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ABSTRACT

The purpose of this study was to evaluate and com-
pare the microleakage and marginal discrepancy of
ceramic crown-copings fabricated by three different
CAD/CAM systems. Material and methods: Thirty
extracted premolars were prepared for complete all-
ceramic crowns with: total convergence 10-degree, 2
mm occlusal reduction, 4.5 mm height, 1.3 mm circu-
lar reduction and chamfer marginal preparation.
They were divided into three groups and each group
(n = 10) received a ceramic crown-coping fabricated
by one of three CAD/CAM systems: Procera, KaVo
Everest and Cerec inLab. The copings were cemented
with Panavia F 2.0. After thermal cycling, the teeth

were immersed in 2% basic fuchsine dye for 24 hours.

Microleakage was scored using a five-point scale and
evaluated under a stereomicroscope at x18. Marginal
discrepancies were assessed with scanning electronic
microscope at x150, with measurements at 50 differ-
ent points. Data were subjected to a chi-square test,
Kolmogorov-Smirnov test and using Rho Spearman’s
correlation test (P < 0.05). Results: Cerec inLab
CAD/CAM crown-copings showed significant micro-
leakage compared to Procera and KaVo Everest (P =
0.031). No significant differences were observed be-
tween Procera and the KaVo Everest system (P >
0.05). No significant differences were found in mar-
ginal discrepancies for the Procera (62.58 + 8.98 um)
and KaVo Everest systems (65.54 + 18.56 um), (P =
0.941). Significant differences were found for Cerec
inLab (132.18 + 27.75 um) compared with Procera
and KaVo Everest (P = 0.0001). No correlation be-
tween the marginal discrepancies and microleakage
for the three CAD/CAM crown-copings systems.
Conclusions: Cerec inLab CAD/CAM crown-copings
showed significantly higher values for microleakage
and marginal discrepancy in comparison with Pro-
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cera and KaVo Everest CAD/CAM crown-copings.
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Marginal Discrepancy; Panavia F.2

1. INTRODUCTION

All-ceramic crowns fabricated by computer-aided design/
computer assisted manufacturing (CAD/CAM) technology
are increasingly demanded by patients and clinicians due
to superior esthetics, durability, biocompatibility and many
improved physical properties in comparison with existing
all-ceramic systems [1-5]. Microleakage permits the per-
colation of food, oral debris and others substances that can
produce caries and periodontal disease [6]. Indeed, several
studies have reported that microleakage is a complex in-
teraction between many variables such as luting agent,
cement shrinkage on setting, marginal gaps, tooth tissues,
and differences in the luting material’s coefficient of ther-
mal expansion with tooth restorations [7-12]. Marginal
discrepancy and microleakage are important causes of den-
tal crown failure [13,14].

The marginal discrepancy for different all-ceramic crowns
has been studied in vitro and in vivo [2,3,5,10-12, 15-22]
and the results show high variation between the different
crown systems. The values ranged from 17.18 £ 8.16 to
145 um [2,3,5,17,19,22]. Microleakage can be related to
marginal discrepancy, although no strong correlation be-
tween marginal discrepancy and microleakage has been
reported for all ceramic crowns [8,11].

The review of the literature revealed a limited number
of studies that had investigated the correlation between
the marginal discrepancy and microleakage in ceramic
copings fabricated by CAD/CAM systems. Thus, the
purpose of this in vitro study was to evaluate and com-
pare the microleakage and marginal discrepancy of ce-
ramic crown-copings generated by three different CAD/
CAM systems. Two research hypotheses were stated to
evaluate marginal discrepancy and microleakage: 1)
There is no significant difference between the mean val-
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ues of marginal discrepancy and microleakage for each
of the three CAD/CAM systems; and 2) there is no cor-
relation between marginal discrepancy and microleakage.

