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Introduction

INTRODUCTION

Temporomandibular disorder (TMD) is a collective term used for
structural and functional disorder associated with the temporomandibular joints,
muscles of mastication or both (McNeill, 1997).

These are also known as temporomandibular pain dysfunction disorders.
TMDs are a group of joint and muscle disorder in the orofacial region
characterized mainly by facial pain, pain or muscle tenderness on palpation, pain
during jaw movements, reduction of the mandibular movements, headache and
abnormal joint sounds (Pereira et al., 2005, Wright, 2005).

The pain associated with TMD cannot be defined to be of neurogenic,
psychogenic, visceral, periodontal, dental or cutaneous origin. Various
epidemiological prevalence studies have shown that up to 40-75% of the general
population may experience at least one TMD sign, such as TMJ noise, and 33%,
at least one symptom, facial or TMJ pain (Carrara et al. 2010).

However, only 3-7% reported to seek treatment, with the majority of those
who sought treatment being young adults and middle-aged individuals, ranging
from 20 to 45 years old particularly females (Manfredini, 2010).

The etiology of TMD is considered to multifactorial and till date, no clear
conclusion has been reached upon about what variables contribute to the
development of TMD. Edentulous subjects generally don’t present with TMD
symptoms to the extent of those having natural dentition (Shetty, 2010).

TMD appears to be prevalent in complete denture wearers in almost the
same proportion as in dentate individuals, with the prevalence varying from 15-
25%. Few others have reported that the complete denture wearers were found to
have a higher prevalence of TMD symptoms than the population with natural
dentition (Al-Shumailan and Al-Manaseer, 2010).



Introduction

The lack of complete dentures for long periods promotes a shift in the
vertical and horizontal mandibular position; as a result the position of the
condyles in the mandibular fossae may also change. Change of the rest position
due to the reduction of the occlusal vertical dimension is also considered to be
one of the predisposing factors. Along with this psychological and emotional
factors associated with increased age and loss of natural dentition may lead to
increased TMDs in edentulous patients (Shet et al. 2013)

It has been reported that clicking, locking and interarticular disc
displacement have been found in patients wearing over-contoured crowns or
restorations with excessive occlusal curvatures (Bengt, 1996).

It has been reported that prosthodontic replacement of missing teeth may
create an acute morphological change of occlusal conditions which consequently
may interfere with the established functional equilibrium and timing of jaw
muscles contraction (Hagag et al. 2000).

In general, chewing performance of edentulous individuals wearing
complete dentures is significantly less than dentate individuals (Van der Bilt et
al. 2010).

Furthermore, complete denture wearers experienced more difficulty in
chewing hard food than dentate subjects and thus a group of subjects with intact
dentition had a greater masticatory performance index value (Wayler and
Chauncy, 1983).

By contrast, it was reported that chewing ability in subjects with cross-arch
fixed partial dentures was almost as good as in subjects with complete, healthy
dentition and superior to those with complete dentures (Laurel and Lundgren,
1985). In addition the masticatory performance, the number of chewing strokes
and chewing time until swallowing were similar with removable and fixed partial

dentures (Nagaswa and Tsuru, 1973).



Aim of the study

AIM OF THE REVIEW

To have an overview on the TMD and pathophysiology and their possible

causes and different ways of management.



Chapter one Review of the literature

REVIEW OF THE LITERATURE

1.1 Temporomandibular joint anatomy

TMJ is a diarthrosis, it composed of a synovial cavity, articular cartilage
and a capsule that covers the same joint. The joint is the union of the temporal
bone cavity with the mandibular condyle (Bender et al. 2018).

TMJ is a freely movable articulation between the mandibular condyle and
the glenoid fossa. The condyle articulates against the disk, forming the disk-
condyle complex, which articulates with the temporal bone. In comparison with
other body articulations, this joint has a unique features. First, functionally the
TMJ is a bilateral joint, the right and left joint always functions together. Second,
movements of the TMJ are characterized by rotation (between condyle and disk)
and translation of the condyle-disk assembly. Third, the articular surfaces of
condyle and fossa aren’t covered by hyaline cartilage but by fibrocartilage that is
stiffer in tension and softer in compression than the hyaline cartilage. Fourth,
condylar movements are controlled not only by the shape of the articulating
surfaces and the contraction of the muscles but also by the dentition (Almarza
and Athanasiou, 2004).

1.1.1 Temporal component

It consists of the convex articular tubercle or eminence and the concave
glenoid fossa, dorsally limited by the postglenoid tubercle (figurel-1). This lies
Immediately anterior to the saguamotympanic and petrotympanic fissures. In
newborn, the glenoid fossa is very sallow. At age of 5 the growth slows; it stops
by the middle to late teens (Nickel et al. 1988,1997). Attempts have been made
to correlate the inclination of the posterior slope with the occlusal characteristics
(the inclination of the incisal guidance). However, experimental data support the

hypothesis that the steepness of the initial part of the eminence is consistent with
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the principle of joint load minimization, thus reducing the risk of cartilage fatigue
(Iwasaki et al. 2003; Iwasaki et al. 2010).

Figure (1-1): Section through TM Joint. (Adopted from (Lauder and Bobst, 1991).

