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Abstract 

Background: The thread design of the dental implant is an important feature to be considered in 

the optimization of the dental implant structure. The present study aimed to investigate the effects 

of V-thread profile design dimensions, including depth, width, pitch, thread helix angle and 

triangle thread apex angle on the mechanical characteristics of the bone-implant interface. A total 

of 588 V-thread implant system models were constructed to investigate the effects of the 

dimension parameters on the stress distribution generated around the bone-implant interface under 

vertical occlusal force. Furthermore, the force transfer at the bone-implant interface was analyzed 

theoretically to analyze the force transmission mechanism at bone-implant for an optimized 

V-thread profile in the implants. 

Results: The optimum thread pitch ranged from 1.0 mm to 1.2 mm, when the triangle thread 

depth and width was 0.1 mm. The theoretically derived results showed that, with the same implant 

diameter, when the thread depth was 0.1 mm and the thread pitch was 0.9 mm, the optimal thread 

width was found to be 0.1026 mm. This derived result was consistent with the simulation analysis 

results.  

Conclusions: To design the optimal V-shape threads, the implant and thread dimensions, such as 

the implant diameter, thread pitch, thread width, thread helix angle and triangle thread apex angle 

should be comprehensively considered. The optimal designed thread in this study can dissipate the 

chewing load, as a result of the appropriate ratio of tensile force and shear force on bone-implant 

interface. The optimum designed thread profile can take full advantage of the carrying capacity of 

the tensile and shear of the bone, thereby bearing a high chewing load.  

Keywords: Dental implant; V-thread; biomechanics; theoretical derivation; finite element 

analysis 

Background 

Dental rehabilitation with implants plays a pivotal role in the substitution of the lost teeth to regain 

the masticatory function in conditions of dental caries, periodontal disease or injury. Since their 

introduction in the 1970’s [1,2], they still continue to remain popular, primarily due to their 

excellent and reliable long-term functional and aesthetic results. So far, dental implants have 

showed a successful track record in the long-term clinical applications, with a success rate as high 

as 90%, if they are properly designed, manufactured, and inserted [3,4]. Despite the high success 

rates, the implant failure, marginal bone loss, and patient discomfort still sometimes occurs 

unexpectedly [5].  

The critical function of the dental implants is to transfer the bite force to the bone on the bone‐

implant interface, similar to that of the natural intact teeth [6]. Due to the lack of the periodontal 

ligament, a direct connection is formed between the bone and the implant, and the bite force is 



transferred directly to the surrounding bones by the bone‐implant interface. The key factor to 

determine the success or failure of the implant lies solely on the fact, whether the implant can 

support the bite force for a long time and safely transfer it to the surrounding bone [7]. Therefore, 

it is necessary to study the relationship between the implant characteristics and the load transferred, 

and the stress distribution at the bone-implant interface. Many researchers focused on maximizing 

the area of contact and minimizing the stress at the bone-implant interface to reduce the bone 

absorption [8]. In order to improve the stress distribution at the bone-implant interface, different 

types of implants were designed. The thread design of the dental implant is an important feature to 

be considered in the optimization of the dental implant structure. 

The thread is used to maximize the contact area, improve the stability, and expand the surface area 

of the implant, conducive to the dissipation of the interfacial stress [9]. Therefore threaded 

implants are generally preferred over the smooth cylindrical implants to increase the contact area 

and improve implant stability [10]. 

The implant thread profile plays a vital role in enhancing the biomechanical effectiveness of 

implants [11]. The thread design should ideally maximize the initial contact, improve the initial 

stability, and create a better distribution of stress [12]. Among the commonly used thread profiles, 

such as the V-thread, square thread, buttress thread and reverse buttress thread, the V-thread has a 

stronger effect on the jawbone cutting in the procedure of insertion of the implant. V-thread design 

parameters needed to define the thread profile including the thread depth, thread width, thread 

pitch, thread helix angle and triangle thread apex angle. Varying these parameter dimensions 

affects the functional thread surface, thereby influencing the biomechanical characteristics at the 

bone‐implant interface [13]. Understanding the influence of these thread parameters on the 

biomechanical effectiveness of the dental implants and applying them appropriately in the field of 

the implant science can improve the success rate of the implant. Therefore, it is important to 

investigate the relationship between the thread design and the bone-implant interface 

biomechanical characteristics. 