2. MATERIAL AND METHODS

Thirty extracted non-carious premolars of similar size
were selected. All teeth were stored in 0.1% thymol solu-
tion at room temperature. Calculus and residual perio-
dontal tissue were removed using a surgical knife, scaler,
and curette. Teeth were then divided into three groups of
10 teeth each; each group received a different crown-
copings, fabricated by the following CAD/CAM systems:
Procera (Nobel Biocare AB, Goteborg, Sweden/Mahwabh,
NJ), KaVo Everest system (KaVo Dental Corp, Lake Zu-
rich, Switzerland) and Cerec inLab (Sirona Dental Sys-
tem Ltd., Bensheim, Germany).

Teeth were prepared for complete all ceramic crowns
by a single clinician. The teeth were prepared with a total
convergence of 10 degrees, an occlusal reduction of 2
mm, height of approximately 4.5 mm, followed by a cir-
cular reduction of 1.3 mm. The cervical preparation mar-
gins were designed as circular chamfers using torpedo-
shaped diamond burs and water FG (Colténe/Whaledent
AG, Alstatten, Switzerland).

Once the dental pieces were prepared, the teeth were
mounted in a Type IV ResinRock plaster base (WhipMix,
Louisville, Ky) with the main teeth axis oriented perpen-
dicularly to the pedestal surface to simulate an arch, and
thus facilitating the creation of an individual tray and im-
pression. A full arch impression was made with silicone
by adding Elite H-D + Putty Soft Normal Setting and
Elite H-D + Light Body Normal Setting (Zhermack, Badia
Polesine, Italy). Three working models were made in
resin in order to make high precision Exakto-Form mod-
els with a polyurethane base (Bredent, Senden, Germany).
The scanner data was then sent for coping fabrication by
the following CAD/CAM systems: Procera (Nobel Bio-
care AB), KaVo Everest system (KaVo Dental Corp) and
Cerec inLab (Sirona Dental System Ltd.). Highly special-
ized personnel fabricated the copings.

For the Procera system, the die was digitized by scan-
ning Procera Font (Nobel Biocare Ltd. Mahwah, USA).
Tooth preparation data was electronically transmitted to
the laboratory (Procera, USA) where the sintered alumi-
nous oxide coping of 0.6 mm thick was fabricated. The
KaVo Everest system die was digitalized with light beam
projection and the information was then sent to a cutter
to mold a pre-sinterized zircon oxide block (ZS-Blank,
Everest). The copings were defined with a standard cut,
with a marginal discrepancy of 0.03 mm, rapid occlusion,
spacing for cement of 0.1 mm, offset form of 0.5 mm,
and cervical border thickness of 0.3 mm, and were then
sinterized in a KaVo Everest Term oven. The Cerec
inLab system uses pre-sinterized aluminum oxide blocks
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VITA In-CeramAL 20, which were milled in the inLab
apparatus (Sirona Dental Systems GMBH, Bensheim,
Germany), using the die laser reader. After imaging, the
data was processed. Coping fabrication was defined with
a circular thickness at the cervical border level of 0.6 mm
and occlusal thickness of 1mm.

After bonding the intaglio surface of the ceramic-
copings, the airborne particle was abraded with 50 um
alumina powder at two bars of pressure for 3 - 5 seconds.

Each coping was cemented with dual-cured resin ce-
ment Panavia F 2.0 (Kuraray Medical Inc, Tokyo, Japan)
according to the manufacturer’s recommendations. The
dental surface was treated with the application of the
self-sealing ED Primer II (Panavia F 2.0) to the entire
adherent tooth surface for 30 seconds using a disposable
point. The cement was prepared by mixing equal por-
tions of both pastes for 20 seconds. To bond, the Panavia
was loaded onto the coping’s interior surface and finger
pressure was applied, followed by the application of 5
Kg standardized load for ten minutes [10]. The cement
was polymerized for 20 seconds using light-curing unit
LEDs Smartlite™ PS (Densply, De Trey GMBH, Kon-
stanz, Germany), with an approximate output of 950
mWem?. The distance between the light tip and the spe-
cimens was 10 mm. Excess cement was removed with a
probe.

