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OZET

Amac: Bu calismada farkli restorative materyallerin farkli preparasyon derinliklerinde minimal
preoarasyon gerektiren laminate veneer restorasyonlarin makaslama baglanti dayanimlarinin
(SBS) incelenmesi amaglanmustir.

Materyal metod: 128 adet ¢ekilmis iist kesici dis yapisma yiizeyine gore rastgele iki ana gruba
(Grup E ve ED) ayrildi [mine (E) ve mine-dentin(ED)].  Gruplar ylizey islemlerine gore
Kontrol(C), 1.5 watt Er-YAG lazer(L), Hidroflorik acid (HF), Tribokimyasal kaplama (TC) 4
subgruba ayrildi(n=8). Yiizey sartlandirma igleminden sonra porselen (VITA Porcelain) ve
kompozit (Herculite XRV Ultra) disk 6rnekler (5 mm ¢ap, 2mm yiikseklik) 1sinla sertlesen
siman (Rely X TM Veneer) ile dis ylizeyine simante edildi. SBS testi, yapay yaslandirma
isleminden sonra 1 mm/dk kafa hizinda universal test cihazinda gerceklestirildi. Kirilma tipleri
stereomikroskop altinda degerlendirildi.
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Sonug: En yliksek makaslama dayanim degeri Grup E-TC grubunda goriildii. Grup ED-C and
E-C grubunda diger gruplarla karsilagtirildigi zaman en diisiik degerler elde edildi ve bu
farklilik istatistiksel olarak anlamli bulundu(p<0.05). Farkli materyallerin SBS degerleri
istatistiksel olarak anlamliydi. Tribokimyasal kaplanan kompozit 6rnekler porselene gore daha
yiiksek degerler gosterdi. Yiizey islemlerine gére materyaller arasindaki bu farklilik istatistiksel
olarak anlamliydi (p<0.05). Adheziv kopma diger kopma tiirlerine gore daha yaygin goriildii.

Cikarim: Dental dokularin o6zelliklerine bagli olarak materyallerin SBS degerleri
degismektedir. Mine dokusuna adhezyon daha etkilidir ve restoratif materyallerin baglatisi
ylizey kosullandirma ile gii¢clendirilebilir.

Klinik Cikarim: Laminate veneer restorasyonlarin uygulanmasinda eger miimkiinse mine
dokusu korunmali, eger preparasyon gerekli ise yeterli mine dokusunun birakilmasi
gerekmektedir. Uzun dénem kullanim ve iyi bir baglanti igin tribokimyasal kaplama ile
alternatif yiizey sartlandirmalar onerilebilir.

Keywords: laminate veneer restorasyonlar, feldspatik porselen, dental kompozit , makaslama
baglant1 dayanimi, dental dokular
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SHEAR BOND STRENGTH OF LAMINATE VENEER RESTORATIVE
MATERIALS APPLIED ON DIFFERENT DENTAL TISSUES

ABSTRACT

Aim: This study aimed to investigate of shear bond strength of laminate veneer restorations
required minimal preparation in different preparation depths and with different restorative
materials.

Material-Method: 128 extracted maxillary central incisor teeth were randomly divided two
main groups (Group E and ED) according to bonding surface [enamel (E) and enamel-
dentine(ED)]. The main groups were performed surface treatments ; Control(C), 1.5 watt Er-
YAG laser(L), Hydrofluoric acid (HF), Tribochemical coating (TC) (n=8). After surface
conditioning, porcelain (VITA Porcelain) and composite (Herculite XRV Ultra) disc (5 mm
diameter, 2mm height) samples cemented on teeth surface by light cure resin cement (Rely X
TM Veneer). Shear bond strength test was performed in a universal test device at 1 mm/min
after artificial aging. Failure mode was evaluated by stereomicroscopic examination.

Results: Group E-TC showed the highest bond strength value. Group ED-C and E-C were
showed the lowest value when compared the others, and this difference was statistically
significant between intragroups(p<0.05). The different material’s SBS value were statistically
significant (p <0.05). Tribochemically coated composite samples were showed higher value
than porcelain. This difference between material according to surface treatments was
statistically significant (p <0.05). Adhesion failure mode was seen to be more common the
others.

Conclusion: Depending on the properties of the dental tissues, it was seen that the SBS values
of the materials were changed. Adhesion to enamel tissue was higher values and it was
concluded that the bonding of the materials can be strengthened by surface conditioning.
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Clinical Relevance: For the application of laminate veneer restorations, if possible, enamel
tissue should be preserved, if the preparation required, sufficient enamel tissue should be left.
For long term use and good bonding, tribochemical coating and alternative surface treatments
can be recommended.