1.1.2 Mandibular condyle

The condyle normally has an elliptical shape and measures on average
20mm mediolaterally and 20mm anteroposterior. The dimension and shape of the
condyle present great interindividual variations that may be relevant as far as
biomechanical loading. The condyle is covered by a thin layer of fibrocartilage
that is thickest superiorly and anteriorly, which are the areas loaded under
function and parafunction. The fibrocartilage differs in many aspects from the
hyaline cartilage, including embryonic origin, ontogenetic development,
postnatal growth pattern and histological structures (Shen and Darendeliler,
2005).
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1.1.3 Articular disk

This fibrocartilaginous avascular and non-innervated structure can be
subdivided into an anterior, an intermediate (thinnest) and posterior part. The
anterior and posterior zones are called the anterior and posterior bands. The disk
Is composed of densely organized collagen fibers, high molecular weight
proteoglycans, elastic fibers and cells that vary from fibrocytes to chondrocytes.
The collagen consists mainly of type | and Il. Type Il collagen is present
especially in areas with proteoglycans, which are found predominantly in the
posterior band. The collagen fibers have a typical pattern distribution: in the
intermediate zone the thick collagen bundles are oriented sagittaly and parallel to
the disk surface. The majority of these fibers continue into the anterior and
posterior bands to become interlaced or continuous with the transversally and
vertically oriented collagen fibers of these bands or pass through the entire bands

to continue into the anterior and posterior disk attachments.

The vertically oriented fibers are more pronounced in the anterior and
posterior band. In the intermediate part there is a weaker crosslinking of the
collagen bundles, making this area less resistant to mediolateral shear stress
(Scapino et al. 2006).

1.1.4 Joint capsule

Unlike other joints, the TMJ does not have a circular capsule. A distinct
capsule connecting the temporal bone to the mandible exist only laterally,
posteriorly, medially and anteriorly it is absent or so thin that it can hardly be
distinguished from the disk attachments. The lateral capsule, into which the disk
transverse fibers insert, is stronger in the anterior and central parts than in the
posterior. This strengthened area forms the lateral ligament (Schmolke, 1994).

Posteriorly, the capsule that made up mainly of condensed fibrous tissue extends
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from the anterior slope of the postglenoid tubercle to the condylar neck below the
attachment of the lower lamina of the posterior disk attachment (Luder and
Bobst 1991).

1.1.5 Ligamentous structures:

Several ligaments manage the TMJ forces and send multiple
proprioceptive afferents. The proprioception of the joint is provided by
various components, such as the capsule, masticatory muscles, skin
receptors and receptors within the periodontal ligaments. The tension
received by the articular ligaments plays an important role in the TMJ
function (Cuccia and Caradonna, 2011).

1. Sphenomandibular ligament (SML) is a Meckel cartilage residue. Its main
task to protect the TMJ from an excessive translation of the condyle after 10
degrees of mouth opening.

2. Stylomandibular ligament (STML) arises from the styloid process of the
temporal bone. It serves to limit the excessive protrusion of the jaw.

3. Pterygomandibular ligament (PTML) is a thickening of the buccopharyngeal
fascia. It limits excessive jaw movements.

4. Collateral ligament consists of two bundles of symmetrical fibers. It serves to
anchor the disk to the condyle.

(Bravetti et al. 2004).

1.1.6 Joint lubrication

The functional coefficient within a joint is very low (Nickel and
McLachlan, 1994). Impairment of joint lubrication is a risk factor for TMJ
osteoarthritis. The articular cartilage is an efficient, fluid-based
tribiological system that provides low friction and protects from wear.

Optimal lubrication is provided by several mechanism: fluid film, weeping
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and boundary lubrication. Hyaluronic acid (HA) and proteoglycan 4 are
two major lubricants involved in boundary lubrication. Proteoglycan 4,
also known as lubricin or superficial zone protein binds to HA to form a
cross-linked HA-lubricin complex that is anchored to the cartilage surface
by the lubricin itself. As this binding appears to be susceptible to high shear
forces, it has been hypothesized that during compression the HA molecules
diffusing out of the cartilage into the joint space are mechanically trapped,

thus stabilizing the HA-lubricin complex. (Green, 2011).

1.1.7 Muscles that provide action to the TMJ
Masseter

Temporalis

Lateral pterygoid

Medial pterygoid

Suprahyoid

S e A

Infrahyoid

1.1.7.1 Masseter muscle
The most common muscle of the of mastication. It is the most
superficial one and the strongest. This muscle is a broad, thick, flat
rectangular muscle, on each side of the face anterior to the parotid salivary
gland. It has two heads; deep and superficial. The action of this muscle
during bilateral contraction of the entire muscle is to elevate the mandible

during closing of the jaw. (Margaret and Susan, 2012)
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1.1.7.2 Temporalis muscle

It has a very wide origin from the entire temporal fossa and the fascia
covering the muscle. All fibers (anterior and posterior) insert into the
coronoid process of the mandible and sometimes run down the anterior
border of the ramus as far as the third molar. If the entire muscle contracts,
the overall action pulls up the coronoid process and elevate the mandible
during the mouth closing. If only the posterior fibers are contracted, the
result is a horizontal pulling of the coronoid process in the posterior
direction, this pulls the mandible backward (retruding of the mandible).
(Richard et al. 2019).

1.1.7.3 Lateral pterygoid muscle:

It consists of an upper head and a lower head. The upper bundle
originates from the extracranial face of the large sphenoid wing to be
inserted anteromedially to the joint capsule and/or the anteromedial face of
the condyle neck. It contacts the disc at the anteromedial aspect. The
inferior head originates from the lateral aspect of the lateral lamina of the
pterygoid process of the sphenoid. Bilateral activation of this muscle
protrudes the mandible while if activated unilaterally, causes contralateral

deviation of the mandibular bone. (Bravettiet et al. 2004).

