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Laboratory Research

Marginal and Internal Adaptation
of Cervical Restorations
Using Direct, Direct-indirect,
and Indirect Techniques

MBG Ambrosio ® N Fahl Jr ¢ ASS Silva ¢ RT Lopes ® RN Rached ® EM Souza

Clinical Relevance

Cervical restorations using direct, direct—indirect, and indirect techniques with a flowable
liner did not demonstrate advantages in terms of marginal and internal adaptation for the

restoration of non-carious cervical lesions.

SUMMARY

Objective: This study aimed to evaluate the
external and internal adaptations of cervical
restorations using different restorative techniques.

Methods: Forty extracted and intact human
premolars  received  standardized  cervical
preparations to simulate non-carious cervical
lesions. The teeth were randomly divided into
four groups (n=10) according to the restorative
technique: D, direct composite restoration without
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a base (Palfique LX5, Tokuyama Dental Corp Inc,
Tokyo, Japan); DB, direct composite restoration with
a flowable composite liner (Estelite Flow Quick -
High Flow, Tokuyama Dental Corp Inc); DI, direct—
indirect composite restoration bonded with flowable
composite; and I, indirect restoration bonded with
flowable composite. Marginal adaptation of the
restorations was observed in different segments of
the margins using a scanning electron microscope.
Analyses of internal adaptation were performed
using micro-computed tomography. The Kruskal—-

Studies and Research in Engineering, Federal University of
Rio de Janeiro, Rio de Janeiro, R], Brazil

Rodrigo Nunes Rached, DDS, MDS, PhD, Graduate Program
in Dentistry, School of Medicine and Life Sciences, Pontificia
Universidade Catolica do Parana, Curitiba, PR, Brazil

*Evelise M Souza, Graduate Program in Dentistry, School of
Medicine and Life Sciences, Pontificia Universidade Catdlica
do Parana, Curitiba, PR, Brazil

*Corresponding author: Imaculada Conceigao 1155, 80215-901,
Curitiba, PR, Brazil; e-mail: evelise.souza@pucpr.br

http://doi.org/10.2341/21-071-L

220T 49quiadaQ €} U siie|\ uiney ‘Asnuaq aanesado Aq pd-0£9-9-2y-€982-655 LI/E996Y L E/0€9/9/ L /ipd-ajoiue/Ansnusp-aanelado/wod’ ssaidusjie ueipuaw//:diy woly papeojumoq



Ambrosio & Others: Adaptation of Cervical Restorations

Wallis and Mann—Whitney tests were used for
statistical analysis of the data (a=5%).

Results: No significant differences were found in
the marginal adaptation of the groups (p>0.05),
although a significantly higher percentage of
continuous margin was found in the proximal
segment than in the cervical segment (p<0.05). No
significant differences were detected between the
groups in terms of internal adaptation (p>0.05).

Conclusion: All the restorative techniques
evaluated for the restoration of cervical lesions
performed similarly in terms of marginal and
internal adaptation.

INTRODUCTION

Non-carious cervical lesions (NCCLs) have been
an issue for patients and clinicians because of their
high prevalence. According to a recently published
systematic review, the overall prevalence of NCCLs
in the general population is 47%, with the elderly
population being more affected than the young
population.! The etiology of NCCLs is considered to be
multifactorial and based on the interaction of various
mechanisms such as biocorrosion (chemical erosion),
friction (wear caused by abrasion), and occlusal stress
(abfraction).?®