Finite element analysis (FEA) allows the investigation of the relative merits of the different thread 

parameter dimensions and offers an insight into the stress distribution at the bone-implant 

interface [14]. Therefore, FEA was employed in this study to investigate the stress distribution at 

the bone-implant interface of the various V-threads and to find an optimal V-thread for the implant 

system. Subsequently, a theoretical derivation was performed to reveal the biomechanical 

characteristics on the bone-implant interface to confirm and verify the simulation results, and 

moreover give an optimum thread design.  

Results 

The displacement magnitudes in the implant and the cortical bone were much lower than the 

suggested threshold value of 0.15 mm [15]. Therefore, the stresses patterns and the magnitude of 



the maximum stress of implants and cortical bone were the main analyzing parameters.  

Stress Analysis 

The stress distribution patterns in the implant and the cortical bone were similar in all cases. 

Therefore, only the distribution trends in case with the V-thread of 0.1mm depth, 0.1mm width, 

and 0.9mm pitch are shown in the present study. 

When both the thread depth and width were 0.1 mm, the minimum peak von Mises stress in the 

implant and cortical bone were found in cases of the thread pitch of 0.8 mm and 1.1 mm 

respectively. Therefore, when considering the maximum von Mises stress in the implant and the 

cortical bone at different thread depth and width, the thread pitch was designed as 0.9mm. 

Implant 

Fig. 4 shows the maximum von Mises stress in the implant. It can be seen that stress concentrated 

at the first thread of implant and at the thread tips of the implant in the neck region near the 

cortical bone. Table 2 shows the highest von Mises stress of the implant in 0.9 mm thread pitch 

with different thread depth and width. Table 3 shows the change in the magnitude of the maximum 

stress in the implant and cortical bone with different thread pitch values, when the thread depth 

and width were 0.1 mm.  

Cortical bone 

The patterns of the maximum von Mises stress distribution for cortical bone are shown in Fig. 5. 

The figures show that the stress concentration appeared at the cortical bone around the implant 

neck, which potentially contributed to the marginal bone loss. Additionally, the peak stress 

magnitude was located at the bone that enclosed the first thread of implant on the upper surface of 

the cortical bone. Table 4 lists the maximum von Mises stress of cortical bone. All the stress 

values were found to be significantly lower than the yield of 100 MPa for the cortical bone. Table 

3 shows that the minimum peak cortical bone von Mises stress was observed at the thread pitch of 

1.1 mm. 

Discussion 

As previously mentioned, all cases had similar stresses distribution. Therefore, the optimum 

V-thread profile was determined by the maximum stress.  

Stress 

Implant  

In Table 2, the peak stress magnitude was 198.0 MPa, which was much lower than the yield 

strength of the Ti alloy (650 MPa). This indicates that all implants were safe and did not undergo a 



fracture or failure.  

The minimum average stress values were found at 0.1 mm or 0.2mm thread depth and 0.5 mm or 

0.6 mm thread width. Therefore, it can be inferred that a lower thread depth (0.1 and 0.2 mm) and 

appropriate thread width (0.5 and 0.6 mm) reduced the implant stress. In Table 3, when both the 

thread depth and width were 0.1 mm, the minimum stress was observed at a thread pitch of 0.8 

mm. 

The response of the bone in terms of resorption or healing is directly related to the stress within 

the bone, in accordance with Wolff's theory [16, 17]. Therefore, the stresses in bone are the 

analysis parameters of great significance. 

Cortical bone 

The analysis of stress distribution suggests that the significant stress concentrations were located 

at the crestal of the cortical bone around the implant neck, and bone loss usually began at this 

crestal area [18]. 

From the viewpoint of mechanics, the concentration of the stress depends on the material property, 

the mutant shape, and the mutant dimension (the cutting shape and dimension of the bone for the 

insertion of the implant with thread). Under the same structural mutation, the material elastic 

modulus is directly proportional to the stress concentration. The cortical bone has a larger elastic 

modulus than the cancellous bone, thus the cortical bone exhibited a severe stress concentration 

than the cancellous bone with the same implant thread profile. Therefore, the biomechanics of 

only the cotical bone were investigated in this study. 

From Table 4, the minimum average peak von Mises stress of cortical bone was found to be 27.73 

MPa and 21.76 MPa, when thread depth was 0.1 mm and thread width was 0.1 mm, respectively. 

Based on the results, the threads with small dimensions of depth (0.1 mm) and width (0.1 mm) 

were suggested for the use in the model in the neck area of implant, because these microthreads 

helped to reduce the stress values in cortical bone crest. This could slow down the bone resorption, 

compared with the other coarse threads with large thread depth and width. The microthreads 

reduced the stress concentration in the cortical bone.  

