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A b s t r ac t
Aim: This study aimed to compare the von Mises stress distribution and deformation on the implant, abutment, and abutment screw using
metal-ceramic, zirconia, polyether ether ketone (PEEK), and Trinia as prosthetic materials for full-mouth cement-retained implant prosthesis
using finite element analysis.
Materials and methods: Four, 3-dimensional mandibular models were designed using Solidworks software. Six conical implants of 4.5 × 11.5 mm,
with an internal hexagonal abutment, were fabricated and placed. The physical properties of the implant components, bone, and crowns were
simulated to mesh the three-dimensional finite element models. The bite was recorded, and various contact points were marked, on which 50
N loads were applied. The von Mises stress distribution and resultant deformation were analyzed using the finite element method.
Results: Higher stress distribution was recorded on the implants, abutments, and abutment screws when zirconia and PEEK prosthesis were
used in comparison to metal-ceramic and Trinia. In consideration of deformation, zirconia and Trinia resulted in higher deformation of the
implant assembly, abutment, and abutment screw when compared to metal-ceramic and PEEK prosthesis. Anterior implants showed a higher
deformation and stress distribution when compared to posterior implants for all four prosthetic materials.
Conclusion: Within the limitations of the study, metal-ceramic and Trinia showed less stress distribution, while metal-ceramic and PEEK exhibited
less deformation on implant and its components. Hence in future, Trinia and PEEK along with metal-ceramic can be promising prosthetic
materials of choice in full-mouth rehabilitation with implants.
Clinical significance: Considering the deformation and stress distribution on the implant and its components, the selection of prosthetic
material in full-mouth rehabilitation has always been a challenge. Findings of the abovementioned cross-sectional observational study could
give an overall insight into materials such as metal-ceramic and Trinia as materials of choice, which can provide a basis for future clinical trials.
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I n t r o d u c t i o n
In the modern era, dental implants provide edentulous patients
with an enhanced functional and confident life. Fixed dental
and implant prosthesis has been accepted as an integral part of
prosthetic dentistry for edentulous patients ever since the late
1950s. The success rate of implants is usually high, which may
be due to the inherent contributed factors such as effectiveness,
convenience, and affordability.1 However, treatment planning in
the rehabilitation of a completely edentulous arch using implantsupported prosthesis has been quite challenging. The crowns
restored over the implants need to be mechanically strong and
esthetically satisfactory. Critical parameters such as stability and
distribution of stress on the bone along with clinical health of
gingiva play a pivotal role for long-term implant survival. Different
types of materials have been used in the past as prosthetic
considerations for rehabilitation on implants.
Off late, the most commonly used materials for full-mouth
rehabilitation are metal-ceramic and zirconia along with other
advanced biomaterials. The metal in the metal-ceramic crown
offers strength, while the ceramic layer enhances aesthetics. 2,3
Despite many clinical trials that have shown positive results, there
are contrary studies and possibilities that have demonstrated
significant mechanical failures.4,5 Hence, there is a need for the
development of metal-free prosthesis, which is esthetically
satisfying and biocompatible.6,7 Eventually, the development of
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zirconium oxide (ZnO2) as the base material for prosthesis has
led to the progression in the dental ceramic industry.8,9 It was
observed to have high mechanical strength and less prone to
low-temperature degradation along with unique transformation
toughening properties.10,11
Reinforced polymers have a significant advantage over dental
ceramics through their reduced impact force on implants. The base
material is polyether ether ketone (PEEK), which was developed as a
veneer-compatible framework material.12 Trinia polymeric material,
due to its anisotropy and balanced blending of components, is
a biopolymer that can be used successfully in the rehabilitation
of the affected functions of the orofacial system. According to
Aldafeeri et al., the modulus of elasticity of Trinia is comparable to
human dentin.13
Finite element analysis is the de facto technology for detailed
stress analysis and deformation prediction. It is a very versatile
and powerful tool in making any biomaterial design portfolio. As
deformation and von Mises stress distribution play a pivotal role
in implant survival, various studies were performed in the recent
past to identify a better prosthetic material that can downregulate
deformation and stress distribution on implant assembly in fullmouth rehabilitation with implants.14 Most studies have failed to
demonstrate a specific prosthetic material that can fulfill the same. The
shortcomings of the previous studies initiated the present hypothesis
on comparing the stress distribution and deformation of the alveolar
bone, implant, abutment, and abutment screw using metal-ceramic,
zirconia, PEEK, and Trinia as prosthetic materials for full-mouth cementretained implant prosthesis using finite element analysis, thus serving
as a better material of choice for an implant-supported prosthesis.
The mechanical properties form the basis of the characterization
of any prosthesis. Overall, the primary purpose of our study was to
identify and compare significant deformation, excessive stress
exerted by various prosthetic materials on the implant assembly,
abutment, and abutment screw.

