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INTRODUCTION

Osseointegration has been defined as the
presence of structural and functional bone in
the vicinity of a load-carrying implant. From
a macroscopic and biomechanical point of
view, an implant is  considered
osseointegrated, if there is no progressive
relative motion between the implant and
surrounding living bone and marrow under
functional levels and types of loading for the
entire life of the subject and exhibits
deformations of the same order of magnitude,
as when the same forces are applied directly
to the bone tissue alone. This direct, ankylotic
structural and functional relationship between
bone and the implant without intervening
connective or fibrous tissue could be
confirmed at the light microscopy and
ultrastructural levels. Osseointegrated oral
implants are widely used for the rehabilitation
of the edentulous
patient by means of fixed or removable
prosthesis and show predictably high success
rates in the event certain preconditions are
fulfilled. Albrektsson et al. describe a number
of crucial factors that contribute to the
achievement of osseointegration. Factors
such as a suitable host, biocompatible
material, careful implant surgery following a
specific and strict protocol, and an
appropriate healing time are discussed.
Primary implant stability is one of these
prerequisites  for  achievement  and
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maintenance of osseointegration. Primary
stability depends on the mechanical
engagement of an implant with bone of the
osteotomy. Following implant surgery, this
mechanical stability is gradually replaced by
biologic stability. Transition from primary
stability, ruled by the implant design, to
secondary stability, provided by new bone
formation, occurs during interface healing.
The former is a vital requirement for
successful  secondary stability. Hence,
secondary implant stability is the result of
osseointegration, occurring after formation of
new bone in the area adjacent to the implant.
There is, presumably, a period of time in
which osteoclastic activity decreases the
primary mechanical engagement of the
implant, but simultaneous new bone
generation has not yet occurred to maintain
implant stability. This period, between 2-4
weeks of placement, is referred to as "stability
dip", where the implant would be at high risk
for excessive intraosseous micromotion and
would theoretically be most susceptible to
failure.

Implant stability, an indirect sign of
skeletal tissue integration, is a measure of
clinical implant mobility. While optimum
implant stability refers to lack of "clinical”
mobility, this does not necessarily imply
absence of micromotion or displacement in
any direction at the micro-scale. Implants,
particularly subjected to early and immediate
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functional loading, and indirect (whole-body)
low-amplitude high-frequency biophysical
mechanical stimuli  might experience
"osteogenic” levels of micromovement,
which decrease upon remodeling at the
interface.

The amount of axial/lateral displacement
of a loaded implant can be influenced by
several factors such as its design and the
density of host bone.

At the experimental level, this

displacement can be measured directly by
displacement sensors or may be predicted
means of numeric analysis in a time-
dependent manner. The critical threshold of
displacement  above  which  fibrous
encapsulation and failure of the implant
occurs is probably above 150 um, as generally
interpreted, although there is not any sound
evidence in the context or oral implants.
A freshly-placed and healed implant
experiences intraosseous micromovement
under physiologic load that is reversible due
to elastic properties of the skeletal tissue. As
the direction of loads on an implant may be at
any random direction (axial, lateral, and
rotational), this information obtained may be
used to detect or monitor implant stability in
a time-dependent manner
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invasive methods used to assess implant
stability.

Methods for measuring implant stability
could be divided into two categories;
noninvasive and invasive approaches (Figure
3). Non-invasive methods are presumed not to
jeopardize the bone-implant interface and
therefore, could be used to monitor implant
stability safely in clinical practice to some
extent. Invasive methods, however, depend
on permanent and catastrophic failure of the
bone-implant interface and could be applied
only in experimental studies. At present, no
gold standard exists for  accurate
quantification of implant stability at insertion
and/or during function.

