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Abstract

Objective: This study was conducted to evaluate the effect of changing implant dimensions on
the stress distribution in the supporting structures in implant-supported partial over-dentures.
Methods: The finished partial over-denture was checked in the patient's mouth. Construction
of the physical model took place as the CT image acquisition was performed in a DICOM (Digital
Imaging Communications in Medicine) format using Asteion 4 multi-slice CT scanner. After
entering the data and initiating the segmentation procedure, a mask was constructed
containing all the elements in the study. Then, construction of the Finite Element Model was
carried out. A 100 Newton masticatory load was applied to the prosthesis in vertical and
oblique directions. The percentage increase or decrease in the resultant stresses induced in the
different model elements by utilizing different lengths and diameters of the dental implant was
evaluated under unilateral vertical and oblique loading. Results: With the increase in the
implant diameter, a statistically significant decrease (P<0.05) in all forms of stresses was
observed in the compact bone, cancellous bone and implant, as compared to the increase in the
implant length. The decrease was in the Von Mises stresses, tensile, compressive and shear
stresses under vertical or oblique loading. Conclusions: From the results of this study, it could
be achieved that the increase in the implant diameter significantly reduced the stresses
transmitted to the supporting bone compared to increasing the implant length and that the
wider the implant diameter, the better the dissipation of the masticatory forces.

Keywords: implant length, implant diameter, implant-supported partial over-dentures, Finite
Element Analysis

Introduction extension cases, with the removable partial

denture being the least acceptable by the
Different treatment modalities have been patients. This is due to the nature of the
proposed for the management of distal prosthesis support which is derived from
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both the abutment teeth and the residual
ridge. The mucosa covering the residual
ridge shows a higher degree of
compressibility which is twenty times more
than that of the abutment tooth. This
disparity of support subjects the abutment
tooth to leverage action as reported by
McGivney and Carr (2000).

The use of dental implants to provide
support for the prosthesis offers many
advantages when compared to removable
tooth-tissue borne restorations. Implant-
supported prostheses provide a more stable
occlusal relationship, better retention and
improved chewing efficiency, = when
compared to tooth-tissue borne prostheses
as indicated by Geertman et al (1994).

Teixeira et al (1997) considered the use of
short implants as a successful solution in
areas lying in close proximity to the
maxillary sinus or the inferior dental canal.
Implants could be used to support a
removable prosthesis using a combination of
unilateral or bilateral single molar implants
with ball attachments, thus changing the
situation from a Kennedy Class I or II
partially edentulous case into a Class III case
allowing the patient to benefit from both the
improved support, as well as retention.

Mahon et al (2000) found that the use of
wide-diameter implants could be of value in
providing more bone-to-implant contact in
cases of poor bone quality, limited crestal
bone height and immediate placement in
failure sites. However, the use of wide
implants may lead to possible over-
instrumentation and heat generation. The
use of implants less than 5 mm in diameter
has been proposed by Ivanoff et al (1999)
and English et al (2000) to reduce the heat
generated in the drilling process and
subsequent bone damage.

A study by Griffin and Cheung (2004)
revealed that the use of implant-supported
partial over-dentures could be considered
an acceptable treatment modality for such
cases where the support of the prosthesis is
derived from both the abutment teeth and
the implant. However, the placement of
dental implants in the posterior region may
be limited by its proximity to vital

anatomical structures such as the maxillary
sinus, inferior alveolar neuro-vascular
bundle, as well as the presence of a reduced
residual ridge height.

De Carvalho et al (2001) and Mijiritsky et al
(2005) mentioned that a limited number of
strategically placed dental implants in
conjunction with the remaining natural
teeth can establish a favorable removable
partial over-denture design by significantly
reducing the effect of the reciprocal arm and
improving the fulcrum line position. Thus,
additional retention is achieved and the
need for an unaesthetic buccal retentive arm
is avoided at the esthetic zone.

It was found by Misch (2005) that implant
restoration allows for the use of reduced
flanges and plates of the prosthesis, which
are of special benefit for new denture
wearers, who often complain of the
increased bulk of the restoration. Moreover,
the taste sensation is improved due to the
decreased tissue coverage when compared
to conventional dentures. Posteriorly placed
major connectors in the maxillary denture
may annoy the tongue and cause gagging
sensation in some patients which could be
eliminated totally by the use of an implant-
supported partial over-denture. Misch also
added that the softer the bone, the greater
the length suggested, where the increase in
the length of an implant leads to an increase
in the total surface area of that implant. As a
result, a common axiom was to place an
implant as long as possible and, preferably,
into the opposing cortical plate. However,
this axiom is only applicable in the anterior
mandible, where the bite forces are already
less and the bone density is great compared
to other regions of the jaws.

