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Original Article

Cerec Sirona inLab MC XL Computer aided design 
and manufacturing (CAD/CAM) systems of Sirona 
Dental Systems GmbH. Cerec inLab aluminum oxide 
ceramic systems (In‑Ceram 2000 AL) are pre‑sintered 
blocks consisting of pure aluminum oxide. In this form, 
which facilitates easy processing, they are used to grind 
enlarged bridge and crown frameworks in the inLab 
system. The lithium disilicate press ceramic system (IPS 
e.max Press) encompasses a high‑stability framework 
material that consists of lithium disilicate (SiO

2
‑Li

2
O). 

The restorations can be customized either by using a 

INTRODUCTION

Ceramic systems with high crystalline content were 
introduced in dentistry with the objective of replacing 
the metal frameworks used for metal ceramic crowns. 
Essential requirements for the clinical success of 
all‑ceramic crown restorations include good esthetics, 
high fracture resistance and perfect marginal fit.[1] Cerec 
inLab feldspathic ceramic systems (Vitablocs Mark II) 
are industrially manufactured, fine‑structure, feldspar 
ceramic blocks used to fabricate anterior crowns with 
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ABSTRACT

Objective: To evaluate the marginal gap (MG) and absolute marginal discrepancy (MD) of full ceramic crowns with two 

finish line designs, shoulder and chamfer, using microcomputed tomography (micro‑CT) before and after cementation. 
Materials and Methods: Sixty extracted human maxillary premolar teeth were divided into two groups based on the finish 
line design: Group I: 90° shoulder and Group II: 135° chamfer. The specimens were further grouped based on the type of 
full ceramic crown they received: Group A: Feldspathic Cerec inLab ceramic system, Group B: Cerec inLab aluminum oxide 

ceramic system and Group C: Lithium disilicate press ceramic system. Before cementation, five crowns from each group 
were scanned using micro-CT in two sections, sagittal and coronal, to determine the MG and MD values for four regions 

of the crown (sagittal buccal, sagittal lingual, coronal mesial and coronal distal). After cementation and thermal cycling, 

the scanning was repeated. Measurements were obtained from 10 points for each region, 80 points totally, to evaluate the 
MG and MD values. Files were processed using NRecon and CTAn software. Results were statistically analyzed using 

one- and two-way ANOVA and Tukey HSD tests (P = 0.05). Results: Full ceramic systems showed clinically acceptable 

marginal adaptation values. The Feldspathic Cerec inLab ceramic system generally presented the lowest variance, except 

in the MG values of the coronal mesial region. The MG and MD values of all ceramics increased significantly after 
cementation, except in the shoulder preparation design (sagittal buccal region) for MG and in the chamfer preparation 

design (sagittal lingual region) for MD values. Conclusions: Full-ceramic crowns showed clinically acceptable  marginal 

adaptation values. The Feldspathic Cerec inLab ceramic system (Vitablocs Mark II) generally  presented the lowest 

variance when compared with  the other ceramics, except for the MG values on the  mesial surface of the coronal section.
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layering technique based on fluorapatite glass ceramic 
or by using the staining technique.

Poor marginal adaptation of ceramic crowns can result 
in damage to the tooth, periodontal tissues and the 
restoration.[2] Large marginal discrepancies result in 
dissolution of the luting agent and favor microleakage 
of bacteria and their byproducts.[3] As a consequence, 
the tooth becomes more susceptible to inflammation of 
the vital pulp (post‑operative sensitivity),[4] secondary 
caries and marginal discoloration.[5]

The dental fraternity is yet to come to a consensus 
on what constitutes an acceptable marginal 
discrepancy (MD). A marginal gap (MG) ranging 
from 10 to 500 μm, with mean values from 50 to 
100 μm, has been defined as acceptable.[6] Marginal 
openings ranging from 50 to 120 μm are considered 
to be clinically acceptable in terms of longevity.[7,8] For 
CAD/CAM restorations, the generally acceptable MG 
discrepancies are between 50 and 100 μm.[9,12]

