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Aim: The success of layered restorations necessitates the utilization of an 
improved restorative material compatible with composite restorations. Therefore, 
in this line of research, the strength of adhesion of conventional resin-based 
dental composite to different filling materials was tested. Materials and Methods: 
Conventional composite resin was bonded to four restorative materials (Group I: 
conventional glass ionomer cement (GIC), Group II: resin-modified glass ionomer 
cement, Group III: flowable composite, and Group IV: Cention-N) received no 
surface treatment (Subgroup A: control), sandblasting using 50-µm aluminum 
oxide particles (Subgroup B), sandblasting and resin adhesive (Subgroup C), 
acid etch and resin adhesive (Subgroup D), or self-etch resin adhesive (Subgroup 
E). After 24 h, the strength of adhesion between the conventional composite 
resin and the other tested filling materials was estimated by using a universal 
testing machine and compared using one-factor analysis of variance and Tukey’s 
method. Results: The conventional GIC had the minimum values of adhesion 
strength while the flowable composite and Cention-N had the maximum values 
of adhesion strength (P < 0.05). The treatment of the used restorative materials 
with sandblasting and resin adhesive boosted the adhesion strength (P < 0.05). 
The surface treatment of GIC-based materials with either acid etch and resin 
bonding agent or self-etch resin bonding agent boosted the adhesion strength 
(P < 0.05). Conclusion: Cention-N sandblasted and coated with resin adhesive 
before the application of conventional composite resin in layered restorations is 
a potential alternative to GIC-based restorations and flowable composite.
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introduction

T he aim of combining different restorative materials 
by using a layering technique, which is known as 

the sandwich technique, was to enhance the success 
of the final restorations.[1] The type of the inner layer 
used in sandwich restorations is chosen based on 
its favorable properties, such as minimal pulp tissue 
irritation, reduced microleakage, improved dentinal 
adhesion, ease of handling, low elastic modulus, and 
possible low polymerization shrinkage stress.[2] The 
bond strength between the different layers of sandwich 
restoration is crucial to the overall restoration’s 
success. Conventional glass ionomer cement (GIC), 
resin-modified glass ionomer cement (RMGIC), and 
flowable composite are frequently used materials 
underneath conventional resin composite in sandwich 
restorations.[3] Deep proximal cavities with subgingival 
margins are restored with sandwich restorations using 
GIC or flowable composite to elevate the gingival 
seat before the placement of composite resin.[4] It is 
recommended to surface-treat GIC before applying the 
composite restoration on top of it to increase adhesion 
at the GIC-composite interface. The relatively weak 
adhesion of the GIC to resin-based dental composite 
could be attributed to the inferior mechanical features 
of GIC and the difference of the chemistry of these two 
materials.[5] The flowable composite is also known for its 
low strength, which may risk the survival of sandwich 
restorations.[6] The low filler amount in the flowable 
composite produces substantial volumetric contraction 
during polymerization, which might contribute to 
debonding at the tooth-filling interface.[7] Therefore, the 
success of sandwich restorations necessitates the use of 
an alternative improved restorative material compatible 
with composite restorations.

Cention-N is a self-cured (and light-cured) self-
adhesive bulk-fill resin-based alkasite filling material 
with an improved flexural strength and a special 
filler component, which aims to relieve the stress of 
polymerization shrinkage.[8] Cention-N can be used to 
fill teeth cavities with or without adhesive bonding agent 
after mixing its components (the ion-leachable glass-
silicate powder and resin-based liquid). Cention-N has 
superior dentinal shear bond strength in comparison 
with composite resin and GIC restorations.[9] The 

potential release of ions and the improved marginal 
adaptation of Cention-N may contribute to possible 
antimicrobial and anticaries effects.[10] Therefore, 
Cention-N could be a promising alternative for 
replacing GIC and flowable composite in sandwich 
restorations.

The objective of this study was to measure the 
strength of the adhesion between conventional resin-
based dental composite and four different restorative 
materials (GIC, RMGIC, flowable composite, and 
Cention-N) treated using different surface treatment 
methods. This study also attempted to identify the type 
of the bond failure.

