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Abstract
Objective. The purpose of this study was to evaluate the influence of veneer application on the misfit level of implant-
supported frameworks. Materials and Methods. Thirty commercially pure titanium (Tritan, Dentaurum, Pforzheim,
Germany) frameworks were fabricated from a metallic index containing five Branemark-type multi-unit abutments. Analogs
of the abutments were positioned into the framework to manufacture an index for each framework, which permitted the
evaluation of the marginal gap caused only by the veneer coverage. The frameworks were grouped (n = 10) in the following
manner: (G1) heat-cured acrylic resin (Clássico, Clássico, São Paulo, Brazil); (G2) light-cured resin (Versyo.com, Heraeus
Kulzer, Brazil); and (G3) porcelain (Triceram, Dentaurum, Pforzheim, Germany). Marginal refinement with spark erosion
was then conducted. The marginal gap was verified before and after the veneer coverage and the spark erosion procedure,
following the single screw test protocol (tightening force of 10 Ncm). Data were submitted to an analysis of variance (ANOVA)
in a split-plot design for repeated measurements followed by a Tukey test (p = 0.05). Results. The veneer application was
associated with a significant increase in the mean misfit values of all groups. The lowest values were presented by G2. After the
spark erosion process, the mean misfit value decreased only on G3. Conclusions. Heat-cured acrylic resin and porcelain
produced the highest values of marginal gaps, whereas light-cured acrylic resin produced the lowest. In addition, the spark
erosion process was effective only in the marginal gap of the porcelain application group.
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Introduction

Over the years, implant-supported rehabilitations have
proved to be successful alternatives to treat partially
and completely edentulous patients [1–6]. Initially,
prosthetic frameworks supported by implants were
made from precious metals. However, due to the
high cost, they were replaced by semi-precious metals.
Currently, titanium is considered to be an interesting
option for frameworks castings. It is biocompatible
and has excellent corrosion resistance, even in harsh
environments, such as the oral cavity [7]. In addition
to a relatively low cost, density and thermal conduct-
ibility, the desirable physical and mechanical proper-
ties of titanium make it an advantageous option for
dental prosthesis use [8,9].

Implant-supported prostheses should fit the
implants well. Poorly adapted prostheses can lead
to fractures of frameworks by mechanical failure or
bone resorption [2,10–13]. Results of longitudinal
clinical studies have shown that clinical complications
that occur in implant-supported prostheses are
generally related to the marginal misfit that may
be present, especially when multiple implants are
involved [2,4,5,14]. Distortions in frameworks might
be caused by different procedures, including waxing,
investing and casting [15]. Irregularities at both the
edges and internal portions of UCLA abutments and
the base seating of prosthetic screws can also cause
marginal misfit [16–18].
In conventional prostheses, the ceramic application

procedure is known to increase framework distortion
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[19–23]. According to Byrne et al. [24], it also occurs
in implant-supported prostheses. The cause of this
distortion can be due to ceramic contraction during
firing cycle or differences between the thermal coeffi-
cients of the ceramic and the alloys [25].
Thermo-activated acrylic-resin application, widely

used on implant-supported fixed frameworks, can
also promote misfit in implant-supported prostheses
[3–6,26]. Recently, a light-cured resin was introduced
into the market which, according to the manufacturer,
would not be affected by temperature changes
because it is not a thermoplastic resin. This allows
it to avoid framework distortion.
To prevent misfit, several correction techniques can

be performed. In some cases, it is necessary to section
the framework and weld it back [12,18]. In other
cases, the spark erosion technique, which involves
mild electrical discharges between the electrode
(anode) and metal restoration (cathode), with ions
transference, can be used [18]. The advantage of this
technique is that it permits the refinement of the
edges, providing better levels of cervical fit after the
aesthetic veneering application without promoting
reduction of the frameworks’ resistance [16,17,27].
Few researchers have investigated the influence of

aesthetic veneer application on the marginal misfit of
fixed prostheses. In addition, the effect of after-
coating spark erosion treatment on marginal misfit
values remains unclear. Thus, this research was
performed to fill these gaps in the literature.