BIOMECHANICS OF THE JAWS

The lower jaw, or mandible, is horseshoe-
shaped and supports the teeth of the lower
dental arch. It has a horizontal portion or body
and two vertical portions or ascending
branches. It does not present bony fixation
with the skull, since it is a mobile bone. It is
situated immediately below the maxillary and
malar bones, and its condyles rest in the
glenoid cavity of the temporal bone as part of
the temporomandibular joint (Ash, 2004)

The jaws, like the rest of the bones, are
made up of dynamic tissue that serves a wide
variety of functions. In addition, they have the
ability to remodel themselves according to the
changes produced by internal and external
stimuli (Martinez and Cerrolaza, 2006;
Duarte et al., 2011). The mechanical function
of bones is to provide protection, Kinetic
connections, muscle attachment cavities, and
support structures, while the physiological
function is defined by cell production and
mineral metabolism. Bone is a material
composed of two phases: an inorganic phase
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of mineral salts and an organic matrix of
collagen and ground substance. The inorganic
component provides rigidity and hardness,
this being 60% of the composition of bone
tissue, composed of hydroxyapatite (calcium
and phosphorus), magnesium, sodium,
potassium and chlorine; while the organic
component provides flexibility and elasticity,
representing 30% of collagen fibers and bone
cells. The remaining 10% in the bone is water
(Castro, 2009).

The bone structure at the microscopic
level, is made up of the Harvesian system,
composed of concentric lamellae (lamellae)
of mineralized matrix, surrounded by a
central canal (Haversian canals), which
contains blood vessels and fibers. nervous
(Sepulveda, 2010).

Macroscopically, bone is composed of
compact and spongy tissue. It can be
considered to be a continuum from a less
porous to a more porous material. Compact or
cortical bone is a highly organized tissue that
provides strength and rigidity to the skeletal
system and has a porosity of approximately 5
to 30%. The osteon (Haversian system) is the
physiological and anatomical unit of compact
bone tissue. Cancellous or trabecular tissue is
weaker, less rigid, and less dense than cortical
bone (Castro, 2009). It is located below the
cortical layer and is composed of a complex
meshwork that forms an internal scaffold that
helps the bone maintain its shape when
subjected to mechanical stress.

Bone classification: The quantity and
quality of bone tissue are the key factors to
analyze and study the bone when planning
and then evaluating the success of a surgical
treatment. Lekhom and Zarb (1985) propose
to classify the bone of the anterior area of the
mandible by its quality based on the existing
bone density, establishing four types: a. Type
1: Most of the bone is compact and
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homogeneous. b. Type 2: A thick layer of
compact bone surrounds a core of cancellous
and densely trabeculated bone. c. Type 3: The
peripheral cortical bone is found as a thin
layer, surrounding a medullary bone of good
density and  trabeculated  (favorable
resistance). d. Type 4: The cortical bone is
very thin and surrounds a core of low-density
trabecular bone (spongy bone of poor quality
and low density).

The amount of bone is assessed based on
existing bone resorption and is classified into
the following five categories:

a. Type A: There is incipient resorption of the
alveolar process. b. Type B: There is
moderate resorption of the alveolar process. c.
Type C: There is marked resorption of the
alveolar process. d. Type D: The alveolar
process has disappeared, beginning to exist an
incipient resorption of the basal bone. and.
Type E: This is the extreme case in which
there is already marked resorption of the basal
bone. Misch (2007) states that cortical and
trabecular bone throughout the body
undergoes constant modification through
modeling or remodeling. The modeling has
independent sites of formation and resorption
and results in the change in shape or size of
the bone. The availability (amount) of bone in
the edentulous area is especially important in
implantology as it influences the selection of
the implant to be used and the success of the
treatment. Bone density is also determinant
for both important factors of therapeutic
planning and surgical technique, number of
implants to be placed and estimated healing
time. A significant increase in the failure rate
of implant treatments performed in porous or
low-density bone has been reported, up to
35% of early failures in D4 bone (Tada et al,
2003). To compensate for the complications
presented in porous bone, it is recommended
in these cases to place a greater number of
implants or to select implants with a larger
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contact surface with the bone. According to
Misch (2007), for a given volume of bone, the
surface area of the implant must be optimized
to receive the functional loads of mastication.
In this way, Functional surface area is defined
as the area of the implant that actively serves
to dissipate compressive and tensile loads
toward the bone-implant interface to provide
initial stability after implant placement
surgery. On the other hand, the total surface
area of an implant includes a passive area that
does not participate in load transfer. For
example, spray surface treated and plasma
coated implants report over 600% greater
total surface area; however, the area that is
actually exposed in contact with the bone to
compressive and tensile loads may be less
than 30% of the total surface area. The rate of
remodeling or bone turnover is the period of
time necessary for the new bone to replace the
existing bone, allowing it to adapt to the
surrounding environment, for example the
placement of a dental implant. The rate of
bone remodeling has also been expressed as a
percentage or volume of new bone in a
specific period of time. Compact bone forms
at a rate of 1 to 5 um each day. There is a
greater risk of failure in the face of a high rate
of remodeling because the bone formed in
these cases is usually less mineralized, less
organized and weaker at the interface with the
implant. Four months after implant
placement, it is considered that the bone
maturation phase in the healing zone near the
implant has allowed the deposition of 70% of
the mineral material by osteoblasts; the
remaining 30% of mineralization occurs
during the following eight months. There is a
direct relationship between mineral density
and bone age. The greater bone
mineralization, the greater bone rigidity and
greater resistance to forces in the area of
contact with the implant. Once the receiving
bone of an implant has healed or matured (the
implant has osseointegrated) and begins to be
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subjected to functional chewing loads, a
process of bone remodeling occurs again as a
consequence of the influence of the local
stress environment.

Mechanical properties of bone

Bone is a complex, elastic, anisotropic and
heterogeneous material. In 1882, Wolf was
the first to present the theory that bone adapts
its material structure depending on the loads
to which it is subjected.

Cortical bone behaves depending on the
type of mechanical test to which it is
subjected. According to experimental tests
carried out on bone (Yuehuei, 2000), the yield
strength and  Young's modulus for
compression tests are within an established
range between 130 to 295 MPa and 14.7 to
34.3 GPa, respectively. Trabecular bone
deforms in flexion or in axial deformation
depending on the type of anatomical force
acting on it. When the deformation is strictly
axial, the structure is rigid and resists high
compressive forces, but when the primary
deformation mechanism is bending, the
trabeculae  have  undesirable  impact
absorption properties. According to the
experimental data of several researchers
(Goldstein, 1987), the value of creep and of
Young, they are in ranges between 1.5 to 38
MPa and 10 to 1570 MPa, respectively.
Because bone is not an inert material, it
undergoes substantial changes in its internal
structure and composition over time, which is
why age influences its mechanical properties.
4.2 Loads applied to implants Some of the
force factors that affect restorations on
implants are related to the particular condition
of each patient. These factors include the
force of the bite (force of occlusion), the
presence or absence of parafunction, the
thrust and size of the tongue, the position of
the restoration within the arch, the condition
and structure of the opposing arch, and the
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height available for crown(s) (prosthetic
restoration on implants). Occlusion is defined
as the contact relationship of the teeth in
function or parafunction. The duration of the
masticatory forces acting on the dentition
varies greatly. Under ideal conditions, the
teeth only come into contact briefly when
eating and swallowing. These brief contacts
total less than 30 minutes per day (Misch,
1999). According to Ash (2004), the average
time we invest in each meal is 15 minutes and
the frequency for the masticatory cycle
(mandibular opening and closing movement)
is approximately 1 Hz (sixty cycles per
minute). The magnitude, frequency and
duration of occlusal loads can vary
significantly depending on the age, gender of
the patient, degree of edentulism, area of the
mouth and presence or absence of
parafunctional habits (dental clenching or
bruxism) (Bakke et al ., 1990; van Eijden,
1991; Dean et al., 1992; Braun et al., 1996).
The area of the mouth that performs the most
occlusal work is the one located in the
premolars and molars (Ash, 2004). The
availability of bone and the height or
thickness of the prostheses on the implants
influence the behavior and longevity of these
treatments, generating a lever action against
any lateral load . When the height of the bone
has decreased, it is recommended to place
more implants and reduce the free ends or
cantilever (Misch, 2007). generating lever
action against any lateral load (Figure 4.6).
When the height of the bone has decreased, it
is recommended to place more implants and
reduce the free ends or cantilever (Misch,
2007). generating lever action against any
lateral load (Figure 4.6). When the height of
the bone has decreased, it is recommended to
place more implants and reduce the free ends
or cantilever (Misch, 2007).

