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ABSTRACT

OBJECTIVE: To explore the stress distribution on the bone-
implant structures caused by the Polyetheretherketone 
(PEEK), Polyetherketoneketone (PEKK), and titanium 
fixture/abutments by using the three-dimensional (3D) 
finite element analysis (FEA).

MATERIALS AND METHODS: Six models composed of titanium, 
PEEK, and PEKK implant/abutments under vertical (250 
N) and 45˚ oblique (100 N) loading were studied. The 
obtained principal and von Mises stress values from the 
models were evaluated.

RESULTS: von Mises stresses were found to be highest 
in titanium implants and abutments under vertical and 
oblique loads. Extremely increased stress values were 
observed in the screws of the Polyaryletherketone (PAEK) 
models compared to titanium models. Lower principal 
stresses were observed in titanium models than in PAEK 
models in the cancellous and cortical bone under vertical 
and oblique loads. 

CONCLUSION: PAEKs transmitted more stress to the peri-
implant bone. Stress distribution in titanium models was 
more homogenous while stress concentrated in the bone 
adjacent to the coronal part of the implants and neck of 
the implants in PAEKs. 
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INTRODUCTION

With the developments in the biomedical era 
rehabilitation of tooth loss with implant-supported 
restorations (ISR) has become a predictable 
treatment option with high clinical success and patient 
satisfaction.1-3 The long-term success of ISR is closely 
associated with the manner of stress dissipation at the 
bone-implant interface since, due to a lack of periodontal 
ligament, the occlusal loads are directly transferred by 
the implant to the bone.4 Besides, a certain amount of 
stress is required to maintain a healthy bone-implant 
interface; if the loads transferred to the bone remain 
below the level to induce remodelling or exceed its 
carrying capacity, it may lead to failure of the implant. 
Thus, the provision of adequate stress dissipation is 
crucial for the long term survival of ISRs.5,6 

Stress dissipation in ISR is strictly associated 
with the characteristics and mechanical behaviours of 
the implant and the restorative materials.5 Currently, 
titanium is still the gold standard and the most widely 
preferred material in dental implantology due to its 
biocompatibility and osseointegration capacity.3 
However, the elasticity modulus of titanium which is 
higher than that of the bone poses a challenge. This 
mismatch between the elasticity modulus of titanium 
and bone is considered to generate high stress at 
the bone-implant interface in function and lead to 
resorption in the peri-implant bone because of stress 
shielding.7,8 Also, titanium has drawbacks like plaque 
accumulation affinity, leading to corrosion, scattering 
during radiographic imaging, causing allergic or local 
tissue reactions, and having non-aesthetical color.7,9 

To overcome the shortcomings of titanium, zirconia-
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ceramic was proposed for dental implant applications 
as a metal-free alternative. Zirconia has favourable 
biocompatibility along with lower plaque accumulation 
and has enough strength against masticatory loads. 
Although the osseointegration capacity and survival 
of zirconia are similar to titanium, disadvantages of 
zirconia are high elasticity modulus, brittleness aging, 
and implant-degradation.3,8,10  

Polyaryletherketones (PAEKs) have become 
an area of interest in the field of implantology as a 
response to the growing need for new materials that 
have mechanical characteristics similar to that of 
bone. PAEKs are thermoplastic polymers, that have 
been increasingly used in orthopedics, traumatology, 
spinal, neurosurgical, cardiovascular, and craniofacial 
surgical procedures due to their biocompatibility, 
excellent mechanical strength, and radiolucency 
since the 1990s.8,11,12 One of the representatives of 
this family, Polyetheretherketone (PEEK) is a high-
performance thermoplastic polymer that has taken the 
place of metallic implant components in the fields of 
traumatology and orthopedics since 1998.13 PEEK has 
been popular in dentistry with its several advantages, 
including having an elastic modulus (3.6 GPa) closer 
to that of bone that can be modified by reinforcing it 
with carbon fibers  to achieve a modulus of 18 GPa 
similar to that of cortical bone, esthetic appearance, 
having low plaque affinity, physical and chemical 
stability, and corrosion resistance.7,12,14  PEEK has 
been used in dental applications more commonly as an 
alternative material in healing abutments and prosthetic 
dental components.9,15 Polyetherketoneketone (PEKK 
Cendres + Métaux SA, Biel / Bienne, Switzerland) 
is another member of the PAEK family which was 
introduced more recently as an improved material 
having more ketone groups than PEEK. It was reported 
revealing higher strength and thermal stability, better 
fatigue, the versatility of surface modification, and 
higher structural variation than PEEK.11,16,17 In the 
dental field PEKK has been used in the manufacturing 
of frameworks.15,17 

