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Abstract: Variations in the implant thread shape and occlusal load behavior may result in 

significant changes in the biological and mechanical properties of dental implants and 

surrounding bone tissue. Most previous studies consider a single implant thread design, 

an isotropic bone structure, and a static occlusal load. However, the effects of different 

thread designs, bone material properties, and loading conditions are important concerns 

in clinical practice. Accordingly, the present study performs Finite Element Analysis 

(FEA) simulations to investigate the static, quasi-static and dynamic response of the im-

plant and implanted bone material under various thread designs and occlusal loading 

directions (buccal-lingual, mesiodistal and apical). The simulations focus specifically on 

the von Mises stress, displacement, shear stress, compressive stress and tensile stress 

within the implant and the surrounding bone. The results show that the thread design 

and occlusal loading rate have a significant effect on the stress distribution and defor-

mation of the implant and bone structure during clinical applications. Overall, the results 

provide a useful insight into the design of enhanced dental implants for an improved load 

transfer efficiency and success rate. 

Keywords: quasi-static load; abutment screw; dental implant; finite element method; dynamic load; 

mesiodistal 

 

1. Introduction 

Dental implants have become increasingly common as a method for replacing miss-

ing teeth in recent decades  [1–4]. However, while some studies have reported an implant 

success rate as high as 78-100% [5], other studies have indicated that single tooth replace-

ment failures may occur for a variety of reasons [6], including implant surface, implant 

design, and bone quality factors [7] and early bone loss in the dental implant region[8]. 

Numerous studies have found a link between the success of dental implants, the biological 

tissue structure of the bone, the mechanical strength of the bone and implant, and the 

surgical technique employed to insert the implant [6,9,10]. In practice, the bio-structure of 

dental implants is of critical importance in determining the success rate of the implant 

procedure since it affects the bone directly and causes the stress distribution to change 

from constant to variable, thereby putting both the implant and the bone at risk of biome-

chanical overload failure [11]. The success rate of dental implants is also crucially depend-

ent on the efficiency of the stress transfer from the implant to the supporting bone [12–

14], which depends in turn on many factors, including the loading condition [11], the im-

plant thread design [2,15,16], and the bone material properties [17].  
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The Finite Element Method (FEM) provides an extremely efficient approach for ana-

lyzing biomechanical problems [18–21]. FEM is particularly attractive for the analysis of 

biomechanical processes which are difficult (if not impossible) to examine in vivo or in 

vitro. As a result, it has been used extensively in the literature to evaluate the stress and 

deformation behavior of dental implants with a view to improving their success rate 

[3,3,14,22–33]. The study by Mosavar et al. was inspired by a paucity of numerical models 

of bone-implant interactions for diverse osseointegration and the simplification of bone 

as an isotropic material in prior investigations. Further, four different thread form im-

plants were modeled   and subjected to static occlusal load and varied osseointegration 

conditions of the bone-implant interface using finite element analysis. It is found that the 

cervical cortical bone region received the most stress, as did the first thread [34]. And Am-

aral et al. studied single implant failure in the anterior region than a 2-implant-retained 

mandibular overdenture because of high stress concentration around this prosthesis. Two 

3-D finite element models of mandibular overdentures are supported by a single implant 

and subjected to a static oblique force applied to the incisal edge of the central mandibular 

incisors. It is reported that the attachment, implant and bone, in both models showed 

equal stress levels [35]. Another research by Aslam et al., using 3D nonlinear FEA, deter-

mined the impact of platform switching on stress distribution in dental implants and peri-

implant bone. And to replicate occlusal loads, each model was subjected to axial and non-

axial static forces. Finally, it is reported that switching platforms reduced peri-implant 

bone stress, which may assist prevent marginal bone resorption [24].  

During their service lives, dental implants are subjected to both static and dynamic 

loads [36]. However, most previous studies only consider the effects of static loads applied 

to a single point on the implant surface[24,35,37,38]. As a result, the induced stress does 

not usually exceed the yield strength of the dental implant material (e.g., 550 MPa  for 

titanium, [39]) or bone (190 MPa for cortical bone, and 10 MPa for cancellous bone [39]). 

However, Gotfredsen et al. [40–42] showed that in practical implant situations, high dy-

namic loads are much more destructive than static loads, and therefore have a critical ef-

fect on the implant success rate. The results showed that dynamic loading produced a 

higher maximum stress than static loading and had a greater effect on the stress range as 

the elastic modulus varied. Mosovar et al. [34] examined the effects of four different thread 

shapes on the stress distribution in anisotropic bone under static loading conditions, and 

found that a square thread resulted in an improved performance. Bulaqi et al. [39] showed 

that for short dental implants subject to dynamic loads, a greater crown height space 

(CHS) contributed to screw loosening and fatigue fracture. Kayabaşi et al. [43] showed 

that for dental implants with a buttress thread shape, dynamic loading increased the stress 

within the implant by as much as 10-20%. Gehrke et al. [44] investigated one-piece and 

two-piece sintered dental implants subjected to quasi-static loading at a 30 degrees angle 

to the implant axis. The results showed that both implants could resist the loads produced 

during mastication. Lofaj et al. [45] conducted a numerical and experimental investigation 

into the stress distributions in mono- and bicortical dental implants under three-axial 

loading. It was found that bicortical fixation resulted in a lower compression stress than 

monocortical fixation for fresh implants. However, the performance advantage of the bi-

cortical fixation method reduced over time because of osseointegration. 