Forces from the tongue and perioral muscles
can generate low but frequent horizontal
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loads on implanted abutments. These loads
can be of greater magnitude if there are
parafunctional habits or if the patient pushes
with the tongue. On the other hand, the
placement of non-passive (screw-retained)
prostheses on the implant body can generate
mechanical loads that act on the abutment,
even when there are no occlusal loads (Braun
et al., 1995; Bakke et al., 1990). . According
to the characteristics and differences between
the maxillary and mandibular bone, Misch
(2007) recommends in cases of lower total
edentulism, placing at least 5 implants for
cases of fixed prosthesis, taking into account
that the bone in the posterior area is
reabsorbed four times more than in the
previous zone. In the case of the maxilla, it
should be considered that the posterior area is
the least predictable for implant survival due
to its insufficient bone density and the
occlusal loads that tend to be received there
(Danza et al., 2009). Reducing the efforts in
cases of spongy and less dense bone is more
important since the stress resulting from the
difference in elasticity between the implant
and the bone is reduced and because this type
of bone has less resistance to fracture. There
are three predominant load axes in dental
implantology: mesiodistal, buccolingual and
occlusoapical. Occlusion is the first
determining factor in determining the
direction of the load.

Types of Forces

Compressive forces tend to maintain the
integrity of the bone-implant interface, while
tensile and shear forces tend to separate or
disrupt that interface (Misch, 1990). The
design of the implant body transmits the
occlusal load to the bone. Threaded or winged
implants exert a combination of all three types
of force on the interface under the action of a
single occlusal load. This "conversion™ of one
force into three different types of force is
entirely controlled by the geometry of the
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implant. Cylindrical implants are at high risk
of being affected by shear forces acting at the
implant-tissue interface when receiving
occlusal loads. As a consequence, they
require a coating that allows them to
withstand the shear force at the interface,
through a more uniform bond to the bone
throughout the entire length of the implant.
Non-axial loads acting on restorations give
rise to moment loads (bending) and as a
consequence, there is often an increase in the
tensile and shear force components (Figure
4.8). Because the bone is less resistant to
these latter forces, the risk to the bone is
increased. As the angle between the implant
body and the load increases, the stresses on
the entire crown-implant-bone system also
increase Cantilever  multi-abutment
restorations exert a very complex loading
profile on the prosthesis and the bone-implant
interface. The force applied to the cantilever
area is doubled on the implant farthest from
it. The implant closest to the cantilever
receives the full tension of both forces. 4.2.2
Stresses The way in which a force is
distributed on a surface is known as
mechanical stress. The internal stress that a
dental implant system can develop in the
surrounding biological tissues under the
effect of a load can have a significant
influence on the longevity of the treatment.
As a general rule, the goal of planning an
implant treatment is to distribute the
mechanical stress on the implant system and
the supporting bone. The magnitude of the
stress depends on two variables: the
magnitude of the force and the cross-sectional
area in which the force is dissipated. The
magnitude of the force can rarely be
controlled by the dentist; however, shortening
a cantilever or the height of the crown, the
indication of muscle-relaxing  splints,
materials that reduce the impact of occlusal
forces, overdentures instead of fixed
prostheses (which can be removed at night),
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are examples of techniques and strategies for
force reduction. The functional load surface
can be controlled more easily through proper
treatment planning. The functional cross-
sectional area is defined as the area that
significantly participates in load bearing and
stress dissipation. This area can be optimized
by increasing the number of implants in the
edentulous area and selecting an implant
design and geometry that maximizes the
functional cross-sectional area. The stress
components are described as normal
(perpendicular to the surface) and shear
(parallel to the surface). One normal and two
shear stresses act in each plane. The
maximum stress occurs when the stress
element is located or positioned in a particular
orientation (or geometric configuration) in
which all shear components are zero. 4.2.3
Stress-strain A load applied to a dental
implant can induce deformation in the
implant and surrounding tissues, which can in
turn initiate remodeling activity. Strain-
related stress is a decisive factor in bone
activity. All materials are characterized by
having a maximum elongation or elasticity,
before reaching permanent deformation or
fracture. One normal and two shear stresses
act in each plane. The maximum stress occurs
when the stress element is located or
positioned in a particular orientation (or
geometric configuration) in which all shear
components are zero.

