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1.Abstract

Introduction: Dental trauma is a serious worldwide public health issue more frequent in
phases of individuals' growth and development. Regardless the occasion, the absence of
treatment may lead not only to aesthetic concerns but also to functional and emotional
disturbances. There are still very few publications that provide us with information about the
procedure for applying the fragment "bonding" materials that we should choose to ensure clinical
longevity.

Purpose: To compare the dentin microtensile bond strength of three different tooth

reattachment techniques and evaluate failure modes, after two years water aging.

Materials and methods: Two years ago, fifteen third molars were selected, prepared and
randomly divided into three groups (n=5). Each tooth was transversely sectioned at the crown
level due to obtain a detached crown fragment. Afterwards, the bonding protocol with resin
composite was applied in three different ways according to three groups: conventionally with a
layer of resin composite (group 1), pre-heated resin composite at 50°C (Group IlI) and resin
composite applied with ultrasonic vibration (Group IlIl). For all groups a controlled 30 N force was
applied. After bonding the teeth were cross-sectioned and sticks with 1 mm? were obtained.
They were then tested in tension in a universal testing machine at 0,5 mm/min. The mode of
failure was evaluated with optical microscopy. Data was analyzed with the IBM SPSS software

and significance level was set at a = 0.05.

Results: The following microtensile bond strengths were registered (mean in MPa + SD):
Group | — 21,8 £ 8,7; Group Il - 20 + 10,6; Group llI- 23,9 + 7,4. No statistical differences were

found. All groups experienced the three types of failure.

Conclusion: There were no differences in bond strength among different groups, so the
material used, and techniques were not a significant influence for bond strength, two years after

reattachment.

Keywords: dental trauma; tooth fragment reattachment; composite resin; ultrasonic vibration;

pre-heated composite, dentin bond strength; microtensile bond strength.
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1.Resumo

Introdugao: O trauma dentario constitui um problema mundial de saude publica sendo
mais frequente em fases de crescimento e desenvolvimento dos individuos.
Independentemente da ocasido, a auséncia de tratamento pode levar ndo s6 a
preocupagbes estéticas, mas também a disturbios funcionais e emocionais. Ainda sao
poucas as publicacbes que nos fornecem informacdes sobre o procedimento para aplicar
os materiais a utilizar na "colagem" dos fragmentos de modo a garantir a longevidade

clinica.

Objetivo: Comparar a forga de unido da interface dentina-resina-composta de trés
diferentes técnicas de reinsergao dentaria e avaliar os modos de falha apds dois anos de

envelhecimento com agua.

Materiais e métodos: Ha Dois anos, quinze terceiros molares foram selecionados,
preparados e aleatoriamente divididos em trés grupos (n = 5). Cada dente foi seccionado
transversalmente no nivel da coroa para a obtengdo de um fragmento da coroa.
Posteriormente o protocolo de colagem com resina composta foi aplicado de trés formas
diferentes de acordo com trés grupos: convencionalmente com uma camada de resina
composta (grupo 1), resina pré-aquecida a 50°C (Grupo Il) e resina composta com vibragao
ultrassoénica (Grupo IIl). Em todos os protocolos foi aplicada uma forga controlada de 30 N.
Apos a reisergao dos fragmentos, os espécimes foram seccionados transversalmente e
obtiveram-se bastées com 1 mm?. Foram entdo testados em tensdo numa maquina de
ensaios universal a 0,5 mm / min. O modo de falha foi avaliado com microscopia 6tica. Os
dados foram analisados pelo software IBM SPSS e o nivel de significancia foi estabelecido
em a = 0,05.

Resultados: Foram registadas as seguintes forgas de adesdo a microtragédo (média em
MPa = DP): Grupo | - 21,8 + 8,7; Grupo Il - 20 + 10,6; Grupo Il - 23,9 + 7 ,4.

Conclusdo: Nao houve diferengas na resisténcia de unido entre os diferentes grupos,
de modo que o material utilizado e as técnicas nao foram uma influéncia significativa para a

resisténcia de unido, dois anos apds a reinsercao.
Palavras-chave: traumatismo dentario; reinsergao fragmento dentario; resina composta;
vibracao ultrassoénica; compdsito pré-aquecido, forga de adesao dentinaria; resisténcia de

microtracéo.
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2.Introduction

Dental trauma is a serious worldwide public health issue more frequent in phases of

individuals' growth and development.

