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ABSTRACT

Background: This study aimed to assess the marginal adaptation and internal fit of cobalt-chromium
copings fabricated by the selective laser melting (SLM) and conventional techniques using a
profilometer.

Materials and Methods: In this in vitro study sample size was calculated to be a total of 10 in
two groups (n = 5).A brass model was used that had a circular cross-section with a round shoulder
margin with 0.5 mm thickness and axial walls with 10 mm length and 6° taper.The copings fabricated
with both techniques (SLM and casting method) were placed on the model, and vertical marginal
gap was measured using a profilometer. The internal fit of copings was assessed by weighing the
light-body addition silicone applied inside them, which simulated the cement. Data were analyzed
through parametric (Independent t-test) and nonparametric (Mann—Whitney U-test, Bootstrap,
Spearman, and Pearson Correlation) analysis. All analyses were performed at a significant level (o
= 0.05) using SPSS.

Results: The mean marginal gap in the casting group (132.93 * ) was significantly higher than
that in the SLM group (67.14 £ 15.67 um) (P < 0.05).The mean weight of light-body silicone was
9.60 £ in the SLM and 8.70 + 1.2] mg in the casting group. No significant difference was noted
between the two groups regarding the internal fit (P > 0.05).

Conclusion: The copings fabricated by the SLM technique showed a smaller vertical marginal gap
compared to the casting group. However, the two groups were not significantly different in terms
of internal fit.
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INTRODUCTION

Optimal marginal adaptation and internal fit are
among the main criteria for long-term success
of all types of crowns, including metal-ceramic
restorations.!'?! Poor marginal adaptation can lead to
plaque accumulation, microleakage, cement washout
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and degradation and subsequent leakage of bacteria
and saliva through the gap, which may eventually
result in pulpal inflammation, recurrent caries, and
periodontal disease.!!
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At present, cobalt-chromium alloys are more
commonly used than nickel-chromium alloys for
the fabrication of metal frameworks of fixed partial
dentures.”! Electrochemical studies have shown that
cobalt-chromium alloys are more resistant to corrosion
than nickel-chromium alloys. Moreover, nickel-based
alloys are more allergen.®

Marginal adaptation of metal-ceramic crowns highly
depends on their fabrication process. The conventional
method for the fabrication of metal frameworks
includes the lost-wax technique and the use of metal
alloys for casting.””” Wax has many inherent limitations
such as fineness, heat sensitivity, and high elastic
memory and high coefficient of thermal expansion.®

The newly introduced computer-aided design/
computer-aided manufacturing (CAD/CAM) laser
melting is an additional fabrication process for metal
copings of metal-ceramic crowns.’"! This technique
does not have the limitations of the conventional
waxing and lost-wax technique. Selective laser
melting (SLM) uses high-temperature laser beams for
selective heating of the metal framework, which is in
the form of powder and uses the CAD data obtained
from designing the framework for this purpose.l'¥
SLM has many advantages including the fabrication
of restorations with a more homogeneous quality,
standardization of the process of restoration shaping,
less production costs, requiring fewer human resources
and shorter time and the potential to yield higher
accuracy due to the elimination of multiple procedural
steps such as wax-up, flasking, and casting. However,
the SLM scanners have disadvantages as well. For
instance, the scanner systems have limited resolution,
which can lead to slightly rounder margins.!'>'#

Only a few studies have compared marginal
adaptation/internal fit of restorations fabricated by
the SLM technique with metal copings or crowns
fabricated by the conventional technique.!'!-1%!51]
However, comparison of the results of these studies is
difficult due to variations in sample size, measurement
methods, cement space, and laser systems.

Among the available tools for the measurement of gap
and marginal adaptation, profilometry is a noninvasive
method, which visualizes the die and sample in the
same focal plane on a monitor and thus, enables more
accurate focus.!’2%

Considering the advantages and disadvantages of
both the conventional waxing and SLM techniques,
the significance of optimal marginal adaptation and

internal fit and since a profilometer has not been
previously used for this purpose, this study aimed
to assess the marginal adaptation and internal fit of
cobalt-chromium copings fabricated by the SLM and
conventional techniques using a profilometer.