Holmes et al.[13] define MG as the perpendicular 
measurement from the cervical margin of the casting 
to the preparation margin, and absolute MD as 
the angular combination of the MG and extension 
error (overextension or underextension). In other 
words, it is the combination of the vertical and 
horizontal MDs. According to Holmes et al.,[14] the 
perpendicular measurement from the internal surface 
of the margin of the crown or casting to the outermost 
edge of the finish line of the tooth margin is termed 
as the MG. Therefore, MG refers to the surface of 
the cement that is left exposed intraorally and can 
be dissolved, leading to secondary caries and pulp 
implications due to microleakage. MD, on the other 
hand, is indicative of the extension of the crown 

margins in relation to the margins of the abutment and 
is of great importance mainly in overextension cases, 
as it enhances plaque accumulation and compromises 
health [Figures 1 and 2].

Different methods have been used to evaluate internal 
and MGs. The clinical marginal fit can be roughly 
estimated either directly with a mirror and a probe or 
indirectly by making an impression of the tooth and 
producing an epoxy replica that can be evaluated by an 
optical or scanning electron microscope.[14] In laboratory 
studies, it is possible to section the tooth–restoration 
sample for direct evaluation under a microscope.[15‑17] 
A new method that uses microcomputed tomography 
(micro‑CT) has been applied for non‑destructive 
analysis of the restorations.[18,19] This technique 
allows 2 dimensional (2D) and 3 dimensional (3D) 
investigation of the marginal and internal gaps, within 
the range of a few micrometers, in multiple sites and 
directions.[18]

The hypothesis of this study was that there is no 
difference in the MG and MD values in different 
regions of the tooth, for shoulder and chamfer finish 
line designs, both before and after cementation and 
thermal cycle. The aim of this investigation was 
to evaluate the marginal fit of three full ceramic 
systems with two different finish line designs, both 
before and after the cementation and thermal cycle 
procedures.

MATERIALS AND METHODS

Sixty extracted human maxillary premolar teeth with 
no caries or anatomical defects were divided into 
two groups based on the finish line design [Table 1]; 

Figure 1: The drawings of marginal gap and marginal  values

Figure 2: Marginal gap and marginal discrepancy measurements by 
microcomputed tomography
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Group 1: 90° shoulder and Group 2: 135° chamfer. 
Furthermore, each group was divided into three 
groups to receive three different types of full ceramic 
crowns; Group A: Cerec inLab feldspathic ceramic 
system (Vitablocs Mark II, Vita Zahnfabrik, Bad 
Säckingen, Almanya); Group B: Cerec inLab aluminum 
oxide ceramic system (Vita In‑Ceram 2000 AL, Vita 
Zahnfabrik, Bad Säckingen, Almanya) and Group C: 
Lithium disilicate press ceramic system (IPS e.Max 
Press, Ivoclar Vivadent, Schaan, Liechtenstein).

Preparation of the tooth
The preparation design according to standardized 
rules was completed by a computer, a 3D mechanical 
CAD programme ‑ Solid Works. For Group I, the 
preparation design included a 90° shoulder, 1 mm 
deep, with smooth margins. The Group II design 
included a 135° chamfer, 1 mm deep, with rounded 
internal margins. It was 6 mm high and included 
a horizontal occlusal table. All sharp angles were 
functionally rounded and a convergence angle of 8° 
was established by a milling machine (Acuvey 2012 
CNC Machine).

Reconstruction of full ceramic crowns
A polyvinyl siloxane impression (Aquasil™, Dentsply, 
Petropolis, RJ, Brazil) of the model was made and 
a working cast was obtained using Type IV special 
CAD/CAM stone (GC Fujirock EP Optixscan 
(GC, Leuven, Belgium). The ceramic systems were 
produced according to the manufacturers’ instructions. 
Cerec inLab feldspathic ceramic system (Group A) 
crowns were produced totally from CAD/CAM 
ingots and Cerec inLab aluminum oxide ceramic 
system (Group B) ceramic crowns’ core structures 
were also produced from CAD/CAM ingots. Lithium 
disilicate press ceramic system (Group C) crowns 
were customized using a layering technique based 
on fluorapatite glass ceramic. The MG and MD values 
were then determined using the micro‑CT technique 
both before and after cementation.

