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Evaluation of marginal fit of 2 CAD-CAM
anatomic contour zirconia crown systems and
lithium disilicate glass-ceramic crown
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PURPOSE. This study was to evaluate the marginal fit of two CAD-CAM anatomic contour zirconia crown
systems compared to lithium disilicate glass-ceramic crowns. MATERIALS AND METHODS. Shoulder and deep
chamfer margin were formed on each acrylic resin tooth model of a maxillary first premolar. Two CAD-CAM
systems (Prettau®Zirconia and ZENOSTAR®ZR translucent) and lithium disilicate glass ceramic (IPS e.max®press)
crowns were made (n=16). Each crown was bonded to stone dies with resin cement (Rely X Unicem). Marginal
gap and absolute marginal discrepancy of crowns were measured using a light microscope equipped with a
digital camera (Leica DFC295) magnified by a factor of 100. Two-way analysis of variance (ANOVA) and post-
hoc Tukey’s HSD test were conducted to analyze the significance of crown marginal fit regarding the finish line
configuration and the fabrication system. RESULTS. The mean marginal gap of lithium disilicate glass ceramic
crowns (IPS e.max®press) was significantly lower than that of the CAD-CAM anatomic contour zirconia crown
system (Prettau®Zirconia) (P<.05). Both fabrication systems and finish line configurations significantly influenced
the absolute marginal discrepancy (P<.05). CONCLUSION. The lithium disilicate glass ceramic crown (IPS
e.max®press) had significantly smaller marginal gap than the CAD-CAM anatomic contour zirconia crown system
(Prettau®Zirconia). In terms of absolute marginal discrepancy, the CAD-CAM anatomic contour zirconia crown
system (ZENOSTAR®ZR translucent) had under-extended margin, whereas the CAD-CAM anatomic contour
zirconia crown system (Prettau®Zirconia) and lithium disilicate glass ceramic crowns (IPS e.max®press) had over-

extended margins. [J Adv Prosthodont 2015;7:271-7]
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INTRODUCTION

Zirconia has excellent aesthetic quality, biocompatibility,
and mechanical property. In addition, the price of zitconia
is inexpensive compared to gold. Thus, zirconia is getting
attention as a proper material for posterior teeth restoration
to teplace the existing ceramic.'” Commertcialization of zit-
conia is closely linked to the development of CAD/CAM
introduced to the dental industry 20 years ago.*® Recently,
the introduction of new CAD/CAM milling technology
and new zirconia made it possible to manufacture anatomic
contour zirconia crown, enabling the forming of occlusal
surface anatomically instead of in the form of porcelain
veneer.”® Anatomic contour zirconia crowns have excellent
fracture resistance property because it does not have super-
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structure. In addition, it has higher strength even when the
volume of tooth preparation is small during the manufac-
ture of a crown.” However, long-term clinical success of
dental restoration is influenced not only by mechanical
property, aesthetic quality, and biocompatibility, but also by
marginal fit. Large marginal gap causes failure of a crown
by dissolving dental cement so quickly that plaques easily
accumulate, leading to marginal leakage and secondary car-
ies.!™"" Through 7 vitro and 7n vive studies on marginal fit of
dental restorations, marginal fit has been proven to be one
of the major factors causing secondary caries and peri-
1216 Tt has been proven by McLean in 1971
that clinically allowable marginal fit is within 120 pm range
when fabricating a dental restoration.'”” Martinez-Rus has
reported that CAD/CAM ceramic crown has clinically
allowable matginal fit within the range of 17 to 118 pm."
Chamfer margins and shoulder margins were recommended to
fabricate the precise anatomic contour crowns."

Although computer-controlled technique is used in pro-
ducing dental restoration in order to improve the accuracy
during the manufacturing process, not enough studies have
been conducted on the marginal fit of anatomic contour
zirconia crowns fabricated using CAD/CAM system.
Therefore, the objective of this study was to compare the
marginal fit of anatomic contour zirconia crown to that of
lithium disilicate glass ceramic crown regarding the finish
line configuration and fabrication systems.

Null hypotheses for this experiment ate as follows: (1)
Finish line configuration has no influence on the marginal
fit of anatomic contour crowns; (2) Fabrication systems do
not affect the marginal fit of anatomic contour crown.

odontal diseases.

