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Abstract

To investigate the retention forces of differently fabricated secondary crowns made of Co-Cr alloy and electroforming
secondary crowns considering different taper angles. Cobalt-chromium primaty crowns with 0°, 1° and 2° taper angles
were fabricated. Secondary crowns were made either by i.) a milling and sintering, ii.) casting or iii.) electro-forming process.
Pull-off tests were performed and data were analyzed by parametric statistics (p<0.05). With regard to the different taper
angles, Co-Cr milled and cast groups, no impact on retention force was observed. Within the electroforming group, pri-
mary crowns with a taper angle of 1° showed a higher retention force than crowns with angles of 0° or 2°. With respect to
the secondary crowns, ptimary crowns with a taper angle of 1° showed no impact on the results. Within the taper angles of
0° and 2°, the electroforming group exhibited lower retention forces than cast or milled ones. In the 0° taper angle group,
milled secondary crowns displayed higher values than cast ones.
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Introduction

Dental materials have tremendously evolved and future trends ate
continuously presented in the literature [1]. However, each new
dental material is compared with proven materials, which have
already been well-established over the past few years. Especially
metal alloys belong to these long-time proven materials under
which cobalt-chromium (Co-Ct) is entrenched [2] due to its me-
chanical strength [3] and high young’s modulus [2]. With its high
corrosion resistance [4] and its high biocompatibility |3, 5], Co-
Cr alloys are especially suitable for prosthodontic restorations [2].

This has been confirmed by many studies concerning the longevi-
ty of Co-Cr alloy showing no adverse reactions to the patients [5].

A few different fabrication methods, based on laser sintering [2],
casting [6, 7| or milling [2] are known to produce prosthodontic
made of Co-Cr alloys. The laser sintering process, a relatively new
method bringing Co-Cr alloy into its final form, fuses together
Co-Cr granules in layers by using a carbon dioxide laser beam [2].
This sustainable procedure impresses with its little material wear
[2] but the costs and technical effort seem to be rather unprofit-
able for small dental companies [7] and is therefore in rare use.
Casting Co-Cr alloy occurs with the traditional proven lost-wax
technique [8] depending on technical skills and hand-made fitting
[6], whereas the milling process allows using industrial prefab-
ricated homogenous blanks [9]. In contrast to the casting pro-
cess, the results yielded with milling are influenced by the design
program and the milling settings of the computer-aided-design
(CAD) and computer-aided-manufacturing (CAM) process [9].
To simplify the milling process of Co-Cr alloy, chalky blanks of
alloy powder have been developed to get milled under dry condi-
tions with smaller CAM machines to be sintered in a follow-up
process. One of these chalky blanks has already been examined in
regard to the fracture behavior of fixed dental prostheses (FDPs).
It emerged that the Sintron frameworks, being CAD/CAM milled
and sintered, were comparable to conventional casted frameworks

[7].

Because of the proven fabrication method with lost-wax tech-
nique and the advantages mentioned above, Co-Cr alloy is estab-
lished to be used for clasps [10], metal crowns [11], FDPs [4, 5]and
removable dental prostheses (RDPs) [12-16] among other things.
Many studies regarding the precise fitting [5], low failure rates [14,

Stawarczyk B, et al., (2015) Comparison of Retention Forces of Different Fabrication Methods of Co-Cr Crowns: Pre-sintered and Milled, Cast and Flectroforming

Secondary Crowns with Different Taper Angles. Inz | Dentistry Oral Sei. $2:003, 15-20.

15



https://core.ac.uk/display/144786422?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.19070/2377-8075-SI02003
http://dx.doi.org/10.19070/2377-8075-SI02003

Special Issue on "Prosthodontics & Maxillofacial Prosthetics"

15, 17] and few complications [17], confirm the usage of Co-Cr
alloy for RDPs. Especially double crown systems, consisting of a
cemented primary crown on the abutment tooth and a precisely
fitted secondary crown as the removable part [12, 16] have been
established [12] since reliable retention forces got verified [18].
Among other things, the retention forces are influenced by the
taper angle as well as the fitting of the secondary crown [13].

To achieve a highly precise fitting, a secondary gold crown could
be created by the common process of electro-forming [11]. The
direct production of the electro-formed secondary crown on the
primary crown optimizes the fitting and eliminates hand-made
post processing [6]. While examining galvano-ceramic crowns, it
was proven that they can be used alternatively to metal ceramic
crowns [11]. Former studies, examining galvano-formed copings
on RPDs, mentioned the differences of retention forces between
galvano-forming and casting techniques [0, 13, 16, 19, 20].

