
Journal of Oral Biology and Craniofacial Research 11 (2021) 313–320
Contents lists available at ScienceDirect

Journal of Oral Biology and Craniofacial Research

journal homepage: www.elsevier.com/locate/jobcr
Stress distribution around different abutments on titanium and CFR-PEEK
implant with different prosthetic crowns under parafunctional loading: A 3D
FEA study

Akanksha Mourya a, Rajvi Nahar a, Sunil Kumar Mishra b,*, Ramesh Chowdhary c

a Department of Prosthodontics, People’s College of Dental Sciences and Research Centre, Bhopal, Madhya Pradesh, India
b Department of Prosthodontics, Rama Dental College, Hospital and Research Centre, Kanpur, Uttar Pradesh, India
c Department of Prosthodontics, Rajarajeswari Dental College and Hospital, Bengaluru, Karnataka, India
A B S T R A C T

Aim & objectives: Clinical trials had concluded a significant relationship between implant failure and bruxism. A three-dimensional (3D) finite element analysis (FEA)
was done to evaluate the stress distribution in straight and angled abutments around titanium and carbon fiber-reinforced polyetheretherketone (CFR-PEEK) implant
with 2 different prosthetic crowns under parafunctional loading.
Materials and method: Twelve 3D models of bone block were created representing the maxillary right premolar area with osseointegrated implants. The models were
divided in two group; CFR-PEEK implant (n ¼ 6) and group titanium implant (n ¼ 6).Each group was subdivided based on implants with three different abutments
(straight, 15�, 25� angled abutments) and having two different prosthetic crowns: porcelain fused to metal (PFM) and polyetheretherketone (PEEK). A vertical load of
1000 N was applied to the central fossa and an oblique load of 500 N (30�) was applied to the buccal incline of the palatal cusp. The von Mises stresses and principal
stresses were analyzed using ANSYS software.
Results: CFR-PEEK and titanium implants produced similar stress in bone under vertical and oblique loading. Straight abutment showed better results than 15� and 25�

angled abutments in all the groups. PEEK crown produced lesser stress than PFM crown under vertical and oblique loading.
Conclusion: The study concluded that straight abutment along with PEEK crown could be given in patients with bruxism to reduce the stress concentration in bone, thus
preventing possible implant failure. Titanium and CFR-PEEK implants with straight abutments if given, then it should be provided with an occlusal splint.

1. Introduction much lower than that of the bone (13.7 GPa). Carbon fibre-reinforced
The outcome of dental implants in bruxism has been of great
importance in recent literature. There are clinical trials that have
concluded a significant relationship between implant failure and brux-
ism.1In a recent clinical study, where 98 bruxers were compared to a
matched group, reported that there is a significant increase in implant
failure rate and the rate of mechanical and technical complications in
implant-supported prosthesis in patients with bruxism.2 The most com-
mon complications seen were occlusal surface wear, loosened screws or
abutments and implant fractures.3

Due to the lack of periodontal ligament in dental implants, they are
rigidly connected to bone. Thus, the proprioceptive feedback mechanism
of masticatory muscles is absent which would lead to marginal bone
loss.4 A more homogenous stress distribution in the supporting tissues
could be generated if the material of implants had an elastic modulus
similar to that of bone.5

Polyetheretherketone (PEEK) is a polyaromatic polymers with a high
mechanical performance, with an elastic modulus of 3–5 GPa which is
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polyetheretherketone is a variant of PEEK with an elastic modulus of
18 GPa which is near to that of bone.6Researchers have suggested that
titanium and CFR-PEEK implants produce similar stresses in bone.7 Thus,
it can be used as a material of choice for implant and its suprastructures
to reduce the stress concentration in bone.

Ideally, implants should be placed parallel to each other and adjacent
teeth and be aligned vertically to axial forces. However, achieving this
may not be possible owing to deficiencies in the ridge’s anatomy. In this
situation, the use of angulated implants or abutments would be help-
ful.8Clelland et al. concluded in their study that stress distribution in
lesser angled abutments was more favourable.9 Thus, straight abutments
can be used in bruxism patients to prevent greater stress concentration
when compared to angled abutments.

