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Abstract

Temporomandibular Disorders (TMD) are a class of degenerative musculoskeletal conditions
associated with morphological and functional deformities. TMD are accompanied by
malpositioning of the TMJ disc termed ‘internal derangement’, or dysfunction of the
associated musculature. Signs and symptoms of TMD include painful joint movement,
deviation or limitation in the mandibular movements, and TMJ sounds. Prevalence of TMD
differs from study to study due to the multifactorial nature of the disorder with no specific
etiological cause. The complexity and unique nature of each TMD case, makes the diagnosis
specific and tailored to each patient and accompanied by various diagnostic modalities. There
is no unified strategy for the management of this disease, but most cases of TMD respond
well to simple treatment with anti-inflammatory medications, soft diet and occlusal therapy,
without the need for surgical intervention. Prognosis is good and symptoms usually remit
with simple care. This research is reviewing the etiology, classification, diagnosis,
epidemiology, and treatment of TMD.

PRP is a biological product defined as a portion of the plasma fraction of autologous blood
with a platelet concentration above the baseline (before centrifugation).

The ubiquitous nature of the mechanism of action of PRP suggests that, in theory, it can be
applied to multiple pathologies to aid the body’s natural healing processes.

After the procedure there will be some pain, mild swelling or redness, of the skin following
injection of the platelet rich plasma - PRP. Bruising is also a possibility as the needle is used
to place the PRP into the skin. This may take a week or so to resolve.

Different definitions of this outcome were reported by authors, for example mandibular
opening, mandibular motion, mouth voluntary opening and maximum mouth opening,

minimal interincisal opening, range motion.
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Introduction

Temporomandibular joint and muscle disorders, commonly called “TMD” are a group of
conditions that cause pain and dysfunction in the jaw joint and the muscles that control jaw
movement. We don’t know for certain how many people have TMJ disorders, but some
estimates suggest that over 10 million Americans are affected. The condition appears to be
more common in women than men.

For most people, pain in the area of the jaw joint or muscles does not signal a serious
problem. Generally, discomfort from these conditions is occasional and temporary, often
occurring in cycles. The pain eventually goes away with little or no treatment. Some people,
however, develop significant, long-term symptoms , it’s important to avoid, when possible,
procedures that can cause permanent changes in your bite or jaw (1).

TMDs are classified to articular disorders and masticatory muscle disorders, articular
disorders include the articular surface, intra-articular disk, or articulating bones, while
masticatory muscle disorders are problems within the muscles surrounding the TMJ

2).

Common symptoms include jaw pain or dysfunction, earache, headache, and facial pain. The
etiology of TMD is multifactorial and includes biologic, environmental, social, emotional,
and cognitive triggers. Diagnosis is most often based on history and physical examination.
Diagnostic imaging may be beneficial when malocclusion or intra-articular abnormalities are
suspected. Most patients improve with a combination of noninvasive therapies, including
patient education, self-care, cognitive behavior therapy, pharmacotherapy, physical therapy,
and occlusal devices. Nonsteroidal anti-inflammatory drugs and muscle relaxants are
recommended initially, and benzodiazepines or antidepressants may be added for chronic
cases(3).

In general, TMD is believed to affect anywhere between 5 and 15% of adults in the
population (4,5), yet TMD related symptoms have been reported to be present in up to 50%
of adults (6). Interestingly, there is evidence that the prevalence of TMD appears to be on the
rise in recent years (7,8). A recent systematic review and meta-analysis in 2021 concluded
that the prevalence of TMD was 31% for adults and 11% for children and adolescence (9).
The fact that TMD encompasses a broad assortment of clinical diseases is partially
responsible for the wide range of prevalence rate estimates among studies, as the
classification of different types of TMD, the distinction between disease and non-disease, as

well as whether to include those with inactive disease as having TMD, may all be subject to



the partialities of the assessing clinical researchers. In addition, studies that are questionnaire-
based might over-estimate the prevalence of TMD.

Platelet Rich Plasma (PRP) has recently been considered as an orthobiological adjuvant
treatment. It also restores intra-articular hyaluronic acid, increases glycosaminoglycan
chondrocyte synthesis, balances joint angiogenesis, and provides a scaffold for stem cells
migration. Basic scientific studies have indicated that PRP stimulates cell proliferation and
the production of cartilage matrix by chondrocytes and bone marrow-derived mesenchymal

stromal cells and increases the production of hyaluronic acid by synoviocytes.(10)



Chapter One

Review of Literature

1.1 Temporomandibular Joint
1.1.1 Definition

The Temporomandibular Joint (TMJ), also known as the craniomandibular joint/articulation.
It is the articulation between the squamous part of the temporal bone and the head of the
mandibular condyle. It consists of a mandibular or glenoid fossa, an articular eminence or
tubercle, a condyle, a separating disk, a joint fibrous capsule and an extracapsular check
ligaments (11).

The temporomandibular joint is critical for normal mouth function, and thus plays a role in
chewing, swallowing, speaking, oral health and nutrition (12).

It is distinguished from most of the joints by following points :

* The TMJ differs from other synovial joints by the presence of teeth, which can offer
anterior stabilization during surface articulation.

* The articular surface of the mandibular fossa is composed of fibrocartilage, not hyaline
cartilage, and is nonarticular because of the presence of the posterior band of the
temporomandibular disk (13).

* It has bilateral articulation with cranium, so both the joints must function together (14).
* It is classified as a ginglymoarthrodial joint. It has the features of a hinging movement
characteristic of a ginglymus joint, as well as a sliding movement characteristic of an
arthrodial joint (15).

1.1.2 Anatomy of the Temporomandibular joint

1.1.2.1 The Primary Components of the TMJ
e Condyle of the Mandible.

e Squamous Portion of the Temporal Bone.
e Articular Disc (contained within the TMJ).

e Ligaments (serve as boundaries) (16).
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Figure (1-1) Lateral View of the Skeletal Anatomy (13).
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The Condyle

Is the portion of the mandible that articulates with the cranium around which movement
occurs. From the anterior view it has medial and lateral projections, called poles. The medial
pole is generally more prominent than the lateral one. From above, a line drawn through the
centers of the poles of the condyle will usually extend medially and posteriorly toward the
anterior border of the foramen magnum (17). It is 15 to 20 mm side to side and 8 to 10 mm
from front to back (18).

The adult condyle varies considerably in form from that found in the young child. In the
former, the neck is thin and elongated and is readily fractured. Although an apparent
weakness, this feature gives some protection to the delicate roof of glenoid fossa (19).

The most prevalent bony changes of the condyle are, for example, the flattening, the erosion,

the sclerosis, the presence of osteophytes, and the resorption (20).

Squamous Portion of the Temporal Bone

The temporal bone forms the roof of the TMJ, the concave mandibular fossa marks the
posterior border, and the convex articular eminence forms the anterior boundary (13). The
glenoid fossa is wider in its mediolateral portion, compared to the anteroposterior area (21).

The posterior roof of the mandibular fossa is quite thin, indicating that this area of the



temporal bone is not designed to sustain heavy forces. The articular eminence, however,

consists of thick dense bone and is more likely to tolerate such forces (17).

Articular Disc

It is a firm yet flexible biconcave fibrocartilage structure consisting of dense bundles of
collagenous fibers, which allows it to conform to the incongruence of the TMJ. This
fibrocartilaginous surface provides greater pliability during translation and increased tensile
strength for prolonged pressure and friction (13).

Because of its position between the condyle and the temporal bones, the disk divides the joint
into an upper and a lower compartment. The lower compartment serves as the socket in
which the condyle rotates, whereas the upper compartment allows the socket to slide up and
down the eminence (22).

It has a biconcave shape, with the thinnest portion near its center. The posterior border is
thicker than the anterior border, and the medial border is thicker than the lateral border. These
thicker borders aid in keeping the disc in place atop the round condylar head. The articular
disc is also held in place by additional soft tissues attached circumferentially (23).

It is avascular and aneural in its central part but is vascular and innervated in the peripheral
areas, where load-bearing is minimal. The main load-bearing areas are located on the lateral
aspect, This is an area of potential perforation (16).

Rees has divided the disc into four zones, which he has named the anterior band, intermediate
zone, posterior band, and bilaminar zone (24). The anterior extension of the disc is attached
to fibrous capsule superiorly and inferiorly and through that to temporal bone and the
mandibular neck respectively. In between it gives insertion to lateral pterygoid muscle where
the fibrous capsule is lacking and synovial membrane is supported only by loose areolar
tissue (19). Posteriorly, the disc attaches superiorly to the temporal bone and inferiorly to the
posterior condyle (the posterior attachments are frequently called the bilaminar zone).
Laterally and medially, the disc attachments blend into the joint capsule near its attachment to
the condylar head (25).

The bilaminar region consists of two layers of fibers separated by loose connective tissue.
The upper layer or temporal lamina is composed of elastin and is attached to the postglenoid
process, medially extended ridge, which is the true posterior boundary of the joint. It prevents

slipping of the disk while yawning. The inferior layer of the fibers or inferior lamina curve



down behind the condyle to fuse with the capsule and back of the condylar neck at the lowest
limit of the joint space. It prevents excessive rotation of the disk over the condyle (18).

Some investigators think that the bilaminar zone has an active role in limiting retrusion of the
mandible; Others think it has only a passive role (24). The lateral pterygoid, fibers from the
temporalis, the zygomaticomandibularis muscle, and the masseter were observed to attach to
the disc (26).

Ligaments

The Capsular Ligament is a thin, inelastic, fibrous connective tissue envelope, oriented

vertically, that attaches to the margins of the articular surfaces. The capsular ligament does

not restrain condylar movements.

The Lateral Temporomandibularl Ligament is the main ligament of the joint,
lateral to the capsule but not easily separated from it by dissection. Its fibers pass obliquely
from bone lateral to the articular tubercle in a posterior and inferior direction and insert in a
narrower area below and behind the lateral pole of the condyle. In earlier literature, this
ligament was identified as an oblique band from the condylar neck to the anterosuperior
region on the eminence and as a horizontal band from the lateral condylar pole to an anterior
attachment of the eminence. A recent study was unable to confirm a distinct structure
separate from the capsule (27). This ligament limits the movement of the mandible in a

posterior direction and thus protects the external auditory meatus (28).

The Collateral (Discal) Ligaments attach the medial and lateral borders of the
articular disc to the poles of the condyle. The medial discal ligament attaches the medial edge
of the disc to the medial pole of the condyle. The lateral discal ligament attaches the lateral
edge of the disc to the lateral pole of the condyle. The discal ligaments are true ligaments,
composed of collagenous connective tissue fibers, therefore they do not stretch. They
function to restrict movement of the disc away from the condyle. These ligaments are
responsible for the hinging movement of the TMJ. The discal ligaments have a vascular
supply and are innervated, their innervation provides information regarding joint position and

movement, strain on these ligaments produces pain (17).



Sphenomandibular Ligament is found on the medial side of the joint and courses from
the spine of the sphenoid to the lingula of the mandible. It is thin and functions as the primary

passive support of the mandible (29).

Stylomandibular Ligament passes from the styloid process of the temporal bone to the

posterior margin and angle of the mandible (30).

Lateral view

Joint capsule
Lateral (temporomandibular) lig.

Sphenomandibular lig.

Sphenomandibular lig. (phantom)

Styloid process

Stylomandibular lig.

Figure (1-2) Ligaments of the Temporomandibular Joint (16).

Joint Capsule

The anterior capsule attached superiorly to the anterior slope of the articular eminence and
inferiorly to the anterior articular rim of the condyle. Laterally, the lateral discal ligament and
capsule are not separate entities, but rather they both attach at the condylar pole level.
Marguelles-Bonnet et al. (31) reported a similar finding (32).

The posterior segment of the joint capsule is made up of the so called “bilaminar zone” of the
articular disc. The upper internal portion of the posterior segment of the capsule was
reinforced by the discomalleolar ligament (33).

The articular capsule is largely divided into two parts, an outer fibrous layer and inner
synovial membrane. The synovial membrane, which is involved in the production, secretion
and resorption of synovial fluids, consists of the synovial lining layer, and the connective
sublining layer(34). It contains specialized cell types with phagocytic and immunologic

capacity, and produces the synovial fluid that provides the nutritional and metabolic



requirements to the avascular tissues of the mandibular condylar and articular eminence

fibrocartilage as well as to the disc. It also serves as a joint lubricant (35).

1.1.2.2 Muscles Associated with Mandibular Movement and Function
1.1.2.2.1 Muscles of Mastication

- Masseter Muscle.

- Temporalis Muscle.

- Medial Pterygoid Muscle.
- Lateral Pterygoid Muscle.

Masseter Muscle

It is a broad, thick, flat rectangular muscle (almost quadrilateral) on each side of the face,
anterior to the parotid salivary gland. It has two heads that differ in depth, Superficial and
deep.

The superficial head originates from the zygomatic process of the maxilla, and from the
anterior two thirds of the inferior border of the zygomatic arch. The deep head originates
from the posterior one third and the entire medial surface of the zygomatic arch. Both these
heads then pass inferiorly to insert on different parts of the external surface of the mandible,
The superficial head on the lateral surface of the angle, and the deep head on the ramus
superior to the angle (36).

Numerous reports state that the posterior part of the deep layer of the masseter attaches to the
lateral part of the disc (26 ). Anteriorly, the deep portion is covered by the superior portion of
the masseter, while posteriorly; the parotid gland covers the deep portion. The masseter is
primarily responsible for the elevation of the mandible and some protraction of the mandible.
It receives its motor innervation from the mandibular division of the trigeminal nerve. The
blood supply is primarily from the masseteric artery, a branch of the internal maxillary
artery(37).

Temporalis Muscle
The temporalis muscle is a fan-shaped muscle with anterior fibers that have a vertical
orientation, mid fibers have an oblique orientation, and posterior fibers have a more of a

horizontal orientation.



The origin of the temporalis muscle spans from the temporal fossa to the inferior temporal
line of the lateral skull. The temporalis muscle fibers converge inferiorly forming a tendon
that exits the temporal fossa, passing underneath the zygomatic arch and inserting on the
coronoid process of the mandible.

The function of the anterior and mid fibers of the temporalis muscle is to elevate the
mandible. The posterior fibers of the temporalis muscle function to retract the mandible (38 ).
Akita et al.(39 ) reported that the midmedial muscle bundle of the temporalis run into the
articular disc. This muscle bundle originated from the medial surface of the temporalis as a
part of the temporalis, it ran inferiorly and posteriorly to condylar process. The fact that the
insertion of the muscle bundle of the temporalis is on the condylar process is a very important

factor for jaw movement ( 40).

Zygomatic Fontalbone Parietalbone
arch

Inferior temporal line
Superior temporal line

Masseter. Temporalis

deep part

Temporal bone

acoustic meatus
Mastoid process

Joint capsule of
temporomandibular joint

Styloid process

Masseter, ILateral igament

Figure (1-3) Temporalis and Masseter Muscles (41 ).

Mdial Pterygoid Muscle
It is quadrangular in shape and has deep and superficial heads, The deep head is attached
above to the medial surface of the lateral plate of the pterygoid process and the associated

surface of the pyramidal process of the palatine bone, and descends obliquely downward,



medial to the sphenomandibular ligament, to attach to the roughened medial surface of the
ramus of the mandible near the angle of the mandible. The superficial head originates from
the tuberosity of the maxilla and adjacent pyramidal process of the palatine bone and joins
with the deep head to insert on the mandible (30).

