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JUSTIFICATION

Conservative dentistry has encountered several substantial changes, the last started
about 60 years ago, and it is called “adhesive dentistry”. Adhesion allows to preserve
maximum healthy tissue by bonding to the remaining tooth, reproducing nature. Another
important change in dentistry is the improvement in prevention and oral hygiene habits,
resulting in caries decrease. As a consequence the concepts of traditional dentistry were

progressively questioned giving rise to more conservative restorative techniques.

At the same time, an increased demand of the society for more esthetic restorations or
metal-free restorations, together with the interest of dental profesionals in tooth-colored
materials, made use of amalgam and other metals in the mouth increasingly controversial,

despite the absence of definitive scientific proofs (1, 2).

The main challenge for dental adhesives is to provide an equally effective bond to
two hard tissues of different nature, enamel and dentin. Bonding to enamel has been proven to
be durable and rather simple. Bonding to dentin is far more intricate and can apparently only

be achieved when more complicated and time-consuming application procedures are followed

3).

Composites have a number of advantages over old amalgams. They widely
widespread for years among the population for its ease of use, acceptable adaptability and low
cost, as they are most aesthetic, preserve healthy tooth tissue and exhibit better marginal seal,

reducing microleakage and postoperative sensitivity (4- 6).

In the framework of this thesis four papers were written with the aim to: analyse the
development of adhesive dentistry; describe the use of different adhesive systems, emphasize
on the etch and rinse adhesive with technical variations in the use; quantitatively (SEM) and
qualitatively (OCT) analyze the failure mode of adhesive interfaces; evaluate the performance
of a dual-cure composite as an amalgam substitute for cavity restoration in a rapid and
affordable way and describe the step -by- step of a full- mouth adhesive rehabilitation on a
young patient with a minimally invasive approach, which allows for restoration of health,

biomechanical function and esthetic appearance.
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INTRODUCTION

Advances in adhesive technology have simplified dental procedures. They have given

a more aesthetic result to patients and a conservative alternative treatment to clinicians (1).
Adhesives

Adhesive systems can be classified according to their etching strategy into etch-and-
rinse (E&R) and self-etch (SE) products. E&R adhesive systems were the first to be
introduced into the market and are often considered as being the adhesive system of reference
(7- 9). Both types of adhesive systems differ significantly in the manner they deal with tooth
tissue.

The etch-and-rinse systems require a specific acid-etch procedure and may be
performed in two or three steps, depending on whether primer and bonding are separated or
combined in a single bottle. The adhesion strategy involves the application of the conditioner
(acid etchant), followed by the primer (adhesion promoting agent), and bonding step (10, 11,
12).

OptiBond FL (OFL, Kerr, Orange, CA, USA) is a particle-filled, ethanol-based 3-step
E&R adhesive that has played an important role in adhesion, reporting favorable and reliable
bonding effectiveness (4, 5). The bonding effectiveness shown in-vitro (6, 10) and the
resultant clinical performance (5, 7) have been attributed to optimal enamel inter-locking and
dentin hybridization, as demonstrated in various ultra-morphologic interface analyses (6, 7,

8). Based on all these data, OFL is considered by some authors as the gold standard. (1)
Acid Conditioning

Buonocore (13) was the first to demonstrate that acid-etching enamel with phosphoric
acid increased resin—enamel bond strengths by increasing the microscopic surface area
available for resin retention. Later on, John Gwinnett reported that adhesive resins could
penetrate into acid-etched enamel prisms where they could actually envelop apatite

crystallites (14) rendering them acid-resistant (9).

Acid-etching of enamel is a widely accepted clinical procedure and has increased the
life of composite resin restorations by decreasing the possibility of marginal staining,

secondary caries and postoperative sensitivity (15).
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INTRODUCTION

Monomers

Hydrophilic and hydrophobic monomers are combined with solvent(s) in the same or
different bottle depending on two or three bottle adhesive systems. When combined in the
same bottle they may produce some chemical disorder during clinical application. Presence of
unprotected dentin collagen fibrils may be explained by the presence of residual water that
may prevent complete monomer infiltration in the deep demineralized zone, which
compromises ideal adhesive infiltration and polymerization (16, 17). These factors could be
responsible for the degradation of resin-dentin interfaces over short periods of time. The
instability of bonds over longer time periods has been attributed to the degradation of both

exposed collagen and resin monomers (15, 16, 18).

HEMA (2-hydroxymethyl methacrylate) is a very popular monomer employed both in
three-step and two-step etch-and-rinse systems. Its hydrophilicity makes it an excellent
adhesion promoter, enhancing bond strength (10, 19, 20).

One of the first chemical compounds that has been proposed to improve bonding to human
dentin is the glycerol phosphate dimethacrylate (GPDM) (21), which is an acidic monomer
containing methacrylated phosphoric acid esters and it is present within the composition of

OptiBond FL (OFL) Primer.
Solvents

A very important component of the adhesive systems is the solvent such as water,
ethanol or acetone. Solvents are important to assure the diffusion of monomers into the
demineralized dentin. Water, ethanol and acetone are the most commonly used solvents. After
diffusion the solvents must be eliminated from adhesive, otherwise remaining solvent in the
adhesive may jeopardize polymerization due to the dilution of monomers and may result in

voids and increase the permeability of the adhesive layer (22, 23).
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INTRODUCTION

Marginal integrity

The evaluations of restoration margins could be analysed rather in vitro or in vivo.
Both methodologies try to indicate the effectiveness of a restorative material or technique.
In vitro evaluation of marginal adaptation identifies defects at the tooth-restoration interface.
In vivo may follow the United States Public Health Service (USPHS) criteria, where marginal
adaptation is one of the factors together with retention, staining, marginal discoloration,
surface roughness and sensitivity that is used in most clinical studies to judge on the
restoration’s clinical success (24, 25). In a recent study, a high correlation was observed
between clinical and laboratory data of marginal adaptation provided that the same restorative

material is considered in both in vitro and in vivo studies (26).

However, the relationship between marginal integrity alone and the restorations’
clinical outcome seems to be far more complicated to demonstrate.
In the context of marginal integrity, the width and depth of the marginal gap, rather than its
solely presence, is claimed as a more significant factor to predict the restorations’ clinical

outcome (26).

Scanning electron microscope (SEM) quantitative analyses the presence of marginal
gaps on the restorations surface, however, no additional knowledge can be obtained on how
much this gap can propagate through the adhesive interface inside the cavity. The detection of
a marginal gap is, very likely, the first sign of early failure at the restorations adhesive
interface. In this sense, it might be of interest to qualitatively analyse restorations with
marginal defects to see if the gaps that occur on the surface do propagate or not inside the

cavity.

Optical coherence tomography (OCT) is an interferometry imaging technique that maps
depth-wise reflections of near-infrared light from tissue to form cross-sectional images of
morphological features at the micrometer scale (27). It is a high-resolution analysis that
enables the visualization beyond the surface, without entering into contact with the tissue of

interest.
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INTRODUCTION

Composites

Amalgam has been the material of choice worldwide for class I and class II
restorations for more than a century due to its high strength, good wear resistance, low
technique sensitivity and low cost (28). However, the lack of aesthetics, corrosion and
difficult bonding to tooth structure, requiring the removal of sound structure to gain on
macromechanical retention, resulted in the need to find an amalgam substitute for the

aesthetic restoration of decayed teeth.

While the use of amalgam for posterior restorations is declining, composite resins are

being more often used with almost no differences in terms of clinical longevity (29).

Dual-cured resin composites have been mainly used as a core material for the
reconstruction of non-vital teeth (30), and as dentin substitute in the open sandwich filling
technique (31, 32). Some advantages of using dual-cured composites as filling material would
be the possibility of a bulk insertion, clinical time saving, the achievement of polymerization

in deep areas due to chemical curing and the development of lower contraction stresses (33).
Oral rehabilitations

The development of new dental materials, in combination with considerable advances
in dental adhesion in recent years (10), has enabled clinicians to adopt a more conservative
approach involving the removal of minimal amounts of tooth structure and avoiding

traditional retentive preparations that require important biologic sacrifices.

Many publications have focused on the treatment of dental erosion and attrition in the
last years, using minimally invasive techniques that conserve as much sound tooth structure

as possible (34-42).
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INTRODUCTION

Dental erosion and attrition have a relatively rapid impact on hard tooth structure
(43). Dental erosion is defined as tooth substance loss resulting from a chemical process, and
is mainly caused by the consumption of fruit juices or carbonated and sports drinks, or by
digestive disorders (recurrent vomiting). Excessive attrition is often caused by bruxism, and

many patients present a combined aetiology of erosion and attrition (44).

Most patients are aware of the problem but not its impact. Therefore, diagnosing the
problem as early as possible, introducing preventive measures, and raising awareness of its
importance among patients may help them to avoid the necessity of full-mouth rehabilitation.
Ignoring the problem may lead to the loss of several teeth, the restoration of the health,
biomechanical function, and aesthetic appearance of which may require the combined efforts

of several different specialties (38,45,46).
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OBJETIVES

GENERAL OBJECTIVES:

1. To evaluate the marginal adaptation before and after a thermo-mechanical fatigue test of
class V cavities restored with composite and an E&R adhesive system applied under 3

protocols that differ in the use of the phosphoric acid etching step.

2. To determine whether marginal adaptation is, or not, a superficial phenomenon without

any influence of adaptation on depth of class V cavities.

3. To evaluate the marginal adaptation before and after thermo-mechanical loading of
cavities entirely restored in bulk with a dual-cured resin composite with differences in the

etching procedure.

4. To evaluate the marginal adaptation before and after thermo-mechanical loading of cavities
entirely restored in bulk with a dual-cured resin composite with differences in the

polymerization mode (chemical or dual-cure).

5. To describe the step-by-step procedure of a full-mouth adhesive composite rehabilitation of
a young patient treated with V-shaped veneers and ultra- thin computer-aided design/

computer-assisted manufactured generated composite overlays.
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OBJETIVES

SPECIFIC OBJECTIVES:

1.1 To evaluate the marginal adaptation before thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and
an E&R adhesive system applied following the manufacturer recommendation for

use. The acid etching was used on enamel and dentin.

1.2 To evaluate the marginal adaptation before thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and

an E&R adhesive system. The acid etching was applied on enamel only.

1.3 To evaluate the marginal adaptation before thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and

an E&R adhesive system. No phosphoric acid on enamel or dentin was used.

1.4 To evaluate the marginal adaptation after thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and
an E&R adhesive system applied following the manufacturer recommendation for

use. The acid etching was used on enamel and dentin

1.5 To evaluate the marginal adaptation after thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and

an E&R adhesive system. The acid etching was applied on enamel only.

1.6 To evaluate the marginal adaptation after thermomechanical fatigue test on enamel,
dentin and at the total margin length of class V cavities restored with composite and

an E&R adhesive system. No phosphoric acid on enamel or dentin was used.
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2.1 To evaluate the gap propagation beneath the restoration of class V cavities restored
with composite and an E&R adhesive system following thermomechanical fatigue

test. The acid etching was applied only on enamel

2.2 To evaluate the gap propagation beneath the restoration of class V cavities restored
with composite and an E&R adhesive system following thermomechanical fatigue

test. No phosphoric acid on enamel or dentin was used.

3.1 To evaluate the marginal adaptation before thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. No acid etching

was used and self-cured.

3.2 To evaluate the marginal adaptation before thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. No acid etching

was used and dual-cured.

3.3 To evaluate the marginal adaptation before thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. The acid etching

was used on enamel and self-cured.

3.4 To evaluate the marginal adaptation before thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. The acid etching

was used on enamel and dual-cured.

3.5 To evaluate the marginal adaptation after thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. No acid etching

was used and self-cured.
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3.6 To evaluate the marginal adaptation after thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. No acid etching

was used and dual-cured.

3.7 To evaluate the marginal adaptation after thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. The acid etching

was used on enamel and self-cured.

3.8 To evaluate the marginal adaptation after thermo-mechanical loading on occlusal
margins, on proximal margins, on cervical margins and at the total margin length of
cavities entirely restored in bulk with a dual-cured resin composite. The acid etching

was used on enamel and dual-cured.
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OBJETIVES

OBJETIVOS GENERALES:

1. Evaluar la adaptacion marginal antes y después de la carga termomecanica de cavidades de
clase V restauradas con composite y un sistema adhesivo de grabado total aplicado con 3

protocolos que difieren en el uso del grabado con acido fosférico.

2. Determinar si la adaptacion marginal es, o no, un fendmeno superficial sin ninguna

influencia en la adaptacion en profundidad de las cavidades clase V.

3. Evaluar la adaptacion marginal antes y después de la carga termomecanica de cavidades
restauradas en una sola capa con un composite de polimerizacion dual con diferencias en

el procedimiento de grabado.

4. Evaluar la adaptacion marginal antes y después de la carga termomecanica de cavidades
restauradas en una sola capa con un composite de polimerizacién dual con diferencias en

el procedimiento de polimerizacion (quimica/dual).

5. Describir el procedimiento paso a paso de una rehabilitacion adhesiva completa de
composite en un paciente joven tratado con carillas en forma de V e incrustaciones muy

finas realizados por tecnologia CAD/CAM.
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OBJETIVES

OBJETIVOS ESPECIFICOS:

1.1 Evaluar la adaptacion marginal antes de la carga termomecanica en el esmalte, la dentina
y en la longitud total del margen de cavidades clase V restauradas con composite y un
sistema adhesivo de grabado total aplicado siguiendo las recomendaciones del fabricante.

El grabado 4cido se utiliz6 en el esmalte y la dentina.

1.2 Evaluar la adaptacion marginal antes de la carga termomecanica en el esmalte, la dentina
y en la longitud total del margen de cavidades clase V restauradas con composite y un

sistema adhesivo de grabado total. El grabado 4cido se utiliz6 solo en el esmalte.

1.3 Evaluar la adaptacion marginal antes de la carga termomecanica en el esmalte, la dentina
y en la longitud total del margen de cavidades clase V restauradas con composite y un

sistema adhesivo de grabado total. No se realizé grabado acido en esmalte o dentina.

1.4 Evaluar la adaptacion marginal después de la carga termomecanica en el esmalte, la
dentina y en la longitud total del margen de cavidades clase V restauradas con composite
y un sistema adhesivo de grabado total aplicado siguiendo las recomendaciones del

fabricante. El grabado acido se utiliz6 en el esmalte y la dentina.

1.5 Evaluar la adaptacion marginal después de la carga termomecanica en el esmalte, la
dentina y en la longitud total del margen de cavidades clase V restauradas con composite

y un sistema adhesivo de grabado total. El grabado acido se utiliz6 solo en el esmalte.

1.6 Evaluar la adaptacion marginal después de la carga termomecanica en el esmalte, la
dentina y en la longitud total del margen de cavidades clase V restauradas con composite

y un sistema adhesivo de grabado total. No se realizd grabado acido en esmalte o dentina.

2.1 Evaluar la propagacion de la grieta debajo de las restauraciones de clase V restauradas
con composite y un sistema adhesivo de grabado total después de la carga

termomecanica. El grabado 4cido sélo se aplico en el esmalte.
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2.2 Evaluar la propagacion de la grieta debajo de las restauraciones de clase V restauradas
con composite y un sistema adhesivo de grabado total después de la carga

termomecanica. No se utilizé acido fosforico en el esmalte o la dentina.

3.1 Evaluar la adaptacion marginal antes de la carga termomecanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. No se utilizé grabado 4cido y con autopolimerizacion.

3.2 Evaluar la adaptacion marginal antes de la carga termomecanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. No se utilizé grabado acido y con polimerizacion dual.

3.3 Evaluar la adaptacion marginal antes de la carga termomecéanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. Se realizé grabado 4cido en esmalte y autopolimerizacion.

3.4 Evaluar la adaptacion marginal antes de la carga termomecanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. Se realizé grabado dcido en esmalte y polimerizacion dual.

3.5 Evaluar la adaptacion marginal después de la carga termomecéanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. No se utilizo grabado acido y con autopolimerizacion.

3.6 Evaluar la adaptacion marginal después de la carga termomecéanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. No se utilizé grabado acido y con polimerizacion dual.
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3.7 Evaluar la adaptacion marginal después de la carga termomecéanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. Se realizé grabado &cido en esmalte y autopolimerizacion.

3.8 Evaluar la adaptacion marginal después de la carga termomecéanica en los margenes
oclusales, en los margenes proximales, en los margenes cervicales y en la longitud total
del margen de cavidades restauradas en una sola capa con un composite de

polimerizacion dual. Se realiz6 grabado acido en esmalte y polimerizaciéon dual.
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HYPOTHESIS

The null hypotheses (Ny) were:

1. (Ho) There are no significant differences on the marginal adaptation of class V cavities

restored with different application protocols of acid etching on enamel and dentin.
2. (Hp) SEM analysis is not able to detect differences in marginal gaps amongst groups.

3. (Hp) There are no gaps propagating inside the cavity, in cavities with non-continuous

margins (or marginal gaps).

