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Abstract
Objectives The purpose of this in vitro study was to compare
the precision of fit of frameworks milled from semi-sintered
regular zirconia and high-translucent (HT) zirconia blanks,
fabricated with two different CAD/CAM systems.
Material and methods Three-unit, posterior fixed dental pros-
theses (FDP) frameworks were fabricated for standardized
dies (n = 11) with two different laboratory computer-aided
design (CAD)/computer-aided manufacturing (CAM) sys-
tems (Cercon/Ceramill). The replica technique was used to
evaluate the marginal and internal fit under an optical micro-
scope. Evaluation of the data was performed according to
prior studies at a level of significance of 5%.
Results The systems showed a statistically significant influ-
ence on the internal fit of the frameworks (p ≤ 0.001) and on
the marginal fit (p < 0.001). The type of material showed no
influence on the marginal fit for the Cercon system (p = 0.636)
and on the marginal fit (p = 0.064) and the internal fit
(p = 0.316) for the Ceramill system, while regular zirconia
from Cercon showed higher internal values than HT zirconia
(p = 0.016).
Conclusions and clinical relevance Both investigated systems
showed clinically acceptable values within the limitations of
this in vitro study. However, one showed less internal accura-
cy when regular zirconia was used.

Keywords Fixed dental prosthesis . Computer-aided design/
computer-aidedmanufacturing . Pre-sintered zirconia .
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Introduction

With growing awareness of biocompatibility and esthetics,
patients prefer metal-free restorations for posterior fixed den-
tal prostheses (FDP). Especially in this area of the mouth,
where the biting forces are at a maximum, the requirement
of the ceramics for FDP fabrication regarding strength and
fracture toughness has come into the focus of preclinical and
clinical interventions. Different high-strength ceramics are
now available [1], in which yttria-stabilized zirconia has
evolved as the material of choice for the clinical use of poste-
rior FDPs [1–3]. Zirconia unites many positive characteristics
of dental ceramics such as biocompatibility, low plaque reten-
tion, absence of allergies, and no metallic conduction, but
shows a high opacity being a disadvantage regarding the es-
thetic outcome with high clinical relevance. Recent studies by
Stawarczyk et al. showed the influence of the sintering tem-
perature on the translucency of zirconia [4]. High-translucent
materials are suitable for anterior restorations, as achieving
natural esthetics is easier than that with regular opaque
zirconia.

Fully sintered blanks were fabricated from a process
known as hot isostatic pressing (HIP). These blanks stand
out due to excellent fitting because a second sintering is not
required [5–7]. Mentionable disadvantages are the extended
milling time and the increased wear of the milling burs in
computer-aided manufacturing (CAM) machines [5–7].
Another method uses semi-sintered blanks. These blanks have
a chalk-like consistency so that they show less resistance dur-
ing the milling process [1, 6, 8–10]. In this approach, the
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substructure or monolithic restoration is sintered to full densi-
ty after the first sintering process. A relevant disadvantage of
this concept, the sinter shrinkage observed after the second
sintering, which amounts to 15–30%, can influence the fit of
the framework significantly [2, 11]. Studies working with
milling densely sintered blanks reported no secondary caries
[7, 12]. So, it might be concluded that compensation of the
sinter shrinkage leads to a clinical problem of early systems
milling pre-sintered blanks [2, 11].

The internal and especially the marginal adaption of FDPs
are of paramount importance for the long-term clinical success
of a restoration. There is a consensus between various authors
that marginal openings below 120 μm in in vivo studies are
clinically acceptable [13–16]. Some authors postulate margin-
al gap widths of 50–75μm [17, 18], although gaps of less than
80 μm are difficult to detect in clinical practice. For in vitro
studies, the obtained results should be better than those in
in vivo studies, because they offer ideal conditions. A poor
fit could increase plaque accumulation which might lead to
periodontal disease and therefore to bone loss [2, 11, 19–24]
or an increased risk for secondary caries. The internal fit is
also important for the durability of the restoration. The frac-
ture strength is significantly reduced by cement layers above
70μm,which Tuntiprawon examined for aluminous porcelain
jacket crowns [25].

The fitting of pre-sintered zirconia FDPs showed clinically
acceptable results [11, 26], but, to the authors’ best knowl-
edge, there is no data on the accuracy of high-translucent
zirconia.

The null hypothesis of this study is that both computer-
aided design (CAD)/CAM systems produce marginal gap
widths below 120 μm and that there is no difference between
both systems and materials.

Material and methods

A standardized cast model with a missing mandibular right
first molar was used (Fig. 1). The second premolar and the
second molar had a 360° chamfer preparation. Forty-six im-
pressions were made (Adisil blau, Siladent Dr. Boehme und
Schoeps GmbH, Goslar, Germany) and poured in class IV
resin-reinforced die stone (ResinRock, Whip Mix Corp,
Louisville, KY). This die stone had an improved surface
smoothness and an increased resistance to abrasion, which
was necessary for this study.

