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Abstract: This study aims to investigate the influence of different neck structures on implant stress distribution. A 
computer-aided design (CAD) mandibular model based on adult mandibular computed tomography (CT) informa-
tion was first established, and then used to create a mandibular model and a related mandibular implant model by 
using Solidworks. The implant was then fitted to the mandibular first molar. Four neck-type implants, i.e., uniform-
threaded implant (UT), wide-neck implant (WN), implant with single-microthreaded neck (SMN), and implant with 
double-microthreaded neck (DMN), received axial 100-N, horizontal 50-N, and oblique 100-N loads, by using the 
Ansys Workbench software; the Von Mises equivalent stress (ES) and maximum principal stress (MPS) in different 
implant groups were then compared. Axial 100-N load: the maximum ES in the cortical bone area (CB-MES, MPa) 
was 46.58, 35.25, 20.98, and 58.01 in UT, WN, SMN, and DMN respectively; the MPS at the superior edge of corti-
cal bone (CB-MPS, MPa) was 0.97, 0.89, 0.79, and 1.22 in the same four groups respectively. Horizontal 50-N load: 
CB-MES was 53.21, 41.93, 36.95, and 64.18 in UT, WN, SMN, and DMN respectively; CB-MPS was 41.77, 39.61, 
29.67, and 46.99 in the same four groups respectively. Oblique 100-N load: CB-MES was 49.37, 47.78, 34.02, 
and 78.52 in UT, WN, SMN, and DMN respectively; CB-MPS was 29.35, 21.28, 15.34, and 34.69 in the same four 
groups respectively. CB-MES and CB-MPS of SMN were the smallest.
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Introduction

Thread shapes play very important roles in bio-
mechanical optimization designs of implants; 
some thread parameters such as height, width, 
vertex angle, pitch, and helix angle determine 
thread function, and can largely affect the bio-
mechanical transmission of the implant [1]. 
Stress mainly concentrates in the cortical and 
cancellous bone, and is located at the top and 
bottom area of the implantation fossa. The 
stress concentration at the top cortical bone is 
due to its larger elastic modulus, and is also 
related to the direct contact of implant top with 
the prosthetic replacement [2]. Blaszczyszyn  
et al. [3] reported that an immediate-loading 
implant with microthreaded neck structures 
(IMTN) exhibited better results 1 year later than 
those without a microthreaded neck. Implants 
with long smooth necks would cause the loss of 
peri-neck bones, but IMTN could change the 
direction of force transmission at the sites with 
highly concentrated neck-stress and increase 

the contact area with bones, compared to a 
relatively smooth neck, thus slowing the resorp-
tion of neck marginal bones [4-7]. Hudieb et al. 
[8] reported that for IMTN, maximum principal 
stress (MPS) was transmitted along the lower 
side perpendicular to the microthread, regard-
less of the loading angle; however, for implants 
with a smooth neck, the main stress would be 
affected by the loading direction, thus easily 
producing great shear force. Meric et al. [9] 
studied the mechanics of a fixed denture with a 
microthreaded and non-microthreaded neck, 
and found that the former could reduce the 
stress concentration on the cortical bone area 
and implant-abutment complex, thus slowing 
bone resorption. Amid et al. [10] also reported 
that IMTN could reduce the stress at the neck 
marginal bones, thus increasing the stress on 
the cancellous bone, which is conducive to pre-
serving the marginal bone levels. IMTN could 
alter the stress conduction patterns on the 
bone interface and increase the surface area of 
the implant, whose effects in delaying the bone 
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resorption have already been demonstrated. 
However, the influence of the IMTN form, 
parameters, and its combination with a lower 
main thread on the stress distribution of corti-
cal bone has not been reported. This study 
focused on comparing the impact of different 
IMTN designs and their combinations on stress 
distribution, aiming to provide a theoretical 
basis for clinically designing and selecting opti-
mal IMTN parameters.

