
  
*Corresponding author: Zuhal GORUS  
Department of Prosthodontics, Harran University, Faculty of Dentistry, Sanliurfa, TURKEY

 

 
 
 

ISSN: 2395-5775 

THE EFFECT OF SINTERING TIME ON CEMENT SPACING IN MONOLITHIC ZIRCONIA 

Zuhal GORUS

Department of Prosthodontics, Harran 

ARTICLE INFO                                         ABSTRACT
 

 
 

 

Objective: 
marginal and internal fits of monolithic zirconia crowns.
Method:
Plus, CEREC, and KATANA Y
abutment analogs. The samples were divided into groups according to brand [n 
[n = 2]. Bilateral analysis of variance was used to examine the effects of sintering time and brand on 
marginal and internal spacing simultaneously.
Results: 
thickness was observed among brands. In crowns produced from CEREC and LAVA blocks, marginal 
spacing was not affected significantly by the sintering time [p > 0.0001]. In crowns produced from 
KATANA blocks, shortening of the sintering 
< 0.0001].
Conclusions: 
 

 
 
 
 

 

INTRODUCTION 
 

For a long time, metal-ceramic restorations used in fixed 
prosthetic applications have met aesthetic expectations. With 
technological improvements, the achievement of a natural 
tooth-like appearance has become a priority. The major reasons 
for such efforts are that metal-ceramic restorations differ 
substantially from natural teeth due to their slight permeability, 
and they cause a color change (i.e., grayish) in the gingival 
region due to long-term presence of metal[1,2]
 

In recent years, zirconia restorations, which have superio
mechanical properties relative to other materials, began to be 
utilized, especially According to greater comprehension of the 
transformation phases of zirconium toward the end of
and, later, the use of harder Y-TZP, research on this topic has 
accelerated. Zirconia has the highest bending resistance and 
fracture strength among dental ceramic materials
 

Zirconia is applied together with feldspathic porcelain because 
of its densely opaque color. The most common failure seen in 
this application is a cohesive fracture of the veneer porcelain. 
To solve the problems created by the cohesion between the 
veneer porcelain and the zirconia infrastructure, novel aesthetic 
monolithic zirconia restorations have been developed
 

As monolithic restorations do not require additional layering, 
they are easier to produce, and more suitable 
production time and cost. Several studies have supported the 
use of monolithic zirconia, particularly in cases of bruxism and 
insufficient interocclusal distance[7,8]. 
 

As monolithic restorations do not require additional layering, 
they are easier to produce, and more suitable 
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ABSTRACT 

Objective: The objective of this in-vitro study was to investigate the effect of sintering time on the 
marginal and internal fits of monolithic zirconia crowns. 
Method: For this study, 60 monolithic mandibular first molar crowns were fabricated from 
Plus, CEREC, and KATANA Y-TZP semi-sintered blocks over 4
abutment analogs. The samples were divided into groups according to brand [n 
[n = 2]. Bilateral analysis of variance was used to examine the effects of sintering time and brand on 
marginal and internal spacing simultaneously. 
Results: In samples treated with a long sintering time, no significant difference 
thickness was observed among brands. In crowns produced from CEREC and LAVA blocks, marginal 
spacing was not affected significantly by the sintering time [p > 0.0001]. In crowns produced from 
KATANA blocks, shortening of the sintering time caused a significant increase in marginal spacing [p 
< 0.0001]. 
Conclusions: We emphasize the need to apply the manufacturer-recommended sintering time.

ceramic restorations used in fixed 
prosthetic applications have met aesthetic expectations. With 

chievement of a natural 
like appearance has become a priority. The major reasons 
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substantially from natural teeth due to their slight permeability, 

sh) in the gingival 
[1,2]. 

