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Abstract
Aims: This study was aimed to compare the effect of three different pattern materials on the vertical marginal discrepancy of
Nickel-Chromium copings fabricated on titanium implant abutments. Methods: A titanium implant abutment was used to receive 30
Nickel-Chromium copings. The copings were constructed using pattern wax (group 1), acrylic pattern resin (group 2), and light-
cured pattern resin (group 3). The marginal gap of the Nickel-Chromium copings was measured at 4 points on the abutment-
implant assembly by using a digital microscope. One-way ANOVA and post hoc tests were adopted for statistical analysis (α=0.05).
Results: The mean marginal gap values of Nickel-Chromium copings fabricated from pattern wax, acrylic pattern resin, and light-
cured pattern resin were 34.00, 31.78 and 25.87 µm, respectively. There was a statistically significant difference between groups 1
and 3 (p=0.02), whilst the difference between groups 2 and 3 and between groups 1 and 2 was not statistically significant (p>0.05).
Conclusions: The marginal gaps of the copings, fabricated from tested pattern materials, were within the clinically acceptable range.
Nevertheless, light-cure pattern resin had a better vertical marginal fit than acrylic pattern resin and pattern wax.
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Introduction
A precise fit between the abutment and the framework is
indispensible to provide a satisfactory long-term clinical
outcome. Although dental implants are clinically well-
accepted, they may still manifest some mechanical and
technical complications [1]. For instance, fitting the prosthesis
to the supporting components is a bewildering problem [1,2]
and many researchers concerned the fit of the dental
prosthesis, reporting the high likelihood of misfit in dental
implant components [3-8].

Marginal fit has been recognized as a reason in failure of
cast restorations [2]. The association between the ill-fitting
margins and bacterial irritation should also be concerned as an
impending clinical problem with implant-supported
restorations. Oral micro-organisms penetrate through the gaps
present in implant-supported supra-structures and this
microbial leakage becomes a definite jeopardy to induce peri-
implantitits [9,10]. Beyond these biologic disputes, it has been
reported that prosthesis misfit would lead to occlusal
imprecision, screw fracture, screw loosening and increasing
the possibility of abutment and/or implant fracture [2,7,11]. In
fact, marginal misfit transmits high stresses to the alveolar
bone and dental implant components [9,12,13].

The use of base metal alloys for the construction of
ceramometal restorations became popular, especially in
developing countries, after the cost of gold alloys increased
considerably in the 1970s [14]. The disadvantages of base
metal alloys include higher melting temperatures and difficult
handling and finishing in comparison to noble alloys. But
these nonprecious metals are superior to gold-based metals in
several respects, including low density, hardness, elasticity
modulus, and tensile strength. The use of base metal alloys
have made possible high-quality treatment for a large number
of patients with limited financial means. Currently, the most
used base metal alloys for metal-ceramic restorations are
nickel-chromium ( Ni-Cr ) materials [14-16].

Dental casting patterns are conventionally made from inlay
casting wax. The acquaintance and simplicity of manipulation
with decent replication of details and their reasonable price
are some of the main advantages of these materials, although
waxes have high coefficient of thermal expansion and a
distortion propensity on standing that can be considered as
their main disadvantages [17,18]. The distortion of wax
depends on time and temperature values; hence, wax patterns
should preferably be invested just right after their detachment
from the preparation [17-20].

To compensate the adverse characteristics of waxes,
alternative materials have been investigated including the
chemically cured resins and lately, the light-cured pattern
resin materials. The chemically accelerated plastics can be
manipulated easily and show acceptable dimensional stability,
while patterns fabricated from auto-polymerizing acrylic
resins exhibit substantial shrinkage within a day (24 hours)
after being made [21-24]. Skillful manipulation and
understanding of dimensional changes of wax and acrylic
resin may yield an acceptable pattern, whilst sustained storage
time before investment would cause distortions that influence
the marginal integrity [18-20,22].

The light-curing materials show better characteristics such
as they produce lesser heats in their polymerization, and they
exhibit virtuous dimensional stability, higher strength, greater
resistance to flow and burn out with absence of residue
[23,24]. The light-cured materials depend on an ample light
intensity to start their polymerization. This light intensity is
substantial at the material surface, but is reduced by
absorption and scatter at deeper levels, restricting the depths
of cure that can be yielded. A thorough polymerization is
imperative for light-cure pattern materials because the
presence of unpolymerized or partially-polymerized particles
would cause plastic deformation of the pattern when handled,
and in turn, would cause impaired fit of the succeeding casting
[18,23,24].
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Although pattern materials are widely used to fabricate
indirect dental restorations, they are subject to distortion that
influence the marginal integrity of these restorations. To the
best of authors’ knowledge, up to the time of this study, there
is no published article to evaluate the accuracy of different
pattern materials when used on titanium abutments of dental
implants during most real laboratory situations. Therefore, we
conducted this study to appraise the marginal fit of Nickel-
Chromium copings fabricated from a pattern wax, a pattern
acrylic resin material and a light-cured pattern resin on
prefabricated titanium abutments of dental implant fixtures.

