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ABSTRACT
The objective of this in vitro study was to measure and compare the marginal adaptation of indirect overlay restorations
fabricated from two different all-ceramic CAD/CAM materials (lithium disilicate and reinforced composite blocks) cemented with
three different cementation protocols (adhesive resin cement, preheated composite, and sonically-activated composite). Fortyeight human maxillary first-premolar teeth were prepared for indirect overlay restorations with butt joint preparation design.
The prepared teeth were divided into two main groups of twenty-four teeth each according to the type of CAD/CAM material
used for the fabrication of the restorations: Group A: overlays fabricated from lithium disilicate blocks (IPS e.max CAD, Ivoclar
Vivadent, Liechtenstein), Group B: overlays fabricated from reinforced resin blocks (BRILLIANT Crios, Coltene/ Whaledent AG,
Switzerland). Each group was then further subdivided into three subgroups of eight teeth each according to the cementation
protocol used: Subgroups (A1, B1): cemented with adhesive resin cement (RelyX Ultimate, 3M ESPE, USA), Subgroups (A2, B2):
cemented with preheated composite (Filtek Z350 XT, 3M ESPE, USA) and Subgroups (A3, B3): cemented with sonically-activated
composite (SonicFill 2, Kerr Corp., USA). The prepared teeth were then scanned using CEREC Omnicam digital intra-oral scanner,
then overlay restorations were designed using Sirona InLab 15.1 software and milled with InLab MC XL milling unit. Overlay
restorations of group A were then subjected to crystallization /glaze firing at 840°C while those of group B were finished and
polished only. Each restoration was then seated on its respective tooth using a custom-made specimen holding device. The
marginal gap was then measured using a digital microscope at four points on each surface of the tooth at a magnification of
230x and the mean value of these measurements was recorded. Each restoration cemented on its respective tooth according to
the aforementioned sample grouping following the manufacturer's instructions of each material. The results of this study were
then analyzed statistically using independent t-test, one-way ANOVA test, LSD test, and DunnettT3 test. The results of this study
showed that the overlay restorations fabricated from reinforced resin blocks (Briallant Crios) recorded less marginal gap than
those restorations fabricated from lithium disilicate blocks (IPS e.max CAD) with statistically significant difference (p<0.05), preand post-cementation regardless of cementation protocol used. The results of this study also showed that, for both block types,
cementation with adhesive resin cement provided significantly better marginal adaptation than cementation with preheated
composite and sonically-activated composite, with the statistically non-significant difference between the latter two cementation
protocols.
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INTRODUCTION

Full-coverage restorations require removal of
a substantial amount of tooth structure, which
in turn may cause weakening of the remaining
substrate. Overlay restorations are considered
an alternative option for traditional full-coverage
restorations for restoring missing or weakened
tooth structure[1,2].

The marginal as well as the internal adaptation
of the ceramic restorations is considered a
significant factor for the longevity and clinical
success of ceramic restorations. The luting
cement can be dissolved with the presence of
these marginal gaps which act as an area for
biofilm development and cause caries as well
as periodontal diseases. Despite advancements
in the CAD/CAM technologies, the marginal
adaptation continues to be the target of
investigations since it is considered a critical
factor for the clinical success and longevity of
restorations [3,4].
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The lithium disilicate is considered a gold
standard material for the fabrication of allceramic restorations. It is used according to its
mechanical properties which make it close to the
properties of enamel to be replaced. However,
due to its hardness, micro-crack can be developed
during milling within the materials which
susceptible the restoration to failure under load,
also it can cause wearing of the opposite dentition
Therefore, the indirect resin restorations which
produced differently based on their mechanical
features have been developed. The CAD/CAM
resin blocks used have some benefits over the
glass-ceramic blocks. They produced less tear
and wear on opposite tooth structures, have few
micro-crack during production, and less fragile
which can improve the marginal adaptation of
restorations [5,6].

