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1. Introduction

Being one of the most controversial topics in dentistry, treatment of temporomandibular dis-
orders (TMDs) requires the clinician to determine the patients’ needs and try to help the 
patient based on the most recent scientific evidence. TMDs are today commonly considered 
as a collection of various conditions of the temporomandibular joint (TMJ) or the masticatory 
muscles, which have different etiologies and mechanisms but presenting with similar symp-
toms [1]. Temporomandibular joint (TMJ) is affected by musculoskeletal disorders of the neck 
and masticatory system [2], and it is important for the clinical practitioner to tell the difference 
between the complaint originating from a musculoskeletal disorder and a complaint caused 
by an intra-articular disorder. By making this discernment, the patient can receive the optimal 
management and is protected from going under unnecessary surgical interventions.

There are several classification systems for the TMDs. The most recent and the most com-
monly used classification is the research diagnostic criteria for temporomandibular disorders 
(RDC-TMD) [3]. The most common intra-articular disorders are known to be reducing and 
nonreducing anterior disc displacements.

Anterior disc displacement is a condition in which the disc is positioned anteriorly to the 
mandibular condyle. If the disc reduces on opening, this is called anterior disc displacement 
with reduction. If the disc does not reduce on opening, then this is called anterior disc dis-
placement without reduction (irreductible disc displacement) which is closely related to acute 
closed lock [1, 4].

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Anteriorly displaced discs are common findings in the asymptomatic patients too. Studies by 
Larheim et al. [5] and Davant et al. [6] reported that magnetic resonance imaging (MRI) shows 
that about one third of the asymptomatic patients have displaced discs. It is also known that 
anteriorly displaced discs are most of the time displaced medially too [7], and it is important 
to evaluate the patient’s complaints and try to resolve the symptoms which are joint sounds, 
pain, and limited mouth opening. Chronic disc displacement can lead to the adhesion of the 
disc to the articular fossa. Pain in the TMJ is present in the 10% of the adult population and 
found more often in women [8]. However, it must be kept in mind that prior to initiating the 
treatment of a TMD patient, any possibilities of benign and malign tumors, developmental 
disorders, and fractures should be out-ruled.

If the overloading of the TMJ continues (parafunctional habits, bruxism) remodeling, mecha-
nism is triggered. When overloading exceeds the limits of remodeling, degenerative process 
of the articular surfaces may begin leading to the osteoarthritis of the TMJ [9].

General consensus in treatment is that the most conservative and the most reversible method 
should be the initial treatment of choice. This is because temporomandibular disorders have 
a tendency of improving over time, and clinical experience shows that sometimes conserva-
tive treatments are as effective as invasive methods in relieving the patient’s symptoms [10].

When a patient is referred to a dentist for a complaint of temporomandibular disorder, oral 
history must be taken, and the patient should initially be examined for medical pathologies 
of the head and neck, including intraoral examination to search for a pain of dentoalveolar 
origin, type of occlusion, and any indicator of parafunctional habits such as bruxism. Imaging 
studies should be performed if necessary. The patients should also be evaluated for neuro-
logical and psychological conditions and should be referred to a specialist if necessary [11].

Management of the TMD patient may require a multidisciplinary approach. Physical therapy, 
cognitive behavioral intervention, educating the patients on self-care, and sometimes referring 
the patient to a psychologist or psychiatrist are all parts of the management. However, in most of 
the cases, a dental practitioner can begin the initial management. Using a step-by-step approach, 
a wide range of treatment modalities may be applied alone or in combination with each other. 
When conservative methods are ineffective in treating the patient, more invasive methods are 
applied, and open surgery may be indicated in patients not responding to other treatments. The 
practitioner should know that duration of symptoms is an important factor in the treatment suc-
cess even in open surgery; earlier interventions have a higher chance for success [12].

Being an important aspect of the management of the patients with TMD, patient education 
requires full compliance of the patient because the treatment may fail due to the non-cooper-
ative behavior of the patient.

The patient should be informed not to contact the teeth during rest (preventing clenching at 
daytime), being aware of parafunctional habits such as nail biting, lip-cheek chewing, and jaw 
protrusion [1].

