
Saudi Dental Journal (2022) 34, 579–584
King Saud University

Saudi Dental Journal

www.ksu.edu.sa
www.sciencedirect.com
ORIGINAL ARTICLE
Stress analysis and factor of safety in three dental

implant systems by finite element analysis
* Corresponding author at: Jr Guillermo Biela 2044, San Martin de

Porres, Lima, Perú.
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bFacultad de Ingenierı́a Mecánica, Universidad Nacional de Ingenierı́a, Lima, Perú
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Abstract Objective: The purpose of this study was to compare the stress distribution and the fac-

tor of safety of three dental implant systems using the finite element method.

Materials and methods: Three commercial dental implant systems were designed using Solid

Works 2020 software: Model A with an internal octagonal connection and matching platform,

Model B with an internal hexagon connection and switching platform, and Model C with an inter-

nal 15� conical-cylindrical connection and switching platform. A 200 N load was applied to each

design in both axial and 30� oblique directions using the finite element method.

Results: In the three dental implant systems, the maximum von Mises stress was concentrated at

the cervical level of the bone-implant interface in all models. Model C showed lower maximum

stress values in both axial and 30� oblique loads. The highest maximum stress value was observed

with the application of the oblique load in all the study models, and the factor of safety was less

than one in Model A when subjected to a 200 N oblique load.

Conclusion: The switching platform models generated lower maximum stress values and a factor

of safety higher than one which is considered an acceptable value.

Clinical relevance: A dental implant system with an internal hexagon or conical connection and a

switching platform generates lower maximum von Mises stress values both on the implant compo-

nents and on the peri-implant tissues.
� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The finite element method (FEM) has been widely used to
evaluate the biomechanical behavior of orthodontic appli-
ances, fixed prostheses, total dentures, and dental implants

as well as to analyze stress distribution in peri-implant bone
and natural or restored teeth (Knop et al., 2015; Matsuoka
et al., 2021; Reddy et al., 2019; Romanyk et al., 2020). Gener-

ally, the FEM concentrates on the stress distribution, which is
related to stress variations along the structure of a solid. In
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Table 2 Materials and mechanical properties.

Material Young’s Modulus

(MPa)

Possion’s

Rate

Yield Stress

(MPa)

Titanium

Grade V

110.000 0.35 870

Cortical Bone 13.700 0.3 150

Cancellous

Bone

1.370 0.3 130
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addition, stress acts as a measure to know the intensity of force
that an object supports (Franco-Silva and Ángeles-Maslucán,
2014). Another variable that can be evaluated using the

FEM is the factor of safety (FOS), this is the ratio between
the yield stress of the material and the maximum von Mises
stress (Herza et al., 2018; Darwich et al., 2021).

Most studies have evaluated the maximum stress using
chewing forces in normal ranges with different dental implant
dimensions and prosthetic structures (Cho et al., 2016;

Farronato et al., 2019; Kharsan et al., 2019; Pournasrollah
et al., 2019; Fiorillo et al., 2020; Anitua et al., 2021). A previ-
ous study determined that the implant-abutment connection is
a key point in long-term clinical success (Kharsan et al., 2019;

Pournasrollah et al., 2019), whereas others studies reported
that stress decreases as the implant diameter increases (Cho
et al., 2016; Anitua et al., 2021). Another investigation devel-

oped a novel conical dental implant connection that generated
lower maximum stress values both on the implant components
and on the peri-implant tissues (Fiorillo et al., 2020). Only one

study reported the FOS in matching and switching platform
implants; it was established that the most critical area was con-
centrated on the implant neck in matching implants

(Farronato et al., 2019). The purpose of this study was to com-
pare the stress distribution and FOS of three dental implant
systems (abutment, screw, and dental implant) using FEM.

2. Materials and methods

The study was carried out using FEM and three study models
were built. The study consisted of two experimental groups

(Models A and B) and a control group (Model C). The param-
eters used for the construction of the models were as follows:

Model A (Sweden & Martina Global): 4.3 mm � 10 mm

implant with internal octagonal connection and matching plat-
form, and a preformed abutment with screw.

Model B (Dentium SuperLine): 4 mm � 10 mm implant

with internal hexagon connection and switching platform,
and a milling wearable abutment with screw.

Model C (Straumann): 4.1 mm � 10 mm BLT implant with

internal 15� conical-cylindrical connection and switching plat-
form, and a cementable abutment with screw.

