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Abstract. Today, an artificial tooth root called a dental implant is used to replace lost tooth function.
Treatment with dental implants is considered an effective and safe method. However, in some cases,
the use of dental implants had some failures. The success of dental implants is influenced by several
biomechanical factors such as loading type, used material properties, shape and geometry of implants,
quality and quantity of bone around implants, surgical method, lack of rapid and proper implant
surface's integration with the jaw bone, etc. The main purpose of functional design is to investigate
and control the stress distribution on dental implants to optimize their performance. Finite element
analysis allows researchers to predict the stress distribution in the bone implant without the risk and
cost of implant placement. In this study, the stresses created in the 3A.P.H.5 dental implant's titanium
fixture and screw due to the change in abutment angles tolerance have been investigated. The results
show that although the fixture and the screw's load and conditions are the same in different cases, the
change of the abutment angle and the change in the stress amount also made a difference in the
location of maximum stress. The 21-degree abutment puts the fixture in a more critical condition and
increases the chance of early plasticization compared to other states. The results also showed that
increasing the abutment angle to 24 degrees reduces the stress in the screw, but decreasing the angle
to 21 degrees leads to increased screw stress and brings it closer to the fracture.
Introduction
The beauty of using implants, because of their similarity to a person's teeth, and their high success
rate, has made it a suitable replacement for missing teeth [1]. The implant took the most important
step, thanks to the efforts and research of Professor Branemark. In various experiments, Branemark
found that by placing a titanium fixture inside the bone, healing occurs, and as the fixture's surface
adheres to the jawbone, ossification would gradually occur. Following these observations, Branemark
introduced the concept of osseointegration and eventually led to further research on this feature
between the implant surface and the jawbone for dental implants. Finally, using titanium-based dental
implants in humans began in 1965 [2]. Dental implant technology has progressed in recent years, and
this is one of the main reasons to see dentists for implant placement immediately after tooth removal.
Implants are much more stable and sturdier than dentures due to their osseointegration with the
jawbone. Patients with dental implants can talk and eat easily, and there is no risk of dentures moving
and protruding [3]. It is much easier to clean and care for surgically implanted teeth in the jaw than
dentures. Other reasons for the continued global growth in dental implant's sales can be seen in the
more effective treatment to prevent Toothlessness and the growing need for implants in cosmetic
dentistry and the use of dental implants for all adult ages [4]. The traditional clinical protocol provided
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by Branemark for dental implants consists of two phases. First, the implant is placed inside the
prepared cavity inside the bone. And in the next stage, after the bone and soft tissue healing in the
surgical area, the second stage of surgery begins [5]. The healing time may take 3 to 6 months,
depending on the bone's quality in the area where the implant was placed. The second stage of
treatment is the placement of the prosthesis. With this technique, all the natural teeth can be replaced
by implants to restore their function and beauty [6]. Traditional Protocol The implant placement
process can also be done in one step. In such a case, this protocol is called immediate loading [7].
The immediate loading method reduces the healing time and implant loading time. To meet the
expectations in the implant surgery protocol, bone repair around the implant, and the body's reactions
for osseointegration, a strategy is needed to change and improve the compatibility of titanium implant
surfaces, changes in surgical methods and implant design [8]. Despite the effect of implant shape on
initial stability and participation in bearing functional loads, there is no standard in implant shape.
Dental implants are available in different shapes in the market [9]. Cylindrical implants are often the
most commonly used. Based on clinical and biomechanical observations, conical implants apply less
compressive stresses on bone than cylindrical implants and increase initial stability. On the other
hand, cone-shaped implants alone are not suitable for all applications [10]. Some researchers have
studied the forces and stresses of eating or talking that interact with implants to increase implants'