Table 3 shows that the minimum peak von Mises stress for the triangle thread with 0.1 mm depth 

and 0.1 mm width was 17.02 MPa, at a thread pitch of 1.1 mm. Therefore, the optimum thread 

pitch for V-thread with 0.1 mm depth and 0.1 mm was 1.1 mm. 

Considering the stress magnitude and distribution, the V-thread with 0.1 mm of thread depth, 0.1 

mm of thread width, and 1.1 mm of thread pitch were thought to be the optimal V-thread for a 

better stresses distribution at the cortical bone and improving the stability of the implant system.  

Theoretical analysis 



In the present study, a complete osseo-integration condition was assumed at the implant-bone 

interface, and the forces acting on bone and implant were the action and reaction forces. Therefore, 

only the force system acting in implant was analyzed, and the force system acting on bone had an 

equal magnitude and opposite direction. 

As shown in Fig. 6, the implant was subjected to the uniform axial chewing load (vertical 

direction). Assuming that the load was uniformly transmitted on the thread bone interface as 

shown in Fig. 6, the distribution load F on thread surface was analyzed for its action on the 

V-thread. 

Firstly, the direction of the transmitted load F was same as the applied vertical chewing load. To 

analyze the thread helix angle effects on the converting of F, the local part A was considered as the 

research object and it was amplified, as A shown in Fig. 6. 

The vertical load F can be resolved as FN - the force normal to the thread helix line and F - the 

shear force tangent to the thread helix line. 

cos FFN ,                               (1) 

 sin FF                                (2) 

where, is the thread helix angle. 

and  
D

p


 tan ,                             (3) 

or 
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where, p is the thread pitch, D is the implant diameter. 

The cross section of the triangle thread in the plane that contains the force FNN and vertical to the 

thread helix line was taken as the second research object with amplification B shown in Fig. 6. 

Here, the force FN can be resolved as FNN - the force normal to the thread inclined plane and NF - 

the shear force tangent to the thread inclined plan. 
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where,  is the triangle thread apex angle. 

Finally the vertical load F was converted as one normal force of FNN, and the two shear forces 

F  and NF . These two shear force collectively form the resultant shear force F  as shown 

in Fig. 6. 
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According to previous studies, the cortical bone yield compressive strength  c , tensile strength 

 t , and shear strength  s  for cortical bone were 179.1 MPa, 121.3 MPa, and 64.3 MPa, 

respectively [19]. The compressive stress and tensile stress were introduced by the normal force. 

However, the bone can resist a higher stress value for the compression than the tensile stress. 

Therefore, the tensile strength and shear strength were taken into account in this study.  

To design an optimum V-thread profile, the ratio of converted normal force and shear force should 

be equal to the ratio of the tensile strength and the shear strength, in order to give full play to the 

loading capacity of the bone as shown by the following equation: 
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  the above equation can be deformed 

as  
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To solve the above equation, 
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For cortical bone, the Equation (8) can be deformed as  
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and on solving Equation (12) we obtain Equation (13): 
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When the thread pitch was considered as 1.1 mm, and the implant diameter in this study was D 

=0.3 mm. According to Equation (4) the thread helix angle can be obtained as follows: 
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Combining Equation (13) and Equation (14), we can obtain the triangle thread apex angle as 

o54.32
 



From the above discussion about the simulation result, the optimum thread depth was considered 

to be 0.1 mm in this study, and then the optimum thread width dimension was calculated. 

According to the amplification of the triangle cross section scenario B, the follow trigonometric 

relation can be easily obtained: 
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where, t is the thread depth, and h is the thread width. 

When the triangle thread apex angle
o54.32 , and the thread depth mm1.0t , the optimum 

thread width 26mm10.0h . The theoretical analysis optimum triangle thread dimension 

parameters were consistent with the simulation results. 

The designed optimum thread dimensions in the present study can convert the chewing load into 

appropriate normal force and shear force, and improve the bone bearing capacity. In other words, 

using these designed optimum threads, the implant system, especially the bone can withstand 

greater chewing loads. 

It is important to notice that the theoretical derivation process of the optimum thread design in the 

present study involved almost all the implant and thread dimension parameters, including the 

implant diameter, thread pitch, thread helix angle, thread depth, thread width and the V-thread 

apex angle. This indicates that all these parameters should be considered comprehensively to 

improve the bearing capacity of the implant system. 

Conclusions 

To design the optimal V-shape threads, the implant and thread dimensions, such as the implant 

diameter, thread pitch, thread width, thread helix angle, and triangle thread apex angle need to be 

comprehensive considered. The optimal designed thread in this study can dissipate the chewing 

load as the appropriate ratio of tensile force and shear force at the bone-implant interface. The 

optimum designed thread profiles appropriated a full advantage of the carrying capacity of the 

tensile and shear of the bone, and thus the implant system supported a higher chewing load.  

