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Abstract

Objective. The purpose of the study was to compare the effects of two distinct collar geometries of implants on stress
distribution in the bone as well as in the fixture-abutment complex, in the framework and in the veneering material of 3-unit
fixed partial denture (FPD). Material and methods. The 3-dimensional finite element analysis method was selected to
evaluate the stress distribution in the system composed of 3-unit FPD supported by two different dental implant systems with
two distinct collar geometries; microthread collar structure (MCS) and non-microthread collar structure NMCS). In separate
load cases, 300 N vertical, 150 N oblique and 60 N horizontal, forces were utilized to simulate the multidirectional chewing
forces. Tensile and compressive stress values in the cortical and cancellous bone and von Mises stresses in the fixture-
abutment complex, in the framework and veneering material, were simulated as a body and investigated separately. Results. In
the cortical bone lower stress values were found in the MCS model, when compared with NMCS. In the cancellous bone,
lower stress values were observed in the NMCS model when compared with MCS. In the implant-abutment complex, highest
von Mises stress values were noted in the NMCS model; however, in the framework and veneering material, highest stress
values were calculated in MCS model. Conclusions. MCS implants when compared with NMCS implants supporting 3-unit
FPDs decrease the stress values in the cortical bone and implant-abutment complex. The results of the present study will be
evaluated as a base for our ongoing FEA studies focused on stress distribution around the microthread and non-microthread
collar geometries with various prosthesis design.
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Introduction Dental implants must fulfill certain criteria arising

from special demands of function, which include

In recent years, as a result of advances in oral implan-
tology, osseointegrated dental implants have been
shown to be predictable options for treatments rang-
ing from the replacement of single tooth to complete
arch restorations [1]. Threaded, root-form osseointe-
grated implants were developed by Branemark in the
late 1960s and were initially designed to support
complete arch, fixed implant-supported restorations
for completely edentulous patients [2]. However, in
the last decade, these types of implants have also been
successfully used to support fixed partial dentures
(FPD).

biocompatibility, adequate mechanical strength, and
transmission of functional forces to bone, within
physiological limits [3].

In all incidences of functional loading with implants,
the occlusal forces are transferred to the bone—implant
interface via implant supported prosthesis. The process
and the consequences of force transmission into sup-
porting bone depends on the nature of applied force,
the design of implants (micro and macro architecture),
the biological and biomechanical properties of the
bone—implant interface, and the reaction of bone tissue
to the mechanical environment created by loading the
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implant [4]. One of the most critical elements influ-
encing the long-term uncompromised functioning of
an oral implant is its own design [5].

As confirmed by several clinical studies, osseointe-
grated implants can fail mainly as a consequence of
bone weakening or loss of bone in the peri-implant
region [6]. Bone resorption process affects mainly the
implant neck region and can be activated by surgical
trauma or bacterial infection as well as overloading of
the bone—implant interface [7]. Several previous stud-
ies have attempted to minimize crestal bone resorp-
tion by increasing the contact area of bone to the
implant interface and, therefore, reducing stress at
the cortical alveolar crest [8,9]. Thus, attempts to
increase the contact area of the bone—-implant inter-
face have focused on the shape and characteristics of
the implant surface or altering the fixture design or
shape at the collar region [8,9]. Thread form and
configuration are important objectives in biomechan-
ical optimization. Threads are used to maximize ini-
tial contact, improve initial stability and to enlarge the
implant surface area and a favorable dissipation of the
interfacial stress [10]. Thread depths, thickness,
pitches and helix angle are some of the geometric
variables that determine the functional thread surface
and affect the biomechanical load distribution of the
implant [10]. For this reason, several implant con-
cepts have been developed and many implant types
are commercially available. Moreover, the retention
element, for example in the form of a thread at the
endosseous neck portion of the implant would induce
the mechanical stimulation required to maintain the
marginal bone level [11].