success rate. As mentioned, in addition to biomechanics, the implant's shape and dimensions and the
quality and quantity of bone and surgical techniques, and loading conditions are effective in the
implant's stability and maintaining the osseointegration property [11]. In this regard, in an article,
Boggan et al. [12] in 1999 discussed the impact of design factors such as platform diameter and
implant connection height on the mechanical strength and decent quality of the fixture and abutment
interface. Compressive bending test was performed in both static and dynamic modes on implants
with diameters of four and five millimeters, and implants with a diameter of five millimeters in both
modes showed higher strength than implants with a diameter of four millimeters. This study showed
that implantation of larger diameter implants and shorter connection heights in the patient's jaw could
reduce the risk of implant failure. The implant-abutment intersection failure is a relatively common
problem. In 2006, Kayabasi et al. [13] studied the static, dynamic, and fatigue behavior of implants,
considering that in the long-term evaluation of dental implants, reliability and stability play an
important role in the fixture's attachment to the abutment and the fixture to the bone. In their research,
dynamic loads were applied to the teeth for 5 minutes, and the lifespan of implant fatigue was
analyzed based on Goodman, Soderbergh, Gerber, and mean stress fatigue criteria. These experiments
showed that the maximum amount of stress did not reach the abutment's yield strength under the
loading conditions they tested. It was observed that the implant would remain stable at the end of the
static and dynamic loading conditions. In 2008, Steinbrunner et al. [14] evaluated the effect of longterm dynamic loading on fixtures' fracture strength on different abutments. For this purpose, in their
research, six implants from different brands were examined. Each dental implant was examined in
two ways: with initial dynamic load and without initial dynamic load. The dynamic load was applied
with a biaxial chewing simulator and 1,200,000, 120 N cycles. Their studies showed that the implants
with long tube-in-tube connection and Cam-slet3 stabilization are better than other implants with
shorter internal and external connections by considering the life length and fracture strength. In
another study by Khraisat et al. [15] in 2002, the effect of hexagonal internal joint design on
Branemark and ITI dental implants' strength was evaluated. In this study, 7, 10 mm implants were
used. Each implant was placed at a depth of 7 mm into a block of acrylic resin cylinders. A cycle load
of 100 N was applied vertically in the longitudinal direction at 75 cycles per minute. Experimental
results showed that the effect of joint design on fatigue strength and fracture mode for ITI dental
implants is much better than Branemark implants. In another study in 2016, Prados et al. [16] studied
dental implant fatigue by considering different loads, including bruxism. Their study aimed to
consider the randomness of variables and possible approximations to predict the implant's fatigue life.
When various loads with different frequencies, such as chewing or biting, and the effect of different
bruxism were applied, the results were more accurate. In another study in 2017, Swamy et al. [17]
addressed the importance of grid size on the implant's fatigue life using the definition of nonlinear
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contact in finite element analysis. In their study, implants and mandibular bone were modeled with
CATIA and Mimics software, respectively. Then, static and dynamic simulations were performed on
the final set of implants and jaws, using Ansys. The results showed that mesh size difference causes
a significant change in the implant's fatigue life due to the dental implant set's geometry complexity.
The fatigue life was estimated to be 6.67 years. This relatively limited life was reported due to cracks
in the triangular joints, and they also noted that these neighborhoods were the starting point for cracks.
In 2018, Cheng et al. [18] used the optimization method (KIGA) to investigate the optimal geometry
design of a dental implant made of zirconia using simulation in finite element software. The implant
model in their study was made using a 3D printer. Their objective function's numerical results
indicated that the micromotion in the optimized dental implant is equal to 27.58 micrometers. This
value is less than the numerically predicted value in implants with real geometry equal to 72.62
micrometers. Furthermore, in their research results, the reliability coefficient increased from 1.16 to
1.54. This indicates that the optimized implant is better than the original design because micromotions
are much lower than the stability threshold. Today, the success of implants is much higher than other
