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The purpose of our study was to analyze the influence of Ti-6Al-4V and Ti-15Zr dental implants, with complex
implant designs, on the cortical and trabecular mandibular bone in regards to the stress value and its
distribution using finite element analysis. A total of four 3D implant assemblies were modeled, each consisting
of implant, abutment, abutment screw, cement layer, and ceramic crown. Implants were modeled with
different macrostructure designs with focus on the main thread and microthread design as well as complex
geometry details. All implants were inserted in the second molar position in the mandible bone section,
consisting of two macro-structures, a 2 mm thick cortical bone and an internal cancellous bone. Results
revealed that small variations in the implant design led to a great difference in the stress values and distribution
in both cortical and cancellous bone. Our results suggest no major difference between   Ti-6Al-4V and Ti-15Zr
in regards to the material’s ability to decrease stress in the periimplant bone.   However, within the same
material, results revealed important differences between thread design and implant geometry concerning
the stress values and stress concentration in cortical and cancellous bone in the mandibular model.
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Dental implants have been widely used in oral
rehabilitation of completely or partially edentulous patients.
Because of the fast development of materials and
technology, it has become the gold standard in restoring
the function of missing teeth. However, implant failure still
remains a prominent current issue [1]. Some of the main
causes of implant failure are implant related bone
resorption and inadequate osseointegration [1-3]. Both can
be caused by excessive implant loading, leading to highly
concentrated stress in the peri-implant bone and
biocompatibility issues. These are dependent on the
material and the design of de implant.

Ti-6Al-4V is one of the most frequently used Ti alloy in
the manufacturing of dental implants. This material is
known for its high resistance to fatigue and corrosion and
low density [4]. An important factor in ensuring the
biocompatibility of dental implants is the corrosion behavior
of the implant material. Release in the human body of Ti-
6Al-4V elemental products due to corrosion has been
shown to lead to toxic reactions. Vanadium ions release
has been associated with neurotoxicity and has been
shown to lead to chromosomal damage [5-7].

In an attempt to increase biocompatibility, new
materials have been proposed, such as Ti-15Zr [4,8]. This
material offers improved mechanical properties in
comparison to Ti-6Al-4V, with a tensile strength of 953 MPa,
whereas that of Ti-6Al-4V is 680 MPa. Also, Ti-15Zr presents
an increase in material elasticity.

The elasticity of material is believed to play an important
role in reducing stress in the periimplant bone and
contributing to reducing marginal bone loss which is
associated to high stress concentration at crestal bone level
[9]. However, in current scientific literature, it is not well
documented if a relatively elastic alloy or a rigid one is

more favorable in terms of reducing crestal bone stress
[10–12].  And since the mechanical properties of the
implant itself are in close relationship to its material and
implant design it is important to analyze the two in
conjunction [13,14].

Implant design, with concerns over its macro design
and micro design, is an important factor that influences
the implant primary stability and peri-implant stress values
and distribution [15,16].

Current dental implant designs concern the micro design
and macro design. The surface treatments influence the
micro design and have a direct impact on the extent of the
osseointegration. The macro design is determined by the
implant geometry such as implant shape, thread shape,
pitch, and helix angle which have a crucial influence for
achieving optimal primary-implant stability [13,14]. Current
studies are focusing on only certain design elements, using
simple implant models and changing the geometry of one
design element at a time [16-19,22].

One of the design elements of interest is the presence
of microthreads in the neck of the implant that has been
shown to reduce marginal bone loss around implants under
long term functional loading and ensure favorable
conditions for osseointegration [14,17,18]. However,
studies are not consistent in supporting this claim. Some
clinical studies have revealed no significant difference in
marginal bone loss between the implant with microthreads
and threaded standard implants under normal long term
masticatory loads [19-21].

Another design element is the thread of the implant.
According to their geometry, commercial implant threads
can be divided into V-shaped, square-shaped, buttress-
shaped, and reverse-buttress-shaped threads [22]. It has
been shown that the implants with square-thread designs
allow for an optimal distribution of vertical stress [16,23].
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However, the thread angle influences the magnitude of
the resistance force when locking the implant in the bone
tissues [23]. A square thread with a zero face angle was
shown to increased the resistance force. In a V-shaped
thread, the face angle favors the positioning of the implant,
decreasing resistance forces. However, this type of thread
has been shown to lead to stress concentration and bony
defects [23].

