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Introduction

Implants could be considered predictable tools for replacing 
missing teeth or teeth that are irrational to treat.[1] 
Today, implant success is evaluated from the esthetic and 
mechanical perspectives. Both depend on the degree 
and integrity of the bond created between the implant 
and the surrounding bone. Many factors have been found 
to influence this interfacial bonding between the implant 
and the bone and thus the success of implants. Albrektsson 
et al.[2] reported factors such as surgical technique, host bed, 
implant design, implant surface, material biocompatibility, 

and loading conditions all have been shown to affect implant 
osseointegration.

Understanding these factors and applying them appropriately 
in the science of dental implants can led us to achieve 
predictable osseointegration, thus minimizing potential 
implant failures. Finite element analysis (FEA) is, therefore, 
utilized in this work as an important tool to evaluate these 
effects and the implant biomechanical characteristics 
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Abstract
Aim: Implants could be considered predictable tools for replacing missing teeth or teeth that are irrational to treat. 
Implant macrodesign includes thread, body shape and thread design. Implant threads should be designed to maximize 
the delivery of optimal favorable stresses. The aim of this finite element model study was to determine stresses and 
strains in bone by using various dental implant thread designs.
Materials and Methods: A two‑dimensional finite element model of an implant–bone system is developed by using 
Ansys. An oblique load of 100 N 45° to the vertical axis of implant as well as a vertical load was considered in the 
analyses. The study evaluated eight types of different thread designs to evaluate stresses and strains around the 
implants placed in D1 bone quality.
Results: Forty‑five‑degree oblique von Mises stresses and strains were the highest for the filleted and rounded square 
thread with an angulation of 30° (216.70 MPa and 0.0165, respectively) and the lowest for the trapezoidal thread 
(144.39 MPa and 0.0015, respectively).
Conclusions: The findings in this study suggest that the filleted and rounded square thread with an angulation of 30° 
showed highest stresses and strains at the implant–bone interface. The trapezoidal thread transmitted least amount 
of stresses and strains to the cortical bone than did other models.
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of different thread form configurations. It has also been 
widely used in the literature to evaluate the implant design 
and function and have predicted many design feature 
optimizations.[3‑5] The FEA allows researchers to predict stress 
distribution in the contact area of implants with the cortical 
bone and around the apex of implants in the trabecular bone.

An implant macro design includes thread, body shape, 
and thread design [e.g.,  thread geometry, face angle, 
thread pitch, thread depth (height), thickness (width), 
or thread helix angle]. Thread shape is determined by the 
thread thickness and thread face angle. Thread pitch refers 
to the distance from the center of the thread to the center of 
the next thread, measured parallel to the axis of a screw.[6] 
Implant threads should be designed to maximize the delivery 
of optimal favorable stresses while minimizing the amount 
of extreme adverse stresses to the bone–implant interface. 
In addition, implant threads should allow for better stability 
and more implant surface contact area.

Thread shapes that are available include V shape, square 
shape, buttress shape, and reverse buttress shape.[7] The 
original Branemark screw had a V‑shaped threaded 
pattern.[8,9] While some manufacturers modified the basic 
V‑shaped thread, others used a reverse buttress with a 
different thread pitch for better load distribution.[10,11] 
Knefel[12] investigated five different thread profiles and found 
the most favorable stress distribution to be demonstrated by 
an ‘asymmetric thread’, the profile of which varied along 
the length of an implant. Recently, it has been proposed 
that a square crest of the thread with a flank angle of 3° 
decreases the shear force and increases the compressive load 
(BioHorizons Maestro Implant Sysems Inc., Birmingham, 
AL).[13] Although the thread pitch and depth could affect 
the stress distribution, traditionally, the manufacturers have 
provided an implant system a constant pitch and depth. 
So, for the commercial implant system, a better design of 
thread configuration is emphasized. Thread configurations 
presently represented in the dental implant design include 
V‑shaped thread (Nobel Biocare, 3I, Paragon, Lifecore), 
thin thread (IMTEC Sendax MDI), reverse buttress thread 
(Steri‑Oss), and square thread (BioHorizons).