Materials and methods

Implant

Four cylindrical implants with different thread 
forms were selected, with diameter 4.0 mm 
and length 14.5 mm (Figure 1).

Thread parameters of the uniform-threaded 
implant (UT): length 11 mm, apex angle 60°, 
depth 0.40 mm, pitch 0.8 mm.

Thread parameters of the wide-neck implant 
(WN): length 8 mm, apex angle 60°, depth 0.40 
mm, pitch 0.8 mm.

Thread parameters of the implant with single-
microthreaded neck (SMN): length 11 mm: 
lower part 8 mm, apex angle 60°, depth 0.40 
mm, pitch 0.8 mm; upper part 3 mm, apex 
angle 60°, depth 0.25 mm, pitch 0.4 mm.

Thread parameters of the implant with double-
microthreaded neck (DMN): length 11 mm: 
lower part 8 mm, apex angle 60°, depth 0.40 
mm, pitch 0.8 mm; upper part 3 mm (dual par-
allel microthread), apex angle 60°, depth 0.25 
mm, tooth pitch 0.4 mm, pitch 0.8 mm.

Mandibular model

Preliminary modeling: 300 images containing  
a complete mandible were selected from the 
Digital Imaging and Communications in Medi- 
cine (DICOM) files of entire cranial computed 
tomography (CT) scans, and a corresponding 
new project was established in Mimics 16.0 
(Materialise, Belgium). According to the gray 
values of the CT images, the bony part was 
extracted with the threshold region determined 

Figure 1. Geometric parameters of different IMTN.

Figure 2. Implant-mandib-
ular assembly model in 
Ansys Workbench.
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within 98 to 3071 according to the field CT gray 
levels in the help documentation of Mimics 
16.0, and the pixels within this range were 
placed in the masking materials of the bone to 
achieve the separation of muscle and bone. 
The bony masking materials were edited, and 
an accurate void-free masking model that only 
included mandible pixels was obtained. The 
3-dimensional (3D) model was then automati-
cally calculated by using the intra-masking pix-
els, and irrational structures were excluded  
by observing, inspecting, and editing the 3D 
model. The final generated preliminary 3D geo-
metric model of the mandible was output using 
the STL format (Standard Template Library).

Model optimization: The STL-formatted prelimi-
nary 3D geometric model of the mandible was 
then introduced into Geomagic studio 2013 
(Geomagic Inc., USA), appearing as a polygo- 
nal surface model; this was followed by preli- 
minary smoothing using several rapid fair- 
ing operations. Thereafter, by creating a flow 
pattern, removing spikes and high refractive 
edges, relaxing, and local sanding, the polygo-
nal surface performance was further improved. 
Complex bad surfaces were deleted directly, 
and the local features were improved by cur- 
vature-based filling and hole-bridging opera-
tions. Local smooth transition was achieved  
by removing non-interesting complex features. 
After examining the polygon qualities and eli- 

puter-aided design (CAD) object conversion, the 
mandibular CAD model was finally obtained.

Generation of cortical and cancellous bones

The cortical bone was about 1.5 mm thick. 
Accordingly, at the Geomagic polygon phase, 
the model of the interface of mandibular corti-
cal and cancellous bones was obtained by 
drawing the shell 1.5 mm inward and removing 
the crossing surface; the above steps were 
then re-operated step-by-step, so that the  
cancellous bone CAD model could then be 
obtained with the interface as the outer con-
tour. The overall mandibular CAD model and  
the cancellous bone CAD model were then in- 
troduced into Solidworks 2015 (Solidworks  
Co., USA) to obtain the cortical bone model  
by a Boolean subtraction operation.

