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PURPOSE. In this study, we aimed to evaluate the amount of marginal gap with two different substructure 
materials using identical margin preparations. MATERIALS AND METHODS. Twenty stainless steel models with a 
chamfer were prepared with a CNC device. Marginal gap measurements of the galvano copings on these stainless 
steel models and Co-Cr copings obtained by a laser-sintering method were made with a stereomicroscope device 
before and after the cementation process and surface properties were evaluated by scanning electron microscopy 
(SEM). A dependent t-test was used to compare the mean of the two groups for normally distributed data, and two-
way variance analysis was used for more than two data sets. Pearson’s correlation analysis was also performed to 
assess relationships between variables. RESULTS. According to the results obtained, the marginal gap in the 
galvano copings before cementation was measured as, on average, 24.47 ± 5.82 µm before and 35.11 ± 6.52 µm 
after cementation; in the laser-sintered Co-Cr structure, it was, on average, 60.45 ± 8.87 µm before and 69.33 ± 
9.03 µm after cementation. A highly significant difference (P<.001) was found in marginal gap measurements of 
galvano copings and a significant difference (P<.05) was found in marginal gap measurements of the laser-sintered 
Co-Cr copings. According to the SEM examination, surface properties of laser sintered Co-Cr copings showed 
rougher structure than galvano copings. The galvano copings showed a very smooth surface. CONCLUSION. 
Marginal gaps values of both groups before and after cementation were within the clinically acceptable level. The 
smallest marginal gaps occurred with the use of galvano copings. [ J Adv Prosthodont 2015;7:257-63]
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INTRODUCTION

Rehabilitation of  tooth loss that may have occurred for var-
ious reasons with prosthetic restorations positively affects 

the quality of  the patient’s life.1 In addition to the mechani-
cal properties, marginal compatibility of  the prosthetic res-
torations is expected to be good, to satisfy the patient es-
thetically and functionally, to be biocompatible with the 
oral tissues, and to show long term clinical success. Any 
excess in the marginal gap can give rise to bruises, peri-
odontal problems, and even loss of  teeth.2,3

Today’s dentistry commonly uses materials that can be 
divided into four groups: metals, ceramics, polymers, and 
composites.4 The materials most frequently used in pros-
thetic restorations are metal alloys, acrylic resin polymers, 
and ceramics.5 Dentists use Ni-Cr alloys widely in the sub-
structures of  fixed partial dentures due to the material’s rel-
atively low cost.6-8 However, Ni-Cr alloy-ceramic restora-
tions have a number of  disadvantages, despite being eco-
nomical. The major disadvantages are a color mismatch in 
the cervical area, a lack of  good casting clarity, and, most 
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importantly, relatively poor biocompatibility.9,10 In addition, 
it should be taken into consideration that nickel can cause 
allergic reactions and beryllium can have toxic effects.11,12 
Because of  the disadvantages of  Ni-Cr alloy-ceramic resto-
rations, substructure materials that are nickel-free and have 
better biocompatibility are desirable as alternatives.13 Co- 
Cr-containing alloys and gold-containing alloys are two 
such alternatives.3,6,14-17

The Co-Cr alloy composition is typically 53-65% Co 
(cobalt) and 27-32% Cr (chromium). Mo (molybdenum) 
content varies between 2 and 6%. This alloy group can be 
used in fixed partial dentures, although it is more widely 
used in casting of  the main binding of  removable partial 
dentures because they are economical and highly durable.12 
The content of  fixed partial Co-Cr substructures obtained 
with laser sintering typically includes no Ni (nickel) or Be 
(beryllium), although different proportions are used in this 
alloy group (Table 1). 

In 1961, Rogers described gold layer ‘electroforming,’ 
precipitating it on a metal surface.18,19 Then, Rogers extend-
ed these procedures on porcelain crowns, including gold 
copings.20,21 Such galvanoceramic restorations, made along 
with porcelain veneers on galvano copings, have been used 
as an alternative to other ceramic restorations. These galva-
noceramic restorations have some significant advantages, 
such as high biocompatibility, good marginal adaptation, 
being esthetically pleasing, and being in compliance with 
the gingival tissues in the cervical region.8,15

In this study, we aimed to measure and compare the 
surfaces of  marginal gaps of  copings obtained with two di-
fferent substructure materials and stainless steel models 
with a chamfer preparation, before and after cementation.