4. (Hop) There are no differences on the marginal adaptation of class II cavities restored in

bulk with different etching procedures.

5. (Ho) There are no differences on the marginal adaptation of class II cavities restored in

bulk with different polymerization modes, chemical and dual.

The alternative hypothesis (H;) were:

1. (H;) There are differences in the marginal adaptation of class V cavities restored with

different application protocols of acid etching on enamel and dentin.
2. (H;) SEM analysis is able to detect differences in marginal gaps amongst groups.

3. (H,) There is a gap propagating inside the cavity, in cavities with non-continuous margins

(or marginal gaps).

4. (H,) There are differences on the marginal adaptation of class II cavities restored in bulk

with different etching procedures.

5. (H)) There are differences on the marginal adaptation of class II cavities restored in bulk

with different polymerization modes, chemical and dual.
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HYPOTHESIS

Las hipotesis nulas (Hy) fueron:

1. (Ho) No existen diferencias en cuanto a la adaptacion marginal en restauraciones de
clase V con diferentes protocolos de aplicacion de 4cido fosforico en esmalte y

dentina.

2. (Ho) El analisis SEM no es capaz de detectar diferencias en grietas marginales

entre los grupos.

3. (Ho) No hay propagacion de una grieta en el interior de la cavidad, en cavidades

con margenes no continuos (o grietas marginales).

4. (Hp) No hay diferencias en cuanto a la adaptacion marginal en restauraciones de

clase II en una sola capa con diferentes protocolos de grabado acido.

5. (Hp) No hay diferencias en cuanto a la adaptacion marginal en restauraciones de

clase II en una sola capa con polimerizacion, auto y dual.
Las hipétesis alternativas (H;) fueron:
1. (Hj) Si que hay diferencias en cuanto a la adaptacion marginal en restauraciones
de clase V con diferentes protocolos de aplicacion de acido fosforico en esmalte y

dentina.

2. (Hi) El analisis SEM es capaz de detectar diferencias en grietas marginales entre

los grupos.

3.  (Hi) Hay propagacion de grietas en el interior de la cavidad, en cavidades con

margenes no continuos (o grietas marginales).

4. (H,) Si que hay diferencias en cuanto a la adaptacion marginal en restauraciones

de clase II en una sola capa con diferentes protocolos de grabado 4cido.

5. (Hy) Si que hay diferencias en cuanto a la adaptaciéon marginal en restauraciones

de clase II en una sola capa con polimerizacion, auto y dual.
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Sclf-ctching aspects of a three-step etch-and-rinse adhesive
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Abstract
Poepee The parpose of this study is tassess e mangi

adepration of sevities estored with a three step elch and
rinse adhesive, OptiBond FL (OFL) under ditferent appli-
cation protocols.

Marerials and methods Dwenty-four class V' ocavities were

prepured with halt of the murgins located in enumel and hulf

in dentin. Cavibes were restored with OLL and o micro-
hybrid resin compasite {Clearfil AP-X). Three groups (=8}
that datered in the etching techmgue were wested with ther-
momechamicul leading, and specimens were subjected to
quantitative mizginal analysis before and afer loading, Mi
cromorphology of etching patters on enamel and dentin
were observed with SENL Duto wus evaluated with Kruskal
Wallis emit Bonfervonn post hoe wst.

Resufes Signiticantly lower percent CM (46.9+19.5) were
found afler leeding on enamel in group 3 compared te group
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{965 =5 1) and group 2 (93.1=K8.1). However. no signif-
icant differences (p=0.30) were abserved on dentin
MUrgns,

Conciusions Etching enamel with phosphoric acid but
uvoiding etching denun before the application of OIL,
uptinal margival adieplation could be oblsired, evidencing,
- el

cal relevarce A reliable adhesive mterface was
atzined with the application of the three-step etch-and-
rnse OFL adhesive with a selecave enamel etchmy. repre-
seatng un udvimiuge on restorng deep Cuvioes.

Key words Ftch and rinse - OptiBond FL - Marginal
udaprution - Class V- Lweh pattem

Intraduction

Adhesive systems cen be clussified acvording w their ewh-
ing teehnigue into eleh and vinse (F&R ) and selTetch (SEY
products, E&R adhesive systems were the first ta be inta-
duced in the market end are often considered @5 being the
udhesive system of reference |1 3.

OptiBoml FL{OFL, Kerr, Orange, €A, USA) s a
patticle-fillad, ethznol based three step E&R adhesive that
hus played an important role m achesion. reporting favor-
uble und reliuble bonding eftectiveness (4. §). Lhe superior
hording effectivenes shuver in vilio 6,

andd the resulan
clinicel performanee [5, 87 has been auribued 1o optimal
enamel inter-locking end dentin hybridizaton. g demon-
strucedd in various ulwamorphelogic interfoce unalyses |6, 7,
9] Rased onall these dats, OFL is corsiderad by some

! stardand

aulhers as the

One of the first chemical compounds thar have been pro-
posed o mprove bondmg to human deaar is the glveerol
phusphite dimetbaciylae (GPDOM) [1I0], which is an scidic

monomes containing, methacrylaed phosphonic weid esters,

and it is preseat within the composition of OFL Primer.

€1 Springer
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Due to the poor etching pattem observed on enamel when
SE adhesives are used, several studies proposed to transform
SE adhesives © E&R by adding a phosphoric acid condi-
tioning step [11-16]. However, due to the presence of
GPDM in the primer, OFL may be used as a self-etching
system when the etching step with phosphoric acid is
avoided on dentin.

Therefore, the purpose of the present study was to eval-
uate the marginal adaptation of class V cavities restored
with composite and an E&R adhesive system applied under
three protocols that differ in the use of the phosphoric acid
etching step. The null hypothesis tested was that there would
be no effect on the marginal adaptation with different appli-
cation protocols on enamel and dentin,

Materials and methods

A universal restorative composite Clearfil AP-X (Kuraray,
Okayama, Japan) and a threestep etch-and-rinse adhesive
system Optibond FL were used for this study (Table 1).
Twenty-four recently extracted sound molars were randomly
assigned o three equal groups on the basis of the etching
method used. After scaling and pumicing, the teeth were
mounted on custom-made specimen holders with their roots
at the center using a cold-polymerizing resin (Technovit
4071, Heracus Kulzer GmbH, Wehrheim, Germany). Prior
to the mounting procedure, the apices were sealed with two
coats of nail vamish. To simulate dentinal fluid flow, a
cylindrical hole was drilled into the pulpal chamber approx-
imately in the middle third of the root, and a metal tube with
a diameter of 1.4 mm was then adhesively luted using a
dentinal adhesive (Syntac Classic, IvoclarVivadent AG,
Schaan, Liechtenstein). The pulpal tissue was not removed.
This tube was connected by a flexible silicone hose to an
infusion bottle placed 34 cm vertically above the test tooth.
The infusion bottle was filled with horse serum (PAA Lab-
oratories GmbH, Linz, Austria) and phosphate-buffered sa-
line solution (PBS; Oxoid Ltd, Basingstoke, Hampshire,

UK) diluted in a 13 ratio under a hydrostatic pressure of
about 25 mm Hg. Twenty-four hours before starting the
cavity preparations, using a three-way valve, the pulp cham-
bers were evacuated with a vacuum pump and subsequently
bubble-free filled with the above solution. As of this mo-
ment, the intrapulpal pressure was maintained at 25 mm Hg
throughout the testing, i.e., during cavity preparation, resto-
ration placement, finishing, and stressing.

In each woth, a mixed class V, V-shaped cavity was
prepared using fine diamond burs (Intensiv SA, Grancia,
Switzerland), including both enamel and dentin margins.
The dimensions of the V-shaped cavities were 3.0-3.5 mm
in diameter, 2.5-3 .0 mm in height, and 1.5 mm in depth. A
slight enamel cavosuperficial margin was beveled © a cres-
cent shape with a maximum width of 1.2 mm. using an
extra-fine (15 pm) diamond bur (Intensiv SA) under x12
magnification.

The teeth were divided into three groups (n=8) that
differed in the application of phosphoric acid: group 1,
enamel and dentin was etched with 37.5% phosphoric acid
gel (Kerr, Scafati, Italy), applied for 30 s toenameland 15 s
to dentin; group 2, enamel was etched for 30 s and no
phosphoric acid was applied on dentin; and group 3, no
phosphoric acid was applied on either enamel or dentin.
Then, OFL primer was applied on enamel and dentin using
a microbrush with a continuous scrubbing motion for 15 s.
Removal of excess solvent was done by drying the cavity
with compressed air for 5 s, then OFL adhesive was applied
with a microbrush to the primed surface for 15 sand spread
with air for § s before a 20-s light curing. The cavity
preparations were d with a microhybrid resin com-
posite Clearfil AP-X under x12 magnification and light-
cured for 40 s (L.E.D. Demetron II, serial number
792026758, Kem, Orange, CA, USA) with a relative inten-
sity of 800 mW/cm® (Curing Radiometer, Demetron Re-
search, Danbury, CT, USA). The same operator performed
the restoration of all groups.

Immediately after light polymerization, finishing and
polishing of the restorations were carried out using flexible

Table 1 List of materials with composition, batch munber and sppliction mode

Matesia Companent (batch no.)

Agpplication mode

OptiBond FLL (Kers, Orange, CA, USA),  Primer (3271580 HEMA, GPDM, MMEP, water,
efunol, CQ, BHT (pH1.9)

2cording © Mine et 2l [9]

Scrub for 15 5. Gendly airdry S s

Bond (3437447): Bis-GMA, HEMA, GDMA, CQ, ODMAB, Agply $iin cat r 15 s md gendy

Filler (famed Si0,, barium alumimoborosilicate, N3, SiF,),

amrdry 5 s Lightcure for 20 s

cug)lng factor Al174 (pproximately 48 wes filled)

Clearfil AP-X (Kumray, Ok iple ingreds (lM?BA)Slhﬂ harium glss, Apply compasite and light cum for 40 5
Japan), ding  manuf: flamated colloiddl silica, sikmted silice, Bis-GMA,
recommendtions for use TEGDMA, d}-Campharquinone
yetyl methacrylate, GPDM glycerol phosphate dimethacrylate, MAMEP

Bis-GMA bqluﬂ A dyycﬁyl d:u' dnﬂnﬂ’yh, nnu 2-hrydrax
mano-2 (phato-mitiztar), BHT h(yllydmyﬁm ar buy&d llydmt)uhu or 2,6-di-
(uﬂnyl)%mdlyﬂmd (nH:nr) GDMA ﬂyani dimethacrylate, ODMAB 2
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discs (SofLex PopOn, 3 M ESPE AG, Seefeld, Germany).
Then, impressions with a polyvinylsiloxane material
(President light body, Colténe-Whaledent, Altstiitten,
Switzerland) were made of each restoration and poured
with epoxy resin (Epofix Resin, Struers, Germany) and
24 h afier gold sputtered to obtain replicas. They were
subjected to the computer-assisied quantitative margin
analysis in a scanning electron microscope (XL20, Philips
Eindhoven, The Netherlands) at x200 magnification us-
ing a custom-made module programmed with an image
processing software (Scion Image, Scion Corp, Frederk,
MA, USA [17]. For the quantitative evaluation, a
blinded and trained lab technician examined the speci-
mens. The following criteria were considered for enamel
and dentin margin analysis: percentages of perfect/con-
tinuous margins and percentages of noncontinuous mar-
gins due to the presence of pure gaps, marginal enamel
fractures, marginal dentin fractures, marginal restoration
fractures, and overhang and underfilled margins, at each
interval before and after loading.

After storage for 7 days at 37 °C in the dark, the teeth
were loaded with simultaneous rep eated thermal (<600 from
5 © 55 °C with a dwell time of 2 min) and mechanical
stresses (240,000 chewing cycles at 1.7 Hz) by an antago-
nistic natural molar cusp with a maximum load of 49 N
under the constant simulation of dentinal fluid flow accord-
ing to a protocol described before by Krejci etal. [18]. After
thermomechanical loading, the teeth were cleaned with
toothpaste, rinsed with tap water, and impressions were
taken again in order to perform the marginal replicas for
SEM analysis after loading.

To qualitatively assess the self-etch pattern obtained
with the different techniques, intact caries-free extracted
human molars were selected. The crowns were sectioned
perpendicular to their longitudinal axis above the roof of
the pulp chamber using a precision slow-speed diamond
saw (Isomet, Buechler Ltd., Evanston, IL, USA) under
water cooling, to obtain a flat surface of dentin sur-
rounded by enamel Then, two grooves perpendicular to
the flat surface were performed so that the surface could
be divided into three sections. A metal matrix was fixed
into each groove in order © achieve three separate flat
surfaces that would not be contaminated by the different
etching procedures. The first third was etched with
37.5 % phosphoric acid gel applied 30 s to enamel
and 15 s to dentin. After water rinsing and slight drying,
OFL primer was applied to enamel and dentin for 15 s.
On the second third, only OFL primer was applied, and
the third control part was included without phosphoric
acid or primer treatment. Fixation was performed by
immersing the specimens in 2.5 % glutaraldehyde in
0.1 M sodium cacodylate buffer (pH7.4) for 12 h at
4 °C. After rinsing with sodium cacodylate for 1 h in

three different baths and then in deonized water for
I min, dehydration was performed by immersing the
specimens in ethanol with increasing concentrations
(50, 70, 90, and 100 %) and transferred to HMDS and
allowed air-dry for 10 min [19].

Specimens were gold sputtered and observed in a scan-
ning electron microscope at x1,000 magnification (XL20,
Philips, Eindhoven, The Netherlands).

Statistical analysis

In some groups, data of marginal adaptation was not nor-
mally digributed, as proved by Shapiro-Wilk test and there-
fore evaluated with Kruskal-Wallis and Bonferroni post hoc
test. The level of confidence was set to 95 %. We used a
one-way Bonferroni to assess whether there were significant
differences between experimental groups both before and
after loading on enamel and dentin margins.

Results

Percentages of continuous margins (%CM) before loading
are shown in Table 2. No significant differences between
groups were observed at dentin margins (p=0.33). However,
on enamel marging significantly lower %CM (802=10.1)
were observed before loading in the group without phos-
phoric acid etching.

After loading (Table 3), significantly lower %CM on
enamel margins (46.9=19.5) were observed in group 3,
without phosphoric acid etching, in comparison t© group 1
(96.5£5.1) and group 2 (93.1=8.1). Interestingly, the results
on dentin were not statistically different (p=0.30) for the
three groups.

Figure la and b rep the p tage of
uvous margins due 0 enamel fractures or pure gaps afier
loading. It can be observed that while the percentage of
enamel fractures was similar in the three groups, a signifi-
cantly higher percentage of pure open gaps was observed in
the group in which phosphoric acid etching was avoided,
indicating the absence of adhesion at this level

Representative SEM images of enamel and dentin mar-
gins are presented in Figs. 2, 3 and 4 for the three groups.

The micromorphology of enamel and dentin surfaces
after the different treatments is presented in Figs. 5 and 6.
On enamel (Fig. 5), the best morphology was achieved
when phosphoric acid was applied on the surface. On dentin
(Fig. 6), while the morphology of the surface was quite
similar for both OFL primer and H,PO, treatment, we
observed that in the surface treated with OFL primer, tubule
openings were less evident, and some of them were still
covered by smear layer, suggesting that the primer was less
aggressive compared to phosphoric acid etching.

&) Springer
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Table 2 Percentage of conti
ous margins (6OM, menn + %CM emamd before kading p~0.012 %CM dentin before loading p~0.984
standard deviation ) of each
group before boading on enamel Group 1 (H;PO4 E&D+OFL) 975441 A 894486 A
:ﬂ dﬂﬂ;-l-wd- m: bY  Growp 2 (H;PO4 E+OFL) 8994145 AB 894109 A
e same letter are statis y
similar and apply ® cach colamn Growp 3 (OFL no H;PO.) 802+10.1 B 90.1+166 A
Discussion judge on the clinical perft ofa These

Based on recommendations of the American Dental Asso-
ciation for dentin and enamel adhesives, we performed class
V restorations on noncarious teeth because of the following
reasons [20]. The lesions do not have any macromechanical
retention, and they have a small C-factor, which plays an
important role in the performance of the adhesive system.
Class V restorations may include margins on enamel and
dentin with no major difficulties in cavity preparation, thus
minimizing the operator factor variable and providing an
appropriate location for the restorative and evaluation
procedure.