Mechanical and physical characteristics of implant 
material have an important role in stress distribution. It 
is considered that materials with stiffness closer to the 
bone might lead to better stress distribution and also, 
may reduce the stress shielding effect.5,8 Thus, PEEK 
and PEKK seem to be valid alternatives to titanium 
in dental implant applications. Good osteointegration 
properties are essential for the long-term stability of 
an orthopedic/dental implant planned to be used.18 

However, it has been reported in some previous studies 
that fibrous encapsulation may form at the interface 
between PAEK implants and bone, which may lead 
to clinical instability under load-bearing conditions.19,20 

Some in vitro and in vivo animal studies have been 
reported in which the osteointegration property of 
PEEK was improved by using methods such as 
composites containing bioactive fillers (hydroxyapatite, 
beta-tricalcium phosphate, and bioactive glasses), 

surface modification by physical or chemical methods 
(plasma-sprayed titanium coating, oxygen plasma 
and sandblasting), and scaffolds consisting of three-
dimensional porous structures.11,21-24

Finite element analysis (FEA) has been used in 
dentistry to simulate different anatomical structures 
and clinical conditions through a mathematical model 
without the risk and expense for many years. It can 
widely be used to evaluate the effects of masticatory 
forces on dental implants and jaw bones. Different 
stress analyses are conducted for ductile and brittle 
materials. The von Mises stress analysis is used for 
ductile materials, while the maximum and minimum 
principal stress analyses are used for brittle materials. 
The von Mises stress is commonly used as a stress 
metric. Maximum principal stress defines the maximum 
tensile stress, and minimum principal stress defines the 
maximum compressive stress.4,25

To the best of our knowledge, there is no study 
evaluating the biomechanically PEKK as an implant 
material. Also, in the literature evidence is scarce 
in terms of the usage of the PEEK as an alternative 
material in dental implantology. Therefore, this study 
aims to explore the stress distribution on the adjacent 
bone tissue and implant structures caused by the 
PEEK, PEKK, and titanium fixture/abutments by using 
the three-dimensional (3D) finite element analysis 
(FEA). The null hypothesis of the present study was 
that the implant material being PEEK, PEKK or titanium 
would not affect the stress distribution on the adjacent 
bone tissue and implant structures.

MATERIALS AND METHODS 

FEA models

In this study six models were constructed: 

Model 1A: Titanium implant with titanium abutment and 
connecting screw, and vertical load

Model 1B: Titanium implant with titanium abutment and 
connecting screw, and 45˚ oblique load

Model 2A: PEEK implant with PEEK abutment and 
titanium connecting screw, and vertical load

Model 2B: PEEK implant with PEEK abutment and 
titanium connecting screw, and 45˚ oblique load

Model 3A: PEKK implant with PEKK abutment and 
titanium connecting screw, and vertical load

Model 3B: PEKK implant with PEKK abutment and 
titanium connecting screw, and 45˚ oblique load 

Vita Enamic (VITA Zahnfabrik Bad Sackingen, 
Germany) was used as a crown material in all models.

Solid models 

A maxillary bone model obtained by cone-beam 
tomography (KaVo OP 3D Vision, Imaging Sciences 
International LLC, USA) was used in this study. 
Modeling of the maxillary bone with a 1 mm cortical 
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and backward trabecular bone was performed in 
3D modelling software (SolidWorks 15, SolidWorks 
Corporation, Waltham, MA, USA). The 3D models of 
a 4.1-10 mm bone-level implant (T6 4110), a standard 
straight abutment (T6 SD045), and a connection 
screw (T6 16000) were supplied from the NucleOSS 
(Nucleoss, Izmir, Türkiye).  For the modeling of the 
crown the sizes and images of the upper first molar 
tooth were taken from Wheeler’s Dental Anatomy 
Atlas.26 With the same software, for the simulation of 
in vivo conditions the ISRs were placed in the right first 
molar region of the maxilla (Fig. 1). 

FEA

The model was exported to ANSYS 13 Workbench 
software (Swanson ANSYS Inc, Houston, PA, USA). 
Three-dimensional meshes were obtained by using 
ten-node tetrahedral elements for all solid models (Fig. 
2).  The FE model consists of 4994287 nodes and 
3646665 elements. To simulate 100% osseointegration 
the implants were simulated as rigidly attached to the 
bone. FE analyses were conducted on a desktop with 
Intel Core i7-4790 eight-core processor and 16 GB 
RAM. Each analysis took approximately 45 minutes of 
CPU time.