Moreover, Grant et al (2009) proposed
various strategies to overcome the anatomic
and physiologic limitations of implant
placement. Surgical interventions like guided
bone regeneration, distraction osteogenesis,
and nerve transposition were suggested.

However, some patients reject undergoing
multiple surgeries. Besides, additional
treatment duration and financial burden
could discourage patients' motivation. The
use of a short wide implant in the areas with
decreased bone height to minimize the need
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for additional surgeries for acceptable
implant placement has also been suggested.

There are many techniques of stress analysis
used in dental research; the most commonly
used ones are the mechanical dial gauges
recommended by Nally (1973),
stereophotogramatic analysis recommended
by Eick et al (1987), photoelastic studies
recommended by Eisenmann and Walter
(2004), strain gauge technique
recommended by Asundi and Kishen (2000)
and Pitt et al (2006) and the Finite Element
Method (FEM).

The Finite Element Method is a numerical
procedure used for analyzing structures and
it allows investigators to assess stresses and
strains within a solid body as indicated by
Wadamoto et al (1996). Most Finite Element
Models assume a state of optimal
osseointegration, meaning that cortical and
trabecular bones are assumed to be
perfectly bonded to the implant, although
this does not exactly occur in clinical
situations. Lai et al (1998) found that the
most extreme stresses in the bone were
always located around the neck of the
implant. Those stresses in the implant-tissue
interface decreased in inverse proportion to
the increase in percentage of
osseointegration.

A controversy exists about whether
increasing the implant length or diameter is
more effective on the stress distribution to
the supporting structures in implant-
supported partial over-dentures.

Therefore, this study was conducted to
evaluate the effect of changing implant
dimensions on the stress distribution in the
supporting structures in implant-supported
partial over-dentures.

Materials and Methods

A partially edentulous male patient was
selected with an age of forty five years. The
patient had lost all the molars on one side of
the lower arch (Kennedy Class II) with a
good condition of the abutment teeth as
detected clinically and radiographically with
normal ridge relationship (Angle Class I
maxillomandibular relationship). The
alveolar ridge was moderate in size and

covered by firm mucoperiosteum. The
subject was free from any systemic disease
that could affect the prosthodontic
treatment.

A skeleton partial over-denture was
fabricated in the conventional technique. A
physical model was then constructed where
the CT image acquisition was performed in a
DICOM (Digital Imaging Communications in
Medicine) format using Asteion 4 multi-slice
CT scanner?. Entering the data was followed
by a segmentation procedure. First, a mask
was constructed containing all the elements
in the study. This was done by taking the
minimal density of the most translucent
element and the maximum density of the
most radio-opaque element. This mask was
named full density mask. Then, by cropping,
a three dimensional (3D) model was
constructed from that mask by selecting a
new 3D object and then calculation was
done. Thus, the resulting 3D model
contained all the regions of the study.

Then, the mask representing the most
radio-opaque material in the structure
which was the metal framework was
constructed. The metal had a radio-density
of 3071 Housefield Units (HU) which is the
maximum available on the threshold gauge.
After separation of the metal mask, this
mask was subtracted from the original mask
(full density) using Boolean operation which
is a special option available in the system to
have a mask containing all elements except
the metal. The teeth mask was separated
having a density ranging from 1750-2500
HU. The resultant mask was further
subtracted from the second mask (full
density minus metal) and so on until all the
elements were separated into separate
masks. Acrylic resin of the denture was also
separated into a separate mask. Then,
meshing of the 3D objects was performed
using Magics software2. First, smoothening
of the object was carried out, and then auto-
remeshing was performed.

The implant body was drawn using solid
works software3. It was constructed by
drawing half of the outline of the implant on
a two dimensional sketch and then using the
option of 360 degrees revolving to construct
a 3D model. The threads were constructed
by drawing the cross section of the thread at
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its point of origin and then, using the 3D
sweep option to draw its helical path over
the implant body. Triple helices were drawn
independently one by one. The vent of the
implant was drawn using the extrude cut
option near the apex of the implant (Fig. 1).

