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Graphical abstract Abstract

The perseverance of dental implant system in restoration of occlusion is highly dependent
Implant body material: on biomechanical overloading factors such as implant macro geometries, parafunctional oral

1. Zirconia habits, and material. Different implant materials could affect the load transfer at the bone-
2. Ti-6AL-4V

3 T implant interface differently which is related to stress shielding phenomenon. To date, the
4 Tize role of various implant materials on the surrounding tissues as well as implant stability is still
5. PEEK debatable and unclear especially when the implant failure is of concern. Through this study,

implant body with different materials or stiffnesses that are zirconia, Ti-6Al-4V, cpTi, TiZr,
and PEEK were investigated via 3-D FEA. The bone tissues were modelled based on CT image
datasets and subsequently be processed in SolidWorks software. All geometries were
converted into finite element models and analysed in ANSYS software. The bone and implant
models were assigned with anisotropic and isotropic properties, respectively. A dynamic
occlusal loading of 300 N and pretension of 20 N were applied on the implant body and
screw, respectively. The results showed that the less stiff implant increased the bone stress

= and decreased the implant body stress values compared to the stiffer implant. Moreover,
Stiffer implant ¥ Stiffer implntf Stiffer implant 4 Stiffer implant ¥ the implant with lower stiffness exhibited lower bone strain and higher implant deformation
than the implant with higher stiffness. Of all implant materials analysed, PEEK is observed to
be the most satisfactory. However, further modifications on PEEK would be necessary to
improve inherent bioactivity and osseointegration.
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1.0 INTRODUCTION as the fracture and loosening of abutment and implant body
still occur. The fracture of implant body is more infrequent than
An implant system designated for use in replacing missing teeth the loosening and fracture of abutment and screw. Although
is defined as a dental implant commonly used in prosthodontics the implant body fracture is scarce which accounts for 0.2 —
which is inserted into the soft and hard oral tissues to provide 1.5% [3], their impact is highly frustrating not only for patients,
retention or support for a fixed or removable prosthesis. A but also for dental surgeons [4]. The loss of implant normally
standard osseointegrated dental implant comprises three main demands maintenance and further corrective measures
individual components which are implant body, abutment, and including a new period of rehabilitation.
abutment screw. The dental implant is used to attach the There are two main factors contributing to the implant
artificial tooth (prosthesis or crown) to the jawbones so that complications which are technical overloading and biological-
the biting and chewing forces can be distributed. It is one of the related incidences. The technical overloading is found to leave
best treatment options for patients to restore the missing teeth a more significant effect on the implant stability compared to
in terms of function, comfort, and aesthetic. The success of the biological-related event. This may be associated with
dental implant has well been evidenced over years through several inadequate implant biomechanical aspects that
many clinical follow-up studies [1, 2]. However, the post- weakening the bone-implant connection, supported with the
placement complications that leading to implant failures such absence of the periodontal ligaments to sustain the
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physiological loading. Uncommon response of the implant
towards loading could result in marginal bone loss and
subsequent collapse of the prosthesis or implant parts. Besides,
soft tissue deformation, aesthetic compromise, and patient
dissatisfaction are other implications [5]. Concerning these
issues, it is a necessity to ensure that the bone-implant
interaction due to biomechanical overloading factors exhibits
responses within the permissible physiological tolerance. The
material, length, diameter [3] and cervical wall thickness of the
implant body [6], abutment height, and parafunctional oral
habits [7] are the most common biomechanical overloading
factors identified to cause implant instability. Hence, material
used to fabricate the implant is of interest as it is related
towards load transfer and implant stability.

