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Purpose: To evaluate continuous and simultaneous variations of thread height and width for an experi-
mental screw-type implant. Materials and Methods: A finite element model of an implant with a V-
shaped thread was created. The range of thread height was set at 0.20 to 0.60 mm, and the range of
thread width was set at 0.10 to 0.40 mm. Forces of 100 N and 50 N were applied along the implant
axis (AX) and an angle of 45 degrees in a buccolingual direction (45-degree BL), respectively. The max-
imum von Mises stresses in jawbone were evaluated, and the sensitivity of the stress in jawbone to the
variables was also evaluated. Results: Under AX load, the maximum von Mises stresses in cortical and
cancellous bones increased by 4.3% and 63.0%, respectively, as thread parameters changed. Under
45-degree BL load, maximum von Mises stresses in cortical and cancellous bones increased by 19.3%
and 118.0%, respectively. When thread height was from 0.34 to 0.50 mm and thread width was 0.18
to 0.30 mm, the tangent slope of the maximum von Mises stress response curve ranged from -1 to 1.
The variation of the maximum von Mises stresses in jawbone was more sensitive to thread height than
to thread width. Conclusions: Stress in cancellous bone is more likely to be influenced by thread para-
meters than stress in cortical bone. A 45-degree BL force is more likely to be influenced by thread
parameters than an axial force. A thread height of 0.34 to 0.50 mm and a thread width of 0.18 to 0.30
mm is optimal from a biomechanical point of view. In the design of a screw-type implant, thread height
is more important than thread width for the reduction of stress within the bone. INT J ORAL MAXILLOFAC
IMPLANTS 2008;23:65-74
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crucial factor that affects the outcome of implant
treatment is the way occlusal forces are trans-
ferred to the bone-implant interface via the implant
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and the superstructure. The interface must tolerate
occlusal forces without adverse tissue response.! In
natural teeth, the periodontal ligament acts as an
intermediate cushion element to buffer occlusal
forces. However, in the case of osseointegrated den-
tal implants, occlusal loads are transmitted directly to
the surrounding bone. This could cause microfrac-
ture at the bone-implant interface, fracture of the
implant, loosening of the components of implant
system, or unwanted bone resorption.

Several researchers have attempted to minimize
crestal bone resorption by increasing the bone-
implant contact and therefore reducing stress at the
cortical alveolar crest. Attempts to increase bone-
implant contact have focused on increasing the
diameter and/or length of the implant, altering the
shape and characteristics of the implant surface, or
altering the implant design/shape.?® Thread config-
uration is an important consideration in biomechani-
cal optimization of the dental implant. Threads are
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used to maximize initial contact, improve initial sta-
bility, increase implant surface area,’'® and help dissi-
pate interfacial stress."’ Thread depth, thread thick-
ness, thread face angle, thread pitch, and thread helix
angle are some of the characteristics that determine
the functional thread surface and affect the biome-
chanical load distribution of the implant.’?

Bumgardner et al reported that the face angle of
the thread can change the direction of load from the
prosthesis to a different direction at the bone.'> The
original Branemark screw, introduced in 1965, had a
V-shaped thread pattern and was to be placed into a
threaded osteotomy.’® For a dental implant under
axial loading, a V-thread is comparable to a buttress
thread when the face angle is similar.’? In studies of
retrieved dental implants, it was found that bone
defects tended to be located at the end of each
thread.’® A square thread design (as opposed to the
standard V-shaped or buttress thread) was sug-
gested to reduce the shear component of force by
transferring axial load from the prosthesis to the
implant body to compress the bone.'®

To enhance clinical success, it is necessary to
understand how the stress concentration on
implants is affected by the shape, width, and height
of thread.The use of the finite element method (FEM)
in implant biomechanics analysis offers many advan-
tages over other methods in simulating the complex-
ity of clinical situations. It allows researchers to pre-
dict stress distribution between implants and cortical
or cancellous bone.'>'3 Many previous finite element
studies have examined the effect of implant design
parameters discretely and independently,'>'7 with
implant thread parameter analyses most often based
on 2-dimensional simulation.®'>181° This method
was not accurate, and some important information
about the implant design parameters was lost.

Despite the apparent importance of the implant
thread in the transfer of force to the bone, no con-
trolled clinical studies comparing the thread parame-
ters are available. The main aim of the present study
was to perform 3-dimensional (3D) finite element
analyses on continuous and simultaneous variations
of implant thread height and width to find optimal
thread parameters under idealized axial and buccol-
ingual loads to minimize peak stress in the jawbone.