Reports have indicated that the biomechanical environment 
has a strong influence on the long‑term maintenance of the 
interface between the implant and the bone.[14,15] A key 
factor for the success or failure of a dental implant is the 
manner in which stresses are transferred to the surrounding 
bone.[16] The interface can be easily compromised by high 
stress concentrations that are not dissipated through the 
implant configuration. It is necessary that biomechanical 
concepts and principles are applied to the thread design of 
the dental implant to further enhance the clinical success.

The objective of this study was to perform two‑dimensional 
(2‑D) finite element analyses on various shapes of the dental 

implant to find the optimal thread shape having more evenly 
stress distribution in the jaw bone.

Material and Methods

Computer‑aided design (CAD) software was used 
to construct a model of the bone block based on a 
cross‑sectional image of the human mandible in the 
molar region. The implant with a length of 10 mm and 
a width of 3.75 mm was constructed by using CAD 
software. After obtaining all the models, solid models 
were exported commercial FE software to generate the FE 
models. A 2‑D finite element model of an implant–bone 
system is developed by using Ansys[Figures  1‑5]. The 
use of the 2‑D model is based on the fact that a proper 
2‑D model is much more efficient compared with its 3‑D 
counterpart and the results can be as accurate, if only a 
qualitative study  is  required.[17] Plane strain analysis is 
used for structures.

Load conditions
A nodal force (load) is applied on the top of the 
transmucosal abutment (100 N) vertically. As the horizontal 
stress component of the engendered stresses induced by the 
nonaxial loading may affect the major remodeling in the 
interface between the bone and the implant significantly,[18] 
an oblique load of 45° to the vertical axis of the implant was 
considered in the analyses.

Material properties
The corresponding material properties are given in 
Table 1.[19]

Finite element mesh
The finite element model was created by using the element 
topology: Plane  182 and global edge length=0.3 mm. 
The nodes over the free edges of the cortical bone were 
constrained in the x‑, y‑ and z‑directional rigid movement. 
The maximum node numbers used were 5737 and 
element numbers were 5562, and the number of nodes 
and elements for the models averaged a total of 2800 and 
900, respectively. The shape of the mesh was quadrilateral. 
The length and width of the alveolar bone block was 22 
and 20 mm. The length and width of the implant were 
10 and 3.75 mm, the thread pitch was 0.8 mm, and the 
height of the thread was 0.4 mm for all the five models, 
respectively. Boundary conditions were of the support 
type and were  applied at the nodes at the base of the 
mandibular model.

Table 1: Properties of materials used in the analysis
Material 
properties

Modulus of 
elasticity (E) (GPa)

Poisson’s 
ratio (ν)

Pure titanium 115 0.35

Compact bone 14.8 0.30
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Implant shapes, based on various types of angulations of 
triangular thread implants to be selected for analyses, were 
as follows:
1.	 Triangular thread with an angualtion of 47.5° 

(model 1a)
2.	 Triangular thread with an angualtion of 55° (model 1b)
3.	 Triangular thread with an angulation of 60° (model 2a)
4.	 Triangular thread filleted at the base and flat at the tip 

with an angulation of 55° (model 2b)
5.	 Square thread with an angulation of 90° (model 3a)
6.	 Filleted and rounded square thread with an angulation 

of 30° (model 3b)

7.	 Trapezoidal thread (model 4a)
8.	 Buttress thread (model 4b)

Considering the boundary conditions, the bones were fixed 
horizontally and vertically in the x, y, and z directions at the 
base of the mandible model. The implant–bone interface 
was considered osseointegrated, as no contact pair was 
considered between the structures.