Stress-strain

A load applied to a dental implant can
induce deformation in the implant and
surrounding tissues, which can in turn initiate
remodeling activity. Strain-related stress is a
decisive factor in bone activity. All materials
are characterized by having a maximum
elongation or elasticity, before reaching
permanent deformation or fracture One
normal and two shear stresses act in each
plane. The maximum stress occurs when the
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stress element is located or positioned in a
particular  orientation  (or  geometric
configuration) in which all shear components
are zero. Experimental observations have
shown that lateral stresses accompany axial
stresses when an object receives an axial load.
In the elastic range, these two stresses are
proportional and this ratio of proportionality
is called Poisson's ratio.

Stress-Strain Relationship

A relationship is necessary between the
applied force that is imposed on an implant
and supporting bone and the subsequent strain
and stress experienced throughout the entire
system. If an elastic body is experimentally
subjected to an applied load, a relationship
between force and strain (elongation) is
generated. If the load values (force) are
divided by the surface area on which they act
and the change in length by the original
length, the classic stress-strain curve is
obtained. This curve predicts how much stress
will be experienced in a given material, given
a specific value of applied load or force. The
slope of the linear portion of the curve is
called the modulus of elasticity and its value
is related to the stiffness of the material. The
closer or similar the modulus of elasticity of
the implant and the bone, the less tendency for
relative movement at the interface. Cortical
bone is at least five times less stiff than
titanium. As the magnitude of the stress
increases, the relative difference in stiffness
between bone and titanium increases. At
lower stress magnitudes, the difference in
stiffness is reduced. Once a particular dental
implant system is chosen, the only way for the
dentist to control the deformation
experienced by the tissues is by controlling
the applied stresses or by changing the density
of the supporting bone. These loads can be
influenced by the design and size of the
implant, the number of implants to be placed,
their angulation and the prosthetic restoration.
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Bone grafting procedures can increase the
quality and quantity of bone and allow the
placement of longer implants that have a
larger contact surface. Stresses are also
influenced by the size of the occlusal surfaces
of the prosthetic restoration, attachments or
stress-breaking  designs, the use of
overdentures instead of fixed prostheses, and
the design of occlusal contacts. The greater
the magnitude of the stresses applied in a
dental implant system, the greater the
difference in deformation between the bone
and the implant and the possibility of the
formation of fibrous tissue at said interface
will increase. Decreasing efforts in cases of
spongy and less dense bone is more
important, since the tension resulting from the
difference in elasticity between the implant
and the bone is reduced and because this type
of bone has a lower resistance to fracture
(Misch, 1999).

Impact loads

When two bodies collide in a very short
space of time (fractions of seconds), large
reaction forces are generated. This type of
collision is called an impact. In dental implant
systems subjected to occlusal loading,
deformation of the prosthetic restoration may
occur in the implant itself or in the bone. The
nature of the relative stiffness of all
components of the implant system largely
controls the response to impact loading. The
higher the impact load, the greater the risk of
failure for the implant, for the prosthesis and
for the bone.

