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Abstract

Objective: To demonstrate a colorimetric photoelastic analysis
of tension distribution around dental implants under axial loads.
Material and methods: Eight different designs of implant from
two manufacturers were connected to their abutments, placed into
epoxy resin blocks and observed under a polariscope coupled
to a universal testing machine while subjected to axial loads of
5 N. The obtained images were quantitatively analyzed by image
analysis software. Results: A strong correlation was found between
the surface area and the implant fringe transition area (magenta
color) of most samples (r = 0.908), and a moderate correlation
was found between the fringe transition area and the mean thread
height of the implants (r = 0.706, or r = 0.768 using a quadratic
function). Conclusion: By this biomechanical study, it was possible
to demonstrate a correlation of some implant characteristics to the
colored fringe areas of tension distribution, a colorimetric method
that can be used in comparative studies of photoelastic analysis.
Clinical significance: An accurate planning and knowledge of oral
implant biomechanics is important so that a safe and long-lasting
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treatment can be achieved. This biomechanical study presented some
correlations of the implant features and its photoelastic behavior,
information that could be used by the practitioner while choosing
the implant design for each clinical situation.

Introduction

The use of implants in the clinical practice of
dentistry is becoming increasingly popular. Oral
rehabilitation is founded on bone and gingival
structures, and aims to restore both function
and esthetics. Therefore, it is necessary for
dental professionals to have a basic knowledge
of biomechanics and engineering applicable to
dentistry, including the distribution of tension
within the tissues, to achieve a safe and long-
lasting treatment. The selection of implants and
their components, such as their design, length,
and diameter, for a specific portion of the dental
arch can exert a strong influence on the outcome
of the implant [15].

Upon its introduction to clinical practice, oral
rehabilitation with dental implants was considered
to be very innovative, especially for the restoration of
functional and esthetic characteristics in edentulous
patients [3]. However, although a modern modality
of oral rehabilitation has been established and
its clinical effectiveness has been proved, several
mechanical complications and limitations associated
with dental implants still exist. Biological issues that
involve the whole body demand special attention,
such as tobacco usage, alcoholism, metabolic
conditions, neurological disturbances, common
systemic factors [29], and local (in situ) factors that
can interfere with the quality and volume of bone
and gingiva [21, 32, 38].

More recently, oral implantology has faced the
new challenges of single and partial rehabilitations,
which have made the development of alternative
approaches necessary, especially regarding the
esthetic requirements of the patient [20]. Thus, the
integration of esthetic aspects with biomechanical
function and a sense of balance among the tissues,
prosthesis, and implant are essential for the
achievement of clinical success.

Dental implants vary in their design and type
of connection to the prosthesis. Abutments are
the components responsible for the support of the
artificial tooth crown [2], and can be classified
as incorporating an external connection (EC, e.g.
hexagon) or an internal connection (IC, e.g. hexagon,
octagon, Morse cone and/or frictional, hybrid). With

the exception of the implant with a frictional IC, all
other implants have structured threads in order to
fix the abutment to the implant body.

It is well recognized that bone resorption
normally appears after prosthesis installation at
the level of the first cervical threads of the implant;
this depends not only on biological factors but
also on mechanical factors [16]. However, clinical
studies have demonstrated that this bone loss
can be partially avoided by what is known as the
switching platform method. In conventional systems,
implants are rehabilitated with abutments of the
same diameter as the connection platform. On the
other hand, when using the switching platform
method the abutments have smaller diameters,
with the aim of increasing biological width [1] and
preserving support tissue [8].

Many studies are conducted to obtain
experimental data by simulating clinical situations,
in order to evaluate the distribution of mechanical
stress (tension) around implants and to study
favorable or non-favorable characteristics of a certain
implant design. To do so, methods that consider
mathematical equations [2], finite element analysis
[11, 28, 37], the use of frequency or resonance
analysis [25], tomography images, microtomography,
and photoelastic analysis [35] can be used, in
isolation or in combination.

Photoelastic analysis is an experimental
method used to determine the field of tensions and
deformations in engineered parts or structures. It is
a well-used method, especially in complex models
[24], and can evaluate dimensional or tridimensional
models. The method uses a polariscope, a simple
optical device which consists of two polarized
filters and a light source. Under a polariscope,
photoelastic material produces colored fringes when
normal light is used or black and white fringes
when a monochromatic light is used. The fringes
are associated with the tensions in the model
studied [4, 7].

