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The aim of this study was to evaluate the shear bond strength of ormocer-based restorative material bonded to tooth structure
using specific ormocer and nonspecific resin-based adhesives. Human molars were prepared to obtain flat buccal enamel surfaces
and flat occlusal dentin surfaces. Admira bond, and Prime & Bond NT, Excite, AdheSE, and Prompt-L-Pop were applied to the
prepared enamel and dentin surfaces. Ormocer restorative material was inserted into a mold fixed onto the prepared tooth surfaces.
The restorative material was applied and cured. The shear bond strength was measured using a universal testing machine. The
highest bond strength was recorded for Admira bond. The non-specific adhesives (AdheSE and Prompt-L-Pop) were recorded the
lowest bond strength. Etch & Rinse (Prime & Bond NT and Excite) adhesives were recorded an intermediate values. Admira bond
usually showed cohesive failure in the material with enamel and cohesive and mixed failure with the dentin. Etch & Rinse adhesives
showed mixed failure with the enamel and, mixed and adhesive failures with the dentin. Self-etching adhesives commonly exhibited
adhesive mode of failure. So, Etch & Rinse, non-specific bonding agents can be used with Admira ormocer-based restorative
material when the specific adhesive is depleted.

1. Introduction

Today, improvements in formulations, optimization of prop-
erties, and the development of new techniques for placement
have made the restoration of direct composite more reliable
and predictable [1]. The resin matrix has an important
influence on the properties of the composite resins besides
the filler system [2]. There are a great number of resin
composites based on conventional monomer systems such
as Bis-GMA, UDMA, TEGDMA, and Bis-EMA. The most
recent innovation in the monomer system has been the
ormocer (organically modified ceramic) technology and
filler particles [3].

Ormocer is the acronym for organically modified ceram-
ics. This class of material represents a novel inorganic-
organic copolymer in the formulation that allows for
modification of the mechanical parameters. The inorganic-
organic copolymers are synthesized from multifunctional
urethane and thioethermethacrylate alkoxysilanes as Si-O-Si

network by hydrolysis and polycondensation reactions. The
methacrylate groups are available for photochemical poly-
merization. The filler particles (ZrO2 or SiO2) are 1–1.5 µm
in size and 77% by weight loading [4, 5]. Conventional
adhesive systems work in three steps: etching, priming, and
bonding. Recently, in an effort to simplify bonding proce-
dures, two-steps and one-step adhesives were developed [6].
The advance in adhesive systems has made it necessary to
evaluate their effectiveness in bonding restorative materials
to enamel and dentin substrate. Some in vitro methods
have been extensively used to do this, including the shear,
tensile, and microtensile bond strength tests. Shear test
have been reported as the most prevalence in the literature
[7, 8].

This study was designed to evaluate and compare the
shear bond strength and mode of failure of ormocer-based
restorative material to both enamel and dentin substrates
using the specific ormocer-based adhesive and nonspecific
adhesive systems. The nonspecific adhesive systems include
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two types of the Etch & Rinse and two of the self-etching
adhesives.

2. Materials and Methods

Seventy, noncarious, extracted human permanent molars
were used. The teeth were stored in 0.1% thymol solution
after extraction. The teeth were cleaned from the remaining
soft tissues and then stored in distilled water until use. The
teeth were divided into two groups, 35 teeth each. Thirty-
five molars were prepared at the buccal surfaces to obtain
flat enamel surfaces of at least 5 mm in diameter. The buccal
surfaces were ground flat with orthodontic model trimmer
(FARO, Italy). The roots of the teeth were removed with a
diamond disc (Edenta, Euadd, Edenia, GmbH, Switzerland).
The teeth were embedded in 3/4 inch polyvinyl chloride
rings with self-cured acrylic resin (IMI cryl, Turky). The
enamel surfaces were ground flush with the acrylic resin by
using silicone carbide paper 600 grit (Resista, OMEGNA Nia
Filli DiDa/Italy) on a polishing machine. Finally, the enamel
surfaces were cleaned with distilled water and dried with
oil-free air. Thirty-five molars were prepared at the occlusal
surfaces to obtain flat dentin surfaces. The trimming was
extended 1.5 mm apical to the deepest occlusal pit. The teeth
were mounted and ground flush with the self-cured acrylic
resin. Finally, the dentin surfaces were cleaned and dried.