Implants generate a greater impact force at the
interface with the occlusion, compared to
natural teeth that have the periodontal
ligament that acts by absorbing part of the
load. Soft-tissue supported dentures have the
lowest impact force because the gingival
tissues are elastic.
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Failure criteria in implant systems

To analyze the response of a mechanical
device, criteria must be established regarding
the failure of the material, which will make it
possible to estimate the effects of the state of
stress in said material. The Von Mises
criterion is a generalized theory that contains
both principal and shear stresses that must be
considered in a multiaxial state of loading.
Various researchers (Kayabasi et al., 2006)
apply the Von Mises criterion in the area of
dental implantology, due to the types of loads
imposed on the prosthetic devices. Von Mises
Criterion - is based on the calculation of the
deformation energy in a material subjected to
stress, that is, associated with changes in the
shape of said material. According to this
criterion, a structural component will not fail
as long as the maximum value of the strain
energy per unit volume, in said material, is
less than the strain energy per unit volume
required to make a specimen of the same
material flow. under tension (yield stress of
the material) (Anusavice, 2004). In the case
of a general stress state, the Von Mises
criterion is expressed by the condition: 2cy2
> (ca — ob)2 + (ob — oc )2 + (oc — 6a)2 This
expression indicates that a given stress state is
safe if the coordinate point defined by the
principal stresses ca , ob , oc , is located
within the surface defined by the equation:
(ca—ob)2 + (cb—oc )2 + (oc — 6a)2 = 20y 2.
It can be verified that this surface is a cylinder
with axes of symmetry that make equal angles
with the three principal stress axes. This
criterion is usually used in numerical models
to identify the critical areas or the areas with
the greatest mechanical stress and has been
used in the area of implantology, due to the
type of loads imposed on the prosthetic
devices (Kayabasi et al., 2006).

Fatigue in implantology

50

If forces with a relatively low magnitude
are applied repeatedly over a long period of
time, Fatigue failure of the implant or
prosthesis may occur. Fatigue is the decrease
in the mechanical resistance of materials
when subjected to repeated efforts. It is the
failure of a material subjected to variable or
alternating loads, after a certain number of
load repetitions (cycles) (Anusavice, 2004).
For implantology, there is the international
standardized standard ISO 14801 (2007),
which establishes a method to perform the
fatigue test on an endosseous dental implant
and its  premanufactured  prosthetic
components, being useful for comparing
different types of design and configurations.
The 1SO standard is established primarily to
reproduce the in vitro behavior of the implant
under extreme functional loads. The standard
states that an implant system must withstand
at least 5x106 cycles with loads less than 15
Hz or 2x106 cycles with a frequency equal to
or less than 2 Hz. The fatigue results obtained
from the implant device are carried out under
load cyclic with constant amplitude. Unlike
an SN diagram, a curve is shown where the
alternating force is a function of the number
of failure cycles in the system If an implant is
subjected to extremely high loading, it will
only be able to withstand a few loading cycles
before it fractures. The stress level below
which the implant can be subjected to load
cycles indefinitely is called the strength limit.
Titanium alloys exhibit a higher strength limit
compared to pure commercial titanium.

The areas where an implant system tends to
fail are found mainly in the body of the
implant (in its first threads) and in the union
screw, below the screw head (lglesia and
Arellano, 2001). In the fatigue theory, the
crack generation process produces a rupture
of the piece by applying a sufficient number
of cycles. The number of cycles will depend
on several factors such as the applied load,
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manufacturing process, residual stresses,
grooves, etc. Although an answer that fully
explains fatigue has not been found, it can be
accepted that fracture due to this phenomenon
is due to plastic deformations of the structure
in a similar way to what occurs in
unidirectional deformations produced by
static loads, with the fundamental difference
that that under cyclic loads residual
deformations are generated in some crystals.
In this sense, Figure 4.14 shows the two types
of loads that can generate failure and
imminent breakage in a mechanical device.