The influence of the taper angle of double crowns has already
been examined [0, 13, 19-23|. Obkawa et al., mentioned a 2° taper
angle to be used as a maximum angle for double crown systems in
the long-term clinical use [23].

The aim of the study presented as follows was to examine the
influence of 0°, 1° and 2° taper angles as well as the influence of
different fabrication methods of the already proven Co-Cr alloy.
In addition, it was to compare the influence of the high precise
fitting of an electroforming secondary crown with the two other
fabrication methods, i.e. milling and casting,

The first null hypothesis was that there is no influence of the fab-
rication method of Co-Cr alloy on the retention force regarding
the taper. The second null hypothesis was that electroforming a
secondary crown does not influence the retention force of double
crowns.
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Material and Methods
Production of abutments and primary crowns

The shape of a first lower molar was used to create 30 metal
alloy abutments with lost-wax technique. The metal alloy used
(Remanium GM 800+, LOT 936, Dentaurum, GmbH & CoKG,
Ispringen, Germany, young’s modulus 230 GPa) passed through
a manufacturing process. After embedding in investment material
(Jet 2000, Lot 1212645, Liquid Type 100, Lot 13061, Siladent, Dr.
Bohme & Schops, GmbH, Goslar, Germany) and curing for 20
min, the burning process was initialized for 60 min in an oven
(Arca 20, Schiitz Dental, GmbH, Rosbach vor der Hohe, Ger-
many) according to the manufacturer’s instructions: It included
the preheating of the metal alloy (15 min), followed by the casting
process (Globucast, Krupp, AG, Essen, Germany).

The production of the primary crowns started with scanning the
metal abutments (Ceramill map 300, Amann Girrbach, AG, Ko-
blach, Austtia, Arti Spray, LOT 110, Dr. Jean Bausch, GmbH &
Co.KG, Cologne, Germany), followed by generating 3 different
data recordings of the metal abutment. The difference of the data
records resulted in 3 different taper angles i.e. 0°, 1° and 2° (Fig-
ure 1). In addition, the data record for 0° presented a chamfer,
which was in contrast to the tangential ending of the data records
of 1° and 2°. Finally 30 primary crowns (n=10 with 0° taper an-
gle, n=10 with 1° taper angle, n=10 with 2° taper angle) were
milled out of a chalky blank made of cobalt-chromium (Ceramill
Sintron 71 16 millimeter, LOT 1303045, Amann Girrbach, AG,
Koblach, Austria, Ceramill Motion 2, Amann Girrbach, AG, Kob-
lach, Austria; Figure 2). The chalky primary crowns were sintered
(Ceramill Argotherm, Amann Girrbach, AG, Koblach, Austria)
with argon (1bar) as part of the inert gas atmosphere using the
advised sinter program number 1 which in return uses autono-
mous heating and cooling rates.

Figure 1. Primary crowns with three different taper angles.

a=0° a=1

oa=2°

Figure 2. Milled primary crowns in the chalky blank of the Co-Cr material.
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Having air-abraded the inner surface of the primary crowns with
alumina particles with a mean particle size of 110um (basic Quat-
tro IS, Renfert, GmbH, Hilzingen, Germany, Korox 110, LOT
14878430513, Bego, GmbH & Co.KG, Bremen, Germany), the
bonding on the abutments occurred using a self-adhesive resin
cement (Rely X Unicem 2, LOT 509981, 3M ESPE, AG, Neuss,
Germany). The abutments were loaded afterwards with 150g for
10 min and stored in distilled water at a temperature of 37°C for
24h.

The final taper angle and high gloss polishing were given to the
primary crowns with a high precise milling process using a water-
cooled hand held device (W&H Perfecta 900, W&H, GmbH, Biir-
moos, Austria) fixed in a parallelometer (F4 basic, SN 40024231,
Degu Dent, GmbH, Hanau, Germany). The abutments, together
with the cemented primary crowns, were later on plastered in a
gypsum base (Hera Octastone CN, LOT 3252822, Heraeus Hold-
ing, GmbH, Hanau, Germany) to define parallel insertion paths
for the pull-off tests.

As a result, 30 high-gloss polished and precisely tapered primary
crowns (n=10 for each taper) cemented on their abutments were
used for the production of secondary crowns.