A type IV bone block was designed with a diameter of
20 mm and a height of 13 mm, and the thickness of the cortical

bone used was 2 mm. Each dental implant was integrated into
the bone block to perform the finite element method.

To replicate the geometry of the components of each dental

implant system (abutment, screw, and dental implant), pre-
existing plans were requested from the implant manufacturing
companies. Step files and design maps were used in Models A

and B, respectively. Model C was designed based on a physical
implant using measuring instruments, such as Vernier,
micrometer, magnifying glasses, and thread tester. This proce-
dure was executed by the trained professional. The designed
Table 1 Number of nodes and elements of each study model.

MODEL A MODEL B

Nodes Elements Nodes

169,764 106,881 142,232
components were assembled and meshed by a series of Jaco-
bian points using finite element software (SolidWorks 2020).
A 3D solid-type mesh with tetrahedral elements based on cur-

vature was used, which provided greater precision in the anal-
ysis of results due to its automatic creation of more elements in
areas of greater curvature adapted to the circumferential

shapes of the implants. The number of nodes and elements
are listed in Table 1. An axial load of 200 N and an oblique
load of 200 N at an angle of 30� were applied to the surface

of the abutment based on the literature (Cho et al., 2016;
Aguilar et al., 2019; Aslam et al., 2019) (Fig. 1). The Young’s
modulus, Possion’s rate and yield stress were selected based on
the literature (Pellizzer et al., 2012; Pellizzer et al., 2013) and

are shown in Table 2.
The stress distribution was assessed using the von Mises

stress through the comparison of normal, principal, and equiv-

alent stresses. The FOS was calculated as the ratio between the
yield stress of the material and the maximum von Mises stress.
A FOS greater than one means that the material deforms only

elastically which is a main requirement to prevent immediate
mechanical damage.

3. Results

3.1. Stress analysis

An axial and oblique loads were applied on the surface of the
abutment to analyze the stress distribution and determine the

maximum stress values; the stress distribution was evaluated
using von Mises stress. After applying an axial load, Model
A showed a maximum von Mises stress value of 282.2 MPa
(Table 3), and the critical stress concentration was located in

the transmucosal portion of the abutment (Fig. 2). Models B
and C showed maximum von Mises stress values of
183.2 MPa and 216.7 MPa, respectively (Table 3); this stress

was concentrated on the implant neck in both models (Fig. 2).
After applying an oblique load, Model A showed a maxi-

mum von Mises stress value of 1312 MPa (Table 3), this stress

was located in the transmucosal portion of the abutment
(Fig. 2). Models B and C showed maximum von Mises stress
values of 573.7 MPa and 373.4 MPa, respectively (Table 3);
MODEL C

Elements Nodes Elements

89,402 60,714 36,691



Fig. 1 Simulation of axial and oblique (30�) load application in Models A and B.
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the stress was concentrated on the implant neck in both models
(Fig. 2). Moreover, the switching platform models showed

lower maximum von Mises stress values than the matching
platform model when subjected to both loads.

3.2. Factor of safety

After applying an axial load, Models A, B, and C showed FOS
values of 2, 2.6, and 2.7, respectively (Table 3); the most crit-
ical areas were concentrated on the implant-abutment interface

and the surrounding cortical bone (Fig. 3). After applying an
oblique load, Models B and C showed FOS values of 1.1
and 1.4, respectively (Table 3); the most critical zones were

located in the transmucosal portion of the abutment, implant
neck and the surrounding cortical bone (Fig. 3). Only Model
A showed a FOS value lower than one, the most critical area

was located in implant neck and the surrounding cortical bone
(Fig. 3). The switching platform models showed higher FOS
values than the matching platform model.

4. Discussion

In oral implantology, FEM is used with the aim of preventing

failures and complications in dental implants,
Tabla 3 Maximum von Mises stress and FOS in all three study mo

MAXIMUM VON MISES STRESS

Study model Bone Implant Abutme

MODEL Axial 282.3 75.4 160.7 282.3

A Oblique 1312 287.7 605.4 1312

MODEL Axial 183.2 58.4 183.2 64.8

B Oblique 573.7 141.8 573.7 312.8

MODEL Axial 216.7 55.5 216.7 41.9

C Oblique 373.4 107 373.4 188.6

Note: Maximum von Mises stress in MPa.
implant-supported fixed dental prostheses, and implant-
supported overdentures. Furthermore, FEM allows the mea-

surement of the stress distribution in various dental implant
designs and bone during chewing (Chang et al., 2018).