The highest bone stresses have been reported to be
concentrated in the cortical bone in the region of
the implant neck [8]. The transfer of functional loads
and accompanying stress distribution in a bone—
implant—denture assembly depends on the physical
properties and special geometry of each component
and therefore stress analysis of bone—implant mechanical
interactions is important [12]. Considering not only the
effectiveness and reliability of endosseous implants, but
also the expanded indications for implants and changing
clinical protocols, the relation between implant design
and load distribution at the implant-bone interface are
important issues [9].

Biomechanical aspects of implant-supported FPDs
are currently under investigation and a number of
in vitro, clinical and animal studies have attempted
to predict the clinical behavior of dental applications
associated with implant supported dentures [13-15].
In vitro methods include photoelastic analysis, conven-
tional i vitro model analysis, and finite element model
analysis (FEA).

FEA has been used extensively in medicine and
dentistry in the past few decades [16]. This method
of analysis has proved valuable by improving the
profession’s understanding of various aspects of oral

biomechanics [16]. Studies comparing the accuracy of
these analyses found that, if detailed stress information
is required either for absolute or relative comparison,
then 3D modeling will be necessary [17]. The 3D FEA
is considered an appropriate method for investigation
of the stress throughout a three-dimensional structure
and it was selected for bone stress evaluation in the
current study.

The hypothesis of the study was based on a sys-
tematic analysis of the effect of different collar geom-
etries upon the bone stresses under conventional
3-unit FPDs.

Thus the aim of this study was to evaluate the stress
transfer properties of two currently available implants
that differ significantly in macroscopic collar geome-
try which support 3-unit fixed partial prosthesis. This
approach allowed the evaluation of load transfer char-
acteristics under vertical, horizontal and obliquely
loaded prosthesis by using 3-dimensional finite ele-
ment analyses.

Material and methods

A 3-dimensional model of a totally edentulous
mandibular bone was used as the basis of a mandib-
ular finite element model in this study. The modeled
section of the mandible was composed as a dense
cancellous core surrounded by a thick layer of cortical
bone. The average thickness of the cortical bone in the
crestal area was 2.0 mm. Serial axial sections in every
0.5 mm level of an edentulous mandible was obtained
from NewTom 3G (Quantitative Radiology, Verona,
Italy) Cone-Beam CT (CBCT) imaging System. The
CBCT images were stored using DICOM 3.0 as a
medical image file format and imported into Maxilim
Software (Medicim Company, Mechelen, Belgium)
version 2.2.2, a 3D medical image processing pro-
gramme. The 3D image of the mandible with the (.stl)
file format was imported into MSC Mentat (MSC
Software Corporation, CA, USA) version 2005 for
pre-processing and modeling.

In the absence of information regarding the precise
organic material properties of bone and the other
materials modeled and used in this study they were
considered to be isotropic, homogeneous, and linearly
elastic. As long as a relative comparison is made
between the FEA results, an assumption will yield
to accurate comments on the subject. The elastic
properties were taken from the literature and shown
in Table I [18,19].

Instead of the isotropic and homogeneous material
modeling, different Young’s modulus values can be
calculated from the density values in Hounsfield units
and implemented to the FE model. Studies show that
[3,5] Hounsfield units are good enough to describe
the tendency of Youngs’s modulus compared with
the change in density but fail to calculate the absolute
value of it with accuracy. There is, for some values,



Table I. Mechanical properties of materials used in the study.

Young modulus Poisson
Material (GPa) ratio (V)
Cortical bone 14.8 0.30
Cancellous bone 1.85 0.30
Ti-6Al-4V 110 0.32
Cobalt—chromium alloy 220 0.30
Feldisphatic porcelain 61.2 0.19

more than 100% difference between Young’s modu-
lus for the same density. So it is concluded that it will
be dangerous to compare and comment on the abso-
lute values of stresses and strains found in FE analysis.
One of the critical inputs to the analysis, material
characterization, may change drastically even for a
single element used in the computation.

