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ABSTRACT

A Study on Dimensional and Marginal Gap Changes Through
Application of Different Sintering Methods and Veneer Firings
on Zirconia Crowns

Background: The marginal fit of dental restorations is a vital
factor for long-term success. The veneering process of zirconia,
which involves multiple firings at high temperatures, has shown
to affect the marginal fit of zirconia cores. The aim of this study is
to observe dimensional and marginal gap changes during
veneer firing of zirconia frameworks sintered with different
procedures.

Methods: 30 Y-TZP ((inCoris ZI, Sirona, Bensheim, Germany)
crown frameworks sintered with three different durations of 8
hours, 2 hours and 10 minutes. Occlusal and buccal dimensional
measurements based on reference points measured with
toolmaker’s microscope. Frameworks subjected to veneer firings
without application of veneering material to observe the effect of
fiing process only. All dimensional and marginal gap
measurements were repeated and after veneer firings. Data were
analysed with one-way ANOVA and paired t test.

Results: No significant differences observed between the
sintering shrinkage of three groups. Marginal gaps decreased
after veneer firings for all groups and the decrease was
significant for 2 hour and 10-minute sintering groups (p <.05).
The occlusal surface dimensional changes were negative which
indicates shrinkage; again, buccal surface was positive which
indicates enlargement. No significant differences between the
three groups regarding surface dimensions were detected.

Conclusion: For all three sintering groups, veneer firing caused
distortion on zirconia structures in the form of shrinkage in
occlusal surfaces and enlargement in buccal surfaces, whereas
marginal gap values decreased after firing in all groups.
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Zirkonya Kronlarda Farkh Sinter Prosediirleri ve Veneer

Pigirmeleri ile Birlikte Gorilen Boyutsal ve Marjinal Aralik
Degisimleri

Amag: Dental restorasyonlarin marjinal uyumu, uzun vadeli basar
icin hayati bir faktérdur. Ylksek sicakliklarda birden fazla sayida
finrnlamay! igeren zirkonyum veneerleme isleminin, zirkonya
altyapilann  marjinal uyumunu etkiledigi g&sterilmistir. Bu
calismanin amaci, farkli prosedurlerle sinterlenmis zirkonya
iskeletlerin veneerleme pisirimleri sirasindaki boyutsal ve marjinal
bosluk degisimlerini gézlemlemektir.

Gereg ve Yontemler: 30 Y-TZP ((inCoris ZI, Sirona, Bensheim,
Almanya) kuron altyapisi 8 saat, 2 saat ve 10 dakikalik ¢ farkh
siire ile sinterlendi. Olglim mikroskobu ile referans noktalarina
dayall oklizal ve bukkal boyutsal 6lcimler yapildi. Pisirme
isleminin  etkisini gbézlemlemek icin porselen malzemesi
uygulanmadan veneer pisirmeleri yapildi. Tum boyutsal ve
marjinal bosluk 6lgimleri tekrarlandi ve veneer firnlamasindan
O6nce ve sonra alinan veriler tek yonli ANOVA ve eslestirilmis t
testi ile analiz edildi.

Bulgular: Uc grubun sinterleme bizilmesi arasinda énemli bir
farklilk gdézlenmedi. Marjinal bosluklar tim gruplarda veneer
pisirmelerinden sonra azaldi ve azalma 2 saat ve 10 dakikalik
sinterleme gruplarinda anlamliydi (p <.05). Oklizal vylzey
boyutsal degisiklikleri blzllmeyi goésterecek sekilde negatifti;
bukkal yuzeylerde ise genislemeyi gdsterecek sekilde pozitifti,.
Yuzeylerdeki boyutsal degisim agisindan U¢ grup arasinda
istetistiksel olarak anlamli bir farklilik tespit edilmedi.

Sonug: Her (¢ sinterleme grubu igin de veneer pisirimi zirkonyum
yapilarda okluzal ylzeylerde kicllme ve bukkal ylzeylerde
genigleme seklinde distorsiyona neden olurken, tim gruplarda
pisirme sonrasi marjinal bosluk degerleri azalmistir.