The mean ages of children with affected primary and permanent teeth were 3,35+ 2,02 and
9,09+2 .43 years."

Both male and female children in the age group of 13-14 years have experienced highest

trauma, when compared with children in the age group of 9-10 and 11-12 years.?

According to Eltair M et al® the prevalence of traumatic crown injuries in German

adolescents was 6.3% in the 10 and 12-year-old children and 14.0% in 15-year-old children.

Traumatic dental injuries are more prevalent in permanent (58.6%) than in primary dentition
(36.8%).*°) It has been shown that the affected dentition was related to gender. In permanent
dentition, boys suffer more dental injuries compared with girls.®) However, in deciduous
dentition, that difference was not found.”) Dental trauma mainly involves the upper anterior
teeth, affecting more frequently the maxillary central incisors followed by maxillary lateral
incisors,® in both dentitions.® This was ascribed to their position in the arch and to the eruptive
process that causes protrusion, which is more marked in patients who present class I, division 1

Angle malocclusion. 9

Traumatic dental injuries occur mainly at home or school. The most frequent causes are
accidents, like falling, sports collisions, traffic accidents and physical violence. Regardless the
occasion, the absence of treatment may lead not only to aesthetic concerns but also to
functional and emotional disturbances.®'® Sanbuncuoglu and Irmak" also related that
attention deficit hyperactivity disorder (ADHD) may exacerbate such situations, increasing the
individual predisposition to dental trauma. ADHD is the most common psychiatric developmental
disorder, which affects up to 4 to 12% of all school-age children. De Oliveira Filho PM et al. 2

concluded that the use of illicit drug among adolescents increases prevalence of dental trauma.

According to the classification of the International Association of Dental Traumatology (IADT),
dental trauma can be classified as follows: enamel fissure, crown fracture (involving only
enamel, extending to the dentine with or without pulp involvement); fracture that extends from
the crown to the root (with and without pulp wrapping); root fracture; alveolar fracture;

concussion; subluxation and dislocation (lateral, intrusive and extrusive).(®1%
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Crown fracture accounts to 92% of traumatic injuries affecting the permanent dentition.!"®
Uncomplicated crown fractures, without pulp exposure, are the most common trauma in
permanent dentition while subluxations and complete luxation’s occur more frequently in the
deciduous dentition.® Several approaches have been developed for the reconstruction of
fractured teeth, requiring regular intervention of esthetic dentistry, fixed prosthodontics and/or,
on a timely basis, endodontics, periodontics and orthodontics.

Over time improvements in adhesive dentistry have enabled minimally invasive approaches

16.17) |

to improve functional and aesthetic aspects, which has become an asset to the patient.’
those cases of crown fractures where the corresponding tooth fragment is present, its bonding is
the best form of restoration since it reinstates, not only the patient’s function but also esthetics,
with the same parameters as in the past, i.e. with the same shape, the same color, translucency

h (8.18,19

and surface texture of the original toot ) The reattachment of a dental fragment is a

conservative, simpler, less time-consuming and cost-effective technique compared to composite

20,21

resin or full coverage restorations.*?" There is no consensus in the literature about the best

technique for bonding dental fragments, however the treatment chosen should be the one that

16.22) |n order to

gives better fracture resistance, ideally similar to those found in healthy teeth.!
increase fracture resistance of the restored tooth, clinicians may employ different techniques,
namely, the use of bevels, chamfers, dentin and enamel grooves, as well as different

combinations of adhesive systems and composite resins.®*-%)

Reis A et al.?® reported that a simple reattachment with no further preparation of the fragment
or tooth was able to restore only 37.1% of the intact tooth’s fracture resistance. In their study, a
buccal chamfer promoted a recovery of 60.6% of fracture resistance. Bonding associated with
an over contour or the placement of an internal groove nearly restored the intact tooth fracture

strength with retrieving values of 97.2% and 90.5%, respectively.

In the study carried out by Badami et al.®® the authors concluded that neither the bevelling
nor the material used led to an improvement in the fracture resistance of the tooth. They
concluded that the resistance of the fractured segment would be directly proportional to the area

of adhesion available.