M at e r ia l s

and

Fig. 1: Conical implant of 4.5 × 11.5 mm, with a screw-retained internal
hexagonal abutment designed using Solidworks software

Trinia, which were considered for comparison with regard to
deformation and von Mises stress. Metal-ceramic crowns were
designed with silver palladium alloy over which 0.5 mm of porcelain
was layered. Other prosthetic materials were monolithic type and
were designed based on the properties of Zirconia, PEEK, and Trinia.

Elements and Nodes
After designing the models consisting of bone, implant assembly,
and prosthesis, the solid geometries were exported for finite
element analysis. ANSYS software (ANSYS 16.0, ANSYS Inc., Houston,
TX, USA) in.STEP format was used for the study. Following this, the
tetrahedral elements formed the mesh. A convergence test of 10%
determined the total number of control elements of the mesh for
370.345 (Table 1).

Finite Element Analysis

M e t h o d s

The study was conducted in the Department of Dental and Oral
Surgery, ASRAM Medical College, Hospital and Research Center,
Eluru. Clinical models were obtained from a patient rehabilitated
with full-mouth implant-supported prosthesis. Eventually, the
clinical models were scanned, and the occlusal pattern was
replicated on the finite element model.

Implant Designing
Four bone models were designed from the tomographic scans
of a completely edentulous patient. Six conical titanium implants
of dimensions, 4.5 × 11.5 mm, connected to a screw-retained
internal hexagonal abutment, were designed (Fig. 1).15 The implant
positions were marked by scanning the models obtained from
clinical impressions, as they provide more clinically relevant models
(Fig. 2A). The physical properties of the implant components, bone,
and crowns were used for meshing the three-dimensional finite
element models (Fig. 2B). Implants were positioned bilaterally
in the canine region, which were considered as anterior, along
with implants in the second premolar and second molar regions
considered posterior (Fig. 2C).

A load of 50 N was applied to the area of occlusal points, which were
marked based on the scanned models. The occlusal loading points
were confirmed using opposing occlusion from these models.
The deformation and von Mises stress distribution were
evaluated and compared for implant assembly, abutment, and
abutment screw under simulated occlusal forces using the finite
element analysis method. This method has a wide application in
the study of dental implants.16,17

R e s u lts
The primary outcome variable of our study is the stress distribution
on implant assembly, abutment, and abutment screw. The
secondary outcome variable is the calculation amount of
deformation on implant assembly and abutment screw. To facilitate
the interpretation of the data, we separated the results comparing
the deformation and stress in the implant assembly for each of the
prosthetic material used.

Stress Distribution
Stress distribution was presented using von Mises qualitative data.

Prosthetic Materials

von Mises Stress on Implants

Each of the four models were loaded separately with four different
prosthetic materials, namely, metal-ceramic, zirconia, PEEK, and

The stress exerted on implants was higher for zirconia prosthesis:
458.8 MPa (Fig. 3B), followed by metal-ceramic: 191.6 MPa (Fig. 3A),
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PEEK: 191.39 MPa (Fig. 3C), and Trinia: 155.92 MPa (Fig. 3D). In all four
groups of prosthetic materials, commonly, higher stresses were
exerted on the anterior implants than the posterior, with supreme
being on the canine region implant. Regarding the stress within the
implants, it was observed that maximum stress was exerted on the
apical region of implants (Fig. 4).

