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SUMMARY

The human masticatory system is special because apart from a larger amount of muscles than de-
grees of freedom its joints do not restrict its movements a priori. Therefore, each muscle is able to
influence all six degrees of freedom which makes the system kinematically and mechanically indetermi-
nate. Furthermore, its working space is principally determined by the dynamical properties of its muscles
and not by passive constraints. It is concluded,  that active and passive muscle tensions through occlu-
sion and condylar surfaces are in a state of dynamical 3D equilibrium. During evolution the masticatory
system assumed  a number of structural elements designed to stabilize the dental arches to withstand
powerful mastication forces which consist of different vectors. Moreover, the perfect correlations exist
between occlusal stability and elevator muscle function, which are based on feedback mechanisms from
periodontal pressoreceptors.The perfect geometry of the occlusal surfaces and dental arches jointly with
well-balanced occlusion, solid proximal dental contacts and structure of the periodontal ligament guaran-
tee physiologically acceptable distribution and compensation of the mastication forces, thus ensure long-
lasting functioning of the teeth. This ideal from a functional viewpoint system may be damaged due to
periodontal disease or partial dental loss. Restoration of the functional integrity of the dental arch is one
of the most relevant problems in clinical dentistry. Functional equilibrium in and between the dental arches
guarantee balanced functional stimulation of the masticatory apparatus and contributes to its harmonious
development and maintenance.
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The human masticatory system is a typical example of
a kinematically and mechanically indeterminate system. Two
segments, the mandible and the skull, are able to move with
respect to each other. These movements are guided by two
mutually linked temporomandibular joints. In each joint a
mandibular condyle articulates incongruently with the ar-
ticular surface of the temporal bone. The articular capsule is
slack. Due to this construction both joints allow for move-
ments with six degrees of freedom [1]. Consequently, jaw
movements are not limited to rotations about one or more
axes defined by the joint [2]. If the joint surfaces are as-
sumed to be undeformable and maintain contact all the time,
the mandible still is able to move with four degrees of free-
dom. Jaw movements can be defined by the three-dimen-
sional path traveled by the lower central incisor [3]. This
can be accomplished in various ways with the system that
is able to move with at least four degrees of freedom. Jaw
movements are accomplished by a large number of mastica-
tory muscles. The majority is relatively short with large at-
tachment areas. While these muscles can be activated het-
erogeneously [4], each muscle is able to influence more than
one degree of freedom [5]. All muscle portions together gen-
erate a resultant force and torque (six degrees of freedom)
with respect to the centre of gravity of the lower jaw [6]. The
distribution of the forces and torques necessary to perform
any movement over the different muscle portions is not a
priori established. Consequently, the masticatory system is
kinematically and mechanically redundant.

Since we are dealing with a dynamic system and since
the functions of mastication, deglutition, speech, respira-
tion and postural maintenance depend in a large measure on
the movement of the mandible and its relationship to the
stable cranial and facial base, knowledge of the working of
the temporomandibular joint is important.The principal task
of the temporomandibular joint is to enable the jaws to move.
The tensions and deformations it experiences during these
movements are likely to play a crucial role in the balance
between function and dysfunction [7]. Displacements of
the condyle along the articular surface of the skull and per-
pendicular to it  are caused not only by the masticatory
muscles and chewing loads, but also by the joint reaction
force, which is the direct result of the local tensions in its
cartilaginous structures. When the joint is loaded, the
condyle will move more closely to the articular eminence
than when it is not [8]. This dynamic balance prevents condy-
lar surfaces from being damaged during function.

