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AbstrAct
Objectives: This in-vitro study investigated the marginal fit of two all-ceramic copings with 2 fin-

ish line designs. 
Methods: Forty machined stainless steel molar die models with two different margin designs 

(chamfer and rounded shoulder) were prepared. A total of 40 standardized copings were fabricated 
and divided into 4 groups (n=10 for each finish line-coping material). Coping materials tested were 
IPS e.max Press and Zirkonzahn; luting agent was Variolink II. Marginal fit was evaluated after ce-
mentation with a stereomicroscope (Leica MZ16). Two-way analysis of variance and Tukey-HSD test 
were performed to assess the influence of each finish line design and ceramic type on the marginal 
fit of 2 all-ceramic copings (α =.05).

Results: Two-way analysis of variance revealed no statistically significant differences for mar-
ginal fit relative to finish lines (P=.362) and ceramic types (P=.065). 

Conclusion: Within the limitations of this study, both types of all-ceramic copings demonstrated 
that the mean marginal fit was considered acceptable for clinical application (≤120 μm). (Eur J Dent 
2012;6:163-168)
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All ceramic materials are widely used in den-
tistry for restoring anterior and posterior teeth to 
provide a metal-free structure and esthetic appear-
ance.1-3 

Ceramic crowns/copings can be made from dif-
ferent high-strength ceramic materials, and vari-

ous manufacturing processes can be used. Today 
stronger and tougher ceramic materials are avail-
able, such as a lithium disilicate-reinforced glass 
ceramic (IPS e.max Press; Ivoclar Vivadent, Schaan, 
Liechtenstein) or a partially yttrium-stabilized zir-
conium oxide ceramic (Zirkonzahn; Zirkonzahn 
GmbH, Bruneck, Italy). The flexural strength of IPS 
e.max Press (Ivoclar Vivadent) is in the range of 360-
400 MPa,4 whereas that of Zirkonzahn (Zirkonzahn 
GmbH) ranges from 680 to 1140 MPa.5 IPS e.max 
Press (Ivoclar Vivadent) was introduced in 2005 as 
an improved press-ceramic material compared to 
IPS Empress II (Ivoclar Vivadent). It also consists of 
a lithium-disilicate pressed glass ceramic, but its 
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physical properties and translucency are improved.6 
The heat-pressing technique can be used for the 
fabrication of copings and is based on the lost-wax 
principle. Prefabricated ceramic ingots of lithium-
disilicate ceramic are heated and then pressed into 
the lost-wax form of the crown coping.7 The Zirkon-
zahn system is a direct ceramic machining system 
that uses a scanning and machining process. The 
device used in the process, called a Zircograph, has 
scanning and milling tips. A model of the die of the 
prepared tooth is made with a resin-based materi-
al. During scanning of the model, the other tip of the 
device mills the partially stabilized zirconia blocks 
(Zirkonzahn; Zirkonzahn GmbH). The milled speci-
men is 25% enlarged to compensate for shrinkage 
after the sintering process at 1400° C.8

All ceramic restorations must ensure require-
ments for strength and precision of marginal fit 
for clinical success.9 Marginal fit is one of the most 
important criteria for the long-term success of all-
ceramic crowns. Increased marginal discrepancies 
expose the luting material to the oral environment, 
thus leading to cement dissolution and microleak-
age.10 The cement seal becomes weak, permits the 
percolation of bacteria, and can cause inflammation 
of the vital pulp.11 In-vivo studies have provided evi-
dence that a large marginal discrepancy in a fixed 
restoration correlates with a higher plaque index 
and reduced periodontal conditions.12-15 

Types of finish lines1,17-28 and ceramic manufac-
turing technique26,29-31 are the factors that have been 
investigated for all-ceramic crowns. Heavy cham-
fers and rounded shoulder finish lines have been 
advocated for all-ceramic crowns, as well.32 

The purpose of this in-vitro study was to assess 
whether different finish lines or ceramic types have 

an effect on the marginal fit of two all-ceramic cop-
ings. The null hypothesis to be tested was: Marginal 
fit of two all-ceramic copings was not influenced by 
finish lines or ceramic types.

