International Journal of Current Research and Review Scopus Original Article

DOI: http://dx.doi.org/10.31782/IJCRR.2021.SP150

e Analysis of Stress Pattern in the Bone Around
oWe Variable Thread Root form Implant of Different
IICRR Diameters Under Axial and Non-Axial Loading

Section: Healthcare
ISI Impact Factor

@ov20x1628  Mohammed Sadique?!, Jayashree Mohan?, Sunantha Jayachandran?,

IC Value (2019): 90.81

SJIF (2020) = 7.893 Sasikala3, Santhosh Kumar V4, Sasikanth Venkatesan®

¢ 'Clinical Practitioner, Kingdom of Saudi Arabia; *Professor and Head, Department of Prosthodontics, Vinayaka Missions Sankarachariyar
Copyright@IJCRR

Dental College, Salem, Tamilnadu, India; *Reader, Department of Prosthodontics, Vinayaka Missions Sankarachariyar Dental College, Salem,
Tamilnadu, India; “Senior Lecturer, Department of Prosthodontics, Vinayaka Missions Sankarachariyav Dental Co“ege, Salem, Tamilnadu,
India; °PG Student, Department of Prosthodontics, Vinayaka Missions Sankarachariyar Dental College, Salem, Tamilnaclu, India.

ABSTRACT

Introduction: Unsuitable loading on implant causes extreme stress in the bone around the implant and may result in bone
resorption.

Objectives: This study was carried out to analyze the stress pattern in the bone around the variable thread root form implant of
different diameters under axial and non-axial loading.

Method: A three-dimensional Finite Element Method was used to study the influence of diameter of an implant on strain and
stress distribution design in the cancellous and cortical bone through non-axial and axial loading. Using a computed tomography
(CT) a geometric model of posterior mandibular area was created. Two implants of different diameters ie 3.3mm and 3.75mm
but having the same length of 11.5mm was modelled and embedded in the section of the bone. The vertical load of 100 N and a
horizontal load of 50 N from buccolingual and mesiodistal directions were applied on to the abutment.

Results: Implant with increased diameter appeared to distribute stress in a more uniform pattern around the implant. Implant with
lesser diameter showed high-stress pattern during axial as well as non-axial loading. The highest quantity of stress concentration
was detected in the cortical bone regardless of the magnitude and direction of loading. Higher stress was generated in the bone-
implant system during non-axial loading. There was the favourable distribution of stress and strain pattern during axial loading.

Conclusion: It was concluded that axial loading of an implant appeared to be a favourable direction of loading and does not
hamper longevity.
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INTRODUCTION bone around the implant and may result in bone resorp-
tion. It is this biomechanical interaction at the implant-
bone interface, which studies have shown that the close
apposition of bone to the titanium implant is an essential
feature that allows the transfer of stress from the implant
to the bone without any considerable relative motion or
abrasion.” In case of a smooth surface implant, a strong
bond between the implant surface and bone is not present
for satisfactory performance. However, an implant surface
How stress is transferred to the surrounding bone is a ma-  With thread geometry may have a beneficial interlocking
jor factor for the accomplishment or failure of a dental ~effect to achieve osseointegration, resulting in favourable
implant. Unsuitable loading creates extreme stress in the — Stress distribution.’

An osseointegrated dental implant creates the beginning of
a new era in oral rehabilitation.” The osseointegrated den-
tal implants showed a higher success rate for more than 20
years worldwide.? Irrespective of high success rates reported
to date, implant failures do occur. Implants can fail during
both the unloaded healing phase as well as the functional
phase but usually for different reasons.
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Thus in this study surface topography of a root form vari-
able thread implant is chosen as a parameter to understand
the effect of loads on the bone through the implant. The
finite element method (FEM) agreements numerous advan-
tages including the precise symbol of complex geometries,
easy model modification and depiction of the internal state
of stress and other mechanical quantities. FEM can simu-
late the intricate details of the bond between bone and im-
plant interface thereby giving us the understanding of the
loads transferred from the implant to the bone through the
interface.*’

This study was done to understand the behaviour of bone
around variable thread root form dental implant with two dif-
ferent diameters when it is loaded under axial and non-axial
directions. Three-dimensional finite element analysis was
used to carry out the study.

MATERIALS AND METHODS

Implants with abutments were modelled at Chennai, using a
computer with specifications Pentium IV, 256 MB RAM. A
finite element program, ANSYS version 8.0 was used for the
study. The implant was assumed to be placed in the region of
the first molar of the mandible.f The models were provided in
close approximation to the in vivo geometry.