A preliminary verification study has been done to
support the assumptions and facts described above.
The results showed that using homogeneous or hetero-
geneous material properties over a body will change the
“absolute” values but will not change the “relative”
manner of the resultant stresses. If a model generates
more stresses than the other, it is independent of the
homogenity or heterogenity of the material properties.
Since the object of the current study is “to compare”
different geometries in a “relative” manner, homoge-
neous material properties, which are assumed to repre-
sent the overall and average material behaviour, have
been assigned for either cortical or cancellous along the
entire bone segment.

The cement film thickness which does not affect the
retention capabilities of cements is represented to
change between 25-100 um [20]. Such a film thick-
ness is not expected to have an effect on the overall
result.

Implants were embedded in the same location on
the selected mandibular segment for both models
(Figure 1a). The implants were rigidly anchored along
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their entire interface and bonded in the bone to mimic
good osseointegration and to inhibit any relative
movement between the bodies, i.e. the implants
were perfectly embedded into the structure and ful-
filled their aim of usage perfectly. Similarly, a type of
rigid bond was provided at the implant—abutment and
abutment—prosthesis interfaces to simulate the real fix
connection conditions between these components
(Figure 1b).

In the current study, a model of a 14.0 mm long and
4.1 mm in diameter solid—screw bone-level I'TI implant
(Straumann AG, Waldenburg, Switzerland) for non-
microthread collar structure (NMCS) and a model of a
13.0 mm long and 4.0 mm in diameter solid—screw
Astra Tech implant for the microthread collar structure
(MCS) (Astra-Tech AB, Modlndal, Sweden) were used
(Figure 2). Additionally, a cementable abutment RC for
ITI and cementable direct abutments for the Astra
implants were selected. The geometry of the implants
as well as the abutments were modeled according to
engineering drawings by using MSC Mentat. There-
fore, in both implant systems the main thread was
constituted as a single continuous spiral. In the micro-
thread implant system the microthread portion of the
implant was constructed with two additional spirals,
running with a 120° angle to each other as identified
by the manufacturer. Thus, in the microthread portion
of the implant one pitch was divided in to three pitches
equally. Cobalt—Chromium (Bego, Bremen, Germany)
was used as the framework material and feldspathic
porcelain was used for the veneering material. The
thickness of the metal framework and porcelain used
in this study were 0.5 mm and 1.5 mm, respectively, and
the cement thickness was ignored. All the final solid
meshes were constituted by tetrahedral elements with
four nodes by using Msc Marc (MSC. Software
Corporation, CA, USA).

The present study was performed by using 3D FEA.
As there were no appropriate experimental results in the
literature to compare our results to validate the finite
element model, six different models for each implant

Figure 1. (a) The selected mandibular segment for both models where the implants embedded on. (c) 3D finite element models of mandibular
bone, implant-abutment complex, framework design and fixed partial denture.
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MCS NMCS

Figure 2. 3D finite element model of MCS (implant with micro-
thread collar structure) and NMCS (implant with non-
microthread collar structure).

system with changing number of elements were com-
pared and the convergence of the results were examined
using the result of the maximum tensile stress in cortical
bone under vertical load condition (Figure 3). The
results and the number of the elements are shown
in Table II. From the table the convergence for the
two models were reached for the following element
numbers and the result of those models were considered
in the rest of the study. Thus, our 3D models consist of
230,117 elements and 44,199 nodes for the NMCS
model and 217,514 elements and 42,148 nodes for the
MCS model.

A ratio of 5:2.5:1 was found for vertical (V), oblique
(O) and horizontal (H) loads, respectively, during
chewing by Graf et al. [21]. Therefore, 300 N static
vertical loads were applied along the central fossa of
the crowns. To simulate the oblique load condition,
an oblique static load of 150 N was applied to the
buccal cusps of the crowns with an inclination of 60°
buccally from the vertical; 60 N static loads were

applied in a mesiodistal direction horizontally to
mimic the parafunctional movement of the jaw.
The models were separately analyzed in a MSC
Marc (MSC Software Corporation, CA, USA) finite
element solver for the vertical, oblique and horizontal
load sets. The stress contours were computed and
plotted in the cortical and cancellous bone as well as
in the fixture—abutment complex, in the framework
and in the veneering material.

