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Abstract
Background. Polyetheretherketone (PEEK) is a  new material that was introduced for the fabrication 
of  implants and their superstructure along with other available materials. It is not yet known whether 
the carbon fiber-reinforced polyetheretherketone (CFR-PEEK) material can be used as an implant and its 
superstructure in place of titanium (Ti).

Objectives. The study evaluated stress distribution around CFR-PEEK implants and Ti implants with 
5 different prosthetic crowns. 

Material and methods. A three-dimensional (3D) model of a bone block was created to represent the 
right maxillary premolar area with a bone-level implant system with 100% osseointegration, using the 
Ansys Workbench software, v. 15.0. In total, 10 3D finite element analysis (FEA) models were created. The 
models were divided into 2 groups according to the type of  implant: the CFR-PEEK group (n = 5); and 
the Ti group (n = 5). Each group was subdivided to imitate 5 different restorative crown materials (PEEK, 
zirconia, porcelain fused to metal (PFM), metal, and acrylic resin). Each implant model was loaded verti-
cally (200 N) and obliquely (100 N). Stress distribution in the implants, the abutments, the cement layers, 
and the crowns was evaluated using the von Mises stress analysis. Maximum and minimum principal stress 
analyses were used to determine the stress generated in the bone.

Results. The CFR-PEEK implants bore more stress in vertical and oblique loading as compared to the Ti 
implants. The stress generated in the bone with the CFR-PEEK implants was similar to that generated with 
the Ti implants under vertical loading. Under oblique loading, less stress was transferred to the bone with 
the CFR-PEEK implants as compared to the Ti implants, showing better adaptation of the CFR-PEEK im-
plants to lateral stress.

Conclusions. In this FEA study, the amount of stress generated within the bone in the case of the CFR-PEEK 
implants with different restorative crowns was smaller in comparison with the Ti implants in oblique load-
ing. This could help reduce lateral stress on implants as well as crestal bone loss.
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Introduction
Dental implant-supported prostheses are becoming the 

preferred treatment option in dentistry to replace miss-
ing teeth due to their long-term survivability and proven 
advantages.1,2 The pattern of  stress distribution during 
mastication differs in implants, as the forces are directly 
transferred to the adjacent surrounding bone, which plays 
a vital role in the success of  implants.3,4 The lack of  the 
periodontal ligament in dental implants causes decreased 
proprioception at the implant–bone interface. This de-
creased resilience results in increased forces, which often 
leads to implant failure and chipping of dental porcelain.5,6

Titanium (Ti) is the material of  choice for dental im-
plants; it was introduced by Brånemark in 1978.7 How-
ever, certain drawbacks with regard to the use of Ti have 
been reported in the literature, such as its tendency to 
cause hypersensitivity and allergic reactions.8–10 Another 
drawback is that its modulus of elasticity differs from that 
of the surrounding bone. This causes stress concentration 
at the implant–bone interface during load transfer, result-
ing in peri-implant bone loss.11 Titanium also evokes scat-
tering rays when it is in the field of  radiation, which is 
harmful to tissues.12

In the last few years, ceramics, mainly yttria-stabilized 
tetragonal zirconia polycrystalline, have been used as 
an alternative to Ti implants. They have favorable proper-
ties, such as translucency and white color that simulate 
natural teeth. However, the promotion of  ceramic im-
plants to satisfy increasing esthetic demands is fraught 
with compromise due to the brittle nature of  zirconia 
materials. This significant susceptibility to surface defects 
can increase stress concentration at these sites.13,14

More recently, polyetheretherketone (PEEK) has be-
come a  source of  research interest and is being tested 
for use as an  implant material.15 Polyetheretherketone 
is a synthetic, polymeric, organic material, developed in 
1978, that is characterized by good chemical resistance, 
good mechanical properties and biocompatibility. Poly-
etheretherketone is compatible with modern imaging 
technologies. It is a  tooth-colored material that has re-
cently been used as a dental implant material when esthet-
ics is a major concern. Polyetheretherketone is being used 
for the implant superstructure, the abutment, implant 
fixture, and implant-supported hybrid prostheses. The 
Young’s modulus of  the PEEK material in its pure form 
is 3.6 GPa, of carbon fiber-reinforced PEEK (CFR-PEEK) 
around 18 GPa and of  glass fiber-reinforced PEEK 12 
GPa.16,17 The CFR-PEEK material is a  biologically inert 
material. Studies on cytotoxicity, mutagenicity, carcino-
genicity, and immune system impairment have found no 
evidence that it has any harmful effects.18–20