Immediately after cementing the copings, the speci-
mens were stored at 37°C temperature and 100% humid-
ity in an incubator for 24 hours. Subsequently, they were
thermocycled in water bath of 5°C and 55°C (Model Ha-
ake C-10 W 15, Thermo; Karlsruhe, Germany) for 500
cycles [23], to simulate oral conditions. The immersion
time was 40 seconds with 3 seconds of transfer time [12].

After thermal cycling, root apices were sealed with
composite resin Z100 (3M ESPE AG, Seefeld, Germany),
and the surfaces apical to the margins were covered with
two layers of nail varnish down to 1 mm below the cop-
ing margins [8,12]. Afterwards, the teeth were immersed
in 2% basic fuchsine dye solution for 24 hours at room
temperature [10]. The specimens were rinsed thoroughly
in water, and sectioned mesiodistally only one time, ob-
taining two halves using a diamond disc and water spray.
Each section side was examined under stereomicroscope
(model Stemi SV6, ZEISS, Jena, Germany) at x18 mag-
nification. Photographs were taken with a camera (DXM
1200F Nikon, Tokyo, Japan) using the imaging program
Nikon ACT-1 V.2.63 (Nikon, Tokyo, Japan). The images
were taken with resolution 350 dpi, TIFF, size 1000 and
bar 2 mm.

Microleakage was rated according to the followings
score:

0 = no leakage.

1 = leakage up to one third of dentin.

2 = leakage up to two thirds of dentin.

3 = leakage up to three thirds of dentin without com-
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promise of pulp.

4 = leakage up to three thirds of dentin with compro-
mise of pulp.

All marginal discrepancies were measured after evalu-
ating microleakage. Marginal discrepancy was assessed
with a scanning electron microscope (SEM) (JEOL, To-
kyo, Japan) at x150 magnification and the angulation was
zero according to Holmes et al. [15]. The teeth were sput-
tered with gold for 4 minutes. Then they were measured
at 50 different points along the coping margins, according
to Groten et al. who suggested that 50 measurements
were the minimal amount acceptable to achieve a clini-
cally relevant result [24]. In this study, the criterion of
120 pm was used as the maximum clinically acceptable
marginal opening following Mc Lean and Von Fraun-
hofer[16]. Data was analyzed with statistical software
(SPSS, version 16.0; SPSS, Inc., Chicago, Ill). Differences
between groups were examined using the chi-square test
and Kolmogorov-Smirnov test. The association between
variables was determined using Rho Spearman’s correla-
tion test. Differences were considered statistically sig-
nificant when P < 0.05.

3. RESULTS

As shown in the representative microphotographs (Fig-
ures 1-5), CAD/CAM ceramic crown-coping samples
stained with 2% basic fuchsine solution presented the
following types of microleakage: no leakage (in positive
samples, 14/60), leakage up to one third of dentin (in
positive samples, 28/60), leakage up to two-thirds of
dentin (in positive samples, 2/60), leakage up to three-
thirds of dentin without pulp compromise (in positive
samples, 2/60), and leakage up to three-thirds of dentin
with pulp compromise (in positive samples (14/60). Ta-
ble 1 summarizes the results of microleakage for Procera,
KaVo Everest and Cerec inLab CAD/CAM crown-cop-
ings.

When comparing microleakage with 2% basic fuch-
sine solution, Cerec inLab CAD/CAM crown-copings
presented the highest stain levels when compared with
Procera and KaVo Everest (P = 0.031, chi-square test),
although there were no differences between Procera
CAD/CAM crown-copings to KaVo Everest system (P >
0.05, chi-square test).

Table 2 shows the mean values, SD, and minimum
and maximum of marginal discrepancies using the SEM
for ceramic crown-copings fabricated by CAD/CAM
systems Procera, KaVo Everest and Cerec inLab.

