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Abstract Introduction: The clinical survival of a dental implant is directly related to its biomechanical behavior. Since

short implants present lower bone/implant contact area, their design may be more critical to stress distribution
to surrounding tissues. Photoelastic analysis is a biomechanical method that uses either simple qualitative
results or complex calculations for the acquisition of quantitative data. In order to simplify data acquisition,
we performed a pilot study to demonstrate the investigation of biomechanics via correlation of the findings of
colorimetric photoelastic analysis (stress transition areas; STAs) of design details between two types of short
dental implants under axial loads. Methods: Implants were embedded in a soft photoelastic resin and axially
loaded with 10 and 20 N of force. Implant design features were correlated with the STAs (mm?) of the colored
fringes of colorimetric photoelastic analysis. Results: Under a 10 N load, the surface area of the implants was
directly related to STA, whereas under a 20 N load, the surface area and thread height were inversely related
to STA. Conclusion: A smaller external thread height seemed to improve the biomechanical performance of

the short implants investigated.
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Introduction

Stress distribution around implants is completely
different than that around natural teeth. The existence
of the periodontal ligament, for example, exerts a great
influence on the biomechanical behavior of teeth.
Moreover, although there is a physiological limit
of tolerance for the stress linked to bone resorption,
marginal chronic bone loss around implants may
happen over time (Chun et al., 2002; Goodacre et al.,
2003; Haruta et al., 2011; Khayat et al., 2013;
Romanos et al., 2014; Tada et al., 2003). This loss
can be attributed to surgical trauma, inflammation,
excessive micromovements, and loading conditions.
Of these, loading conditions are considered one of
the most critical factors influencing bone loss (Sakka
and Coulthard, 2011; Ueda et al., 2004).

Several reports state that marginal bone loss can
be avoided by the use of certain design concepts such
as platform switching. According to this concept,
abutments should have a narrower diameter than the
implant platform itself (Bilhan et al., 2010; Dursun et al.,
2014; Sakka and Coulthard, 2011; Vandeweghe and
De Bruyn, 2012). In addition, there are other implant
features that have proven to be effective for bone
maintenance. A short implant length (e.g., < 10 mm)
(Monje et al., 2013) can be used to reduce surgical
risks related to undesirable positions or inclinations
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(Assenzaetal., 2003; Stellingsma et al., 2004) as well as
to avoid advanced bone graft procedures (Chang et al.,
2012). A systematic review has shown that there can
be more complications in patients with severe bone
loss treated with vertical bone augmentation than in
those treated with short dental implants (Esposito et al.,
2009). Since most manufacturers worldwide produce
short implants, it is important that clinicians understand
their biomechanical behavior, which may influence
clinical outcomes.

The literature describes photoelastic biomechanical
analysis as a method often employed to assess the
stress distribution around implants (Lopes et al.,
2011; Silva et al., 2010; Ueda et al., 2004).
However, although photoelastic analysis provides
good qualitative evaluation of tension distribution
(e.g., critical stress points), it may not be a practical
test for quantitative assessment, especially because of
the complex mathematic calculations that are necessary
(Assuncdo et al., 2009). Photoelastic analysis is based
on the property of transparent materials that allows
them to produce images with colored fringes when
subjected to load and visualized under polarized
light (Lopes et al., 2011). In this analysis, the color
magenta (red to blue) represents the color of fringe
transition in first fringes (Ueda et al., 2004). Therefore,
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if stress concentration is related to the proximity
of the fringes, the hypothesis of the present study
is that the area occupied by this transition color is
directly related to stress distribution. In turn, this can
be used as quantitative data that is easily obtained
from photoelastic testing. A smaller area of magenta
is related to a higher concentration of stress, and
a larger area is related to a lower concentration of
stress. Thus, the aim of the current pilot study was
to analyze the biomechanics of short implants by
correlating the findings of colorimetric photoelastic
analysis (stress transition areas; STAs) with design
details in two different types of short dental implants
under axial loads.

Methods

Two samples from two different manufacturers
of short implants were connected to their abutments
(Table 1) and embedded in soft photoelastic resin
(40 x 50 mm Flexivel GIII; Polipox, Sao Paulo, SP,
Brazil). All implants were subjected to axial loads
of 10 and 20 N for approximately 3 seconds in a
universal testing machine (EMIC, Sao Jose dos Pinhais,
Parand, Brazil) coupled to a polariscope (Optovac,
Osasco, SP, Brazil). The tension fringes produced
were photographed with a digital camera (Canon 3Ti;
Canon, Melville, NY, USA) and a 105 mm macro lens
(Sigma, Ronkonkoma, NY, USA). Only half of the
total image field was used for analysis (14 x 5 mm,
300 dpi). From these images, several parameters
were obtained and measured using image analysis
software (Image Tool 3.0; UTCH, Houston, Texas,
United States). Surface area (SA) was calculated
using Equation 1.

2r-m-h

5 1

S4=

Where: 2r =implant diameter and / = implant length.

