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Introduction

Cobalt-Chrome alloy has been used commonly as a substructure
for metal-ceramic restorations, as the material is rigid enough for
the intraoral functioning, resistant to corrosion, more economic than
noble alloys and causes less allergies than Nickel-Chrome alloy.1-3

However, its high melting range, low ductility4,5 and potential for oxi-

dation of the base metals6,7 make the casting process difficult and time
consuming.

The traditional lost wax - casting method is still mostly used in
fabricating metal coping, but some other techniques are applied to
the manufacturing process nowadays with development of digital
dentistry. Dental computer-aided design/computer-assisted manu-
facturing (CAD/CAM) systems has been developed a lot for recent
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this study compared the correlations regard to the three different manufacturing methods of selective laser sintering technique, milling and casting. Materials and methods:
Two master models were made in a different way. First model with deep chamfer margin was prepared directly by a general clinician and the second model was designed by
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difference was found between the two model groups from milling method (P=.9962). Conclusion: Within the limitation of this study, the effect of the accuracy of abutment
preparation on the marginal adaptation of Co-Cr coping is statistically significant in SLS system and casting group. The copings produced by SLS system exhibited the low-
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decades.8 It is a subtractive method of milling block-shaped mate-
rials with diamond rotary instruments. The advantage of this
method is time saving because multiple producing is possible at the
same time and it simplifies many steps of conventional proce-
dure,9 whereas the waste of materials and the wear of milling burs
can be its disadvantages.

In comparison with the milling method, selective laser sintering
(SLS) is recently introduced as a manufacturing technology in
dentistry. SLS is one of the rapid prototyping production methods,
which fuses metal powder on to a solid part by melting it selectively
using the focused laser beam and adds up layer by layer based on
the CAD data.5 This new technology, which is contrast to the
milling technique in that it is an additive method, has no limitation
of designing various three dimentional shapes and high speed of man-
ufacturing.10 However, this method is not popular owing to the expen-
sive cost of the apparatus yet and the application of various dental
materials is needed. 

Some studies about the clinical acceptability of SLS technique have
been conducted so far. Among the requirements for the success of
the fixed prosthodontics, good marginal fit is very important factor
for the prevention of recurrent caries and periodontal disease11

and the longevity of the restorations.12-14 Quante et al.15 reported that
no statistically significant differences between base metal alloy and
precious alloy according to the marginal and internal fit of copings
produced with laser melting technology was found. Kim et al.16 con-
cluded that no significant difference was found between the mea-
surements of marginal fit of three-unit fixed dental prostheses
fabricated using a direct metal laser sintering system and that of three-
unit prostheses by a conventional lost wax technique method.
They also showed in another study that the gap of the metal cores
produced by SLS increased after completion of porcelain firing on

the metal core, but the gap was still acceptable clinically.17

Meanwhile, Sundar et al.,18 Bhaskaranet al.,19 Oyagüe et al.20,21

reported the best marginal fit than other manufacturing methods. Most
of above studies concluded that SLS Co-Cr may be a reliable
alternative to the casting of base metal alloys to obtain well-fitted
crowns.15-21 However, they all used the hand preparation abutment
only or the master model with the extremely simplified cylinder shape.
The purpose of this study was to evaluate the capacity of the SLS
method to reflect the quality of abutment preparation into the
marginal fit of the prosthesis. The null hypothesis of this present study
was that the accuracy of abutment preparation do not influence the
absolute marginal discrepancy of Co-Cr coping fabricated with SLS
technology.

Materials and Methods

Fabrication of master models

Two master models with the different qualities of preparation were
produced to simulate the complete crown preparation of the
mandibular right first molar. One master model was produced
from the standardized resin tooth with the average size and hardness
of human tooth (A5AN-500, NISSIN DENTAL PRODUCTS
INC., Kyoto, Japan). A general dental practitioner prepared the resin
tooth with the followed principle: 1.0 - 1.5 mm of the occlusal reduc-
tion, deep chamfer margin with axiogingival internal line angle of
1.2 mm radius and 6 degrees of the convergent angle of axial
wall (Fig. 1). The other model implemented the same principle as
above completely by computer program (3D CAD, Dassault Syste
｀mes SOLIDWORKS Corp., Waltham, MA, USA) (Fig. 2). The
design was represented on the titanium model by CAD/CAM.