One of the main objectives in adhesive restorative
dentistry is to obtain a reliable and durable bonding
interface creating restorations with clinical longevity,
trying o avoid future leakage, recumrent caries, or pulpal
imritation. Therefore, the simulation of oral conditions by
thermomechanical loading, together with dentinal fluid
simulation, assessing the marginal adaptation may serve
as an appropriate model for the in vitro evaluation of
adhesive systems [17, 18, 21]. Nevertheless, in vitro
evaluati of ginal adaptation have been severely
criticized in the last years, mainly due to the common
belief that retention loss (and not the presence of mar-
ginal defects) is the most obvious sign of failure of an
adhesive system [22]. However, it is known from the
previous literature that clinical failure of restorations
occurs most often due to inadequate sealing, with sub-
sequent discoloration of the cavity margins, than due to
restoration loss [23]. M , the criterion marginal
adaptation (together with cavosurface marginal discolor-
ation, color match, anatomic form, and caries) is part of
the US Public Health Service or Ryge guidelines to

guidelines are by far the ones that had the greatest
scientific impact in dentistry since their creation several
decades ago [24]. Thus, it is difficult to explain the
reason why marginal integrity is a widely accepted test
when it is used in vivo and so criticized when it is used
in vitro. Furthermore, Frankenberger et al. [25] reported
that even if marginal integrity is only one among sev-
eral factors, responsible for clinical success or clinical
failure over time, thermomechanical loading and mar-
ginal analysis may be the in vitro test that is closest to
the clinical situation. These authors reported that when
high percentages of gap-free margins are observed in
vitro, it could be ed that the linical
behavior regarding marginal quality will not be prob-
lematic. This assumption was confimed in a recent
study [26], in which a comelation was observed between
in vitro marginal adaptation and clinical outcome of
class V restorations, when the same restoraive compos-
ite was used in both in vitro and in vivo tests, justifying
why in our smdy the primary criterion of evaluation
was the percentages of continuous or gap-free margins,
in class V cavities restored with the same composite
resin,

Bond formation to enamel has proved reliable since
B [27] & rated that phosphoric acid etching
increased resin-enamel bond strengths. Since then, several
publications confimed this assertion [11, 28-30]. Creation
of a bond to dentin is more complicated due ©o the compo-
sition of the dentin substrate, presence of collagen, water,
and smear layer deposition.

While several studies have transformed an SE adhe-
sive to an E&R [11-16] by adding a phorphoric acid-
etching step, there is not much literature evaluating a

ion’s

Table 3 Percentage of conti gins (%CM, i) afier loading on enemd and dentin
%CM enamel afier kuding p<0.001 %CM dentin afier loading p=0.305

Group 1 (H,PO, E&D+OFL) 965451 A 8334116 A

Group 2 (PO, E+OFL) 93.148.1 A 6874251 A

Group 3 OFL no H,PO,) 4941958 6974225 A

Levels comected by $he same leter are statistically similer and apply © cach column
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selective enamel etching for a three-step E&R adhesive
system. The %CM after loading (Table 3) were signif-
icantly higher when enamel was conditioned with
HiPOs previous o the application of the primer (96.5

Rk Mo p————f 10040
F0W X0e

Fig. 2 SEM wofm 1 (PO E&D+OFL), showing contin-
wous adhesive i enamel (E), adhesive systam (AS5), and
composite (RC) (magnification, x200)

Fig.3 SEM image of group 2 (H;P04 E+OFL), showing 2 continuous
masgin between dentin (D), adhesive system (45), and compaosie (RO)
(magnification, x200)

=5.1 and 93.1£8.1) with respect to the group in which
H3PO4 was avoided (46.9£19.5). This is in agreement
with similar findings that have been reported in the
literature [11, 31]. These better results on enamel were
due to an enhanced mechanical interlocking resulting
from the use of HyPOs as shown on Fig. 5, which has
a low pH. GPDM was probably not acidic enough to
properly etch enamel, explaining why the %CM afier
loading on enamel was below 50 % (46.9£19.5). More,
pure marginal gaps were observed when H3PO4 was
avoided (Fig. 1b), showing a clear lack of adhesion at
this level. Therefore, the null hypothesis was rejected
for enamel margins.

Etching dentin with phosphoric acid did not improve
significantly marginal adaptation either before or after
loading; indicating a self-eching effect most probably
due to the presence of the acidic monomer (GPDM)
within the composition of OFL primer. These findings
led to accept the null hypothesis on dentin. Nevertheless,

Fig. 4 Group 3 (OFL no H3POy), SEM image with 2 noncontinuous
mamgin observing 2 open g (@row) between enamel (E), adhesive
systan (45), md composite (RO) (megnification, *200)

£ Springer
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Fig.5 SEM micrographs (%1,000) of enamd original surface without
treatment (a), afier H,PO, exching (b), and afier $e application of OFL

Fig. 6 SEM micographs (*1,000) of dentin arigimal surface without
(a), =fter H, PO, exching (b), and afier ieapplication of OFL

primer (¢} See that micomarphology of enamel is clearly visible in b,
that is, affer acid conditioning with phospharic add

greater amount of vanability in the bonding results were
obtained in groups 2 and 3 compared © group 1. This may
indicate that although there may be a self-etch effect from
GPDM, it may not be asreliable as phosphoric acid. However,
acid-etching deep dentin could have deleterious effects, justi-

fying why some authors even recommend t© avoid this pro-
cedure [32]. Phosphoric acid etching of cavities approaching
the pulp may induce a moderate inflammatary response or
pulpal imitation [33, 34]. Avoiding phosphoric acid etching of
dentin thereby reduces the technique sensitivity of etch-and-
rinse adhesives. Therefore, eliminating as many steps as pos-
sible in the bonding protocol could increase the efficiency of

£ Springer

puuz(c).Nadun-dmnupnnly«wcadtyuh)u'm
b, dentinal mbules are completely openad, and in ¢, dentinal tubules
nthwthe&aofhncdcmmlm the exching
paem boaks less aggressive i theone obtxined with H,PO, exching

the procedure and would reduce technique sensitivity, as
shown in the literature [3 5].

Because the effect of additional water storage was not
assessed in the present study, it is not possible ©o know how
these adhesive interfaces will behave when confronted by
prolonged hydrolytic degradation. A previous study [36]
tested the same adhesive system and found a significant
decrease in bond strength from 1 © 6 months of water
storage. These authors explined their findings by a combi-
nation of collagen and resin degradation within the hybrid
layer. It is possible that due to the use of H;PO, on dentin
and then the application of the mentioned acidic primer,
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dentin was in fact eiched “twice.” The type of acid used
to demineralize deep coronal dentin may significantly
affect the quality of such bonding interface [37]. Phos
phoric acid etching idersbly i dentin perme-
ability as shown in the micromorphology in Fig. 6 and
thus monomer diffusion into the pulp producing cyiotox-
icity. It is well known that inadequate etching procedures
with a collapsed collagenous fibrillar network can de-
crease up to 90 % of the maximal level of bond strength
values [38]. In this sense, additional studies are being
performed by our research group in order © evaluate the
hydrolytic degradation of these interfaces afier long-term
water storage.

Condlusions

Within the limitations of the present study, it can be con-
cluded that when bur-prepared class V cavities were re-
stored with the use of Optibond FL adhesive with selective
1 eching, high per of continuous margins
were observed on dentin being not significantly different
with the etch-and-rinse application procedure. These results
might be due to a self-etching effect of the primer, owing to
the presence of an acidic monomer within its composition.
However, marginal adaptation on enamel was still enhanced
by exching with phosphoric acid.
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Abstract

Objective The objective of this study was to analyse the fail-
ure mode o fadhesive interfaces by comparing OCTand scan-
ning electron microscope (SEM) analysis of class V restora-
tion margins located on enamel and dentin.

Materials and methods Three groups were tested that differed
in the application of a 3-step etch-and-rinse adhesive system
(OptiBond FL) prior to cavity filling with restorative compos-
ite resin (Clearfil AP-X). After tooth restoration and polishing,
the samples were loaded in a fatigue machine, and adhesive
interfaces were evaluated with OCT and SEM.

Resuits Important and complementary information could be
obtained with OCTanalyss in respectto how marginal defects
can propagate inside the cavity, compromising the restora-
tion’s long-term performance. A self-etching effect was ob-
served with OptiBond FL due to the presence of an acidic
primer (GPDM) within its composition. Our results could
show that areas of bonding and gaps coexisted within the
same restoration.

Conclusions When marginal imperfections, or non-
continuous marging were detected by SEM, ako imperfec-
tions beneath the surface could be observed at the woth-
restoration interface with OCT. Restoration loss occumed

T. Barwlogo (00) - I Krejei

Division of Cariology and Endodontics, University Clinic of Dental
Madidne, Univessity of Geneva, Rue Brfidany Memn 19,
CH-1205 Geneva, Switzedand
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1. Behillo

above the borderline of 50 % of marginal gaps on enamel
and dentin.

Qlinical relevance Marginal discrepancies of adhesive resto-
rations can propagate inside the cavity and lead to restoration
loss.

Keywords Quantitative margin analysis - Scanning electron
microscope - Optical coherence tomography - Bond
degradation

Introduction

Both in vito and in vivo evaluations of restoration margins, as
an indicator of the effectiveness of a restorative matenial or
technique, have been the subject of numerous publications
[1-7]. In vitro evaluation of marginal adaptation is based on
the fact that by identifying defects at the tooth-restoration
interface, an early sign of adhesive failure is already affecting
the restoration before catastrophic failures like restoration loss
can occw. In vivo, marginal adaptation is one of the factors of
the United States Public Health Service (USPHS) criteria to-
gether with retention, staining, marginal discoloration, surface
roughness and sensitivity that is used in most clinical studies
0 judge on the restoration’s clinical success [7, £]. In a recent
study, a high comrelation was observed between clinical and
laboratory data of marginal adaptation provided that the same
restorative material is considered in both in vitro and in vivo
[9]. Therefore, the clinical behaviour of restoration

otadi
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margins can be predicted on the basis of in vitro tests on
marginal integrity, like shown by Frankenberger and co-
workers [10].

However, the relationship between marginal integrity
alone and the restorations” clinical outcome seems to be far
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more complicated to demonstrate. One reason may be that in
clinical studies, frequent observation periods are of three
years, which is too short if we consider that in most cases
dentists replace existing class V restorations due to the diag-
nosis of secondary caries [11] and that failures due to second-
ary caries are usually observable after § years of the restora-
tion’s clinical service [ 12]. This is the main reason why some
in vitro research methodologies have attempted to simulate a
S-year period of clinical function, © compare then the quality
of the restoration immediately after placement and after these
5 years of “simulated clinical service™ and be able to predict
the fatigue resistance and long-term performance of that res-
toration [ 13-16].

In the context of marginal integrity, the width and depth of
the marginal gap, rather than its solely presence, is cliimed as
a more significant factor to predict the restoration’s clinical
outcome [9]. One limitation of i i P
(SEM) guandtative margin analysis is that the presence of
marginal gaps is detectable on the restorations’ surface, with
no additional knowledge on how much this gap can propagate
through the adhesive interface inside the cavity. The detection
of a marginal gap is, very likely, the first sign o fearly failure at
the restoration’s adhesive interface and in this sense, it might
be of interest to gualitatively analyse restorations with mar-
ginal defects to see if the gaps that occur on the surface, prop-
agate or not inside the cavity.

Optical coherence tomography (OCT) is an interferometry
imaging technique that maps depth-wise reflections of near-
infrared light from tissue to form cross-sectional images of
morphological features at the micrometer scale [17]. Itis a
high-resolution analysis that enables the visualization beyond
the surface, without entering into contact with the tissue of
interest. Several smudies have used this technology in theden-
tal field © judge on the intemal adaptation of fissure sealants,
class I cavities, defects inside the mass of composite restora-
tions and degree of demineralization of caries-affected dentin
[18-22]. However, no study has assessed the effecto fmargin-
al gaps on gap depth, justifying why the present investigation
can add interesting information to the existing literature.

Therefore, it was the purpose of this study to determine
whether marginal adaptation is, or not, a superficial phenom-
enon without any influence of adaptation on depth of the cav-
ity. The null hypotheses tested were that 1) SEM analysis
would not be able to detect differences in marginal gaps
amongst groups and that 2) In cavities with non-continuous
margins (or marginal gaps), there would never be a gap prop-
agating inside the cavity.

Materials and methods

The adhesive materials used in this study consisted of a 3-step
etch-and-rinse adhesive (OFL: OptiBond FL, Kerr, Orange,

& Springer

CA, USA, batch numbers 3271580 and 3437447) and a
microhybrid composite resin (Clearfil AP-X, Kuraray, Okaya-
ma, Japan, batch number 01067B). The application mode of
the adhesive system determined the three testing groups: in gr
1, enamel and dentin were etched with 36 % phosphoric acid
(H3;PO) prior to the application of the adhesive system, in gr
2, only enamel was etched with HiPOy and in gr 3, no etching
with HyPO, neither on enamel nar on dentin was performed
before the application of OFL primer and bond.

Twenty-four caries-free human molars stored in 0.1 %
thymol solution after extractions were used for the exper-
iment. After scaling and pumicing, the teeth were mounted
on custom-made specimen holders with their roos in the
centre using a cold-poly g resin (Technovit 4071,
Heracus Kulzer GmbH, Wehrheim, Germany) and then
randomly assigned © the three above-mentioned expen-
mental groups. Prior to the mounting procedure, the apices
were sealed with two coats of nail vamish. To simulate
dentinal fluid flow, a cylindrical hole was drilled into the
pulpal chamber approximately in the middle third of the
root and a metal tube with a diameter of 1.4 mm was
then adhesively luted using a dentinal adhesive (Syntac
Qlassic, IvoclarVivadent AG, Schaan, Liechienstein). The
pulpal tissue was not removed. This twbe was connected
by a flexible silicone hose to an infusion bottle placed
34 cm vertically above the test tooth. The infusion bottle
was filled with horse serum (PAA Laboratories GmbH,
Linz, Austria) and phosphate-buffered saline solution
(PBS; Oxoid Lid, Basingstoke, Hampshire, England) dilut-
ed in a 1:3 ratio under a hydrostatic pressure of about
25 mm Hg. Twenty-four hours before starting the cavity
preparations, by using a three-way valve, the pulp cham-
bers were evacuated with a vacuum pump and subsequent-
ly bubble-free filled with the above solution. As of this
moment, the intrapulpal pressure was maintained at
25 mm Hg throughout the testing, ie. during cavity prep-
aration, restoration placement, finishing and stressing.

One U-shaped standardized class V cavity was prepared on
the buccal surface of each test tooth with half of the margins
located on enamel and half on dentin. Fine diamond burs
(Intensiv SA, Grancia, Switzerland) were used under contin-
uous watercooling. The dimensions of the V-shaped cavities
were 3.0-3.5 mm in diameter, 2.5-3.0 mm in height and
1.5 mm in depth. The margin on enamel was bevelled to a
crescent-shape with a maximum width of 1.2 mm. The entire
cavity was finished using 15 pm finishing diamond burs
(Intensiv SA). Then, the cavity preparations were checked
for marg inal imperfections such as fractures or chipping under
an optical microscope (Wild MS, Wild AG, Heerbrugg, Swit-
zerland) at x 12 magnification and comected if necessary.

Afier the different etching protocols, OFL was applied in
all groups following manufacturers’ instructions. A fier place-
ment and light-curing of the adhesive system by using a LED
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source (L.E.D. Demetron I, Serial No: 792026758, Kert, Or-
ange, CA, USA) with a relative intensity of 800 mW/cm®
(Curing Radiometer, Demetron Research, Danbury, CT,
USA) Clearfil AP-X was inserted into the cavity in two layers,
the first layer being placed cervically up to one half of the
cavity and the second layer occlusally, filling the other half
of the cavity. Both layers were light-cured for 40 s each Im-
mediately after polymerization, the restorations were finished
and polished by using flexible aluminium oxide discs with
different grain sizes (SofLex PopOn, 3M ESPE AG, Seefeld,
Gemany). The final polishing was checked using an optical
microscope under x 12 magnification and cormrected if neces-
sary. The same operator performed the restorations of all three
groups.

After torage in the dark in 2 0.9 % saline solution at 37°C
for one week, the restored teeth were loaded in a computer-
controlled chewing machine [23]. Thermal and mechanical
loading was applied simultaneously. Thermal cycling was car-
ried out in flushing water with ®emperatures changing 600 x
from 5 to 50 °C with a dwelling time of 2 min each. The
mechanical stress comprised in total 240,000 load cycles
transfermed 10 the centre of the occlusal surface with a frequen-
cy of 1.7 Hz and a maximal load of 49 N applied by using a
natural lingual cusp taken from an extracted human molar.
The rationale for using 240,000 instead of 1.2 million load
cycles was to diminish testing time; if 240,000 cycles were
enough to induce a decrease of marginal adaptation, then the
fatigue test was stopped and samples were removed from the
chewing simulator. Simulation of dentinal fluid flow was per-
manently maintained throughout the loading procedure.

Immediately after loading, the teeth were cleaned with ro-
tating brushes and toothpaste. Then impressions with a
polyviny kiloxane material (President light body, Colténe-
Whaledent, Altstitten, Switzerland) were made of each resto-
ration. Subsequenty, goldcoated epoxy replicas were pre-
pared for the computer-assisted quantitative margin analysis
in a SEM (XL20, Philips, Eindhoven, Netherlands) at x200
magnification [24]. The marginal quality, expressed in per-

ntages of non-conti margins (% NCM), was reported
for enamel and dentin margins separately. SEM micrographs
were procured from representative samples of each group.

