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Abstract: Now-a-days finite element analyses are the powerful
toolswhich isbeen used in theimplant dentistry. In this study, it
was been reviewed that Finite element analysis wer e performed
on various thread shapes of dental implants of different
manufacturers to study effects on stress distribution generated
in the surrounding jaw bone and to deter mine an optimal thread
shape for even stress distribution in jaw bone. The aim of this
study was to derive alternative implant thread shapes which
could minimize the stress concentration at the shoulder level of
the implant. A literature survey was done with the index terms
mentioned below. Several relevant articles and research papers
were studied for the collection of the data which isused for the
further work. Different parameterslike types of implant thread
designs, implant materials and properties , loading conditions,
methodologies is studied. The implant thread designs are been
altered to get the expected results. The study of the implant
thread parameters is been carried out further for the research
work

Keywords: Dental implants, Finite element analysis, Kinds of
threads, Stress, Thread pitch, Thread design, Thread
parameters.

I. INTRODUCTION

What is dental implant? Dental implant is a biocompatible
part, an artificial tooth which is a prosthetic replacement for a
missing tooth. Basically the natural teeth consist of two parts
viz. crown and a root. The crown is the visible part that is
covered with white enamel and supporting the crown is the
tooth root which extends into the jaw bone. The root is
effectively replaced by an implant with the surgical method.
Implant is inserted directly into the mandibular or maxillary
bone. Today implants are widely used throughout the world
for replacement the decayed or with prosthetic supports teeth.
There are severa factors involved in the failure of implant
like poor oral and dental health, the type of loading on dental
implant, quality and quantity of the bone around it, surgical
procedures, post-operative care and implant geometry. Also
several factors have effect on the stability of the implant
including type and design of the thread. How does the implant
thread play an important role in the stress distribution in the
jaw bone is been studied and reviewed.
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In this review, we collected the data regarding the
effect of the thread design on stress distribution, optimum
thread design, loading and boundary conditions, type of
analysis, assumptions made, results and discussion.
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Figure: Dental Implant

Il. DESIGN PARAMETERSOF THREADED
DENTAL IMPLANT

Design of dental implant includes the study of various
parameters like overall geometry of threaded implant, types
of threads, thread pitch, etc. so that stress is uniformly
distributed around implant surface. There are different types
of the threads in the implants which are been used
accordingly.

Liang Kong [1] in his research focused on effects of the
implant thread pitch on the maximum Von Mises stresses.
The thread pitch were varied and the optimum thread pitch
was been selected that gave the minimum stresses. Thread
pitch was set as an input variable and maximum EQV stress
was considered as the output variable. He studied the thread
pitch ranged from 0.5 mm to 1.6 mm. When thread pitch
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exceeded 0.8 mm, minimum stresses were obtained. [10, 11,
12]

OQguz Eraslan [2] in his study has aimed to evaluate the
effects of different implant thread designs on stress
distribution characteristics at supporting structures. In his
work he simulated four types of 3D mathematica models
simulating four different thread-form configurations for a
solid screw implant with supporting bone structure. V thread,
buttress, reverse buttress, and square thread designs were
simulated.

Zeinab Arsalanloo [3] has tried to find that how thread
types can affect the amount, type of load and biomechanical
responsesinduced in mandible/maxillaand implant—abutment
complex by afinite element method. She has also explained
that implants with extended threads are highly recommended
in implant dentistry today to enhance initial stability, enlarge
surface contact area, favor dissipation of interfacial stress,
and reduce micro movements of the implant during post
insertion healing period until the stable osseo-integration is
established. [13]

According to H.J. Chun [4] he performed finite element
analyses for various thread shapes of dental implant to study
effects on stress distribution which was generated in the
mandibular bone and to find an optimal thread shape for even
stress distribution. He investigated that the square thread
shapefilleted with a small radius was more effective on stress
distribution than other thread shapes used in the analyses. He
performed some additional analyses on the implant with the
thread shape obtained from previous analyses for varying
other thread parameters, like the width of thread end and
height of thread for various load directions, to determine the
optimal dimensions of the implant. He found that stress
distribution was more effective in the case when the width of
thread end and the height of thread were 0.5p and 0.46 p,
respectively, where p is the screw pitch. Further, using the
optimal implant thread dimensions found previously, the
stress analyses were performed with various screw pitches

Iman Zarel [5] studied the purpose of investigating the
geometry and type of thread of implants and their function.
Type and design of the thread is one of the factors that have
effect on the constancy and stability of the implants. In this
study the effect of design of different types of implants with
different thread has been examined and distribution of their
stress on surrounding bones of implant has been compared.

