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Abstract

Purpose: The main objective of this study was to investigate the influence of implant
design, bone type, and abutment angulation on stress distribution around dental
implants.

Materials and methods: Two implant designs with different thread designs, but with
the same length and brand were used. The three-dimensional geometry of the bone was
simulated with four different bone types, for two different abutment angulations. A 30°
oblique load of 200 N was applied to the implant abutments. Maximum principal stress
and minimum principal stresses were obtained for bone and Von misses stresses were
obtained for dental implants.

Results: The distribution of the load was concentrated at the coronal portion of the
bone and implants. The stress distributions to the D4 type bone were higher for implant
models. Increased bone density and increased cortical bone thickness cause less stress
on bone and implants. All implants showed a good distribution of forces for non-axial
loads, with higher stresses concentrated at the crestal region of the bone-implant inter-
face. In implant types using straight abutments there was a decrease in stress as the
bone density decreased. The change in the abutment angle also caused an increase in
stress.

Conclusions: The use of different implant threads and angled abutments affects the
stress on the surrounding bone and implant. In addition, it was observed that a decrease
in density in trabecular bone and a decrease in cortical bone thickness increased stress.
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Currently, the use of implants is considered the first-line treat-
ment of edentulism.' Many dentists routinely place implants
to replace one or more teeth or reconstruct the entire den-
tal arch.” Although many long-term implant studies have
reported survival rates exceeding 95%, the potential for clin-
ical failure and other limitations are major concerns for
clinicians.> The presence of osseointegration is crucial to
the success of the implant.®

One of the most important conditions for osseointegra-
tion is primary stability following implant placement.’” Until
osseointegration is achieved, the implant must have sufficient
primary stability to resist micromovements.®” If immediate
loading following implant placement is desired, a high degree
of primary stability is necessary for prosthetic attachment

to progress safely without micro-movements. Micromove-
ments prevent osseointegration and compromise the overall
outcome of treatment.”'%'* For immediate loading, a pros-
thesis can be applied immediately after implant surgery to
restore a single tooth or full arch. This strategy has distinct
advantages for both patients and physicians. Many studies of
immediate loading have reported survival rates comparable to
conventional loading."'>:16

Various mechanical factors contribute to an effective con-
nection between the implant and surrounding bone.® The
most important of these factors is implant design, which
determines primary stability and stress distribution during
osteointegration.! Most previous studies focused on produc-
ing a dental implant design that optimizes stress distribution
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TABLE 1 Type and abutment angles of implants in mandibular models
Implant type Abutment degree Number of nodes and elements
Model 1 Straumann BLT Straight Nodes: 477852
4.1-10 mm Elements: 334766
Model 2 Straumann BLT 17° Nodes: 484247
4.1-10 mm Element: 339068
Model 3 Model 3: Straumann Straight Nodes: 535145
BLX 4.0-10 mm Elements: 379478
Model 4 Model 3: Straumann 17° Nodes: 561214
BLX 4.0-10 mm Elements: 396439
with high primary stability under the applied forces.””'">!  Models

These studies suggested that optimally designed implants
can improve the osseointegration and primary and secondary
stability of the implant.

Implants have microdesigns and macrodesigns. The
microdesign includes implant material, surface finish, and
morphology, while the macrodesign includes thread geom-
etry and implant shape.”” For immediate loading, mechanical
locking rather than osseointegration provides primary stabil-
ity of the implants.'” Therefore, the macrostructure plays an
important role in the primary stability of the dental prosthesis
integrated with the surrounding bone tissue.

Finite element analysis (FEA) is used to explore the
influence of implant thread design by examining the load
and stress distribution in areas surrounding the implant. In
FEA analyses, maximum principal [P(max)] stress and mini-
mum principal [P(min)] stresses are obtained for cortical and
trabecular bone.

Currently available implants have different thread designs
that provide a high level of primary stability to the prosthetic
connection, which allows for immediate loading.”'"!>?3
The Straumann BLX implant (Straumann, Andover, MA)
is conical in shape and has a progressive, variable double-
thread design that allows the implant to self-cut, self-
thread, and self-graft during insertion.” Based on its thread
design, the BLX implant is predicted to provide supe-
rior primary stability for immediate loading of bones.”
However, no previous studies have compared aggressively
threaded implants in terms of the stress on different bone
types, except for finite element studies of a few thread
designs.!7:19-2022.24-26

The null hypothesis of this study was that there is no dif-
ference in the stress levels of different thread designs of
implants with different bone types and different abutment
angles.

