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Marginal Adaptation of Implant Ceramic Crowns Produced with
Cerec® System

Silvio Mecca Jr, Elimério Venturin Ramos, Geraldo Alberto Pinheiro Carvalho, Simone Kreve, Aline Batista Gongalves Franco, Sergio Candido Dias
Séo Leopoldo Mandic Dental Research Center, Campinas, Séo Paulo, Brazil

Aim: This study aimed to assess the marginal adaptation of two different ceramic materials produced with CEREC system.
Materials and Methods: A master die was digitized with an intraoral scanner (CEREC Omnicam) and produced 20 lithium silicate
crowns — 10 VITA Suprinity® (VS) and 10 Celtra Duo® (CD). Marginal disadaptation was measured using the replica method and optical
microscopy. Results: The Student’s #-test showed a significant difference (P < 0.05) between VS (63.65 um) and CD (97.05 um). Results also
showed statistical difference within the CD group (P < 0.005); on the other hand, there was no significant difference within the VS group.
Conclusion: Based on the methodology used here, we are able to conclude that the VS group shows less marginal disadaptation and that,
in addition to a larger marginal discrepancy, the CD crowns failed to maintain homogeneity since samples varied largely within the group.
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INTRODUCTION

Marginal adaptation has always been one of the major
concerns regarding dental prosthesis.[! The presence of a
marginal space between the dental pieces promotes cementing
agent dissolution,!? leading to biofilm accumulation, which
in turn, results in cavitiesP® and periodontal disease. The
optimal placement of pieces, avoiding spacings, contributes
to clinical success and treatment longevity. The crown is well
adapted when the gap is not visually noticeable or when the
clinical probe fails to detect it. Acceptable gaps range between
100 and 120 wm.*5

Disadaptation or marginal discrepancy is defined as the
distance between the crown edge and the finish line.>7

With the advent of computer-aided design/computer-aided
manufacturing (CAD/CAM) system and other new technology,
better outcomes were obtained regarding the accuracy and
piece adaptation since their preparations are not dependent on
the laboratory’s technical capacity.[®311

Digital moldings have shown several benefits in comparison to
conventional dental material such as better patient acceptance,
lack of distortions,” tridimensional preview of preparation, and
better use of clinical time.!*!'?! Digital techniques are often
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used for measuring the accuracy of fixed dental restorations
because they are relatively accurate and their use does not
cause the destruction of the sample. However, it necessary
to considered that the angle at which the object is observed
affects the accuracy of the measurement.!”)

Premanufactured crystal reinforced porcelain blocks are
carefully and precisely machined by CAD/CAM systems.
These crystals significantly increase piece resistance and
have become increasingly common in clinical practice.
However, whether these restorations can be compared to the
laboratory-produced conventional restorations is yet to be
shown.!314]

Studies on the marginal adaptation of CAD/CAM machined
pieces and the new materials used for digital dentistry are
essential to provide information on the crowns clinical
longevity.

The aim of this study was to assess the marginal
adaptation of CAD/CAM-designed crowns in two different
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zirconia-reinforced lithium silicate (VITA Suprinity® and
CELTRA DUQY).

MareriaLs AND METHODS

This study was approved by the Ethics Committee of the
School of Dentistry and Center for Dental Research Sao
Leopoldo Mandic under the process number 2015/0484.

The initial master model used an anatomical abutment
Straumann® IPS e-max® (Straumann®, Basel, Switzerland),
with 5.5 mm of height and platform of 4.8 mm tilted by 6°
and axial wall and chamfer finish. The same abutment was
attached to a Bone Level RC implant analog with 4.1 mm of
diameter (Straumann®, Basel, Switzerland).

The die was digitized with the intraoral scanner
Omnicam (SironaCompany, Bensheim, Germany). The
virtual crown was designed using software CAD CEREC
4.4.4 (SironaCompany, Bensheim, Germany) and spacings of
90 wm [Figure 1].%15

The physical crowns were machined by the milling cutter
MCXL (SironaCompany, Bensheim, Germany). To this end,
we used two types of precrystallized zirconia-reinforced
lithium silicate blocks VITA Suprinity® (Vita Zahnfabrik,
Sackingen, Germany) and CELTRA DUO® (Dentsply-Sirona,
Bensheim, Germany). Ten test specimens of each material
were built, totaling 20 specimens. To assure machining
standardization, each group used a pair of drills, and
filters and cooling fluid as per recommended by the
manufacturer. We then proceeded to test the crowns on the
abutment [Figure 2].