No significant differences (P = 0.941, Kolmogov-
Smirnov test) were found for marginal discrepancy when
comparing Procera CAD/CAM crown-copings to KaVo
Everest. Nevertheless, significant differences were found
between the Procera and KaVo Everest systems for
CAD/CAM crown-copings when compared with Cerec

Copyright © 2012 SciRes.

Figure 1. Representative microphotograph of micro-
leakage detection with 2% fuchsine basic. As described
in section “material and methods”. The tooth section
shows no leakage. Bar represents 2 mm.

Figure 2. Representative microphotograph of microleak-
age detection with 2% fuchsine basic. As described in
section “material and methods”. The tooth section shows
leakage up to one third of dentin. Bar represents 2 mm.

Figure 3. Representative microphotograph of microleak-
age detection with 2% fuchsine basic. As described in
section “material and methods”. The tooth section shows
leakage up to two thirds of dentin. Bar represents 2 mm.
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Figure 4. Representative microphotograph of microleak-
age detection with 2% fuchsine basic. As described in sec-
tion “material and methods”. The tooth section shows
leakage up to three thirds of dentin without compromise of
pulp. Bar represents 2 mm.

Figure 5. Representative microphotograph of microleak-
age detection with 2% fuchsine basic. As described in sec-
tion “material and methods”. The tooth section shows leak-
age up to three thirds of dentin with compromise of pulp.
Bar represents 2 mm.

Table 1. Microleakage of ceramic-copings fabricated by CAD/
CAM system Procera, KaVo Everest and Cerec inLab.

Microleakage Procera KaVo Everest CerecinLab  Total

Value n®° % n° % n° % n° %
0 3 15 10 50 1 5 14 23
1 13 65 5 25 10 50 28 47
2 0 0 1 5 1 5 2 3
3 1 5 0 0 1 5 2 3
4 3 15 4 20 7 35 14 23

Total 20 100 20 100 20 100 60 100

Copyright © 2012 SciRes.

Table 2. Mean values and SD of marginal discrepancy (um) of
ceramic-copings fabricated by CAD/CAM system Procera,
KaVo Everest and Cerec inLab.

CAD/CAM n Mean sD Minimun  Maximun
Procera 10 62.48 8.98 48.38 72.91
KaVo Everest 10 65.54 18.56 46.46 100.49
Cerec inLab 10 132.18 27.75 105.07 177.90

e %

Figure 6. Marginal discrepancy evaluated by Scanning Elec-
tron Microscope for each crown ceramic-coping fabricated by
CAD/CAM system. Results are expressed (ium) as mean of 50
measures = SD. As described in “material and methods” section.
(P = 0.0001, Kolmogov-Smirnov test, for Procera and KaVo
Everest compared to Cerec inLab).

inLab CAD/CAM crown-copings (P = 0.0001, Kol-
mogov-Smirnov test) (Figure 6).

The Spearman analysis was use to analyze possible
correlations between marginal discrepancy and micro-
leakage for Procera CAD/CAM crown-copings (P =
0.803, r = 0.0059, = 0.0035), KaVo Everest CAD/
CAM crown-copings (P = 0.410, r = —0.195, r* = 0.038)
and Cerec inLab CAD/CAM crown-copings (P = 0.076,
r = —0.405, r* = 0.016). The Spearman Rho coefficient
determined that there was no correlation between mar-
ginal discrepancy and microleakage in any of the three
CAD/CAM systems studied.

4. DISCUSSION

Several studies under different conditions have high-
lighted the importance of small marginal discrepancy and
a smaller degree of microleakage at the crown-cement
interface. The restorations are placed in contact with bac-
terial enzymes present in saliva and exposed to repeated
mechanical loads with intra-oral temperature changes that
induce dimensional alteration on the dental materials. It is
also known that poor marginal adaptation in crowns in-
creases plaque retention with potential recurrent caries,
which often results in restoration failure [6,12,13].