It has a triple function, First, bilateral contraction of the muscle with lateral pterygoid muscle
results in protrusion of the mandible, This action results as the muscle fibers are aligned
anteroposteriorly. Second, unilateral contraction of the medial pterygoid muscle with lateral
pterygoid muscle ipsilaterally results in lateral movement of the mandible towards the
opposite side. This action occurs due to the mediolateral direction of the muscle fibers.
Third, the muscle functions with masseter and temporalis muscles to elevate the mandible (42
). During vertical jaw movements, lateral pterygoid muscle act as a primary muscle that
generates horizontal forces. However, the medial pterygoid muscle may also play a role in
controlling horizontal jaw positions ( 43). The medial pterygoid muscle is innervated by the
medial pterygoid nerve, which is a branch of the main trunk of the mandibular branch of
cranial nerve V (trigeminal nerve) (44 ). The medial pterygoid muscle was supplied by the
following 5 branches of the external carotid artery:

1-the pterygoid artery of the maxillary artery

2- a direct muscular branch of the facial artery

3-the ascending palatine artery

4-an anterior muscular branch of the facial artery

5-a previously undescribed muscular branch that directly arose from the external carotid
artery (45).

Lateral Pterygoid Muscle

It is a short, thick muscle which conventionally is described to consist of two parts or heads.
The superior (upper) head and the inferior (lower) head. The superior head arises from the
infratemporal surface and infratemporal crest of the greater wing of the sphenoid bone. The
inferior head arises from the lateral surface of the lateral pterygoid plate. From the two
origins, the fibres converge, and pass backwards and laterally, to be inserted into a depression
on the front of the neck of the mandible and into the articular capsule and disc of the TMJ (46
).

The lateral pterygoid muscle has a typical penniform structure comparable to that of the

masseter and medial pterygoid muscle (47 ). It receives blood supply from the pterygoid

10



branch of the second part of the maxillary artery and receives innervation from the
mandibular branch of the trigeminal nerve (48 ).

It is considered to be related to the movement of the articular disc and to play a unique and
complex role in the temporomandibular joint ( 49). The inferior head is said to be active
during jaw opening, jaw protrusion, and contralateral jaw movements. The superior head
during jaw closing, jaw retrusion, and ipsilateral jaw movements (50 ). It is thought to play an
important role in the aetiology of temporomandibular disorders (TMD) it becomes
hyperactive, or thought to be a lack of co-ordination between the upper and lower heads of
the muscle, or thought to be a disturbance to the normal postulated role for the muscle in the

control or stabilization of the temporomandibular joint ( 51).

Temporalis (cut)

Iateral pterygoid.
superior head

Temporo-
mandibular
jomt capsule

Iateral pterygoid.
mferior head

Medial
pterygoid
(superficial and deep heads)

Masseter (cut)

Figure (1-4) Medial and Lateral Pterygoid Muscles ( 41).

1.1.2.2.2 Accessory to Masticatory Muscles
Digastric Muscle

There is a pair of digastric muscles in the neck, and each digastric muscle has the anterior
belly and the posterior belly. The anterior belly is attached to the digastric fossa on the base
of the mandible close to the midline and runs toward the hyoid bone. The posterior belly is

attached to the notch of the mastoid process of the temporal bone and also runs toward the

11



hyoid bone. The two bellies meet as the intermediate tendon, which penetrates the stylohyoid
muscle and also passes through the fibrous loop which is attached to the body and greater
cornu of the hyoid bone ( 52). The mylohyoid nerve innervates the anterior belly and the
facial nerve innervates the posterior belly. Acting in pairs, the digastric muscles act either
depresses the mandible or elevate the hyoid bone. The posterior bellies are especially active

during swallowing and chewing (53 ).

Mylohyoid Muscle

It is a flat and triangular muscle that originates from the mandible near the molars and inserts
on the hyoid bone. The mylohyoid mainly functions to elevate the hyoid bone, elevate the
oral cavity, and depress the mandible. The source of motor innervation is via the mylohyoid
nerve ( 54).

Geniohyoid Muscle

It is a narrow muscle superior to the medial part of each mylohyoid muscle. Arises from the
inferior mental spine of the mandible and passes backward and downward to insert on the
body of the hyoid bone. It is innervated by a branch from the anterior ramus of C1 carried
along the hypoglossal nerve. It has two functions depending on which bone is fixed, fixation
of the mandible elevates and pulls the hyoid bone forward, fixation of the hyoid bone pulls

the mandible downward and inward (30 ).

Buccinator Muscle

It is a bilateral square-shaped muscle constituting the mobile as well as the adaptable cheek
area. It has both motor and sensory innervations. Sensory innervation is by the long buccal
nerve, motor innervation is via the temporal and cervical divisions of the facial nerve(55). It
has three origins, the outer surfaces of the alveolar processes of the maxilla and mandible,
and the pterygomandibular raphe. The inferior fibers of the buccinator that were attached to
the deep tendon of the temporalis could assist in coordination of the movements of the
mandibular region and the mouth angle in the timing and strength of contraction of the

muscles during mastication, facial expression, and speech (56 ).
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1.1.2.3 Vascularization of the Temporomandibular Joint

The predominant vessels are the superficial temporal artery posteriorly, the middle meningeal
artery anteriorly, and the internal maxillary artery inferiorly. Other important arteries are the
deep auricular, anterior tympanic, and ascending pharyngeal arteries. The condyle receives its
vascular supply through its marrow spaces by way of the inferior alveolar artery and also its
vascular supply by way of “feeder vessels” that enter directly into the condylar head both

anteriorly and posteriorly from the larger vessels (17).

1.1.2.4 Innervation of the Temporomandibular Joint

TMJ is innervated by the same nerve that provides motor and sensory innervation to the
muscles that control it, which is the trigeminal nerve. Most innervation is provided by the
auriculotemporal nerve as it leaves the mandibular nerve behind the joint and ascends
laterally and superiorly to wrap around the posterior region of the joint (57 ). Cranial nerves

VII, IX, X and X1 and cervical nerves 2 and 3 also contribute (58 ).

1.1.3 Biomechanics

The TMJ is an extremely complex joint the fact that there are two TMJs connected to the
same bone (the mandible) further complicates the function of the entire masticatory system.
Although each joint can simultaneously carry out a different function, neither can act without
influencing the other.

The disc and its attachment to the condyle are called the condyle—disc complex, this is the
joint system responsible for rotational movement in the TMJ (Rotation), it takes place in the
inferior joint space. The second system is made up of the condyle—disc complex functioning
against the surface of the mandibular fossa, this movement occurs when the mandible is
moved forward (translation), it occurs in the superior joint space ( 17). Movement is guided
by the shape of the bones, muscles, ligaments, and occlusion of the teeth (59). Mandibular
motions include depression, elevation, protrusion, retrusion, and lateral deviation. Main
functions are chewing, talking, and swallowing which are achieved by the action of muscles
and constrained by ligaments and the TMJ contacting surfaces.

Mandibular elevation and moth closing are achieved by the masseter, temporalis, and medial
pterygoid muscles. Mandibular depression and mouth opening are achieved by the lateral
pterygoid and digastric muscles. Protrusion or anterior movement of the chin is achieved by

the masseter, medial pterygoid, and lateral pterygoid muscles while acting together

13



bilaterally. Retrusion or posterior movement of the chin is achieved by the posterior fibers of
the temporalis, the digastric, and suprahyoid muscles while acting bilaterally. Lateral
deviation is achieved by the lateral and medial pterygoid muscles which deviate the mandible
to the opposite side and the temporalis muscle which deviate the mandible to the same side

depending on which muscle fibers activate ( 60).

I

Figure (1-5) Normal Movement of the Condyle and Disc during Mouth Opening (17 ).

1.2 Temporomandibular Joint Disorders (TMDs)

Temporomandibular joint disorders (TMDs) encompass a group of musculoskeletal and
neuromuscular conditions that involve the temporomandibular joints (TMJs), the masticatory
muscles and all associated tissues (61 ). The most frequent presenting feature is pain, usually
localized to the muscles of mastication, the preauricular region, or the TMJ. The pain is often
worsened or triggered by chewing or talking, and may be associated with limited or
asymmetric jaw movements as well as joint noise (clicking) with jaw excursion or locking on

opening the mouth ( 62).

1.2.1 Etiology

The etiology of temporomandibular joint disorders (TMDs) is multidimensional.
Biomechanical, neuromuscular, biopsychosocial, and neurobiological factors may contribute
to the disorder (63, 64). Factors that increase the risk of temporomandibular disorders are
called “Predisposing factors” and those causing the onset are called “Initiating factors” and
factors that interfere with healing or enhance the progression are called “Perpetuating
factors”. The contributing factors may include occlusal abnormalities, orthodontic treatment,
bruxism and orthopedic instability, macrotrauma and microtrauma, factors like poor health

and nutrition, joint laxity, exogenous estrogen, and psychosocial factors. Initiating factors are
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related primarily to trauma or adverse loading of the masticatory system. Predisposing factors
are pathophysiologic, psychological or structural processes that alter the masticatory system,
while the perpetuating factors may include behavioral factors, social factors, emotional
factors, and cognitive factors (65 ).

Some of the contributing factors are the following :

Parafuntional Habits Statistically significant association was found between parafunctional
habits such as nail biting, grinding, biting of lips, biting of objects and mouth breathing and
TMDs (66 ).

Emotional Distress TMD-pain seems to have a strong association to emotional, behavior and
somatic functioning. With higher frequencies of anxiety, depression, somatic problems,
aggressive behavior and thought problems than children and adolescents without TMD-pain
(67).

Acute Trauma from Blows or Impacts trauma to the head and cervical region is relatively
common as an initiating factor in the etiology of temporomandibular joint disorders and
patients with a history of trauma have more pronounced symptoms than TMD patients

without previous trauma ( 68).

Trauma from Hyperextension e.g. Intubation procedures, third molar extraction, and
lengthy dental appointments. In fact, any lengthy wide opening of the mouth has the potential

of elongating the disc ligaments ( 69).

Comorbidity of other Rheumatic or Musculoskeletal Disorders (70 ).
Poor General Health and Unhealthy Lifestyle (71 ).
Age associated with bone loss, osteoarthritis, low condylar bone quality, and decreased

remodeling capacity of TMJ fibrocartilage (72).
Functional Overloading and Increased Joint Friction presence of reactive oxidative

radical species in synovial fluid due to mechanical stress can damage the articular tissues of
the TMJ ( 73).
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Hormonal Influence related to female reproductive hormones, especially estrogen ( 74).
Despite the historic views, the current available evidence suggests that the influence of the
occlusion on the onset and development of TMDs is low. Occlusal factors may be the result
rather than the cause of the disease (75). Occlusal correction does not reliably improve the

symptoms or signs of TMJ disorders ( 76,77).

1.2.2 Epidemiology

Epidemiological studies of TMD are important for amassing knowledge of symptomatic
complexes and therapeutic approaches that might help to establish prevention and control
programs ( 78). The prevalence of symptoms is variable, and almost always TMD is
diagnosed by associating signs and symptoms. A large number of epidemiological studies
have been conducted on the epidemiology of TMDs on patient and nonpatient populations.
Studies have revealed that around 60%—75% of the subjects will manifest one TMD sign and
35% TMD symptom, and TMD signs are present in 50%—75% of the population at some
moment in life, whereas an estimated 35% exhibit mild symptoms (79 ).

It has been well established, by means of epidemiological studies in which signs and
symptoms of TMDs are common in adults of all ages. Reports have shown that signs and
symptoms of temporomandibular disorder (TMD) increase with age (80 ). However, other
studies have shown a decrease in symptoms with increasing age (81 ). Over a 20-year period,
investigations on TMD have revealed predominately mild signs and symptoms already
present in childhood. An increase in symptoms occurs until young adulthood, after which
they level out (82).

A systematic review including only studies adopting the Research Diagnostic Criteria for
TMDs (RDC/TMD) reported a prevalence of up to 13% for masticatory muscle pain, up to
16% for disc derangement disorders, and up to 9% for TMJ pain disorders in the general
population (83, 84). While the prevalence of the different diagnoses in TMDs within patient
populations varied widely, the results of a meta-analysis showed a prevalence of 45%, 41%,
and 30% for muscle disorders, disc derangement disorders, and joint pain disorders,
respectively ( 85). Studies show that TMDs are primarily a condition of young and middle-
aged

adults, rather than of children or the elderly, and are approximately twice more

common in women than in men (86 ,87 , 88). Only 3.6% to 7% of individuals with TMDs
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are estimated to require treatment, and the annual incidence rate is estimated to be 2%
(89,90).

Cigarette smoking has been associated with increased risk of TMDs in young adults, and
higher levels of pain, psychosocial distress, and sleep disturbances are reported in TMD
patients (91 ,92).

Prevalence of temporomandibular joint disorder in the population of residents of the
Specialties Hospital was 66%; it could be correlated to the first two years of residency when
subjects are subjected to greater stress and general anxiety (93 ).

Between 65% and 85% of people in the United States experience one or more symptoms of
TMD during their lives, but the symptoms are self-limiting for most individuals and resolve
without professional intervention (27 ).

Among university students many epidemiological studies have been published showing the
prevalence of TMDs by using different diagnostic criteria such as Fonseca anamnestic index
(194), Helkimo index ( 95), and The research diagnostic criteria for temporomandibular
disorders (RDC/TMD) ( 96). Prevalence of TMD has been reported among university
students in Riyadh, Saudi Arabia (46.8%) ( 97). Another study in north Saudi university
students showed that prevalence of TMD was (94.7%) (98). Whilst, a low rate of TMD
(25.4%) among students at Gulf Medical University Ajman, UAE ( 99). Additionally, the
prevalence of TMD in Indian university students was (45.16%) and showed women slightly
higher than men (36.58% and 31.48% respectively) (100 ). A higher prevalence of TMD
among the university students in Brazil was 57.7% and showed the women higher prevalence
than men (68.7% and 48.2%) (101 ), Yemeni university students (41.07) % (102 ). Others
epidemiological studies estimated the prevalence of TMDs in various communities including:
Southern Portugal (25.2 %) ( 103), Caucasian population (23.78% in male and 25.32 in
female) ( 104), and Syrian (28%) (105 ). A higher prevalence rate of TMDs has been
documented among university Students in Sudan and Jordan (77.8% and 68.6 % respectively)
(106 ,107).

1.2.3 Signs and Symptoms of Temporomandibular Disorders
The primary signs and symptoms associated with TMD originate from the masticatory
structures and, therefore, are associated with jaw function (108 ). TMD signs and symptoms

include pain, limited or asymmetric mandibular motion, and TMJ sounds, ear pain and
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stuffiness, tinnitus, dizziness, neck pain, and headache. The most common symptom reported
by patients with temporomandibular disorders is unilateral facial pain.

The pain may radiate into the ears, to the temporal and periorbital regions, to the angle of the
mandible, and frequently to the posterior neck. The pain is usually reported as a dull, constant
ache that is worse at certain times of the day. There can be bouts of more severe, sharp pain
typically triggered by movements of the mandible. The pain may be present daily or
intermittently, but many patients have pain-free intervals.

Patients frequently describe “locking” of the jaw, either in the closed-mouth position, with
inability to open (most common), or in the open-mouth position, with inability to close the
jaw. These symptoms are often worse in the morning, particularly in patients who clench or
grind their teeth during sleep (109 ).

The main signs and symptoms of the articular TMD are pain in the joint area, limited and/or
altered mandibular movement, and TMJ sounds such as clicking, popping, or crepitus ( 110).
Crepitus is rough, sandy, diffuse noise or vibration produced by the rubbing together of
irregular bone or cartilage surface, While Clicking is distinct snapping or popping sound
emanating from the TMJ during joint movement or with joint Compression (75 ). TMD
symptoms are more prevalent in women than men due to hormonal influence and sex

hormones especially, elevated levels of Estrogen ( 111).

