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Annotation. One of the key factors in the success of dental implantation is 
osseointegration – fusion of the implant with the bone. Excessive micromobility on the 
implant-bone surface under loading disrupts osseointegration. A natural question arises: 
is it possible to minimize micromobility by controlling the structural characteristics of the 
implant, in particular, the threads? The influence of the thread characteristics (profile, 
depth and thread pitch) on the stability of dental implants under immediate loading 
(primary stability) is studied in the paper, when osseointegration has not yet occurred and 
there is no complete adhesion at the implant-bone interface. The change in the thread 
profile was modeled by a variation in the angle of inclination of the sides of the profile with 
a gradual transition from the triangular through the trapezoidal and square threads to the 
dovetail one. The minima of the maximum displacements on the implant-bone interface 
were obtained for the square and dovetail profiles. Their values were microns, which 
corresponds to the data of other papers. The influence of the depth and pitch of the 
thread was studied on a square profile. It has been established that an increase in the 
thread depth from 0.1 to 0.4 mm (as well as a reduction in the thread pitch from 2.0 to 
0.4 mm) led to a 3-6% decrease in the implant subsidence (global mobility) and to a 
significant (multiple) monotonic drop in movement at the interface. Thus, the profile of the 
thread has a significant effect on the micromobility on the implant-bone surface under 
loading: with the same values of the occlusal load and observed tooth macromomobility, 
it can change micromobility by times. The micromotion minima were obtained for the 
square and dovetail profiles. The maxima of local displacements arose on the apex turn 
of the thread.  

Key words: Biomechanics, modelling, micromobility, dental implants, thread geometry, 
primary stability. 

INTRODUCTION 

One of the key factors in the success of dental implantation is osseointegration – fusion of the 

implant with the bone. Excessive micromobility on the implant-bone surface under loading 

disrupts osseointegration [3, 4, 19]. A natural question arises: is it possible to minimize 

micromobility by controlling the structural characteristics of the implant, in particular, the 

thread?  

In studies of biomechanics of the implant-bone system, the focus is traditionally given 

to the study of stress distribution in the implant, and above all in the surrounding bone and the 

bone-implant interface. In particular, there is a fairly extensive literature on the effect of 

thread parameters on stresses (where a number of works have been done in which the 

influence of the thread profile on stresses was studied [1, 5-8, 13, 15-18, 23]). A large array of 
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the data obtained in this case is, however, quite variegated, sometimes contradictory, and due 

to a number of fundamental difficulties, it is still insufficiently analyzed and comprehended. 

At the same time, another important issue – the effect of thread on micromobility (and 

on the primary stability of dental implants associated with it) – has been studied much less, 

here publications available can be counted on fingers.  

In [12], a review of the literature on the key words "dental implants, finite element 

analysis, kinds of threads, stresses, thread pitch, thread design, thread parameters" was done. 

Various parameters were studied, such as implant thread design types, implant materials and 

properties, loading conditions, calculation techniques. It was stated, in particular, that: 

increasing the thread pitch reduces the number of threads, which adversely affects the initial 

stability of the implant; the implant with a deeper thread is characterized by greater stability 

because of the presence of a larger contact surface with a bone. In [11], using the nonlinear 

three-dimensional finite element analysis, the dependence of bone stress and slip on the 

implant-bone interface on implants design and size was studied for the case of immediate 

implant loading with augmentation of the maxillary sinus. Twenty-four finite element models, 

including four implant designs (cylindrical, threaded, stepped and step-threaded implants) and 

three implant sizes (standard, long and wide threaded implants), with full adhesion, as well as 

three levels of frictional contact on the implant-bone interface, were studied.  

