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ABSTRACT

Objectives:To evaluate the marginal fit of metal copings fabricated by casting, to evaluate the marginal fit of
metal copings fabricated by CAD/CAM, to evaluate the marginal fit of metal copings fabricated by Direct Metal
Laser Sintering and To compare the marginal fit of metal copings fabricated by casting, CAD/CAM and Direct
Metal Laser Sintering.

Methodology:A total 30 copings were fabricated on a CAD milled die which was received by scanning a
prepared mandibular 1%t molar typhodont tooth. Out of the 30 copings ,10 copings were obtained by casting, 10
copings by direct metal laser sintering and 10 copings by CAD/CAM. The 30 copings that were obtained from
three different fabrication technique were then evaluated for marginal discrepancy. The copings were not
cemented on the master die model to obtain standardization for all copings. The marginal discrepancy were then
evaluated and calculated with help of image analyzer attached to the stereomicroscope on four sides that is
mesial, distal, buccal and lingual.

Results: The statistical analysis revealed that the maximum discrepancy was seen in Group A which were
copings fabricated by casting with mean marginal discrepancy value of 56.875 um, then followed by
CAD/CAM with mean marginal discrepancy value of 31.175 um and the least marginal discrepancy value were
seen in group C which were copings fabricated by Direct Metal Laser Sintering with mean marginal discrepancy
value of 24.4 um. There was not much difference between Group B and Group C which were copings fabricated
by CAD/CAM and Direct Metal laser Sintering with the difference being 6.775 pum between the two groups.
However in contrast the mean marginal discrepancy value between Group A and group B were statistically
significant with mean difference of 25.7 um and also between group A and group C with mean difference of
32.475 um.
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Conclusion: The mean marginal discrepancy observed in all the three groups were within the clinical accepted
range (100-120 um) but it can be concluded that in order to have optimum results we can opt for Direct Metal
Laser Sintering technique or CAD/CAM as a technique for fabrication of metal copings.

Introduction

Long term clinical success of fixed
prosthodontic restorations is influenced by
many factors and the most important factor
being the marginal integrity. The other
factors that might affect the fit of a
restoration include preparation type and
taper, the amount of cement used, the
pressure during cementation and the
viscosity of the cement. Marginal
discrepancies may challenge the survival
rate of the restoration by causing
dissolution or washout of the cement or
luting agent and later sensitivity of the
vital prepared tooth leading to failure of
prosthesis. (1) .

It is a common accepted dogma that ill-
fitting restorations or crowns with
imperfect margins either with gap or
over/under contoured restorations are
potentially harmful for abutment teeth and
supporting periodontium as it can provide
an area and host bacteria and plaque which
can result in secondary caries, gingival
irritation or progression of periodontal
disease. (2) Microleakage through the
dentinal tubules towards the pulp chamber
may lead to pulpitis ultimately subjecting
the underlying abutment to endodontic
treatment. Restoration itself can be
affected by poor margin as improper fitting
or discrepancies can create  stress
concentrations which may reduce the
strength and long term success of the
restoration.(3) A fixed dental prosthesis
with good marginal fit will however
reduce the risk of any of the above
mentioned complications and ultimately
would result in a more predictable

outcome. The fabrication technique or
systems may influence the characteristics
of the finished framework such as their
surface or marginal and internal fit. Now
with the regular studies, development in
material science and the efforts to
eliminate casting defect factors we have
an alternative to the conventional method
of producing dental restorations i.e.
CAD/CAM and Direct metal laser
sintering technologies, which has been
developing over the past several years and
is now already a part of dental laboratories.
Both subtractive and additive production
are  included among CAD/CAM
technologies. The dental prosthesis
fabricated by conventional casting
technique or lost wax technique depends
on the experience and ability of the
technician while CAD/CAM system has
advantage of having a reduced influence of
the dental lab technician. While Laser
sintering is a computer controlled, precise
additive process that ensures consistent
work quality, the CAD/CAM process of
producing copings by DMLS technique
using automated scanning process and
powerful CAD software offers many
advantages such as complete control over
the framework and coping designing,
margin  placement, cement  space
maintenance, coping thickness and pontic
designs as well as elimination of casting

procedures.
DMLS is an additive manufacturing metal
fabrication  technology,  occasionally

referred to as Selective Laser Sintering
(SLS) or Selective Laser Melting that
generates metal prototypes and tools
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directly from computer aided design
(CAD) data. The model is scanned and the
crown/bridge is designed using CAD
design and sent to the central processing
unit. The basic principle of the SLS
technique is to produce prostheses layer by
layer according to their shapes by
selectively fusing metal powder through
computer-aided laser control. This offers
several advantages over the conventional
CAD/CAM technique, and it also saves
raw materials and requires fewer tools.
(9,10)

There is considerable evidence regarding
accuracy and efficacy of the conventional
technique but literature lacks evidence
when it comes to a comparison between
the conventional and latest techniques ie.,
CAD/CAM and Direct metal laser
sintering. Therefore the present study was
done to compare the  marginal
discrepancies of copings fabricated by
casting, CAD/CAM and Direct metal laser
sintering.

