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ABSTRACT
Statement of problem. Clinical procedures and laboratory processing techniques inevitably induce
stress in the implant/abutment/prosthesis system and may have negative effects when different
numbers of implants are used.

Purpose. The purpose of the study was to evaluate the tension on the abutments of implant-
supported fixed prostheses and to determine the effect of the application of an esthetic veneer
(acrylic resin) and the number of abutments (5 or 4).

Material and methods. Four palladium-silver alloy cast bars were fabricated to simulate implant-
supported fixed complete prostheses. Strain gauges were fixed on the abutments to measure the
tension before and after the application of the esthetic veneer. The values of tension were
measured in models with 5 or 4 abutments. Data were analyzed with a repeated measures ANOVA.

Results. No statistically significant differences were found for the main factors (esthetic veneer,
P=.22; number of abutments, P=.14) despite the large effect size.

Conclusions. The results of this study suggest that the tension in the abutments of an implant-
supported fixed prosthesis is not affected by the application of acrylic resin veneering or by
reducing the number of abutments. (J Prosthet Dent 2015;113:323-328)
One of the most frequent
causes of implant loss after the
installation of a prosthesis is
the development of excess
tension in the system.1 The
planning, design, and produc-
tion of the prosthesis should
minimize tension to reduce
initial bone loss and other
complications. Thus, knowl-
edge of the biomechanics
associated with the implant-
supported prosthesis is essen-
tial in designing the best
treatment strategy for dissi-
pating the occlusal forces.

Implant-supported pros-

theses are subjected to masticatory forces and to tension
generated during the delivery and adaptation of the
prosthetic structure.2 The passive settlement of prosthetic
structures, especially complete-arch fixed implant-
supported prostheses, has been of concern since the
discovery of osseointegration.1,3-5 Passivity in the metallic
framework results from a meticulous process that in-
cludes clinical and laboratory procedures.6 This adapta-
tion between both implant and abutment and between
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abutment and prosthetic structure is paramount for the
long-term success of implant-supported prostheses.4

Similar to conventional fixed prostheses, the cause of a
nonfitting prosthetic structure is multifactorial.1 Distor-
tion may occur in the x-, y-, and z-axis dimensions,
resulting from one or more of the following factors: the
positioning of the implants, the impression technique
and material, the fabrication of the metallic framework,
and the application of the esthetic veneer.2,5,7-14
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Clinical Implications
Although the threshold for the stress magnitude
needed for the long-term success of implants and
prostheses is still unknown, adequate treatment
planning and controlled laboratory processing
techniques are necessary to limit negative effects.
The use of 4 abutments rather than 5 resulted in
reliable biomechanical behavior after veneering the
metallic bar with acrylic resin, because in the cur-
rent model the residual stress did not increase.
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Extensive studies on the biomechanical behavior of
osseointegrated implants began in 1983 with the work of
Skalak.15 Since this time, the distribution of vertical and
horizontal forces on a fixed implant-supported prosthesis
has been known to be influenced by the number, dis-
tribution, and resistance of the implants and the form
and resistance of the prosthetic structure itself.15

The technique that was initially developed by
Brånemark to rehabilitate edentulous mandibles recom-
mended that 5 implants be installed and that these be
attached to a screwed implant-supported prosthesis.3

This protocol of placing 5 implants in the region be-
tween the mental foramen, also known as the Brånemark
protocol, continues to be reviewed. Regarding the
number and distribution of the implants, an increasing
number of studies have proposed altering the technique,
which was initially developed for edentulous patients.
These studies recommend the use of 4 implants for the
same prosthetic solution, and this recommendation has
become widespread because the tension distribution is
similar when either 4 or 5 implants are used.16-20

The distribution of the implants in the bone arch has
been indicated as a more important factor than the
number of implants because distribution is the predom-
inant factor in forming an appropriate support poly-
gon.19,21 Studies have demonstrated that the distribution
of tension is similar when either 5 or 4 implants are
used.16,17,20,22 Thus, the fixation of 4 implants has been
increasingly used to rehabilitate patients with an eden-
tulous arch.18-20