The prepared teeth were classified into 5 groups for
either enamel or dentin, 7 teeth each. The bonding agents
were applied to the prepared teeth surfaces as follows:
Admira Bond (Voco GmbH, Cuxhaven, Germany), Prime
& Bond NT (Dentsply Detrey Kontanz, Germany), Excite
and AdheSE (Ivoclar/Vivadent, Liechtenstein), and Prompt-
L-Pop (3M ESPE, Dental Product, St Paul MN, USA) were
applied according to the manufacturer’s instructions. The
first three adhesive systems required total etching with 37%
phosphoric acid gel (Total Etch, Ivoclar Vivadent, Liechten-
stein). The acid gel was applied for enamel surfaces for 30
seconds and the dentin for 15 seconds. The gel was washed
for 25 seconds with water and dried with oil-free air for 15
seconds. In such a way, the enamel surface showed typical
chalk-like appearance and the dentin surface was still moist.
Single coat of each adhesive was applied to both enamel and
dentin surfaces with disposable brush and left undisturbed
for 15 seconds. The solvent was removed by blowing gently
with air for 5 seconds and then light polymerized for 20
seconds using Astralize 3 (Ivoclar Vivadent, Liechtenstein)
halogen light-curing unite. The fourth adhesive (AdheSE) is
a two-step self-etching adhesive; it was applied to the enamel
and dentin surfaces. Adequate amount of AdheSE primer
was applied to the substrate and brushed for 15 seconds,
then the AdheSE bond was applied and dispersed with a very
weak stream of air and light-cured for 10 seconds. The fifth
adhesive (Prompt-L-Pop) is one-step self-etching adhesive;
it is applied to the enamel and dentin surfaces. Adequate
amount of the adhesive was applied and left undisturbed for
20 seconds and then dispersed with a very weak stream of air
and light-cured for 20 seconds.

The restorative material was applied as follow: teflon
ring mold of 4 mm diameter and 4 mm height was placed

Table 1: Mean shear bond strength (Mpa) of Admira restorative
material to enamel substrate using the various adhesive systems.

Adhesive system Mean SD P value F value

Admira bond 23.43A 3.2 0.0001 36.15

Prime & Bond NT 22.78A 3.39

Excite 19.66B 3.26

AdheSE 14.24C 2.8

Prompt-L-Pop 12.04D 2.13

Means with the same superscripts are not significantly different.

and fixed against the prepared surfaces (enamel or dentin).
Ormocer-based restorative material (Admira, Voco GmbH,
Cuxhaven, Germany) was inserted into the mold in 2
increments of 2 mm each; each increment was cured for 40
seconds. The samples were stored in distilled water at 37◦C
for 24 hours before testing.

2.1. Bond Strength Measurement. The samples were mounted
in the universal testing machine (Lloyd instrument LTD,
West Fareham, England) using specially designed grips. The
upper part of the testing machine has a knife-edge part to
apply the force at the interface of bonding, and the fracture
load was recorded in Newtons. shear bond strength was
calculated by dividing the load by the cross-sectional area of
the bonded restorative material.

2.2. Mode of Bond Failure. The bonded areas were examined
with a binocular stereomicroscope ×16 ( Leica, Heerbrugg,
AGCH-9435, Switzerland) and then classified into adhesive,
cohesive, or mixed mode of failure. Adhesive mode of failure
was recorded if the restorative material was completely
detached from the tooth structure, cohesive failure if the
bond failure was entirely within the restorative material, and
mixed failure if the bond failure was a combination of the
adhesive and cohesive modes of failure.

2.3. Statistical Analysis. Data were analyzed with one-way
analysis of variance (ANOVA) and least significant difference
(LSD) test. t-test was done to compare the results of the same
adhesive system with both enamel and dentin substrates.