The patient must be informed that he/she should have a soft diet and should limit the range 
of mouth opening. Slow chewing, decreasing the amount of daily tea, and coffee consumption 
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are all parts of the treatment [1, 13]. Biting the food using incisors should be avoided, and bit-
ing on the effected side is recommended in case of joint pain [1].

Self-management is another important part of the management process. Self-massage is the 
initial self-management therapy, which is found to be very helpful in pain management espe-
cially in patients with masticatory muscle-originated pain [14, 15]. In myofascial pain mas-
saging, the trigger points especially lead to improvement in pain even though it is temporary, 
and the massage must be continued to keep the benefits obtained from it [13].

Another self-management method is the application of moist heat or application of ice espe-
cially in cases of local myalgia and myofascial pain [1]. As a simple method, 20 minutes of hot 
bath is found to be effective in decreasing muscle pain.

Another method that can be used is the application of a hot pack to the tender site for 20 min-
utes three times a day. Heat relaxes the muscles and provides increased blood flow to the 
muscles. Also when cold is applied, as a reaction in order to increase the heat in the cold-
applied muscle, the brain increases the blood flow to the muscle by vasodilatation providing 
an improvement in pain. Most of the studies on cold application are about acute pain, so there 
is little data on the application of cold for the management of chronic pain [16].

Pharmacological therapy is a part of TMD management. Nonsteroidal anti-inflammatory 
drugs (NSAIDs), analgesics, muscle relaxants, anxiolytic drugs, local anesthetics, antidepres-
sants, and corticosteroids are indicated in TMD treatment.

2. Nonsteroidal anti-inflammatory drugs

Analgesics and NSAIDs form an important part of the pharmacological treatment of the 
osteoarthritic TMJ. The American College of Rheumatology guidelines recommend the 
use of paracetamol as the first medication of choice for the osteoarthritic hip and knee 
[17–19]. The use of paracetamol is also recommended for the management of osteoarthri-
tis by some authors; however, they conclude that paracetamol is effective in osteoarthritis 
only at very high, near toxicity level doses. Ibuprofen and naproxen are recommended 
agents in osteoarthritis of the TMJ, but in the management of chronic pain, cox-2 inhibi-
tors such as celecoxib or meloxicam should be preferred, not only for their effectiveness 
in chronic pain but also for less gastrointestinal effects, for they may require a prolonged 
use in chronic pain [20].

NSAIDs provide anti-inflammatory effects and analgesia for the TMD patients with osteo-
arthritis, capsulitis, synovitis, myositis, and pain related to reducing and nonreducing disc 
displacements [21].

Naproxen, ibuprofen, and diclofenac are the most often used NSAIDs [22]. Mejersjo and 
Wenneberg [23] have studied the effects of diclofenac 50 mg, given orally 3 ×1 in patients 
with TMJ arthritis. Their findings at the end of 3 months produced results similar to efficacy 
of occlusal appliances.
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Anti-inflammatory properties of corticosteroids are greater than that of NSAIDs. Because the 
long term systemic use of corticosteroids may lead to complications such as Cushing’s syndrome, 
diabetes, and osteoporosis, they must be used only for a short time [24]. Anxiolytics is also rec-
ommended for a limited period of use because of their potential for dependency. Their seda-
tive and muscle relaxant properties help reduce the effects of masticatory parafunctional habits 
such as bruxism. They help patients cope with stress, which is an important etiologic factor of 
TMD, stress-induced muscular hyperactivity, and dysfunction [22, 25]. A recent animal study 
has shown that the benzodiazepines also have effects on the biochemical content of the TMJ [26].

Usually used in combination with NSAIDs, centrally acting muscle relaxants help relax the 
masticatory muscles, and the patients may also benefit from their sedative properties [22]. The 
aim of using the muscle relaxants in the TMD patient is not only to manage acute muscle pain 
but also to decrease muscle activity for a limited period [27, 28].

The mechanism via which the muscle relaxants help the TMD patients is not totally clear. The 
prescribed doses are not high enough when taken orally to relax masticatory muscles locally. 
So, it is believed that their sedative and stress-reducing effects are more effective in helping 
the TMD patient [27].

Chlorzoxazone, cyclobenzaprine, methocarbamol, and diazepam are the most commonly 
used centrally acting muscle relaxants. All of these drugs have sedating effects, so the patients 
should preferably take them at bedtime [29].

