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Evaluation of marginal discrepancy in metal 
frameworks fabricated by sintering-based 
computer-aided manufacturing methods
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PURPOSE. The aim of this in vitro study was to evaluate the effect of sintering procedures on marginal 
discrepancies of fixed partial metal frameworks fabricated using different sintering-based computer-aided design 
and computer/aided manufacturing (CAD/CAM) techniques. MATERIALS AND METHODS. Forty resin die models 
of prepared premolar and molar abutment teeth were fabricated using a three-dimensional (3D) printer and 
divided into four groups (n = 10) according to the fabrication method of metal frameworks used: HM (via hard 
milling), SM (via soft metal milling), L25 (via direct metal laser melting [DMLM] with a 25 µm layer thickness), 
and L50 (via direct DMLM with a 50 µm layer thickness). After the metal frameworks were fabricated and 
cemented, five vertical marginal discrepancy measurements were recorded in each site (i.e., buccal, facing the 
pontic, lingual, and facing away from the pontic) of both abutment teeth under a stereomicroscope (×40). Data 
were statistically analyzed at a significance level of 0.05. RESULTS. No statistically significant differences (P>.05) 
were found among the four axial sites of metal frameworks fabricated by sintering-based CAD/CAM techniques. 
The HM and L25 groups showed significantly (P<.001) lower marginal discrepancy values than the SM and L50 
groups. CONCLUSION. Marginal discrepancy in the sites facing the pontic was not influenced by the type of 
sintering procedure. All fabrication methods exhibited clinically acceptable results in terms of marginal 
discrepancies. [ J Adv Prosthodont 2020;12:124-30]
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INTRODUCTION

Metal-ceramic restoration is a common prosthetic treatment 
option in dentistry. Although the ceramic part of  a restora-
tion is exposed to occlusal forces during chewing actions, 

the restoration’s clinical survival primarily depends on the 
metal framework’s physical and mechanical properties1 and, 
to a greater extent, the accuracy of  fit between the restora-
tion and abutment tooth.2 The increase in marginal discrep-
ancy results in cement dissolution, which eventually leads to 
plaque accumulation, secondary carries, and periodontal dis-
eases.3-5 The conventional lost-wax method, which requires 
great technical accuracy during the casting process, has been 
used in the fabrication of  metal-ceramic restorations for a 
long time. However, casting imperfections and the invest-
ment material’s dimensional instability have a negative effect 
on the marginal adaptation of  metal frameworks.2 Today, 
such problems caused by casting procedures can be over-
come by the use of  computer-aided design and computer-
aided manufacturing (CAD/CAM) systems in dental prac-
tice.2,6,7

In accordance with the preferences of  dental laborato-
ries, several CAD/CAM systems are used in the production 
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of  metal frameworks.8 Among these systems, laser sintering 
systems are among the most preferred technologies due to 
its advantages, such as reduced cost, short manufacturing 
times, and high level of  accuracy.7,8 In laser sintering sys-
tems, powdered metal particles are sintered, layer-by-layer, 
in line with the CAD data until the fabrication is complete.9 
Laser sintering systems currently used in dentistry operate 
on the principle of  direct metal laser sintering (DMLS) or 
direct metal laser melting (DMLM).10 DMLS machines melt 
the metal powder partially, whereas DMLM machines melt 
it completely.11 The layer thickness used during the sintering 
process plays a significant role in metal framework fabrica-
tion.12,13 Increasing the layer thickness shortens the manu-
facturing time; however, this may lead to several problems, 
such as an irregular surface finish, weakened mechanical 
properties, and reduced accuracy.10,14-19

Milling systems were some of  the first CAD/CAM meth-
ods developed. Metal frameworks manufactured by milling 
machines have a high level of  structural homogeneity.2 
However, the milling process of  metal blocks takes too 
long, and the milling equipment wears out more quickly due 
to the hardness of  base metal alloys.20,21 Because of  these 
disadvantages, pre-sintered soft metal blocks were devel-
oped as an alternative to hard milling systems. Soft metal 
blocks are produced by compressing the metal powders 
with isostatic pressure. This prevents milling tools from rap-
id abrasions and decreases the manufacturing time and 
costs. Milled metal frameworks are sintered to reach full 
density, which is similar to the sintering process used for 
pre-sintered zirconia.22-25 