MATERIALS AND METHODS

Stainless steel dies, 5 mm long, in the occlusal-gingival direc-
tion and 4.1 mm occlusal diameter, were designed accord-
ing to the shape of  a chamfer finishing line. A 1 mm cham-
fer finishing line was designed to be inclined at 6° to the 
coronal direction. A drawing for this marginal preparation 
shape was prepared using computer software (AutoCAD, 
Autodesk, Munich, Germany). To perform the measure-
ments at the same points on the stainless steel dies, 10 lines 
were drawn down to the finishing line of  all models at 36° 
intervals (Fig. 1).

According to the drawings, 20 stainless steel dies were 
produced using a CNC milling device (Victor Vturn II-20, 
Victor Europe Ltd., Rochdale, UK).

To	prepare	 a	 cement	gap	of 	24	μm	 thick	on	 the	 inner	
surface of  copings being prepared on 10 of  the stainless 
steel die models, a die spacer (Die Spacer Kit; Benzar Dental 
AG, Zurich, Switzerland) was used, to be 1 mm above the 
finishing line of  the stainless steel die models. The die spac-
er-applied stainless steel die models were then placed into a 
specially prepared polyvinyl silicone (Elite P&P, Zhermack, 
BadiaPolesine (RO), Rovigo, Italy) mold. After removal of  
the preplaced stainless steel die models, Type 4 plaster 
(Excalibur, Siladent, Dr. Böhme & Schöps GmbH, Goslar, 
Germany) was poured into the silicone mold. Following a 
1-hour period to allow hardening, the duplicate dies were 
removed from the mold. Trimming was carried out on the 
duplicate dies. Attention was paid to trimming to 3 mm 
below the finishing line. Following trimming, a hole, 0.8 
mm in diameter, was drilled 1 mm below the finishing line. 
A copper wire of  0.8 mm in diameter and 190 mm in 
length, on average, was placed into the hole drilled in the 
duplicate dies and was glued in place with cyanoacrylate 
glue (Power Glu, Magpow, Hunan Magic Power Industrial 
Co., Ltd., Liuyang, Changsha, Hunan, China).

The ends of  the wires were protruded by about 1 mm 
so as to provide electrical contact between the copper wires 
and the crown portions of  the duplicate dies. Then, the die 
models were covered with silver lacquer (Gramm Technik 
GmbH, Ditzingen-Heimerdingen, Stuttgart, Germany) using 
a brush to carry out the electroforming on the die models; 
the exposed surfaces of  the copper wire were also covered 
with silver lacquer. We waited 2 hours for the silver lacquer 

Table 1.  Starbond cos powder (Scheftner GmbH, Germany) alloy composition values

Co Cr W Mo Si Other elements: <1%

59% 25% 9.5% 3.5% 1% C, Fe, Mn, N

Fig. 1.  (A) Drawing of stainless steel die models with 
computer program, (B) the obtained stainless steel die 
model.

A B
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to dry. Then, dies were placed in the loading head of  device 
for electroforming and care was taken not to put them clos-
er than 1 cm from each other. The amounts of  solution and 
activator to be used were calculated according to the techni-
cal criteria of  GAMMAT (Gramm Technik GmbH). 
Electrolyte solution (ECOLYT SG 100, Gramm Technik 
GmbH) and activator (Activator SG 100, Gramm Technik 
GmbH) in amounts to prepare a coping thickness estimated 
to be 0.2 mm for each die were added to the solution reser-
voir of  the electroforming device. Then, electroforming 
was performed after the loading head including the dies was 
placed into the solution. Electroforming was completed 
after 6 hours of  treatment and substructures were removed 
from the device and cleaned (Fig. 2).

Ten stainless steel die models were prepared by a mod-
eling process after being scanned with a D700 Scanner 

(3Shape, Copenhagen, Denmark), maintaining the diameter 
of  the model at 1:1 proportion.

By sprinkling powder in the ReaLizer SLM 100 (ReaLizer 
GmbH, Borchen, Germany) device and melting the powder 
by means of  laser beams for the first layer, the model was 
formed step by step (Fig. 3).

Measurements were performed at 10 reference points 
on the stainless steel die model. Before measurements, 
bonding with single path temporary cement was performed 
to prevent possible movement of  copings during the mea-
surements. While doing this, we paid attention to using 
minimal amounts of  cement so as not to overflow onto fin-
ishing lines. Images of  marginal compatibility on the finish-
ing lines of  the model were gathered with a stereomicro-
scope (Leica DMLM). Marginal gap measurements in the 
images were obtained using the ImageJ software (Fig. 4).