Properties of the materials

In the present study, all models were treated to 
be homogeneous, isotropic, and linear elastic and 
considered to be in continuous contact with each 
other. An identical and 100 % bone-implant contact 
was assumed for all models studied.  The implant-
bone interface is assumed identical for all models. The 
properties of materials were obtained from the previous 
studies and the manufacturers (Table 1). Models are 
restricted without movement in the x, y, and z axes.

Loading conditions

The applied forces were static. At vertical load condition, 
250 N force applied to five surfaces. At oblique load 
condition (45˚), 100 N force was applied to two surfaces 
(50 N per surface) (Fig. 3).27,28

Figure 1. 3D modeling of maxillary cortical and trabecular bones, implant, 
abutment, screw, and crown. 

Table 1. Material properties used in the FEA

Geometry Young Modulus [GPa] Poisson Ratio

Cortical bone 13.740 0.340

Cancellous bone 1.3740 0.340

Crown (Vita Enamic) 304 0.2341

Abutment and Implant (PEEK) 5.1* 0.362*

Abutment and Implant (PEKK) 5.1* 0.4*

Abutment and Implant (Titanium) 11040 0.3540

Screw (Titanium) 11040 0.3540

Figure 2. 3D mesh of the complete model with elements and nodes showing 
the dimensions of the implant, abutment, screw, and cortical bone.

*: Values obtained from manufacturer
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minimum principal stress value under vertical loads 
was observed in the titanium model (-30.28 MPa). In 
all models, stress is concentrated in the cortical bone 
adjacent to the implant neck under vertical load (Fig. 
5, Table 2).

In oblique loading, titanium models showed lower 
maximum (54.18 MPa) and minimum (48.45 MPa) 
principal stresses compared to the PEKK (144.14 MPa; 
-176.36 MPa) and PEEK (141.6 MPa; -177.57 MPa) 
models. Stress concentration was observed more 
dominantly in the cortical bone around the implant 
neck in PEEK and PEKK models. In the titanium model 
more homogenous stress distribution was observed in 
cortical bone (Fig. 5, Table 2).

Cancellous bone

In cancellous bone, lower stress values compared 
to the cortical bone were observed in all models. 
Similar principal stress values under vertical load were 
observed in PEEK (21.93MPa; -5.92 MPa) and PEKK 
(22.45 MPa; -5.94 MPa) models. Lower maximum and 
similar minimum principal stress values under vertical 
load were observed in the titanium model under vertical 
load (10.66MPa; -6.53 MPa). Higher minimum principal 
stress concentration was observed in the apical region 
of the implant in the titanium model while seen around 
the neck of the implant in PAEK models. The maximum 
principal stress distribution was observed more 
homogenous in the titanium model for cancellous bone 
compared to PAEK models (Fig. 6, Table 2).

Under oblique loading, PEEK (23.69MPa; -16.45 
MPa) and PEKK (24.90 MPa; -17.26 MPa) models 
showed similar principal stress values. The titanium 
model exhibited the lowest principal stress values 
(9.57MPa; -5.70 MPa). More homogenous stress 
distribution was observed in the titanium model while 
in PEEK and PEKK models maximum and minimum 
principal stress concentrated in the bone adjacent to 
the neck region of the implants (Fig. 6, Table 2).

RESULTS

Von Mises stress in implants, abutments, and 
screws 

Von Mises stresses were found to be highest in titanium 
implant (135.69 MPa; 400.1 MPa) while lower and 
similar stress values were observed in PEEK (86.90 
MPa; 270.48 MPa) and PEKK (87.38 MPa; 268.15 MPa) 
implants under vertical and oblique loads, respectively. 
Although stress was more homogeneously distributed 
in titanium implants under both vertical and oblique 
forces, the highest stress value was observed in the 
neck region of the implant model compared to PAEKs 
(Fig. 4, Table 2). 

Regarding abutments, stress concentration was 
observed in the implant-abutment connection area of 
the abutments in all models. Abutments in the titanium 
implant models (172.96 MPa; 523.46 MPa) showed 
the highest von Mises stress compared to the PAEK 
models (PEEK:99.71 MPa; 256.55 MPa/ PEKK:95.96 
MPa; 252.45 MPa) under vertical and oblique loads 
(Fig. 4, Table 2).