Assembly of implant and mandible

The 4 types of implants were then fixed at  
the same place in the mandibular first molar 
region through translation and rotation, and the 
axis of the implant was approximately perpen-
dicular to the surface of the mandibular alveo-
lar ridge crest at this place. The mandibular 
cortical and cancellous bones were then sub-
duced by the implant using the Boolean sub-
traction operation to achieve accurate thread-
fitting between the mandible and the implant. 
After having determined the implant position, 

Table 1. Nodes and units of the model

Group Nodes of the 
overall model

Units of the 
overall model

Nodes at 
the implant

Units at  
the implant

UT 642184 428067 11800 6398
WN 635043 427232 12291 6776
SMN 480990 320691 11353 6016
DMN 754098 433957 17817 9959
Note: UT: Uniform thread implant; WN: Wide neck implant; SMN: 
Implant with single-microthreaded neck; DMN: Implant with double-
microthreaded neck.

Table 2. Elastic properties of materials

Material Elastic modulus 
(GPa)

Poisson’s 
ratio Reference

Cortical bone 14 0.3 [11]
Cancellous bone 1.37 0.31 [12]
Ti 110 0.35 [13]
Porcelain 68.9 0.28 [14]

minating the defects using the “mesh 
doctor”, a mandibular polygon model 
was ultimately obtained. The polygon 
model was then transmitted into the 
accurate surface stage: first, the contour 
lines were detected using automatic cur-
vature detection; second, the critical 
boundaries were artificially enhanced 
and constrained according to the actual 
model features; finally, the model was 
repeatedly revised until reasonable, 
according to the structures of subse-
quent patches. After constructing the 
patches, the surface patch quality was 
further enhanced by moving the panel 
vertices, defining and modifying the 
patches, fitting the contours, relaxing, or 
other operations, until the mandibular 
patch model was ultimately obtained. 
After creating the mandibular nonuni-
form rational B-spline surfaces and com-
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one 3.2-mm high abutment was established on 
the implant top using Solidworks, on top of 
which one 2-mm thick ceramic dental prosthet-
ic restoration was then established, followed 
by importing into the Ansys Workbench 14.5 
(Ansys Inc., USA) with the SAT format (Figure 2).

Meshing

The hexahedron-based and tetrahedron-sup-
plemented automatic meshing method was 

Constraints

The degree of freedom of all the nodes along 
the top of the bilateral mandibular condyle was 
set as a rigid constraint to prevent the displa- 
cement of the mandible; the implant and the 
bone tissues were set at 100% of osseointe- 
gration, and these 2 materials did not show 
relative sliding under loads; the ceramic resto-
ration and the implant were set as the immo- 
bilized contact.

Figure 3. Von-Mises ES distribution of peri-cortical bone area under the axial load.

Figure 4. MPSs at nine 
sites under the axial 
load from top to bottom.

used, with a unit size of ap- 
proximately 0.5 mm, and the 
densities of the nodes and 
units at and around the im- 
plant were properly increas- 
ed (Table 1).

Material properties

All the materials used in this 
study were assumed to be 
homogeneous and isotropic 
linear elastic materials, with 
small elastic deformation; the 
implant and abutment were  
Ti and the prosthetic materi-
als were porcelain (Table 2).
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Loading conditions

Uniformly distributed loads under the following 
3 conditions were applied onto the implants: 
axial 100-N load, horizontal 50-N load from  
the buccal side to the tongue, and oblique 
100-N load from the buccal side downward to 
the tongue and forming a 30° angle with the 
implant axis.

Evaluation indexes

The observation indexes were the Von Mises 
equivalent stress (ES) and MPS, and the distri-
bution Von Mises ES nephograms of the 4 
implant-mandibular models under the 3 load- 
ing conditions were then obtained; MPS at 9 
sites from the superior border of the cortical 
bone to the implant bottom on the implant-
bone interface was then measured.

Results

Axial 100-N load

Maximum ES in the cortical bone area (Figure 
3): The maximum ES in the cortical bone area  
in UT, WN, SMN, and DMN was 46.58 MPa, 
35.25 MPa, 20.98 MPa, and 58.01 MPa, re- 
spectively.