The decision to treat NCCLs depends on the
progression of the lesions and the extent to which they
compromise the vitality, function, and aesthetics of
the teeth.* Restorative treatments using glass ionomer
cement, compomers, and composites have been
advocated for the treatment of NCCLs.” Based on their
excellent aesthetic properties, there is a general trend
toward the use of composite resins for the restoration
of NCCLs.° However, the clinical performance of
composite resin restorations for NCCLs is considered
to be highly material- and operator-dependent.*®
Restorations performed within the cervical region of
teeth have a high rate of loss of retention, discoloration,
and marginal degradation.” Adhesive failures are often
attributed to inadequate moisture control during the
restorative procedure, the presence of sclerotic dentin,
and the high incidence of occlusal factors leading to
cusp deflection and incidence of flexion forces within
the cervical region.® Since restorative materials with
a high modulus are unable to flex when the tooth
structure is deformed under eccentric oblique load,
it was hypothesized that more flexible restorative
materials with a lower elastic modulus may absorb
tooth flexure stress and be compressed with reduced
tensile/shear stress imposed to the tooth-restoration
interface.” Therefore, a flexible material with a low
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elastic modulus applied in between the cavity wall and
restoration could absorb the stress generated during
the polymerization shrinkage of composites as well as
the mechanical loading in which the teeth are subjected
during function. Therefore, depending on the elastic
modulus of the lining material, when used in a thin layer
under a non-flowable composite, the consequences of
polymerization shrinkage would be minimized and a
reduction in stress could be expected.™"

Other methods have been suggested to restore NCCLs,
aiming to reduce the drawbacks associated with the
direct restorative technique, such as polymerization
shrinkage and access to the gingival margin. Recently,
the direct—indirect technique was introduced for the
treatment of NCCLs, which comprises the bulk insertion
of a composite directly into the cavity before the adhesive
procedure, followed by light activation, removal of
the restoration, extraoral finishing, and adhesive
luting.”® Another approach, although more unusual
for cervical restorations and more labor intensive and
time consuming, is the indirect technique in which the
restoration is built in a cast from a dental impression
of the preparation."* The claimed benefits of both
techniques include extraoral construction, finishing and
polishing, minimizing injuries to adjacent tissues, and
additional composite polymerization, which may reduce
polymerization shrinkage stress.”

Despite the vast literature on this topic, to date, only
one clinical study has compared different restorative
techniques for the treatment of NCCLs.” Thus, more
investigation is needed to assess the performance of
adhesive materials associated with different restorative
techniques in order to make the treatment of NCCLs
more effective and long lasting.

The present study aimed to evaluate the marginal
and internal adaptation of composite resin restorations
using a direct (with and without a flowable lining),
direct—indirect, and indirect technique in preparations
that simulated NCCLs. The gap formation was
analyzed using micro-computed tomography (nCT)
and scanning electronic microscopy (SEM). The
hypotheses tested were as follows: (1) the restorative
techniques would perform similarly in terms of
marginal and internal adaptation, and (2) the external
adaptation would be similar in different regions of the
dentin/restoration margins, regardless of the restorative
technique used.

METHODS AND MATERIALS

Preparation of Specimens

Forty intact human premolars were stored in a 0.5%
chloramine-T solution at 4°C. All teeth were used
within three months after extraction. Standardized
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V-shaped Class V cavities were prepared on the buccal
surface of each tooth using rounded and cylindrical
diamond burs (801-012, 835-008, Komet USA, Rock
Hill, SC, USA) under continuous water cooling. Each
bur was replaced after five cavity preparations. The
dimensions of the cavities were 5.0-mm high, 5.0-mm
wide, and 2.0-mm deep, and they were checked with
a periodontal probe and a digital caliper (Mitutoyo
500-173-30, Mitutoyo Corp, Kanagawa, Japan). The
occlusal margins were located in enamel and cervical
margins in dentin. The enamel margins were beveled
with a small flame-shaped diamond bur (6889-010,
Komet USA) and finished with a flexible disc (Sof-Lex
Pop-On, 3M ESPE, St Paul, MN, USA). The teeth were
randomly divided into four experimental groups, with
ten teeth in each group, according to the restorative
technique used (Table 1).