The biomechanics of the human mandible can be ex-
plained by a complex support model, where muscular forces
are produced by the masticatory muscle, and reaction forces
are produced by the occlusal surfaces and condyle. It is
concluded,  that muscular forces through occlusion and
condylar surfaces are in a state of dynamical 3D equilibrium
[9]. Generally, the working space of musculo-skeletal sys-
tems is defined by constraints applied through joint con-
struction [10, 11]. The action of the muscles is generally
described by a torque about one or more joints [12, 13]. In
contrast, in the human masticatory system the working space
is not primarily constrained by passive structures, but by
limitations for force production of its muscles and the ac-
tion of the muscles cannot be described by a torque about
its joints. It is evident that the muscles are the dominant
determinants of jaw movement. The effects of articular forces
must be taken into account, especially if the joints are loaded
asymmetrically. The muscles not only move the jaw but also
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maintain articular stability during midline movements. Pas-
sive structures, such as the ligaments, become dominant
only when the jaw reaches its movement boundaries. These
ligaments are assumed to prevent joint dislocation during
non-midline movements [14]. The muscular forces, which
during clenching act on the jaw, along with the necessary
force level for chewing, also act as some kind of stabilizers
of the mandibular condyles preventing dislocation and load-
ing of nonarticular tissues.

Human jaw motion is controlled by three pairs of ana-
tomically heterogeneous closing muscles, and at least two
pairs of depressors [15, 16 and 17]. As active tensions change
with the length and shortening velocity of muscles, and as
passive tensions increase when muscles stretch beyond
their optimal lengths, the jaw’s opening and closing move-
ments take place in an environment of constantly changing
forces. Active and passive muscle tensions contribute to
the jaw’s resting posture. The low levels of reflex or volun-
tary electrical activity recorded during postural rest, and as
the jaw is raised to dental contact [18, 19, and 20] imply that
passive elevator-muscle forces (and perhaps other soft-tis-
sue forces) might be principally responsible for maintaining
the resting jaw at its normal 2–3 mm interincisal separation.
An alternative possibility is that passive muscle tensions
support the jaw at a more open position (e.g. 12 mm), with a
small amount of tonic (and fluctuating) elevator postural
activity being needed to raise the jaw to its normal interincisal
separation in the alert individual. In this case, the jaw would
be expected to fall further open during sleep or in other
unconscious states. The different optimal muscle-fibre
lengths required for these two possibilities would mean dif-
ferent patterns of passive tensions during other, more dy-
namic, jaw functions such as opening and chewing [21].
Moreover, the normal, resting jaw position is most likely
maintained not only by passive muscle tensions, but also
by low-grade, active tensions in the closing muscles of the
alert individual [22]. The passive muscle-tension properties
are assumed to be optimized for multiple functions. Move-
ments of the mandible are regulated by active muscle ten-
sions generated by contracting muscle fibres, and also by
multiple passive forces. They include the jaw’s inertial forces,
tendon and muscle-fibre stretch tensions, damping forces,
gravity (9800 mm/s2, perpendicular to the occlusal plane),
plus reaction forces at the joints, bite points and bolus.  The
combined effect of the active and passive muscle tensions,
plus the biomechanics of the system, produce bilaterally
symmetrical condylar reaction forces [23].

 Active tensions of jaw closing muscles produce strains
defined as maximum bite force. Masticatory force, operating
upon plane with complex geometrical surface (that are oc-
clusal surfaces of the teeth) is defined as functional bite
force. Value of the bite force depends on two factors: the
force of the mastication muscles and reciprocal system which
controls mastication forces via pressoreceptors of the peri-
odontal ligaments. The neuromuscular regulatory system is
designed to control the biting strength so as not to exceed
the critical limit of the load-bearing capacity of the peri-
odontal tissues. The fact that the periodontal ligament and
the periosteum of the alveolar bone are rich in both mecha-
noreceptors and nociceptors support this idea [24]. With
reference to literary data may be said that regular value of
the static bite force ranges from 100 to 1000 N, while dy-
namic or functional force ranges from 3.5 to 350 N [25].The
mean maximal bite force registrations among Europeans and
Americans is in the range of 600–750 N [26], while func-
tional masticatory forces are much lower (about 60–100 N)
[27].

To compensate such powerful forces nature created
system of the dental arches. Intact dental arch behaves as
solid functional unit. Three principal factors determine opti-

mal distribution of occlusal force on the dental arch: proper
occlusal contacts, solid proximal dental contacts and struc-
ture of the periodontal ligament [26].