In terms of the titanium screws in all models, the 
highest von Mises stress was observed in the PEEK 
model under vertical and oblique loads (411.13 MPa; 
1290 MPa). Similar values were also found in the PEKK 
model under vertical and oblique loads (402.12 MPa; 
1259.5 MPa). Screws in the titanium model exhibit 
the lowest von Mises stress values (73.65 MPa; 165.6 
MPa) under vertical and oblique loads, respectively. 
A dramatically increased stress value was observed 
under the oblique loading in the screws of the PAEK 
models compared to titanium (Fig. 4, Table 2).

Principal stress in the bone

Cortical bone

Similar maximum principal stress values were observed 
in all models under vertical loading in titanium (42.97 
MPa), PEEK (42.66 MPa), and PEKK (43.17 MPa) 
models. Similar minimum principal stress values under 
vertical loads were observed in PEEK (-52.68 MPa) 
and PEKK (-52.38 MPa) models. Also, the lowest 

Figure 3. Boundary conditions and application of load. A, 250 N load in the vertical direction (arrow). B, 100 N load in oblique (45˚) direction (arrow).
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Figure 4. von Mises stress values in study models.

Table 2. FEA results in terms of critical stress values

Geometry Stress [MPa] Titanium PEEK PEKK 
Model 1A Model 1B Model 2A Model 2B Model 3A Model 3B
Vertical Oblique Vertical Oblique Vertical Oblique

Cortical bone Max. Principal 42.975 54.189 42.664 141.6 43.178 144.14
Min. Principal -30.284 -48.455 -52.682 -177.57 -52.385 -176.36

Cancellous bone Max. Principal 10.665 9.5798 21.933 23.696 22.455 24.909
Min. Principal -6.5392 -5.7039 -5.9292 -16.452 -5.9449 -17.262

Abutment Max. von Mises 172.96 523.46 99.713 256.55 95.964 252.45

Screw Max. von Mises 73.659 165.6 411.13 1290 402.12 1259.5
Implant Max. von Mises 135.69 400.1 86.901 270.48 87.384 268.15



© 2025 Küçükekenci et al Acta Odontol Turc 2025;42(2):65-74

Stress distribution of PAEKs implants70

Figure 5. Maximum and Minimum principal stress values in the cortical bone under vertical and oblique loading regarding study models.
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Figure 6. Maximum and Minimum principal stress values in cancellous bone under vertical and oblique loading regarding study models.
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DISCUSSION

The usage of PAEK polymers with an elasticity modulus 
closer to the bone is nowadays popular in implantology 
with an expectation of creating better stress distribution 
and prevention of stress shielding effect caused by 
stiffer materials like titanium. The promising reports in 
orthopedics, spinal applications, and traumatology13,29,30, 

give rise to the idea of using these materials in dental 
implantology, and the current paradigm favors the 
materials with lower Young’s modulus.6 However, 
the evidence is still not enough for a generalized 
conclusion since the occurrence of stress shielding in 
dental implantology and the applicability of this concept 
in jawbones lack a clear reference.6,31 Limited number 
of studies explored stress distribution caused by these 
materials in dental implantology.3,5,6,12,32

This study aimed to determine the effect of 
replacing titanium with PAEKs as an implant/abutment 
material on stress distribution. To accomplish this goal, 
we used FEA, which is an effective way to explore 
mechanical behavior and the feasibility of the materials. 
By creating simpler geometries from a complex 
geometry with known boundary conditions, stress 
distribution on dental implants, surrounding bone, and 
restorative elements during function can be predicted 
by FEA.4,5 Due to the complex structure of ISR and, 
the complicated relation between the components, 
a great number of elements are needed to simulate 
the load transfer accurately.5 A model with 3 646 665 
elements was used for the simulations in this study. 
Bite forces are widely variable among people.12,33 Thus, 
representing real clinical condition in vitro is certainly 
difficult.32 Different bite forces with different angulations 
applied in previous studies.5,12,25,32,34,35 To simulate the 
real function we applied 250 N vertical and 100N (45°) 
oblique static loads on the maxillary first molar tooth’s 
occlusal surface.27,28