Restorative Procedures

The enamel margins of the teeth assigned to the D
group were treated with 35% phosphoric acid (Ultra-
Etch, Ultradent Products Inc, South Jordan, UT,
USA) for 30 seconds, thoroughly rinsed with air/water
spray, and then gently air-dried. Clearfil SE Primer
(Kuraray Co, Osaka, Japan) was actively applied in the
dentin for 20 seconds, followed by gentle air-blowing.
The bond was applied and light cured for 10 seconds
at a 1400 mW/cm? output (Led Valo, Ultradent
Products Inc). The output of the light-curing unit
was measured using a radiometer. Direct restorations
were made in three increments using a micro-hybrid
composite resin (Palfique LX5, Tokuyama Dental
Corp Inc, Tokyo, Japan). The first and second direct
restoration increments were inserted on the opposite
walls of the cavity, starting with the cervical wall, and
the third increment covered the first two increments to
reconstruct the anatomic contour.® Each increment
was light cured for 10 seconds with the same curing
unit. The restoration was covered with a thin layer
of water-soluble gel (KY Jelly, Reckitt Benckiser
Inc, Parsippany, NJ, USA) and light cured for an
additional 10 seconds. Finishing and polishing were
accomplished after 48 hours using medium, fine, and
ultra-fine aluminum oxide discs (Sof-Lex Pop-On, 3M
ESPE) and polishing cups (FlexiCups, Cosmedent Inc,
Chicago, IL, USA) with 1.0-pm and 0.5-um diamond
polishing pastes (Diamond Polish Paste, Ultradent
Products Inc), and followed by felt discs (FlexiBuff,
Cosmedent Inc) with an aluminum oxide polishing
paste (Enamelize, Cosmedent Inc).

Teeth in the DB group were treated with the same

adhesive procedure as teeth in the D group, that is,
with selective enamel acid etching and application of

Operative Dentistry

Table 1: Description of the Experimental Groups in

the Study
Group | Description
D Direct composite restoration without a base
DB Direct composite restoration with a
flowable composite base
DI Direct-indirect composite restoration

bonded with flowable composite
Indirect restoration bonded with flowable
composite

the Clearfil SE Bond (Kuraray Co) adhesive system.
A flowable composite (Estelite Flow Quick - High
Flow, Tokuyama Dental Corp Inc) was used as an
intermediary lining. A disposable tip was used to
apply an approximately 0.5-mm thick layer of flowable
composite to the axial wall up to the gingival margin,
followed by 10 seconds of light curing. The restorative
procedures were performed exactly as described for the
D group.

Teeth in the DI group had their cavities restored
with a bulk increment of the same composite resin
(Palfique LX5) slightly larger than the actual cavity
size, light cured for 10 seconds, and detached from
the cavity with a fine instrument. The restorations
were manipulated using an adhesive-tipped handling
instrument (OptraStick, Ivoclar Vivadent AG, Schaan,
Liechtenstein). The margins were outlined extraorally
to facilitate finishing, and the excess composite was
removed with aluminum oxide discs (Sof-Lex Pop-
On). The restorations were submitted for additional
light curing extraorally for 15 seconds on the external
side and 15 seconds on the internal side using a high-
irradiance unit (3200 mW/cm?)."” The intaglio surfaces
were air-abraded with 50-um aluminum oxide particles,
followed by water rinsing and air-drying. Acid etching
with 35% phosphoric acid was performed for 5 seconds
to clean the treated surface, followed by water rinsing
and air-drying. An adhesive layer (Clearfil SE Bond
adhesive system) was applied to the surface, followed
by gentle air drying, and was not light cured. Selective
enamel etching and adhesive system application were
performed as described for the D and DB groups. The
indirect composite restorations were bonded to the
preparations using the same flowable composite used in
the DB group (Estelite Flow Quick - High Flow). Once
stabilized, a 2-mm diameter light tip attached to the
curing unit was pressed at the center of the restoration
for 5 seconds to allow the excess composite to flow
out of the margins.” Light curing was carried out for
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2 seconds at 1400 mW/cm?, and the excess composite
was removed with a disposable brush. The margins of
the restoration were covered with a water-soluble gel,
and light curing was completed for an additional 20
seconds at 1400 mW/cm?. Finishing and polishing
were performed using the same cups, felt discs, and
pastes used for the D and DB groups.