1.1.7.4 Medial pterygoid muscle:

It is a deep muscle and similar in its rectangular form to the more
superficial masseter muscle. It also has two heads; deep and superficial.
The action of this muscle is to elevate the mandible, raising the lower jaw

during closing of the mouth. The medial pterygoid muscle parallels the
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action of masseter one, but the effect is smaller overall. (Margret and
Susan, 2016).

1.1.7.5 Suprahyoid muscle

a. Digastric muscle

It consists of two bellies, the posterior and anterior belly. The parotid gland
Is related to the posteriolateral aspect of the posterior belly. Its action is to depress
the mandible and elevate the hyoid bone (Parvis et al. 2011) Figure (1-2, A and
B).

b. Stylohyoid muscle

Its origin is from the styloid process of the base of the skull. The muscle
runs down and forward to insert into the posterior part of the hyoid bone. The
action of the muscle is to pull the hyoid bone back and up. (Richard et al. 2019).
Figure (1-2,A and B).

C. Mylohyoid muscle

It is an anterior suprahyoid muscle deep to the digastric muscle with fibers
running transversely between the two mandibular rami. Its action in addition to
either elevating the hyoid bone or depressing the mandible, it also form the floor
of the mouth and helps to elevate the tongue. (Margret and Susan, 2016) Figure
(1-2,A and B).

d. Geniohyoid muscle

It is originated from the inferior genial tubercle and inserted in the hyoid
bone. Its action is to depress the mandible and elevate the hyoid. (Richard et al.
2019).

10
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1.1.7.6 Infrahyoid muscle

They are made up of omohyoid, sternohyoid and thyrohyoid muscles. when
they contract, they depress the hyoid bone, allowing the suprahyoid muscles to
contract and depress the mandible. (Samuel, 2021). Figure (1-2, A and B).

Deep masseter

Anterior temporalis
muscle

Superficial
masseter
muscle

Anterior belly of
digastric muscle

Mylohyoid muscle
Stylohyoid muscle

muscle N Digastric
anterior belly
muscle

Posterior belly of
digastric muscle

Splenius capitis Hyoid bone
muscle i
Hyoid bone Sternocleidomastoid

muscle

Levator scapulae
muscle A1y I Omohyoid

/ superior belly

muscle

Thyrohyoid membrane
VIOl Superior belly of

L omohyoid muscle
Cricoid cartilage

Anterior, middle, and
posterior scalene muscles . Sternohyoid muscle
Stemohyoid Thyroid gland
Trapezius Miscie

muscle

Sternothyroid muscle

Sternocleidomastoid ==
muscle —_—

Omohyoid ‘

inferior belly

A muscle B

Figure (1-2): (A) lateral view of the head and neck muscles. (Adopted from (Nelson
and Ash, 2010). (B) anterior view. (Adopted from (Fonseca et al. 2013).

1.2 Mandibular movements:
Depression (jaw opening)
Elevation (jaw closing)

. Protrusion

Retrusion

a B~ w d e

Lateral deviation

1.2.1 Rotation versus translation

11
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Condylar rotation and translation of the condyle-disk assembly, in the
majority of cases, begin simultaneously. On average, condylar rotation increases
or decreases linearly by approximately 2mm of anterior or posterior translation
during opening or closing. (Salaorni and Palla 1994) Figure (1-3) and figure (1-
4),

However, there is great intraindividual and inetrindivdual variability: three
patterns have been described during jaw opening and four during jaw closing. On
opening, movements are usually performed by constant increase in rotation and
anterior translation, less often by marked rotation at the beginning of opening,
and less frequently by a marked initial and final rotatory movement. closing
movement show a greater variability between rotation and translation. (Salaroni
and Palla 1994).

The amount of condylar rotation does not differ between males and
females, a finding which contrasts with the larger maximum interincisal opening
of men compared to women due to differences in the mandibular length. ( Naeije,
2002).

Indeed, with the same degree of rotation, the larger the mandible, the larger
the mouth opening. Consequently, the degree of interincisal opening cannot be
considered as a measure of joint mobility or laxity, unless it is corrected for

mandibular size.

12
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Figure (1-3): (A), Rotational movement about a fixed point in the condyle. (B), Second stage

of rotational movement during mouth opening. (Adopted from (Muraoka et al. 2021).

Figure (1-4): Translational movement of the mandible. (Adopted from (Muraoka et al. 2021).

13
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1.1.8 Joint innervation

The TMJ capsule and synovia are richly innervated by branches of the
trigeminal nerve: the auriculotemporal, masseteric, and deep posterior temporal
nerves. Small nerve bundles also innervate the most peripheral parts of the disk,
especially the anterior an posterior bands. (Asaki et al. 2006, Haeuchi et al.
1999, Morani et al. 1994, Yoshida et al. 1999). The auriculotemporal nerve
provides the main innervation source so that it is sufficient to block this nerve
when the TMJ must be anesthetized (to diagnose whether the pain is
arthrogeneous or myogeneous). The TMJ receives inputs from a variety of
ganglia, the major contribution being provided by the trigeminal and superior
cervical ganglia. Minor contributions come from the sphenopalatine, otic, nodose
and cervical dorsal root ganglia at levels C2-C5. (Uddman et al. 1998, Yoshino
et al. 1998).

1.1.9 Joint blood supply
The main blood supply to the TMJ is by:
1. Branches of the superficial temporal
2. Deep auricular
3. Anterior tympanic
4. Ascending pharyngeal arteries

They penetrate the joint capsules and provide branches to the disc
periphery and posterior joint region. A rich plexus of veins is present in the
posterior aspect associated with the retrodiscal tissues. (Bordoni and Varacallo,
2020, Chandra, 2010).