The success of an implant depends on the type of ma-
terial used for the implant superstructure. Many mate-
rials are being used today for implant prostheses, such 
as porcelain fused to metal (PFM) crowns, all-ceramic 

crowns, full-cast crowns, and acrylic resin crowns, with 
each having its own limitations.21 The Young’s modulus 
of CFR-PEEK is close to that of the cortical bone; hence, it 
exhibits less stress shielding than Ti. However, not much 
is known about the use of CFR-PEEK as a dental implant 
and its superstructure.22,23 Thus, this study attempted to 
use the finite element analysis (FEA) to determine the 
stress generated by this new material on the implant and 
its adjacent surrounding bone.

The aim of this study was to use FEA to evaluate stress 
distribution around CFR-PEEK implants and Ti implants 
with 5 types of prosthetic crowns (PEEK, zirconia, PFM, 
metal, and acrylic resin) under vertical and oblique load-
ing. The null hypothesis was that there would be no dif-
ferences in the distribution of  stress around CFR-PEEK 
and Ti implants with different prosthetic crowns.

Material and methods
This experimental study was conducted in the princi-

pal author’s institution in collaboration with CADD Solu-
tions, Vijayawada, India. The FEA model was generated 
carefully so that it resembled the real object to ensure 
an effective and accurate analysis.24

Model generation 

An edentulous maxilla was scanned using a dental volu-
metric computed tomography (CT) device (the HDI 100 
Series 3D scanner with the FlexScan3D software; LMI 
Technologies, Burnaby, Canada). A model was generated 
to simulate the right maxillary premolar zone with a can-
cellous bone thickness of 2 cm, surrounded by a 1.5-milli-
meter-thick cortical bone. The bones were given different 
colors so that they could be easily identified. The prop-
erties of  the components generated in the model were 
kept isotropic, linear and homogeneous.5 Movement in 
the X, Y and Z planes of the bone surface was prevented 
by keeping the boundary conditions fixed at the alveolar 
bone level.25 The effect of the gingiva on the implant dur-
ing loading seemed to be negligible, so it was not modeled 
in the generated model.5,26

A Ti implant (Ø 4.1 mm × 10 mm) (Straumann® Bone 
Level Implants; Straumann USA, Andover, USA) with 
a Ti abutment (Ø 4.5 mm × 4 mm) (Straumann CrossFit® 
Abutments; Straumann USA) and a Ti screw was scanned 
with the HDI 100 series 3D scanner. The Standard Tes-
sellation Language (STL) data obtained for each scanned 
component was transferred into 3D modeling software 
(Ansys Workbench, v. 15.0; Ansys Inc., Canonsburg, 
USA). The 3D model of the implant was considered to be 
100% osseointegrated in the bone.5,22

In total, 10 3D FEA models were created. The FEA 
models were divided into 2 main groups based on the type 
of implant – the CFR-PEEK group implants (n = 5) were 
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given the properties of  CFR-PEEK implants and abut-
ments, while the Ti group implants (n = 5) were given the 
properties of Ti implants and abutments. The abutment 
was placed over the implant in proper adaptation, fol-
lowed by modeling of the restorative crowns. Each group 
was subdivided to imitate 5 restorative crown materials 
(PEEK, zirconia, PFM, metal, and acrylic resin). The re-
storative PFM crown was modeled with a  metal thick-
ness of  the coping of 0.5 mm and a porcelain thickness 
of at least 1.5 mm in the occlusal area of  the functional 
cusp. Similar dimensions of the PEEK crown with a PEEK 
thickness of the coping of 0.5 mm, layered with a micro-
hybrid composite (Ceramage®; Shofu, Inc., Kyoto, Japan) 
thickness of  at least 1.5  mm in the occlusal area of  the 
functional cusp were modeled. The crown thickness for 
zirconia and acrylic resin was 2 mm, while it was 1.5 mm 
for the metal crown in the occlusal area of the functional 
cusp.27 A 30-micrometer-thick layer of dual-polymerized 
resin cement (Panavia™ F 2.0; Kuraray Europe, Hatter-
sheim am Main, Germany) was also created between the 
crown and the abutment to exactly simulate clinical con-
ditions.5,28