1.2.4 Classification

TMJ disorders are separated into two main categories based on the anatomic origin of the
problem, articular disorders and masticatory muscle disorders. Articular disorders include the
articular surface, intra-articular disk, or articulating bones. Masticatory muscle disorders are
problems within the muscles surrounding the TMJ (2).

Most masticatory muscle disorders present as myofascial pain focused to the muscles of
mastication, fiboromyalgia, muscle strain, and myopathies. It is theorized to arise from
clenching, bruxism, or other parafunctional habits.

Avrticular disorders can be divided into inflammatory and noninflammatory arthropathies.
Inflammatory articular disorders include rheumatologic processes such as RA, seronegative
spondylopathies such as ankylosing spondylitis, psoriatic arthritis, gout, and infectious
arthritis. Noninflammatory articular disk disorders include osteoarthritis, joint damage from

prior trauma or surgery, or other cartilage or bone disorders ( 112).
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The Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) and their
updated version, Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) are the
current reference to standardize TMD diagnoses and classification for clinical research
purposes. The protocol of (RDC/TMD) includes a dual axis evaluation, providing diagnoses
based on both the physical data and the psychosocial data. The Axis I protocol is based on
guidelines for oral history taking and clinical assessment, while the Axis Il protocol
encompasses an evaluation of several psychological factors (e.g., the level of pain- related
impairment, depression, and somatization) that are considered key factors for TMD onset,

clinical manifestation, and treatment outcome ( 113).

1.2.4.1 Masticatory Muscle Disorders

1-Myofascial Pain Disorder

It is the most common of all temporomandibular disorders, the vast majority of patients
present with facial pain, limitation of jaw motion, muscle tenderness and stiffness, along with
any number of associated symptoms in the head, face, and neck region. Imaging studies of
the TMJ usually show no evidence of anatomic pathology. Patients with myofascial pain

disorder generally respond to the simple, noninvasive treatments ( 109).

2-Myospasm

It is a toxic muscular contraction created by CNS, also known as trismus, it is an acute
disorder and sudden and involuntary contraction of muscles characterized by acute pain,
Persistent contraction of muscle, Hyperactivity of EMG, Pain at rest, decrease in activity, and

tenderness to palpation ( 114).

3-Myositis

It is inflammation of a muscle due to local causes such as infection or injury. Pain is usually
acute and in a localized area with localized tenderness over the entire region of the muscle.
The inflammation can occur also in the tendinous attachment of the muscle “tendonitis or
tendomyositis”.

Clinical presentation characterized by Increased pain with mandibular activity with alteration
in function due to inflammation or pain, Swelling, tissue reddening and an increase in

temperature over the entire muscle can be noticed ( 115).
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1.2.4.2 Articular Disorders
1.2.4.2.1 Disc Displacement

It is an anatomical problem arising when the articular disc moves from its original position,
either anteriorly or posteriorly within the joint space ( 116). The most frequent type of disc
displacement described in the publication is the anterior disc displacement. Lateral and
medial disc displacement can also occur, with few reported cases regarding Posterior disc
displacement ( 117).

If the displaced disc returns to its normal position when the mouth is opened, accompanied by
a popping sound, it is referred to as disc displacement with reduction. If the displaced disc
does not return to the normal position and acts as an obstacle during attempted mouth
opening, the joint appears as locked. This is referred to as disc displacement without
reduction (118 ).

Pathological mechanical loads are one of the principal causes of disc displacement. The
superior head of lateral pterygoid muscle which attaches to the medial aspect of the articular
disc thought to play a role in disc displacement (119 ).

A- Anterior Disc Displacement with Reduction

It is one of the most common intra-articular disorders of the temporomandibular joint.
Clinically, DDWR is related to TMJ noise. The movement of the disc onto and off may result
in a clicking, snapping, and/or popping sound known as opening and closing click.

It is usually asymptomatic and requires no treatment, since the TMJ structures adapt very
well and painlessly to different disc positions, the main disc adaptive physiological process is
the retrodiscal fibrosis ( 120). DDWR corresponds to 41% of TMD clinical diagnoses ( 121).
Although the main characteristics of DDWR are the joint clicking, it should not be
considered as a pathognomonic, since it may result from other conditions, such as
hypermobility, shape alterations, disc adhesions, imprisonments or perforations, and even a
chronic disc displacement without reduction (122 ).

B- Anterior Disc Displacement without Reduction

It is a specific temporomandibular disorder (TMD) that can cause TMJ pain and limited
mouth opening (painful locking), sometimes called a “closed lock”. DDwoR can be acute or
chronic depending on the duration of locking. Its incidence among TMD patients is estimated
at 2% to 8% ( 123).

The main symptoms are pain and decreased range of mouth opening, the disc is displaced

anteriorly, blocking mechanically translating movement of the condyle resulting in restricted
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mouth opening. In addition the bilaminar zone becomes overloaded by direct contact with the
condyle, which is the main reason of pain in the TMJ. Although it is self-limiting and
significant improvement of clinical symptoms is observed in 75% of patients in a 2.5 year
follow-up, it may lead to osteoarthrosis ( 124).
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Figure (1-6) Disc Displacement with Reduction (DDWR). A: Closed mouth, the articular
disc is displaced; B: Mouth opening, followed by an opening click; C: Open mouth, the

articular disc is reduced. D: Mouth closing, followed by a closing click ( 120).

1.2.4.2.2 Inflammatory Joint Disorders

Inflammatory joint disorders are a group of disorders in which various tissues that make up
the joint structure become inflamed. Any or all of the joint structures may be involved
synovitis, capsulitis, retrodiscitis, and the arthritis. There are also a few systemic
inflammatory disorders that can affect the TM joint structures.

Unlike disc derangement disorders, in which pain is often momentary and associated with
joint movement, inflammatory disorders are characterized by a constant dull, aching pain that
is accentuated by joint movement ( 17).

A- Synovitis and Capsulitis

Synovitis is inflammation of the synovial tissues that line the joint. Pain is characterized by
constant intracapsular pain that is enhanced by joint movement caused by any irritating
condition within the joint. It may result in unusual function or trauma. Synovitis and

Capsulitis are nearly impossible to separate Clinically (17 ).
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Excessive mechanical stress leads to cartilage degradation, decreased lubrication, synovial
inflammation and release of inflammatory mediators and cytokines. These biochemical
changes in the tissues can lead to synovitis ( 125).

While Capsulitis is inflammation of the capsular ligament that may manifest with swelling
and continuous pain localized to the joint. Movements that stretch the capsular ligament

cause pain with resultant limitation of such movement ( 126).

B- Retrodiscitis

It is caused due to trauma or due to progressive disc displacement and

dislocation. The patient complains of pain, which increases with clenching, limited jaw
movement, swelling of retrodiscal tissues, and acute malocclusion are associated with the
disease ( 127).

C- Arthritis

Pain originating in the joint with clinical characteristics of inflammation or infection over the
affected joint that is edema, erythema, and/or increased temperature. Associated symptoms
can include dental occlusal changes. It involve Osteoarthritis, Osteoarthrosis, Systemic
Arthritis like Rheumatoid arthritis (127 ).

1- Osteoarthritis

It is a common disease that can cause severe pain and dysfunction in any joint, including the
temporomandibular joint. Pathology is characterized by progressive cartilage degradation,
subchondral bone remodeling, and chronic inflammation in the synovial tissue.

Radiographic features of the condyle and articular eminence, including erosive resorption,
sclerosis, attrition, osteophyte formation, and cyst-like change (128 ).

A strong association with disc displacements, in particular, disc displacements without
reduction and osteoarthritis (129 ).

Osteoarthritis has a complex and multifactorial etiology; risk factors include age, genetics,
trauma and disturbances of joint or muscle. It occurs with greater frequency as age increases.
The most common clinical signs and symptoms include pain, restriction in joint function, and
joint sounds. Pain is usually dull aching and may have occasional sharp component on
movement. It may be associated with joint stiffness, limitation in mouth opening, increasing
sensitivity to cold and damp and may be relieved with rest, and NSAIDs. Patients usually
have morning stiffness for more than 30 min, joint crepitus, joint sounds and absence of joint
warmth (130 ).
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2- Osteoarthrosis

It is a progressive degenerative disease, gradually affecting cartilage, synovial membrane and
bone structures. It develops because of imbalance between reparative and degenerative
processes of the joint. Clinically manifests with joint noises, pain and restricted mouth
opening. In later stages, it results in severe damage of TMJ structures and development of
ankylosis and the height of the condylar process may be shortened. It is a multifactorial
disease; the occurrence is associated with TMJ overloading ( 131).

3- Rheumatoid arthritis

It is an autoimmune disease that causes chronic inflammation in joint tissues; it is usually
seen in other joints prior to temporomandibular joint involvement. The common clinical
findings in RA of the TMJ are tenderness, pain, clicking, crepitation, stiffness, and limitation
in jaw movements.

Joint space becomes obliterated due to loss of condylar height and with destruction, erosion,
sclerosis, and flattening of the articular surface of the condyle and eminence ( 132). TMJ
involvement is seen in 50% of RA patients (133 ).

In later phases of the disease, ankylosis is more likely to occur. TMJ involvement is usually
bilateral. Degenerative changes are seen as Macrophages, granulocytes, and plasma cells
infiltrate the synovial tissues and the synovium can becomes thicker and called “pannus”
resulting from the invasion of the bone, cartilage, and tendons by inflammatory synovial
tissue mass that grows towards the joint space and forms protruding folds, this creates pain by
disrupting joint functions and causing soft tissue to stretch ( 134).

1.2.4.2.3 Hypermobility

It refers to hypertranslation of the mandibular condyle anterior and superior to the articular
eminence during mouth opening. TMJ hypermobility could be classified according to its
reduction as subluxation or dislocation. TMJ subluxation is a condition where the condyle
translates anterior to its normal range and the patient exhibits a momentary inability to close
the mouth from a maximally open position (temporary locking sensation) reduced
spontaneously or with self- manipulation. TMJ dislocation (luxation) occurs when the
condyle moves outside the glenoid fossa, locking anteriorly to the articular eminence, where
it cannot be self-reduced. This locking action is maintained by spasms of masticatory
muscles(135).
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It is either bilateral or unilateral, acute, and chronic protracted or chronic recurrent. It occurs
due to either imbalance in the neuromuscular function or structural deficit. Age and changes
in the dentition also play a role with long dental treatments like third molar extractions or root
canal treatments.

The most common clinical symptom is the inability to close the mouth “open lock,” difficulty
in speech, drooling of saliva, and lip incompetency. In acute dislocation, pain in the
preauricular region, but chronic recurrent dislocation is rarely associated with it. Usually
bilateral and at times unilateral dislocation may lead to deviation of the chin to the
contralateral side. Palpation over the preauricular region may suggest emptiness in the joint
space (136 ).

1.2.4.2.4 Ankylosis

It is fibrous or bony fusion between the condyle and fossa. The main clinical features of TMJ
ankylosis are progressive limitation of mouth opening, facial deformity, and obstructive sleep
apnea syndrome (OSAS). It usually develops before the age of 10 years, but could develop at
any age.

There are four types of TMJ ankylosis starting with Type | non-bony ankylosis of the Joint,
Type 1 lateral bony ankylosis, Type 111 complete bony ankylosis with radiolucent line, and
Type 1V extensive bony ankylosis without any radiolucent line (137 ). The etiologies include

trauma, arthritis, infection, previous TMJ surgery, congenital, and idiopathic (138 ).

Type | Type Il Type Il Type IV

Figure (1-7) The Four Types of Temporomandibular Joint Ankylosis (137 ).

1.2.5 Diagnosis of Temporomandibular Joint Disorders

Different clinical approaches have been established for TMD diagnosis, but the Research
Diagnostic Criteria for TMD (RDC/TMD) and the updated version Diagnostic Criteria for
TMD (DC/TMD) are most commonly used. The symptoms of TMD are often associated with
pain in the TMJ or muscles of mastication which may radiate to distant structures, clicking,

popping, or crepitus of the temporomandibular joint, altered mandibular movements,
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headache limited to the temporal region, and otalgia or tinnitus, or both in the absence of
aural disease (139).

The diagnosis of TMD is based largely on history taking and physical examination, assisted
with Imaging:

1.2.5.1 History

The patient should be asked about the presence of TMJ pain, noises that occur during
chewing or yawning, a history of trauma, and ear pain. Questions about the involvement of
other joints in the body are also important because this finding can be indicative of
osteoarthritis or rheumatoid arthritis, so taking thorough medical history, dental history and
personal history (140 ).

1.2.5.2 Physical Examination

The examination is focused on abnormal mandibular movement, decreased range of motion,
tenderness of masticatory muscles, pain with dynamic loading, signs of bruxism, and neck or
shoulder muscle tenderness, clicking, crepitus, or locking of the TMJ. A single click during
opening of the mouth may be associated with an anterior disk displacement and second click
during closure of the mouth results in recapture of the displaced disk, this condition is
referred to as Disk Displacement with Reduction. When disk displacement progresses and the
patient is unable to fully open the mouth, this condition is referred to as closed lock
associated with Disc Displacement without reduction.

Crepitus is related to articular surface disruption, which often occurs in patients with
osteoarthritis. Reproducible tenderness to palpation of the TMJ is suggestive of intraarticular
derangement.

Deviation of the mandible toward the affected side during mouth opening may indicate
Anterior Disk Displacement (141 ).

Assessment of parafunctional habits by the examination of tooth wear, multiple fracture of
enamel and restorations, and soft-tissue changes like lip or cheek chewing, a hyperplastic
occlusal line, and scalloped tongue borders (27 ).

1.2.5.3 Imaging

TMJ imaging methods are used to assess the integrity of its components and their functional
association to confirm the extent or progression of an existing disease and to assess an
already established treatment. They are essential for assessment in cases of trauma, occlusal
alterations and sudden limitation of mouth opening, presence of joint noises, systemic joint

diseases, infection and failure of conservative treatments (142 ).
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1- Panoramic Radiography

It can reveal advanced bone alterations in the condyle, such as asymmetries, erosions,
osteophytes, fractures, changes in size and shape, degenerative and inflammatory processes,
growth alterations, maxillary tumors, metastases, and ankylosis. However, it does not provide
functional information on condylar excursion. Also, only gross alterations in the articular
tubercle morphology can be seen because of the superimposition of images of the skull base
and the zygomatic arch.

This technique is useful as a screening tool, as it allows the initial diagnosis and assessment
of TMJ alterations that are not so subtle. It is also indicated when the patient has reduced
mouth opening and the differential diagnosis of fracture is considered (142 ).

2- Plain Radiography

Consists of transcranial projection of TMJs at different angulations to avoid the superposition
of the temporal bone and the opposite TMJ, lateral oblique transcranial projections, anterior-
posterior projections, submental-vertex projection, transpharyngeal view. Plain radiography
is useful in depicting degenerative joint disease in advanced stages, condylar fracture and
dislocation (143 ).

3- Magnetic Resonance Imaging (MRI)

It allows detailed evaluation of TMJ anatomy because of its inherent tissue contrast and high
resolution using surface coils. It enables visualizing soft tissues such as disc, ligaments,
muscles, and retrodiscal tissue. MRI also allows assessment of joint biomechanics through
imaging patients in the closed and open jaw positions.

MRI is the standard imaging choice for evaluating the TMJ for internal derangement. It can
show joint effusion, osteoarthritis, abnormal disc morphology (144 ).

4- Arthrography

It is an invasive technique for diagnosing temporomandibular joint (TMJ) soft tissue
derangements when magnetic resonance imaging (MRI) is not an option. It shows the disc
and associated adherences or perforations. It is obtained by injecting radiopaque contrast
medium into one or both joint spaces and viewed under fluoroscopic guide (145 ).