1.2.2 Condylar movement
Mandibular movement occur by a combination of translation of the

condyle-disk assembly and rotation of the condyle beneath the disk.

14
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It is likely that the movement between disk and condyle is not always
purely rotator, as dynamic MRI shows that the condylar translation precedes disk
translation. This is always case with disk translation.

Translation between disk and condyle may reflect some laxity of the disk
ligaments and could be a first sign of an incipient disk displacement.

(Figure 1-5) shows a lateral view of the movement of the condyles during
closing the mandible in the chewing cycle.

The first image represents the position at the beginning of the closing.
Three features may be appreciated. First, there is a difference in timing between
movement of both condyles, the working condyle reaches its uppermost position
before the nonworking one. In the fourth image, the working condyle is almost
seated in the fossa, while the nonworking one is still in the eminence posterior
slope. This lead to the hypothesis that the working condyle acts as a stabilizing
fulcrum during the ‘power stroke’ which is when force applied to crush food.

Second, during opening, both condyle translate approximately the same
amount and are located behind the eminence.

Third, as seen in the sixth image, the condyle rotates by 10 degree, far less
than during the maximum opening when it rotates on average by 30 degree

During so small rotation, only the superior part of the condyle is loaded,
and this is the area where the fibrocartilage is thickest. (Salaorni and Palla,
1994).

.

L\

g

Figure (1-5): Five positions of the ipsilateral and contralateral condyle during the closing phase.
(Adopted from (Sandro and lven, 2015).

15
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1.2 Joint loading

A query often raised in dentistry is whether or not the TMJ is loaded during
function. The measurement of the minimum condyle-fossa distance by means of
dynamic sterometry provides an indirect technique to answer this question.
During chewing the minimum condyle-fossa distance was observed to be smaller
during the closing than the opening phase, and the decrease was larger on the
nonworking than on the working side (Fushima et al. 2003, Palla et al. 1997).
This is indirect evidence that the TM joint is loaded during chewing, more on the
nonworking than on the working side.

Given the incongruence of the articulating surfaces, the stress applied to
the TMJ is principally controlled by the disk. Its inherent rheological properties
allow its adaptation to the incongruence of the articulating surfaces so that the
comprehensive stress is distributed over a larger contact area, reducing the risk
of peak. The disk compressive module depends on proteoglycan density and
therefore varies in different disk regions (Tanka and van Eijden 2003).

Moreover, the disk thickness determines the disk load bearing capacity; the
thinner the disk the more concentrated and intensive the loading of the articular
surfaces (Nickel and McLachlan, 1994)

Although thinner than the disk, the cartilage covering condyle and fossa
also contributes to absorbing the compressive stress, at maximum intercuspation,
the condyle lies behind the disk, whereas at maximum opening it is normally
positioned below the disk (Hansson and Oberg, 1977).

(Kuroda et al. 2009; Lu et al. 2009). Interestingly, the cartilage of the
apex and posterior slope of the eminence, can increase in thickness when the disk
is anteriorly displaced, as an adaptation process to the altered stress.

Mechanical loading during movements is essential for growth is essential
for growth, development, and maintenance of the articular tissue because
mechanical forces maintain cartilage health by regulating tissue remodeling
(Jonsson et al. 1999).

16
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1.4 Temporomandibular joint pathophysiology

1.4.1 Disk displacement
In about one third of subjects without symptoms of TMD, the disk is

displaced anteromedially or anterolaterally.

The etiology of disk displacement is not fully understood. Several risk
factors have been suggested, anatomical factors, for example, large
incongruence between condyle and fossa dimensions, a steep and high eminence
and a posterior condylar position, biomechanical factors, for example
overloading of the TMJ by parafunctional habits, changes in joint lubrication that
may lead to gradual increase stretching of the lateral disk attachments and disk
instability (Naeije, 2002).

Wake time parafunctions may be a risk factor for the progression of an
intermittently non reducing to a continuously non reducing disk displacement,
and this could be related to joint loading (Kalaykaova et al. 2011).

However, non of these factors is undisputed.

The way the disk is loaded changes when the disk is displaced, essentially
there are increased compressive and tangential stresses in the posterior band, due
to the condyle pushing and compressing it against the fossa, and a reduced
compressive stress in the intermediate and anterior disk zone, the decrease
depending on the degree of displacement (partial, total, with displacement or
without displacement).

In addition the medial, lateral and anterior disk attachments undergo a
higher degree of tensile stress (del Palomar and Doblare, 2007).

Inevitably, these load changes cause tissue remodeling that may continue
to disk degeneration. For instance, the posterior attachment that is interposed
between the condyle and fossa undergoes fibrotic changes: the collagen fiber
bundles become thicker, more rectilinear, and oriented parallel to the attachment

surface, the elastic fibers thin out and the vascularity decreases. In addition, the

17
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fibrotic attachment may appear hyalinized and contain cells of cartilage
phenotype and proteoglycans.

In the posterior band, the collagen fibers become aligned in all directions
and the transverse bundles increase in thickness, probably to resist the increased
tensile stress in the mediolateral direction (Scapino and Mills, 1997, Lunder,
1993).

An anteriorly displaced disk presents hostological alterations typical of
degeneration that are more pronounced in non-reducing than reducing disks,
increase of chondrocyte like cells and decrease in fibroblast like cells,
hyalinization, alteration of the fiber bundles, clefting and fraying. (Natiella et al.
2009; Leonardi et al. 2010; Loreto et al. 2011).