methods. Boukhlit et al. [19] evaluated four-unit denture stress distribution in bone using 3D finite
element simulation. The simulations have three different inclinations, including 0°, 15°, 30°, and
loading of coronal-apical direction, which demonstrate the stress concentration in cortical bone was
in implant necks. Moreover, maximum stress values decreased from 90.04 Mpa to 46.36 Mpa by
increasing the inclination degree. Thus, a rise in inclination has suitable effects on stress distribution
pattern and can be optimized for better results. Another study by Gupta et al. [20] utilized topology
optimization in dental implants as well as maintaining their functionality. Finite element modeling
with cortical and cancellous bone was analyzed. Various combinations of geometry parameters
(length and diameter) and bone quality were investigated to found out the best parameter with the
least von mises stress for each material. Afterward, topology optimization shows 32% to 45%
decrease in implant volume with the same performance. Each implant has its own characteristic and
geometry; take porous implants as an example. In a recent paper (2020), Jain et al [21]. Addressed
the effect of thread and pitch on bone damage and studied von mises and principal stresses in taper
angles and porous implants. A 3-dimensional finite element of this particular implant has been
modeled. However, the amount of stress applied to the implant or fixture must still be evaluated.
Besides, failure sometimes occurs at the connection of the fixture to the abutment or at the implant's
connection to the bone, which increases the need for investigating mechanical loads. Therefore, in
this study, the stresses applied to the 3A titanium implant with different tolerances at the abutment
angle were studied. 3A-P.H.5 is a newly manufactured implant, and the combination of the same
fixture with different abutment angles tolerances would happen in clinical treatment; therefore, this
issue should be viewed and analyzed. That is why a finite element investigation has been done.
2. Research Method
Today, it is crucial to investigate the stress at the fixture's connection to the abutment, especially the
contact surface of the screw with the fixture. One of the most important factors in implant placement
in the jawbone depends on the factors that affect the joint. Also, so far, by doing the simulation with
finite element software and experiments, it has been found that the geometric shape and dimensions,
and angles of the abutment and fixture have a significant impact on the estimated life of implants. In
this study, as seen in figure (1-a), the angle tolerance of 3A.P.H.5 implant abutment made by Dorin
Kasht Mana company in Iran has been investigated. As shown in figure (1-b), the 3A.P.H.5 dental
implant, like any other dental implant, consists of three parts: fixture, abutment, and screw. The
abutment angle of 3A.P.H.5 dental implant is 22 degrees, according to the drawing shown in figure
(1-c). Four different abutment angle tolerances, including 22 degrees angle itself, 21 degrees, 23
degrees, and 24 degrees, are also considered. In this study, the stresses created in the titanium fixture
and the 3A.P.H.5 dental implant' screw due to tolerance change in the abutment angles have been
investigated. First, according to figure (1-d), the entire 3A dental implant' geometry, including
fixtures, screws, and abutments, is modeled in Solidworks software. Figure (1-e) shows that the
jawbone's geometry is considered a block for implant placement. The geometry which was chosen
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for the jaw bone is based on Eser and Bayata's paper [22,23]. Then, in order to study the loading, the
model was imported in ABAQUS software according to figure (1-f), and the results and stresses
caused by static loading were analyzed. The designed fixture's diameter is 4 mm, and its height is 10
mm. Also, the screw is of M2 type. For the assumed model, Young's modulus is 114 Gpa [24], which
corresponds to Titanium Grade 5, and for the jawbone, the Young's modulus is 71 GPa [22]. Partitions
were used in modeling the piece to make it more convenient and easier to mesh. Tetrahedral elements
were used in fixture and bone with 89765 and 27118 elements, respectively. The abutment and the
screw were considered hexahedral elements, and 20494 and 21400 elements were used in them,
respectively. This number and type of elementation were selected to evaluate and analyze each piece's
results more appropriately and efficiently. Using more elements have a slight effect on the results and
only increase the conclusion time. Here, the mesh refinement was also checked to obtain constant
stress distribution results, and it can be seen in table 1. Since the error estimated is only 0.062 percent,
the total number of 158777 elements was used in this study.
Table 1. Mesh refinement analysis
Total number of elements