Cavalleri and Zerman®’ compared two types of approaches for the treatment of coronal
fractures, namely a direct restoration in composite resin and the bonding of the tooth fragment.

AD Loguercio et al.®®

evaluated the fracture resistance after reinsertion of the fragment using
four techniques (bonded only, chamfer, over-contour; internal dentinal groove) and resin

composite build-up. For tooth fragment reattachment an adhesive system with a dual cure resin
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cement was used. The over-contour technique and preparation of internal dentinal groove
presented the highest fracture strength recovery. The resin composite buildup provided fracture

strength recovery similar to intact teeth.

For the reinsertion of fragment in anterior fractured teeth, based on the study of Bhargava et
al. it was concluded that the use of nano-composites and the preparation of chamfers in the
fracture line will be a useful combination and the chamfer preparation will allow an increase in

surface area for application of the material.?%3?

Nevertheless, Chazine M et al.®") and Bruschi-Alonso RC et al.®) claimed that the materials
chosen did not influence the result. Bruschi-Alonso RC et al.®) concluded that regardless of the
technique or material we individually used, we will never be able to achieve fracture resistance
of a healthy tooth.

32)

According to the evidence found in Garcia FCP et al.®?’s review simple tooth fragment

reattachment was the preferred reattachment technique.

There is still no consensus in the literature about the ideal material that should be used to

bond fragment and the fractured tooth.®?

Still, there are variations of this same bonding technique, as in the case of previous or late
preparation on the remaining tooth and the use of intermediate materials (flowable resin,

conventional resin, resin cements, glass ionomer cements).('82"

The prognosis of DT will vary according to the type of fracture, the need to perform
endodontic treatment or not, the presence or absence of fragments and their adaptation to the

remaining tooth, affected dental tissue and the amount lost.('®""

There are still very few publications that provide us with information about the procedure for
applying the fragment "bonding" materials that we should choose to ensure the dentin bond
strength. The aim of this study was to compare the microtensile bond strength of three different
groups at the dentin-composite interface and evaluate failure modes, after different cementation

protocol done two years ago.

The null hypothesis (Ho) was that there are no significant differences in the dentin bond
strength after tooth reattachment and two years water aging between different cementation

protocols.
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3.Materials and Methods

Specimen preparation

In this experimental study fifteen extracted permanent third molars without structural defects,
cracks or incipient lesions were selected. The teeth were disinfected in 0.5% chloramine T and
used within 6 months after extraction. All the extracted teeth were cleaned with ultrasonic scaler.
The occlusal surfaces were cut perpendicularly to the long axis of the tooth (Accutom 5, Struers,

Ballerup, Denmark), under water-cooling, thereby exposing a flat dentin surface.

The prepared occlusal surfaces and corresponding coronal fragment were carefully observed
to confirm the absence of residual enamel or other defects in dentin surfaces using a

stereomicroscope (Nikon® SMZ 1500, Tokyo, Japan) at 20x.

Bonding and restorative procedures

The teeth were randomly divided into three groups, according to the bonding protocols for
tooth reattachment. The materials used are depicted in table 1. For all samples both surfaces
were etched with 36% phosphoric acid for 15 seconds, then rinsed for 15 seconds and air dried
for 5 seconds. Afterwards, a universal adhesive system (Prime&Bond™ Active, Dentsply
DeTrey; LOT: 1702000441; VAL: 01-2019) was applied in a rubbing motion for 20 seconds in
both surfaces and gently air blown for 5 seconds. At this time the adhesive was not light cured.
Following bonding procedure, the coronal fragment was reattached in accordance to one of the

following protocols:

Group I: the nanohybrid composite resin Ceram X® (D3, Dentsply DeTrey; LOT: 0080; VAL:
06-2018), was homogeneously spread over one surface with OptraSculpt Pad (Ivoclar Vivadent),
the fragment was reattached, and a controlled 30 N force was applied over the fragment for 20
seconds. Light curing was performed during 15 seconds per surface (SPEC 3™, Colténe

Whaledent, emitting 3000 mW/cm2), making a total of 75 seconds.

Group Il: The same protocol of group | was used but ultrasonic vibration (cm4, (Ultra
Fusion®; CVDentus) was applied over the reattached fragment as long as the 30 N force was

undertaken.