Results

In the study, von Mises stress was utilized on
implants, metal framework and veneering material.
Maximum (tensile stress) and minimum (compres-
sive stress) principle stress (Ppax and P;,) on bony
structures were used to assess the stress distribution in
the modeled system. The von Mises stress values and
P and P, values are shown in Figures 4-6.

A color scale with 12 stress values served to
measure quantitatively the stress distribution in the
implant—abutment complex, framework and veneer-
ing material as well as the cortical and cancellous
bone. The scaling was selected not to represent the
yield strength but rather to provide clear visualization
of the region of stress.

Fixture—abutment complex

The highest stress value has been noted in NMCS
models under horizontal loads and localized at the
collar of the fixtures (Figure 4). In MCS models, the
highest von Mises stress values have been deter-
mined very close to each other in the case of all three
loading conditions and the stress values were found
to be less than the NMCS models (Figure 4). Under
the all-loading conditions, the stresses have been
distributed along the microthreads rather than
the fixture—abutment junction in the MCS model.
However, in the NMCS model; stresses were noted
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Figure 3. Converge of the two models with the changing numbers of elements and nodes.
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Table II. Principal maximum stress values for vertical load on cortical bone with changing number of elements for convergence and final

numbers of elements and nodes.

# of elements for MCS model 102,347 137,816 167,518 189,216 204,628 217,515
# of elements for NMCS model 103,918 141,227 173,721 197,724 211,514 230,117
Principal maximum stress (Pn,,) (maximum tensile stress) MPa
Microthread vertical load case 3.6 5.3 8.5 9.7 9.9 10.2
Non-microthread vertical load 4.1 6.4 9.4 10.1 11.1 11.3
case
MCS model NMCS model
Final # of elements 217,514 230,117
Final # of nodes 42,148 44,199

around the fixture—abutment junction and on the
collar threads (Figure 7). The stress distribution
patterns were similar on first and second implant—
abutment complex in both MCS and NMCS models
(Figures 7a, 7b).

Framework

Comparison of the NMCS and MCS models from the
standpoint of frameworks has revealed that higher
von Mises stresses were found in the MCS models
within the vertical, horizontal and oblique loads
respectively (Figure 4). The highest stress values
were observed in the MCS model under the vertical
load. Dispersion of the stress in the frameworks in
both models seemed very similar (Figure 8a, 8b).
Under the vertical load, the mesial frame showed
higher stress on the lingual surface while lesser stress
concentrates mesiolingually on the distal one in the
MCS model (Figure 8a). Stress was also concentrated
at the mesial and distal connectors under the vertical
load. Within the horizontally loaded models, stress
was mainly concentrated around the collar area of
both mesial and distal frames and the connectors
while, within the obliquely loaded models, stress
was only concentrated around the collar of the mesial
and distal frames.

Veneering material

The highest stress value was found in MCS model
around the collar region of the premolar crown
spreading on the lingual surface in case of vertical
loading. In the MCS models, the highest von Mises
stress values have been noted in the vertical load case
and followed by horizontal and oblique load cases
respectively (Figure 4). The most affected part
among the whole model was premolars’ veneering
structure in the MCS models. Stresses were concen-
trated in the coronal third of the premolar’s lingual
aspect in MCS model (Figure 9a). Similarly, in the
NMCS model stresses were concentrated both at the
coronal and middle third of the premolar’s lingual
side (Figure 9b). Under the oblique load, stress was
observed at the collar and connector regions of the
mesial and distal veneering parts in both models.