The null hypothesis stated that the samples fabricated
using the two methods would have no difference with
each other in terms of marginal and internal fit.

MATERIALS AND METHODS

In this in vitro study, the sample size was calculated
to be five samples for each technique (a total of 10).

A brass model [Figure 1] along with its counterpart
milled by a milling machine (CNC 350; Arix Co.,
Taiwan) was used as a model of prepared tooth for
this study. This model had a circular cross-section
with 8§ mm diameter at the tip and 10 mm diameter
at the base along with a round shoulder margin at
the periphery with 0.5 mm thickness and axial walls
with 10 mm length and 6° taper. The counterpart
surrounded all the walls with 0.5 mm distance.!'*!

A stone master die was produced by taking an
impression of the brass model using polyvinyl siloxane
impression material (Panasil, Kettenbach GmbH,
Germany) and pouring it with Type IV dental stone
(Fujirock EP; GC Europe, Belgium) [Figure 2].22!

To fabricate the copings, first, the die was scanned
by a laser scanner (D810; 3Shape, Denmark). The
collected data were transferred to CAD software
(3Shape; Denmark) [Figure 3].

After identifying the die margin by the operator,
a cylindrical coping was designed with 0.5 mm
thickness of the walls and the occlusal surface, along

Figure 1: Brass die along with its counterpart.
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with 30 um of cement space starting at 1 mm above
the margin [Figure 4]. Data in STL format were

Figure 2: Die stone.

Figure 3: Die scanned by the computer-aided manufacturing
software.

Figure 4: Designing the coping by the computer-aided design
software.

E-mailed to BEGO Company in Germany. The SLM
device (EOSINT M270, ESO GmbH, Germany) was
used for the fabrication of metal copings in this study.

This device uses a condensed direct high-energy fiber
laser beam for local melting of a thin layer of metal
powder with 20 um thickness for the incremental
fabrication of metal coping. The laser wavelength
ranges from 1060 to 1100 nm, and its maximum
power is 200 W. The laser speed is 7000 mm/s, and
the diameter of laser beam is around 0.1 mm.

Five copings were fabricated of cobalt-chromium alloy
(Wirobond C+, BEGO Medical GmbH, Germany) by
the SLM technique. The composition of alloy was
as follows: Co 63.9%, Cr 24.7%, W 5.4%, Mo 5%,
and Si <1%

The same stone die was used for the fabrication of
wax copings by the conventional method. For this
purpose, first, two layers of die spacer were applied
on the die 1 mm above the margin. According to
the catalog of this product, each layer of the die
spacer has 12—15 u thickness. Thus, by applying two
coats, 30 u thickness is obtained. The samples were
standardized as such.?>?1 After drying of the die
spacer, a thin layer of the separator was applied on
the die surface (Picosep; Renfert GmbH, Germany).
Next, the inlay wax was melted and poured into the
counterpart, which had been previously lubricated
and positioned upside down on a table. The master
die was placed over it until the bottom part of the
counterpart reached the horizontal plate of the die.
After cooling of the wax, the die was separated from
the counterpart.

For finishing of the margins, an electrical waxing tool
(Kerr Corporation Lab, USA) was used to completely
heat and melt the marginal 1-2 mm of the wax.
Thus, the wax pattern with 0.5 mm uniform thickness
in all walls was obtained, and we ensured marginal
adaptation with the finish line on the die.

The wax patterns were sprued and invested using
phosphate-bonded investment material (Z4-CandB
investment; Neirynck and Vogt, Belgium) with a
liquid to powder ratio of 24 mL/100 g. After heating
the investment material to 950° for wax burnout,
the copings were cast with cobalt-chromium alloy
(D. SIGN 30, Ivocolar vivadent, Liechtenstein) using
a centrifuge (Nautilus cc plus; BEGO Medical GmbH,
Germany). The castings were separated from the
investment, and the residual investment material was
removed using a sandblaster (Basic mo-bil, Renfert,
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Germany) with 3-bar pressure and 50-um aluminum
oxide particles. They were then routinely finished and
polished in the laboratory.