Group lll: The same protocol of group | was used but Ceram X was pre-heated at 50°C using

10
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EASE-IT (Ronvig®, Akura)

After fragment reattachment, the enamel occlusal surface of each tooth was bonded and

restored with two 1,5 mm incremental layers of composite resin. Each layer was light-cured for
10 seconds with a LED light-curing unit (SPEC 3, Colténe, Altstatten, Switzerland), followed by

an extra polymerization time of 60 seconds (20 seconds on the occlusal surface and 10 seconds

on the other surfaces). The specimens were then stored at 100% humidity at 37°C for seven

days (Heraeus BK 6160, Kelvitron® Kp, Wehrheim, Germany).

Table 1- Materials used in bonding and restorative protocols.

Materials

Prime&Bond Active
(P&Ba)

Ceram X®

Cutting method

Manufacturer

Dentsply DeTrey; Konstanz,
Germany

Dentsply DeTrey; Konstanz,
Germany

Composition

Bisacrylamine 1 (25-50%), 10-MDP (10-25%),
bisacrylamide 2 (2,5-10%), 4-(dimethylamino)
benzonitrite (0,1-1%), dipentaerythritol
pentacrylate phosphate (PENTA), propano-2-
ol (10-25%), water (20%)

Matrix: Methacrylate modified polysiloxane,
dimethacylate resin, fluorescent pigment UV
stabilizer, stabilizer, camphorquinone, ethyl-

4(dimethylamino) benzoate, iron oxide
pigments, titanium oxide pigments, aluminium
sulfo silicate pigments.
Eiller: Barium- aluminium -borosilicate glass
(1.1-1,5um).
Methacrylate functionalized silicon dioxide
nano filter(10nm)

After storage, the specimens were cross-sectioned perpendicularly to the adhesive interface

with a low-speed cutting saw (Accutom 5, Struers, Ballerup, Denmark), under water cooling at

100 rpm and 0,300 mm/s, to produce dentin sticks with a sectional square area of approximately

1,00 mm?. After the first cut in x-axis direction, the free residual space between the slices was

filled with light-bodied silicone Aquasil Ultra XLV (Dentsply, DeTrey, Konstanz, Germany). Then

a second set of cuts were made in y-axis. Finally, the roots were cut from the crown

11
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approximately 4 mm below the cementoenamel junction releasing the sticks which were then
checked under an optical microscope (M300, Leica, Switzerland) at 40-fold magnification in
order to exclude samples with defects. All sticks were carefully identified and were then stored in
water at 37°C for two years. According to ISO/TS 11405:2015, the medium was replaced every

seven days to avoid contamination. ©¥

Microtensile bond strength testing

Two years later, each stick was bonded to a microtensile sample holder with cyanoacrylate
adhesive (CE10Flex®, Ce Chem Limited, Derbyshire, UK) and then fixed on the microtensile
device (Od04-Plus; Odeme Dental Research, Luzerna, Brasil). Specimens were fractured in
tensile mode in a universal testing machine (Model AG-I, Shimadzu Corporation, Kyoto, Japan)
at a 0,5 mm/min speed and the maximum load was recorded in Newtons and microtensile bond
strength was calculated according to the following equation: uTBS = F/A=N/mm? = MPa, where

F is the load at fracture (N) and A is the bonded area (mm?).

The failure mode was analysed under an optical microscope (Leica CLS 150 MR,
Switzerland) with a x40 magnification. The fracture pattern was classified as follow: (A) adhesive
at the bonding interface; (C) cohesive, if complete failure occurred in dentin and (M) mixed,

when failure occurred at both the adhesive interface and cohesively in dentin.

Statistical Analysis

Statistical analysis was performed with IBM SPSS Statistics 20.0 (SPSS; Chicago, IL, USA).
Kruskal-Wallis was used to compare means of microtensile bond strength data between the
groups. The chi-square test was used to compare failure modes between the groups. For all

analysis the significance level was set at a = 0.05.

12
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4 Results

A total of one hundred and forty-eight (148) specimens were available for microtensile testing.
Descriptive statistics and the number of tested specimens is described in Table 2. No statistically

significant differences were found among groups (figure 1).