Fig. 2. The design of CAD model and titanium master model.

Fig. 1. Resin tooth master model with hand
perparation (1.2 mm deep chamfer margin
preparation was made on a mandibular right
first molar).
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Fabrication of Co-Cr copings

Co-Cr copings for each model were fabricated with three different
methods (Fig. 3A, Fig. 3B): (1) SLS, (2) milling method, and (3) con-
ventional casting method. As each group had 12 samples, 72 sam-
ples were made in total.

(1) SLS: Each model was scanned by dental laser scanner (D-700,
3Shape, Copenhagen, Denmark). A skilled dental technician
designed the coping using CAD software (3shape Dental Designer,
3Shape, Copenhagen, Denmark). The thickness of coping was
designed to be 0.5 mm (the thinnest part has 0.4 mm), and the cement
space was set at 35 ㎛ (the thinnest part has 25 ㎛) from 1mm above
the margin. This CAD data was transferred to a laser sintering machine
(EOSINT M270, EOS GmbH Electro Optical Systems, Krailling,
Germany) for fabricating metal frameworks. The laser sintering pro-
cedure followed the recommendation of manufacturer (EOS GmbH
Electro Optical System, Krailling, Germany) and used cobalt
chromium alloy powder (Co 63.8, Cr 24.7, Mo 5.1, W 5.4, Si
1.0 ; EOS Cobalt Chrome SP2, EOS, Krailling, Germany). The fab-
rication was under the fixed condition ; a laser power of 200W, scan
spacing of 0.1 - 0.2 mm, a laser scan speed of 7.0 m/sec and a lay-
er thickness of 20 - 30 ㎛. 12 Co-Cr copings from the hand prepa-
ration model (HS) and 12 Co-Cr copings from the computer aided
designed model (DS) were made respectively.

(2) Milling method: The same 3D CAD data as described above
was sent to a milling center for computerized milling (PMS5 II, Dental
Plus Co. Ltd, Kyeonggi, Korea) with Co-Cr alloy blocks (Co 62, Cr
30, Mo 6, Si, Mn, Fe, C ; CHROME-COBALT 95H10, Zirkonzahn,
South Tyrol, Austria). 12 Co-Cr copings milled from the hand
preparation model (HM) and 12 Co-Cr copings milled from the com-
puter aided designed model (DM) were made in each group. 

(3) Conventional lost-wax technique (CLWT): To obtain the
exactly same wax pattern with copings made by SLS system, the same
parameters in the 3D CAD data were sent to a milling center for com-
puterized milling (Milling Unit M5 HEAVY, Zirkonzahn, South Tyrol,
Austria) of wax (easymill Wax, High Dental Korea, Gwangju,
Korea). The wax patterns were under the procedure of conventional
lost-wax technique. 12 Co-Cr copings casted from the hand prepa-
ration model (HC) and 12 Co-Cr copings casted from the computer
aided designed model (DC) were made in each group.

Measurements of the specimens

Measurement area of 3000 ㎛ were determined on each side and
marked on the margin of the model. Each area has 10 reference points
of P1 - P10 which have 300 ㎛ distance between adjacent points.
Mesial,  buccal, distal and lingual site of the master model have their
measurement areas respectively (Fig. 4). The shortest distance
from a reference point to the margin of the coping was measured and
the average of 10 measurements represents the absolute marginal
gap of the site.

Each specimen was measured at 40 reference points and 2880 mea-
surements were performed on the 72 specimens in total. All copings
were adjusted fully and fixed on the original master models with sticky
wax (Model Cement; Dentsply DeTrey, Konstanz, Germany) for mea-
suring of absolute marginal discrepancy. Specimens were mount-
ed onto the confocal laser scanning microscope (CLSM) (LSM 5
PASCAL, Carl Zeiss MicroImaging GmbH, Goschwitzer, Germany)
so that the laser beams were perpendicular to the objected two points
and the distance between the points was calibrated by one experi-
enced engineer according to the manufacturers instructions (Fig. 5).