Methods
One Intra-Lock 5.5 mm solid abutment with anti rotation
feature (Intra-Lock International Inc; Boca Raton, FL, USA)
was screwed onto an Intra-Lock implant analogue (4×12mm)
using a torque of 20 Ncm. To quantify the vertical marginal
gap, four points (0o, 90o, 180o, and 270o) [8] were marked on
a groove that was prepared 3mm beneath the margin of
abutment by using a high-speed hand piece and a diamond
bur. Lastly, the abutment-implant assembly was embedded in
an acrylic block and a dental surveyor (Ney Dental Surveyor;
Dentsply, Ballaigues, Switzerland) was employed to adjust its
long axis perpendicular to the horizontal plane. To purge the
effect of dissimilarities in impression and stone pouring
methods, this assembly was considered as the master die.
Based on previous studies a total of 30 Nickel-Chromium (Ni-
Cr) Cement-retained copings (4 All; Ivoclar-Vivadent,
Germany), 10 made from pattern wax (group 1), 10 made of
acrylic pattern resin (group 2), and 10 made from light-cured
pattern resin (group 3) were fabricated on the master die.

To standardize the contour and thickness of all copings
recruited in 3 groups; a master wax-up with thickness of 1.5
mm was made on another similar abutment-implant model. To
lodge the tip of the holding apparatus, a depression was made
in the occlusal surface of the wax-up. After casting this wax-
up, the resultant coping was cemented on the die and then a
silicone index was prepared and cut into two sections. During
pattern fabrication, the contour of all patterns in all three
groups were constantly maintained and standardized by using
this silicon index.

For fabricating patterns from Inlay type B pattern wax (GC
Corporation; Japan), an electrically-controlled wax bath was
used to melt the wax. The molten wax was applied on the
master die and then allowed to cool in room temperature; the
margins were redefined.

In group 2, the auto polymerized resin pattern material (GC
Corporation; Japan) was distributed in two distinct plastic
mixing saucers; one containing the powder (polymer) and one
the liquid (monomer). By using brush-on technique, the
patterns were then built up incrementally.

In group 3, the low viscosity light-cured pattern resin
material (Bredent; America Inc, USA) was incremented and
polymerized in the light-curing unit in layers; each layer was
cured for 90 seconds.

Finally, the patterns were accurately inspected, using a
magnifying lens to confirm proper marginal adaptation. The

patterns with any imperfections or deformation were
excluded.

Then the copings were cast using the conventional lost-wax
method. The Ni-Cr castings were divested and cleaned in an
ultrasonic cleaner. The inner surface of the copings were
checked for surface irregularities by using magnifying lens
and adjusted with a carbide bur. A silicone disclosing medium
was used to attain the best potential fit.

All metal copings were individually placed on the master
die and fixed on a specific mounting device. A constant
vertical load of 10 N [8] was exerted to all specimens to
ensure the complete seating of copings on the die.

The relevant images were then taken from all four
previously- marked points by a digital microscope
(AM413FIT Dino-Lite Pro; Dino-Lite electronic corp., Taipei,
Taiwan) that was adjusted for 230X magnification and
connected to a personal computer. The captured images were
analyzed by image-analysis software (Dino Capture 2.0;
AnMo Electronics Corp).

The marginal fit was assessed by determining the length of
a perpendicular line drawn between the most cervical edge of
the framework and the most outer edge of the finishing line of
the abutment.

The mean values of four measurements of each coping were
assumed as the marginal discrepancy of each specimen.
Means and standard deviations were calculated from 40
replications (10 copings × 4 locations) of each category. One-
way ANOVA and post hoc tests were adopted to compare the
marginal gaps of the study groups. The level of statistical
significance was set at 5%. All statistical analyses were
performed in SPSS version 21 (IBM SPSS Statistics; IBM
Corp, New York, USA).

Results

Table 1. The minimum, maximum, means and standard deviation
(SD) of vertical marginal gaps of Nickle-chromium copings (µm)
depending on pattern material.