In a recent study, it was concluded that PEEK crowns produced lower
stress in bone when compared to porcelain fused to metal (PFM) crown.10

Thus, to prevent implant failure; we need to use a crown that will further
decrease the stress generation in bruxism patients.

The proposed study assessed the stress distribution in straight and
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Fig. 1. Implant model generated of bone block with implant, abutment and crown, A, straight abutment, B, 15�abutment C, 25�abutment.

Table 1
Properties of the materials used in finite element analysis.

Material Young’s Modulus (GPa) Poisson Ratio

Cortical bone 13.7 0.30
Cancellous bone 1.37 0.30
Titanium implant, abutment, screw 110 0.35
CFR-PEEK implant, abutment 150 0.39
Porcelain 69 0.30
PEEK 4.1 0.40
Composite 10.7 0.30
Dual core resin cement 18.6 0.28
Cobalt chromium (Co–Cr) 218 0.33
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angled abutments (15� and 25�) around titanium implant and CFR-PEEK
implant with PFM crown and PEEK crown, under different parafunctional
loading conditions. Stress distribution in the implants and restorative
crowns was evaluated by using a three-dimensional (3D) finite element
analysis (FEA) study. The null hypothesis was that there would be no
difference in the stress distribution in titanium and CFR-PEEK material
irrespective of different abutment and prosthetic crown materials.

2. Materials and methods

Twelve 3D models of bone block were created representing the
maxillary right premolar area with osseointegrated implants with pros-
thetic crowns. The models were divided in two groups; CFR-PEEK
implant group (n ¼ 6) and titanium implant group (n ¼ 6). Each group
was subdivided based on implants with three different abutments
(straight, 15�, 25� angled abutments) and having two different prosthetic
crowns: porcelain fused to metal (PFM) and polyetheretherketone
(PEEK).
2.1. Model generation

An edentulous maxilla of a human skull was scanned with a dental
volumetric computed tomography device (HDI 100 series 3D Scanner
with flex scan software). Using the scanned image, bone structure with a
thickness of at least 20 mm for each axis present in the maxillary right
premolar area was modeled. In the model a cortical bone thickness of 1.5
mm surrounding the cancellous bone was modeled in different colors.11

Titanium implants (4.2 mm diameter and 10 mm length; Adin-
Touareg-S, Iberica dental implant system, Israel) with different tita-
nium abutments (RS straight abutment, angled abutment 15�and angled
abutment 25�; Adin, Iberica dental implant system, Israel) (Fig. 1a, b, 1c)
and their inner screws were scanned with an optical scanner (HDI 100
series 3D Scanner with flex scan software). The standard tessellation
language (STL) data of each component were transferred in to 3D
modeling software (ANSYS software). On each model subsequently, the
restorative crown was modeled on the abutment. In three titanium
implant models with different abutments, PFM crown was modeled.
Cobalt chromium coping of 0.5 mm thickness with porcelain thickness of
1 mm in the marginal area and 1.5 mm thick in the occlusal area of the
functional cusp was modeled. In other three titanium implant model with
different abutments, PEEK crown was modeled. A 0.5 mm thick PEEK
coping layered with composite (1 mm thick in the marginal area and 1.5
mm thick in the occlusal area of the functional cusp) was modeled.12 In a
similar manner, six CFR-PEEK implants with different abutments along
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with PFM and PEEK restorative crowns were also modeled with their
respective properties.

In all the twelve models, a dual-polymerized resin cement (Panavia F
2.0; Kuraray Medical Inc) layer 30 μm in thickness was defined between
the abutment and crown to simulate clinical conditions.

2.2. Setting of materials properties

The Young’s modulus and Poisson ratio of each material were ob-
tained from the manufacturer and published studies as shown in
Table 1.11,13 The components in each model were presumed to be ho-
mogenous and isotropic. The boundary conditions were fixed at the
alveolar bone level surrounding the implant surface.

2.3. Load and constraints

Parafunctional loading was simulated by applying axial & oblique
loads. An axial load of 1000 N was applied on to the central fossa and an
oblique load of 500 N (30�) was applied to the buccal incline of the
palatal cusp (Fig. 2a and b).5 Distribution of stresses in implants and
restorative crowns were detected by von Mises stress. Stress distribution
around the bone was detected by principal stress analysis.

