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Abstract:

Stress shielding remains a major biomechanical challenge in dental implantology, often leading to undesirable bone resorption and
compromised implant longevity. Therefore, it is of interest to evaluate the stress shielding effect on jaw bone using titanium,
Polyether ether ketone (PEEK) and PEEK-coated titanium implants. Three-dimensional implant models were created in UG-NX
software and finite element analysis was performed in ANSYS 15.0 under simulated masticatory forces of 50 N, 100N, 150 N and
200 N corresponding to soft, medium, hard and very hard food consistencies. Results showed that the PEEK-coated titanium implant
exhibited the highest von Mises stress (33.149 MPa) at the implant-bone interface, while the PEEK implant displayed the lowest
(19.328 MPa), indicating reduced stress shielding. Thus, data shows PEEK’s potential as a bone-friendly alternative with improved

load distribution compared to conventional titanium implants.

Keywords: Titanium, polyether ether ketone (PEEK), PEEK coating, finite element analysis (FEA), stress shielding
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Background:
The successful parameter in longevity of implant supported
prosthesis is affected by stress shielding. According to Wolff’s
law, bones have the tendency of adapting in response to load
they are undergoing. When a bone at a specific part receives a
more amount of stress, it remodel by bone deposition to increase
the strength. And conversely, if the bone stops receiving the load
the bone resorption takes place over that particular area.
Presently titanium based implants are used, but the mismatch
between its properties, like its modulus of elasticity (110 Gpa)
and that of bone (10-30 Gpa), results in insufficient load transfer
from the dental implant to the jaw bone. This results in stress
shielding and eventually loosening and failure of implant [1].
Polyether ether ketone (PEEK) has been used as biomaterial in
the world of implantology since the 1980s [1]. It is a synthetic,
tooth colored semi-crystalline linear polymeric thermoplastic
material [2]. It has a good combination of strength, stiffness,
toughness and environmental resistance and the most important,
excellent biocompatibility [3, 4]. PEEK has modulus of elasticity
(3.7Gpa) close to that of cortical bone of jaw which may benefit
in reduction of stress shielding [1]. The less stiff implant yields
better osseointegrity [4]. There are certain advantages of PEEK
implants over the titanium implants. Since the titanium and
titanium based implants for example Ti-6Al-7Nb and Ti-6Al-4V
are successfully evidence based [5-7]. But it was seen that their
use can be associated with range of problems. One of them is
hypersensitivity to titanium and other one is stress shielding [8,
9]. Titanium also has esthetic problems because it does not
permit light to transmit through it. This is the reason behind
dark shimmer of the peri-implant soft tissue when there is a case
of thin biotype mucosa or mucosal recession around the titanium
implant. This is more problematic in the patient with the high
smile line [10, 11]. The finite element analysis is one of the best
and most frequently used method for stress analysis in the field

. S
of science and industrial researches. This is a three dimensional
finite element analysis which is being used successfully for the
quantitative evaluation of stress on the implant and its
surrounding bone. Therefore, finite element analysis was
selected for this study to examine the effect of implant material
and elastic modulus of dental on the stress distribution at
implant-bone interface. For this study 3-D models of designed
implants were constructed and finite element analysis is planned
to carry out using Ansys 15.0 workbench software [12].
Therefore, it of interest to evaluate the effect of PEEK coating on
stress shielding in dental implant using finite element analysis
and also comparing it with that of Titanium implant and PEEK
implant.

Materials and Methods:

It was an in vitro study aims to evaluate the stress shielding
effect on jaw bone with polyether ether ketone (PEEK) coated
titanium implant, titanium implant and PEEK implant by using
finite element study with the sample size of 12. The study was
conducted by testing models of 3 different types of implants for
evaluating the stress shielding effects on jaw bone on application
of force of 50N, 100N, 150N, 200N depending on 4 different
consistencies of food that is soft, medium, hard and very hard
respectively [13]. The test samples were divided into 3
experimental groups on the basis of different forces applied.

Modeling:

Designing concept of the bone model:

The proposed design concept was created on the basis for the
placement of the dental implant in D2 type of bone. The D2 type
bone model is prepared as D2 bone is encountered in most of the
cases. D2 type of bone is present 65% in anterior mandible, 55%
in posterior mandible and 25% in anterior maxilla. D2 type of
bone has dense to porous cortical and dense trabecular pattern.
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The bone model was designed as the cross section of anterior
mandible with the width ( bucco-lingual) 5.5mm, arch length
(mesio-distal) 7.5mm, bone height ( crest to base) 18mm in UG-
NX software 9 [14].

Designing of implant model:

In this study three types of implants were used as titanium
implant, PEEK coated titanium implant, PEEK implant. The
proposed design concept builds on existing technology for
cylindrical Endosteal root form implants with the internal hex.
Titanium implant model was made in the same software with
diameter of 3.5mm and the length of 11.5mm as this dimension
is often chosen in D2 type of bone dimension in the anterior
mandible [14]. The same dimensions were selected for the PEEK
implant model. For the PEEK coated titanium implant model the
thickness of the PEEK coating is 150 micron was chosen as per
the standard values of electrophoretic position technique (EPD)
which gives fair PEEK coatings [15]. The design was imported
from UG-NX software to the ANSYS software for the finite
element analysis.