The abutment teeth are connected to the pontic part in 
fixed partial restorations, and this part has more material 
content in terms of  mass and volume than other parts of  
the metal framework. In the dental literature, some studies 
have reported that the marginal discrepancy in zirconia res-
torations increases in areas close to the pontic.26,27 All CAD/
CAM systems used in the fabrication of  metal frameworks, 
except for hard milling, involve a sintering process. However, 
the effect of  sintering procedures on marginal discrepancy 
in the sites facing the pontic is unclear. The main purpose 
of  this study was to evaluate the effect of  sintering proce-
dures on marginal discrepancy of  fixed partial metal frame-
works fabricated using different sintering-based CAD/CAM 
methods. The hypothesis was that the degree of  marginal 
discrepancy would increase at the pontic of  metal frame-
works fabricated using sintering-based CAD/CAM methods.

MATERIALS AND METHODS

A single bronze metal die model representing prepared pre-
molar and molar teeth was created using a computer numer-
ical control machine (Fig. 1). The die model was scanned 
using a laboratory scanner (E2, 3Shape, Copenhagen, 
Denmark), and 40 resin (E-Model, EnvisionTec, Dearborn, 
MI, USA) die models were fabricated using a three-dimen-
sional (3D) printer (Vida, EnvisionTec, Dearborn, MI, 
USA).	The	resin	die	models	were	divided	into	4	groups	(n	=	

10) according to the methods used to fabricate the metal 
framework: hard metal milling (HM), soft metal milling 
(SM),	DMLM	with	 a	 25	 μm	 layer	 thickness	 (L25),	 and	
DMLM	with	 a	 50	μm	 layer	 thickness	 (L50).	Each	 resin	
model was scanned using the same laboratory scanner, and 
the scan data were transferred to design software (exocad 
v2.2, exocad, Darmstadt, Germany). All the metal frame-
works were designed to have a thickness of  0.5 mm in the 
abutment teeth and 6 mm2 in the connector area. The 
cement	film’s	thickness	was	set	as	30	μm.

In the HM group, the CAD data were transferred to a 
milling machine (Redon Hybrid, Redon, Istanbul, Turkey), 
and 10 three-unit metal frameworks were milled from 
cobalt-chromium (Co-Cr) hard blanks (Starbond CoS Disc 
Basic, S & S Scheftner GmbH, Mainz, Germany). After the 
milling process was completed, metal frameworks were fin-
ished using tungsten carbide finishing burs. Milled metal 
frameworks were accepted as the control group because 
they did not undergo heat treatment.

In the SM group, the CAD data were transferred to a 
milling machine, and 10 three-unit metal frameworks were 
milled from pre-sintered Co-Cr soft metal blanks (CopraSintec 
K, Whitepeaks Dental Solutions GmbH, Hamminkeln, 
Germany). After the milling process was completed, all soft 
metal frameworks were sintered in an argon atmosphere for 
3 hours at 1450°C. After the sintering process was complet-
ed, all the metal frameworks were finished using tungsten 
carbide finishing burs.

In the L25 group, the CAD data were transferred to a 
DMLM machine (MLab Cusing 200R, Concept Laser GmbH, 
Lichtenfels, Germany), and 10 three-unit metal frameworks 
were	laser	sintered	with	a	25	μm	layer	thickness	from	Co-Cr	
metal powder (Remanium Star CL, Dentaurum GmbH, 
Ispringen, Germany). The manufacturing process was com-
pleted in 195 minutes. Thereafter, all the metal frameworks 
were annealed in a sintering furnace (Mikrotek, Mikrotek 
Dental, Ankara, Turkey) according to the manufacturer’s 
instructions. After the annealing process was completed, all 
the metal frameworks were finished using tungsten carbide 
finishing burs.

In the L50 group, the CAD data were transferred to a 
DMLM machine, and 10 three-unit metal frameworks were 

Fig. 1.  Metal die model used in the study.
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laser	sintered	with	a	50	μm	layer	thickness	from	Co-Cr	metal	
powder (Remanium Star CL, Dentaurum GmbH, Ispringen, 
Germany). The manufacturing process was completed in 
160 minutes. Thereafter, all the metal frameworks were 
annealed in a sintering furnace (Mikrotek, Mikrotek Dental, 
Ankara, Turkey) according to the manufacturer’s instruc-
tions. After the annealing process was completed, all the 
metal frameworks were finished using tungsten carbide fin-
ishing burs.