In general, the models with a switching platform (Model B

and C) showed lower maximum stress values in both axial and
oblique loads in the implant at the implant-abutment interface
level. On the other hand, the abutment of Model A showed
higher stress under both loads. This finding is related to the

design of the implant system itself, which prevents the screw
from receiving all the stress, causing the abutment to receive
all the load.

Regarding the bone, the maximum von Mises stress was
located in the cortical bone surrounding the cervical area of
the implant in all three study models. The results of the present

study are consistent with a previous report that found that the
highest stress was concentrated in the cortical bone next to the
implant neck (Yamanishi et al., 2014). Another study found

that the dissipation of stress in cortical bone is limited to the
immediate area that surrounds the implant due to its greater
resistance to deformation with respect to trabecular bone
(Danza et al., 2009). In all three models, the maximum stress

value in the bone was lower than the yield stress of the cortical
bone, except for the matching platform implant subjected to
an oblique load. If the maximum stress value in the bone is
dels.

FOS

nt Screw Study model Implant Abutment and Screw

0 2 5.4 3.1

0 0.52 1.4 0.66

38.4 2.6 4.7 10

126.3 1.1 1.5 2.8

28.4 2.7 4 10

52.3 1.4 2.3 4.6



Fig. 2 Stress map, the arrows show areas of major stress. A) Models A, B, and C subjected to a 200 N axial load. B) Models A, B, and C

subjected to a 200 N oblique load.

Fig. 3 FOS map, the most critical zones are shown in red A) Models A, B, and C subjected to a 200 N axial load B) Models A, B, and C

subjected to a 200 N oblique load.

582 E. Menacho-Mendoza et al.



Stress analysis and factor of safety in three dental implant systems 583
higher than the yield stress of the cortical bone, this maximum
stress would generate a plastic deformation in the bone which
could lead to a marginal bone resorption.

Previous studies have shown that the presence of the
switching platform reduces stress in the bone. The results of
the present study showed lower von Mises stress values in

Models B and C compared to Model A, which presented a
matching platform. A previous study determined that switch-
ing platform reduces the maximum stress level on the cortical

bone, this might be a biomechanical explanation of the mini-
mization of the peri-implant bone resorption (Bouazza et al.,
2015). Another study found that switching platform decreased
the stress within the peri-implant bone and may decrease mar-

ginal bone resorption (Aslam et al., 2019).
The implant-abutment connection plays a crucial role in

stress distribution. The reduction of stress at the implant-

abutment connection may avoid some mechanical complica-
tions, such as abutment fracture, screw fracture, screw loosen-
ing, and augmented leakage at the implant-abutment

connection (Kharsan et al., 2019). A study found that implants
with conical connections showed lower stress than implants
with internal hexagonal connections. The internal conical con-

nection generated greater resistance to deformation and frac-
ture when subjected to oblique loads. However, the internal
hexagonal connection is considered a suitable option
(Coppedê et al., 2009; Schmitt et al., 2014). Another study

found that the tapered connection showed a more homoge-
neous pattern (Farronato et al., 2019). The flat-to-flat
implant-abutment connection is mechanically less stable than

an internal conical implant–abutment connection and gener-
ates the worst sealing at the interface (Coppedê et al., 2009).

Regarding FOS, Model A presented a FOS less than one

only when subjected to an oblique load of 200 N. The most
critical component was the abutment which had a FOS value
less than one and a maximum stress value higher than the yield

stress. Stress concentration would generate a plastic deforma-
tion or failure of the abutment in Model A which is matching
platform. On the other hand, the switching platform implants
had higher FOS values than the matching platform implant.

According to the results, the critical zone was located next to
the implant-abutment connection in all three models that
had a FOS value higher than one, except for Model A sub-

jected to an oblique load. These results are in agreement with
a study that determined that the most critical zones were pre-
sent in the most coronal part of the implant-abutment inter-

face and in the implant neck (Farronato et al., 2019).
Among the limitations of the study, the conditions of the

stomatognathic system could not be imitated in a complete
way because other possible factors, such as horizontal or obli-

que loads with different angulations or the presence of masti-
catory muscles, were not taken into account.

5. Conclusion

Models with switching platforms with an internal hexagon or
conical-cylindrical connection generate lower maximum stress

values, the major areas of stress were concentrated on the
implant-abutment interface and the surrounding cortical bone.
Furthermore, switching platform models showed FOS values

higher than one which do not generate plastic deformation
of the components of the dental implant system.
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