A B

Fig. 3. Copings produced by three different fabricating method; selective laser sintering, milling and casting. (A) HS, HM and HC from the hand preparation model, (B)
DS, DM and DC from the computer designed model.
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Statistical analysis

Wilcoxon / Kruskal-Wallis Tests (Rank Sums) was conducted to
determine whether the absolute marginal gaps of the metal copings
were significantly different between two model groups that have dif-
ferent accuracy of the finish lines. Furthermore, Wilcoxon rank-sum
test was conducted to determine whether the absolute marginal gaps
of the metal copings that were made by conventional lost wax tech-
nique, milling method or the recently introduced SLS technique were
significantly different. The JMP version 11 (SAS Institute Inc., Cary,
NC, USA) was used for all statistical analyses at a significance lev-
el of 5%. 

Results

The mean values and standard deviations of the absolute marginal
gap of the metal copings of the six groups (hand prepared and com-
puter designed) are shown separated by the parts in Table 1. The
Wilcoxon / Kruskal-Wallis test revealed that hand preparation
model had greater marginal discrepancies with the copings than com-
puter designed model in SLS (P value=.0231) and casting method
(P<.0001). However, the milling groups had no significant differ-
ence between HM group and DM group (P=.9962) (Table 1).

For the measurement of the parts, buccal site had the biggest gap
between the two models in SLS (P=.0002) and milling group

Fig. 4. Reference points on the margin of the master model. Fig. 5. Measurement of absolute marginal discrepancy by the confocal laser
scanning microscope at ×150 magnification.

Table 1. Mean (SD) value of absolute marginal discrepancy for four site of the metal copings with the results of the Wilcoxon / Kruskal-Wallis Tests (unit: ㎛) 
Hand preparation model Computer designed model

P valueMean (SD) Mean (SD)
SLS Mesial 24.4 (14.5) 17.8 (8.8) .3258

Buccal 22.3 (10.6) 6.8 (1.5) .0002
Distal 9.9 (4.2) 16.8 (5.1) .0082
Lingual 13    (8.8) 5.9 (1.3) .0635
Total 17.4 (11.5) 11.8 (7.4) .0231

Milling Mesial 57.1 (8.2) 45.2 (20.2) .1124
Buccal 41.3 (19.6) 61.4 (34.9) .3258
Distal 47    (10.7) 32.2 (17.7) .0588
Lingual 63.4 (19) 76.7 (13) .0963
Total 52.2 (17) 53.9 (27.8) .9962

Casting Mesial 46.3 (13.7) 45    (25.5) .9397
Buccal 39.4 (17.6) 16    (5.3) .0019
Distal 42.9 (15.4) 7.6 (1.6) .0002
Lingual 92    (15.3) 6.4 (2) .0002
Total 55.1 (26.3) 18.8 (20) <.0001
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(P=.3258), while the casting group had the most different mean val-
ues between the two models in lingual part (P=.0002) (Table 1).

According to the manufacturing method, SLS showed the small-
est mean marginal gap (17.4 ㎛) followed by milling (52.2 ㎛) and
casting (55.1 ㎛) in hand preparation model groups, meanwhile the
order of SLS (11.8 ㎛), casting (18.8 ㎛) and milling (53.9 ㎛) was
showed in the computer designed model (Fig. 6).