Fig. 2.  (A) Adjustment of the device for Electroforming process, (B) Placement of dies into the loading head of device 
and (C) Galvano copings obtained after electroforming.

A B C

Fig. 3.  (A) The devicefor laser sintered copings and (B) 
The obtained laser sintered Co-Cr copings.

A B

Fig. 4.  Measurement of marginal gap amounts of (A) 
Co-Cr and (B) Galvano copings on the preobtained 
stereomicroscope image with image analysis program.

A B
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Measurements were made of  the vertical gap from right 
and left of  the notch on the stainless steel die models to 
the coping limits. After conducting measurements and 
before the permanent cementation, the copings were bond-
ed under 100 N pressure with glass ionomer cement 
(Meron, Voco GmbH, Cuxhaven, Germany) for 5 minutes. 
The cementation process for the copings was performed by 
placing them in a dynamic force application device (Algol 
Instrument Co., Hsin-Chuang, Taipei, Taiwan). Marginal 
gaps were remeasured after the cementation process.

For the qualitative characterization, all specimens were 
subjected to scanning electron microscopy (QUANTA 400F 
Field Emission, FEI Company, Hillsboro, OR, USA) after 
cementation. The surfaces were examined at a magnifica-
tion of  7X–5000X at 20 keV. Surface properties of  all spec-
imens after cementation, was characterized.

The IBM SPSS software (ver. 15.0 for Windows) was 
used for statistical evaluations (SPSS Inc., Chicago, IL, 
USA). A dependent t-test was used to compare the mean of  
the two groups for normally distributed data, and two-way 
variance analysis was used for more than two data sets. 
Pearson’s correlation analysis was also performed to assess 
relationships between variables. Hypotheses were bidirec-
tional and P	 values	 that	 are	 lesser	 than	≤.05	were	 consid-
ered statistically significant.

RESULTS

The mean  Co-Cr coping measurement values obtained with 
the laser sintering method and galvano copings before and 
after the cementation process are presented in Table 2.

Galvano copings had the lowest gap measurement values 
before	 cementation	 (24.47	±	5.82	μm).	A	highly	 significant	
difference (P<.001) was found in marginal gap measure-
ments of  galvano copings before and after cementation. A 
significant difference (P<.05) was found in marginal gap 
measurements of  the laser-sintered Co-Cr copings before 

and after cementation. The marginal gap measurement val-
ues of  the galvano copings and laser-sintered Co-Cr cop-
ings differed significantly (P<.001).

We examined the surface properties of  the galvano cop-
ings by SEM. Smooth images were obtained (Fig. 5A).

In contrast, when we examined the surface properties 
of  the laser-sintered Co-Cr copings with SEM, a compara-
tively rougher surface was observed (Fig. 5B).

DISCUSSION

Materials used in prosthetic restorations are typically metal 
alloys produced in the dental laboratory and are used in 
crown-bridge restorations, and in making removable partial 
and complete prostheses with acrylic resin polymers and 
ceramics.22 Ni-Cr-based non-precious metal alloys have 
been used widely in dentistry due to their relatively low cost 
and high mechanical resistance. However, nickel, used in 
Ni-Cr alloys, can have allergic effects and beryllium, used in 
some alloys, can be a carcinogen under some circumstances. 
Research has shown that nickel used in dental alloys can 
cause allergies in patients and beryllium has toxic effects on 

Table 2.  Average marginal gap values of two substructure 
material before and after cementation

Mean ± SD Result

Galvano before cementation 24.47 ± 5.82 μm
P<.001***

Galvano after cementation 35.11 ± 6.52 μm

Laser before cementation 60.45 ± 8.87 μm
P<.05*

Laser after cementation 69.33 ± 9.03 μm

***indicateshighly significant differences (P<.001). 
*indicates significant differences (P<.05). 

Fig. 5.  ×1000 images of (A) Galvano coping surface and (B) Laser sintered Co-Cr coping surface.

A B
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dental technicians when exposed orally and through dermal 
contact. For this reason, the continued and frequent use of  
Ni-containing alloys in the substructure of  prosthetic resto-
rations has been questioned.7,9,23

Because of  the potential for allergic and toxic effects 
associated with nickel alloys, the dentist needs alternatives 
for patients.24 Cobalt alloys and gold alloys are used as alter-
natives.6,14,25 In this study, laser-sintered Co-Cr copings and 
galvano copings were assessed as alternatives to the ‘tradi-
tional’ methods.