Chi-square test indicated that there were no significant differences in the proportion of failure
between the three groups (p=0,149). Distribution of the failure mode is summarized in Table 3.

Cohesive and adhesive failures occurred more frequently in all groups.

Table 2: Descriptive statistics of dentin yTBS as mean * standard deviation and 95% confidence

interval (Cl) of experimental groups.

Group N Mean * SD(MPa) Min Max 95% ClI
(MPa) | (MPa)
| 62 21,7518,66 0,46 34,55 | [19,55; 23,95]
] 48 20,04 £ 10,59 0,27 33,91 | [16,96 ; 23,11]
]l 38 23,90+7,36 5,31 33,15 | [21,48 ; 26,31]

n: number of specimens; Min: lowest bond strength value; Max: highest bond strength value; 95 % CI:
95% confidence interval

Forga em MPa

M Grupo! [ Grupo !l [ Grupo lll

Figure 1: Box-plot (min-[lower quartile-median-upper quartile]-max) of yTBS (in MPa) of the three

groups.

13
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Table 3: Distribution of the failure mode for each group.

Failure Mode

Adhesive 16 20 14 50
% 25,80% 41,70% 36,80% 33,80%
Cohesive 38 21 15 74
% 61,30% 43,80% 39,50% 50,00%
Mixed 8 7 9 24
% 12,90% 14,60% 23,70% 16,20%
Total 62 48 38 148

14
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5. Discussion

Fragment reattachment can be considered a valid treatment option in coronal fractures of
anterior teeth. This seems to be a valuable alternative to incremental composite resin
restorations in the managing of fractured teeth, as this method is simple, conservative, ensures
complete restitution of the tooth’s integrity and also provides aesthetics and satisfactory
fragment retention."® Furthermore, conventional composite resin restorations tend to undergo
aesthetic loss over time due to discoloration and abrasion process that may occur when

exposed to the oral cavity.®?

Bond strength can be measured using macro and micro test set-ups, basically depending
upon the bonded size area.®* The characteristic of the bonding substrate plays a major role on
the quality of adhesion.®® Microtensile is the most valuable and recognized test set up for dentin
bond strength evaluation and has been used for all clinically relevant substrates including caries-
affected, caries-infected, sclerotic, deep and bur cut dentin.®® This method allows the
measurement of the tensile strength on very small surfaces, with an area around 1 mm? and was
used in this study.®’% This allows for a more uniform stress distribution in the prepared
samples of each tooth by measuring the bond strength in critical areas with a more reliable
correlation with the loss of clinical retention. Nevertheless, until reaching the adhesive interface
the load force applied in this test has to cross the tooth substrate and the composite resin. “%
This generates stress concentration in these areas, which can justify the frequent cohesive

failure observed in the tooth substrate, which can mask the true bond strength. "

Microtensile bond strength results may be influenced by factors such as storage of bonded
specimens in water,*? trimming, diameter of the stick and also the type of sample holder.“® In
order to minimize influencing factors for this type of test, in the present study, square non-
trimmed samples of 1mm?,“® a notched sample holder®® and water storage according to 1ISO

standard indications were preconized. ®*

In different studies, intentional fractures were performed on teeth by sectioning them with
disks, surgical blades or saws. It is important to note that structural loss and the contact surface
can change according to technique and this can lead to an incompletely fit of fragment due to

10,22,28,44

the loss of tooth structure. ) Otherwise, when trauma occurs, fracture occurs following

enamel prisms orientation and fragments fit more easily into the remnant tooth tissue.?%28:30.314%)
Reis et al.®” established a protocol in order to promote fracture of teeth. They preconize the

application of an axial load (at a speed of 0,6mm/min) in a buccal-to-lingual direction after

15
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dividing buccal surface into transversal and longitudinal thirds to standardize the area (point) for
the load application. They made perpendicular load application by means of a small steel ball
(2mm?) introduced at the end of a pin held in the crosshead of the universal testing machine
where roots of teeth were confined in a special device. However, using the sectioning technique

we can improve a more accurate reproduction in all teeth, simplifying standardization.!'"®