The resin cement materials are considered
contemporary cement materials. They have
physical properties which considered to be
superior to that of conventional cement materials,
which lead to enhance retention of a restoration
[7]. Furthermore, the preheated composite resin
was suggested to be an alternative material
for improving restoration performance as the
resin composite could be performed better at
the restoration margin due to its high inorganic
filler content when used as a luting agent [8,9].
Additionally, sonically activated composite also
has the advantage of reducing the viscosity
of composite up to 87% which is found to be
considered as a cementation material for indirect
restoration [10].
The objective of this in vitro study was to
measure and compare the marginal adaptation
of indirect overlay restorations fabricated from
two different all-ceramic CAD/CAM materials
(lithium disilicate and reinforce composite
blocks) before and after cementation with three
different cementation protocols (adhesive resin
cement, preheated composite, and sonicallyactivated composite).
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overlay restorations with butt joint preparation
design. The prepared teeth were divided into
two main groups of twenty-four teeth each
according to the type of CAD/CAM material used
for the fabrication of the restorations: Group A:
overlays fabricated from lithium disilicate blocks
(IPS e.max CAD, Ivoclar Vivadent, Liechtenstein),
Group B: overlays fabricated from reinforced
resin blocks (BRILLIANT Crios, Coltene/
Whaledent AG, Switzerland). Each group was
then further subdivided into three subgroups of
eight teeth each according to the cementation
protocol used: Subgroups (A1, B1): cemented
with adhesive resin cement (RelyX Ultimate,
3M ESPE, USA), Subgroups (A2, B2): cemented
with preheated composite (Filtek Z350 XT, 3M
ESPE, USA) and Subgroups (A3, B3): Cemented
with sonically-activated composite (SonicFill 2,
Kerr Corp., USA). The teeth were then prepared
for receiving indirect overlay restorations with
butt joint occlusal preparation design according
to adhesthetics clinical protocol for Posterior
Indirect Adhesive Restorations (PIAR) proposed
by Ferraris in 2017 [11]. The preparation
was then done using a high-speed air-turbine
handpiece with water cooling mounted in a
modified dental surveyor. Preparation was done
in two steps: occlusal reduction and proximal
reduction. The teeth received an occlusal
reduction of 1.5 mm by using the Barrel-shaped
trapezoid bur, following the slopes of the cusps
and the central groove. For the interproximal
reduction, a slot preparation design of 1 mm depth
was done by using a flat-end diamond fissure held
parallel to the long axis of the tooth to produce a
round-shoulder finishing line with a width of the
gingival floor of the interproximal box of 1.5 mm
with rounded inside angles (Figure 1).

MATERIALS AND METHOD

Forty-eight sound human maxillary first premolar
teeth with two roots extracted for orthodontic
purposes with comparable size were collected
for used in this study from a patient with an aged
range from (18-22). Forty-eight human maxillary
first-premolar teeth were prepared for indirect