The material utilised in dental implant fabrication must
achieve mechanical, physical, and biological needs because the
implant is in direct attachment with living tissues and
considerably be loaded with occlusal force. The material of
implant supposedly acquires properties that close to the bone
to prevent low bone stress adaptation because of stress
shielding effect. Ceramics and titanium are the typical materials
chosen in the fabrication of dental implant [8]. For
commercially pure titanium (cpTi), grade IV exhibits the highest
strength compared to others and being the reason of why it has
extensively been used in the market [9]. Moreover, titanium
alloy (Ti-6Al-4V) which categorised under grade V, has an
improved yield strength and fatigue resistance, also making it
as one of the prominent materials. Ceramics such as zirconia,
on the other hand, promote a more aesthetic option than
titanium in fulfilling the demands and expectations of the
patient [9]. Current implant manufacturing also considers
zirconia alloy with titanium or also known as titanium
zirconium (TiZr) which having better tensile strength, hardness,
corrosion resistance, and biocompatibility compared to pure
materials [10]. Besides, polymers and polymeric reinforced
composites (polyetheretherketone (PEEK)) are new emerging
materials with the lowest elastic modulus (3 — 4 GPa) relative to
other implant materials [9, 11]. The PEEK is highly
biocompatible, resistant to hydrolysis, and exhibits good
thermal, mechanical, and chemical abrasions resistance [12].
However, the influence of different materials on the implant
stability remains a subject of debate and unclear. Further to
that, lack of information is available regarding the suitable
selection of implant material, and subsequently the emphasise
on implant design prior to implant fabrication.

Computational analysis currently is popular and well
accepted technique for examining the biomechanical
characteristics including stress and strain alterations. It is easier
and more flexible than experimental tests. Finite element
analysis (FEA) is widely used computational method in dental
implantology that allows investigators to predict the responses
which are challenging to be determined in in vitro and in vivo
works especially at the bone-implant interface [13-15]. FEA
plays an important role in explaining mathematical modelling
problems in many fields of science and industry such as
through structural, fluid [16, 17], thermal, fatigue, and fracture
mechanics analyses [18-22].

Thus, this study was aimed in evaluating the mechanical
responses of a dental implant in terms of stress, strain, and
deformation among five different types of implant materials
which are zirconia, Ti-6Al-4V, cpTi, TiZr, and PEEK using three-
dimensional (3-D) FEA. It is hoped that this study will provide

an improved understanding on load transfer at the bone-
implant interface and subsequently addressed the issue of
implant instability which leads to failure. Besides, improving
materials with low elastic modulus may be a key factor in
reducing implant failure and suitable as a new class of implant
material.

2.0 MATERIALS AND METHODS

A series of computed tomography (CT) image datasets of a
craniofacial was used and analysed to develop a 3-D model of
mandibular bone utilising an image-processing software,
Mimics 20.0 (Materialise, Leuven, Belgium). Only one CT
dataset of a real craniofacial considered in this study. The
image datasets of CT scan were processed using appropriate
scale of bone density to differentiate the distribution of the
cortical and cancellous bone structures. The chosen region of
interest is the posterior region of the left mandible covering the
second premolar, first molar, and second molar tooth regions.
The presence of the mandibular canal was ignored in this study.
The constructed partial bone model was then compared with
virtual mandibular bone model from 3-D human anatomy
software which is Complete Anatomy from 3D4Medical,
Elsevier, for accuracy. Several alterations have been made on
the bone model including flattening the superior portion to
avoid the development of highly distorted elements in that
area. The completed bone model is 30-mm long, 20-mm high,
8- to 10-mm wide, and 2-mm thick (cortical layer). These
dimensions are also consistent with those presented in several
earlier computational works that considered similar bone
region of interest [23, 24].

Considering the existence of the porous structure or also
known as cancellous bone, it was designed as a solid continuum
body with spongy material properties given. The cancellous
bone was enclosed by the dense cortical layer. To simulate the
insertion of the implant into the bone, the first molar tooth was
removed representing a single restoration, while the remaining
two teeth were neglected. The prosthesis or crown was
modelled based on the enamel of anatomical configuration of
the first molar using Boolean operation. The framework was
also developed by scaling down the prosthesis model
approximately 30%.