In recent years, zirconia restorations, which have superior 
mechanical properties relative to other materials, began to be 
utilized, especially According to greater comprehension of the 
transformation phases of zirconium toward the end of the 1970s 

TZP, research on this topic has 
ccelerated. Zirconia has the highest bending resistance and 

fracture strength among dental ceramic materials[3,4]. 
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of its densely opaque color. The most common failure seen in 

cohesive fracture of the veneer porcelain. 
To solve the problems created by the cohesion between the 

infrastructure, novel aesthetic 
monolithic zirconia restorations have been developed[5,6]. 

As monolithic restorations do not require additional layering, 
they are easier to produce, and more suitable regarding 
production time and cost. Several studies have supported the 

zirconia, particularly in cases of bruxism and 

equire additional layering, 
they are easier to produce, and more suitable regarding 

production time and cost. Several studies have supported the 
use of monolithic zirconia, particularly in cases of bruxism and 
insufficient interocclusal distance
 

The factors affecting the marginal fit of fixed prosthetic 
restorations have become major subjects of research. 
Restoration fit can be especially affected during the 
manufacturing stage[7,10,11]
stages in the production of zirconia restorations is the sintering 
stage. Sintering is the process by which a porous structure with 
a low degree of hardness is subjected to heat treatment to form 
stronger and more solid bonds between particles. As a natural 
consequence of sintering, the material contracts, losing 20
of its volume. The heat applied during sintering and the 
application period, together with the pressure exerted by this 
heat, could lead to changes in the physical properties of the 
material[12-14]. 
 

The objective of this study was to investigate the effects of 
changes in sintering time on the marginal and internal fits of 
monolithic zirconia restorations.
 

MATERIAL AND METHOD
 

In this study, the marginal and internal fits of monolithic 
zirconia single crowns produced in the form of mandibular 
molars were evaluated according to the sintering period. 
Monolithic zirconia crowns were produced from LAVA, 
CEREC, and KATANA blocks. Specimens of each block type 
were divided into subgroups and the effect of sintering time 
was evaluated. 
 

In this study, a total of 60 monolithic zirconia single crowns 
were produced. These crowns were manufactured on a 
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vitro study was to investigate the effect of sintering time on the 

For this study, 60 monolithic mandibular first molar crowns were fabricated from LAVA 
sintered blocks over 4-mm highly cemented implant 

abutment analogs. The samples were divided into groups according to brand [n = 3] and sintering time 
[n = 2]. Bilateral analysis of variance was used to examine the effects of sintering time and brand on 

In samples treated with a long sintering time, no significant difference in total cement film 
thickness was observed among brands. In crowns produced from CEREC and LAVA blocks, marginal 
spacing was not affected significantly by the sintering time [p > 0.0001]. In crowns produced from 

time caused a significant increase in marginal spacing [p 

recommended sintering time. 

production time and cost. Several studies have supported the 
use of monolithic zirconia, particularly in cases of bruxism and 
insufficient interocclusal distance[7,9]. 

The factors affecting the marginal fit of fixed prosthetic 
restorations have become major subjects of research. 
Restoration fit can be especially affected during the 

[7,10,11]. One of the most prominent 
stages in the production of zirconia restorations is the sintering 

age. Sintering is the process by which a porous structure with 
a low degree of hardness is subjected to heat treatment to form 
stronger and more solid bonds between particles. As a natural 
consequence of sintering, the material contracts, losing 20-25% 

its volume. The heat applied during sintering and the 
application period, together with the pressure exerted by this 
heat, could lead to changes in the physical properties of the 

The objective of this study was to investigate the effects of 
changes in sintering time on the marginal and internal fits of 

ns. 

