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The Effect of Bone Quality on Stresses Around
Dental I mplants: A Finite Element Analysis Study

Talal Hameed Mohamad’
Umer AlAde™ Eissa Wahbeh™™”

Abstract

Background& Objective: the density of bone having an obvious effect on the osseointegration and the
success of the dental implants. The aim of the present study is to evaluate the effect of different bone
qualities on the values and distribution of stresses at the bone — implant interface of immediately loaded
implants by using three-dimensional (3D) finite elements (FE) analysis.

Materials & Methods: A 3-D FE modéd of an implant embedded in a block of bone was used in this study.
The implant was LEADER/ ITALIA-Fix type which is specially designed for immediate loading. ANSY S
V.12 program was used to build solid model of the implant and bone, and performing the finite element
analysis. Three types of bony tissue(cortical bone, dense trabecular bone, and low density trabecular
bone) were used by changing the properties of bone element to smulate the properties of these types.
Axially directed force(2MPa) was applied on the top of the abutment to simulate the axial occlusal
loading.

Results: Theresults showed that the cortical boneis subjected to the lowest and most regular and gradual
distribution of stresses at the implant-bone interface among the 3 qualities of bone, followed by the dense
trabecular bone, then thelow density trabecular bone.

Conclusion: This study suggested that the stress values and distribution at the implant-bone interface are
greatly affected by the quality of bone around dental implants, that is, when the bone density increased
the stressvalueis decreased and gradually and uniformly distributed.

Key wards. immediate loading implants, bone quality, finite element analysis.
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Introduction:

Dental implants undergo a cascade of biological
events at the bone-implant interface leading to bone
tissue differentiation and osseointegration(1). As a
sequel of intimate and rigid bone-implant contact at
the ultra structural level, the bone surrounding
implants must function without a stress-reducing
element a the interface, such as a periodontal
ligament, which exists around natural teeth.(2)

The mechanical distribution of stress occurs primarily
where bone is in contact with the implant(3). The
quality or density of the boneis directly related to the
amount of implant-to bone contact and has been
recognized as one of the key factors influencing the
long-term success of implants (3,4) . Many researches
about single implant success have revealed that bone
with high density was demonstrated to have less
micro-movement and increased initia stability in
single implant fixtures(5). The percentage of bone
contact is significantly greater in cortical bone than in
trabecular bone. The initiadl bone density not only
provides mechanical immobilization during healing
but also permits better distribution and transmission of
stresses  from  the implant-bone interface(3,6).
Increased clinical failure rates in poor quality, porous
bone, as compared to more dense bone, have been
well documented(7) due to thin cortical bone and low-
density trabecular bone with poor ability to react
properly to the stresses and strains generated by
occlusal loads(4). To decrease stress, the clinician may
elect to increase the number of implants or use an
implant design with greater surface area(3,8,9).
Lekholm and Zarb classification for bone quality has
been accepted for evaluating patients for implant
placement(10). In this system, the sites are categorized
into 1 of 4 groups on the basis of jawbone quality:
Type 1 (D1) bone quality, the entire jaw is comprised
of homogenous compact bone.

Type 2 (D2) bone quality, a layer (1.5 mm) of
compact bone surrounds a core of dense trabecular
bone.

Type 3 (D3) bone quality, a thin layer (0.75mm) of
cortical bone surrounds a core of dense trabecular
bone.

Type 4 (D4) bone quality, a thin layer (0.75mm) of
cortical bone surrounds a core of low-density
trabecular bone(3,11).

Three-Dimentional Finite Elements analysis has been
widely used for the quantitative evaluation of stresses
on the implant and its surrounding bone(12,13).
Sevimey et a (2005) stated that there are some
investigators studied the influence of the implant
design on stress concentration in the bone during

loading and indicated that the implant design was a
significant factor influencing the stress created in the
bone. Others studied the influence of the bone-implant
interface on stress concentration. These authors
demonstrated that when  maximum  stress
concentration occurs in cortical bone, it is located in
the contact area with the implant, while when the
maximum stress concentration occurs in trabecular
bone, it occurs around the apex of the implant.(14)
Sevimey et a (2005)investigated the effect of 4
different bone qualities (D1, D2, D3, and D4) on
stress distribution in an implant-supported mandibular
crown, using 3-dimensional finite element (FE)
analysis. The results demonstrated that von Mises
stresses in D3 and D4 bone qualities werel63 MPa
and 180 MPa, respectively, and reached the highest
values at the neck of the implant. The von Mises stress
values in D1 and D2 bone quality were 150 MPa and
152 MPa, respectively, at the neck of the implant. A
more homogenous stress distribution was seen in the
entire bone. They concluded that stress concentrations
in compact bone followed the same distributions as in
the D3 bone model, but because the trabecular bone
was weaker and less resistant to deformation than the
other bone qualities modeled, the stress magnitudes
were greatest for D3 and D4 bone.(14)

