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INTRODUCTION 

Zirconia provided a biocompatible esthetic 
material for the restoration of teeth as alternative 
to metal- ceramics.1,2,3 The use of CAD/CAM 
milling technology has been adopted as the main 
dental processing technique for zirconia.4,5,6 The 

fabrication of full contour anatomic zirconia crowns 
has provided an alternative to the porcelain-veneered 
crowns with excellent strength and high fracture 
resistance due the absence of a super structure 
(veneer). However the long-term clinical success 
of full contour zirconia crowns is not dependent 
only on the mechanical properties, esthetic quality 
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ABSTRACT

Objective: To evaluate the vertical marginal gap and internal fit of two types of monolithic 
zirconia crowns fabricated using two different CAD/CAM machines.

Materials and methods: A sound human maxillary first premolar was selected to receive all 
ceramic crown preparation. The prepared premolar was then duplicated to produce twenty epoxy 
dies divided into two groups. Twenty Standardized monolithic translucent zirconia (10 Prettau, & 
10 Incoris TZI crowns) were CAD/CAM fabricated onto the epoxy dies. The vertical marginal gap 
before cementation was measured using a metallurgic microscope. Then the crowns were cemented 
onto their corresponding epoxy dies using Panavia F 2.0. Half of the specimens were sectioned 
bucco-lingualy and the remaining specimens were sectioned mesio-distally. Measurements of 
the internal fit on the Buccal, lingual,  mesial, distal and occlusal were taken using a metallurgic 
microscope. Results were tabulated and statistically analyzed using Wilcoxon signed rank test.

Results: The Prettau crowns showed statistically significantly higher vertical marginal gap 
(Prettau 96.91 ± 2.78 & Incoris TZI 59.17 ± 6.4 μm) and inferior internal fit than that of Incoris TZI 
crowns (Prettau 117 ± 3.67 & Incoris TZI 103.2 ± 3.61 μm).

Conclusions: The Incoris TZI crowns had better marginal integrity and internal fit than that of 
Prettau crowns.
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and biocompatibility but also on the marginal 
integrity and internal fit. Large marginal gaps 
lead to dissolution of the cement with subsequent 
dental plaque accumulation facilitating marginal 
leakage and secondary decay.7,8 It is well agreed in 
the literature that marginal fit is one of the major 
factors responsible for causing secondary decay 
and periodontal disease.9,10,11 It has been proven by 
McLean12 in 1971 that clinically allowable marginal 
fit is within 120-μm range when fabricating a dental 
restoration.

Over the last years, most studies on monolithic 
zirconia focused mainly on the mechanical 
properties (fracture resistance13, flexural strength & 
chipping resistance14, and hardness15), the effect of 
surface treatment on the mechanical properties, the 
wear of the zirconia on the antagonists,16 and effect 
of the low temperature degradation. 17

Little information is available about the marginal 
gap and internal fit of these restorations. Seok J.H. 
and Jin HC18 reported that the marginal discrepancy 
and internal fit was smaller in Ceramill system than 
ZirkonZahn. However both were within clinically 
acceptable range of marginal discrepancy. Freire et 
al 19studied the marginal fit of monolithic restorations 
(monolithic zirconia Lava plus, monolithic lithium 
disilicate IPS Emax CAD, and conventional metal 
ceramic crowns. They found that the monithic 
lithium disilicate produced the lowest discrepancy 
and they concluded that the accuracy of fit of 
the three groups was within the range of clinical 
acceptance range.

So the aim of this study was to evaluate the 
vertical marginal gap and internal fit of two 
monolithitc zirconium crowns (Prettau and Incoris 
TZI) constructed by two different CAD/CAM 
systems(Zirkon Zahn,Italy and Cerec, Sirona ).

The null hypothesis tested in this study that there 
is no difference in the vertical marginal gap and 
internal fits between the two systems.

