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Numerical verification of two-component dental implant
in the context of fatigue life for various load cases

KRZYSZTOF SZAJEK*, MARCIN WIERSZYCKI

Poznań University of Technology, Institute of Structural Engineering, Poznań, Poland.

Purpose: Dental implant designing is a complex process which considers many limitations both biological and mechanical in nature.
In earlier studies, a complete procedure for improvement of two-component dental implant was proposed. However, the optimization
tasks carried out required assumption on representative load case, which raised doubts on optimality for the other load cases. This paper
deals with verification of the optimal design in context of fatigue life and its main goal is to answer the question if the assumed load
scenario (solely horizontal occlusal load) leads to the design which is also “safe” for oblique occlussal loads regardless the angle from an
implant axis. Methods: The verification is carried out with series of finite element analyses for wide spectrum of physiologically justified
loads. The design of experiment methodology with full factorial technique is utilized. All computations are done in Abaqus suite. Re-
sults: The maximal Mises stress and normalized effective stress amplitude for various load cases are discussed and compared with the
assumed “safe” limit (equivalent of fatigue life for 5e6 cycles). Conclusions: The obtained results proof that coronial-appical load com-
ponent should be taken into consideration in the two component dental implant when fatigue life is optimized. However, its influence in
the analyzed case is small and does not change the fact that the fatigue life improvement is observed for all components within whole
range of analyzed loads.
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1. Introduction

Nowadays, dental implants are common way of
treatment in the case of edentulous patients. However,
in spite of high rate of success there are still a few
problems observed. Among other things, one of the
most important, from patient’s safety point of view, is
implant fracture due to both the static overloading as
well as fatigue damage. While capability for static
load can be relatively easily estimated the fatigue life
prediction is still the subject of many investigations.

A systematic review of twenty-six follow-up
studies estimated a cumulative incidence of implant
fractures after 5 years at a level of 0.14% [12]. How-
ever, the fracture ratio for the follow-up studies for up
to 15 years [1] rises drastically and can reach even
16% in the maxilla. This proves both fatigue fracture

nature of recorded failure and weakness of follow-up
studies limited to 5 years in the context of sufficient
dental implant fatigue life confirmation.

Fatigue fracture is a complex process strongly
depending on mechanical and biomechanical factors
such as marginal bone loss and screw stability [10],
[19]. Many approaches considering dental implant
life estimation are present in the literature based
on laboratory tests [5]–[7], [11], [20], 21] and nu-
merical approach, mostly finite element method [8],
[9], [24]. A review of them allows us to conclude
that as regards implant fatigue life the most crucial
factors are implant–abutment connection geometry,
a screw preload, dental implant fixation and crown
loading.

In order to meet the need of dental implant design
tool, a complete procedure for improvement of two-
component dental implant was proposed [22]. The
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procedure is based on genetic algorithm hybridized
with Hooke–Jeeves technique. The objective function
is estimated through finite element analysis with sim-
plified model, yet, capable to estimate all necessary
dental implant features. The optimization problem
formulation in the context of fatigue life is proposed
as finding a configuration of geometry parameters for
which the optimal screw preload maximizes the num-
ber of cycles to fatigue. Static failure risk and ade-
quate levels of screw loosening/tightening moments
were constrained. An optimal solution with meaning-
ful fatigue life improvement and meeting the assumed
constraints was proposed. The elementary verification
considering influence of FE model simplification has
been done [22] and revealed small quantitative differ-
ences; yet, the correctness of qualitative measure has
been proved.