Keywords: laminate veneer restorations, feldsphatic porcelain, dental composite, shear bond
strength, dental tissue

INTRODUCTION

Laminate veneer restoration (LVR) is preferred in aesthetic applications due to its
natural-like appearance and it requires minimal tooth preparation. Mechanical behaviour, optic
and aesthetic property are effective in the choosing of laminate veneer restoration material.

The clinical success of LVR is closely related to the material to be chosen and the
method to be used. It is known that composite resins are not perennial and cause complications
such as discoloration, low wear resistance, marginal fractures and decreased aesthetics in the
long term (Peumans,1997). Composite resins, which have a limited usage area due to their low
wear resistance and poor bonding to tooth surface, have a wide range of indications today in
parallel with the developments in adhesive dentistry (Koray,2002). Although composite
veneers are aesthetic, they can not provide enamel-like reflection and transparency when
compared to dental ceramic. Low fusing dental porcelain materials, which have superior
aesthetic properties, have made porcelain laminate veneers a preferred treatment in minimally
invasive dentistry both due to the fact that laboratory procedure isn’t required out of glazing
and the advances in clinical techniques in adhesive technology(Shaini,1997) (Lin et al, 2012)
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(Li 2014). Silicate ceramics composed of quartz, feldspate and kaolin are heterogenous
materials (Font, 2006).

The necessity of preparation on the surface of the tooth for LVR and the depth of the
preparation are still controversial issue. Minimal preparation is recommended for LVR as it
reduces the stress of porcelain (Oztiirk,2013) (St Germain,2015). In clinical studies, failure was
reported on the enamel surface, where no treatment was performed (Dumfhart,2000).
(Calamia,2007) A minimum 0.5mm-0.7mm tooth preparation is required to ensure the
durability of the restoration, to be able to mask discolorated areas or to be able to change the
existing tooth color (Radz, 2011). However, with the advances in adhesive materials, non-prep
restorations can be performed successfully for microdontics, diastema, abrasion and malposed
teeth with a proper planning (Volkan,2016) .

The purpose of changing the surface conditions is to make the surface micro-
mechanically suitable for adhesion. Acide etching, laser applications which are thought to be
an alternative to acidification in recent years, and tribochemical coating which is based on the
coating of porcelain surfaces with a thin and glassy silicate layer and which increases the
strength of bonding with the formed silicate layer and resin are among the current surface
conditioning processes (Usiimez,2003) .

One of the most important factors in the clinical success of LVR is its strong bonding
with the tooth. Resin cements have become the first choice in the cementation of veneers in
general as they provide sufficient aesthetics for the cementation of all ceramic restorations, low
resolution in the oral environment, high bonding strength to the tooth structures, superior
mechanical properties and support for restoration (Magalheaes,2013).

Artificial aging process is a suitable method to evaluate the physical, chemical and
optical properties of non-metallic materials such as resin cement and composite (Heydecke 1
,2001) (Aguilar, 2012) (Rattacaso,2011).

The purpose of our study is to measure the bonding of the restoration materials, which
are roughened with different surface methods at different preparation depths, with the tooth
after aging. Our first null hypothesis is that the variability of the preparation materials does not
affect the bonding adversely. Our second null hypothesis is that different surface conditioning
processes do not change the bonding.

o

2. MATERIAL - METHOD
Preparation of Experimental Study

Ethics committee approval was received from Sivas Cumhuriyet University Clinical
Research Ethics Committee. In the study, a total of 128 non-carious human maxillary incisors
which were decided to be extracted within the last 6 months due to periodontal or orthodontic
reasons. Coronal pulps was removed by cutting the roots of the teeth, which were kept at room
temperature and in 0.01% thymol solution, and the labial surfaces of the teeth was embedded
in autopolymerizing acrylic blocks (Major Repair; Major Prodotti Dentari SPA, Moncalieri,
Italy) in parallel with the blocks. Teeth surfaces was grinding and polishing (Minitech 233
Polishing Machine, Presi, Budapest, Hungary) to have a smooth surface under water cooling
respectively with 240-, 400-, 600-, 800-, 1000-grit silicon carbide sandpapers (Wiirth Industry
Products, Istanbul, Turkey). After standardized tooth surfaces was obtained, surface preparation
was performed in the teeth that were cleaned and made sure that there were no addition on it.
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Preparation of Tooth