5- Computed Tomography

It plays an important role in the diagnosis of anomalies and pathological conditions of the
TMJ, providing a complete visualization of joint region for more accurate diagnosis and it is

superior to the conventional imaging exam for TMJ (146).
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It shows Internal disc derangement, Erosive arthritis, Idiopathic condylar resorption,
Osteoarthritis, Ankylosis, Condylar fractures, Synovial chondromatosis, Osteochondroma,
Condylar hyperplasia, and Fibrous dysplasia (147 ).

6- Cone Beam Computed Tomography (CBCT)

It is increasingly being used as an imaging modality in the assessment of the TMJ, and has
been reported to provide superior reliability and greater accuracy than panoramic projections
in the detection of condylar cortical erosions. Moreover, it offers a low-dose alternative to
conventional CT imaging for visualization of the osseous structures (148 ).

7- Ultrasonography

It is a cost-effective and noninvasive imaging modality commonly employed for imaging the
abdominal region and extremities. It shows soft tissues such as disc, muscles, and ligaments

when MRI is not an option (149 ).

1.2.6 Treatment of Temporomandibular Joint Disorders

Treatment strategies for TMDs are as diverse as the patients that present with it. Each patient
is treated in a different way depending on the distinctiveness of the problems. A treatment is
aimed towards symptomatic relief and not cures, since most of the conditions that affect the
temporomandibular system are irremediable.

One should utilize first conservative and non-surgical treatment, and if this failed, irreversible
treatment such as surgery should be offered but only in extreme conditions (150 ).

The treatment of TMD can be divided into two main groups. The first is the non-surgical
therapy and it includes treatments such as counselling, physiotherapy, pharmacotherapy, and
occlusal splint therapy. The other is the surgical therapy and it ranges from
temporomandibular joint arthrocentesis and arthroscopy to the more complex open joint

surgical procedures, referred to as arthrotomy (151).

1.2.6.1 Non-Surgical Management
1- Counseling and Physiotherapy

Represented as Homecare practices measures and may include avoidance of excess chewing,
parafunctional habits, change to a soft consistency diet, limited talking, and avoidance of
wide yawning, use of physical therapy such as local application of ice for acute pain or heat
for low-grade chronic pain, muscle massage, hot showers, saunas, transcutaneous electrical

stimulation, ultrasound, and steam baths.

27



Passive or active jaw exercises have been recommended for joint clicking, restricted opening,
irregular mandibular movement, lack of muscle coordination, and recurrent anterior
dislocation of the condyle (152).

2- Pharmacotherapy

Pharmacological intervention has been used for many years, and the most effective
pharmacological agents for the treatment of TMD include analgesics, non-steroidal anti-
inflammatory drugs (NSAIDs), opioids, corticosteroids, anxiolytics, muscle relaxants,
antidepressants, anticonvulsants and benzodiazepines (153 ).

Drug therapy as part of TMD management should follow the general principles of analgesic
therapy and be used on a fixed dose schedule rather than as needed for pain (154 ).

3- Occlusal Splint

It is a removable appliance, usually fabricated of resin and most often designed to cover all of
the occlusal and incisal surfaces of the teeth in the upper or lower jaw. Occlusal splint
therapy is most commonly used clinical approach because of its ease of use, low cost, and
broad indications. Splint therapy effectively reduces pain levels in TMD patients, and reduces
the frequency of pain inpatients with TMJ clicking (155 ).

There are alternative treatment modalities for temporomandibular joint disorder and involve
Acupuncture, Low- level Laser Therapy, Transcutaneous Electrical Nerve Stimulation,
Therapeutic Ultrasound, and Botulinum toxin. but there is insufficient evidence to draw any
conclusions about their effectiveness in the literature (156 ).

A- Acupuncture

Acupuncture may stimulate the production of endorphins, serotonin, and acetylcholine within
the central nervous system, or it may relieve pain by acting as a noxious stimulus.
Acupuncture uses bodies own mechanism to reduce pain. When needles are inserted as per
the location of pain, it leads to the release of endogenous opioids (endorphins, enkephalins)
which floods the afferent interneurons thereby blocking the noxious stimuli (156 ).

B- Botulinum Toxin (BoNT)

It is a150-Kilodalton exotoxin produced from clostridium botulinum, whose action is
mediated through the cleavage of docking proteins that are responsible for membrane fusion
of pre-synaptic vesicles.

BONT is used for pain relief in numerous conditions including tension headaches, migraine

headaches, post-herpetic neuralgia and myofacial TMD. BoNT injection has therefore
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become an attractive choice as adjuvant therapy in patients with myofacial TMD who do not

achieve a complete response with conservative management and pharmacotherapy (157).
C- Low- level Laser Therapy (LLLT)

Also known as low- intensity laser therapy (LILT) is a noninvasive, reversible therapy
without any known side effects. LLLT uses electromagnetic radiation, which is having a
single wavelength (red or infrared) be used as treatment for several pathologies such as
wound healing, pain conditions, and inflammatory situations.

LLLT is used for pain management in chronic joint disorders including osteoarthritis of the
knee, cervical spine, lumbar spine, and TMJ disorders. LILT has little evidence for its
effectiveness in the management of TMDs and it has been widely used in the treatment of
musculoskeletal disorders (158).

D- Transcutaneous Electrical Nerve Stimulation (TENS)

It is a well- known physical therapy useful for the relief of pain by use of

controlled, low voltage electrical pulses applied to the nervous system. It is safe, noninvasive,
inexpensive, and an effective method of providing analgesia, with reduced potential adverse
reactions related to other methods (159).

E- Therapeutic Ultrasound

It is a noninvasive therapeutic method which includes vibrations above 16,000 vibrations or
16 Hz. It is known to accelerate healing, decrease joint stiffness, alleviate pain, increase the
extendibility of collagen fibers, and reduce muscle spasm (159 ).

1.2.6.2 Surgical Management

The indications for performing TMJ surgery are as follows:

1. The patient has severe TMJ pain and mandibular dysfunction.

2. The cause of the pain and or mandibular dysfunction is attributable to a diagnosis
consistent with a significant intraarticular pathologic condition (synovitis, osteoarthritis,
adhesions) leading to disc displacement.

3. A full course of nonsurgical therapy has failed to improve the patient’s symptoms.

The surgical options that are available to treat the more common TMJ disorders are

arthrocentesis, arthroscopy, and open joint surgery when indicated (148).

1- Arthrocentesis
It is a minimally invasive procedure completed under local anaesthesia refers to lavage of the

upper joint space, hydraulic pressure and manipulation to release adhesions or the *anchored
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disc phenomenon’ and improve motion. The treatment decreased pain, increased maximal
incisal opening, and at follow-up it showed prolonged relief of symptoms.

The microscopic tissue debris resulting from the breakdown of the articular surfaces and the
pain mediators such as the enzymes and prostaglandins can be washed out, and normal
lubricating properties of synovial membrane can also be stimulated. It is used for treatment of
acute closed lock, chronic closed lock, chronic anterior displaced disc with reduction, and
degenerative joint disease (160).

2- Arthroscopy

It is minimally invasive surgery performed under general anaesthesia. The superior joint
space is lavaged, intracapsular adhesions lysis, and intracapsular betamethasone is injected.
The upper compartment of the TMJ is examined with a telescope and irrigated with lactated
Ringer’s solution and any fibrous adhesions are released in a semiblind fashion using a blunt
trocar (161).

3- Condylotomy

It is an osteotomy completed in a manner identical to the vertical ramus osteotomy without
wire or screw fixation is placed, and the patient is placed into intermaxillary fixation.

The theory behind this operation is that muscles attached to the proximal segment will
passively reposition the condyle, resulting in a more favorable relationship between the
condyle, the disk, and the fossa. It is advocated primarily for treatment of disk displacement
with or without reduction, degenerative joint disease, and subluxation or dislocation have also
been suggested as possible indications (162 ).

4- Condylar Shave and Arthroplasty

It consists of removing several millimeters of the articular surface with Recontouring (11).
5- Condylectomy

It is the excision of the condyle. This procedure had mixed results and multiple
complications, particularly an open bite, malocclusion and deviation of the mandible on
opening (11).

6- Eminectomy

It is reduction in the height of the articular eminence by exposing it surgically through a
preauricular incision and reducing it with a bur. If this barrier is removed then the condyle
will not get locked and will travel freely to and fro and the subluxation or dislocation will not
take place (163).
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1.3 Platelet Rich Plasma (PRP)
1.3.1 Definition

PRP is a biological product defined as a portion of the plasma fraction of autologous blood
with a platelet concentration above the baseline (before centrifugation) (164 ). As such, PRP
contains not only a high level of plate- lets but also the full complement of clotting factors,
the latter typically remaining at their normal, physiologic levels (165 ). It is enriched by a
range of growth factors (GFs) , chemokines, cytokines, and other plasma proteins (166 ).
The PRP is obtained from the blood of patients before centrifugation. After centrifugation
and according to their different density gradients, the separation of blood components (red
blood cells, PRP, and platelet-poor plasma (PPP) follows.

In PRP, besides the higher concentration of platelets, other parameters need to be taken into
account, such as the presence or absence of leucocytes and activation. This will define the
type of PRP used in different pathologies.

1.3.2 Mechanism of action

Platelets are anucleated cytoplasmic fragments of megakaryocytes that differentiate down the
myeloid cell line- age (167 ). They contain a-granules, often thought of as the storage units of
platelets (168 ) which studies suggest contain an abundance of growth factors . These are
believed to influence inflammation, angiogenesis, stem cell migration and cell proliferation
(169). Platelets are well known to be the initiators of the healing process; however, not all
tissues have a rich blood supply, for example tendons, ligaments and cartilage. This results in
relatively low levels of GFs being available to these tissues to enact effective healing.
Application of PRP to these, and other, areas can therefore introduce supra-physiological
levels of GFs to theoretically stimulate resolution of chronic pathological processes.
Commercial ELISA (Vector Laboratories, Burlingame, CA; Quantikine Immunoassay, R&D
Systems, Minneapolis, Minnesota) and Luminex kits (Luminex Corporation, Austin, Texas)
were used to accurately quantify GFs in software based statistical analysis in the following
section.

Once recruited to an area of injury, platelet adhesion is facilitated through adhesive
glycoproteins secreted by a-granules (170 ) including vitronectin, fibronectin,
thrombospondin and von Willebrand factor (171, 172). Once the clot is formed the platelets
are activated (173 )allowing the release of the GFs from a-granules to stimulate healing.
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There are myriad GFs contained within a-granules, of which the complex interchange
amongst them is hypothesized to be of additional benefit to the healing process beyond
simply introducing a higher concentration of platelets at hypovascular sites (167 ).

Growth factors enact their functions primarily via ligand binding to associated extracellular
cell surface receptors, which signal intracellular cytoplasmic proteins to attach to
phosphorylated tyrosine. This is followed by multiple phosphorylation and activation steps of
protein kinases within the cytoplasm, finally leading to translocation of a phosphorylated
kinase to the cell nucleus. This phosphorylates transcription factors enabling gene
transcription and ultimately the execution of the encoded function (174 ,175).

Growth factors contained within a-granules thought to be crucial to the efficacy of PRP
include platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF),
the transforming growth factor-p superfamily (TGF-B), fibroblast growth factor (FGF) and
insulin-like growth factor (IGF). PDGF is able to initiate callus formation via chemotaxis and
mitogenesis of fibroblasts and chondrocytes (176 ,177) along with chemo- taxis of
mesenchymal stem cells (MSCs) ( 178). The promotion of endothelial cell proliferation by
PDGEF also has an important role in angiogenesis (179). VEGF is involved in
neovascularization through its strong endothelial chemokine and mitogenic properties (180).
TGF-p is well established as a promoter of chondrogenesis ( 181), but has also been shown
to: stimulate osteogenic MSC differentiation (182 ) and undifferentiated mesenchymal cell
proliferation; regulate the mitogenic effects of other GFs; and inhibit macrophage and
lymphocyte proliferation ( 183) The FGF family is involved in multiple biological processes
including osteoblastogenesis (182,184 ), growth and differentiation of chondrocytes and
MSCs ( 183). IGF regulates the proliferation and maturation of chondrocytes (185,186 ) and
IGF-1 may down-regulate expression of programmed cell death 5 (PDCD5), thereby
inhibiting apoptosis of osteoarthritic chondrocytes (187).

In addition to GF release following platelet activation, Xie et al (188)demonstrated that PRP
also forms a fibrin gel, which acts as a conductive bioscaffold to allow incorporation of
migrating cells for tendon healing. Entrapment of GFs within a fibrin matrix ( 189, 190) may
hold the key to con- trolled release of GFs at the intended site of action. How- ever, it is
important to note that cellular response to GFs is limited by number of target receptors
available on cell surfaces, therefore high platelet concentrations and subsequent GF release
may not be of benefit ( 170). This may explain why PRP preparations with GFs over six

times the physiological concentration may have an inhibitory effect ( 191).

32



This leads on to an important point, that while there are many GFs that have been shown to
have beneficial effects on cartilage, tendons, bone and other tissues, there are other
components that can have negative effects such as pro-inflammatory cytokines, matrix
metalloproteinases (MMPs) and interleukin-1 (IL-1B). For example, Browning et al (192)
demonstrated an increase in MMP-1 and MMP-3 in osteoarthritis (OA) synoviocytes
incubated with PRP. Thereby suggesting PRP application to joints may lead to accelerated
cartilage breakdown due to a pro- inflammatory response. Most in vitro studies support PRP
use in cartilage tissue because of the ability to increase chondrocyte proliferation and
production of matrix molecules whilst not affecting chondrogenic phenotype (193). However,
the importance of platelet-derived GF dosage has also been highlighted through the different
results they can produce (194 ).

Perhaps the biggest area of controversy surrounding PRP is the concentration of cellular
components, particularly leucocytes. There has been debate around whether leucocytes are
adverse because of cytokines causing inflammation and subsequent weaker fibrotic tissue
and/ or proteases and reactive oxygen species they release (193 ) or beneficial as a result of
cytokines that can prevent infection and improve healing (195 ). This is something we will

explore in the following section.

1.3.3 Applications and Indications
The ubiquitous nature of the mechanism of action of PRP suggests that, in theory, it can be

applied to multiple pathologies to aid the body’s natural healing processes.

1-Tendinopathies

The majority of research into PRP treatment for tendinopathy centres on lateral epicondylitis,
where PRP has been shown through systematic review (196 ) to have a better, albeit delayed,
therapeutic effect compared to corticosteroid injection for up to two years post injection
coleman modified score53 (CMS 53). Three of the five randomized controlled trial

(RCTs )analysed used leukocyte-rich PRP (L-PRP), the others did not document the type of
PRP used. On further analysis, the RCTs that showed the most significant improvements
compared to corticosteroid, were those documenting L-PRP was used.

Systematic review and meta-analyses of studies assess- ing PRP efficacy in Achilles

tendinopathy (197)showed that PRP conferred no clinical benefit when compared to saline
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placebo or an eccentric loading program (CMS 65). Two of the studies used L-PRP, the other
did not document the type of PRP used.

A systematic review and meta-analysis of two RCTs assessing L-PRP efficacy for patellar
tendinosis (198) suggested that PRP was statistically better than dry needling or extra-
corporeal shockwave therapy at six months post treat- ment (CMS 66).

There have been two RCTs assessing PRP versus saline injection (199) and dry needling
(200 ) respectively in the treatment of rotator cuff disease (tendinopathy or partial tears). Rha
etal (200 ) found that PRP provided more symptomatic relief and functional improvement
(based on greater reduction in shoulder pain and disability index) at six weeks to six months
post injection than dry needling (CMS 66). The type of PRP was not documented. Whereas,
Kesikburun et al (199) found no difference between L-PRP and saline injections at any
follow-up point up to a year post injection (CMS 71).

