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ABSTRACT

Objectives: The purpose of this study was to record and evaluate the distribution and values
of stress and strain generated within the cortical and cancellous bone around an implant with
00 and 150 abutment angulation and two different crest module designs (smooth collar and
collar with micro threads) on applying a load of 178 N.

Material and methods: A finite element model of a cross section of maxilla including the
residual alveolar ridge and an implant along with an abutment was designed using computer
software. The modelled implant-abutment was placed within the alveolar bone of maxilla. A
Finite Element stress and strain analysis was done for implants with 00 and 150 angulations
with two different crest module designs in maxilla. A similar load was applied to all the
models. After this, the software processed the data with the help of recorded values. This data
was then subjected to comparative assessment.

Results: Stress distribution of the threaded and smooth collar implants with 0 degree
angulation was appeared to be maximum displacement of 0.033mm in the cortical bone
surrounding the implant neck on the labial side and strain was maximum in the cancellous
bone around the neck of the implant. For the 150 angulation maximum displacement of
0.070mm was observed at the tip in both threaded and smooth collar implants and gradually
decreased apically.
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Conclusion: Maximum of the stress concentration was observed in the cortical bone around
the implant neck irrespective of the abutment angulation and implant design. The stress and
strain values of the angulated abutment were 1.5-2 times more as compared to the straight

abutment.
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INTRODUCTION

Restoration of partially and completely
edentulous jaws is treated and rehabilitates
through osseointegrated implant procedures.
Over the years, the conducted studies have
stated that there are 95% survival rates for
mandibular implants and 65-85% for
maxillary arch. [

Loss of osseointegration and failure in the
maxillary arch can be correlated with
exceed of mechanical stress limit in the
maxillary arch, leads to loss of prosthesis.
Factors such as implant design (collar
design), implant position and angulation,
bone type and direction and magnitude of
the occlusal load influences the stress and
strain distribution on the implants. [*? Bone
around the implant is supposed to be greater
than 1mm to attain the desired
osseointegration.  Angulation and the
direction of the implant placement is
directly related to the bone density and
morphology. 5]

Bone remodelling such as bone formation
and resorption is influenced by the occlusal
forces and that determines the stress and
strain acting on the implant. Stress and
strain is directly related to the forces acting
on the implant. [

To maintain the bone implant interface,
biomechanical factors plays to be the most
implant factors such as direction of the force
being applied on the implant. Transverse
component as always accompanied with the
vertical component on the implant. & 71
Implant companies have introduced pre-
angled abutments and crest module design
(threaded and smooth collar) for the
biomechanical factors playing on the
implants. Photo elastic and strain gauge
measurement were being used to collect the
comparative data that were the stress and

stain generated through different crest
module and angled abutments. ["]

Finite element analysis is a numerical
method of structural analysis based on the
principle of dividing a structure into a finite
number of small elements that are connected
to each other at the corner points or nodes.
For each different element, its mechanical
behaviour can be written as a function of the
displacement of the nodes. In other words,
FEA is a method where by, instead of
seeking a solution function for the entire
structure, one formulates the solution
functions for each finite element and
combines them properly to obtain the
solution to the whole structure. FEA was
initially developed in the early 1960 to solve
structural problems in the aerospace
industry. In 1976 Weinstein et al were the
first to use FEA in implant dentistry. It is an
effective computational tool that has been
adapted from the engineering arena to dental
implant biomechanics. With FEA, many
design feature optimizations have been
predicted and will be applied to potential
new implant systems in the future. ¢ 1

MATERIALS & METHODS

A 3-D model of anterior maxillary segment
in the incisal region with an implant and its
abutment was constructed on a personal
computer with specification Intel Core 132 -
2330M  Processor,2 GB RAM, using
software’s Hypermesh 13.0 & ANSYS 12.1
for the following four situations those are
implants with straight abutment, ie. 0
degree abutment with smooth/machined
collar and micro-threads collar, and
implants with 15 degree angled abutment
with smooth/machined collar and micro-
threads collar.

Steps involved in the study were first finite
element modeling comprising construction
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of FE models with model geometry and
modeling of implants with abutments.
Second, mesh generation followed by
specifying  materials  properties  and
application. Finite element analysis with
von mises stress and strain analysis.