MATERIALS AND METHODS

An acrylic resin model of maxillary first premolar
(Columbia Dentiform Corp, Long Island City, NY, USA)
was prepared. Tooth reduction was uniformly conducted
with hand piece mounted in a milling machine (F4 basic,
DentsplyDeguDent, Germany, Fig. 1). Total occlusal con-
vergence angle was 12 degrees. An occlusal reduction of
1.5 mm at the center of the occlusal surface was executed.
The definitive die had a 1 mm shoulder and deep chamfer
margin on each mesiodistal and buccolingual marginal sur-
face (Fig. 2). Four reference points were formed at the mid-
dle of the buccal, palatal, mesial, and distal root sutface of
tooth margin for later measurements. The width of each
margin was managed by keeping it no wider than half of
the diamond tip used for preparation. A flat-end diamond
bur with 2.3 mm in diameter (Komet 6848.314.023; Gebr.
Brasseler GmbH & Co KG) was used for the shoulder mat-
gin. A tapered diamond bur with 2.1 mm in diameter
(Komet 6856.314.021; Gebr.Brasseler GmbH & Co KG)
was used for the chamfer margin. The widths of the mar-
gins were measured with a 3-dimensional measuring micro-
scope (Measuring microscope; Mitutoyo, Kawasaki, Japan)
to determine whether planned dimensions (1 mm shoulder
and chamfer) were achieved. Forty eight impressions of the
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resin tooth were obtained from the definitive die by using a
light viscosity and putty vinyl polysiloxane (Exaflex and
Exafine; GC Corporation, Tokyo, Japan). Forty eight impres-
sions were poured with type 1V die stone (suprastone, Kerr
Corporation, Orange, CA, USA). Each stone die was care-
fully removed from the impression and examined for the
presence of air bubbles or other defects.

Fig. 1. Photograpic view of the handpiece mounted
milling machine.

(a) 12 degrees

(

(d) shoulder

| Qeep chamfer

Fig. 2. Proximal view of tooth preparation on the die and
finish line configuration. (a) total occlusal convergence
angle; (b) occlusal reduction; (c) margin width; (d)
shoulder margin; (e) deep chamfer margin.
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Two CAD/CAM system (Prettau®Zirconia; Zirkonzahn
GmbH; Gais, Italy/ ZENOSTAR™ZR translucent; Wieland
Dental GmbH, Pforzheim, Germany) zirconia crowns and
IPS e.max®press (IvoclarVivadent AG, Schaan, Liechtenstein)
lithium disilicate glass ceramic crowns were divided into three
groups according to fabrication methods (n=16). Each
group was sub-categorized into two groups (shoulder mar-
gin, chamfer margin) based on the finish line configuration.
Therefore, a total of 6 groups were used in this study (n=8,
Table 1).

All crowns were fabricated with anatomical shape
according to the directions of manufacturing companies
for each fabrication system (Fig. 3). The 5-TEC CAD/
CAM system (Zirkonzahn GmbH; Gais, Italy) was used to
fabricate the Prettau®Zirconia crowns. The dies were scanned
sequentially with a SCANNER S600 ARTI (Zirkonzahn GmbH;
Gais, Italy). ZirkonzahnArchiv software (Zirkonzahn GmbH;
Gais, Italy) was used to design anatomic contour zirconia
crowns. The simulated die spacer was programmed at 30
um, starting at 1 mm ahead from the margin. The Prettau®
Zirconia blocks were milled with M5 milling machine
(Zirkonzahn GmbH; Gais, Italy). All specimens were fired
in a furnace (Zirkonofen600; Zirkonzahn GmbH; Gais,
Italy) at 1600°C. The ZENO TEC®System (Zenotec;
Wieland Dental GmbH, Pforzheim, Germany) was used to
fabricate the ZENOSTAR®ZR translucent crowns. The
dies were scanned sequentially with 3shape D250 (Wieland
Dental GmbH, Pforzheim, Germany). Anatomic contour

zirconia crowns were designed with design software (Dental
Designer; Wieland Dental GmbH, Pforzheim, Germany).
This information was transmitted to a milling machine
(Zenotec T1; Wieland Dental GmbH, Pforzheim, Germany).
The crowns were produced by milling the ZENOSTAR®
ZR translucent block and firing (Zenotec Fire; Wieland
Dental GmbH, Pforzheim, Germany) at 1450°C. The IPS
e.max®Press lithium disilicate glass ceramic crowns were
fabricated using the lost wax technique. Two coats of die
spacer were applied to the stone dies®” 1 mm above the cer-
vical end of the preparation to ensure good marginal fit.
The crowns were fabricated by pressure injection of ceramic
ingots in the Programat®EP5000 furnace (IvoclarVivadent
AG, Schaan, Liechtenstein) following the manufacturer’s rec-
ommendations.