The use of threaded implants reduced stress in the bone and slip by about 30% 

compared to nonthreaded (cylindrical and stepped) implants. An increase in the implant 

surface roughness (μ > 0.3, μ – coefficient of friction) did not reduce stresses in the bone, but 

reduced the interfacial slip between the implant and the bone. It has been established that for 

an immediately loaded implant, placed with sinus lifting, the use of a threaded implant can 

reduce both bone stresses and interfacial slip between the implant and the bone, which can 

improve the initial stability of the implant and long-term survival. The rough surface of the 

implants does not offer advantages for reducing stress in the bone, but it can reduce interfacial 

slip. In contrast, the use of long or wide implants reduces stress in the bone, but can not 

reduce interfacial slip. In [10] with the use of 3D CAM (Computer-Aided Modelling) 

protocols were simulated of immediate and delayed loading of implants, placed in an 

edentulous mandible according to the "All-on-Four" scheme (fixed prostheses). A vertical 

load of 200 N was applied to the console, and also in the area of the distal implant abutments 

to simulate non-cantilever loading. For immediate loading models, the contact interface (non-

osseointegration) between the implant and bone was simulated. The friction coefficient 

according to [11, 22] was set to 0.3. The maximum micromotion at the implant-bone interface 

in the immediate loading model was 7.5-14.4 μm. In the conclusions, it was stated that in the 

immediate loading models the maximum micromotion at the bone-implant interface was 

within the acceptable limits for uneventful implant osseointegration. The framework material 

did not play an important role in reducing the peri-implant bone strain and micromotion at the 

bone–implant interface. In [14], influence of thread pitch, helix angle, and compactness on 

micromotion of immediately loaded implants in three types of bone quality (D2, D3 and D4) 

was studied. The purpose of the paper [21] was to mechanically describe the phenomenon of 

micromotion occurring between implant and alveolar bone using simple spring models, 

continuum mechanics models, and 3D Finite-Element models simulating varying contact 

types between implant and bone. Using three different types of virtual biomechanical models, 

different types of contact between implant and bone were modeled, and for the axial load of 

200 N (which corresponds to the typical force when biting), the implant, bone and strain 

deformations at the implant-bone interface were determined. The cases of sliding, friction and 

adhesion at the bone-implant interface were considered. In [20], a parametric finite element 

analysis study of micromotions was performed in which the geometry of the implant 

(cylinder, screw), the load direction (axial, horizontal), the degree of healing (by varying the 
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Young's modulus of the intermediate layer between the implant and the bone) and the type of 

contact between the implant and bone (without friction, friction, adhesion) were varied. 

For most publications on the biomechanics of dental implants, itemized detalization of 

the models in question is typical. This approach is justified in the study of specific 

implantation systems, but with a generalized qualitative study of the effect of one parameter it 

leads to the interference of effects from secondary factors, which obscures the effect of the 

target parameter per se. This is typical for the cited works as well: the models are usually 

"overloaded" with superstructures and other additional parameters, while numerical results are 

given sometimes without an analysis of the physical meaning and investigation of general 

patterns and trends. Therefore, in this paper we tried to minimize the model in question in 

order to avoid the distorting effect of side parameters, to study the behavior of micromotions 

on the bone-implant interface in more detail and to justify some general conclusions about the 

dependence of micromovements on the characteristics of the thread, especially its profile. 

PROBLEM STATEMENT. BASIC CALCULATION VARIANT  

In this paper, the emphasis was on studying the effect of thread characteristics (profile, 

depth and thread pitch) on the stability of dental implants under immediate loading (primary 

stability) when osseointegration has not yet occurred and there is no complete adhesion at the 

implant-bone interface. The calculations were carried out with software suite ANSYS 

(version 15.0) [2].The model from the paper [25] (axisymmetric) was taken as the starting 

point, however, the implant was modeled by a cylinder with a ridged surface flush with the 

bone surface, the upper thread turn flush with the upper end of the implant (Fig. 1). At the 

 

 
Fig. 1. A bone cylinder with a screwed-in implant, quarter cutout; due to axial  

symmetry, only the flat area marked with red was partitioned by finite elements 
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implant-bone interface, the slip condition was set, for the load, the geometric and mechanical 

characteristics of the bone and the implant, the typical values were assumed, in particular, for 

the bone the value of Young's modulus was assumed to be 1 GPa, and the Poisson's ratio was 

equal to 0.3 [26]. The load on the implant was assumed to be vertical and equal to 700 N – 

such forces are close to the maximum possible (they can develop on molars) [27-29] and were 

taken to simulate the extreme, most severe loading conditions. 

