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Aim This study aimed at evaluating the stress distribution
around a locking tapered short dental implant (4.3 mm x
6 mm), comparing crowns made of metal (CoCr), zirconium
(Y-TZP) and acrylic resin.

Materials and methods The Y-TZP and resin crowns
were fabricated by CAD/CAM system, while the CoCr crown
was fabricated from lost wax technique. The implant was
placed in a rigid photoelastic resin in order to analyze
the stress distribution using a polariscope. An axial load
starting at 0 (N) up to 200 (N) was applied at the center of
the occlusal aspect of the crowns. The photoelastic models
and the computer screen (where the data was exhibited)
were recorded by video and the images were analyzed and
compared at 50N, 100N, 150N and 200N loads.

Results It was observed that resin crown model generated
lower stress around the implant.

Conclusions Resin crown generated best stress distribution
around locking tapered short implant in comparison with
Y-TZP and CoCr crowns.

Zirconia, Dental Crowns, Dental Implants, Dental
Prosthesis

Alveolar bone resorption after tooth extraction may
limit bone volume availability for implant placement.
The conventional treatment for this situation consists in
surgical procedure for bone height augmentation, like
bone grafting procedures. Currently, the use of short
implants is considered as an alternative to solve these
cases. Although the ability of short implants to support
masticatory loads has been initially questioned, clinical
and laboratory research has shown promising results (1-
4).

The stress distribution in an implant system depends
on many factors, like implant design, implant length,
implant abutment joint, prosthesis and abutment design,
restorative material and the forces and moments applied
to the system (5-6). An overload on the implant system
can cause stress concentration in the peri-implant bone
and thus, if the stress intensity exceeds the physiological
limits, there may be a stimulus to bone resorption so that
a bone loss in the cervical third of the implant could
be observed (5,7-8). This concentration of stress could
be more critical in short implants, since the crown-
implant ratio is biomechanically more challengeable and,
furthermore, the area of stress dissipation generated by
the masticatory load is reduced (8-10). On the other hand,
clinical studies evaluating locking-tapered short dental
implants with platform switching concept has shown
favorable crestal bone maintenance (11-12).

Regarding the role of the prosthetic restorative material,
despite some authors assert that more resilient materials
with greater deformation capacity and impact reduction
would have a damping effect, leading to a better
distribution of stress (13), there are others stating that
there is no influence of the materials used for the crown
construction on the stress distribution around dental
implants (14).

The aim of this study was to determine the stress
distribution around short locking-tapered dental implants
due to the restorative material used for cemented single
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crown construction. Thus, the null hypothesis to be
tested is: There is no influence of material used for crown
construction on the pattern of stress distribution in the
peri-implant bone around locking-tapered short dental
implants.

MATERIALS AND METHODS

Specimens preparation

A premolar shaped crown was designed by the CAD
software  (Zirkonzahn.Modellier, ~ Gais,  Germany)
generating a 3D virtual model of the specimens, which
worked as a reference for milling two distinct crowns (M5
Heavy - milling unit, Zirkonzahn, Gais, Germany), one
made of Yttria Tetragonal Zirconia Polycrystal (Y-TZP)
(Prettau Zirconia, Zirkonzahn, Gais, Germany) and the
other one made of acrylic resin (Temp basic, Zirkonzahn,
Gais, Germany). The occlusal aspect of the crown had two
flat sides converging to the midline, thus the central sulcus
was located exactly in center of the plane perpendicular
to the long axis of the crown.

A third metal crown was made by the lost wax technique
from an acrylic resin replica (Duralay Reliance Dental Mfg
Company Worth, lllinois, USA) obtained by the impression
of the Y-TZP crown using a silicone material (Zetaplus e
Oranwash, Zhermack - Labordental, Sdo Paulo, Brazil). The
casting was carried out with CoCr alloy (Fit Cast Cobalto,
Talmax, Curitiba/PR,Brazil).

Three sets composed by universal conical abutments for
cemented prosthesis attached onto locking tapered short
implants (6mm height and 4.3mm width - Kopp, Curitiba,
Brazil) using platform switching concept (Fig. 1) received
the metal, Y-TZP and acrylic resin crown, respectively
(Fig. 2). The crowns were cemented with a resin cement
(Multilink, Ivoclar Vivadent, Schaan, Liechtenstein),
according to the manufacturer's recommendations. The
Y-TZP and metal crowns received internal conditioning
with Primer for metal and Y-TZP supplied by the
manufacturer (Metal/Zirconia Primer, Ivoclar Vivadent
AG, Schaan, Liechtenstein). The abutments also received
this same treatment. The resin crown received no
conditioning. Afterwards, equal parts of cement were
mixed for 30 seconds and the cement was inserted into
the crown. The crowns were seated onto the abutments
and the cement excess was immediately removed. All
specimens showed resistance to manual traction 10
minutes after cementation.