2.4. Meshing and contact characteristics

A discretization process with 10 nodes of tetrahedral elements was
created for all the 3D models by using Hypermesh software. A total of
103,041 nodes and 72,771 elements were used for the straight abutment
model, however, 102,646 nodes and 72,347 elements were used for the
15�abutment model. A total of 99,600 nodes and 70,141 elements were
used for the 25�abutment model.



Fig. 2A. Model showing vertical force applied on crown, B, Model showing oblique force applied on crown.

Table 2
Stresses seen in bone, implant and abutment under vertical and oblique loading in MPa.

Components
Abutment
Angulation

Materials Stress in CFR-PEEK group
vertical loading (MPa)

Stress in Titanium group
vertical loading (MPa)

Stress in CFR-PEEK group
oblique loading (MPa)

Stress in Titanium group
oblique loading (MPa)

BONE
Straight PEEK

crown
157.343 144.205 307.892 296.215

PFM
crown

165.168 153.539 320.223 318.839

15� PEEK
crown

245.471 237.197 452.601 452.401

PFM
crown

249.095 242.054 457.664 459.297

25� PEEK
crown

325.16 318.468 548.151 555.463

PFM
crown

333.395 331.885 552.27 565.862

IMPLANT
Straight PEEK

crown
601.051 479.283 1328 1240

PFM
crown

772.52 818.582 2471 2632.09

15� PEEK
crown

662.746 528.913 1438 1345

PFM
crown

662.045 590.811 1814 2046

25� PEEK
crown

617.165 564.945 1724 1564

PFM
crown

616.537 559.116 1329 1316

ABUTMENT
Straight PEEK

crown
546.694 514.667 1436 1347

PFM
crown

142.653 123.681 417.226 400.875

15� PEEK
crown

1406 1156 2148 1980

PFM
crown

140.186 124.594 497.84 468.784

25� PEEK
crown

570.349 486.189 3116 2841

PFM
crown

155.132 162.213 601.619 562.213
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Fig. 3. Stress seen in bone, implant and abutments under vertical and oblique loading.

Fig. 4. A, Stress in bone for CFR-PEEK implant under vertical loading with 25� abutment and PFM crown, B, Stress in bone for titanium implant under oblique loading
with 25� abutment and PFM crown, C, Stress in bone for CFR-PEEK implant under vertical loading with straight abutment and PEEK crown, D, Stress in bone for
titanium implant under oblique loading with straight abutment and PEEK crown.
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3. Results

Using the finite element method, the calculations were performed as
per the planned loading protocol. In each model, 1000 N of vertical load
was applied to the central fossa and 500 N of oblique load (30�) was
applied to the buccal incline of the palatal cusp. The stresses were
calculated and noted within the bone, implant, abutment, cement layer
and crown. The results found in bone, implant and abutments are
mentioned in Table 2 and Fig. 3.
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Under vertical and oblique loading, in both CFR-PEEK group and
titanium group, the stress generation in bone was seen higher in 25�

angled abutment with PFM crown (Fig. 4A and B) than 15� and
straight abutment groups. The stress was seen lowest in straight
abutment with PEEK crown in both CFR-PEEK and titanium group in
both vertical and oblique loading (Fig. 4C and D). The stress concen-
tration within the bone in all the groups, in both vertical and oblique
loading, was seen at the crestal region near the implant abutment
connection area.



Fig. 5. A, Stress in titanium implant under vertical loadingwith straight abutment and PFM crown, B, Stress in CFR-PEEK implant under oblique loading with straight
abutment and PFM crown, C, Stress in titanium implant under vertical loading with straight abutment and PEEK crown, D, Stress in CFR-PEEK implant under oblique
loading with straight abutment and PEEK crown.
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The stress generation within implant was seen highest in straight
abutment group in both CFR-PEEK and titanium group with PFM crown
in both vertical and oblique loading (Fig. 5A and B). However, the least
stress was seen in straight abutment with PEEK crown in both groups
under vertical and oblique loading (Fig. 5C and D). In both vertical and
oblique loading, CFR-PEEK implant and titanium implant with PFM
crown showed stress concentration at the neck of implant and at the apex
region of the implant.