Tizanidine is a spasmolytic agent, and there is so far only one clinical trial studying its effec-
tiveness in the TMDs. Alencar et al. [30] have reported that tizanidine and cyclobenzaprine 
have effects similar to placebo on myofascial pain patients.

Even though there is little scientific evidence to support the efficacy of opioid analgesics in 
TMDs, they are usually prescribed together with non-opioid analgesics, in the management of 
TMJ pain. However, they must be used with caution for their tendency to create dependence 
in the patients. Opioid analgesics should be used only for short periods such as 2–3 weeks [22].

Hydrocodone is an opioid analgesic used in combination with a non-opioid analgesic or a 
NSAID in order to manage moderate to severe pain [31]. However, hydrocodone is not very 
effective in chronic pain cases. Codeine, morphine, oxycodone, hydromorphone, and fentanyl 
are also among the opioid analgesics preferred in the management of pain. The use of opioid 
analgesics is considered safe in some forms of noncancer pain as long as patients are selected 
carefully, well monitored for adverse effects, and onset of dependence [32].

However, it is still a subject of debate, which kind of opioids to use in the management of TMJ 
pain. Opioids are classified as short-acting and long-acting opioids. Short-acting opioids have 
the advantage of rapid onset of pain relief; however, they have a higher risk of drug-related 
adverse effects [33]. Long-acting opioids also help improve pain, and there is less reported 
drug-related adverse effects in patients [34]. However, Argoff and Silvershein [35] have not 
found any differences between the two types of drugs for efficacy.

Currently, due to lack of enough randomized controlled clinical trials on the clinical efficiency 
of pharmacological agents on TMD-related pain, it must be kept in mind that the pharmaco-
logical treatment in TMD patients is mostly empirical [36, 37].
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Occlusal splints are the most commonly used treatment modality in the management of TMDs. 
Occlusal splints help in relieving the muscle hyperactivity originating from bruxism. Occlusal 
appliances also provide relief from occlusal overload to the TMJ and inhibit strain [38].

Casares et al. have [39] measured the effects of occlusal splints on intra-articular pressure 
using a pressure transducer, and they have concluded that stabilization splints significantly 
reduced the intra-articular pressure in the upper joint compartment. They have also reported 
better joint function as an outcome of splint treatment.

Conti et al. [40] have reported that even though behavioral treatment improves symptoms in 
patients with myofascial pain in short term, occlusal splints may accelerate the process, help-
ing the patients to get positive results earlier. Another study even has hinted that occlusal 
splints may be helping improve the psychological status of the TMD patients [41].

First described for the temporomandibular joint by Nitzan et al. [42], arthrocentesis is simply 
the irrigation of the superior TMJ compartment using two needles and is considered to be an 
efficient process with low morbidity rate [43]. When applied for the treatment of TMJ osteo-
arthritis, this process removes degradation products and inflammatory mediators from the 
joint [44, 45]. However, Laskin [44] has stated that intra-articular lavage may also remove the 
favorable agents such as hyaluronic acid from the intra-articular space too. TMJ arthrocentesis 
may inhibit pain and increase the range of mandibular motion [42, 46, 47].

Two needles are used for irrigation and outflow of the irrigation solution, which is in most 
cases ringers lactate solution [9]. The amount of ringer’s solution is a subject of debate and 
varies between 60 ml [48] and 200 ml [49] in the literature.

The current understanding in the management of TMDs positions arthrocentesis after the ini-
tial conservative treatment modalities. When the conservative treatment fails, then arthrocen-
tesis is indicated. However, some studies have evaluated the outcomes of arthrocentesis as an 
initial treatment. Vos et al. [50] have studied 80 patients in which 40 patients had arthrocen-
tesis as an initial treatment, and the other 40 received conservative treatment as control. They 
have reported a more rapid improvement in symptoms following arthrocentesis, whereas 
the conservative treatment group showed a more gradual improvement. Their study has also 
shown that both methods produced similar results at the end of 26 weeks. However, they 
have discussed that this might be partially due to conservative treatment being dependent 
on patient compliance, whereas arthrocentesis is not, which may affect the outcome of the 
study. Machon et al. [45] have reported arthrocentesis to be more effective when combined 
with splint therapy.