Figure 1: Dental implant model showing the direction of force

Figure 6: von Mises stress of models 1a, 1b, 2a, and 2b

Model 1a

Model 2a Model 2b

Model 1b

Figure 3: Dental implant models 2a and 2b

Model 2a Model 2b

Figure 5: Dental implant models 4a and 4b

Model 4a Model 4b

Figure 2: Dental implant models 1a and 1b

Model 1a Model 1b

Figure 4: Dental implant models 3a and 3b

Model 3a Model 3b
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The jaw bone used in this study was assumed to be a 
homogeneous compact bone, i.e.,  D1 bone, because the 
major interest is to compare stress distribution of each 
model. The implants used were made of pure titanium. 
Both bone and implant were assumed to be homogeneous, 
isotropic, and linearly elastic. The thread of the implant 
was modeled as symmetric. The element sizes generated 
in the models were not identical. The downsized elements 
were used at the locations where the higher stress level was 
expected.[20] The plane strain analysis is used for structures 
in which one dimension is much larger than the other two 
dimensions, and the cross section of interest is perpendicular 
to the long axis. This type of analysis is the best for a model 
of human mandible.

Results

Models  3b and 4a show, respectively, local stress 
distributions in region in which the highest stress 
occurred by different implant shapes in the jaw bone 
surrounding the dental implant with an oblique load 
of 45°. The maximum effective stress under loading 
condition occurred at the regions in the jaw bone 
adjacent to the first thread of implant. Forty‑five‑degree 
oblique von Mises stresses were highest (216.70 MPa) for 
filleted and rounded square thread with an angulation of 
30° and lowest (144.39 MPa) for the trapezoidal thread 
[Figures  8 and 10]. Strains due 45° oblique load were 
highest (0.0165) for the filleted and rounded square 
thread with an angulation of 30° and lowest (0.0015) for 
the trapezoidal thread [Figures 7 and 11].

Discussion

The aim of this study was to find the pure effect on the bone 
stresses of variations of the thread shapes. For this reason 

it was assumed that all the parameters of the models were 
identical except the thread shape. This makes it possible 
to make a comparison between threads of different shapes.

Threads are used to maximize initial contact, improve initial 
stability, enlarge implant surface area, and favor dissipation 
of interfacial stress. Thread configuration is an important 
objective in the biomechanical optimization of dental 
implants.[21‑25] The interface can be easily compromised by 
high stress concentrations that are not dissipated through 
the implant configuration. It is necessary that biomechanical 
concepts and principles are applied to the thread design of 
the dental implant to further enhance the clinical success. 
FEA is, therefore, utilized in this work as an important tool 
to evaluate these effects, and the implant biomechanical 
characteristics of different thread form configurations. It 
has also been widely used in the literature to evaluate the 
implant design and function and have predicted many design 
feature optimizations.[26‑28] The FEA allows researchers to 
predict stress distribution in the contact area of implants 
with the cortical bone and around the apex of implants in 
the trabecular bone.

The finite element used was Plane 182. This element allows 
the analysis of a 3‑D geometry. The element is defined by 
10 nodes having three degrees of freedom at each node: 
Translation in the directions x, y, and z. These directions 
in the system of node coordinates correspond to the radial, 
axial, and tangential directions, respectively. Another 
advantage of the element Plane 182 is that it tolerates 
irregular forms without loss precision.[29]

Element types are the triangular elements with two and 
three translational degrees of freedom at each node in the 
quadratic form. It is noted that a quadratic shape function 
provides a higher order interpolation of the displacement 
field, consequently more accurately modeling the stress 
and strain distributions, considering 0.8 mm as the optimal 

Figure 7: von Mises strain of models 3a, 3b, 4a, and 4b

Model 3a

Model 4a Model 4b

Model 3b

Figure 8: von Mises stress of models 3a, 3b, 4a, and 4b

Model 3a

Model 4a Model 4b

Model 3b
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thread pitch for achieving primary stability and optimum 
stress production on cylindrical implants with V‑shaped 
threads.[30]