The 3-D model of the implant body, abutment, and
abutment screw was developed in accordance with the
dimensions of dual-fit implant (DFI) (Alpha-Bio Tec, Petach
Tikva) using a computer-aided design software, SolidWorks
2020 (SolidWorks Corp., Concord, Massachusetts, USA). The
diameter and length of the implant body are 3.75 and 11.5 mm,
respectively. The implant-abutment morphology had been
modelled as internal hexagonal connection and for the implant
thread shape, the V-shaped type was imposed. The implant
body was built as a one single body that would be attached to
the abutment, and a screw was used to secure the abutment in
place. The abutment is 3.5 mm in height, whilst the screw is 2.2
and 8 mm in width and length, respectively. All implant part
models were generated using appropriate SolidWorks in-built
geometry tools such as extrude, revolve, sweep, and/or loft.
Model verification was made by comparing all the completed 3-
D model designs with the actual dimensions and tolerances
provided in the catalogue of implant manufacturer to
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substantiate the model accuracy. Figure 1(a) depicts the
exploded view of implant parts and bone models.
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Metal framework

Abutment

Abutment screw
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Figure 1 (a) Exploded view of the implant system. (b) The boundary
conditions showing rigid fixations at the bottom plane of the bone
block and the occlusal force applied on the top surface of the
prosthesis

All the constructed bone and implant component models were
turned into solid geometry in SolidWorks software to establish
the placement of the implant inside the bone. This was
executed based on the recommended surgical procedures by
Branemark System®. Bone-level implant placement was
selected in which the flat surface of implant platform and the
top surface of the cortical bone was set parallel and positioned
at the same level. This is also to ensure satisfactory prosthesis

orientation is achieved. “Combine” feature via “Subtract” tool
was employed to succeed the development of 3.75-mm wide
bone bed.

The contact between the implant body and the bones was
assumed to be perfectly bonded designating a full
osseointegration as frequently found in many previous in-vitro
studies. It means that direct contact method was used to
prevent any relative motion at the interface. The same
approach was applied for the contact surfaces between the
cortical and the cancellous bones. Whilst, all contact surfaces
among implant and prosthetic parts were simulated via friction
coefficient, u of 0.3 [25]. The contact algorithm adopted at the
surfaces was Augmented Lagrange method which automatically
controlled by the program. The contact detection occurred at
Gauss integration point.

As mentioned earlier, the type of implant material must be
taken into consideration in overloading as a trade-off between
implant stability and load transfer is a key issue. In this study, 3-
D FEA was performed on five different implant body material
types — zirconia, Ti-6Al-4V, cpTi, TiZr, and PEEK — in terms of
different elastic moduli, £ and Poisson’s ratios, v. On the other
hand, the abutment and abutment screw, prosthesis, and
framework were made of Ti-6Al-4V, feldspathic porcelain, and
cobalt-chromium (CoCr) alloy, respectively. They were kept
constant throughout the analyses. The implant and prosthetic
parts were modelled with isotropic properties, while the bones
were assigned with anisotropic properties. The strength of the
bone is primarily dependent on the orientation of collagen
fibres in its structure. The elastic modulus of the cortical layer
of the mandible is the highest along the mesio-distal direction
(0°, longitudinal), whilst the lowest along the corono-apical or
bucco-lingual direction (90°, transverse). Many recent analyses
of anisotropic living tissue models have been of attention in
order to acquire a more reliable result [26-28]. The material
properties of all models used in the numerical analyses are
defined in Table 1.