MPS (Figure 4): MPS at the superior border of 
the cortical bone was 0.97 MPa, 0.89 MPa, 
0.79 MPa, and 1.22 MPa, respectively; MPS at 
the junction of cortical and cancellous bones 
was 1.72 MPa, 3.89 MPa, 0.45 MPa, and 8.07 
MPa, respectively; MPS at the end of the 
implant was 0.73 MPa, 0.67 MPa, 0.64 MPa, 
and 0.57 MPa, respectively.

MPS at the mid-point of the cancellous bone 
area was relatively lower.

Horizontal 50-N load

Maximum ES in the cortical bone area (Figure 
5): The maximum ES in the cortical bone area 
in UT, WN, SMN, and DMN was 53.21 MPa, 
41.93 MPa, 36.95 MPa, and 64.18 MPa, re- 
spectively.

MPS (Figure 6): MPS at the superior border of 
the cortical bone was 41.77 MPa, 39.61 MPa, 
29.67 MPa, and 46.99 MPa, respectively; MPS 
at the junction of cortical and cancellous bones 
was 9.45 MPa, 2.80 MPa, 1.73 MPa, and 9.49 

MPa, respectively; MPS at the end of the 
implant was 0.07 MPa, 0.09 MPa, 0.15 MPa, 
and 0.26 MPa, respectively.

MPS in the cortical bone area was relatively 
higher.

Oblique 100-N load

Maximum ES in the cortical bone area (Figure 
7): The maximum ES in the cortical bone area 
in UT, WN, SMN, and DMN was 49.37 MPa, 
47.78 MPa, 34.02 MPa, and 78.52 MPa, re- 
spectively.

MPS (Figure 8): MPS at the superior border  
of the cortical bone was 29.35 MPa, 21.28 
MPa, 15.34 MPa, and 34.69 MPa, respective- 
ly; MPS at the junction of cortical and cancel-
lous bones was 3.50 MPa, 2.71 MPa, 0.97 
MPa, and 8.58 MPa, respectively; MPS at the 
end of the implant was 0.16 MPa, 0.11 MPa, 
0.15 MPa, and 0.10 MPa, respectively.

MPS in the cortical bone area was relatively 
higher.

Discussion

The results of this study indicated that different 
neck morphologies of a cylindrical implant with 
V-shaped microthread would affect the stress 
distribution on the implant-bone interface; 
under the 3 loads conditions, the overall stress 
concentration areas were all located at the cor-
tical bone area and the apical part around the 
implant neck, consistent with previous findings 
[2]. Under 3 experimental loads, the maximum 
ES in the cortical bone area and MPS at the 
superior border of the cortical bone exhibited 
the smallest values in SMN, followed by WN, 
UT, and DMN, consistent with previous studies. 
Schrotenboer et al. [15] also confirmed that 
implants with microthreaded neck exhibited 
smaller load on the cortical bone than those 
with smooth neck when horizontal and oblique 
loads were applied. Rahimi et al. [16] reported 
that the microthreaded neck could spread the 
stress of the implant, in the manner of com-
pressive stress, to surrounding bones via the 
thread slopes, thus changing the conduction 
form of loads. Abrahamsson and others also 
showed that the microthreaded neck could 
maintain the marginal bone level, thus exhibit-
ing better clinical results than the implants with 
a smooth neck [17-20].
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The impact of a microthreaded neck on the 
stress was associated with a number of as- 
sumptions: Song et al. [21] reported that the 
position of the microthread had great impact 
on maintaining the bone edge, and that when 
the thread started 0.5 mm under the implant 
bone level and was roughly parallel to the bone 

and MPS in the cortical bone area of SMN were 
the smallest, followed by WN, UT, and DMN. 
SMN exhibited obvious effects in confronting 
vertical loads, possibly due to its smaller rota-
tion angle, so that the stress conduction direc-
tion was changed, thus reducing the shear 
force. In contrast, DMN exhibited larger neck 

Figure 5. Von-Mises ES distribution of peri-cortical bone area under the horizontal load.