With over 100 implant systems currently on the market,
all with various implant shape and thread design and a
scarcity of clinical studies, it remains a true challenge in
selecting an implant geometry to ensure optimal long term
implant stability [24-27]. In this context, it is necessary to
analyze and focus on whole complex designs and
materials, similar to the ones used in clinical situations in
order to obtain a relevant result. In a clinical situation, one
may not have the option to choose between two implants
that have only one difference between them thus it is
important to optimize the accuracy of simulated clinical
models. Having said that, finite element analysis (FEA) is
an excellent tool that is able to asses various complex
implant designs with different materials and virtually
simulates clinical cases before conducting clinical trials
[29].

The purpose of our study was to analyze the influence of
Ti-6Al-4V and Ti-Zr dental implants, with complex designs,
on the cortical and trabecular mandibular bone in regards
to the stress value and its distribution using finite element
analysis.

Experimental part
Materials and method

A total of four 3D implant assemblies were modeled,
each consisting of implant, abutment, abutment screw,
cement layer, and ceramic crown. Implants were modeled
with different macrostructure designs. Each presented a
tapered shape but different thread geometry, V-shaped,
square-shaped and plateau shape respectively. Threads
were also modeled at the neck of the implant in two of the
models as can be seen in figure 1. Since the implants
modeled were designed similar to ones used in clinical
situations, small variations in diameter and length are
present.

Assembly A consisted of a tapered implant with a V-
shaped thread with a flat apex, 4.2 mm diameter and 11.5
mm length. Assembly B consisted of a tapered implant
with plateau thread and dome-shaped apex, 4.5 mm
diameter and 11.5 mm length. Assembly C consisted of a

tapered implant with square thread and flat apex, 4.3 mm
diameter and 11.5 mm length. Assembly D consisted of a
tapered implant with microthreads, triangular shape
cortical region, V-shaped thread, and flat apex, 4.3 mm
diameter and 11.5 mm length. A 3D mandible section
consisting of two macro-structures, a 2 mm thick cortical
bone and an internal cancellous bone was also modeled
as can be seen in figure 2.

Fig. 1. Implant assemblies consisting of implant, abutment and
abutment screw with various macrostructure designs. (A) Tapered

implant with V-shaped thread with microthread in body and flat apex.
(B) Tapered implant with plateau thread and dome-shaped apex. (C)

Tapered implant with square thread, flat apex and microthreads in
neck and body region with detailed view. (D)  Tapered implant with

microthreads in neck region, triangular shape cortical region, V-
shaped thread and flat apex with detailed view

Models were constructed and processed in Autodesk
Inventor Professional version 2017(Autodesk, Inc., San
Rafael, CA, USA). All implants were inserted in the second
molar position in the mandible bone section.

Simulations were carried out in Simulation Mechanical
version 2017 (Autodesk, Inc., San Rafael, CA, USA). A static
type analysis with linear, elastic and homogenous material
properties was chosen for all simulation cases.

Material properties assigned for each analysis element
are listed in table 1. Boundary conditions were applied to
end surfaces of the mandibular model, fixed in all directions.
Contact type between bone and implant was defined to be
perfectly bonded. From a clinical perspective, perfectly
bonded contact between bone and implant would translate
in perfect osseointegration between the two materials.

Table 1
MATERIAL PROPERTIES OF THE 3D MODELS

Studies have shown that introducing friction coefficient
between the implant and surrounding bone as an
expression of various degrees of osseointegration may
artificially decrease stress in the peri-implant bone [19].

Masticatory type loads were applied on the ceramic
crown based on the previous work of Himmlova et al.
(2004) [29]: 114.6 N in the axial direction, 17.1 N in the
lingual direction and 23.4 N in distomesial direction.