MAteriAls And Methods

Samples preparation

Conventional restorative GIC (Securafil, Willmann & 
Pein GmbH, Barmstedt, Germany), RMGIC (Glass 
Liner, Willmann & Pein GmbH), Cention-N (Ivoclar 
Vivadent AG, Schaan, Liechtenstein), and flowable 
composite (Beautifil-Bulk Flowable, Shofu Dental 
Corporation, CA, USA) were used in the experiment of 
this study, and their bond strength to conventional resin-
based dental composite (PALFIQUE LX5, Tokuyama 
Dental Corporation, Tokyo, Japan) was measured. 
Cylindrical specimens of the conventional GIC (Group 
I), RMGIC (Group II), flowable composite (Group III), 
and Cention-N (Group IV) were prepared (50 samples 
for each material) by handling the materials (according 
to the instructions provided by the manufacturer) and 
packing them into pre-prepared molds (cylindrical 
chambers of 10 mm diameter and 2 mm depth prepared 
in acrylic resin blocks). A translucent celluloid ribbon 
was placed on the unset materials and pushed against 
the mold using a 4-mm thickness glass slab. The 
conventional GIC was left to harden for 10 min before 
surface treatment. The samples of RMGIC, flowable 
composite, and Cention-N were light-treated for 40 s 
using a VRN-VAFU Light Emitting Diode (LED) 
curing device (Guilin Veirun Medical Technology Co., 
Ltd., Guilin, China) at the curing intensity of 1000 mW/
cm2. The specimens of each cement were subdivided 
into five subgroups (N = 10): Subgroup A—Control: 
no surface treatment. Subgroup B—the surface of the 
specimens was sandblasted for 30 s with an air abrasion 
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unit (Air Prophy Unit, Being Foshan, Guangdong, 
China) using 50-µm aluminum oxide particles and then 
water-washed and air-dried for 15 s. Subgroup C—
the surface of the specimens was sandblasted for 30 s, 
water-washed, air-dried for 15 s, and covered with resin 
bonding agent (Scotchbond 1XT, 3M Dental Products, 
Saint Paul, MN, USA) and light-cured for 15 s. 
Subgroup D—the surface of the specimens was acid-
etched for 30 s using a 37% H3PO4 (phosphoric acid) 
gel (3M Dental Products), water-washed, air-dried, 
and covered with Scotchbond 1XT resin bonding agent 
and light-cured for 15 s. Subgroup E—the surface of 
the specimens was covered with self-etch resin bonding 
agent (Scotchbond Universal, 3M Dental Products) 
and light-cured for 15 s.

Conventional composite resin blocks were built on 
the abovementioned specimens using a standardized 
plastic cylindrical mold (4 mm diameter and 2 mm 
height). The composite resin was inserted in the mold 
and pressed using a translucent celluloid ribbon and 
4-mm thickness glass slab. The composite resin was 
then light-treated for 40 s using the LED curing device. 
The plastic mold was removed, and the specimens were 
soaked in clean filtered water in black containers at 
37°C for 24 h.

Shear bond strength test

A custom-built blade attached to a universal testing 
machine (GESTER International Co., Ltd, Quanzhou, 
China) with a speed of 0.5 mm/min was employed to 
detach the conventional composite resin from the tested 
cements. The strength of adhesion in megapascal (MPa) 
was computed by dividing the failure force measured 
in Newton on the bonding surface area measured in 
square millimeter.

Determination of failure mode

The failure type was also determined by inspecting 
the specimens under 10× microscopic magnification 
(Stereomicroscope, OPTIKA, BG, Ponteranica, 

Italy). The specimens were classified according to 
the failure mode into cohesive type of failure (within 
the conventional resin-based composite or within the 
other tested filling materials), adhesive type of failure 
(at the junction between the conventional resin-based 
composite and the other tested filling materials), or 
mixed failure (adhesive and cohesive).

Statistical analysis

The findings of the adhesion strength experiment were 
statistically analyzed using IBM statistical package 
for social sciences (SPSS), version 25 (IBM® SPSS® 
Statistics, New York, NY, USA). One-factor analysis of 
variance and Tukey’s method were performed.

Significance level

Statistical significance was set at a level of P < 0.05.

results

Shear bond strength

The values (means and standard deviations) of 
the shear bond strength between the conventional 
resin-based composite and the other tested filling 
materials are presented in Table 1. The minimum 
bond strength was reported with the conventional 
GIC (in all the subgroups of  the surface treatment) 
in comparison with the other tested materials (P < 
0.05). The adhesion strength values of  the RMGIC 
were significantly lower than the adhesion strength 
values of  the flowable composite and Cention-N in 
all the subgroups of  the surface treatment (P < 0.05), 
except when the three materials were treated with 
either acid etch and resin bonding agent or self-etch 
resin bonding agent. The difference was statistically 
insignificant among the bond strength values of  the 
RMGIC, flowable composite, and Cention-N when 
the three materials were treated with either acid etch 
and resin bonding agent or self-etch resin bonding 
agent. The variation between the adhesion strength 
values of  the flowable composite and Cention-N was 