In case of abutments, in the CFR-PEEK group under vertical loading,
least stress was seen in 15� abutment with PFM crown while under
oblique loading straight abutment with PFM crown showed least stress
concentration (Fig. 6A and B). In titanium group, straight abutment with
PFM crown showed least stress under both vertical and oblique (Fig. 6C
and D) loading. The highest stress was seen in 15� abutment with PEEK
crown in both CFR-PEEK and titanium groups under vertical loading
(Fig. 7A and B). Under oblique loading, in both CFR-PEEK and titanium
groups, 25� abutment with PEEK crown showed the highest stress con-
centration (Fig. 7C and D). In vertical loading, CFR-PEEK and titanium
abutment with PFM crown showed more stress concentration towards
the implant-abutment connection area and neck area. In oblique loading,
CFR-PEEK and titanium abutment with PFM crown showed more stress
concentration towards the implant-abutment connection area.

In the cement layer, least stress was seen in 25� abutment with PFM
crown in both CFR-PEEK and titanium group under vertical loading,
however, under oblique loading, the least stress was seen in straight
abutment with PFM crown in both the groups. The highest stresses were
seen in 15� abutment with PEEK crown under vertical loading while
under oblique loading the highest stress was seen in 25� abutment with
PEEK crown in both the groups. Vertical loading of CFR-PEEK and tita-
nium abutment with PFM crown showed stress concentration towards
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occlusal aspect in cement layer. Oblique loading of CFR-PEEK and tita-
nium abutment with PFM crown showed stress concentration towards
the neck area in the cement layer.

The von Mises stress in crowns cemented to CFR-PEEK and titanium
groups were almost similar in both vertical and oblique loading. Under
vertical loading, stresses seem to be more concentrated in the central
fossa region of the PEEK/PFM crown cemented to CFR-PEEK and tita-
nium abutment. Under oblique loading, stresses seem to be more
concentrated in buccal inclines of palatal cusp of PEEK/PFM crown
cemented to CFR-PEEK and titanium abutment.

4. Discussion

In this study, we assessed the effect of parafunctional forces on im-
plants, bone and supra-structures using FEA. The study aimed to assess
the stress distribution with straight abutments and angled abutments
around titanium implant and CFR-PEEK implant with PFM crown and
PEEK crown, under different parafunctional loading conditions.The null
hypothesis that there would be no difference in the stress distribution in
titanium and CFR-PEEK material irrespective of different abutments and
prosthetic crown materials was rejected.

Bruxism is characterized by grinding with or without clenching of
the teeth. It is a nocturnal or diurnal parafunctional habit of the
masticatory system occurring during sleep or while awake.14 The ef-
fect of prolonged parafunctional habits can give rise to temporoman-
dibular joint disorder, abrasion on teeth, loss of periodontal support,
failure of restorations on natural teeth and stresses on dental im-
plants.14,15 In parafunctional loading excessive occlusal load on dental
implants and their supra-structures causes bone loss around the im-
plants and may leads to implant failure. Along with various factors,



Fig. 6. A, Stress in CFR-PEEK 15� abutment under vertical loading with PFM crown, B, Stress in CFR-PEEK straight abutment under oblique loading with PFM crown,
C, Stress in titanium straight abutment under vertical loading with PFM crown. D, Stress in titanium straight abutment under oblique loading with PFM crown.
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bruxism is also considered as one of the important factor for the failure
of implant.15

There was a mixed opinion for implant placement in bruxism patients.
Lindquist et al., in a 15-year prospective study concluded that clenching
was not significantly associated with marginal bone loss and did not lead
to problems with suprastructures.16 Several other studies contradicted the
conclusion of Lindquist et al., as they reported a significant correlation
between bruxism and dental implant or their suprastructures. Br€agger
et al. reported technical problems with implants in 60% of bruxist patients
over 5 years, as compared with about 20% in their non-bruxist patients.17

Wannfors et al. concluded the existence of a significant relationship be-
tween implants and bruxism in their one-year prospective study.18

Similarly, Glauser et al. observed a higher percentage of implant loss
in bruxists than in non-bruxists (41% versus 12%, after 1 year).19 Inter-
estingly, Lindquist et al., in their further studies concluded that clenching
does contribute significantly to marginal bone loss over a 6-year
period.20 The available evidences do confirm the correlation between
bruxism and implant failure.