Fig. 2. (A) 3D model assembly of implant components in
mandibular section. (B) Cross-sectional view of the 3D models

showing internal structure
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When analyzing assembly C we found that stress was
distributed much more homogenous over a larger area at
the crestal level.

The results of our study revealed differences between
the Ti-6Al-4V and Ti-Zr dental implants. However, the
difference in values obtained were small between the two
materials in the same implant. Greater differences were
found when comparing the different implants within the
same material type. The results of our study revealed
important differences between thread design and implant
geometry concerning the stress values and stress
concentration in cortical and cancellous bone in the
mandibular model. Values of stress induced by masticatory
forces through the implant systems can be considered
difficult to asses in clinical situations. External forces
applied on the bone tissue can generate bone remodeling
and regeneration but if forces are excessive then they may
lead to bone resorption [15, 39].

Concerning the two materials, Ti-15Zr led to a small
decrease of stress in both cortical and cancellous bone
amongst all implant designs. The maximum stress value
in the cortical bone was found in assembly A, which
contained the tapered implant with V-shaped thread with
microthread in body region and flat apex,  and the lowest
value was found in assembly B which contains the tapered
implant with plateau thread and dome-shaped apex.
Implants from assemblies C and D also led to a smaller
stress value in the periimplant bone in comparison to
assembly A. From the design point of view, this is in
accordance with current studies that suggest that the
presence of microthreads at implant crestal region may
decrease cortical stress thus reducing bone loss and
promoting osteogenesis [40, 41]. An interesting find is that
the implant used in assembly D, altough it contained
microthreads, values of stress at cortical level were higher
in comparison to assembly C. This difference may come
from the geometry of the implant’s cortical region which
had a triangular shape cortical region (D) as opposed to a
standard circular shape cortical region (C). This shows the
importance of accuracy in geometry design analysis. Even
though microthreads are more favorable in terms of
reducing stress in cortical bone, the overall shape may be
detrimental to the positive effect of these microthreads.

In Ti-15Zr implants, when comparing the stress values
in cancellous bone, the highest value was recorded when
using assembly D and the lowest value was recorded using
assembly B. The latter contained an implant with a plateau
thread and dome-shaped apex in opposition to the implant
in assembly D which presented a V-shaped thread and flat
apex. A similar thread was present in the implants in
assembly A  but here values of stress in cancellous bone
were lower. The implant in the assembly A also presented

Results and discussions
Differences in stress values both in cortical and

cancellous bone were recorded in both materials, amongst
all the four implant designs.

Ti-6Al-4V implants resulted in overall higher stress in
the periimplant bone. Amongst the Ti-6Al-4V  implants,
cortical bone stress values were highest in the assembly
A, which is the one containing the tapered implant with V-
shaped thread with microthread and flat apex.

The values decreased when using assembly B, which is
the one containing a tapered implant with plateau thread
and dome-shaped apex.

Ti-Zr implants showed a small decrease in stress in
cancellous bone in all of the simulated designs.  Concerning
these stress values, the highest value was recorded when
using the assembly A and the lowest value was recorded
using assembly B, in which a plateau thread and dome-
shaped apex were present. Values of maximum von Mises
stress for cortical and cancellous bone in each simulated
case are presented in figure 3.

The distribution of stress in the cortical bone was similar
in all simulated assemblies, showing a prevalence of the
stress concentration at the crestal level. However, notable
differences were found in some of the simulated cases.
Assembly A led to more concentrated stress in the cortical
bone as can be seen in figure 4.

Fig. 3. Maximum von Mises stress values
recorded in cortical and cancellous bone

in simulated cases for Ti-6Al-4V and Ti-
15Zr implants.

Fig. 4. Detail view of stress distribution in crestal region in
simulated cases  for assemblies A, B, C and D with Ti-6Al-4V and

Ti-15Zr implants
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a microthread at the body of the implant alongside the
main thread. This may contribute to decreasing stress in
the cancellous bone as they may have a similar effect
when used at crestal region. Although some studies favor
the V-shaped thread because it may reduce stress in the
cancellous bone as opposed to the trapezoidal shaped
thread,  the plateau geometry offers a larger surface of
area. This translates in a larger surface area of contact
between the peri-implant bone and the implant and has
been to facilitate stress reduction [23, 42].