von Mises Stress on Abutment Screw
The stress exerted on implant abutment screw was higher for
zirconia prosthesis (37.344 MPa) (Fig. 7), followed by PEEK (15.98
MPa), metal-ceramic (15.946 MPa) (Fig. 5D), and Trinia (2.8582 MPa)
(Fig. 8). von Mises stress on the abutments screw was observed to

von Mises Stress on Abutment
The stress exerted on implant abutments was higher in the case
of zirconia prosthesis (126.07 MPa) (Fig. 7C), followed by PEEK
(54.612 MPa), metal-ceramic (54.499 MPa) (Fig. 5C), and Trinia
(12.686 MPa) (Fig. 6). von Mises stress values on abutments showed
higher stresses exerted on the anterior implants than the posterior
for all four groups of prosthetic materials. On individual implant
abutments, maximum forces were seen on the abutment in relation
to the canine region implant for zirconia prosthesis (Fig. 7). Trinia
prosthesis has shown the least stress exerted on the abutments
when compared to the other three groups.

Figs 2A to C: (A) Scanning clinic prosthesis model for occlusal form;
(B) Meshed 3-dimensional model; (C) Model simulating position of
implants and crowns

Table 1: Specifications and composition of the meshed models
Number of elements in the mesh
Number of elements in implants
Number of elements in the mandible
Number of nodes in the model
Number of Nodes within the implant
Number of nodes in the mandible
Active connections/contact points in
model

Figs 3A to D: von Mises stress on individual implants for four prostheses.
Note the area marked as red where the highest stress was recorded (A)
Metal-ceramic; (B) Zirconia; (C) PEEK; (D) Trinia

Fig. 4: von Mises stress on implants
1212

60,193
10,253
86,888
1,053,272
18,461
147,815
95
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be higher on the implant in posterior than that of anterior implants
for all prosthetic materials.

Total Deformation
Deformation of Implant Assembly
The maximum deformation of the implant assembly was seen
with respect to zirconia prosthesis (Fig. 7), which was 0.20231 mm,
followed by Trinia (0.0964 mm), metal-ceramic (Fig. 5B) (0.0892 mm),
and PEEK (0.0890 mm) prosthesis (Fig. 9).

Deformation of Implant Abutment
The maximum deformation of the implant assembly was seen for
zirconia prosthesis, which was 0.19741 mm, followed by Trinia (0.094
mm), metal-ceramic (0.0871 mm), and PEEK (0.0870 mm) prosthesis
(Fig. 10). Abutments in canine region implants showed higher
deformation in comparison to that of other implants.

Figs 5A to D: Metal-ceramic prosthesis. The area marked as red indicates
highest stress recorded. The region pointed with arrow indicates area
with highest deformation recorded; (A) von Mises stress on prosthesis; (B)
Deformation observed on prosthesis; (C) von Mises stress on abutments;
(D) von Mises stress on abutment screw

Deformation of Implant Abutment Screw
The maximum deformation on the abutment screw was observed in
zirconia prosthesis on canine region implant (0.1989 mm), followed
by Trinia prosthesis (0.09479 mm), metal-ceramic (0.08779 mm), and
PEEK (0.08777 mm) (Fig. 11). A higher amount of deformation was
observed in the abutment screws of anterior implants with respect
to all the groups of prostheses.

D i s c u s s i o n
For implant-supported fixed prosthesis, the stresses that occur
as a result of functional forces are transferred to the supporting
bone by restorative material and implant assembly. Extreme stress
concentration at the point of contact must be eliminated, failing
which, there can be implant failures at the level of an abutment,
abutment screw, or the implant itself. Hence, stress transferred
to the abutment and abutment screw through various types of
prosthetic materials becomes an essential factor to be analyzed.
Prosthetic materials such as zirconia and metal-ceramic are
known for their high mechanical strength and fracture toughness.
However, these materials have shown a lack of proper evidence in
minimizing the stress distribution on the implant assembly and
underlying bone. Finite element analysis could be the gold standard
in analyzing stress distribution and deformation parameters in such
cases. Finite element analysis is considered to be an appropriate
method for internal stress investigation and hence was used in the
present study to test and compare the affinity of materials. The
behavior of the whole model is usually described by an enormously
large set of equations that describe the behavior of individual
elements joined together. Often, to obtain reliable results, the
number of elements and nodes must be 30,000 to 200,000, where
increasing the number of elements provides more accurate results.
Nevertheless, the increase in the number of nodes and elements
prolongs the time needed for the analysis.18 Hence, in most of the
studies, the number of elements and nodes have either been limited
or been reduced outside the area of interest. The model used in
the present study had an area of interest that was separated into
many small, simple blocks or elements after which the structure
was entirely made by joining together the sets of elements. It had
an average of 60,193 elements and 1,053,272 nodes. These numbers