Figure 6. MPSs at nine sites un-
der the horizontal load from top 
to bottom.

plane, more bone loss was 
observed clinically; the possi-
ble reason was determined to 
be the stress concentration at 
the thread edge. In this study, 
the microthreads in UT, SMN, 
and DMN all started from the 
bone plane in order to achieve 
better preservation of the 
marginal bone. The results 
suggested that the axial load-
induced stress was concen-
trated on the superior edge of 
cortical bone, on the junction 
of cortical bone and cancel-
lous bone, and on the bottom 
of the implant. Von Mises ES 
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stress, possibly due to its larger microthread- 
ed rotation angle, which led to worse vertical-
load confronting ability, consistent with the re- 
search of Herekar et al. [22]. In addition, the 
surface area of the implant with microthreaded 
neck (SMN and DMN) was increased by about 

the fact that the smaller rotation angle changed 
the stress conduction direction, and that the 
microthread increased the contact area with 
the bone. WN exhibited smaller stress in the 
cortical bone area than UT and DMN; this might 
have resulted from the increased neck diame-

Figure 7. Von-Mises ES distribution of peri-cortical bone area under the oblique load.

15.40% and 45.52%, com-
pared to UT and WN respe- 
ctively, which might reduce 
the stress concentration at 
the neck. When subjected to 
horizontal and oblique loads, 
the stress concentrated in  
the cortical bone area and  
the stress on the super- 
ior edge of the cortical bone 
were the greatest, and de- 
scended in order. In the corti-
cal bone area, SMN exhibited 
the smallest Von Mises ES 
and MPS, followed by WN,  
UT, and DMN. The obvious ef- 
fects of anti-horizontal and 
anti-oblique loads on SMN 
possibly can be explained by 

Figure 8. MPSs at nine sites 
under the oblique load from 
top to bottom.
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ter of the implant, which had greater impact on 
the stress distribution induced by lateral loads.

This study was based on the assumptions  
of continuous, homogeneous, isotropic, linear 
elastic, and small deformations; these assump-
tions would only simplify the calculation rather 
than affect the comparability of the results; 
therefore, the steps of integrating, calculat- 
ing, and analyzing different nodes had small 
error probabilities. Meanwhile, a number of 
confounding factors could also be excluded. 
During the study, some simplifications and 
assumptions were also performed: based on 
an average chewing force in Chinese of 30 
N-300 N, the directions of biting force were 
simplified into axial 100-N, horizontal 100-N, 
and oblique 50-N loads. In addition, the shape 
of the dental prosthetic restoration was simpli-
fied into a nonanatomic occlusal cylinder, which 
also differed from clinical reality; however, 
these did not affect the measurements and 
data analysis targeting the study purposes 
because all the models were prepared under 
the same assumptions and simplified condi-
tions; thus, the results were comparable.

The assumptions could also affect the results 
of finite element analysis, but the effects of the 
optimized microthread implant neck, including 
the distribution position, shape, parameters, 
rotation angle, and combination features with 
the main thread, on the stress distribution at 
the implant-bone interface had been initially 
confirmed. Further studies should target pri- 
mary stability, spin-out torque, fatigue charac-
teristics, clinical preservative effects on the 
marginal bone, etc., thus providing a complete 
basis for optimizing the design of the neck 
thread.

Conclusions

Different neck forms of cylindrical implants 
with V-shaped microthreads affected implant-
bone interface stress and stress distribution; 
the overall stress concentration area was lo- 
cated at the cortical bone area and the apical 
part around the implant neck. SMN with the 
same thread form significantly reduced the  
Von Mises ES and MPS in the cortical bone 
area when axial, horizontal, and oblique loads 
were applied.
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