MATERIALS AND METHODS

The study was performed by means of 3D finite ele-
ment analysis.?° The materials were assumed to be
linearly elastic?’; no separations were allowed
between the bone and implant, and there was no
plastic deformation of the models.

66 Volume 23, Number 1, 2008

3D Model Design

A mandibular segment with an implant and a super-
structure were modeled on a personal computer
using a 3D modeling program (Pro/E Wildfire, Para-
metric Technology, Needham, MA). The bone was
modeled as cancellous core surrounded by a 1.3-mm
cortical layer.2223. The dimensions of the bone seg-
ment are shown in Fig 1.The geometry of the 13-mm
solid-thread implant (Nobel Biocare, Géteborg, Swe-
den) was used as a reference to model a cylindric
implant and a 5-mm-high solid abutment which
were modeled as a single unit for simplification, as
shown in Fig 1. The box-shaped void in the implant
body below the abutment screw was also modeled.
A porcelain superstructure with an occlusal thickness
of 2 mm was applied over the titanium abutment
(Fig 1). Thread parameters are shown in Fig 2. The
height of thread (H) and width of thread end (W)
were set as the input variables. H ranged from 0.20
mm to 0.60 mm, and W ranged from 0.10 mm to 0.40
mm. Although thread pitch could affect the stress
distribution, traditionally, implant manufacturers
have provided implant systems with a constant
pitch. It was assumed that the first thread was placed
level with cortical bone-cancellous bone junction.
The study is primarily concerned with the stress dis-
tribution of the jawbone, which is affected by simul-
taneous changes of the thread height and width. All
the models were meshed using Ansys Workbench 9.0
(Ansys, Canonsburg, PA).

Material Properties

All materials used in the models were considered
isotropic, homogeneous, and linearly elastic. The
elastic properties were taken from the literature, as
shown in Table 1.

Interface Conditions

The condition of osseointegration was simulated. The
implant was rigidly anchored in the bone model
along its entire interface. The same type of contact
was provided at the prosthesis-abutment interface.

Elements and Nodes

The models were meshed with 10-node tetrahedron
and 20-node hexahedron elements (Fig 3). A refine-
ment mesh was generated around the implant. The
same meshing method was used for all models. Mod-
els were composed of an average of 31,000 elements
and 52,000 nodes.

Constraints and Loads

Models were constrained in all directions at the
nodes at the mesial and distal edges of the bone.
Since this study was aimed at investigating effects on
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Fig 1 Cross-sectional view of the symme-

Fig 2 Schematic representation of the

Fig 3 Cross-sectional view of a meshed

try plane of 1 model. a = superstructure; b= screw parameters: Zoom view of screw  model.

implant and abutment; ¢ = cancellous bone;
d = cortical bone.

bone effects to loads within physiologic limits, rather
than overloads, forces of 100 N and 50 N were
applied along the axis of the implant (AX) and at an
angle of 45 degrees in a buccolingual direction (45
degrees BL) to the middle point in the center of the
superstructure.?>23 Analysis of each load was per-
formed using the Ansys Workbench software pro-
gram. The maximum von Mises stresses (maximum
equivalent stress, abbreviated Max EQV stress) in the
cortical and cancellous bones were set as output
variables to evaluate the effect of different designs
on the jawbone.The sensitivity of the jawbone to the
height and width was also evaluated.

RESULTS

The Max EQV stresses in jawbone are shown as
response charts, with different colors for each range
(Figs 4 to 7). The response curves of one variable to
the Max EQV stress are shown in Table 2 when the
other variable is equal to the median. The samplings
of this research are listed in Table 3, and the stress
distributions of the cortical and cancellous bone are
shown in Fig 8. Because the sensitivities of the jaw-
bone to the variables were similar in range, a sensi-
tivity chart for a thread height of 0.40 mm and a
thread width of 0.25 mm is shown in Fig 9. All the fig-
ures were drawn by Ansys Workbench DesignXplorer
module automatically.

When a straight line is tangent to a curve, the
slope rate of the straight line shows the changing
frequency of the curve. When the slope rate ranges
from -1 to 1, it indicates the slight changing of the
Max EQV stress in response to the changing variables
(Fig 10). If the Max EQV stress reaches the minimal
value, the optimum thread parameters should be in
this range.

(right). H = height, W = width.