Maximum von mises stress (Mpa)

144031

754

158777

805.1

159351

805.6

As shown in Figure (1), in the 3A.P.H.5 dental implant, all the parts are in contact with each other on
some surfaces, so choosing the right contact between them is essential. According to each
component's needs and behavior, appropriate and specific constraints have been used in the software
in this research. The constraint between bone and the fixture, the fixture, and screw and the screw
and abutment is considered a tie, which is similar to the screw tightening and causes the parts to have
a uniform effect on each other. However, the surface to surface constraint is chosen between the
fixture and abutment, which is like a state of clearance and would leave little freedom of movement
between these parts. Also, the tangential contact is considered with a friction coefficient of 0.3.
Boundary conditions and loading methods are also determined using the ISO 14801 standard. Figure
(1-e) shows that the bone block is closed in all directions on its outer surface. Also, a load of 100
Newtons is applied at an angle of 30 degrees. The required pre-stress, equal to 0.7 of yield stress, is
also applied to the screw. This amount of stress is according to the implant's geometry and the
manufacturer's recommendation.

Journal of Biomimetics, Biomaterials and Biomedical Engineering Vol. 51

67

Abutment

Screw

Fixture

a)

b)

c)

)d

)e

)f

Fig. 1. 3A.P.H.5 implant a) The real piece b) Cut view c) industrial map d) Rendered image
e) SolidWorks model f) Implementation in ABAQUS
3. Results
Figure (2) shows the results of the von mises stress contours created in the fixture and the amount
and location of maximum stress due to the abutment's impact with a construction angle of 22 degrees
and its other tolerances, including angles 22, 23, 24, and 21 degrees. Suppose the abutment angle is
considered 21 degrees; according to figure (2-a), the distance between the abutment and the fixture
in 3A.P.H.5 implant increased compared to 22 degrees. Therefore by applying loads, some force is
spent to lower the abutment in the fixture. The placement of the abutment and the fixture will be such
that more pressure and tension is applied to the screw and the inner wall of the fixture, and it reaches
a critical value of 1060 MPa. As shown in figure (2-b), in the 22 degrees angle abutment for the
standard 3A.P.H.5 implant, the abutment and fixture are perfectly matched, and the abutment angle
is carefully adjusted on the fixture. In figure (2-b), the maximum stress occurs at the hexagonal edges
where the stress concentration is also present. In the other case, the abutment is considered with 23
degrees angle tolerance, meaning that the angle is increased by one degree compared to the 22-degree
position. Although this increase in angle has occurred, the abutment angle is still within the tolerance
range of the 3A.P.H.5 implant, and the abutment has a relatively good fit with the fixture. However,
this one-degree increase in the abutment angle causes bending moment at the intersection of the
boundary conditions and the fixture's free surface and moves the maximum stress's position to that
point (figure 2-c). Also, it can be seen that increasing the abutment has a relatively good effect on the
stress distribution in both parts (both fixture and abutment screw) and keeps them in better condition.
It has caused a decrease of 8 and 19 percent in their maximum stress, respectively. In another case, a
24-degree angle is considered for the abutment, which is not within the implant tolerance of 3A.P.H.5,
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but was examined in this study. It is evident from the fixture stress contours in figure (2-d) that the
stress in them has increased. By increasing the abutment angle by two degrees compared to the 22degree position, the fixture angles and the abutment have become incompatible, and the looseness
between them at the abutment's endpoint is greater than the considered construction tolerance and is
less at the top points. This has caused a point collision at the upper edge of the fixture and applies the
highest von Mises stress to that point, which is equal to 898 MPa. In general, it is perceived that
increasing the abutment angle by 2 degrees, although it leads to a critical situation, is still a better
condition compared to decreasing the angle.

a) 21 degrees

b) 22 degrees

c) 23 degrees

d) 24 degrees

Fig. 2. Von Mises stress contours in the fixture and the location of maximum stress due to the
different angles of the abutment
The cut view of each fixture is shown in figure (3) to see the location of the maximum von Mises
stress contours in the fixture better.
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a)21 degrees

b) 22 degrees

c) 23 degrees

d) 24 degrees
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Fig. 3. Section view of von Mises stress contours and maximum stress location in
various angles
In dental implants, the screw is considered a sensitive part comparing to other parts. The effect of
abutment angle tolerance on the stress created in the screw was also investigated on this part. As
shown in Figure (4), by increasing the abutment angle up to 24 degrees, a decrease in stress was
observed in the screw, but reducing the abutment angle to 21 degrees led to an increase in abutment
screw's stress, and it gets closer to the fracture range. In addition, this reduction in stresses at 24
degrees is slightly less than the von Mises stress in the fixture, making the fixture more likely to get
plastic. Despite the increase in stresses at 21 degrees, none of the components failed. Therefore, it
can be seen that even though changing the tolerance of the abutment angle leads to differences in
stress distribution and implant efficiency, the implant is still in a safe range, and the failure doesn't
occur in the screw. Figure (4) shows the contour of von Mises stresses in the screw and the amount
and location of maximum stress due to the abutment's impact with angles of 21 degrees, 22 degrees,
23 degrees, and 24 degrees.
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a) 21 degrees

b) 22 degrees

c) 23 degrees

d) 24 degrees

Fig. 4. Von Mises stress contours in the screw and the maximum stress with different
abutment angles

a)21 degrees

b) 22 degrees

c) 23 degrees

d) 24 degrees

Fig. 5. Principal stress contour in the screw and the maximum stress with different abutment
angles
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As can be seen in Figures (4) and (5), by comparing the screws, it can be concluded that each time
the abutment angle increases, the stress applied to the screw decreases, and this can be seen in both
the von Mises contours and the principal stresses. In this study, two paths on the screw are considered
to investigate the stress distribution created by the abutment angle tolerance on the screw. As shown
in Figure (6), a vertical path was used to observe the trend of changes in the stress distribution along
the longitudinal direction of the screw. A circumferential path is considered around the screw to
monitor the changes in stress distribution in the thread under maximum stress.

a)

b)

Fig. 6. The path to investigate the stress distribution changes trend on the screw. a) Vertical
path, b) Circumferential path
Although in the 24 degrees abutment analysis, the maximum stress did not occur in the first thread of
the screw, but in all the considered situations, this part of the screw is more critical and is used for
studying and comparing to other cases. Figures (7) and (8) show the stress change trend in terms of
normalized distance along the path for the circumferential and the vertical path considered according
to Figure (6). As shown in Figures (7) and (8), where the abutment has a 24 degrees angle, due to the
displacement of the maximum stress point above the threads, its stress distribution in this path is more
uniform than the others. The first and second peaks of this diagram are exactly the areas of the path
where the screw has withstood the most traction and pressure.