Cimus HD-OCT (Carl Zeiss Meditec AG, Jena, Germany)
is mainly used in the ophthalmologic field for in-vivo view-
ing, axial cross-sectional and 3D imaging and measurement of
anterior and posterior ocular structures. Specifications about
this OCT are the following: Spectral domain OCT, Optical
Source: super luminescent diode (SLD), 840 nm, optical pow-
er: less than 725 uW at the cornea, scan speed: 27,000 A-scans
per second, A-scan depth: 2.0 mm (in tissue), axial resolution:
5 microns (in tissue), transverse resolution: 15 microns (in
tissue), frame rate: more than 20 Hz. It is a computenized
instrument that acquires and analyses cross-sectional and
three-dimensional tomograms by using spectral domain

optical coherence tomography (SD-OCT). The light source
an 840-nm super luminescent light emitting diode (SLD).
Light returning from the sample is combined at the detector,
which is a spectrometer in SD-OCT. The spectrometer re-
salves the interference signals throughout the depth of each
A-scan immediately by means of a Fourier transform [25]. In
order to analyse anterior ocular structures, the software pro-
poses two techniques: Anterior Segment Cube 512x128 and
Anterior Segment 5 Line Raster. To scan tooth structures, both
scanning modes were tested in a pilot study and due to a
superior quality ofimage; the first scanning mode was select-
ed as tooth scanning method. This scan mode generates a
volume of data through 4-mm square grid by acquiring a se-
ries of 128 horizontal scan lines each composed of 512 A-
scans. It also acquires a pair of high definition scans through
the centre of the cube in the vertical and horizontal directions
that are composed of 1024 A-scans each. The additional ad-
vantage of this scanning mode is that it can create a 3-D image
of the data. Fordata acquisition, each tooth sample was posi-
tioned on the right chin rest with a custom-made support, and
the restoration was placed parallel to the imaging aperture so
that the scanning beam could be oriented at about 90 ° in
respect © the restorations” surface. By using the X-Y controls
1 move the chin rest, the tooth was displaced until the resto-
ration was visible in the iris viewport (Fig. 1). Then, the dis-
tance between the restoration and the imaging aperture was
adjusted with the mouse scroll until the tooth-restoration in-
terface was seen in the OCT scan display. By clicking on the
capture button, the data was acquired and the image saved.
Cervico-occlusal images were obtained from each tooth sam-
ple, and a 3D reconstruction of the cavity was also possible.
Five OCT images from each sample were selected and quan-
titative data ofhigh scattering areas along the internal enamel-
resin interface could be obtained by using a ing sy

with the following scale: 0, no visible infiltration; 2, infiltra-
tion not reaching the enamel-dentin junctiory 3, infiltration
exceeding the enamel-dentin junction; and 4, restoration loss.

Scam pattern

Class V restoration

Imaging aperture
(black hole)

Fig. 1 Sample posisoning in front © the imaging aperare of e OCT
device. The scan pattern (yellow bax) is positoned in fiont of the
restaration before image acquisition. Blue fnc and sice number
indicte curent fast Bsan (X shice) seen in top saan viewpart; magenta
fne md sbhoe number mdicate current slow B-scan (Y slice) seen
middle scan viewpart
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- . a Gr.1.%NCM of enamel and dentin
Susisical analysis margins from each sample
Statistical analysis was performed with SPSS 14.0 for Win- 'gg [
dows. Differences amongst the three groups on enamel and 80
dentin margins were tested with nonparametric Kruskal- 70 -
Wallis and post hoc test at a level of confidence of 95 %. o g
40 “D

Results

The results of SEM margin analysis afier thermo mechanical
fatigue stress, expressed as the mean percentages of marginal
gaps or non-continuous margins (Y%NCM) for each group, are
detailed in Fig. 2. No significant differen ces on den tin margins
were detected between the groups. On enamel marging sig-
nificant differences between groupswere observed in percent-
ages of marginal gaps. Significantly higher %NCM were ob-
served at the resin-enamel interface of gr 3 (53.1£19.5, no
etching with phosphoric acid on both enamel and dentin sub-
strate) when compared to gr 2 (6.9= 8.1 %NCM, enameletch-
ing with phosphoric acid only on enamel)and 0 gr 1 (3.5=5.1
%NQM, standard application of OptiBond Fl, that is, phos-
phoric acid applied on both enamel and dentin).

The results (%NCM) of each sample (1 to 8) belonging to
groups 1,2 and 3 are detailed in Fig. 3a—<, respectively. With-
in the same group, results of marginal gaps on enamel and
dentin were nat homogeneous. Some samples presented high
% of marginal gaps on enamel and low % of marginal gaps on
dentin, and vice versa. In respect © restoration loss, one class
V restoration (Fig. 3¢, sample 3) was lost during the experi-
ment; this restoration presented above 50 % of non continuous
margins (NCM) on both enamel and dentin margins (Fig. 3¢
(sample 3) and Fig. 5).

The results of the OCT analysis are shown in Fig. 4 for
enamel margins of the two test groups gr 2 and gr 3. The

% of non continuous margins

after loading

100 1 v

L

s % “r
a0 “p
20 l‘ )

o “ v v

GR1 GII’.‘ l".llfi
Fig. 2 P of ofer & h

loading in ’mp 1 (";?Oaﬂdlmu:-nel-ddnn before the
application of OFL), gr 2 (H,PO, ach anly on enamd before the
application of OFL and gr 3 (OFL applied on emamel and dentin
without previous H;POy exch). Diffemnces between groups on enamel
ax described in lower case legiers (a, b), and diffesences between groups
on dentin in ypper aase lesers (A)

£ Springer

30 ¢

20
10 -
0

b Gr.2.9NCM of enamel and dentin
margins from each sample

100

C Gr. 3. %NCM of enamel and dentin
margins from each sample

3 P -~ ins afier & ham
hh;d'uh-ngtnml(.),p@(h)d,)(:).&:d:
differences baween samples from $he mame gouwp, demonstmting the
vmdnhyafthewdh substrate. Note sampk 3 from g 3 (),

of o ins were above S0 % on emamel
ndhl:“mk-wodyd—wedont-lm

control group (gr 1) was excluded, as it was not significantly
different from gr 2. The group with less % of marginal gaps on
enamel (gr 2: 6.928.1) also presented significantly more per-
centages of “no infiltration™ along the intemal resin-enamel
interface (Fig 4, left bar, blue score), indicating that when less
marginal gaps were observed on enamel margins, less infiltra-
tion was observed beneath the restoration as well.

Gaps that propagated inside the cavity were significantly
more frequent in specimens that presented high percentagesof
marginal gaps Said differenty, gr 3 presented the lowest per-
centage of “no infiltration™ beneath the margins (Fig. 4, left
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Fig.4 Gap propagation bmenth
the msontons of each growp
hased on the scaring systam. See
that gr 2 presented the highest
percentages of «mo infilrations
beneath hemargins (loff har, hiue
score), contrasily to gr 3 the
presenied the lowest percentages
of non infilkrated masgins (lof

SRR EEREREE

*Gr 3 (no enamel ctch)
%Gr 2 (enamel etch with HIPO4)Y

Inf not Inf restoration

Infiltration  reaching  exceeding loss

bar, red score); at the marginal level, this group also presented
the highest % of marginal gaps (53.1£19.5), indicating that
when more marg inal gaps were observed on enamel margins,
more infiltration was observed beneath the restoration as well.

The most negative factor influencing restoration survival
was the presence of high percentages of non-continuous mar-
gins (Fig. 2) together with incipient infiltrations beneath the
restoration, i.e. infiltrations not reaching the enamel-dentin
junction, as it could be observed in gr 3 in respect to gr 2
(Fig. 4, 2nd bar from the left, red score). This was the only
group in which resworation loss occurred (Fig. 4, right bar, and

Fig. 5).

Imp diffi in phology could be alo
observed between OCT scans from samples with low and high
% of non-continuous ins. Conti and low

scattering areas were characteristic from gr 1 (Fig. 6).
Figure 7a, b show how marginal and internal gaps were ob-
served with SEM and 2D and 3D OCT scans, respectively.

Discussion

Under function, both chemical and mechanical stresses can
result in an alteration of the tooth-restoration interface with
time. Proliferation of surface and subsurface flaws may be
one major mechanism inwolved in the mechanical property
changes of this interface [26]. Both null hypotheses of the
present study could be rejected; SEM analysis could detect
differences in the percentage of marginal gaps between
groups, and in cavities with noncontinuous margins, also
gaps propagating inside the cavity could be easily observed
with OCT.

Scanning electron microscope margin analysis is a well-
known method for the evaluation of adhesive resworations

junction

the ED the ED
junction

and considered the setup closest to the clinical situation [27].
Nevertheless, SEM diagnosis based on gold-coated replicas is
an expensive and time-consuming way of evaluating dental
restorations [27]. It also suffers from both sampling and inter
observer varisbility. Interestingly, the medical field is also
confronted to this problem; for instance, pathological diagno-
sis from histological sections has alsoa certain degree of un-
certainty due to sampling variability. The analysis by itself is
highly dependent on the pathologist’s experience, and this is
why the diagnosis p is expent-based, rather than
evidence-based [17]. This has been one major reason why
non-invasive optical diagnosis techniques are increasingly
used in the medical field.

Optical coherence tomography (OCT), as an imaging
method, is based on a classical measurement technique known
as low-coherence interferometry that enables non-invasive,
high-resolution, in vivo, two- or three-dimensional cross-sec-
tional imaging of microstructural morphology in transparent
and non-transparent biological tissue in situ [28]. The device
used in the present study is basically conceived for ophthal-
mologic use. It acquires 27,000 scans per second with a reso-
lution of around 5 microns for in-vivo viewing, axial cross-
sectional, and 3-dimensional imaging and measurement of
anterior and posterior ocular structures. Taking into consider-
ation that the presence of a marginal or intemal gap is a 3D
phenomenon, the OCT used in this study enabled the 3D vi-
sualization analysis of the entire margin. This is an additional
advantage because the entire tooth sample can be observed in
a short amount of time without any additional preparation.

The same composite resin and adhesive system was used in
the three groups. The same operator performed all restorations
as well; therefore, the only variable was the application mode of
OFL. This would enable us to see differences in gap formation
that depended on how the adhesive system interacted with
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p——] 100m

Restoration loss

Fig.5 Sample fiom gr 3. SEM micrographs of enamel (a) and dentin (b)

afier th hanical loxding. See fhe pmsence of gaps dlong the

margin lengéh (@rous). OCT scan () of e same ot sample con fiTming restomtion kssbefare OCT malysis. R Cresin compasite, E enamel, D dentin

enamel and dentin. The finding that marginal gaps on |
were significantly higher when phosphoric acid exch was
avoided (gr 3) i confimatory of those of other research groups
[29] and might be due to a poor etch pattem on enamel This
was the group in which the maximum of marginal openings
was observed. OCT analysis of the same margin showed high
scattering areas that propagated inside the cavity and were
interpreted as intemal openings. The depth of the gap was var-
iable and sample-dependent, however, the 3D visualization of
the entire restoration permitted us to comoborate that with
higher % of NCM,; the depth of the gap also increased. Water
uptake favoured by open margins may accelerate matrix

£ Springer

degradation by abrading more the surface, increasing the sur-
face area and allowing greater ingress of both water and en-
zymes [26].

However, marginal gaps on dentin were not increased
as expected when phosphoric acid was avoided (gr 2 and
3). This might be due to the presence of an acidic mono-
mer, glycerophosphoric acid methacrylate (GPDM), with-
in the composition of the primer of OptiBond FL that
favoured dentinal adhesion even without etching with
phosphoric acid. This study could show, once again, that
the performance of adhesive systems depend on their
composition and not on their category (etch-and-rinse or
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Fig. 6 Sample from gr 1. SEM micogmphs of eramd (a) and dentin (b)

<
AceV Magn' |y 100
200 WY 200

mreas are almost non existent at the tooth-estoration mierface, which

margns. Contimuous or gap-free masgins can be observed along themar
ginlengh. OCT san of the same tooth sample (c), see $hat high scttesing

self-etch) or number of steps. The present findings
showed that the socalled gold-standard 3-step etch and
rinse adhesive, OptiBond FL, behaves also as a self-
exching adhesive system [30].

To determine if high scattering areas that propagated from
the composites surface inside the cavity were due to light
distortion or to the real presence of gaps, samples with and
without marginal gaps belonging to the same group were ob-
served under OCT for comparison. Brighter and wider white
lines could be observed along the resin-tooth interface o fsam-
ples with high % of NCM (Fig. 7); these lines could be hardly
observed or were even absent from the samples with gap-free
margins (Fig. 6). Therefore, our OCT observations are in line

indi hat no gaps e detected inside the retoration as well. RC =sin
mposite, E enamel, D dentin, ED.J enamel dentin juncion

with those of a recent study [22] and white areas at the adhe-
sive interface did not represent reflection artefacts but the real
presence of gaps inside the restoration.

Finally, the 3D scans showed that gap and gap-free adhe-
sive interfaces coexisted within the same cavity, confirming
the early findings of Shono and co-workers [31] inrespect to
how inhomogeneous enamel and dentin substrate and there-
fore, resin-dentin bonds, can be. This means that within the
same cavity, areas of good bonding and adhesive gaps can
coexist without compromising restorations’ retention. The
statement of Van Landuyt et al [32] that clinical failure of
restorations occur more ofien due © inadequate sealing, with
subsequent discoloration of the cavity margins, than due to
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4 Fig. 7 a Sanplk from group 2. SEM micmgraphs of enamel (a) and
dentin (5) margins. See tha open magyins (@row) can be cbserved
several sites akn g the margn lengéh. Lower OCT scan of the same o
-n;&(c),nedﬂh@mug-:;nm;knglhn!
memal voth. tat the marginal gap
Mu&&ﬁ&my-w].bOCI'JDsmnm(a)
-dctbr@)lukdmulq*ﬁm’?.kd:wlﬂaiqn
nhgu: erface (@rmow) @ ng the pr of 2 gap bencath the
wn. RC resin e, E enamel, D dentin

restoration loss, could be confimed in the present study as
interface defects (marginal and intemal gaps) were mare fre-
quently observed than lost restorations.
Marginal gaps could be interpreted as an early sign ofres-
toration failure. Meanwhile, only one restoration was lost that
presented above 50 % of marginal gaps on enamel and dentin
(Fig. 5). Possibly, hydrolytic degradation is accelerated under
the presence o fmore than 50 % o fmarginal openings on both
enamel and dentin margins, increasing the probability of fail-
ure due to restoration loss. In addition, the OCT data of gr 3
con fimed that marginal openings also propagated beneath the
restoration, evidencing that restoration loss strongly depends
on the time needed for an infiltrated marg in to propagate along
Nevertheless, and despite this evidence, the scientific liter-
ature has still not found an answer to the question of which is
the minimum percentage of marg inal adaptation necessary to
ensure restorations’ retention. The point is if this question
provides with relevant information. According to the results
of this study, the more the presence o fmarginal gaps, the mare
the presence of gaps beneath the restoration. Moreover, mare
than 50 % of open margins on enamel and dentin might com-
promise the restorations” retention on the long-term. But the
best scenario a restoration can find is 100 % of continuous
margins because then a perfect seal between tooth and resto-
ration can be guaranteed. Therefore, attaining 100 % of con-
tinuous margins or 0 % of marginal gaps should be a better
predictor of restorations” performance at an early stage of
function before catastrophic failures like restoration loss oc-

Clearfil APX, the presence of marginal gaps could be consid-
ered as an early sign of adhesive failure that on the long term,
led to restoration loss if more than 50 % of marginal openings
were detected on enamel and dentin margins of class V
restorations.
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Abstract
Objectives: This study attempted to find a simple adhesive restorative technique for class I and II cavities on pos-
terior teeth.

Study Design: The tested materials were a self-etching adhesive (Parabond, Colténe/Whaledent) and a dual-cure
composite (Paracore, Colténe/Whaledent) used in bulk to restore the cavities. Class II MO cavities were performed
and assigned to 4 groups depending on the orthophosphoric acid (H,PO,) conditioning of enamel and polymeriza-
tion method used (chemical or dual). Specimens were subjected to quantitative marginal analysis before and after
thenmo-mechanical loading.

Results: Higher percentages of marginal adaptation at the total margin length both before and after thermo-mecha-
nical loading, were found in groups in which enamel was etched with phosphoric acid, without significant differen-
ces between the chemically and dual-cured modes. The restorations performance was similar on enamel and dentin,
obtaining low results of adaptation on occlusal enamel in the groups without ename] etching, the lowest scores were
on cervical dentin in the group with no ortophosphoric acid and self-cured.

Conclusions: A dual-cure composite applied in bulk on acid etched enamel obtained acceptable marginal adaptation
results, and may be an alternative technique for the restoration of class II cavities.