MATERIALS AND METHODS

The aim of this study was to evaluate the stress generated
by implants with two different thread designs from the same
manufacturer, abutting 4 bone types at different angles, using
the finite element analysis method.

Four bone types were used in models of a completely edentu-
lous mandible: D1, completely homogeneous compact bone;
D2, 2-mm-thick cortical bone surrounding dense trabecular
bone; D3, 1-mm-thick cortical bone surrounding dense tra-
becular bone; and D4, 1-mm-thick cortical bone surrounding
low density trabecular bone. The models are described in
Table 1.

Modeling

In this study, bone models were created based on computed
tomography images showing the lower jaw premolar region
(height X mesio-distal size: 20 X 30 mm) and tooth loss;
the model was created using Solidworks software (Solid-
Works Corp., Waltham, MA). Surface modeling techniques
were used to create solid gingival soft tissue models and
mandibular models with four bone types (Fig 1A).

Implants, abutment screws, titanium copings, and occlusal
screws were modeled using the Solidworks software and fit-
ted separately in accordance with their actual dimensions.
Two designs were created: a 10-mm-long, 4.1-mm-diameter
implant with a reverse buttress thread design (Straumann
Bone Level Tapered [BLT]) (Institut Straumann AG, Basel,
Switzerland), and a 10-mm-long, 4.0-mm-diameter implant
with a variable double threaded design (Straumann Bone
Level X [BLX]) (Institut Straumann AG) (Fig 1B).

Mandibular cortical bone, cancellous bone, implant, and
implant elements were transferred to the model to reflect the
real morphology. Solid models created with Solidworks soft-
ware were transferred to Ansys software (version 18.1; Ansys
Inc., Canonsburg, PA) with preserved 3D coordinates; in
Ansys software, physical properties of the models, i.e., elastic
modulus and Poisson ratio values, were defined for cortical
bone, trabecular bone, and titanium components (Table 2).
All models were meshed with quadratic tetrahedral elements,
readily available in the software. In the mathematical models,
an average of 491,849 nodes and 337,312 elements were
used. Detailed information for each model is given in Table 1.

A tight connection was assumed across the entire interface
between bone and implants, assuming that the implants were
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FIGURE 1
TABLE 2 Elastic modulus and Poisson ratios

Elastic modulus (MPa) Poisson ratio
Cortical bone 13700 0.30
Trabeculer bone 1370 0.30
Titanium 110000 0.35

fully osseointegrated into the bone. All other contacts were
considered rigidly bonded. The contact condition between
the abutment and implant was set as a frictional coefficient
(u) of 0.3.27 In addition, the models were homogeneous and
isotropic, and used linear elastic materials.

Limits and loading conditions

While establishing loading conditions, the basement of bone
model was fixed at X, y, and z axes in order to prevent move-
ment in each degree of freedom. Forces of 200 N were applied
at a 30° inclination (Fig 2).

Analyses

A linear analysis was employed by using ANSYS software.
Stresses in the implant, abutment, and screw were calculated
as von Mises stress values; the minimum and maximum
principal stress values were also calculated to evaluate the
stress on trabecular and cortical bones. The highest four
stress values for each structure were recorded and their
average values are reported in megapascals (MPa).

RESULTS
Stress on bone types
Higher stress levels accumulated in D4 type bone than the

other bone types (Fig 3). The stress was generally concen-
trated in the cervical part of the implant socket (Fig 4).
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A, Mesh image of modeling. B, Modeling of dental implants, straight abutments, 17° abutments, and abutment screws

FIGURE 2

The applied occlusal forces. (Red arrows show the
direction of the force; the red areas on the occlusal of the abutment show the
region where the force is applied. Blue area shows the fixed support and the
other side of the bone is fixed as well.)

Among the different implant models using straight-angle
abutments, the lowest stress level was observed at 6.18 MPa
as the maximum principal and —12.12 MPa as the minimum
principal around the socket of the BLT implant in D1 bone;
the highest stress level was 61.69 MPa as the maximum prin-
cipal and —118.07 MPa as the minimum principal in BLX
implants placed in D4 bone type (Fig 3). Evaluation of the
compressive and tensile forces on angled abutments showed
that the BLX implant had the highest maximum principal
(61.69 MPa) and lowest minimum principal (—118.07 MPa)
forces on D4 bone (Fig 4).

The compressive and tensile forces transmitted to the bone
surrounding the implant were evaluated, and Pmax increased,
while Pmin decreased, with reduced trabecular bone den-
sity (Fig 3). The BLX implant, which had a more aggressive
thread design, generated greater stress on the bone than the
BLT implant in all scenarios.