According to results of the present study, the null 
hypothesis was rejected. Both vertical and oblique 
loading higher von Mises stress was observed on 
implant and abutment in the titanium models. Lower 
and similar stress values were observed in PEEK and 
PEKK models. In all models, abutments exhibit more 
stress values when compared to the implants except 
abutments of PEEK and PEEK models in oblique 
loading. Bataineh and Al Janaideh5 found higher von 
Mises values in the titanium fixture/abutment model 
than the Carbon-fiber-reinforced polyetheretherketone 
(CFR-PEEK) model within both models’ abutments 
show higher stress values than implants under oblique 
loading. Sarot et al.32 however, found higher von Mises 
values in CFR-PEEK fixture and lower values seen in 
CFR-PEEK abutment compared to the titanium fixture/
abutment model under vertical and oblique loads. They 
observed a more homogeneously distributed stress in 
the titanium model. In the study of Schiwalla et al.12 
while similar von Mises stresses were observed in 
Titanium and CFR-PEEK fixture/abutment models, 

PEEK caused higher von Mises stress against 100N 
(vertical and oblique) loading. The authors think that a 
possible explanation of this result is the underestimation 
of the viscous damping effect of the PEEK which results 
in stress relaxation, because of the simplification of the 
FEA by assuming the materials to be linearly elastic 
and isotropic.

Although better stress distribution is expected in 
models with lower elasticity modulus, in some previous 
studies, it is reported that the occlusal loads lead 
tendency to higher stress in the implant neck of both 
titanium, PEEK, and CFR-PEEK models.5,12  Similar 
to these studies, in the present study, higher stress 
concentration in the implant neck was both observed in 
titanium, PEEK, and PEKK models. Sarot et al.32 found 
higher load concentration limited area of the neck in 
the CFR-PEEK model, while a more homogenous 
distribution was observed by the authors in titanium 
models. The authors attributed this result to the fact that 
despite the orthopedic applications, implant and bone 
have a rigid bond that leads to inherent deformation 
in CFR-PEEK, which causes a concentration of more 
stress in the implant neck. In this study, although 
more homogeneous stress distribution was observed 
in titanium implants under both vertical and oblique 
forces, the stress value in the neck region of the implant 
was higher compared to PAEKs.

Regarding the prosthetic screw, Tretto et al.3 

reported that the ideal adaptation of the abutment and 
implant leads to lower stress in the screw making the 
material of the abutment is not relevant. However, in 
this study, higher stress values were also found in 
screws of PEEK and PEKK models, which concentrated 
at the neck region compared to the titanium model. 
This difference in the results may be caused by the 
difference between the designs and the implant-
abutment connection type between the studies. Also, 
maybe originated from that in PEEK and PEKK models 
the stiffer material is the prosthetic screw and it absorbs 
most of the stress generated. 

Because of the increased deformation tendency of 
the materials to have a lower modulus of elasticity under 
loads higher stress was transmitted to the adjacent peri-
implant bone.3 In the study of Lee et al.8 higher stress 
values were found in the peri-implant bone adjacent to 
the material with lower elasticity (PEEK) while lower 
stress was observed in stiffer materials (zirconia and 
titanium) against vertical and horizontal loading. 
According to these researchers’ PEEK implants or 
PEEK coating may reduce the stress shielding effect. 
Korabi et al.6 in their study conducted with the failure 
envelope concept claimed the opposite and refused 
the paradigm favoring materials with lower elasticity 
modulus. In some studies, stress distribution in peri-
implant bone was found similar in titanium and CFR-
PEEK while lower than in pure PEEK.5,12 Regarding 
stress in peri-implant bone in this study similar values 
were observed in all models for cortical bone in vertical 
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loading. However, in oblique loading PEEK and PEKK 
exhibit, higher stress values concentrated in the upper 
bone-implant interface of cortical bone compared to the 
titanium. Cancellous bone exhibits lower stress than 
cortical bone in all models. Observed stress values 
in peri-implant bone may differ among the studies 
regarding the assumption that the bone isotropic or 
anisotropic. As an anisotropic material, the physical 
properties of bone are affected by the direction.36 
In the present study, the bone was assumed to be 
isotropic, linear elastic, homogeneous, and also 100 % 
osseointegration assumed. These do not demonstrate 
real clinical conditions. However, it is reported that 
the results of 100 % osseointegration and nonlinear 
contacts between bone-implants are similar.37

The transfer of the forces to the implants and the 
surrounding bone is direction dependent. A non-
axial load that generates bending moment and leads 
to higher stress is more harmful while axial loads 
are well-tolerated.5 In terms of the off axis loading in 
concordance with the literature higher stress values 
in bone and implant structures were observed in all 
models of this study.