Key words: Dual-cure composite, bulk technigue, class II restoration, selective enamel etching, marginal adaptation.

Introduction esthetics, corrosion and difficult bonding to tooth struc-
Amalgam has been the material of choice worldwide for ~ ture requiring the removal of sound structure to gain on
class I and class I restorations for more than a century ~ macromechanical retention resulted in the need to find
due to its high strength, good wear resistance, low tech- an amalgam substitute for the esthetic restoration of de-
nique sensitivity and low cost (1). However, the lack of cayed teeth.
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Advances in adhesive technology made during the last
40 years have simplified dental procedures and given a
more esthetic result to patients and a conservative alter-
native treatment to clinicians (2). While the use of amal-
gam for the restoration of posterior cavities is declining,
composite resins are being more often used with almost
no differences in terms of clinical longevity (3).
Previous studies of composite class II resin restorations
have shown that their clinical longevity is adversely
affected by several factors such as achieving a good
proximal contact (1), lack of cervical enamel (4), diffi-
culties for beveling proximal enamel margins, a limi-
ted wall flexibility to allow for a certain compensation
of polymerization contraction (5), and poor composite
adaptation at the gingival portion if margins are subgin-
givally located (6).
Polymerization contraction of dimethacrylate-based com-
posites ranges from 2-6% of volumetric shrinkage (7).
Various clinical methods have been proposed to reduce
of curing light intensity (8), a flowable resin liner applhi-
cation (9), the elaboration of an indirect resin restoration
(10), and the use of a sophisticated incremental layering
technique (1). Another alternative has been the use of an
open-sandwich technique restoration (11,12). In this pro-
cedure, a resin-modified glass-ionomer cement [RMGIC]
or a glass lonomer is placed as a base covering the entire
proximal box, to complete the restoration to full anatomic
form and function, and then a top layer of a Light-cured
composite resin is placed However, despite relatively
good short-term clinical results, a noticeable dissolution
of RMGIC has been reported after six years (12).
Dual-cured resin composites have been mainly used as
a core material for the reconstruction of non-vital teeth
(13), and as dentin substitute in the open sandwich filling
technique (11,14). Some advantages of using dual-cured
composites as filling material would be the possibility of
a bulk insertion, clinical time saving, the achievement of
polymenzation in deep areas due to chemical curing and
the development of lower contraction stresses (15).

A previous study reported that the tooth-restoration
complex is more prone to fail at the interface rather than
in the composite or tooth material (16). Therefore, as-
sessing the integrity of the margins before and after a
thermo-mechanical fatizue test would be discriminative
enough to show differences among the different restora-
tive techniques.

In an attempt to find a restorative material that could
potentially be used as an amalgam substitute, i.e. an ad-
hesive material that can be applied in bulk with a sim-
ple restorative techmique, we evaluated the marginal
integrity of cavities entirely restored with a dual-cured
resin composite. The mull hypotheses tested were that
[i] The differences in the etching procedure would not
affect the marginal adaptation before and after thermo-
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mechanical loading and [ii] Marginal adaptation would
not be affected by the polymerization mode [chemical
or dual-cure].

Material and Methods

The materials used for the study consisted of a chemica-
Ily-cure self-etch adhesive system [Parabond, Colténe/
Whaledent, Altstatten Switzerland] composed by a non-
rinse conditioner and 2 Liquids [A and B] that need to
be mixed before application, and a dual-cure radiopaque
core material [Paracore, ColténeWhaledent] (Table 1).
Thirty-two sound extracted human molars with comple-
te apexification were selected for the stady. After scaling
and pumicing, the teeth were mounted on custom-made
specimen holders with their roots in the centre using a
cold-polymerizing resin [Technovit 4071, Heraeus Kul-
zer GmbH, Wehrheim, Germany]. Prior to the mounting
procedure the apices were sealed with two coats of nail
varnish. To simulate dentinal fiuid flow, a cylindrical
hole was drilled into the pulpal chamber approximately
in the middle third of the root and a metal tube with a
diameter of 1.4 mm was then adhesively luted using a
dentinal adhesive [Syntac Classic, IvoclarVivadent AG,
Schaan, Liechtenstein]. The pulpal tissue was not remo-
ved. This tabe was connected by a flexible silicone hose
to an infusion bottle placed 34 cm vertically above the
test tooth. The infusion bottle was filled with horse serum
[PAA Laboratories GmbH, Linz, Austria] and phospha-
te-buffered saline solution [PBS; Oxoid Ltd, Basings-
toke, Hampshire, England] diluted in a 1:3 ratio under
a hydrostatic pressure of about 25 mm Hg. Twenty-four
hours before starting the cavity preparations, by using a
three-way valve, the pulp chambers were evacuated with
a vacuum pump and subsequently bubble-free filled with
the above solution As of this moment, the intrapulpal
pressure was maintained at 25 mm Hg throughout the
testing, i.e. during cavity preparation, restoration place-
ment, finishing and stressing (17,18).

Standardized box-shaped mesio-occhisal class IT cavities
with cervical margins located on dentin were prepared
on each tooth using diamond burs with a grain size of 80
microns [Diatech Dental, Colténe/Whaledent] and finis-
hed with diamond burs with a grain size of 40 microns
[Diatech Dental] under 12x magnification. The dimen-
sions of the cavities were 4 mm height 4 mm of bucco-
lingual width, 2.5 mm mesio-distal depth and approxi-
mately 1.5 mm below the cemento-enamel junction.

In groups 1 and 2 the adhesive system was applied fo-
llowing manufacturer recommendations [that is, without
previous acid etching of enamel] (Table 1). In groups
3 and 4 enamel was etched with 37.5% HPO, [Eem,
Scafati, Italy] for 30 s, rinsed and air-dried. The non-
rinse conditioner was then applied on dentin [enamel
was avoided because it had been previously etched with
phosphoric acid]. After the application of the mixed A
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Table 1. M. omp and mamaf; 53
Materials Composition Manufacturer s instructions
(Batch number)
Adhesive system- Chemical cured self-conditioning Conditioner:
ParaBond (A+B) adhesive system - Apply Non-Rinse Conditioner on to the entire
(Colténe Whaleden) - Non- Rinse Conditioner preparation/cavity
Water using a brush. Massage for 30 5.
ylamidosulfonic acid - Dry excess Non-Rinse Conditioner using a
Methacrylate gentle stream of air for 2 5.
(Batch no. 0224294) Adhesive A+B:
- Adhesive A: - Mix one drop of Adhesive A together with one
Methacrylates drop of Adhesive B into the mixing well
Maleic acid - Apply mixed adhesive components onto the
Benzoyl peroxide contact surfaces (preparation/cavity) using a
(Batch no. 0224291) brush. Massage for 30 s.
- Adhesive B: - Dry the adhesive bond layer using a gentle
Ethanol stream of air for 2 5.
Water
Initiators
(Batch no. 0224454)
Composite Resin: Dualure radiopaque composite 2-component dual-cure composite
Paracore Methacrylates 5 ml syringe supplied in an automix delivery
(Coltene/Whaleden) Fluoride system
Barium glass Chemical curing time- 4 min approximately
Amorphous silica Light curing time: 20s per side (occhusal, bucal
(Batch no. 0226000) and lingual)

and B adhesive components, cavities were filled with
the build-up composite in one single layer. In groups 1
and 3 the restorations were left undisturbed for at least 4
min to enable the materials self-cure. In groups 2 and 4
they were immediately light cured with a curing device
[LE.D. Demetron II, Senial No: 792026758, Kerr, Oran-
ge, CA, USA] with a relative intensity of 800 mW/cm*
[Curing Radiometer, Demetron Research, Danbury, CT,
USA] 20 sec per side [occlusal, buccal and lingual]. The
same operator performed the restoration of all groups.

One day after polymerization, finishing and polishing of
the restorations was carmied out using flexible discs [So-
flex PopOn, 3M ESPE AG, Seefeld, Germany] for proxi-
mal and fine-grain diamond burs for the occlusal surfa-
ce. Then, impressions with a polyvinylsiloxane material
[President light body, Colténe/Whaledent] were made
of each restoration and poured with epoxy resin [Epofix
Resin, Struers, Willich, Germany] and 24 h after resin re-
plicas were gold sputtered. They were subjected to a com-
puter assisted quantitative margin analysis in a scanning
electron microscope [XL20, Philips, Eindhoven, Nether-
lands] by using a custom made module programmed with
an image processing software [Scion Image, Scion Corp,
Frederik, USA]. For the quantitative evaluation a blinded
and trained lab technician examined the specimens (Fig.
1). The marginal quality was expressed in percentages of
continuous margins [% CM] and reported for occlusal
the total marginal length [average value of enamel and
dentin marginal adaptation], at each interval before and

and reported as the toal marginal langth (TML).

after loading After storage for 7 days at 37°C in the dark,
the teeth were loaded with simultaneous repeated thermal
[600x from 5° to 55°C with a dwell time of 2 min] and
mechanical stresses [240,000 chewing cycles at 1.7 Hz]
by an antagonistic natural molar cusp with a maximum
load of 49 Newtons under the constant simulation of den-
tinal fluid flow (19). After thermo-mechanical loading, the
teeth were cleaned with toothpaste, rinsed with tap water
and impressions were taken again in order to perform the
marginal replicas for SEM analysis after loading (19).

Statistical Analysis
Analysis of data was performed by using an analysis of
variance test (ANOVA) of variance [ANOVA] for each
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variable separately for two time points [before and af-
ter loading] in SPSS 19 for Windows. Significant diffe-
rences were observed between groups with Tukey HSD
post-hoc pairwise comparasion. In all analyses, the level
of significance was set at 0.05.

Results
The scores of marginal adaptation expressed as percen-
tages of continuous margins [% CM] attained by the di-
fferent groups at the total margin length occlusal, proxi-
mal and cervical margins are shown in table 2 [before
load] and table 3 [after load].

- Quantitative margin analysis
Before loading (Table 2), higher % of CM were obser-
ved at the total margin length [TML] in the groups in
which enamel margins were etched with phosphoric
acid. At the different cavity segments [occlusal, proxi-
mal and cervical], lower % of CM were obtained at the
occhisal margins in groups 1 and 2 where enamel was
not etched with phosphoric acid, being statistically sig-
nificant between group 2 with group 3 [p=0.001] and
group 4 [p=0.004]. However, no significant differences
between groups were seen at the proximal margins or
cervical portion.

Bulk £lling of Class II cavities with a dual-caze composite

After loading, the highest scores of marginal adaptation
at TML were attained, once again by the groups thatused
H3PO4 (Table 3). Statistically significant differences
were obtained between group 1 and group 3 [p=0.002]
and with group 4 [p=0.013]. At the cavity segments,
we obtained again lower % of CM at the occlusal side
in groups in which phosphoric acid on enamel was not
used. No differences between groups were observed at
the proximal enamel margins. However, at the cervical
portion, the lowest % of CM were obtained in group 1
being statistically different from group 2 [p=0.008] and
group 3 [p=0.024].
Representative SEM images (Fig. 2) with margins on ena-
mel and dentin after thermo-mechanical loading for the 4
groups [a, b, ¢, d]. In figure 2 section a, an open margin at
the occlusal segment could be observed; this finding could
be related to the fact that enamel was not etched with ortho-
phosphoric acid In group 2, a non-continuous dentin mar-
Zin was detected at the cervical portion as shown in fizure
2 section b. Continuous and intact margins could be seen in
figure 2 section c for the group 3 at the CEJ, representing
the high percentages of adhesion. Dentin contimious mar-
Zins are shown in fizure 2 section d, showing no differences
between the self and dual-cured approach.

Table 2. M*SWMMuf@mWWMMumWQM
age of

1€

nlp&umrnlm-dnhmduph@ Tasal imal and carvical
Abbroviations. % CM: parcantages of mmhvdlmbyhu_bﬂ-nlmul}ymhrﬂm
to sach column.
% CM occlusal % CM proximal | % CM cervical % CM total
enamel before enamel before dentin before margin length
loading loading loading before loading
Group 1 5 .
(No H PO, + self-cure) 60.07=1805B.C 78.89=12.60A 67.62=2342A 68.86=1544B
Group 2
(NoH.PO, + dual ) 5388=1272B.C 00.44=1448A 93.22=1622A 79.18=043A B
Group 3 y
(E.PO, + self-cure) 883813714 8628=1404A 87.04=2026A 87.23=10.19A
Group 4
(H.PO,. + dual-cure) 8402=15.19A.B 8503=11.24A 90.12=2045A | 86.69=1050A.B
Table 3. Mcan = Standard Deviation scares of sach growp after tharmo-mechanical om occhy mu
mum’aﬁlmnﬂnhwmlﬂgﬁ average of occlusal amal and cervical S
% CM: of I.afih commactod by the tams Jtter are ‘simsilar and
); = margim. by statistically wy
to each cobumn.
% CM occlusal % CM proximal | % CM cervical % CM fotal
enamel after enamel after dentin after margin length
loading loading loading after loading
Group 1
(o H.PO,+ self-cure) 51.02+850B.C 68.70=1143A 39.36=16.10B 53.03=1020B
Groump 2
(No H.PO, + dual cure) 41971574 C 71.74=2850A 8920:16.72A 67.66=1166A.B
Group 3 20.52 2 2
PO+ self-cure) 80.86=15.20A T2.90:2052A 81.71=2641A 7852=1230A
Group 4
(PO, + dual-cure) 6008=1495A B 76.85=1782A 75.10=3052A.B 7398=7.02A
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smamel surface may be related with the lower % of
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Discussion

The rationale for including the evalmation of marginal
relies on the fact that both methodologies constitute and
adequate model to assess the performance of adhesive in-
terfaces (19-21). In respect to the matenials, a chemically-
a dual-cured build-up composite. To simplify the adhesive
procedure we could have selected a 1-bottle or simplified
ported incompatibility problems due to the chemical in-
teraction between simplified-step adhesives and chemical
or dual-cured composites (22,23). This incompatibility is
attmbuted to an adverse chemical interaction between the
composite. These features were absent when two-step self-
etch adhesive are used (24), justifying why in the present
study simplified adhesive systems were avoided.

It is known from previous studies that when etch and rin-
se adhesives are used on enamel, a reliable and favorable
bonding interface is produced (25). However, when using
dual-cured composites in conjunction with dual-cured
dental adhesives, the self-etching approach has been pro-

with the self-cured approach.

ved to perform better on dentin (26). Therefore, a selecti-
ve enamel etching would ensure a more adequate bonding
effectiveness even when a self-etching system is selected
(27). The results of the present study confirmed the prece-
dent statement as we obtained the highest % of CM at the
total margin length, both before and after loading, when
mnmdmgnswhsee:hedwnhphosphmcaainﬂe—

Marginal adaptation at the occlusal enamel margins
were lower for the groups 1 and 2 where the self-etching
primer was applied on enamel without previous condi-
tioning with phosphoric acid. In addition, unsupported
enamel prisms [margins were not beveled] may have
resulted in enamel fractures at the marginal level espe-
cially after loading (10).

Gap formation or microleakage at the tooth-composite
interface is related with polymerization shrinkage and
shrinkage stresses. This issue may induce postoperati-
ve sensitivity and secondary caries, leading to restora-
tion failure (28). Minimizing those determinant factors
would improve marginal cavity adaptation (29). Light
intensity was the highest at the restorations’ surface de-
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creasing the pre-gel phase and leading to contraction
forces and materials’ shrinkage (8). This could explain
the low results on occlusal enamel despite better scores
of marginal adaptation on the proximal area.
Shrinkage strain rates of both self and light-curing mo-
des would become almost identical after about 60 min
for dual-cured core matenials (8). In the present study,
similar shrinkage stresses could have been developed
on the self and dual-cured material at the late stages of
polymenization, explaining why the percentages of con-
tinuous margins were similar in both groups, having to
accepted the second mull hypothesis.

Despite the similar marginal adaptation scores, when
dual-cure composites are used, higher dentin bond
strength are reported when light-cured as compared to
self-curing (30). This could explain the lower results
of marginal adaptation obtained at the cervical dentin
in group 1, the self cured material would attain a lower
degree of conversion and therefore, lower mechanical
properties that would be evidenced at the marginal level
in respect to the light cured ones.

In addition, final light polymerization would enhance
significant mechanical properties, making the selection
of a dual-cured composite an improvement over a self-
cured or a light-cured at the gingival margin (11).

To conclude, materials insertion in one single layer, with
the additional benefit of chemical cure in deep areas where
Light is attenuated has several clinical advantages in terms
of handling, curing efficiency and time saving. Possibly,
the restorative technique used in the present stady could
be a cost-effective alternative to traditional sophisticated
adhesive restorative techniques, and a potential substita-
te to amalgam (31). Nevertheless, our methodology did
not evaluate the wear resistance of such materials, which
might be of clinical importance in intraoral conditions.
In this perspective, future research should be also under-
taken to assess if other dual-cured materials than the ones
used in the present study experience a similar behavior in
terms of marginal adaptation.