MATERIALS AND METHODS

Tooth preparation and die fabrications  

A freshly extracted non-carious, non-restored 
sound permanent Upper human premolar was 
selected for this study. The tooth was mounted in 
an acrylic base to allow accurate positioning of 
the tooth in a milling machine (which was used 
for tooth preparation). The tooth was prepared 
using a milling machine (AF 30, Nouvag AG ST. 
Switzerland) (figure 1a) modified by custom made 
adaptor to accommodate high speed contra-angle 
(NSK, Tokyo, Japan). Tooth preparation was done 
using tapered diamond stone with flat end (TF 12, 
Mani Inc. Japan) and head diameter 1mm so that 
the preparation had 1mm shoulder finish line and 
6 degree convergence angle  (figure 1b) which was 
achieved by the taper of the diamond bur. Occlusal 
reduction was done after removing the tooth from the 
milling machine. Using a cylindrical diamond bur 
(SF 14, Mani Inc. Japan) with diameter of 1.5mm. 
Depth cut grooves of 1.5mm were cut in the occlusal 
surface at 45˚ angle with the long axis of the tooth. 
The prepared tooth had 6.5mm height, 4mm mesio-
distal diameter and 7mm bucco-palatal diameter at 
the cervical part. The preparation was finished by 
fine diamond stone at low speed. The prepared tooth 
was duplicated using silicon duplicating material 
[Dupliflex,Vilamalla (Girona) Spain ] and poured 
into 20 epoxy resin dies (Kemapoxy, CMB, Egypt) 
(figure 1c). The epoxy dies were then duplicated into 
twenty working stone dies for crown constructions 
using a scanable stone (Optic Scanning stone, ETI 
Empire Direct, Anaheim, CA, USA).

Grouping of samples

The twenty epoxy dies were divided into two 
groups (n=10) according to the crowns constructed 
over it.

Group 1 : Prettau crowns

Group 2: Incoris TZI crowns
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Construction of the crowns

Prettau crowns:

Ten Prettau crowns were fabricated over ten 
working stone dies. For each crown to be fabricated 
a specific scan (S600, Zirkonzahn, Italy) for the 
respective die had to be taken. The crowns were 
designed using CAD software (Modellier V.5556, 
ZirkonZahn,,  Italy). The cement space thickness was 
adjusted on 60µ for all the crowns. Zirconia blocks 
(Prettau zirkon CAD-CAM95H22, Zirkonzahn, 
Italy) were milled( M1 Soft Milling, Zirkonzahn, 
Italy), in partially sintered stage considering of 
20% shrinkage and fully sintered for 12 hours at 
1600 °C in (Zirkonofen 700, Zirkonzahn, Italy). 
Sandblasting with 50 Al2O3 at 4 bars was employed 
(20 sec, 15mm distance) and then outer surface of 
crown was glazed using paste glaze Plus, using 
glaze firing cycle (780-800 °C, 1min holding time).

Incoris TZI crowns: 

Ten scans with cerec 3D (inEos X5, Sirona 
Dental Systems GmbH, Germany) of the other 
ten stone dies were used with another  scan of one 
of the fabricated Prettau  crowns to produce ten 
Incoris TZI bio-copy crowns.  Cerec software 4.3 
(Sirona Dental Systems GmbH, Germany) was used 
for designing the restoration. The cement space 

thickness also was set on 60µ for all the crowns.

INcoris TZI C blocks (mono L, Sirona Dental 
Systems GmbH, Germany) were used. The blocks 
were milled in the partially sintered stage with the 
milling machine (MX5, Sirona Dental Systems 
GmbH, Germany) and sintered in (inFire HTC, 
Sirona Dental Systems GmbH, Germany) for 2 
hours at 1510 °C. Sandblasting with 50 Al2O3 at 3 
bars was employed and then outer surface of crown 
was glazed using cerec speed Glaze spray. 