Figure 1: Digitized anatomical abutment and virtual crown design

& Z
Figure 3: Positioning of the ensemble crown abutment

Crown adaptation was measured using the replica method.?

The ensemble abutment analog was fixated in a Bioart B2
liner (Bioart Equipamentos Odontolégicos Ltda, Sdo Carlos;
Brazil) and inserted into a bipartite acrylic box containing,
in one half, heavy addition silicone Take 1 Advanced (Kerr
Dental, Munich, Germany) for the confirmation of the
positioning mold. Vestibular, lingual, mesial, and distal
faces were marked, and silicone was insulated with lubricant
K-Y Gel (Johnson and Johnson, New Jersey, USA).

The crown was cemented on the abutment using light silicone
Take 1 Advanced (Kerr Dental, Munich, Germany) and
repositioned on the heavy silicone mold with a 20N load on
the liner for 5 min for silicone polymerization. The abutment
was removed [Figure 3], and the corresponding spacing was
filled with extra light Take 1 Advance Monophase (Kerr Dental,
Munich, Germany). The second half of the box was filled with
heavy silicone and repositioned to obtain the abutment replica
in fluid silicone [Figure 4].

The replica was covered in medium addition silicone Take 1
Advanced mono/medium (Kerr Dental, Munich, Germany) and,
following its polymerization, was covered in heavy silicone,
forming a replica of the complex abutment-cement-crown. This
replica was evenly sliced into four parts, and measurements
of the silicone layer relative to the cement line were taken in
four points (mesial, distal, vestibular, and lingual) using an
optical microscope Mitutoyo TM500 (Mitutoyo, Tokio, Japan)
with x30 magnification [Figure 5].

J

Figure 2: Crowns test on the abutment

Figure 4: Confirmation of the abutment replica
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Figure 5: Finished replicas

ResuLts

To assess the materials disadaptation (VITA Suprinity®,
Germany; CELTRA DUO®, Dentsply-Sirona, Germany), we
used Student’s ¢-test for independent samples. For intragroup
disadaptation, we used paired Student’s z-test.

Statistical calculations were done using SPSS 20 (IBM®, SPSS
Inc., Chicago, IL, USA), with a significance level of 5%.

Student’s ¢-test for independent samples showed that the
average marginal disadaptation within the VITA Suprinity®
group, 63.65 (£7.81) um, was significantly lower than that
obtained for Celtra DUO®, 97.05 (£13.65 um) (P < 0.05), as
shown in Figure 6.

Student’s ¢-test for paired samples showed higher correlation
coefficients of disadaptation measurements for the Celtra
DUO® group (P < 0.05), with marginal discrepancy values
varying between 76 um and 140 um within the same
group [Table 1].

However, paired Student’s ¢-test results for VITA Suprinity®
showed nonsignificant correlation coefficients (P> 0.05), with
marginal discrepancy values varying from 51 wm to 79 um
within the same group [Table 2].

Discussion

Digital dentistry is becoming a reality, and chairside systems
will soon occupy the dental office. With this technological
advancement in consideration, this study aims to assess the
vertical marginal discrepancy of porcelain crowns. According
to Jacobs and Windeler,™ this is a critical factor to the success
of the clinical treatment. The author sought to identify the
amount of marginal disadaptation that would lead to failure in
prosthetic treatment and showed that spacings above 120 um
increase the likelihood of failure due to plaque accumulation
and the resulting decalcification of the tooth structure.

Here, we used an anatomical abutment Straumann® IPS e-max®
as master model, chosen based on studies that show that chamfer
finished preparations result in smaller marginal disadaptation
for ceramic crowns.'%171On the other hand, other studies failed
to find significant differences in marginal disadaptation between
chamfer finish, shoulder, and round shoulder preparations.!®!