Table 1 Elastic Properties of Materials in the
3D FEM Models

Young's Poisson’s
Material modulus (GPa) ratio References
Cortical bone 14 0.30 41
Cancellous bone 1.37 0.30 42
Titanium 110 0.35 43
Porcelain 68.9 0.28 44

Stress Distribution

In all loading situations, the highest stress in the
bone, as a whole, was concentrated in the cortical
bone around the implant. Because of a great differ-
ence between the stress values in the cortical and
cancellous bone, the stress distributions in these
bone regions are shown separately.

In all the models under AX load, the Max EQV
stress of the cortical bone was observed around the
implant neck. High stress surrounded the implant
neck like a ring. The distribution of the EQV stress
was similar for all models (Fig 10a). Under 45-degree
BL load, the highest EQV stress was observed buc-
cally and lingually near the implant neck in all mod-
els. The distribution of the EQV stress was similar for
all models (Fig 10b).

In all the models under AX load, the highest EQV
stress of the cancellous bone was observed at the
implant apex, but Max EQV stress was much lower in
cancellous bone than in cortical bone (Fig 10c). Under
45-degree BL load, the highest EQV stress occurred
near the cortical plates on the buccal and lingual sides.
The EQV stress was much higher on the buccal sides
than on the lingual sides for all models (Fig 10d).

AX Load in Cortical Bone

Max EQV stress in cortical bone increased as thread
height decreased. It ranged from 3.70 to 3.86 MPa

The International Journal of Oral & Maxillofacial Implants 67

COPYRIGHT © 2008 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO
PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER



Kong et al

Mgwrem [ervmem Srem (Yis

Fig 4 Under AX load, response surface
nephogram of the relationship between var-
ious height and width combinations and
maximum von Mises stresses in cortical
bone.

Fig 5 Under AX load, response surface
nephogram of the relationship between var-
ious height and width combinations and
maximum von Mises stresses in cancellous
bone.
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Fig 6 Under 45-degree buccolingual load,
response surface nephogram of the rela-
tionship between various height and width
combinations to maximum von Mises
stresses in cortical bone.

Fig 7 Under 45-degree buccolingual load,
response surface nephogram of the rela-
tionship between various height and width
combinations to maximum von Mises
stresses in cancellous bone.
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Fig 8 Cross-sectional view illustrating EQV
stress distribution in the jawbone (H = 0.40
mm, W = 0.40 mm). (a) EQV stress distribu-
tion in cortical bone under AX load. (b) EQV
stress distribution in cortical bone under
45-degree BL load. (¢) EQV stress distribu-
tion in cancellous bone under AX load. (d)
EQV stress distribution in cancellous bone
under 45-degree BL load.
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and increased by 4.3% (Fig 4). The tangent slope of
the rate of response curve reached about -1 (Table
2). Thread width showed little effect on Max EQV
stress in cortical bone (Fig 8a).

AX Load in Cancellous Bone

Max EQV stress in cancellous bone increased as
thread height and width decreased. It ranged from
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0.865 to 1.41 MPa and increased by 63.0% (Fig 5).
When thread height exceeded 0.34 mm, the tangent
slope of the response curve ranged from -1 to 0.The
tangent slope of the response curve reached about
-1 when thread width ranged from 0.10 to 0.40 mm
(Table 2). Thread height affected the Max EQV stress
of cancellous bone more than width did (Fig 8b).
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Table 2 Response Curve of Univariate Analysis to Max EQV Stresses in Jawbone

AX load 45-degree BL load

Max EQV stress (MPa) Cortical bone Cancellous bone Cortical bone Cancellous bone

H (0.2-0.6 mm)

W=0.25 mm HHT 1#:‘:\—‘ T

LY LY
LY | .
1.7 X oseb = v
030 040 Qs 0 Oad
Increased percentage 4.32% 85.86%
H=0.4 mm g
%3&3;_._._ x\.
B b
= | & ST & I . | I
.10 .25 Q.40 .10 .25 ]
Increased percentage 0.00% 15.04%

Increased percentage = (Stressyy,,—Stressy;,)/Stressy;, * 100%

Fig 9 The sensitivity analysis of maximum
von Mises stresses in jaw bone to variable
thread height (H) and width (W). (a) Under
AX load, maximum von Mises stresses in
cortical bone to variable. (b) Under AX load,
maximum von Mises stresses in cancellous
bone to variable. (c) Under 45-degree BL
load, maximum von Mises stresses in corti-
cal bone to variable. (d) Under 45-degree
BL load, maximum von Mises stresses in a b
cancellous bone to variable.