Understanding the nature of occlusal contacts is im-
portant for the better  diagnosis and treatment of
stomatognathic diseases [28]. Occlusal equilibrium in the
intercuspal position especially, is of great importance. In
this position, most tooth contact occurs during mastication
[29] and the jaw closing muscles are capable of exerting the
maximum masticatory force [30, 31 and 32]. Definitions of an
“ideal” occlusion of the teeth in clinical dentistry usually
specify even, simultaneous and bilateral tooth contacts in
the intercuspal position. These are assumed to provide a
balanced distribution of occlusal force [33]. The number of
contacts during habitual biting can vary according to the
biting pressure [34]. However evenly distributed they ap-
pear to be, simultaneous tooth contacts made during ha-
bitual clenching or tooth-tapping do not necessarily mean
that forces on the teeth are also distributed evenly. The
dentoalveolar tissues and supporting skeleton do not form
a rigid system when acted upon by the jaw muscles, and
differential tooth loads are possible despite apparently “bal-
anced” tooth contacts. The maximum forces developed be-
tween the molar teeth are larger than those between incisors
[35, 36]. When recorded between isolated pairs of antago-
nistic teeth, these forces increase progressively in a non-
linear but monotonic manner as the bite point moves poste-
riorly [37, 38]. This distribution can be explained biomechani-
cally, since the mandible functions as a class III lever, and
the tension vectors produced by isometric contraction of
the jaw-closing muscles lie between the mandibular condyles
and the dental arch [39, 40]. To maintain static equilibrium,
reaction forces produced at isolated bite points must in-
crease progressively the closer the bite point is to the active
muscle group. In addition to the lever effect, however, forces
on the teeth are influenced by the strength and pattern of
muscle contraction. Like dental lever arms, muscle tensions
change with the bite point. Different muscles, each with a
level of contraction specified by the central nervous sys-
tem, are associated with tooth clenching at a particular site.
Thus, the use of anterior bite points requires less contrac-
tion in fewer muscles than does biting on more posterior
teeth [41, 42]. The physical need to maintain static equilib-
rium during clenching and the physiological constraints
provided by periodontal sensory feedback (which regulates
the bite force a given tooth can tolerate) together shape
muscle contraction patterns.

The human periodontal ligament (PDL) stabilizes the
tooth in bone and provides nutritive, proprioceptive, and
reparative functions [43]. It is composed of collagenous fi-
bers and a gelatinous ground substance including cells and
neurovascular tissue. Under excessive pressure, as part of
the self-protective features of the dentition, the periodontal
and/or pulpal receptors induce negative feedback on the
activity of the jaw elevators [44]. Biomechanically, the liga-
ment demonstrates nonlinear viscoelasticity [45, 46, 47 and
48]. The biomechanical properties of alveolar bone and the
periodontal ligament significantly influence bite force and
the stress-bearing capabilities of the jaw [49]. Since the
modulus of elasticity of the periodontium (approximately 2
to 3 MPa) [50, 51] is much less than that of mandibular cor-
tical bone (approximately 10 to 20 GPa) [52], the maximum
compressibility of the periodontal ligament will reach its limit
prior to that of the mandibular cortical bone. During clench-
ing, the molar teeth can resist more compression than the
anterior teeth, due to their larger periodontal areas. In addi-
tion, the molar region of the mandible experiences more com-
pressive load than the anterior region, due to the proximity
of the masseter and the medial pterygoid muscles. Further-
more, some changes in bite force ratio could occur due to
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the influence of muscle co-activation and changes in the
direction of muscular force [44]. Direction of force resulting
from a given occlusal load is also important. Forces trans-
mitted in an axial direction are best withstood. Horizontal
forces are not tolerated as well as vertical forces and can
cause bending of the tooth, thus creating compressive and
tensile stresses [53].