3. Results

The mean shear bond strength of Admira restorative material
to enamel substrate using the various adhesive systems
is presented in Table 1. One-way ANOVA test showed
significant difference in enamel bond strength among the
tested adhesives at 95% confidence level, P < 0.001 (Table 1).
LSD test showed no significant difference between Admira
bond and Prime & Bond NT adhesives. On the other hand,
there was significant difference between Admira bond and
Excite, and AdheSE and Prompt-L-Pop adhesives as will
as between Excite and AdheSE and Prompt-L-Pop adhesive
systems (Table 1).

The mean shear bond strength of Admira restorative
material to dentin substrate using the various adhesive
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Table 2: Mean shear bond strength (Mpa) of Admira restorative
material to dentin substrate using the various adhesive systems.

Adhesive system Mean SD P value F value

Admira bond 21.79A 2.62 0.0001 12.159

Prime & Bond NT 19.16B 2.58

Excite 17.66B 2.33

AdheSE 16.07C 2.51

Prompt-L-Pop 15.05C 2.13

Means with the same superscripts are not significantly different.

Table 3: Mode of failure (number of samples) of the restorative
material after debonding from enamel substrate.

Adhesive system
Mode of failure

Adhesive Mixed Cohesive

Admira bond 1 1 5

Prime & Bond NT 1 3 3

Excite 3 4 0

AdheSE 6 1 0

Prompt-L-Pop 7 0 0

Table 4: Mode of failure (number of samples) of the restorative
material after debonding from dentin substrate.

Adhesive system
Mode of failure

Adhesive Mixed Cohesive

Admira bond 1 3 3

Prime & Bond NT 2 3 2

Excite 4 3 0

AdheSE 6 1 0

Prompt-L-Pop 6 1 0

systems is presented in Table 2. One-way ANOVA test showed
significant difference in dentin bond strength among the
tested adhesives at 95% confidence level, P < 0.001 (Table 2).
LSD test showed significant difference between Admira bond
and the other adhesive systems. Also, there was significant
difference between Excite and AdheSE and Prompt-L-Pop
adhesives as well as between Prime & Bond NT and
AdheSE and Prompt-L-Pop adhesive systems. There was no
significant difference in dentin bond strength between Prime
& Bond NT and Excite or between AdheSE and Prompt-L-
Pop adhesive systems (Table 2).

By comparing the mean shear bond strength of enamel
to that of dentin, t-test revealed that: (1) there was no
significant difference for Admira bond adhesive system (P >
0.05), (2) there was significant difference for Prime & Bond
NT adhesive system (P < 0.05), (3) there was significant
difference for Excite adhesive system (P < 0.05), and (4) there
were no significant differences for both AdheSE and Prompt-
L-Pop adhesive systems (P > 0.05). The fracture patterns of
the samples to enamel and dentin substrates are presented in
Tables 3 and 4, respectively.

4. Discussion

Admira is a light polymerizing, ormocer-based restora-
tive material. It contains three-dimensional polymerizable
inorganic-organic polymer chains and aliphatic and aro-
matic dimethacrylate. The resin matrix of Admira consists of
ormocer, Bis-GMA, UDMA, and TEGDMA. It contains 78%
inorganic filler, glass ceramic, and SiO2 particles of 0.7 µm,
and it polymerizes under halogen light [9]. In this study,
the Admira bond is compared with the other fifth and six
generation materials to demonstrate if these adhesive systems
can be used as alternative adhesives to the Admira bond when
depleted.