I11. MATERIALSAND METHODS

Model design-

Liang Kong [1] in his study modeled a mandible segment
with a screwed implant and a superstructure on a personal
computer, using a 3D modeling software (Pro/E Wildfire,
Parametric Technology Corporation, USA). He modeled a
cross-section of a mandible in the first premolar region as a
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basis of solid model. The cross-sectional image was then
extruded to create a three-dimensional mandible segment,
which contained athick layer of cortical bone surrounding the
dense cancellous bone

Oguz Eraslan [2] in his research used Solidworks for FE
modeling. The study was conducted using a 3D Solidworks
2007 9.0.3 structural analysis program (Solidworks
Corporation, Concord, MA, USA). An ITI solid cylindrical
screw implant, 3.8-mm diameter, 10-mm bone sink depth
(Straumann AG, Waldenburg, Switzerland) was modeled.
Materials used in study were assumed to be homogenous and
isotropic. Elastic properties of materials (Young’s modulus
(E) and Poisson’s ratio (u) were determined from the
literature [13]

There were 26 different implant designs of 7 implants
company categories, used in this study by Zeinab Arsalanloo
[3], with the diameter ranging from 2 to 3.5 mm. This series of
diameters is called Narrow Platform series and some other
with diameters smaller than 3 are called mini-implants.
Among the different implants, the length of the implants
varies from 8 to 16.0 mm for upper/lower lateral incisor
situation. Lower jaw section geometries in lateral incisor
tooth position are of height 88.461 mm, width of 48.514 mm,
thickness of 10 mm. Jaw bone consist of cortica and
cancellous bone. The cortical bone is outer layer of jaw. In
this research, the author has an assumption that materials are
linear elastic isotropic for Titanium alloys and isotropic for
Cobalt-Chrome alloys. The implant, abutment, and abutment
screw were all designed to be Titanium. Asboneis considered
as a porous structure, so they used nonlinear isotropic
properties

H.J. Chun[4] in his study selected, commercially available
implants with different thread shapes for analyses, the plateau
type (model 1), plateau with small radius of curvature (model
2), triangular thread screw type with 0.7 mm in screw pitch in
accordance with 1SO regulations (model 3), square thread
screw with 0.9 mm in screw pitch in accordance with 1SO
regulations (model 4) and square thread screw filleted with
small radius partialy (model 5)
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Figure: Different thread shapes[4]

The thread of implant was modeled as symmetric. Jaw
bone of 20 mm in height and 16 mm in diameter

Iman Zarel [5] has studied a three-dimensional model of
the bone using CBCT (Cone Beam Computerized
Tomography) of a 55 year old patient by Mimics 10.01
software. The created three-dimensional model of bone was
exported to Solid Works software for cleanup. The jaw bone
was considered with two layers of cortical (thickness 0.75
mm) and trabecular. He used Implants from DENTIS (Dental
Implant Solution) Company for design. In this research the
implants with the length of 10 mm and diameter of 4.1 mm
(manufacturer’s catalog) are used.

IV. FINITEELEMENT ANALYSIS

Liang Kong [1] performed a three-dimensiona finite
element analysis on variation of implant thread pitch and to
determine the optima implant biomechanical parameter
Maximum Von Mises stresses were evaluated in jaw bones
and implant—abutment complex by a finite element method.
All models were meshed and analyzed by ANSYS
Workbench10.0 (SASIP, Inc., USA). [1] Liang Kong in his
study meshed the models with 10-node-tetrahedron and
20-nodehexahedron elements. The mesh was made finer
around the implant. Models were composed of 170,000
elements and 250,000 nodes in average.