Under physiological conditions, teeth are aligned in
the jaw forming an arch. Adjacent proximal

surfaces of the crowns are usually in contact with one
another. During mastication, forces are exerted on the teeth
from the antagonist and through the food bolus. These
forces can be exerted in different directions and are trans-
mitted to adjacent teeth and periodontal ligaments. This re-
distribution of forces provides an efficient mechanism for
protecting the teeth and the periodontium against trauma.
Furthermore, these forces result in physiological tooth move-
ments following the different components of force. Teeth
are not only intruded into the alveoli, but are also tipped
mesially and moved against one another. This gliding move-
ment between proximal contacting surfaces of enamel re-
sults in wear and the development of a proximal contact
area. The size, location and shape of these proximal contact
areas depend on the anatomical surface contours of the two
adjacent proximal surfaces, and whether they are on the
mesial or distal aspects of the teeth. The proximal contact
also plays an important role in protecting the periodontium
against damage due to food impaction. The morphology of
the area between the marginal ridges on the occlusal aspect
of adjacent contacting teeth functions similar to a trans-
verse fissure of a molar [54], deflecting the food to the buc-
cal and/or lingual aspects of the teeth during chewing. If the
proximal contact is strong enough to resist separation dur-
ing the chewing action, food impaction will not occur. This
resistance against separation is defined as proximal contact
strenght. The viscoelastic properties of the periodontal liga-
ment allows minute interdental displacements to occur. Un-
der function, the teeth move in different directions accord-
ing to the force vectors. Vertical components result in an
intrusion into the alveolus, whereas horizontal forces result
in primarily mesial dislocation. The mesial component is
transmitted through the proximal contact over several teeth,
following an exponential decay function [55]. It was postu-
lated that the force transmission might cross the midline
and end on the contralateral side in the canine area. How-
ever, the forces acting on the teeth should not be discussed
in isolation. The alveolar bone, especially that of the man-
dible, has been shown to deform under function [56, 57 and

58]. Clenching between posterior teeth on the working side
seems to induce tooth movement on the balancing side [57].
It is concluded that proximal contact strenght changes due
to chewing, what might be explained by the combined effect
of tooth intrusion and mandibular deformation. Time of day
changes seem to be different from the changes due to chew-
ing and could be explained by a fatigue behavior of the
periodontal ligament. The proximal contact strenght, there-
fore, is not a static factor but seems to be influenced by a
variety of internal and external factors [59].

From a biomechanical point of view may be concluded
that perfect geometry of the occlusal surfaces and dental
arch jointly with well-balanced occlusion guarantee physi-
ologically acceptable distribution and compensation of the
mastication forces, thus ensure long-lasting functioning of
the teeth. Distribution of occlusal force on a dental arch
should be considered from a viewpoint of movement of teeth,
distortion of the mandible and positional relationship be-
tween bone and muscle. It is concluded, that the correla-
tions between occlusal stability and elevator muscle func-
tion are probably based on feedback mechanisms from peri-
odontal pressoreceptors. The periodontal ligament behaves
as the biological shock absorber. Despite relevant command
of muscles in the chewing apparatus, occlusion of the up-
per/lower jaws is constrained by joints and opposing teeth.

The human masticatory system is a mechanical system
par excellence. Dentists know that all too well. They are
constantly engaged in repairing the results of or consoli-
dating the possibilities for mechanical functions like the
breaking and crunching of food.This ideal from a functional
viewpoint system may be damaged due to periodontal dis-
ease or partial dental loss. Present periodontitis shows
changes of the clinical relation of the corona and radix of the
tooth; increscent mobility of the teeth; changing position
of the teeth in the dental arches; loss of the proximal con-
tacts of the teeth; destruction of integrity and functional
stability of the dental arch. Loss of the periodontal tissues
results in disorganized periodontal sensory feedback due
to decreased number of proprioceptors of the periodontal
ligaments. In result physiological mastication forces affect
traumatizing and stimulate course of the pathological pro-
cess. Restoration of the functional integrity of the dental
arch is one of the most relevant problems in clinical den-
tistry because functional equilibrium in and between the
dental arches guarantee balanced functional stimulation of
the masticatory apparatus and contributes to its harmoni-
ous development and maintenance.
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