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ABSTRACT

Dental implants have a great role in changing treatment
concepts to edentulous ridges. This paper presents a finite
element analysis evaluation of the effect of implant design on
the stress distribution induced in bone surrounding the implant
and on the micro displacement of the implant of a full arch
screw retained cantilevered fixed mandibular restoration, in
case of immediate loading. Twelve models were simulated, all
composed of four identical interforaminal dental implants and
a cantilever overdenture. Two design parameters (the implant
diameter and taper) were tested while keeping all other
parameters fixed. The simulated 12 implants have 3.2, 3.7, 4.7
and 6 mm diameter with 0, 2 and 5 degrees tapering
respectively. Vertical and oblique loads were applied on the
right premolar and first molar under model restrain. Results
revealed that, increasing implant diameter leads to decreased
bone induced stresses and also decreased implant micro
displacement and so leading to better initial stability. On the
contrary, increasing implant tapering increased bone induced
stresses and also increased implant micro displacement.

General Terms
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1. INTRODUCTION

The state of edentulism has negative impact on the person. It
changes his dietary habits and decreases his social interaction
due to speech affection, and senile appearance. Complete
dentures had been the only treatment option until the
emergence of dental implants. Implants were used to support
both fixed and removable prosthesis [1, 2]. The basic
technique in using dental implants is to place a fixture in the
bone for a period of 3-6 months to insure osseointegration and
then add the final prosthesis. This is called a two stage
implantation. This is a long period for patients wishing to
have good aesthetics’ [3]. Immediate loading, adding the
prosthesis immediately after placing the fixture, reduces the
clinical steps and eliminates the long period required for
osseointegration. This appears to satisfy the patient’s needs
but it introduces a great threatening to the bone and the whole
structure. In case of structure failure, the patient should pass
through several clinical visits to remove and replace the
implant [1].

Fixed retained implant prostheses are preferably chosen to
give patients the natural feeling of fixed teeth. The fixed
restoration has the advantage that it requires interarch space
less than the 12 mm limitation of the over denture [4].

Although the structure based on interforaminal implant
placement with a posterior cantilever has several clinical
advantages, yet the cantilever exerts a bending moment that
may affect the underlying bone, the prosthesis and even the
implants, especially in immediate loading conditions [1].

Implant design (material, structure and dimensions) is an
important factor affecting the implant stability and the stresses
generated in its surrounding bone. Variations in implant
designs were investigated aiming to achieve better stability, to
diminish the effect of shear forces on its interface so that
marginal bone is preserved and to enhance osseointegration
process [5].

Implant diameter (ID) was reported to be more important than
implant length (IL) in distributing stresses to the surrounding
bone in case of two stage implantation [6]. Using wider
implants allows the engagement of extra surrounding amount
of bone, and hence improves both structure stability and
induced stress distribution pattern [7]. Implant taper (1T) also
plays a role in stress transmission. It was reported that under
immediate loading conditions, minimally tapered implants
(degrees of implant taper ranged from 2° to 14°) generated the
most favorable stress distribution patterns [8].

In this study, the induced stress distribution patterns along
with the resulted micro displacements resulted according to
various diameters and tapers were investigated.

2. METHODOLOGY
2.1 Model Construction

A simulated mandible was constructed to receive four
interforaminal dental implants. A patient with a moderately
developed mandibular ridge, covered with firm and healthy
mucosa and with Angle Class-l maxilla-mandibular
relationship was chosen as our model. A computerized
tomography (CT) scan was carried-out for the chosen
candidate using Toshiba Asteion 4 multislice CT scanner.

Mimics 10.01 program (Materialise, Leuven, Belgium) was
used to view and measure the mandibular arch curvature, and
to obtain multiple cross sections of the mandible. A 3D model
of the mandible, shown in Figure 1, was constructed based on
the data obtained from the CT images using SolidWorks 2011
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software (SolidWorks Corporation, Concord, Massachusetts,
USA).