Keeping in mind possible future experimental verification, the boundary conditions 

were set in the same way as in [25]: a sample (a cylinder of bone with a screwed implant) was 

inserted into a hard smooth body (holder), the sample bottom was glued to the holder. The 

length and diameter of the holder were respectively L = 30 mm, D = 20 mm [25]. A summary 

of all parameters used values of the basic calculation variant is given in Table 1 (see also 

Fig. 2), where: l, d – dimensions of the implant (respectively length and diameter), p, h, w, β – 

thread characteristics: respectively thread pitch p, thread depth (height) h, thread width w and 

the angle of inclination of the profile sides β.  

At carrying out calculations with the software suite ANSYS, the axial symmetry 

conditions were assumed to be fulfiled. In this case, only the planar domain indicated in Fig. 1 

by a red line, was subject to partitioning with finite elements. Four-node quadrangular 

 

 

Fig. 2. Implant model. General view and main notations 
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Table 1 

Summary of the values of the calculation parameters 

 E, GPa ν l, mm d, mm p, mm h, mm w, mm β f P, N 

Titanium 110 0.3 8 4 1 0.2 0.2 27°…–30° –  

Bone 1 0.3 30 20 – – – – 0 700 

 

elements were used predominantly. When triangular and dovetail threads were partitioned, 

three-node triangular elements were additionally used. All elements were isoparametric.  

The total number of elements was approximately 20.000 (the number of nodes was of the 

same order). To model the contact between the bone and the implant, the penalty method was 

used [2]. 

Note that local micromovements can be characterized by different characteristics, for 

example, by the relative displacements of the implant and bone mating points along the 

normal (gap), at a tangent (shear along the interface), and also by modulus of the total 

displacement vector (relative total displacements). Unlike the strength characteristics of the 

implant, bone and interface, estimates for which can be obtained in standard strength tests, we 

know neither the form of corresponding displacement criteria, nor the corresponding criterial 

values for displacements. Apparently, special systematic experiments are needed to obtain 

them. Perhaps, some estimates can be obtained from the consideration of models at the micro- 

or nanolevel.  

EFFECT OF THE THREAD PROFILE ON THE PRIMARY STABILITY OF DENTAL IMPLANTS 

The change in the thread profile was modeled by variation the angle of inclination of 

the sides of the profile β (the lateral sides turned around their lower reference point) with a 

successive transition from the triangular (β  27°) through the trapezoidal (β = 23°; β = 20°) 

and square (β = 0°) thread to the dovetail one (β = –30°) (Fig. 3). From Table 2 (see also  

Fig. 3), it can be seen that with the transition from triangle to dovetail, implant subsidence 

(global mobility) varies little (within 1-2%). At the same time, the maximums of local 

displacements (relative displacements of mating points on the implant-bone interface) – 

namely, they affect osseointegration – with this change in the profile of the thread, can change 

one and a half to two times (with a general tendency to fall). Apparently, this is due to the 

increase in the engagement and, consequently, tightening of the movements on the thread 

faces. The minima of the maximum gaps un* and tangential shears ut*, as well as of the 

magnitude of the displacement vector u* (the star always reminds that the displacements are 

relative) were obtained for the square and dovetail profiles. Their values were microns, which 

corresponded to the data by [10, 11, 22]. In this case, the values of the maxima of both the 

normal (gap) and tangential (shear) components as well as of the modulus of the displacement 

vector on the thread turns grew toward the first (apex) turn, and the absolute maximum was 

invariably observed on the apex turn of the thread. The square section deserves special 

attention, because the dovetail thread can be problematic in manufacturing. 