Fig. 6: von Mises stress on abutment
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were well above the number of elements and nodes used in the
vast majority of studies using the finite element analysis method.
This helped us to analyze the stress accurately within implant and
implant components along with the surrounding bone.
Understanding the principles, applications, and limitations
of the finite element analysis method is vital for the clinician
to interpret the findings of such observations and apply the
conclusions to the clinical scenario for better results. Limited studies
in the past have reported the impact of various prosthetic materials
on the stress distribution and deformation pattern of implants and
bone using experimental methods such as in vivo strain-gauge
measurements,18 histologic studies,19,20 and in vitro experiments21 in
addition to finite element analysis. Also, there is confined evidence
on various biomaterials and their resultant stress distribution
and deformation on implant assembly and underlying osseous

Figs 7A to D: Zirconia prosthesis. The area marked as red indicates
highest stress recorded. The region pointed with arrow indicates area
with highest deformation recorded; (A) von Mises stress on prosthesis; (B)
Deformation observed on prosthesis; (C) von Mises stress on abutments;
(D) von Mises stress on abutment screw

tissues in full-mouth rehabilitation using a finite element analysis
method.22,23 To the best of our knowledge, this is the first study
to compare von Mises stress distribution and total deformation of
prosthetic materials (metal ceramic, zirconia, PEEK, and Trinia) on
the implant prosthesis and surrounding bone.
In this study, the use of different prosthetic materials
significantly affected stress transmission to bone and implant
components. Ironically, materials with high strength recorded
higher stress. Differences in the von Mises stress pattern between
metal-ceramic and PEEK were observed. However, still, no
significant difference is seen, which could be due to the fact that
they have nearly similar elastic moduli. On the other hand, zirconia
with its high strength and elastic modulus exhibited highest stress
distribution, whereas Trinia crowns showed least stress distribution.
The review of literature over the past 20 years has observed the
existence of force transmitting capacity of resilient dental materials.
Skalak 24 stated that implant when loaded with rigid occlusal
materials with high, Young’s modulus, resulted in a higher impact
on the underlying bone. He concluded that resin as an occlusal
material acts as a shock absorbent and in turn resulted in less stress
distribution on implants; however, it cannot be widely used to
stabilize the occlusal relationship and hence cannot be considered
as an occlusal material of choice; this, concept enlightened that
rigid materials induce high impulse load on implants and skeletal
tissues. In an in vitro study done by Gracis et al.,25 it was concluded
that the harder and stiffer the occlusal material, the higher would be
the force transmitted onto the implant. Menini et al.26 analyzed the
shock-absorbing capacity of restorative materials and concluded
that the type of prosthetic material used significantly affect implant
stress distribution and load transfer. Our results were in accordance
with the studies mentioned earlier, which showed that zirconia,
which is a highly rigid material, exhibited higher forces on the
implant, abutment, and abutment screw and surrounding bone
when compared to materials with a lower modulus of elasticity such
as Trinia and PEEK. While comparing the stress distribution of metalceramic with the other materials, it was considered as optimal. The
results were superior to that of zirconia. This was in accordance
with Sertgöz et al.16 who investigated the effect of superstructure
material on stress distribution in an implant-supported fixed

Fig. 8: von Mises stress on abutment screw
1214

The Journal of Contemporary Dental Practice, Volume 21 Issue 11 (November 2020)