Then, modelling of the implant with
abutment was done with a simulated 13 mm
x 3.5 mm Nobel active implant with two
different collar designs (smooth collar and
micro threads collar) was used for this
study. The implants were apposed by
cortical bone in the crestal region and by
cancellous bone for the remainder of the
implant bone interface. The abutments of
two different angulations (0, 15 degrees)
were connected to implant representing four
restorative situations. The abutment was
made of same alloy. The implant abutment
complex was placed in the middle of the
anterior maxilla. The platform of the
implant was modelled as being flush with
the alveolar ridge surface to mimic
effectively a real clinical situation.

Then, specifying material properties were
analysed through Young’s modulus (elastic
modulus) and Poisson’s ratio. The cortical
bone, cancellous bone and implant with
abutment were presumed to be linearly
elastic, homogenous and isotropic. The
corresponding elastic properties such as
Young’s Modulus (€) and Poisson’s ratio
(0) of cortical bone, cancellous bone and
implant were determined according to
literature survey. (Table 1)

Material Elastic modulus | Poisson’s ratio
Cortical bone 13.4 GPa 0.30
Cancellous bone | 1.37 GPa 0.31
Titanium alloy 110 GPa 0.33

Table 1: Mechanical properties of different
materials used in the Model

The bone implant interface was assumed to
be perfect, simulating complete
osseointegration. The implant and abutment
were assumed to be connected as a single
unit. After that load application was done,
this is a part of the procedure where an
attempt was made to simulate actual clinical
situation. It was assumed that force applied

to the palatal surface of the maxillary
prosthesis would be parallel to the long axis
of the mandibular incisor.

Therefore, the load applied near the
cingulum area of the prosthesis had an angle
of 130 degrees with the long axis of the
abutment. The magnitude of the force used
was 178 N which is also within the range of
mean values reported in the literature.

After applying load on each model, a record
of the patterns and values of stress and
strain developing around the implant in the
bone was displayed using different colours
showing different range of stress and strain
in cortical and cancellous bone.

RESULT

The study was conducted to analyze the
distribution and values of stress and strain
generated in the bone around an implant
placed in an anterior maxilla using two
different abutment angulations (0 degree
and 15 degree) and two crest module
(Smooth and threaded) designs. Stress and
strain were calculated using Von Mises
criteria.

Stress distribution

Study of threaded collar implant and

smooth collar implant with 0 degree

abutment angulation:

1. Maximum displacement of 0.033 mm
observed at abutment tip in both
threaded and smooth collar implants and
gradually decreased apically. (Figure 1)

2. Maximum displacement in the cortical
bone =0.019 mm in both threaded and
smooth collar implants. (Figure 1)
Maximum displacement in cancellous
bone =0.017mm in both threaded and
smooth collar implants.

3. For cortical bone the maximum Von
Mises stress was located around the
implant neck and decreased towards the
apical end of the implant. The Stresses
in crestal bone were less in smooth
collar implant as compared to threaded
collar implant. For cancellous bone the
maximum Von Mises stress was located
around the neck portion of the implant
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on the labial side. The Stresses

cancellous bone were less in smooth
collar implant as compared to threaded

collar implant.

4. The maximum stress in the cortical bone
with O degree abutment and threaded
collar was 83.6 MPa and with smooth
collar implant was 62.99 MPa

respectively.

5. The maximum stress in the cancellous
bone with 0 degree abutment and
threaded collar was 10.0 MPa and with
smooth collar implant was 8.9 MPa
respectively. Von Mises stress in the
neck of the implant with threaded collar
was (110 Mpa) more than the smooth

collar implant (93 MPa).

Study of threaded collar implant and
smooth collar implant with 15 degree

abutment angulation:

1. Maximum displacement of 0.070 mm
observed at abutment tip in both
threaded and smooth collar  implants
and gradually decreased apically.

(Figure 2)

2. Maximum displacement in the cortical
bone = 0.043 mm in both threaded and

Threaded collar implant

smooth collar implants. (Figure 2)
Maximum displacement in cancellous
bone = 0.037 mm in both threaded and
smooth collar implants.