1.4.2 Osteoarthritis

TMJ is a synovial joint that performs the most complicated movement in
the human body. OA is a degenerative disease that is characterized by progressive
cartilage degradation, subchondral bone remodeling, synovitis, and chronic pain.
However, the etiology of the majority TMJ osteoarthritis is complex and
multifactorial or unknown. It is also an important subtype of TMDs. (Zarb and
Carlsson, 1999). It is secondary to disk displacement, trauma, functional
overload, and developmental abnormalities, such as secondary TMJ osteoarthritis
(Tanaka et al. 2008).

Researches in the last decades led to several shifts. First, while in the past
OA was considered non inflammatory, there is today considerable evidence that
inflammation is involved: the synovial fluid of OA joints contains inflammatory
cytokines, chemokines and other inflammatory mediators that are produced by
chondrocytes and synovial cells by early phase. (Goldring and Otero, 2011;
Sokolove and Lepus, 2013).

18
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As a result, the term “osteoarthritis” instead of “degenerative joint disease”
as used in the diagnostic criteria for TMD (temporomandibular disorder).

(Schiffman et al. 2014).

Second, because of its complex etiology, OA is not considered now as a
single entity but the endpoint of numerous disorders with pathological changes
sharing a common final pathway that leads to joint destruction. (Sokolove and
Lupus, 2013).

Third, OA is not a cartilage disorder but a disease of the whole joint,
including the subchondral bone, the synovial membrane, the ligaments and the
muscles. (Brandt et al. 2006).

Fourth, changes in the subchondral and periarticular bone may occur early
in the course of OA, leading to an imbalance between the higher load adaptive
capacity of the bone over that of the cartilage. This imbalance alters the
physiological relationship between these tissues, leading to development of OA
(Goldring and Goldring, 2010).

1.5 Parafunctional problems

Many studies have found that bruxism or other parafunctions are associated
with TMD and orofacial pain (Manfredini and Lobbezoo, 2010).
1.5.1 Bruxism

Is a masticatory muscle hyperactivity that can occur while the person is
asleep or awake. It is defined as “an excessive activity of the chewing muscles,
characterized by clenching or grinding the teeth and/or by the recurrent excessive
effort made by the jaw” (Lobbezo, et al. 2013).

The masticatory mascular activity of the patient according to the moment
in which it is performed: sleep bruxism (SB) or awake bruxism (AB); this
highlighting the need to separate the terms, since bruxism is generated in two

moments therefore different signs, symptoms and characteristics will appear.
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Additionally, it must keep in mind that the bruxism is not considered a disorder
rather a behavior because its effects do not necessarily produce damage.

The physiological predisposing factors of bruxism cannot be
individualized, since this is the result of a combination of causes which produce
a pathogenic, repetitive and often unconscious action. In adult patients, possible
casual factors have been reported such as: occlusal forces, emotional causes or
those generated by the central nervous system. (Gittelson, 2005). Psychological
problems such as stress and anxiety in all ages; in addition, SB in children is
associated with respiratory problems, physiological dental wear, caries,
malocclusions and use of pacifiers.

The treatment of bruxism is suggested to be multidisciplinary, for both
children and adults. Dental treatment include some intraoral devices, which aim
to protect teeth and restorations from possible wear and tear that may be generated
as a result of parafunctional activity (Beddis et al. 2018). Treatment with physical
therapy consists of performing exercises of the masticatory muscles and they
should be performed without exerting excessive intensity, since this can generate
micro-trauma to the muscle fibers (Gouw et al. 2017). Likewise, other options of
management with cognitive-behavioral therapies including psycho-analysis,
autosuggestion, hypnosis, progressive relaxation, medication, and self-control
(Loobezoo et al. 2008).

1.5.2 Clenching

Tooth clenching more than tooth grinding, is considered one of the most
detrimental oral parafunctional activities and has been implicated as important
factor in the etiology of TMD. This frequent parafunctional behavior is of major
concern to the dentists because of its possible consequences on the different
components of the stomatognathic system as excessive occlusal forces are able to
cause dental restoration or hard tissue breakdown (wear, cracks), periodontal
breakdown (mobility) or TMD. (Ommerborn et al. 2010). These two activities
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(bruxism and clenching) are likely to have different consequences on the
masticatory muscles and the TMJ and there is some consensus that awake
clenching is associated more with jaw pain than sleep grinding (Huynh et al.
2011). low-level parafunctions in pain free individuals have been shown to
produce symptoms sufficiently sever to meet the diagnostic criteria for TMD
myofascial pain or/ and arthralgia. (Chen et al. 2007) and (Glaros, 2008). Prior
experience of TMJ noise and jaw muscle discomfort is also more frequent in
subjects with clenching awareness (Katase-Akiyama et al. 2009).

There are different methods for evaluation of tooth clenching, these include
laboratory polysomnographic or portable electromyographic (EMG) recordings,
questionnaires for self-evaluation (sleeping partners report of grinding sounds
during night, self-report of muscle fatigue or pain on awakening), extra-oral and
intra-oral eaxaminatons for clinical signs (masseter hypertrophy, pain on
palpation of the masticatory muscles, wear facets on teeth or shiny spots on the
restorations). Among these methods, polysomnographic recordings provide the
most suitable research diagnostic criteria. (Baba et al. 2003), (Ommerborn et al.
2010).

The loads are distributed over the articular surfaces of the TMJ, mainly the
disk, which functions as a stress absorber and a stress distributor. An increase in
elevator muscle tonus leads to increased intra-articular pressure in the TMJ and
alteration in its normal biomechanics resulting in micro-traumatic damage to the

joint capsule and disk attachment. (Gameiro et al. 2006).