Fig 1: The whole mandible with the circular holes

The obtained measurements (ridge width) of cortical and
cancellous bony layers were utilized to draw multiple two
dimensional sketches on different planes simulating the
conformity of the mandibular body. These sketches were used
to obtain the 3D models representing the compact and
cancellous bones of half the mandible. The 3D half mandible
model comprised of mating the calcellous and the compact
bone models, was mirrored to obtain a bilaterally symmetrical
mandibular model. Four cylindrical holes with a length of
11.5 mm were cut in the anterior region of the formed
mandible model at the expected implants sites, as presented in
Figure 1. The created holes have varying diameters to
accommodate the various implants used in the different
models. The holes were prepared to receive cylinders with
inside implant imprint. These bone cylinders represent the
peri implant bone.

Twelve different implant models were built having a length of
11 mm with diameters of 3.2, 3.7, 4.7 and 6 mm respectively.
Each implant exists in three different tapers of 0°, 2° and 5°.
A spiral was drawn having 0.6 mm pitch distance and 0.3 mm
depth all over the implant body with 15 revolutions. Each
implant is connected to the overdenture by an abutment which
is attached to the implant through a retaining screw. The
retaining screw has 6 mm length and 1.5 mm diameter with a
helix of 0.3 pitch and 20 revolutions. Steps for modeling the
implant are shown in Figure 2. The implant of a certain
diameter and different tapering is represented in Figure 3.

i

Fig 2: Steps for modeling the implant
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Fig 3: An implant with 3 different tapering of 0°, 2° and 5°

The implants receive full arch screw retained prosthesis, as
shown in Figure 4.

Fig 4: Model of full arch screw retained prosthesis

2.2 Assigning Material Properties

All the materials used were considered homogeneous and
linearly isotropic, so they can be completely identified by
Modulus of Elasticity (Young's modulus) and Poisson's ratio.
The material properties for compact and cancellous bone of
the mandible, titanium alloy of the implant, retaining screw
and abutment and the acrylic overdenture were identified and
presented in Table 1. The peri implant bone was assigned the
properties of the cancellous bone.

Table 1. Material properties for different components [9].

Material Properties
Material Modulus of Elasticity Poisson's
(MPa) Ratio
Compact bone 15000 0.3
Cancellous bone 1500 0.3
Titanium 110000 0.33
Acrylic 2700 0.35

2.3 Specifying Contacts, Boundaries and
Loadings

The contact between the implant and the surrounding bone
was identified as slip contact to simulate the immediate
loading condition and neglecting friction.

The model was restrained at its inferior border to avoid total
body displacement of the mandible. The masticatory load was
simulated using average static force. Vertical and Oblique
loads were applied on the first molar (100N) and the two
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premolars (50N on each) on one side only, resembling the
actual values in case of prosthetic denture.

The vertical load was applied on the central fossa while the
oblique load was applied to the buccal incline of the lingual
cusps.

2.4 Meshing and Analysis

The models were meshed with a fine solid mesh to create 3D
parabolic tetrahedral solid elements. The average element size
was set to 1 mm with a tolerance of 0.05 mm.

Linear elastic analysis was performed and von Mises stress

(0p), the effective stress was used as a measure of the stress
state.

o, =
1
5\/(01 — 03)% + (0, — 03)*+ (03 — 01)?

Where o1, 6, and o3 are the three principle stresses in the three
directions

3. RESULTS

3.1 General Observations on Induced

Stress Distributions
Results showed that, high stresses were induced on the loaded
side while negligible stresses were induced on the other side,
as shown in Figures 5 and 6.

It was also noted that oblique loads induced higher stress
values than those induced due to vertical loads.

858!

Fig 5: Stress distribution induced in the loaded and
unloaded sides
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Fig 6: Crestal stress concentration with apical propagation
in the loaded side peri implant bone.

3.2 The Effect of Implant Diameter on Peri

Implant Bone Stress distribution

The stress distribution induced in the peri implant bone due to
vertical load application, decreases with the increase in
implant diameter as shown in Figure 7.

Fig 7: Pattern of stress distribution induced in peri

implant bone surrounding implants with different

diameters under vertical load; (a). 3.2 mm, (b). 3.7
mm, (c). 4.7 mm & (d). 6 mm.
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Table 3. Maximum stress values (MPa) induced due to

oblique load
Diameter (mm) 3.2 3.7
Taper ° | 20| 5 |0 | 2|5
Right posterior | 267 | 30 | 352 | 22.3 | 29.2 332
Right anterior | 8 | 93 | 106 | 64 | 7 8.6
Left posterior | 21 | 22 | 3 | 16 | 17 2.1
Leftanterior | 23 | 26 | 31 | 17 | 1.8 | 22
Diameter (mm) 4.7 6
Taper ° | 2|0 | 2|0 |?