The teeth were randomly divided into two main groups (Group E and ED). Group E was
performed no preparation but only grinding with coarse diamond bur. For the preparation of
the teeth prepared in enamel-dentin complex (Group ED), enamel preparations was controlled
preparations by grinding with 100-, 400-, and 600 - grit silicon carbide abrazive papers (Lecol
VP 100, Leco Instrumente GmbH, Germany) until the dentin tissue was exposed in cervical
third. Thus, the adhesion area was provided to contain half enamel and half dentin tissue. The
cervical finishing line was positioned approximately 1 mm above the enamel-cement border.
All the procedures were performed only by one examiner.

Preparation of Porcelain and Composite Samples

Al colour feldspathic porcelain (VITA Porcelain, VITA Zahnfabrik, D-79704 Bad
Sackingen, Germany) samples were placed in stainless steel molds and roasted in accordance
with the manufacturer's instructions. Al colour composite disc samples were polymerized by
layering technique by placing them in stainless steel molds. Porcelain and composite samples
were prepared disc shape (5 mm in diameter , 2 mm in height). Before the cementation, all disc
samples were washed with distilled water and air-dried. All of the discs were then ground with
silicon carbide abrasive paper of grits 400, 600, and 1200 (Lecol VP 100, Leco Instrumente
GmbH, Germany). The information of materials used in the study is presented in Table 1.

Surface Treatment — Adhesive Cementation

Each main group was divided into 4 subgroups and experimental groups were performed
according to the surface treatment to be applied (n = 8). All teeth were cleaned, rinsed and dried
with pumice slurry before roughening with 37% orthophosphoric acid. Surface conditioning
processes of porcelain and composite samples to be cemented on the tooth surfaces were
performed. The subgroups were performed according to their surface treatments: C, group 181
without any surface treatment, L: the group applied under water cooling with Er-YAG laser
(Smarty A-10 Deka-Laser, Florance, Italy; 20 seconds, 1.5 watts, 1 mm distance); HF: the group
applied with hydrofluoric acid (9% Porcelain Etch, Ultradent® Products Inc, South Jordan, UT,
USA) for 4 minutes for surface conditioning; TC: chairside silica coating with 30 um SiO>
particles (CoJet Sand, 3M ESPE, Seefeld, Germany; 25 seconds, 2.5 bar, 15-mm distance).
Before silanization, the surfaces of LV samples were checked using ultraviolet light to see
possible fractures. Porcelain and composite discs, which were made ready for cementation by
silaning, were placed on the tooth surface with finger pressure in accordance with the
manufacturer's instructions, and irradiated with UV light device at 1100 mW /cm? power for 30
seconds from each surface.

Thermal Cycles and Shear Bond Strength Test

Thermal cycles were applied to the samples whose cementation was completed. 5000
thermal cycles at 5+2°C and 55+2°C were applied to all samples. Samples with artificial aging
were embedded in acrylic blocks and SBS test was performed on a universal test device (Lloyd
Instruments, Fareham, UK) at a head speed of 1 mm/min.

Failure Mode Analysis

After the SBS test, all samples were evaluated with stereomicroscope (ZEISS,
Axioscope 2 MAT, Oberkochen, Germany). The modes of fracture failure were listed in Table
3.

(i) Adhesive failure; on the bonding surface between the material and the tooth
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(i) Mixed failure (partial failure between tooth surface and material and/or resin
cement combined with partial cohesive failure ( less then %40 in the bonding
area) in tooth structure and resin cement

(iii)  Cohesive failure in tooth structure and resin cement
Statistical Analysis

Shear bond strength was dependent variable of the study. Adhesion surface (Enamel,
Enamel-Dentine) and surface conditions (Control, Er-YAG Laser, Hydrofloric acide,
Tribochemical Coating) were independent variables. The data was analysed using SPSS 22.0
(SPSS 22.0, SPSS Inc., Chicago, USA) program. Kruskall Wallis and Mann Whitney U statistic
tests were performed to state if there were statistically significant differences between all
groups. The statistical differences are adopted significant when p value is <0.05. Chi-square
test was applied to test failure mode types.