MATERIAL AND METHOD 

In this study, the marginal and internal fits of monolithic 
zirconia single crowns produced in the form of mandibular 
molars were evaluated according to the sintering period. 
Monolithic zirconia crowns were produced from LAVA, 
CEREC, and KATANA blocks. Specimens of each block type 
were divided into subgroups and the effect of sintering time 

In this study, a total of 60 monolithic zirconia single crowns 
were produced. These crowns were manufactured on a 
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cemented implant abutment analog of the peripheral chamfer 
bench type. Stainless steel was used during formation of acrylic 
blocks on which implant analogs were fixed. The implant 
analog was placed inside a two-compartment cast, and acrylic 
was poured in and allowed to harden. After hardening, the 
acrylic was contoured and standard models were made. The 
blocks were classified according to brand [LAVA Plus, 
KATANA, and CEREC]. The monolithic zirconia crowns were 
designed by computer as mandibular first molars. A silicon 
replica method was used to assess the fit of the crowns with 
their implant abutments. Unilateral double cuts were made on 
the silicon replicas, and the marginal and internal fits were 
measured by the computer. Each group was divided into two 
subgroups. A short sintering time [waiting time, 45 min; total 
time, 135 min] was applied in one group and a long sintering 
time [waiting time, 2 h; total time, 7 h] was applied in the other 
group. Marginal and axial intervals were measured separately 
[Figure 1]. 
 

Bilateral analysis of variance [ANOVA] was used to examine 
the effects of brand and sintering time on marginal and internal 
spacing simultaneously. Homogeneity of group variance was 
assessed using the Levene test, which showed that variation 
was similar in all groups. Thus, the F statistics generated by 
ANOVA were accepted. In this study, marginal and axial 
values were assessed separately. The significance of differences 
in these values were determined using the t-test. 
 

RESULTS 
 

In this study, 60 monolithic zirconia single crowns divided into 
three groups according to block brand were examined. Each 
group was divided into two subgroups (long and short sintering 
times). Marginal and axial spacing values, measured separately, 
are presented in Tables 1 and 2, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The lowest marginal spacing values were detected in 
monolithiczirconia samples fabricated from CEREC blocks, 
and the highest marginal spacing value was observed in 
samples made from KATANA blocks and subjected to a short 
sintering time. 
 

Significant differences were observed between all pairs of long-
sintered groups [all p< 0.0001]. Among sample streated with a 
short sintering time, significant differences were found between 
the CEREC group and the other two groups [both p < 0.0001]. 
 

No significant difference in axial spacing was observed 
between short- and long-sintered KATANA and LAVA 
samples. However, a significant difference was found between 
short- and long-sintered CEREC samples [Table 2]. 
 

No intergroup difference was detected for samples sintered for 
a long time. Among short-sintered samples, significant 
differences were detected between the CEREC group and the 
other two groups. 
 

No difference in average cement film thickness was found 
between groups subjected to long sintering times. Significant 
differences were found between all pairs of short-sintered 
groups [Table 3].  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 Sintering Furnace 
 

DISCUSSION 
 

In this study, the effect of sintering time on the marginal and 
internal fits of monolithic zirconia crown restorations was 
investigated. Models were composed using three systems and 
two sintering periods. 
 

Marginal spacing differed significantly among crowns 
fabricated from the three block types using a long sintering time 
[waiting time, 2 h; total time, 7 h]. This result contrasts with 
that reported by Karataşlı et al., which evaluated three 
zirconium infrastructures and reported the least marginal 
spacing on the LAVA infrastructure[2]. However, they 
produced non-anatomic infrastructures instead of monolithic 
zirconia crowns, as in our study. Lee et al. reported the highest 
values for LAVA samples in their evaluation of the marginal fit 
of full-ceramic crowns[1]. 
 