Stress Distribution and Deformation of Implant Prosthetic Materials

Fig. 9: Deformation of implant assembly

Fig. 10: Deformation of abutment

Fig. 11: Deformation of abutment screw
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prosthesis, and the optimal materials were cobalt–chromium for
the framework and porcelain for the occlusal surface.
In the present study, Von Mises stress distribution on individual
implant components (implant, abutment, and abutment screw)
was observed. The stress concentration on the individual implants
was high at the apical region of the implants, which contradicts the
results demonstrated by Papavasiliou et al.17 who stated higher
stresses at the crestal level of implants than apical areas. In our
study, higher stress was recorded at the neck of the abutment. In
the case of abutment screw, higher stresses were recorded at the
neck and upper portion of the thread of the screw. These findings
suggest that abutment screw at the level of collar and thread can
be the most common site of fracture.26–28
Hoshaw et al.19 stated that von Mises stress estimation is also
the scale for estimating the initiation of deformation in biomaterials.
The maximum deformation and von Mises stress were concentrated
in the anterior part of the mandible, which showed that the anterior
implants took the maximum amount of stress compared to the
posterior implants. This finding could be attributed to the fact
that the anterior part of the mandible is resilient. In the present
study, while using a single span bridge, the force was eventually
transferred to the prosthesis (Figs 7 and 5A) and implant assembly.
Similarly, Çaglar et al.29 also suggested that anterior teeth took a
higher load in case of a complete rehabilitation single-span bridge.
Our results were contradictory to the results of studies conducted
by Hazari et al.,30 where the maximum stress point was localized to
the zone between the canine and the first premolar.
In a natural tooth, elastic deformation of the periodontal
ligament aid in the micromovement leading to minimal stress
being transferred to the underlying bone. On the other hand, as
implants lack the periodontal ligament, these micromovements are
transferred directly onto the peri-implant bone. Micromovements
greater than 150 μm can potentially lead to loss of implant
osseointegration.31
In the present study, the maximum deformation of the implant
assembly was seen to be significantly high with respect to zirconia
prosthesis than that of metal-ceramic, PEEK, and Trinia. The
deformation was high on implants placed in canine region, than the
implants placed posteriorly for all prosthetic groups in the study.
The amount of deformation exhibited by the abutment screws while
using zirconia as prosthetic material was much higher than the
other materials. These higher deformation values of the abutment
screws could lead to screw loosening of the implant-abutment
complex, which could be the initiation of failure of the prosthesis.
The micro deformation of an implant can potentially damage the
bone–implant interface causing possible loss of osseointegration,
further leading to bone loss.
Tartuk et al. 32 compared the load-bearing capacities of
monolithic PEEK, zirconia, and ceramic molar crowns using the final
failure force and fracture load. They concluded with no significant
difference between the PEEK and ceramic. Similarly, Saraswathi
et al. 33 and Tribst et al. 34 also found no statistical difference in
the load-bearing capacities of zirconia (monolithic and layered)
compared with metal-ceramic crowns, titanium, and polyurethane,
respectively. This is contrary to the results of our study, where the
substantial difference was observed on the stress exerted by PEEK
and ceramic based prosthetic materials.
In the context of the present study, although metal-ceramic
and zirconia are prosthetic biomaterials of choice in modernday dentistry, one must consider the specific vital mechanical
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properties of the prosthesis that ultimately dictate its functional
efficiency and longevity. The stress distribution and deformation
of these biomaterials might play a crucial role in decision-making
for prosthetic material as a choice in full-mouth rehabilitation with
an implant-supported prosthesis.
Finite element study models would need the bone to implant
contact to be 100% as used in the present study, where the
general range of contact falls in the range of 30–70%. The present
study simulates a close clinical situation, but not exact; hence, the
interpretation of the results needs more wariness for application
in a clinical scenario.

C o n c lu s i o n
Higher stresses were exerted on the anterior implants compared
to posterior implants in all groups of prosthetic materials in the
study. Metal-ceramic and Trinia exhibited less stress distribution.
Metal-ceramic and PEEK showed less deformation. Keeping in
mind that Trinia and PEEK being latest advancements as prosthetic
biomaterials, and encouraging positive results shown by them in
our study, they could emerge as new implant prosthetic materials
for future in vitro and in vivo research and clinical application in the
field of implantology.
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