Measurement of the MG and MD values
The MG and MD values of five teeth from each group 
were determined from two sections (sagittal and 
coronal) for four different regions (sagittal buccal, 

sagittal lingual, coronal mesial and coronal distal). 
The sections were opened in the CTAn program 
(Skyscan 1172, Kontich, Belgium) for the evaluation 
of MG and MD values.

The sagittal and coronal sections were evaluated. The 
points where the preparation of the crown started to be 
visible, and then the end, were determined. The sections 
between these two points were calculated for the MG 
and MD values. The measurements were obtained in 
millimeters from each surface of the tooth ‑ buccal and 
lingual surfaces in the sagittal section and mesial and 
distal surfaces in the coronal section ‑ at 40 different 
points to obtain 80 MG and MD values. Files were 
processed using NRecon (Version 1.6.6.0, Skyscan, 
Kontich, Belgium) and CTAn software [Figure 3]. 
Thereafter, 900 ‑ 1000 sections of each specimen were 
reconstructed with the help of the NRecon program. 
The views were converted to a 2000 × 2000 pixel 
bitmap (BMP) format in the 8‑bit gray‑dynamic scale. 
The views of each section were opened and saved 
in Dataviewer 1.4.4 program for completion of the 
reconstruction.

After the initial measurements, the full ceramic 
crowns were cemented with the self‑etch, self‑cure 
resin cement (Multilink Automix) (Ivoclar Vivadent, 
Schaan, Liechtenstein) with finger pressure. 
Thereafter, the specimens were subjected to thermal 
cycling (5000 cycles, 5 ‑ 55°C). The MG and MD values 
were determined again by the micro‑CT technique 
in order to evaluate the changes effected by the 
cementation and the thermal cycling procedures. 
Results were statistically analyzed using one‑way 
ANOVA, two‑way ANOVA, Tukey HSD and paired 
t‑tests (P = 0.05).

Table 1: Groups and subgroups summarized in table

Cerec inLab 

feldspathic 

ceramic

Cerec inLab 

aluminum 

oxide

Lithium 

disilicate 

press

Shoulder (90º) 10 10 10

Chamfer (135º) 10 10 10
Figure 3: CTAn images of marginal gap and marginal discrepancy 
values by microcomputed tomography
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RESULTS

The MG and MD values of the three ceramic groups 

before cementation have been presented with 

measurement location and margin configuration, 

and are presented as mean ± SD in milimeters in 

Figures 4 and 5. Group 2B showed higher MG 

values (0.15 ± 0.07) than Group 2A (0.05 ± 0.02) on 

the buccal surface of the sagittal section. Group 1A 

showed higher MG values (0.14 ± 0.05) than 

Group 2A (0.05 ± 0.02) on the buccal surface of the 

sagittal section. Group A crowns showed higher MG 

values (0.79 ± 0.03) than Group C crowns (0.14 ± 0.06) 

on the mesial surface of the coronal section. Group 2B 

showed higher MD values (0.25 ± 0.11) than 

Group 1A (0.18 ± 0.04) on the lingual surface of sagittal 

section. The MD values of Group B on the lingual 

surface of the sagittal section (0.23 ± 0.85) and on the 

distal surface of the coronal section (0.21 ± 0.09) were 

higher than those on the mesial surface of the coronal 
section (0.18 ± 0.09). Therefore, the marginal fit before 
cementation was better on the mesial surface of the 
coronal section (P < 0.05) [Figure 4].

The MG and MD values of the ceramic groups 
after cementation have been presented along with 
measurement location and finish line configuration, 
and are presented as mean ± SD in Figures 6 and 7. 
The MG values of Group 1B on the buccal surface 
of the sagittal section increased significantly 
after cementation (0.23 ± 0.14). The MG values of 
Group 1A (0.32 ± 0.11) and Group 2C (0.31 ± 0.15) on 
the lingual surface of the sagittal section (0.34 ± 0.13) 
and on the mesial surface of the coronal 
section (0.30 ± 0.15) increased significantly after 
cementation. The MG values on the distal surface of 
the coronal section for Groups 1C (0.23 ± 0.08) and 
2A (0.24 ± 0.11) also increased significantly. Group B 
showed higher MD mean values than Group A 