Measuring the vertical marginal gap:

The crown specimens of both groups were 
employed for measuring the vertical marginal 
gap before cementation. In order to allow proper 
seating of the crown on the corresponding epoxy 
die a specially designed crown fixing device 
was used to hold the samples during microscopic 
measurements (Figure 2A). The crowns were seated 
on the corresponding dies, and then the assembly 
was mounted in the crown fixing device and the 
spring rod secured the crown in position. The whole 
assembly was placed on the mechanical stage of the 
microscope, and the microscope was focused at the 
crown / tooth margins. The vertical marginal gap was 
measured using metallurgic microscope (Olympus 
Bx41M, San-Ei bulding, 22-2, Nishi Shinjuku 
1-chome, Shinjuku-Ku,Tokyo, Japan), with a  

Fig. (1) Tooth preparation & die fabrication, A: Tooth preparation with the milling machine, B: Tooth after complete preparation, 
C: duplicated Epoxy dies
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high-resolution digital camera (Olympus digital 
camera SP-570-UZ, San-Ei bulding, 22-2, Nishi 
Shinjuku 1-chome, Shinjuku-Ku, Tokyo, Japan) 
mounted on the microscope (Figure 2B). A software 
module Olympus Analysis five (Nishi Shinjuku 
1-chome, Shinjuku-Ku, Tokyo, Japan) was used 
to analyze the images and the measurements 
were taken at a resolution of 1400X1200 pixels at 
magnification of 10 X.

After adjustment of the photo, which appeared on 
the LCD camera screen. A snap shot was taken and 
transferred to the computer screen automatically. 
Using the computer software the vertical marginal 
gap was measured on the screen in μm. The vertical 
marginal gap was measured from the crown margin 
to the shoulder margin of the die.  Eight readings, 
equidistant, were taken at each surface, that resulted 
in 32 readings for each sample

Internal Fit measurement:

The crown samples were cemented onto 
corresponding epoxy dies using Panavia F 2.0 
adhesive resin cement following the manufacturer 
instructions. A specially designed device was 
used during cementation of the crowns that allow 
application of standardized 3kg load (used in 
previous study).20 The cemented crowns were stored 
for 24 hours in water before sectioning and internal 

fit measurement. Half of the cemented crowns were 
sectioned in a bucco-lingual direction and the other 
half in a mesio-distal direction by the use of a low 
speed saw (Micracut 125, Metkon,Bursa, Turkey) 
as in Figure 3.

Measurement between the epoxy die and the 
internal surface of the sectioned crown were taken 
at eight points on the occlusal and each of the axial 
surfaces (bucco,lingual and mesio,distal)  using a 
metallurgic microscope to give a total of 24 points 
of reading for the internal fit. For the axial surfaces 
the points of reading were distributed over the 
surface (four points at the cervical half & four at the 
occlusal half). Data were tabulated and statistically 
analyzed using Wilcoxon signed rank test.

Fig. (2) Measuring the vertical marginal gap, A: Specially designed fixing device to allow proper seating of the crown on the die 
before cementation, B: Metallurgic microscope used to measure marginal gap & internal fit

Fig. (3) The crown cemented onto the epoxy die and sectioned 
into two halves using low speed saw
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RESULTS

Vertical marginal gap:

The vertical marginal gap was recorded in μm. 
The mean and standard deviation of the two groups 
are shown in Table 1 and presented in figure 4. The 
statistical analysis using Wilcoxon signed rank 
test revealed a statistically significant difference 
between the two types of crowns investigated, 
where the Prettau crowns showed a higher vertical 
marginal gap than that of the IncorisTZI crowns. 
Figures 5 and 6 show the vertical marginal gap in 
μm for both crowns.

Internal Fit:

The internal fit was measured and recorded in 
μm. The mean and standard deviation of the Prettau 
and Incoris TZI crowns are shown in Table 2 and 
presented in Figure 7. Statistical analysis of the data 
showed a statically significant difference between 
the two groups using

Wilcoxon signed rank test, where the Incoris 
TZI crowns showed better internal fit than that of 
the Prettau crowns. Figures 8, 9 show the internal fit 
in μm for both types of zirconium crowns.

Fig. (4) Histogram showing vertical marginal gap of both 
groups.