Figure 1: Occlusal view of the finished prepared tooth.
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The prepared teeth were then scanned using
CEREC Omnicam digital intra-oral scanner, then
overlay restorations were designed using Sirona
InLab 15.1 software and milled with InLab MC XL
milling unit. Overlay restorations of group A were
then subjected to crystallization/glaze firing at
840°C while those of group B were finished and
polished only. Each restoration was then seated
on its respective tooth under a standard static
load of 5 Kg using a custom-made specimen
holding device. The digital microscope was
then used at a magnification of 230X for vertical
marginal gap measurement at four points on
each surface of the tooth with the measurements
that were done using Image J software. For each
specimen, sixteen measurements were taken,
and the mean of that measurement was used to
be the value of the pre-cementation gap. Before
cementation, the surface treatment was done
first for both restoration and tooth according
to the manufacturers’ instructions then the
restorations seated on its respective prepared
teeth. For Group A, the surface treatment
of restorations were done by application of
Hydrofluoric acid (Etching gel <ss5%) (Ivoclar
Vivadent, Liechtenstein) onto the internal
surface of restoration for 20 seconds, then a
suction tip was used to remove the etchant
from the internal surface of overlay followed
by rinsing the internal surface for 15 seconds
and the internal surface was then air-dried. The
single bond universal was then applied to the
internal surface of overlay for 20 seconds using
a micro brush then a gentle stream of air was
applied for 5 seconds followed by application of
light-curing for 10 seconds using the light-curing
unit (VALO Cordless curing light, USA). While, for
Group B, Surface treatment was carried out with
sandblasting using 50 μm aluminum oxide for
10 seconds, 10 mm distance [12]. After that, the
overlays were put for 5 minutes in an ultrasonic
cleaner followed by application of ONE COAT 7
UNIVERSAL adhesive onto the internal surface
of restorations using a disposable dental brush
with rubbing the surface for 20 seconds and
then gently air-dried for 5 seconds followed by
light cure application for 10 seconds. On the
other hand, the surface treatment of tooth for
all groups was done with the application of 37%
Phosphoric acid (N-ETCH) (Ivoclar Vivadent,
Liechtenstein) for 15 seconds then thoroughly
rinsed for 15 seconds and the excess of water
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was then removed by suctioning without
drying to leave the preparation visibly moist
according to the manufacturer's instructions.
For cementation: subgroups (A1, B1), the
spatula was used for mixing base and catalyst
paste of resin cement (RelyX™ Ultimate) (3M
ESPE, USA) into homogeneous paste within 20
seconds followed by application of the resin
cement onto the entire prepared surface of
the tooth then the initial seating of overlay
restoration on its respective prepared tooth
was done with finger pressure first, then final
seating was done by application constant load
of 5 kg on restoration using specimen holding
device. After removing the excess of cement,
light-curing from the buccal and lingual surfaces
was done for 20 seconds, then light-curing for
20 seconds from the occlusal direction was
done. The sample was then removed from the
holding device and kept undisturbed for one
hour for a bench set, and then stored in the
distilled water for 24 hours [13]. For subgroups
(A2, B2), the Filtek Z350 XT composite capsule
(3M ESPE, USA) was preheated using a heating
device (Ena Heat Micerium, Italy) which was set
at 54 °C. The capsule was placed in the heating
device for 15 minutes [9], then the capsule was
removed from the device and the preheated
capsule was injected onto the prepared surface
of the tooth by using the campule dispenser. The
subsequent steps were then done as illustrated
previously for subgroup A1. For subgroups (A3,
B3), the SonicFill 2 unidose capsule (Kerr Corp.,
USA) was attached to the SONICfill handpiece
and the extrusion speed of the handpiece was
set on level 5, then the handpiece was used to
inject the composite onto the prepared surface
of the tooth. The subsequent steps were then
done as mentioned earlier. The measurement
of the marginal gap was then done at the same
predetermined points used for the measurement
of the marginal gap pre-cementation
measurement. The results were then analyzed
statistically using independent t-test, one-way
ANOVA test, LSD test, and Dunnett T3 test at a
level of significance of 0.05.
RESULTS

The descriptive statistics including the mean,
standard deviation, minimum and maximum
values of the vertical marginal gap in (μm) of
two groups and their subgroups pre- and post-
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cementation are shown in Table 1 and Figure 2.

From the above table and Bar-chart, it can be seen
that pre-cementation, subgroup B3, in which the
overlays were fabricated from Brilliant Crios
recorded the lowest mean value of marginal
gap (11.406), while the highest mean value of
marginal gap was recorded by subgroup A3 in
which overlays were fabricated from IPS e.max
CAD (12.895).
Meanwhile, it can be seen that there is a general
increase in the mean values of the marginal gap
among all groups post-cementation. Subgroup
B1 recorded the lowest mean value of marginal
gap in which the overlays were fabricated
from Brilliant Crios and cemented with resin
cement (15.476), while the highest mean value
of marginal gap was recorded by subgroup A2,
in which the overlays were fabricated from
IPS e.max CAD and cemented with preheated
composite material (18.289).
Pre-cementation

Independent t-test was used for comparison
of the marginal gap of the corresponding
subgroups of both block types at the level of the
significance of 0.05 as seen in Table 2. From the
below table, a statistically significant difference

was seen between both groups’ pre-cementation
(p < 0.05).
Post-cementation

Independent t-test was also used for comparison
of the marginal gap between the corresponding
subgroups of both block types at the level of the
significance of 0.05 as shown in Table 3.From the
below table, a highly significant difference was
seen between both block materials (p˂0.01).