Fig 10 Chart of the optimum selection of
the curve: Slight changing and minimal
value of the curve.
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Table 3 Max EQV Stresses in Jawbone of the Samplings (MPa)

Max EQV stress in
cortical bone

Max EQV stress in
cancellous bone

H(mm) W (mm) AX load
1 0.40 0.25 3.8714
2 0.40 0.10 3.8316
3 0.40 0.40 3.8280
4 0.20 0.25 3.8956
5 0.60 0.25 3.6820
6 0.25858 0.14393  3.8073
7 0.25858 0.35607  3.7919
8 0.54142  0.14393  3.7928
9 0.54142 0.35607  3.7034

45-degree 45-degree
BL load AX load BL load
9.2636 1.2216 1.4235
10.130 1.3330 1.2249
9.7365 1.1585 1.5152
10.035 1.3417 2.2095
9.6676 1.0454 1.1826
9.9529 1.3754 1.4207
9.8857 1.2594 1.5799
9.7169 1.2564 1.0772
10.041 0.9440 1.3325

45-degree BL Load in Cortical Bone

Higher Max EQV stresses were found in cortical bone
when thread height and width were very large
and/or very small. Max EQV stress in cortical bone
ranged from 9.22 to 11.0 MPa and increased by
19.3% (Fig 6). When height ranged from 0.33 mm to
0.50 mm or width changed from 0.18 to 0.30 mm, the
tangent slope rate of response curve ranged from -1
to 1 (Table 2). Thread height and width affected Max
EQV stress in cortical bone similarly (Fig 8c).

45-degree BL Load in Cancellous Bone

Max EQV stress in cancellous bone increased as
thread height decreased and thread width increased.
It ranged from 0.865 MPa to 1.41 MPa and increased
by 118.0% (Fig 7). When thread height exceeded 0.30
mm, the tangent slope of the response curve ranged
from -1 to 0, and when thread width was less than
0.30 mm, the tangent slope of the response curve
ranged from 0 to 1 (Table 2). Thread height affected
the Max EQV stress of cancellous bone more than
thread width did (Fig 8d).

DISCUSSION

The aim of the present study was to determine the
effect of the variations of the thread height and
width upon stress within the bone. For this reason it
was assumed that all the parameters of the models
were identical except the thread height and width.
This made it possible to compare implants of differ-
ent thread heights and widths. The Workbench Simu-
lation module was used to define the environmental
loading conditions of the model. An optimized
implant parameter design was selected by the
DesignXplorer module.
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Ansys Workbench DesignXplorer

There were 3 key points in this new FEM: self-adapt-
ing 3D model assembly, bidirectional parameter
transmittal, and variables settings. In this study, “self-
adapting 3D model assembly” means all the models
were rebuilt based on implant parameters. In other
words, the parameters of models (cortical bone and
cancellous bone) changed with the parameters
(thread height and width) of the implant, varying
automatically. “Bidirectional parameter transmittal”
means computer-aided design (CAD) software (Pro/E
and Ansys Workbench in this study) could transmit
the model’s parameters seamlessly. Variables
included input variables (thread height and width)
and output variables (Max EQV stresses in cortical
and cancellous bones).Thus, only 1 assembled model
was needed, and the time of model regeneration and
the solving process were shortened.

Furthermore, the result could be shown as a
response surface (Figs 4 to 7), a response curve
(Table 2), and a sensitivity chart (Fig 10). Other input
and output parameters could also be evaluated,
either simultaneously or in future studies, such as
implant diameter, implant length, superstructure
thickness, elastic properties, strains in jawbone, shear
strains in jawbone, and loading forces.

In this study, 9 analyses were performed to con-
struct the response surfaces (Figs 4 to 7). In the
DesignXplorer environment, samplings generation is
based on the Latin Hybercube Sampling (LHS) tech-
nique. The LHS technique is a more advanced and
efficient form of Monte Carlo Simulation methods.
The only difference between LHS and the Direct
Monte Carlo Sampling technique is that LHS has a
sample “memory,” meaning it avoids repeating sam-
ples that have been evaluated before (ie, it avoids
clustering samples). It also forces the tails of a distrib-
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ution to participate in the sampling process. Gener-
ally, the LHS technique requires 20% to 40% fewer
simulation loops than the Direct Monte Carlo Simula-
tion technique to deliver the same results with the
same accuracy.