The shape of the implant thread has a significant effect on both the stress distribution 

within the implant and the marginal bone rehabilitation [12]. Accordingly, an appropriate 

design of the thread pattern is essential to improve the uniformity of the stress distribution 

and reduce the stress intensity at the bone-implant interface (BII) [15,46]. In clinical prac-

tice, the level and strength of the osseointegration effect are both strongly related to the 

type of force generated at the BII. In particular, tensile and shear forces tend to inhibit 

osseointegration, whereas compressive forces promote healing between the implant and 

surrounding bone [15,47,48]. Many thread designs are available for dental implants, in-

cluding square, triangular, buttress, reverse buttress, and trapezoidal. The thread design 

and associated parameters (e.g., face angle, thread width, thread pitch, and so on) have a 

critical effect on both the type of force produced at the BII (i.e., tensile, compressive, or 
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shear) and the efficiency with which the load is transferred to the bone [34,48]. For exam-

ple, triangular threads generate a higher shear force, while square-shaped threads pro-

duce a lower shear force and higher compressive force [46]. For square and buttress 

threads, the axial load is dissipated mainly through compressive forces [34,49,50]. How-

ever, for triangular and reverse buttress threads, the load is transferred through a combi-

nation of shear forces, compressive forces, and tensile forces [48]. Among the various 

thread designs, the square design reduces the maximum von Mises stress [9]. Albrektsson 

et al. [51] showed that the stress concentration of dental implants can be further reduced 

by curving the tops of the threads. Hansson and Werke [46] similarly showed that the 

maximum stress induced in the bone, and the ability of the implant to bear the load de-

pends not only on the thread design (e.g., triangular, square, buttress, and so on), but also 

on the detailed parameters of the thread design, including the pitch, thread width and 

face angle. 

The bone material property also has an important effect on the stress distribution in 

dental implant systems. However, the accurate modeling of bone-related organs using 

finite element modeling (FEM) methods is challenging due to their inherent inhomogene-

ous and anisotropic characteristics[1,4,34,52]. As a result, almost all previous studies con-

sider the implanted bone to be isotropic, homogeneous, and linearly elastic [3,4,25,37,53–

57]. However, such a simplification results in significantly lower stress predictions for the 

peri-implant bone than those observed in practice [8]. Consequently, the usefulness of the 

simulation results for practical clinical purposes is greatly impaired. 

The present study performs a comprehensive FEM investigation into the effects of 

five different dental implant thread designs (square, buttress, reverse buttress, trapezoi-

dal, and triangular) on the stress distribution induced within the implant and surrounding 

bone under three different loading rates, namely static, quasi-static and dynamic. The sim-

ulations consider the implant to consist of four components, i.e., the crown, abutment, 

screw, and implant. Moreover, the implanted bone is modeled as an anisotropic structure 

consisting of a spongy bone interior and a compact bone exterior.  Finally, the simula-

tions consider the implant to be jointly loaded by three external forces acting in the mesi-

odistal, buccal-lingual and apical directions, respectively. The simulations focus specifi-

cally on the von Mises stress, displacement magnitude, shear stress, compressive stress, 

and tensile stress under each of the considered thread designs and loading conditions. 

The results are expected to be of significant benefit in the design of dental implants with 

an improved success rate under realistic clinical conditions. 

2. Materials and Methods 

2.1. Implant and Bone Models 

As described above, the simulations considered five basic thread designs, namely 

square, buttress, reverse buttress, trapezoidal and triangular. For both buttress designs, 

two different flank profiles were implemented, namely straight flank (SF) and curved 

flank (CF). Thus, as shown in Fig. 1, a total of seven three-dimensional (3D) implant mod-

els were constructed, (note that for clarity of presentation, only the first thread in each 

model is shown.) For each model, the implant length, diameter, and pitch were specified 

as 14 mm, 4.1 mm and 0.8 mm, respectively, in accordance with the design specification 

of the commercial Straumann® Standard Plus (SP) dental implant (Straumann, Basel, 

Switzerland). As shown in Fig. 2, the prosthetic was assumed to consist of four compo-

nents, namely the crown, abutment, screw, and implant. Furthermore, each implant was 

embedded in anisotropic bone consisting of a spongy bone interior (cancellous bone) and 

a compact bone exterior (cortical bone).  
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Figure 1. Thread design models and directions of transferred loads, (a) Square, (b) 

buttress (SF), (c) buttress (CF), (d) trapezoidal, (e) reverse buttress (SF), (f) reverse buttress 

(CF), and (g) triangular. 

As described in Section 2.3, the implants were assumed to be subjected to a combined 

load acting jointly in the mesiodistal, buccal-lingual and apical directions, respectively. 

Moreover, the load was applied under three different rates, namely static, quasi-static 

and dynamic.  The resulting shear stress, tensile stress and compressive within the im-

plant were analyzed by means of finite element simulations performed in ABAQUS. 
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Figure 2. 3D models of implants and bone: a) square, b) buttress, c) reverse buttress, 

d) trapezoidal, and e) triangular. 