Arthrocentesis may be performed in combination with the injection of various agents such 
as sodium hyaluronate [51] and corticosteroids (It has been previously reported that cortico-
steroids have positive effects on pain and function when injected intra-articularly) [52, 53]. 
For this reason, corticosteroid injection alone or in combination with arthrocentesis is used 
for treatment of the internal derangements of the TMJ. However, the injection of corticoste-
roids into the TMJ is still controversial due to reported complications such as bone necrosis, 
destruction of the cartilage, and progression of the degenerative disease [54–56]. These com-
plications are reported to be mostly due to multiple injections or high-dose injections, and 
single injections are considered to be safe [57].
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Sodium chlorate injections are also commonly used in the TMDs [58–61]. They are either used 
in single injections or multiple injections, and multiple arthrocenteses followed by multiple 
injections of sodium hyaluronate have been found to be beneficial in patients with internal 
derangement [62, 63].

However, Manfredini et al. [51] have stated that a single dose of sodium hyaluronate injection 
following single arthrocentesis produced benefits similar to multiple interventions.

Emes et al. [64] have compared the effects of arthrocentesis to tenoxicam injection alone and 
reported no differences between the groups. However, their groups consisted of patients who 
did not respond to a previous arthrocentesis.

Sipahi et al. [48] have injected morphine and tramadol following arthrocentesis into the TMJs 
of patients with TMJ pain and have concluded that injection of morphine has significantly 
increased pain relief for 6 months. They have had similar pain relief with tramadol too, but 
this relief period was shorter in tramadol when compared to morphine.

Arthroscopy of the TMJ is an invasive surgical technique, which is used for the diagnosis 
and treatment of internal derangements of the TMJ [9]. It also has a low risk of degenerative 
articular change in the long term, which makes it a safe procedure (has lower complications 
than open surgery and less invasive than open surgery) [65]. However, it is not beneficial in 
examining the lower joint compartment. When there is a degenerative process affecting the 
lower joint compartment, usually an open surgery is indicated. Arthroscopy and arthrocente-
sis have similar benefits in TMDs, but arthroscopy is the technique of choice in the diagnosis 
and management of rheumatoid disorders affecting the TMJ [66]. It can also be used for tech-
niques other than simple lysis and lavage; for example, Murakami et al. [67] have reported 
that arthroscopic lateral release of the capsule and anterior discal release were more effective 
than arthrocentesis in increasing the range of mouth opening.

Several studies show that the majority of TMDs can be managed by nonsurgical methods. When 
these methods fail to help the patient with his/her symptoms, then invasive techniques, such as 
arthrocentesis and arthroscopy, or open joint surgery are indicated [68]. Open procedures are 
used in order to reposition the anteriorly displaced disc, remove the anteriorly displaced disc, 
or remove and replace it (by temporalis flap, auricular cartilage, or an alloplastic material) [69, 
70]. Several studies conclude that, in the treatment of the internal derangement of TMJ, open 
surgery is more effective in decreasing pain when compared to arthroscopic surgery [69, 70–73].

3. Conclusion

The treatment of the TMD patient is challenging for the clinician because of the complex 
pathophysiology of the disorder, and deciding the optimal method for these patients is a dif-
ficult task. Our current treatment modalities all have some degree of placebo properties, and 
due to lack of randomized controlled clinical trials with placebo, our treatment protocols may 
fall within the boundaries of empirical treatment. In most cases, optimal treatment is the treat-
ment targeting the patient’s individual needs, a step-by-step approach, avoiding aggressive, 
radical surgical protocols as much as possible, will be beneficial for the patient and increase 
the successful outcomes of our treatment.
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Abstract

Myofascial pain dysfunction syndrome (MPDS) is a stomatognathic system disturbance, 
which consists of pain, jaw movement irregularities, and muscle spasm. Hyperexcitation 
of peripheral sensory neurons causes a reaction of induction in the motor neuron and 
then spasms of the masticatory muscles follow. Long-term spasm causes muscular pain 
and irregular mandibular motion. Pain is the most important inducer and therefore 
must be managed firstly in order to manage the muscle spasms. Symptomatic treatment 
approaches may be useful, but after symptom elimination, etiologically based treatment 
must be provided to the patient. The neurophysiology of the stomatognathic system 
must be well understood to determine a proper treatment for the MPDS condition. Both 
symptomatic and etiological treatment methods have been proposed by differing authors 
as potential solutions for MPDS. Occlusal splints are a commonly used treatment for 
relieving MPDS symptoms. Alternatively, some forms of occlusal adjustment (not all) 
have been shown to be an effective, permanent treatment course for myofascial pain dys-
function syndrome. This chapter describes the neural controls over the stomatognathic 
system and how that system can neurologically promote the MPDS disease state. It then 
details the computer-guided MPDS occlusal adjustment treatment known as disclusion 
time reduction that has been shown in many published studies to be a highly effective 
myofascial pain dysfunction syndrome (MPDS) therapy.

