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Abstract. This study aimed to evaluate the stress distribution through the photoelastic method in implant-retained
palatal obturators prostheses. Two photoelastic models with bucco-sinusal communication were fabricated, one
model without implants and another with two parallel implants and one tilted in the molar region. A conventional
obturator prosthesis and five implant-retained obturators dentures with different attachment systems were
fabricated: OR, three individualized O-rings; BC, bar clip; BOC, implants splinted by bars associated with two
O-rings positioned at the center of the bar; OD, implants splinted by bars associated with two O-rings positioned
in distal cantilever; and BOD, implants splinted by bars with clips associated with two O-rings positioned in distal
cantilever. Each assembly (model/attachment system/prosthesis) was positioned in a circular polariscope and a load
of 100 N was applied on each implant. The results were obtained by observing the photographic record of the
tensions in the photoelastic models resulting from the application of load. It can be observed that a larger amount
of stress fringes on BC system. It was concluded that the attachment system has a direct influence on the stress
distribution of implant-retained obturator prostheses, with the three individualized O-rings exhibiting the lowest
stress values, and tilted implants presented a biomechanical behavior similar to parallel implants. © The Authors.
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1 Introduction
The installation of implants with distal inclination in areas of
greater bone density, as in the region of first molars, has been
an alternative for atrophic ridges of maxilectomized patients to
improve the geometrical arrangement of the assembly prosthe-
sis/implant. Without this technique, these regions would receive
shorter implants or would require bone graft, increasing the
complexity, time and cost of the treatment.1–3

Allied to implants, different types of attachment systems are
usually indicated for improving the retention and stability of
overdentures,4–8 such as ball systems, magnet, and bars, and
it is also possible to associate them with one another.4,5,7–11

The dental literature has shown many studies that approach
the distribution of forces in order to collect better background
information for planning of overdentures.4,5,7–9,12 A photoelas-
ticity method through images has been widely applied in den-
tistry and allows a direct observation of stress distribution on
structures, based on the ability of certain transparent materials
to display color standards named isochromatic fringes when
they are loaded and observed through a polarized light.4,5,7,13

Thereby, this study aimed to evaluate the stress distribution
through the photoelastic method in implant-retained palatal
obturators over two parallel implants and one tilted using differ-
ent attachment systems and conventional obturator (without

implants). Several studies4,5,7,14–19 show that stress is absorbed
by the O-ring system female component, which usually has a
rubber ring surrounded by a metal capsule, It can absorb or
distribute more homogeneously the forces they are submitted
to. So, this study’s hypothesis is that the system with three
individualized O-rings will provide lower values of stress on
the implants and supporting tissues, and that regardless of the
attachment system, the greatest stress will occur in tilted
implant.

2 Materials and Methods
An experimental maxillary model with oral-sinus-nasal commu-
nication was used to reproduce two identical laboratorial
models confectioned with type IV dental stone (Durone;
Dentsply Ind Com Ltda, Petrópolis, Rio de Janeiro, Brazil).
One of the laboratory models was duplicated with fluid silicon
(Sapeca Artesanato, Bauru, São Paulo, Brazil) in order to
obtain the negative impression of the laboratorial stone
model. Through this impression, the photoelastic model I was
obtained (without implants). Therefore, it was poured into the
mold photoelastic resin PL-2 (Vishay Measurements Group Inc,
Raleigh, North Carolina), manipulated and spatulated according
to the manufacturer’s instructions. Subsequently, the assembly
(moldþ photoelastic resin) was placed into the resin polymer-
izer at a pressure of 40 pounds for the removal of internal bub-
bles. After polymerization of the PL-2 resin, the model was
separated carefully from the mold and subjected to finishing pol-
ish, which was performed with fine granulation water sandpaper
(600, 800, 1200, and 1500).4,5,7
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For preparation of the photoelastic model II, three implants
were positioned in the second laboratory model. Two of these
were inserted parallel to each other in the region of incisor and
canine using a parallelometer and the other in the region of the
first molar was tilted 17 deg to the distal. To determine this incli-
nation in the plaster model, a straight line was drawn with a
slope of 17 deg to the distal region, with the assistance of a
retro projector marker (Pilot Pen Brasil, São Paulo, Brasil),
transparent adhesive paper (Plastific Comércio Plastificação
Ltda, Belo Horizonte, Minas Gerais, Brasil), protractor, and
ruler. In the vestibular region of the plaster model, this adhesive
paper was glued in order to adequately guide the drilling of
the plaster model in this region. After perforation, the implants
analogues with 3.75 × 13 mm and 4.1 mm platforms (Neodent,
Curitiba, Paraná, Brasil) were inserted and fixed with Duralay
acrylic resin (Duralay Reliance Dental MFG Co, Worth,
Illinois), so that the analogue platform remains at the same
level of the alveolar ridge.