A few questions arise in the context of formulated
optimization problem and optimal design obtained.
The most important considers assumed load scenario
and boundary conditions. Load scenario, in order to
eliminate individual variability, should represent a sim-
ple but the worst possible case. In the literature, the
oblique direction is frequently proposed [11], [13]
which is biologically justified and causes superimpo-
sition of bending and compression in the joint compo-
nent [15]. However, the problem is what should be the
load angle from an implant axis. The bucco-lingual
(horizontal) component has clear effect on fatigue life.
It causes extreme tension in the screw [2], which usu-
ally leads to the minimal fatigue life. It was also con-
firmed by Genna [8], [9] for low-cycle fatigue failure.
Therefore, this load component was assumed solely in
the optimization problem [22]. However, an influence
of coronial-appical (vertical) component cannot be
easily predicted. On the one hand, it can lead to the
plastic deformation on the fixture-abutment interface
and circumferential region of the fixture [23]. On the
other hand, it reduces tensile stresses generated due to
bending [2] and preload, which decreases both the
mean stress and its amplitude. Thus, in the context of
screw fatigue life, coronial-appical load component
seems to make it higher. This leads to the conclusion
that as long as screw is the weakest element, the as-
sumption of only coronial-appical load component
represent the worst case. Regardless of right selection
of the most adverse case, unfortunately, there is still
no guarantee that the final optimal solution is still
“optimal” for other component combinations. An-
other problem to be verified is the influence of load
magnitude on optimal solution. A dental implant is
a nonlinear system and the region most jeopardized
to a fatigue fracture can change place depending on

the load magnitude. Even though, it is possible to
meet elastic regime constraints in the optimization,
possible relative movement on contacting surfaces
between all implant components can change failure
mode. Additionally, one should also note that the op-
timization problem formulation did not include re-
striction of sensitivity of the fatigue life to load mag-
nitude. It was assumed that the choice of the worst
load component leads to the “safe” design also for
slightly different load magnitudes, especially lower
ones. All these doubts give rise to the question of
whether the optimal design obtained for load with
fixed angle and magnitude is also optimal or at least
“safe” for other loads. The answer is especially im-
portant when the implant is expected to be used in
a wide spectrum of applications and various tooth
replacement. Therefore, in this study, the optimal
implant fatigue life for various load component com-
binations and their magnitudes is verified. The results
are also compared with the initial design to see the
improvement achieved.

The numerical verification utilizes design of ex-
periment scheme with a full factorial pattern. Only
two parameters are introduced, vertical and horizontal
component magnitude. The analyses were done using
Abaqus suite. The fatigue life estimation utilizes stress
based approach with linear Goodman theory.

2. Materials and methods

2.1. Optimization definition
and result

A detailed description of the problem and opti-
mization strategy can be found in [22]. Because
some elements are common to computational model
used in this study and for the sake of verification
clarity, below the most important information is
recalled.

An example of two-component implantological
system is considered (Fig. 1a). The geometry is sim-
plified to axisymmetric one, however, the asymmetric
deformations are considered. The components are
made with titanium or its alloys modeled as non-linear
elastic-plastic materials. Between all components
contact conditions are defined – “hard” Hertz contact
in normal direction and isotropic Coulomb friction
model in tangential direction. A two step procedure is
assumed, simulation of tightening (425 N) and bend-
ing (load of 30 N perpendicular to axisymmetric axis,
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tip of the abutment). The implant root is fixed assum-
ing moderate three millimeter bone loss.

The fatigue life estimation in the optimization as
well as in the following verification uses stress based
approach with Goodman linear theory where the ef-
fective stress amplitude at zero mean stress is calcu-
lated as follows
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In the above, the effective amplitude of stresses,

aσ , is calculated on the basis of Mises stress, effec-
tive mean value of stresses, mσ , is given as a first
invariant of stress tensor, while Kf is the fatigue-
reduction factor (for fixture 1.25 – strongly roughed
surface). Assuming constant values of stress ampli-
tude and stress mean value, the number of maximal
cycles to fatigue failure can be given by

f

ar
ar

b
arN

σ
σσσ
′

=′′= ,)(
2
1 1

(2)

where fσ ′  is fatigue strength coefficient. Equation (2)

shows that an increase of arσ ′  prolongs the fatigue
life. Therefore the following problem formulation was
proposed
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where x denotes seven geometrical parameters (Fig. 1)
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factor, while L(x) and T(x) denote loosening and
tightening moments calculated using Bozkaya’s for-
mula [3].