Li Lin C. et a (2005)(15)study was to evauate the
influence of implant length and bone quality on the
biomechanical aspects in aveolar bone and dental
implant using non-linear finite element analysis.
Frialit-2 root-form titanium implants were buried in 4
types of bone modeled by varying the elastic modulus
for cancellous bone. Contact elements were used to
simulate the redlistic interface fixation within the
implant system. The simulated results indicated that
the maximum strain values of cortical and cancellous
bone increased with lower bone density.(15)

At (2006), Li Lin C et a returned to analyze the
biomechanics in a tooth-implant splinting system for
various bone qualities with different occlusal forces
using non-linear finite element (FE) analysis. A 3D
FE model containing one Frialit-2 implant splinted to
the mandibular second premolar and a simplified bony
segment was constructed. Four bone quality categories
were established by varying the elastic parameters
assigned to the bone volumes. The results reveaed
that the maximum stress values on the implants and
prosthesis did not exhibit significant differences
among the four bone qualities. Conversely, the
maximum stress values on alveolar bone increased
with reduction in bone quality, especialy for type IV
bone quality. They concluded that connecting
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implants with natural teeth should be used with
caution in softer bone regions.(4)

The aim of the present study is to evaluate the effect
of different bone qualities on the values and
distribution of stresses in the bone — implant interface
of immediately loaded implants by using three-
dimensional (3D) finite elements (FE) analysis.
Materialsand Method:

A 3-D FE modé of an implant embedded in a block of
bone was used in this study. The implant was
LEADER/ ITALIA-Fix type which is specialy
designed for immediate loading(one piece fixture and
abutment), the length of implant was 11mm.the
diameter was 3.75mm.fig.(1). The implants was drawn
with its real dimensions by AUTO-CAD program. Fig
)

The 3-D solid finite elements were used to model the
bone and implant. The block of bone was 25mm. in
height and 15mm. width. ANSYS V.12 program was
used to build solid model of the implant and bone, and
performing the finite element analysis. Fig (3)
Elements: typesand description:

The elements used in the model can be described as
follows:

1- Tetanium implant: SOLID9, 3-D 20-Node
Structural Solid

SOLID95 Element Description:

SOLID95 is a higher order version of the 3-D 8-node
solid element. It can tolerate irregular shapes without
as much loss of accuracy. SOLID95 elements have
compatible displacement shapes and are well suited to
model curved boundaries. SOLID95 has plasticity,
creep, stress tiffening, large deflection, and large
strain capabilities.

2- The bone: SOLID191, 3-D 20-Node Layered
Structura Solid.

SOL1D191 Element Description:

SOLID191 is a layered version of the 20-node
structural solid (SOLID95) designed to model layered
thick shells or solids. The element allows up to 100
different material layers. If more than 100 layers are
required, the elements may be stacked. SOLID191 has
stress stiffening capabilities.

Bone qualities and L oading:

In this study, 3 types of bony tissue were used which
are: cortical bone, dense trabecular bone, and low
desity trabecular bone by changing the properties of
bone element to simulate the properties of these types.
The Elastic modulus and Possion’s ratio of the 3
deferent qualities of the bone and the dental implant
used in the study are listed in the table (1)

Axialy directed force was applied on the top of the
abutment to simulate the axial occlusal loading on the
implant. The magnitude of force was 2.0 MPa. (16)

Results:

To know the vaues of von Mises stresses and the
pattern of their distribution a the implant-bone
interface, see the figures of finite element analysis
(4),(5),and(6). Each color in the scale represent a
value of stress, the red color represent the maximum
value of stress, while the dark blue represent the
minimum stress value.

The results of the finite elements analysis on the three
qualities of bone in this study shows that the
maximum value of von Mises stresses at the bone-
implant interface when the bone around dental implant
is cortical bone was (1.48MPa) at the cervical area of
implant, this value is gradually and regularly
decreased as directed apically until reaching the
minimum stress value (0.264MPa) at the apex of the
implant.fig(4)

In the dense trabecular bone, the maximum von Mises
stresses was (11.9MPa) at the apical area of implant,
and the lowest value of stresses was at the cervical
aea (2.31MPa), while the other values were
randomly and irregularly distributed along the bone-
implant interface.fig(5)

In the low density trabecular bone, the maximum von
Mises stresses value was (12.8MPa) at the apical

area, and the minimum stress value (2.41MPa) at the
cervical area, and the other values were randomly and
irregularly scattered along the interface between
implant and bone.fig(6)

Discussion:

Micromovement of an endosteal dental implant and
excessive stress at the implant-bone interface have
been suggested as potential causes for peri-implant
bone loss and failure of osseointegration.(14).