Methods 



The three-dimensional geometrical model of the cortical bone, cancellous bone and dental 

implants with various V-threads was established using the Computer-Aided Design (CAD) 

software SolidWorks 2017 (Dassault Systèmes SolidWorks Corporation, MA, USA).  

CAD Modeling 

Bone Model   

The present study employed simplified bone geometry, in order to perform a comparative study. 

The simplified jawbone was approximately 10 mm in width bucco-lingually, 21 mm in width 

corono-apically, and 15 mm in length mesiodistally [20] (Fig. 1). A core of cancellous bone was 

covered with a thick layer of cortical bone with a constant width of 2 mm [21].  

Dental implant model 

Cylindrical thread implant models designed in this study have the same diameter and length, in 

order to focus solely on the effect of thread design. The diameter and length of the implant was set 

to be 3 mm and 6 mm, respectively. 

According to previous studies [22,23], the implant and the abutment was considered to be an 

integrated part of the dental implant in this study. The outcome was not affected by this 

simplification, as the stress induced on the implant-bone was of major importance and that 

induced on the implant itself was not important. The detailed geometry of the dental implant is 

shown in Fig. 2. 

Different V-thread profiles were considered in this study, and the geometry of the V-thread was 

defined by the following parameters: thread width, thread depth, thread pitch, thread helix angle 

and thread apex angle. In this study, the thread width, thread depth and thread pitch were set as 

input variables as shown in Fig. 2. The variations in the thread width and thread depth were set in 

the range of 0.1-0.7 mm, and the thread pitch was set 0.5-1.6 mm. The corresponding thread helix 

angle, thread apex angle was calculated based on the known thread width, thread depth, and thread 

pitch.  

Finite Element Modeling  

All the constructed CAD models were imported to ABAQUS software for FEA. Ten-node 

tetrahedral element was used for designing the mesh in the bone and the implant [24]. The mesh 

implant system model is shown in Fig. 3(a). Each of the case models was composed of 149,661 

nodes and 98,221 elements (Table 1) with a small difference in various cases.  

Material Properties  

The bone properties were considered to be linear elastic, homogeneous and isotropic from earlier 



studies [25, 26]. The implant material was assumed to be Ti6Al4V [20]. The mechanical materials 

properties were shown in Table 1 [27-29].  

Loading and boundary conditions  

Fig. 3(b) shows the loading configuration and boundary conditions. The base of the jawbone was 

considered to be completely constrained in all directions. According to previous studies [30, 31], a 

full osseo-integration condition was assumed, and the bone-implant interface was modeled in a tie 

constraint. The implant was rigidly connected to the surrounding bone by node-sharing, so that a 

sliding or separation in the bone-implant interface was not possible. A distributed force of 100 N 

was applied vertically on the top of the abutment, similar to the previously assumed in literature 

[25, 32].  
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Figures

Figure 1

The present study employed simpli�ed bone geometry, in order to perform a comparative study. The
simpli�ed jawbone was approximately 10 mm in width bucco-lingually, 21 mm in width corono-apically,
and 15 mm in length mesiodistally



Figure 2

Different V-thread pro�les were considered in this study, and the geometry of the V-thread was de�ned by
the following parameters: thread width, thread depth, thread pitch, thread helix angle and thread apex
angle. In this study, the thread width, thread depth and thread pitch were set as input variables as shown
in Fig. 2



Figure 3

All the constructed CAD models were imported to ABAQUS software for FEA. Ten-node tetrahedral
element was used for designing the mesh in the bone and the implant [24]. The mesh implant system
model is shown in Fig. 3(a). Fig. 3(b) shows the loading con�guration and boundary conditions. The base
of the jawbone was considered to be completely constrained in all directions. According to previous
studies [30, 31], a full osseo-integration condition was assumed, and the bone-implant interface was
modeled in a tie constraint.



Figure 4

shows the maximum von Mises stress in the implant. It can be seen that stress concentrated at the �rst
thread of implant and at the thread tips of the implant in the neck region near the cortical bone

Figure 5



The patterns of the maximum von Mises stress distribution for cortical bone are shown in Fig. 5

Figure 6

Firstly, the direction of the transmitted load F was same as the applied vertical chewing load. To analyze
the thread helix angle effects on the converting of F, the local part A was considered as the research
object and it was ampli�ed, as A shown in Fig. 6.