The combined evidence for PRP efficacy in tendinopathies shows that in the studies where

PRP has shown statistical improvement to control measures, it is L-PRP that has been used.

2-Cartilage pathology

Laver et al (201) reviewed all studies that assessed PRP for the treatment of degenerative
cartilage pathology. A total of 29 studies were included, nine prospective RCTs, four
prospective comparative studies, 14 case series, and two retrospective comparative studies.
Of the nine RCTs, all reported improved symptoms with PRP groups at the final 12-month
follow up, seven of which were significantly superior results. Generally, all studies appear to
show overall positive results and clinical benefit from PRP, irrespective of methodological
variation. Interestingly, there was a trend towards improved outcomes in either patients

of younger age or early OA changes. Only one study followed up patients beyond 12 months
(to two years). In this study, while there was symptomatic improvement at 12 months follow
up; there was significant decrease in functional scores at two years, albeit still higher than the
baseline level (CMS 61). Twenty studies used pure PRP (P-PRP), seven studies used L-PRP
and two studies did not document PRP leukocyte content. Of the nine RCTSs report- ing
improved outcomes, eight used P-PRP, while one used L-PRP. Whilst not directly
investigated, these findings suggest P-PRP is more suitable to intra-articular pathology.
Further review and meta-analysis by Chang et al (202) reinforced the findings of Laver et al
(201). Specifically that less severe OA benefits more from PRP, and PRP is likely to be
superior to hyaluronic acid for functional outcomes and have longer duration of action (up to
a year).
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A case series by Ko et al (203) (level 4) has even shown L-PRP can significantly reduce
chronic low back pain in patients with sacroiliac joint (SIJ) instability when injected under

ultrasound guidance into the S1J, lasting up to four years (CMS 59).

3-Acute muscle injuries

A systematic review and meta-analysis of six RCTs assess- ing the effectiveness of PRP in
reducing return to sport times, demonstrated that when taking into account all six studies, the
return to sport time was significantly shorter (by 7.17 days) in the PRP group (CMS 67)
(204 ). However, when only the double-blinded studies or studies including only hamstring
injury were included in the analysis, no significant difference was noted. In addition, re-
injury rates were similar between PRP and controls across studies. There were no significant
differences regarding pain, muscle strength, flexibility, muscle function or healing (on
ultrasound scan or magnetic resonance imaging) (204 ). Two studies used P-PRP, two used
L-PRP, and two did not document PRP type. These findings suggest that when return to play
as early as possible is the primary motivation (such as for professional sport) it can be worth
using PRP. However, the results are varied and the type of PRP best suited is unknown.

4-Surgical augmentation

Multiple studies have looked at the use of PRP as an aug- mentation for surgery to expedite
healing and recovery time. The majority of studies assessing this are focussed on rotator cuff
repair and anterior cruciate ligament (ACL) surgery. Cohn et al (205 ) reviewed five RCTs
assessing the effect of PRP versus no treatment in conjunction with rota- tor cuff repair. Only
two of the studies showed any benefit. Randelli et al (206) demonstrated less pain in the early
post- operative period and increased strength of external rota- tion at three months post-
operatively in the L-PRP group (CMS 76). Interestingly, subgroup analysis of grade 1 and 2
tears showed greater strength of external rotation from 3 to 24 months post-operatively,
suggesting milder tears may benefit more from L-PRP. Jo et al (207 ) looked at PRP efficacy
in large rotator cuff tears and found that re-rupture was 20% lower in the PRP + surgery
group compared with surgery alone, as well as the overall shoulder function being
significantly better (CMS 73). However, the type of PRP used was not described. The other
RCTs showed no significant differences in peri-operative morbidity, clinical outcomes of
structural integrity between PRP + surgery and surgery alone. Two of the studies used P-PRP
while the other did not specify the PRP classification. Overall, these results show L-PRP may

be of benefit in rotator cuff repair. A 20% reduction in large tear re-rupture is certainly worth
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the addition of PRP. However, the type was not documented. Interestingly, of the three RCTs
showing no benefit with these tendon injuries, two used P-PRP and the other was unspecified.
A systematic review of nine RCTs and two cohort studies assessing PRP use in ACL surgery
(208) (level 3) showed there is evidence that adding PRP to the graft or tunnels could be
beneficial in expediting graft maturity (CMS 60). Seven studies used L-PRP, two used P-PRP
and two did not document PRP type. Similarly to muscle injuries, where early return to play
is a crucial, these finding suggest the addition of PRP during ACL reconstruction may be of
benefit. However, the type of PRP is again unclear.

1.3.4 Preparation techniques

There are two techniques to prepare PRP: (209)

 Open technique: Exposure of the product to the working environment with contact to
different materials like pipettes or product-collection tubes. Product contamination during
microbiological handling must be guaranteed.

« Closed technique: Commercial devices with CE marking involving centrifugation is used

and thus environmental exposure to product is not there (recommended).

1.3.5 Complications and Side Effects of PRP.

After the procedure there will be some pain, mild swelling or redness, of the skin following
injection of the platelet rich plasma - PRP. Bruising is also a possibility as the needle is used
to place the PRP into the skin. This may take a week or so to resolve. There can be side
effects. Here are the most common: (210)

1-Pain in the Injured Area: Some people who've undergone PRP therapy complain about an
acute ache or soreness in the spot of the injection. Sometimes this pain is even felt deep

inside the area, whether in the muscle or bone.

2-Infection: As with any injection-based treatment, infection is a slight possibility regardless
of thorough sterilization procedures.While a tremendous amount of precaution is taken when
injecting a patient with a PRP serum-intense sterilization procedures are, in fact, followed

closely for each treatment-sometimes an infection can break out in the injured area.

3-No Improvement in Injured Area: While this is not necessarily a side-effect, we still

need to mention that not all athletes respond to a PRP injection. (Of course, this particular
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type of sports medicine is undergoing more studies so we can understand exactly why.
Sometimes the original pain and soreness of the injury remains (it may even get worse), even

after an extended rest period after the PRP therapy.

4-Allergic Reaction: Some patients' body will reject their own serum and react negatively to
the treatment. This is rare, but it does happen. Again, more studies need to be done to

understand why.

5-Blood Clot: Normally, a blood clot forms when there is damage to the lining of a blood
vessel, like with a cut. Because a PRP injection uses a needle (guided by a sonogram) there is
a chance that a artery or vein could be damaged. If that happens a blood clot occurs and is
treated like any normal clot.

6-Skin Discoloration: Sometimes the color around the skin of a PRP injection will appear

bruised. This could be normal, based upon your history of bruising.

1.3.6 Platelet Rich Plasma In Treatment Of Temporomandibular Joint

Disorders

In four studies (Hegab et al., Kilic et al., 2015 and 2016 and Lin et al.) out of 10 osteoarthritis
was the only affect tested; however in one work (211) (Giacomello et al.), authors evaluated
also anterior disc displacement without reduction. Fernandez-Ferro evaluated both
osteoarthritis an disc displacement with or without reduction (212 ). Hanci et al. recruited a
sample suffering from disc displacement with reduction (213 ), Pihut and al. evaluated a
sample affected by general temporomandibular disfunctions (214), and Yang et al. and Al-
Delayme et al. evaluated non-reducing disc displacement samples (215,216 ).

One study out of 10 compared PRP injections to arthrocentesis (213) (Hanci et al.), two
studies out of 10 compared PRP injections to HA injections (217 ,212 ) (Hegab et al.,
Frenandez-Ferro et al.). Three studies tested different doses of PRP injections without a
control group (Giacomello et al., Pihut et al., Al-Delayme et al.,) and Yang et al. tested
LPCGF (Liquid Phase Concentrated Growth Factor) injection combined with centric relation
occlusal splint without comparison (215, 211,214 ,216 ). In both studies of Kili¢ et al. (2015,

2016) PRP and arthrocentesis and PRP injection was compared with arthrocentesis alone
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(2015) and with HA arthocentesis (218,219). In Lin et al. PRP arthrocentesis was compared
with PRP injection (220 ).

1.3.6.1 Outcome of Pain Improvement

Pain was measured by VAS (visual analogue scale) in all works evaluated. Statistically
significant results in terms of pain improvement were highlighted in all works examined,
except in Lin et al.(220 ).

Intra-group and inter-groups differences were noticed in all works where a control group was
involved. In those studies where control groups were not present, statistical differences were
noted between the baseline and the end of follow-up in the study group.

In Lin’s work, arthrocentesis plus PRP was compared to PRP injection in osteoarthritis and
the two groups did not show statistically significant differences in TMJ arthralgia (220 ).
Results of VAS scores from all studies were found to be similar in values, except in
Fernandez-Ferro et al. where a slighter improvement was noticed, probably due to the larger
sample tested (212).

Pain seems to improve when PRP is used, both by injections combined with arthrocentesis.
Furthermore, PRP injections were found to be more effective than HA injections (Hegab et
al., Fernandez-Ferro et al.) (217 ,212).

1.3.6.2 Outcome of Joint Sound

In two studies joint sound was not evaluated (Giacomello et al. and Fernandez-Ferro et al.)
(211 ,212). In three studies the joint sound was evaluated using VAS scale (Kili¢ et al. 2015,
2016 and Al-Delayme) (215,218 ,219 ), in three other studies it was calculated on joints
affected by sound or crepitus (Hanci et al., Hegab et al., Yang et al.) (213,217, 216), and in
another two number of patients reporting sound was scored (Pihut et al., Lin et al.)

(214 ,220).

In all of the works analysed joint sound was found to improve during follow up. In Hegab et
al. and in Pihut et al. results were not statistically significant, nevertheless an improvement
was noticed (217,214 ). In particular, Hegab et al. reported improvements of joint sound
when treated with PRP injection compared to HA injection at 1 month of follow-up, however
this improvement became equal at 12 months follow-up (217 ).

In both studies carried out by Kilig et al. statistically significant inter-groups resulting in
decreasing of joint sound were reported (218 ,219). Hanci et al. showed also statistical
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differences between two compared groups, as well as in Yang et al. and in Al-Delayme where
statistical differences in outcome were reported comparing baseline to end of follow-up (215,
213, 216).

In Lin et al. at 1 month and at 12 months statistically significant improvement of joint
crepitus sound was detected in patients treated by arthrocentesis and PRP. However, authors
reported no statistical differences until 12 months between two groups (arthrocentesis and
PRP compared to PRP injections) demonstrating a similar improvement of joint crepitus
sound in both groups (220 ).

1.3.6.3 Mandibular Motion Outcome

Different definitions of this outcome were reported by authors, for example mandibular
opening, mandibular motion, mouth voluntary opening and maximum mouth opening,
minimal interincisal opening, range motion. We generally assumed all of these as mandibular
motion.

In all studies, except Yang et al., mandibular motion was considered and tested at baseline
and at the end of follow-up; furthermore, comparison between groups was carried out where
a control group was present (216 ).

In Giacomello et al. (2 PRP Injections) differences in mandibular opening between pre-
injection and post-injection were statistically significant (211 ).

Hanci et al. (PRP injection vs. arthrocentesis) investigated minimal interincisal opening
founding no statistically significant differences between study and control group (213 ).
Pihut et al. (PRP injection) reported a decrease of mandibular motion but the results are not
clearly explained (214).

Results in mandibular voluntary opening in Hegab et al. (PRP injections vs. HA injections)
were found to be statistically different between two groups (217 ). In Kilig et al. (2015) (PRP
arthrocentesis vs. arthrocentesis) results in maximum mandibular opening were not
statistically different in two groups whereas in the work of 2016 (PRP arthrocentesis vs. HA
arthrocentesis) statistical differences were noticed between study and control group
(218,219). Fernandez- Ferro et al. (PRP injection vs. HA injection) did not find differences
with statistical relevance between the two groups in testing mouth opening before
intervention and at the end of follow-up (212).

In Al-Delayme et al. (PRP injections), statistical differences between baseline and end of

follow-up were noticed (215).
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Lin et al. (PRP arthrocentesis vs. PRP injections) showed a statistical significant
improvement in both groups after interventions (range motion higher than 6 mm), however
no differences were noticed in terms of mouth-assisted opening (220 ).

Yang et al. did not evaluate range motion outcome (216).
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Conclusion

The Temporomandibular Joint (TMJ), also known as the craniomandibular
joint/articulation. It is the articulation between the squamous part of the temporal
bone and the head of the mandibular condyle. It consists of a mandibular or glenoid
fossa, an articular eminence or tubercle, a condyle, a separating disk, a joint fibrous
capsule and an extracapsular check ligaments.

The Primary Components of the TMJ are Condyle of the Mandible , Squamous
Portion of the Temporal Bone , Articular Disc and Ligaments .

Ligaments of the Temporomandibular Joint are The Capsular Ligament , The Lateral
Temporomandibularl Ligament , The Collateral (Discal) Ligaments,
Sphenomandibular Ligament and Stylomandibular Ligament .

Muscles of Mastication of TMJ are Masseter Muscle , Temporalis Muscle , Medial
Pterygoid Muscle and Lateral Pterygoid Muscle.

The predominant vessels of TMJ are the superficial temporal artery posteriorly, the
middle meningeal artery anteriorly, and the internal maxillary artery inferiorly.

TMJ is innervated by the same nerve that provides motor and sensory innervation to
the muscles that control it, which is the trigeminal nerve.

Temporomandibular joint disorders (TMDs) encompass a group of musculoskeletal
and neuromuscular conditions that involve the temporomandibular joints (TMJs), the
masticatory muscles and all associated tissues.

The etiology of temporomandibular joint disorders (TMDs) is multidimensional.
Biomechanical, neuromuscular, biopsychosocial, and neurobiological factors may
contribute to the disorder .

The prevalence of symptoms is variable, and almost always TMD is diagnosed by
associating signs and symptoms. A large number of epidemiological studies have
been conducted on the epidemiology of TMDs on patient and nonpatient populations.
TMD signs and symptoms include pain, limited or asymmetric mandibular motion,
and TMJ sounds, ear pain and stuffiness, tinnitus, dizziness, neck pain, and headache.
The most common symptom reported by patients with temporomandibular disorders
is unilateral facial pain.

TMJ disorders are separated into two main categories based on the anatomic origin of

the problem, articular disorders and masticatory muscle disorders.
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Different clinical approaches have been established for TMD diagnosis, but the
Research Diagnostic Criteria for TMD (RDC/TMD) and the updated version
Diagnostic Criteria for TMD (DC/TMD) are most commonly used.

The patient should be asked about the presence of TMJ pain, noises that occur during
chewing or yawning, a history of trauma, and ear pain.

The examination is focused on abnormal mandibular movement, decreased range of
motion, tenderness of masticatory muscles, pain with dynamic loading, signs of
bruxism, and neck or shoulder muscle tenderness, clicking, crepitus, or locking of the
TMJ.

TMJ imaging methods are used to assess the integrity of its components and their
functional association to confirm the extent or progression of an existing disease and
to assess an already established treatment.

Treatment strategies for TMDs are as diverse as the patients that present with it. Each
patient is treated in a different way depending on the distinctiveness of the problems.
A treatment is aimed towards symptomatic relief and not cures, since most of the
conditions that affect the temporomandibular system are irremediable.

PRP is a biological product defined as a portion of the plasma fraction of autologous
blood with a platelet concentration above the baseline (before centrifugation).

The ubiquitous nature of the mechanism of action of PRP suggests that, in theory, it
can be applied to multiple pathologies to aid the body’s natural healing processes.
After the procedure there will be some pain, mild swelling or redness, of the skin
following injection of the platelet rich plasma - PRP. Bruising is also a possibility as
the needle is used to place the PRP into the skin. This may take a week or so to
resolve.

Different definitions of this outcome were reported by authors, for example
mandibular opening, mandibular motion, mouth voluntary opening and maximum

mouth opening, minimal interincisal opening, range motion.