Natural question arised: why did the gaps increased downward into the material 

(bone)? In order to clarify the causes and mechanisms of this effect, we first mapped a 

displacement grid (this growth is clearly visible in Fig. 4) by the example of the thread of the 

simplest square profile), and then we considered the model problem of vertical displacement 

by a fixed value (subsidence) of a rigid smooth disc-shaped inclusion tablet, placed without 

adhesion and friction into the conformal cavity parallel to the surface of the half-space at 

different depths (Fig. 5, half the radial section is given). Calculations were 
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β = 27° β = 23° β = 20° β = 0° β = –30° 

Fig. 3. Evolution of the pattern of movement of the dental implant (light) and bone with a change in 

the thread profile when the implant is loaded with a vertical force P = 700 N  
 

Table 2 

Maximum displacements with vertical load on the implant P = 700 N 

Thread shape 

Implant global 

displacements 

(drawdown), μm 

Maximum 

interface gap, 

μm 

Maximum shear 

along the interface, 

μm 

Drawdown when 

adhesion at the 

interface, μm 

Triangle (β = 27
0
) 68.8 7.7 6.6 65.508 

Trapezium (β = 23
0
) 68.5 7.4 5.4 65.820 

Trapezium (β = 20
0
) 68.3 6.9 4.6 66.123 

Square (β = 0
0
) 67.5 4.6 4.6 66.177 

Dovetail (β = –30
0
) 68.0 3.5 4.0 66.224 

 

 
Fig. 4. Displacement mesh for a thread with a square profile. B is the beginning of the 

upper horizontal face of a thread tooth (turn), C is the transition point from the  

horizontal to the vertical face of the thread tooth (turn) 
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Fig. 6. Dependence of the gap arising between the model  

inclusion and the cavity roof on the depth of the inclusion  

with the same given draft (all values are dimensionless) 

 

carried out for the following set of parameters: w = 0.2 mm, h = 0.2 mm, the displacement of 

the disk was set to 0.1w, the independent variable – the dimensionless distance to the surface 

Ŵ – was normalized to the thread width w, Ŵ = W/w, the step for Ŵ was assumed equal to 0.5, 

the dependent variable – the nondimensional gap ūn* – was normalized to the specified 

displacement of the disk (= 0.1 w). All other geometric and mechanical parameters of the 

model were the same as in the base calculation. The pattern of the resulting displacements is 

shown in Fig. 5, and in Fig. 6 there is the plot of the resulting gap on the distance from the 

surface (for definiteness, the maximum value of the gap was taken, which was obviously 

achieved on the axis of the sample). In layman's terms, such a type of the graph (increase in 

gaps with depth) may be explained as follows: when we give the inclusion by predetermined 

Fig. 5. Displacement mesh in the model problem of 

vertical moving down by a fixed amount (sagging) of a 

rigid smooth disk-shaped inclusion-tablet placed without 

adhesion and friction into the conformal cavity parallel to 

the half-space surface (half of the radial section is shown) 
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draft, it tries to draw with itself the layers of material lying above it. Since the sides of the 

tablet are sliding, a gap arises, and the thicker the layer of material above the inclusion, the 

more this layer resists to movement, and the greater the gap. However, as the incidence depth 

of the inclusion increases, the surface is less and less felt, and accordingly the curve goes to 

the horizontal asymptote. Apparently, a similar mechanism operates in our case of loading of 

rigid implant screwed into a soft bone.  

EFFECT OF THE THREAD DEPTH H 

Given that the dovetail thread can be problematic in manufacturing, the influence of 

the depth and pitch of the thread was studied on a "quasi-optimal" square profile. It was 

established (Table 3) that an increase in the depth of thread from 0.1 to 0.4 mm resulted in 

reduction of the implant subsidence (global mobility) by 3-6% and to a significant (multiple) 

monotonic decrease of displacements at the interface.  

Figs. 7 show the variation in gap, shear and displacement modulus along the implant-

bone interface involute (path along the thread profile AD – Fig. 2) at h = 0.1, 0.2 and 0.4 mm, 

respectively, and the distance along the implant-bone interface is measured from the left 

upper implant point A downwards (Fig. 4).  