Next, the adaptation of copings was evaluated visually
and use of a dental explorer. For this purpose, first,
metal nodules visible on the internal surface of the
copings were removed by a round tungsten carbide
bur and a handpiece. To find unnoticed nodules and
irregularities, the internal surface of the copings on the
master metal dies was evaluated using vinyl siloxane
pressure indicating paste (Fit Checker; GC, USA). The
adjustment was repeated until an equal thickness of
fit checker was obtained, and adaptation of the crown
with the die was clinically optimal both visually and
when examined using a dental explorer.

In order to assess the internal fit of samples, light-body
addition silicone impression material (Panasil;
Kettenbach GmbH, Germany) was used.’! For this
purpose, first, microfilm (Kerr, USA) was applied
on the metal model. Then, equal amounts of silicone
base and catalyst were mixed and applied to the
crown. The crown was compressed over the die for
2 min with finger pressure to simulate cementation
of crown in the clinical setting. Next, excess cement
was removed. After the completion of silicone
polymerization, the coping was removed from the
master die, and the silicone material was separated
from the coping carefully and weighed using a
digital scale (Analytic; Shimadzu, Japan) with 0.1 mg
accuracy as an indication of the internal fit.

Next, the copings were placed over the metal
die, and their marginal adaptation was evaluated
by a profilometer (Talyscan 150; Taylor Hobson,
England) with 0.1 wm accuracy. Profilometer is an
optical measurement tool that displays a magnified
image of a sample on a monitor. It can be adjusted
in vertical (x), horizontal (y), and focusing (z)
planes.? In the present study, this tool was used for
the measurement of distances between the reference
points at 12 locations in the vertical plane. These
points were marked on the circular inferior surface of
the metal model by drawing six diameters with 30°
angles [Figure 5]. For measurements in the vertical
plane, the tool was focused on the outermost point
of the margin of coping and reference mark on the
die. After fixing the outermost point of the margin of
coping at the center of screen, the stylus was moved
along the horizontal axis until the reference point
was seen at the center of screen. In fact, vertical
measurements were made along the longitudinal axis

of the die between the coping margin and reference
points on the die.

Talyscan 150 is a device with contact and noncontact
scanners. The contact gauge was used in this study. This
device works with Talymap three-dimensional (3D)
analysis software. The discrepancy between the crown
margin and finishing line of the samples was measured
at the above-mentioned 12 points on the original
model. The marginal gap was measured along these
points from the copings to the dies. The mean of the 12
values was calculated and reported as the marginal gap
of each coping. All measurements were made with the
profilometer stylus [Figure 6], by the same operator.

Independent #-test was used to compare the groups
and its precondition, which is the equality of variance
of the groups, was evaluated by the Levene’s
test. Since the sample size is relatively low in the
application of the parametric test, the nonparametric
Mann—Whitney U-test and Bootstrap confidence

Figure 5: Reference points.

- -
Figure 6: Measurement of marginal gap.
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Table 1: Comparison of the mean marginal and internal gap between selective laser melting and casting

groups using I-test

Type of gap Group Mean (um)+SD P, t-test P Mann-Whitney 95% bootstrap CI
test Lower bound Upper bound
Marginal gap SLM 67.14+15.67 0.02 0.01 54.75 80.87
Casting 132.93+27.91 111.39 158.35
Internal gap SLM 9.60+1.29 0.29 0.22 8.57 10.60
Casting 8.70+1.21 7.80 9.77

SD: Standard deviation; SLM: Selective laser melting; Cl: Confidence interval

intervals are used to compare the mean of the groups.
It should be noted that in the correlation study,
addition Spearman Correlation, Pearson Correlation
is also used, which is a nonparametric method and
has less sensitivity to sample size. All analyses were
performed at a significant level (o = 0.05) using SPSS
version 16 (SPSS Inc., IL, USA).