Cortical bone

In the cortical bone, the highest P, stresses values
have been noted in the NMCS model in the case of
oblique load condition towards distally and disto-
lingually around the distal implant neck rather than
the mesial one (Figure 5). Under the horizontal load,
stress was concentrated at the mesiolingual aspect of
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Figure 4. Highest von Mises stress values recorded at the implant—abutment, framework and veneering part.
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Figure 5. Principal maximum and principal minimum (tensile maximum and compression maximum) values recorded at the cortical bone.

mesial implant, and the distolingual aspect of distal
implant. Stress concentration patterns have been
found to be similar to each other in MCS and
NMCS models in all load conditions (Figures 10a,
10b). Under such similar load distribution patterns,
the implant geometry also affects the absolute value of
the stress which is localized under the same points.
The comparison of NMCS and MCS models in
respect of P, stress values revealed that in all three
loading conditions the highest values have been
recorded in the NMCS models (Figure 5). The distal
and mesial housings surrounded by cortical bone
were affected similarly in aspect of stress distribution
patterns in both MCS and NMCS models under the
applied loads (Figures 10C and D).

Cancellous bone

In the cancellous bone, cither the P, or the P,;,
stress values in the NMCS models have been iden-
tified less than in the MCS models in all loading
conditions (Figure 6). Additionally, the stress pat-
terns have been traced similarly to each other in both

models (Figures 1la, b). The highest P, stresses
were found in the MCS model at the lingual sides of
both implants within the horizontal load case
(Figure 11A). In the vertical loading condition the
P, stress has been concentrated at the collar area
extending all around the mesial and distal housings in
the direction of distally and distobuccally to affect the
distal one slightly more in both models. The highest
P, stress was located on the lingual aspect of the
cancellous bone near microthread flanges under obli-
que loads. According to the values that have been
calculated, NMCS and MCS models showed that the
highest P, stress values were noted in the MCS
model within the horizontal load case. The Py,
values in the case of horizontal loads was concentrated
at the buccal sides of both implants (Figures 11c, d).

Discussion

In recent years in order to improve osseointegration,
studies have focused on implant material, shape, and
surface characteristics [22]. However, the role of
bioengineering in dentistry cannot be overlooked.

25 ~

20 -

15

10 -

5

B M-FPD

0
54V H o)

_10 7 Pmax
—15 -

FRC-FPD

—-20

-25

Figure 6. Principal maximum and principal minimum (tensile maximum and compression maximum) values recorded at the cancellous bone.
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Figure 7. von Mises stress values and stress distribution patterns recorded in the fixture—abutment complex under horizontal load case.

(a) MCS model; (b) NMCS model.

Bioengineering studies have been useful in under-
standing the response of biologic tissues and bone
to force [23]. There are an increasing number of
studies targeting the cause of failure in clinical prac-
tice, using various stress analysis methods [7-9]. In
the present study a 3-dimensional FEA was used to
evaluate the stress transfer properties of two currently-
available implants that differ with their collar geom-
etry individually which support conventional 3-unit
FPDs. The aim of this study was not to replicate exact
in vivo stresses but rather to illustrate a possible
difference between microthread and non-microthread
collar structures.

The use of FEA in implant dentistry has been
widely demonstrated and published. Due to the
geometries involved with modeling implants and alve-
olar process are very complex, FEA is considered the
most suitable tool for analyzing them. Despite, some
FEA studies’ results have been achieved from axisym-
metric models and the authors believed that the
different models used and the combination of the
different modifications introduced in the modified
axisymmetric models satisfactorily mimics a broad
range of mandibular anatomies occurring in a clinical
practice. A comparison of 2-D and 3-D FEA in a

study showed that only 3-D FEA can realistically
simulate the stress pattern in space [24]. Thus, in
the current study a 3-D finite element model was used
to compare the stress distribution in the posterior
mandibular segment around the implants which
had distinct collar geometries.

When applying FEA to dental implants, it is impor-
tant to consider not only axial loads and horizontal
forces (moment-causing loads) but also a combined
load (oblique occlusal force) because the latter repre-
sents more realistic occlusal directions and, for a given
force, will result in localized stress in the cortical bone
[25]. Therefore, in the present study vertical, hori-
zontal, and oblique static loads were applied to the
superstructures.