A key factor for the success or failure of a dental implant 
is the manner in which stresses are transferred to the 
surrounding bone.[31] Studies showed that a square thread 
design (as opposed to the standard V‑shaped or buttress 
thread) was suggested to reduce the shear component 
of force by taking the axial load of the prosthesis and 
transferring a more axial load along the implant body 
to compress the bone[32] optimum for compressive load 

transmission as there is less shear load transmission than a 
V‑shaped thread in a cylindrical implant.[33,34]

Misch et  al.[35] suggested that V‑shaped threads generate 
higher shear force than do square threads; the square threads 
generate the least shear force. Implants with V‑shaped and 
buttress threads have been shown to generate forces that 
may lead to defect formation.[36] In square and buttress 
threads, the axial load of these implants is mostly dissipated 
through compressive force,[37,38] while V‑shaped threaded 
implants transmit axial force through a combination of 
compressive, tensile, and shear forces.[37]

Our study evaluated eight types of different thread designs 
under 45° oblique loading condition to evaluate stresses 
and strains around the implants placed in D1 bone quality. 
Oblique loading has been used in the present study, which 
is suggested to represent a realistic occlusal load.[39] The 
study is designed to incorporate three triangular threads 
with different angulations and modification of one triangular 
thread having same angulation of 55°, which was filleted 
at the base with a flat tip, square and modified square, 
trapezoidal, and buttress threads.

Model  6 (filleted and rounded square thread with an 
angulation of 30°) showed highest stresses and strains 
compared to other models. A triangular thread having 
angulations of 55° (model  1b) was modified by making 
fillet at the base and flat at the tip (model 2b). There was 
a negligible difference in stresses and strains in between 
model 1b and model 2b, so the modification of the thread 
design was not advantageous enough to reduce stresses and 
strains. [Figures 6 - 9]. The trapezoidal thread (model 4a) 
showed minimum stresses and strains compared to all other 
models. There was 33.36% reduction of von Mises stresses 
and 27.27% reduction of von Mises strains compared 
to model  6, which showed highest stresses and strains. 
Albrektsson et  al. recommended that the thread tops be 
rounded in order to relieve stress concentrations and 
predicted small stresses in the bone at interior points of the 
thread.[40] This is, however, a qualitative statement, and 
no recommendation was given as to the magnitude of the 
radius of curvature of the thread top, nor does the implant 
designer find any guidance concerning the values of flank 
angle, thread depth, pitch, etc., in the implant literature. 
There was a negligible difference of stresses and strains 
between other six models, and the values were in between 
the values of models 3b and 4a.

One of the limitations of this study is the simplified geometry 
of the bone model. Even though the strength of a bone block 
is similar to that of jaw bone, the strain patterns might vary 
with the bone geometry. In addition, the material properties 
of the FE maxillary model were assumed to be isotropic and 
homogeneous. The consideration of the anisotropic and 
inhomogeneous properties is still needed in future studies.

Figure 10: Von Mises stress

Figure 11: Von Mises strain

Figure 9: von Mises strain of models 1a, 1b, 2a, and 2b

Model 1a

Model 2a Model 2b

Model 1b
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Conclusions

The preliminary results obtained by the present 2‑D finite 
element model study suggest the following:
1.	 The filleted and rounded square thread with an 

angulation of 30° showed highest stresses and strains 
at the peri implant interface.

2.	 The square thread, the buttress thread, and the 
triangular thread with an angulation of 47.5°, 55°, and 
60°, respectively, showed a similar amount of stress and 
strain in the bone.

3.	 The trapezoidal thread transmitted the least amount of 
stresses and strain to the cortical bone than did other 
models.

Furthermore, FEA and in vitro studies are needed with the 
simulation of D2, D3, and D4 bone qualities to evaluate 
and validate the results of the present study.

References

1.	 Lang NP, Salvi G. Implants in restorative dentistry. In: Lindhe J, Lang NP, Karring T, 
editors. Clinical Periodontology and Implant Dentistry. 5th  ed. Denmark: 
Blackwell Munksgaard; 2008. p. 1138‑45.