MAtErIALs And MEtHods
Forty machined stainless steel die models were 

prepared in a lathe (Tessan, Czech Republic) to 
simulate full-coverage all-ceramic crown prepa-
rations for a mandibular molar. Preparations were 
standardized with a height of 4 mm and a total con-
vergence angle of 4 degrees (Figure 1). Two finish 
line designs were prepared: chamfer (C) and shoul-
der with rounded axiogingival internal line angle (S) 
(Figure 2).

Impression making and fabrication of copings;
Each metal model was duplicated with vinyl poly-

siloxane impression material (Elite H-D; Zhermack, 
Rovigo, Italy) and poured in type IV dental stone 
(Elite Rock; Zhermack) for the fabrication of work-
ing dies. The dies of copings for IPS e.max Press (E) 
(Ivoclar Vivadent) and Zirkonzahn (ZZ) (Zirkonzahn 
GmbH) were relieved with 3 layers of die spacer 
(Aqua-Fit; Renfert GmbH, Hilzingen, Germany) ap-
plied 0.5 mm short of the margin. A steel template 
was used to fabricate the all-ceramic core materi-
als in standard conditions. A total of 40 standard-
ized copings (n=20 for each finish line) were fabri-
cated. Twenty E copings were produced by using a 
heat press technique. Copings were waxed to their 
proper shape using the steel template and invested 
with a special type of phosphate-bonded invest-
ment material (IPS-PressVEST Speed; Ivoclar Viva-
dent). After the burn-out of the wax analogue in the 
conventional pre-heating furnace, ceramic ingot 

Figure 1. Illustration of steel die (mm). Figure 2. Finish line designs. A) Rounded shoulder preparation; curvature radius 

(R) of axiogingival internal line angle is 0,5 mm. B) Chamfer preparation; curvature 

radius (R) of axiogingival internal line angle is 1,0 mm.
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(IPS e.max Press; Ivoclar Vivadent) was plastified at 
920º C and pressed under vacuum into the invest-
ment mold in the furnace (EP 600; Ivoclar Vivadent). 

Copings for ZZ were fabricated using Zirkonzahn 
T-RIGID (Zirkonzahn GmbH) on the dies with the 
guidance of the steel template. The copings were 
fabricated with the copy milling technique using 
partially sintered zirconium oxide blocks (Zirkon-
zahn; Zirkonzahn GmbH). The copings were then 
sintered at in an oven (Keramikofen 1500; Zirkon-
zahn GmbH) at 1500° C for 8 hours. The specimens 
were then divided into 4 groups (n=10 for each finish 
line-coping material), each of which were assigned 
a code for finish line and coping identification (Table 
1).

The same examiner visually assessed the mac-
roscopic fit of all copings on the steel dies before 
cementation. Copings that had deficiencies at the 
margins were not included in the study. The intaglio 
surfaces of the copings were then checked for fit 
with an aerosol indicator-marking spray (Okklufine 
Premium; FINO GmbH, Bad Bocklet, Germany). Any 
discontinuity of spray that indicated fitting surface 
interferences was eliminated with a small diamond 
bur (Mani Dia-Burs; Mani Inc, Tochigi-Ken, Japan) 
under copious water irrigation. Vertical seating of 
copings was improved by adjusting the intaglio sur-
faces.

Cementation of ceramic copings;
Before cementation, all copings were thoroughly 

cleaned for 15 minutes with distilled water in an ul-
trasound bath (Whaledent Biosonic JR; Whaledent 
International, New York, USA). In the E group the 
ceramic surfaces were etched with 5% hydrofluoric 
acid (HF) (IPS ceramic etching gel; Ivoclar Vivadent) 
for 20 seconds, rinsed with water, and dried with air. 

A layer of silane coupling agent (Monobond-S; Ivo-
clar Vivadent) was applied to the surfaces and dried 
again. A thin layer of bonding agent (Heliobond; Ivo-
clar Vivadent) was applied to the intaglio surface of 
E copings. Two-component dual polymerizing resin 
cement (Variolink II translucent; Ivoclar Vivadent) 
was used for seating the copings on the metal dies. 
Excess cementation material was removed with a 
cotton pellet. The cement was light-polymerized for 
40 seconds on each side of the coping for a total time 
of 200 seconds. The light tip of the polymerizing unit 
(Bluephase; Ivoclar Vivadent) was used without any 
distance at an intensity of 450 mW/cm2. The inter-
face was covered with a protective gel (Oxyguard; 
Kuraray, Okayama, Japan) for 3 minutes in order to 
prevent polymerization inhibition by the oxygen in 
the air. Finger pressure was also applied during the 
setting time. This condition was used to reproduce 
the clinical situation as closely as possible. 