The design and material of the prosthetic structure
also influence the load of the dental implants and the
deformation of the bone tissue. The prosthesis, which is
applied over the implant, may consist of different mate-
rials, such as gold alloy, ceramic fused to a noble alloy,
porcelain, composite resin, reinforced composite resin,
and acrylic resin. Recently, studies have examined the
materials in an effort to minimize the impact forces that
are transmitted to the implant. These studies indicated
that acrylic resin was the best esthetic veneering material
for implant-supported prostheses.2,3,9,23-25
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Several techniques have been used to analyze the
distribution of tension and deformations. Electrical
resistance extensometry is an experimental method that
measures deformation around a point in a body by
means of strain gauges.12,13,20 Electrical strain gauges are
sensors that are used to evaluate deformations that occur
in a given area and a given direction in a piece of
equipment.12 Therefore, the use of strain gauges for
biomechanical evaluation can determine both in vitro
and in vivo real-time tension measurements in implants
and metallic structures that are subjected to static or
dynamic loads.12-14,20,26-30

This study aimed to evaluate the tension in implant-
supported fixed prostheses due to the effect of the
application of an esthetic veneer and the number of
implants (5 or 4) with electrical resistance extensometry.
The null hypothesis was that no difference in tension
would occur with the application of acrylic resin over the
metallic framework and with the reduction of the number
of implants from 5 to 4.

MATERIAL AND METHODS

Five screw implants measuring 4 mm in diameter and 15
mm in length and containing an external hexagonal
platform (OSS 415; 3i Implant Innovations) were affixed
to the parallel perforations in an epoxy resin base. Five
straight, standard 7-mm abutments (AB700; 3i Implant
Innovations) were screwed into the implant platform
with an internal hexagon key (RASA3; 3i Implant In-
novations). The abutments were numbered clockwise
from 1 to 5. A torque of 20 Ncm was applied with an
electronic torque control (DEC 600-1 Osseocare Drilling
Equipment; Nobel Biocare) as recommended by the
manufacturer.13,20

Four silver-palladium bars (Porson 4; Degussa) were
produced in an arc shape with a rectangular section.
These had a width of 3 mm in the buccolingual direction,
a height of 4 mm in the occlusal-cervical direction, and a
cantilever length of 20 mm on the left side (Fig. 1). The
passive adjustment of each bar was verified visually with
a single screw, and no gaps were identified in any of the
abutments. This procedure was performed individually
for the 5 screws of each bar.

Each of the 4 bars was waxed with the PKT wax drip
system (Duflex; SSWhite) to standardize the esthetic
veneer. The waxing over the bar measured 3 mm in the
buccolingual direction, 3 mm in the occlusal-cervical di-
rection, and 20 mm on the left side of the cantilever, as
measured with digital calipers (Mitutoyo Sul Americana
Ltd), and flasked.

The acrylic resin (Lucitone 550; Dentsply Intl) was
polymerized for 3 hours and 30 minutes at 70�C and 3
hours and 30 minutes at 98�C, followed by gradual
cooling. After the application of the veneer, the
Lobato Palmeiro et al
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Figure 1. Silver-palladium bar. A, Posterior view. B, Lateral view. C, Transverse section.
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Figure 2. Veneer. A, Occlusal view. B, Thickness measurement. C, Transverse section.
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specimens showed the approximate shape of an implant-
supported prosthesis with a 20-mm cantilever on the left
side. Discrepancies in thickness were balanced by
grinding with tungsten carbide burs (Heraeus Kulzer)
rotating at 15 000 rpm. The thickness was periodically
checked with the digital calipers. A thickness variation of
±0.05 mm was accepted (Fig. 2).

Strain gauges (KFG 02-120C1-11N15C2; Kyowa
Electronic Instruments Co Ltd) with a grid length of
0.2 mm were glued to the smooth metal band of each
abutment (Fig. 3). Each electric resistance strain gauge
measured a value of deformation in a given direction.
This deformation value was obtained by reading the
appropriate channel in the data-gathering equipment
used in this experiment.

Each metal bar was screwed into the abutments of the
master model to register the initial deformation of the sys-
tem. In themodel, the implants were numbered from 1 to 5
in a clockwise direction. Tightening of the gold retention
screws (GSH30; 3i Implant Innovations) followed the
sequence of 2, 4, 3, 1, 5 for all bars.31 First the screws were
tightened with a manual hexagon driver (3i Implant In-
novations) until the operator perceived any resistance.
Then, the channels that read the deformationswere reset to
capture only those deformations that resulted from a
tightening of the screwswith a controlled torque. After that,
a torque of 10 Ncm was applied by using a digital torque
control (DEC 600-1 Osseocare Drilling Equipment; Nobel
Lobato Palmeiro et al
Biocare) and a hexagon driver for controlled torque
(RASH3N; 3i Implant Innovations). The same type of
screws was used for each bar so that fatigue was similar.