Within the limitations of the present study, the use of a
dual-cure composite for the restoration of class II cavi-
ties, applied in bulk on phosphoric acid etched enamel
has provided the most reliable marginal adaptation.
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veneers and ultra-thin CAD/CAM composite overlays

Jose Bahillo, DDS, MsC'/Luis Jané, MD, DDS, PhD*Tissiana Bortolotto, Dr Med Dent, PhD*/
Ivo Krejci, Prof Dr Med Dent‘/Miguel Roig, MD, DDS, PhD*

Loss of tooth substance has become a cornmon pathology In
modesn soclety. Itis of multifactoria origin, may be Induced by
achemnial process or by excessive attriton, and frequently has
a combined etlology. Particular care should be taken when
diagnosing the cause of dental tissue loss, In order to minimize
Its Impact. Several publications have proposed the use of minl-
mally Invasive procedures to treat such patients In preference
to traditional full-crown rehabilitation. The use of composite

resins, In combination with mprovements In dental adhesion,
allows a more conservative approach. In this paper, we
describe the step-by-step procedure of fullmouth composite
rehabifitation with v-shaped veneers and ultra-thin computer-
alded design/computer-assisted manufacture (CAD/CAM)-
genenated composite overlays In a young patlent with a
combination of erosion and attrition disorder. {dot 10.3290/)
9.a32439)

Key words: attrition, CADVCAM composite averlays, erosion, minimaly Invasive rehabllitation, v-shaped vensers

Recently, many publications havefocused on the treat-
ment of dental ercsion and attrition using minimally
invasive techniques that conserve as much sound tooth
structure a possible.’? While these publications have a
common goal, each has adopted a different approach
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to dinical considerations and the development of new
materials and technologies.

Dental erosion and attrition have a relatively rapid
impact on hard tooth structure.’® Dental erosion is
defined as tooth substance loss resulting from a chem-
ical process, and is mainly causad by the consumption
of fruit juices or carbonated and sports drinks, or by
digestive disorders (recurrent vomiting). Excessive attri-
tion is often caused by bruxism, and many patients
presant a combined etiology of erosion and attrition."

Most patients are aware of the problem but not its
impact. Therefore, diagnosing the problem as early as
possible, introducing preventive measures, and raising
awareness of its importance among patients may help
them to avoid the necessity of full-mouth rehabilita-
tion. Ignoring the problem may lead to the loss of sev-
eral teeth, and the restoration of the health, biome-
chanic function, and esthetic appearance, which may
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require the combined efforts of several different spe-
dalties®121*

The development of new dental materials, in com-
bination with considerable advances in dental adhe-
sion in recent years,'* have enabled clinicians to adopt
a more conservative approach involving the removal of
minimal amounts of tooth structure and eschewing
traditional retentive preparations that require impor-
tant biologic sacrifices.

In this paper, we present the case of a young patient
with a combination of erosion and attrition disorder
treated with full-mouth adhesive composite rehabilita-
tion. A minimally invasive procedure was performed
using v-shaped veneers and ultra-thin computer-aided
design/computer-assisted manufacture (CAD/CAM)-
generated composite overlays.

CASE PRESENTATION

A 34-year-old man presented to the School of Dentistry

at the Universitat Intemadonal de Catalunya, Barce-

lona, Spain, suffering acute pain in his left maxillary first

molar. Qinical and radiographic examinations revealed:

+ imreversible pulpitis of the left maxillary first molar

+ several caries lesions

» moderate and generalized dental ercsion and attri-
tion disorder, causing anterior and posterior tissue
loss.

His medical history revealed that he was a keen sports-
man and a consumer of carbonated drinks. On the
second visit, his partner disclosed his habit of grinding
his teeth at night(sleep bruxism). Although the patient
was unconcemed about his esthetic and functional
dental problems, a complete early diagnosis of his
parafunctional habit was performed to minimize its
impact. The anterior and canine guidance were absent,
but the patient did not complain about tooth sensitiv-
ity or muscular or temporomandibular joint pain.

A treatment plan was designed around the recon-
struction of the teeth affected by the combined pathol-
ogy using composite resins. The treatment sequence
was as follows:

Q.

+ diagnosis (medical history, clinical and radiographic
examinations, photographs, and study casts)

+ production of a maxillary buccal wax-up, to define
an adequate incisal edge and smile line position

+ acquisition of facebow and centric relation records
for the full-mouth wax-up

+ provisionalization

» replacement of the provisionals with definitive
direct or indirect composite restorations.

During the initial visits, the patient’s chief complaint
was addressed with endodontic treatment.

Diagnosis and wax-up

After treating the acute pain, photographs were taken,
a radiographic analysis was performed, and full-arch
impressions were obtained to construct a treatment
plan (Figs 1, 2, and 3). Subsequently, laboratory work
was performed to set the central indisors in the correct
pasition,'® taking into consideration the patient’s sex
and age. In the resting position, no dental exposure
was visible. Hence, a maxillary buccal wax-up from first
molar to first molar was prepared to determine the
length of the anterior maxillary teeth and the related
esthetic position of the ocdusal plane using precse
silicone keys.

At the next visit, a mock-up was fabricated using a
self-curing resin (Protemp, 3M ESPE). A comprehensive
dinical evaluation of the mock-up with the newly
established resting indsal position was performed, with
an appropriate ocdusal scheme permitting restoration
of a pleasing smile.

Once the mock-up was validated, facebow records
were taken to mount the cast in centric relation on a
semi-adjustable articulator (Artex, Amann Girrbach). In
this position, the articulator pin was elevated by
approximately 3 mm. This increase created about 1 mm
of posterior space in each arch, which was sufficient to
reestablish the full occlusal anatomy that had been lost
with minimal tooth preparation (Fig 4). Duplication of
the full wax-up was performed, and transparent sili-
cone keys (Elite Transparent, Zhermack) were made.

doi: 103290/ qLa32430
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Fig2 Preopermtive view of the mandllary arch with several caries
lesions on the anterior teeth, wear facets, and a provisional res-
toration on the endodontically treated left first molar.

Bahllio et al

Fig 1 Preoperative view of a 34-year-old man who presented
with mod d genenslized dental mixed erosion and attrith

disorder.

Fig3 Preoperative occlusal view of the mandibular arch; note
the mixed erosion and attrition, especially on the posterior teeth.

Figs 4a and 4b Full-mouth wax-up to reestablish the lost sound tooth structure, which served as a reference for the new vertical

dimension of occlusion.

Provisionalization
The next clinical session involved a full oral provisional-
ization, lasting approximately 1 month, to confirm the
new vertical dimension of occlusion (VDO; Fig 5). It was
important that the patient felt comfortable and that no
signs or symptoms of temporomandibular dysfunction
developed.?

The materials used for the provisionalization were:
add for etching the enamel (37.5% phosphoric acid,

dol: 1032907} qla32430

Kerr Italia), an adhesive system (ExciTE F, Ivoclar Viva-
dent), and a preheated microhybrid composite (Enamel
Plus HRi, Micerium) for the full-mouth replacement of
missing tissue that allowed for higher-resistance ma-
terial to be used in posterior segments® We recom-
mend use of a composite of a shade sufficiently con-
trasting to facilitate its differentiation from the tooth
structure, thus allowing the eventual removal of the
provisional material alone while preserving healthy tis-
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sue. An auto-polymerizing composite resin material
(Telio, Ivoclar Vivadent) that was easy to remove was
used on the antesior maxillary teeth.

One month later, the patient returned without any
signs or symptoms of dysfunction as a result of the new
augmented VDO, and he was pleased with the appear-
ance of his new smile. At this stage, we began to carry
out the definitive restorations, giving priority to the
posterior teeth to achieve adequate posterior support.
The selection of direct or indirect restorations should
be based on the principle of maximum preservation of
sound tooth structure. For this reason, each segment
was treated differently.

Owing to the amount of tissue loss in the posterior
mandibular and anterior maxillary segments, it was
dedded to perform indirect restorations to retain con-
trol of the anatomy and occlusion. On the anterior
mandibular and posterior maxillary aspects, the teeth
were restored directly, except for the left maxillary first
molar, which was treated with an endocrown,'® and the
left maxillary second molar, which, being almost unaf-
fected, was left unrestored.

Direct reconstruction of the posterior
maxillary and anterior mandibular teeth
For the restoration of the posterior maxillary zone, a
direct restoration technique was applied using a trans-
parent silicone key (Elite Transparent) made from the
wax-up. Each tooth was restored separately, and adja-
cent teeth were covered with “plumbers® tape, Teflon
material (DuPont), to avoid splinting. The composite
was heated to about 50°C on a composite heating con-
ditioner (ENA HEAT, Micerium S) to decrease its viscos-
ity and achieve a flowable consistency, thus allowing
better adaptation and easier removal of any excess.
The anterior mandibular teeth were restored with a
free-hand bonding technique using a palatal key to
control the dimensions. The advantages of the direct
option were that it allowed a more conservative ap-
proach, because no preparation was necessary, and the
reparability of the composite material used. However,
the high sensitivity of the technique, particularly for
large restorations, is a major dmawback. All adhesive

procedures were performed under full rubber dam
isolation. The OptiBond FL (OFL; Kerr) adhesive system
was used according to the manufacturer’s instructions,
and a microhybrid compesite (Enamel Plus HRj) served
as the restorative material.

Indirect restoration of the posterior
mandibular teeth

To reestablish the full ocdusal anatormy of the posterior
mandibular teeth, Lava Ultimate Blocks (3M ESPE) were
selected and milled using a CAD/CAM system (CEREC3,
Sirona Dental Systems). The composite blocks were
composed of nano-ceramic particles embedded in a
highly converted resin matrix. The particularity of these
restorations was their limited thickness, which was just
04 mm in some areas. They were designed using cor-
relation software, which scanned the preparation and
wax-up to reproduce the appropriate anatomy and
occlusion. Once the six Lava Ultimate overlays were
finished, the restorations were tried in place to allow
adaptation to the six posterior mandibular teeth, con-
tact point adjustment, and shade matching. After-
wards, the operator began to prepare the CAD/CAM
occlusal composite overlays, following the method of
Rocca and Krejci.”

Airborne-particle abrasion (Colet, 3M ESPE) was
used to condition the restoration surface, which was
abundantly rinsed with water and dried. Organicsilane
was applied and, after a 60-second penetration time,
was intensively dried with oil-free compressed air.
Finally, a light-curing bonding resin (OFL bonding) was
applied without precuring. The prepared restoration
was left under a protective cover to avoid premature
curing of the bond by ambient light.

The cavity was gently deaned with 30 pm ALLO,
particles. Subsequently, the enamel and dentin were
etched with 37.5% phosphoric acid gel, applied for 30
seconds to enamel and 15 seconds to dentin. OFL
primer was applied to the dentin with a microbrush
using a continuous scrubbing motion for 15 seconds.
Excess solvent was removed by drying the cavity with
compressed air for 5 seconds, following which, OFL
adhesive was applied to the primed surface with a

dok: 1032907} qla32430
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Fig 5a Provisional restorations on the maxilary arch made of
composite of a different tooth shade. On the anterior teeth, the
restoration wos made with a self-curing resin to allow better
daptation and easyr I.Onthe p icr teeth, a preheated
microbybrid composite and a transparent silicone key made from
the wax-up were used.

microbrush for 15 seconds and spread with air for 5
seconds without light curing. Next, a sufficient amount
of heated restorative light-curing compasite resin was
placed in the cavity, the prepared composite overlay
was set, and excess luting composite was removed with
a microbrush or with Superfloss (Oral-B Superfloss,
Procter & Gamble) in the interdental area. Full polymer-
ization was achieved by light curing for at least 60 sec-
onds per iradiated surface.

Finally, the rubber dam was removed, and occlusion
was checked and corrected.

Indirect restoration of the anterior maxillary
teeth

The anterior maxillary teeth were restored with indirect
v-shaped composite veneers made of DEIl Experience

dol: 10.32907)qla32430

Fig 5b The mandbulyr provisional restoratiors used heated
composite and a transparent sificone key, splinted to the adjacent
teeth to allow for better retention, The gingival embrasures were
left open for hygiene purposes during the provisionalization
phase.

Fig6 V-shaped composite veneers; note the v-shaped design
ofthe restorations. Given that the contact point was not removed,
an incisal path of insertion was required.

(DEI Italia; Fig 6). The purpose of using this type of res-
toration is to preserve as much sound tooth structure
as possible. Minor preparation of the margin at the
pesiphery is preferable, because it allows the technician
to see the limits of the restoration and permits the clin-
ician to ensure proper positioning of the restoration in
the mouth. A small amount of preparation was neces-
sary on the middle third of the maxillary central indsors
to create the correct path of insertion. The preparations
were checked by means of a silicone index in order to
control the available space. The palatal dentin was
deaned with non-fluoride-containing pumice, and the
angles were rounded.

The adhesive luting was performed, following the
same protocol as for the indirect CAD/CAM composite
ocdusal overlays. Finally, an ocdusal guard was pro-

11C

Universitat
Internacional
de Catalunya



ADHESIVE DENTISTRY, OPTIMIZE THE TECHNIQUE AND PRESERVE HEALTHY TISSUE

PUBLISHED PAPERS

QUINTESSENCE INTERNATIONAL

1€

Universitat
Internacional
de Catalunya

Banllio et al

Fig 7 Postoperative view, 18 months after treatment, of the
meodliary arch with p ior direct ti

crown on the left first molar, and vshaped indi

Fig8 P view 18 months after of the
anindrectendo-  mandibular rehabilitation with posterior ultra-thin CAD/CAM-
L d i rlays and direct anterior i

¥ " L4

Fig9 Intraoral view of the ful-mouth adhesive composit
bilitation at an 18-month follow-up, showing a successfully bio-

e reha-

logi, functionsl, and esthetic

S

vided to the patient to protect the rehabilitation from
mechanical stress through attrition, and advice was
given on dietary habits with respect to carbonated
drinks and their impact on erosion.

Atan 18-month follow-up, both the directand indi-
rect restorations remained in situ without clear symp-
toms of wear (Figs 7, 8, and 9) and with no irregularities
visible on radiographic examination (Fig 10). The
patient continues to feel comfortable and is satisfied
with the esthetic appearance.

Q.

Fig 10 Final panoramic radiographic examination: pulp vitality
was preserved in all teeth except for the left maddllary first molar,
which showed ireversible pulpitis.

DISCUSSION

There is a paudity of data on the appropriate material
for tooth restoration; in particular, whether to choose
ceramics or composites for non-retentive restorations.
Reports on the clinical behaviors of composite and
ceramic inlays and onlays have identified no major
advantage of either material.’® The longevity of dental
restorations is dependent upon many factors involving
the material, patient, and operator. The main reasons
for failure in the long term are secondary caries, which

dok: 1032907} qla32430
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relate to an individual's risk of caries, and fracture,

which relates to patient factors, such as bruxism,'™"?
However, when comparing composite and ceramic

indirect restorations, composite resins have several

advantages®

+ During the luting procedures, a wider range of
shades is available for composite resin cementation.
Given that minimal preparation is needed, pre-
heated composite will fill the spaces of erosion/
attrition concavities

+ There is a lower risk of fracture during the luting,
finishing, and polishing procedures

+ The cost is lower, because the laboratory proced-
ures are simpler; therefore, the treatment is afford-
able to more patients

+ Intraoral repair with the same material is possible.

The main advantage of the v-shaped composite
veneers usad in this patient is that they facilitate acon-
servative approach in that they require only marginal
preparation and a tiny correction in the middle third of
the central maxillary incisors to achieve an adequate
path of insertion.

Several treatment alternatives have been described
for this type of patient, induding, for example, the
three-step technique* A lesser degree of tooth prep-
aration may be necessary using this technique. Never-
theless, some patients cannot afford a palatal veneer
followed by a facial veneer to achieve an adequate
esthetic result. More invasive retentive preparations,
such as complete coverage crowrs, can be used in
combination with endodontic treatment in most
patients, as well as with posts and cores. Porcelain-
fused-to-metal (PFM) restorations function for a very
long time, with survival rates of 74% after 15 years®
However, although the sunvival rate of PFM restorations
is slightly superior to that of composite restorations,
the former are assodated with more severe complica-
tions, gingival inflammation, and secondary caries than
bonded restorations.”

Moreover, dinical studies have shown that the per-
formance of composite resins in the treatment of
advanced tooth wear is adequate, and that partial frac-

doi: 103290/)qla32430

tures represent the most likely complication, which can
be repaired or, in more severe cases, resolved by
uncomplicated restoration replacement*#3 In con-
trast, PFM failures often lead to endodontic treatment
or even extraction.