Setting material properties 

The Young’s modulus and Poisson’s ratio of the various 
materials were obtained from the published research and 
installed into the software (Table 1).29–35

Load and constraints 

All 10 models were tested in terms of stress distribution 
with 200 N of vertical load applied to the central fossa and 
100 N of oblique load at an angle of 30° applied to the buc-
cal incline of the palatal cusp (Fig. 1A).5,36

Meshing and contact characteristics 

The mesh refinement level was limited by converting 
the mesh with a controlled and connected element corre-
sponding to each structure (Fig. 1B). Meshing was applied 
to divide the model into nodes and elements, with 233,750 
nodes and 167,348 elements generated in this study.37 
Stress distribution in the implants, the abutments, the 
cement layers, and the restorative crowns was evaluated 
using the von Mises stress analysis. Maximum and mini-
mum principal stress analyses were used to determine the 
stress generated in the bone. The von Mises stress analysis 
was used to determine the effect of the loading forces on 
the implant and the restorative structures. The generated 
stress was measured in megapascals (MPa); it provided 
information about the point where the elastic boundary 
was exceeded. The comparison among the different mod-
els was performed with the help of a color scale represent-
ing the levels of the generated stress in different colors.

Results
The forces were applied in 2 directions in each model. 

The values of von Mises stress as well as of maximum and 
minimum stress were evaluated for each model; they are 
presented in Tables 2–6.

The maximum and minimum principal stress values 
within the bone for the CFR-PEEK and Ti implants with 
different restorative crowns are shown in Table 2. In ver-
tical loading, the maximum principal stress generated 
in the bone with the CFR-PEEK implants and the PEEK 
crown (5.888 MPa), the zirconia crown (5.889 MPa), the 
PFM crown (5.888 MPa), the metal crown (5.889 MPa), 
and the acrylic resin crown (5.888  MPa) was slightly 
greater as compared to the Ti implants and the PEEK 
crown (5.645 MPa),the zirconia crown (5.649 MPa), the 
PFM crown (5.645 MPa), the metal crown (5.649 MPa), 
and the acrylic resin crown (5.648 MPa). Under oblique 
loading, there was less stress generated in the bone 

Fig. 1. A – model showing 200 N of vertical load applied to the central 
fossa and 100 N of oblique load at an angle of 30° applied to the buccal 
incline of the palatal cusp; B – mesh-generated model

Table 1. Young’s modulus and Poisson’s ratio of each material

Material/Structure Young’s modulus  
[GPa] Poisson’s ratio

Cortical bone 13.7029 0.3029

Cancellous bone 1.3729 0.3029

Ti implant, abutment, screw 110.0029 0.3529

CFR-PEEK implant, abutment 150.0030 0.39*

Porcelain 69.0031 0.3031

Zirconia 210.0032 0.3032

Composite 10.70* 0.30*

Acrylic resin 3.0033 0.3033

PEEK 4.10* 0.40*

Ni-Cr 203.6034 0.3034

Co-Cr 218.0029 0.3329

Dual-polymerized resin cement 18.6035 0.2835

Ti – titanium; CFR-PEEK – carbon fiber-reinforced polyetheretherketone; 
PEEK – polyetheretherketone; Ni – nickel; Cr – chromium; Co – cobalt; 
* values provided by the manufacturer.
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for the CFR-PEEK implants with the the PEEK crown 
(8.357 MPa), the zirconia crown (8.301 MPa), the PFM 
crown (8.333 MPa), the metal crown (8.300 MPa), and 
the acrylic resin crown (8.323 MPa) as compared to the 
Ti implants with the PEEK crown (9.354 MPa), the zir-
conia crown (9.282 MPa), the PFM crown (9.330 MPa), 
the metal crown (9.282  MPa), and the acrylic resin 
crown (9.309  MPa). The CFR-PEEK implant with the 
PEEK crown showed similar stress in vertical loading 
(Fig.  2A) and less stress in oblique loading (Fig.  2B) 
when compared with the Ti implant with the the PEEK 
crown (Fig. 2C and Fig. 2D). The stress was more con-
centrated at the crest region near the implant–abut-
ment connection area in oblique loading for both 

implant groups, but it was less concentrated in the 
CFR-PEEK implant group (Fig. 2B).