In this study, the vertical loads applied at and near 
the center of the tooth were divided between the buccal 
and palatal cusps, and the oblique loads were applied 
directly to the buccal ridge, so the vertical and oblique 
load intensities were not equal. Increased stress levels 
in peripheral bone and prosthetic components have 
also been reported with oblique loading. For long-term 
survival, occlusal interference must be eliminated, and 
optimal occlusal harmony for centric and eccentric 
movements must be ensured.4,38,39

This study has some limitations that should be 
considered when interpreting the results. Since this is 
an FEA study it only provides a mechanical review and 
could not demonstrate real clinical conditions and forces 
during chewing, since the patient may have different 
bite forces and frequency of chewing when the implant 
is under use. On other hand, the material properties 
were assumed to be homogeneous, isotropic, and 
linearly elastic, but that may not necessarily reflect the 
practical case.

CONCLUSION

PAEKs transmit higher forces to the peri-implant bone 
while exhibiting lower stress in implant and abutment 
compared to titanium, especially in oblique loading. 
Stress distribution in titanium models was more 
homogenous, however, stress concentration in the bone 
adjacent to the coronal part of the implant and neck of 
the implants were observed in PAEKs. In all conditions, 
PAEK models showed similar behavior against loads. 
It is required to determine the occurrence of stress 
shielding in dental implantology and the applicability of 
this concept in jawbones to determine the advantages 
and real feasibility of PAEKs in dental implantology.

ACKNOWLEDGEMENT

This study was presented as an e-poster at the 30th Annual 
European Association of Osseointegration Congress 2023, 
Berlin, Germany.

REFERENCES

1. Wang Y, Baumer D, Ozga AK, Korner G, Baumer A. Patient 
satisfaction and oral health-related quality of life 10 years after implant 
placement. BMC Oral Health 2021;21:30.

2. Neumann EA, Villar CC, Franca FM. Fracture resistance of abutment 
screws made of titanium, polyetheretherketone, and carbon fiber-
reinforced polyetheretherketone. Braz Oral Res 2014;28: S1806.

3. Tretto PHW, Dos Santos MBF, Spazzin AO, Pereira GKR, Bacchi 
A. Assessment of stress/strain in dental implants and abutments of 
alternative materials compared to conventional titanium alloy-3D non-
linear finite element analysis. Comput Methods Biomech Biomed Engin 
2020;23:372-83.

4. Kaleli N, Sarac D, Kulunk S, Ozturk O. Effect of different restorative 
crown and customized abutment materials on stress distribution in 
single implants and peripheral bone: A three-dimensional finite element 
analysis study. J Prosthet Dent 2018;119:437-45.

5. Bataineh K, Al Janaideh M. Effect of different biocompatible implant 
materials on the mechanical stability of dental implants under excessive 
oblique load. Clin Implant Dent Relat Res 2019;21:1206-17.

6. Korabi R, Shemtov-Yona K, Rittel D. On stress/strain shielding and 
the material stiffness paradigm for dental implants. Clin Implant Dent 
Relat Res 2017;19:935-43.

7. AlOtaibi N, Naudi K, Conway D, Ayoub A. The current state of PEEK 
implant osseointegration and future perspectives: a systematic review. 
Eur Cell Mater 2020; 40:1-20.

8. Lee WT, Koak JY, Lim YJ, Kim SK, Kwon HB, Kim MJ. Stress 
shielding and fatigue limits of poly-ether-ether-ketone dental implants. 
J Biomed Mater Res B Appl Biomater 2012;100:1044-52.

9. Knaus J, Schaffarczyk D, Colfen H. On the Future Design of Bio-
Inspired Polyetheretherketone Dental Implants. Macromol Biosci 
2020;20:1900239.

10. Zhang F, Meyer Zur Heide C, Chevalier J, Vleugels J, Van 
Meerbeek B, Wesemann C, et al. Reliability of an injection-moulded 
two-piece zirconia implant with PEKK abutment after long-term thermo-
mechanical loading. J Mech Behav Biomed Mater 2020; 110:103967.

11. Yuan B, Cheng Q, Zhao R, Zhu X, Yang X, Yang X, et al. 
Comparison of osteointegration property between PEKK and PEEK: 
Effects of surface structure and chemistry. Biomaterials 2018; 170:116-
26.

12. Schwitalla AD, Abou-Emara M, Spintig T, Lackmann J, Muller WD. 
Finite element analysis of the biomechanical effects of PEEK dental 
implants on the peri-implant bone. J Biomech 2015;48:1-7.