Marginal disadaptation (um)
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Figure 6: Comparative diagram of marginal disadaptation (um) of test
specimens VITA Suprinity® and CELTRA DUQ®

Table 1: Marginal disadaptation results (mm) for Celtra
DUO® test specimens (paired Student’s f-test=P<0.05)

Specimens Celtra DUO®

Buccal Lingual Mesial Distal Mean
Cl1 0.0800 0.0760 0.0840  0.0920  0.0830
2 0.0970 0.1030 0.0980  0.0930  0.0978
C3 0.0830 0.0790 0.0900  0.0830  0.0838
C4 0.1210 0.1080 0.1010  0.1200  0.1125
Cs 0.1030 0.1000 0.0980  0.1060  0.1018
C6 0.0880 0.0860 0.0850  0.0930  0.0880
C7 0.0930 0.0970 0.0930  0.0990  0.0955
C8 0.0990 0.1070 0.1030  0.0980  0.1018
9 0.0760 0.0880 0.0810  0.0970  0.0855
C10 0.1090 0.1150 0.1200  0.1400  0.1210
Mean 0.09705 (mm)
Table 2: Marginal discrepancy results (mm) for
VITA Suprinity® test specimens (paired Student’s
t-test=P>0.05)
Specimens VITA suprinity®

Buccal Lingual Mesial Distal Mean
Cl 0.0790  0.0630  0.0740  0.0710  0.0718
2 0.0660  0.0640  0.0690  0.0610  0.0650
C3 0.0700  0.0780  0.0730  0.0690  0.0725
C4 0.0790  0.0750  0.0710  0.0680  0.0732
cs 0.0530  0.0580  0.0620  0.0610  0.0585
C6 0.0510  0.0560  0.0580  0.0610  0.0565
C7 0.0670  0.0710  0.0620  0.0680  0.0670
C8 0.0550  0.0520  0.0610  0.0520  0.0550
9 0.0570  0.0590  0.0550  0.0610  0.0580
C10 0.0590  0.0610  0.0630  0.0530  0.0590
Mean 0.06365 (mm)

The master model was digitized using an Omnicam intraoral
scanner. Studies show that the digital method is advantageous
in comparison with the conventional modeling since it is
standardized and streamlines the clinical workflow.!” It is also
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faster and avoids repetitions.'>'®] On the other hand, some
studies have shown more precise results for conventional
molding, suggesting that they outperform the digital alternative
regarding fidelity and precision."” However, some works
have shown precision in internal and marginal adaptation,
without significant difference between digital and conventional
molding.%2!]

We used the software CAD CEREC 4.4.4 to design the virtual
crown, using 90 um of cement spacing, as per the study of
Prudente et al.®! which used 80 um of spacing according to
the manufacturer’s recommendations. It has been shown that
a larger cement spacing affects marginal adaptation of ceramic
crowns.["?2 Particularly, Mously et al.?*! have shown smaller
vertical disadaptations with spacings of 100 wm. Regarding
the resin cement thickness, Molin et al.?! observed that a
variation in thickness in the range of 50-100 wm optimizes
performance and resistance of the adhesion interface or line.
It is worth mentioning that our spacing parameter was chosen
based on Kim et al.?* as well, which observed a 10 um increase
in average marginal disadaptation after crown crystallization.
Here, the crowns were analyzed in the precrystallization stage.

The lithium silicate crowns were machined on a MCXL milling
cutter (Sirona Company, Germany), a 4-axis equipment used in
office environment, as per the studies by Hamza and Sherif!**!
who assessed several milling cutters and concluded that the
marginal disadaptation found were clinically acceptable.

For the vertical discrepancy assessment, we used the replica
method, supported by several authors?®>32627 and particularly
by Trifkovic ef al.l”? who concluded that this method improves
the possibility of verifying disadaptation and offers more
precise results relative to other techniques.

Here, we used precrystallized zirconia-reinforced lithium
silicate from two commercial brands (VITA Suprinity®,
Germany; CELTRA DUO, Dentsply-Sirona, Germany).
Suprinity® has been shown to have low probability of clinical
failure due to its superior mechanical properties when
compared to IPS e.max CAD.I'"Y When compared to each
other, both Suprinity® and CELTRA DUO® present great
performance with a very low failure rate.?®! They also present
similar flexural strength CELTRA DUO® with 626.84 MPa and
Suprinity® with 611.24 MPa® and microstructure.?”!

In this study, the VITA Suprinity® group showed marginal
disadaptation values of 63.65 um, significantly smaller
than those found in the CELTRA DUO® group — with
97.05 um (P < 0.05), both values clinically acceptable.
These results are similar to those showing smaller marginal
disadaptation values in comparison to the conventional
method, suggesting that overall CAD/CAM technology is
advantageous.’?%3% Notwithstanding, some authors have
shown that conventional copings and CAD/CAM adaptation
are very similar,’*!"! while others observed significantly
larger internal discrepancies in CAD-/CAM-produced