The models were tested for defects. If there was a defect, a
new model was produced. Forty-four models were consecu-
tively numbered; two models were used for prestudies.

The appropriate cement space thickness of each CAD/
CAM system was determined as follows:

Three frameworks were designed with each of the CAD/
CAM systems having three different cement spaces. After

milling and sintering, the frameworks were returned to their
respective dies and internal impressions were made
(Xantopren L blau, Heraeus Kulzer GmbH, Hanau,
Germany) and evaluated visually. The frameworks with the
best fitting under finger pressure were chosen for the study.
For the CAD/CAM system, Cercon, a virtual cement space of
50 μm was selected, while Ceramill required a virtual cement
space of 40 μm. The same calibrated investigator fabricated
all specimens.

A technician with more than 15 years CAD/CAM experi-
ence instructed the investigator in prestudies to manufacture
FDPs in the same quality.

Laboratory CAD/CAM systems

Cercon (DeguDent)

The procedure was described in previous studies [27]:
A laser scanner (Cercon eye, DeguDent, Hanau, Germany)

performed the digitalization of the dies, and the frameworks
were designed in the CAD program of the system (Cercon art,
DeguDent). A wall thickness of 0.5 mm, which was the min-
imum for zirconium oxide frameworks and preinstalled at the
program, and a virtual cement layer of 50 μm were used. The
connector cross section was set at least at 9 mm2.

Twenty-two pieces of the designed framework were fabri-
cated—11 from regular zirconia and 11 from HT zirconia—
using the CAM unit of the system (Cercon Brain). The chem-
ical compositions are stated in Tables 1 and 2.

The frameworks were milled from semi-sintered zirconia
blanks (Cercon base disk 20, DeguDent) and semi-sintered
HT zirconia blanks (Cercon HT, DeguDent). Every frame-
work was milled from a separate disk. The milled, enlarged
frameworks were sintered to full density at a temperature of
1623 K for zirconia for 8 h and 1773 K for HT zirconia for
8.5 hours.

Ceramill (Amann Girrbach)

A laser scanner (Ceramill map 300, Amann Girrbach,
Koblach, Austria) performed the digitalization of the dies

Fig. 1 A solid FDP model of gypsum
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and the CAD program of the system helped design the frame-
works (Ceramill mind, Amann Girrbach). Awall thickness of
0.5 mm and a virtual cement layer of 40 μm were used. The
surface area of the connector cross section was set at least at
9 mm2.

Twenty-two frameworks, 11 of zirconia and 11 of HT zir-
conia, were fabricated using the laboratory CAM unit of the
system (Ceramill motion). The chemical compositions are
stated in Tables 3 and 4.

The frameworks were milled from semi-sintered zirconia
blanks (Ceramill Zi, Amann Girrbach) and semi-sintered HT
zirconia blanks (Ceramill Zolid, Amann Girrbach). Every
framework was milled from a separate disk. The milled, en-
larged frameworks were sintered to full density at temperature
of 1723 K for both materials resulting in shrinkage to the
desired dimensions. To calculate the shrinkage, the CAD/
CAM program required a special factor for each material.
Ceramill Zi needed a factor of 4.0, while Ceramill Zolid need-
ed a factor of 7.0, which was stated on the blanks.

After this, all frameworks were examined for deformity
and debris, then steam-cleaned (Triton SLA, Bego, Bremen,
Germany). An experienced dental technician adapted the
frameworks to the dies. To identify areas that needed correc-
tion, color (Bite-X Articulating Paste, Asami Tanaka Dental
Enterprises Europe GmbH, Friedrichsdorf, Germany) was ap-
plied onto the die, and the framework was placed without
force [28]. The technician removed the red spots with a dia-
mond rotary cutting instrument (Komet 8801014, Brasseler)
with water-cooling spray and he kept on until the spots disap-
peared and the restoration had a good clinical seat and a cor-
rect marginal closure without imperfections. Time for adap-
tion was recorded (t < 5 min).