For cortical bone the maximum Von
Mises stress was located around the
implant neck and decreased towards the
apical end of the implant. The Stresses
in crestal bone were less in smooth
collar implant as compared to threaded
collar implant.

For cancellous bone the maximum Von
Mises stress was located around the
neck portion of the implant on the labial
side. The Stresses in cancellous bone
were less in smooth collar implant as
compared to threaded collar implant.
The maximum stress in the cortical bone
with 15 degree abutment and threaded
collar was 122.61 MPa and with smooth
collar implant was 117.40 MPa
respectively. The maximum stress in the
cancellous bone with 15 degree
abutment and threaded collar was 17.25
MPa and with smooth collar implant
was 15.25 MPa respectively.

Smooth collarimplant

Max displacement in cortical bone = 0.019 mm in both case

Figure 1: Straight abutment case
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Figure 2: Angulated abutment case

Strain distribution
1. Study of threaded collar implant and

smooth collar implant with 0 degree
abutment angulation:

The maximum Von Mises strain was
located in the cancellous bone around
the neck of the implant on the labial
side. For cortical bone the maximum
Von Mises strain was located around the
neck of implant and decreased towards
the apical end of the implant The strain
in cortical bone were less in smooth
collar implant (0.003 mm/mm) as
compared to threaded collar implant
(0.004mm/mm.) (Figure 3)

For cancellous bone the maximum Von
Mises strain was located around the
neck portion of the implant on the labial
side. The Strain in cancellous bone was
less in smooth collar implant (0.0006
mm/mm) as compared to threaded collar
implant (0.0007 mm/mm). Von Mises
strain in neck portion of implant was
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(0.001 mm/mm) in both smooth collar
and threaded collar.

dy of threaded collar implant and

smooth collar implant with 15 degree
abutment angulation:

1.

For cortical bone the maximum Von
Mises strain was located around the
neck of implant and decreased towards
the apical end of the implant. The strain
in cortical bone were less in smooth
collar implant(0.005mm/mm) as
compared to threaded collar implant
(0.006 mm/mm) (Figure 4)

For cancellous bone the maximum Von
Mises strain was located around the
neck portion of the implant on the labial
side. The Strain in cancellous bone was
less in smooth collar implant (0.001
mm/mm) as compared to threaded collar
implant  (0.002mm/mm). Von Mises
strain in neck portion of implant was
(0.002 mm/mm) in both smooth collar
and threaded collar.

Volume 14; Issue: 5; May 2024



Dr. Dushyant Soni et.al. A 3-D finite analysis of stress and strain around a dental implant with different

abutment angulations and two crest module design

Threaded collar implant

Smooth collarimplant

Max stress =63.0 MP.

Max strain
=0.004

toar Pot

Max strain =0.003

Figure 3: Stress and strain in cortical bone

Threaded collar implant

Smooth collarimplant

Max stress
=122.61 MPa

Max stress =
117.4 MPa

Max strain =0.006

ax strain =0.005

Von-Mises strains contours in cortical bone

Figure 4: Stress and strain in cortical bone

DISCUSSION
Implant loading is directly related to the
success rate of the dental implants and their

through osseointegrated implant procedures.
Over the years, the conducted studies have
stated that there is 95% survival rates for

capability to retain for longer period of time. mandibular implants and 65-85% for
Restoration of partially and completely maxillary arch. (4
edentulous jaws is treated and rehabilitates

International Journal of Health Sciences and Research (www.ijhsr.org) 6

Volume 14; Issue: 5; May 2024



Dr. Dushyant Soni et.al. A 3-D finite analysis of stress and strain around a dental implant with different

abutment angulations and two crest module design

In the anterior maxillary region, when teeth
are lost it is difficult to predict the pattern of
bone loss. Conventional (zero degree)
abutment exhibit difficulty in restoring due
'[[(3 change in bone density and morphology.
3

Hence, it is essential to stimulate the models
design that can replicate the clinical
situations. For the present study, a 3-D
Finite Element model of the anterior maxilla
was selected with cortical bone of the
maxilla to be as 1mm layer that depicts the
clinical situation. &8

Clelland et al8 used 15 degree and 20
degree angled abutment in their finite
element analysis and found that there was
an increase in the magnitude of stress and
strain as the abutment angulation increased.
All reported stresses and strains were found
to be within the physiologic zone as
reported by Frost. In another study Brosh et
al® used 15 degree and 25 degree angulated
abutment and calculated the stress and strain
along the implant bone interface using strain
gauge and photoelastic measurements. They
also concluded that angled abutment
increased the amount of stress and strain but
within the physiologic limit.