The procedure described above was performed on the
4 bars: without the esthetic veneer and attached
(screwed) on 5 abutments model; without the esthetic
veneer and attached (screwed) on 4 abutments model;
with the esthetic veneer and attached (screwed) on 5
abutments model; and with the esthetic veneer and
attached (screwed) on 4 abutments model. In order to
obtain the 4 abutments model, the central abutment
(number 3) was removed.

Two conditions were tested: metallic bars without the
esthetic veneer installed on either the 5 or 4 abutment
model, and metallic bars with the esthetic veneer were
installed on either the 5 or 4 abutment model. For each
specimen (metallic bar), a deformation versus time graph
was generated in an electronic data sheet. From each
graph, the point where the signal had stabilized after the
application of a 10-Ncm torque was selected. The read-
ings obtained with the strain gauges were measured in
units of deformation (mm/m) and converted by equations
to units of tension (MPa).

Quantitative data were described by using mean and
standard deviations. Data were analyzed with a repeated
measures ANOVA, where the number of abutments (5
versus 4) was considered the within-subject factor and
the esthetic veneer was considered the between-subject
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 3. Strain gauges. A, Experimental scheme. B, Strain gauge position.

Table 1.Mean (standard deviation) for tension (MPa) stratified by
abutment systems and esthetic veneer

Esthetic
Veneer

4-Abutment
System

5-Abutment
System Difference P d*

No 14.3 ±3.9 13.8 ±2.8 0.5 .74 0.18

Yes 21.3 ±10.1 17.1 ±8.8 4.2 .19 0.86

*Cohen effect size interpretation: 0-0.20 = slight; 0.21 to 0.6 = small; 0.6 to 1.2 = medium;
1.2 to 2.0 = large; 2.0 to 4.0 = very large; more than 4.0 = perfect agreement.
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Figure 4. Results of tension (MPa) in abutment systems without and
with esthetic veneer.
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factor. The ANOVA model also included an interaction
factor. In order to evaluate effect size, the eta-square
statistic was used. Additionally, a stratified analysis was
conducted to evaluate the number of abutments in the
model (as within factor) by esthetic veneer presence by
using the Cohen d statistic to evaluate effect size (a =.05).
All analyses were performed with a statistical software
package (SPSS v.21.0; IBM Corp).
RESULTS

The statistical analysis with repeated measures ANOVA
showed a difference between abutment systems (5 versus
4); however, despite the large effect size (h2=.32), it did not
achieve statistical significance (P=.14). In addition, the
esthetic veneer seemed to be an interaction effect intensi-
fying the difference in tensionwithin the abutment systems
and did not reach statistical significance either (P=.22).

Table 1 shows stratified analysis data of the tension
values by abutment systems and esthetic veneer. After
the application of the veneer, the variability in the ten-
sion values increased. Figure 4 demonstrates the varia-
tion factors (abutment systems and esthetic veneer).

DISCUSSION

This in vitro study did not demonstrate any statistical
differences in the tension values for the abutments of
fixed implant-supported prostheses before or after the
application of an esthetic veneer in models with 5 and 4
THE JOURNAL OF PROSTHETIC DENTISTRY
abutments. These results for the veneer factor provide
positive evidence for the laboratory and clinical aspects
once the application of an esthetic veneer is an essential
step in the process of manufacturing dental prostheses.
The use of acrylic resin, a widely used material, did not
significantly increase tension in the entire system of
abutments and a metal bar.

Even with the constant introduction of new materials,
thermopolymerizable-acrylic resin is still the material of
choice for the esthetic veneer for metal structures in
implant-supported prostheses.9 Acrylic resin provides
some absorption of masticatory forces, which could
impede the integral transfer of adverse tensions for the
implants and bone tissue. This material also has a low
cost and an application protocol that is accessible to
laboratory technicians.3,9,23,25,26 As a result of the close
contact between the implant and bone tissue, between
the implant and abutment, and between the bone tissue
and prosthesis, the transmission of tension essentially
occurs directly. The initial incidence of the masticatory
Lobato Palmeiro et al
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force is over the veneering material. This situation jus-
tifies the importance of using materials that better absorb
and distribute the loads, like acrylic resin.9,15,24-26 In
addition, when subjected to a static load, the metal
structure better supports stress when veneered with
acrylic resin.9

