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ABSTRACT

Objective: Studies demonstrated that as one of the
newly developed restorative materials, monolithic
zirconia resolved several issues of zirconia restoration.
Therefore, marginal accuracy and internal fit are
necessary for clinical success and quality of restorations,
and cement space may influence the marginal fit. Thus,
the present research aimed to investigate the effects
of the cement thickness and kind of restoration on

the marginal discrepancy. Material and methods:
In this study, 20 maxillary left first molars, prepared
by DRSK Co., were used to fabricate a full crown. Two
types of material included monolithic zirconia (Zolid)
and Sintron were used to make a full crown. Samples
from each group were scanned by dental laboratory 3D
scanner and designed and processed using CAD-CAM.
The samples were divided into four groups of five with
30- and 50- um cement spaces. In order to assess the
vertical marginal discrepancy, the crowns were fitted
on their respective teeth without using any mediator
and examined by a micro-CT scanner. Data were

analyzed by SPSS software. Results: It has been found
that marginal discrepancy in Sintron is higher than the
discrepancy of monolithic zirconia. In fact, monolithic
zirconia with 50-micron cement space exhibited the
least marginal discrepancy and the cement space in
Sintron did not significantly influence the marginal

discrepancy. Conclusion: It has been concluded that
the material kinds and cement space influence the
restoration marginal discrepancy constructed by digital
workflow.
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RESUMO

Objetivo: Estudos demostraram que a zircOnia
monolitica um dos materiais restauradores desenvolvidos
recentemente, resolveu varios problemas de restauracéo
de zirconia. Portanto, a precisio marginal e o ajuste
interno sao necessarios para o sucesso clinico e para a
qualidade da restauracgdo, e o espaco do cimento pode
influenciar o ajuste marginal. Assim, o presente estudo
teve como objetivo investigar os efeitos da espessura
do cimento e o tipo de restauracdo na discrepancia
marginal. Material e métodos: foram usadas para
fabricacio de coroa total. Dois tipos de materiais
incluindo Zirconia monolitica (Zolid) e Sintron foram
usadas para produzir a coroa total. As amostras de cada
grupo foram digitalizadas em laboratério dentario por
um scanner 3D, projetadas e acessadas usando CAD-
CAM. As amostras foram divididas em quatro grupos
de cinco com espaco de 30 e 50 microns de cimento.
Para avaliar a discrepancia marginal, as coroas foram
colocadas em seus respectivos dentes sem o uso de
qualquer intermedidrio e examinados em micro-CT. Os
dados foram avaliados pelo software SPSS. Resultados:
Descobriu-se que a discrepancia marginal do Sintron
¢ maior que a discrepancia da zirconia monolitica. Na
verdade, a zirconia monolitica com espago de 50 um
de cimento exibiu uma menor discrepancia marginal,
e o0 espaco de cimento do Sintron ndo influenciou
significantemente na discrepancia marginal. Concluséo:
Concluiu-se que os tipos de material e o espaco do
cimento influencia na discrepadncia marginal da
restauracgio construida pelo fluxo digital.

PALAVRAS-CHAVE

Adaptagdo marginal dentaria; Cimentos dentérios;
Microtomografia por Raio-X.
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BACKGROUND