Table 1 Young’s modulus and Poisson’s ratio for each finite element
model

Elastic ) Shear
) Poisson’s
Material Modulus, . Modulus, References
Ratio, v

E (GPa) G (GPa)
Zirconia 200 0.3 - [28]
Ti-6Al-4V 113.8 0.342 - [23]
cpTi 110 0.35 - [29]
Tizr 100 0.3 - [28]
PEEK 18 0.39 - [30]
Feldspathic ~ 82.8 0.35 - [12]
porcelain
CoCr alloy 218 0.33 - [10]
Cortical x=17.9 vyz =0.31 Gy:=5.3 [27]

bone E,=12.5 Vxy = 0.26 Gy =4.5
E.=26.6 vx=0.28 Gx=7.1
Cancellous Ex=1.148 v,,=0.055 Gy:=0.068 [27]
bone E,=0.021 v, =0.003 Gy =0.068
E;=1.148 v =0.322 Gy =7.1

The present study included two loading configurations —
occlusal load and screw pretension. A dynamic occlusal force of
300 N [23] was subjected onto the top surface of the prosthesis
along the longitudinal implant axis to represent chewing action.
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For the pretension, a force of 20 N [23] was applied on the
outer surface of the abutment screw. The initial environment
or intraoral temperature was set to 27°C. In terms of structural
boundary conditions, the bottom plane of the cortical bone
model was fixedly constrained in the x, y, and z directions to
prevent any motions (translational and rotational
displacements = 0) [23]. The loading and boundary conditions
are illustrated in Figure 1(b).
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Figure 2 (a) Maximum principal stress within the bone for different
mesh densities (Tet-A — Tet-F). (b) Mesh configuration between Tet-A
(before) and Tet-B (after one refinement)

The outcomes of FEA must be free from all purely numerical
factors. Thus, it is important to conduct mesh convergence test.
Prior to the convergence test, all models were turned into solid
tetrahedral elements in ANSYS software (ANSYS Inc., Houston,
TX, USA) with four nodes element type and three degrees of
freedom. To perform the mesh convergence test, the model
was set into several different number of elements with
increasing mesh density. The total number of elements for each
model set is Tet-A: 190,000 elements; Tet-B: 260,000 elements;
Tet-C: 410,000 elements; Tet-D: 750,000 elements; Tet-E:
1,083,000 elements; and Tet-F: 1,690,000 elements. A. This
work was done by utilising automatic solid meshing function in
ANSYS software. The maximum principal stress results within
the bone were analysed for all trials of the convergence test.
The results exhibited that there was a little difference of the
stress values recorded between the coarsest and the rest of the
more refined models. The tetrahedral model appeared to
converge with the highest change of 2.7% after one refinement
which was about 260,000 elements and 400,000 nodes. Figure

2 shows a graph of maximum principal stress recorded within
the bone and mesh configuration before (Tet-A) and after one
refinement (Tet-B).

The proposed finite element model was also compared
against previous related studies that assessing similar implant
site and restoration type for verification purpose. The pre-
processing settings applied in those studies were replicated
except the model geometry. The comparison was made in
terms of applicable response data type per selected study
which is equivalent von Mises stress (MPa) within the bone. It
was shown that the greatest stress level generated between
our model with previous studies was less different and
consistent (Table 2).

Table 2 Comparison of maximum results between the literature and
proposed models

Studies Response Literature Model
Results Results

Yalgin et al., Equivalent Bone: Bone:

(2019) [23] von Mises  20.93 MPa 29.93 MPa
stress

Schwitalla et al., Equivalent Bone: Bone:

(2015) [24] von Mises  17.00 MPa 19.13 MPa
stress

3.0 RESULTS

The results of analysis were presented in the form of maximum
principal stress (bones), equivalent von Mises stress (implant
body), maximum principal strain (bones), and total deformation
(implant body-abutment assembly). Also, the data were
described in colour contour plot with red indicating high stress,
strain or total deformation value and blue indicating low value.
Table 3 summarises the results of the analysis for each case.