All metal frameworks were cemented to master resin 
models with a temporary cement agent (TempoCemNE, 
DMG, Hamburg, Germany) under a standard 200 N load 
using a dynamometer stand. The excessive cement remnants 
were removed from the marginal boundaries. To evaluate 
the samples’ marginal discrepancies, a metal bolt was 
cemented to the bottom of  the resin die models using a cya-
noacrylate adhesive agent. The bolts were used to fix the die 
models to the screw passing through the measurement 
stand, which was fabricated using a parallelometer sub-tray, 
allowing the samples to rotate on 3 different axes (Fig. 2). 
The four corners (the ends of  the lines that cross each oth-
er), at 0.5 mm below the marginal finish of  each abutment 
tooth, were marked using an acetate pencil, and the area 
between two corners was determined to be an axial site. The 
marginal discrepancy measurements were recorded in four 
axial sites: buccal, facing the pontic, lingual, and facing away 
from the pontic.

Marginal discrepancy evaluations were conducted at a 
magnification of  × 40 using a stereomicroscope (SZX16, 
Olympus, Tokyo, Japan) equipped with a digital camera 
(DP73, Olympus, Tokyo, Japan), which were integrated into 
a measurement software (Stream Basic, Olympus Soft Imaging 
Solutions GmbH, Munster, Germany). Measurements were 
recorded vertically from the framework’s margin to the mar-
ginal finish line. Five marginal discrepancy measurements, at 
equal intervals, were recorded at each axial site (Fig. 3). The 
arithmetic mean of  five measurements was considered as 
the mean marginal discrepancy value of  the axial site, and 

the arithmetic mean of  the four axial sites was considered as 
the mean marginal discrepancy value of  the abutment tooth. 

Data were statistically analyzed using a statistical software 
(IBM SPSS Statistics, v21.0, IBM Corp., Chicago, IL, USA). 
The distribution of  the data was evaluated with a Shapiro 
Wilk test, and the data exhibited a normal distribution (P > 
.05). Differences among the axial sites were evaluated using 
univariate analysis of  variance (ANOVA), one-way ANOVA, 
and Tukey’s multiple comparison tests, and differences 
among the fabrication methods were evaluated using one-
way ANOVA and Tukey’s honestly significant difference 
(HSD) tests at a significance level of  0.05. Homogeneity was 
evaluated using the Levene’s test.

RESULTS

In premolars, the univariate ANOVA test results revealed 
significant	differences	(df 	=	3;	F	=	2.991;	P	=	.033)	among	
the axial sites. The one-way ANOVA results for each fabri-
cation method were as follows: no significant differences 
were	 found	 among	 the	 axial	 sites	 in	 the	 SM	 (df 	=	 3;	 F	=	
0.269; P	=	0.847),	L25	 (df 	=	3;	F	=	2.002;	P	=	0.131),	or	
L50	(df 	=	3;	F	=	0.171;	P	=	0.915)	groups,	but	significant	
differences were found among the axial sites in the HM (df  
=	3;	F	=	5.350;	P	=	0.004)	group.	However,	multiple	com-
parisons revealed that this difference resulted from the buc-
cal site rather than the site facing the pontic. The mean mar-
ginal discrepancy values, standard deviations (SD), and mul-
tiple comparisons among the axial regions of  premolars for 
each fabrication method are shown in Table 1. 

In molars, univariate ANOVA test results showed no 
significant	difference	(df 	=	3;	F	=	1.044;	P	=	0.375)	among	
the axial sites. The one-way ANOVA results for each fabri-
cation method were as follows for the four groups: HM (df  
=	3;	 F	=	 0.459;	P	=	 0.713),	 SM	 (df 	=	 3;	 F	=	 2.365;	P	=	
0.087),	L25	(df 	=	3;	F	=	1.113;	P	=	0.356),	and	L50	(df 	=	3;	
F	=	0.519;	P	=	0.672).	The	mean	marginal	discrepancy	val-
ues, standard deviations (SD), and multiple comparisons 

Fig. 2.  The parallelometer sub-tray stand, which allows 
rotation of die models, used in marginal discrepancy 
measurements.