The von Mises stress values within the implant for 
the CFR-PEEK and Ti implants with different restor-
ative crowns are listed in Table  3. Under vertical and 
oblique loading, the stress generated in the implant was 
greater in the CFR-PEEK implant group with differ-
ent restorative crowns as compared to the Ti implant 
group. Under vertical loading, the stress generated in 
the CFR-PEEK implants in comparison with the Ti im-
plants with different restorative crowns was as follows: 
the PEEK crown – 221.859 MPa vs 195.693 MPa; the zir-
conia crown – 221.881  MPa vs 195.072  MPa; the PFM 
crown – 221.867 MPa vs 195.703 MPa; the metal crown – 
221.881 MPa vs 195.072 MPa; and the acrylic resin crown 
– 221.861 MPa vs 195.044 MPa. Under oblique loading, 
the stress generated in the CFR-PEEK implants in com-
parison with the Ti implants with different restorative 
crowns was as follows: the PEEK crown – 291.150 MPa 
vs 240.785  MPa; the zirconia crown – 291.098  MPa 
vs 240.433  MPa; the PFM crown – 291.090  MPa vs 
240.718  MPa; the metal crown –  291.096  MPa vs 
240.430 MPa; and the acrylic resin crown – 291.164 MPa 
vs 240.506  MPa. The CFR-PEEK implant with the 
PEEK crown showed more stress in vertical (Fig.  3A) 
and oblique loading (Fig.  3B) when compared with the 
Ti implant with the PEEK crown (Fig. 3C and Fig. 3D). 
Although in oblique loading, the stress was more con-
centrated at the crest and body of  the implants in both 
implant groups, the result showed that the maximum 
stress generated was taken up by the CFR-PEEK implant 
in a better way as compared to the Ti implant (Fig. 3B).

Table 3. von Mises stress values [MPa] observed under vertical and oblique loading within the implant

Crown
Vertical loading Oblique loading

CFR‑PEEK group Ti group CFR‑PEEK group Ti group

PEEK 221.859 195.693 291.150 240.785

Zirconia 221.881 195.072 291.098 240.433

PFM 221.867 195.703 291.090 240.718

Metal 221.881 195.072 291.096 240.430

Acrylic resin 221.861 195.044 291.164 240.506

Table 2. Minimum and maximum principal stress values [MPa] observed in the bone under vertical and oblique loading

Crown

Vertical loading Oblique loading

CFR‑PEEK group Ti group CFR‑PEEK group Ti group

min max min max min max min max

PEEK 0.654 5.888 0.627 5.645 0.928 8.357 1.039 9.354

Zirconia 0.654 5.889 0.627 5.649 0.922 8.301 1.031 9.282

PFM 0.654 5.888 0.627 5.645 0.925 8.333 1.037 9.330

Metal 0.654 5.889 0.627 5.649 0.922 8.300 1.031 9.282

Acrylic resin 0.654 5.888 0.627 5.648 0.924 8.323 1.034 9.309

PFM – porcelain fused to metal.

Fig. 2. A – stress generated in the bone in the model with the CFR-PEEK 
implant–abutment and the PEEK crown in vertical loading; B – stress 
generated in the bone in the model with the CFR-PEEK implant–abutment 
and the PEEK crown in oblique loading; C – stress generated in the 
bone in the model with the Ti implant–abutment and the PEEK crown 
in vertical loading; D – stress generated in the bone in the model with 
the Ti implant–abutment and the PEEK crown in oblique loading
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The von Mises stress values within the CFR-PEEK and 
Ti abutments with different restorative crowns are shown 
in Table 4. The stress generated in the abutment in vertical 
(84.572 MPa) (Fig. 4A) and oblique loading (101.613 MPa) 
(Fig. 4B) in the CFR-PEEK abutment with the PEEK crown 
was slightly greater than in the Ti abutment with the PEEK 
crown (77.933 MPa and 99.187 MPa, respectively) (Fig. 4C 
and Fig. 4D). The stress generated in the CFR-PEEK abut-
ments with the zirconia, PFM and metal crowns was lower 
under both vertical and oblique loading in comparison with 
similar crowns in the Ti implant group. The stress generated 
in the CFR-PEEK abutment with the acrylic resin crown was 
higher under both vertical and oblique loading in compari-
son with the same crown in the Ti implant group (Table 4). 
Under vertical and oblique loading, stress concentration was 
higher at the implant–abutment connection area.