1l ceramic metal-free restorations attracted

further attention of patients increasingly
due to increased awareness of beauty and
biocompatibility [1]. Proper properties of a
material and high strength are some of the
advantages that can be used for both anterior
and posterior fixed prostheses, including high-
performance zirconia ceramics [2]. The use
of monolithic zirconia is expanding as a new
restorative material due to its easier and cheaper
fabrication [3,4]. These restorations not only
have an acceptable beauty, but also have high
fracture resistance and could even withstand the
fracture forces above the maximal mean occlusal
forces incurred on the posterior regions [5,6].
With the expansion of computer assisted design/
computer assisted machining (CAD/CAM)
technology, the use of zirconia ceramics has
increased rapidly; this technology reduces the
cost of manufacturing, materials, and laboratory
time while increasing production [7]. The CAD-
CAM restoration fitting accuracy is influenced
by various factors including scan accuracy,
CAD-CAM software, CAD-CAM system wearing
protocols, and type of material used in milling. In
addition, it has been shown that, after finishing
the milling, the manual settings performed by
the dental technician on the restoration improve
restoration fitting accuracy [8,9]. Early studies
on the fracture rate of monolithic zirconia
restorations for posterior regions in a period of
at least 5 years were counted between 0.2%-
0.7% [10]. In vitro studies have cited a minimum
thickness of 0.7 mm for implant-supported
monolithic zirconia restorations and 0.5 mm for
tooth-supported restorations to the long-term
resistance of restoration against chewing forces
[11]. Hence, this restoration can be a treatment
candidate for people with limited interocclusal
space, an inadequate clinical crown length and
requiring maintaining a dental structure [5].
The success of dental restorations depends on
four major components of biocompatibility,
beauty, fracture resistance and marginal
adaptation [12,13]. Some studies have shown
that zirconia milling in presintering mode has
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a marginal fit better than zirconia milling after
sintering; some have reported contradictory
results [14]. Another study evaluated the
marginal fit of the zirconia crown frame made
from pre-sintered and sintered zirconia blocks
and showed no difference between the two
[15]. The difference in fabrication is attributed
mainly to the baseline internal space [14,16,17],
which can be system-sensitive and affects the
zirconia crown fit [16,18]. However, increasing
cement space can improve the marginal fit of
crown, but the internal space of more than 120
w will reduce the fracture resistance of ceramic
crowns without improving marginal fit [19].
Eran Dolev et al. showed that both absolute
marginal discrepancy and marginal discrepancy
for the CAD-CAM method are lower than the
hot-press [20]. During a research by Dahl et
al., the internal fit by the lost-wax metal casting
technique was similar to the CAD-CAM method
[21]. The results of various studies indicate that
the methods of measuring marginal discrepancy
and its values are very different and various
factors affect it and there is no consensus on
it among the researchers [21-23-26]. Many
studies evaluated the marginal fit accuracy
of zirconia, all-ceramic, and metal ceramic
crowns, nevertheless, the accuracy of CAD-
CAM restorations is questioned. As well, few
studies assessed the effect of different cement
spaces on marginal fit. Accordingly, this study
was conducted to investigate the marginal
fit of monolithic zirconia and Sintron crowns
and the effect of cement space on them before
cementation.