ANAHTAR KELIMELER

Dental aragtirma, Dental porselen, Prostodonti, Seramikler

Advancements in dental technology and material
science have facilitated the use of different materials
and production systems for all-ceramic dental
restorations.™ There are two main configuration
options for all-ceramic prosthetic restorations: a single-
layered design with a monolithic ceramic which
supplies both the strength and esthetic demands; and
a bilayer design with a strong but non-esthetic ceramic
core that supports the weaker esthetic veneering
material. A widely-used core material for the bi-layered

design is  yttria-stabilized  tetragonal  zirconia
polycrystals (Y-TZP) in the shape of pre-sintered blocks
for computer-aided design and computer-aided
manufacturing (CAD/CAM) techniques. The restorations
milled from pre-sintered blocks are then sintered at high
temperatures and finally veneered with porcelain.*®
Additionally, in a 2007 study by Conrad et al, Y-TZP was
also proposed as an excellent restorative option for the
frameworks of crowns and fixed partial denture
prosthesis  (FPDP) restorations.®  Overall, the
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biocompatibility and advantageous mechanical
properties of Y-TZP have highlighted it as an
alternative for conventional metal frameworks used in
dental prostheses.”?

The sintering of Y-TZP is a time-consuming process,
and faster techniques may therefore improve the
efficiency of laboratory workflow. As such, previous
studies have investigated faster sintering options for
soft-milled Y-TZP restorations. They showed that
different sintering conditions had an effect on the grain
size, phase distribution, and flexural strength of Y-
TZP.*'® To the best of our knowledge, the effect of
sintering conditions on the dimensional stability of Y-
TZP was not yet investigated. However, the
dimensional changes and distortions relate closely
with the fit of the restorations and the durability of
veneering materials. In this regard Beuer et al. showed
in a 2009 and 2012 study that the main failing factor of
such restoration system was the occurrence of
chipping of the veneering porcelain.?

The marginal fit of dental restorations is a vital factor
for long-term success and a lack of fit would be
detrimental for tooth and periodontal tissues 3, 15-18.
The veneering process of zirconia, which involves
multiple firings at high temperatures, has shown to
affect the marginal fit of zirconia cores.'®2 In that
respect the aim of this study was to investigate the
effect of multiple firings during the veneering process
on the marginal fit of YTZP frameworks sintered with
different procedures. The null hypotheses of the
current study are; there is no difference between the
changes in dimensions and marginal gaps of zirconia
frameworks (produced with three different sintering
methods and subjected to multiple firings).

MATERIALS AND METHODS
Manufacturing of the master model

A mandibular first molar acrylic tooth model (Kawo
EWL, Kavo Dental Gmbh Biberach, Germany) was
prepared for a full-coverage crown. The preparation
had a 1,0 mm wide chamfer finishing line, 6 X 6
degrees (12 degree tapered) axial walls, and a 1,5 mm
occlusal reduction. The prepared tooth was placed in a
custom-made metal mold and filled with wax to form
an abutment base with 36 reference points.

A putty-wash condensation silicone impression
(Optosil-Xantopren, Heraus Gmbh, Hanau, Germany)
of the abutment was made to create a mold. An auto-
polymerizing acrylic resin (GC Pattern Resin LS, GC
Europe N.V., Leuven, Belgium. Batch No. 1305234)
was poured into the impression to form a castable
pattern. After the polymerization, a Cr-Ni alloy (Torr
120, Torr Dental, Istanbul, Turkey) master die was
casted using the acrylic pattern.

Manufacturing of the frameworks

The master die was then digitized with a digital dental
scanner (CEREC InEos Blue, Sirona, Bensheim,
Germany), and the zirconia framework designed with
a CAD software (CEREC InLab SW 4.2, Sirona,
Bensheim, Germany) with a thickness of 0.5 mm as
recommended by the software manufacturer.

30 identical frameworks (10 per group) were milled
(InLab MCXL, Sirona, Bensheim, Germany) from first
generation conventional pre-sintered Y-TZP blocks
(inCoris ZI, 40/19 F1, Sirona, Bensheim, Germany.
Batch No. 2010420207, composition: ZrO2-HfO2-
Y203). Then, a low speed handpiece and a 0.5 mm
diameter tungsten bur were used to create the
marking points; there were four occlusal and four
buccal on each framework. These points acted as
reference points for dimensional measurements.
(Figure 1) Since the measurements were focused on
the changes within every sample, points were marked
at the approximate locations of the tubercle tips on all
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Figure 1

Schematic drawing of measured occlusal distances 1-5. A, B, C and D
are the reference points (Created in Adobe Photoshop)

The milled Y-TZP frameworks were dried at 150°C for
10 min according to the manufacturer’s
recommendations.