Oguz Eraslan [2] in his research used Cosmos works
structural analysis programs for FE analysis. He meshed the
geometric models with tetrahedral quadratic elements. Each
mathematical model included approximately 186,000 nodes
and 133,000 solid elements. The bottom exterior nodes of the
alveolar bone in the FEM models were fixed in al directions
as the boundary condition. A 100-N static axial occlusal load
was applied to occlusal surface of abutment to calculate the
stress distributions [13].

Zeinab Arsalanloo [3] has introduced three dimensional
Finite element technique for getting the optimum conditions.
In this study, a non-linear and complex static analysis was
been performed The element in meshing all three-dimensional
modelsis 8 noded Brick element (SOLI1D45), which hasthree
degrees of freedom The interface between implant and bone
was modeled as an immovable and rigidly junction, which
simulated the condition of the optima implant
osseointegration The bone and implants ssmulated models
were meshed tetrahedron elements. A finer mesh was
generated around the implant.

H.J. Chun performed a two dimensional finite element
analysis on various thread shapes to find out the optimal
thread shape which has a more even stress distribution in the
jaw bone. It was assumed for boundary conditions that
interface between implant and jaw bone was a perfect bond
and that the edges of bone were fixed horizontally and
vertically for all analyses. In his study, both bone and implant
were assumed to be homogeneous, isotropic and linearly
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elagtic. The loads applied were 100 N verticaly and 100 N
with 15 degree angle. The downsized elements were used at
the locations where the higher stress level was expected. As
the stress changes drastically at the border between implant
and bone it was meshed three times as dense as the edges, The
number of nodes and elements for the models in this study
averaged atotal of 39 000 and 13 000, respectively [4][13]
Iman Zarei [5] in his study used Solid 187 elements for
meshing of various parts. Solid 187 element is a quadrilateral
element with 10 nodes used for meshing the complex
geometry in three dimensional analysis. The total number of
elements and nodes were 725,046 and 1,133,167 respectively
and the average of dimension size of any element was
considered 0.15 mm. In this study, boundary condition for the
upper jaw was considered completely fixed. As the size of
elements is smaller and the number of them is more and
genera shape of meshing is more regular, stress distribution
will be more accurate and reliable, and consequently the
performed analysis will be more valid and accurate

V. RESULTS

Liang Kong [1] analyzed that when pitch was morethan 0.7
mm, the most stable and minima stress level could be
achieved in cortical bone. He a so studied that the most stable
stress and minimal stress level in cancellous bone and
implant—abutment complex were found when pitch was more
than 0.8-mm and over 0.75-mm, respectively

Oguz Eraslan [2] found that the analysis of the Von Mises
stress values revedled that maximum stress concentrations
were located at loading areas of implant abutments for all
models. Also, high stress values were located at cervical
cortical boneregions adjacent toimplantsat all models. It was
seen that the stress concentration at cortical bone structure
was higher than that of spongious bone at 3D model view. He
also learned that the stress concentration of bone structure
adjacent to first thread which was located at cortical bone
structure was higher than that of other threads which were
located at spongious bone.

Zeinab Arsalanloo [3] has provided a detailed discussion
and results to find out pure effect upon the stresses of
variations of the thread shapes. She gathered the data about
the thread parameters like shape, depth, pitch, and angle of
threads. In this paper it was found that bone defects tended to
be located at the thread tops. Now-a-days, newest threaded
implantstry to use acombination of various shapesfor thread.

H.J. Chun [4] found that the maximum effective stress
under both loading conditions occurred at the regionsin jaw
bone adjacent to the first thread of implant and maximum
effective stressinduced by the oblique load was twice as high
asthe maximum effective stress caused by an equal amount of
vertical load. He also learned that maximum effective stressin
the model with square thread filleted with small radius, was
the lowest when compared with that in all models and stress
distribution in the same model was more even than that in
other models used in the analyses. He also found that the
maximum effective stresses generated in the surrounding jaw
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bone with avertical load and a 15 degree oblique load of 100
N were 13.256 and 29.4 M Pa, respectively

Iman Zarei [5] has found that by changing thread, the
differences were observed in amount and manner of the stress
distribution. The maximum stress has happened at the first
contact point of implant with the bone.