MATERIAL AND METHODS

This in vitro- undirected fundamental-
applied study was conducted on 20 maxillary
left first molars (typodont, prepared by DRSK,
Kasernvagen, Hassleholm, SWEDEN) with 0.5
mm axial reduction, 360-degree chamfer margin
and 6-degree taper (Figure 1). Inclusion criteria
were the full crowns of Monolithic Zirconia
(Zolid: Amman Girrbach, Koblach, Austria) and
Cr-Co alloy (Sintron, Amman Girrbach.Koblach,
Austria) with the same dimensions and contours.
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The crowns with dimensional changes or the
need of an intense adjust to fit on the tooth were
excluded. The teeth were randomly divided into
2 groups of 10, where one type of monolithic
zirconia, Group ZA (Zolid: Amman Girrbach,
Koblach, Austria) and one type of alloy, Group
S (Sintron, Amman Girrbach.Koblach, Austria)
were used as full contours to fabricate the
crowns. The teeth were first scanned by dental
laboratory 3D scanner (Imetric Courgenay,
Switzerland) (Figure 2), and then a full crown,
with the same contour and size, was designed
using CAD software (Imetric Courgenay,
Switzerland) for each of the 2 groups. The
same template in the software library was
used to uniformize the crowns for each of the
two groups (Figure 3). Next, these two groups
were divided in other 2 subgroups, according
to the simulation of the cement layer: Group
ZA 30 and Group S 30: 25-um cement space
in the margin region, and 30-um cement space
starting at 1 mm above the finish line; Group ZA
50 and Group S 50: 25-um cement space in the
margin region, and 50-um cement space starting
at 1 mm above the finish line. Finally, the
design data was saved as a stl file. The crowns
designed by CAD software were transported
to the CAM and processed by Ceramil Motion.
Subsequently, using Ceramil Motion 4-axis
milling machine (Amman Girrbach.Koblach,
Austria) from pre-sintered monolithic zirconia
blocks, pre-sintered Sintron were exfoliated.
The specimens were sintered according to the
manufacturer’s protocol, so that Sintron was
sintered in a furnace with a pressure of 1.5 bar of
argon gas and zolid in its specific furnace. After
the sintering of restorations, the inner surface
of the crowns except margin was manually
adjusted by a dental technician familiar with
the CAD-CAM system, using diamond rotary
instruments and high-speed handpiece along
with water. The purpose of this was a perfect
restoration fit on the corresponding teeth and
removal of the horizontal marginal discrepancy,
if any [27]. After the crowns were prepared,
they were fitted on the corresponding teeth
without using any mediators by the micro CT
device (Lotus, Tehran, Iran) to examine the
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vertical marginal discrepancy. The midpoints
of the bacolingual and mesiodistal surfaces
of each sample were considered to unify the
measurement points for marginal discrepancy.
Each specimen was fixed inside the scan tube
and in a position perpendicular to the X-ray. The
scan was performed for each sample at a voltage
of 70 KVp and 114 mA with a resolution of 1024
X 1024 for 30 min. After reconstructing the
images with its own software, Skyscan software
was used to analyze and scan. As the reference,
the first vertical cut was made in the mesiodistal
direction and in the middle of the specimen, and
then two vertical cuts were made on each side of
the initial cut with a distance of 50 slices at a space
between each cut. Finally, five vertical cuts with
50 slices between each cut were created in the
mesiodistal direction in each sample. Similarly,
five vertical cuts in buccolingual direction were
created in each sample, with the difference that
there were 25 slices between the cuts [26]. In
each cut, two points were considered for vertical
marginal discrepancy, so 20 sizes for vertical
marginal discrepancy were obtained for each
sample, whose mean was considered as marginal
discrepancy of each sample (Figure 4). The same
technician performed all measurements using
the Skyscan software at the Research Center of
Tehran University of Medical Sciences. Figure 1
shows the steps involved. All statistical analyzes
were performed using SPSS version 22 software
(SPSS, INC, Chicayo II). In this study, one-way
ANOVA and Tukey’s post hoc test was used to
examine marginal discrepancy.

Figure 1- Prepared maxillary left first molars.
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Figure 3 - Crown design by CAD software.

Crown

Figure 4 - Micro-CT scan image (Horizontal cut): 10 vertical
slices with 50 slices between them in mesiodistal direction and
25 slices between them in buccolingual direction.
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RESULTS

In this study, 20 samples consisted of
5 monolithic zirconia crowns with 50-micron
cement space, 5 monolithic zirconia crowns with
30-micron cement space, 5 Sintron crowns with
50-micron cement space and 5 Sintron crowns
with 30-micron cement space (Table 1).

Table | - Mean and standard deviation of marginal discrepancy
in micron.

Cement Space Mean Std.tionneula N
Monolithic
- 7864 718 5
30microns  Zirconia
Cr-Coalloy 13524 18.60 5)
Monolithic
o 5040 451 5
50microns  Zirconia
Cr-Coalloy 130.06 1283 5
Monolithic
TR 64.52 1592 10
Total ol 13265 1531 10
J 9858 3811 20