Methodology

For the purpose of the study 30 metal
copings were fabricated from a CAD
milled master die following three different
techniques  which were conventional
casting ie., lost wax technique, CAD/CAM
and Direct Metal Laser Sintering. The
copings thus obtained were divided into
three groups as mentioned below:

Group A- 10 copings fabricated by
conventional casting ie.,lost wax technique
Group B- 10 copings fabricated by
CAD/CAM

Group C- 10 copings fabricated by Direct
metal laser sintering

For fabrication of copings a mandibular
typodont set with mandibular 1%t molar
simulating a preparation of a metal crown
with a chamfer finish line was used. After
the preparation the typodont in the
mandibular 1% molar was scanned in order
to generate a virtual model which was used
to produce a standardized CAD milled die
for future production of the copings to be
used in the study.

Figure:10 Buccal view of master die in typodont

Figure:11 Lingual view of master die in typodont
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For the purpose of standardization, the
copings were designed using the CAD
software after scanning the master die
using Meditldentica dental 3D scanner.
The design thus obtained was used to mill
the wax for the purpose of casting, to mill
the cobalt chromium metal and the same

specification were used to fabricate the
Metal laser sintering copings. 10 copings
were obtained using the above mentioned
topics which are conventional casting (lost
wax technique), CAD/CAM and Direct
Metal Laser Sintering.

Figure:13 Cast Metal copings seated on die (Buccal
aspect)

Figure:14 Cast Metal copings seated on die

(Lingual aspect)

Figure:15 Metal copings fabricated by casting (n=10)

Marginal gap was measured using a
stereomicroscope. A point was premarked
in the master die with the help of the
marker and all copings were evaluated at
the predetermined points ie., buccal,
lingual, distal, mesial. The copings were

not cemented to the master model or die to
obtain standardization for all copings and
the marginal gap were then calculated with
the help of image analyzer attached to the
stereomicroscope at the marked points on
each four side of the master die.
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Results
Each sample was evaluated under
stereomicroscope microscope at four

points viz. mesial, distal, buccal and
lingual. The marginal discrepancy was
calculated with the help of image analyzer
attached to the stereomicroscope.

Figure:9 Stereomicroscope attached to image analyzer

The results thus obtained were entered in
excel sheet and subjected to statistical
analysis. Data analysis was done using
STATA version 14 (Statacorp Texas,
USA). The marginal discrepancy values
observed in each group were recorded as a
continuous variable and expressed as mean

and standard deviation. Then ANOVA
followed by Post hoc test was used as the
test of significance for comparing the
marginal discrepancy values in each group.
A P-value <0.005 was considered as
statistically significant.

Table 4: Mean marginal Discrepancy Value and Standard Deviation for all three

Groups (Group A, B and C)

GROUP MEAN SD

CAST SAMPLES 56.875 4.5449147
CAD/CAM SAMPLES 31.175 4.5537683
DIRECT METAL LASER SINTERING | 24.4 2.5391381
SAMPLES

(n=30)
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Table 4 shows the mean marginal
discrepancy values and standard deviation
of each group ie., Group A (casting),
Group B (CAD/CAM), Group C (Direct
Metal Laser Sintering)(n=30).
TABLE 5: One-way ANOVA

significant difference between all three test
groups.

TABLE 6: Test of Significance for the
Mean Marginal discrepancy observed
from all three test Groups (Post hoc

SOUR [SUM | DEGR |F P- test).
CE OF EE OF VA GRO |ME |SD MEAN P-
SQUA | FREE LUE UP AN DIFFER | VAL
RES | DOM ENCE UE
BETW | 5870.0 | 2 184.05 CAD/ |31.1 [4553 |25.7 <0.0
EEN 5417 <0.0 CAM |75 7683 01
GROU 01 Castin | 56.8 | 4.544
PS g 75 9147
WITH | 430.56 | 27 15.946
IN 25 7593 GRO | ME | SD MEAN P-
GROU UP AN DIFFER | VAL
PS ENCE | UE
(P = <0.001) Casti |56.8 | 4.5449 | 32.475 [ <0.0
ng |75 |147 01
Table 5 Depicts the one-way analysis of DML | 24.4 | 25391
variance among the three test groups ie., S 381
Group A (Casting), Group B (CAD/CAM)
and Group C (Direct Metal Laser
Sintering) which revealed a statistically
GROUP MEAN SD MEAN P-VALUE
DIFFERENCE
DMLS 24.4 2.5391381 6.775 0.002
CAD/CAM 31.175 45537683

Table 6 shows the test of significance
between the three test groups which
reveals:

Group A with mean marginal discrepancy
value of 56.875 um when compared with
Group B of mean marginal discrepancy
value 31.175 um shows a mean difference
of 25.7um.