A penalty method was used as a constraint-handling
technique. Let us assume that hi,viol is a measure of the
i-th constraint violation which equals if constraint is
not violated, otherwise |hi – hi,limit|, where hi and hi,limit

denote values of constraint function and assumed limit,
respectively. The problem expressed in equation (3)
can then be transformed into
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where Φ is the penalty function while ki denotes pen-
alty coefficient. The following exterior and dynamic
penalty function was assumed

βξρ )]([)()]([ viol,viol, xhtxhΦ ii ⋅= (5)

Fig. 1. Dental implant geometry: (a) the initial model with assumed geometric design parameters
(parameter E is defined as a fraction of * distance), (b) the best solution, (c) optimal configuration of design parameters
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where ξ = 2.0, β = 2.0 and ρ = 1.0, while t denotes
iteration number. The penalty coefficient is defined as
follows
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where hi,extreme is the estimation of extreme (maximal if
constraints create upper bound, otherwise minimal)
value of the i-th constraint, max,arσ ′  and min,arσ ′  de-
note estimation of maximal and minimal possible
value of the objective function (the estimation for
hi,extreme, max,arσ ′  and min,arσ ′  is based on the large
number of analysis carried out during the preliminary
study and reliability test for various design parameter
configurations, while hi,limit is the assumed limit for the
given constraint.

The genetic algorithm hybridized with the Hooke–
Jeeves procedure was used to solve the problem. In
the first stage a population of sixty random solu-
tions was generated. Each individual represented
one design parameter configuration encoded in
chromosomes using Gray coding. Next, the popula-
tion was iteratively subjected to genetic operators
such as crossover and mutation. Forming the next
population the individual with higher value of ob-
jective function was preferred (rank-based selec-
tion). After ten iterations the best solution obtained
was the start point for Hooke–Jeeves procedure
which quickly found the design minimizing the
objective function.

The best solution is presented in Fig. 1b. The ob-
jective function is reduced by 95% to 0.0197, which is
en equivalent of 4.5e17 cycles to fatigue fracture. All
constrained values fulfil assumed limits and equal
0.49, 217 Ncm and 285 Ncm for static risk factor,
loosening and tightening moment, respectively.

The optimization problem definition due to simpli-
fications ignored the influence of new geometry on
change of stresses/strains in bone–implant interface
[18]. Therefore, the additional analyses were carried
out with full spatial geometry implant loaded with
30 N of horizontal load and fixed in bone-like mate-
rial (D1, linear, elestic with Young’s modulus equal
13 GPa and 9.5 for cortical and cancellous bone, re-
spectively) with and without 3 mm marginal bone
loss. The results showed the stresses/strains concen-
tration in marginal regions for all the cases, which is
in agreement with other studies [25]. The optimal
design leads to stress/strain reduction of 25% model
without marginal bone loss, which proves the risk
reduction of bone overloading. No stress/strains

change was observed when marginal bone loss was
included.

2.2. Finite element analyses

Fully spatial FE model with the same definition of
material and contact conditions as in the axisymmetric
one (used in optimization) has been used for verifica-
tion. The geometry follows the geometric parameters
configuration for the initial and optimized design.
However, helix thread for both fixture and screw,
hexagonal slot (fixture–abutment connection) and
hexagonal mortise are considered. Additionally, the
implant root is fixed in bone-like material (linear
elastic, E = 9.5 GPa, D1 according to Lekholm and
Zarb index). The FE model consists of 155 K 8-node
linear brick elements and 200 K nodes (556 K DOF).
The analysis was divided into two steps – screw
prestress and the abutment loading with occlussal
loads (vertical and horizontal loads are applied simulta-
neously). Fatigue life is calculated according to the
rules given in 2.

A series of 40 numerical simulations were pre-
pared for various magnitudes of occlusal load compo-
nents and for both the initial and the optimized design.
The horizontal load varied from 0 to 90 N with step of
30 N, while the vertical one from 0 N to 400 N with
step of 100 N. The screw preload of 425 N and 520 N
is applied for the initial and the optimized design,
respectively. Due to the small number of variables,
full factorial technique of design of experiment
was chosen. The computations were carried out
using Abaqus/Standard v.6.11 and Fujitsu-Siemens
PRIMERGY RX300 S6 (Intel Xeon X5680 6C/12T
3.33 GHz, RAM 8 GB, OS GNU Linux). The com-
putations were automated with home-made Python
script using Abaqus Scripting Interface.