Materials and methods

Amaster model was created frommetal matrix, which
simulated the clinical implantation of five implants
(platform of 4.1 mm) with multiunit-type abutment
transfers (Conexão Sistema de Próteses, São Paulo,
SP, Brazil). The impression transfers were screwed
over the abutments and tied together with dental floss
and acrylic resin (Pattern–GC América, Alsip, IL,
USA). The impression was taken with polyether
(Impregum Soft, 3M ESPE, São Paulo, Brazil) and
a gypsum model was obtained.
Over the model, two framework patterns were

waxed: one to receive resin coverage and the other

to receive ceramic veneer (Figure 1). After an analysis
of their adaptation, these patterns were duplicated
with industrial silicone [20], which was filled with
liquified wax (Kota - Indústria e Comércio, São
Paulo, Brazil). After waxing all frameworks, the adap-
tation level was checked again. These frameworks
were casted in commercially pure titanium (Tritan,
Dentaurum, Pforzheim, Germany) in a Rematitan
casting machine (Dentaurum, Pforzheim, Germany).
After all frameworks were casted, finished and

polished, a type-IV gypsum index was made for
each framework to isolate the effect of veneer appli-
cation over the marginal misfit. Subsequently, gap
measurements were taken using a travelling micro-
scope (120�) (STN – Olympus Optical Co. Ltd,
Tokyo, Japan). The analyses were performed at the
central and bilateral distal implants after tightening
the prosthetic screw (10 Ncm) of the most distal
implant at both extremities [18,25,26,28]. Analyses
were conducted three times in each abutment/
prosthesis interface on diametrically opposed buccal
and lingual regions.
Thirty frameworks were manufactured, with

20 based on the design for resin application
(Figure 1A) and 10 based on the other design
(Figure 1B). These frameworks were distributed
into three groups (n = 10): (G1) heat-cured acrylic
resin (Clássico, Clássico, Sao Paulo, Brazil); (G2)
light-cured resin (Versyo.com, Heraeus Kulzer,
Brazil); and (G3) porcelain application (Triceram,
Dentaurum, Pforzheim, Germany). To standardize
the prostheses’ occlusal pattern, a master design was
obtained and reproduced in all frameworks.
The G1 frameworks were invested in a metal flask

with a silicon wall (Zetalabor, Zhermack, Rovigo,
Italy), duplicating the master occlusal design. The
acrylic resin was manipulated, poured into it and
polymerized according to the manufacturer’s instruc-
tions. The prostheses were deflasked, finished,
polished and stored in water for 48 h. The G2
frameworks’ coating was obtained with the help of
a translucent light-cured resin wall. The veneer resin
was injected into the mold and polymerized with
Heralight (Heraeus Kulzer, São Paulo, SP, Brazil).
Finally, for the G3 frameworks, the ceramic veneer

A B

Figure 1. Framework patterns waxed: (A) for resin coverage, (B) for ceramic veneering.
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was applied, fired, finished and polished as recom-
mended by the manufacturer. Marginal misfit mea-
surements were taken again after each veneer material
was applied, following the same protocol previously
described.
All groups were submitted to a spark erosion pro-

cess for 2 h in a Tel Med Technologies machine (Port
Huron, Michigan) using another gypsum index with
invested copper implant analogs and wires to transmit
electrical current. At the end of the spark erosion
process, the misfit levels were re-evaluated.
The data were submitted to an exploratory analysis

and an ANOVA with a split-plot design for repeated
measurements, followed by a Tukey test (p = 0.05)
(SAS version 9.1, SAS Institute, Cary, NC).

Results

Table I shows the mean values and standard deviation
of misfit level (mm) between treatments and periods.
Initially, there was no statistically significant differ-
ence between the groups. However, after veneering
application, all groups showed increased misfit values.
Moreover, the heat-cured acrylic resin and ceramic
groups had higher misfit values than the light-cured
resin group (Figure 2). After the spark erosion pro-
cess, the same differences between groups (treat-
ments) were observed. This process decreased the
misfit level only in the ceramic application.

Discussion

Marginal misfit in implant-supported frameworks
is a clinical reality. Potential distortion can be crea-
ted at any step of implant-supported prostheses
manufacturing [25,29]. Misfit values ranging from
10–150 mm are considered to be clinically accept-
able [25]. Although the preceding values were
reported and used as references, these values seem
to be empirical values [29].
Analyses of misfit levels were conducted in the

gypsum index with the goal of evaluating the misfit
level associated with the veneer application. The
analyses were performed when there was a complete
absence of juxtaposition of the marginal surfaces [30].
Minimal values of misfit level were found in all groups

in the initial period after the frameworks were casted,
which indicates good standardization of specimens
prior to the veneer application. After the veneer appli-
cation, these levels increased in all groups. The light-
cured resin group exhibited a lower level of misfit than
the other two groups (p < 0.0001), with values lower
than 150 mm.
Based on the reference values of clinically accept-

able marginal misfit, it can be assumed that the light-
cured resin generated less marginal misfit than the
other veneering materials. It is likely that this coating
material causes the fewest biological complications in
the surrounding tissues and has fewer mechanical
failures of the prostheses and implant system [11,29].
The increase in marginal misfit values of heat-