Production of secondary crowns and pull-off tests

For the production of the secondary crowns, each of the pri-
mary crowns was individually scanned (Ceramill map 300, Amann
Girrbach, AG, Koblach, Austria, Arti Spray, LOT 110, Dr. Jean
Bausch, GmbH & Co.KG, Cologne, Germany) and a new data re-
cord for the secondary crowns was created (Ceramill Mind 2.3.0,
Amann Girrbach, AG, Koblach, Austria). All design parameters
were optimized to fit between the primary and secondary crown
in order to minimize the handmade post-processing errors. The
design of the secondary crowns considered a roof ridge with a
hole to connect the secondary crowns with the extractor device
(Figure 3). The pull-off tests were performed in the pull-off de-
vice (Zwick 1445, Zwick, GmbH & Co.KG, Ulm, Germany) in
which the abutments in its gypsum base were fixed and weighted
with 50 N for 20 sec. Clinical mimicking conditions were induced
by using artificial saliva (Glandosane, No 9235461109, cell pharm,
GmbH, Bad Vilbel, Germany). A load of 0.1 Newton and a pull-
off speed of 50mm/min were adjusted to execute 20 pull-offs
for each secondary crown. Between each test series, microscopic
examinations (Stemi DV4 SPOT enlargement of 1.6, Carl Zeiss,
AG, Oberkochen, Germany) and re-polishings of the surfaces of
the primary crowns were performed.

Milled: The milling process (Ceramill Motion 2, Amann Girr-
bach, AG, Koblach, Austria) was executed with the appropri-
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ate driller (Ceramill Roto Motion 0.6 LOT 20120315, 1.0 LOT
20120605, 2.5 LOT 2010605, Amann Girtbach, AG, Koblach,
Austria) and the milling strategy as set by the manufacturer. As a
result, 30 secondary crowns (10 of each taper angle group) were
dryly milled of a chalky blank, i.e. the “green impact” (Ceramill
Sintron R 71 L. 20 mm, LOT 1402005, Amann Girrbach, AG,
Koblach, Austria) and sintered similarly to the primary crowns
mentioned above. The sintered secondary crowns were air-abrad-
ed (basic Quattro IS, Renfert, GmbH, Hilzingen, Germany) with
alumina particles with a mean particle size of 110 um (Korox 110,
LOT 14878430513, Bego GmbH & Co.KG, Bremen, Germany)
for 10 sec. After providing a precise fit for the secondary crowns
using cross burs, they were polished to high-gloss (Abraso-Star-
glanz asg, REF: 52000163, bredent, Senden, Germany) and pull-
off tests were performed as mentioned above.

Cast: For the casting process another 30 crowns were used (10
of each taper angle group) which were milled of wax (brecam.
wax 98x20, LOT 382697, bredent, GmbH & Co.KG, Senden,
Germany, Zenotec 4030m1, Wieland Dental, GmbH, Pforzheim,
Germany). Six pieces of a kind were embedded in investment
material on the associated mold. A spacer made of fleece was
yielded into the mold to compensate the expansion of the invest-
ment material (Jet 2000, Liquid Type 100, Siladent, Dr. B6hme
& Schéps, GmbH, Goslar, Germany, Lot 1212645, Lot 13061).
The curing time lasted 20 min, followed by 60 min of burning
time. The metal alloy (Remanium GM 800+, LOT 936, Dentau-
rum, GmbH & Co.KG, Ispringen, Germany; young’s modulus
230 GPa) was preheated (Arca 20,Schiitz Dental, GmbH, Ros-
bach vor der Héhe, Germany) and the casting process occurred in
the casting centrifuge (Globucast; Krupp, AG, Essen, Germany).
Having removed the investment material, the cooled secondary
crowns were air-abraded and fitted to the primary crowns like the
milled ones. Then the pull-off test occurred as described before.

Electroforming: Precisely tapered and high-gloss polished, de-
tached primary crowns were air-abraded (basic Quattro IS, Ren-
fert, GmbH, Hilzingen, Germany; Korox 110, LOT 14878430513,
Bego GmbH & Co.KG, Bremen, Germany) and steam jet cleaned
at the inner surfaces. Then, polyurethane resin (Helioform Polyu-
rethane material compound A&B, LOT 512, C. Hafner, GmbH
& Co.KG, Pforzheim, Germany) was filled in the inside of the
primary crowns. The central basal borehole made with a twist
driller (0.9mm) ensured the contact between the copper anode
and the primary crown. A copper pole was stuck in the borehole
with instant glue (Uhu, GmbH & Co.KG, Biihl, Germany) and
finally the primary crowns were cleaned with ethanol (96%). The
silver conductive lacquer (Helioform silver conductive spacer for
airbrush, LOT 02/13, C. Hafner, GmbH & Co.KG, Pforzheim,
Germany) was sprayed on the outer surface of the primary crowns