Photoelastic model construction

four glass plates were fixed in lower part of a verticulator
forming a glass box. A guide was fixed to the upper part
of the verticulator to guarantee the specimens positioning
perpendicular to the horizontal plane. Thus, a rigid epoxy
resin (Resina Rigida G IV; Polipox, Sdo Paulo, SP, Brazil) was
prepared according to the manufacturer's instructions
and slowly inserted into the box glass, generating a
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FIG. 1 Locking tapered implant (left) and the universal abutment for cemented
crown (right).

FIG. 2 Specimens composed of short locking tapered implants, universal
titanium abutment and Y-TZP (left), acrylic resin (middle) and CoCr (right).

FIG. 3 Photoelastic model placed in the universal testing machine to receive
the axial load at the center of the occlusal aspect.

photoelastic model simulating a situation in which the
implant was placed at the crestal bone level. After 24h
hours from the epoxy resin preparation, the photoelastic
models were evaluated in the polariscope (Optovac,
Osasco, SP, Brazil) to verify the presence of residual stress.

Stress distribution tests

For the tests, the photoelastic models were placed on
a support and taken to the polariscope coupled to a
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FIG. 4 Isochromatic fringe patterns for the different models under different loads. The higher number of fringes showed higher stresses for the metal and Y-TZP
models. The proximity of fringes also indicates higher stress concentrations for the metal, followed by Y-TZP, with resin model showing less stress concentration.

R: Resin - Z: Y-TZP - M: Metal

universal testing machine (DL2000; Emic, S3o José dos
Pinhais, PR, Brazil). The specimens composed by the
sets crowns/abutments/implants were subjected to
compressive axial loads ranging from 0 to 200N with a
speed of 0.5 mm/min at the center of the occlusal aspect
of the crown. A spherical piston with 3 mm diameter was
used as antagonist.

A camcorder in high definition (HD) was used to record
the test (D7000; Nikon, Tokyo, Japan; Micro Nikkor 105
mm lens), while a second camcorder (FZ47, Lumix, Tokyo,
Japan) was used to record the computer screen where the
data was displayed. In order to standardize the capture
of images, the camera was adjusted to manual focus,
aperture (f/9), speed (1/60) and ISO (400). The white
balance was kept in automatic mode.

The photoelastic stress fringes showed by each model
were visually monitored on the recorded videos. The
photoelastic models were compared regarding their stress
intensity (number of fringes) and stress concentration
(proximity and location of fringes) under 50N, 100N,
150N and 200N loads. The time taken to reach the 200N
load was recorded for each type of specimen. In seeking
to compare the stress data obtained, the present study
used the same parameter as Ochiai et al. in 2003 (15) and
Galvio et al. in 2016 (16), which considered low stress
corresponding to the observation of 1 fringe or less,
moderate stress when between 1 and 3 fringes were seen,
and high stress when more than 3 fringes were detected.
The photoelastic models were also compared when the

size and distribution of fringes were similar, allowing
to evaluate the load and time necessary to reach a
determined size and distribution of the fringes in seeking
to check the behavior of the different models during the
test (comparison from similarities). For this, the video
footage was frozen when the images of fringe patterns of
Y-TZP and metal models looked similar to the resin model
at 50, 100, 150 and 200N. In order to obtain similarity,
color, shape and layout of the fringes were considered.

RESULTS

The time spent to reach 200N was different for the
resin (96 seconds), Y-TZP (112 seconds) and metal (131
seconds). The metal and Y-TZP models reached 50N in 15
seconds, while the resin model took 17 seconds. For the
other load intensities registered (100N, 150N and 200N)
the resin model has reached first.

Comparing the images obtained from different loads, the
metal and Y-TZP models showed larger stress areas. At
50N the larger stress concentration occurred around the
apical region of the implant. At 100N Y-TZP and metal
crown showed stress at the apical third and at the cervical
region, while the resin crown model presented stress at
the apical region and at the middle third. At 150N and
200N all models showed tension from the apical to the
cervical region, but with greater fringe extension for the
Y-TZP and metal models. In general, the Y-TZP and metal
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Load (N) Resin Y-TZP CoCr
50 17s 15s 15s
100 44s 46s 49s
150 69s 78s 86s
200 96s 112s 131s

TABLE 1 Time (seconds) spent to reach the loads of 50, 100, 150 and 200N
for different models.

Load Stress Intensity

Resin Y-TZP Metal
50N low moderate moderate
100N low high high
150N moderate high high
200N high high high

TABLE 2 Stress intensity patterns based on the fringes order for the
different materials under different load magnitude (according to the
method proposed by Ochiai et al., 2003).

crown models showed higher stress concentration (Fig 4).
Regarding the stress intensity, there was some difference
between the models. Looking at fringes number and fringes
order, while Y-TZP and metal showed similar behavior, resin
showed considerable less stress intensity (Table 2). When
analyzing the proximity of the fringes, it was evident the
higher stress concentration for the metal model, followed
by the Y-TZP, while the resin model presented lower
concentration of stress around the implant.