RESULTS

As shown in Table 1, a significant difference existed
in the marginal gap between the casting and SLM
groups in that the mean marginal gap was lower in
SLM group (P < 0.05). According to Bootstrap test,
the mean marginal gap in the SLM group was not
within the confidence interval of the casting group.
Furthermore, the mean marginal gap of the casting
group was not within the confidence interval of the
SLM group. Thus, nonparametric test (Mann—Whitney
test) also confirmed that the difference in this respect
was significant between the two groups (P < 0.05).

As shown in Table 1, the difference between the
casting and SLM groups in the internal gap was not
significant. (P > 0.05) According to Bootstrap test, the
mean internal gap (= weight of the internal silicone
material) of the SLM group was within the confidence
interval of the casting group. The mean internal gap of
the casting group was within the confidence interval
of the SLM group as well. Thus, nonparametric test
(Mann—Whitney test) also failed to show a significant
difference between the two groups (P > 0.05).

As shown in Table 2, according to the Pearson and
Spearman correlation tests, there was no correlation
between the internal gap and marginal gap in the
SLM and casting groups.

DISCUSSION

The current results rejected the null hypothesis of
this study since there was a significant difference

Table 2: Pearson’s and spearman correlation test
in both groups

Type of Type of gap Pearson Spearman
group correlation correlation
Coefficient P  Coefficient P
SLM Marginal gap 0.27 0.65 0.30 0.62
Internal gap
Casting Marginal gap -0.80 0.10 -0.90 0.03
Internal gap

SLM: Selective laser melting

in marginal adaptation between the two methods of
fabrication of copings. Marginal adaptation in the
SLM group was superior to that of the conventional
casting group, but the internal fit of the two groups
was not significantly different.

In the present study, a brass die was used as abutment.
Many researchers have used metal, or acrylic resin
dies for the measurement of the marginal gap.!4252¢]
The advantages of metal die include standardized
preparation and no wear during the measurement
and fabrication process. Some studies have shown
that due to differences in the seating of crown in
different areas, the magnitude of marginal gap may
vary at different points on a die.’”?*’ However,
Holmes et al.'"! hypothesized that the crown seating in
different areas was not significantly different, and our
findings supported their statement.

The sample size varied from 5 to 10 samples in
each group in previous studies.!'*1%30311 Thus, five
samples were fabricated by each method. The low
volume of sample was due to financial problems in
the project, but it has no effect on the results of the
project because in the statistical analyses, in addition
to parametric analyzes, nonparametric analyzes have
also been used and the results of all analyzes are in
concordant with each other, and the results have been
confirmed by each other.

Measurements were made at 12 points on each
sample in our study. Therefore, the mean discrepancy
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value could be generalized to the entire margin. The
measurement techniques often involve sectioning
of the crown and die and measuring the marginal
gap under a light or scanning electron microscope.
These techniques have the potential to cause
distortion artifact and provide limited number and
sites of measurements. Moreover, these techniques
are considered invasive.’?l However, the use of
a contact profilometer is noninvasive and allows
multiple measurements between the finish line and
final coping. The profilometer visualizes the die and
the sample in the same plane and therefore, allows
accurate focusing. In the present study, the marginal
gap was quantified using profilometry, and the results
showed that the marginal gap in the SLM group was
significantly smaller than the casting group.

In this study, the terminology suggested by Holmes
et al.,"! for the assessment of marginal adaptation was
used. Accordingly, the absolute marginal discrepancy,
which is defined as the vertical distance between
the coping margin and finish line was measured at
12 points for each coping, and the mean of 12 values
was considered as the mean marginal gap of the entire
crown.