Figure 3. Secondary crown including the hook on top of its primary crown.
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by air-brushing to ensure a steady fine layer. This procedure oc-
curred twice with 0.7 bar, a time gap of 10min and distance of
4cm between the brush-gun and the crown. In order to ensure
a continuous current flow, the linking lane was made by a paint-
brush and the related lacquer (Helioform silver conductive spacet,
LOT 02/13, C. Hafner, GmbH & Co.KG, Pforzheim, Germany)
was dried for 30 min. Afterwards, the applied light-curing cover
lacquer (Helioform cover varnish LC, LOT 122574, C. Hafner,
GmbH & Co.KG, Pforzheim, Germany) limited the area for the
galvano formed coping.

The prepared primary crowns on their copper pole were placed in
the galvanic device (Hafner HF Vario Plus, C. Hafner GmbH &
Co.KG, Pforzheim, Germany) and the galvanic procedure was in-
itiated in the electroforming bath (Helioform H electrolyte, LOT
00433724, C. Hafner, GmbH & Co.KG, Pforzheim, Germany,
Helioform H concentrate, LOT 0043468, C. Hafner, GmbH &
Co.KG, Pforzheim, Germany) with 17mA per crown for 14h.

The finished crowns, illustrated in Figure 4, were set off the gal-
vanic bath and the galvano formed coping were removed from
their primary crowns. Nitric acid (53%) solved the silver conduc-
tive lacquer (Helioform silver conductive spacer for air brush,
LOT 02/13, C. Hafner, GmbH & Co.KG, Pforzheim, Germany)
from the galvano formed copings. As a result 30 galvano formed
copings, i.e. 10 for each taper angle were produced (Helioform H
concentrate, LOT 0043468, C. Hafner, GmbH & Co.KG, Pforz-
heim, Germany). To perform the pull-off test and for stabilizing
purposes, the galvano copings were fixed (AGC Cem Automix
system, LOT 697720, Wieland Dental GmbH & Co.KG, Pforz-
heim, Germany) in a superstructure similar to the design of the
other secondary crowns as mentioned above.

Statistical analysis

Mean, standard deviation (SD) and 95% confidence interval (CI)
were calculated for each test group separately. Verification of data
normality was accomplished using the Kolmogorov-Smirnov test.
The differences between the tested groups were analyzed with
2-way and 1-way ANOVA, followed by the post-hoc Scheffé test.
All statistical analyses were done with IBM SPSS (Version 22;
IBM Corporation) and the significance level of p<0.05.
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Results

The data of all nine tested groups were normally distributed.
Therefore, parametric statistics were performed for the data anal-
ysis.

Considering the taper angle, Co-Cr milled (p=0.077) and cast
groups (p=0.706) showed no impact on the retention force. In
contrast, within the electroforming group, primary crowns with a
taper angle of 1° showed significantly higher retention forces as
compared to crowns with 0° or 2° angles (p<0.007).

With respect to the secondary crown, a 1° taper (p=0.736) had
no impact. The 0° (p<0.007) and 2° (p=0.002) taper angle groups
as presented in the electroforming group, displayed significantly
lower retention forces as compared to the cast and milled group.
In addition, within 0° taper angle group, milled secondary crowns
showed significantly higher values than cast ones.

Discussion

This study elaborated the different retention forces of a double
crown system produced by two different fabrication methods
made of Co-Cr alloy considering three different taper angles,
namely 0°, 1° and 2°. Besides, electroformed secondary crowns
were examined and compared to a milled and cast group.

The first null hypothesis was rejected because there was a signifi-
cant difference between the different fabrication methods in the
observation of one taper angle group Ze. the 0° taper angle with
the highest retention force values of the milled secondary crowns.
Within the milled and cast group, no influence of the taper angle
was proved, although a previous study mentioned the decrease of
retention forces with increasing taper angle [22]. However, our
study confirmed the result of a former study, which also showed
almost no differences of retention forces in the range of 0° and 2°
[24]. The similar trend of both fabrication methods, milling and
casting Co-Cr alloy, has already been examined considering the
fracture load of FDPs, showing no significant difference between
milled and sintered and conventionally cast frameworks |7]. This
trend seems to be in agreement to the retention forces measured
in the present study and confirmed by the fact that the influence

Figure 4. Primary crowns prepared for the electroforming process and already electroformed.
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Table 1. Descriptive statistics of retention force including parametric analysis with mean value (Mean) with standard devia-
tion (SD), 95% confidence intervals (95% CI).