Table 1: Means and standard deviations of the shear bond strength between conventional composite resin and four different 
restorative materials in MPa

  Mean (SD)
Type of the cement

Surface Treatment N GIC RMGIC Flowable composite Cention N 
No surface treatment (Control) 10 4.92 (0.9) A, a 15.1 (1.1) B, a 35.08 (2.7) C, a 33.28 (3.2) C, a

Sandblasting 10 4.74 (0.4) A, a 16.1 (2.1) B, a 34.58 (3.8) C, a 35.54 (2.8) C, a

Sandblasting + Resin adhesive 10 10.32 (0.6) A, b 33.58 (3.1) B, b 47.72 (5.3) C, b 49.3 (4.1) C, b

Etch + Resin adhesive 10 10.36 (1.1) A, b 32.64 (2.9) B, b 35.08 (2.3) B, a 34.22 (2.8) B, a

Self-etch adhesive 10 16.98 (0.7) A, c 35.14 (4.2) B, b 36.86 (2.3) B, a 35.68 (3.6) B, a

N=Number of specimens, SD=Standard deviation. Values marked with different capital letters (A-C) indicate a significant difference 
between the different test materials received the same surface treatment (p < 0.05). Values marked with small letters (a-c) indicate a 
significant difference between the subgroups of the same material
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statistically insignificant in all the subgroups of  the 
surface treatment (P > 0.05). The sandblasting alone 
has no significant effect on the adhesion strength 
values of  the tested filling materials (P > 0.05). The 
surface treatment using sandblasting and resin bonding 
agent significantly boosted the adhesion strength 
values of  the four tested filling materials compared 
with the control groups and sandblasting groups (P 
< 0.05). The surface treatment using either acid etch 
and resin bonding agent or self-etch bonding agent 
significantly boosted the adhesion strength values of 
the conventional GIC and RMGIC compared with 
the control groups (P < 0.05). The surface treatment 
using either acid etch and resin bonding agent or self-
etch bonding agent had no significant effect, either 
on the flowable composite or on Cention-N. The 
surface treatment of  the conventional GIC with self-
etch bonding agent produced the maximum adhesion 
strength values in comparison with the other methods 
of  surface treatment of  the conventional GIC (P < 
0.05).

Failure mode

The modes of  failure of  the adhesion strength test 
are listed in Table 2. The adhesive type of  failure 
was the predominant type of  failure of  the control 
groups (no surface treatment). Ninety percent of  the 
specimens of  the sandblasted conventional GIC and 
Cention-N showed adhesive failure. Eighty percent 
of  the specimens of  the sandblasted and resin-coated 
RMGIC and Cention-N showed cohesive failure. 
Ninety percent of  the specimens of  the etched and 
resin-coated RMGIC showed cohesive failure, while 
90% of  the specimens of  the etched and resin-coated 
Cention-N showed adhesive failure. Eighty percent 
of  the specimens of  the self-etched conventional 
GIC, and all the specimens of  the self-etched 
RMGIC showed cohesive failure. The number of  the 
specimens with cohesive failure increased after the 
sandblasting of  the RMGIC and flowable composite. 
More cohesive failures were seen with sandblasting 

and resin adhesive surface treatment, especially for 
the RMGIC, flowable composite, and Cention-N. 
The treatment of  the GIC and RMGIC using self-
etch bonding agent was associated with more cohesive 
failures.

discussion

This study measured the strength of adhesion between 
the conventional composite resin and four different 
restorative materials that could be used under the 
conventional composite resin in sandwich restorations. 
The shear bond strength is obtained by measuring 
the minimum shear force that separates two materials 
bonded together by pushing them in different directions. 
To calculate the adhesion strength in MPa, the shear 
force is divided by the area of the bonded surface.[11] 
In fact, the shear bond strength test did not precisely 
measure the interfacial bond between the tested 
materials but rather reflected the cohesive strength of 
the substance, especially when it is less than the adhesive 
bond.[12] Therefore, cohesive failures associated with 
shear bond strength test are strong indication of high 
strength of adhesion.[13] This comes in harmony with 
the outcomes of the current research where the high 
adhesion strength values were associated with more 
cohesive mode of failures.