1.6 Alteration in the occlusal vertical dimension

The loss of posterior teeth results in the occlusal plane collapsing due to
the extraction of the antagonist teeth and lack of the posterior support result in
sever wearing of the remaining teeth. When there is insufficient space for
prostheses due to excessive wear, prosthetic restoration is necessary at the

position where the original vertical dimension needs to be restored. (Verret,
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2001). From clinical perspective, it is advantageous to consider altering the
vertical dimension for restorative material, enhancing the esthetic tooth display
and allowing for reestablishment of physiologic occlusion. (Abduo, 2012).

the determination of the correct vertical dimension of occlusion for
edentulous patients is one of the most important steps for constructing the
dentures with adequate esthetics and functions (Heartwell and Rahn, 1986).

The position of the condyles does affect muscle length and hence the
occlusal vertical dimension (OVD). When looking at changes in vertical
dimension (VD) in paramount to the mount study cast in centric relation (CR);
when the head of the condyles are in their most superior position within their
sockets, with discs properly aligned and full neuromascular release (Bloom,
2006).

An increase in the (OVD) beyond postural rest position causes an increase
in muscle activity in the jaw-closing muscles as the musculature attempts to
recover the individual’s original interocclusal clearance. The effect of change of
the vertical dimension on the bite force or electromyographic activities of the
masticatory muscles has been studied by many investigators.

The results of some of these studies indicate that the maximum biting force
Is exerted around the rest position (Manns et al. 1979), while those of the others
indicate that it is exerted at greater vertical dimensions of occlusion (Academy
of prosthodontics, 2005).

The electromyographically recorded postural muscle activity was lower
with splints than without them. The increase of OVD thus seems not to induce
increase muscle activity to restore the original OVD. The lower postural activity
with splints and in the anterior temporalis muscles also lowered the mandibular
positions. These were in accordance with the results from many studies
demonstrating that lowering the mandible leads to decreased muscle activities
(Lindauer et al. 1991). Increasing the vertical dimension in both subjects with

natural teeth and with complete dentures resulted in deranging the function of
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muscles and joints of the masticatory system, and therefore may be considered to

be a hazardous procedure in prosthetic treatment (Christensen, 1970).

1.7 Occlusal management of TMJ problems

1.7.1 Occlusal adjustment in occlusal management

Occlusal adjustment is a procedure whereby selected areas of tooth surface,
in either dentate or partially dentate patients, are modified to provide improved
tooth and jaw stability and direct loading to appropriate teeth during lateral
excursion. This may involve tooth surface reduction and tooth surface addition
with a restorative material. (Frossel and Kalso, 2004). It is apparent when
treating a patient with an occlusally balanced appliance that the mandibular
position can alter quite markedly as treatment progress and painful muscle relax.
As an initial therapy, occlusal adjustment is therefore not recommended as jaw
and tooth relationships cannot be accurately determined in the presence of pain.
It would therefore appear to be sound advice not to make permanent and
irreversible adjustment to the occlusion in the presence of TMDs, as when the
disc is repositioned occlusal contact will change. (Tsukiyama et al. 2001).
1.7.1.1 Aims of occlusal adjustment
1. To maintain intra-arch stability by providing an occlusal plane with minimal

curvature anteroposteriorly and minimal lateral curve. This minimizes the
effect of tooth contact interferences.

2. To maintain inter-arch stability by providing bilateral synchronous contacts
on posterior teeth in RCP (retruded contact position) and ICP (intercuspal
contact position) at the correct occlusal vertical dimension (OVD).
Supporting cusps of posterior teeth are in a stable contact relationship with
the opposing fossae or marginal ridges.

3. To provide guidance for lateral and protrusive jaw movements on mesially

directed inclines of anterior teeth, or as far anteriorly as possible. Posterior

23



Chapter one Review of the literature

guiding contacts are modified so as not to be a dominant influence in lateral
jaw movements.

4. To allow optimum disk-condyle function along the posterior slope of the
eminence, by encouraging smooth translation and rotation of the condyle.

5. To provide freedom of jaw movement anteriorly and laterally. This
overcomes a restricted functional angle of occlusion (FAQO) caused by
inlocked tooth relationships. A restricted FAO arises in the following types
of tooth arrangements: deep anterior overbite that is not in harmony with the
condylar pathway, undercontoured restorations with loss of OVD, extruded

teeth and plunger cusps. (Forssel and Kalso, 2004).

1.7.1.2 Indications for occlusal adjustment

. As a pretreatment in prosthodontics and general restorative care:

. To improve jaw relationships and provide stable tooth contacts for jaw support in
ICP

. To improve the stability of the individual teeth

. To enhance function by providing smooth guidance for lateral and protrusive jaw
movements. This may involve modification pf plunger cusps, inlocked cuspal
inclines and mediotrusive, laterotrusive and protrusive tooth contact
interferences.

. To modify a traumatic occlusion where tooth contact interferences are associated
with excessive tooth loading, such as may occur in parafunctional clenching,
resulting in tooth sensitivity, abfractions or fractures and/or increased tooth
mobility. Occlusal adjustment will direct loading to appropriate teeth in an
optimal direction and where possible along their long axes.

. To stabilize orthodontic, restorative, or prosthodontic treatment. In such cases

where it is decided that existing restorations are to be retained, an occlusal
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adjustment may be indicated. Alternatively, adjustment in conjunction with

occlusal buildup on selected teeth may be required (Forssell et al. 1999).
1.7.2 Full mouth rehabilitation

The term occlusal rehabilitation has been defined as the restoration of the
functional integrity of the dental arches by the use of inlays, crown, bridges and
partial dentures. It therefore involves restoring the dentate or partially dentate
mouth. The aim is to provide an orderly pattern of the occlusal contact and
articulation that will optimize oral function, occlusal stability and esthetic
(Binkely and Binkely, 1987).