Discussion

Laser sintering is a type of additive manufacturing and a relatively
new method compared to both casting and CAD/CAM milling tech-
nique. This is also called as the three-dimensional (3-D) printing or
rapid prototyping (RP). Additive manufacturing can fabricate 3-D
objects in a single stage, directly from their computer-aided design
(CAD), for which X-ray CT and MR images are available.5

Different from CAD/CAM-based cutting technology, additive
manufacturing technology creates products layer by layer on the basis
of sliced data from the 3-D design. A laser scans metal powders accord-
ing to the sliced data to obtain a layer of products. The powders for
the next layer are covered on the melted layer, and the laser
scanned again according to the next sliced data. This sequence con-
tinues until the near-net-shape of the products is formed automat-
ically. In addition, free form shaping can be achieved without
mold and limitations of cutting tools in the process. Therefore, this

process is expected to be applied in the fabrication of dental
devices with complex geometry. It involves several advantages over
the casting and the CAD/CAM technique, and it also saves the raw
materials and requires fewer tools to reduce costs.10

The commercial laser sintering systems such as EOSINT
M270,10,16 PM 100 Dental System (PHENIX Systems, Clermont-
Ferrand, France)22,23 and BEGO MEDIFACTURING System
(BEGO Medical, Bremen, Germany)24 are recently reported in
literatures. PM 100 Dental System is the first rapid manufacturing
system using laser sintering of cobalt-chromium powders that is com-
mercially available to dental laboratories for fabrication of prostheses.
EOSINT M270 system also has been widely used in fabricating the
cobalt-chrome fixed dental prostheses including the metal frames
of removable partial dentures, and is the first system utilized for laser
sintering fabrication technique of base metal restorations in Korea.

Marginal accuracy is an important factor in quality of fixed
prosthodontics. Many studies about the marginal fit of various
crowns have been reported, however it is difficult to compare the
studies because there are many concepts regard to the marginal dis-
crepancy.25 Marginal gap is the shortest distance from the coping to
the die surface. Horizontal marginal gap is the horizontal margin-
al misfit measured perpendicular to the path of draw of the coping
and vertical marginal gap is the vertical marginal misfit measured
parallel to the path of draw of the coping. Absolute marginal dis-
crepancy means the distance measured from the margin of the

Fig. 6. Total mean (standard deviations) of absolute marginal discrepancy for metal copings from two master models. Statistically significant differences between hand
preparation model and computer designed model in SLS group (P=.0231) and casting group (P<.0001).
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coping to the cavosurface angle of the die.26 In this study, absolute
marginal discrepancy was measured as the angular combination of
the marginal gap with a CLSM. CLSMs can measure the exact absolute
marginal gap, because the apparatus can focus two points only when
they are on the perpendicular surface to the laser beam. That
means the distance between two points is the shortest. The other method
commonly used in measuring the marginal gap is replica technique
which is the measurement of the thickness of the intervention
between abutment and the coping.27,28 Disadvantage of this method
is the low reliability of the value, because measurement cannot be
made from various points on the circumferential margin and the bound-
ary of silicone cannot be clear at margin.17

There has been few studies that evaluate the effect of the accuracy
of tooth preparation on the marginal fit of the fixed prosthodontics.
The aim of present study was to evaluate the relationship between
those two factors and compare the capacity of the SLS method to
reflect the quality of abutment preparation into the marginal fit of
the prosthesis to other manufacturing methods. 

The present study simulated the abutment tooth prepared perfectly
with the aid of CAD/CAM, and the result showed that the marginal
fit of the CAD model was better than that of the abutment model pre-
pared by a general dentist in SLS (P=.0231) and casting method
(P<.0001) (Table 1). The fact can be a cause of the result that the per-
fect preparation has smooth finish line at all around the margin, equipro-
portional radius of the axiogingival internal line angle and steady
axial wall taper circumferentially, whereas the hand preparation revealed
the irregular wave of running of the finish line under the microscopic
view. Only milling group showed the opposite result, but the
mean values have a slight difference (52.2 ㎛ for hand preparation
and 53.9 ㎛ for computer designed preparation) and there is no sig-
nificant difference statistically (P=.9962) (Table 1). Specimens
by milling method had the biggest average marginal gap at mesial
and distal side of HM group and all sides of DM group. This
may be explained that it is more difficult to cut Co-Cr alloy block
of milled group precisely due to its hardness. More vibration and resis-
tance of the milling axis could affect the accuracy of milling pro-
cedure compared to the milling of the soft material like pattern resin
milled in CLWT.