 
 

2.2. Material Properties and Mesh 

 The static and quasi-static responses of the dental implants were investigated by 

means of ABAQUS Standard simulations, while the dynamic response was investigated 

using ABAQUS Explicit.  The implants and bone models were discretized using a free 

meshing technique with C3D10M 10-node modified quadratic tetrahedron elements. As 

shown in Fig. 3 the models were meshed using a 0.2-mm element size in regions of the 

computational domain with a high stress concentration, and 0.35-mm or 2-mm size ele-

ments elsewhere. Table 1 presents the mesh statistics of the five basic implant models.  

The mechanical properties of the implant and bone materials are shown in Table 2. It is  
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Figure 3. Computational meshes for implant and bone models. 

 

 

noted that the mechanical properties of the crown, abutment, screw, and implant 

component are all assumed to be elastic, isotropic, and homogenous. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Mesh statistics of different implant and bone model
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 Crown Abutment Screw Implant Cortical Bone Trabecualr Bone Total 

Thread Shape No.Element No.Node No.Element No.Node No.Element No.Node No.Element No.Node No.Element No.Node No.Element No.Node No.Element No.Node 

reverse Buttress (CF) 28366 6087 21417 5081 16901 3724 168760 38512 40743 8972 306173 57166 582360 119542 

buttress (CF) 36970 7809 20725 4969 17022 3748 161164 37266 41045 9020 334731 64236 611657 127048 

Square 26370 5698 21115 5033 16894 3729 235374 47451 49741 10912 343846 68114 693340 140937 

triangular 28060 6023 21455 5097 16876 3729 235860 50594 40217 8873 373046 70342 715514 144658 

trapezoidal 27979 5990 20991 5014 16937 3736 168399 35006 49974 10946 380451 72147 664731 132839 
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                                      Table 2. Physical properties of materials for the FEA [39, 59] 

 

The vectors of x, y and z are mean the buccolingual, infero-superior and mesiodistal direction, respectively. And  

Implant & screw= Titanium grade 4, Abutment= Gold, Crown=Porcelain 

 

 

2.3. Load and Boundary Conditions 

 

As shown in Fig. 4(a), the occlusal surface of the dental implant was 

subjected to a combined loading condition in the mesiodistal, buccal-lin-

gual and apical directions. In performing the simulations, the magni-

tudes of the loads in the three directions were set as 23.4 N, 17.1 N and 

114.6 N, respectively, and were applied to a dummy reference point lo-

cated at a distance of 3 mm from the occlusal surface using a multi-point 

constraint (MPC) technique. The resulting equivalent load was equal to 

118.2 N at an angle of 75.8 degrees to the occlusal plane [39,43,58,59]. As 

described in the previous section, the simulations considered three dif-

ferent loading rates, namely static, quasi-static and dynamic. In the latter 

case, the external load was applied for 0.5 seconds to replicate the natu-

ral mastication cycle, which typically has a frequency of 2 Hz [39,60]. 

Figures 4(b)-4(f) present cross-sectional views of the five basic thread 

designs considered in the present study. In performing the simulations, 

a zero-displacement boundary condition was initially applied at the in-

terface between the implant and mandible bone in the X-, Y and Z-direc-

tions. Moreover, to mimic the actual clinical situation at the interface be-

tween the implant and bone, frictional contact interfaces were imple-

mented with values of 0.65 between the implant and cortical bone, and 

0.77 between the implant and cancellous bone [61].  

 

Materials 
Young's modulus E 

(MPa) 
Poisson's ratio ν density (g/cm3) Strength (MPa) 

Cortical bone 

Ex 12600 νxy 0.3 

3 190 

Ey 12600 νyz 0.253 

Ez 19400 νxz 0.253 

  νyx 0.3 

  νzy 0.39 

  νzx 0.39 

Cancellous bone 

Ex 1148 νxy 0.055 

3 10 

Ey 210 νyz 0.01 

Ez 1148 νxz 0.322 

 νyx 0.01 

 
νzy 0.055 

νzx 0.322 

Gold abutment* 136000 0.37 17.5 765 

Porcelain 68900 0.28 2.44 145 

Titanium grade 4* 110000 0.34 4.5 550 
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Figure 4. a) Loading and boundary conditions. Sectional views of: b) 

square thread, c) buttress thread, d) reverse buttress thread, e) trapezoi-

dal thread, and f) triangular thread.  

 

3. Results 

In performing FEA simulations, convergence tests are required to 

achieve an adequate tradeoff between the computational cost of the sim-

ulation process and the accuracy of the numerical solutions. Accord-

ingly, the five implant models were implemented with eight different 

element sizes in the range of 0.05~0.4 mm. For each mesh size, the max-

imum von Mises stress was computed in the compact bone region. The 

simulation results were then inspected to determine the mesh size at 

which the change in the maximum von Mises stress was limited to less 

than 5%. And the convergence test was performed under dynamic load-

ing rate. The corresponding results are presented in Fig. 5. A detailed 

inspection shows that the maximum von Mises stress increases by just 

3.96%, 4.44%, 3.10%, 4.00% and 1.26% as the element size increases from 

0.2 to 0.25 mm in the square, buttress, reverse buttress, trapezoidal, and 

triangular models, respectively. Accordingly, an element size of 0.2 mm 
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was adopted as the optimal seed size for the meshing process (see Fig. 

3).  

 

 

 

 

 

Figure 5. Maximum von Mises stress for different implant models 

and element sizes. 