Table 3 Magnitudes of the stresses, strain, and total deformation
recorded in all cases

Maximum  Equivalent

Implant . X Maximum  Total
Principal von Mises e .
Body Principal Deformation
Material Stress Stress Strain (um)
(MPa) (MPa) H
Zirconia 39.66 736.84 4,985.1 104.14
Ti-6Al-4V 47.88 612.89 4,099.7 u 113.55
cpTi 48.27 602.79 4,035.2 n 114.03
Tizr 50.36 595.43 3,859.8 u 115.55
PEEK 141.81 265.42 13,612 p 174.89

As far as bone stress was concerned, the results depicted
that the bone stress increased as the implant body stiffness
was reduced, with PEEK recorded the highest stress value
(141.81 MPa) as compared to zirconia (39.66 MPa), Ti-6Al-4V
(47.88 MPa), cpTi (48.27 MPa), and Tizr (50.36 MPa). The
maximum stress level generated in PEEK was found to be about
3.6-, 3.0+, 2.9-, and 2.8-fold greater than that in zirconia, Ti-6Al-
4V, cpTi, TiZr, respectively. The area that was affected most by
the excessive stresses was the cervical region on the distal side
of the bone regardless of material type as illustrated in Figure



63 Muhammad Ikman Ishak, Ruslizam Daud & Siti Noor Fazliah Mohd Noor / ASEAN Engineering Journal 13:1 (2023) 59-67

3. The critical region for PEEK implant was slightly close to the
bone edge compared to others.

Max. stress =
47.88 MPa

Max. stress =
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(b)
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Figure 3 Contour plots of maximum principal stress of the bones for
different implant materials, (a) zirconia, (b) Ti-6Al-4V, (c) cpTi, (d) Tizr,
and (e) PEEK

When the results were analysed for the implant body, it was
evident that a contradict finding found where the stress was
increased accordingly with the increase in implant stiffness. The
maximum value of equivalent von Mises stress was recorded in
zirconia implant (736.84 MPa) relative to others (Ti-6Al-4V:
612.89 MPa; cpTi: 602.79 MPa; TiZr: 595.43 MPa; PEEK: 265.42
MPa). The stress contour of the implant body exhibited a
corresponding plot towards the bones. It demonstrated that
the stresses were strongly concentrated at the inner distal edge
of the implant platform before being progressively distributed
in the corono-apical direction on the mesial side (Figure 4). As
the stiffness was increased, the highly stressed region seemed
to become wider towards the middle portion. More favourable
stress dissipations were observed on the buccal, lingual and
mesial sides, and apical portion regardless of the implant
material. Among all materials, PEEK seemed to acquire the
most adequate stress distribution in the implant body.
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Figure 4 Contour plots of equivalent von Mises stress of the implant
body for different materials, (a) zirconia, (b) Ti-6Al-4V, (c) cpTi, (d) TiZr,
and (e) PEEK

The results of maximum principal strain showed that there
was a decrease in the bone strain in general when the stiffness
of implant was reduced. However, the strain has considerably
been increased for the implant with large difference of elastic
modulus compared to others (PEEK). The PEEK implant (13,612
1) led to the greatest magnitude of bone strain compared with
zirconia (4,985.1 ), Ti-6Al-4V (4,099.7 ), cpTi (4,035.2 ), and
Tizr (3,859.8 y) implants, which increased by 63.4, 69.9, 70.4,
and 71.6%, respectively. The strain values recorded in the
cancellous bone were slightly higher than those recorded in the
cortical bone regardless of implant materials except for PEEK
implant. Strains of the bone were highly concentrated at the
apical region of the implant on the lingual side as illustrated in
Figure 5 for zirconia, Ti-6Al-4V, cpTi, and TiZr. Whilst, for PEEK
implant, high strain intensity region was developed adjacent to
the marginal bone area on the distal side. The strains were
found to be more widespread for the cases with less stiff
implants in almost all directions.