To measure the marginal and internal fit of the FDP,
the replica technique described by Reich et al. was ap-
plied [11, 29, 30]:

The frameworks were filled with a light-body silicone
(President light body green, Coltène, Konstanz, Germany)
and the FDP substructure was placed on its die with finger
pressure. After the light-body silicone was set, the framework

was removed and the thin silicone film stabilized by injecting
a heavy-body silicone (President heavy body, Coltène)
(Figs. 2, 3). After removing the replicas, they were sectioned
with a scalpel (Feather disposable scalpel blade no.11, Feather
Safty Razor Co., Ltd., Osaka, Japan): premolar replicas were
divided into four pieces by a mesio-distal and a bucco-lingual
section, and molar replicas were divided into six pieces by
further bucco-lingual section (Fig. 4). With a microscope
(Axioskop 2 Mat, Zeiss, Oberkochen, Germany), the gap
width between the FDP and die was measured at a magnifica-
tion of 50:1. A digital camera (D 100, Nikon, Tokyo, Japan)
was connected with the microscope and the photographs were
transferred to the imaging data program (Optimas 6.5, Media
Cybernetics, Silver Spring, MD, USA) (Fig. 5).

The measurement was provided by an employee for tech-
nology and materials. The principal investigator was calibrat-
ed in a prestudy to achieve a precision of 90% and a trueness
of 5 μm as described in prior studies [31]:

A series of points was set manually with the mouse of the
computer on the junction between the light- and heavy-body
silicone to get the first reference line. To establish the second
line, a series of points was placed on the junction of light-body
silicone and the abutment. The computer program connected
two points from one side, and a perpendicular line was
dropped from a point of the opposite border. The length of
the perpendicular line corresponded to the cement gap in mi-
crons (μm).

For a better comparison, the measurements were divided
into four different areas of interest: marginal gap, chamfer
area, axial area, and occlusal area according to prior publica-
tions [28, 31].

Marginal gap: Closest distance between die and
framework.

Chamfer area: The internal adaptation of the framework at
the point of the biggest diameter.

Table 3 The chemical
composition for Ceramill
zirconia (in mass
percent)

ZrO2+HfO2+Y2O3 >99.0

Y2O3 4.5–5.4

HfO2 <5

Al2O3 <0.5

Other oxides <0.5

Table 4 The chemical
composition for Ceramill
zollid (ht) (in mass
percent)

ZrO2+HfO2+Y2O3 >99.0

Y2O3 4.5–5.4

HfO2 <5

Al2O3 <0.5

Other oxides <0.5

Table 1 shows the
chemical composition
for Cercon zirconia (base
disk) in mass percent ( a
total of 100)

ZrO2

Y2O3 5

HfO2 <2

Al2O3+SiO2 <1

Table 2 The chemical
composition for Cercon
ht in mass percent (a total
of 100)

ZrO2

Y2O3 5

HfO2 <3

Al2O3+SiO2 <1
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Axial area: The internal adaptation of the crown
walls at the midpoint of the axial wall (2 mm occlusal
to the margin of the die).

Occlusal area: The internal adaptation of the inner surface
of the framework to the die at the midpoint from the facial and
proximal area.

Statistics

The statistical analysis was performed using SPSS version
21.0 (SPSS Germany, Munich, Germany). Descriptive statis-
tics was calculated. Data were tested for normal distribution
by the Shapiro-Wilk test. The medians of the gap dimensions
of each group were statistically analyzed with a non-
parametric test (Mann-Whitney U test) as the data were not
normally distributed. The level of significance was set at 5%.

Results

Tables 5 and 6 show the number (N) of measure points at M
and CAO, the lower quartile (Q0.25), the median (Q0.5), and
the upper quartile (Q0.75) in micrometers (Figs. 6, and 7).

The median adaptation gap dimensions for Cercon were
27 μm (marginal M) and 57 μm (chamfer area, axial, occlusal
CAO). Regular zirconia from Cercon showed a median of
27 μm (M) and 59 μm (CAO) and that of HT zirconia of
26 μm (M) and 55 μm (CAO).

Ceramill frameworks showed median adaptation gap di-
mensions of 21 μm (M) and 43 μm (CAO). Regular
Ceramill zirconia showed a median of 20 μm (M) and
42 μm (CAO) and HT that of zirconia of 22 μm (M) and
44 μm (CAO).

The median internal and marginal gap widths of both sys-
tems were significantly different (p < 0.001).

The median marginal gap widths for Cercon showed no
significant difference between zirconia and HT zirconia
(p = 0.636). Also, the median marginal gap values for
Ceramill showed no significant difference between the exam-
ined materials (p = 0.064) just like the internal fit (p = 0.316),
while the median internal gap values for Cercon were

Fig. 5 Split image of a premolar using the replica technique under 50×
magnificationFig. 3 The intact replica before cutting with scalpel

Fig. 2 The stabilized replicas. Lines indicate the cutting with scalpel

Fig. 4 Replica after sectioning with a scalpel
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significantly different between the two materials (p = 0.016).
Regular zirconia from Cercon showed higher internal values
than HT zirconia. To the authors’ best knowledge, there are no
data on the accuracy of high-translucent zirconia so that no
comparison can be drawn.