3. Results

The maximal Mises stress and normalized effec-
tive stress amplitude (see 2) are presented in Fig. 2
and Fig. 3 for the initial design and the optimized one,
respectively. In order to make the interpretation eas-
ier, Fig. 2 presents contour plots of cycles to fatigue
failure (see 2) depending on occlusal load magni-
tude/angle. The isolines were calculated using equa-
tion (2) transformed to the form of arσ ′  = (2N)b. The
limit of 5e6 cycles is indicated with thick isoline.
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Dotted areas indicate a region of design where the
number of cycles to failure is higher than 5e6. The
contour plots are also supplemented with the dotted
lines indicating a relation between transversal and
vertical components for various angles of loads. Ad-
ditionally, detail results for fatigue life estimation and

various levels of vertical components are listed in
Table 1.

The stress field was examined only in exterior
nodes excluding contact surfaces and threads as well
as internal surface of a fixture (artificial stress con-
centration in the vicinity of contact surfaces).

Table 1. Detail results for particular components in various load scenarios for the optimized design

Abutment Screw FixtureLoad
H/V σm σa σar N σm σa σar N σm σa σar N
30/0 –33.6 24.1 23.1 1.3e19 731.7 6.8 56.0 1.7e15 –40.6 60.3 70.7 6.2e12

30/400 165.3 40.9 51.5 2.9e15 706.5 28.5 188.9 4.8e9 –3133 131.7 109.1 6.5e10

Fig. 2. Initial design. Mises stresses (left column) and normalized effective stress amplitude
at zero mean stress (right column) for various combinations of occlusal loads and particular components:

(a–b) screw, (c–d) fixture, (e–f) abutment

a) b)

c) d)

e) f)
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4. Discussion

Let us start from recalling the main question set
for this study in the introduction, that is “if the opti-
mal design obtained for load with fixed angle and
a magnitude is also optimal or at least “safe” for
other loads”. Proving the optimality for such a com-
plex system requires solving a series of optimization
problems for combinations of occlusal loads instead
of single analyses and, therefore, it cannot be done
based on the obtained results. However, from the
practical point of view, it would be enough to prove

the optimized implant is “safe” for physiologically
justified occlusal loads, which the presented study is
limited to.

A further discussion requires formulation of the
definition of “safe” solution which appears at the be-
ginning of this section. The optimization done consid-
ers screw loosening/tightening limitations themselves
and due to the fact that they do not depend on occlusal
loads it can be assumed they are fulfilled. Static fail-
ure directly depends on Mises stresses which are also
included in the formula for fatigue life estimation and
therefore there is no need to control it separately. Fi-
nally, within the limitations of this study it is enough

Fig. 3. Optimized design. Mises stresses (left column) and normalized effective stress amplitude
at zero mean stress (right column) for various combinations of occlusal loads and particular components:

(a–b) screw, (c–d) fixture, (e–f) abutment

a) b)

c) d)

e) f)
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to rely solely on fatigue life. Following the proposi-
tion in the standard ISO 14801:2007 the limit of 5e6
cycles to failure was assumed as a limit for “safe”
design. It correspond with normalized stress ampli-
tude equal arσ ′  = (2N)b = (5⋅1e6)–0.095 = 0.231. How-
ever, it should be pointed out that the utilized stress
based fatigue life estimation is a rather rough measure
and, as a consequence, the assumed level of cycles
should be considered as a qualitative measure which

can be used for comparison but very carefully as ab-
solute measure.

Another important thing to determine is a set of
possible, physiologically justified, load scenarios.
According to in vivo force measurement in implants
supporting different types of superstructure done by
Mericske-Stern et al. [14] the maximal functional
forces during chewing food (bread and apple) equal
50 N and 150 N for horizontal and vertical compo-

Fig. 4. Contour plot of the number of cycles to fatigue, N, for particular components and various combinations
of occlusal loads: (a) screw (initial), (b) screw (optimized), (c) fixture (initial), (d) fixture (optimized),

(e) abutment (initial), (f) abutment (optimized)

a) b)

c) d)

e) f)
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nents. Similar values of vertical masticatory forces are
reported by Morneburg et al. [16], [17]. The maximal
values were mostly registered during the first cycle of
chewing and it can be assumed that the frequent value,
although hard to estimate, is much lower. As there is
no information whether these maximal values can
occur simultaneously, in this study the most adverse
case is assumed. Therefore, the possible area of func-
tional loads would be represented with a rectangular
region. However, taking into account that although load
angles from implant axis higher than 30 degrees can
occur, but are not frequent, the upper left corner of the
triangle is cut off as indicated in Fig. 4. The assumption
can also be justified with the guideline of the standard
ISO 14801:2007 where the angle of 30 degrees is also
proposed for test set-up. The determined region is
called “functional load range” further on.