13. Kurtz SM, Devine JN. PEEK biomaterials in trauma, orthopedic, 
and spinal implants. Biomaterials 2007;28:4845-69.

14. Ramenzoni LL, Attin T, Schmidlin PR. In Vitro Effect of Modified 
Polyetheretherketone (PEEK) Implant Abutments on Human Gingival 
Epithelial Keratinocytes Migration and Proliferation. Materials (Basel) 
2019;12:1401.

15. Dawson JH, Hyde B, Hurst M, Harris BT, Lin WS. 
Polyetherketoneketone (PEKK), a framework material for complete 
fixed and removable dental prostheses: A clinical report. J Prosthet 
Dent 2018;119:867-72.

16. Hu X, Mei S, Wang F, Qian J, Xie D, Zhao J, et al. Implantable 
PEKK/tantalum microparticles composite with improved surface 
performances for regulating cell behaviors, promoting bone formation 
and osseointegration. Bioact Mater 2021;6:928-40.

17. Sun F, Shen X, Zhou N, Gao Y, Guo Y, Yang X, et al. A speech bulb 
prosthesis for a soft palate defect with a polyetherketoneketone (PEKK) 
framework fabricated by multiple digital techniques: A clinical report. J 
Prosthet Dent 2020;124:495-99.

18. Abdullah MR, Goharian A, Abdul Kadir MR, Wahit MU. 
Biomechanical and bioactivity concepts of polyetheretherketone 
composites for use in orthopedic implants-a review. J Biomed Mater 
Res A 2015;103:3689-702.



© 2025 Küçükekenci et al Acta Odontol Turc 2025;42(2):65-74

Stress distribution of PAEKs implants74

19. Kersten RF, van Gaalen SM, de Gast A, Öner FC. 
Polyetheretherketone (PEEK) cages in cervical applications: a 
systematic review. Spine J 2015;15:1446-60.

20. Togawa D, Bauer TW, Lieberman IH, Sakai H. Lumbar intervertebral 
body fusion cages: histological evaluation of clinically failed cages 
retrieved from humans. J Bone Joint Surg Am 2004;86:70-9.

21. von Wilmowsky C, Vairaktaris E, Pohle D, Rechtenwald T, Lutz R, 
Münstedt H, et al. Effects of bioactive glass and beta-TCP containing 
three-dimensional laser sintered polyetheretherketone composites on 
osteoblasts in vitro. J Biomed Mater Res A 2008;87:896-902.

22. Walsh WR, Bertollo N, Christou C, Schaffner D, Mobbs RJ. Plasma-
sprayed titanium coating to polyetheretherketone improves the bone-
implant interface. Spine J 2015;15:1041-9.

23. Xu A, Liu X, Gao X, Deng F, Deng Y, Wei S. Enhancement of 
osteogenesis on micro/nano-topographical carbon fiber-reinforced 
polyetheretherketone-nanohydroxyapatite biocomposite. Mater Sci 
Eng C Mater Biol Appl 2015;48:592-8.

24. Torstrick FB, Evans NT, Stevens HY, Gall K, Guldberg RE. Do 
Surface Porosity and Pore Size Influence Mechanical Properties and 
Cellular Response to PEEK? Clin Orthop Relat Res 2016;474:2373-83.

25. Akca K, Iplikcioglu H. Finite element stress analysis of the influence 
of staggered versus straight placement of dental implants. Int J Oral 
Maxillofac Implants 2001;16:722-30.

26. Nelson SJ, Ash M, M. Wheeler’s dental anatomy, physiology and 
occlusion-e-book. Occlusion. Elsevier Health Sciences 2014;9 275-
307.

27. Morneburg TR, Pröschel PA. Measurement of masticatory forces 
and implant loads: a methodologic clinical study. Int J Prosthodont 
2002;15:20-7.

28. Vidya Bhat S, Premkumar P, Kamalakanth Shenoy K. Stress 
Distribution Around Single Short Dental Implants: A Finite Element 
Study. J Indian Prosthodont Soc 2014;14:161-7.

29. Akhavan S, Matthiesen MM, Schulte L, Penoyar T, Kraay MJ, 
Rimnac CM, et al. Clinical and histologic results related to a low-
modulus composite total hip replacement stem. J Bone Joint Surg Am 
2006;88:1308-14.