The implant lengths* used were 10, 11.5 and
13mm and the implant diameters were 3.75,
4.7 and 5.7mm.

LRI AL RS
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a-cwreep of the thread,

b-3ingle helix.

c-Ttiple helices.

d-Drawing the vent.

e-lItnplant vetit after extrade cutting,

Figurel: Drawing of the implant.

The ball and socket attachment was
constructed by drawing half of the outline of
the ball abutment on a two dimensional
sketch and then, using the option of 3602
revolving to construct a 3D model of the ball
abutment (Fig.2). Construction of the Finite
Element Model was achieved through two
stages, pre-processing and post-processing.
A 100 Newton (N) masticatory load in
vertical and oblique directions (45 degrees)
was applied to the prosthesis. The vertical
load was directed to the central fossae
(Fig.3), while the oblique load was applied
to the lingual inclines of the buccal cusps in
the molar region. All the stress values
obtained for different implant lengths and
diameters were imported to an Excel 2010
(technical  preview sheet), where a
comparison between the stresses induced in
the different model elements was done using
the percentage difference index according
to the following:

Von Mises Stresses:

It was found that, even though none of the
principal stresses exceeds the yield stress of
the material, it is possible for yielding to
result from the combination of stresses. The
Von Mises stresses indicate the resultant
stresses in Mega Pascal (MPa) at each
specified element in the specified volume.
Thus, the Von Mises criterion is a formula
for combining the following stresses into an
equivalent stress:

(S1-Sint.)2 + (Sint.-S3)2 + (S3-S1)2 = 2Se2

Where: Se is the equivalent Von Mises
stresses

S1 is the principle tensile stress

S3 is the maximum compressive stress

S integrated (int.) is the principle
shear stress
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Figure2: Drawing of the ball abutment and housing.

Figure 3: Vertical load of 100N applied to the molar area

Results were obtained for each element
examined in the study, i.e. compact bone,
cancellous bone, implant, metal framework,
denture base and the teeth (Fig. 4). Then, all
the stress values obtained for the different
implant lengths and diameters were
imported to an Excel 2010 (technical
preview sheet), where a comparison
between the stresses induced in the
different model elements was done using the
percentage difference index according to the
following equations:

Percentage Change in stresses with the
increase in length= (L2 - L1)/ L1 X100

*L2 is the stress obtained using length 2 of
the implant and L1 is the original implant
length.

*The same was done for the difference
between L1 and L3 and L2 and L3

Percentage Change in stresses with the
increase in diameter= (D2 - D1)/ D1 X100

*D2 is the stress obtained using diameter 2
of the implant and D1 is the original
implant diameter.

*The same was done for the difference
between D1 and D3 and D2 and D3.

The data obtained from the above
mentioned  equations  indicated the
percentage increase or decrease in

the stresses induced in the different model
elements by utilizing different lengths and
diameters of the dental implant.
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Figure 4: Location of minimum and maximum stresses

This study was concerned with the
evaluation of three different implant lengths
and diameters (more than two variables).
Therefore, comparisons between the
resultant changes in stresses were
statistically evaluated using the RM ANOVA
test (Repeated Measures Analysis of
Variances). The RM ANOVA was done using
the SIGMAPLOT 11 (SYSTAT INC).

Results

Von Mises Stresses

Under unilateral vertical loading

Analysis of the vertical loading
demonstrated an uneven stress distribution

in the supporting structures around the
loaded implant. The maximum stresses in

the bone were present around the implant
neck on the buccal side (the area indicated
by the red color), while the lowest stresses
were present at the apical part of the bone
cylinder on the lingual side (cancellous
bone) (Fig.5). Regarding the implant, most
of the stresses were present around the ball
abutment, while the minimal stresses were
present around the implant body (Fig.6).
However, for the abutment tooth, the
highest stresses were observed at the distal
aspect of the root apex. In the denture base
and the metal framework, the maximum
stresses were found in the area around the
implant. These locations of highest and
lowest stresses were identical with all the
implant diameters and lengths used.

Figure 5: Von Mises stresses in the bone under unilateral vertical loading
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13.65

Figure 6: Von Mises stresses in the implant under unilateral vertical loading

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the Von Mises stresses was observed in the
compact bone, cancellous bone and implant,
as compared to the increase in the implant
length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.