We comment details of the variation in gap, shear and displacement modulus along the 

involute of the implant-bone interface at h = 0.4 mm (Fig. 7, c). Vertical solid lines 

correspond to the origin B of the upper horizontal face of a thread turn when moving from 

above. The grid spacing is equal to the involute step p + 2h. 

Main events take place on the upper faces of the square thread profile. Here, zones of 

the greatest concentration of both normal components (gaps un*) and total displacements u* 

arise. It can be seen that gaps are formed along the top face of the tooth. Local spikes in the 

beginning of zones of maximums – obviously, the artifacts of numerical counting, the same 

applies to small negative spikes just behind the maximum zones. The maxima for each upper 

face are attained at the edge of the face at the point C of transition to the vertical face of the 

thread. It can be seen that the local maxima grow in the direction of the apex thread, where 

they reach an absolute maximum. The last local maximum in the graph refers not to the thread 

turn, but to the transition point Z from the lateral cylindrical surface of the implant to its flat 

bottom (Fig. 3). This point (along with thread crests and roots) is also special, where the 

smoothness of the boundary is violated, and, hence, the point is the concentrator of stresses, 

strains and displacements. However, in practice, the apex part of the implant is always made 

round, thereby smoothing this concentration. Thus, the maximum of micromotions will 

actually occur on the first (apex) turn of the thread. Shears behave more intricately, but local 

maxima for each thread turn are reached approximately at the same point as for the gap. It can 

be seen that in all cases the local maxima of displacements increase towards the first (apex) 

turn, thereat with thread depth increase from 0.1 to 0.4 mm the absolute maxima of 

displacements fall by a factor of 1.5 or 2. These maxima are invariably achieved on the apex 

turn or, in some cases, at points Z (the last extrema in the graphs). In this case, judging from 

Table 3, the maxima for the gaps, shears and modulus of the vector of relative displacements 

on the interface are in most cases achieved in different places. Meanwhile, on the graphs, the 

points of global maxima for gaps, shears and total displacements visually coincide and, as a 

rule, are at the point C of transition from the upper face of the apex turn to its vertical face. 

Apparently, this is due to the fact that in the vicinity of this point at short distances, sharp 

oscillations of all three displacement characteristics under consideration occur. Taking into 

account this shortness, it seems that on the one hand, it is necessary to focus on the 

characteristic that changes less than others – this is the total displacement module – and, on 

the other hand, on the marked angular point as a narrow band of maxima.  
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Table 3 

Effect of the depth for rectangular thread w = 0.2 mm, p = 1 mm. Maximal characteristics 
 

h, mm 
Global  

movements, μm 

Interface 

gap, μm 

Shear at the 

 interface, μm 

Travel vector  

module, μm 

0.1 69.2 6.3 6.4 6.4 

0.2 67.5 4.6 4.6 4.7 

0.4 65.6 3.9 3.2 3.9 

.  
a 

 

             
         b 

              Fig. 7. Graphs of changes in gap, shear and displacement modulus 

              along the evolute of the implant-bone interface with a is h = 0.1 mm;  

  b is h = 0.2 mm; c is h = 0.4 mm 
 

Path along the thread profile AD, mm 

Path along the thread profile AD, mm 
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c 

 

Fig. 7. Ending 

EFFECT OF THE THREAD PITCH P 

When examining the influence of the thread pitch, the latter changed from p = 2.0 mm 

to p = 0.4 mm, which, with a constant implant size of l = 8 mm, d = 4 mm, led to a change in 

the number of threads from respectively 8/2 = 4 to 8/0.4 = 20. At the same time, on the basis 

of qualitative considerations, a hypothesis was put forward of the nonmonotonicity of the 

dependence of displacements on the thread pitch. However, when the thread pitch was 

decreased from 2 to 0.4 mm with fixed values of other parameters, the change in 

micromovements was analogous to their change with increasing thread depth.  