VI. DISCUSSION

Liang Kong [1] in his study discussed that the influence of
the threads can be easily understood. Greater the number of
threads also greater the depth of the threads, the more
functional surface areais available. In the cortical bone, the
thread number changed |ess than that in the cancellous bone.
This may be the important reason for that thread pitch
favoring stress distribution in cancellous bone than that in
cortical bone. Furthermore, the implants with over-sized
thread pitch (>1.6 mm) are believed to thread faster into the
bone site causing higher stressin jaw bone and implant, which
also can go against the operation of dental surgeon. It is
recommended to avoid design the implant with over-sized
thread pitch.

Oguz Eraslan reported in the literature that stress
(compressive) was more evenly distributed when the implant
thread shape was square than V-thread shape

Zeinab Arsalanloo [3] has discussed about the thread
parameters like pitch, thread angle, depth of thread. The
author has explained that if the pitch isincreased, the numbers
of thread on implant is decreased thus reducing the amount of
stress on threads. But stress reduction on threads may cause
the lack of initial stability of implants. The included angle of
thread describes the threads type. Threads are a combination
of V shape, Acme, Buttress and German Buttress. The author
has investigated that increase or decrease in depth of thread
can change the amount of the stress

H.J. Chun [4] in his research work discussed that the
contact area between implant and the jaw bone increased with
the decrease of screw pitch. Stress decreases with the
decreasein pitch

Iman Zarei [5] in his study has performed two or
three-dimensional  finite element anaysis. Two or
three-dimensional analysis is been done depending on the
complexity of the model, the rate of required accuracy,
application of the results and complexity of structures in the
analysis. In general, three-dimensional models show human
anatomy and biomechanical interactions better. Meijer in his
study has recommended that the two-dimensional model
should not be used for analysis of stress in implant. Van
Staden in his study mentioned that the choice of two or
three-dimensional analysis depends on the type of software
but according to the complexity of structure of the jaw and
dental implants, to obtain a reliable and accurate study, it is
better to use athree-dimensional finite element analysis[7, 6].
Abu Hussein and Kong [8, 9] in their study showed that the
optimal depth and width of thread of implants are between
0.34t0 0.5 and 0.18 to 0.3 mm and estimated that the optimal
length of thread pitch is 0.8 mm and they believe that the pitch
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length less than 0.8 mm attracts more stress to itself.

VIlI. CONCLUSION

Based on the literature, we have drawn the conclusions
related to the implant thread shapes and thread parameters
like pitch, depth of thread and their relation with the stress
distribution in surrounding jaw bone

1. We can conclude that thread configuration is one of the
major contributors to initial implant stability. Further initial
implant stability will promote successful osseointegration and
successful osseointegration will lead to distribution of stress
over wide areaand at low level. By Increasing the pitch of the
thread, number of threads are been reduced but that hampers
badly on the initial stability of implant.

2. Thread pitch plays a great role in protecting dental
implant under axial load than under buccolingua load.
Thread pitch exceeding 0.8-mm is optimal biomechanical
property for the type B/2 bone in a cylinder implant, but
over-sized pitch should be avoided.

3. Different implant thread forms produce different
compressive stressintensities at bone structure. Cortical bone
and bone structure adjacent to first thread bears more both
von Mises and compressive stresses than spongious bone.

4. The highest stress concentration occurred at theregionin
jaw bone adjacent to the first thread of implant in finite
element analyses. The maximum effective stress induced by
an oblique load was twice as high as the maximum effective
stress caused by an equal magnitude of vertical load. Stress
was more evenly distributed in the case when the implant
shape was sguare thread filleted with a small radius. Stress
distribution was most effective in the case when the width of
thread end and the height of thread were p/2 and 0.46p,
respectively. Where pis pitch

5. Changing screw pitch is more effective way for reducing
maximum effective stress, as changing pitch is more feasible
way if considered from economical point of view and
biological parameters

6. The implant with smaller threads and less than | mm
pitch length causesincrease of the stressin the bones adjacent
to the implant.

7. The implant with deeper thread because of having more
contact surface with the bone has more stability and less stress
and also enhances the stress distribution
8. The upper threads of implant that are near to the neck of
implant, in comparison with the threads in bottom, have more
important rolein distribution of stress, consequently, this part
should be more considered.
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