
Er:YAG laser is considered to be a promising technology for
caries removal. Further research should investigate a larger
number of longitudinal clinical studies using Er:YAG laser
irradiation.

Conclusions

According to the results, it was possible to conclude that
Er:YAG laser can be used for selective caries removal, regard-
less of dentin biomodification with chlorhexidine or applica-
tion of deionized water, once it produced promising results in
composite resin restorations performed after a 4-year follow-
up period, according to the evaluated criteria.

The selective caries removal using Er:YAG laser or bur and
the biomodification of dentin with chlorhexidine did not in-
fluence the survival of composite resin restorations after a 4-
year follow-up.
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