For comparison of the effect of type of
cementation protocols used on the marginal
gap, One-way ANOVA test was used at the level
of significance of 0.05 as seen in Table 4.From
the table below, there was a statistically highly
significant difference among the different
subgroups of each block type (p˂0.01).
The post hoc test was used for comparing the
effect of different cementation protocols on the
marginal gap within the same group at the level of
significant 0.5 as seen in Table 5.From this table,
it can be seen that for both block types, there
was a statistically highly significant (p<0.01)
and significant difference (p<0.05) between the
subgroups cemented with resin cement (A1, B1)
and those subgroups cemented with preheated
and sonically-activated composite (A2, B2 and

Table 1: Descriptive statistics of the vertical marginal gap in (μm) of both groups pre- and post-cementation.
Mean

A

11.750

13.312

12.531

0.470

15.687

17.125

16.242

0.47

B

10.750

12.375

11.851

0.521

14.750

15.812

15.476

0.352

A

11.625

13.625

12.828

0.654

16.375

19.187

18.289

0.889

B

10.500

13.5

11.742

1.188

15.562

18.125

16.781

0.959

A

11.875

13.937

12.859

0.819

17.312

18.625

18.109

0.496

B

9.875

13.562

11.406

1.204

15.812

17.812

16.531

0.705

15.476
11.406

11.742

11.851

± SD

16.531

Max

16.781

Min

18.109

± SD

18.289

Mean

12.531

3

Post-cementation

Max

16.242

2

Pre-cementation

Min

12.895

1

Block type

12.828

Cement

Pre-cementation Group
A

Post-cementation
Group A

Pre-cementation Group
B

Post-cementation
Group B

1

12.531

16.242

11.851

15.476

2

12.828

18.289

11.742

16.781

3

12.895

18.109

11.406

16.531

Figure 2: Bar-chart showing the mean values of the vertical marginal gap in (μm) of the two groups pre- and post-cementation.

Journal of Research in Medical and Dental Science | Vol. 8 | Issue 7 | November 2020

521

Zaidoon Hasan Mohammed, et al.

J Res Med Dent Sci, 2020, 8 (7):518-525

Table 2: Independent t-test for comparison of the marginal gap of both subgroups’ Pre-cementation.
Subgroups

Mean difference

T

Df

P

A1

B1

0.68

2.741

14

0.016S

A2

B2

1.086

2.264

14

0.040S

A3

B3

1.453

2.822

14

0.014S

Table 3: Independent t-test for comparison of the marginal gap of both groups' post-cementation.
Subgroups

Mean difference

T

Df

P

A1

B1

0.766

3.691

14

0.002HS

A2

B2

1.508

3.261

14

0.006HS

A3

B3

1.578

5.174

14

0.000HS

Table 4: One-way ANOVA test for comparison of the effect of type of cementation protocols on the marginal gap of both block types.
Block type
A

B

Subgroups

± SD

A1

0.47

A2

0.889

A3

0.496

B1

0.352

B2

0.959

B3

0.705

F

P

24.54

0.000HS

7.47

0.004HS

Table 5: Post hoc tests for comparison of the effect of the different cementation protocols on the marginal gap within the same group.

pe

Block ty

Post hoc test

Subgroups
A1

A

LSD
A2

B

Dunnett T3

B1
B2

A3, B3) respectively, with a statistically nonsignificant difference with latter two subgroups
(p>0.05).
DISCUSSION

The measurement of the vertical marginal gap
is considered the most frequent method used to
measure the accuracy of the fit of the restoration
[14]. Marginal gaps of less than 120 μm are
considered clinically acceptable [15-18].
The results of this study showed that the
marginal gap of all subgroups was below the
clinically acceptable limit.