Fig. 3.  Recorded marginal discrepancy measurements at 
equal intervals.
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among the axial sites of  molars for each fabrication method 
are shown in Table 2. 

To evaluate differences among the fabrication methods, 
the data recorded for both premolars and molars were com-
bined. The one-way ANOVA results revealed that there was 
a	significant	difference	(df 	=	3;	F	=	16.771;	P < .001) among 

the fabrication methods (Fig. 4). The HM and L25 groups 
exhibited significantly lower marginal discrepancy values 
than the SM and L50 groups (P < .05). The mean marginal 
discrepancy values, standard deviations (SD), and multiple 
comparisons among the fabrication methods are shown in 
Table 3. 

Table 2.  Mean marginal discrepancy values (µm) and SD in axial sites of molars

Fabrication method HM SM L25 L50

Axial site Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Buccal 60 (8)a 69 (11)a 55 (10)a 63 (7)a

Facing the pontic 60 (7)a 74 (8)a 57 (5)a 66 (6)a

Lingual 57 (4)a 69 (4)a 61 (8)a 66 (7)a

Facingaway from the pontic 59 (6)a 65 (6)a 60 (10)a 64 (7)a

*Values having same letter in a column are not significantly different (P > .05).

Table 1.  Mean marginal discrepancy values (µm) and SD in axial sites of premolars

Fabrication method HM SM L25 L50

Axial site Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Buccal 50 (7)a 68 (11)a 54 (7)a 64 (11)a

Facing the pontic 61 (8)b 71 (8)a 60 (9)a 65 (12)a

Lingual 58 (3)b 69 (7)a 61 (5)a 67 (10)a

Facingaway from the pontic 55 (4)ab 67 (7)a 60 (8)a 65 (7)a

*Values having same letter in a column are not significantly different (P > .05).

Fig. 4.  Images taken (× 40) from each 
fabrication group. The differences in 
marginal integrity and discrepancies are 
presented: (A) Hard metal milling, (B) 
Soft metal milling, (C) Laser sintering 
with 25 µm layer thickness, (D) Laser 
sintering with 50 µm layer thickness.

A B

DC
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DISCUSSION

The main objective of  this in vitro study was to evaluate the 
effects of  sintering processes on marginal discrepancy in the 
sites facing the pontic. The results of  the present study 
showed no significant marginal discrepancy differences among 
the axial sites in metal frameworks fabricated using three dif-
ferent sintering-based CAD/CAM methods. Therefore, the 
hypothesis that the amount of  marginal discrepancy would 
increase in the sites facing the pontic of  metal frameworks 
fabricated using sintering-based CAD/CAM methods was 
rejected.

The pontic part of  a metal-ceramic restoration contains 
much more metal and ceramic mass than the other parts of  
the restoration. The hypothesis of  the present study was 
based on the idea that thermal contraction after the cooling 
process in the sites facing the pontic might be greater than 
in other axial sites, and the amount of  marginal discrepancy 
in the sites facing the pontic would increase. Controversial 
results were observed in the present study. Wettstein et al.26 
evaluated the internal gaps of  zirconia and metal frame-
works for fixed partial dentures and found that metal frame-
works exhibited significantly lower discrepancy values in the 
sites facing away from the pontics than sites facing the pon-
tics. However, they used a conventional casting method. 
The methodology of  the present study was based on sinter-
ing-based CAD/CAM techniques. Sintering and casting 
processes both involve thermal manufacturing stages, but 
they are completely different from each other, especially in 
terms of  the cooling mechanism. 

Komine et al.28 compared anterior curved and straight 
four-unit zirconia frameworks in terms of  marginal discrep-
ancy and reported that the straight design exhibited signifi-
cantly better marginal discrepancy than the curved design. 
In the present study, only posterior straight design metal 
frameworks were evaluated, and this design was limited to 
only one pontic area. The increase in the pontic number and 
the degree of  the curve might lead to different results.