The analysis of the similarity images showed that the
metal crown achieved similarity with the lowest load. For
the similarity with 50N in resin it can be observed that
the metal and Y-TZP behaved similarly, while at 100N in
resin there was a slight difference between the Y-TZP and
the metal. For the similarities 1 and 2 (50N and 100N,
respectively) the Y-TZP and the metal maintained a ratio
of 2:1 with respect to the resin crown. In the similarity 3
(150N) the ratio of difference of the Y-TZP and the metal
compared to the resin increased to approximately 3:1. This
dynamic analysis showed that to generate similar tensions
in the photoelastic resin the metal crown required less
load compared to the resin crown, followed by the Y-TZP
crown (Fig. 5).

DISCUSSION

The null hypothesis was discarded, since there was an
influence of the material used to construct the crown on
the stress distribution around short dental implants. For
all the load intensities applied, the qualitative (visualf
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FIG. 5 Graphic presentation plotting the load values for Y-TZP and metal
models when it showed similar fringe patterns to resin at 50N (similarity 1),
100N (similarity 2), 150N (similarity 3) and 200N (similarity 4).

subjective) and quantitative comparison between the
different kinds of crowns showed the most favorable stress
distribution for the resin crown. The same was seen for the
similarity test, which demonstrated that metal and Y-TZP
models can reach the same stress of resin model under a
less intense load.

These results can be explained by the mechanical
properties of the materials tested. The acrylic resin has the
lower elastic modulus and the higher resilience in relation
to CoCr alloy and Y-TZP. Due to this characteristic, the
acrylic resin crown, probably, could have suffered higher
deformation and load absorption, avoiding the transmition
of stress to other components of the model, including
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the peri-implant bone (13-17). The load absorption and
deformation can also explain why the resin-based material
reached the 200N load earlier than the other models. It
should be noted that only an acrylic resin was evaluated
in the present study. While this type of material is
indicated as provisionalfinterim restorations some efforts
to reinforce it with nanoparticles with the consequence
of increasing the fracture toughness, elastic modulus
and glass transition temperature (18). With improving
these properties, it could be hypothesized that the stress
distribution would be affected.

On the other hand, stiffer materials, like CoCr alloy and
Y-TZP presented lower and slower deformation and could
transmit the stress more intensively to the other parts of
the model. The effects of the difference in deformation
between resin material, CoCr alloy and ceramics was
showed in previous studies (13, 19). However, there are
in vitro and clinical studies (14, 20) stating that there is
no influence of the materials used to construct the crown
on the stress around dental implants. It is important to
emphasize that these studies used bi-layered prostheses
instead of monolithic crowns.

From the clinical aspect, the higher stress concentration
around implants can generate microcracks in the peri-
implant bone leading to bone resorption (5, 7). It is even
more critical for the stress concentration around the collar
of the implant. Normally, in cases where the bone volume
is reduced and a short dental implant solution is chosen,
an unfavorable crown/implant ratio is present, leading to
a higher probability of stress concentration in the peri-
implant bone (8, 10).

In the present study, the stress concentration initiates
from the apical portion of the implant, gradually spreading
to the cervical region. It can be attributed to the design of
the implant used in the present study, which can contribute
to the stress distribution in the bone marrow tissue, thus
reducing cervical tension, what would be beneficial for the
maintenance of peri-implant bone tissue. The platform
switching design of the implant used in the present study
can also have contributed to reducing the stress around
the cervical third of the implant (21-23).

The present study evaluated qualitatively and quantitatively
the stress distribution around short dental implants using
a dynamic photoelastic analysis, that allowed a real-time
observation of the stress generated. This dynamic analysis
allowed the comparison of the materials not only in relation
to the fringes formed by the different applied loads, but
also in relation to “load moments” where the fringes were
similar in all models. The pattern of stress distribution
obtained in this study is in accordance to previous studies,
which evaluated the stress distribution around locking
tapered implants under axial load application and found
stresses generated mainly at the apical third of the implant
(16, 23).

From the biomechanical aspect, the success of implant
supported prosthesis cannot be based only on the stress
distribution in the peri-implant bone, once it is just one

factor actuating in a complex system (5, 6, 24). The long-
term success of these types of prostheses depends also on
the stress distribution in other components like abutment
screw, implant and abutment body, veneer material and
luting agent (9, 24).

The results of this study can help the clinician to choose
the restorative material when the overload is an issue,
as in short dental implants with an unfavorable crown/
implant ratio, mainly in patients presenting parafunctional
habits. However, it is important to interpret the results
with caution, since this in vitro study has some limitations.
The evaluation of stress distribution did not consider the
oblique loads, which are more demanding for the peri-
implant bone and its excess could lead to bone resorption
(1, 23). Another limitation is that the CoCr crown did
not receive the porcelain veneer layer, thus it does not
represent the real clinical use for this type of restoration.
Finally, this study used only one model for each type of
crown tested, representing a small sample and, therefore,
could have influenced the results.

The material used to construct the crown influenced the
stress concentration in the peri-implant bone around
locking-tapered short dental implants. The resin crown
showed the most favorable stress distribution when
compared to Y-TZP and metal (CoCr) crowns.
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