In previous studies, for measurement of the
marginal gap, the restoration was fitted on
the abutment and hold in place with a screw
holding device. This procedure is subjective to
inaccuracies. Therefore, a new specimen holding
device was specially designed and fabricated for
this study. This device is an electro-hydraulically
controlled preset at 5 Kg load. Therefore, load
application is more precise and there is no need
for continuous calculation of the load with each
application as in previous devices, thus reducing

Subgroups

Mean Difference

P

A2

-2.047

0.000HS

A3

-1.868

0.000HS

A3

0.18

0.585NS

B2

-1.305

0.016H

B3

-1.055

0.010H

B3

0.25

0.909NS

the operator fatigue and saves time.

Before cementation, for both block types,
there was a statistically significant difference
between them. The overlays fabricated from
lithium disilicate showed greater marginal gaps
than overlays fabricated from the reinforced
composite block. This might be attributed to the
following:
1. The difference in the post-milling treatment of
both CAD/CAM materials: The lithium disilicate
required an additional step (post-milling
crystallization) to reach maximum esthetic
and mechanical properties. The post-milling
crystallization firing was found to cause 0.2%
-0.3% shrinkage which caused an increase in the
marginal gap of the lithium disilicate group [19].
This could be not accurately accounted for by the
CAD/CAM software used in this in-vitro study.
Gold et al. studied the effect of the crystallization
firing process on the marginal gap of lithium
disilicate crowns using leucite-reinforced glassceramic blocks (IPS Empress CAD) and lithiumdisilicate blocks (IPS e.max CAD) before and
after crystallization firing. Gold et al. concluded
that the crystallization firing method resulted in
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a significant increase in the marginal gap size,
which was related to the shrinkage that occurred
in lithium disilicate crown due to the firing
process [19]. Also, Kim et al. studied the marginal
and internal fitness of lithium disilicate crowns
before and after the crystallization method. Kim
et al. found statistically significant differences
in marginal and internal fitness measurements
in all areas before and after the crystallization
firing method but with the gap still within the
clinically acceptable limit [20].
2. The difference in the machinability of both
block materials: The lithium disilicate is harder
with the high elastic modulus (95 GPa) as
compared with reinforced composite with a
low elastic modulus (10.3 GPa). This increased
hardness caused difficulty in milling of lithium
disilicate with more time required for milling
which in turn could lead to an increase in the
marginal discrepancy [21,22]. Furthermore, the
hardness of lithium disilicate could cause the
wearing of the milling bur of CAD/CAM machine,
since the continuous milling may have a role
in their cutting ability of milling bur which in
turn led to discrepancies in the marginal area
of the restorations. Azarbal et al. studied the
marginal fit of two CAD/CAM materials: lithium
disilicate and hybrid ceramic. They found that
after continuous milling of fifteen coping of
lithium disilicates group, the marginal gap was
a significant increase from coping #9 to #15
with a mean value of marginal gap 132 μm for
the coping #15. Azarbal et al. attributed these
findings to the wear of milling burs which in
turn affected cutting accuracy, therefore they
suggested that the bur should be changed after
milling of 8 lithium disilicate coping in contrary
to manufacturer recommendations [23].
After cementation, both block types cemented
with three different types of cement showed an
increase in the marginal gap. This finding agrees
with the previous study which stated that the
cementation process caused an increase in the
discrepancy of the vertical marginal gap [24-27].