The modification of the outer surface of the tested 
dental filling materials with sandblasting and resin 
adhesive increased the bond strength in comparison 
with the control groups. This is probably explained by 
the surface roughness produced by the sandblasting 
and the subsequent micromechanical adhesion induced 
by the application of resin adhesive.[14] The sandblasting 
alone did not enhance the adhesion strength of the 
tested filling materials because the conventional 
composite resin has high surface tension and did not 
properly wet the surface without the use of the resin 
adhesive.[15]

The increased shear bond strength after surface 
treatment of GIC with etch and rinse adhesive (in 

Table 2: Failure modes
  Failure modes (A/C/M)

Type of the cement
Surface Treatment N GIC RMGIC Flowable composite Cention N 
No surface treatment (Control) 10 10 /0 /0 9 /1 /0 6 /3 /1 8 /1 /1
Sandblasting 10 9 /0 /1 3 /5 /2 3 /5 /2 9 /0 /1
Sandblasting + Resin adhesive 10 6 /3 /1 0 /8 /2 2 /6 /2 0 /8 /2
Etch + Resin adhesive 10 5 /3 /2 0 /9 /1 6 /2 /2 9 /1 /0
Self-etch adhesive 10 2 /8 /0 0 /10 /0 7 /2 /1 8 /1 /1
N=Number of specimens, A=adhesive failure, C=cohesive failure, M=mixed failure
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comparison with control groups) could be attributed 
to the possible micromechanical adhesion and hybrid-
like layer formation. On the other hand, the phosphoric 
acid may possibly weaken the cement surface as it is 
more aggressive than the acidic monomer of the 
self-etch resin bonding agent. This may explain the 
superiority of bonding GIC-based materials with self-
etch resin bonding agent over bonding with etch and 
rinse resin bonding agent.[16] The interactions between 
the dihydrogenphosphate functional group of 10-MDP 
(10-methacryloyloxydecyl dihydrogenphosphate added 
to self-etch resin bonding agent) and the calcium ions 
content in the matrix of GIC might have also led to 
a chemical bond of the self-etch resin bonding agent 
to GIC-based materials.[17] The surface treatment using 
either acid etch and resin bonding agent or self-etch 
resin bonding agent had no significant effect, either on 
the flowable composite or on Cention-N, because the 
use of 37% phosphoric acid or weak-acid monomer 
does not increase the surface irregularity and roughness 
of resin-based restorations.[18]

The weak adhesion between the conventional GIC 
and resin-based dental composite reported in the 
present research could be due to the difference in 
the chemistry and setting reaction of  these two 
materials.[19] The adhesion strength of  RMGIC to 
the resin-based dental composite was more than the 
adhesion strength of  the conventional GIC to the 
resin-based dental composite due to the possible 
chemical interaction, which may occur between the 
resin components of  RMGIC and the resin-based 
dental composite.[20] The chemical reaction between 
the resin-based filling materials (especially the flowable 
composite and Cention-N) and the conventional 
composite resin produced greater adhesion strength 
in comparison with the adhesion strength of  the GIC-
based materials to the conventional composite resin. 
For successful outcome of  the sandwich filling, a 
strong chemical union between the layers of  the filling 
is more desirable, more stable, and less likely to fail 
under stress in comparison with micromechanical 
retention.[21] Besides its ability to chemically bond to 
conventional composite resin, Cention-N is a dual-
cure ion-releasing self-adhesive (can be used with 
or without dentine adhesive) restorative material 
with special isofillers which work as a reliever of 
shrinkage stress.[8] Therefore, Cention-N might be a 
suitable candidate to replace the GIC-based cements 
and flowable composite resin in layered restorations. 
The use of  Cention-N involves mixing two elements 
(powder and liquid) that might lead to incorporation 
of  air bubbles producing more porous material 
with possible surface roughness in comparison with 

conventional composite resin.[22] Therefore, it might 
be better to use Cention-N underneath conventional 
composite restoration to maximize the surface 
smoothness, degree of  polishability, and esthetic 
outcome of  the final restoration.

One of the drawbacks of this study is the absence 
of simulation of the dental cavities because the 
influence of the configuration factor (C-factor) on  
the polymerization shrinkage was ignored. To assess the 
effectiveness of Cention-N in sandwich restorations, 
additional research utilizing simulated cavities is 
required.

conclusions

Within the environments and limitations of the 
experiment of this research, the following can be 
concluded:

1. It is possible to recommend Cention-N as a suitable 
alternative to GIC-based restorations and flowable 
composite in layered restorations.

2. Cention-N can be used without surface treatment or 
it can be sandblasted and coated with resin adhesive 
before the application of conventional composite 
resin in layered restorations.

3. It is recommended to treat the surface of GIC-
based cements with self-etch adhesive before placing 
the conventional resin-based dental composite in 
layered restorations.
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