Right posterior | 15 | 16.7 | 15 | 16.7 | 15 16.7
Right anterior | 35 | 4 | 35 | 4 | 35 4
Left posterior | 093 | 0.9 | 093 | 09 | 0.93 0.9

Leftanterior | 095 1 |095| 1 | 095 1

Fig 8: Pattern of stress distribution induced in peri
implant bone surrounding implants with different
diameters under oblique load; (a). 3.2 mm, (b). 3.7 mm,
(). 4.7 mm & (d). 6 mm

Table 2 and Table 3 tabulate the maximum stress values,
measured in MPa, induced in the peri implant bone due to

the application of vertical and oblique loads, respectively.
Table 2. Maximum stress values (MPa) induced due to

vertical load
Diameter (mm) 3.2 3.7
Taper 0° 2° 5° 0° 2° 5°

Right posterior | 20.7 | 22.7 | 27.8 | 17.2 | 22.6 | 24.8

Right anterior | 8.1 | 9.8 | 10.3 | 6.5 7 9

Left posterior 13 (16 | 1.7 | 11 | 12 | 16

Left anterior 1.7 1.8 2.3 1.3 1.4 1.7

Diameter (mm) 4.7 6

Taper 0° 2° 5° 0° 2° 5°

Right posterior | 12.3 | 13.8 | 16 9 104 | 12

Right anterior | 4.6 | 4.3 5 28 | 32 | 31

Left posterior | 0.72 | 0.86 1 0.46 | 0.52 | 0.64

It was also noticed that apical propagation of stresses in the
bone cylinder decreased with increasing implant diameter, as
shown in Figure 9.
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Fig 9: Reduction of apical stress propagation upon
increasing the diameter from (a) 3.2 mm to (b).6 mm

3.3 The Effect of Implant Taper on Peri

Implant Bone Stress Distribution

For a certain diameter, an increase in implant
taper leads to an increase in apical propagation of
peri implant stresses, as illustrated in Figure .10.
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Fig. 10: Peri bone cylinder surrounding an implant with
different tapering (a) 0° (b) 2°, (c) 5°.

3.4 Observations and measurements of

implant displacement
In coherence with stress distribution obtained, the highest
micro-movement was recorded at the right posterior implant
(highest loaded implant), while implant displacement on the

unloaded side showed insignificant values.

The displacement values measured under oblique loads were
relatively higher than those measured under vertical loads, as
shown in Figure 11.
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Fig 11: Micro motion of dental implants under vertical (a)

& oblique (b) Loads
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3.5 The Effect of Implant Diameter on
implant displacement

Maximum measured displacements values (um) were
tabulated in Tables 4 & 5.

Table 4. Values of maximum implant displacement (nm)
due to vertical load

Diameter (mm) 3.2 3.7
Taper ° | 22| 5 || 2|5
Right posterior | 28:6 | 30.1 | 35.2 [ 23.7 | 251 282
Right anterior | 141 | 15 | 165 | 117 | 122 13.4
Left posterior | 22 | 24 | 28 | 17 | 18 2

Leftanterior | 33 | 36 | 4 |29 | 3 |34
Diameter (mm) 4.7
Taper ° | 2|5 || 2|5

Right posterior | 167 | 18 | 20 | 125|133 14.7
Right anterior | 83 | 88 | 95 | 63 | 6.7 7.2
Left posterior 1 11| 13|07 |o08 |09
Leftanterior | 22 | 23 | 25 | 1.7 | 18 | 2

Table 5. Values of maximum implant displacement (jum)
due to oblique load

Diameter (mm) 3.2 37

Taper 0° | 22 | 5| 0 | 22 |5
Right posterior | 37:9 | 40.6 | 45.8 | 30.9 | 325 36.3