42



10.

11.

Reference

Gencer Z.K., Ozkiris M., Okur A., Korkmaz M., Saydam L. A comparative study on
the impact of intra-articular injections of hyaluronic acid, tenoxicam and betametazon
on the relief of temporomandibular joint disorder complaints. J. Cranio-Maxillofac.
Surg. 2014;42:1117-1121. doi: 10.1016/j.jcms.2014.01.041.

Buescher JJ. Temporomandibular joint disorders.Am Fam Physician.

2007;76(10):1477- 1482.

(Am Fam Physician. 2015;91(6):378-386. Copyright © 2015 American Academy of
Family Physicians.)

Goncalves, D.A.; Camparis, C.M.; Speciali, J.G.; Franco, A.L.; Castanharo, S.M.;
Bigal, M.E. Temporomandibular disorders are differentially associated with headache
diagnoses: A controlled study. Clin. J. Pain 2011, 27, 611-615.

Lipton, J.A.; Ship, J.A.; Larach-Robinson, D. Estimated prevalence and distribution
of reported orofacial pain in the United States.

J. Am. Dental Assoc. 1993, 124, 115-121.

Locker, D.; Slade, G. Prevalence of symptoms associated with temporomandibular
disorders in a Canadian population. Community Dent. Oral Epidemiol. 1988, 16, 310—
313.

Magnusson, T.; Egermark, I.; Carlsson, G.E. A longitudinal epidemiologic study of
signs and symptoms of temporomandibular
disorders from 15 to 35 years of age. J. Orofac. Pain 2000, 14, 310-319.

Sena, M.F.; Mesquita, K.S.; Santos, F.R.; Silva, F.W.; Serrano, K.V. Prevalence of
temporomandibular dysfunction in children and

adolescents. Rev. Paul. Pediatr. 2013, 31, 538-545.

Valesan, L.F.; Da-Cas, C.D.; Reus, J.C.; Denardin, A.C.S.; Garanhani, R.R.; Bonotto,
D.; Januzzi, E.; de Souza, B.D.M. Prevalence of temporomandibular joint disorders:
A systematic review and meta-analysis. Clin. Oral Investig. 2021.

Hegab A.F., Ali H.E., ElImasry M., Khallaf M.G. Platelet-Rich Plasma Injection as an
Effective Treatment for Temporomandibular Joint Osteoarthritis. J. Oral Maxillofac.
Surg. 2015;73:1706-1713. doi: 10.1016/j.joms.2015.03.045.

Malik, N. A. (2012). Textbook of oral and maxillofacial surgery.3rd ed. Jaypee
Brothers Medical Publishers;ch21:pp:239-293

43



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Kitsoulis, P., Marini, A., lliou, K. et al. Signs and Symptoms of Temporomandibular
Joint Disorders Related to the Degree of Mouth Opening and Hearing Loss. BMC Ear
Nose Throat Disord 11, 5 (2011)

Hooks , T.R., 2012 . Temporomandibular Joint, in : Physical Rehabilitation of the
Injured Athlete . Elsevier , pp.282-305.

Ghom, A. G. (2010). Textbook of oral medicine. St Louis (USA: Jaypee Bros.;
ch25:pp602

Hargitai I.A., Hawkins J.M., Dale Ehrlich A. (2018) The Temporomandibular Joint.
In: Gremillion H., Klasser G.Temporomandibular Disorders. Springer, Cham.
Norton, Neil Scott, and Frank H. Netter. 2007. Netter's head and neck anatomy for
dentistry. Philadelphia, PA: Saunders Elsevier.

Jeffrey P. Okeson. Management of temporomandibular disorders and occlusion,
edition six, 2008; pp 468.

Alomar X, Medrano J, Cabratosa J, Clavero JA, Lorente M, Serra I,Monill JM,
Salvador A. Anatomy of the temporomandibular joint. InSeminars in Ultrasound, CT
and MR1 2007 Jun 1 (Vol. 28, No. 3, pp. 170- 183). WB Saunders

Patnaik VVG, Sanju B, Rajan SK. Anatomy Of Temporomandibular Joint: A Review.
Journal of the anatomical society of india Vol. 49, No. 2,December, 2000.

Caruso S, Storti E, Nota A, Ehsani S, Gatto R. Temporomandibular Joint Anatomy
Assessed by CBCT Images.Biomed Res Int. 2017;2017:2916953.

Bordoni B, Varacallo M. Anatomy, Head and Neck, Temporomandibular Joint
[Internet]. StatPearls. 2019. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30860721

Dawson, Peter E. Functional Occlusion: From TMJ to Smile Design. Edinburgh:
Elsevier Mosby, 2006.

Young AL. Internal derangements of the temporomandibular joint: A review of the
anatomy, diagnosis, and management. J Indian Prosthodont Soc. 2015;15(1):2—7.
Parsons MT, Boucher LJ. The Bilaminar Zone of the Meniscus. J Dent Res.
1966;45(1):59 61.

Willard VP, Arzi B, Athanasiou KA. The attachments of the temporomandibular joint
disc: A biochemical and histological investigation. Arch Oral Biol. 2012;57(6):599—
606.

44


http://www.ncbi.nlm.nih.gov/pubmed/30860721

26. Matsunaga K, Usui A, Yamaguchi K, Akita K. An anatomical study of the muscles
that attach to the articular disc of the temporomandibular joint. Clin Anat.
2009;22(8):932-40.

27. Greenberg MS., Glick M., Ship JA. Burket's Oral Medicine.11th ed. BC Decker Inc.,
2004;ch.10:pp271-306.

28. Snell RS. Clinical anatomy for medical students. ,6th ed. Lippincott Williams and
Wilkins,2000.

29. Ramdhan, Rebecca & Ilwanaga, Joe. (2019). Anatomy and Variations of the
Temporomandibular Joint. 10.1007/978-3-319-97961-8 18.

30. Williams PL: Gray’s anatomy, in Skeletal System (ed 38). Churchill Livingstone,
London, 1999, pp 578-582.

31. Marguelles-Bonnet R, Yung JP, Carpentier P, Meunissier M. Temporomandibular
joint serial sections made with mandible in intercuspal position. Cranio 1989;7:97-
106

32. Christo JE, Bennett S, Wilkinson TM, Townsend GC. Discal attachments of the
human temporomandibular joint. Aust Dent J. 2005;50(3):152—60.

33. Mérida-Velasco JR, Rodriguez JF, de la Cuadra C, Peces MD, Mérida JA, Sanchez I.
The Posterior Segment of the Temporomandibular Joint Capsule and Its Anatomic
Relationship. J Oral Maxillofac Surg. 2007;65(1):30-3.

34. Siéssere S, Vitti M, Semprini M, Regalo SCH, lyomasa MM, Dias FJ, et al.
Macroscopic and microscopic aspects of the temporomandibular joint related to its
clinical implication. Micron. 2008;39(7):852-8.

35. Tanaka E, Detamore MS, Tanimoto K, Kawai N. Lubrication of the
temporomandibular joint. Ann Biomed Eng. 2008;36(1):14—29.

36. Koo Min Chee, C. lllustrated anatomy of the head and neck, 4th edition. Br Dent J
212, 455-456 (2012).

37. Corcoran NM, Goldman EM. Anatomy, Head and Neck, Masseter Muscle [Internet].
StatPearls. 2019. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30969691

38. Basit H, Eovaldi BJ, Siccardi MA. Anatomy, Head and Neck, Mastication Muscles
[Internet]. StatPearls. 2019. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31082071

39. Akita K, Shimokawa T, Sato T (2000) Positional relationships between the

masticatory muscles and their innervating nerves with special reference to the lateral

45


http://www.ncbi.nlm.nih.gov/pubmed/30969691
http://www.ncbi.nlm.nih.gov/pubmed/31082071

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

pterygoid and the midmedial and discotemporal muscle bundles of temporalis. J Anat
197:291-302]

Sakaguchi-Kuma T, Hayashi N, Fujishiro H, Yamaguchi K, Shimazaki K, Ono T, et
al. An anatomic study of the attachments on the condylar process of the mandible:
muscle bundles from the temporalis. Surg Radiol Anat. 2016;38(4):461-7.

Eric W. Baker, MA, MPhil. (2015) Anatomy for Dental Medicine,Second Edition.
Thieme.

Jain P, Rathee M. Anatomy, Head and Neck, Medial Pterygoid Muscle. StatPearls
[Internet]. 2020;(October). Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31536196

Chen H, Whittle T, Gal JA, Murray GM, Klineberg 1J. The medial pterygoid muscle:
a stabiliser of horizontal jaw movement. J Oral Rehabil.2017;44(10):779-90.

Terada S, Sato T. Nerve supply of the medial and lateral pterygoid muscles and its
morphological significance.Okajimas Folia Anat Jpn.1982;59(4):251- 264.

Kwak HH, Hu KS, Hur MS, Won SY, Kim GC, Park BS, et al.Clinical implications
of the topography of the arteries supplying the medial pterygoid muscle. J Craniofac
Surg. 2008;19(3):795-9.

Antonopoulou M, latrou I, Paraschos A, Anagnostopoulou S.Variations of the

attachment of the superior head of human lateral pterygoid muscle. J Cranio-
Maxillofacial Surg. 2013;41(6):1-7.

El. Haddioui A, Laison F, Zouaoui A, Bravetti P, Gaudy JF.Functional anatomy of the
human lateral pterygoid muscle. Surg Radiol Anat. 2005;27(4):271-86.

Rathee M, Jain P. Anatomy, Head and Neck, Lateral Pterygoid Muscle. StatPearls.
2020.

Usui A, Akita K, Yamaguchi K. An anatomic study of the divisions of the lateral
pterygoid muscle based on the findings of the origins and insertions. Surg Radiol
Anat. 2008;30(4):327-33.

Murray GM, Bhutada M, Peck CC, Phanachet I, Sae-Lee D, Whittle T. The human
lateral pterygoid muscle. Arch Oral Biol. 2007;52(4):377-80.

Murray GM, Phanachet I, Uchida S, Whittle T. The human lateral pterygoid muscle:
A review of some experimental aspects and possible clinical relevance. Aust Dent J.
2004;49(1):2-8.

Kim SD, Loukas M. Anatomy and variations of digastric muscle. Anat Cell Biol.
2019;52(1):1-11.

46


http://www.ncbi.nlm.nih.gov/pubmed/31536196

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

Hsiao TH, Chang HP. Anatomical variations in the digastric muscle. Kaohsiung J
Med Sci. 2019;35(2):83-6.

Toth J, Lappin SL. Anatomy, Head and Neck, Mylohyoid Muscle [Internet].
StatPearls. 2020. Available from: http://www.ncbi.nlm.nih.gov/pubmed/31424877

Rathee M, Jain P. Anatomy, Head and Neck, Buccinator Muscle. In: StatPearls.
Treasure Island (FL): StatPearls Publishing; 2020.

Hur MS. Anatomical connections between the buccinator and the tendons of the
temporalis. Ann Anat. 2017;214:63-6.

Fernandes PR, de Vasconsellos HA, Okeson JP, et al: The anatomical relationship
between the position of the auriculotemporal nerve and mandibular condyle, Cranio
21(3):165-171, 2003.

Martin S, Michael Glick, Jonathan A.Oral medicine, Diagnosis and treatment,
Eleventh edition. BC Decker Inc, 2008; PP243.

M. S, Goswami T. Biomechanics of the Temporomandibular Joint. Hum
Musculoskelet Biomech. 2012;(January).

Lundberg H.J. (2016) TMJ Biomechanics. In: Mercuri L. Temporomandibular Joint
Total Joint Replacement — TMJ TJR. Springer, Cham

Greene CS. Managing the care of patients with temporomandibular disorders: A new
guideline for care. J Am Dent Assoc. 2010;141(9):1086-8.

Hentschel K, Capobianco DJ, Dodick DW. Facial Pain. Neurologist. 2005;11(4):244—
9.

Oral K, Kii¢iik BB, Ebeoglu B, Dinger S. Etiology of temporomandibular disorder
pain. Agri. 2009;21(3):89-94.

McNeill C. Evidence-based TMD guidelines.J Orofac Pain. 1997;11(2):93.
Sharma S, Pal U, Gupta D, Jurel S. Etiological factors of temporomandibular joint
disorders. Natl J Maxillofac Surg. 2011;2(2):116.

Motghare V, Kumar J, Shivalingesh KK, Kushwaha S, Anand R, Gupta N, et al.
Association between harmful oral habits and sign and symptoms of
temporomandibular joint disorders among adolescents. J Clin Diagnostic Res.
2015;9(8):2C45-8.

Al-Khotani A, Naimi-Akbar A, Gjelset M, Albadawi E, Bello L, Hedenberg-
Magnusson B, et al. The associations between psychosocial aspects and TMD-pain

related aspects in children and adolescents. J Headache Pain [Internet]. 2016;17(1).

47


http://www.ncbi.nlm.nih.gov/pubmed/31424877

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Boever JA, Keersmaekers K. Trauma in patients with temporomandibular disorders:
frequency and treatment outcome. J Oral Rehabil. 1996;23(2):91-6.

Sahebi S, Moazami F, Afsa M, Nabavi Zade MR. Effect of lengthy root canal therapy
sessions on temporomandibular joint and masticatory muscles. J Dent Res Dent Clin
Dent Prospects. 2010;4(3):95-957.

McNeill C. Management of temporomandibular disorders: Concepts and
controversies. J Prosthet Dent. 1997;77(5):510-22.

Parker MW. A dynamic model of etiology in temporomandibular disorders. J Am
Dent Assoc [Internet]. 1990;120(3):283-90.

Yadav S, Yang Y, Dutra EH, Robinson JL, Wadhwa S. Temporomandibular Joint
Disorders in Older Adults. J Am Geriatr Soc. 2018;66(6):1213-7.

Tanaka E, Detamore MS, Mercuri LG. Degenerative disorders of the
Temporomandibular joint: etiology, diagnosis, and treatment. J Dent Res.
2008;87(4):296-307.

Berger M, Szalewski L, Bakalczuk M, Bakalczuk G, Bakalczuk S, Szkutnik J.
Association between estrogen levels and temporomandibular disorders: A systematic
literature review. Prz Menopauzalny. 2015;14(4):260-70.

Leeuw, Reny. (2008). Orofacial pain: Guidelines for assessment, diagnosis, and
management. Chicago: American Academy of Orofacial; Ch.8:pp143- 208. Maixner
W, Fillingim RB, Williams DA, Smith SB, Slade GD. Overlapping chronic pain
conditions: Implications for diagnosis and classification. J Pain 2016;17(suppl 9):
T93-T107
76- Al-Ani MZ, Davies SJ, Gray RJ, Sloan P, Glenny AM. Stabilisation splint therapy
for temporomandibular pain dysfunction syndrome. Cochrane Database Syst Rev
2004;(1):CD002778.

Koh H, Robinson PG. Occlusal adjustment for treating and preventing
temporomandibular joint disorders. J Oral Rehabil 2004;31:287-92.)

Bagis B, Ayaz EA, Turgut S, Durkan R, Ozcan M. Gender difference in prevalence
of signs and symptoms of temporomandibular joint disorders: a retrospective study on
243 consecutive patients.Int J Med Sci. 2012;9(7):539- 544.

Karthik R, Hafila MIF, Saravanan C, Vivek N, Priyadarsini P, Ashwath B. Assessing
Prevalence of Temporomandibular Disorders among University Students: A
Questionnaire Study. J Int Soc Prev Community Dent. 2017;7(Suppl 1):S24- S29.

48



80. De Boever, J.A. and Adriaens, P.A. (1983) Occlusal Relationship in Patients with
Pain-Dysfunction Symptoms in the Temporomandibular Joints. Journal of Oral
Rehabilitation, 10, 1-7.