The squared transfers (Neodent, Curitiba, Paraná, Brasil)
were positioned and screwed to the analogs and were attached
to each other with dental floss and Duralay acrylic resin. The
obtaining of the stone model impression with transfers posi-
tioned was performed according to the method described
above for the obtainment of photoelastic model I.

After casting and polymerization of the silicon, the screws of
squared transfer were removed to allow the removal of stone
model, obtaining the silicone matrix with transfers already
positioned. A titanium implant with external hexagon of 3.75 ×
13 mm (Neodent, Curitiba, Paraná, Brasil) was adapted and
screwed to this transferer and then the mold was filled with
photoelastic resin PL-2, as previously described.

The photoelastic resin PL-2 laboratory models, with and
without implants, were used to fabricate the obturator prosthe-
sis. Five prostheses were fabricated. One mucous-supported
obturator prosthesis (without implants) and four implant-
retained obturator prosthesis using different attachment systems:
OR, three individualized O-rings; BC, bar clip; BOC, implants
splinted by bars associated with two O-rings positioned at the
center of the bar; OD, implants splinted by bars associated with
two O-rings positioned in distal cantilever; and BOD, implants
splinted by bars with clips associated with two O-rings posi-
tioned in distal cantilever.

The manufacture of obturators, application, and photoelastic
analysis was carried out according to the study of Pesqueira
et al.4 Each assembly (prosthesis/photoelastic model with and
without an attachment system) was positioned in a circular
polariscope into a glass with mineral oil. Thus, a load of 100 N
at 10 mm∕s was applied in the region of incisive, canine, and
first molar on the opposite side of the communication. The load
was unilateral to simulate a tendency of prosthesis’s inclina-
tion.14,20 Daas et al.14 states that the prosthesis’s working side
moves down while its nonworking side moves up. Also, accord-
ing to Barão et al.,20 this greater movement requires the attach-
ment system in a more critical way. Furthermore, the unilateral
load is clinically relevant because it simulates the first phase of
chewing, wherein the food stuff is placed in the prosthesis’s
working side and no contact occurs in the nonworking side.

The images were recorded by a digital camera and trans-
ferred to a computer, all models were qualitatively analyzed
to verify the direction and intensity of stress based on other
studies. In this sense, the higher the fringes order (N) and fringes
number are, the greater the stress intensity is. Additionally, the

closer the fringes are among each other, the higher the stress
concentration is.

The analysis was divided according to the number of fringes
with high intensity (green–pink transition) and to the stress dis-
tribution area. All images were evaluated by the same person.

3 Results
Based on the images, it was possible to observe a greater number
of high stress fringes on the BC system, followed, respectively,
by BOD, BOC, OD, OR systems, and conventional obturator
(Table 1).

Regarding stress distribution in the model without implants,
the fringes were located on the region of alveolar ridge crest
(Fig. 1). In the models with implants, regardless of the attach-
ment system, the photoelastic fringes were observed at the apical
region of the implants. In all attachment systems, the highest
stress concentration occurred at the apex of the implant in the
anterior region during load application at element 11 (Figs. 2–6).

It was also observed that the amount and distribution of stress
were similar in the parallel and tilted implants (Table 1 and
Figs. 2–6).

4 Discussion
The hypothesis that the system with three individualized O-rings
provides the lowest stress and that the highest stress would occur
in the tilted implant was partially accepted since the stresses
were similar in parallel and tilted implants.

It is known that the obturator prosthesis is the most used to
achieve a successful rehabilitation after maxillectomy, restoring
pronunciation, chewing, swallowing, and aesthetics.4,5,7,21–31 As
described in Table 1, the conventional obturator prosthesis pre-
sented the lowest stress values.

However, the retention and, consequently, the function of
these prostheses can be affected by the extent and nature of the
defect, height and thickness of the residual ridge.4,6,7,11,21,22,32

Thus, the association of dental implants and attachment system
is used in such cases to provide additional retention, improve
support and stability of obturator.5,7,24,25

According to current results, it can be seen that the attach-
ment system directly influences the number and distribution of
tension, which corroborates with other studies4–9,12 which have
highlighted that these systems would exert an important role in
stress distribution around the anchorages.

Table 1 Number of photoelastic fringes according to the element in
which the load was applied.

Attachment system

Load application point element

16 13 11

Conventional (WI) 0 1 1

OR 4 4 6

OD 5 5 4

BOC 5 5 5

BOD 6 6 7

BC 8 8 7
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Fig. 1 Stress distribution in the models without implants (WI).