 

Figure 6 shows the variation of the load applied to the occlusal sur-

face of the crown in the mesiodistal, buccal-lingual and apical directions 

over the course of the mastication cycle (0.5 s). Figure 7 shows the corre-

sponding variation in the maximum von Mises stress in the crown, abut-

ment, abutment screw, Buttress thread implant, cortical bone, and 

spongy bone regions of the model, respectively. It is seen that for all of 

the implant components, the maximum von Mises stress is produced 

under buccal-lingual loading, followed by mesiodistal and axial loading, 

respectively. Moreover, the maximum von Mises stress is induced in the 

implant component of the prosthetic (Fig. 7(d)). The maximum stress has 

a value of 278.63 MPa and is thus around 50.66% of the implant material 

(titanium) yield strength (see Table 1). By contrast, the minimum von 

Mises stress is produced in the crown region of the implant (Fig. 7(a)). 

Observing the results presented in Fig.7(e) for the cortical bone region 

of the model, it is seen that the maximum von Mises stress is produced 

under axial loading, followed by mesiodistal and buccal-lingual loading, 

respectively. By contrast, for the spongy bone region of the model, the 

maximum stress is produced under axial loading, followed by buccal-

lingual and mesiodistal loading (Fig. 7(f)). Comparing the two figures, 

the maximum von Mises stress in the cortical bone region (47.21MPa, 

22.31% of the yield strength, see Table 1) is higher than that in the 
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spongy bone region (11.05 MPa, 110% of the yield strength). Moreover, 

the maximum von Mises stress is distributed relatively uniformly be-

tween the three loading conditions. However, the magnitude of the max-

imum von Mises stress is significantly reduced and less evenly distrib-

uted in the spongy bone region (11.05 MPa under axial loading and 3.06 

MPa under mesiodistal loading). In the case of trabecular bone, its yield 

strength threshold is exceeded under dynamic stress in the axial direc-

tion. This increase indicates that trabecular tissue yield strength is higher 

in compression than in tension. This could result in bone resorption and 

mineral redistribution to help with bone remodeling. Due to higher 

stress carrying in the implant, followed by cortical bone, the Von Mises 

stress is lower in spongy bone for all loading rates. 

 

 

 

Figure 6. Dynamic loading of crown occlusal surface in buccal-lin-

gual, axial and mesiodistal directions during mastication cycle (2 Hz). 
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Figure 7. Dynamic loading of crown occlusal surface in buccal-lin-

gual, axial and mesiodistal directions during mastication cycle (2 Hz). 

 

Table 3 shows the maximum shear stress in the crown, abutment, 

screw, implant, cortical bone, and spongy bone regions of the five basic 

thread models for each of the three planes (XY, XZ and YZ) and loading 

rate conditions (static, quasi-static and dynamic). For each model, the 

maximum shear stress increases significantly on all planes under the ap-

plication of a dynamic load (40-99%). The maximum shear stresses in the 

three planes (XY, XZ and YZ) for the square thread implant in static and 

dynamic loading were (27.75 MPa, 19.69 MPa, and 17.13 MPa) and (41.66 

MPa, 29.30 MPa, and 25.51 MPa), respectively.  The percentage change 

in maximum shear stress in three planes (XY, XZ, and YZ) of the dy-

namic loading rate is shown here (50.13 %, 48.81 %, and 48.92 %). Simi-

larly, in triangular thread implant the percentage change in the 
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maximum shear stress in the three planes (XY, XZ and YZ) of the static 

and dynamic loading rate is (95.56%, 85.67%, and 99.14%). However, no 

significant difference is noted in the stress responses of the various com-

ponents within each model under a static load and quasi-static load, re-

spectively. Among the five models, the square thread model and but-

tress thread model yield lower shear stress values than the reverse but-

tress, trapezoidal and triangular models. Moreover, for all thread mod-

els and loading directions, the shear stress in the cortical bone is greater 

than that in the spongy bone. And the effect of dynamic load on shear 

stress was significant but varied in every three planes (XY, XZ, and YZ 

planes). 

 

Table 2. Maximum shear stress in three different planes of basic 

thread models under static, quasi-static and dynamic loading condi-

tions. 

 

Shear Stress [MPa] for Oblique Load-118.2N 

  Static load Quasi-Static load Dynamic load 

thread type components XY XZ YZ XY XZ YZ XY XZ YZ 

Square 

CROWN 7.15 13.15 5.91 7.51 13.61 6.04 10.69 19.32 8.67 

ABUTMENT 29.07 10.09 33.88 31.83 10.66 34.31 40.67 13.91 47.88 

SCREW 7.44 5.18 13.24 8.00 5.41 13.93 10.06 7.62 18.38 

IMPLANT 27.75 19.69 17.13 29.32 20.99 18.59 41.66 29.30 25.51 

CORTICAL BONE 4.94 8.97 3.36 5.27 9.18 3.53 7.24 13.36 5.28 

SPONGY BONE 1.01 1.08 1.06 1.01 1.14 1.10 1.61 2.16 1.99 

Buttress (CF) 

CROWN 4.55 3.78 7.52 4.92 4.03 7.62 6.51 5.68 11.45 

ABUTMENT 25.00 9.63 54.53 26.66 10.17 57.38 35.10 14.46 79.61 

SCREW 9.35 10.18 15.95 9.94 10.74 17.31 14.13 14.71 23.66 

IMPLANT 35.90 22.55 14.98 38.45 23.28 15.72 53.38 33.92 26.80 

CORTICAL BONE 5.71 10.73 2.40 5.73 11.22 2.49 9.69 16.32 7.21 

SPONGY BONE 0.53 0.66 0.64 0.56 0.69 0.65 0.99 1.26 2.46 

Reverse Buttress 

(CF) 