In the present study, the marginal gaps of metal copings from the
same model were different according to the manufacturing meth-
ods (Fig. 6). The smallest mean marginal gap (17.4 ㎛ for hand prepa-
ration model / 11.8 ㎛ for CAD model) was shown in SLS manu-
facturing on both models (Table 1). The value was smaller than those
of other studies.15-21,29 Kim et al. reported the marginal gap of 75.0
㎛ measured with the intervention of light body silicone for repli-
ca technique17 and 128.0 ㎛ as absolute marginal discrepancy in oth-
er studies.16 Quante et al. demonstrated 93 ㎛ as the marginal gap

measured with silicone paste intervention.15 örtorp et al. presented
the mean cement film thickness of 84 ㎛ on 3-unit fixed prostheses.29

There are several reasons that the result of the present study
showed better average marginal fits than others. The intervention
of the cement hinder the coping from sitting on the abutment ful-
ly and the viscosity and flowability of each cement material effect
differently on the degree and pattern of sitting.18,20,21 In addition, the
vertical marginal gap of the implant-supported crown with more sim-
plified shape than prepared tooth had the range of 27.2 - 61.6 ㎛20

which is similar to the result of this study. 
In this study, resin tooth abutment was directly prepared by one

clinician, who has the clinical experience more than ten years,
and one professional examiner performed the measurement of
the specimens so that the performance bias and inter-examiner vari-
ability did not occur. For further study to examine the effect of the
quality of the tooth preparation on clinical result, a few testing groups
can be considered that have different preparation skills like dental
students and trained clinicians.

Conclusion

Within the limitation of this study, the accuracy of abutment prepa-
ration influences the marginal adaptation of Co-Cr coping in SLS
system and casting group. Milling group showed inferior mar-
ginal adaptation relatively and lower sensitiveness about the accu-
racy of abutment preparation than SLS system and casting groups.
The copings produced by SLS system exhibited the best marginal
fitness among all groups, and the casting method showed the
most sensitiveness about the accuracy of abutment preparation.
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지 치 삭제의 정확도가 레이져 신터링 기술로 제작된

Co-Cr 코핑의 변연적합도에 미치는 향

김서랑∙곽재 *∙허성주∙김성균∙김명주

서울 학교치과 학치과보철학교실

목적: 본연구의목적은지 치삭제의정확도와 metal coping의변연적합도와의상관관계를알아보는데있다. 이를통해, 세가지다른제작방식 (주
조, milling, 기법)이이상관관계에미치는 향을비교해보고자한다.
재료 및 방법: 두개의 master medel을서로다른방식으로제작하 다; 첫번째모델은치과의사에의해 deep chamfer margin을가지도록지 치삭제된

것이고, 두번째모델은 3-D designing software program을이용하여동일한삭제원칙에따라제작되었다. 각각의모델에 하여세가지제작방식으로

코발트-크롬코핑을 12개씩제작하여, 총 72개의시편을얻었다. 각시편을 master model상에적합시키고공초점레이저주사현미경으로변연적합도

를측정하 다.
결과: SLS system (P=.0231)과주조방식(P<.0001)에서는 computer designed model이 hand prepared model에비하여유의하게우수한변연적합도를보

다. 그러나 milling group에서는두모델간에유의한차이를나타내지않았다(P=.9962).
결론: 본 연구에 한하여, 지 치 삭제의 정확도가 금속 코핑의 변연적합도에 미치는 향은 그 제작 방식에 따라 달랐다. 제작 방식에 따른 변연적

합도는 SLS system이가장우수하 고지 치삭제의정확도에의해 향을받았다. 한편, milling 방식은세가지방식중가장큰변연격차를나타내

었으며지 치삭제의정확도에 향을받지않았다. ( 한치과보철학회지 2015;53:337-44)

주요단어:지 치삭제의정확도; 변연적합도; 코발트-크롬코핑; 치과용 selective laser sintering; 치과용 CAD/CAM
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