Several studies have shown that the sintering time affects the 
mechanical properties of zirconia restorations[7,15]. 
Temperature and sintering time are assumed to affect the 

Table 1 Differences in the marginal space measurement 
values of the monolithic zirconia fabricated from LAVA, 

CEREC and KATANA blocks 
 

Marginal Spacing Measurement Values 
 LAVA CEREC KATANA 

Sintering 
time 

LONG 60.3±12.9*,β 
 

34.8±7.9  
 

45.3±11.2α 

SHORT 69.0±8.7** 
 

33.1±6.9 
 

78.1±9.3Φ 
 

 

Table 2 Differences in the axial spacing measurement 
values of the monolithic zirconia fabricated from LAVA, 

CEREC and KATANA blocks 
 

Axial spacing measurement values 
 LAVA CEREC KATANA 

Sintering 
time 

Long 48.8±6.6 
 

56.3±9.5  
 

48.9±5.6 

Short 50.8±7.1* 
 

38.4±6.8  
 

47.1±5.8 β 
 

Table 3 Differences in average cement film thickness 
values for all measurement points of monolithic zirconia 

fabricated by LAVA, CEREC and KATANA blocks 
 

Average Values of Cement Film Thickness For All Measurement 
Points  (μm) 

 LAVA CEREC KATANA 

SINTERING 
TIME 

LONG 78.2±37.3 
 

72.9±44.9  
  

 

74.1±42.6 
 

SHORT 85.5±20.1*,β 
 

56.8±31.9  
 

104.5±63.3α 
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particle size of the material. Beuer et al.  stated that the milling 
process often precludes sintering, and thus that sintering might 
affect the restoration fit[16]. In our study, shortening the 
sintering time had no significant effect on marginal spacing in 
CEREC or LAVA samples, but significantly increased marginal 
spacing in KATANA samples [p < 0.0001]. 
 

The cement spacing of monolithic zirconia restorations is 
determined in the design stage. Some studies have been 
conducted to determine the ideal cement spacing[14,17-19].In 
this study, the samples were not cemented, but they were 
designed with consideration of cement spacing. The cement 
spacing value was adjusted to 50 μm. As the use of adhesive-
based cement is not mandatory for zirconia restorations, 50 μm 
cement spacing should be sufficient. Al-Rabab et al. 
investigated the effect of cement spacing on marginal spacing 
in restorations designed with CAD/CAM systems, and found a 
better marginal fit in samples with 50 μm cement spacing than 
in those with 100 μm cement spacing[20]. 
 

In this study, the silicon replica method was used. This 
technique is accepted by many researchers and enables repeated 
measurement in a non-destructive manner. It requires 
considerable precision, as irregularities in the silicon and 
contraction, depending on the material to be measured, could 
lead to errors. Reich et al. claimed that restoration fit on diverse 
surfaces could be assessed only by using a silicon replica 
technique[21]. In this study, finger pressure was applied to the 
restorations on the abutment until silicon hardening was 
complete. Consani et al.  applied non-standard pressure to 
restorations on abutments, and reported that the mean finger 
pressure value was 98 N[22]. 
 

Sintering is one of the most important phases in the production 
of oxide ceramics. The literature contains reports indicating that 
changes during sintering can alter the physical features of 
zirconia [23-25]. In this study, the effect of sintering time on 
the marginal and internal fits of monolithic zirconia crowns was 
investigated. No difference in total cement film thickness for 
any measurement point was detected among groups subjected 
to the long sintering time. No brand showed superiority over 
another when a long sintering time [waiting time, 2 h; total 
time, 7 h] was applied, as recommended by the manufacturers. 
Among groups treated with the short sintering time [waiting 
time, 45 min; total time, 135 min], the CEREC group showed a 
significant decrease in total cement film thickness. Crowns 
fabricated from KATANA blocks and sintered for a short time 
showed significantly greater total cement film thickness. 
Although increased total cement film thickness was observed at 
all measurement points of LAVA samples treated with the short 
sintering time, none of these differences was significant. 
 

CONCLUSION 
 

1. No significant difference in total cement film thickness 
was observed among the systems tested when a long 
sintering time was used.  

2. The marginal spacing of crowns fabricated from 
CEREC and LAVA blocks was not affected 
significantly by the sintering time. 

3. For crowns fabricated from KATANA blocks, 
application of the short sintering time resulted in a 
significant increase in marginal spacing. 
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