CROWN 14.26 6.72 36.69 15.31 7.21 39.45 20.68 9.94 53.29 

ABUTMENT 46.29 46.20 53.10 49.62 49.46 56.95 72.01 73.94 82.65 

SCREW 14.81 10.37 19.19 16.04 11.32 20.84 22.12 15.80 28.72 

IMPLANT 43.27 32.08 19.24 43.57 32.34 19.39 77.41 58.48 34.45 

CORTICAL BONE 6.72 12.19 2.76 7.15 13.08 2.93 12.73 24.28 8.26 

SPONGY BONE 0.63 0.90 0.58 0.69 0.99 0.63 2.26 3.39 2.12 

Trapezoidal 

CROWN 5.17 3.85 11.40 5.58 4.11 12.11 7.76 6.22 18.81 

ABUTMENT 26.77 15.72 55.36 28.93 17.05 59.36 41.02 24.37 84.76 

SCREW 9.83 5.26 17.11 9.89 5.36 17.25 17.66 9.47 32.56 

IMPLANT 51.59 26.71 20.61 53.89 28.07 22.03 80.55 46.23 34.09 

CORTICAL BONE 6.94 11.81 2.98 7.56 12.93 3.25 13.18 23.02 5.65 

SPONGY BONE 0.61 0.68 0.68 0.65 0.73 0.74 2.52 2.81 2.89 

Triangular 
CROWN 4.98 3.30 6.84 5.41 3.60 7.39 8.12 5.78 12.02 

ABUTMENT 27.79 8.55 60.12 28.04 8.63 60.64 53.42 15.90 119.62 
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SCREW 10.17 16.83 16.72 10.73 17.87 17.97 16.73 29.08 30.50 

IMPLANT 36.69 33.07 17.47 39.82 35.80 19.04 71.75 61.40 34.79 

CORTICAL BONE 8.23 12.23 3.26 8.77 13.09 3.57 27.32 46.43 14.44 

SPONGY BONE 0.79 0.92 0.55 0.86 1.00 0.61 2.81 3.58 2.75 

 

 

Figures 8(a-c) show the maximum displacements of the crown, abut-

ment, screw, implant, cortical bone and spongy bone regions of the five 

models under static, quasi-static and dynamic loading conditions, re-

spectively. For all the thread models, and each of the three loading con-

ditions, the maximum displacement occurs in the crown region of the 

prosthetic, while the minimum displacement occurs in the spongy bone. 

Furthermore, for each loading condition, the square thread design re-

sults in the lowest displacement, while the trapezoidal and Triangular 

designs yield the highest displacement. Comparing the three figures, it 

is seen that the quasi-static and static loading conditions yield a similar 

maximum displacement of the prosthetic and bone regions of the model. 

However, the dynamic loading condition yields a significant increase in 

the maximum displacement of all regions of the model for all five thread 

designs. In square thread implants, the percentage change in maximum 

displacement because of applying dynamic load is 54 %, and 65 % for 

the rest of the dental implant thread type. Maximum displacement 

changes attributed to dynamic load in cortical bone were 52.03 % in 

square thread implants, 41.76 % in triangular thread implants, and 55 % 

in the other three implants.  

 

Figure 8. Maximum displacements of prosthetic and bone regions of 

different thread models under a) static loading, b) quasi-static loading, 

and c) dynamic loading. 
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Figure 9(a) shows the maximum pressure (tensile stress and com-

pressive stress) in the square, buttress, reverse buttress, trapezoidal, and 

triangular thread implant models under dynamic loading conditions. 

For each of the models, the maximum pressure occurs in the implant 

neck region, where the implant and cortical bone make contact. The 

maximum compressive stress is produced in the square and buttress 

(CF) thread implants, with magnitudes of 360.06 MPa and 365.39 MPa 

respectively. The addition of a curved flank to a buttress implant in-

creased compressive stress when compared to a square implant. By con-

trast, the trapezoidal and Triangular thread designs result in relatively 

lower maximum compressive stresses of 151.88 MPa and 150.55 MPa, 

respectively.  

 

 

 

The results confirm that the dynamic loading condition yields a sig-

nificant increase in the magnitude of the principal stress in all five im-

plant models. The percentage change in minimum and maximum com-

pressive principal stresses due to dynamic loading for buttress thread 

implant is 51.17 % and 65.26 % and for reverse buttress implant is 39.26 

% and 59.33 %, respectively. However, the static and quasi-static loading 

conditions show no significant difference in effect on the stress response 

of the implants. The highest maximum principal (tensile) stress occurs 

in the reverse buttress (CF) model and has a value of 458.35 MPa. By 

contrast, the highest minimum principal (compressive) stress occurs in 

the buttress thread (CF) model and has a value of 517 MPa. For both 

stresses (tensile and compressive), the maximum stress occurs in the tip 

bevel region of the implant where it contacts the crestal part of the cor-

tical bone. 