Following drying; initial dimensional measurements
were made on the occlusal and buccal surfaces of the
frameworks as to be explained in the measurements
section.

Frameworks were randomly assigned to three groups
(10 samples per group) termed A, B, and C, and they
were exposed to various sintering time and
temperature settings. The settings used were fixed
programs of the used sintering furnace (inFire HTC
Speed, Sirona, Bensheim Germany). For group A,
Program 5 (classic) was used, which included
sintering at 1510°C, a holding time of 120 min, and a
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total sintering time of approximately 8 h. For group B,
Program 2 (speed) was used, which included
sintering at 1540°C, a holding time of 25 min, and a
total sintering time of approximately 2 h. Finally, for
group C, Program 1 (superspeed) was used, which
required pre-heating to 1580°C before starting the
holding time of 10 min. After the 10 min holding time,
samples were immediately removed, resulting in a
total sintering time of 10 min.

After cooling, thickness of all frameworks was
measured directly by a precision digital caliper
(Digimatic Caliper IP67, Mitutoyo, Tokyo, Japan) and
verified to be as required.

Measurements

The four reference points on a measured surface
formed a quadrangle, and a Toolmaker’s microscope
(TM-505, Mitutoyo, Tokyo, Japan) with a
magnification of 60x was used to measure the five
distances between them, as shown in Figure 1. The
accuracy of the micrometer heads used was 3 um
according to the manufacturer’s data. The observer
places the cross-line on the reference point, resets
the micrometer, and then moves to the next reference
point. The final reading on the micrometer screen was
the determined distance between two reference
points. Every measurement was repeated 3 times,
and the average value was taken. The projection
areas of the quadrangles on tooth surfaces were
calculated using the distance values. ( Method used
for calculating the area of the quadrangle: A diagonal
line (Line 5 in Figure 1) cuts the quadrangle into two
triangles. Area of each ftriangle (F) is calculated
separately with the formula; (given that a,b and c are
the legs of the triangle) p = (@ + b + ¢)/2; F =
V(2&p*(p-a)*(p-b)*(p-c) )

Marginal assessment was done by measuring the
marginal gap on the metal master die according to
the criteria defined by Holmes et al.’® A custom-made
device was used to position the rotating die
perpendicular to the optical axis of the microscope
with a pressing part to fix the framework on the die.
Marginal gap measurements were performed with the
Toolmaker’'s microscope as described above (Figure
2). Thirty-six equidistant reference points, which were
marked on the master die, were used to measure the
vertical marginal gap of each framework in
accordance with the criteria established by Groten et
al.?* (Figure 2)

Marginal assessment was done by measuring the
marginal gap on the metal master die according to
the criteria defined by Holmes et al.’®. A custom-
made device was used to position the rotating die
perpendicular to the optical axis of the microscope
with a pressing part to fix the framework on the die.
Marginal gap measurements were performed with
the Toolmaker’s microscope as described above
(Figure 2). Thirty-six equidistant reference points,
which were marked on the master die, were used to
measure the vertical marginal gap of each
framework in accordance with the criteria
established by Groten et al.?* (Figure 2)

A
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Figure 2

Microscope view of marginal gap (Texts were added in Adobe
Photoshop)

To simulate the application of IPS e.max Ceram
veneering porcelain (lvoclar Vivadent, Schaan,
Liechtenstein), all samples were processed through
five firing stages: liner, wash, 1st dentin/incisal, 2nd
dentin/incisal, and glaze. Veneer firings were
performed without applying porcelain in order to
examine the isolated effect of heat treatments on
zirconia frameworks only. The temperature and time
of all firing steps were followed according to the
manufacturer’s instructions. (Table 1)

Table 1.

Veneer firing steps and parameters (1-liner; 2-
wash; 3-1st dentin/incisal; 4-2nd dentin/incisal; 5-
glaze)

1 403 4:00 40 960 1:00 450 959
2 403 4:.00 40 750 1:00 450 749
3 403 4:.00 40 750 1:00 450 749
4 403 4:00 40 750 1:00 450 749

5 403 6:00 60 725 1:00 450 724 450
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Dimensional measurements of buccal-occlusal
surfaces and marginal gap measurements were
repeated and double checked for all samples after
veneer firings.