The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 4.2% in the denture base to 34.2%
in the compact bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 1.7% in
the denture base to 23.1% in the cancellous
bone. (Table 1, Fig. 7)

Table 1: Percentage change in von Mises stresses under unilateral vertical loading

Change % L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
Eg?epa“ -13.071* | -23.071* | -11.503* 21.057* | -34.214* | -16.666*
gf‘)‘l’lcee""“s 13.284* | -23.124* | -11.347* 21.094* | -34.194* | -16.601*
Denture base | -3.60656 -5.2459 -1.70068 -6.22951 -10.1639 -4.1958
Teeth -6.26105 | -9.09091 | -3.01887 -9.79837 | -15.4581 | -6.27451
Metal 418605 | -7.13178 | -3.07443 697674 | -13.1783 | -6.66667
Implant -13.060* | -23.084* | -11.529* 20.722% | -34216% | -17.021*

* P < 0.05 is considered significant.
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Figure 7: Von Mises stresses under unilateral vertical loading

Under unilateral oblique loading

Analysis of the oblique loading
demonstrated that the maximum stresses in
the compact bone were present around the
implant neck on the buccal side. The
maximum stresses in the cancellous bone
were present on the buccal side of the apical
part of the bone cylinder (Fig.8). Regarding
the implant, most of the stresses were

present around the ball abutment, while the
minimal stresses were present around the
implant body (Fig.9). However, for the
abutment tooth, the highest stresses were
observed at the area of the rest seat. In the
denture base, the maximum stresses were
found on the fitting surface of the denture
near the abutment tooth. In the metal
framework, the maximum stresses were
found in the area of the occlusal rest.

2.022 2.696

Figure 8: Von Mises stresses in the bone under unilateral oblique loading
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Figure 9: Von Mises stresses in the implant under unilateral oblique loading

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the Von Mises stresses was observed in the
compact bone, cancellous bone and implant,
as compared to the increase in the implant
length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.

The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 5.1% in the teeth to 35% in the
cancellous bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 2.3% in
the teeth to 23% in the cancellous bone.
(Table 2, Fig.10)

Table 2: Percentage change in von Mises stresses under unilateral oblique loading

Change % L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
gg‘;‘epa“ -13.2104* | -22.9935* | -11.2722* | -20.3905* | -34.2733* | -17.4387*
gzﬁcee""“s -13.012* | -23.0872* | -11.5741* | -21.3423* | -35.0336* | -17.406*
Denture base | -3.20233 | -5.96798 | -2.85714 -6.2591 -11.0189 | -5.590062
Teeth 714286 | -9.28571 | -2.30769 -10.4762 | -15.0476 | -5.10638
Metal -5.20649 | -8.00147 | -2.9485 79056 | -13.5988 | -6.18193
Implant -13.0316* | -25.8753* | -14.7683* | -20.4099* | -34.2101* | -17.3391*

* P < 0.05 is considered significant.
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Figure 10: Von Mises stresses under unilateral oblique loading

S1 stresses (principle tensile stress)
Under unilateral vertical loading

The maximum tensile stresses in the bone
were present around the implant neck on
the lingual side of the implant, while the
minimal stresses were present at the apical
part of the bone cylinder on the buccal side
(cancellous bone). Regarding the implant,
most of the stresses were present around
the neck of the ball abutment. However, for
the abutment tooth, the highest stresses
were observed at the area of the occlusal
rest seat. The maximum stresses in the
denture base were found around the metal
framework towards the abutment tooth,
while the maximum stresses in the metal

framework were found in the area around
the implant.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the maximum tensile stresses was observed
in the compact bone, cancellous bone and
implant, as compared to the increase in the
implant length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.
The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 4.4% in the denture base to 34.2%
in the cancellous bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 2.7% in
the denture base to 23.1% in the compact
bone. (Table 3, Fig.11)

Table 3: Percentage change in S1 stresses under unilateral vertical loading

Change % L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
Compact

bone -13.0515%* -23.1618* | -11.6279* | -20.2023* | -34.1912* | -17.5115*
Cancellous

bone -13.0536* -23.0769* | -11.5282* | -20.3688* | -34.2657* | -17.5439*
Denture

base -3.50877 -6.14035 -2.72727 -7.8346 -9.91228 -4.46512
Teeth -6.5 -9.5 -3.20856 -10.5655 -15.5 -5.58659
Metal -4.89736 -7.40469 -2.63645 -7.79641 -13.1965 -6.18067
Dental

implant -13.0917* -23.0647* | -11.4754* | -20.2332* | -34.2093* | -17.5397*

* P < 0.05 is considered significant.
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Figure 11: S1 stresses under unilateral vertical loading