The mean thread height (MTH = sum of heights
of all threads divided by the number of threads)
(Figure 1), mean thread distance (MTD = sum of all
distances between the threads of all implants divided

Table 1. Features of the short dental implants used in the current study.
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by the number of distances measured) (Figure 1),
STA (= area of magenta color [red to blue] selected
from the images by Adobe Photoshop 7.0 image
analysis software; Adobe, San Jose, California,
USA) (Figures 2a and 3a), maximum distance from
the surface of the implant to the STA (MDS) both
laterally and apically (Figures 2b and 3b), and number
of software-detected STAs (NTA) of each implant
design were also measured. The measuring error of
the technique was 3-5% due to dimensional changes
of the resin. All photographs were taken by the same
operator, using the same camera, and with the same
resolution. Selection of the magenta color was carried
out by the same software installed on a single personal
computer. Even though the borders of the selected
color did not present straight lines (Figures 1a and 2a),
a feature of the software guaranteed a measurement
pattern and no error deviation was detected.

In this single sample analysis, all data (SA, MTH,
MTD, STA, and MDS) were subjected to regression
analysis in order to evaluate possible correlations
using SigmaPlot 12 software (Systat, San Jose,
California, USA).

Figure 1. Image parameters for measurement of thread height
and thread distance. (a) External hexagon implant (3.8 x 6.0 mm);
(b) Frictional-abutment implant (3.75 x 6.0 mm). H = height,
d = distance between threads.

Implant features

Platform features Abutment features

Manufacturer n

Diameter (mm) Length (mm) CT Dimensions (mm) Dimensions (mm)
A 1 3.8 EH 4.1 4.1 x11
1 5.0 6 EH/PS
B 1 3.75 2.9 2-4.5 x 13*
F/PS
1 5.0 44 3-4.5 x 13*

A = DSP™: Dental Special Products, Campo Largo, PR, Brazil. B = Kopp™: Sistema de Implantes, Curitiba, PR, Brazil. CT = Connection type
with abutment. EH = External hexagon. PS = Platform switching. F = Frictional. *At the platform level, both abutments started from the lower
diameter to an emergence profile of 4.5 mm.
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Results

In this study, as the load increased, fringes were
observed farther from the implant surface and were
apically directed. All measurements are reported in
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Table 2. Correlations were observed only between SA
and STA and between MTH and STA. SA and STA
showed a direct correlation when a load of 10 N was
applied (r=0.959) (Figure 4), but no correlation was
observed when a load of 20 N was applied (r=0.176).

MDS Lat
«—>

Figure 2. Images of frictional-abutment implant (3.75 x 6 mm) loaded with 10 N. (a) Software-selected stress transition areas; (b) Polarized
image of implant with software-selected stress transition areas (magenta). MDS Lat = Maximum distance from the lateral implant surface
to the stress transition area (magenta). MDS Ap = Maximum distance from the apical implant surface to the stress transition area (magenta).

Table 2. Implant features and post-loading characteristics.

Implant features Load Post-loading data
CT 1D SA MTH MTD L STA MDS (mm) NTA
(mm) (mm?) (mm) (mm) ™) (mm?) Lat Ap
F 3.75%6 68.67 0.28 0.46 5.84 8.85 17.52 2
EH 3.8%6 72.99 1.78 1.68 1 6.00 21.54 59.17 2
EH 5x6 111.18 1.65 1.84 6.13 28.25 55.11 2
F 5x6 135.61 1.21 251 6.36 7.52 15.40 2
F 3.75%6 68.67 0.28 0.46 7.80 49.79 89.22 2
F 5%6 135.61 121 2.51 20 5.47 41.54 72.78 2
EH 5x6 111.18 1.65 1.84 5.05 43.08 80.88 2
EH 3.8%x6 72.99 1.78 1.68 3.68 33.72 74.80 2

CT = Connection type with abutment. F = Frictional. EH = External hexagon. ID = Implant dimensions. SA = Surface area. MTH = Mean thread
height. MTD = Mean thread distance. L = Load. STA = Stress transition area. MDS = Maximum distance from implant surface to stress transition
area. Lat = Laterally. Ap = Apically. NTA = Total number of (software-detected) stress transition areas.

Figure 3. Photoelastic images of frictional-abutment implant (3.75 x 6 mm) loaded with 20 N. (a) Software-selected stress transition areas; (b)
Polarized image of implant with software-selected stress transition areas (magenta). MDS Lat = Maximum distance from the lateral implant
surface to the stress transition area (magenta). MDS Ap = Maximum distance from the apical implant surface to the stress transition area (magenta).
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Figure 4. Correlation between stress transition area and surface area
in loading situations of 10 and 20 N. At 10 N only, an increase in
surface area led to an increase in stress transition area. The largest
surface area produced the lowest stress concentration.

9_

T . ® Load 10 N (r = 0.446)

E i @ Load 20 N (r=0.967)

g 7

E [ ]

.§ 6 1 g— *—s

§ 5 A e

[_(

8 41

7} )
3

02 04 06 08 10 12 14 16 18 20
Mean Thread Height (mm)

Figure 5. Correlation between stress transition area and mean thread
height in loading situations of 10 and 20 N. At 20 N only, the largest
mean thread height led to a decrease of total transition area, indicating
a concentration of stress in this situation.