Figure 9(c) shows the von Mises stress distributions in the crown, 

abutment, retaining screw, implant and supporting bone regions of the 

five models under dynamic loading conditions. As shown in Fig. 9(c), 

under dynamic loading conditions, the maximum von Mises stress oc-

curs in the implant component of the prosthetic, while the lowest von 

Mises stress occurs in the spongy bone. The maximum von Mises stress 

has a value of 496.48 MPa and occurs in the triangular thread model, 

while the lowest von Mises stress has a value of 159.77 MPa and occurs 

in the square thread model.  Regarding the bone regions of the model, 

the von Mises stress has maximum values of 81.96 MPa and 24.75 MPa 

in the cortical bone regions of the triangular and square thread models, 

respectively, and minimum values of 8.25 MPa and 5.31 MPa. 
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Figure 9. a) Maximum pressure (tensile and compressive stress) in 

implant, b) maximum and minimum principal stresses in implant, and 

c) von Mises stress in implants and bone under dynamic load 

 

Table 4 shows the maximum von Mises stress in the crown, abut-

ment, screw, implant, cortical bone and spongy bone regions of the five 

models under the static, quasi-static and dynamic loading conditions. It 

is evident that for each region of the model, the maximum von Mises 

stress increases significantly under the application of a dynamic load. 

The increases are 32 %, 38.19 %, 45.10 %, 51.20 %, and 58.21 % for square, 

buttress, reverse buttress, trapezoidal, and triangular thread implant, re-

spectively. And Square, buttress, reverse buttress, trapezoidal, and tri-

angular thread implants have a 32 %, 38.17 %, 45.08 %, 51.19 %, and 58.19 

% stress increase in cortical bone, respectively. Moreover, for each 

model, the maximum von Mises stress occurs in the implant region of  
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the prosthetic. 

Table 4. Maximum von Mises stress in different region of each 

model under static, quasi-static, and dynamic loads 

 

 

Table 5 compares the maximum von Mises stresses induced in the 

buttress and reverse buttress models for different flank designs (curved 

and straight) under each of the three loading conditions. It is seen that 

for each model, the application of a curved flank design lowers the max-

imum von Mises stress in all the prosthetic and bone regions of the 

model. The reduction in the maximum von Mises stress is particularly 

apparent under the dynamic loading condition and in the crown region 

Maximum Von Mises Stress (MPa) 

thread type components Static Quasi-Static Dynamic 

square 

CROWN 23.79 24.86 31.40 

ABUTMENT 103.35 108.00 136.42 

SCREW 55.30 57.79 73.00 

IMPLANT 121.04 126.49 159.77 

CORTICAL BONE 18.75 19.60 24.75 

SPONGY BONE 4.02 4.21 5.31 

buttress (CF) 

CROWN 24.29 25.56 38.75 

ABUTMENT 110.03 115.81 141.94 

SCREW 68.27 71.85 88.07 

IMPLANT 173.24 182.33 239.41 

CORTICAL BONE 31.54 33.19 43.58 

SPONGY BONE 2.25 6.23 7.25 

reverse buttress (CF) 

CROWN 27.45 28.80 37.93 

ABUTMENT 128.88 135.22 178.11 

SCREW 67.16 70.46 92.81 

IMPLANT 205.79 214.42 298.60 

CORTICAL BONE 33.60 35.01 48.75 

SPONGY BONE 2.80 5.65 7.82 

trapezoidal 

CROWN 27.50 28.99 37.17 

ABUTMENT 160.13 168.86 216.50 

SCREW 64.29 67.79 86.92 

IMPLANT 237.23 247.06 358.69 

CORTICAL BONE 35.53 37.00 53.72 

SPONGY BONE 4.35 4.53 6.57 

triangular 

CROWN 70.82 74.00 98.58 

ABUTMENT 199.38 208.36 277.54 

SCREW 98.59 103.03 137.24 

IMPLANT 313.81 327.93 496.48 

CORTICAL BONE 51.81 54.14 81.96 

SPONGY BONE 2.67 6.25 8.25 
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of the prosthetic, for which the reduction is equal to almost 50%. The 

addition of curved flank (CF) to the buttress and reverse buttress thread 

profiles will greatly increase compressive stress while significantly low-

ering tensile stress. After this result is established, only buttress and re-

verse buttress with CF profile are examined in this study. 
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 1 

Table 5. Maximum von Mises stress in buttress and reverse buttress models with curved flank (CF) and straight flank (SF) design 2 

 3 

 4 

Maximum von Mises stress (MPa) 

  SF CF Decrease (%) 

thread design components static 
Quasi-

static 
dynamic static 

Quasi-

static 
dynamic static 

Quasi-

static 
dynamic 

buttress 

crown 37.48 44.45 74.81 24.29 25.56 38.75 35.2 42.5 48.2 

abutment 147.49 168.33 246.03 110.03 115.81 141.94 25.4 31.2 42.31 

screw 97.68 96.95 142.78 68.27 71.85 88.07 30.11 25.89 38.32 

implant 245.07 234.42 402.91 173.24 182.33 239.41 29.31 28.57 40.58 

Cortical bone 41.88 42.2 68.36 31.54 33.19 43.58 24.69 21.36 36.25 

Cancellous bone 2.72 7.61 9.16 2.25 6.23 7.25 17.25 18.19 20.85 

reverse buttress 

crown 37.26 43.08 23.81 27.45 28.8 37.93 26.32 33.14 49.78 

abutment 159.39 157.43 217.21 128.88 135.22 178.11 17.59 14.11 18 

screw 95.52 90.47 136.87 67.16 70.46 92.81 29.69 22.12 32.19 

implant 254.72 271.35 449.83 205.79 214.42 298.6 19.21 20.98 33.62 

Cortical bone 44.08 43.86 64.82 33.6 35.01 48.75 23.78 20.18 24.79 

Cancellous bone 3.5 7.2 10.43 2.8 5.65 7.82 19.89 21.5 25 

SF= straight flank, CF=curved flank 5 
 6 

 7 

 8 

 9 
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4. Discussion 

Dynamic mechanical loading can damage the surface morphology and chemistry of 

dental implants [62], and can result in the penetration of micro-organisms down to the 