Forty eight crowns were luted with resin cement (Rely X
Unicem, 3M ESPE, Seefeld, Germany) on the stone dies,
respectively. Finger pressure was then applied for ten min-
utes as in clinical situation. All crowns that were completely
bonded to stone dies were embedded with acrylic resin
(Caulk, Dentsply, Milford, DE, USA) for observation.
Cured resin blocks were cut in the middle of buccopalatal
and mesiodistal directions using linear precision saw
(Isomet 5000; Buehler Ltd., Lake Bluff, IL, USA) referring
to four reference points. Each reference point of every
sample was measured three times using a light microscope
equipped with a digital camera (Leica DFC295; Leica
Microsystems Ltd., Heerbrugg, Switzerland) and magnified

Table 1. Experimental groups depending on the fabrication system and finish line configuration used in this study

Fabrication system

Composition Finish line configuration

IPS e.max®press
(lvoclarVivadent AG,Schaan, Liechtenstein)

Prettau®Zirconia
(Zirkonzahn GmbH; Gais, Italy)

Lithium disilicate glass-ceramic

Deep chamfer (n=8)
Shoulder (n=8)

Deep chamfer (n=8)
Shoulder (n=8)

Presintered yttrium stabilized zirconium dioxide

ZENOSTAR®ZR translucent
(Wieland Dental GmbH, Pforzheim, Germany)

Deep chamfer (n=8)
Shoulder (n=8)

Fig. 3. Photograpic view of the three types of crown restoration: (A) Prettau®Zirconia; (B) ZENOSTAR®ZR translucent;
(C) IPS e.max®press lithium disilicate glass ceramic.
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Tooth Tooth

Fig. 4. Schematic diagram of crown and tooth with the
following measurement part: A, over-extended margin;
and B, under-extended margin. (m): marginal gap; (a):
absolute marginal discrepancy.

by a factor of 100.

The critetion proposed by Holmes ¢f a/?' was used to
measure the marginal fit. The marginal gap and the absolute
marginal discrepancy were measured. The perpendicular
measurement from internal surface of the crown to the
edge of the tooth finish line was defined as marginal gap.
The distance from the edge of the crown to the edge of
the tooth finish line was defined as absolute marginal dis-
crepancy (Fig. 4).

IBM SPSS Statistics 20 (IBM SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Two-way analysis of
variance (ANOVA) and post-hoc Tukey’s HSD test were
conducted to analyze significance of crown marginal fit
regarding the finish line configuration and the fabrication
system.

RESULTS

The mean marginal gap of shoulder and deep chamfer fin-
ish line configurations was 118.8 + 78.2 um and 109.0 £
83.3 pm in the Prettau®Zirconiagroup, 91.5 + 43.7 pm and
84.7 + 41.5 pm in the ZENOSTAR"ZR translucent group,
41.2 £ 31.0 pm and 40.5 £ 42.9 pm in the IPS e.max®press
group, respectively (Table 2). The two-way ANOVA showed
that the fabrication system significantly influenced the mar-
ginal gap (P<.05). There was no significant difference in
marginal gap depending on the finish line configuration,
and in the interaction between the fabrication system and
the finish line configuration (P>.05)(Table 3). According to
Tukey honestly significant difference (HSD) test results, the
marginal gap of IPS e.max®press was significantly smaller
than Prettau®Zirconia (P<.05). The mean absolute marginal
discrepancy of shoulder and deep chamfer finish line con-
figurations was 73.9 £ 32.9 um and 37.8 £ 37.1 um in the
Prettau®Zirconia group, -14.3 + 61.2 pm and -51.3 + 66.9
pm in the ZENOSTAR®ZR translucent group, 29.4 + 19.1

Table 2. The mean and standard deviations of marginal gap depending on fabrication system in each finish line configu

ration (unit: pm)
Shoulder Deep Chamfer
Fabrication system
Mean SD Mean SD
Prettau®Zirconia 118.82 78.2 109.0 83.3
ZENOSTAR®ZR translucent 91.5%0 43.7 84.7 41.5
IPS e.max®press 41.2° 31.0 40.5 42.9

Different superscripted lowercase letters in column indicate significant differences (P<.05).

Table 3. Two-way ANOVA results for effect of fabrication system, finish line configuration, and their interactions on

mean marginal gap

Source Sum of squares Degree of freedom Mean squares F-statistics P viaue
Corrected Model 44492.075% 5 8898.415 2.742 .031
Intercept 314466.469 1 314466.469 96.902 .000
Fabrication system 43922.085 2 21961.043 6.767 .003
Finish line configuration 396.175 1 396.175 122 729
zi;‘i‘r I'(')r;flgr?rs‘fy'ggﬂ'on 173.814 2 86.907 027 974
Error 136298.839 42 3245.210
Total 495257.383 48
Corrected Total 180790.914 47

a. R Squared = .246 (Adjusted R Squared = .156).
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Table 4. The mean and standard deviations of absolute marginal discrepancy depending on fabrication system in each

finish line configuration

(unit: pum)

Shoulder Deep chamfer
Fabrication system
Mean SD Mean SD
Prettau®Zirconia 73.9° 32.9 37.82 371
ZENOSTAR®ZR translucent -14.3° 61.2 -51.3° 66.9
IPS e.max®press 29.4¢ 19.1 22.52 20.5

Different superscripted lowercase letters in column indicate significant differences (P<.05).