With regard to the lack of two-way ANOVA
conditions due to the significant interaction
between cement space and material types (p =
0.048) (Figure 5), one-way ANOVA and Tukey’s
post hoc test were used to compare the groups,
which showed a significant difference between
the 4 groups (p < 0.001). The vertical marginal
discrpancy was significantly different between
zirconia 30-micron and 50-micron cement space
groups (p = 0.009), zirconia 30-micron cement
space and Cr-Co alloy 30-micron cement space
groups (p < 0.001), zirconia 30-micron cement
space and Cr-Co alloy 50-micron cement space
groups (p < 0.001), zirconia 50-micron cement
space and Cr-Co alloy 30-micron cement space
groups (p < 0.001), and zirconia 50-micron
cement space and Cr-Co alloy 50-micron cement
space groups (p < 0.001). However, there was
no significant difference between Sintron groups
with 30-micron cement space and 50-micron
cement space (p = 0.904)
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Figure 5 - Mean and standard deviation of marginal
discrepancy in micron.

DISCUSSION

When a full crown is considered as a cure,
it is important to achieve a clinically acceptable
restoration with a good marginal fit. The use
of CAD-CAM restorations is increasing rapidly
today, and many dentists use them all over
the world, however, the accuracy of CAD-CAM
restorations is questioned. Therefore, this study
examined the accuracy of two types of full crown
made by the CAD-CAM method. Also there
is no consensus on how to measure marginal
discrepancy of dental restorations, the use of
Micro-CT seems to be the best considering its
benefits. Therefore, this method was used in this
study. The results of our study showed that the
cement space has a significant effect on marginal
discrepancy, and compatible with Tuncer study
[28] also is supported with Shohei Suzuki study
that shows by increasing cement space, marginal
discrepancy is decreased [29]. In contrast with
aforementioned articles, Rinet Dauti study
shows cement space has no significant effect on
marginal discrepancy [30]. The effect of cement
space was significant only in the monolithic
zirconia restorations and was not significant in
the Cr-Co alloy restorations, but the marginal
discrepancy in the 50-micron group was slightly
less than in the 30-micron group. According to
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the results of the study, the monolithic zirconia
groups had a marginal discrepancy less than that
of Cr-Co alloy groups and this difference was
significant. In other words, the least marginal
discrepancy was related to the monolithic
zirconia group with 50-micron cement space
and the most marginal discrepancy was seen in
the Cr-Co alloy group with 30-micron cement
space. This results are compatible with Elie E.
Daou study that compares marginal discrepancy
in zirconia and sintron framework and shows
both are clinical acceptance but zirconia has less
marginal discrepancy [31]. In the present study,
the cement space was determined digitally for
the restorations during computerized design.
However, the question is whether the CAD-CAM
can transmit this cement space from the milling
unit with the same accuracy to the restoration.
The parameters of the milling unit (the amount
of using bur, milling material and drill diameter)
and the teeth preparation (preparation method,
occlusal preparation, the degree of tapering
and the curvature of the cervical crown margin
and the anatomical conditions) can affect this
condition [32]. According to Lewinstein et al.
[33], the cement space for restoration should be
at least 50 microns, of which 30 u is considered
for cement thickness and reduction of friction
due to surface roughness, and the remaining
20 w is considered as a precautionary action
for potential distortion of restoration caused by
production process. This proposal was supported
by the results of the present study, which
showed less marginal discrepancy in groups with
50-micron cement space. Improved marginal fit
with increased cement layer was observed in this
study. Evidence has shown that cement space for
CAD-CAM zirconia crown restorations should
not be less than 60 microns for better fit on the
abutment and the minimum need for manual
adjustment [8]. An et al. [34] investigated the
marginal fit of zirconia copings with 60-micron
cement space and reported that the total mean
vertical marginal discrepancy was 104 u. Prasad
and colleague [35] also evaluated the vertical
marginal discrepancy of zirconia copings with
50-um cement space, whose value was 59u for
postsentered zirconia and 68 u for presentered
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group. Euan et al. [36] also reported that the
mean vertical marginal discrepancy for zirconia
copings with 50-um cement space was 64 um for
the chamfer finish line and 53 u for the round
shoulder finish line. All of these findings were in