In the available literature, a common consensus exists 
that	marginal	discrepancy	values	higher	than	120	μm	are	not	
clinically acceptable.3,5,29-32 In the present study, no metal 
framework exhibited a mean marginal discrepancy value 

higher	than	70	μm.	Moreover,	it	was	reported	that	marginal	
discrepancy	values	lower	than	80	μm	could	not	be	clinically	
observable.32 Therefore, all fabrication methods were found 
to be clinically successful in terms of  marginal adaptation.

In the present study, a significant marginal discrepancy 
difference (P < .001) was found among the fabrication 
methods. The metal frameworks fabricated via the hard 
milling method exhibited significantly lower marginal dis-
crepancy values than those fabricated via the soft metal 
milling	method.	Paşalı	et al.33 and Vojdani et al.34 found simi-
lar results. However, Park et al.24 compared the adaptation 
of  metal frameworks fabricated using hard metal milling 
and soft metal milling methods and found that the hard 
metal milling group exhibited significantly higher cervical 
and absolute marginal discrepancy measurements than the 
soft metal milling group. They also concluded that both 
hard metal milling and soft metal milling methods showed 
clinically	 acceptable	 results	 (<	 120	μm).	Kim	 et al.22 com-
pared the adaptation of  metal frameworks fabricated using 
conventional casting, hard metal milling, laser sintering, and 
soft metal milling methods and found that the soft metal 
milling group exhibited significantly lower marginal discrep-
ancy values than the other groups. Pre-sintered soft metal 
frameworks are sintered until they reach full density after 
the milling process is completed, which is similar to pre-sin-
tered zirconia restorations. This sintering process results in 
a contraction in the metal framework by approximately 10 - 
11%, and the metal framework reaches its final dimensions 
and hardness.22-25 The sintering process requires a sensitive, 
high-level technique. The contraction mechanism of  pre-
sintered soft metals can potentially lead to smaller accuracy 
differences than hard metals. 

Moreover, the metal frameworks fabricated using 25 
μm-laser	 sintering	methods	 exhibited	 significantly	 lower	
marginal discrepancy values than metal frameworks fabricat-
ed	by	50	μm-laser	sintering	methods	in	the	present	study.	In	
contrast to this finding, no significant marginal discrepancy 
differences	were	found	between	25	μm-laser	sintered	and	50	
μm-laser	sintered	single	unit	metal	frameworks	in	a	previous	
study.35 Several researchers have noted that increasing the 
sintering layer’s thickness has a negative effect on the accu-
racy of  the final structure.10,14-19 One of  the most important 
reasons for this finding is that the laser’s penetrative power 
decreases as the layer thickness increases, and therefore, a 
balling effect occurs within the structure. A balling effect 
can be defined as a kind of  porosity that causes poor inter-
layer bonding between the fresh layer and the previously 
sintered layer,36 which may explain the present results. 
Furthermore, the present study evaluated three-unit metal 
frameworks rather than single-unit metal copings, and the 
metal framework’s size may affect marginal accuracy.

In the present study, three-unit straight metal frame-
works were evaluated. Different metal framework designs 
may exhibit different results. Moreover, the metal frame-
works were not veneered with ceramic material, so a sec-
ondary marginal discrepancy evaluation was not conducted. 
A previous study reported that marginal discrepancies 

Table 3.  Mean marginal discrepancy values (µm) and SD 
obtained from each fabrication method

Fabrication method Mean (SD) Minimum Maximum

HM 57 (4)a 52 68

SM 69 (7)b 58 80

L25 58 (6)a 50 73

L50 65 (7)b 55 85

*Values having same letter are not significantly different (P > .05).
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increased after ceramic firing.7 Although the significant dif-
ferences were found among the fabrication methods, all of  
them exhibited clinically acceptable marginal discrepancy 
results, and this statistical difference may not be clinically 
relevant.

CONCLUSION

Within the limitations of  this study, marginal discrepancies 
were not significantly increased, and all the fabrication meth-
ods exhibited acceptable marginal accuracy. Decreased layer 
thickness may provide more favorable marginal discrepancy 
result in laser-sintered metal frameworks. Although the soft 
metal milling systems provide important advantages in 
terms of  duration of  the milling process and wear of  mill-
ing equipment, hard metal milling may provide more accu-
rate adaptation in metal frameworks.
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