threaded region of the fixture-abutment interface [63]. Furthermore, cyclic loading can 

increase the stress induced in the implant by around 10-20% compared to that observed 

under static loading [43]. Previous studies have shown that the stress induced in the im-

plant and surrounding bone region depends not only on the nature of the applied load 

(i.e., static or dynamic), but also on the design of the implant thread [64,65].  

Accordingly, the present study has performed ABAQUS FEA simulations to investi-

gate the von Mises stress, displacement, shear stress, compressive stress and tensile stress 

within the implant and surrounding bone for five different thread designs, namely 

square, buttress, reverse buttress, trapezoidal and triangular, under static, quasi-static 

and dynamic loading conditions. For the two buttress thread models, both straight and 

curved flank designs have been considered. For every thread design, a combined load 

consisting of 23.4 N in the mesiodistal direction, 17.1 N in the buccal-lingual direction 

and 114. 6 N in the apical direction has been applied at a dummy reference point located 

at 3 mm from the occlusal surface. Moreover, the implanted bone has been modeled as 

an anisotropic structure consisting of a spongy bone interior and a compact bone exterior.  

It has been shown that for all five thread design models, the von Mises stress, shear 

stress, compressive stress, and displacement all increase significantly under a dynamic 

load compared to a static or quasi-static load. However, little difference has been ob-

served in the stress response of the implant under static and quasi-static loads, respec-

tively. In general, the results have shown that the maximum stress is concentrated in the 

contact areas of the implant-bone models, e.g., at the abutment-screw, abutment-implant 

and bone-implant interfaces (see Figs. 7 and 9). Accordingly, for all thread designs, there 

is a risk of micromotion, which may cause screw loosening, crestal bone loss, and implant 

fracture. The present results have shown that, under dynamic loading, the maximum von 

Mises stress in the prosthetic components is higher under buccal-lingual loading than 

under axial or mesiodistal loading (see Figs. 7(a)-7(d)). By contrast, in the cortical and 

spongy bone regions, the maximum von Mises stress is produced under axial compres-

sive loading (see Figs. 7(e)-(f)). 

The results presented in Fig. 9(b) have shown that the maximum principal stress is 

concentrated in the first thread of the implant in the tip bevel region where it contacts 

the crestal part of the cortical bone.  This prediction is consistent with the findings of 

Sun et al. [66] that the abutment screw commonly breaks at the first thread and the im-

plant breaks in the neck region. The simulation results obtained for the maximum shear 

stress (Table 3) have shown no significant differences in the stress response behaviors of 

the five thread models under static loads and quasi-static loads, respectively. However, 

for each model, the stress increases significantly under dynamic loading.  When all im-

plant models were considered, it increased by 30-60% (see Table 4 and Fig 9(c)). This is 

extremely important, because it implies that such cyclic loading rates must be closely 

monitored, since they may cause implant and bone fatigue and fracture. Many previous 

studies have reported that dynamic loading can have a greater effect on the implant suc-

cess rate than static loading. For example, Yagihara et al. [59] compared the effects of 

static and dynamic loads on the performance of implants in rat left tibia after four and 

eight weeks, and found that the attachment strength was significantly improved follow-

ing the application of a dynamic load for four weeks compared to that obtained under a 

static load after four or eight weeks. Likewise, Duyck et al.  [67] reported that the peri-

implant bone resorption performance in rabbit tibias was markedly better under dy-

namic load conditions than under static loads. However, very few studies have applied 

FEA to examine the effects of dynamic loading on dental implants [11,39,43,58,59,68].  

The results obtained in the present study have shown that the application of dynamic 

loading can increases the stress of dental implants and cortical bone by as much as 30-
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60% compared to static loading (see Table 4 and Fig 9(c)). This percentage increment is 

obtained when considering all the five implant models. And most importantly, including 

buttress and reverse buttress implant with CF thread profiles. In previous studies it is 

only studied considering one thread type dental implant. This finding is inconsistent 

with that of Kayabaşi et al. [43], who reported that dynamic loading may increase the 

stress in dental implants by 10-20%. However, Kayabaşi et al. [43] considered only a sin-

gle dental thread design (reverse buttress), whereas the present study has considered 

five different models. Hence our conclusion is based on the result from five implant thead 

type. In general, the present results have shown that while dynamic loading yields an 

effective increase in the compressive stress in the implant and bone region and is there-

fore beneficial in improving the implant success rate, the thread design should be care-

fully chosen to avoid failure in the first thread region of the implant. 

