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The purpose of this study was to compare, through photoelastic analysis, the stress distribution around conven-
tional and modified external hexagon (EH) and morse taper (MT) dental implant connections. Four photoelastic
modelswere prepared (n=1):Model 1 – conventional EH cylindrical implant (Ø 4.0mm×11mm-Neodent®),
Model 2 – modified EH cylindrical implant, Model 3 – conventional MT Conical implant (Ø 4.3 mm × 10 mm -
Neodent®) and Model 4 – modified MT conical implant. 100 and 150 N axial and oblique loads (30° tilt) were
applied in the devices coupled to the implants. A plane transmission polariscope was used in the analysis of
fringes and each position of interest was recorded by a digital camera. The Tardy method was used to quantify
the fringe order (n), that calculates the maximum shear stress (τ) value in each selected point. The results
showed lower stress concentration in the modified cylindrical implant (EH) compared to the conventional
model, with application of 150 N axial and 100 N oblique loads. Lower stress was observed for the modified con-
ical (MT) implant with the application of 100 and 150 N oblique loads, which was not observed for the conven-
tional implant model. The comparative analysis of the models showed that the new design proposal generates
good stress distribution, especially in the cervical third, suggesting the preservation of bone tissue in the bone
crest region.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The macro geometry of a dental implant includes characteristics
such as length, diameter, shape, prosthetic connection, thread type
[1–4] which is closely related to the success of the implant-supported
prosthetic treatment, since it can affect the surgical insertion speed
and force and can predict the static and dynamic stress levels generated
in the bone tissue during application of the functional load [5–6].

There is currently a wide variety of implants available in the dental
market. This progress has occurred mainly through changes in the de-
sign of previous projects, often requested by the professionals' clinical
requirements. However, regardless of the design differences, the com-
mon goal of the implant body is to promote the correct stress distribu-
tion of functional loads, therefore optimizing the prostheses [7].

According to the biomechanics [8], the design should be able to dis-
tribute the occlusal forces in the peri-implant bone region along the
long axis of the implant and reduce the side and not the axial loads

which generate stress concentration in the cervical third [9–10]. There-
fore, the choice of macro geometry is crucial [11] to prevent problems
related tomechanical overload, such as fracture of the bone, of the abut-
ment screw, prosthetic components, prosthesis, implant, aswell asmar-
ginal or periapical resorption and complete rehabilitation failure
[12–13].

The degree of marginal bone resorption is a widely used criterion to
evaluate the survival rate of the implants. According to the literature,
during the first year bone loss should be less than 1.5 mm and subse-
quently 0.2 mm annually [10]. Maintaining this average is still a chal-
lenge for implantology [14], therefore studies have been conducted in
the field of biomechanics to propose new changes in themacro geome-
try of implants, in order to evaluate occlusal loads and the properties of
prosthetic materials to promote the preservation of bone tissue during
the application of force and the long-term functionality of implant-
supported rehabilitations [15].

Recently, a new approach [4] showed that an implant design modi-
fication, by creating longitudinal grooves that extend along the length of
the body portion, is able to promote good primary stability, facilitate the
insertion technique, reduce surgery time andminimize physical and bi-
ological damage to the bone tissue caused during milling. However,
studies that assess the stress distribution of these new models are not
found in the literature due to its uniqueness.

Materials Science and Engineering C 77 (2017) 360–365

⁎ Corresponding author at: Av. do Café, s/n°, 14040-904 Ribeirão Preto, SP, Brazil.
E-mail addresses:mariana.lima.valente@usp.br (M.L.C. Valente), anapaula@forp.usp.br

(A.P. Macedo), ashimano@fmrp.usp.br (A.C. Shimano), andreare@forp.usp.br (A.C. dos
Reis).

http://dx.doi.org/10.1016/j.msec.2017.03.268
0928-4931/© 2017 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Materials Science and Engineering C

j ourna l homepage: www.e lsev ie r .com/ locate /msec

http://crossmark.crossref.org/dialog/?doi=10.1016/j.msec.2017.03.268&domain=pdf
http://dx.doi.org/10.1016/j.msec.2017.03.268
mailto:andreare@forp.usp.br
Journal logo
http://dx.doi.org/10.1016/j.msec.2017.03.268
http://www.sciencedirect.com/science/journal/09284931
www.elsevier.com/locate/msec


Thus, considering the influence of macro geometry on the behavior
of stresses and given that the inadequate stress distribution in the
bone tissue can impair the proper functioning of implants and
implant-supported prostheses [8,16], the purpose of this study was to

comparatively evaluate the stress distribution in modified and conven-
tional implants [4] by photoelastic qualitative and quantitative analysis
of two axial and oblique load applications.

2. Material and methods

Two master polycarbonate rectangular models were prepared (30
× 35 × 10mm), according to the methodology used in previous studies
[12,17]. In each model a central and perpendicular drilling was per-
formed to attach the analogs corresponding to the assessed implants
(Neodent®, Curitiba, Paraná, Brazil): cylindrical external hexagon (Ø
4.0 mm × 11 mm in length), positioned at the level of the model; and
conical morse taper (Ø 4.3 mm × 10 mm in length) positioned 2 mm
below.

2.1. Modified implants

The modified implants used were developed in a previous study [4]
from changes made in the macro geometry of conventional implants
(Neodent®, Curitiba, Paraná, Brazil): cylindrical external hexagon (Ø
4.0 mm × 11 mm in length) and conical morse taper (Ø 4.3 mm
× 10 mm in length). This modification consisted of the extension of
the three pre-existing chamfers in the apical third of the originalmodels
to the level of the prosthetic platform. With the aim of facilitating the
surgical technique by reducing the number of cutters used to make
the pilot hole, reducing the removal of bone tissue, reducing bone
heating during the milling procedure, promoting better bone healing
and lower stress for the patient and professional [4].

Fig. 1. Draft of the position of the points analyzed.

Fig. 2. HE conventional cylindrical implant (a and c) and modified (b and d) under axial load: a and b - 100 N; c and d - 150 N.
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Image of Fig. 2
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