In the photoelastic studies, data have been
reported by means of descriptive or complex
calculations [9, 19, 23, 34]. Thus the aim of the
present study was to demonstrate a colorimetric
photoelastic analysis of tension distribution around
dental implants under axial loads.
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Material and methods

Eight different designs of implants were
selected from two manufacturers (DSP, Dental
Special Products, Campo Largo, PR, Brazil and
Kopp Sistema de Implantes, Curitiba, PR, Brazil).
The selected implants were representative of

Table I - Selected implants and abutments

conventional systems (external hexagon implant-
connection on cylindrical-conical or conical body
with triangular threads) and switching platform
systems (threaded Morse cone and frictional implant-
abutment connection on cylindrical-conical or
conical body with trapezoidal threads) (table I).

Group I‘tir:a];lizzt Implani(: II(lirinr;xension Abutmer(lrtn I(:li)mension Manufacturer
Cy-co-Tra 3.75 x 11 4.1 x 10 B
EC Cy-co-Tri 3.8 x 11.5 4.1 x 10
Cy-co-Tra 5.0 x 11 4.1 x 10 B
Co-Tri 5.0 x 11.5 5x 10 A
Co-Tra 3.75 x 11 4.5 x 13* B
- Co-Tra 3.8 x 11.5 48 x 1.5 x 10 A
Co-Tra 5.0x 11 5.5 x 13* B
Cy-co-Tra 5.0 x 11.5 4.8 x 1.5 x 10 A

EC = external connection. IC = internal connection; Cy-co-Tra = cylindrical-conical body, trapezoidal threads; Cy-co-Tri = cylindrical-
conical body, triangular threads; Co-Tri = conical body, triangular threads; Co-Tra = conical body, trapezoidal threads

* Frictional only

A = DSP, Dental Special Products, Campo Largo, PR, Brazil; B = Kopp Sistema de Implantes, Curitiba, PR, Brazil

All of the implants were connected to their
abutments and placed into casts (40 mm height, 60
mm width, 10 mm depth), later filled with flexible
epoxy resin (Flexivel GIII, Polipox, Sao Paulo, SP,
Brazil) — this way no residual stresses were left in
the samples - followed by the evaluation under a
polariscope (Optovac, Osasco, SP, Brazil) coupled
to a universal testing machine (DL30000, Emic,
Sao Jose dos Pinhais, PR, Brazil). A 5 N axial load
was applied. After 10 seconds of load application,
photographs were taken (D5000, Nikon, Tokyo,
Japan; 105 mm DG Macro EX, Sigma, Ronkonkoma,
NY, USA).

In the obtained images, tension fringe transition
areas (color between red and blue) were selected
using Photoshop CS5 (Adobe Systems Incorporated,
San Jose, CA, USA). The transition areas (TTA, total
transition area) and their distance from the implant
surface were measured (MDS, Maximum Distance
from the transition area to the implant surface), and
the characteristics of the implant such as surface
area (SA), mean thread height (MTH), and mean

thread distance (MTD) were evaluated with Image
Tool 3.0 software (UTSCH, TX, USA). Data were
then subjected to correlation analysis (SigmaPlot,
Systat Software Inc., San Jose, CA, USA).

Results

From the image analysis (figures 1 and 2), it
was possible to observe and measure the tension
distribution patterns in every implant region (table
II). The measured areas were localized at the
medium and apical thirds of the implants. It was
also possible to correlate the implants morphological
features to the tension characteristics (table III). A
strong correlation was found between the surface
area of the implants and the fringe transition area
of most samples (n = 6, r = 0.908) (figure 3). A
moderate correlation was found between the fringe
transition area and the mean thread height of each
implant (n = 6, r = 0.706; n = 8, r = 0.768, using
a quadratic function) (figures 4 and 5).
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Table Il - Values of fringe transition areas (mm?) per implant region