The Ti-6Al-4V implants revealed, although very small,
higher stress values in both cortical and cancellous bone
within the same implant design. Differences amongst the
designs were consistent as the ones in the Ti-15Zr implants.
These differences between the two materials rely on their
mechanical properties. Ti-6Al-4V presents a greater Young’s
modulus thus its ability to resist deformation and increase
stress transmitted in the surrounding bone as it acts as a
rigid body. The difference in Ti-15Zr Young’s modulus is
small, 103,7MPa in comparison to 110MPa for Ti-6Al-4V.
Consequently, Ti-15Zr elasticity is somewhat greater than
of Ti-6Al-4V and this may translate to less stress transmitted
to the periimplant bone.

Current studies also report very small differences
between Ti-6Al-4V and Ti-15Zr implants in regards to the
stress transmitted in periimplant bone [32,43]. In the same
implant design when comparing the two materials, no
differences were found in the distribution of the stress to
the peri-implant bone [32].

In our study, in all simulated cases, stress was
concentrated at crestal bone level. This is in agreement
with several studies [40,41]. However, implants used in
assemblies A and D led to a higher stress concentration at
crestal level. The most favorable implant in terms of the
stress distribution and value was found to be the implant
used in assembly C. It showed to distribute the small stress
over a larger area. This may be due to the fact that
microthreads were present in both the neck and body of
the implant used in combination with the square-shaped
threads. This type of thread has been shown to lead to an
appropriate stress distribution as well as a decrease of the
stress at the bone-implant interface [35].

This study has been focused on the influence of materials
in complex geometry of current dental implants. Amongst
the same material, differences in stress values were found
when small changes in the geometry of the implant took
place. They also may be influenced to some extent by the
small differences in the diameter and length of the implants
[43]. Our simulated implant designs do contain several
intricate geometry elements, thus making the analysis
more complex in determining the extent of the influence
of each design element. However, these implant
geometries represent clinical used implants. In a clinical
situation, one may not have the option to choose between
two implants that have only one difference between them
thus it is important to optimize the accuracy of simulated
clinical models and asses the results in the context of
implant survival clinical studies [39, 43].

Our results suggest no major difference between   Ti-
6Al-4V and Ti-15Zr in regards to the material’s ability to
decrease stress in the periimplant bone.

Therefore, the benefit of one material over the other
should concern the biocompatibility and osseointegration.
As reported in clinical studies, the Ti-15Zr does represent a
more favorable option as it revealed a significantly higher
bone-implant contact percentage in comparison to  Ti-6Al-
4V, after 6 weeks of osseointegration [32].

Regarding implant geometry, the issue of macro and
micro design is far from being exhausted. Surface
properties, small geometry variations but also intricate
geometry assemblies are factors that can influence stress
value and its distribution. There is a need for long term
clinical studies to further investigate the in vivo outcome
of such materials in the context of complex geometries,
since this is just one of the many determinants in long
term implant success, as are all the pro-implant and pre-
implant preparations [44-48]. Also, further finite element
analysis studies are needed in order to investigate the
complex geometry of thread designs as there are many
parameters that can vary and may influence the overall
result.

Conclusions
Our results suggest no major difference between   Ti-

6Al-4V and Ti-15Zr in regards to the material’s ability to
decrease stress in the periimplant bone.   However, within
the same material, results revealed important differences
between thread design and implant geometry concerning
the stress values and stress concentration in cortical and
cancellous bone in the mandibular model. Small variations
in the implant design led to a difference in the stress values
and distribution in both cortical and cancellous bone.
Microthreads present in the cortical and body region of the
implant proved to decrease stress in the peri-implant bone.
However, the change in the geometry of the implant cortical
region led to an increase in stress at the crestal level even
though microthreads were used. The plateau type thread
led the smallest values of stress in cancellous bone and a
favorable stress distribution at crestal level. Further studies
are necessary to analyze the biological tissue response to
the implant material in the context of clinical type used
implants that present intricate design and complex
geometry.
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