Ansys DesignXplorer can also provide sensitivity
charts to demonstrate the impact of the input para-
meters on the response and derived parameters. The
sensitivity charts are “single-parameter sensitivities.”
This means that DesignXplorer calculates the change
of the output based on the change of each input
independently at the current value of each input
parameter. The larger the change of the output, the
more significant the input parameter that was varied.
As such, single-parameter sensitivities are local sensi-
tivities. Changing the input parameter values updates
the sensitivities. When the input parameter (height
and width) changed, sensitivity charts changed little
in this study. So when 1 of the input parameters was
set (H = 0.40 mm; W = 0.25 mm), the corresponding
sensitivity chart was selected to show the full range
of the output sensitivity to input (Fig 8).

In contrast to the discrete variations of previous
finite element studies,®'>19 continuous variations of
the 2 investigated factors were shown as response
surfaces and curves in this study. More accurate
results, better visualization of results, and more quali-
tative information about the design parameters were
achieved. The results of this study show that the
effects of the 2 investigated factors (thread height
and width) on maximum EQV stress in jawbone are
likely to be interrelated. The effect of these variables
on maximum EQV stress in the jawbone cannot be
analyzed independently. This is another important
finding of the present study, because many previous
finite element studies examined the effect of only 1
implant design parameter.2'> The conclusions of pre-
vious finite element studies should be reconsidered
in light of these findings.

Model Design

The use of the FEM in implant biomechanics analysis
offers many advantages over other methods in the
simulation of complex clinical situations. However,
because of simplifications intrinsic to FEM, several
assumptions were made in the development of the
model in the present study. The structures in the
models were all assumed to be homogenous and
isotropic and to possess linear elasticity. These are
incorrect assumptions for, for instance, the living tis-
sue modeled. Actual cortical bone of the mandible is
transversely isotropic and inhomogeneous.?* Hoj-
jatie and Anusavice? also assumed that all materials
were linearly elastic, homogeneous, and isotropic
and ignored cement thickness in their finite-element

stress analysis study. Cement thickness was also
ignored in the current study because it does not
affect the stress distribution.?¢

Zhou et al?’ concluded that expanding the
domain of the model could reduce the effect of inac-
curate modeling of the boundary conditions. This,
however, is at the expense of computing and model-
ing time. Teixeira et al?® concluded that in a 3D
mandibular model (finite element analysis), model-
ing the mandible at distances greater than 4.2 mm
mesially or distally from the implant did not result in
any significant further yield in accuracy. Since simula-
tion of the whole mandibular body is very elaborate,
smaller models have been proposed for parameter
studies.?® In the present analysis, a segment of bone
was modeled in an attempt to approximate the pos-
terior region of the mandible. Since there is no
guideline for the appropriate mesiodistal length of a
mandibular segment for finite element analysis, a
trial run comparing 2 lengths (36 mm and 18 mm)
was performed for the models. Because of simplifica-
tions intrinsic to FEM, it is advisable to focus on quali-
tative rather than quantitative data from these analy-
ses.30 The results of the 2 models were qualitatively
similar, and no difference in stress/strain tendencies
was found between the 2 bone lengths. Thus, both
models were considered suitable for this compara-
tive analysis, and the results with the longer segment
were reported in the present study.

Patra et al®! reported that the anterior mandible is
associated with 100% cortical osseointegration and
that this percentage of cortical integration decreases
toward the posterior region.The least cortical osseoin-
tegration (< 25%) is seen in the posterior maxilla. The
degree of osseointegration appears to depend on
bone quality and stresses developed during healing
and function. In the present study, no debonding was
allowed at the implant-bone interface. Other finite
element analyses have shown remarkable differences
in the values and sometimes even in the distributions
of stresses between “fixed bond,”“slip contact,” and
“nonlinear contact” interface boundary condi-
tions.’32-3> |t is unclear which interface boundary
condition is most realistic; more experimental evi-
dence is needed.?? However, removal torque tests
have shown higher scores for implants with rough
(titanium dioxide-blasted or titanium plasma-
sprayed) surfaces than for those with machined sur-
faces.The removal of rough-surfaced implants has fre-
quently resulted in fractures in bone distant from the
implant surface,3® which suggests the existence of an
implant-bone “bond.” Since the present study simu-
lated an osseointegrated screw-type implant with a
rough surface, a “fixed bond” condition was set at its
interface with bone as an approximation.
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In studies of the entire mandible in which conver-
gence tests with mesh refinements have been per-
formed, models with more than 13,720 or 10,420
nodes showed convergent results.3”38 A fine mesh is
a major factor in the achievement of an accurate
model. Thus, in the present study, only a mandibular
segment with an extremely fine mesh around the
implant (areas of high stress) was modeled (Fig 3).
This resulted in models consisting of an average of
52,000 nodes, a number that was considered to
ensure a sufficiently fine mesh for the given geome-
try.No further mesh refinement was performed.