Figure 4: Mean and SD values of marginal gap values of full ceramics 
before cementation

Figure 5: Mean and SD values of marginal discrepancy values of full 
ceramics before cementation

Figure 6: Mean and SD values of marginal gap values of full ceramics 
after cementation

Figure 7: Mean and SD values of marginal discrepancy values of full 
ceramics after cementation
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on the lingual surface of the sagittal section after 
cementation. The MD values on the buccal surface 
of the sagittal section of Group 1B (0.32 ± 0.10) and 
Group 2C (0.29 ± 0.08) also increased significantly after 
cementation. The MD values on the lingual surface 
of the sagittal section for Groups 1A (0.24 ± 0.07) 
and 2A (0.18 ± 0.13) exhibited a significant 
increase following cementation. The MD values of 
Group 1A (0.26 ± 0.06) and Group 2C (0.38 ± 0.18) 
on the mesial surface of the coronal section also 
increased after cementation. Except for the MG 
values for the shoulder preparation design on the 
buccal surface of the sagittal section and the MD 
values for chamfer preparation design on the lingual 
surface of the sagittal section, the MG and MD mean 
values significantly increased for all ceramics after 
cementation [Figures 6 and 7].

We tried to prepare a table with statistical differences 
lettering; however, it was not clear and understandable. 
It was more complex than graphics by lettering.

DISCUSSION

The results of this study support the rejection of part 
of the null hypothesis that there is no difference in 
the MG and MD in different regions of the teeth for 
shoulder and chamfer finish line designs, both before 
and after the procedures of cementation and thermal 
cycling. Except for two measurement locations, the 
mean values of MG and MD increased significantly for 
all ceramics after cementation. There were significant 
or insignificant differences in the MG and MD values 
between the various measurement locations and 
also between the two preparation designs of the 
ceramic crowns. Significant differences emerged in 
the comparison of the MG and MD between shoulders 
and chamfer finish line designs of the feldspathic 
ceramic system and chamfer finish line design of the 
Cerec in Lab aluminum oxide ceramic system.

Evaluation of the marginal fit on the midproximal 
surfaces of the crown/abutment junction is critical 
in the evaluation of marginal fit of a crown system, 
because the accessibility for maintenance of oral 
hygiene is decreased in these regions compared 
with the buccal and lingual surfaces. However, 
in most studies, the midproximal surfaces of the 
crown/abutment junction could not be evaluated 
by the routine marginal fit measurement methods. 
The current study has the advantage of the MG 
and MD values of mesial and distal surfaces of 
the coronal section being measured by the novel 

micro‑CT technique. There are only a few studies 
that use this methodology for this purpose in the 
field of dentistry.[18‑20]  Micro‑CT is a non‑destructive, 
reliable and innovative method of analysis that allows 
high‑resolution investigation of both the internal and 
the MG between tooth preparation and the restoration. 
It allows 2D and 3D measurements to be performed 
from any angle or position. Therefore, in the present 
study, the marginal fit could be evaluated in both the 
x‑ and y‑axes, providing a more realistic perception 
of the MGs.

Nevertheless, comparison with previously 
conducted research is difficult as different methods 
of measurement were employed. Borba et al.[20] and 
Pelekanos et al.[19] applied the micro‑CT technique 
to evaluate the fit of ceramic crowns and suggested 
that this method can be recommended as a useful 
tool for the evaluation of marginal and internal fit of 
dental restorations. The authors of the present study 
corroborate this recommendation.