Statistical analysis

Statistical analysis of data was performed with SAS
Version 9.3 software (SAS Institute, Cary, NC, USA).
For the analysis three types of measurements were
made: before sintering (BS); before veneer firings
(BVF) and after veneer firings (AVF). Descriptive
statistics were mean, standard deviation, and %95
confidence interval for mean. Kolmogorov Simirnov
test was used normality test. One-way analysis of
variances was used for comparing groups means with
Levene’s and Tukey tests. To compare BVF and AVF
was used paired t test. Statistical significance level
was 0.05. Post power analysis of mean marginal gap
data indicate that the difference in the response of
matched pairs is normally distributed with standard
deviation 4,4. If the true difference in the mean
response of matched pairs is 3,83, we will be able to
reject the null hypothesis that this response difference
is zero with probability (power) ,683. The Type | error
probability associated with this test of this null
hypothesis is 0,05.

RESULTS

The sintering shrinkage of all groups were similar,
accordingly the change between the BS and AVF
measurements (sintering shrinkage) presented no
significant difference between the three sintering
groups. (Table 2)

Table 2.

Sintering shrinkage (BS-BVF) mean values with
standard deviations for three sintering groups. A: 8
regular sintering; B: 2 hours speed sintering; C: 10
minutes superspeed sintering

A 10 3616203 35.97 36.35

%ﬁﬂ:ﬁ:' B 10 36.220.5 35.89 36.56 0036 0964
@ 10 36.23%1.0 35.48 36.98
A 10 36.06:0.8 35.5 36.63

e 10 360805 3573 36.42 0001 0999
@ 10 3607207 356 36.56

There was no significant difference between sintering
groups A, B, and C regarding the BVF and AVF mean
marginal gap values (p>.05). Conversely, the mean
marginal gap values were decreased after veneer
firings and AVF values were significantly lower than the
BVF values within group B and C and total (p <.05).
(Table 3)

Table 3.

Mean marginal gap values with standard deviations for
three groups (BVF: Before Veneer firings; AVF: After
Veneer Firings); A: 8 regular sintering; B: 2 hours speed
sintering; C: 10 minutes superspeed sintering

A 10  48.55+15.2 46.45+15.0 2.10+5.3 -1.7 5.9 1.3 0.243
B 10  43.68+10.6 38.69+10.2 4.99+2.8 3.0 7.0 5.6 >0,001*
Cc 10  44.19+153 39.78+13.7 4.41+4.4 1.2 7.6 3.1 0.012*
ANOVA
p value 0.693 0.372 0.302
Total 30  45.48x13.6 41.64+13.1 3.83+4.4 22 5.5 4.8 >,001*

*statistically significant (p<.05)

The occlusal surface area values showed a negative
change for AVF, which suggested shrinkage of the
framework surface. There was no significant difference
between the groups regarding their occlusal surfaces
(p>.05). On the contrary, buccal surface area values
showed a positive change and suggests enlargement of
the framework surface. There was also no significant
difference between the three groups regarding buccal
surface (p> .05). (Table 4)

Table 4.

Occlusal and Buccal surface area values and changes
as percentages after veneer firings with standard
deviations for three groups

8h 10 6268+15 62571475 011+02 003 025 17 0118
2h 10 618830 61733056 015%02 002 029 25 0.032*
Occlusal  1om 10  63.87+11  6379+1.168 008=02 01 028 10 0342
LN 0111 0.101 0.799
p value
Total 30  6281%2.1 6270+22  0.12+02 004 02 29  0.007*
8h 10 6587+141  66.08+140 -021x04 05 01  -15 0179
2h 10 593088  59.49+89011 -019+04 04 006 -17 0119
Buccal  10m 10  7545%95  7590+98  -0.45:06 0.9 0005 22 0052
ANOVA
s 0.011 0.01 0.429
Total 30 66.87+126  67.16x128  -0.28=05 -05 01  -31  0.004*
*statistically significant (p<0.05)