Under unilateral oblique loading

The maximum tensile stresses in the bone
were present around the lingual side. Most
of the stresses in the implant were seen
around the neck of the ball abutment.
Regarding the abutment tooth, the highest
stresses were observed at the area of the
occlusal rest seat. The maximum stresses in
the denture base were present on the mesial
aspect, while in the metal framework, they
were found in the area of the occlusal rest.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in

the maximum tensile stresses was observed
in the compact bone, cancellous bone and
implant, as compared to the increase in the
implant length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.
The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 5.6% in teeth to 43.2% in the
cancellous bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 1.5% in
the denture base to 23.1% in the compact
bone (Table 4, Fig.12)

Table 4: Percentage change in S1 stresses under unilateral oblique loading

Change % | L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
Eg:;pa“ -13.0527*% | -23.095% | -11.5499* | -20.2206* | -34.1957* | -17.5361*
gf‘)‘r‘lcee""“s -13.0344* | -23.093* | -11.5663* | -20.2797* | -34.1995* | -17.3684*
g:::“re 381973 | -533113 |-1.57143 |-5.70175 | -109646 | -8.36120
Teeth -6.39881 | -10.2679 | -4.13355 |-105 -15.625 -5.65724
Metal -5.08982 | -831138 |-3.39432 |-7.47801 |-13.8922 | -6.61125
Dental -13.0742* | -23.0742* | -11.5041* | -20.2153* | -34.2261* | -17.5423*
implant

* P < 0.05 is considered significant.
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Figure12: S1 stresses under unilateral oblique loading

$3 (maximum compressive stress)
Under unilateral vertical loading

The maximum compressive stresses in the
bone were present around the neck of the
implant and the neck of the abutment tooth.
Regarding the implant, the maximum
stresses were found around the neck of the
ball abutment. However, for the abutment
tooth, the highest stresses were observed at
the area of the occlusal rest seat. In the
denture base, the maximum stresses were
found at the borders of the buccal and
lingual flanges and in the area adjacent to
the abutment tooth, while in the metal
framework, the maximum stresses were
found in the area around the dental implant.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the maximum compressive stresses was
observed in the compact bone, cancellous
bone and implant, as compared to the
increase in the implant length. However, this
decrease was statistically insignificant
(P>0.05) in the denture base, metal
framework and teeth. The percentage
decrease in the stresses with the increase in
the implant diameter ranged between 4.6%
in the teeth to 34.2% in the cancellous bone,
while the percentage decrease in the
stresses with the increase in the implant
length ranged between 2.3% in the denture
base to 25.7% in the compact bone. (Table
5, Fig.13)

Table 5: Percentage change in S3 stresses under unilateral vertical loading

Change % L1-L2 L1-L3 D1-D2 D1-D3 | D2-D3
Compactbone | .13.064* |-23.0845* | -11.525* | -20.137* | -34.184* | -17.589*
Cancellous

bone -11.428* | -25.7143* | -16.129* | -20.285* | -34.285* | -17.562*
Denture base | .327869 |-557377 | -2.37288 | -6.22951 | -10.6557 | -4.72028
Teeth 707071 | -9.59596 | -2.71739 | -11.0101 | -15.1515 | -4.6538
Metal -4.87805 | -7.31707 -8.01394 | -13.2404 | -5.68182
Dental -13.048* | -22.941* | -11.377* | -20.196* | -34.188* | -17.534*
implant

* P < 0.05 is considered significant.
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Figure 13: S3 stresses under unilateral vertical loading

Under unilateral oblique loading

The maximum compressive stresses in the
bone were present around the neck of the
implant and the neck of the abutment tooth.
Regarding the implant, the maximum
stresses were found around the neck of the
ball abutment. However, for the abutment
tooth, the highest stresses were observed at
the area of the occlusal rest seat and on the
mesial surface adjacent to the minor
connector. In the denture base, the highest
stresses were found at the lingual flanges
and in the area adjacent to the abutment
tooth, while in the metal framework, the
maximum stresses were found in the area of
the rest seat.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the maximum compressive stresses was
observed in the compact bone, cancellous
bone and implant, as compared to the
increase in the implant length. However, this
decrease was statistically insignificant
(P>0.05) in the denture base, metal
framework and teeth. The percentage
decrease in the stresses with the increase in
the implant diameter ranged between 5.3%
in the denture base to 35.8% in the
cancellous bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 2.3% in
the denture base to 23.1% in the compact
bone. (Table 6, Fig.14)