The von Mises stress values within the cement lay-
er of  the different restorative crowns cemented to the 
CFR-PEEK and Ti abutments are shown in Table  5. 
Among all of  the restorative crowns, the highest stress 
generated in the cement layer for both types of  load-
ing (vertical and oblique) was with the acrylic resin 
crown. The stress generated in the cement layer in 
vertical (46.154  MPa) (Fig.  5A) and oblique loading 
(49.750  MPa) (Fig.  5B) in the CFR-PEEK abutment 
with the PEEK crown was slightly greater as compared 
to the Ti abutment with the PEEK crown (44.160 MPa 
and 46.006 MPa, respectively) (Fig. 5C and Fig. 5D). The 
amount of stress generated in the cement layer with the 
CFR-PEEK abutments and the zirconia, PFM and metal 
crowns was smaller in oblique loading when compared 
with similar crowns in the Ti implant group (Table  5). 
The stress generated in vertical loading in both groups 
was more concentrated toward the occlusal aspect of the 

Table 4. von Mises stress values [MPa] observed under vertical and oblique loading within the abutment

Crown
Vertical loading Oblique loading

CFR‑PEEK group Ti group CFR‑PEEK group Ti group

PEEK 84.572 77.933 101.613 99.187

Zirconia 30.169 35.627 88.867 93.797

PFM 32.304 38.824 90.307 105.947

Metal 33.846 39.136 89.759 102.354

Acrylic resin 109.180 103.525 120.672 111.805

Table 5. von Mises stress values [MPa] observed under vertical and oblique loading within the cement layer

Crown
Vertical loading Oblique loading

CFR‑PEEK group Ti group CFR‑PEEK group Ti group

PEEK 46.154 44.160 49.750 46.006

Zirconia 8.327 8.929 16.300 18.581

PFM 9.439 8.745 16.420 18.785

Metal 8.295 9.062 16.373 18.835

Acrylic resin 59.870 59.212 69.521 67.610

Fig. 3. A – stress generated within the implant in the model with the CFR-PEEK 
implant–abutment and the PEEK crown in vertical loading; B – stress generated 
within the implant in the model with the CFR-PEEK implant–abutment and the 
PEEK crown in oblique loading; C – stress generated within the implant in the 
model with the Ti implant–abutment and the PEEK crown in vertical loading; 
D – stress generated within the implant in the model with the Ti implant–
abutment and the PEEK crown in oblique loading

Fig. 4. A – stress generated in the CFR-PEEK abutment with the PEEK 
crown in vertical loading; B – stress generated in the CFR-PEEK abutment 
with the PEEK crown in oblique loading; C – stress generated in the Ti 
abutment with the PEEK crown in vertical loading; D – stress generated in 
the Ti abutment with the PEEK crown in oblique loading
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cement layer, whereas in oblique loading, the stress was 
more concentrated toward the implant–abutment con-
nection area.

The von Mises stress values within the different crowns 
cemented to the CFR-PEEK and Ti abutments are pre-
sented in Table  6. Under vertical and oblique loading, 
the stress generated in all of the crowns cemented to the 
CFR-PEEK abutment was similar to that generated in the 
crowns cemented to the Ti abutments. The stress gen-
erated in the PEEK crown cemented to the CFR-PEEK 
abutment (Fig. 6A and Fig. 6B) was observed to be similar 
to that generated in the PEEK crown cemented to the Ti 
abutment (Fig. 6C and Fig. 6D). Under vertical loading, 
the stress was more concentrated in the central fossa re-
gion of the crowns. Under oblique loading, the stress was 
more concentrated on the buccal inclines of  the palatal 
cusps and at the margins of the crowns in both groups.

Discussion
This study analyzed the null hypothesis that no dif-

ference would be found in stress distribution around 
CFR-PEEK implants and Ti implants with 5 different 
prosthetic crowns. Based on the results of this study, the 
null hypothesis was rejected.