The median internal fit for Cercon between both tested
materials was significantly different, while no differences be-
tween the materials by Ceramill were detected.

Discussion

The consensus between various authors is that a clinically
acceptable marginal opening is below 120 μm for in vivo
studies. Weaver et al. [18] postulated an acceptable marginal
gap width for full crowns of 70 (±10) μm, while Hung et al.
suggested 50–75 μm [17]. For CAD/CAM-fabricated all-
ceramic crowns, marginal gap widths of 23–74 μm were re-
ported in the literature [19, 32, 33]. Both systems and mate-
rials tested in the present in vitro study showed a clinically
acceptable marginal median gap dimension of 20–27 μm, so
that the null hypothesis can be accepted.

Ceramill showed lower values than Cercon, but the differ-
ence was so low (≤17 μm) that it presumably does not affect
clinical use. Also, the differences (≤10 μm) between the ma-
terials of one system were scarcely of any importance in daily

clinical use. The median internal adaption (CAO) also showed
acceptable results, but the values were lower than in those
further studies [27, 28, 31]. Tuntiprawon and Wilson exam-
ined the fracture strength of aluminous porcelain jacket
crowns [25]. Their study showed that cement layers between
73 and 122 μm at the axial wall reduce the compressive
strength without any significant improvement of seating. In
this in vitro study, the values were lower, but the present data
did not indicate any contact between the die and framework,
which might have been visible in the replicas. To increase the
cement layer, a higher spacer parameter had to be set, which
directly increases the internal gap width. Further studies are
needed to examine the fitting and the fracture strength of both
systems and materials in vivo and in vitro, because the
Tuntiprawon study does not directly refer to zirconia.
Another aspect is that thin cement layers (80 μm) in the oc-
clusal area are more favorable for mechanical stability [34]

Fig. 6 Box plot of the internal fit with whiskers from minimum to
maximum, lower quartile, median, and upper quartile

Fig. 7 Box plot of the marginal fit with whiskers from minimum to
maximum, lower quartile, median, and upper quartile

Table 5 The number (N) of marginal (M) measure points, the lower
quartile (Q0.25), the median (Q0.5), and the upper quartile (Q0.75) in
micrometers

System Material N Q0.25

M
Q0.5

M
Q0.75

M

Cercon Zirconia 143 17 27 36

ht 149 19 26 37

Both 292 18 27 36

Ceramill Zirconia 150 15 20 28

ht 140 15 22 35

Both 290 15 21 31

Table 6 The number (N) of measure points at the chamfer area, axial
wall, and occlusal area (CAO), the lower quartile (Q0.25), the median
(Q0.5) and the upper quartile (Q0.75) in micrometers

System Material N Q0.25

CAO
Q0.5

CAO
Q0.75

CAO

Cercon Zirconia 435 37 59 90

ht 453 28 55 87

Both 888 33 57 88

Ceramill Zirconia 455 29 42 74

ht 418 30 44 80

Both 873 30 43 77
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and a higher precision in internal fit can reduce the risk for
veneering fracture [35]. Both systems and materials could
fulfill this requirement.

In vitro studies offer standardized and optimized con-
ditions. Only one cast model was used so that the prep-
aration design was the same for all the examined frame-
works. Therefore, the results of the present study show
the fit of CAD/CAM systems under ideal conditions.
CAD/CAM technologies involve scanning, software,
and machine procedures. Each single step could lead
to inaccuracy of fitting such as an inadequate spacer
parameter or inadequate calculated sinter shrinkage. To
avoid this, prestudies were done to find out the right
spacer parameter for each system. Both tested CAD/
CAM systems used the same preparation model, but a
different laser scanner, different CAD software, different
semi-sintered zirconia blanks, and different milling ma-
chines were involved; significant differences can be
caused through every step of manufacturing. Further
studies are needed to examine whether a change in the
design settings can bring the internal values for Cercon
regular zirconia in line with high-translucent zirconia.

The limitations of the present study were the follow-
ing: (1) To avoid inaccuracies, all frameworks were
adapted with a standardized protocol by an experienced
technician. The fit was controlled by two experienced
examiners and the replica technique where only intact
replicas were used. (2) The gap dimensions were mea-
sured using the replica technique. As a result, the pre-
cision was just measured at a few defined areas per
framework, which might not present the complete fit.
(3) All frameworks were produced and tested under ide-
al conditions, which might not reflect the fitting in daily
clinical use. Further studies are needed to confirm the
results of this study for different spans of FDP and
more available systems.

Conclusions

According to the results of this study, the following conclu-
sions can be drawn:

1. Both CAD/CAM systems showed in vitro acceptable
marginal openings.

2. The internal fit of both systems showed acceptable results.
3. Translucent zirconia exhibited the same accuracy as reg-

ular substructure zirconia.
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