Radaelli et al. found in their study that parafunctional loading in-
creases stress levels in bone as well as implant and their substructures
when compared to functional loading.4 Ayranci et al. compared the
stresses in dental implants under heavy bruxing forces, using 3D FEA.
They concluded that vertical forces produced the least stresses on im-
plants and higher stresses were seen in the neck region of an implant
under parafunctional loading.14 In our study, although similar result was
found under vertical and oblique loading, in both CFR-PEEK group and
titanium group but still the stress generated was less in bone with
different abutments with PEEK crown in both CFR-PEEK and titanium
group compared to PFM crown. The increased stresses in oblique loading
could be due to the rigid connection between the implant and the bone.
Oblique loads have been reported to increase stress values in peripheral
bone and prosthetic components.11,21
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Omori et al., in their systematic review, concluded that significantly
more marginal bone loss was seen in implants supporting angled abut-
ments than those supporting straight abutments.22 Cavallaro and
Greenstein concluded that increased abutment angulations result in the
placement of a greater amount of stress on prostheses and the sur-
rounding bone than that associated with straight abutments.8 In
concurrence with these studies, it was seen that straight abutments
showed lesser stresses than angled abutments, within bone in both
CFR-PEEK and titanium groups. Although stresses generated in bone
were more in angled abutment but still the stress generated was less in
angled abutments with PEEK crown when compared to PFM crown.

Several researchers had evaluated the effect of using different pros-
thetic materials on stress distribution in implants and peripheral bone
structure and have reported that the change in prosthesis materials has
only a minor effect on the stress patterns.23–25Bassit et al., demonstrated
that using different occlusal surface materials does not produce different
stresses in implants.26 To the contrary, in the present study, under par-
afunctional loading, it was observed that there was a difference in stress
distribution using different prosthetic materials. In the present study, the
least stresses were generated by the PEEK crown in bone and maximum
stresses were taken up by the implant and abutment.

Flexible material such as composite resin reduces the stress concen-
tration in the adhesive surface when it is used for the fabrication of
prosthesis. In the present study, as composite layering was done on the
PEEK crown, it was found that the stress distribution was better with
PEEK crown compare to PFM crown. The result obtained is due to the
direct proportional tendency between the elastic modulus of the restor-
ative material and the stress concentration between restoration/cement
and cement/tooth or implant.27

This study suggest that PEEK crown with composite layering could be
given along with preventive measures such as night guards to reduce
unwanted stresses generated in bruxism patients with implant



Fig. 7. A, Stress in CFR-PEEK 15� abutment under vertical loading with PEEK crown, B, Stress in titanium 15� abutment under vertical loading with PEEK crown, C,
StressinCFR-PEEK 25�abutment under oblique loading with PEEK crown, D, Stress in titanium 25�abutment under oblique loading with PEEK crown.
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prosthesis.28 The elastic modulus of the PEEKmaterial is similar to that of
bone and helps in inhibiting high stress peaks during load transfer at the
bone-implant interface, and creates a stress shielding effect.29

There were certain limitations to the study such as the properties
were considered to be homogenous and isotropic. The application of the
loadings was a simplification of the actual clinical condition. The
complexity of living organisms and internal biological phenomena is
impossible to fully and precisely duplicate with individual-level speci-
ficity using a computer. Further study should be done in clinical condi-
tions to better understand the parafunctional loading and its effect on
implant and suprastructures.

5. Conclusion

Within the limitations of the present study following conclusion were
drawn:

� Stress generated in bone with straight abutment was less compared to
15� and 25� abutment placed over titanium and CFR-PEEK implants.

� Stresses generated in bone in model with PEEK crown layered with
composite was lesser when compared to PFM crown.

� Titanium and CFR-PEEK implants with angled abutments generated
more stresses under parafunctional loading and had a detrimental
effect on bone and should be avoided.

� Titanium and CFR-PEEK implants with straight abutments if given,
then they should be provided with an occlusal splint.

Thus, the study concluded that when implants are placed in bruxism
patients, a PEEK crown along with straight abutments could be given to
reduce the stress generation in bone and to prevent possible implant
failure.
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