30. Brantigan JW, Neidre A, Toohey JS. The Lumbar I/F Cage for 
posterior lumbar interbody fusion with the variable screw placement 
system: 10-year results of a Food and Drug Administration clinical trial. 
Spine J 2004;4:681-8.

31. Wiskott HW, Belser UC. Lack of integration of smooth titanium 
surfaces: a working hypothesis based on strains generated in the 
surrounding bone. Clin Oral Implants Res 1999;10:429-44.

32. Sarot JR, Contar CM, Cruz AC, de Souza Magini R. Evaluation 
of the stress distribution in CFR-PEEK dental implants by the 
three-dimensional finite element method. J Mater Sci Mater Med 
2010;21:2079-85.

33. Gomes SG, Custodio W, Faot F, Cury AA, Garcia RC. Chewing 
side, bite force symmetry, and occlusal contact area of subjects with 
different facial vertical patterns. Braz Oral Res 2011;25:446-52.

34. Ciftci Y, Canay S. The effect of veneering materials on stress 
distribution in implant-supported fixed prosthetic restorations. Int J Oral 
Maxillofac Implants 2000;15:571-82.

35. Fontijn-Tekamp FA, Slagter AP, Van Der Bilt A, Van ‘T Hof MA, 
Witter DJ, Kalk W, et al. Biting and chewing in overdentures, full 
dentures, and natural dentitions. J Dent Res 2000;79:1519-24.

36. Liao SH, Tong RF, Dong JX. Influence of anisotropy on peri-implant 
stress and strain in complete mandible model from CT. Comput Med 
Imaging Graph 2008;32:53-60.

37. Ding X, Zhu XH, Liao SH, Zhang XH, Chen H. Implant-bone 
interface stress distribution in immediately loaded implants of different 
diameters: a three-dimensional finite element analysis. J Prosthodont 
2009;18:393-402.

38. Takahashi JMFK, Dayrell AC, Consani RLX, de Arruda Nobilo MA, 
Henriques GEP, Mesquita MF. Stress evaluation of implant-abutment 
connections under different loading conditions: a 3D finite element 
study. J Oral Implantol 2015;41:133-7.

39. de Faria Almeida DA, Pellizzer EP, Verri FR, Santiago JF Jr, de 
Carvalho PSP. Influence of tapered and external hexagon connections 
on bone stresses around tilted dental implants: three-dimensional finite 
element method with statistical analysis. J Periodontol 2014; 85:261-9.

40. Sevimay M, Turhan F, Kılıçaslan MA, Eskitasçıoglu G. Three-
dimensional finite element analysis of the different bone quality on 
stress distribution in an implant-supported crown. J Prosthet Dent 
2005; 93:227-34.

41. Della Bona A, Corazza PH, Zhang Y. Characterization of a polymer-
infiltrated ceramic-network material. Dent Mater 2014; 30:564-9.

Poliarileterketonlardan yapılmış implantların 
stres dağılımı: 3 boyutlu Sonlu Elemanlar 
Analizi

ÖZET

AMAÇ: Bu çalışmanın amacı, üç boyutlu (3D) sonlu 
elemanlar analizi (SEA) kullanarak Polietereterketon 
(PEEK), Polieterketonketon (PEKK) ve titanyum implant/
dayanakların kemik-implant yapılarında neden olduğu 
stres dağılımını araştırmak.

GEREÇ VE YÖNTEM: Dikey (250 N) ve 45˚ oblik (100 N) yükleme 
altında titanyum, PEEK ve PEKK implant/dayanaklardan 
oluşan 6 model üzerinde çalışıldı. Modellerden elde edilen 
principal ve von Mises stres değerleri değerlendirildi.

BULGULAR: von Mises gerilme değerlerinin dikey ve oblik 
yükler altında titanyum implantlarda ve dayanaklarda 
en yüksek olduğu bulundu. Poliarileterketon (PAEK) 
modellerin vidalarında titanyum modellere göre son 
derece yüksek stres değerleri gözlendi. Dikey ve oblik 
yükler altında spongioz ve kortikal kemikte titanyum 
modellerde PAEK modellerine göre daha düşük principal 
gerilim değerleri gözlendi.

SONUÇ: PAEK’ler implant çevresindeki kemiğe daha 
fazla stres aktardı. Titanyum modellerde stres dağılımı 
daha homojen iken PAEK’lerde stres implantların 
koronal kısmına komşu kemikte ve implant boynunda 
yoğunlaşmıştır.

ANAHTAR KELİMELER: Dental stres analizi, diş implantları, 
elastik katsayı, polimerler. 