Stress on implants

The von Mises stress values for the implants showed similar
stress distributions in the implant neck among the models
(Fig 5). The highest value was found in the neck of the BLX
implant (861.35 MPa) with a 17° angle abutment in D3 bone
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FIGURE 3 Pmin (red) and Pmax (green) stress values in bone types; A, Pmax values of BLT straight abutment at D1-D2-D3-D4 bone types (left to
right); B, Pmin values of BLT straight abutment at D1-D2-D3-D4 bone types (left to right); C, Pmax values of BLX straight abutment at D1-D2-D3-D4 bone
types (left to right); D, Pmin values of BLX straight abutment at D1-D2-D3-D4 bone types (left to right); E, Pmax values of BLT 17° abutment at
D1-D2-D3-D4 bone types (left to right); F, Pmin values of BLT 17° abutment at D1-D2-D3-D4 bone types (left to right); G, Pmax values of BLX 17°
abutment at D1-D2-D3-D4 bone types (left to right); and H, Pmin values of BLX 17° abutment at D1-D2-D3-D4 bone types (left to right)
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FIGURE 3 Continued
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FIGURE 4  Stress values in bone types (MPa)

type (Fig 6). Among implants with straight abutments, the
highest stress value was found in D1 bone type; a decrease
in the stress value was observed with decreased bone
density (Fig 5). Significantly higher von Mises stress values
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were observed for the BLX implant with more aggressive
threads.

Stress on the abutments

Regarding the stress on the abutments of the models, the high-
est stress levels in all scenarios were observed in the neck
area, which abutted the implant (Fig 7). The highest von
Mises stress values were 839.21 MPa with 17° abutment of
BLT in D3 bone (Fig 7). The lowest stress value was observed
in D4 bone type with a straight BLX abutment (175.77 MPa)
(Fig 7).

Stress on abutment screws
Stress on the screws of flat BLT abutments in different

bone scenarios was generally concentrated on the screw head
(Fig 8). Stress on the screws of BLX straight abutments was
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FIGURE 5 Von Mises stress values on implants. (a), Model 1-D1, Model 1-D2, Model 1-D3, Model 1-D4 (left to right); (b), Model 2-D1, Model 2-D2,
Model 2-D3, Model2-D4 (left to right); (c), Model 3-D1, Model 3-D2, Model 3-D3, Model 3-D4 (left to right); (d), Model 4-D1, Model 4-D2, Model 4-D3,
Model 4-D4 (left to right)
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FIGURE 6  Stress values on implants (MPa)
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FIGURE 8 Stress values on abutment screws (MPa)

concentrated around the first thread, whereas it was concen-
trated on the screw neck in the BLT and BLX models using
17° abutments (Fig 8). In angled and straight abutment mod-
els using BLT implants, stress levels on screws in all bone
types were lower than in models using BLX implants. The
highest stress level among the abutment screws was 857.21
MPa in the D1 bone with the BLX straight abutment screw;
the lowest stress level among the abutment screws was 158.8
MPa in the D3 bone with the BLT straight abutment screw
(Fig 8).

DISCUSSION

The aim of this study was to compare stress levels between
implants with different abutment angles, thread designs, bone
types, and structural components. Thread shape, abutment
type, and bone type affect the stress levels on the surrounding
bone and implant elements.

The stress intensity/level on the bone surrounding the
dental implant is an important factor affecting osseointe-
gration and implant success.”® Bones at the site of implant
placement may be cortical or spongy/medullary. Therefore,
primary stability depends on the macrodesign of the implant,
properties of the surrounding bone, and load distribution
on the implant.’® Four bone types were modeled in the
study.

Misch et al divided bone quality into four classes (D1-
D4) to evaluate implant success.”” Primary stability in D4
bone type is lower compared to other bone types.’" Differ-
ences between implant designs are more pronounced for D4
bone type, which has lower primary stability.>' Therefore, it
is essential that the selected implant design increases the pri-
mary stability in low-density bones.’! In the present study,
the models with the lowest stress level in D4 bone were the
straight and 17° angled BLT implant models. In addition, the
stress intensity was decreased in the BLT implant.