The present in vitro study focused on the differences in
microleakage and marginal discrepancies by comparing
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ceramic crown-copings fabricated by three CAD/ CAM
systems and cemented with a dual-cured resin Panavia F
2.

There is no collectively accepted method used to de-
termine the microleakage patterns of restorative material.
Dyes, isotopes, lipopolysaccharides or cell wall materials
have all been used [7,8,10-12,16]. Crim et al. [25] re-
ported that a microleakage tests conducted with dyes are
not clinically relevant, even though dyes are one of the
most common methods used to detect leakage under safe
conditions [8,10-12,16].

The present study showed that the degree of dye pene-
tration was zero in 5%, 15% and 50% of the samples
fabricated by Cerec inLab, Procera and KaVo Everest
CAD/CAM crown-copings, respectively. Albert et al. [10]
reported no microleakage scores in 34% of Procera All-
Ceram cemented with resin cement. This data also re-
vealed that significant statistical differences were found
for 2% basic fuchsine solution microleakage in Cerec
inLab CAD/CAM ceramic crown-copings when com-
pared with the Procera and KaVoEverest systems. How-
ever, there were no significant differences when Procera
CAD/CAM crown-copings were compared to the KaVo-
Everest system. This data is in agreement with similar
findings reported by Albert et al. [10] for Procera AllCe-
ram crowns. This observation confirms the findings found
in other researches [8,9,11]. To the author’s knowledge,
no published studies on the microleakage in either KaVo
Everest or Cerec inLab CAD/CAM crowncopings are
available in the English literature.

Zinc phosphate cement has been reported to have
higher margin microleakage scores when compared to
other luting agents [8,10,11]. Several studies have also
demonstrated that resin cement results in considerably
less microleakage [9-12,26,27]. In the present study, the
degree of dye penetration was not influenced by the ce-
ment type because all the copings were air-abraded parti-
cles with 50 pm aluminum oxide and cemented with a
dual-cured resin for the three CAD/CAM systems stud-
ied. However, Cerec inLab CAD/CAM crown-copings
demonstrated the highest leakage.

Various and diverse technologies have been used to
evaluate marginal discrepancy both in vitro and in vivo.
These studies generally report contradictory results [2,3,
5,8,10,11,17-21,26]. On the one hand, marginal discrep-
ancy in the crowns is evaluated in relation to several
factors, including measurements of cemented and non-
cemented crowns, finish line designs, luting agents, mi-
croscope type, laser videography, location and quantity
of measurement points, etc. These differences are a con-
stant source of confusion when reporting and comparing
studies [2,3,17,20,21].

In the present in vitro study, the highest marginal dis-
crepancy median values for all test groups was found in
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Cerec inLab CAD/CAM crown-copings: 132 + 27.75 um.
The marginal discrepancies obtained in this study were
greater than the values obtained in by other authors
[3,18,19]. In a recent study, Bindl et al. [3] reported that
the marginal gaps found in Cerec inLab CAD/CAM
crowns were 43 + 23 um. Similar results in gap width
were revealed by Nakamura et al. [18] who reported 44 -
63 um. Rinke et al. [19] found marginal discrepancies
between 38 pum in non-cemented anterior crowns.

Marginal discrepancies of Procera CAD/CAM crown-
copings (62.5 + 8.98 um) and KaVo Everest (65.5 +
18.56 pum) presented closer values. Thus, the marginal
discrepancy median values of Procera and KaVo Everest
CAD/CAM crown-copings found in this study are within
the acceptable limits when using the criterion of 120 pm
as the maximum clinically acceptable marginal opening
as reported by Mc Lean and Von Fraunhofer [16]. In vi-
tro results reported marginal discrepancies for Procera
all-ceramic restorations ranging from 17 + 16 um to 63 +
13 um [3,10,17,20]. The marginal discrepancy values re-
ported in this study for Procera CAD/CAM crown-cop-
ings were in agreement with those reported in a previous
study of Procera AllCeram crowns with values ranging
from 63 £ 13 um in molars to 56.0 £ 13 pm in premo-
lars [17]. Marginal discrepancy for Procera CAD/CAM
crown-copings with a width of 17.18 + 8.16 um was re-
ported by Bindl et al. [3] who assumed that a large inter-
nal gap width may have favored the small marginal gap
dimensions. Others researchers found marginal discrep-
ancies between 32 pm to 145 um in posterior in vivo
Procera all-ceramic crowns [2,5,22].