According to Misch (2007), four factors
influence the fatigue of dental implants:
biomaterial, macro  geometry,  force
magnitude and number of cycles. The
geometry of the implant influences the degree
to which it can resist bending and torsional
loads. The implants do not usually present
fracture due to fatigue due to axial loads. The
geometry of an implant and the thickness of
the material influence the fatigue behavior. A
material twice as thick on its walls is sixteen
times as strong, so small changes in thickness
make a significant difference. When the
forces exerted are reduced or controlled, the
risk of system fatigue is also reduced. The
magnitude of the load can be decreased by
considering the position of the restoration on
the arch, eliminating moment loads and
increasing the surface area available to resist
forces. Fatigue failures are also minimized by
reducing the number of loading cycles, which
is best achieved by reducing the occlusal
contacts of the prosthesis and/or controlling
parafunctional habits (Misch, 2007). Several
dynamic loading configurations can be
deduced. However, within them there is a
very characteristic one that, due to its
descriptive simplicity (in the mathematical
sense), will be the one used in fatigue failure
analysis models. The type of forces and/or
periodic stresses can have different cases:
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axial (tensile or compressive), flexural or
torsional.

It is clear that the most elementary form of
representation of this type of loads can follow
a sinusoidal behavior. A, C and B are
constants that depend on the condition and
characteristics of this type of stress.
o(t)=A.Sin[Ct]+ B...

Whether it is this equation or another much
more complex one, in the generic expression
to calculate cyclic stresses the following
notable stresses can always be distinguished:
a) Stress maximum: omax b) Minimum
effort: omin

Based on the two previous ones, the following
entities can be defined average stress and
alternating stress and stress range: it is the
difference between the maximum and
minimum stress Ratio R: it is the relationship
between the minimum stress a maximum,
amplitude ratio: it is the ratio between the
alternating stress and the average stress

According to the values four characteristic
cases can be presented: 1) Completely
alternating “Full reversed”: it is verified when
it is true that c m = 0 and RS = -1, o m 2)
General Case or non-zero average effort: all
the equations have a value different from
zero. 3) Traction button: is verified when that
is true. 4) Compressive pulsating: It is
verified when it is fulfilled, according to the
values of equations

Since the mid-nineteenth century, a system of
analysis of the design at rupture over time has
been used, known as "fatigue life", Wohler
curve or SN curve, characterized in that the
alternating stress is the main parameter of the
fatigue life. and because it occurs under
conditions with a high number of cycles (high
number of cycles before failure and small
plastic deformation due to cyclic loading).
However, what is of interest are the limits for
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a given component and not a specimen, so it
is necessary to correct or modify the Wahler
diagram by means of so-called fatigue limit
modifying factors. These factors will cause a
reduction in the fatigue strength values with
respect to those of the specimen. In the
absence of more precise data, it is usual to
determine the Wohler diagram from two
points between N=103 and N=106 cycles,
performing a linear interpolation between
both values already corrected (with respect to
the specimen). That is, the fatigue resistance
limit for a given component is determined
from the product of the following
coefficients:  Ka:  Surface  condition
modification factor. Kb: Size modification
factor. Kc: Load modification factor. Kd:
Temperature  modification factor. Ke:
Reliability factor. Kg: Modification factor of
various effects. After knowing the behavior of
the load in the system and analyzing the life
of the mechanical device, it is proposed to
analyze the design of the dental implant by
means of failure criteria. By means of
alternating stress versus mean stress
diagrams, a graph containing the criteria:
Goodman, Soderberg, Gerber and Yield line
can be constructed. This diagram allows
analyzing the behavior of the mechanical
element under loads, dependent on time.
After knowing the behavior of the load in the
system and analyzing the life of the
mechanical device, it is proposed to analyze
the design of the dental implant by means of
failure criteria. By means of alternating stress
versus mean stress diagrams, a graph
containing the criteria: Goodman, Soderberg,
Gerber and Yield line can be constructed.
This diagram allows analyzing the behavior
of the mechanical element under loads,
dependent on time. After knowing the
behavior of the load in the system and
analyzing the life of the mechanical device, it
is proposed to analyze the design of the dental
implant by means of failure criteria. By
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means of alternating stress versus mean stress
diagrams, a graph containing the criteria:
Goodman, Soderberg, Gerber and Yield line
can be constructed. This diagram allows
analyzing the behavior of the mechanical
element under loads, dependent on time.