Modelling of the bone

Initially, computerized tomography (CT scan) of five dif-
ferent regions of actual human mandible figure 1 was ob-
tained.””In this study, a section of the mandible of the low-
er first molar region was taken from the CT scan to generate
the model of bone. The Bone is scanned at various sections at
regular intervals of 0.5 mm. These scanned images are then
imported into Pro/E sot wares to various offset planes.

Modelling of the implant with an abutment

A three-dimensional finite element model of root form thread
type Implant System (ADIN dental implant system, Israel)
was generated. The dimensions of the implant were 3.3 mm
diameter and 11.5 mm in length. The implant considered was
the swell type which is a straight parallel walled slightly ta-
pered implant with variable thread design. The implant is
positioned halfway between the mesiodistal length of the
section of the mandible. The implant was inserted ac-
cording to the section of the bone with a 5-degree lingual
inclination.*/’

Suitable abutment was screwed on to the implant. The
Finite Element Model of implant with the abutment, which
could be created within the limitations of the study, is shown
in figure 1.

Figure 1: Modelling of bone and implant.

Another implant with 3.75 mm diameter and 11.5mm length
was also modelled and placed in a similar section of the
mandible for comparison. The section of bone containing
implant with diameter 3.3mm was considered as group I and
the one with diameter 3.75mm as group II.

Mesh generation

The 3-dimensional finite element model represents the geo-
metric model was meshed using Ansys Pre-processor (AN-
SYS version 8.0 software). The type of meshing is free
meshing because the model is not geometrically symmet-
ric. The element size (SOLID 187) was designated render-
ing to default settings. The type of element appropriate for
this specific study was 10 noded tetrahedron element which
was allocated 3 degrees of freedom per node, namely trans-
lation in the x, y and z angulation. The elements were
created so that their size aspect ratio would produce sensible
solution accuracy.’""?

Specifying material properties

For the execution and accurate analysis of the programme
and interpretation of the results, two material properties were
utilized i.e. Young’s modulus and Poisson’s ratio. The cor-
responding elastic properties such as Young’s Modulus (€)
and Poisson’s ratio (9) of cortical bone, cancellous bone and
implant were determined according to the literature survey
(Table 1).8*

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

Material Young’s modulus Poisson’s ratio
(Mpa)

Cortical bone 13700 0.30

Cancellous bone 1370 0.30

Implant (Titanium 110000 0.35

alloy)

[ 3]
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Figure 3: Fine element analysis of model 1 (Von Mises Stress
during Axial Loading (Load 1) Group 1: A. Cortical and Cancel-
lous Bone, B. Implant; Group 2: C. Cortical and Cancellous
Bone, D. Implant.

Statistical analysis

A patient-level statistical analysis was performed for each
of the parameters. A Kolmogorov Smirnov test was used to
test normal distribution of the data and revealed evidence for
normality. The mean values and standard deviations (mean
+ SDs) for the clinical variables were calculated for each
treatment, based on the subject as the statistical unit. The
significance of the difference between the group was evalu-
ated with the student’s t-test. Data were analyzed with the
unpaired observations. The level of significance was set at
0.05 and 0.01.

RESULTS

LOAD 1

The results of the study showed that at Cortical bone a
significant difference in the mean stress was found between
group 1 (7.18+0.60) and group 2 (5.84+0.78). Similarly,
significant difference in the mean strain was found between
group 1 (6.38+1.70) and group 2 (4.22+0.98) at Cortical
bone. Hence it was concluded that Group 2 is most effective
than Group 1 regarding stress and strain with respect to Cor-
tical Bone with regard to Load 1 - Axial - (100N).

It was also found from the analysis that Group 2 is having
lesser stress and strain than Group 1 in all the three parts
of cancellous Bone. Hence it is concluded that Group2 is
most effective than Group 1 regarding stress and strain with
respect to all the three parts of cancellous Bone with regard
to Loadl - Axial - (100N).

The significant difference in the mean stress and strain
among the two groups with respect to Coronal part, Middle
part and Epical part of Implant was analyzed. In the Coro-
nal part, significant difference in the mean stress and strain
among the two groups was found as their p-value is less than
0.05. Similarly, significant difference in the mean stress and

strain was found between group 1 and group 2 as their p-
value is less than 0.05 at Middle part as well as in Apical part
of Implant.

It is found from the analysis that Group 2 is having lesser
stress and strain than Group 1 in all the three parts of the
Implant. Hence it is concluded that Group2 is most effec-
tive than Group 1 regarding stress and strain with respect to
all the three parts of the Implant concerning Loadl - Axial
- (100N).