Reis et al.?® compared the fracture strength of two different techniques (bonded only and
with buccal chamfer) and different material combinations used to reattach tooth fragments. The
control group comprises a resin composite build-up. According to the material used, for both
study 5 subgroups were considered: adhesive system, light cured luting agent; dual cured luting
agent; flowable resin or hybrid resin. After reattachment, teeth were submitted to the same load
in order to evaluate fracture strength. All fractures occurred in the bonded interface in all
specimens. It was demonstrated that a buccal chamfer preparation achieves higher fracture
strength values than those obtained with only reattachment with no further preparation.
However, both techniques showed lower values than control group, in which a 45° bevel
extending 1mm on the buccal surface was made and after that a composite resin build-up.
Between groups there was no statistical differences regarding to the material that was used and
so, they concluded that material was less important and didn’t influence significantly fracture
strength. Other authors showed similar results reporting that material combinations used for

reattachment did not influence the bond strength of the fractured tooth.?"4")

Some studies have considered that prime factors for establishing the bond strength between
the fragment and tooth remnant are both the material and the technique used in the

reattachment process. Pusman et al.°

aimed to evaluate and compare the bond strengths of
experimentally fractured tooth fragments reattached with different adhesive materials and
retentive techniques. Sound teeth were subjected to a fracturing protocol previously described
by Reis et al. ®® Then, fractured teeth were randomly assigned into one of three reattachment
protocols: simple reattachment, over contour preparation (2.5-mm coronally and apically to the
fracture line) and internal dentin groove (1-mm deep and 1-mm wide). Teeth were
subdivided within each group and in each subgroup were used one of the five different adhesive
systems in bonding protocol with or without a hybrid resin composite (Z250). Afterwards,
restored teeth were subjected to thermal cycling, and subsequently to the same loading protocol
used for fracturing intact teeth in the first step. Fracture line corresponded to the adhesive
interface. Both the reattachment techniques and the adhesive systems significantly affected the

extent of bond strength. Internal dentinal groove showed highest bond strength followed by over

16
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contour technique. Preconizing internal dentinal groove, the adhesives Clearfii S* Bond
and Prime&Bond NT both associated with an intermediate layer of composite resin Filtek Z250
achieved the highest bond strengths. Regardless of the adhesive employed, simple
reattachment of fragments with an intermediate resin composite layer significantly improved
bond strength. Other authors found similar results.“®4%) Demarco et al.“® evaluated two
reattachment techniques (bevel preparation and no bevel preparation) reattached with (a dual-
cured resin cement RelyX ARC; a chemically cured composite Bisfil 2B, a light-cured composite
Z250 and a one-bottle adhesive Single Bond. Highest bond values were obtained with the
chemically cured composite Bisfil 2B group and then with the light-cured composite Z250 with
either bevel or non-bevel. Demarco et al.“® study like both studies of Rajput et al.*® and

Pusman et al.*® disclosed significant influence for materials and cavity designs.

To the best of the author’s knowledge there are no studies about tooth fragment
reattachment techniques using pre-heated composite or applying ultrasonic vibration, which
make difficult the comparison of our data. In the present study, pre-heating of resin composite to
50°C and ultrasonic vibration during cementation protocol did not have any significant effect on
the microtensile bond strength after two years water aging. Therefore, the null hypothesis was

not rejected.

It has been considered that pre-heating resin composites enhance dentin bond strength.
Davari et al.®® and Pappacchini et al.®" evaluated the effect of pre-heating composites at 4°C,
23°C or 37°C temperatures on the microtensile dentin bond strength. Both studies concluded
that pre-heating composites at higher temperature raised dentin bond strength. Davari et al.®”
demonstrated that Filtek P60 achieved highest bond values when pre-heated due to optimal
viscosity and flowability resulting in deeper penetration of resin into the micro-retentive areas.
Otherwise, Pappacchini et al.®" used a preheated flowable composite as an intermediate agent
record the highest microtensile bond strength. Also, interfacial quality was improved by raising
the resin temperature. Cantoro et al.®? aimed to assess whether the pre-cure temperature of
resin cements influenced significantly the bonding to dentin. Different pre-curing temperatures
were evaluated 4°C, 24°C, 37°C or 60°C. They concluded that temperatures over 50°C (60°C)

achieved highest dentin bond strength.