Keywords: MPDS, muscle pain dysfunction syndrome, TMD, stomatognathic system 
problems, masticatory muscle problems

1. Introduction

In the year 1996, the National institute of Health (NIH, USA) held a conference from which the 
NIH issued a pamphlet of clinical guidelines regarding temporomandibular disorders (TMD). 
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1. Introduction
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In the NIH report as well as from the National Institute of Dental Research (NIDR) (NIH 
publication no. 94-3487), no distinction was made between temporomandibular disorders 
and myofascial pain dysfunction syndrome (MPDS). All potential etiological factors, clini-
cal symptoms, the diagnoses and the treatment recommendations fell under the single term, 
“Temporomandibular Disorders” [1]. There was no clear distinction made between TMJ inter-
nal derangements and myofascial pain dysfunction syndrome. Additionally, the final report 
did not recommend any definitive treatment for temporomandibular disorders. Although the 
NIH meeting attendees claimed to have solved the “TMJ problem,” no consensus was reached 
making the conference a complete disappointment. However, later in 1999, Dr. Peter Dawson 
opposed the conference results in an article that was cosponsored by American Equilibration 
Society (AES, Chicago, IL, USA) [2]. After further numerous arguments, no consensus was 
found regarding the etiology or treatments that should be applied in TMD cases.

Of note is that 4 years before the release of the NIH report in 1991, Dr. Robert Barry Kerstein 
from Tufts University School of Dental Medicine in Boston Massachusetts had developed a 
T-Scan I time-based coronoplasty procedure, which focused on reducing excursive movement 
disclusion times [3]. According to this study, the length of disclusion time was correlated to high 
levels of masseter and temporalis excursive muscle activity levels [3] that were of diagnostic 
importance when evaluating differing etiologic factors of chronic MPDS [2]. These early stud-
ies were the beginning of a series of studies about this topic [3, 4]. As Dawson noted in his arti-
cle, there had been found an evidence-based relationship between occlusion and MPDS. Often 
MPDS symptoms affected the chewing system mechanics because the symptoms had a close 
association with the dental occlusion and its relationship to the central nervous system (CNS).

Myofascial pain dysfunction syndrome is a common term that is used in other medical 
branches outside of Dentistry [5–7]. But in the last few decades, this term has been used in 
Dental Medicine to describe orofacial chronic pain [8, 9], often abbreviated in the literature as 
MPDS [3]. MPDS is a functional disease related to the masticatory muscles, the neural struc-
tures and the temporomandibular joint structures. MPDS syndrome can be a very uncomfort-
able condition for a patient. The patient can barely move their mandible, and often there is 
pain in the face and head area. Sometimes, the pain may extend to neck and dorsal area. Most 
typical symptoms are acute hypercontraction (spasm) of the muscles, and laxity of the TM joint 
ligaments. The symptoms of the MPDS are explained in detail later in this chapter [5, 10–12].

Etiologically, the MPDS muscle and TM joint symptoms have been linked primarily to the 
occlusion [2, 3, 13, 14]. Muscle spasm is caused by occlusal surface friction and prolonged dis-
clusion time overcompressing the posterior tooth PDLs causing hyperfunction and ischemia 
in the muscles. This leads to muscle fatigue and then poor mandibular movements. This is 
what leads to deterioration of the movements.

Muscle spasm is usually caused by occlusal surface friction and prolonged disclusion time 
[15] overcompressing the posterior tooth periodontal ligament mechanoreceptors causing 
hyperfunction and ischemia in the muscles. This leads to muscle fatigue and then poor man-
dibular movements [16].