Group A with mean marginal discrepancy
value of 56.875 um when compared with
Group C of mean marginal discrepancy
value 24.4 um shows a mean difference of
32.475 um.

Group B with mean marginal discrepancy
value of 31.175 pm when compared with
Group C of mean marginal discrepancy
value 24.4 um shows a mean difference of
6.775 um.

The statistical analysis above thus reveals
that the maximum discrepancy was seen
in Group A which were copings fabricated
by casting with mean marginal
discrepancy value of 56.875 um, then
followed by CAD/CAM with mean
marginal discrepancy value of 31.175 um
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and the least marginal discrepancy value
were seen in group C which were copings
fabricated by Direct Metal Laser Sintering
with mean marginal discrepancy value of
24.4 um. There was not much difference
between Group B and Group C which
were copings fabricated by CAD/CAM
and Direct Metal laser Sintering with the
difference being 6.775 um between the
two groups. However in contrast the mean
marginal discrepancy value between
Group A and group B were statistically
significant with mean difference of 25.7
um and also between group A and group C
with mean difference of 32.475 um.

Discussion

Precisely fitting casting or prosthesis is an
important objective while fabricating a
prosthesis because the procedure or
technique to fabricate an accurate casting
is complex and passes through multiple
steps which may have the effect on the
dimensions and therefore affecting the
final fit of the prosthesis.

The marginal fit is one of the important
criteria when evaluating the clinical
acceptability of the crown/retainer and its
accuracy is an important factor in the
success and longevity of the restoration.
(shillingburg 1987, 20,12, 59°) Ideally a
crown margins should harmonize with the
prepared finish margin of the tooth to
achieve absolute marginal integration. But
clinically it is not possible as a cement is
used to fix the prosthesis (crown/retainer)
and the cement particle thickness requires
the space. Hence a minimal marginal gap
is accepted, a marginal gap of about100-
120 um for good prognosis.

Usually the increase in internal gap will
lead to compromised retention of the
restoration and the vertical gap between

the restoration and tooth preparation
margin in the oral environment will
quantify the fit of the restoration as this
marginal gap if present in excess may
become a host for microorganisms and
their harmful products causing gingival
inflammation, recurrent caries and pulpal
lesions leading to failure of prosthesis. (1,
2,18, 19)

Marginal fit may depend on various factors
like geometry of tooth preparation,
adaptation of the castings, luting cement
used and margin configuration . Choosing
the right fabrication method is an
important factor that helps to minimize
error by reducing or eliminating complex
procedures that add to fabrication errors or
defects.

Considering the importance of the factor
(ie., technique) affecting the marginal fit of
a crown/retainer the present research work
focused on evaluating and comparing the
three techniques of fabricating the metal
copings ie., Casting, CAD/CAM and
Direct Metal Laser Sintering.

Lost wax technique for casting alloys is a
widely used and accepted technique but
the method is technique sensitive.(21, 59)
Many technical errors such as damage to
the margins on die while trimming,
excessive thickness of die spacer,
inaccurate wax adaptation, incorrect
investing and casting failures may occur
using this technique. Inherent material
related properties of casting also may
cause casting inaccuracies such as the
pattern material wax/resin shrinkage and
stress relaxation properties. Now with the
introduction of CAD/CAM systems, wax
patterns can be milled more accurately
than conventional technique eliminating
any chance of incorrect wax adaptation.
Another advantage of CAD/CAM and
Direct Metal Laser Sintering techniques is
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the complete elimination of casting
procedure variables where the required
crown or prosthesis is fabricated by
milling and sintering of the alloys
respectively and thus avoiding all technical
errors of casting which might be
incorporated above.

In the present study in order to standardize
the procedure and reduce the number of
variables involved in the entire process
only one master die was fabricated and all
30 copings were fabricated by scanning the
single master die. A mandibular 1% molar
typodont tooth was prepared for a metal
crown with chamfer finish line. This was
scanned in order to generate a virtual
model which was used to produce a CAD
milled die. This die was taken as standard
master die and this master die was then
used for fabricating all 30 copings of three
different groups where 10 copings were
obtained by casting, 10 copings by
CAD/CAM and 10 copings by Direct
Metal Laser Sintering. The copings were
designed using the CAD software after
scanning the master die. The design thus
obtained was used to mill the wax for the
purpose of casting (Group A), to mill the
cobalt chromium metal (Group B) and to
fabricate the Metal laser sintering copings
(Group C). The 30 copings obtained from
three different fabrication technique were
then evaluated for marginal discrepancy.
There are various method to evaluate the
marginal discrepancy like cross sectional
method, silicone replica technique,
radiography,  explorer —and  visual
examination and microscopes.