The mechanical behavior of bone is difficult to
model as it is highly anisotropic, has heterogeneous
characteristics and is dependent on many parameters
such as age, sex, type of bone [26]. Consequently, itis
not easy to introduce the correct material properties
of the specific bone that is numerically studied. That
is the reason why, in most finite element models, the
mechanical properties of bone are supposed to be
isotropic [27]. In the present study, several assump-
tions and simplifications have been made with regard

s
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to the material properties and model generation. The
properties of the materials modeled in the study,
particularly the living tissues, however, are different.
For example, it is known that the actual cortical bone
of the mandible is transversally isotropic and inho-
mogeneous [12]. Additionally, in a real clinical sit-
uation, the mandible is individually unique and
presents a great many differences in respect of shape
and geometry as well as bone qualities and conse-
quently material properties such as Young modulus
and Poisson ratio in its different portions. An esti-
mation of the absolute stresses value occurring in a

real case requires the use of the actual anatomy of the
patient itself. Nevertheless, in the present study a
relative biomechanical evaluation has been aimed
at comparing the effects of different collar-shaped
implants at the same selected mandibular location.
Thus, these variables would not affect the study result
and these parameters can be ignored. Moreover, the
structures in the model were all assumed to be
homogenous, isotropic and linearly elastic and
implants were assumed to be 100% osseointegrated.
Furthermore, some ultrastructural clinical and
FEM studies indicated that there is never a 100%
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Figure 11. P, and Py, stress values and stress distribution patterns recorded in the cancellous bone. (a) P, for MCS model under
horizontal load; (b) Py, for NMCS model under horizontal load; (¢) Py, for MCS model under horizontal load; (d) Py, for NMCS model

under horizontal load.

bone—implant interface [12]. Therefore, inherent
limitations of the FEA must be acknowledged.

The results of the FEA to some extent depend upon
the size of the elements. If the purpose is to obtain
accurate values for the stresses, the element mesh
should be refined at locations with large stress gradi-
ents. However, the purpose of this study was to com-
pare the stresses at the collar geometry for different
implantdesigns. In such asituationitis sufficientifthe
element mesh is identical at the different thread turns
for the different designs [28]. The models used in the
current study fulfilled these requirements.

In the present study, the boundary fixations
included constraining all three degrees of freedom
at each of the nodes located at the most external
mesial or distal aspects of the model. Such a fixation
is necessary to enable a statical problem to be solved;
otherwise the problem will be a dynamical one which
does not represent the actual case. As the boundary
conditions (loading and fixation) are far away from
the implant-bone interface where we had the special
interest, referring to Saint Venant’s principle (the
localized effect of any loading will smooth out within
regions that are sufficiently away from the location of
the load) and the works of Sato et al. [29].

The design of the implant-abutment interface
affects the stress distribution in the marginal bone.

In the present study, it was concluded that when the
implant—-abutment junction is close to the crestal
bone level, it will increase the magnitude of stresses
and strains at that region, which in turn may cause
bone loss. Accordingly, internal cone designs have
been shown to provide lower bone—implant interfacial
stresses rather than butt—joint designs using FEA
[30]. Therefore, either NMCS or MCS examples
with their specific internal design of morse taper
with 8° for NMCS and conical with 11° for MCS
interface configurations were utilized in our study to
evaluate the stress distribution.

The implant collar is one of the most important
parts that is directly related to biomechanical pro-
blems such as biological failures or fractures. In
successful osseointegrated implants, the initial break-
down of the implant—tissue interface generally begins
at the crestal region. Crestal bone loss has been
documented as an important factor that affects the
long-term longevity of a dental implant. Our recorded
principal stress values for MCS, except P, under
the horizontal load, are lower than the stress values for
NMCS at the cortical bone. It is well known that if
bone is subjected to extreme stresses it is resorbed
[31]. The retentive form at the coronal portion of the
fixture has favorably reduced the progressive marginal
bone stresses by the occlusal load at the margin. The
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ultimate tensile and compressive strengths of cortical
bone have been reported as 133 and 193 MPa, respec-
tively [32]. Maximum tensile and compressive stres-
ses in this study in the cortical bone were lower than
these values, which revealed no area to be critically
loaded with respect to mechanical stresses.