Fig. (5) Vertical Marginal Gap VMG before cementation for 
Incoris TZI Crowns (magnification 10X)

Fig. (6) Vertical Marginal Gap VMG before cementation for 
Prettau crown (magnification 10X)

TABLE (1) Vertical marginal gap (µm) of both 
groups.

Prettau Incoris TZI p-value

Mean ± SD 96.91 ± 2.78 59.17 ± 6.4 0.008*

TABLE (2) Internal fit in (µm) for both groups.

 Prettau  Incoris Tzi p-value

Mean ± SD 117 ± 3.67 103.2 ± 3.61 0.01*
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DISCUSSION

The high restoration esthetic demand led to 
the emergence of different types of all ceramic 
restorations among which dental zirconia based 
restorations presented a promising result due to the 
high fracture resistance of zirconia.21 However the 
inherent clinical drawbacks of the veneered zirconia 
in terms of chipping and fractures of the veneer22  
and de-bonding of the zirconia restoration paved the 
way for development of a new restoration without 
the drawback of veneering layer. This led to the 
introduction of translucent zirconia for constructing 
fully contoured dental restoration that provided a 
hope for a fracture resistant monolithic restoration. 

A sound natural maxillary premolar tooth 
was prepared for a standard all ceramic crown 
preparation. The tooth preparation was undertaken 
by dental milling machine where the specimen were 
secured to the base of the milling machine while 
high speed contra-angle were mounted horizontally 
using water balance device so that the diamond 
stone would be hanging vertically to ensure that 
preparation of the axial wall angulations would be 
corresponding to the taper of the diamond stone 
which is 3 degree on each axial wall to give a total 
of 6 degree of convergence. The finish line used in 
this study was a rounded shoulder as recommended 
by the manufacturer of both types of translucent 
zirconia investigated in this study. In order to 
standardize the size and dimensions of the both types 
of zirconia crowns investigated in this study, the 
Prettau zirconia crowns was first fabricated on one 
of the dies after which they were copied to fabricate 
the Incoris TZI crowns using the Cerec SW 4.3 bio-
copy design mode. Standardization of cement space 
of the crowns was achieved by selecting 60 microns 
cement space on the CAD software of both systems 
employed in the study. Panavia F2.0 adhesive resin 
cement was the standard cement used in this study. 
After mixing the cement following the manufacturer 
instructions, seating of the crown on the die was 

Fig. (7) Histogram showing internal fit measurement in µm for 
both groups.

Fig. (8) Internal fit measurement of Incoris TZI crown.

Fig. (9) Internal fit measurement of Prettau crown
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standardized using specially designed cementation 
device, which allowed static placement of 3 Kg load 
during the setting procedure. This load was chosen 
as recommended by Rinke et al 199523 and Groten 
and Probester 199624 to avoid the risk of damaging 
the ceramic crowns. The marginal gap and internal 
fit might be among the important parameters, which 
could affect the clinical longevity of CAD/CAM, 
all ceramic crowns. Since the factors that might 
influence the vertical marginal gap could also affect 
the internal fit of CAD/CAM all ceramic restoration, 
it was found to be useful and realistic to discuss the 
results of the vertical marginal gap in conjunction 
and relation to the results of internal fit. The vertical 
marginal gap and the internal fit of crown restoration 
could be affected by the CAM fabrication technique, 
geometry of the preparation and strength of the 
ceramic material.25 This study investigated two 
types of monolithic ceramic system (translucent 
fully contoured zirconia crowns) that was in 
order to exclude the possible effect of veneering 
technique particularly on the vertical marginal gap. 
The vertical marginal gap without cementation 
was measured in order to exclude the effect of the 
cement material on the gap that is to limit the results 
to be only dependent on the accuracy of the milling 
machine. In other studies that evaluated vertical 
marginal gap; one measurement per each surface, 
giving four measurements per specimen. In the 
present study eight measurements were taken per 
each surface leading to thirty-two measurements per 
specimen. Increasing the number of measurements 
allowed obtaining more accurate information about 
the vertical marginal gap regardless of whether the 
measurement sites were selected in a predetermined 
or random manner as reported by Groten et al 
2000.26 Bindl A and Mörmann WH 200727 reported 
that clinically accepted marginal discrepancy for 
CAD/CAM fabricated all ceramic crown is 120 μm 
and marginal gap < 80 μm will not be visible in the 
oral environment. Although the vertical marginal 
gap of Incoris TZI crowns (59.17 ± 6.4 μm) 