Each component: screw, fixture and abutment is
discussed independently. Because of the assumption
made in the optimization that the “worst” load case is
represented by solely horizontal load of 30 N, an in-
fluence of vertical component introduction is analyzed
first. Then, viewed from wider perspective, the whole
range of assumed magnitudes of particular compo-
nents is presented based on contour plots in Fig. 4.
The discussion covers both the “safety” of the opti-
mized design as well as its improvement in compari-
son with the initial one.

Fig. 5. Mises stresses in a screw of optimized dental implant
for horizontal load of 30 N. Red area indicates stress concentration

Let us start the discussion with a screw which is
the weakest element in the context of fatigue fracture in
the initial design. The maximal stresses for the screw
are localized at the transition point from a shank and
screw head. This is also the place where fatigue cracks
are the most likely to occur (Fig. 5). The fatigue and

static mechanism of failure is an effect of screw
bending which was rightly modeled in the optimiza-
tion with solely horizontal load. Let us discuss an
effect of vertical load. The abutment undergoing com-
pressive load is pushed into the fixture and causes
screw preload reduction. The range of reduction if
closely connected with vertical stiffness of an implant
[4]. Because the optimal solution is characterized by
horizontal interface between abutment and fixture,
which increases vertical stiffness significantly, in the
case of 30 N horizontal load, the introduction of verti-
cal load of 200 N (even more than defined functional
load range) reduces Mises stresses by only 25 MPa
(less than 5%) from 534 MPa down to 509 MPa. The
reduction follows the common intuition that more
prestressed implant is more resistant to bending. Un-
fortunately, there is no such obvious relation in the
case of fatigue fracture. In stress based approach (see
equation (1)) a number of fatigue cycles is a function of
an average value of the first invariant of stress tensor
(effective mean value, σm) and effective stresses (am-
plitude of Mises stress during a cycle, σa). Table 1
presents both values for load combinations (horizon-
tal/vertical) 30 N/0 N and 30 N/400 N. It can be seen
that vertical load reduces effective mean value but in-
creases effective stresses at the same time. As a conse-
quence, the effective amplitude at zero mean stress
increases (the number of cycles to fatigue decreases)
when vertical load is introduced and, additionally, the
screw becomes the weakest component (the lowest
number of cycles to fatigue). Thus, the decrease of
fatigue life is caused by decreasing Mises stresses in
compressed implant. This effect is clearly observed
for the case without horizontal load (Fig. 3b). The
maximal Mises stresses are reduced from 533 MPa to
483 MPa when vertical load of 400 N is applied, how-
ever, the normalized effective amplitude increases
from 0.036 to 0.106 (equivalently N = 9.1e9). The
effect of fatigue life decreasing due to the higher
value of vertical load is also observed for horizontal
load of 60 N. Yet, vertical load raising up to 100 N
firstly provides stabilization which prevents screw
bending effect. As long as the reduction does not
cause the stresses to be lower than the value obtained
for pure tightening, the fatigue life increases. For
vertical load higher than 100 N, the Mises stress
decreases below this limit and effective stress ampli-
tude increases due to the previously described reason.
A similar effect can be noticed for 90 N of horizontal
load but in this case 300 N of vertical load is neces-
sary to provide abutment stabilization.