Meshing and material assignment to the bone and implant:

In order to do finite element analysis the prepared model was
divided into finite elements to evaluate the stress on applying
the force. The model was discretized into finite elements and the
triangular meshing was chosen as per the geometry of the
model. In order to assure the numerical convergence the most
suitable mesh for the study consisted of 67789 triangular
elements. During the numerical analysis four different types of
materials were used as follows: cancellous bone, cortical bone,
PEEK implant and the coating, titanium.

Application of boundary condition:

The D2 bone was rigidly fixed to the adjacent sides of the same
bone. This made an assembly to simulate the bone (cortical and
cancellous) osseointegrated with the titanium implant and the
PEEK coating. Boundary condition was necessary as when the
force is applied to the model then it will act as free-floating rigid
body as it will undergo translatory or rotatory motion. So to
avoid this some degree of restriction must be provided to obtain
the correct result.

Loading of the implant:

In the study four types of the axial forces were chosen in
accordance with the four types of consistencies of the food as
soft, medium, hard and very hard that were commonly used.

Results:

Table 1 summarizes the mechanical properties assigned to the
materials used in the finite element (FE) model. Ti-6Al-4V
exhibited the highest elastic modulus (110.0 GPa) and density
(443 g/cmd), indicating its high stiffness and strength for
implant components. Cortical bone demonstrated substantially
greater stiffness (16.70 GPa) than cancellous bone (0.155 GPa),
reflecting the mnatural biomechanical differences between
compact and trabecular bone. PEEK showed an intermediate

©Biomedical Informatics (2026)

elastic modulus (3.70 GPa) with the highest Poisson's ratio (0.40),
suggesting greater flexibility and deformation under load. These
material properties enabled realistic simulation of stress
distribution and biomechanical behavior within the FE models.
Table 2 presents the occlusal loads applied in the finite element
analysis to simulate different chewing conditions. Four loading
magnitudes, ranging from 50 N to 200 N, were used to represent
soft, medium, hard, and very hard food, respectively. This
progressive loading protocol enabled evaluation of the
biomechanical behavior and stress distribution of the implant-
supported prosthesis under increasing masticatory forces,
thereby reflecting a range of clinically relevant functional
conditions. Table 3 demonstrates that the von Mises stress
(VMS) increased proportionally with increasing masticatory
force in all implant materials. At every loading condition, the
PEEK-coated titanium implant exhibited the highest VMS,
followed by the titanium implant, whereas the PEEK implant
consistently demonstrated the lowest stress values. Under the
maximum load of 200 N, the VMS reached 33.149 MPa for the
PEEK-coated titanium implant, 28.435 MPa for the titanium
implant, and 19.328 MPa for the PEEK implant, indicating that
PEEK implants may provide more favorable stress distribution
under functional loading.

Table 1: Material properties used in the FE models for the implanted bone

components
Material Elastic modulus (Gpa) Density (g/cm3)  Poisson’s ratio
Cancellous bone  0.155 0.20 0.30
Cortical bone 16.70 1.64 0.30
Peek 3.70 1.30 0.40
Ti-6A-4V 110.0 4.43 0.33

Table 2: Forces for 4 various consistencies of the food

Consistencies Of The Food  Force Applied
Soft food 50N

Medium food 100N

Hard food 150N

Very hard food 200N

Table 3: Von mises stresses for the different consistencies of the food on the
different forces

Consistencies of Titanium PEEK coated titanium PEEK
food implant implant implant
VMS (Mpa) VMS (Mpa) VMS (Mpa)

Soft (50N) 7.108 8.287 4.832
Medium (100N) 14.21 16.575 9.664

Hard (150N) 21.325 24.862 14.496

Very hard (200N) 28.435 33.149 19.328

Discussion:

Titanium and titanium alloys are the most preferable material
for the dental implants due to excellent biocompatibility, good
corrosion resistance and appreciable mechanical properties.
However, these implants still have several impediments like
poor bond strength with the bone; hence the biological fixation
has not been procured. And the mismatch between the elastic
modulus of bone and implant causes stress shielding. For the
long term stability an implant with lower elastic modulus is
considered to be potential to transferring the stress to the
surrounding bones [16, 17]. Despite of the controversial use of
titanium in terms of its corrosion susceptiveness and
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hypersensitivity, titanium is the gold standard and first
accredited material in implantology [18, 19]. Some researchers
have taken many efforts for the development of the better
substitutes for titanium dental and orthopedic implants such as
zirconia which have the property of high modulus of elasticity
and low temperature degradation. There are some polymeric
compounds such as PEEK which is a new additional substitute
[20, 21]. PEEK is the material which has certain advantages over
the titanium because of its low modulus of elasticity. Its color is
beige with a touch of gray which gives more aesthetic
appearance than titanium implant [20, 22]. Thimmappa et al.
demonstrated through three-dimensional finite element analysis
that carbon fiber-reinforced PEEK implants exhibited lower von
Mises stress than unmodified PEEK implants under vertical
(28.53 vs. 34.59 MPa), oblique (44.88 vs. 48.80 MPa), and
combined loading (70.95 vs. 82.90 MPa), indicating superior
biomechanical performance across different bone densities [23].
Thickness of PEEK coating around the cervical area of the
titanium implant can reduce the stress shielding effect. PEEK
coating leads to the reduction in the stiffness of the existing
dental implant and that may result in bone apposition based on
the FEA [12]. In a study proposed by Anguiano-Sanchez et al.
suggested that titanium implant leads to the marginal bone loss
due to disuse atrophy of the bone as per the wolf’s law, due to
its mismatch in the stiffness with the bone. This study supports
the following result of the present study [1]. In a study
conducted by Sarot et al. stated that PEEK shows much better
outcomes than titanium in the terms of orthopedic applications
because of its low rigidity. But it shows some deflection in the
shape on the loading this decreases the load concentration in a
particular area and reduces stress shielding [24]. A previous
study conducted by Korabi et al. investigated that according to
the stress strain failure criteria; the stiffer implant materials
shows wider failure envelopes and as a result increased implant
functionality. In case of soft materials like polymer envelope of
failure decrease to its bare minimum due to excessive implant
distortion which is undesirable [25]. Yoshida et al. reported that
polyetheretherketone (PEEK) dental implants transferred greater
functional loads to the surrounding artificial bone than titanium
implants, thereby reducing stress shielding, while micro-CT
analysis showed that bone porosity had minimal influence on
stress distribution [26]. The aim of this study was to reduce the
stress shielding effect by replacing the titanium implant by the
PEEK coated titanium implant and PEEK implant. In this study
three implant models were designed in the software as PEEK
coated titanium implant, titanium implant and PEEK implant.
According to the different consistencies of the food as soft,
medium, hard and very hard food; the following forces of 50N,
100N, 150N and 200N respectively were applied on the 3
implant models in the ANSYS software workbench 15.0. Finite
element analysis was done to observe the von mises stresses
appearing in the implant and jaw bone. According to the
resulting von mises stress, the stress shielding effects on the jaw
bone were evaluated around the three implant models. The
dimensions of the implant models used in the study were same
and were loaded with the same force in each group. In the

©Biomedical Informatics (2026)

model of the PEEK coated titanium implant with the thickness of
PEEK was 150pum shows very high stress at the interface with the
jaw bone as compared to the titanium implant and the PEEK
implant. The higher stress in this case could be because of the
expectedly less thickness of the PEEK coating. As in the previous
studies they said 500um of the coating thickness gives better
stress shielding results [12]. In the titanium implant model
maximum stress was observed on the implant and bone contact
point on the top of the implant body and rest of the stress is
transferred to all along its body. Due to very high difference
between elastic modulus, maximum amount of the stress get
absorbed by the implant body only and negligible amount of
stress was transferred to the surrounding jaw bone. Very high
stress shielding was observed by the titanium implant due to its
rigidity. Due to this phenomenon the surrounding bone get
disused and marginal bone loss may result and that may lead to
the failure of the implant. In the PEEK implant model, very less
stress was observed at the interface of bone and implant as
compared to the PEEK coating titanium implant and titanium
implant. The PEEK has modulus of elasticity closed to that of the
bone [1, 12]. PEEK is very less stiff as compared to the titanium
and due to this reason it shares more of the stress with the jaw
bone and does not absorb it in all along the body of the implant.
Very minimum stress shielding was observed with the PEEK
implant as compared to titanium and PEEK coated titanium
implant. This was the very favorable result with respect to the
PEEK implant. In the PEEK implant model, some deflection in
the shape was observed. Because of its higher deformation on
the loading, the stress distribution area increases and decrease in
load concentration results. In the dental implantology there is a
rigid bonding between implant and bone. Therefore, there is no
expansion by deformation noted. Such deformations are
inherent in the PEEK and significantly concentrate more stress in
the implant neck; presents a different functional behavior [13].
For the PEEK coated titanium implant the stress shielding was
very high as compared to other two types of implants in this
study, so the thickness of the coating should always be taken in
to the consideration.

Conclusion:

We show that titanium implants exhibit poor stress distribution
to the jaw bone, contributing to bone loss and reduced implant
longevity. PEEK implants demonstrated superior load transfer
and minimized stress shielding, suggesting enhanced
biomechanical compatibility and an extended functional
lifespan. Further investigation into PEEK-coated titanium
implants is warranted to optimize coating thickness and process
parameters for improved stress behavior under varied loading
conditions.
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