Depending on the material of the implant body, the value of
implant-abutment assembly displacement increased
proportionally as the low-stiffness implant was used. It was
demonstrated that both abutment (zirconia: 104.14 um; Ti-6Al-
4V: 113.55 um; cpTi: 114.03 um; TiZr: 115.55 um; PEEK: 174.89
um) and implant body (zirconia: 13.83 um; Ti-6Al-4V: 16.18 um;
cpTi: 16.33 um; TiZr: 16.87 um; PEEK: 28.34 um) tend to highly
displace as implant stiffness decreased. In comparison, the
abutment displaced more than the implant body for all implant
material types approximately from 83.8 (PEEK) up to 86.7%
(zirconia) difference. This finding was expected due to the fact
that the abutment has directly been loaded with the occlusal
force (from the prosthesis) and pretension (on the abutment
screw). Figure 6 exhibits a high deformation region occurred on
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the distal side of the abutment and implant body. A smaller
deformation concentration region developed at the medial and
apical aspects, indicating a low tendency of the implant body to
displace at those parts in all groups.
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Figure 5 Contour plots of maximum principal strain of the bones for
different implant materials, (a) zirconia, (b) Ti-6Al-4V, (c) cpTi, (d) Tizr,
and (e) PEEK

4.0 DISCUSSION

The present study examined the influence of different implant
body materials on a commercialised dental implant using 3-D
FEA. The main goal was to analyse whether varying implant
stiffness could affect bone adaptation limits and subsequently
interfere the osseointegration. The clinical survival of a dental
implant is substantially depending on primary stability and
long-term osseointegration which yield lasting placement of
the implant in the bone. The performance of dental implant is
associated with many factors such as implant geometry,
loading, fixation method, including material. Zirconia, Ti-6Al-4V,
and cpTi are the most common materials used to make dental
implants [8]. New emerging materials such as TiZr and PEEK
have also been explored for possible implant applications [10,

28]. The effect of conventional and new materials on the load
transfer within the system is important especially when the
stress shielding effect is concerned. The mechanics of stress
transfer at the bone-implant interface determines bone
adaptation towards loading.

Max. deformation Max. deformation Max. deformation
=104.14 um =113.55 pm =114.03 pm

(a) (b) (c)

Max. deformation ~ Max. deformation
=115.55 pm =174.89 pym

1.30e-5
1.20e-5
1.10e-5
1.00e-5
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8.00e-6
7.00e-6
6.00e-6

z (d) (®)

Figure 6 Contour plots of total deformation of the implant-abutment
assembly for different implant materials, (a) zirconia, (b) Ti-6Al-4V, (c)
cpTi, (d) Tizr, and (e) PEEK

As far as stress within the bones was concerned, a greater
stress magnitude was generally recorded for the less stiff
implants compared to the stiffer ones. The reverse was seen for
the implant body wherein the stress was significantly
increased. These findings are probably due to the difference of
stiffness between the implant body and the bone. From
mechanical point of view, the implant material should have
properties that almost similar to the contiguous bones to
inhibit minimal bone adaptation stress. Generally, the
significant difference in the value of Young’s modulus between
the metallic implant material (high) and the bone tissues (low)
has caused the host bone to transfer the parafunctional and
physiological loadings to the implant wherein this occurrence is
known as stress shielding. The load and carrying capacity from
the stiffer implant are shared with the bone. Subsequently, the
loaded crestal bone will occupy less stresses and the
remodelling process occurred. In this process, the degradation
of bone is more dominant than the regeneration that leading to
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the decrease in bone mass and quality. As a result, peri-
prosthetic fracture may eventually occur. To associate the bone
remodelling process with the measures quantified, Wolff’'s law
is therefore concerned by evaluating the computed stresses
[31]. The bone regions adjacent to the implant seem to sustain
minimal stresses in comparison to the similar locations at the
implant irrespective of material types as evidenced in this
study. Flexible implants resulted in a higher stress within the
bone than the stiff ones with PEEK implant demonstrated the
most superior bone stress. The finding is consistent with a
previous computational analysis by Bataineh & Al Janaideh
(2019) [30]. They reported that carbon-fibre-reinforced PEEK
implant yielded greater cortical bone stress than Ti-6Al-4V
implant. Similar conclusion was found in another numerical
study by Schwitalla et al. (2015) where PEEK implants increased
the stress intensity in the peri-implant bone [24]. Although the
bone stress level was increased, all the maximum magnitudes
in all materials for this study are lower than the strength of the
cortical bone, 170 MPa, including that of PEEK implant (141.81
MPa). For the implant body, the stress values recorded are
considerably lower than the yield strength (YS) of some implant
materials which are zirconia (~3-times lower; YS: 2000 MPa)
and Ti-6Al-4V (~1.5-times lower; YS: 880 MPa). However, a
contradicted finding was observed for cpTi (~1.3-times higher;
YS: 480 MPa), TiZr (~2.6-times higher; YS: 230 MPa), and PEEK
(~1.02-times higher; YS: 260 MPa) where the maximum implant
stress magnitudes are greater than the yield strength of each
corresponding material. The TiZr implant appears to be highly
prone to failure compared to others. Of all materials, PEEK is
observed to be the most favourable material in terms of bone
and implant stress values and distributions. This could be
explained by a comparable value of elastic modulus between
PEEK and the bones which leaving insignificant stress shielding
effect.

