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Abstract: This paper provides a detailed review on previous study of design of taper implant with the help of finite 

element method (FEM).A comparative study between cylindrical and taper implants is done so as to obtain best 

feasible design of implant with a view to provide minimum stress distribution around surrounding bone. Various 

aspects such as implant thread profiles, material properties of implant, and other factors that reduce stress distribution 

are discussed so as to fulfil the gap between different studies. 
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I. INTRODUCTION 

CAD and FEM environment provides various advantages of modelling and analysis over other 

conventional methods. Hence it can be used in dental industry for its data accuracy and data 

interpretational capability. Dental implant is used to provide support to the artificial tooth and it is a 

screw like fixture surgically placed into human jawbone. Abutment is screwed into implant to fix 

artificial tooth on it. Fig.1 shows the basic assembly of these parts in human jaw [1].Since from last 

couple of decades various researches have been done on dental implant; it leads to development of 

various types of advanced dental implants [2]. The success of dental implant mainly depends on its 

biomechanical bonding with surrounding bone; it is also called as Osseo integration phenomenon in 

dental field. Other factors such as taper of implant, thread profile, material of implant etc. affect the 

Osseo integration. It is obvious that if bone-implant surface area is increased then there will be 

good overall distribution of stress around surrounding region [3]. Hence it is important to study 

stress distribution of various implants having certain range of taper angles and various thread 

profiles so that to obtain best  design of implant.                                              

II. DESIGN AND MODELLING OF IMPLANT 

Design of implant involves the study of various aspects such as overall geometry of implant, taper 

of implant, length and diameter of implant, types of threads etc. so that stress is uniformly 

distributed around implant surface.  

 

A. LENGTH AND DIAMETER OF IMPLANT 

 

Pierrisnard et al. found in their study that the stress to which implants were exposed increased as 

the length of the implant increased (range, 6 to 12 mm) while the maximum bone stress was found 

to be almost constant[4]. Study of Petrie CS et al came to the conclusion that strain near crestal 

bone area reduces nearly by 300% due to increase in diameter as compared to the 165% reduction 

due to increase in length of implant[5]. Therefore comparatively larger diameter of implant design 

is preferred. 
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B. TAPER ANGLE OF IMPLANT 

 

Taper angle of implant is one of the important considerations in stress distribution around 

implant area. Tsuyoshi kitagawa et al found in their study that equivalent von mises stress 

distribution decreases with increase in taper angle of implant. Fig.2 shows that minimum stress 

occurs for implant having maximum taper angle. But Maitath et al reported that implant having 

zero taper angle i.e. cylindrical implant produces more desirable stress profile around implant 

surface than conical implant having certain degree of taper angle [7]. Survival rate of implant 

inserted in soft quality bone is less than that of implant inserted in good quality bone. Hence there 

is a need for taper implant [8]. 

 

   
“Fig. 1 Showing implant, abutment and tooth” [1]              “Fig.2 Von mises stress v/s various taper angle of  implant” [6] 

 

      
“Fig.3 Areas of distribution of forces   “Fig.4 Areas of distribution of forces around                                                                                                                                                               
around cylindrical shaped implants” [9]                                              plateau (fin) shaped/taper implant” [9] 
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“Fig.5 Maximum von mises stress” [10]            “Table 1 Maximum von Mises stress and strain for all types of implants  under 30 psi axial 

pressure”[10] 

  

Fig.3 and Fig.4 shows the areas of distribution of forces around cylindrical shaped implants and 

areas of distribution of forces around plateau (fin) shaped implants respectively [9].In cylindrical 

shape implant unstressed (wasted) implant area is shown in fig.3 by green bar and it is area over 

which very small amount of stress is distributed and therefore more stressed is on upper and lower 

part of implant. Distribution of forces around implant mainly occurs in specific area of its length 

and middle portion of implant is wasted with respect to force distribution. Therefore more area 

should be provided to that part of implant where force is more distributed as compared to other area 

where less distribution occurs[9].Taper implant fulfill this criteria by providing taper to its outer 

surface, hence force is more uniformly distributed as shown in fig.4. 

Heidari et al compares stress pattern obtained in implant with zero taper angle (cylindrical implant) 

with implant having different taper angle and found that cylindrical screw implant generated the 

lowest maximum von Mises stress in cortical bone and tapered implant with highest tapering 

generated the highest maximum von Mises stress, probably because of reduced and sharper surface 

area [10]. From fig.5 conic 4 type of implant with taper 0.12
0
 produces highest von mises stress. 

Other results are shown in Table 1. Results obtained by Heidari et al [10]
 
are quite opposite to those 

by Tsuyoshi kitagawa et al [6]. It may be due to different taper angle for implant or due to different 

boundary conditions or due to various assumptions made by these authors during modelling of 

various cylindrical as well as taper dental implants. 