The cavity preparations of teeth assigned to the I
group were subjected to alginate impressions, followed
by the fabrication of addition-curing silicone casts
(Die Silicone, VOCO GmbH, Cuxhaven, Germany).
Indirect restorations were built with the same
composite resin (Palfique LX5) using the restorative
procedures described for the DI group. After finishing,
light curing, and air abrasion of the intaglio surfaces,
the restorations were bonded with a flowable composite
(Estelite Flow Quick - High Flow), and finished and
polished using the protocol previously described for the
DI group. Table 2 lists all the materials used in this
study.

Analysis of Initial External Adaptation by
Scanning Electron Microscopy

Impressions of the restorations were performed using
polyether impression material (Impregum F Polyether,
3M ESPE), and replicas were made using epoxy resin.
The replicas were mounted on aluminum stubs and
sputter-coated with gold-palladium alloy before being
examined with an SEM (Vega Tescan 3, Tescan,
Brno, Czech Republic). First, the restoration margins
were observed under 45% magnification (Figure 1A)
and then divided into three segments, namely mesial
(T1), gingival (T2), and distal (T3), using the SEM
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measurement tool (Figure 1B). Subsequently, each
segment was analyzed at a magnification of 200x to
300x (Figure 1C), and when a gap was observed in
the tooth/restoration interface, the magnification
was increased to 500% to measure the length of the
affected interface using the same measurement tool.
If necessary, up to 3000 magnification was used to
identify and distinguish a gap from an artifact. The
results are expressed as a percentage of the continuous
margin relative to the total length of each segment.
The results of segments T1 and T3 were combined
to obtain the percentage of adaptation at approximal
margins, whereas the results of segment T2 were used
to represent adaptation at the gingival margin.

Thermocycling Procedures

The teeth were submitted to 35,000 thermal cycles
at 5°C and 55°C with a 15 second dwell time (OMC
250, Odeme Dental Research, Luzerna, SC, Brazil).
Thereafter, the teeth were replicated in epoxy resin and
subjected to the same microscopic analysis to assess
the final marginal adaptation. After thermocycling, the
samples were stored in water at room temperature until
the microtomographic analysis.

Analysis of Internal Adaptation by Micro-
computed Tomography

Analysis of the internal adaptation was carried out
using a high-resolution three-dimensional X-ray
microtomography system (SkyScan High Energy
Model 1173, Bruker Belgium SA, Kontich, Belgium).
The pC'T images were taken using a 70 kV acceleration
voltage, 114 UA current strength, 14.96 um resolution,

Table 2: Materials Used in This Study (Information Provided by the Manufacturers)
Material (Manufacturer) Batch No. Composition Filler Content
Clearfil SE Bond 114391286 Primer: MDP, HEMA, hydrophilic 10 wt%
(Kuraray Co) dimethacrylate, camphorquinone, NN-
diethanol-p-toluidine water.
Bond: MDP, HEMA, Bis-GMA, hydrophobic
dimethacrylate, camphorquinone, NN-
diethanol-p-toluidine, silanized colloidal silica
Palfique LX5 Wo527 Bis-GMA, TEGDMA, silica-zirconia fillers 82 wt%
(Tokuyama Dental Corp Inc) (average 200 nm) 71 vol%
Estelite Flow Quick-High Flow | W728 Bis-GMA, TEGDMA, silica-zirconia fillers 68 wt%
(Tokuyama Dental Corp Inc) (average 300 nm) 49 vol%
Abbreviations: Bis-GMA, bisphenol A bis(2-hydroxypropoxy) dimethacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP,
10-methacryloyloxydecyl-dihydrogen phosphate; TEGDMA, triethylene-glycol dimethacrylate; vol%, volume percent; wt%,
weight percent.
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SEM HV: 5.0 kV