For the ZZ copings, single-component priming 
agent (Metal/Zirconia Primer; Ivoclar Vivadent) was 
applied both on the surfaces of metal dies and the 
intaglio surfaces of the ZZ copings. After waiting for 
3 minutes, the specimens were dried with air. A si-
lane coupling agent (Monobond S; Ivoclar Vivadent) 
was applied to the ceramic surfaces for 60 seconds, 
and dried with air. A thin layer of bonding agent (He-
liobond; Ivoclar Vivadent) was applied to the intaglio 
of the ceramic surfaces, and air-dried again. The 
cementation procedure was as the same as the E 
group.

Marginal fit evaluation;
The marginal fit was evaluated by measuring 

the gap between the edge of the coping and the 
prepared steel die margin. The measurements 
were made perpendicular to the steel dies’ axis. 

Test groups (N=40 copings)

Chamfer (C )(n=20) Rounded shoulder (S)(n=20)

E-max press (E) (n=20) EC ES

Zirkonzahn (ZZ) (n=20) ZZC ZZS

Table 1. Specimen groupings.

Table 2. Results of 2-way ANOVA for marginal fit data.

n=10 for each group (coping material-margin design).

df Sum of Squares Mean Square F P

Finish line 1 483.025 483.025 .852 .362

Ceramic type 1 2059.225 2059.225 3.633 .065

Finish line*Ceramic 
type

1 .625 .625 .001 .974
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For marginal analysis a stereomicroscope (Leica 
MZ16; Leica Microsystems CMS GmbH, Heerbrugg, 
Switzerland) combined with a computer system 
was used to evaluate marginal gaps. The camera 
(Leica IC3D; Leica Microsystems, Germany) repro-
duced X46 magnification so that a video image of 
the marginal gap could be examined using special 
software (Leica StereoExplorer software; Leica Mi-
crosystems). At four different points (midvestibular, 
-distal, -lingual, -mesial) the distance between the 
edge of the coping and the prepared steel die mar-
gin was measured using image analysis software 
(Leica StereoExplorer software; Leica Microsys-
tems). Three measurements, made at each of the 
four positions, for a total of 12 measurements per 
crown, were performed. The mean of 12 values rep-
resented the mean marginal fit value for each cop-
ing. A millimeter calibration slide was used during 
each viewing session at the same magnification and 
referenced for calibration. All measurements were 
performed three times by the same investigator.

Statistics;
The means and standard deviations of marginal 

fit values per group were used for statistical analy-
sis (SPSS 13.00 for Windows; SPSS Inc, Chicago, IL, 
USA). Statistical inferences among the groups were 
made using 2-way analysis of variance (ANOVA) 
and the Tukey honestly significant difference tests 
(Tukey HSD) (α=.05). 

rEsuLts
The mean marginal fit values (μm) of groups 

were as follows: ZZC (119.8 ± 24.69), ZZS (112.6 ± 
22.9), EC (105.2 ± 21.33), ES (98.5 ± 26.04). As seen 
in Table 2, the 2-way ANOVA indicated that there 
were no significant differences in the mean mar-
ginal fit values for both finish lines (P=.362) and 
ceramic types (P=.065). Although not found statisti-
cally significant, E copings revealed better marginal 
fit than ZZ copings and both ZZ and E copings re-
vealed better marginal fit on shoulder preparations 
than chamfer preparations. Tukey HSD revealed 
that there were no significant differences among 
groups (P=.207). 

dIscussIon
In this study marginal fit of two all-ceramic cop-

ings with two finish line designs was investigated. 
The results obtained verified the null hypothesis. 