The finite element analysis is a suitable scientific meth-
od for assessing biomechanical behavior in complex con-
figurations. The FEA models can be two-dimensional 
(2D) or 3D. In this study, 3D models were used to achieve 
true-to-life results.38 The failure of the material may occur 
if the von Mises stress values are greater than 550 MPa, 
which is the yield strength of  Ti.39 In this study, all the 
FEA models of  the implants in both subgroups had von 
Mises stress values well below 550 MPa. Under oblique 
loading, the highest von Mises stress value was obtained 
with the CFR-PEEK implant (291 MPa).

Stress dissemination in the implant components, the 
peripheral bone and the restorative crowns was evaluated 
under vertical (200 N) and oblique loading (100 N). Con-
tinuous concentration of masticatory forces at a point on 
a dental implant for a long time may lead to implant fail-
ure. Taking that into consideration, in this study, the ver-
tical load was applied to the central fossa so that it could 
be distributed to the palatal and buccal cusps, while the 
oblique load was applied to the functional palatal cusp.40

In this study, CFR-PEEK was used based on a growing 
interest in its application in implant dentistry due to its 
adaptability, affinity with present-day imaging technolo-
gies, outstanding mechanical properties, and biological 
acceptability.41 In this study, under vertical and oblique 
loading, the CFR-PEEK and Ti implant groups trans-
ferred forces in a  homogeneous fashion with all restor-

Fig. 5. A – stress generated in the cement layer of the model with the 
CFR-PEEK abutment and the PEEK crown in vertical loading; B – stress 
generated in the cement layer of the model with the CFR-PEEK abutment 
and the PEEK crown in oblique loading; C – stress generated in the cement 
layer of the model with the Ti abutment and the PEEK crown in vertical 
loading; D – stress generated in the cement layer of the model with the Ti 
abutment and the PEEK crown in oblique loading

Table 6. von Mises stress values [MPa] observed under vertical and oblique loading within the crown

Crown
Vertical loading Oblique loading

CFR‑PEEK group Ti group CFR‑PEEK group Ti group

PEEK 246.486 246.417 119.025 119.030

Zirconia 257.298 257.169 123.861 123.864

PFM 229.884 229.772 111.470 111.472

Metal 245.768 245.637 119.019 119.022

Acrylic resin 229.909 229.887 111.517 111.520

Fig. 6. A – stress generated in the PEEK crown cemented to the CFR-PEEK 
abutment in vertical loading; B – stress generated in the PEEK crown 
cemented to the CFR-PEEK abutment in oblique loading; C – stress 
generated in the PEEK crown cemented to the Ti abutment in vertical 
loading; D – stress generated in the PEEK crown cemented to the Ti 
abutment in oblique loading
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ative crowns. Stress in both the CFR-PEEK and Ti implant 
groups was more concentrated at the implant–abutment 
connection area, which is consistent with other studies, 
and this was due to the rigid connection between the 
implant and the bone (Fig. 2B and Fig. 2D).5,16 Due to its 
increased modulus of  elasticity in comparison with the 
spongy bone, the cortical bone is stronger and more re-
sistant to deformation; the stress values in the prosthe-
ses and the peripheral bone increase in oblique loading.40 
A  similar result was obtained in the present study with 
both the CFR-PEEK and Ti implants (Fig. 2B and Fig. 2D).

Sarot et al. compared the stress distributed by 30% 
CFR-PEEK and Ti and found that a dental implant with 
endless carbon fibers can decrease elastic deformation 
and help decrease the stress peaks at the implant–bone 
interface.15 Bataineh and Al Janaideh41 found that the 
substitution of a PEEK implant for a Ti implant does not 
provide any advantages in regard to stress distribution to 
the peri-implant bone.41 This finding is contradictory to 
the present study, in which there was less stress generated 
in the bone by the CFR-PEEK implants under oblique 
loading as compared toTi implants. The reason for this 
difference in findings may be that Endolign® CFR-PEEK 
was used in the present study. Endolign is a CFR-PEEK 
material that has 60% endless carbon fibers of  parallel 
orientation. The modulus of elasticity of this material, as 
provided by manufacturers, is 150 GPa, which is higher 
than that of Ti (110 GPa) and 30% CFR-PEEK (18 GPa). 
This provides stability with better stress distribution.30 
A similar result was obtained by Schwitalla et al. in their 
study which compared the biomechanical behavior of Ti, 
powder-filled PEEK and Endolign as implant materials.30 
Powder-filled PEEK showed higher von Mises stress val-
ues with maximum deformation, while Ti and Endolign 
showed similar stress distribution.30