LOAD 2:

In the Cortical bone, the significant difference in the mean
stress was found between group 1 (22.30+4.87) and group 2
(15.88+3.03). Similarly, a significant difference in the mean
strain was found between group 1 (10.30£3.08) and group 2
(5.68+2.57). Hence it is concluded that Group?2 is most effec-
tive than Group 1 regarding stress and strain with respect to
Cortical Bone with regard to Load 2- Bucco- Lingual -(SON).

Similarly, significant difference in the mean stress and strain
was found between group 1 and group 2 at the Middle part
as well as in the Apical part of Cancellous Bone. Hence it
was concluded that Group2 is most effective than Group 1
regarding stress and strain with respect to all the three parts
of cancellous Bone with regard to Load 2- Bucco- Lingual
-(50N)

The significant difference in the mean stress and strain among
the two groups with respect to Coronal part, Middle part and
Epical part of Cancellous bone was analyzed and the results
are given in Table 5. In the Coronal part, significant differ-
ence in the mean stress and strain among the two groups was
found as their p-value is less than 0.05.

The significant difference in the mean stress and strain
among the two groups with respect to Coronal part, Middle
part and Epical part of Implant was analyzed. In the Coro-
nal part, significant difference in the mean stress and strain
among the two groups was found as. Similarly, significant
difference in the mean stress was found between group 1 and
group 2 at the Middle part in addition to the Apical part of
Implant. Significant difference in the mean strain was found
between group | and group 2 at implant as their p-value is
less than 0.05 but not at Middle part as its p-value is greater
than 0.05.

It is found from the analysis that Group 2 is having lesser
stress than Group 1 in all the three parts of the Implant. Hence
it is concluded that Group2 is most effective than Group 1 re-
garding stress and strain with respect to all the three parts of
the Implant with regard to Load 2- Bucco- Lingual -(SON).

LOAD 3:
In Cortical bone, the significant difference in the mean
stress was found between group 1 (31.8 £6.95) and group
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2 (19.0845.38) as their p-value is less than 0.05. Similarly,
significant difference in the mean strain was found between
group 1 and group 2 as their p-value is less than 0.05 at Corti-
cal bone. It is found from the analysis that Group 2 is having
lesser stress and strain than Group 1. Hence it is concluded
that Group?2 is most effective than Group 1 regarding stress
and strain with respect to Cortical Bone with regard to Load
3- Mesio-Distal -(50N).

In the Cortical bone, the significant difference in the mean
stress was found between group 1 and group 2 as their p-
value is less than 0.05. Similarly, significant difference in
the mean strain was found between group 1 and group 2 as
their p-value is less than 0.05 at Cortical bone. It is found
from the analysis that Group 2 is having lesser stress and
strain than Group 1. Hence it is concluded that Group2 is
most effective than Group 1 regarding stress and strain with
respect to Cortical Bone with regard to Load 3- Mesio-Dis-
tal -(50N).

The significant difference in the mean stress and strain
among the two groups with respect to Coronal part, Mid-
dle part and Epical part of Cancellous bone was analyzed In
Coronal part significant difference in the mean stress among
the two groups was found as their p-value is less than 0.05.
and not on strain as its p-value is greater than 0.05. Simi-
larly, significant difference in the mean stress among the two
groups was found as their p-value is less than 0.05. and not
on strain as its p-value is greater than 0.05 at Middle part as
well as in Apical part of Cancellous Bone

It is found from the analysis that Group 2 is having lesser
stress and strain than Group 1 in all the three parts of cancel-
lous Bone. Hence it is concluded that Group2 is most effec-
tive than Group 1 regarding stress and strain with respect to
all the three parts of cancellous Bone with regard to Load
3- Mesio-Distal -(50N).

The significant difference in the mean stress and strain
among the two groups with respect to Coronal part, Middle
part and Epical part of Implant was analyzed. In the Coro-
nal part, significant difference in the mean stress and strain
among the two groups was found as their p-value is less than
0.05. Similarly, significant difference in the mean stress and
strain was found between group 1 and group 2 as their p-
value is less than 0.05 at Middle part as well as in Apical part
of Implant

It is found from the analysis that Group 2 is having lesser
stress and strain than Group 1 in all the three parts of the
Implant. Hence it is concluded that Group2 is most effective
than Group 1 regarding stress and strain with respect to all
the three parts of the Implant with regard to Load 3- Mesio-
Distal -(50N).

DISCUSSION

For various implant types, the probability of implant treat-
ment is reinforced by numerous clinical studies reporting
success rates greater than 90%."*/ However, implant fail-
ures do occur predominantly because of biomechanical fac-
tors. These factors depend on: a) the mechanical stiffness of
the implant and bone shape’ length, diameter and surface
topography of implant,’” the magnitude, directions, loca-
tions and modes of action of the functional and parafunc-
tional forces on the restored implant.