line with our study results for zirconia crowns,
and all of them were clinically acceptable (120
w >). However, the Sintron crowns had a
higher vertical marginal discrepancy, and were
clinically unacceptable, but consistent with the
results of the study of Vojdani et al. [37] who
examined the vertical marginal discrepancy in
the Sintron copings. Various articles reported
varying amounts of marginal discrepancy that
could be due to different measurement methods,
differences in the type of dye, coping material,
differences in scanning, design, and milling
machines used [38]. Sachs et al. [1] argued
that different parameters, including scanning,
designing, milling and sintering, could affect
the accuracy of restoration. Therefore, it is
difficult to compare these studies with others.
In the present study, the measurements of
vertical marginal discrepancy were based on
the definition of Holmes [39]. The horizontal
marginal discrepancy is eliminated by finishing
margin using the rotary tool. However, the
vertical marginal discrepancy only decreases
using cements, which may be washed or can
create a rough surface. Therefore, we can
say that the vertical marginal discrepancy is
the most important parameter in the study of
margin [40]. In this study, the samples were not
cemented to prevent differences due to the type
of cement used, and viscosity and force applied
during cementation; as well as the cement
reduced the vertical marginal discrepancy.
Several studies have examined the marginal
discrepancy of CAD-CAM crowns and have
accordingly used a number of different points
to measure. Some of them have measured 4-8
[34,40], 16-24 [8] and 80-360 [41,42] points in
each sample. Accordingly, there is no consensus
on the number of measurement points in each
sample to check the accuracy of marginal fit. This
parameter seems to be sensitive, and the more
measurement points are, the more accurate the
result, because at margins of 300 microns, the
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marginal gap can vary up to 100 microns in the
same sample [43]. Matta et al. [42] measured
the marginal fit of crown copings at 360 points
with 1 degree of distance between them, and
showed that the marginal discrepancy was
around 100 um for all samples, but each sample
had a large degree of marginal discrepancy
over 150u. Hence, as in many studies [44,45],
this study used 20 points to measure marginal
discrepancy, which seems to be adequate.
Different methods have been proposed
to measure the marginal fit of CAD-CAM
restorations, including CBCT, light microscope,
electron microscope, replica technique and 3D
measurement [38]. This study used the Micro-
CT device to compare the marginal discrepancy
of restorations, which is a new technique. The
most important advantage of this method is
its non-invasive nature and the creation of an
image of the internal dimension of the sample
to the form of the section and simultaneously. In
addition, the method provides the possibility of
3D reconstruction at any selected position and
multiple sections; hence, the Micro-CT provides
the ability to measure marginal gap [44-45].
One of the disadvantages of this technique is the
low capacity of distinguishing between micro-CT
and light microscope and electron microscope.
In addition, it should be noted that X-ray images
might have artifacts due to refraction. There
are many materials with different absorption
coefficients. Hence, it is very difficult to
distinguish between them using X-ray [44].
It is impossible to distinguish between two
substances with the same absorption coefficient
when they are in contact. Hence, this should be
considered when using this method. Therefore,
we used materials with different absorption
coefficients. In addition, it can be said that there
is no consensus on the method used to check
marginal discrepancy. Hence, these conditions
can be a limitation to compare the results
obtained in various studies. The limitations of
this study were only the use of full crowns, the
failure to check the veneering effect on marginal
discrepancy, and the lack of efforts to simulate
oral conditions. In addition, all specimens were
evaluated without cementation because the
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radiopacity of the luting agent may change the
results of the study.

CONCLUSION

According to our research findings,
we found that the marginal discrepancy was
increased with decreasing cement space, and
the cement space had a significant effect on
the marginal fit of monolithic zirconia crowns
compared to Sintron crowns. It is recommended
that future research should examine the marginal
discrepancy in multiunit restorations, simulate
oral conditions to be closer to real conditions,
and evaluate the effect of cement space on the
internal fit and the restoration strength.
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