Table 6: Percentage change in S3 stresses under unilateral oblique loading

Change % | L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
ggﬁ‘epa“ -13.0116* | -23.091* | -11.5871* |-19.9756* | -34.2089* |-17.7863*
gﬁﬁ?""“s -12.0721* | -23.0631* | -12.5+ -22.1622*% | -35.8559* | -17.5926*
E:;‘:“re 368421 | -592105 | -2.3224 589474 | -109737 | -5.39709
Teeth 743243 | -231081 |-169343 | -9.86486 |-16.2162 |-7.04648
Metal 460526 |-7.79194 | -3.34052 |-7.20086 |-13.5999 |-6.8956
Dental -13.0573* | -23.0892* | -11.5385% | -20.1911* | -34.1879* | -17.5379*
implant

* P < 0.05 is considered significant.
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Figure 14: S3 stresses under unilateral oblique loading

S int. (principle shear stress)
Under unilateral vertical loading

The maximum shear stresses in the bone
were present on the side at the implant neck
and around the vent of the implant. The
maximum shear stresses in the implant were
present in the neck of the ball abutment.
However, for the abutment tooth, the
highest stresses were found at its distal
aspect. In the denture base, the maximum
stresses were found at the buccal side
adjacent to the ball abutment, while in the
metal framework, the maximum stresses
were found in the area around the dental
implant.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the maximum shear stresses was observed
in the compact bone, cancellous bone and
implant, as compared to the increase in the
implant length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.
The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 4.6% in the denture base to 31.1%
in the cancellous bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 2.8% in
the denture base to 23.1% in the compact
bone. (Table 7 Fig.15)

Table 7: Percentage change in S int. stresses under unilateral vertical loading

Change % | L1-L2 L1-L3 L2-L3 D1-D2 D1-D3 D2-D3
ggnmepact -13.0137* | -23.0822% | -11.5748* | -16.7123* | -31.0526* | -17.7863*
giﬁcee“”s -12.9663* | -23.0906* | -11.6327* | -16.6963* | -31.1087* | -17.5926*
g:::“re 358824 | -6.29412 | -2.80659 |-5.88235 | -4.6875 -5.39709
Teeth -6.01266 | -9.81013 | -4.0404 -10.1266 | -5.6338 -7.04648
Metal -454016 | -745052 |-3.04878 |-7.62515 | -6.80529 | -6.8956
Dental -13.0461* | -23.0906* | -11.5516* | -16.6716% | -21.0485* | -17.5379*
implant

* P < 0.05 is considered significant.
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Figure 15: S int. stresses under unilateral vertical loading

Under unilateral oblique loading

The maximum shear stresses in the bone
were present on the buccal side of the
implant neck and at the apical part of the
dental implant. The maximum shear stresses
in the implant were present in the neck of
the ball abutment. However, for the
abutment tooth, the highest stresses were
found at the area of the occlusal rest seat. In
the denture base, the maximum stresses
were found at the mesial part of the fitting
surface, while in the metal framework, the
maximum stresses were found in the area of
the occlusal rest.

With the increase in the implant diameter, a
statistically significant decrease (P<0.05) in
the maximum shear stresses was observed
in the compact bone, cancellous bone and
implant, as compared to the increase in the
implant length. However, this decrease was
statistically insignificant (P>0.05) in the
denture base, metal framework and teeth.
The percentage decrease in the stresses with
the increase in the implant diameter ranged
between 4.8% in the denture base to 34.2%
in the compact bone, while the percentage
decrease in the stresses with the increase in
the implant length ranged between 3% in
the denture base to 23.1% in the compact
bone. (Table 8, Fig.16)