Right anterior | 141 | 15.1 | 17 | 113|118 131
28 3.2

Left posterior | 35 | 3.8 | 44 | 27
Leftanterior | 41 | 43 | 48 | 31 | 32 | 35

Diameter (mm) 4.7 6
Taper OO 20 50 OO 20 50
Right posterior | 21.3 | 22.8 | 25.1 | 158 | 16.8 | 184

Right anterior | 76 | 81 | 88 | 57 | 6 6.5

i 15
Left posterior | 1.7 | 1.8 | 2 13 | 1.4

Left anterior 21 |22 | 23|16 |16 | L7

3.6 The Effect of Implant Taper on implant

displacement

It was found that increasing implant taper increased the
displacement values under both vertical and oblique loads as
shown in Figure 12.
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Fig 12: 3.7 mm implant with 0°, 2°& 5° under vertical load
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Fig 13: 3.7 mm implant with 0°, 2°& 5° under oblique load.
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4. DISCUSION

The bone shows a dynamic state of resorption and deposition
in reaction to stresses below its mechanical yield strength.
Determination of the force magnitude that induces resorption
is not well established, so it is difficult to claim that a certain
stress is totally safe [10].

Applying the force on one side (simulating the normal
chewing action), induces high stress values on this side with
minimal propagation to the other side because acrylic
restoration has the ability to transmit the forces to the
underlying abutment/ implant rather than distributing stresses
through its whole body, as shown in Figure 4.

The stress values induced in the peri implant bone due to
vertical load are less than that induced due to oblique load, as
indicated by the maximum stress values tabulated in Tables 2
& 3. This is due to the combination of both vertical and shear
components in case of oblique load. The vertical load is
directly transmitted through the underlaying implant. In both
cases the effect of the bending moments of the cantilever is
added to the resulting stress distributions.

The loaded side implants bear more stresses on its distal part
due to bending moments of the cantilever on the restorations
which in turn transfer more stresses to the peri-implant bone
at this side. The nature of healing bone allows stress
propagation along the bone cylinder permitting relatively
more stresses to reach the apex as compared to the healed
bone refrenced in [11].

The results revealed that raising the diameter by a factor of
aproximatly 1.5 decreases the resulted stress by more than
40%, while doubling the diameter decreases the resulted stress
by about 56%, as shown in Table 2. This is due to the findings
that wider implants increase stiffness of the implant and also
increase bone-implant contact surfaces, allowing the
engagement of maximal amount of bone and theoretical
improvement of the stress distribution in the surrounding
bone.

The results also revealed that increasing implant taper to 2°
led to an average of 15% increase in the induced stress values
while a taper of 5° would increase the stress induced in the
peri bone by an average of 35%, as shown in Tables 2 &3.
This may be attributed to the reality that an implant of a
certain diameter with 0° tapering has more surface area than
its tapered one allowing more absorption of the energy and
less transmission of stresses to the surrounding bone.
Moreover, on applying vertical loads, the column of forces
would be totally recieved by the cylinderical implant and
stresses reaching the bone would be minimized unlike the
case in the tapered implant where the column of force would
be directly shared between the implant and the bone.

The displacement of implants was found to increase with the
application of oblique loads rather than vertical loads. As for
implant displacement, increaisng the diamter by about 150%
(from 3.2 to 4.7), would lead to decrease in implant
displacement by 40% while approximatly doubling the
implant diameter would lead to 60% decrease in implant
displacement, as tabulated in Tables 4 & 5. This is attributed
to the idea that wide diameters have broader surface area that
led to increase in energy absorption with subseuent reduction
in micro strain on peri implant bone thus result in decrease in
micro motion. Within a given diameter changing dental
implant taper by 2° would lead to around 7% increase in
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implant displacement while a taper of 5° increases implant
displacement by around 20%.

Moreover tapered implant has a decreasing cross section till
reaching the apex, so unscrewing one thread facilitate implant
removal as every implant cross section would be opposed by
wider osteotome, leading to decrease in the stability of the
immediate loading restoration.

5. CONCLUSION

The presence of cantilevers resulted in accentuation of bone
stresses especially, at the bone distal to the terminal implant.
Increasing implant diameter, within limitation of bone
anatomy, and decreasing implant taper lead to better stress
distribution and to reduced implant micromotion.
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