crowns. 23271

Here, we show a significant difference in marginal disadaptation
between microstructurally similar materials. In CELTRA
DUO" group, the results were higher than those showed in
Suprinity® group. In addition to that, the marginal disadaptation
within the CELTRA DUO® group showed high correlation
coefficients, with a range of marginal discrepancy of 76 um—
140 um. This lack of homogeneity can be explained by the
material’s machinability, i.e., its ability to be machined without
harming its mechanical properties or burring and factors that
affect marginal adaptation. Chavali et al.*? corroborated
this finding when they compared the milling cutter rate of
penetration between the hybrid materials LAVA Ultimate (3M)
and Enamic (VITA), and the ceramic materials E-max and
CELTRA DUO®, obtaining smaller machinability rates for
CELTRA DUO®, with 0.80 mm/min. Elsaka and Elnaghy!*!
also observed larger hardness values in zirconia-reinforced
lithium silicate, another factor that explains its smaller
machinability.

CoNcLusIoN

Based on the methods used and the results obtained, it can be
concluded that there are significant differences in the values
of marginal misfit between the two materials. VITA Suprinity®
lithium silicate crowns showed better performance with lower
marginal discrepancy values (63.65 + 7.81 um). The CELTRA
DUOQ® lithium silicate crowns, in addition to presenting higher
marginal discrepancy values (97.05 + 13.65 um), also showed
an inconsistency in the results since the values of misfit
varied greatly within the group (from 76 um to 140 um). The
VITA Suprinity® group presented more homogeneous results
within its group with little variation of marginal discrepancy
values (from 51 um to 79 wm).

In this study, the null hypothesis was not accepted because
there was a significant difference (P < 0.05) in the results of the
marginal misadaptation of the VITA Suprinity® and CELTRA
DUO® ceramic crowns.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Nakamura T, Dei N, Kojima T, Wakabayashi K. Marginal and internal
fit of cerec 3 CAD/CAM all-ceramic crowns. Int J Prosthodont
2003;16:244-8.

2. Molin MK, Karlsson SL, Kristiansen MS. Influence of film thickness
on joint bend strength of a ceramic/resin composite joint. Dent Mater
1996;12:245-9.

3. Souza RO, Ozcan M, Pavanelli CA, Buso L, Lombardo GH,
Michida SM, et al. Marginal and internal discrepancies related to
margin design of ceramic crowns fabricated by a CAD/CAM system.
J Prosthodont 2012;21:94-100.

4. Jacobs MS, Windeler AS. An investigation of dental luting cement
solubility as a function of the marginal gap. J Prosthet Dent
1991;65:436-42.

5. Colpani JT, Borba M, Della Bona A. Evaluation of marginal and internal

.European Journal of General Dentistry | Volume 8 | Issue | | January-April 2019




Jr, et al.: Cerec® system ceramic crowns

fit of ceramic crown copings. Dent Mater 2013;29:174-80.

Subasi G, Ozturk N, Inan O, Bozogullari N. Evaluation of marginal fit of
two all-ceramic copings with two finish lines. Eur J Dent 2012;6:163-8.
Trifkovic B, Budak I, Todorovic A, Hodolic J, Puskar T, Jevremovic D,
et al. Application of replica technique and SEM in accuracy measurement
of ceramic crowns. Meas Sci Rev 2012;12:90-7.

Prudente MS, Davi LR, Nabbout KO, Prado CJ, Pereira LM, Zancopé K,
et al. Influence of scanner, powder application, and adjustments on
CAD-CAM crown misfit. J Prosthet Dent 2018;119:377-83.

Seelbach P, Brueckel C, Wostmann B. Accuracy of digital and
conventional impression techniques and workflow. Clin Oral Investig
2013;17:1759-64.

. Lee KB, Park CW, Kim KH, Kwon TY. Marginal and internal fit of

all-ceramic crowns fabricated with two different CAD/CAM systems.
Dent Mater J 2008;27:422-6.

. Neves FD, Prado CJ, Prudente MS, Carneiro TA, Zancopé K, Davi LR,

et al. Micro-computed tomography evaluation of marginal fit of lithium
disilicate crowns fabricated by using chairside CAD/CAM systems or
the heat-pressing technique. J Prosthet Dent 2014;112:1134-40.

. Lee SJ, Gallucci GO. Digital vs. conventional implant impressions:

Efficiency outcomes. Clin Oral Implants Res 2013;24:111-5.

. Wendler M, Belli R, Petschelt A, Mevec D, Harrer W, Lube T, et al.

Chairside CAD/CAM materials. Part 2: Flexural strength testing. Dent
Mater 2017;33:99-109.