Implant
design

Dimension 3.75x 11 38x 115 375x11 38x115 5x11 5x115 5x11 5 x 11.5

Cy-co-Tra Cy-Co-Tri Co-Tra Co-Tra Cy-co-Tra Co-Tri Co-Tra Cy-co-Tra

Region
Cervical 0.11
third 0.04 0 0 0 0 0 0
Medium
third 0 0 0 0.09 0.09 0.17 0 0.23
Medium and ), , 0 0.17 2.3 777 239 045 3.96
apical thirds
Apical third 0.28 1.82 0.34 0.03 0.05 0.07 0.19 0.02
Apical vertex 0.14 0 0.26 0 0 0.02 1.15 0
Apex 0.04 0.1 0 0 0 0 0 0
Total 0.64 1.92 0.77 2.42 7.91 2.65 1.79 4.32

Cy-co-Tra = cylindrical-conical body, trapezoidal threads; Cy-co-Tri = cylindrical-conical body, triangular threads; Co-Tri = conical
body, triangular threads; Co-Tra = conical body, trapezoidal threads

Table Il - Measuring and obtained values
Independent variables Dependent variables
i MDS (mm
Ide (Ilnl:l) (;22) z[n’lt“l;l] x"l‘: (I’f‘::\z) Lateral | Ap)ical A
Cy-co-Tra 3.75 x 11 54.07 0.37 0.5 0.64 0.4 1.85 2
Co-Tra 3.75 x 11 55.00 0.44 0.43 0.77 0.4 1.67 2
Cy-co-Tri 3.8 x 115 65.64 0.41 o* 1.92 1.11 0.37 2
Co-Tra 3.8 x 115 87.95 0.39 0.41 2.42 1.48 0 2
Co-Tri 5.0 x 11.5 95.06 0.41 0.41 4.32 3.78 0.14 2
Cy-co-Tra 50x 11 105.95 0.32 0.44 7.91 4.94 0 2
Co-Tra 50x 11 116.04 0.55 0.57 1.79 0.61 3.37 2
Co-Tri 5.0 x 11.5 117.41 0.57 o* 2.65 1.72 0 2

IDe = implant design; IDi = implant dimension; SA = surface area; MTH = mean thread height; MTD = mean between-thread
distance; TTA = total tension transition area; MDS = maximum distance from the transition area to the implant surface, lateral
and apical; NTA = number of transition areas analyzed per implant; Cy-co-Tra = cylindrical-conical body, trapezoidal threads;
Cy-co-Tri = cylindrical-conical body, triangular threads; Co-Tri = conical body, triangular threads; Co-Tra = conical body, trapezoidal
threads

* Depths of adjacent threads coincide



322 - RSBO. 2013 Oct-Dec;10(4):318-25

Zielak et al. - Colorimetric photoelastic analysis of tension distribution around dental implants

Figure 1 - Threaded Morse cone implant-abutment
connection on conical body implant with trapezoidal
threads (3.8 x 11.5 mm) loaded with 5 N. (a) Software-
selected areas of fringe transition. (b) Polarized image
of implant with software-selected areas (magenta)

External
connection on cylindrical-conical body with triangular
threads (3.8 x 11.5 mm) loaded with 5 N. (a) Software-
selected areas of fringe transition. (b) Polarized image
of implant with software-selected areas (magenta)

Figure 2 - hexagon implant-abutment
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Figure 3 - Correlation of surface area with total tension
transition area.
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Figure 4 - Correlation of mean thread height with total
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Figure 5 - Correlation of mean thread height with total
tension transition area using a quadratic function
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Discussion

In dentistry, there is a long-standing interest
in the study of tension distribution, which includes
the photoelastic research. Most of the literature
concerns information regarding the relationship
between implant body design and its potential to
produce tensions around the implant [17, 18, 31,
33, 39]. According to Pesqueira et al. [27], one of
the advantages of the photoelastic research is the
possibility to observe tridimensional structures,
such as oral implants, and the tension patterns
all around their bodies, allowing the evaluation
of the stress quality and magnitude. In studies
of different implant designs, it is possible to find
variations in tension distribution [10]; this was also
demonstrated in the current study (table III).