In this study, the marginal gap changes caused by
veneer firings and the dimensional changes in occlusal
and buccal surfaces of zirconia copings which were
sintered by three different sintering programs were
investigated. The marginal gap is of importance
because marginal fit is a key factor for long-term
success of dental crowns® and is associated with
secondary caries and periodontal disease.'”? In
general, there is a consensus between various studies
that a clinically acceptable marginal gap should be
under 120 um.27-30
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Previous studies suggested no difference present of the
marginal fit of zirconia copings with different sintering
times.®'%2  Similarly, our results also showed no
difference with the marginal fit of BVF, when using
different sintering conditions. Measurements of the
mean marginal gap of BVF showed values that ranged
from 33.28 um to 37.61 um, whereas the AVF values
ranged from 30.48 um to 35.98 um. Considering all
samples, the decrease in mean marginal gap values is
statistically significant (p<.05). When sintering groups
were differentiated, the mean marginal gap decrease
was statistically significant for the 2-hour sintering (B)
and the 10-minute sintering (C) groups but not for the 8-
hour sintering group (A). The present study reveals that
veneer firing may significantly influence the marginal fit
of zirconia-based crowns, and that it may be related to
the zirconia sintering method. Results of our study are
consistent with previous studies, which report
decreases in marginal gap of zirconia frameworks with
veneer firings.'®%22 Considering that different sintering
conditions have effect on properties like grain size and
phase composition of zirconia”'%'!14; it is conceivable
that zirconia samples subjected to different sintering
conditions may have different dimensional change
behaviors under heat treatments due to their structural
differences. However, the exact mechanism of this
behavior is yet to be enlightened.

Considering the previous studies on the marginal fit of
CAD/CAM, zirconia single-crown measurements vary
depending on the system, the material, and the analysis
method.®® For instance, Bindl and Mormann used the
CEREC InLab system and reported a marginal gap of
43 um for In-Ceram Zirconia crowns.** Kokubo et al.
measured a marginal gap value of 42.5 um for Procera
crowns.® Martinez-Rus et al. used the CEREC InLab
system and reported a 28.98 um marginal gap for In-
Ceram Zirconia crowns and an 8.67 um gap for Procera
crowns.® Additionally, Alghazzawi et al. also used the
CEREC InLab system and measured a 53 pm mean
marginal gap value for In-Ceram Zirconia crowns.*”
Therefore, the results of our investigation regarding the
marginal gap values were consistent with previous
studies and within clinically acceptable range.

In the present study, veneer firings without the
application of porcelain were performed to examine the
isolated effect of heat treatments on the marginal gaps
and dimensions of zirconia frameworks. To the best of
our knowledge, there is currently only one published
study that similarly investigated the effect of heat
treatments with focus on as sintered zirconia. Here,
Hjerppe et al. examined the effect of heat treatments on
mechanical properties and reported that one or two
heat treatments alone had no significant effect on the
biaxial flexural strength of as-sintered zirconia disks. In
contrast, applying a coating of wash and glaze on the
tension side led to a significant decrease.®®

However, Hjerppe et al. only investigated disk-
shaped zirconia and no crowns. Our
measurements, including the dimensional stability,
revealed that all frameworks underwent shrinkage
on occlusal surfaces and enlargement on buccal
surfaces, regardless of the sintering method, when
subjected to heat treatments (without the
application of porcelain). The regional enlargement
of axial surfaces could be a possible factor for a
better fit of the frameworks and thus a decrease of
the marginal gap. These two phenomena may be
related, and more data from three-dimensional
measurements will be beneficial to acquire a better
understanding.

The chipping or delaminating of veneering
porcelain has been reported to be higher in
zirconia-based restorations than for metal ceramics
and other all-ceramic ones 39. Stated reasons for
such problems include the mismatch of thermal
expansion coefficient between zirconia and
veneering porcelain, the surface treatments on
zirconia, the strength of veneering porcelain, and
the lack of adhesion between zirconia and
veneering porcelain.*®#! The findings of the current
study reveal that zirconia frameworks have
multidirectional distortions independently of the
forces caused by the addition of porcelain during
veneer firings. These distortions would cause
residual stresses in veneering porcelain and is a
major factor for chipping and delaminating.
Hence, the authors suggest that the effect of
potential distortions in zirconia frameworks during
veneer firings and its association with the chipping
of veneering porcelain should be further
investigated. Furthermore, possible causes of
dimensional changes, including the structural
changes in Y-TZP caused by the veneer firings, are
not fully uncovered, and require further
investigation.

First limitation of this study was that only one
zirconia brand was used. The results may not differ
for other zirconia materials with different chemical
compositions. Another limitation is that all
measurements were two-dimensional; however
three-dimensional measurements may reveal more
extensive knowledge of material behavior.
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CONCLUSION
Within the limitations of our study

1. Veneer firings were found to have a distortion effect
in all tested groups: in the form of shrinkage of the
occlusal surfaces and enlargement of the buccal
surfaces.

2. Veneer firings also led to a decrease in the mean
marginal gap values for all samples and was
statistically significant for the faster groups with 2-
hour and 10-minute sintering programs but not for
the standard group with an 8-hour program.
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