However, in this study, the increase in the
marginal gap was less as compared with the
previous study and this could be attributed
to the design of preparation chosen which
created a non-retentive preparation design
that produced overlay restorations with better
marginal adaptation [28]. Kim et al. study the
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effect of preparation design on marginal and
internal fitness of partial ceramic restoration
using two different designs including a nonretentive preparation design with horizontal
reduction of cusps and a retentive preparation
design with traditional cusp capping. Kim et al.
used the CEREC 3 system for the fabrication of
the partial ceramic crown from IPS Empress
CAD. Kim et al. found that the non-retentive
design produced better marginal adaptation
than the retentive design [29]. Another reason
might be related to the using of a more precise
holding device used in this study because this
device applied automatically an accurate preset
load of 5 Kg during the cementation process as
compared with the previous study which used a
manual holding device to applied that load.
Post-cementation, regarding the type of
CAD/CAM material, the overlay restorations
fabricated from the reinforced composite and
cemented with three types of cement recorded
lower marginal gap as compared with overlay
restorations fabricated from lithium disilicate
as in pre-cementation with a statistically
highly significant difference between them.
The explanation for this might be due to the
composite resin block having a lower precementation marginal gap relative to lithium
disilicate, meaning that the rise in the marginal
gap between all block forms was similar after
cementation.
Concerning the type of luting cement, for both
block types, the overlays cemented with resin
cement showed less marginal gap with statistical
differences (either significant or highly
significant difference) than those cemented with
preheated and sonically-activated composite
material. This might be related to the following
reasons:

1. The difference in film thickness of cement
materials: since the resin cement produced
a lower marginal gap post-cementation as
compared with preheated composite and
sonically-activated composite which could be
related to a low film thickness of resin cement
which produced a better marginal adaptation
through reducing discrepancy in the final
restoration seating. Because the seating of
restorations affected by the film thickness of
the cement so that as film thickness decrease,
the fitness of restoration increase [30,31].
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Sampaio and colleagues studied film thickness
of the various luting cement. They found that
the flowable composite resins and the veneer
cement showed a lower film thickness than the
restorative composite resins film thickness,
whether preheated or not [32]. Goulart et al.
studied the effect of preheating on the film
thickness of three different luting material
include: nanofilled% (Z350% XT/3MESPE),
micro-hybrid (Opallis/FGM), with two different
temperatures include: room temperature and
pre-heating and resin cement (AllCem/FGM).
The two composite materials were heated at
(64°C) using a heating device (CalSet/AdDent).
After heating the film thickness for nano-fill
composite and micro-hybrid was (59.7 μm, 45.3
μm) respectively while the resin cement record
the lowest film thickness was 28.2 μm [33].
Furthermore, Blalock and colleagues stated that
an average film thickness of preheated resin
composites at 54°C (140 microns) while (35
microns) for flowable resin composites [34].
However, there is a lack of data in the literature
about the film thickness of sonically-activated
composite (SonicFill 2) which could be attributed
to the rapid drop of the viscosity of the material
into normal viscosity once sonic activation has
been stopped.
2. Cement spacer can play an important role
concerning the consistency of luting materials,
therefore resin cement has a low film thickness
produced a better marginal adaptation, and
allowed proper seating of restorations, in
contrast to thick and more viscous preheated
and sonically-activated composite which could
be prevented the proper seating of restorations
[35]. Since the cement spacer was preset on
(100 μm) for all overlay restorations for both
block types in this study, therefore with high film
thickness cement, it is supposed to increase the
amount of spacer to provide more space and to
allow proper seating of restoration when using a
high film thickness cement as a luting agent.

Mounajjed et al. studied the marginal fit of lithium
disilicate pressed crowns using three different
types of luting cement: preheated composite
resin (Enamel Plus HRi; Micerium S.p.A), Resin
cement (RelyX Ultimate; 3M ESPE), and Flowable
composite resin (Harvard PremiumFlow;
GmbH). Mounajjed et al. found that preheated
composite resin produced the highest marginal
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gap with a significant difference in comparison
to resin cement and flowable composite resin
with no significant difference between the latter
two types of cement [35].
CONCLUSION

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

1.
The indirect overlay restorations
fabricated from Brilliant Crios blocks showed
better marginal adaptation than those fabricated
from lithium disilicate blocks, regardless of the
type of cementation protocols used.
2.
The marginal gap of indirect overlay
restorations increased post-cementation with
either type of cement, regardless of the type of
CAD/CAM block.
3.
The marginal adaptation of overlay
restorations of all groups was below the clinically
acceptable limit.

4.
Cementation with adhesive resin
cement provided significantly better marginal
adaptation than cementation with preheated
composite or sonically-activated composite,
with non-significance difference between the
latter two techniques.
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