Although ceramic adhesive inlays and onlays have
demonstrated long-term dinical reliability, with sur-
vival rates of 887% after 17 years® and 84% after 12
years,® long-term clinical studies of CAD/CAM ceramics
are scarce. More conservative approaches, which take
advantage of the development of stronger materials,
should be considered in combination with CAD/CAM
techniques and innovative adhesive technology, such
as immediate dentin sealing.¥ A recent publication®
showed that posterior occlusal veneers made of com-
posite resin (Paradigm MZ100, 3M ESPE) exhibit signifi-
cantly higher fatigue resistance than the leucite glass-
ceramic IPS Empress CAD (Ivoclar Vivodent) and the
lithium disilicate glass-ceramic IPS e.max CAD (vodar
Vivodent). The study also demonstrated the in vitro
feasibility of a less invasive approach, using CAD/CAM
ceramics and compaosite resins to fabricate thin occlusal
veneers,

Furthermore, ultra-thin CAD/CAM composite resin
ocdusal veneers 06 mm thick demonstrated higher
fatigue resistance than ceramics.* The use of compos-
ite resin blocks might have another advantage: the
similarity of the E-modulus of the composite tested
(16-20 MPa) with that of dentin (185 GPa)*' may make
a key contribution to the long-term performance of
compasite resin tooth restorations.®

CONCLUSION

An increasing number of patients visit dental offices
with tooth wear caused by erosion, attrition, or a com-
bined pathology. Correct diagnosis, followed by pre-
ventive and/or treatment strategies to arest the pro-
gression of the disease, is essential.

In the past, treatment of such patients typically
required full crown preparations, with significant sacri-
fice of sound dental tissue. The development of new
dental materials, technologies, and adhesives has made
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alternative treatments possible while fadilitating tissue
preservation.

The use of adhesive techniques and composites in
this patient demonstrate their potential in the treat-
ment of moderate tooth wear. Modemn composite res-
ins are materials that should be taken into consider
ation in the direct or indirect restoration of anterior and
posterior teeth.

The treatment described, which involved the use of
ultra-thin CAD/CAM composite overlays and v-shaped
veneers, allows the minimally invasive treatment of
young patients, restoring the health, biomechanic
function, and esthetic appearance of the teeth. Further
study and long-term data are required to corroborate
these findings and verify the performance of the full-
mouth adhesive rehabilitation approach desaibed in
thisreport.
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DISCUSSION

The objectives of the present thesis were to evaluate the marginal adaptation of
cavities restored with an adhesive system under different application protocols; qualitatively
assess the marginal adaptation and the influence with the marginal adaptation on depth of
class V cavities; find a simple adhesive restorative technique for the restoration of class I and
II cavities on posterior teeth and a clinical application of the in-vitro adhesive investigations
with a full mouth adhesive rehabilitation of a mixed erosion and attrition disorder on a young

patient.
Evaluation of marginal adaptation

One of the main objectives in adhesive restorative dentistry is to obtain a reliable and
durable bonding interface creating restorations with clinical longevity, trying to avoid future
leakage, recurrent caries or pulpal irritation. On the first and third in vitro manuscripts we
evaluate the marginal adaptation before and after thermomechanical loading as an

indispensable prerequisite for clinical success.

Within the limitations of laboratory studies, quantitative analysis of marginal
adaptation by SEM has been confirmed as an exact and reliable method of assessment for the

evaluation of marginal adaptation of adhesive restorations (47).

Marginal adaptation has been severely criticized in the last years, mainly due to the
common belief that retention loss (and not the presence of marginal defects) is the most
obvious sign of failure of an adhesive system (48). However, clinically failure of restorations
occurs most often due to inadequate sealing, with subsequent discoloration of the cavity
margins, than to restoration loss (49). Moreover, the criterion marginal adaptation (together
with cavosurface marginal discoloration, colour match, anatomic form and caries) is part of
the USPHS or Ryge guidelines to judge on the clinical performance of a restoration. These
guidelines are by far the ones that had the greatest scientific impact in dentistry since their

creation several decades ago (50).
Mechanical tests

In attempt to simulate in-vitro with in-vivo conditions reaching a degree of clinical

relevance, we tried to simulate oral conditions by performing the thermomechanical loading,
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together with dentinal fluid simulation, assessing the marginal adaptation to serve as an
appropriate model for the in-vitro evaluation of adhesive systems (51, 52, 53). The teeth were
loaded with simultaneous repeated thermal (600 x from 5° to 55°C with a dwell time of 2
min) and mechanical stresses (240,000 chewing

cycles at 1.7 Hz) by an antagonistic natural molar cusp with a maximum load of 49
newtons under the constant simulation of dentinal fluid flow according to a protocol

described before by Krejci et al. (52).
Adhesives

Based on recommendations of the American Dental Association (ADA) for dentin
and enamel adhesives, we performed Class V restorations on non-carious teeth for the

following reasons (54):

1. The lesions do not have any macromechanical retention, and they have a small C-

factor, which plays an important role in the performance of the adhesive system.

2. Class V restorations may include margins on enamel and dentin with no major
difficulties in cavity preparation, thus minimizing the operator factor variable, and provides

an appropriate location for the restorative and evaluation procedure.

Bond formation to enamel has proved reliable since Buonocore (55) demostrated that
phosphoric acid etching increased resin-enamel bond strength. Since then, several
publications confirmed this assertion (56- 59). Creation of a bond to dentin is more
complicated due to the composition of the dentin substrate, presence of collagen, water and

smear layer deposition.

While several studies have transformed a SE adhesive to a E&R (3, 56, 60- 62) by
adding a phosphoric acid-etching step, there is not much literature evaluating a selective

enamel-etching for a 3 steps E&R adhesive system.

The self-etch approach is an alternative based on the use of non-rinse acidic

monomers that simultaneously condition and prime tooth tissues.
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A lower technique-sensitivity of this approach is reported in the literature, since it
eliminates the rinsing phase, which not only reduces clinical application time, but
significantly decreases technique sensitivity or the possibility of making errors during

application (11, 63).

Another important characteristic of the self-etch approach is that infiltration of
monomers occurs simultaneously with the self-etch process; therefore, the possibility of
discrepancies between both processes (10) and consequently the presence of an unprotected

collagen fibres area is significantly reduced as the nanoleakage (11, 12, 15).

The findings of our first study, Self-etching Aspects of a 3-step Etch-and-Rinse
Adhesive, indicate that etching dentin with phosphoric acid did not improve significantly
marginal adaptation either before or after loading; indicating a self-etching effect most
probably due to the presence of the acidic monomer (GPDM) within the composition of OFL
primer. This finding could have several clinical implications as phosphoric acid etching of
cavities approaching the pulp may induce a moderate inflammatory response, or pulpal
irritation (64, 65) Avoiding phosphoric acid-etching of dentin, thereby, reduces the technique
sensitivity of etch-and-rinse adhesives. Therefore, eliminating as many steps as possible in the
bonding protocol could increase the efficiency of the procedure and would reduce technique

sensitivity.

Qualitatively assessment of the self-etching pattern was performed, in order to obtain
the micromorphology of enamel and dentin surfaces following the different phosphoric acid
etching techniques. We could also observe that acid etching considerably increases dentin
permeability and thus monomer diffusion into the pulp, which may result in an increased

cytotoxicity.
Failure analysis of adhesive restorations
Marginal discrepancies of adhesive restorations can propagate inside the cavity and

lead to restoration loss. Therefore, on our second manuscript: Failure analysis of adhesive

restorations with SEM and OCT: from marginal gaps to restoration loss, tried to
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evaluate the tooth restoration interface. Scanning electron microscope margin analysis is a

well-known method for the evaluation of adhesive restorations and considered the setup

closest to the clinical situation (66). Nevertheless, SEM diagnosis based on gold-coated
replicas is an expensive and time-consuming way of evaluating dental restorations (66). It

also suffers from both sampling and inter observer variability.

Optical coherence tomography (OCT), as an imaging method, is based on a classical
measurement technique known as low-coherence interferometry that enables non-invasive,
high-resolution, in vivo, two- or three-dimensional cross-sectional imaging of microstructural

morphology in transparent and non-transparent biological tissue in situ (67).

The OCT used in this study enabled the 3D visualization analysis of the entire
margin. This is an advantage because the entire tooth sample can be observed in a short
amount of time without any additional preparation. The 3D visualization of the entire
restoration permitted us to corroborate that with higher % of NCM; the depth of the gap also

increased.

To determine if high scattering areas that propagated from the composites surface
inside the cavity were due to light distortion or to the real presence of gaps, samples with and
without marginal gaps belonging to the same group were observed under OCT for
comparison. Brighter and wider white lines could be observed along the resin-tooth interface
of samples with high % of NCM; these lines could be hardly observed or were even absent

from the samples with gap-free margins. Therefore, our

OCT observations are in line with those of a recent study (68) and white areas at the
adhesive interface did not represent reflection artefacts but the real presence of gaps inside the

restoration.

Finally, the 3D scans showed that gap and gap-free adhesive interfaces coexisted
within the same cavity, confirming the early findings of Shono and co-workers (69) in respect
to how areas of good bonding and adhesive gaps can coexist without compromising

restorations’ retention.
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Marginal gaps could be interpreted as an early sign of restoration failure. Meanwhile,
only one restoration was lost that presented above 50 % of marginal gaps on enamel and

dentin. Possibly, hydrolytic degradation is accelerated under the presence of more than 50 %

of marginal openings on both enamel and dentin margins, increasing the probability of failure
due to restoration loss. In addition, the OCT data of gr 3 confirmed that marginal openings
also propagated beneath the restoration, evidencing that restoration loss strongly depends on

the time needed for an infiltrated margin to propagate along the internal interface.
Composites

In the third publication, Bulk Filling of Class II Cavities with a Dual-Cure
Composite: Effect of Curing Mode and Enamel Etching on Marginal Adaptation, we
attempt to find a restorative material that could potentially be used as an amalgam substitute,
i.e. an adhesive material that can be applied in bulk with a simple restorative technique. For
that purpose the marginal integrity of cavities entirely restored with a dual-cured resin

composite were evaluated.

We used a chemically-cured two-step self-etching adhesive system and a dual-cured
build-up composite with different protocols in the etching procedure and polymerization

mode (chemical or dual-cure).

When using dual-cured composites in conjunction with dual-cured dental adhesives,
the self-etching approach has been proved to perform better on dentin (70). However,
phosphoric acid etching on enamel has proved reliable and favorable bonding interfaces (71).
Therefore, a selective enamel etching would ensure a more adequate bonding effectiveness
even when a self-etching system is selected (72). The results of the present study confirmed
the precedent statement as we obtained the highest % of CM at the total margin length, both
before and after loading, when enamel margins where etched with phosphoric acid,

independently of the polymerization method used.

The marginal quality was expressed in percentages of continuous margins (% CM)

and reported for occlusal enamel margins, proximal enamel, cervical dentin and for the total
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marginal length (average value of enamel and dentin marginal adaptation), at each interval

before and after loading.

Marginal adaptation at the occlusal enamel margins were lower for the groups 1 and 2
where the self-etching primer was applied on enamel without previous conditioning with

phosphoric acid.

Gap formation or microleakage at the tooth-composite interface is related with
polymerization shrinkage and shrinkage stresses. Light intensity was the highest at the
restorations surface decreasing the pre-gel phase and leading to contraction forces and
materials shrinkage (73). This could explain the low results on occlusal enamel despite better

scores of marginal adaptation on the proximal area.

In the present study, similar shrinkage stresses could have been developed on the self
and dual-cured material at the late stages of polymerization, explaining why the percentages
of continuous margins were similar in both groups. Shrinkage strain rates of both self and
light-curing modes would become almost identical after about 60 min for dual-cured core

materials (73).

Despite the similar marginal adaptation scores, when dual-cure composites are used,
higher dentin bond strength are reported when light-cured as compared to self-curing (74).
This could explain the lower results of marginal adaptation obtained at the cervical dentin in
group 1, the self cured material would attain a lower degree of conversion and therefore,
lower mechanical properties that would be evidenced at the marginal level in respect to the

light cured ones.

In addition, final light polymerization would enhance significant mechanical
properties, making the selection of a dual-cured composite an improvement over a self-cured

or a light-cured at the gingival margin (35).
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Oral Rehabilitation

Loss of tooth substance has become a common pathology in modern society. Several
publications have proposed the use of minimally invasive procedures to treat such patients in
preference to traditional full-crown rehabilitation. The use of composite resins, in

combination with improvements in dental adhesion, allows a more conservative approach.

In our fourth manuscript, Full mouth compeosite rehabilitation of a mixed erosion
and attrition patient. A case report with v-shaped veneers and ultra-thin CAD/CAM
composite overlays, we describe the step-by-step procedure of full-mouth composite

rehabilitation in a young patient with a combination of erosion and attrition disorder.

There is a paucity of data on the appropriate material for tooth restoration; in
particular, whether to choose ceramics or composites for non-retentive restorations. Reports
on the clinical behaviors of composite and ceramic inlays and onlays have identified no major
advantage of either material (75). The longevity of dental restorations is dependent upon
many factors involving the material, patient, and operator. The main reasons for failure in the
long term are secondary caries, which relate to an individual’s risk of caries, and fracture,
which relates to patient factors, such as bruxism (75, 76). However, when comparing

composite and ceramic indirect restorations, composite resins have several advantages (77):
* During the luting procedures, a wider range of shades is available for composite
resin cementation. Given that minimal preparation is needed, preheated composite will fill the

spaces of erosion/attrition concavities.

* There is a lower risk of fracture during the luting, finishing, and polishing

procedures.

* The cost is lower, because the laboratory procedures are simpler; therefore, the

treatment is affordable to more patients.

* Intraoral repair with the same material is possible.
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The main advantage of the v-shaped composite veneers used in this patient is that
they facilitate a conservative approach in that they require only marginal preparation and a
tiny correction in the middle third of the central upper incisors to achieve an adequate path of

insertion.

Several treatment alternatives have been described for this type of patient, including,
for example, the three-step technique (35- 37). Nevertheless, some patients cannot afford a

palatal veneer followed by a facial veneer to achieve an adequate esthetic result.

More conservative approaches, which take advantage of the development of stronger
materials, should be considered in combination with CAD/CAM techniques and innovative
adhesive technology, such as immediate dentin sealing (78- 80). A recent publication (80)
showed that posterior occlusal veneers made of composite resin (Paradigm™ MZ100; 3M
ESPE) exhibit significantly higher fatigue resistance than the leucite glass-ceramic IPS
Empress CAD (Ivoclar Vivodent) and the lithium disilicate glass-ceramic IPS e.max CAD

(Ivoclar Vivodent).

The use of composite resin blocks might have another advantage: the similarity of the
E-modulus, which may make a key contribution to the long-term performance of composite

resin tooth restorations (80).
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1. No significant differences in marginal adaptation at dentin margins were found between
groups before and after loading. However, differences in continuous margins were observed
before and after loading on enamel in the group without phosphoric acid-etching. Therefore,

the null hypothesis was accepted for dentin and rejected for enamel margins.

The micromorphology of dentin and enamel surfaces after different treatments suggested that
on dentin the acidic primer, was less aggressive in its etching effect compared to phosphoric
acid, with tubule still covered by smear layer. On enamel the best etching pattern was
achieved when phosphoric acid was applied to the surface. The application of the 3-step
etch&rinse OFL adhesive with selective enamel etching may represent an advantage on
restoring deep cavities because overetching dentin may become almost impossible with the

application of the acidic primer only.

2. When marginal imperfections or marginal gaps, were detected by the SEM analysis
on the surface of the tooth restoration interface, they could be confirmed beneath the surface
with OCT. The depth of the gap was variable and sample-dependent; however, the 3D
visualization of the entire restoration with OCT allowed for corroboration that with higher %

of NCM; the depth of the gap also increased. This is why the null hypothesis was rejected.

3. We found higher percentages of continuous margins at the total margin length,
both before and after thermo-mechanical loading, in groups where enamel was etched with

phosphoric acid. The null hypothesis was thus rejected.

A dual-cured composite applied in bulk on acid etched enamel led to acceptable marginal
adaptation results, and may thus be an alternative technique for the restoration of class II

cavities.

4. We found no significant differences in marginal adaptation between the chemically

and dual-cured modes. Therefore, the null hypothesis was accepted.
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Materials’ insertion in one single layer, with the additional benefit of chemical cure in deep
areas where light is attenuated gives several clinical advantages in terms of handling, curing

efficiency and time saving.

5. The development of new dental materials, in combination with considerable
advances in dental adhesion in recent years, have enabled clinicians to adopt a more
conservative restorative approach. Minimally invasive procedures should be taken into
consideration in order to treat patients with erosion and/or attrition disorders. In this respect, a
correct diagnosis is essential, followed by preventive and/or treatment strategies to arrest the

progression of the disease.

The treatment described, which involved the use of ultra-thin CAD/CAM composite overlays
and v-shaped veneers, allowed for a conservative approach to restore the health, biomechanic

function, and esthetic appearance of the teeth.

CONCLUSIONES

1. No se encontraron diferencias en la adaptaciéon marginal en dentina entre los
grupos antes y después de la carga. Sin embargo, si se observaron diferencias antes y después
de la carga en esmalte en el grupo sin grabado con acido fosférico. Teniendo que rechazar la

hipdtesis nula.