The FEA results obtained in the present study have shown that, for all the loading 

rates and thread designs, the maximum von Mises stress is concentrated in the implant 

region of the prosthetic (see Table 4 and Fig 9(c)). As a result, the minimum stress is 

transferred to the bone, and the uniformity of the stress distribution within the bone is 

improved. The present results are thus in good general agreement with those of previous 

studies [34,43,69–72]. However, most previous studies did not consider the crown and 

abutment screw components of the prosthetic [34,69,71,72], and hence the clinical appli-

cation of the FEA findings is somewhat limited. Furthermore, previous studies have gen-

erally considered only a static masticatory load, [34,73–81]. However, in addition to static 

load, the current study considered quasi-static and dynamic loading rates. As a result, 

this research yields better results and a more reliable conclusion. This also reveals that 

dynamic loading considerably increases stress in all five models and cortical bone, po-

tentially leading to bone fatigue and fracture. The present results have shown that the 

implant thread design affects both the magnitude and the distribution of the stress in-

duced in the cortical bone under all three loading rates (see Table 4 and Fig. 9C). They 

are thus in good agreement with the findings of Hansson and Werke [46]. In particular, 

the results have shown that for the buttress and reverse buttress thread models, the ap-

plication of curved flanks reduces the maximum von Mises stress by up to 50% compared 

to straight flanks (Table 5), curved flank provides more bone contact area by decreasing 

the shear stress and tensile stress. Hence, more bone contact area has been proven to offer 

increased initial stability and stress resistance [82].  

Among the various thread designs considered in the present study, the square thread 

design results in the lowest von Mises stress, shear stress and displacement, and the high-

est compressive stress (see Fig. 8, Fig.9(b), Table 3 and Table 4). In general, the mastica-

tory load acting on the crown occlusal surface results in three different stresses, namely 

tensile, compressive and shear. Tensile stresses tend to pull objects apart and if it be-

comes more than the yield strength, it may cause failure in implant and bone loss, while 

shear forces promote sliding. By contrast, compressive stresses maintain the integrity of 

the bone-implant interface. Furthermore cortical bone is the strongest in compression 

and the weakest in shear [83]. Thus, the present results suggest that the square thread 

design, which enhances the compressive stress, is the most suitable for dental implant 

applications. However, the buttress and reverse buttress designs with curved flanks also 

reduce the tensile and shear stress, while also promotes the compressive stress (see Fig. 

9 and Table 5). Consequently, the buttress thread designs with curved flanks also repre-

sent a favorable design for dental implants. Furthermore, for each design, the maximum 

displacement, von Mises stress, and shear stress are significantly lower in the spongy 

bone region than in the cortical bone region (see Figs. 8, 9 and Table 3). 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2021                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 September 2021                   doi:10.20944/preprints202109.0221.v1

https://doi.org/10.20944/preprints202109.0221.v1


 

5. Conclusion 

This study has performed a comprehensive finite element analysis (FEA) investiga-

tion into the effects of the loading rate (static, quasi-static and dynamic) and thread de-

sign (square, buttressed, reverse buttressed, trapezoidal, and triangular) on the stress re-

sponse of dental prosthetics implanted in anisotropic bone. 

 

 Overall, the simulation results support the following main conclusions: 

▪ The application of dynamic masticatory loading to the occlusal surface of the 

prosthetic increases the stress within the implant and surrounding bone re-

gion by as much as 30-60%. Thus, while static loading analyses provide a 

convenient and low-complexity approach for performing the preliminary 

design of dental implants, dynamic loading analyses are required to properly 

understand the performance implications of the proposed design in actual 

clinical situations. 

▪ For the buttress and reverse buttress thread designs, the application of a 

curved flank profile reduces the induced stress by as much as 50% compared 

to that of a straight flank profile design under dynamic loading conditions.   

▪ Among the various thread design models considered in the present study, 

the square thread model reduces the von Mises stress, shear stress and dis-

placement magnitude, and increases the compressive stress. Therefore, it 

represents the most favorable thread design model for practical applications. 

▪ No significant difference exists between the stress response behavior of the 

different thread design models under static loading and quasi-static loading 

conditions, respectively. 

▪ For each of the considered design models, the maximum displacement, von 

Mises stress, and shear stress are significantly lower in the spongy bone re-

gion than in the cortical bone region. 

In conclusion, stable osseointegration and a uniform stress distribution are more re-

sponsive to the implant design in the human jawbone than in other bones [84]. Hence, a 

proper understanding of the stress response of dental prosthetics and the surrounding 

bone region is essential in improving the implant success rate. In general, FEM provides 

an attractive approach for analyzing biomechanical processes which are difficult (or im-

possible) to examine in vivo or in vitro. However, the practical applicability of the FEM 

results depends fundamentally on the accuracy of the FEM model and the representa-

tiveness of the considered loading conditions. Accordingly, the present study has not 

only considered three different loading scenarios (static, quasi-static and dynamic), but 

also a combined loading condition in the buccal-lingual, mesiodistal and axial directions, 

respectively. Moreover, the simulations have analyzed the detailed stress response 

within each of the individual components within the prosthetic (crown, abutment, screw, 

and implant), and have considered the bone to have an anisotropic structure consisting 

of a cortical bone exterior and a spongy bone interior. Thus, the FEA results are expected 

to more closely mimic actual clinical conditions, and to provide more meaningful in-

sights into the likely success rate of the implant accordingly. Future studies might use-

fully validate the numerical findings reported in this study through animal studies. 
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