In Fig. 8 graphs are of the variation in gap, shear and displacement modulus along the 

involute of the implant-bone interface at p = 2 mm, in Fig. 9, a–c – for p = 0.4 mm. It can be 

seen that the movements increase in the direction of the first (apex) turn, with the maximum 

value of displacements decreasing by about 4 times with decreasing thread pitch from 2.0 to 

0.4 mm (Table 4). From Table 4 (see also Fig. 8) it is also seen that the maxima of gaps, 

shears and moduli are reached, generally speaking, at different points. With that for  

p = 2.0 mm, the local maxima of the shears and total displacements are achieved in the 

intervals between the threads, and the global maximum is below the apex turn. In Fig. 9, a–c 

graphs of all three characteristics for p = 0.4 mm for clarity are shown separately. Against the 

background of a decrease in the overall level of displacements, the relative growth of local 

maxima of displacements at the last (cervical) thread turn is seen with a decrease in thread 

pitch. This is the influence of the approach of the upper boundary, and also of the difference 

in the mechanical properties of the implant and bone, which, when coarse thread, was covered 

by large perturbations introduced by the thread near the apex end of the implant.  
 

 

 

 

    –0,4    1,4   3,2    5    6,8   8,6  10,4  12,2 14   15,8 
 

Path along the thread profile AD, mm 
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Table 4 

Effect of the rectangular thread pitch on the maximum displacement 

with a vertical load on the implant P = 700 N, w = 0.2 mm, h = 0.2 mь 
 

p, mm 

Number of 

curls of the 

thread 

Global 

displacements, μm 

Interface 

gap, μm 

Shear at the 

interface, μm 

Total displacement 

module, μm 

0.4 20 65.7 2.6 2.6 2.8 

0.5 16 65.9 3.0 2.9 3.1 

2.0 4 71.4 10.4  11.1 11.1 

 

Fig. 8. Plots of change in gap, shear and displacement modulus  

along the evolute of the implant-bone interface with p = 2.0 mm 

 

a 

Fig. 9. Plots of change in gap (a), shear(b) and displacement modulus (c) along the evolute  

of the implant-bone interface with h = w = 0.2 mm, p = 0.4 mm for a square thread profile 

Path along the thread profile AD, mm 

Path along the thread profile AD, mm 
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b 

 

c 

Fig. 9. Ending 

 

For comparison, in Fig. 10, a–c similar graphs of the gap, shear and displacement 

modulus are plotted along the implant-bone interface involute at h = w = 0.2 mm, p = 1.0 mm 

for triangular threads. It can be seen that the general behavior of the displacements and their 

components remains essentially the same as for the square profile. On the graph of un*, peaks 

correspond to the upper faces of the triangular profile, dips and zeros to the lower faces, on 

the graph of ut* to the contrary, with the last peak (as well as for the displacement module) at 

the apex end of the implant. 

Path along the thread profile AD, mm 

Path along the thread profile AD, mm 
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CONCLUSIONS 

1. The thread profile has a significant effect on the micromobility on the implant-bone 

surface under loading: with the same occlusal load values and the same observed 

macromobility of the tooth it can change the micromobility on the interface by times.  

 

 

a 

 

b 

Fig. 10. Plots of change in gap (a), shear(b) and displacement modulus  

(c) along the evolute of the implant-bone interface with h = w = 0.2 mm,  

p = 1.0 mm for triangular threads 

Path along the thread profile AD, mm 

Path along the thread profile AD, mm 
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c 

Fig. 10. Ending 

 

2. The minimum of maximum displacements on the bone-implant interface correspond to the 

square thread profile (as well as the dovetail thread, but this may be problematic in 

manufacturing). Their values are microns, the maximum appear on the first (apex) thread 

turn.  

3. Increasing the thread depth from 0.1 to 0.4 mm (as well as decreasing the thread pitch 

from 2.0 to 0.4 mm) leads to a 3-6% decrease in the subsidence of the implant (global 

mobility) and to a significant (multiple) monotonic fall in micromovements on the 

interface.  
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