SEM MAG: 45 x
WD: 15.53 mm

= 1109.36 pm
T3 = 1073.28 ym

T2 = 5991.72 ym

Figure 1. Scanning electronic microscopy images of samples
showing the interface between the dentin margin and the adhesive
restoration. (A): view of a cervical margin at 45x magnification; (B):
division of the tooth/restoration interface into three segments (45x);
(C): cervical margin showing 100% adaptation (300x).

Operative Dentistry

and 360° rotation with slices taken every 0.5° totaling
720 slices per sample. The average reading time for
each sample was approximately 22 minutes.

After the acquisition, the images were transferred to
a volumetric NRecon reconstruction software (version
1.7.0.4, Bruker, Kontich), which is used to reconstruct
cross-sectional slices from acquired angular projections
through the specimens. When a gap was observed in
the inner tooth/restoration interface, the region of
interest was selected, binarized, and segmented using
the CT Analyzer software (Bruker Corporation). The
regions of interest were added to each sample to provide
a volume of interest per sample. The total volume of
the gaps was expressed as mm?®."” Figure 2A—2D shows
representative LC'T images of axial slices of specimens
from each experimental group.

Statistical Analysis

Data on the percentage of continuous margins (external
adaptation) and volume of internal gaps were analyzed
for normality and homogeneity of variances using the
Kolmogorov—Smirnov and Shapiro—Wilk tests. Owing
to the non-normal distribution of the data, the Kruskal—
Wallis and Mann—Whitney tests were used for the
analysis of the external and internal adaptation of the
tested variables and groups. All tests were performed at
a 5% significance level using the SPSS 24.0 statistical
package (IBM Corp, Armonk, NY, USA).

RESULTS
Marginal Adaptation

The initial marginal adaptation of all the specimens
provided 100% adaptation. After thermocycling, no
significant differences were found among the groups
with different restorative techniques (p>0.05, Table 3).
However, significant differences were found between
the gingival and proximal segments, regardless of the
restorative technique (p<0.05, Table 4).

Internal Adaptation

There were no significant differences in internal gap
volume among the groups with different restorative
techniques (Table 5).

DISCUSSION

This study compared different restorative strategies
for wedge-shaped cervical lesions by analyzing the
marginal and internal adaptations of the restorations.
The first hypothesis tested was accepted, since no
differences were found between the marginal and
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Figure 2. Images of axial slices by micro-computed tomography. (A): Specimen of Group D restored with direct technique; (B): specimen of Group
DB restored with direct technique with a flowable liner (arrow); (C): specimen of Group DI restored using the direct-indirect technique and bonded
with flowable composite (arrow); (D): specimen of Group | restored using the indirect technique and bonded with flowable composite (arrow).

internal adaptations of the different restorative
techniques. However, the second hypothesis was
rejected, as a better marginal adaptation was observed
in the proximal segment than in the gingival segment,
regardless of the technique used.

To replicate natural NCCLs for this study, the
gingival margins of the cavity preparations were
located entirely on dentin. Our results showed that
these margins exhibited more gaps than the proximal
margins, which are partly located in enamel. The
adhesive strategy used in this study might have affected
the sealing ability of margins with enamel as opposed
to the cervical margins, which are entirely located in

dentin. Recent systematic reviews concluded that the
adhesive approach significantly influences the clinical
effectiveness of restorations in NCCLs® and that
selective enamel etching prior to the application of
self-etch adhesive systems can result in lower marginal
discoloration rates and better marginal integrity."