Researchers have assessed the outcome of using various 
prosthesis materials on stress distribution in the periph-
eral bone and implants, and suggested that a change in the 
prosthesis material brought no considerable difference in 
stress patterns.42–45 This corresponds with the present 
study, with different occlusal materials generating simi-
lar stress in the implants. The PEEK crown in the present 
study generated similar stress with both the CFR-PEEK 
and Ti abutments.

Tekin et al. assessed the stress created within the abut-
ment and suggested that there was more stress when 
changing the abutment material than when changing the 
crown material.16 Kaleli et al. found that customized zir-
conia abutments had higher stress values as compared to 
customized PEEK abutments.5 Customized PEEK abut-
ments had a  60 times lower modulus of  elasticity than 
customized zirconia, and demonstrated less stress in the 
abutment and more stress in the crown.46 A similar result 
was obtained in the present study, in which there was less 
stress within the abutment and bone, and more stress in 
the crowns in the CFR-PEEK implant–abutment group. 

This result may be due to the use of the CFR-PEEK ma-
terial, which has a  higher modulus of  elasticity than Ti, 
which reduces stress in the bone while having more stress 
within the CFR-PEEK implant.

In a FEA study by Ahmed et al., Ti implants–abutments 
under vertical loading generated high stress in the abut-
ment and less stress in the bone.47 Stress distribution on 
the occlusal aspect was similar among different occlusal 
materials. The model with the porcelain crown received 
the highest von Mises stress value (345.390 MPa), while 
the model with the PEEK crown received the lowest von 
Mises stress value (313.094 MPa).47 In the present study, 
the opposite result was obtained; the model with the PEEK 
crown had more stress as compared to the PFM crown. 
The zirconia crown model received the highest von Mises 
stress value, while the PEEK crown model received a low-
er von Mises stress value. The reason behind this differ-
ence may be due to the modulus of elasticity of zirconia, 
which made this material more impervious to distortion.

Tekin et al. found less stress with the use of the PEEK 
abutment with the PFM crown under oblique loading.16 
A similar result was found in the present study, with the 
CFR-PEEK implant–abutment with different restorative 
crowns. The reason may be that in this case, the abutment 
and implant were made of the CFR-PEEK material, which 
has a high modulus of elasticity (150 GPa). In accordance 
with the energy dissipation theory, when the force applied 
to the implant-retained crown dissipates through the im-
plant, as a result of elastic deformation, minimal energy is 
kept by the implant due to small alterations in the energy 
conservation feature of rigid implants.48

In the study by Tekin et al., it was observed that maxi-
mum stress was concentrated on the margins of the crown 
under oblique loading.16 Groups with Ti abutments had 
less stress in the crown as compared to groups with PEEK 
abutments.16 The present study showed the opposite re-
sult; both the CFR-PEEK and Ti implant groups with dif-
ferent crowns had similar von Mises stress values, and 
stress was concentrated on the margins of  the crowns. 
The exception was the acrylic resin crowns, which had 
stress concentrated in the central fossa region.

The stress result of PEEK as a crown material was as-
sessed in this study, and it has shown promising results as 
a crown material over both the CFR-PEEK and Ti abut-
ments. Carbon fiber-reinforced polyetheretherketone 
showed good results when used as an abutment and im-
plant, and the results were similar to the Ti implant and 
abutment with different restorative crowns.

Conclusions
In this FEA study, the amount of stress generated with-

in the bone in the case of  the CFR-PEEK implants with 
different restorative crowns was smaller in comparison 
with the Ti implants in oblique loading. This could be 
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beneficial in terms of reducing lateral stress on implants 
and could help reduce crestal bone loss. The CFR-PEEK 
material may emerge as an alternative implant material in 
the near future and will certainly be beneficial for patients 
with hypersensitivity and allergic reactions to Ti. Further 
in vivo research should be conducted with PEEK crowns 
over CFR-PEEK implants–abutments to assess the osseo-
integration of this material and how this property can be 
further improved.
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