A clinical investigation has demonstrated that
overload of an implant may result in marginal bone
resorption, while the correlation between the poor
bone quality and the implant failure has been well
established, the precise relationship between bone
quality and stress distribution is not adequately
understood(14). Consequently, it is vauable to
investigate the mechanical responses in bone and their
relation to different parameters of implant and bone.
However, the biomechanical aspects are difficult to
evaluate using clinical  observation/experimental
approaches with limited information and sample
variations. Therefore, finite element analysis has
generaly been accepted as a complementary tool for
understanding the detailed mechanical responses for
many biologic investigations.(15)

The accuracy of FE analysis is dependent on the
numerical convergence and correctness of the
assumptions imposed on the models simulating actual
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physical conditions, such as boundary and interfacial
conditions. Consequently, non-linear contact analysis
is needed to mimic a flexible implant system and
provide additiona information for clinica
consideration.(4)

In the present study, an implant- bone model was
developed to evaluate the effect of different bone
qualities on the stress at the implant-bone interface by
means of finite elements analysis:

When comparing the maximum von Mises stress
values at the implant-bone interface of the three
different bone qualities (Figure7), it can be observed
that the cortical bone is subjected to the lowest stress,
followed by the dense trabecular bone, while the low
density trabecular bone is subjected to the highest
value of stress along the contact area between the
implant and the bone (i.€) as the density of bone
decreased the stress values at the implant-bone
interface increased, which denote that the values and
distribution of stresses and then the sucsses of dental
implants affected by the properties of bone around the
implants. This result come in agreement with Sevimey
et a (2005)(14), Li Lin C. et a (2005)(15), Li Lin C.
et a (2006)(5).but disagree with Kitamura et a

(2005)study(17) which found that the stresses may

concentrate at the cortical bone more than the spongy
bone.

To study the pattern of stress distribution along the
implant-bone interface, the FE analysis figures shows
that In the first type (cortical bone), the stresses are
uniformly and regularly distributed aong the interface
(i.e) the maximum stress value is at the neck area and
decrease gradually until reach the minimum value at
the apical area, and this coincide with the results of

Yokoyama et a«(2004) (13) and Sevimey et a

(2005)(14),whose found that the maximum stresses in
the cortical bone are at the neck of implants and more

homogenous stress distribution was seen in the entire
bone.

In the second type (dense trabecular bone) and the
third type (low density trabecular bone), the maximum
stresses are mainly concenetrated at the apical area of
implant and un uniformly and irregularly distributed
along the interface, this may come in agreement with
the results of Sevimay et a (2005) study(14)which
found that the trabecular bone was wesker and less
resistant to deformation than other qualities of bone
and when the maximum stress concentration occurs in
trabecular bone, it occurs around the apex of the
implant.

The difference in the stress values between different
bone quality may be due to deference in elasticity
(tablel)and strain(14).

These results having a great benefit in the clinical
applications by instructing the dentist to evaluate
carefully the bone quality before deciding whether the
caseisindicated for implant placement or not.

To complete the evaluations of stresses around dental
implants by finite element method, we performed
another finite element study to evaluate the effect of
implant length and diameter on stress distribution at
the implant-bone interface.

Conclusion:

Within the limitations of this FE study, it can be
concluded that the stress values at the implant-bone
interface are greatly affected by the quality of bone
around dental implants, that is, as the density of bone
isincrease the stress value is decrease. Also, the stress
digtribution aong the implant-bone interface is
affected by the quality of bone, (i.€) as the density of
bone decrease the values of high stresses directed
toward the apex of implant and the stress distribution
at the implant-bone interface become more random
and lessregular.
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Figure (1) LEADER/ITALIA - Fix Type implant

Figure (2) theimplant drawn by 3-D AUTO/CAD
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Figure (3) A 3D finite element model of implant and bone block constructed by ANSY Sfor analysis

Table (1). Material propertiesof dental implant and the three qualities of bone tissues(4)
Material Elastic Modulus MPa Possion’ s Ratio

Titanium Implant 110000 0.35

Cortical Bone 14800 0.3
Dense Trabecular Bone 1850 0.3

Lower Density

Trabecular Bone 231 0.3
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Figure (4) stressvalues and distribution along implant-boneinterface, the bone around implant is
(Cortical bone).
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Figure (5) stressvalues and distribution along implant-bone interface, the bone around implant is (Dense
trabecular bone).
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Figure (6) stress values and distribution along implant-bone interface, the bone around implant is (L ow
density trabecular bone).

O cortical bone

B dense trabecular bone

Olow density trabecular
bone

Figure (7) Diagram showing the stress values of the three bone qualities
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