Fig. 7. Stress change trend in terms of normalized distance along the circumferential path for
abutment angle tolerances from 21 ° to 24 °
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Fig. 8. Stress change trend in terms of normalized distance along the vertical path for
abutment angle tolerances from 21 ° to 24 °
It can be seen from the stress contours that even though the load and conditions of the fixture and
screw are the same in all cases, the change in the abutment angle, in addition to the change in the
stresses, also makes a difference in the place of maximum stress. For this reason, for the initial
dimensions of the implant set, which is the 22 degrees abutment, a simulation was performed with a
400 N fracture loading. In this analysis, linear elastic behavior is assumed. As shown in Figure (9),
the von Mises maximum stress is equal to 2750 MPa and greater than this material's yield
strength(1000 MPa), which confirms the simulation accuracy. It also seems that in this case, the
failure occurs at the point of boundary conditions, considering von misses stress induced on the
fixture, the fracture would appear there.

a)

b)

c)

Fig. 9. The 22 degrees abutment fracture contour in 3A.P.H.5 implant for a) fixture's von
mises stress, b) Screw's von Mises stress, c) Screw's principal stress
In Figure (10) results from stress analysis of a 3A.P.H.5 dental implant under a 400 N force for two
Vertical and Circumferential paths seen in Figure (9) are shown.
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Fig. 10. 3A.P.H.5 dental implant stress under a 400 N fracture force for two Vertical and
Circumferential paths
4. Discussion
An identical fixture and screw were assembled with four different abutment angles, and stresses have
been investigated. Applying loads in 30° on abutment was necessary to simulate the worst case, and
stress level was considered in comparing all four assembles. In the screw, the principal stresses were
examined and compared. According to the study of Eser et al. [22], based on the maximum principal
stress, this maximum value occurred on the compression side, which can be seen in figure (5). In the
same study, the fixture of 4.8 mm diameter obtained a large stress magnitude of 935 Mpa. Besides,
Bayata et al. [23] optimized an implant of 3.5 mm in fixture diameter and an appropriate abutment,
which causes 643 Mpa von mises stress in the fixture. As mentioned earlier, the two studies
demonstrate the critical stress values of fixture and the importance and effect of its diameter on
maximum stress magnitude; thus, this can be expected, this paper’s stresses magnitude should be
between those two. It should be noted that Bayata et al. [23] have investigated design parameters by
changing abutment angles from 6 to 10 while increasing the fixture's internal angle as well, which led
to the different wall thickness and stress values optimization. However, the fixture's angle was kept
constant in all the implants, which was the objective of this research in order to find out the worst
combination; otherwise, increasing the fixture's angle besides abutment would not result in the same
values. One significant simplification is the assumption of the linear-elastic behavior of the material.
According to Prados-Privado et al. [25], applying fracture load without plasticity considerations
would cause stresses over yield strength (figure (9)). In order to rank the implants, it can be said that
the 21° abutment was the most critical and needs more considerations. Accordingly, figure (11)
illustrates the order of all combinations based on stress level. Moreover, the least von mises stress
belongs to the simulation with 23 degree abutment, induced 648.4 Mpa in the fixture's external
surface, and 736.9 Mpa in the screw, compared to 800.1 and 805.3 Mpa, respectively, of 22 degree.
Which notifies that stresses are allowable and still in the safe range in case of happening the
mentioned combination.
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Fig. 11. Ranking the implants
5. Conclusions
In this study, the finite element simulation of 3A.P.H.5 dental implant has been done by considering
its abutment angle tolerance. The fixture's von Mises stresses, and the screw's principal stresses were
studied and analyzed to find the effect of angle changes in the production of the abutment on the
stress distribution in fixtures and screws. It was found that although there is no 24 degrees angle in
the tolerance of 3A.P.H.5 dental implants, and it does not lead to failure; however, it will make the
fixture situation more critical than before. Besides, the 21 degrees abutment puts the fixture in a more
critical condition, making it more likely to become plastic early. A comparison of abutment screws,
however, showed different conditions than fixtures. Because with the increase of the abutment angle,
the stress distribution in the screws has decreased more and more each time. Another analysis was
performed specifically for the 22 degrees abutment to investigate the failure, and what was concluded
that the fracture happened at the boundary conditions application area. But according to the modeling,
the failure eventually occurred in the fixture.
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