The mean marginal discrepancies of KaVo Everest
CAD/CAM crown-copings obtained in the current study
are even greater than those reported by Okutan et al.[21]
in molar Everest ceramic crowns’ marginal fit with val-
ues of 33.0 + 6.7 um and 46.6 + 7.7 pm before and after
cementation, respectively. Several studies demonstrated
that the marginal discrepancy was significantly higher
after cementation [8,21].

For this study with chamfer preparations, no signify-
cant differences were found in marginal discrepancies
when comparing Procera CAD/CAM crown-copings to
KaVo Everest. Nevertheless, significant differences were
determined for Cerec inLab when compared with Procera
and KaVo Everest CAD/CAM crown-copings. The dif-
ferences between the systems can be attributed to the
copings fabrication, which could be related with tech-
nique sensitivity and the number of steps involved in the
coping fabrication.

The differences observed between our results and
those reported in the literature could be because the
crown-copings were not cemented in the reported cases.
As a result, the measurement did not consider the space
occupied by the cement, which can be in the range of 20
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pm to 30 pm [28]. Additionally, the measurements were
only performed at a few points, such as in the case of
four measurements per surface [3,15,20]. Furthermore, if
these measurements were made using an optical micro-
scope, the measurement is less exact than obtained with a
SEM as used in this study.

Another important aspect related with the adjustment
measurement is the standard deviation (SD) of the mean.
The SD is the degree of variability and it is reported as
approximately +20 um in many studies. In some studies,
an increase in SD can result in non-uniform distortions of
the sub-structure during porcelain cooking cycles, asym-
metrical edges of the crown’s margin, damage to the
crown’s margin during fabrication, and incomplete setting
during the model’s restoration [29]. In the present study,
the SD in the Procera and KaVo Everest systems is £8.98
and *+18.56, respectively. In contrast, the Cerec inLab
system has a standard deviation of £27.75, which could
indicate that these copings were distorted when being
prepared to compensate for the technique used to fabri-
cate these copings.

In this in vitro study, no correlation between marginal
discrepancy and microleakage was found for any of the
three CAD/CAM systems studied. Similar results have
been reported for Procera AllCeram crowns [8,10] and
with cast crowns [11].

The first hypothesis that there is no significant differ-
ence between the mean marginal discrepancy and micro-
leakage was confirmed for both Procera and KaVo Ever-
est CAD/CAM crown-coping cases, whereas for Cerec
inLab CAD/CAM crown-copings it was rejected. On the
other hand, the second hypothesis, whether there is no
correlation between marginal discrepancy and micro-
leakage, was confirmed.

Further research should be performed in order to de-
velop an experimental design to measure the internal fit
of copings fabricated by CAD/CAM systems in an at-
tempt to analyze how the internal fit modifies marginal
discrepancy. Additionally, other causal agents of micro-
leakage should be studied in order to develop adequate
measures to prevent it.

5. CONCLUSIONS

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

1) Cerec inLab CAD/CAM crown-copings showed
significantly higher values for microleakage and marginal
discrepancy in comparison with Procera and KaVo Ev-
erest CAD/CAM crown-copings;

2) No significant differences were observed in micro-
leakage when Procera CAD/CAM crown-copings were
compared to KaVo Everest CAD/CAM crown-copings;

3) No significant differences in marginal discrepancies
were found between Procera and KaVo Everest CAD/

Copyright © 2012 SciRes.

CAM crown-copings;
4) An association between marginal discrepancy and
microleakage was not observed.
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