cured resin groups (p < 0.0001) probably occurred
due to the tension induced by the acrylic resin during
curing. Numerous variables can affect the dimen-
sional changes of heat-cured acrylic resins, including
polymerization shrinkage, which occurs as the poly-
mer chains are formed; thermal contraction, which
can be observed during the cooling process; and the
different processing methods [31].
The ceramic application was also associated with

a significant increase in marginal misfit values
(p < 0.0001). These findings are consistent with
previous reports [19–21]. During ceramic applica-
tion, framework distortion occurs due to the contrac-
tion of the ceramic, contamination by ceramic on the
inner surface of framework and contamination of the
casting process, which modifies the metal melting
point and its resilience [19,20]. These distortions
may occur in a more pronounced manner in the glaze
and oxidation phases as a result of the higher sintering
temperature during these phases and release of inter-
nal stress from the casting process [19]. Differences in
these phases were not evaluated in the present study.
The group that received light-cured resin as an

aesthetic coverage had the lowest values of marginal
misfit in this study. It is probably that these levels
occurred as a consequence of less polymerization
shrinkage of this material compared to heated frame-
works. According to the manufacturer, the light-cured
resin contains 2,2 bis[4-(2-hydroxy-3-methacryloy-
loxypropoxy)-phenyl]propane (Bis-GMA) monomer
in its composition, rather than the conventional

Table I. Mean (SD) values of misfit level (mm)—comparison between treatment and time.

Period

Treatment Initial After veneering application After EDM

Heat-cured acrylic resin 29.81 (10.66)a,B 221.7 (14.11)a,A 198.68 (34.19)a,A

Light-cured resin 35.3 (12.15)a,B 81.91 (15.71)b,A 62.03 (17.73)b,AB

Ceramic 44.75 (13.73)a,C 233.99 (39.18)a,A 161.16 (36.59)a,B

Mean values followed by the same letter are not significantly different (Anova/Tukey, a = 0.05). Capital letters compare periods of a treatment
and lower case letters compare treatment in the same period.
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methyl methacrylate, which reduces the materials’
contraction. The Bis-GMA monomer has heavier
molecules that minimize the resins’ shrinkage during
the formation of the polymeric chain [32]. Further,
packing and flasking procedures are not necessary
during laboratory processing of this material, which
reduces the known risk of denture distortion [33].
Several procedures have been employed to mini-

mize the misfit of frameworks [18,28,30]. When a
fixed prosthesis does not have a satisfactory fit, it
should be submitted to misfit correction employing
welding procedures [3–6,26]. However, in the present
study, the misfit levels were originated by the aesthetic
veneer application. Therefore, in order to perform the
welding corrections, it is necessary to remove part of
the aesthetic cover, compromising the integrity of the
prosthesis.
As an alternative to the conventional welding pro-

cedure, a refinement of the frameworks’ edges could
be performed with a spark erosion treatment. The use
of this procedure to reduce marginal misfit has proved
to be effective and is recommended and supported
by several studies [18,25,27,28,30]. This process
removes the excessive metal using a series of sparks
in a liquid environment under strictly controlled
conditions [28,30].
After the spark erosion process, a significant misfit

reduction was found in the group submitted to
ceramic application treatment (p < 0.0001). The
positive effect of spark erosion over these prostheses
may have been due to the removal of small portions of
ceramic that might have accidentally contaminated
the inner surface of the frameworks. Nevertheless, the
lack of effect of spark erosion on the resin groups
might have been due to the insufficient eroding time
applied to the prostheses. Because the aesthetic
veneer of these groups was applied with the frame-
works screwed to the implant analogs, little inner
contamination was expected to occur. Therefore, it
would be anticipated that the marginal misfit showed
by the prostheses would be a consequence of
the curing method and veneer shrinkage and the
ineffective behavior of the spark erosion treatment.
In addition, the plastic burnout drums that are used

to cast the frameworks can create defects in the
frameworks’ margin that are often difficult to correct.
The standardized 2-h spark erosion treatment might

not have been enough to correct the original defects in
the titanium frameworks. This time interval was
selected to prevent excessive wear and damage to
the frameworks; however, it can be assumed that
the time allotted was insufficient to cause any change
in the titanium frameworks. Therefore, additional
studies are warranted so that the spark erosion
treatment protocol for dentistry can be determined.
Unfortunately, a completely passive fitting prosthe-

sis is not yet possible. Yet, the results of the present
study showed that light-cured resin coverage can be
originate prostheses with lower misfit compared to
ceramic and heat-cured acrylic resin ones. Further,
although the spark erosion technique has been widely
recommended, there is still a need to create a protocol
for its use to obtain maximum efficiency.
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