Moss et al.*® showed that elapsing two minutes after removing the heated resin at 60° C from
the heating device the temperature drops about 50%. Therefore, it is advisable to clinically

manage pre-heated composites quickly.

17
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In our study, although without statistical differences between groups, the pre-heated
composite resin group demonstrated the higher dentin bond strength. Daronch and
Rueggeberg® and Wagner et al.®® also reported that higher molecular mobility and reduced
viscosity due to increased temperature are correlated with the decrease in film thickness of
composite resin. It may be clinically advantageous because it can help to achieve a better
adaptation to the cavity wall thereby reducing the risks of incorporating interfacial voids within
the restorations and also decreasing microleakage. Therefore, pre-heated resin composites may

be recommended in order to decrease film thickness, at least.

An important advantage of sonic application in dental practice is that it does not require any
calibration procedure and it is probably less sensitive to operator’s experience. This alternative is
also easy to implement in clinical procedures and does not add more clinical steps to the
bonding protocol.®® The purpose of using the ultrasound application is also to decrease cement
materials thickness.

In dental practice the frequency of the sonic oscillating instruments ranges from 1000 to 6000

56)

Hz while ultrasonic frequencies ranges from 20,000 to 40,000 Hz.®® Serrano et al.®*®’s study

aimed to evaluate the effect of different sonic application modes on the immediate and 6-month

resin—dentin bond strength. Three one-step self-etch adhesives (One Coat 7.0 ; Clearfil s3
Bond; FuturaBond NR) were applied on a flat superficial dentin surface under manual mode
(using micro brush adhesive application performed as per manufacturers’ directions) or sonic
vibration ( where the micro brush was firstly attached to the prototype of the sonic device Smart
(FGM) at a frequency of 170 Hz). FGM has five different oscillating frequencies (144.5, 150, 170,
223.5, and 167.5 Hz) and the middle frequency was used. Crowns were after restored with
composite resin build up. They concluded that the use of a sonic device with an oscillating
frequency of 170 Hz improved the immediate resin-dentin microtensile bond strength and

delayed the degradation of one one-step self-etching adhesive.

Other studies reported that ultrasonic application mode affected bond strength of self-etching
adhesives. Bagis B et al.®” studied the effect of high frequency ultrasonic agitation (1 MHz) on
the microtensile bond strengths of different self-etching adhesives, Clearfil S® Bond, G-Bond,
and Futurabond NR. They noticed that ultrasonic agitation effect (through an ultrasonic scaler)

positively influenced bond strength. Cantoro et al.®*®

study aimed to evaluate the influence of the
cement manipulation and ultrasonic application on the bonding potential of self-adhesive resin
cements to dentin by microtensile bond strength testing. Class Il inlay were prepared using the

nanohybrid resin composite Gradia Forte and the luting agents were the following self-adhesive
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resin cements: G-Cem (Automix and Capsule), RelyX Unicem (Cliker and Aplicap). Luting
process was made under a static seating pressure (1kg by means of a plunger loaded with a
box of lead pellets) or under vibration (with an ultrasonic tip provided with a rubber cap mounted
on an ultrasonic handpiece (SONICflex, KaVO, Biberach, Germany) at medium power according
to the manufacturer's recommendation). All the specimens failed adhesively at the cement-
dentin interface. They concluded, that dentin bond strength was increased following ultrasonic

vibration of the inlay.

Serrano et al.*® study also compared manual and sonic vibration application modes in terms
of microtensile bond strength of a self-etching All Bond SE (Bisco) applied as a one- or a two-
step adhesive. However, contrarily to previous results®®, the authors have shown that sonic

application was not able to increase the microtensile bond strength values.

The ultrasonic application in the reattachment tooth fragments may require the use of a
stabilized tooth fragment guide due to the fact that the tooth fragment with vibration may lose

references and position and consequently have a harmful effect on bonding protocol.
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6. Conclusion

Within the limitations of this in vitro study, it can be concluded that:

All bonding and cementation techniques studied can be used for tooth fragment
reattachment. After two years of direct water aging no significant differences could be found

between corresponding microtensile values.

Preheating composite resin for luting procedures may not improve microtensile bond strength
but could be advantageous since it diminishes material viscosity possibly improving restoration

setting and film thickness.
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