2.	 Albrektsson T, Brånemark PI, Hansson HA, Lindström J. Osseointegrated 
titanium implants. Requirements for ensuring a longlasting, direct 
bone‑to‑implant anchorage in man. Acta Orthop Scand 1981;52:155‑70.

3.	 Weinstein AM, Klawitter JJ, Anand SC, Schuessler R. Stress analysis of porous 
rooted dental implants. J Dent Res 1977;1:104‑9.

4.	 Mohammed H, Atmaram GH, Schoen FJ. Dental implant design: A critical 
review. J Oral Implantol 1979;8:393‑410.

5.	 Geng JP, Tan KB, Liu GR. Applications of finite element analysis in implant 
dentistry, a review of literatures. J Prosthet Dent 2001;85:585‑98.

6.	 Jones FD. Machine Shop Training Course. New York: Industrial Press; 1964.
7.	 Boggan RS, Strong JT, Misch CE, Bidez MW. Influence of hex geometry and 

prosthetic table width on static and fatigue strength of dental implants. 
J Prosthet Dent 1999;82:436‑40.

8.	 Adell R, Lekholm U, Pockler B, Branemark PI. A 15 year study of osseointegrated 
implants in the treatment of the edentulous jaw. Int J Oral Surg 1981;6:387‑416.

9.	 Brånemark PI, Hansson BO, Adell R, Breine U, Lindström J, Hallén O, et al. 
Osseointegrated implants in the treatment of the edentulous jaw. Experience 
from a 10‑year period. Scand J Plast Reconstr Surg Suppl 1977;16:1‑132.

10.	 Thakur AJ. The Elements of Fracture Fixation. New York: Churchill Livingstone; 
1997. p. 27‑56.

11.	 Strong JT, Misch CE, Bidez MW, Nalluri P. Functional surface area: Thread‑form 
parameter optimization for implant body design. Compend Contin Educ Dent 
1998;19(special):4‑9.

12.	 Knefel T. Dreidimensionale spannungsoptische Untersuchungen 
verscheidener Schraubenprofile bei zahnarztlichen Implantaten. Dissertation 
Ludwig‑ Maximilians‑Universitat, Munchen; 1989.

13.	 Misch CE, Bidez MW. A scientific rationale for dental implant design. In: Misch CE, 
editor. Contemporary Implant Dentistry. 2nd ed. St. Louis: Mosby; 1999. p. 329‑43.

14.	 Brunski JB, Moccia AF Jr, Pollack SR, Korostoff E, Trachtenberg DI. The influence 
of functional use of endosseous dental implants on the tissue‑implant 
interface. II. Clinical aspects. J Dent Res 1979;58:1970‑80.

15.	 Bidez MW, Misch CE. Force transfer in implant dentistry: Basic concepts and 
principles. J Oral Implantol 1992;18:264‑74.

16.	 Van Oosterwyck H, Duyck J, Vander Sloten J, Van der Perre G, De Cooman M, 
Lievens S, et  al. The influence of bone mechanical properties and implant 

fixation upon bone loading around oral implants. Clin Oral Implants Res 
1998;9:407‑18.

17.	 Barbier L, Vander Sloten J, Krzesinski G, Schepers E, Van der Perre G. Finite 
element analysis of non‑axial versus axial loading of oral implants in the 
mandible of the dog. J Oral Rehabil 1998;25:847‑58.

18.	 Holmes DC, Loftus JT. Influence of bone quality on Stress distribution for 
endosseous implants. J Oral Implantol 1997;23:104‑11.

19.	 Sato Y, Teixeira ER, Tsuga K, Shindoi N. The effectiveness of a new algorithm 
on a three‑dimensional finite element model construction of bone trabeculae 
in implant biomechanics. J Oral Rehabil 1999;26:640‑3.

20.	 Valen M. The relationship between endosteal implant design and function: 
Maximum stress distribution with computerformed three‑dimensional 
Flexi‑cup blades. J Oral Implantol 1983;11:49‑71.