Based on the challenges and difficulties associated
with the restorative treatment of NCCLs, different
approaches have been suggested to improve the clinical
effectiveness of these restorations, such as the the use
of different dental surface treatments, alternative
restorative techniques, novel adhesive materials, and
polymerization strategies.'*"%2
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Table 3: Mean + Standard Deviation of Marginal
Adaptation of the Segments (Proximal and
Cervical) Expressed as a Percentage of
Continuous Margin for Each Group?

Group Proximal (%) Cervical (%)
D 99.77+0.72a 93.36+8.40a
DB 99.31+2.17 a 96.03+5.57 a
DI 98.51+4.70a 97.55+3.66 a
I 98.82+3.73a 98.26+4.28 a

Abbreviations: D, direct composite restoration without a base;
DB, direct composite restoration with a flowable composite
base; DI, direct-indirect composite restoration bonded

with flowable composite; |, indirect restoration bonded with
flowable composite.

aEqual letters indicate the absence of a statistically significant
difference between the groups (p>0.05).

Composites are considered the material of choice
for restoring NCCLs, as they have an elastic modulus
similar to that of dentin, which leads to comparable
tooth behavior in response to the occlusal load.”
Another important factor is filler size and distribution
of particles, which makes microfilled and nanofilled
composites more recommended to restore cervical
lesions."* Because of their reduced mean filler size, these
materials can provide a smooth surface texture after
polishing,” directly influencing biofilm formation.”
For this reason, nanofilled composites with supra-
nanometric spherical particles (200—300 nm) were
selected for this study.

Several clinical studies have investigated the use of
flowable composites in NCCLs either as a restorative
material®>**® or as a liner associated with a high-
viscosity nanofilled or nanohybrid composite.**®
Flowable composites have a lower viscosity due to either
a reduction of filler content or an increased ratio of
diluent monomers, which leads to a decrease in surface
tension.? Nevertheless, these materials have a sufficient
filler load to ensure good mechanical properties and
low polymerization shrinkage (at least when used in
small amounts).* This is probably the reason why most

Table 4: Mean + Standard Deviation of Marginal
Adaptation Expressed as a Percentage of
Continuous Margin for the Cervical and
Proximal Segments?

Segment Marginal Adaptation (%)
Cervical 96.30+5.86a
Proximal 99.11+£3.12b

aDifferent letters represent a statistically significant difference
between the segments (p<0.05).

Operative Dentistry

Table 5: Mean + Standard Deviation of Internal Gap
Volume for Each Group?

Group Internal Gap (mm?3)
D 0.015+0.009a
DB 0.014+0.010a
DI 0.010+0.010a
I 0.010+0.008a

Abbreviations: D, direct composite restoration without a base;
DB, direct composite restoration with a flowable composite
base; DI, direct-indirect composite restoration bonded

with flowable composite; |, indirect restoration bonded with
flowable composite.

2Equal letters indicate the absence of a statistically significant
difference between the groups (p>0.05).

manufacturers of flowable composites recommend
them for luting thin indirect restorations, as well as
using them as a lining for composite restorations.
Because of these features, this type of composite has
a low modulus of elasticity, acting as an “elastic layer”
that reduces the stress at the tooth/restoration interface
and optimizing the adaptation of the restoration to the
inner walls of the cavity.%®

Although the application of a low-viscosity composite
liner for composite restorations has been suggested
to overcome polymerization shrinkage stress and to
improve bond strength,* the advantages of thisapproach
for enhancing marginal and internal adaptation are still
controversial. While some studies have demonstrated
that the use of a 0.5- to 1.0-mm thick flowable liner
improves internal adaptation relative to the use of
conventional composite resin alone,**** other studies
have shown that its use reduces internal adaptation
and increases gap formation.””®® This discrepancy
might be related to the fact that while its low modulus
of elasticity could relieve the induced stress caused
by polymerization shrinkage,® the low filler content
could cause higher polymerization shrinkage and gap
formation at the cavity walls and margins.” Thus, the
effectiveness of flowable composites might be material
dependent, with the type of adhesive system playing an
important role in cavity adaptation.*