In two recent studies of Borba et al.,[20‑21] the marginal 
and internal fit of zirconia‑based all‑ceramic three 
unit fixed partial dentures (FPD) produced by the 
Cerec inLab CAD/CAM system were evaluated 
using the micro‑CT technology. Different levels of 
adaptation were observed within the FPD at the 
different measuring points. Pelekanos et al.[19] found 
that the slip‑cast technique and the Wol‑Ceram system 
were the methods that presented the best MG values 
of 22 and 35 μm, respectively. The mean MD values 
of the slip‑cast copings and Cerec inLab copings were 
60.09 and 187.64 μm, respectively, in accordance with 
the current study’s MD values of 60 ‑ 200 μm for 
the same ceramic groups. In the present study, the 
Cerec inLab feldspathic ceramic system with chamfer 
finish line design (on the buccal surface of sagittal 
section) and the Cerec inLab feldspathic ceramic 
system with shoulder finish line design (on the lingual 
surface of sagittal section) presented the best results 
for MG, with values of 50 and 80 μm, respectively, 
before cementation. Lithium disilicate press ceramic 
system with shoulder finish line design (on the 
distal surface of coronal section) and Cerec inLab 
feldspathic ceramic system with chamfer finish line 
design (on the buccal surface of sagittal section) also 
presented the best results for MD, with values of 20 
and 60 μm, respectively, before cementation. The 
difference in results may be due to the usage of the 
Cerec inLab technique and also the use of different 
measuring instruments. Difference in sample size and 
the number of measurements obtained per specimen 
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may also have contributed to the variation. The 
slip cast technique is not machine dependent and 
MG values are indicative of the technician’s ability, 
whereas for Cerec inLab, MG is indicative of the 
ability of the system.

In the study by Krasanaki et al.,[22] the influence of 
two different preparation types on the marginal fit of 
CAD/CAM alumina copings was evaluated. Copings 
were scanned using micro‑CT and no correlation 
was found between copings and preparation type, 
in contrast with the present study in which chamfer 
finish line designs of aluminum oxide ceramic system 
showed better marginal fit as compared with shoulder 
finish line designs of the feldspathic ceramic system.

There have been many studies in which different 
methods have been used to evaluate the internal and 
MGs. Sulaiman et al.[23] and Grey et al.[24] determined 
the MGs of conventional InCeram crowns using the 
silicone paste technique to be 160.66 and 123 μm, 
respectively. These results were in accordance with 
the study by Yeo et al.[25]

A study by Rinke et al.[26] on the marginal fit of different 
all‑ceramic crowns showed an overall variation ranging 
from 18 to 145 μm before cementation.[27] In the present 
study, the mean values of MG showed variation 
ranging from 50 to 160 μm before cementation and 
140 to 340 μm after cementation. The mean values of 
MD in the current study showed variation ranging 
between 20 and 250 μm before cementation and 
160 and 360 μm after cementation.

Bindl et al.[27] reported favorable results for crown 
restorations milled with the Cerec‑2 system. They 
obtained mean MGs of 59.9 μm with Vita Mark II and 
73.4 μm with Vita In‑Ceram Alumina, with the difference 
between both values reaching statistical significance. In 
the study of Bindl et al.;[27] the results were clearly less 
favorable both with Vita Mark II (142.3 μm) and with 
Vita In‑Ceram Alumina (98.1 μm). In the present study, 
the Cerec inLab feldspathic ceramic system (Vitablocs 
Mark II) generally presented the lowest variance when 
compared with the other ceramics, except for the MG 
values on the mesial surface of the coronal section. 
This result can be correlated with the manufacturing 
technique of the ceramic. When this ceramic system 
is used, restorations can be milled directly to their 
final dimensions. This factor may contribute to better 
marginal fit compared with other full‑ceramic systems. 
In the current study, the lowest mean MG values for 
the Cerec inLab aluminum oxide ceramic system (Vita 

In‑Ceram 2000 AL) before and after cementation were 
80 and 180 μm, respectively, which are higher than the 
values found in an earlier study[28] for In‑Ceram Alumina 
copings (57/117 μm). This result may be related to the 
technique and the coping‑ceramic difference. In a recent 
study,[29] the MD values of In‑Ceram all‑ceramic crowns 
were reported to be 81.43 μm before cementation and 
122.92 μm after cementation, which are lower than 
the lowest values of Vita In‑Ceram AL ceramics in 
the current study (130 μm before cementation and 
210 μm after cementation). The MD values of the IPS 
e.Max Press ceramics were found to be 95.65 μm before 
cementation and 137.97 μm after cementation, which 
are in accordance with the lowest values of the present 
study (60 μm before cementation and 160 μm after 
cementation).[29] In the current study, the mean MG for 
IPS e.Max ceramics ranged from 70 to 160 μm, which 
is in agreement with earlier studies.