Test groups Mean * SD | 95% CI
Taper angle: 0°
CoCr milled 28.46+13.047¢ | (19.0;37.8)
CoCir cast 14.10+7.57% (8.5;19.06)
CoCr + electroforming 2.87%1.58vA (1.6;4.0)
Taper angle: 1°
CoCr milled 18.68%8.86v* | (12.2;25.1)
CoCr cast 18.33+10.33¥* | (10.8;25.8)
CoCr + electroforming 15.67+8.78>/A (9.2;22.0)
Taper angle: 2°
CoCr milled 17.40+11.858 (8.8;25.9)
CoCr cast 22.77+8.18Y% | (16.8;28.7)
CoCr + electroforming 6.56+6.53"4 (1.7;11.3)
All values in Newton (N)

a,b: differences between the parallel and cone crowns within one manufacturing method, separately

A,B,C: differences between the material group within parallel and cone crowns, separately

of taper angle exceeded the influence of the fabrication method
[6]. Only within the 0° taper angle group, a significant difference
between the milled and cast secondary crown was apparent. Beu-
eret al., [19] mentioned a negative impact on the retention force
due to the chamfer design, which was necessary on the one hand
to enable adequate adhesion and to limit, on the other hand, api-
cal positioning, Compared to the milled secondary crowns, the ex-
tended hand-made fitting process of the cast secondary crowns,
executed by a dental technician, influenced the retention force |0,
25]. The chamfer design and the hand-made fitting process seems
to have a greater influence on the retention force of 0° taper angle
double crowns than the manufacturing process per se.

The second null hypothesis was also rejected, because the elect-
roformed secondary crowns of 1° showed significantly higher re-
tention forces than those of 0° and 2°. The electroformed double
crown systems- as investigated in literature - showed different val-
ues of retention forces both higher [20] and lower [27] compared
to non-electroplated crowns. There in, the electroplated second-
ary crowns on their cast primary crowns with a taper angle of 2°
showed lower retention force values than the cast secondary gold
crowns on their cast primary crowns. This fact reversed in the
study just mentioned with in the taper angle groups of 4° and 6°
[6], which Turp et al., [25] only partially confirmed. In their the
investigated double crown systems consisted of gold alloy pri-
mary crowns with electroformed gold secondary crowns, zirco-
nia primary crowns with electroformed gold secondary crowns
and zirconia primary crowns with cast secondary crowns of non-
precious alloy. Their system showed decreasing retention force
values with an increased taper angle from 2° to 4°, up to 6° [25].
However, the retention force values achieved with electroplated
secondary crowns were still sufficient and reproducible [20, 26].
Additional parameters such as the viscosity of the used saliva, the
chamfer design and details during the manufacturing process of
electroplating influences the retention force [6, 19, 20].

Due to the apparently missing protocol for investigating double
crown systems—especially preload and pull-off speed—the exper-
imental setup for the pull-off tests in the present study corre-

sponds to former investigations. The preload of 50 N is recom-
mended because there is no change on the retention force after
raising the preload more than 50 N [23]. The retention force val-
ues of electroplated double crowns showed no dependence on
the preload in range of 5 N to 400 N [28]. In order to achieve
comparable values in all groups, the electroforming secondary
crowns in this study were also preloaded with 50 N. The pull-off
speed of 50 mm/min represents a compromise between the clini-
cal relevance and realizable technical settings.

This study still contained some limitations concerning the overall
oral setting and environment. As mentioned above, the retention
force values had to be changed by many different influences, e.g.
cyclic fatigue loading and the wet environment. No fatigue test-
ing was conducted and the double crown systems underwent no
thermo-mechanical loading, which was certainly a short coming
of our investigation. Nevertheless, the investigations of retention
forces of the newly pre-sintered Co-Cr material and its new fab-
rication method - with milling and later sintering-showed no dis-
advantage in comparison to conventional cast double crowns and
even electroforming secondary crowns. Further investigations
regarding fatigue testing and thermo-mechanical loading will be
beneficial to recognize long term trends and are warranted, espe-
cially with the taper angle range under investigation ranging from
0° to 2°, which ate recommended for clinical usage.

Conclusion

Double crowns, produced with new fabrication methods for Co-
Cr materials, eg. milling under dry conditions and later sintering,
showed reliable values considering retention forces in comparison
to conventional cast secondary crowns and electroforming sec-
ondary crowns. The retention force values of the electroformed
secondary crowns confirmed their clinical use for conical crowns
as well as telescoping crowns. However, further investigations
regarding fatigue testing and thermo-mechanical loading will be
beneficial to recognize long term tendency of the new Co-Cr fab-
rication method.
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