Sethi et al* and Eger et al® compared the
effect of angled and straight abutments on
clinical outcomes. Implants were placed in
different sites of maxilla and mandible and
were restored using abutments of varying
angulations. They  concluded  that
endosseous implants placed at unfavourable
angles may be restored with angled
abutments without compromise of function
or aesthetics.

Mandibular anterior teeth are guided by are
palatal surfaces of the maxillary anterior
teeth in their protrusive and lateral
excursions. Approximately 130 degree is the
inter-incisal mean angle. &

In the present study, a force of 178 N was
applied at the cingulum area of the abutment
at an angle of 130 degree to the long axis of
the abutment, which stimulates clinical
situation during function.

a force of 178 N on this implant bone model
appeared to increase linearly with an
increase of the abutment angulation. Near
the implant neck, it was observed that there
was concentration of maximum Von Mises
stresses. The maximum stress observed for
the thread collar with 15 degree abutment
was 122.6MPa in the cortical bone and only
17.25Mpa in the cancellous bone.

As the abutment angulation increases the
maximum equivalent Von Mises strain also
increased. The cancellous bone around the
middle portion of the implant concentrated
with maximum strain followed by implant
apex. Threaded collar implant with 15
degree abutment depicted Maximum Von
Mises strain of 0.006mm/mm. Each model
had the same pattern of strain distribution.

Limitations of Finite Element Method:

e Even though Finite Element Method is
an accurate and precise method for
analyzing structures, the present study
had certain limitations:

e Real clinical situation experiences some
movement between the implant and the
bone during loading from different
directions which was not present in this
study.

e It was considered that the implant was
totally osseointegrated, which is not the
case in the clinical situations.

e The bone clinically is non-homogenous
and anisotropic but in the present study
it was considered that the cancellous
bone, cortical bone and the implant was
isotropic and homogenous.

e To achieve more realistic situation,
advanced digital imaging techniques can
be used to model bone geometry in
greater detail; the anisotropic and non-
homogenous nature of the material
needs to be considered; and applied
boundary conditions must be refined. In
addition, modelling of bone-implant
interface should incorporate the actual
osseointegration contact area in cortical
bone as well as the detailed 3-

Accc_ering to the obtained _resu_lt_s, the dimensional trabecular bone contact
maximum equivalent stress/strain elicited by pattern.
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CONCLUSION

Within the limitations of the methodology,

the results of static load and linear analysis

support the following conclusion:

e Maximum amount of stress
concentration was observed in the
cortical bone around the implant neck
irrespective of the abutment angulations
and collar design.

e Maximum amount of strain
concentration was observed in the
cancellous bone around the crestal
portion of the implant.

e An angulated abutment contributes in
the 1.5-2.0 times more stress and strain
than straight abutments.

e 15 degree abutments with threaded
collar generated maximum stress and
strain around the implant and zero
degree abutment with smooth collar
produced least amount of stress and
strain.

e Combined with proper diagnosis and
treatment planning, angulated abutments
can be used in anterior maxilla with
proper selection of crest module design
to restore the implants placed at
unfavourable angles without
compromise of function.

e Angulated abutment increased the stress
and strain and smooth collar reduced
crestal stress and stain as compared to
threaded collar. Reduced abutment
diameter (platform switching) resulted
in less stress translated to the crestal
bone.

Further researches are required to

demonstrate the stress/strain values with

more variables such as bone density,
interface  conditions and degree of
osseointegration. Finite Element Analysis is
based on mathematical calculations, while
living tissues are beyond the confines of set

parameters and values since biology is not a

computable entity. Therefore, Finite

Element Analysis should not be considered

as a sole means of understanding the

behaviour of a geometrical structure in a

given environment. Actual experimental

techniques and clinical trials should follow

Finite Element Analysis to establish the true
nature of the biologic system.
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