1.7.2.1 Indications of full mouth rehabilitation:

The reasons for undertaken occlusal rehabilitation may include the
restoration of multiple teeth, which are missing, worn, broken down or decayed.
Increasingly occlusal rehabilitation is also required to replace improperly
designed and executed crown and bridge work. Regardless of the clinical reason,
the decision to carry out any treatment should be based upon achieving oral
health, function, esthetics and comfort with treatment should be planned around
these rather than the technical possibilities. If these goals are achieved certain
biological considerations are necessary when planning and carrying occlusal
rehabilitation. They are:

1. The indications for reorganizing the occlusion

2. The choice of an appropriate occlusal scheme

3. The occlusal vertical dimension

4. The need to replace missing teeth

5. The effects of the material used on occlusal stability control of parafunctional
TMD
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Several decisions must be made concerning the complex area of occlusion,
before starting occlusal rehabilitation. The clinician must be aware of the
requirements that a physiologic restoration be made that is not only aesthetic and
functional but that also remains in harmony with the entire gnathostomatic
system. (Mandeep et al. 2016)
1.7.2.2 The three-step technique of full mouth rehabilitation:

To achieve maximum preservative of tooth structure and the most
predictable esthetic and functional outcomes, an innovative concept has been

developed: the three-step technique (Tablel-1).

Step 1: Maxillary vestibular waxup and assessment of the occlusal

plane

Generally, at the beginning of full mouth rehabilitation, the clinician will
provide a laboratory technician with the diagnostic casts and request a full-mouth
waxup. Since each parameter, such as incisal edges, teeth axes, teeth shapes and
sizes, occlusal plane, etc, is easily controlled, waxing both maxillary and
mandibular arches is not a difficult task. Clinicians should realize, however, that
laboratory technician will often arbitrarily decide on these parameters without
seeing the patient and with a misleading lack of reference points (e.g. adjacent
intact teeth). One method to ensure that everyone is on the same page is the use
of the mock-up, a technique that makes it possible to anticipate the final shape of
the teeth in the mouth. Several authors have already proposed the use of a mockup

for veneer restorations of anterior teeth (Magne and Belser, 2004).

Step 2: The posterior support (posterior occlusal waxup)

The aim of this step is to waxup the posterior teeth at an increased OVD.
This involve only the occlusal surfaces of the two premolars and the first molar,

and will be fabricate direct composite restoration by means of transparent key,
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figure (1-6). After having established esthetic occlusal plane in step 1, in order to
complete the occlusal surfaces of the posterior teeth it is necessary to determine
the increased OVD. In case of severely worn dentition, an increased OVD is
inevitable to reduce the need for substantial tooth preparation in general, and to
avoid elective endodontic treatment, in particular in the anterior teeth. Clinicians
are generally afraid to increase the OVD, fearing consequence at the level of the
TMJ. On the contrary, the capacity to adapt to change of the OVD is generally
remarkable (Abduo, 2012).

Figure (1-6): The posterior wax-up to fabricate the transparent key. (Adopted from

(Francesca and Sylvian, 2016).

Step 3: The anterior contact (reestablishment of the final anterior

guidance)

In this step, the laboratory will recreate in wax the palatal surface of the
maxillary anterior teeth before fabricating the palatal veneers. The shape of the
two central incisors was already proposed with the anterior stop, and confirmed
or changed by the clinician. In case the laboratory technician realizes that the
clinical increase of the OVD was excessive to reestablish the anterior contacts by
means of veneers, he can progress with the fabrication of the final anterior
restorations to the shape, which will have no contacts with the antagonistic teeth

(Francesca and Sylvian, 2016).
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Table (1-1): The three-step technique. Adopted from (Francesca and Christoph, 2008)

1.7.3 Occlusal splint therapy

This therapy is the art and science of establishing neuromascular harmony
in the masticatory system and creating a mechanical disadvantage for the
parafunctional forces of the removable appliances. Occlusal appliance therapy is
a form of reversible occlusal intervention that temporarily alters the patient’s
occlusal condition, thereby reducing the joint overload. The occlusal bite
appliances are removable devices made up of hard acrylic and have costume fit
over the occlusal surfaces of the teeth, figure (1-7). (Al-Ani et al. 2004). Splints
are constructed in a way to achieve bilaterally symmetrical occlusal contact
posteriorly with teeth of opposing arch in centric occlusion (flat plane splint) or
there may be anterior contacts in lateral and protrusive excursion of the mandible
(anterior repositioning splints). Effectiveness of occlusal splint is to decrease
loading on the TMJ and reduction of the neuromascular reflex activation. The
stabilization appliance is generally fabricated for the maxillary arch. It provides
occlusal relationship, considered optimal for the patient and ensure that the

condyles are in their most muscuoskeletal position when the teeth are contacted.
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It eliminates the orthopedic instability between occlusion and joint position, thus
removing the causative factor. (Clark, 1988)

Stabilization splints are indicated for the treatment of muscle pain disorder
(MPD), TMD that relates to muscle hyperactivity (bruxism), local muscle
soreness or chronic centrally mediated myalgia and for patients experiencing
retrodiscitis secondary to trauma, the appliance can help minimizing the forces to
damaged tissues, thus permiting more efficient healing.

Whereas anterior positioning splint is an interocclusal device that
encourage the mandible to assume a position more anterior. Its goals are to
provide a better condyle-disc relationship in the fossa. So that the tissues have
better opportunity to adapt or repair and would eliminate the signs and symptoms

associated with disc derangement disorder. (Srivastava et al., 2013).