The majority of researchers follow the principles
of McLean and von Fraunhofer’®®! to describe the
greatest width of the clinical marginal gap. The
two authors in a 5-year study on 1000 restorations
concluded that marginal gap by 120 wm yields the
best clinical results.’*! Accordingly, only the marginal
gap in the SLM group was <120 um and within the
clinically acceptable range in our study. However,
according to Moldovan et al.,B*Y marginal gap by
up to 100 um is considered good and marginal
discrepancy between 200-300 um is considered
acceptable. Accordingly, the marginal gap in our
study (132.93 um in the conventional casting group
and 68.94 um in the SLM group) was clinically
acceptable and in accordance with the ranges reported
by McLean and von Fraunhofer, White et a/., Dedmon
and Hung et al.139333536]

In the present study, slightly higher marginal
gap in the casting group can be attributed to the
shrinkage and stress release by the inlay wax and
inherent inaccuracy of the investment material. The
composition of the cobalt-chromium alloy powder
used in the SLM technique differs from the casting
material. The molybdenum content of the former
is less than that in the alloy used for casting. This
enhances the laser melting of the alloy because

molybdenum has a higher melting point than the
cobalt and chromium.

Moreover, the SLM technique completely eliminates
the casting processes and the related human errors
and yields superior results. Furthermore, since cast
restorations are fabricated on a stone die obtained
from polyvinyl siloxane impressions, marginal gap
may be affected by the shrinkage of impression
material or dental stone, deformation of wax pattern
and differences in the thickness of spacer. However,
these steps are eliminated in the SLM technique,
which would allow the crown to be directly transferred
to the patient’s mouth without requiring such steps.

Several techniques have been employed to assess
the internal fit of restorations such as scanning
electron microscopy, stereomicroscope, resin replica
technique, and weighing the light-body silicon. All
these techniques, except for the weighing method,
enable a 2D assessment only in a plane obtained by
longitudinal sectioning of the coping.!'***”) However,
the amount of light-body silicone entrapped between
the coping and die indicates the entire space that
exists between the coping and die and therefore,
enables a 3D assessment of the fit of coping.

In the current study, the light-body silicone was
weighed to assess the internal fit of restorations.
According to the results, the SLM group showed a
higher mean weight than the casting group but not
significantly. In a study by Ucar ef al., the internal
fit of metal crowns fabricated by the casting and
SLM techniques was evaluated and compared by two
methods of weighting the light-body silicone and
sectioning. The results showed a difference between
the two methods in that the weight of light-body
in the casting method was significantly less than that
in the SLM technique. However, when the internal fit
of crowns was evaluated using the sectioning method,
the casting group had no significant difference with
the SLM group although the mean value was lower
in the casting method. Variations in values reported
in our study and previous investigations may be
attributed to the method of measurement, type of die,
accuracy of scanners, and measurement of gap in
noncemented copings.

Zeng et all'® stated that the SLM alloy shows a
homogeneous microstructure while the cast alloy
shows a typical dendritic microstructure. Highly
different microstructure of cobalt-chromium alloys
fabricated by the SLM and casting techniques results
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in a totally different corrosion behavior. Due to the
fine scale microstructure, the SLM alloy shows better
anti-corrosion properties, which helps in maintaining
the marginal integrity of SLM metal copings in the
long-term.!"® Thus, SLM metal copings are preferred
for clinical application. In addition, in the present study,
the mean internal gap in the SLM group was higher
than that in the casting group, which may possibly be
due to the fact that during scanning of the original die
and fabrication of 3D model, the margin was manually
adjusted while the external die surface was scanned by
the offsetting algorithm of the scanning software.

The CAD/CAM process benefits from automated
scanning and a strong CAD software for the
fabrication of copings using SLM. This has several
advantages such as complete control over the
coping design and frameworks, marginal integrity,
maintaining the cement space, coping thickness,
pontic design, and elimination of casting processes.

The difference in elastic modulus of brass die and
dentin was a limitation of this study. /n vitro design
was another limitation of this study since oral
conditions cannot be perfectly simulated in vitro.

CONCLUSION

The copings fabricated by the SLM technique showed
a smaller vertical marginal gap compared to the
casting group. However, the two groups were not
significantly different in terms of internal fit.
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