In the present study visual examination
using stereomicroscope attached to image
analyzer was chosen as the method of
evaluation as it is a non-destructive, non-
radioactive method and capable of

providing reproducible results anytime
with high resolution images.

This study after marginal discrepancy
evaluation showed a mean marginal
discrepancy value of 56.87 um for Group
A (casting), 31.18um for Group B
(CAD/CAM) and 24.4 um for Group C
(Direct Metal Laser Sintering).

The reason for high marginal discrepancies
in Group A (casting) maybe due to wax
distortion or shrinkage of wax pattern or in
some cases expansion of mold and casting
errors and finishing and polishing errors.
Copings fabricated using lost wax
technique are said to be most likely
adjusted since the process of casting
creates an oxide layer and there is always
risk of casting fins, rough surfaces and gas
porosities which affects the final fit of the
copings (54) While Group B (CAD/CAM)
and Group C (Direct Metal Laser
Sintering) showed a lower marginal
discrepancy value which could be because
CAD/CAM and Direct Metal Laser
Sintering  techniques use automated
scanning procedures and CAD software to
fabricate the copings which offers
advantages such as control over the
framework and coping designing and thus
avoiding the manual errors and distortions
inherent to casting procedures. Direct
Metal Laser Sintering showed the lowest
value of marginal discrepancy which could
be due to precise and rapid solidification
of cobalt chromium powder occurring in
small sections which minimizes the
chances of shrinkage of the alloyIn Direct
Metal Laser Sintering the framework is
build in a series of successively thin layers
in the range of 0.02-0.06 mm.

Marginal gap according to ADA
specifications  defined the  “clinical
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acceptance of bonded prosthesis™ as being
less than 25 um. However such gaps are
not possible to obtain clinically. Different
authors have given different values for
clinically accepted range of marginal
discrepancy. Mclean and Fraunhofer
examined more than 1000 crown over a
period of five years and concluded that the
marginal opening with 100-120 pm were
clinically acceptable while Hung et al
suggested a marginal value of 50-75 um as
clinically acceptable.. Christensen
concluded that the range of opening for
clinically acceptable margins was from 2-
119 um depending on the location of the
margin. White SN in his study concluded
that marginal fit values of 55 um or less
were acceptable and Dedmon in his study
concluded that mean uncemented marginal
openings by group of prosthodontists were
106 and 96 um for vertical and horizontal
openings. Ivy S Schwartz in his article on
review of methods and techniques to
improve the fit of cast restorations
concluded that marginal discrepancies
ranging from 10 to 160 um were
considered clinically and radiographically
acceptable. Aboutara et al also conducted
an vivo study and sixty restorations were
placed in 39 patients and follow up done
after 6 and 12 months for a period of 47
months where they concluded that
marginal accuracy ranged from 74 to 99
um with failure rate of 1.7 % after 47
months. (31, 32,) Thus the clinical
acceptance of marginal discrepancy varies
with different authors and their studies.
The results revealed in this in-vitro study
are in agreement with the above mentioned
authors and marginal discrepancy values
of all 30 copings fabricated by casting
technique, CAD/CAM and Direct Metal
Laser Sintering are all within the clinically

acceptable range (<120um ) with mean
marginal discrepancy value of 24.4 um for
Direct Metal Laser Sintering, 31.18 um for
CAD/CAM and 56.88 um for casting
technique. Direct Metal Laser Sintering
copings showed the lowest marginal
discrepancy value and highest marginal
discrepancy value was seen in copings
fabricated by casting technique. For
CAD/CAM fabricated copings mean
marginal discrepancy value did not vary
much from mean marginal discrepancy
value obtained from Direct Metal Laser
Sintering but were statistically significant
from the mean marginal discrepancy
values obtained from casting technique.
The results obtained in this study thus
rejects our null hypothesis and accepts the
alternate hypothesis.

Conclusion:

Based on the evaluation and data obtained
from this study the conclusions could be
drawn that the mean marginal discrepancy
observed in all the three groups were
within the clinical accepted range (100-
120 um) but it can be concluded that in
order to have optimum results we can opt
for Direct Metal Laser Sintering technique
or CAD/CAM as a technique for
fabrication of metal copings. However, the
evidence generated from randomized
controlled trials is expected to generate
evidence of high strength.?
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