The load value used in this study was 5 N,
and although this value may seem low from the
clinical perspective, in which mastication can reach
values as high as 1000 N [12], it is necessary to
consider that the applied load must be leveled to
the physical properties of the supporting material
(i.e. type of photoelastic resin). The flexible epoxy
resin used in this study has much higher elasticity
and lower resilience than human bone. In the
present study, a small load was enough to cause
a perceptible deformation under the polariscope.
Clinically, this could probably simulate an implant
being immediately loaded while into a cancellous
bone, or perhaps in an over-instrumented surgical
bone defect. Although apparently incompatible,
elasticity and resilience are characteristics that
achieve harmony within the mixture of organic
and mineral content of bone tissue [6].

All of the implants tested presented tension
concentration around the medium and apical third
regions. Although this finding may be considered as
positive, this information cannot be evaluated alone
or extrapolated to the osseointegration mechanisms,
since it is known that other factors including the
chemistry and micromorphology of the implant
surface may also influence the clinical success of
the implant [22].

The data shown in table II reinforces this idea,
as it was demonstrated that the regions with the
largest areas of fringe transitions were located at the
medium and apical thirds. Also, these large areas
of fringe transitions were seen around the implants
with the largest dimensions (5 X 11 mm = 7.91
mm?; 5 X 11.5 mm = 4.32 mm?). Conversely, the
implants with the smallest dimensions produced
the smallest total areas of fringe transitions (3.75
X 11 mm = 0.64 mm?; 3.75 X 11 mm = 0.77
mm?) — considering the fact that with the increase

of the transition area the tension propagation
decreases, and consequently diminishes the tension
concentration. Thus, the implants with larger
dimensions presented a tension distribution with
lower potential for stress concentration, similarly to
what has been previously demonstrated [26]. This
result also agrees with the observations of Franz
[13], who noted that low fringe propagation in turn
leads to a low tension concentration. The importance
of these transition areas also relates to the fact
that the proximity of the fringes may represent a
higher concentration of stress [14], indicating that
where larger intervals between fringes exist there
may be a dissociation of stress [37].

The figures 3, 4 and 5 demonstrated the
correlation of data found in Table III. Although
there is the need of an increase in the number of
specimens for more reliable results, a few things
can be pointed while evaluating these results.
Implants with similar dimension and surface areas,
such as the 3.75 x 11 mm (SA = 54.07 and 55.00
mm?) produced total transition areas with a 20%
discrepancy. The implants with the highest surface
areas (5.0 x 11 or 11.5 mm, SA = 1.79 and 2.65
mm?2) were cut off from the correlation analysis,
being totally out of the previous implant results
pattern. As shown in figures 4 and 5 a previously
published report confirms the influence of thread
design on stress, using finite element analysis
[37], but it is possible that other features of the
implant not herein analyzed may also influence
on the tension distribution around them - it is
suggested that crown anatomical characteristics
are also implicated into this matter [36]. Thus,
in the present study, differences in the abutment
design and type of connection may also have
influenced these results — once it is known that the
area of contact between the implant platform and
the abutment may directly reflect the mechanical
response to loads [5].

Despite its limitations, the photoelastic analysis
allows for the observation of real structures [30],
and it is important to emphasize that this original
methodology may be a tool for a quantitative analysis
that could be easily and statistically applied to any
biomechanical study. Relevant photoelastic studies
such as the one performed by Da Silva [9], for
example, could also be quantitatively analyzed.

Therefore, for a more detailed investigation
into the behavior patterns of dental implants
using this reported photoelastic analysis, and for
the achievement of more powerful results, current
studies are being done with different load parameters
and a higher number of specimens.
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This study demonstrated a comparison of some
dental implant characteristics to the photoelastic
fringe areas of tension distribution, a simple
method that can be applied to the vast area of
biomechanics.

Conclusion

By this biomechanical study, it was possible
to demonstrate a correlation of some implant
characteristics to the colored fringe areas of tension
distribution, a colorimetric method that can be used
in comparative studies of photoelastic analysis.

Clinical significance

An accurate planning and knowledge of oral
implant biomechanics is important so that a safe
and long-lasting treatment can be achieved. This
biomechanical study presented some correlations of
the implant features and its photoelastic behavior,
information that could be used by the practitioner
while choosing the implant design for each clinical
situation.
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