RESULT

The normality test was performed and the bonding values distribution was found to be
normal. Average SBS values and standard deviations are shown in Table 2. When the SBS
values were compared according to the data obtained from the study by applying the Kruskall
Wallis test, the difference between Group E and Group ED was found statistically significant
in terms of surface treatments (p <0.05). The highest SBS values were obtained on Group E
tooth surfaces. When the surface treatments applied on Group E tooth surfaces were evaluated,
the highest bond strength was obtained in the tribochemical coating group (5.54 + 3.43). When
groups were compared among themselves, there is no statistically significant difference
between Group E-C, Group E-L and Group E-HF (p> 0.05). Statistical significance is only seen
between Group ED-C and Group E-TC (p <0.05). While the highest SBS value was obtained
in TC applied group in both groups, the lowest shear bonding value was obtained in the control 182
group in which no treatment was performed in both groups (Table 2).

Among the groups, the highest SBS value was obtained in the tooth group that was
applied tribochemical coating and treated at the level of enamel. The lowest SBS value was
obtained in the enamel and enamel-dentin group without surface conditioning. It was obtained
that surface conditioning processes increase bonding in each group. However, this difference
wasn’t found to be statistically significant (p> 0.05). In our study where two different restorative
materials were used, it was observed that the composite material better bonding to the tooth
surface than porcelain (Table 3). The best bonding for both materials was obtained in samples
conditioned by TC, and the difference was found to be statistically significant when surface
treatments are compared between each other (p <0.001).

When the distribution of the failure modes was evaluated, the most common failure type
was adhesive rupture observed between the adhesion surface and the resin cement (Table 4).
While the most common type of failure in porcelain samples was adhesive failure (89.1%),
mixed (4.1%) and cohesive (6.8%) ruptures were to be less. Similarly, adhesive failure was
82.8%, mixed failure was 9.3%, and cohesive failure was 7.8% in composite samples.

DISCUSSION

In limitation the study, the first null hypothesis expressed the hypothesis that material
diversity in the bonding of the tooth surface will not adversely affect the bonding was rejected.
As a result of the data, the bonding of the restorative material with composite material was
better than the feldspathic ceramic material. The second null hypothesis, which suggested that
surface treatments will not affect the bonding positively, was also been rejected. In the samples
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with surface roughening, more shear bond strength (SBS) values were obtained for both
materials (composite and porcelain).

Ceramic fractures and marginal defects were shown among the most common failures
of porcelain material in clinical trials (Beier,2012) (Giirel, 2012) (Layton, 2012). Despite the
aesthetic superiority, wear resistance and superiority in colour changes of the porcelain
material, it was brought the use of different materials to agenda in aesthetic applications due to
the fact that it requires more tooth cutting in coloured tooth tissue, adhesion problem and a long
chair-time in repair operations (Okamura,2004) (Aykent,2005) (Stappert,2005) (Zorba, 2008).
Altenatively LVR were increased the popularity of composite restorations in recent years due
to its low cost, short application time and less preparation compared to porcelain
(Ozdemir,2009) (Korkut,2018). In their 8-year randomized clinical follow-up study, Gresnigt
et al. emphasized that porcelain ceramic veneers performed significantly better clinical
performance than composite materials (Gresnigt,2019). Ceramic LVR has advantages such as
requiring less amount of preparation compared to traditional crown-bridge applications, their
high color stability, their resistance to wear compared to composites, their strong bonding to
enamel when they are roughened with acid, their resistance to tensile force and shear strength
when adhered, providing excellent aesthetics, resistance to liquid absorption, and short
preparation times (Peumans,2000). After the thermal cycles application (5000 cycles), which
corresponds to a 6-month aging period, SBS values of composite restorations after artificial
aging were observed to be higher in the study. This difference makes us think that it may be
because the method of the study was different (in vivo and in vitro) and the mechanical and
physical properties of reinforced glass ceramics, which are frequently used in clinical
applications, were different from conventional low fusing porcelains.

One of the most controversial issues about laminate veneers is whether or not to make
preparations, and if so, how much should be done in which zone. Today, it is recommended to
make preparation with a minimally invasive approach in order to prevent overcontour, to
provide a smooth outlet profile, to cover the colored tooth surface, to increase mechanical
resistance, and to provide adhesion (Walls,2002) (Giirel,2004) (Kiligarslan,2006). Ceramic
veneer preparations are often limited to enamel to achieve a durable bonding interface and
longer clinical durability. The complex tubular structure of the dentine has a higher elasticity
coefficient than ceramic, which causes the risk of dental restoration to break. For this reason,
strict attention was paid to stay at the enamel level in the current study. Ala Alavi et al. were
examined the bonding of the ceramic material on the prepared and non-prepared anterior teeth
in their study and were obtained the highest shear bond stregth value on the non-prepared tooth
surface (Alavi ,2017). Similar results were obtained in present study and the highest shear bond
strength value was measured on the surface of the enamel tissue.