21.	 Rieger MR, Adams WK, Kinzel GL. A finite element survey of eleven endosseous 
implants. J Prosthet Dent 1990;63:457‑65.

22.	 Geng JP, Ma XX. A differential mathematical model to evaluate side‑surface 
of an Archimede implant. Shanghai Shengwu Gongcheng Yixue 1995;50:19.

23.	 Brunski JB. in vivo bone response to biomechanical loading at the bone/dental–
implant interface. Adv Dent Res 1999;13:99‑119.

24.	 Valen M, Locante WM. LaminOss immediate‑load implants: I. Introducing 
osteocompression in dentistry. J Oral Implantol 2000;26:177‑84.

25.	 Weinstein AM, Klawitter JJ, Anand SC, Schuessler R. Stress analysis of porous 
rooted dental implants. J Dent Res 1976;55:772‑7.

26.	 Mohammed H, Atmaram GH, Schoen FJ. Dental implant design: A critical 
review. J Oral Implantol 1979;8:393‑410.

27.	 Geng JP, Tan KB, Liu GR. Application of finite element analysis in implant 
dentistry, a review of literatures. J Prosthet Dent 2001;85:585‑98.

28.	 Ansys Element Reference. Release 12.0. Pg 659. Available from: http://www.
andys.com. [Last accessed on 2011 Aug 7]

29.	 Kong L, Liu BL, Hu KJ, Li DH, Song YL, Ma P, et al. Optimized thread pitch 
design and stress analysis of the cylinder screwed dental implant. Hua Xi Kou 
Qiang Yi Xue Za Zhi 2006;24:509‑12,515.

30.	 Van Oosterwyck H, Duyck J, Vander Sloten J, Van der Perre G, De Cooman M, 
Lievens S, et  al. The influence of bone mechanical properties and implant 
fixation upon bone loading around oral implants. Clin Oral Implant Res 
1998;9:407‑18.

31.	 Barbier L, Schepers E. Adaptive bone remodeling around oral implants under 
axial and nonaxial loading conditions in the dog mandible. Int J Oral Maxillofac 
Implants 1997;12:215‑23.

32.	 Strong JT, Misch CE, Bidez MW. Functional surface area: Thread‑form parameter 
optimization for implant body design. Compend Contin Educ Dent 1998;19:4‑9.

33.	 Timoshenko SP, Goodier JN. Theory of Elasticity. Singapore: McGraw‑Hill 
International Book Co; 1984.

34.	 Misch CE, Strong T, Bidez MW. Scientific rationale for dental implant design. 
In: Misch CE, editor. Contemporary Implant Dentistry. 3rd ed. St Louis: Mosby 
2008. p. 200‑29.

35.	 Hansson S, Werke M. The implant thread as a retention element in cortical 
bone: The effect of thread size and thread profile: A finite element study. 
J Biomech 2003;36:1247‑58.

36.	 Barbier L, Schepers E. Adaptive bone remodeling around oral implants under 
axial and nonaxial loading conditions in the dog mandible. Int J Oral Maxillofac 
Implants 1997;12:215‑23.

37.	 Bumgardner JD, Boring JG, Cooper RC Jr, Gao C, Givaruangsawat S, Gilbert JA, 
et al. Preliminary evaluation of a new dental implant design in canine models. 
Implant Dent 2000;9:252‑60.

38.	 Geng JP, Tan KB, Liu GR. Application of finite element analysis in implant 
dentistry: A review of the literature. J Prosthet Dent 2001;85:585‑98.

39.	 Albrektsson T, Sennerby L, Kalebo P, Thomsen P., The interface zone of inorganic 
implants in vivo: Titanium implants in bone. Ann Biomed Eng 1983 11, 1.

40.	 Cowin SC. Bone Mechanics. Boca Raton, FL, USA: CRC Press; 1989. p. 81‑97.

How to cite this article: ???

Source of Support: Nil, Conflict of Interest: None declared.