La micromorfologia de superficie en dentina y esmalte después de diferentes tratamientos
sugiri6 que en la dentina el primer era menos agresivo en comparacion con el grabado con
acido fosforico dejando el tubulo todavia cubierto por barrillo dentinario. En esmalte se logro
la mejor morfologia de superficie cuando se aplicé acido fosforico. La aplicacion del
adhesivo de grabado total OFL con grabado del esmalte selectivo puede representar una

ventaja en la restauracion de cavidades profundas.

2. Si hemos encontrado que cuando las imperfecciones marginales o margenes no
continuos, fueron detectados por SEM, también se podian observar imperfecciones debajo de

la superficie en la interfase de la restauracion dental con OCT. La profundidad de la brecha
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era variable y dependiente de la muestra; sin embargo, la visualizaciéon en 3D de toda la
restauracion con OCT nos permitié corroborar que con mayor % de margenes no continuos la

profundidad de la brecha también aumenta. Por lo tanto, la hipotesis nula fue rechazada.

3. Si encontramos porcentajes mas altos de adaptaciéon marginal en la
longitud total del margen, tanto antes como después de la carga termomecdanica en los grupos

en los que el esmalte fue grabado con acido fosforico, teniendo que rechazar la hipdtesis nula.

Un composite de polimerizacion dual aplicado en una sola capa en esmalte grabado con acido
fosforico obtuvo resultados de adaptacion marginal aceptables, pudiendo ser una técnica

alternativa para la restauracion de cavidades de clase II.

4. No encontramos diferencias en la adaptacion marginal entre los modos de

polimerizacién dual y quimica. Por lo tanto, se acept6 la hipotesis nula.

La insercién de materiales en una sola capa, con el beneficio adicional de la polimerizacion
quimica en las zonas profundas donde la luz es atenuada nos aporta varias ventajas clinicas en

términos de manejo, eficiencia en la polimerizacion y ahorro de tiempo.

5. El desarrollo de nuevos materiales dentales, en combinacién con considerables
avances en la adhesion dental en los ultimos afos, han permitido a los clinicos adoptar un
enfoque mas conservador. Los procedimientos minimamente invasivos deben tenerse en
consideracion con el fin de tratar a pacientes con erosiéon y / o atriccion. Es esencial un
correcto diagndstico, seguido de las estrategias de prevencion y / o tratamiento para detener la

progresion de la enfermedad.

El tratamiento descrito, se realizd mediante el uso de incrustaciones CAD / CAM muy
delgadas de composite y carillas en forma de v, permitiendo con un enfoque conservador

restablecer la salud, la funcién biomecanica, y el aspecto estético de los dientes.
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La Odontologia conservadora ha dado varios cambios sustanciales, el ultimo se llama
"odontologia adhesiva". Los avances en la tecnologia adhesiva han simplificado los
procedimientos dentales, ofreciendo un resultado mas estético a los pacientes y un tratamiento

mas conservador a los clinicos (1).

Estds mejoras en la adhesion, el aumento de la demanda de la sociedad hacia
restauraciones madas estéticas o restauraciones libres de metal, junto con el interés de
profesionales dentales por materiales del color del diente, hizo que el uso de la amalgama y
otros metales utilizados en boca cada vez méas controvertido, a pesar de la ausencia de pruebas

cientificas definitivas (1, 2).

El objetivo de esta tesis se centrd en analizar el desarrollo de la odontologia adhesiva;
se evalud la adaptacion marginal, analizando cuantitativamente mediante microscopia
electronica la cantidad de margenes continuos y no continuos en restauraciones de clase V
empleando un adhesivo de grabado total con diferencias en la aplicacion del acido
ortofosforico. Cualitativamente mediante el OCT, se analizé la posible propagacion de las
grietas o margenes no continuos. Se evalu6 también la adaptacién marginal de un composite
de polimerizacion dual como un sustituto de amalgama con diferencias en el grabado de 4cido
ortofosfoérico en esmalte y diferentes modos de polimerizaciéon quimica y dual, con el objetivo
de obtener la restauracion de cavidades de una forma répida y sencilla. Por ultimo se
describi6 el paso a paso de una rehabilitacion adhesiva de composite en un paciente joven con
un enfoque minimamente invasivo, restaurando la salud, la funciéon biomecanica y la

apariencia estética.

En la primera publicacion se realizaron 3 grupos de 8 dientes con diferencias en los
modos de aplicacion del grabado con acido ortofosforico realizando obturaciones de clase V.
Se sometieron a carga termomecanica durante 240.000 ciclos mecéanicos a una fuerza de 49 N

y 600 ciclos termales entre 5 y 55°C.

Antes y después del test de fatiga se realizaron réplicas de cada muestra para analizar
las dos interfases adhesivas externas (esmalte- restauracion y dentina- restauracion) mediante
Microsopio Electronico de Barrido (SEM, Philips XL 20, Eindhoven, The Netherlands) a

200x de magnificacion con la ayuda del programa informatico evaluando asi la “continuidad”
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(C) o “margen abierto” (MO) de cada interfase. Se observd también la micromorfologia del

patron de grabado que se produjo en esmalte y dentina con SEM.

En cuanto a los resultados que obtuvimos, encontramos diferencias significativas en
la adaptacion marginal en los margenes en esmalte. Por el contrario, no se obtuvieron
diferencias en los margenes en dentina (p=0.30). El patron de grabado revel6 un grabado mas

agresivo en las muestras que se aplic6 acido ortofosforico.

El segundo articulo analizd el tipo de fracaso adhesivo de las restauraciones de clase
V con los diferentes modos de grabado con acido ortofosforico, comparando el SEM con el
OCT (Optical Coherence Tomography). El OCT permiti6 analizar cualitativamente los
margenes no continuos del articulo anterior y ver la propagacion de las grietas dentro de la
cavidad. Obteniendo informacion complementaria del funcionamiento de las restauraciones a

largo plazo.

La siguiente investigacion tratd de encontrar una técnica restauradora adhesiva simple
y eficiente para cavidades de clase I y II. Se utiliz6 un composite de fraguado dual con
diferencias en la aplicacion del 4cido ortofosforico en el esmalte y el modo de polimerizacion
(auto y dual). Las muestras fueron sujetas a andlisis cuantitativo marginal mediante SEM

antes y después de la carga termomecénica descrita previamente.

Los porcentajes mas altos de adaptacion marginal en la longitud total del margen,
tanto antes como después de la carga termomecanica, se encontraron en los grupos en los que
el esmalte fue grabado con acido ortofosfoérico, sin diferencias significativas entre los modos

de polimerizacion auto y dual.

La ultima publicacién es un articulo clinico que pone en practica los conceptos de
odontologia adhesiva para rehabilitar a un paciente joven afectado por una sintomatologia
comun de erosion y atriccion. El articulo describe el paso a paso llevado a cabo para
diagnosticar, realizar el plan de tratamiento y la ejecucion de la rehabilitacion adhesiva
mediante el uso de restauraciones directas e indirectas de composite utilizando carillas en V e

incrustaciones de espesor reducido de CAD/CAM.
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De acuerdo con los resultados obtenidos, la primera hipdtesis nula en cuanto a que no
habra diferencias en la adaptacion marginal con diferentes protocolos de aplicacion de acido
ortofosférico en esmalte y dentina debe ser rechazada. Se encontraron diferencias
significativas en los margenes de esmalte en el grupo en el que no se aplicé acido
ortofosforico, sin embargo no se encontraron diferencias en dentina. Encontramos un efecto

de autograbado en dentina pudiendo beneficiar la restauracion de cavidades profundas.

La segunda y tercera hipétesis nula en la que el analisis SEM no seria capaz de
detectar diferencias en las grietas marginales entre los grupos y que no hay propagacion de
una grieta en el interior de la cavidad, en cavidades con margenes no continuos (o grietas
marginales) deben ser rechazadas. Cuando se detectaron imperfecciones marginales, o
margenes no continuo mediante SEM, también se podian apreciar imperfecciones debajo de

la superficie con OCT.

La cuarta y quinta hipotesis nula en la que no hay diferencias en cuanto a la
adaptacion marginal en restauraciones de clase II en una sola capa con diferentes protocolos
de grabado 4cido y polimerizacion auto y dual debe ser rehusada para las diferencias en el
protocolo de grabado, y aceptada para los modos de polimerizacion. El grabado con acido
ortofosforico en esmalte tuvo ventajas en la adaptacion marginal sin diferencias en cuanto al
modo de polimerizacion. La utilizaciéon de un composite dual en una capa para restaurar
cavidades de clase II, es una técnica econdmica, alternativa a técnicas de restauracion

adhesivas sofisticadas por capas y un sustituto potencial a la amalgama.

Pese a las limitaciones de esta tesis, podemos decir que la odontologia adhesiva nos
ayuda a respetar al maximo la estructura dental sana, alargar la vida de la denticién al
adherirse al diente y reproducir la naturaleza. De todas maneras se necesitan més articulos
que corroboren estos hallazgos y verifiquen el funcionamiento de la odontologia adhesiva a

largo plazo.
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CONSEURO!

H H =
Ao aropean s
Etch & Rinse Adhesive 2
e o J. BAHILLO*, T. BORTOLOTTO**, M. ROIG*, I. KREJCI** - UNIVERSITE
ID o 5 *Division of Restorative Dentistry. Universitat International de Catalunya, Barcelona, Spain DE GENEVE
% E iﬁaggs **Division of Restorative Dentistry. University of Geneva, Switzerland

Evaluate the sc|1c~ctching ProPcrtics of a classic 5~stcP etch&rinse adhcsivc, OPtibond FEOFL).
MATHERIAL & METHODS

Class V cavities with margins located in enamel and dentin. Restored with OFL and a microJ‘ybrid resin
comPosite (Clearﬁl AP-X). The sPccfmens were ranclomlg assigncd to three groups: l.enamel (E) and dentin
) ctchingwith 37% H5P04Followed by Primer (P) and Adhesive (A) aPP|ication, 2. Only E etchingwit}‘l
H,PO. followed I:)g P and A aPPlication and 3. P and A with no previous stching with HyPO..

=4 )
)

Fig 1. Class V cavity Fig 2. Restoration Fig 3. Vinyl polysiloxane impression Fig 4. Gold sputtered replica

Thermo-mechanical Ioading was Perlcormecl and sPccimens were sukjected to quantitative margina| analysis
before and after Ioacling‘ Data was evaluated with ANOVA and DUNCAN Post hoc test.
RESULTS

97.5+ 4.1A 89.4+ 8.6A 96.5+ 5.1A 83.3+ 11.6A

89.9+ 14.5AB 89+ 10.9A 93.1+ 8.1A 68.7+ 25.1A

80.2+ 10.1B 90.1+ 16.6A 46.9119.5B 69.7+ 22.5A 58+ 12.4B

No signiﬁ'cant differences in the % of continuous margins (CM)at TML were observed before |oa<:{ing.
lntcres’cinglg, after loading no signiﬁcant differences were observed on dentin margjns, cvidcncinga se|F—ctching

effect on dentin. However, signiﬁ'cantlg lower % CM were observed on enamel in group %)

i
Fig 7. SEM image group 3

Fig 6. SEM image group 2

Fli 5. SEM Tatings £10008
CONCLUSIONS

A selF—etcl’wing behaviour was observed due to the presence of the acidic monomer GPDM within the
composition of OFL.

CLINICAL RELEVANCE

OFL, a classic 5»stcP ctch&rinse aclhcsive, behaves as a selF~etching adhesive.

1. Pashley DH, Tay F, Breschi L, Tjiderhane L, Carvalho R, Carrilho M, Tezvergil-Mutluay A. State of the art etch-and-rinse adhesives.

Dent Mater 2011;27:1-16.
§E§§£§N€ES 2. Wilder AD, Swift EJ, Heymann HO, Ritter AV, Sturdevant JR, Bayne SC. A 12-year clinical evaluation of a three-step dentin adhesive in noncarious
cervical lesions. ] Am Dent Assoc 2009;140:526-535
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] Obturacion de Cavidades Extensas mediante
- Compesite de Polimerizacion Dual

bl ol J. BAHILLES, T. BORTOLOTTO*, M, ROIG*, I. KREJCI**
ovanilgnel oo

D

Evaluacién de la técnica adhesiva Y modo de pollmcnuxx‘)n en la restauracion de cavidades extensas mediante
una técnica sencilla, comoda [} econdmica usando un cotnpo:u!r. dual (Paracore, Coltane Whnlcdcnt).

Se realizaron cavidades clase 1l con mérgenes cervicales en cemento en
treinta y dos molares extraldos. Se dividieron en 4 grupos aleatonamente
dependiendo del acondicionamiento con acido ortofosfénico del esmalte g
método de Fo&nmmoén del cumFositc (qu'mic.'l o dual): 1. No HPO, Yy
fx)lnmwxxén quimica, 2. No H,PO, y polrncrimckbn dual 3. HPO, en
csmalte Yy F\menmcién quimtca‘ 4. H,PO4en esmalte Yy pohmrua:nén dual.
Se uséd un adhesivo nufognhmfe (hnhmd, Coltene Whaledent) Y
.-nplx.-xcién del curnpoa&h: en una sola capa. Se realizd cargp termo-mecinica
yse analizaron los mérgenes cuantitatvamente antes y dcspu& dela carga.
Los resultados fueron evaluados con ANOVA y DUNCAN post hoc test.

6548 £+ 1731 A 61,19 : 2014A 5760216738

7060 = 26,58 A 8313:230A | B84121297R

8087 £ 1520A 73,00 = 2052 A 8769 = 1842A 8027+ 1045A

T TMTA | TamsusA | smsviiA | 7202 17TA

Tabla do medias y doe. entre grupos y % de margenes continuos después de la carga

La cargp termo-mecinica im‘luin la &-g:d:\rjbn m.‘nrg;‘rml entodos bos grupos

Los valores mis altos de J&.:Pbc:én rrursn.ﬂ se encontraron en los Supos con
gdbado con acido ortofosférico del csma'tc' no se encontraron diferencias
eogwlﬁc:_mvas entrela polnmcrimcn(n quimica y dual.

Obtenemos los valores mas lxxps de .':claphcnén margn;xl de manera ans;u{:cnh\:l enlos
Fupos sin sr.:b;:do acido del csmultc, siendo mas relevante en la cara oclusal e
«rwdcpcndicm:mcntc del método de poltmmacxbﬂ

Fig 4: Imagen SEM Grupo II : Fig 5: Imagen SEM Grupe 111 “llhp.ﬂﬂplv

el compostc de Pdumcnzack’)n dual apk‘ado en una sola capa pucdc ser una alternatva para la obturacién de cavidades
extensas de clase I
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INIMAL INVASIVE COMPOSITE REHABILITATION
IN A YOUNG PATIENT

J. BAHILLO*, I. TARAZOAON*, M. ROIG**, L. JANE**
thetic Dentistry and Oral Rehabilitation. International Uni of Catalonia, Barcelona , Spain

the Department of Operative Dentistry and Endodontics. Int

Fig. 1: Initial superior occlusal view Fig. 2: Initial situation. Frontal view Fiy. 3: Initial inferior occlusal view

To reestablish anatomy and function in young Patients, based on minimal invasive Proceclures in order to achieve a

PFOPCF OCC[USB] schcmc and a P]easmg smi[c.

Fig. 4: Superior Wax up Fig. 5: Mounted study casts in CR Fig. 6: Inferior Wax up

A

T

-

Fig. 8: Lava Ultimate Blocks

Fig. 4: Final superior occlusal view Fig. 5: Final Situation. Frontal view Fig. 6: Final inferior occlusal view

The use of adhesive techmques and resin compositcs in combination with moderate tooth wear has

demostrated its Potcntial. !ntc’:rccpting this Paticnts at the initial stages and the use of minimal invasive

Procedures he!l:vs to avoid significant irreversible teeth damages giving back bio[ogq, function and esthetics.
E &-° 8IS &
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. SEPESOVIEDO

43 Reunion Anual 2013

El Comité Organizador de la 43 Reunién Anual de SEPES
CERTIFICA que

Bahillo Varela, )., Tarazén Visus, |., Castelo Baz, P., Ruiz Piién, M.,
Bahillo Varela, M., Roig Cayén, M.

Ha/han presentado la Comunicacion Oral titulada

ABORDAJE MINIMAMENTE INVASIVO EN LA REHABILITACION DE
PACIENTES CON EROSION Y ATRICCION

Cédigo de presentacién: 0-035

durante la 43 Reunidn Anual de SEPES celebrado en Oviedo del 11 al 13 de Octubre
de 2013. Y para que asi conste a todos los efectos, firmamos la presente
Certificacién, en Oviedo, a 11 de Octubre de 2013.

"

Dr. José M* Sudrez Feito Dr. Juan Ignacio Rodriguez Ruiz
Presidente de la 43 Reunién anual Presidente de SEPES

Secretarfa Técnica: Grupo Pacifico.
sepes2013@pacifico-meetings.com
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