The results of this study showed that the Admira bond
had the highest bond strength for both enamel and dentin
followed by the Prime & Bond NT with no significant
difference between the two adhesives when they were applied
to enamel and with significant difference when they were
applied to dentin. Prime & Bond NT is related to the
Etch & rinse system and has nanofilled, fluoride-releasing
character. The nanofiller may improve the adhesive strength
to both enamel and dentin and sufficient film thickness
from one-coat, one-cure technique. The nanofiller particles
are less than one hundredth of the average diameter of
dentinal tubules at enamel-dentin junction (0.8 µm), and
therefore they are fully capable of entering the tubules and
the demineralized zone of the dentin. The nanofiller serves
as an additional cross-link and therefore strengthens the
adhesive layer [10, 11]. It was concluded that nanoparticle
hydroxyapatite particles, produced by hydrothermal routes,
were used to infiltrate sections of human dentine. The effect
of the particles in blocking the channels in dentine in order
to prevent fluid motion was shown. In the long term, this
approach may offer an effective means of treating sensitive
teeth [12]. Particles prepared at pH 12 had a mean length of
approximately 70 nm and diameter of approximately 30 nm.
These showed the most promising infiltration results, with
up to 90% of the tubules being fully or partially occluded
[13]. In the present study, these properties explain the
recorded cohesive mode of failure of the Admira bond. The
viability of the SEM technique for the 3D characterization
of dentine tubule structure was considered. It has shown the
capability to capture the complex structure and interconnec-
tion in a porous insulating biological tissue with nanoscale
resolution, but over volumes covering thousands of cubic
micrometres [14].

The lowest shear bond strength was recorded for Prompt-
L-Pop with both of enamel and dentin. Prompt-L-Pop is
related to the self-etching, one-step adhesive system. This
result may be attributed to the effectiveness of self-etching
primer systems on properly etching the enamel which also
reflected on the adhesive mode of failure of this type of
adhesive. Etching of enamel by self-etching primer is less
predictable than that of phosphoric acid etching. Removal of
smear layer by a separate etching step before bonding would
produce a more reliable and durable bond to dentin [15].
Excite and AdheSE exhibited an intermediate shear bond
strength with significant difference from the Admira bond
and Prime & Bond NT adhesives.
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Admira bond is a specific formulated primer/adhesive
ormocer-based, light-curing system for enamel and dentin
bonding. It was reported that Admira bond contains special
adhesive ormocer with calcium complexing functionality
which enhances the bond strength on tooth structure.
Because of the chemical affinity, Admira bond adheres firmly
to both the tooth structure and the restorative material. This
explains the cohesive mode of failure of the Admira adhesive
system [9]. Ormocer-based composite should be used with
the matching specially formulated primer/adhesive system,
and the practitioner is cautioned not to indiscriminately
exchange specific dentin bonding agents for nonspecific
ones. This conclusion is somewhat in conflict with the
results of our study which indicated that ormocer could
be used with nonspecific primer/adhesive system, this may
be attributed to the difference in the adhesives used.
The researchers in that study used nonspecific self-etching
adhesive in addition to specific primer/adhesive for studying
microleakage not the bond strength [16].

The bond strength of Prime & Bond NT and that of
Excite adhesive to enamel was significantly different. This
result may be attributed to the chemical composition of the
adhesives. Although both types of adhesives are nanofilled
and alcohol based, Prime & Bond NT is acetone based
while Excite is ethanol-based adhesive but Prime & Bond
NT contains two different types of resins, T-Resin (small,
cross-linked molecule) and D-Resin (small, mobile resin
molecule). These types of resins enhance resin infiltration
compared to Excite adhesive; this explains the significant
difference between the bond strength obtained with Prime &
Bond NT and Excite adhesives to enamel. Adhesives that use
acetone as the solvent may require a moist dentin substrate
to produce adequate bonding [17]. Also, these factors control
the behavior of these adhesive during debonding.

5. Conclusions

Within limitations of this in vitro study, the following
conclusions can be drawn:

(1) ormocer-based restorative material must be used
with matching specifically formulated adhesive sys-
tem and can be used with nonspecific primer/adhe-
sive system with Etch & Rinse technique specially
with Prime & Bond NT adhesive;

(2) self-etch adhesives were not suitable for use with
ormocer-based restorative material

Clinical Relevance

Prime & Bond NT adhesive can be used as an alternative to
Admira bond when it is depleted.
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