The findings agreed with the previous studies23,26 
which reported that the type of finish line design 
did not influence the marginal adaptation of all-ce-
ramic copings. In the literature similar to this study, 
Quintas et al26 investigated in vitro vertical mar-
ginal discrepancy of ceramic copings with different 
ceramic materials, finish lines, and luting agents. 
Marginal accuracy of Procera, In-ceram and Em-
press 2 copings were evaluated before and after 
cementation. According to Quintas et al,26 type of 
margin did not influence the marginal adaptation; 
ceramic type was the only significant factor tested 
that influenced vertical marginal discrepancy. How-
ever, in this study neither ceramic types nor finish 
line designs influenced the marginal adaptation of 
copings. Although the two ceramic systems tested 
have different microstructures and use different 
fabrication techniques, manufacturing of both E 
and ZZ copings involved the use of three layers of 
die spacer. According to studies,33,34 the three layers 
of die spacer resulted in 40 μm of internal relief. In 
addition, for the two types of ceramic copings, in-
ternal relief was made according to manufacturer’s 
instructions.

Although not found statistically significant, E 
copings showed better marginal fit than ZZ cop-
ings. Both E and ZZ copings showed better mar-
ginal fit on shoulder preparations than chamfer 
preparations. This may be due to the differences 
in fabrication methods. In pressed ceramics, sin-
tering shrinkage during firing may be avoided be-
cause it is fabricated by the lost-wax technique. In 
this technique, the complete contour wax pattern 
is invested and a ceramic ingot is pressed into the 
resultant investment mold. The thermal expansion 
of the investment material is matched to that of the 
ceramic material. Because the ceramic is pressed 
directly into the investment to the full extent of the 
wax pattern, this method is simple and quicker than 
the ZZ system. In the ZZ system, by comparison, the 
coping is subjected to distortion and shrinkage dur-
ing the sintering stage. This may consequently have 
a negative effect on marginal adaptation. Moreover, 
the adaptation of zirconia copings may be affected 
by the milling process and size of milling burs. 

In clinical practice, natural teeth show a large 
variation because of their age and individual struc-
ture, thus causing difficulties in getting standard-
ized abutments. Therefore, in this study two types 
of standardized steel dies were used for the mea-
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surement of marginal fit. Komine et al,23 Quintas et 
al,26 and Iwai et al,35 similar to this study, used ma-
chined steel dies in their studies. 

In the present study, the adaptation of copings 
was assessed without porcelain veneering because 
the copings principally define the overall adaptation 
of veneered crowns.23,35,36 For marginal analysis, a 
stereomicroscope combined with a computer sys-
tem was used to evaluate marginal gaps. Some au-
thors16,29,32,37,38 also used stereomicroscopes in their 
studies. Bindl et al39 and Naert et al29 measured 
the distance between the outline of the tooth/die 
and the coping margin at four points (midvestibu-
lar, -mesial, -distal and -lingual) when determining 
the marginal discrepancy. However, four measure-
ments are not representative of the marginal gap 
in one specimen. Therefore, in the present study, 
three measurements were made at each of four po-
sitions of a coping, with a total of twelve measure-
ments per coping performed. The measurements 
were made at the same coordinates. Holden et al40 
and Goldin et al41 used the same measurement 
method in their studies. 

There were some limitations in this study. Mar-
ginal fit of copings before cementation and internal 
adaptation of copings were not determined. The 
seating force applied was finger pressure, which 
can be reproduced clinically. However, finger pres-
sure is variable and the pressure cannot be stan-
dardized. 

Moreover, cemented copings were not subjected 
to thermal cycling. Thermal cycling is one of the im-
portant factors that affect the long-term marginal 
fit of crowns. Factors that affect the marginal and 
internal adaptation of all ceramic copings require 
further investigations supported with clinical trials. 

concLusIon
Within the limitations of this study, the following 

conclusions can be derived:
1. The mean marginal discrepancies found in this 

study were within the clinically acceptable standard 
(120 µm) according to McLean and Fraunhofer’s 
study.42

2. Finish line designs or ceramic types did not in-
fluence the marginal fit of all ceramic copings used 
in this study (P>.05). Although ceramic type fac-
tor was not found statistically significant (P=.065), 
mean marginal fit values of ZZ copings were higher 
than E copings. Both ZZ and E copings presented 

better marginal fit on shoulder preparations than 
chamfer preparations.
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