Gold copings, obtained by electroforming, have some 
significant advantages compared with metal-ceramic resto-
rations, such as being more biocompatible, having more 
compatible marginal limits, and requiring less preparation 
of  the teeth.3,26 Weisthaupt et al. examined the effects of  
galvano-ceramic and metal-ceramic restorations on peri-
odontal tissues and as a result of  clinical and periodontal 
examinations after 24 months, they reported that galvano-
ceramic restorations were more compatible with periodontal 
tissues and elicited a less-intense inflammatory response.16 In 
a study by Sönmez, when comparing the marginal gaps of  
copings obtained by conventional casting methods and cop-
ings obtained by an electroplating system, one of  the stain-
less steel die models having a chamfer preparation with 
gold copings was reported to form much smaller marginal 
gaps	 (23.1	±	 3.70	 μm)	 than	Ni-Cr	 copings	 (65.2	±	 12.30	
μm).27 In the study by Buso et al. of  the marginal adaptation 
of  copings with chamfer and rounded-shoulder preparation 
before and after ceramics, there was no statistically signifi-
cant difference between the two groups. Marginal gap val-
ues of  copings with a chamfer preparation (22.582/29.774 
μm)	 and	 copings	with	 a	 rounded-shoulder	 preparation	
(23.020/26.779	 μm)	were	 reported	 to	 increase	 after	 the	
porcelain application process.17 In our study, the marginal 
gap values of  galvano copings with a chamfer preparation 
before cementation were consistent these values.

In many studies laser sintered Co-Cr substructures 
achieved the best marginal fit. For example, Oyagüe et al.28 
reported that laser sintered Co-Cr substructures showed 
better marginal fit than vacuum cast Co-Cr and vacuum 
cast Pd-Au. And in the study by Örtop et al.,29 comparing 
marginal and internal adaptation of  Co-Cr substructures 
produced with four different techniques having a chamfer 
preparation, the ‘best’ adaptation was reported to be in sub-
structures	obtained	with	a	laser-sintered	method,	of 	84	μm,	
in measurements made with sectioning after cementation. 
In our study, the marginal gap values of  laser-sintered 
Co-Cr copings with a chamfer preparation were lower than 
these previously reported values.

 Various values of  marginal gaps are deemed clinically 
acceptable. Some researchers consider a marginal fit 
between	 50	 and	 100	 μm	 to	 be	 valid.30-32 In our study, the 
marginal gaps of  the galvano and laser-sintered Co-Cr cop-
ings with a chamfer preparation were below the clinically 
accepted	100	μm.

Many factors can affect marginal fit. These include 
preparation shape and size, finishing line forms, the viscosi-

ty of  the cement used, moisture and temperature in ambi-
ent conditions, physicochemical interactions, the design of  
the copings and the type of  crown.33,34 Buso et al.35 consid-
ered that several factors were responsible for the change in 
the marginal gaps, such as applied laboratory steps, margin-
al termination method, the measuring materials and meth-
ods used, the applied cement type, and the pressure applied 
during cementation.

According to the SEM images of  the experimental groups 
are outlined in Fig. 5, the laser sintered Co-Cr copings 
showed rougher surface structure than galvano copings. 
Similarly, in the study by Oyagüe et al.,28 SEM images of  
laser sintered Co-Cr substructures exhibited a characteristic 
rippled surface with undulated margins.

Studies conducted to evaluate marginal gaps have not 
used a standard number of  measurement points. However, 
several researchers have carried out measurements on refer-
ence points determined at regular intervals around the 
models.29,36,37 Thus, in our study, we performed measurements 
at 10 predetermined reference points on stainless steel die 
models. Crown cementation has not been standardized in 
marginal fit measurement studies; however, measurements 
have been carried out before and after cementation of  
crowns.38-41 In our study, in total, 20 measurements were 
performed: 10 on each model before and after cementation, 
based on the reference points marked on the models.

The obtained results could prove useful for clinicians in 
the field of  prosthodontics. Further laboratory experiments 
must be performed to test the change of  marginal gap val-
ue after porcelain build up and the behaviour of  conven-
tional and dual-cure resin cements under thermocycling and 
loading conditions.

CONCLUSION

The smallest marginal gaps occurred with use of  galvano 
copings. In addition to this result, marginal gaps values of  
both groups before and after cementation were within the 
clinically acceptable level. Also, when we examined the sur-
face properties of  Co-Cr copings obtained with a laser sin-
tering method using SEM, a considerably rougher structure 
was observed. The galvano copings were determined by 
SEM to have a very smooth surface.
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