The effect of flowable composite liners in marginal
adaptation compared to restorations without lining
has been doubted.** According to a systematic review
based on clinical trials, flowable composite liners have
no significant effect on marginal adaptation and cannot
improve the clinical performance of composite resin
restorations.® In fact, marginal adaptation can be affected
by several factors related to the adhesive system and
the stress developed during composite polymerization.
These factors include volume, cavity size and geometry,
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configuration factor (C-factor), restorative placement,
and curing technique.* In general, NCCLs have a low
C-factor compared to other cavity configurations (eg,
Class I cavities). However, deeper and larger cervical
cavities have higher C-factors, increasing polymerization
stress with a consequent increase in gap formation and
microleakage.*” Although the incremental technique may
be important for the control of polymerization shrinkage,
it increases the possibility of trapping air between the
layers and increases the time required to place and
cure each layer.* In the present study, no differences
were observed between the direct restorative technique
alone and those techniques using a flowable composite
as a liner or luting agent. However, irrespective of the
restorative technique, the gingival margins showed more
marginal gaps than the proximal margins, which might
be attributed to the presence of enamel in the upper part
of the proximal margins, which provides better sealing
than in the gingival margins located in dentin.

Direct—indirect and indirect composite restorations
can be built with the same materials originally claimed
for direct use or with specific materials for laboratory use,
both equally submitted to supplemental polymerization
carried out by a single or combined action of high-
irradiance light, high pressure, or heat.® The main
advantagesare based on the fact that extraoral restorations
allow for ideal anatomic form, contour, and approximal
contact, as well as improved physical-mechanical
properties due to the higher degree of monomer
conversion without polymerization stress.*** Additional
curing also neutralizes the problems associated with an
insufficient degree of polymerization at the bottom of
thicker restorations and allows for prolonged exposure
to light without concerns of potential pulp damage due
to the increase in temperature.*

To date, there have been no reports of studies aiming
to investigate the use of flowable composites as luting
agents for cervical restorations. Previous studies have
demonstrated that the use of flowable composites as
luting agents for porcelain veneers can retrieve better
or similar mechanical properties compared with
resin cements.* Flowable composites also produce
markedly lower film thicknesses than conventional
composites at room temperature or after preheating.51

Although the direct—indirect and indirect techniques
are associated with a more accurate anatomic form
and marginal contour, minimal injuries to adjacent
tissues during finishing/polishing, and a higher degree
of polymerization, the mean time for the indirect
technique was reported as more than 50% greater than
for the direct technique, and had a similar success rate
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after two years.” The direct restorative technique is a

simple, accessible, and universally used protocol for
the treatment of NCCLs.”

It is important to emphasize that, as a laboratory
study, all the restorations were performed on extracted
teeth and by a well-trained operator. The finishing/
polishing procedures were carried out extraorally even
for the direct restorations in which a clinician would
have difficulties due to the proximity of the gingival
tissues to the cervical margins. Although in vitro studies
can provide useful information on the performance
of restorative materials, long-term clinical studies are
the best source of scientific evidence to determine
the clinical success rates and longevity of restorative
protocols for NCCLs.

The volume of internal gaps and the percentage
of continuous margins reported in this study could
be considered within the acceptable range for all the
evaluated groups, indicating that direct, direct—indirect,
and indirect techniques performed equally. Therefore,
both direct—indirect and indirect techniques have no
extra advantages when used to restore NCCLs, especially
since they require extra equipment to perform secondary
polymerization and are more time consuming and less
cost effective than direct techniques used under similar
clinical conditions. Therefore, these techniques do not
represent an advantage over the conventional one.

CONCLUSIONS

Direct—indirect and indirect restorative techniques, as
well as the use of a flowable liner in the direct technique,
showed similar marginal and internal adaptation when
compared to the conventional direct technique for the
restorative treatment of NCCLs.
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