Groups Minimum Maximum Mean SD

Group 1 (pattern wax) 28.12 41.2 34 4.42

Group 2 (acrylic pattern
resin) 20.37 51.15 31.78 8.09

Group 3 (light-cured
pattern resin) 12.3 37.45 25.87 7.29

Table 2. One-way ANOVA analysis of mean vertical marginal gap
differences between copings depending on pattern materials.

Mean of the
gap

Sum of
squares dF Mean of

square
Rati

o P-value

Between groups 353.646 2 176.823 4.00
6 0.03

Within groups 1191.678 27 44.136

Total 1545.325 29

The minimum, maximum, mean and standard deviations for
the marginal gap of the specimens in three experimental
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groups are summarized in Table 1. One-way ANOVA analysis
revealed there were significant differences between mean
values of three study groups (p=0.03) (Table 2).

Group 1 represented the greatest mean values for marginal
gap (34.00 µm) whilst group 3 showed the least mean values
for the marginal gap of the copings (25.87 µm).

Post hoc tests revealed there was a statistically significant
difference between groups 1 and 3 mean values. Group 2 had
copings with lower marginal gap (31.78 µm) compared to
group 1 (34,00 µm), but not statistically significant. The
differences between group 2 and 3 was also not statistically
significant (Table 3).

Table 3. Multiple comparison of vertical marginal gap (µm) of
copings fabricated from three different pattern materials, using post
hoc tests.

Groups comparisons Mean difference SD P-value

Pattern wax Vs acrylic pattern resin 2.22 2.97 0.73

Pattern wax Vs light-cured resin 8.13 2.97 0.02*

Acrylic pattern resin Vs light-cured
pattern resin 5.91 2.97 0.13

*SD= Standard Deviation, significant difference P<0.05

Discussion
There are some studies on the marginal fit of artificial crowns
and fixed partial dentures (FPDs) made from base metal alloy-
porcelain [25,26]. However, it seems that no report exists to
demonstrate the marginal discrepancies of base metal copings
resulting from different pattern materials when used on
titanium implant abutments. Therefore, it is crucial to
recognize the behavior of pattern materials on titanium
abutments.

In current study, a single titanium abutment was employed
to standardize the preparation and hinder any abutment wear
that could happen during the manufacturing and measuring
course. Moreover, all the measurements were accomplished
on this distinct abutment and the specimens were not
cemented in order to prevent the possible discrepancies that
could occur because of the type of the luting agent, viscosity
and seating forces during cementation. Several approaches
have been made to assess the marginal fit of framework in
different studies [27-31]. From all these surveys, two most
common non-destructive methods are direct microscopic view
and replica technique with which the evaluation of marginal
discrepancy of restorations at different stages of fabrication is
possible [30,31]. In present study, direct microscopic view
was employed to assess the marginal gap. In this method,
contrasting the replica technique, marginal gap could be
quantified in several points. Besides, in direct microscopic
view, using intermediate media such as impression materials
is not required; these materials restrict the measurement of the
marginal fit in replica technique [30-33]. Conversely, in the
direct microscopic assessment, the horizontal marginal gap
could not be evaluated. The retention of cement in the margin
is typically subjective to the vertical marginal discrepancy,
while horizontal marginal discrepancy has a major role in,

hygiene (plaque control) and maintenance of the restorations
[30].

A holding device was used in this study to normalize the
seating of the specimens on the die during measurements. The
device had the necessary requirements for a standard holding
device that was firstly proposed by Ushiwata and de Moraes
[33]. To normalize the seating of the frameworks on the
abutment, the occlusal surface lodged to the tip of the holding
device. With a conical tip, this device help orient the
specimens only in one individual plane during measurements
while it provides the possibility of rotational movements of
the restorations and therefore, measurements around the
margins were conceivable [27].

Numerous data have been published regarding the clinically
acceptable marginal gap of crown in the current literature. The
study of Christensen et al. [34] identified the range of 34-119
µm as an acceptable value for subgingival marginal gap, and
also 2-15µm for supragingival marginal gap. However,
Maclean and Von Franunhofer [35] studied more than 1000
restorations in a 5- year study and reported 120µm as the
maximum value for a clinically- acceptable marginal gap.

In current study, the mean marginal gap of copings
fabricated from pattern wax, acrylic pattern resin, and light-
cured pattern resin was 34.00, 31.78 and 25.87 µm
respectively. Regarding the values reported by aforementioned
studies, the amount of marginal gap yielded in this study, for
all the three groups were within the clinically acceptable
range.