In this study, stress was generally concentrated in the cer-
vical part of the implant socket, regardless of the scenario.
Eraslan et al analyzed the stress caused by different thread
shapes under 100 N axial loading on a single bone type.
They reported that the stress was concentrated around the
first thread in the cervical cortical region.”> Shigemitsu et
al suggested that the stress level was significantly higher
in the implant neck area of cortical bone.’” Olivera et al
evaluated 3 implant designs in 2 bone types, and reported
maximum von Mises stress values in the cortical bone sur-
rounding the implants, regardless of the scenario.’® The same
study reported that stress levels increase with decreased cor-
tical bone thickness and bone density.”® These results are
consistent with those of the present study. In other words,
increased bone density and cortical bone thickness reduce the
stress on bone and implants, consistent with previous studies
of different implant designs and bone types.”'*3

After the implant has been placed, bone is constantly
remodeled against external stress (homeostasis). If the
applied force is within physiological limits, new bone is
formed and remodeling continues. In 1892, Wolff theo-
rized that new bone formation is accelerated in response to
increased stress, but bone resorption increases with reduced
stress.’ Later researchers suggested that bone destruction
also occurs under extreme stress.> Although initial high
stress levels promote bone formation, extreme stress levels
cause micro-fractures in the bone structure. If bone forma-
tion is not sufficiently rapid to repair the damage, the bone
defect may enlarge and cause implant failure.! Therefore,
implant threads must be designed to increase the transmission
of optimal stresses, while preventing extreme stress at the
bone-implant interface. In addition, implant threads should
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enhance primary stability and increase the surface contact
area of the implant.

Although the BLX implant, which has a variable double
thread design, transmits more stress to the bone compared to
BLT in all scenarios, the maximum and minimum principal
stress values for the BLX implant were within physiological
limits.?%%7

A similar stress distribution was observed on the implant
neck among the models in this study. The stress level
decreased with reduced bone density in implants using
straight abutments. In addition to the decrease in bone den-
sity, a change in abutment angle led to increased stress
levels.

Kao et al reported that an abutment angle up to 25°
increased the stress around the implant by 18%.°® Lin et al
stated that 20° abutments generated higher stress levels on
the implant and cortical bone compared to straight abutments,
similar to the findings of the current study.*”

This study is different from previous ones on this topic
because stress levels among implants with different threads,
bone types, implant elements, and abutment angles were
compared. In the present study, the highest stress in all sce-
narios was transmitted to the neck part of the abutment, where
the bone abuts the implant. Stress levels in angled abut-
ments were significantly higher compared to those in straight
abutments. Although stress in the screws of straight BLT
abutments in different bone scenarios was generally concen-
trated in the screw head, it was concentrated in the screw neck
in all models with angled abutments. Lee et al compared 4
implant designs with different connection types and loading
conditions, and reported that stress was concentrated in the
neck of the abutments in all models.*’

In their finite element analysis study on implant models
with different engaged and nonengaged abutment connec-
tion types, Savignano et al*' reported that the stress on
the implants was between 516 and 1106.9 MPa, while the
stress on the abutments was between 554.62 and 779.3 Mpa.
The stress on the screws was 698.8 to 902.5 Mpa. It has
been emphasized that since the values reported in the same
study exceed the yield strength of the titanium alloy, it may
cause wear and deformation between the implant compo-
nents. Likewise, Won-kyung et al simulated the stress on
two different implant systems under different conditions,
and obtained results ranging from 163 to 1587 MPa on
the implant, abutment, and screw.*’> Although the values
obtained in the present study have high stress concentrations
for some implant scenarios, as in the studies of Savignano
et al and Won-kyung et al, no value exceeding the yield
strength of the titanium alloy was obtained.*'**” In a previous
study, it was reported that the stress occurring in the region
of the abutment-implant connection is likely to exceed the
yield strength of titanium.*? Previous FEA studies reported
lower forces on the implant, abutment, and screws than those
reported in the present study.’’->!:>>-2% The reason for this
may be the difference in the implant models investigated in
the studies, whether the models are more complex, the differ-
ence in the number of nodes and elements, the loadings made

ACP

under different conditions, and the use of different analysis
methods.

Although this study attempted to simulate clinical condi-
tions, finite element analysis has some limitations. Anatomi-
cal conditions, the level of osseointegration, and the quantity
and direction of applied forces can all affect the results.
Although the stress values obtained within these limitations
provide a general picture of the implants used, clinical stud-
ies are required to investigate the long-term effects of these
implants on prosthetic components and implants.

Your smile. Our specialty’

CONCLUSIONS

The use of different implant threads and angled abutments
affects the stress transmitted to the surrounding bone and
implant. In addition, decreased trabecular bone density and
cortical bone thickness was associated with increased stress.

Both implant designs evaluated in this study showed a good
distribution of applied force; the transmitted forces were con-
centrated in the crestal region of the bone-implant interface.
BLT implants with angled or non-angled abutments have the
most appropriate implant design and elements in terms of
stress on all bone types.
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