For complicated geometries, such as mandible it is very dif-
ficult to achieve an analytical solution. Therefore, the use
of numerical methods such as Finite Element Method is re-
quired. Vertical and transverse loads from mastication per-
suade axial forces and bending moments that result in stress
inclines in the implant as well as in the bone. Finite Element
Method allows us to safely assess stress delivery in the con-
tact area of the implants with cortical bone and surrounding
the apex of the implants in trabecular bone.’%?”

To suit the aims of this study 3-D Finite Element Method,
which can be used appropriately in asymmetric situations
such as in the mandible, was used to evaluate the stresses/
strains in the bone around the implant.’® In our study, a seg-
ment of bone was modeled to represent the posterior area
of the mandible because imitation of the whole mandibu-
lar body is very extravagant. The cortical bone, cancellous
bone and implant with abutment were presumed to be lin-
early elastic, homogenous and isotropic.”” In this study, the
constraints at the end of the bone segment and force appli-
cation on top of the abutment approximated only roughly
the complex balance between masticatory forces and their
reactions.

The tendency of stress concentration around the implant
neck at the cortical bone level was evident in all of the mod-
els. The reason may be because of great modulus of elas-
ticity of cortical bone (E=13,700MPa), which delivers more
rigidity and thus the additional capability to withstand stress.
On vertical loading, the stress generated in group 2 was com-
paratively less than stress generated in group 1. The probable
reason could be the increase in diameter. Stress distribution
in the surrounding bone increases with the increased osse-
ointegrated surface area. A minimum amount of stress was
developed during axial loading as compared to the horizontal
direction of since load is applied parallel to the long axis of
the implant, and capacity of the cortical and cancellous bone
to withstand stress raises.?*?/

During buccolingual loading, stress seen in the cortical bone
was less with group2 compared to groupl. This is because
of the decrease in the cross-sectional diameter of group! im-
plant. When a load is applied perpendicular to its long axis,
the short implant will deform more when compared to the
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implant of greater diameter. Thus causing generation of
greater stress in the cortical bone.

During buccolingual and mesiodistal loading, the stress
was found to be more in groupl on the lingual and distal
sides. The probable reason could be the direction of force
perpendicular to the long axis.?>* Because of the low modu-
lus of elasticity of cancellous bone, the load-bearing capacity
decreases while elasticity increases. Thus, more strain can be
seen especially during horizontal loading. Von Mises strain
rate of cancellous bone through axial loading is fewer asso-
ciated to the value acquired during horizontal loading even
with double the load i.e. 100 N. This is because during axial
loading the stress was distributed to all sides of the cancel-
lous bone whereas in horizontal loading the stress was con-
centrated on one side of the cancellous bone ie opposite to
the direction of the force.

Regardless of the course and magnitude of loading, an im-
plant with abutment withstood extreme amount of stress
equated to any other component of the model. The like-
ly reason could be its great elastic modulus (E=110,000
MPa), which is 8 times the elastic modulus of cortical bone
(E=13700 MPa) and 80 times the elastic modulus of cancel-
lous bone (E=1370 MPa). During axial loading, the stress
generated within the implant was least as compared to the
stress generated during buccolingual and mesiodistal load-
ing. The reason is that the direction of load along the long
axis of the implant provides a maximum cross-sectional area
to withstand the stress. There was a slight reduction in the
stress levels in group 2.

Loading of an implant fixed with an abutment in a hori-
zontal direction induces a certain amount of deformation
(force-length) into the system and causes bending of the
abutment. This bending of abutment reduces with increas-
ing distance from the loading point. Because of the con-
tinuum of abutment and implants, the abutment bending
causes displacement of the implants. The displacement of
implant based on the magnitude and resistance to bending
of all components including the bone, implant and abut-
ment.”” In mesiodistal loading the resistance obtainable by
the supportive bone was slighter than during loading and
buccolingual loading hence additional stress was seen on
the mesiodistal side.

Clinical implications

It is clear from the results of the study that implant with less-
er diameter showed high stress around the bone and implant.
Therefore the diameter of the implant should be considered
as an important factor for implant longevity. Non-axial load-
ing has been related to marginal bone loss, failure of osseoin-
tegration and even failure of the implant.?>?Hence, occlusal
contacts that distribute axial stress should be incorporated in
the prosthesis. Through eccentric movements, the implant-

supported prosthesis should allow only negligible functional
contact to evade forces from the non-axial direction.

CONCLUSION

Thus, it can be concluded that increased diameter of an im-
plant improves the stress transfer homogenization along with
the bone-implant interface by providing the greater surface
area as compared to the implant with lesser diameter. It was
also concluded that axial loading of an implant appeared to
be a favourable direction of loading and does not hamper
longevity.
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