appeared to be less than that of the Prettau crowns 
(96.91 ± 2.78 μm); both fall within the clinically 
acceptable range. Internal fit measurement for 
Incoris TZI (102 μm) crowns were also better than 
that of Prettau crowns (117 μm) and also came in 
agreement with the clinically acceptable range by 
Balaji N et al (2015)28. The better marginal gap 
and internal fit results of IncorisTZI crowns over 
that of Prettau could be justified in the light of 
the accuracy of the milling machine. Incoris TZI 
crowns were fabricated through milling in 5-axis 
milling machines while Prettau crowns were milled 
in 4-axis milling machine. Bosch G et al (2014)29 
reported that 5-axis milling machines proved to 
have better marginal gap and internal fit than that 
of 4-axis milling machines. Furthermore the size of 
the milling burs could possibly have an effect on the 
marginal and internal fit. The smaller diameter of 
Cerec MX5 carbide bur (2.5 mm used for milling of 
Incoris TZI) “Shaper 25 RZ” than that of ZirkonZahn 
M1 milling bur zirconia (3mm used for milling of 
Prettau) could be also held responsible for the better 
fit and marginal gap of Incoris TZI crowns than that 
of Prettau crowns. This scientific assumption could 
be in agreement with Bosch G et al (2014),21 who 
emphasized on the importance of smaller diameter 
milling burs in obtaining more accurately milled 
restoration. The difference in the marginal gap and 
internal fit between the two types of investigated 
zirconia could be attributed not only to difference in 
accuracy of the CAM processing machine, but also 
and more importantly to the degree of pre-sintering 
of each type of zirconia. Both Incoris TZI and 
Prettau zirconia are supplied from the manufacturer 
in a pre-sintered state. The degree of pre-sintering 
of Prettau is reported30 to be less than that of Incoris 
TZI, which means that Prettau was supplied in less 
harder state. The higher degree of pre-sintering of 
Incoris TZI could be held responsible for the better 
marginal and internal fit of Incoris TZI than that of 
Prettau. Beuer F et al 200822 reported that higher 
the degree of pre-sintering of zirconia results in a 
reduction of shrinkage factor and enables less sinter 
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distortion and subsequently better marginal integrity 
and internal fit. Moreover, Incoris TZI zirconia 
is reported to have higher mechanical properties 
than that of Prettau zirconia.31,32 Therefore it could 
be assumed that during the milling of Incoris TZI 
restorations, they were subjected to less chipping 
than those of Prettau restorations, with subsequent 
better adaptation around the margins and axial walls 
of the prepared dies. This scientific assumption 
could be in agreement with Shaker A, 201433 who 
found that the chipping behavior of machinable 
materials is related to its microstructure as the harder 
is the material the less chipping and subsequently 
better adaptation. The vertical marginal gap of the 
Incoris TZI crowns and Prettau crowns seemed to 
be in agreements with results of Balaji N Rajan et 
al (2015)20 and Ji MK et al ((2015) 34respectively.

Limitation of the study

There is limitation about this study that it involve 
only two types of monolithic zirconium other types 
should be included in further studies. Also there is 
no thermo-cycling aging for the crowns. 

CONCLUSIONS

Within the limitation of this study it could be 
concluded that Incoris TZI crowns showed better 
marginal integrity and internal fit than that of 
Prettau crowns. Both systems produce zirconium 
crowns that have marginal gap and internal fit that 
lay within the clinial acceptable range.
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