Fig. 2 Stress distribution in the models with three individualized O-rings (OR).

Fig. 3 Stress distribution in the models with implants splinted by bars associated with two O-rings positioned in distal cantilever (OD).

Fig. 4 Stress distribution in the models with implants splinted by bars associated with two O-rings positioned at the center of the bar (BOC).

Fig. 5 Stress distribution in the models with implants splinted by bars with clips associated with two O-rings positioned in distal cantilever (BOD).

Fig. 6 Stress distribution in the models with bar clip attachment system (BC).
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In the present study, it was found that among the implant-
retained obturators, the OR system showed the lowest number
of stress fringes, followed by OD, BOC, and BOD. The BC sys-
tem had the largest number of stress fringes (Table 1). These
results corroborate with other studies4,5,7,14–19 that also evaluated
implant-retained overdentures and found that the O-ring system
transfers less stress to the implants when compared with the
bar-clip system. Further, according to the authors, this may be
a result of stress absorbed by the female component of the
system, which usually has a rubber ring surrounded by a metal
capsule. It can absorb or distribute more homogeneously the
forces they are submitted to.

It was also observed that in the groups where two O-rings
were associated with the bar (in the center, in cantilever with
or without clip), the stress values were smaller than the bar-
clip system when used alone (Figs. 3–6). We believe that the
BOD system has the highest value due to the smaller resilience
of the clip which causes the load to be transferred to the bar and
thus to the implants. Similar results were found by Ben-Ur
et al.,33 Celik and Uludag,13 and Barão et al.,9 who observed
lower stress values in the bar-clip system associated with distal
resilient attachments when compared with the bar-clip system.
The authors also affirm that the combination of distal O-rings to
the bar-clip system creates a fulcrum line in the distal portion
that makes the prosthesis anteroposteriorly rotate around this
fulcrum, and due to elasticity module of the ball system’s resil-
ient matrix, the stress magnitude of the implants is reduced.

These results are in agreement with those found by Goiato
et al.,4,5 who observed the stress distribution in different
implants’ attachment systems (O-ring, bar-clip and bar with
O-ring in distal cantilever) of obturator maxillary prostheses
through the photoelastic method. They concluded that the use
of the association between the bar and distal O-rings favored
the stress distribution.

In relation to implant inclination in the first molar region, a
greater number of fringes were not observed in the implant in
comparison with the axial implants (Table 1). The stress distri-
bution was similar in all implants (regardless of attachment sys-
tem), being located in the region of the implant apex (Figs. 2–6).

Several studies34–39 have discussed the possible harmful
effects of using tilted implants in the biomechanics of the pros-
thesis and demonstrated that the higher the angulation of the
implant, the higher the stress. This does not agree with our
results which showed that the inclination of the implant did
not have a negative effect on the stress distribution.

The study of Koutouzis and Wennström40 compared bone
levels in implant-retained prosthesis over axial and tilted
implants for 5 years and concluded that the implant angulation
had no effect in periimplant bone loss.

Furthermore, the literature shows that when tilted implants
are installed in association with axial implants, they allow reha-
bilitation with different options of prosthesis, with high success
rates, minimal complications, and high patient’s satisfaction.
Therefore, it may be considered a predictable technique with
an excellent prognosis in short and medium term.1–3

According to this study, when there is a need for installation
of tilted implants in the posterior region of maxilla, success can
be achieved for implant-retained obturators prosthesis.

It is important to highlight that this study presents some self-
limitation because it is an indirect technique, so it requires sim-
ilar reproduction models to be able to compare them. Another
factor to consider is the limit of external load to be applied that

cannot exceed the endurance limit of the photoelastic material or
it may alter the results or promote the material’s break. There is
still the inability to precisely calculate the stress and compres-
sion distribution in the periodontal ligament.41,42 Although some
materials used for experimental models confection present
modulus of elasticity close to that found in bone tissues,
these still have some limitations such as the lack of differentia-
tion of cortical and medullary bone, which changes the magni-
tude of the load. However, the location and behavior of the stress
undergo little changes in comparison to a real model.41,42

It is observed in several studies41,43–45 that none of stress’s
analysis has full preponderance over others, which results in
a consensus among researchers that the analyses are comple-
mentary and are used in combination in their work. Thus, finite
element and/or strain gauge and in vivo studies should be con-
ducted to complement and to validate the results obtained in this
experimental study.

5 Conclusion
It was concluded that

• the system with three individualized O-rings provided
lower values of tension on the implants and supporting
tissues, achieving better biomechanical results of implant-
retained palatal obturators, and

• the tilted implant presented a biomechanical behavior
similar to parallel implants, within the conditions of the
experiment.
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