. Elsaka SE, Elnaghy AM. Mechanical properties of zirconia reinforced

lithium silicate glass-ceramic. Dent Mater 2016;32:908-14.

. Tamim H, Skjerven H, Ekfeldt A, Renold HJ. Clinical evaluation of

CAD/CAM metal-ceramic posterior crowns fabricated from intraoral
digital impressions. Int J Prosthodont 2014;27:331-7.

. Ates SM, Yesil Duymus Z. Influence of tooth preparation design on

fitting accuracy of CAD-CAM based restorations. J Esthet Restor Dent
2016;28:238-46.

. Kane LM, Chronaios D, Sierraalta M, George FM. Marginal and

internal adaptation of milled cobalt-chromium copings. J Prosthet Dent
2015;114:680-5.

. Yuzbasioglu E, Kurt H, Turunc R, Bilir H. Comparison of digital and

conventional impression techniques: Evaluation of patients’ perception,
treatment comfort, effectiveness and clinical outcomes. BMC Oral
Health 2014;14:10.

. Ender A, Mehl A. Accuracy of complete-arch dental impressions:

A new method of measuring trueness and precision. J Prosthet Dent
2013;109:121-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Rodiger M, Heinitz A, Biirgers R, Rinke S. Fitting accuracy of zirconia
single crowns produced via digital and conventional impressions — A
clinical comparative study. Clin Oral Investig 2017;21:579-87.
Boeddinghaus M, Breloer ES, Rehmann P, Wostmann B. Accuracy of
single-tooth restorations based on intraoral digital and conventional
impressions in patients. Clin Oral Investig 2015;19:2027-34.

Kale E, Seker E, Yilmaz B, Ozcelik TB. Effect of cement space on
the marginal fit of CAD-CAM-fabricated monolithic zirconia crowns.
J Prosthet Dent 2016;116:890-5.

Mously HA, Finkelman M, Zandparsa R, Hirayama H. Marginal and
internal adaptation of ceramic crown restorations fabricated with
CAD/CAM technology and the heat-press technique. J Prosthet Dent
2014;112:249-56.

Kim JH, Jeong JH, Lee JH, Cho HW. Fit of lithium disilicate crowns
fabricated from conventional and digital impressions assessed with
micro-CT. J Prosthet Dent 2016;116:551-7.

Hamza TA, Sherif RM. In vitro evaluation of marginal discrepancy of
monolithic zirconia restorations fabricated with different CAD-CAM
systems. J Prosthet Dent 2017;117:762-6.

Shamseddine L, Mortada R, Rifai K, Chidiac JJ. Marginal and internal fit
of pressed ceramic crowns made from conventional and computer-aided
design and computer-aided manufacturing wax patterns: An in vitro
comparison. J Prosthet Dent 2016;116:242-8.

Guess PC, Vagkopoulou T, Zhang Y, Wolkewitz M, Strub JR.
Marginal and internal fit of heat pressed versus CAD/CAM fabricated
all-ceramic onlays after exposure to thermo-mechanical fatigue. J Dent
2014;42:199-209.

Zimmermann M, Egli G, Zaruba M, Mehl A. Influence of material
thickness on fractural strength of CAD/CAM fabricated ceramic
crowns. Dent Mater J 2017;36:778-83.

Belli R, Wendler M, de Ligny D, Cicconi MR, Petschelt A, Peterlik H,
et al. Chairsidle CAD/CAM materials. Part 1: Measurement of
elastic constants and microstructural characterization. Dent Mater
2017;33:84-98.

Freire Y, Gonzalo E, Lopez-Suarez C, Suarez MJ. The marginal
fit of CAD/CAM monolithic ceramic and metal-ceramic crowns.
J Prosthodont 2017. p. 1-6.

Gunsoy S, Ulusoy M. Evaluation of marginal/internal fit of chrome-cobalt
crowns: Direct laser metal sintering versus computer-aided design and
computer-aided manufacturing. Niger J Clin Pract 2016;19:636-44.
Chavali R, Nejat AH, Lawson NC. Machinability of CAD-CAM
materials. J Prosthet Dent 2017;118:194-9.

Staying in touch with the journal

1)

2)

Table of Contents (TOC) email alert

Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to

www.ejgd.org/signup.asp.

RSS feeds

Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website.
You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool.
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add

www.ejgd.org/rssfeed.asp as one of the feeds.

European Journal of General Dentistry | Volume 8 | Issue 1 | January-April 2019 -