It has been reported that even loads below the
ultimate bone stress can cause bone failure, as in the
case of fatigue failures, in which the microdamage of
bone can no longer be repaired.” Accumulated
microdamage may result in bone resorption. A
study3? also showed that threaded implants had
higher remodeling rates and less mineralized bone
formation when loaded with axial force than non-
loaded threaded implants. These responses were trig-
gered by tissue microdamage as a direct conse-
quence of load application.3® Functionally, there is
always applied force acting on bone modified by an
implant design, and there is always resisting force
acting on the implant through the viscoelastic prop-
erties of the trabecular structure.'®*° Through biome-
chanical events in bone, osseous tissue can be stimu-
lated within physiologic limitations by implant
design to develop along the lines of compressive
forces dependent on the implant load-bearing area
to sustain equilibrium.'83

Bivariate Analyses

Based on the bivariate response surface (Figs 4 to 7) of
the current study, as thread height and width
decreased, Max EQV stress in cancellous bone
increased by 63.0% under AX load. As thread height
decreased and thread width increased, Max EQV stress
in cancellous bone increased by 118.0% under 45-
degree BL load. Increases for either type of load were
much higher in cancellous bone than in cortical bone.
This indicates that the effect of the 2 thread parame-
ters on Max EQV stress is more significant in cancellous
bone than in cortical bone. Under 45-degree BL load,
the values of Max EQV stress in cortical and cancellous
bone increased by 19.3% and 118.0%, respectively,and
the value was much higher than under AX load. This
indicates that the 45-degree BL load is apt to be influ-
enced by the 2 thread parameters.

Univariate Analyses

According to the univariate analysis (single parame-
ter) of Max EQV stress (Table 2), with decrease of the
thread height, Max EQV stress in cancellous bone
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increased by 85.86% and 70.54% under AX and 45-
degree BL load, respectively. Max EQV stress in corti-
cal bone increased by 4.32% under AX load. The
changes of Max EQV stresses in cortical bone were
similar under 45-degree BL load with change of
thread height or width. The results demonstrate that
thread height affects the Max EQV stress of jawbone
more than thread width under either AX or 45-
degree BL load. Increased thread height favors
improved stress distribution more in cancellous
bone in comparison with cortical bone.

On the other hand, Max EQV stress in cancellous
bone increased by 15.04% and 18.85% under AX and
45-BL loads, respectively, with variation of the thread
width. Increased percentages were higher in cancel-
lous bone than in cortical bone. This indicates that
thread width has a greater impact on stress distribu-
tion in cancellous bone than in cortical bone.

Analysis of the tangent slope of the univariate
response curves showed that stress (and variation of
stress) in the cortical bone could be minimized when
thread height ranged from 0.33 mm to 0.50 mm and
width ranged from 0.18 mm to 0.30 mm. When the
thread height exceeded 0.34 mm and width was less
than 0.30 mm, the slightest variation of stress in can-
cellous bone could be achieved, and the minimal
stress was found. Thus, thread heights of 0.34 mm to
0.50 mm and thread widths of 0.18 mm to 0.30 mm
are optimal for a screw-type implant from a biome-
chanical point of view.

Sensitivity Analyses
Like the univariate analysis, the sensitivity analysis
showed that thread height affected the Max EQV
stress of the jawbone much more than thread width.
It indicates that thread height is much more
important to the reduction of bone stress than
thread width and that more attention should be paid
to thread height than thread width for optimal
design of screw-type implants from a biomechanical
point of view.

CONCLUSIONS

Based on the results of these analyses, the following
conclusions can be drawn regarding the effects of
thread height and width on osseointegrated screw-
type implants on stress distribution in the jawbone:

1. Stress in cancellous bone is apt to be influenced
by thread parameters.

2. Force applied 45 degrees buccolingually is likely
to be influenced by thread parameters.

3. Thread heights of 0.34 to 0.50 mm and thread
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widths of 0.18 to 0.30 mm are optimal for screw-
type implants from a biomechanical point of view.

. More attention should be paid to thread height

than to thread width in the design of screw-type
implants.
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