Apart from the mechanical stresses, strain intensity
generated in the bones also plays an important role for the
bone adaptation towards loading. Our results showed that the
value of bone strain was generally decreased as the implant
stiffness decreased. However, unexpected finding was noted
when the bone strain has drastically been increased (13,612 )
for PEEK implant which having the lowest stiffness relative to
others. Frost’s mechanostat theory is applied to identify the
association of the reported strains with bone reactions [32, 33].
The bone strains recorded by Ti-6Al-4V, cpTi, and TiZr implants
exceeded 2,500 p which signifying physiologic overload. In
contrast, zirconia and PEEK implants predicting pathologic
overload because the strain magnitudes were higher than
4,500 p. This finding was in agreement with a past investigation
that showed the undesirable strain values of the bones,
expecting pathological bone failure [30]. The study reported
that the level of bone strains for all contact surface types easily
exceed 3,500 p which do not correspond well with clinical
observations. Different strain threshold classifications could be
counted for different justifications of the alveolar bone strains.

Dental implant stability is termed as the ability of an implant
system to be free from clinical mobility. Also, it is defined as the
ability of an implant to withstand load in the axial and lateral
directions, including rotational force. Both total deformations
of the implant body and abutment observed in this study were
increased with the decrease in the implant elastic modulus. The
displacement of the implant body (13.83 — 28.34 um)
regardless of material types appeared to lie within the range of

50 — 150 um [34] for an acceptable implant motion. The
movement beyond this range could harm the bone-implant
interface due to the formation of fibrous tissues. Flexible
implants with the lower Young’s modulus are expected to
produce greater deformation than their stiffer counterpart.
This has also generated a larger contact area between the
implant and the bone which thus minimising stress dissipation
in the implant body as being explained earlier.

Despite the robust findings, several aspects can further be
improved such as applying tilting force during implant loading,
using different types of implant body dimensions, and reversing
implant extraction from the bony socket. This study had some
limitations: (1) the simulated occlusal loading was only exerted
at one specific point or node; (2) the gingiva soft tissue model
was neglected; and (3) only the mandibular first molar tooth
restoration was evaluated, meaning that the results can only be
attributed to this group of teeth.

5.0 CONCLUSION

The results of simulated loadings and non-linear analysis
support the following conclusions. The implant with a lower
stiffness demonstrated an increased and a decreased stress
level within the bones and implant body, respectively,
compared to the implant with a higher stiffness. Besides, the
less stiff implant also promoted lower strain and greater
deformation values of the bones and implant-abutment
assembly, respectively, than the stiffer implant. Of all materials
evaluated, less stiff implants specifically PEEK implant is found
to be the most favourable. However, relevant modifications on
PEEK may be imposed to further enhance inherent bioactivity
and osseointegration.
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