 

C. THREAD PROFILE OF IMPLANT 

 

Implant is threaded to maximize the initial contact, enhance surface area and facilitate dissipation 

of loads at the body implant interface [11]. There are three main parameters of thread –thread pitch, 

thread shape, and thread depth. The initial contact and surface area of implant to bone interface will 

affect the ability of osseointegration [12]. 

 

 

 
Type of thread  

Buttress 

 

Reverse Buttress 

 

V-shape 
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Sinusoidal 

 

Square 

 

 
“Table 2 Types of thread” [12] 

 

 

Different profile of thread- buttress, reverse buttress, V-shape, sinusoidal and square are shown in 

Table 2. The edge of thread transfers stress to the bone when implant is loaded [11]. A buttress or 

square thread profile would transmit compressive forces to the bone under axial load [13]. Aishah 

Shafi et al perform FEM analysis on implants having various thread profile and compare them with 

respect to displacement of dental implant system and micro motion along bone- implant system is 

evaluated. In their study they found that buttress, square and sinusoidal thread profile produce high 

micro motion at the abutment.  

This predicted the less ability of Osseo integration around these kinds of threads [12]. Again less 

micro motion was represented at the reverse buttress and V-shape thread. However, the V-shape 

thread produces high deformation after loading. This situation demonstrates that there is more bone 

loss at the V-shape thread dental implant. This statement proved by Zechner et al. (2004) reveal 

that bone loss round V-shape thread is higher that square thread via clinical report. Fig. 6 reveals 

the micro motion of dental implant system obtained by Aishah Ahmad Shafi et al [12]. 

 From the above finding it can be concluded that implant with reverse buttress can provide better 

Osseo integration property which is very important factor for implant success [12].  

 

 

 

 

           
a) Buttress    b) Reverse buttress    c) V-shape          d) Sinusoidal      e) Square 

 

 
“Fig.6 Micro motion of dental implants system” [12] 

 

III. FINITE ELEMENT METHOD OF IMPLANT ASSEMBLY 
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In most of the previous study, two dimensional models (2D) of implant-abutment system are used. 

Hence they are failed to simulate actual condition of system. Therefore the results that they got are 

far from reality and cannot be used as guidance for further study. Three dimensional models (3D) 

of implant-abutment system more closely simulate actual condition of dental implant system and 

the stress in the jawbone predicted by a 2D model is less accurate than that predicted by its 3D 

counterpart [14]. 

 

A. LOADING IN FEM 

 

Loading conditions of dental implant is one of the most difficult parts of FEM analysis which are 

meant to reproduce various loads acting in human jaw bone during various working conditions of 

jaw bone. Hence it is important to simulate more accurate loading conditions in FEM analysis for 

getting more accurate results.  

 

 

 

 
“Fig.7 loading on implant abutment system” [15, 16, 17] 

 

 

Generally most of the researchers assume that three types of loads i.e. horizontal, vertical and 

oblique are acting in human jaw during chewing operation [15, 16, 17].  Out of them Canay et al 

[15] and Tada et al [16] both assumed a horizontal load of 50N and a vertical load of 100N with no 

oblique forces in their implant model whereas Meijer et al [17] assumed a horizontal force of 10N, 

vertical force of 35N and an oblique force of 70N at an angle of 120 degrees from the horizontal, as 

shown in Fig.7. 

 

B. MATERIAL PROPERTIES IN FEM 

 

Homogeneous, linear, elastic material behaviour for the jawbone is assumed in FEM in most of the 

cases for simplicity which is characterized by a single Young’s modulus and Poisson’s ratio [18, 

19, 20]. Titanium material is used for implant in most of studies 

IV. RECOMMENDATIONS FOR FUTURE RESEARCH DIRECTIONS 

 

Due to availability of various design and FEM software’s, it is quite easy to model the bone-

implant interface and undergo analysis. But due to involvement of various parameters like thread 
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profiles, taper angle, boundary condition, material properties of bone-implant interface etc. is very 

difficult to simulate actual condition of implant in human jaw bone with considerable accuracy. 

Hence detailed study is required for getting more accurate interception of implant-bone model 

which is more close to actual condition and more reliable. Again design of a particular implant is 

suitable for a particular patient but may not be suitable for other because properties of bone may 

vary from patient to patient and therefore certain method must be developed to obtain properties of 

implant-bone interface of individual patient and then only those implants are selected whose 

properties are more compatible to the jaw bone properties of patient. Previous studies provide the 

evidence that more concentration is given to individual parameter i.e. either on thread profile or 

taper of implant or other [6, 10, 12]. Therefore more studies considering all such parameters 

collectively are required to move closer to reality.             

V. CONCLUSIONS 

Finite element analysis (FEA) has been used more dominantly to analyze biomechanical behaviour 

of implant in human jaw bone model. Various assumptions are made during FEA in various 

studies are quite different from each other because no standard data is available. More 

concentration should be given on bone-implant interface properties. 

More correct model of implant-bone system which is closer to actual situation is needed to be used 

during analysis so that to provide more accurate results and to have more belief of dentist on result 

obtained in FEM.    
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