When the relationship between MTH and STA was
analyzed (Figure 5), a weak correlation was found
when aload of 10 N was applied (r = 0.446), whereas
a strong negative correlation was observed when a
20 N load was applied (r =—-0.967).

Discussion

Although photoelastic resins are much more resilient
than human bone, the physical characteristics of the
photoelastic resin used in the current study meant that
high stress loads (10 and 20 N) could be applied to
allow the study of the biomechanical properties of
dental implants under these conditions. The present
pilot study represents the development of a simpler
methodology for photoelastic analysis; the next step
will be the demonstration of the same methodology
applied to larger numbers of specimens, which will
allow statistical analysis of the results.

Res. Biomed. Eng. 2015 December; 31(4):313-318

In this study, the transition areas of the first fringes
(magenta color) were selected easily from the images
by the software used, which made this measurement
a possible marker for the quantitative representation
of'the distribution of stress. Since the STA represents
a stress relief region between two fringes (Ueda et al.,
2004), it could be assumed that a higher STA value
indicates higher stress dissipation, which is equivalent
to lower stress concentration.

As shown in Figures 1 and 2 and Table 2
(MDS values), an increase in load increased the extent
or distance of the biomechanical influence around
the implant; this can also occur in clinical situations.
Another important influence on stress distribution
that should be considered is the length of time of
load application (Maeda et al., 2007; Menicucci et al.,
2002). The present study used only 3 seconds of load
application in a homogenous material (photoelastic
resin). To extrapolate the results observed to a clinical
situation, it is necessary to consider that the ability
of local bone to support high loads depends on bone
quality. Thus, quantification of the amount of force
that could cause overload in a specific clinical case
becomes very difficult (Cehreli et al., 2004; Lesmes
and Laster, 2011; Teixeira et al., 2010).

In the present study, when a 10 N load was applied,
no correlation was observed between MTH or MTD
and STA. Even though there was a strong correlation
with SA, differences among the STA results were small
(5.84,6.00, 6.13, and 6.36 mm?) (Table 2, Figure 4).
A previous study using the same methodology but with
regular width implants and a lower load showed that
although a positive correlation was observed, different
surface areas were related to distinctive magenta areas
(Zielak et al., 2013). Due to the similar results of all
of the implants tested (Figure 4, r = 0.959), the data
of the present study appear to be in agreement with
those of a study in which the implant diameter, linked
to the calculation of surface area, did not influence
the stress distribution of vertical loads (Chang et al.,
2012). On the other hand, here, the lowest implant
diameter and consequently the lowest SA value
(68.67 mm?) was related to the highest STA value
under a load of 20 N. However, our findings need a
more refined approach to be better understood. With
an increase in load (20 N), the results can be clarified
if other features of the implants are examined. As seen
in Table 2, there was a weak correlation between
MTD and STA (r =-0.365), but extreme STA values
were strongly related to MTH (Figure 5) (r=0.967).
A MTH value of 1.78 mm corresponded to a STA
value of 3.68 mm? and a MTH value of 0.28 mm
(approximately 6.4 times lower) corresponded to a
STA value of 7.80 mm?, indicating more than double



Res. Biomed. Eng. 2015 December; 31(4):313-318

the capacity for stress distribution. It is known that
a small thread height, or as it is commonly called a
low pitch, can help to optimize stress distribution
(Baggi et al., 2013). Although this feature may not
be critical for regular width implants, a trend in the
correlation between MTH and magenta areas has been
demonstrated previously (Zielak et al., 2013). Thus,
some authors suggest that implant threads must have
a square shape and a small radius in order to optimize
the biomechanical behavior of implants (Chun et al.,
2002; Tada et al., 2003), which in turn can influence
osseointegration and bone stability (Duaibis et al.,
2012; Orsini et al., 2012).

The higher stress distribution capacity observed
(STA =7.80 mm?) can also be explained based on the
fact that the implant with the lowest MTH (0.28 mm)
also had the lowest MTD (0.46 mm), a feature that is
regularly applied to increase bone stability around the
cervical area of dental implants (Rismanchian et al.,
2010). In addition, micro-threads have been studied
to aid the distribution of stress around dental implants
(Choi et al., 2012). These characteristics may all be
related to the external surface of the implant, and
thus manufacturers must carefully address these
issues when preparing short implants. Considering
the limitations of photoelastic analysis itself, an
important feature of this methodology is represented
by its quantitative results. Although photoelastic and
finite element studies currently present qualitative
results or descriptive statistics (Rossi et al., 2014),
an increase in the number of specimens of equal
dimensions applied within this methodology may
demonstrate even more conclusive findings.

Under a load of up to 10 N, an increase in
implant SA was directly related to an increase in
stress distribution, as shown by the increase in fringe
transition areas (magenta color). When the load was
increased to 20 N, the lowest stress concentration value
was directly related to the lowest SA associated with
the lowest MTH and lowest MTD. Therefore, design
details such as the height and interval of threads may
play important roles in the biomechanics of short
dental implants. Moreover, according to the analysis
of the present study, a smaller external thread height
seemed to improve the biomechanical performance
of short dental implants.
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