On the other hand, according to Wolff’s law, the
stresses within the physiological tolerance range act as
a stimulus for new bone formation. Hansson [33]
suggested that retention elements at the implant
neck, as opposed to a smooth neck, may counteract
marginal bone resorption. Palmer et al. [34] reported
no significant bone loss in their observations of the
implants using a microthreaded collar design. Similar
findings were presented by Karlsson et al. [35] and
Lee et al. [36].

In the present study, it was evaluated that stresses
tended to be concentrated at the cortical bone around
the neck of the implant closest to the load, whereas
stresses in cancellous bone were considered low. This
is probably due to the fact that the elastic modulus of
cortical bone is higher than cancellous bone and that
cortical bone is more resistant to deformation.

The stresses on implants, abutments, framework,
and veneering structure are also important to evaluate
because these structures, being the stiffest compo-
nents of an implant prosthodontic system, bear a great
amount of stress and are responsible for transmitting
the load to the bone. A well-planned and well-
executed prosthesis is essential to avoid excessive
and unnecessary forces on bone and implant compo-
nents. Mechanical integrity of the prosthesis and
implant combined to the framework rigidity is essen-
tial to the longevity of the prosthesis [37].

However, as the two implant systems shared mostly
an identical fixture—abutment junction, a difference in
the design of the implant collar mainly would lead to
distinctive features at the stress distribution in the
bone, at the implant-abutment complex, framework
and veneering part. According to the manufacturers,
the ITI philosophy designates two implants with a
4.1 mm diameter to support a 3-unit fixed prosthesis
from each end for the placement of the missing three
posterior teeth [38]. In the current study, a 14-mm
long implant is used to demonstrate the NMCS and a
13-mm long implant for the MCS accordingly. The
diameters of the modeled implants were 4.1 mm for
NMCS and 4.0 mm for the MCS. Nevertheless, some
clinical studies demonstrated that the success rate of
an implant was proportional to the implant length, but
some authors observed that the length of the implant
had little influence on the amount of stress levels [39].
In the current study it has been targeted to remain
with the original product lines of the manufacturers.
The changes in geometry of the objects may alter the
biomechanical behavior. Hence, the 1 mm longer
NMCS implant used in the current study can cause
a leverage effect when compared with the MCS

implant. However, this adverse effect may be com-
pensated with the extended diameter in NMCS.
Moreover, in such a comparative study, the implant
lengths and diameters used in the entire study were
assessed as a fixed parameter and could easily be
ignored.

In this study, the highest von Mises stresses have been
noted in NMCS models in the implant—abutment com-
plex, whereas the MCS models had the highest von
Mises stresses at the framework and veneering material.
This was due to the difference in load transfer mechan-
isms depending on the collar design of the implant
systems. These stresses at the framework and veneering
material are lower than the yield strengths of the materi-
als (cobalt-chromium alloy = 720 MPa, feldspathic
porcelain = 500 MPa) [18,19]. They do not seem to
have any clinical relevance on the mechanical as well as
the biomechanical outcome. The NMCS implant collar
may be prone to bend and create mechanical stress
within the implant—abutment interface. This result sug-
gests that implant retained prosthesis with a micro-
threated collar designed fixture, avoiding excessive
and unnecessary stresses on the implant-abutment
complex.

In conclusion, data obtained in this study showed
that the collar geometry of dental implants, which
support 3-unit FPDs significantly, affects the load
transfer mechanism and stress distribution patterns
not only in cortical and cancellous bone but also in
the implant abutment complex alone, framework and
veneering material. In the current study, it has been
noted that the implants with microthread collar struc-
ture when compared with the non-microthread collar
geometry under 3-unit FPDs decrease the stress
values in the cortical bone and the implant—abutment
complex. Additionally, a 3-unit FPD supported by
two implants was considered as an ideal approach for
the restoration of an edentulous jaw portion in a
prosthodontic point of view, some questions may arise
in minds regarding the stress distribution patterns
with the different types of fixed prosthetic designs
supported by two microthread and non-microthread
collar dental implants. Therefore, the present study
results will be evaluated as a base for our ongoing
FEM studies focusing on such problems.
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