Based on the obtained results and utilizing the fa-
tigue life estimation approach, it can be concluded
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that the assumption that solely transversal load can
represent the worst load case for a screw is not cor-
rect. The observed fatigue life reduction due to verti-
cal load introduction is an effect of screw preload
reduction during a load cycle. In the shakedown
analysis done by Genna an effect of screw tightening
is incorporated in indirect way on the basis of addi-
tional analyses [9]. Therefore, the preload reduction
mentioned could not be covered. However, two im-
portant results should be highlighted. Firstly, the fa-
tigue life decrease due to vertical load is caused by
stresses reduction, which is generally small. Secondly,
even if 400 N and 30 N of vertical and horizontal
loads, respectively, are assumed, the number of cycles
to fatigue failure exceeds 9.1e9 which is still above
assumed “safe” limit. Taking into account the above,
the observed fatigue life change does not negate the
high fatigue life of the obtained design.

The screw component fatigue life improvement
achieved due to optimization for solely 30 N of trans-
verse load was proved in the previous study [22].
However, the contour plots presented in Fig. 4 allow
us to make the assessment from a wider perspective
for other load component combinations. Analyzing
the results for the initial design firstly, the “safe”
value of transverse load can be estimated at the level
of 18 N. The contour plot presents the effect of abut-
ment stabilization when the vertical load component is
applied and the allowed value of transverse load ex-
ceeds 30 N if it acts together with a vertical load of
100 N at least (equivalently, load of 105 N which acts
18 degrees off implant axis). The “safe” limit became
almost horizontal for higher value of vertical load.
This is a result of increasing amplitude caused by
small stiffness of implant in axial direction [2] and, in
turn, screw preload reduction in response to compres-
sive load. The limit increases again for vertical load
higher than 300 N. It is important to note that the im-

plant is entirely in “safe” zone for the load which is
coincident with an implant axis or acts maximally
5 degrees off it. For higher value of load angle the
maximal allowed magnitude decreases to 196.2 N,
130.7 and 52,4 N for 10, 15 and 30 degrees, respec-
tively. Although it can be assumed that a number of
cycles for load with particular variation from implant
axis decrease when the angle increases there is still
small “unsafe” region which is inside the functional
load range. In the case of predominant loads with
angles higher than 15 degrees the screw is jeopardized
to fatigue fracture.

From the comparison of “safety” zones it can be
easily seen that the crucial weakness of the initial
design, low screw fatigue life, was extremely im-
proved. The screw is able to withstand 5e6 cycles for
60 N of solely horizontal load. The implant failure
within presented “unsafe” zone is clearly the result of
screw bending, yet, the previously described stabili-
zation due compressive loading makes the allowed
transverse load higher reaching the assumed upper
level of 90 N for 250 N of compressive load. It the
case of an optimized implant the “safe” load angle
deviation from implant axis reaches 20 degrees while
for 30 degrees still a high magnitude of 135 N is al-
lowed.

The fatigue life for the screw is improved as much
as the fixture became a component which is the most
endangered to fatigue crack. Therefore, let us now
concentrate on the influence of vertical load on its
fatigue life. In the implant loaded with only horizontal
load of 30 N there are two points with the highest
effective stress amplitude exceeding 60 MPa (an ef-
fect of unloading or compression due to bending).
They are located on the opposite sides of the fixture–
abutment interface (Fig. 6). In accordance with the
Goodman linear theory used in this study, the point
with higher value of mean stresses is characterized by

Fig. 6. Mises stresses in a fixture for horizontal load of 30 N in the initial (a) and optimized (b) design.
Red areas indicate stress concentration
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a lower number of fatigue cycles to failure (unloaded
side). When vertical load is applied maximal Mises
stresses on the compressed side increase significantly
from 318 MPa (30 N/0 N) to 449 MPa (30 N/400 N)
(Table 1). As a consequence, effective stress ampli-
tude which is a combination of compression and
bending effects reaches almost 100 MPa and moves
the point of expected fatigue crack initiation to an
opposite side of the interface. However, the compres-
sive mean stress at this point is increased from
31 MPa to 313 MPa, which limits the increase of ef-
fective amplitude at zero mean stress. Thus, it changes
only by 56%, while effective stress amplitude changes
by 120%. Analyzing the vertical load influence with-
out horizontal load, similarly to the screw, there is
almost a linear relation between effective stress and
vertical load magnitude. The influence of vertical
load diminishes along with horizontal load increase
(Fig. 3d). For the value of 60 N and 90 N the change
of fatigue life is negligible. Summarizing the results
for the fixture, the effect of vertical load introduction
is analogous to that in the screw. Fatigue life is de-
creased if vertical load is present. For the highest
value of vertical load of 400 N the number of cycles
to fatigue fracture still exceeds 1.5e9.