Thanks to the developing adhesive technologies, it has become possible to make
aesthetic porcelain laminate veneers not only having high mechanical properties but also
protecting the tooth structure more (Pini,2012). Adhesive is required for compensating stress
caused by polymerization shrinkage of composite resin, which should be at least 17-20 MPa to
dentine shear bonding and 20 MPa to enamel tissue (Pekkan,2009). However, dual-cure resin
cements have shown a bond strength value below 10 MPa in a study by Kameyama et al
(Kameyama,2015). The data obtained in the study was below this value and not within the
clinically acceptable limits. Due to the fact that the material prepared depending on the
properties of the dual cure resin cement was prepared thicker, it shows parallelism with the
studies conducted. Thickness of material is an important parameter in the use of cementation
because of light transmittance. In a study using new generation self-adhesive resins, Abo Hamar
et al. were evaluated the bonding to enamel and dentin tissue and were obtained the lowest
shear bonding value in dentin tissue in the samples they applied with artificial aging (Abo-
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Hamar,2005). The presence of enamel tissue was influence the connection positively. Similar
to the data obtained in the mentioned study, SBS values were obtained lower in the samples in
which dentin tissue was exposed as a result of present study.

The most important factor for a successful restoration is an effective and strong bonding
between the material and the dental tissue. Many processes can be applied to the tooth surface
or restoration to increase the bonding. It was stated using of HF acide (eg, etching of porcelain
surface or intraoral repair of fractured porcelain restoration) is safe for dental applications in
%4 to %10 concentrations (Alex,2008). Etching with low concentration hydrofluoric acid (%9)
was found to be a process that increases the bonding in this study. However, there are
implications in the literature that HF acid does not increase bonding (Ali ,2019). Our findings
contradicting the conclusion that HF acid does not increase the bonding in materials that do not
contain glassy material is not surprising due to the composition of the materials we use. Ali et
al. stated that the application of acid etching to zirconia material is not an effective method to
increase bonding, but thermal aging process weakens bonding (Ali,2019). The reason for the
difference of these findings can be shown as contents of the restoration materials being not the
same. In literature, HF acide etching is more effective method than laser application on bonding
of hybride and glassy CAD/CAM blocks (Hou,2018). Researchers was stated that Er,Cr:YSGG
laser (2 W) resulted in the creation of shear bond strength like with acid-etching mechanism,
although laser application with the lower power (1 W) created a significantly less amount of
bond strength compared to the application of acid. For this reason laser irriadiation was applied
on samples at 1,5 W in the study (Usiimez,2002). Although it is a more effective method, the
etching time with HF acide is so long and it takes more time than laser application
(Poosti,2012). The data we obtained from the study shows that surface conditioning processes
positively affect bonding. SBS value in the control group is at the lowest for both materials
(composite and porcelain). However, in Er-YAG laser, hydrofluoric acid and silica coating
groups, bonding was obtained at higher values. With the tribochemical coating that strengthens
the bonding by providing chemical bonding in the material containing silica, the highest
findings were obtained, similar to the literature. In 2013, Ozcan et al was stated that coating on
titanium surface increases the bond strength of materials containing silica (Ozcan,2013).
Although the materials were different, similarly, coated restorative samples were showed the
highest values in the current study.

The long-term success of the restoration depends on the hybrid layer between tooth and
resin remaining intact. Well-made clinical studies are the most reliable criteria for the
evaluation of adhesive systems. However, since clinical studies are time consuming, in vitro
studies are required to evaluate rapid changes in adhesive technologies. Thermal cycle (TC) is
an aging process that gives more information about the behavior of dental materials in the oral
environment. In present study, 5000 TC have been performed, corresponding to a 6-month
period, to mimic the oral environment. It was reported that TC treatment is a significant
decrease effect on SBS value between materials (Kong,2016). However, this study does not
give information about how thermal cycle affects the connection between materials.