Biomechanics of the tooth vs. biomechanics
of the implant

Thanks to the periodontal membrane, the
forces are distributed around the tooth, the
relative tooth mobility dissipates the lateral
forces and if radiographic changes related to
the force are observed, they can be reversible.
On the other hand, in the case of the implant,
because it is rigidly attached to the bone, the
force is directed fundamentally at the bone
crest; if there is mobility, it is directly related
to failure and the radiographic changes are
irreversible . Regarding the biomechanical
design, the cross section of the tooth is related
to the direction and amount of force and its
elastic modulus is similar to that of the bone,
while the cross section of the implant is
always round designed for surgery and its
elastic modulus is 5 to 10 times greater than
that of cortical bone (Misch, 1999). The
peripheral and inner sensory complex of the
tooth causes occlusal trauma to cause
hyperemia and sensitivity to cold, and
proprioception  causes the  maximum
masticatory force to be reduced. There are no
sensory nerves in and around the implant,
therefore there are no precursors to the onset
of occlusal trauma, and because perception is
two to five times less, the maximum
functional force is usually greater. Signs of
wear can be seen on the tooth enamel. erosion
and depressions (sign of excess forces), while
in the porcelain of the usual restoration on the
implant no initial signs of force are observed.
Surrounding the tooth is cortical bone that is
usually more resistant to change, while the
bone surrounding the implant is usually
trabecular (permissible to change) (Misch,
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2007). Due to these differences in the
behavior of a tooth and an implant, Misch
(2007) establishes some guidelines or main
criteria to be able to join or splinting implants
to teeth through a prosthesis. For example,
there should be no observable clinical
mobility in the abutment tooth and the
prosthesis should not be subjected to lateral
forces, since the success of the implant
treatment depends, in part, on the alignment
between the force and the long axis of the
implant. It is not recommended to connect
implants to anterior teeth, because the latter
usually present greater physiological clinical
mobility than the implant can tolerate and the
lateral forces applied to the restoration during
mandibular excursions are transmitted to the
natural tooth and to the abutments. implants.
When the prospective implant exhibits
clinical horizontal movement or presents
conditions that promote horizontal forces on
the abutment tooth, two options may be
selected for the final prosthesis: place more
implants and avoid the inclusion of natural
abutments in the final prosthesis or improve
stress distribution , splinting more natural
abutments (Misch, 2007). because the latter
usually  present clinical physiological
mobility greater than that which the implant
can tolerate and the lateral forces applied to
the restoration during mandibular excursions
are transmitted to the natural tooth and to the
implant abutments.

CONCLUSIONS

During the developmental phases of dental
implantology, it was believed that in vitro
experimental biomechanical studies would
primarily serve as a guide to clinical
applications,and planning of prosthesis would
be required to remain within these
boundaries. Nevertheless, a  better
understanding of biological tissues gained
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through animal studies and long term results
from clinical studies aimed at evidence-based
dentistry applications have helped us
understand the limitations of in vitro
experimental studies. For this reason, efforts
should be made to integrate results from
animal and clinical studies into experimental
studies as much as possible. Thus verified in
vitro models together with the results
obtained from studying various conditions
will, in turn, give results with higher validity.
Although efforts to create experimental
conditions  similar  that mimic the
physiological medium for dental implants
continue to increase, results from these
studies will be mostly limited to the
functional region. Due to differences in the
criteria used to evaluate results from the
aesthetic region versus the functional region,
there will not be much contribution by
preclinical studies towards the planning of
implant supported fixed partial prosthesis for
the aesthetic region. The topic of utmost
importance, in light of information gleaned
from preclinical biomechanical studies aimed
at clinical application, is the definition and
designation of the effects, on the peri-implant
tissues, of the forces applied the implant
supported fixed partial prosthesis under
normal conditions in the living tissues.
Preclinical studies should be expected to
provide information about the normal,
increased, and extreme forces for implant
supported fixed prostheses and what the
effects of these forces are on the tissues
occupying the pre-implant region. If progress
is made in this topic, preclinical studies can
then effectively direct clinical applications.
At present, biomechanical-based preclinical
studies are limited to serving as the
infrastructure for clinical evaluations to be
made in clinical applications.
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