Considering solely horizontal load in the initial de-
sign, the fixture seemed to be less endangered to fa-
tigue fracture than the screw. However, analyzing the
component for a wider spectrum of loads, the “safe”
zone is smaller and meaningful region of functional
load range overlaps “unsafe” zone. There are two
mechanisms responsible for that. Firstly, the trans-
verse load causes abutment rotation which opposes
wedging in a hexagonal mortise. As a result, the
stresses increase in an interior corner indicated by an
arrow in Fig. 6. Secondly, the vertical load pushes the
abutment into the fixture and due to conical contact
surface it leads to the same effect. Therefore, although
the vertical load stabilizes the abutment, the summa-
rized effect of both components acting simultaneously
is a reduction of fatigue life. The maximal magnitude
of vertical load acting solely can reach almost 400 N
without risk of fatigue fracture while the variation of
load direction for implant axis reduces the allowed
value to 170.4 N, 110.5 N and only 44,65 N for 5, 10
and 30 degrees, respectively.

Among the three components, the biggest im-
provement can be seen in the case of the fixture. Al-
most complete elimination of hexagonal slot along
with horizontal contact surface between the fixture
and the abutment causes that the fatigue fracture is not
a problem anymore. The “safe” zone for this compo-
nent covers the whole range of analyzed loads. What

is more, the number of cycles to failure is higher tan
1e10 for all points within functional load range.

In the case of the last component, the abutment,
fatigue life and Mises stresses in the optimized design
increase when vertical load is applied for horizontal
load up to 60 N. Higher value of the vertical load sta-
bilizes the abutment. In the initial design an abutment
is wedged into a hexagonal slot, which is the main
reason for stress concentrations. Almost complete
elimination of the slot in optimized design results in
meaningful reduction of both maximal Mises stresses
and fatigue fracture risk. The Mises stresses are below
the limit of 282 MPa while the lowest number of cy-
cles to fatigue failure is always higher than 6.1e13
(the worst case is 90 N/0 N of horizontal/vertical load)
and 1e15 considering only functional load range.
Thus, the influence of vertical load as well as a higher
value of horizontal load can be neglected from the
practical point of view.

5. Conclusions

The obtained results prove that coronial-appical
load component should be taken into consideration in
the analyzed two component dental implant when
fatigue life is considered. In some range of analyzed
loads compressive load reduces screw preload in the
screw increasing stress amplitude during a load cycle.
Furthermore, in a dental fixture the vertical load
pushes in the abutment into the fixture and, due to
conical contact surface between these components,
makes stress concentration in hexagonal slot higher.
Both phenomena, in turn, decrease fatigue life. From
practical point of view, however, the reduction is not
significant in the analyzed optimal design. It can be
“safely” used within the assumed range of functional
load and, with small exception for screw component,
within the whole analyzed physiologically justified
load range. Yet, it has to be noted that the optimal
design is a concept only – the technological issues of
production and requirements of medical procedures
were not taken into consideration. Therefore, the re-
sults can slightly vary when necessary modifications
are implemented.

A wider perspective for different combinations
of load component magnitudes also allows us to
make some interesting observations. Firstly, although
in the initial design undergoing pure bucco-lingual
load a screw is the weakest element, the “safe” area for
the implant fixture is significantly smaller. The cyclic
compression of the wedged abutment exceeds an in-
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fluence of screw preload fluctuation to fatigue life
decrease. Thus, hexagonal slot although beneficial to
loosening resistance can cause fatigue life decrease.
Secondly, as long as occlusal load direction agrees
with implant axis, there is no risk of fatigue fracture.
Thirdly, an abutment “safe“ zone overlaps entirely the
functional load range for both the initial and opti-
mized design and, therefore, no fatigue fracture risk is
observed for this component within functional load
range. Finally, the optimization improves fatigue life
for all components within the whole analyzed range of
loads moving the “safe” limit away from functional
load range.
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