81. Hiltunen, K., Schmidt-Kaunisaho, K., Nevalainen, J., Narhi, T. and Ainamo, A.
(1995) Prevalence of Signs of Temporomandibular Disorders among Elderly
Inhabitants of Helsinki, Finland. Acta Odontologica Scandinavica, 53, 20-23.

82. Majumder K, Sharma S, Rao JK D, Siwach V, Arya V, Gulia S. Prevalence and Sex
Distribution of Temporomandibular Disorder and Their Association with Anxiety and
Depression in Indian Medical University Students. International Journal of Clinical
Medicine 2015;6:570-8.

83. Dworkin SF, LeResche L. Research diagnostic criteria for temporomandibular
disorders: Review, criteria, examinations and specifications, critique. J Craniomandib
Disord 1992; 6: 301-355.

84. Manfredini D, Guarda-Nardini L, Winocur E, Piccotti F, Ahlberg J, Lobbezoo F.
Research diagnostic criteria for temporomandibular disorders: A systematic review of
axis | epidemiologic findings. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2011; 112: 453-462.

85. Manfredini D, Guarda-Nardini L, Winocur E, Piccotti F, Ahlberg J, Lobbezoo F.
Research diagnostic criteria for temporomandibular disorders: A systematic review of
axis | epidemiologic findings. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2011; 112: 453-462.

86. Maixner W, Fillingim RB, Williams DA, Smith SB, Slade GD. Overlapping chronic
pain conditions: Implications for diagnosis and classification. J Pain 2016;17(suppl
9): T93-T107.

87. LeResche L. Epidemiology of temporomandibular disorders: Implications for the
investigation of etiologic factors. Crit Rev Oral Biol Med 1997; 8: 291-305.

88. Anastassaki Kohler A, Hugoson A, Magnusson T. Prevalence of symptoms indicative
of temporomandibular disorders in adults: Cross- sectional epidemiological
investigations covering two decades. Acta Odontol Scand 2012; 70: 213-223.

89. Rugh JD, Solberg WK. Oral health status in the United States: Temporomandibular
disorders. J Dent Educ 1985; 49: 398-404.

90. Dworkin SF, Huggins KH, LeResche L, et al. Epidemiology of signs and symptoms
in temporomandibular disorders: Clinical signs in cases and controls. J Am Dent
Assoc 1990; 120: 273-281.

49



91. Sanders AE, Maixner W, Nackley AG, et al. Excess risk of temporomandibular
disorder associated with cigarette smoking in young adults. J Pain 2012; 13: 21-31.

92. de Leeuw R, Eisenlohr-Moul T, Bertrand P. The association of smoking status with
sleep disturbance, psychological functioning, and pain severity in patients with
temporomandibular disorders. J Orofac Pain 2013; 27: 32-41.

93. Olivares HG, Saucedo FL, Nova AP. Temporomandibular joint disorder prevalence in
resident physicians at the Specialties Hospital «La Raza» National Medical Center.
Revista Odontoldgica Mexicana 2016;20:e8-12.

94. Fonseca DM, Bonfante G, Valle AL, De Freitas SFT. [Diagnostico pela anamnese da
disfuncdo craniomandibular]. Rev Gaucha Odontol. 1994 Jan-Feb;4(1):23-
32.Portuguese.

95. Helkimo M. Studies on function and dysfunction of the masticatory system. Il. Index
for anamnestic and clinical dysfunction and occlusal state. Sven Tandlak Tidskr.
1974;67(2):101- 121.

96. Dworkin SF, LeResche L. Research diagnostic criteria for temporomandibular
disorders: review, criteria, examinations and specifications, critique. J Craniomandib
Disord. 1992;6(4):301- 355.

97. Habib SR, Al Rifaiy MQ, Awan KH, Alsaif A, Alshalan A, et al. (2014) Prevalence
and severity of temporomandibular disorders among university students in Riyadh.
Saudi Dent J 27: 125-130.

98. Zwiri AM, Al-Omiri MK (2016) Prevalence of temporomandibular joint disorder
among North Saudi University students. Cranio. 34: 176-181.

99. Elyasi M, Majeed S, Elyassi M, Aziz A, Rashid K, et al. (2016) Prevalence of
temporomandibular joint disorder among Gulf Medical University students. Gulf
Medical Journal 5: S123-S130.

100. Majumder K, Sharma S, JK DR, Siwach V, Arya V, et al. (2015) Prevalence
and Sex Distribution of Temporomandibular Disorder and Their Association with
Anxiety and Depression in Indian Medical University Students. International Journal
of Clinical Medicine 6: 570-578.

101. Cabral RP, Moiolli-Rodrigues ME, Motta FLK, Souza Motta FCK, da Silva
JR, et al. (2016) Temporomandibular Disorder in University Students of the Parque
das Rosas Campus, Universidade Estacio de S& That Practice Sports. Health 8: 18-23.

50



102. Al-sanabani J. Prevalence of Temporomandibular Joint Disorders among
Yemeni University students: A prospective, cross-sectional study. Int J Oral
Craniofacial Sci. 2017;3:053-9.

103. Minghelli B, Cardoso I, Porfirio M, Gongalves R, Cascalheiro S, et al. (2014)
Prevalence of Temporomandibular disorder in children and adolescents from public
schools in Southern Portugal. North Am J Med Sci 6:126-132.

104. Tecco S, Crincoli V, Di Bisceglie B, Saccucci M, Macri M, et al. (2011)
Signs and symptoms of temporomandibular joint disorders in Caucasian children and
adolescents. Cranio 29: 71-79.

105. Issa N, Baherly N, Mayhoube M (2015) Prevalence of Symptoms of
Temporomandibular Joint Disorder in Lattakia-Syria, 1: 23-28.
106. Ryalat S, Bagain Z, Amin W, Sawair F, Samara O, et al. (2009) Prevalence of

Temporomandibular Joint Disorders among Students of the University of Jordan. J
Clin Med Res 1:158-164.
107. Ahmed LI, Abuaffan AH (2016) Prevalence of Temporomandibular
Joint Disorders among Sudanese University Students. J Oral Hyg Health 4: 200
108. Okeson JP, de Leeuw R. Differential Diagnosis of Temporomandibular
Disorders and Other Orofacial Pain Disorders. Dent Clin North Am [Internet].
2011;55(1):105-20.

109. Scrivani SJ, Keith DA, Kaban LB. Temporomandibular disorders. N Engl J
Med. 2008;359(25):2693- 2705.

110. Fernandes G, Gongalves DAG, Conti P. Musculoskeletal Disorders. Dent Clin
North Am. 2018;62(4):553-64.

111. Liu F, Steinkeler A. Epidemiology, diagnosis, and treatment of
temporomandibular disorders. Dent Clin North Am [Internet]. 2013;57(3):465-79.

112. De Rossi SS, Greenberg MS, Liu F, Steinkeler A.Temporomandibular
disorders: Evaluation and management. Med Clin North Am. 2014;98(6):1353-84.

113. Osiewicz M, Lobbezoo F, Ciapata B, Pytko-Polonczyk J, Manfredini D. Pain

Predictors in a Population of Temporomandibular Disorders Patients. J Clin Med.
2020;9(2):452.

114. Galvan, R. F, Barranco V, Galvan JC, Batlle, Sebastian FeliuFajardo S,
Garcia. We are IntechOpen , the world ’s leading publisher of Open Access books
Built by scientists , for scientists TOP 1 %. Intech [Internet]. 2016;i(tourism):13.

51



Available from: https://www.intechopen.com/books/advanced-biometric-
technologies/liveness-detection-in-biometrics

115. Ulises A. Guzman, Henry A. Gremillion. TM Disorders: Diagnostic
Classification of Temporomandibular Disorders part (2 of 3). Dental Tribune Asia
Pacific Edition. U.S.A.

116. Cope G, Cope A. Diagnosis, treatment and management of TMJ disorders.
Dent Nurs. 2011;7(12):682—6.
117. Tasaki MM, Westesson PL, Isberg AM, Ren YF, Tallents RH. Classification

and prevalence of temporomandibular joint disk displacement in patients and
symptom-free volunteers. Am J Orthod Dentofacial Orthop. 1996;109(3):249-62.

118. Ingawalé S, Goswami T. Temporomandibular joint: Disorders, treatments,
and biomechanics. Ann Biomed Eng. 2009;37(5):976-96.
119. Stankovi¢ S, Vlajkovi¢ S, Boskovi¢ M, Radenkovi¢ G, Anti¢ V, Jevremovi¢

D. Morphological and biomechanical features of the temporomandibular joint disc:
An overview of recent findings. Arch Oral Biol. 2013;58(10):1475-82.

120. Poluha RL, De La Torre Canales G, Costa YM, Grossmann E, Bonjardim LR,
Conti PCR. Temporomandibular joint disc displacement with reduction: A review of
mechanisms and clinical presentation. J Appl Oral Sci. 2019;27:1-9.

121. Talaat WM, Adel Ol, Al Bayatti S. Prevalence of temporomandibular
disorders discovered incidentally during routine dental examination using the
Research Diagnostic Criteria for Temporomandibular Disorders. Oral Surg Oral Med
Oral Pathol Oral Radiol [Internet]. 2018;125(3):250-9.

122. Lalue-Sanches M, Gonzaga A, Ribeiro E. Disc displacement with reduction
of the temporomandibular joint: the real need for treatment. J Pain Reli. 2005;4(5):1-
5.

123. al-Baghdadi M, Durham J, Araujo-Soares V, Robalino S, Errington L, Steele
J. TMJ Disc Displacement without Reduction Management: A Systematic Review. J
Dent Res. 2014;93(7):37S-51S.

124, Mlernik M, Wigckiewicz W. The basic conservative treatment of
temporomandibular joint anterior disc displacement without reduction -Review. Adv
Clin Exp Med. 2015;24(4):731-5.

125. Israel HA, Langevin CJ, Singer MD, Behrman DA. The Relationship

Between Temporomandibular Joint Synovitis and Adhesions: Pathogenic

52



Mechanisms and Clinical Implications for Surgical Management. J Oral Maxillofac
Surg. 2006;64(7):1066—74.

126. Herb K, Cho S, Stiles MA. Temporomandibular joint pain and dysfunction.
Curr Pain Headache Rep. 2006;10(6):408-14.
127. Maini K, Dua A. Temporomandibular Joint Syndrome. [Updated 2019 Dec

14]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2020 Jan-.
Available from: https://www.ncbi.nIm.nih.gov/books/NBK551612/

128. Wang XD, Zhang JN, Gan YH, Zhou YH. Current understanding of
pathogenesis and treatment of TMJ osteoarthritis. J Dent Res. 2015;94(5):666—73.
129. Kurt H, Oztas E, Gengel B, Tasan D, Oztas D. An adult case of

temporomandibular joint osteoarthritis treated with splint therapy and the subsequent
orthodontic occlusal reconstruction. Contemp Clin Dent. 2011;2(4):364.

130. Kalladka M, Quek S, Heir G, Eliav E, Mupparapu M, Viswanath A.
Temporomandibular joint osteoarthritis: Diagnosis and long-term Conservative
management: A topic review. J Indian Prosthodont Soc. 2014;14(1):6-15.

131. Levorova J, Machon V, Guha A, Foltan R. Osteoarthrosis of
Temporomandibular Joint Related to the Defects of Posterior Dentition: A
Retrospective Study. Prague Med Rep. 2016;117(4):176-84.

132. Levorova J, Machont V, Guha A, Foltan R. Osteoarthrosis of
Temporomandibular Joint Related to the Defects of Posterior Dentition: A
Retrospective Study. Prague Med Rep. 2016;117(4):176-84.

133. Jayachandran S, Khobre P. Temporomandibular joint in rheumatoid arthritis:
Clinicoradiological aspects. Indian J Rheumatol. 2016;11(3):174-6.

134. Savtekin G, Sehirli A. Rheumatoid arthritis in temporo-mandibular joint: A
review. Niger J Clin Pract. 2018;21(10):1243-6.
135. Refai H, Altahhan O, Elsharkawy R. The efficacy of dextrose prolotherapy

for temporomandibular joint hypermobility: A preliminary prospective, randomized,
double-blind, placebo-controlled clinical trial. J Oral Maxillofac Surg [Internet].
2011;69(12):2962—70.

136. Sharma N, Singh A, Pandey A, Verma V, Singh S. Temporomandibular joint
dislocation. Natl J Maxillofac Surg. 2015;6(1):16.
137. XiaL, AnJ, HeY, Xiao E, Chen S, Yan Y, et al. Association between the

clinical features of and types of temporomandibular joint ankylosis based on a

modified classification system. Sci Rep [Internet]. 2019;9(1):1-7.

53



138. Loveless TP, Bjornland T, Dodson TB, Keith DA. Efficacy of
Temporomandibular Joint Ankylosis Surgical Treatment. J Oral Maxillofac Surg
[Internet]. 2010;68(6):1276-82.

139. Durham J, Newton-John TR, Zakrzewska JM. Temporomandibular disorders.
BMJ. 2015;350:h1154. Published 2015 Mar 12.
140. Knight J. Diagnosis and treatment of temporomandibular disorders in primary

care. Hospital Physician , June 1999.pp55-58.

141. Gauer RL, Semidey MJ. Diagnosis and treatment of temporomandibular
disorders. Am Fam Physician. 2015;91(6):378- 386.
142. Ferreira LA, Grossmann E, Januzzi E, de Paula MVQ, Carvalho ACP.

Diagnosis of temporomandibular joint disorders: Indication of imaging exams. Braz J
Otorhinolaryngol [Internet]. 2016;82(3):341-52.

143. Talmaceanu D, Lenghel LM, Bolog N, Hedesiu M, Buduru S, Rotar H, et al.
Imaging modalities for temporomandibular joint disorders: An update. Clujul Med.
2018;91(3):280-7.

144. Aiken A, Bouloux G, Hudgins P. MR Imaging of the Temporomandibular
Joint. Magn Reson Imaging Clin N Am. 2012;20(3):397-412.
145, Levring Jaghagen E, Ahlgvist J. Arthrography of the temporomandibular

joint: main diagnostic and therapeutic applications.Clinical Dentistry Reviewed
2019;4.

146. Cristina F, Silva S, Eduardo C, Almeida N De, Isaiasseraidarian P. Use of ct
for diagnosing temporomandibular joint. 2014;16(6):2053-9.

147. Boeddinghaus R, Whyte A. Computed tomography of the temporomandibular
joint. J Med Imaging Radiat Oncol. 2013;57(4):448-54.

148. Dym H, Israel H. Diagnosis and Treatment of Temporomandibular Disorders.
Dent Clin North Am [Internet]. 2012;56(1):149-61.

149. Kumar L.K. S, Zachariah GP, Chandran S. Ultrasonography: A step forward
in temporomandibular joint imaging. A preliminary descriptive study. Clin Pract.
2019;9(2).

150. Jerjes W, Upile T, Abbas S, Kafas P, Vourvachis M, Rob J, et al. Muscle
disorders and dentition-related aspects in temporomandibular disorders: controversies

in the most commonly used treatment modalities. Int Arch Med. 2008;1(1):23.

54



151. Bessa-Nogueira R V., Vasconcelos BCE, Niederman R. The methodological
quality of systematic reviews comparing temporomandibular joint disorder surgical
and non-surgical treatment. BMC Oral Health. 2008;8(1):1-10.

152. Selby A. Physiotherapy in the management of temporomandibular disorders.
Aust Dent J. 1985;30(4):273-80.

153. Ouanounou A, Goldberg M, Haas DA. Pharmacotherapy in
Temporomandibular Disorders: A Review. J Can Dent Assoc. 2017;83(C):h7.