“-” indicate the under-extended margin.

Table 5. Two-way ANOVA results for effect of fabrication system, finish line configuration, and their interactions on

mean absolute marginal discrepancy

Source Sum of squares Degree of freedom Mean squares F-statistics P viaue
Corrected Model 75951.4302 5 15190.286 7.955 .000
Intercept 12776.765 12776.766 6.691 .013
Fabrication system x 2350.913 2 1175.456 616 545
Finish line configuration
Fabrication system 65075.848 2 32537.924 17.040 .000
Finish line configuration 8524.668 1 8524.668 4.464 .041
Error 80197.311 42 1909.459
Total 168925.508 48
Corrected Total 156148.742 47

a. R Squared = .486 (Adjusted R Squared = .425)

um and 22.5 £ 20.5 um in the IPS e max press group,
respectively (Table 4). ZENOSTAR"ZR translucent had
undet-extended margin, wheteas Prettau®Zirconia and IPS
e.max*press had over-extended margin. The two-way ANOVA
analysis results showed that both the fabrication system and
the finish line configuration significantly influenced the
absolute marginal discrepancy (P<.05). There was no signif-
icant interaction between the 2 variables (P>.05)(Table 5).
Tukey honestly significant difference (HSD) test indicated a
significant difference between IPS e.max®ptess and ZENO-
STAR®ZR translucent, and also between Prettau® Zirconia
and ZENOSTAR®ZR translucent (P<.05).

DISCUSSION

This study examined the marginal fit of two CAD/CAM
anatomic contout zirconia crowns (Prettau®Zirconia of
ZikozahnandZENOSTAR®ZR translucent of Wieland
Dental) and lithium disilicate glass ceramic crowns (IPS e.
max®press of IvoclarVivadent) which are widely used clini-
cally. The null hypothesis that the fabrication system has no
influence on marginal fit of anatomic contour crowns was
rejected, whereas the other null hypothesis that the finish

line configuration has no influence on marginal fit of ana-
tomic contour crown was accepted.

Acrylic resin tooth was used in this study to simulate
clinical situation. Tooth preparation was conducted uni-
formly using surveyor milling machine. Each crown was
sectioned at the same position with four reference points.
To simulate the cementation of the clinical situation, finger
pressure was applied to each of the crowns for ten minutes.
In general, sectioning embedded specimens %% and direct
visualization®*?” are the two methods used to measure mar-
ginal fit. Direct visualization has an advantage that it is
measurable without destroying specimens, making it appli-
cable under clinical situation. However, it is hard to obtain
precise measurements by direct visualization.” The section-
ing method was used in this study in order to measure mar-
ginal fit precisely.

Our results revealed that the maximum marginal gap
was 118.8 £ 78.2 um when shoulder margin was formed on
crowns using Prettau®Zirconia. The amount of marginal
gap was in the clinically acceptable range according to
Martinez-Rus."® The marginal fit of restoration manufac-
tuted by CAD/CAM system was increased compared to the
IPS e.max®press system. Procedures added on computers
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caused some errors, although handwork errors were reduced
by the CAD/CAM system.”® The large matginal gap com-
pared to other studies are due to shrinkage error that could
increase before and after sintering due to the larger material
volume of anatomic zirconia crowns than zirconia copings.
The differences in marginal fit between each system result
from zirconia blocks with various shrinkage rates depend-
ing on manufacturing company, scanning process, size of
milling bur used, and the number of milling axis.

This study has some limitations. Finger pressure used
clinically to lute crowns on stone dies was not standardized.
Therefore, the use of a loading device is needed to apply
uniform load on all crowns. In addition, stone dies instead
of teeth were used to evaluate marginal fit of anatomic
contour crown. Although stone dies or resin dies have been
allowed to be used for evaluating marginal fit,***
human tooth would be ideal to simulate clinical procedure.

The results of this study suggest that IPS e.max®press is
better than Prettau®Zirconia regarding the marginal gap
when fabricating an anatomic contour crown. Further study
and clinical applications should be performed to compen-
sate for the shrinkage of zirconia that might happen during
the fabricating procedure. The development of CAD/CAM
technology is needed to produce more accurate milling pro-
cess.

the use of

CONCLUSION

Within the limitations of this study, we have the following
conclusions: 1) IPS e.max®press had significantly smaller mar-
ginal gap than Prettau®Zirconia; 2) Finish line configuration
did not show significant influence on the marginal gap; 3) In
terms of absolute marginal disctepancy, ZENOSTAR"ZR
translucent had under-extended margins, whereas Prettau®
Zirconia and IPS e.max®press had over-extended margins;
4) The measured marginal gaps of the two CAD/CAM
anatomic contour zirconia crown and lithium disilicate glass
ceramic crown were within the range of clinical acceptance.
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