The maximum value of MG for good clinical prognosis 
was determined to be 200 μm by Bjorn et al.[30] As per 
this standard, the results of the current study are 
within clinically acceptable limits. Values proposed 
in the literature for maximally acceptable marginal 
discrepancies for dental restorations vary from 
50 to 120 μm.[7,31] The MD range of the present study 
is higher when compared with these studies, ranging 
from 120 to 250 μm. This can be attributed to the 
differences in the manufacturing technique as well 
as the measurement methods.

The results obtained in the current study show that 
there were statistically significant differences in the 
MG between the two finish line groups (shoulder and 
chamfer). In some studies, no significant difference was 
found between the MD values of the ceramics with 
shoulder and chamfer finish line designs.[11,28,32] In a 
recent study,[33] the average MG recorded for the chamfer 
design was 94 and 91 μm. In another study, MGs were 
greater for the chamfer finish line than for the shoulder.[34] 
Souza et al.[35] found that rounded shoulder preparation 
design showed significantly lower MD values than 
chamfer finish line design for full ceramics.[35] In contrast, 
zirconia crown copings with shoulder preparation 
design exhibited higher discrepancies than zirconia 
crowns with chamfer preparation design combined 
with 15° taper angle in another study.[36] In the current 
study, the Cerec inLab feldspathic ceramic system with 
chamfer finish line design showed better marginal fit 
than shoulder finish line design of the same ceramic on 
the buccal surface of the sagittal section and the Cerec 
inLab aluminum oxide ceramic system with chamfer 
preparation design showed higher MD values than the 
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Cerec in Lab feldspathic ceramic system with shoulder 
finish line design on the lingual surface of the sagittal 
section before cementation.

In the present study, MD exhibited statistically 
significant differences between the buccolingual and 
mesiodistal aspects, similar to another study in which 
the facial and lingual margins exhibited significantly 
larger MD values than the mesial and distal margins.[23] 
However, other authors have not found significant 
differences between surfaces in their studies.[37]

As has been reported in previous studies,[37] MD in 
this study also increased markedly after cementation, 
even for the Cerec inLab feldspathic ceramic system. 
The three different ceramic systems demonstrated 
noticeable differences with respect to the MD values 
before and after cementation. Likewise, the three 
ceramic systems tested were fabricated through 
different laboratory procedures. Manufacturing 
of lithium disilicate press ceramic system copings 
involved the use of die spacers (Aqua Fit, Renfert 
GbmH, Hilzingen, Germany), whereas the Cerec 
inLab feldspathic ceramic system and the Cerec 
inLab aluminum oxide ceramic core structures were 
fabricated with a pre‑determined internal relief of 
30 μm and fabricated from CAD/CAM ingots. The 
preparation design and dimensions of the restorations 
may have affected the initial marginal fit and flowing 
off of luting material during the cementation 
process. As pressable ceramics are fabricated on 
gypsum casts using the lost wax technique, any form 
changes inherent in the processed materials might 
also affect the adaptation of the final restoration. 
Furthermore, wax patterns can exhibit significant 
shrinkage contraction that might result in additional 
discrepancies.

Krejci et al.[38] found that the type of margin did not 
influence the marginal adaptation after cementation. 
In our study, MG and MD values of the ceramics 
generally increased significantly after cementation, 
as has been reported in other studies,[28,39‑42] and MD 
increased significantly after cementation in all of 
the groups analyzed. This finding may be explained 
by the difference in the clinicians’ cementation 
technique.

CONCLUSION

The MG and MD values of the full ceramics increased 
significantly after cementation, with exceptions of the 
MG values on the buccal surface of the sagittal section 

for shoulder preparation design and the MD values on 
the lingual surface of the sagittal section for chamfer 
preparation design of full‑ceramic crowns.

Full‑ceramic crowns showed clinically acceptable 
marginal adaptation values. The Feldspathic Cerec 
inLab ceramic system (Vitablocs Mark II) generally 
presented the lowest variance when compared with 
the other ceramics, except for the MG values on the 
mesial surface of the coronal section.
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