154, Martin S, Michael Glick, Jonathan A.Oral medicine, Diagnosis and treatment,
Eleventh edition. BC Decker Inc, 2008; PP243.

155. Zhang C, Wu JY, Deng DL, He BY, Tao Y, Niu YM, et al. Efficacy of splint

therapy for the management of temporomandibular disorders: A meta-analysis.
Oncotarget. 2016;7(51):84043-53.

156. Krishna R, Sharma A, Agarwal S, Mishra S, Khan S, Graduate Students P.
Alternative Therapies in the Treatment of Temporomandibular Disorders. J Dent Oro-
facial Res. 2018;15(April 2019).

157. Mor N, Tang C, Blitzer A. Temporomandibular myofacial pain treated with
botulinum toxin injection. Toxins (Basel). 2015;7(8):2791-800.
158. Shobha R, Narayanan VS, Jagadish Pai BS, Jaishankar HP, Jijin MJ. Low-

level laser therapy: A novel therapeutic approach to temporomandibular disorder - A
randomized, double-blinded, placebo- controlled trial. Indian J Dent Res.
2017;28(4):380- 387.

159. Rai S, Ranjan V, Misra D, Panjwani S. Management of myofascial pain by
therapeutic ultrasound and transcutaneous electrical nerve stimulation: A comparative
study. Eur J Dent. 2016;10(1):46-53.

160. Guo C, Shi Z, Revington P. Arthrocentesis and lavage for treating
temporomandibular joint disorders. Cochrane Database Syst Rev. 2015;2015(12).

161. Rigon M, Pereira LM, Bortoluzzi MC, Loguercio AD, Ramos AL, Cardoso
JR. Arthroscopy for temporomandibular disorders. Cochrane Database Syst Rev.
2015;2015(12).

162. Hupp, James R., Edward Ellis, and Myron R. Tucker. Contemporary Oral and
Maxillofacial Surgery. St. Louis, Mo: Mosby Elsevier, 2008; ch.9:pp 644.

163. Rajiv M Borle. Textbook of Oral and Maxillofacial Surgery 1st Edition
(2014). Jaypee Brothers Medical Publication; ch.9 pp:589.

55



164. Alves R, Grimalt R: A randomized placebo- controlled, double-blind, half-
head study to assess the efficacy of platelet-rich plasma on the treatment of

androgenetic alopecia. Der- matol Surg 2016;42:491-497.

165. Wroblewski AP, Melia HJ, Wright VJ: Appli- cation of platelet-rich plasma
to enhance tis- sue repair. Oper Tech Orthop 2010;20:98— 105.
166. Lynch MD, Bashir S: Applications of platelet- rich plasma in dermatology: a

critical apprais- al of the literature. J Dermatolog Treat 2016; 27:285-289.

167. lee Ks. Ultrasound-guided platelet-rich plasma treatment: application and
technique. In: Lee K, ed. Seminars in musculoskeletal radiology. New York, NY:
Thieme Medical Publishers, 2016:422-431.

168. Marx r. Platelet-function — assays and events: introduction. Suppl Thromb
Haemost 1978;63:65-80.
169. alves r, grimalt r. A review of platelet-rich plasma: history, biology,

mechanism of action, and classification. Skin Appendage Disord 2018;4:18-24.

170. Malhotra a, pelletier MH, Yu Y, Walsh Wr. Can platelet-rich plasma (PRP)
improve bone healing? A comparison between the theory and experimental outcomes.
Arch Orthop Trauma Surg 2013;133:153-165.

171. Blair p, flaumenhaft r. Platelet alpha-granules: basic biology and clinical
correlates. Blood Rev 2009;23:177-1809.
172. rendu f, Brohard-Bohn B. The platelet release reaction: granules’ constituents,

secretion and functions. Platelets 2001;12:261-273.

173. Wroblewski ap, Mejia Ha, Wright VVJ. Application of platelet-rich plasma to
enhance tissue repair. Oper Tech Orthop 2010;20:98-105.
174. Kawabata M, Imamura t, Miyazono K. Signal transduction by bone

morphogenetic proteins. Cytokine Growth Factor Rev 1998;9:49-61.

175. Bolsover sr, Hyams Js, shephard Ea, White Ha, Wiedemann Cg. Cell biology.
Hoboken, NJ: John Wiley & Sons, 2003. http://doi.wiley.com/10.1002/047146158X
(date last accessed 21 March 2019).

176. ross r. Platelet-derived growth factor. Annu Rev Med 1987;38:71-79.

177. fujii H, Kitazawa r, Maeda s, Mizuno K, Kitazawa s. Expression of platelet-
derived growth factor proteins and their receptor alpha and beta mRNASs during
fracture healing in the normal mouse. Histochem Cell Biol 1999;112:131-138.

56



178. rasubala I, Yoshikawa H, nagata K, lijima t, ohishi M. Platelet-derived growth
factor and bone morphogenetic protein in the healing of mandibular fractures in rats.
Br J Oral Maxillofac Surg 2003;41:173-178.

179. Battegay EJ, rupp J, lruela-arispe I, sage EH, pech M. PDGF-BB modulates
endothelial proliferation and angiogenesis in vitro via PDGF beta-receptors. J Cell
Biol 1994;125:917-928.

180. Bauer sM, Bauer rJ, Velazquez oC. Angiogenesis, vasculogenesis, and
induction of healing in chronic wounds. Vasc Endovascular Surg 2005;39:293-306.

181. Joyce ME, roberts aB, sporn MB, Bolander ME. Transforming growth factor-
beta and the initiation of chondrogenesis and osteogenesis in the rat femur. J Cell Biol
1990;110:2195-2207.

182. ng f, Boucher s, Koh s, et al. PDGF, TGF-f, and FGF signaling is important
for differentiation and growth of mesenchymal stem cells (MSCs): transcriptional
profiling can identify markers and signaling pathways important in differentiation of
MSCs into adipogenic, chondrogenic, and osteogenic lineages. Blood 2008;112:295—
307.

183. Everts paM, Knape Jta, Weibrich g, et al. Platelet-rich plasma and platelet
gel: a review. J Extra Corpor Technol 2006;38:174-187.
184. fei Y, Xiao I, doetschman t, Coffin dJ, Hurley MM. Fibroblast growth factor 2

stimulation of osteoblast differentiation and bone formation is mediated by
modulation of the Wnt signaling pathway. J Biol Chem 2011;286:40575-40583.

185. fisher MC, Meyer C, garber g, dealy Cn. Role of IGFBP2, IGF-I and IGF-1I
in regulating long bone growth. Bone 2005;37:741-750.

186. lieberman Jr, daluiski a, Einhorn ta. The role of growth factors in the repair of
bone: biology and clinical applications. J Bone Joint Surg Am 2002;84:1032-1044.

187. Yin Z, Yang X, Jiang Y, et al. Platelet-rich plasma combined with agarose as
a bioactive scaffold to enhance cartilage repair: an in vitro study. J Biomater Appl
2014;28:1039-1050.

188. Xie X, Wang Y, Zhao C, et al. Comparative evaluation of MSCs from bone
marrow and adipose tissue seeded in PRP-derived scaffold for cartilage regeneration.
Biomaterials 2012;33:7008-7018.

189. laurens n, Koolwijk p, de Maat MpM. Fibrin structure and wound healing. J
Thromb Haemost 2006;4:932-939.
190. Clark ra. Fibrin and wound healing. Ann N 'Y Acad Sci 2001;936:355-367.

57



191. El-sharkawy H, Kantarci a, deady J, et al. Platelet-rich plasma: growth factors
and pro- and anti-inflammatory properties. J Periodontol 2007;78:661-669.

192. Browning sr, Weiser aM, Woolf n, et al. Platelet-rich plasma increases matrix
metalloproteinases in cultures of human synovial fibroblasts. J Bone Joint Surg Am
2012;94:e1721-€1727.

193. filardo g, Kon E, roffi a, di Matteo B, Merli MI, Marcacci M. Platelet-rich
plasma: why intra-articular? A systematic review of preclinical studies and clinical
evidence on PRP for joint degeneration. Knee Surg Sports Traumatol Arthrosc
2015;23:2459-2474.

194. torricelli p, fini M, filardo g, et al. Regenerative medicine for the treatment of
musculoskeletal overuse injuries in competition horses. Int Orthop 2011;35:1569—
1576.

195. degen rM, Bernard Ja, oliver Ks, dines Js. Commercial separation systems
designed for preparation of platelet-rich plasma yield differences in cellular
composition. HSS J 2017;13:75-80.

196. Ben-nafa W, Munro W. The effect of corticosteroid versus platelet-rich
plasma injection therapies for the management of lateral epicondylitis: a systematic
review. SICOT J 2018;4:11.

197. gholami M, ravaghi H, salehi M, Yekta aa, doaee s, Jaafaripooyan E.A
systematic review and meta-analysis of the application of platelet rich plasma in
sports medicine. Electron Physician 2016;8:2325-2332.

198. dupley I, Charalambous Cp. Platelet-rich plasma injections as a treatment for
refractory patellar tendinosis: a meta-analysis of randomised trials. Knee Surg Relat
Res 2017;29:165-171.

199. Kesikburun s, tan aK, Yilmaz B, Yasar E, Yazicioglu K. Platelet-rich plasma
injections in the treatment of chronic rotator cuff tendinopathy: a randomized
controlled trial with 1-year follow-up. Am J Sports Med 2013;41:2609-2616.

200. rha dW, park g-Y, Kim Y-K, Kim Mt, lee sC. Comparison of the therapeutic
effects of ultrasound-guided platelet-rich plasma injection and dry needling in rotator
cuff disease: a randomized controlled trial. Clin Rehabil 2013;27:113-122.

201. laver I, Marom n, dnyanesh |, Mei-dan o, Espregueira-Mendes J, gobbi a. PRP
for degenerative cartilage disease: a systematic review of clinical studies. Cartilage
2017;8:341-364.

58



202. Chang K-V, Hung C-Y, aliwarga f, Wang t-g, Han d-s, Chen W-s.
Comparative effectiveness of platelet-rich plasma injections for treating knee joint
cartilage degenerative pathology: a systematic review and meta-analysis. Arch Phys
Med Rehabil 2014;95:562-575.

203. Ko gd, Mindra s, lawson gE, Whitmore s, arseneau |. Case series of
ultrasound-guided platelet-rich plasma injections for sacroiliac joint dysfunction. J
Back Musculoskelet Rehabil 2017;30:363-370.

204. grassi a, napoli f, romandini I, et al. Is platelet-rich plasma (PRP) effective in
the treatment of acute muscle injuries? A systematic review and meta-analysis. Sports
Med 2018;48:971-989.

205. Cohn Cs, lockhart E, McCullough JJ. The use of autologous platelet-rich
plasma in the orthopedic setting. Transfusion 2015;55:1812-1820.

206. randelli p, arrigoni p, ragone V, aliprandi a, Cabitza p. Platelet rich plasma in
arthroscopic rotator cuff repair: a prospective RCT study, 2-year follow-up. J
Shoulder Elbow Surg 2011;20:518-528.

207. Jo CH, shin Js, lee Yqg, et al. Platelet-rich plasma for arthroscopic repair of
large to massive rotator cuff tears: a randomized, single-blind, parallel-group trial.
Am J Sports Med 2013;41:2240-2248.

208. figueroa d, figueroa f, Calvo r, Vaisman a, ahumada X, arellano s.Platelet-rich
plasma use in anterior cruciate ligament surgery: systematic review of the literature.
Arthroscopy 2015;31:981-988.

2009. Alves R, Grimalt R. A review of platelet-rich plasma: history, biology,
mechanism of action, and classification. Skin Appendage Disord 2018;4(1):18-24.
DOI: 10.1159/000477353.

210. http://uscnterforsportsmedicine.com/

211. Giacomello M., Giacomello A., Mortellaro C., Gallesio G., Mozzati M.

Temporomandibular joint disorders treated with articular injection: The effectiveness
of plasma rich in growth factors-Endoret. J. Craniofacial Surg. 2015;26:709-713. doi:
10.1097/SCS.0000000000001534.

212. Ferndndez-Ferro M., Fernandez-Sanroman J., Blanco-Carrién A., Costas-
Lopez A., Lopez-Betancourt A., Arenaz-Bua J., Stavaru Marinescu B., Nishimura M.,
Segami N., Kaneyama K., et al. Comparison of intra-articular injection of plasma rich

in growth factors versus hyaluronic acid following arthroscopy in the treatment of

59


http://uscnterforsportsmedicine.com/

temporomandibular dysfunction: A randomised prospective study. J. Cranio-
Maxillofac. Surg. 2017;45:449-454.

213. Hanc M., Karamese M., Tosun Z., Murad T., Hanc1 M., Karamese M., Tosun
Z., Aktan T.M., Duman S., Savaci N. Intra-articular platelet-rich plasma injection for
the treatment of temporomandibular disorders and a comparison with arthrocentesis.
J. Cranio-Maxillofac. Surg. 2015;43:162-166. doi: 10.1016/j.jcms.2014.11.002.

214. Pihut M., Szuta M., Ferendiuk E., Zenczak-Wigckiewicz D. Evaluation of
Pain Regression in Patients with Temporomandibular Dysfunction Treated by Intra-
Articular Platelet-Rich Plasma Injections: A Preliminary Report. Biomed. Res. Int.
2014 doi: 10.1155/2014/132369.

215. Al-Delayme R.M.A., Alnuamy S.H., Hamid F.T., Azzamily T.J., Ismaeel
S.A., Sammir R., Hadeel M., Nabeel J., Shwan R., Alfalahi S.J., et al. The Efficacy of
Platelets Rich Plasma Injection in the Superior Joint Space of the Tempromandibular
Joint Guided by Ultra Sound in Patients with Non-reducing Disk Displacement. J.
Maxillofac. Oral Surg. 2017;16:43—47. doi: 10.1007/s12663-016-0911-9.

216. Yang J.-W., Huang Y.-C., Wu S.-L., Ko S.-Y ., Tsai C.-C. Clinical efficacy of
a centric relation occlusal splint and intra-articular liquid phase concentrated growth
factor injection for the treatment of temporomandibular disorders. Medicine.
2017;96:6302. doi: 10.1097/MD.0000000000006302.

217. Hegab A.F., Ali H.E., EImasry M., Khallaf M.G. Platelet-Rich Plasma
Injection as an Effective Treatment for Temporomandibular Joint Osteoarthritis. J.
Oral Maxillofac. Surg. 2015;73:1706-1713. doi: 10.1016/j.joms.2015.03.045.

218. Comert Kilic S., Gungormus M., Cémert Kili¢ S., Glingérmiis M. Is
Arthrocentesis Plus Platelet-Rich Plasma Superior to Arthrocentesis Alone in the
Treatment of Temporomandibular Joint Osteoarthritis? A Randomized Clinical Trial.
J. Oral Maxillofac. Surg. 2016;45:1538-1544. doi: 10.1016/j.ijom.2016.06.009.

219. Comert Kili¢ S., Glingérmiis M., Stimbiillii M.A. Is Arthrocentesis Plus
Platelet-Rich Plasma Superior to Arthrocentesis Alone in the Treatment of
Temporomandibular Joint Osteoarthritis? A Randomized Clinical Trial. J. Oral
Maxillofac. Surg. 2015;73:1473-1483.

220. Lin S.-L., Tsai C.-C., Wu S.-L., Ko S.-Y., Chiang W.-F., Yang J.W. Effect of
arthrocentesis plus platelet-rich plasma and platelet-rich plasma alone in the treatment

of temporomandibular joint osteoarthritis: A retrospective matched cohort study (A

60



STROBE-compliant article) Medicine. 2018;97:e0477. doi:
10.1097/MD.0000000000010477.

61