The study of Sushma et al. [36] ,with promise to the notions
of pattern fabrication, showed that the inlay pattern wax - if
invested instantly- can be considered as an acceptable material
for fabrication of a casting with minimal marginal
discrepancy ; reminding that this pattern material is cost-
effective and less technique-dependent.

In agreement with the results of Rajagopal et al. [24] study,
we experienced that the light-cured pattern resin was the most
dimensionally stable material, followed by the auto-
polymerized resin, and inlay wax respectively.

Inlay waxes benefits from appropriate characteristics such
as easy manipulation, predictable coefficient of thermal
expansion, and absence of residue on burnout. However, due
to their thermoplastic properties, thermal changes and release
of internal stresses may cause distortion and increasing
temperature accelerates this process [17,19]. This is an
important issue which must be deliberated in any technique
that accompanies delayed investment or includes heating the
wax pattern prior to investing procedure or complete setting of
the investment. A low-storage temperature is therefore
recommended to minimize distortion and moreover, to obtain
an ideal result, the patterns should be invested instantly after
being removed from the preparation [17-20].

Resins can be employed as an alternative pattern material
for casting. The working time of these resins is reduced and
the rotary instruments can be used with these materials
without the risk of pattern distortion [18,21,22]. Benefiting
from better dimensional stability and easy manipulation, auto-
polymerized pattern materials are prevalent for their use in
clinical direct pattern fabrication; though they can never
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replace wax as an indirect pattern material. This is largely due
to their polymerization shrinkage as their major disadvantage.

Mojon et al. [22] assessed the standard mixture of two self-
cure resins and observed that the polymerization contraction
after 24 hours in Duralay resin and Palavit G was 7.9% ±
1.4% and 6.5% ± 0.5%, respectively.

Moon et al. [37] suggested that FPD units prepared for
soldering and indexed with acrylic resin material must be
invested very soon; relatively within 1 hour.

McDonnel et al. [21] studied the effect of this delay on the
accuracy of two common acrylic resins (Duralay and GC
pattern resin) which were utilized to assemble an implant
framework for soldering. The results of their search point out
that both resin-indexed implant assemblies were accurate for
15 minutes after polymerization but not at following test
intervals. Previous studies have indicated that the
polymerization shrinkage of auto polymerized resin was much
greater when used with the bulk technique [21-24], the reason
that the auto polymerized resin pattern was fabricated with the
incremental technique in the present study.

On the other hand, light-curing materials are broadly used
in dentistry and have superiority over chemically-activated
materials in numerous clinical and laboratory situations. They
endure many advantages such as faster and complete curing;
lesser porosity since their mixing is usually not required;
nearly prompt finishing time; suitable working time for
intricate procedures; and cost-effectiveness. Literature states
that the advantages of these light-curing resins are low
polymerization shrinkage and adequate dimensional stability
[18,23,24]. The light beam is very intense on the surface area
of the material specimen, but it is attenuated by interaction of
light and material (absorption and scattering) in deeper layers,
which limits the depth of curing [23,24]. The main imperative
restrictive factors can be stated as the intensity of the incident
light, the exposure time, the color of the material and also the
nature, shape, and the volume of fillers used in these
materials. In addition to the innate shortcomings of these
materials, the initial cost of the equipments manufactured for
these light-cure resins sorts it as the second choice compared
to inlay wax [36,38].

A survey conducted by Danesh et al. [38] on different
polymerization characteristics of the light-curing and auto-
polymerized pattern resins revealed that the volumetric
shrinkage of the light-curing resins are comparable to the
auto-polymerized pattern resin; an outcome that might be
interrelated with the results obtained by the present study.

As a limitation of the current study, the accurateness of the
pattern materials was not assessed on storage off the die in
different time intervals. Moreover, this study only measured
the vertical marginal gap and did not scrutinize the horizontal
discrepancy. To measure the internal gap, cementation and
sectioning of the specimens is inevitable, therefore, internal
gap was not measured in this study. Also future research
should implement the use of CAD/CAM system to fabricate
pattern materials to ensure consistency.

Conclusions
Considering the limitations of this study, there was no
significant difference in mean marginal gap of copings
fabricated from pattern wax and acrylic pattern resin and also
between mean values of those copings fabricated from acrylic
pattern and light-cured pattern resins. However, mean
marginal gap of copings fabricated from pattern wax was
significantly greater than the copings fabricated from light-
cured pattern resin. The marginal gaps of copings fabricated
from tested pattern materials were within the clinically
acceptable range.
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