Table (1-2): Comparison between two types of occlusal splint (Adopted from (Darpan, 2021)

Stabilization appliance Anterior repositioning appliance

Hard acrylic flat-plane device | Hard acrylic device

Full coverage maxillary | Maxillary or mandibular occlusal coverage

occlusal arch splint with anterior inclined plane

Worn 24 h/day (-,+ during|During jaw closure, mandible moves

meals) anteriorly

Bilateral even distribution of | Usefull for anteriorly displaced disc to
occlusal forces change the condylar position and recapture

disc

Provides stabilization of the | Possible need for occlusal equilibration and

TMJ apparatus splint readjustment

Relaxation ~of  masticatory

muscles

1.7.3.1
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1.7.3.2 Function of occlusal appliance:

1 To relax the muscles

2 To allow the condyle to seat in centric relation

3 To provide diagnostic information

4 To protect teeth and associated structures from bruxism
5 To mitigate periodontal ligament proprioception

6 To reduce cellular hypoxia levels

(Al-Ani et al. 2004).

Figure (1-7): The stabilization splint. (Adopted from (Jean, 2012).

1.7.3.3 Types of occlusal splint

a. Flat plane stabilization appliance (Michigan splint)

Also known as the gnathologic splint, Michigan splint, or muscle
relaxation appliance. This appliance is generally fabricated for the maxillary arch
but, for esthetics and avoid interference with a speech, some clinicians have
recommended that it could be placed for the mandibular arch. No differences in
reduction of symptoms whatever the appliance is placed for the maxilla or
mandible, figure (1-8). (Turp et al. 2004). It is stated that wearing the appliance
increases the patient’s awareness of jaw habits and helps alter the rest position of

the mandible to a more relaxed position. (De Leeuw and Pain, 2013).
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Figure (1-8): Michigan splint. (Adopted from (Tomislav et al. 2013)

b. Anterior bite plane (Traditional anterior bite plane)

The origin of anterior bite plane related to orthodontist. In general, these
appliances are designed as a palatal-coverage horseshoe shape with an occlusal
table covering 60r8 anterior maxillary teeth, figure (1-9). Advocates for using this
appliance to treat TMDs based on their ability to prevent clenching, as posterior
teeth are not engaged in functional or para-functional activities. However, an
adverse effect may occur in the form of overeruption of posterior teeth which
extremely unlikely if worn only at night without posterior support of the TMJs

will be overloaded (Klasser and Greene, 2009).

Figure (1-9): Anterior bite plane appliance. (Adopted from (Dipikia et al. 2019).
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c. Posterior bite plane appliance (mandibular orthopedic
repositioning appliance)

These appliances made to be worn on the lower arch. The design consists
of a bilateral hard acrylic resin table, creates disocclusion of the anterior teeth,
located over the mandibular molars and premolars and connect with a lingual
metal bar, figure (1-10). These appliances intended to produce vertical dimension

and horizontal maxillomandibular relationship changes. (Schubert et al. 1984).

Figure (1-10): Posterior bite plane appliance. (Adopted from (Dipikia et al. 2019).

d. Pivot appliance:

It is fabricated with hard acrylic resin that covers the maxillary and
mandibular arch with a single posterior occlusal contact, placed as far posteriorly
as possible in each quadrant, figure (1-11). These appliances reduce intra-
articular pressure by condylar distraction as the mandible fulcrums around the
pivot, resulting in an unloading of the articular surfaces of the joint. The pivoting
appliance was suggested for patients with internal derangement or with

osteoarthritis. (Klasser, Greene, 2009).
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Figure (1-11): Pivot splint. (Adopted from (Dipikia et al. 2019).

e. Hydrostatic appliance

A bilateral water filled chamber attached to an acrylic palatal appliance,
and the patient’s posterior teeth occlude with water filled chambers, figure (1-
12). It is designed by Lerman, latter on a modified design, retained under the
lower lip was suggested. The mode of mechanism of the appliance depends on
the concept that the mandible finds its ideal position automatically. (Alqutaibi et
al. 2015.)

Figure (1-12): Hydrostatic splint. (Adopted from (Dipikia et al. 2019).
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f. Soft rubber splint

This appliance is generally made of a resilient material (2 of polyvinyl
sheet), figure (1-13). This splint should be worn only at night and generally
produces asymptomatic relief within 6 weeks. The soft splint is less likely to
cause significant occlusal changes that are occasionally noted with hard occlusal
splint. They are used to reduce the symptoms of joint dysfunction or myalgia, to
prevent bruxism and clenching and as a protective device in athletes. But these
appliances can exacerbate the bruxism probably due to the in ability to achieve

balanced occlusal contacts (Okeson, 1987).

Figure (1-13): Soft rubber splint. (Adopted from (Dipikia et al. 2019)
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2.1 CONCLUSION

From this study we can conclude:

1. TMD represent a major cause of non-dental pain in the orofacial region, the
effects of which may be presumed to form at the site where the greatest
forces are exerted and host resistance is least.

2. The OVD is not an optimal vertical dimension that produces the maximum
biting forces, and the maximum biting forces obtained at a higher vertical
dimension than the vertical dimension of occlusion.

3. Occlusal splints are the most popular TMD treatment modality and the easiest
one to fabricate and to manage.

4. The clinician must be aware of the requirements that a physiologic restoration
to be made that is not only aesthetic and functional but also remains in

harmony with the health of the TMJ and the entire gnathostomatic system.
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