There are in vivo and in vitro studies available for researchers to evaluate the
performance of materials (Lee,2007). However, in vivo studies are the ultimate method in
which the clinical performance of the materials can be assessed, and it may present several
difficulties to the researcher in the correct detection of failure. The current study was planned
on the bond strength of dental material in vitro with the SBS test, which is an easier method for
preparing fragile materials and performing the experimental procedure and obtained as
numerical data. However, there is a need for literature data that can help clinicians for the
debonding problem and for the rebonding stage.
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Defining the adhesion zone is vital for the classification of the status of the failure. For
this purpose, analysis with microscopic imaging can provide more reliable and complementary
information. In our study, it has been observed that the types of fracture in the samples with
low bond strength were mostly adhesive ruptures. It was also seen that there is a very large
amount of adhesive failure in the samples that ruptured before the breaking test was applied.
The failure type was reported to be adhesive at lower bond strength values. The same researcher
suggested that when adhesion is provided with improved methods at the adhesive interface, the
bond strength value can exceed the cohesive strength values of the resin cement (de
Barros,2006) (CN, 2006). When failure types on the rupture surfaces are evaluated, adhesive
failure between the tooth surface and cement is mostly seen in the control groups, whereas the
cohesive failure is mostly seen in the laser groups.

CONCLUSION

Within the limitations of our current study, it may be recommended to stay in the enamel
tissue as much as possible in the construction of laminate veneer restorations and if some
preparation is required, some enamel tissue should be preserved. According to data of the
current in-vitro study, etching the enamel tissue and exposing the dentin tissue have weakened
the bonding. It can be concluded that surface conditioning processes can be performed for
increasing the bonding of feldspathic ceramics and composite materials. It has been observed
that one of the most effective methods among the existing systems is the tribochemical coating
that can be easily applied in a chair-side way. Our data show that composite material can be an
alternative to porcelain. However, clinical and in-vivo studies are needed as a result of long-
term clinical use.
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Materials Manufacturer Composition
Prime-Dent Prime Dental Manufacturing, ABD Ortophosphoric acid
Feldspathic VITA Porcelain—VITA
. Zahnfabrik, D-79704 Bad . S L
Porcelain Alumina, leusite, silicon dioxide

Sackingen, Germany

188

Ethoxylated Bisphenol A-dimethacrylate

Herculite 3-Methacryloxypropyltrimethoxysilane
XRV Ultra Kerr, USA 2,2-ethylenedioxydiethyl dimethacrylate
BIS-GMA
Porcelain Etch Silane ULTRADENT, USA 9% Buffered Hydrofloric Acid
Rely X TM Veneer 3M ESPE Bis-GMA, TEGDMA, Ziconia/silica and fumed
silica, Pigments, Photoinitiator
Seefeld
Germany

Table 1 : Materials used in the study.
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Groups n Surface Treatment Mean p
MPa
(SD)
16 Control (C) 2.88(1.92)
Group E 16 Er-YAG Lazer( L) 3.05(1.00)
0,0001*
16 Hydrofloric Acide (HF) 4.99(4.08)
16 Tribochemical Coating(TC) 5.54(3.43)
16 Control (C) 1.76(0.90)
Sg’”p 16 Er-YAG Lazer( L) 2.74(1.07)
16 Hydrofloric Acide (HF) 3.45(2.21) 0.193
16 Tribochemical Coating(TC) 5.25(2.86) 189

Table 2. SBS values of materials according to surface treatments

n Control Er-YAG Hydrofloric Tribochemical
Laser Acide Coating
Etching Etching

Porcelain 16  1.11(0.42) 234 (0,56) 2.05(0.81)  7.00 (2.07) 0.001*

Composite 16  3.53 (1.36) 3.45(1.11) 2.28(1.02)  8.19 (2.01) 0.001*

Table 3. Shear bond strength values according to restorative materials.
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Groups

Group ED-
Cc

Group ED-
L

Group ED-
HF

Group ED-
TC

Group E-C

Group E-L

Group E-
HF

Group E-
TC

Adhesive
Porcelain Composite
6 5
75% 62.5%
8 7
100% 87.5%
7 7
87.5% 87.5%
7 8
87.5% 100%
8 6
100% 75%
7 6
87.5% 75%
6 7
75% 87.5%
8 7
100% 87.5%

Table 4. Failure modes of the groups.
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Mixed
Porcelain ~ Composite
1 2
12.5% 25%
0 1
12.5%
1 1
12.5% 12.5%
0 0
0 0
1 1
12.5% 12.5%
0 1
12.5%
0 0

Issued in JUNE, 2020

Cohesive
Porcelain ~ Composite
1 1
12.5% %12.5
0 0
0 0
1 0
12.5%
0 2
25%
0 1
12.5%
2 0
25%
0 1
12.5%
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