The application of the esthetic veneer on the
prosthesis seemed to affect the level of tension distri-
bution in the metallic framework. A previous study
with mathematical models showed that the stress
tends to remain concentrated in the marginal area of
the prosthesis.9 Improving the clinical procedures and
the prosthetic stages associated with the correct
evaluation method for adaptation optimized the
settling of the prosthesis and decreased the tension in
this system.1,30

Although the results of this study cannot be directly
extrapolated to a clinical situation, they suggest that the
application of the esthetic veneer may be more critical
than the fabrication of the metal framework. After the
application of the esthetic veneer, a greater variability
among the tension values was found than for the values
without a thermopolymerizable acrylic resin veneer.
Therefore, a controlled technique for the application of
the veneer is needed so that an eventual increase in
tension generated in the system remains within clinically
acceptable parameters. The use of composite resins has
been suggested and tested. Photopolymerizable resin can
absorb tension, but it has a higher cost than acrylic resin
and demands a lengthier and more thorough production
technique.9,25

No statistical difference was found between the
models with 5 and 4 abutments. The results of the cur-
rent study are consistent with recent publications.16 The
classic protocol of placing 5 implants in the interfor-
aminal region of the mandible has been replaced by the
use of 4 implants for the fixation of complete prosthe-
ses.16-20 However, further investigation is needed to
determine if clinical and/or biomechanical failures and
complications, such as cracks in the esthetic veneer and/
or loosening of the screws will occur in the long term.16

According to some authors, a decrease in the number
of abutments from 5 to 4 does not significantly increase
the tension; however, the use of 5 implants allows for
greater predictability in the case of an eventual failure of
one of the implants.16,17 In addition, the distribution of
the implants in the bone arch may be more important
than the number of implants because it is the predomi-
nant factor in the formation of an appropriate support
polygon.18,21

In this study, less variability in tension was found in
the group with 5 abutments without veneer. The lack of
homogeneity in the results in the other groups of this
experiment can be explained by the processing method of
the specimens.4
Lobato Palmeiro et al
Currently, extensometry is a widely used method for
measuring tension in systems composed of implant-
supported prostheses. Biomechanical evaluation using
extensometry can determine tension measurements both
in vitro and in vivo and in real time in the implants
and metal framework subjected to static or dynamic
loads.12-14,20,26-28 The electrical resistance strain gauges
are sensors; when they are affixed to the surface of a
material, they record the deformation towhich thematerial
is subjected, which alters the passage of the low-intensity
electrical current that runs through these sensors. In in
vitro biomechanical studies of implant-supported pros-
theses, these devices may be placed in the master model,
in the abutments, and/or in the prosthetic structure.4,5,16,27

In this study, the strain gauges were placed in the abut-
ments, following the example of recently published
studies.13,14,20,29

Because the current study was an in vitro experiment,
many simplifications were made in the design and the
production of the metal framework. The metal bars used
were arc shaped with a rectangular section and uniform
dimensions of width, length, and height for all parts. This
does not match clinical reality, where the metal frame-
work is not uniform because the anatomy of the borders,
the positioning of the implants, and maxillomandibular
relations dictate the dimensions.13,16,20 However, the
results of this research, along with previous studies
completed by the same research group,11,13,20 contribute
to the establishment of production protocols that can
minimize the introduction of tension in the laboratory
phase of fixed implant-supported prostheses.

Additional studies must be performed to better un-
derstand the influence of other types of esthetic veneers
(thermopolymerizable acrylic resin, composite resin, and
porcelain) onmetal frameworkswith different designs and
alloys. Furthermore, the development of tension during
load application in the systemmust be studied in vitro and
in vivo. The distribution of tension in the osseointegrated
complex depended on functional and parafunctional
loads, on the passive settling of the prosthesis, on the
length of the cantilever, and on the mechanical properties
of the materials used. Thus, despite the inherent
limitations of laboratory and experimental research,
biomechanical studies of implant-supported prostheses
such as the current study can help increase the predict-
ability of function and the success of treatments.
CONCLUSIONS

According to the methodology used, the results of
the current study revealed that in simulations with
fixed implant-supported prostheses, the application of
a thermopolymerizable acrylic resin veneer did not
generate a significant variation in the tension of the
abutments. In this experimental model, the number of
THE JOURNAL OF PROSTHETIC DENTISTRY
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abutments (5 or 4) did not affect the tension in the sys-
tem with or without the acrylic-resin veneer.
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