Table 8: Percentage change in S int. stresses under unilateral oblique loading

Change % L1-L2 L1-L3 L.2-L3 D1-D2 D1-D3 D2-D3
Egg;pa“ 12.9257% | -23.0844* | -11.6667* | -16.7957* | -34.2105* | -20.9302*
Eiﬁg"“ous -13.0323* | -23.0968* | -11.5727* | -16.6452* | -34.1935* | -21.0526*
Denture base | -3.65239 -6.54912 -3.00654 -5.79345 -10.3275 -4.81283
Teeth -6.22222 -10.4444 | -450237 |-10.6667 | -16.0444 | -6.0199
Metal -5.00261 740596 | -2.52991 |-7.70637 | -13.2968 | -6.05718
Dental -13.0201* | -23.0872* | -11.5741* | -16.5973* | -34.1544* | -21.0509*
implant

* P < 0.05 is considered significant.
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Figure 16: S int. stresses under unilateral oblique loading

Discussion

In this study, a Kennedy Class II partially
edentulous case was selected and the
construction of a skeleton partial denture
was carried out. Then, a CT scan was carried
out for the patient to create a three-
dimensional model for the finite element
analysis. This offered many advantages,
including the possibility of accurate three-
dimensional visualization and quantification
of the internal structure of materials using a
series of two-dimensional cross-sectional CT
images. However, there are some limitations
for this study as the presented model was
only an approximation of the clinical
situation. Therefore, the basic purpose of
finite element studies is to explore the
findings relevant to the risk factors instead
of experiencing them in clinical applications.
Another limitation of this study, as in all
finite element studies, is that it assumes that
there is a 100% bone to implant contact
along the whole surface of the implant. Such
an assumption is not true as the maximum
bone to implant contact for the densest bone
with a threaded implant does not exceed
80% as reported by Misch (2005).

The stresses around dental implants are
affected by many factors. The present study
was concerned mainly with the effect of the
implant length and diameter. The stress
distribution in the bone around the implant
depends upon the shape and size of the

implant. The results of this simulation study
have shown that the implant diameter was
more important for improving the stress
distribution than the implant length. This
may be attributed to the fact that the stress
distribution inside the bony socket is uneven
as the elements exposed to the maximum
stresses are located around the neck. The
stresses induced by the occlusal loads might
immediately be transferred from the implant
to the cervical cortical bone, whereas much
lower remaining stresses may spread to the
cancellous bone at the apical region. It is
well known that the higher stress-
transferring ability of the cortical bone is
due to its higher modulus of elasticity
compared with the cancellous bone. This is
in accordance with the findings of Lai et al.
(1998) and Himmlova et al (2004).
Therefore, the wider area in the cervical
portion of the implant may better dissipate
the masticatory forces.

It was also clear from the results of the
present study that increasing the implant
diameter and length was accompanied by a
corresponding reduction in the amount of
the induced stresses. However, the higher
stresses around the implant neck may be
attributed to the fact that this area is mainly
subjected to non-axial masticatory forces,
which act in a lingual (oblique) direction as
in grinding movements, in comparison to the
chopping movements, which act in an axial
direction. This situation corresponds to the
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findings of non-parametric computerized
models of loaded dental implants by Meijer
etal (1996) and Lai et al (1998).

The higher stress values of the oblique
loading compared to the vertical loading
could be attributed to the fact that the non-
axial forces tend to cause uneven stress
distribution leading to areas of higher
stresses and others of low stresses. This
coincides with the findings of Barbier et al
(1998).

It is worth to mention that the effect of
increasing the implant diameter and length
on the stresses transferred to the supporting
structures was more pronounced in the
dental implant, cancellous bone and compact
bone than its effect on the teeth, denture
base or metal framework. This may be
related to the biomechanics of tooth-
implant-supported partial over-dentures as
the forces are transmitted first to the
denture base and then to the metal
framework, the teeth and finally to the
dental implants. Then, the dental implants
transmit the forces to the compact bone, the
cancellous bone and the least amount to the
abutment teeth.

Conclusion

From the results of this study, it could be
achieved that:

1) the increase in the implant diameter
significantly reduced the stresses
transmitted to the supporting bone
compared to increasing the implant length.

2) the wider the implant diameter, the better
the dissipation of the masticatory forces.

Notes:

1Asteion 4 Multi Slice CT Scanner: Toshiba
Medical Systems, Tokyo, Japan.

ZMagics: Materialise Interactive Medical
image control system; Materialise NV,
Leuven, Belgium.

3 SolidWorks 2008; SolidWorks Corp,
Concord, Mass, USA.

4 Zimmer Dental Inc., Aston Avenue
Carlsbad, USA.

5SigmaPlot™ version 11;Systat Software,
Inc.Chicago, Illinois, USA.
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