The deterioration of mandibular movements can be accelerated by deterioration of the occlu-
sion. A filling, crown, or a bridge will always cause the occlusion to deteriorate. Alternatively, 
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ligament laxity affects the movements of the joint structures in the glenoid fossa and often 
occurs without patient awareness of the problem’s existence.

Myofascial pain dysfunction syndrome (MPDS) is one particular type of temporomandibular 
disorder (TMD) [12]. Historically, clinicians and researchers have subclassified TMDs into either 
intracapsular disorders or masticatory muscle disorders (such as local myalgia, myofascial pain, 
centrally mediated myalgia, myospasm, myositis, myofibrotic contracture, and masticatory mus-
cle neoplastic disease). TMJ internal derangement may not be involved with MPDS. However, 
when a temporomandibular joint irregularity occurs along with the symptoms of MPDS, the 
complete problematic condition should be considered as temporomandibular joint disease [17, 
18]. All masticatory organs participating in oral function may or may not be involved in MPDS.

Before discussing about the etiologic factors and treatment techniques related to MPDS, it is 
necessary to properly understand the neural mechanisms of masticatory system.

Muscular pain is a typical and a decisive symptom of MPDS. Functional disorders that occur 
in the stomatognathic system are a cause of pain. If the functional disorders are not success-
fully treated, pain may be present for years. Pain minimization during function is the result of 
the protective mechanisms within the stomatognathic system.

The most important stomatognathic function is chewing. There is a great relationship between 
impairment of chewing function and painful muscle problems [13, 16, 17, 19–24]. During the 
chewing function, tooth contact occurs at the extreme end of the chewing cycle when occlusal 
force is applied to crush the food bolus. In this way, the resultant chewed food is readied 
for swallowing. For the chewed food product to be effectively prepared for swallowing, all 
related functions must occur in a harmonious order. Hence, the duration of chewing, the 
control of the mandibular movements, the masticatory muscle contractions, the level of force 
applied during the bolus crush, temporomandibular joint movements, the tooth-tooth inter-
actions, and the neural feedback mechanisms all must interact synergistically (Figure 1).

The relationship between muscle malfunction and MPDS is a two-sided problem, where each 
affects the other. Muscle malfunction triggers MPDS, while MPDS causes impairment of mas-
ticatory movements. Stomatognathic system functions are the best diagnostic indicator of 
dysfunction. The main purpose of the stomatognathic system is to perform the best chewing 
possible, which requires a very well-coordinated system. As proper chewing evolves within 
the developmental period of human growth, it becomes optimal during the adult years. 
Deciduous, mixed, and permanent dentitions have their own chewing patterns [25], with the 
chewing pattern being closely linked to a person’s dental condition [24]. However, corruption 
of the chewing pattern indicates the beginnings of myofascial distortion [26, 27].

As is the case with other body functions, the chewing pattern results from a complex integra-
tion of the neural and the myofascial structures. The resultant product of chewing is chewed 
food that is readied for swallowing. The most effective determining factor of a good chewing 
pattern is the dental occlusion [28], whereby the structural posture, the stretching of muscles 
and the chewing process itself are improved by upper and lower tooth contact. However, 
changes to the dental occlusion from tooth loss, orthodontic tooth movement, restorative den-
tistry, or mechanical trauma, all of which can alter the neurologic input significantly, may be 
the most important etiological factor leading to the impairment of chewing mechanism [19].
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cle neoplastic disease). TMJ internal derangement may not be involved with MPDS. However, 
when a temporomandibular joint irregularity occurs along with the symptoms of MPDS, the 
complete problematic condition should be considered as temporomandibular joint disease [17, 
18]. All masticatory organs participating in oral function may or may not be involved in MPDS.

Before discussing about the etiologic factors and treatment techniques related to MPDS, it is 
necessary to properly understand the neural mechanisms of masticatory system.

Muscular pain is a typical and a decisive symptom of MPDS. Functional disorders that occur 
in the stomatognathic system are a cause of pain. If the functional disorders are not success-
fully treated, pain may be present for years. Pain minimization during function is the result of 
the protective mechanisms within the stomatognathic system.

The most important stomatognathic function is chewing. There is a great relationship between 
impairment of chewing function and painful muscle problems [13, 16, 17, 19–24]. During the 
chewing function, tooth contact occurs at the extreme end of the chewing cycle when occlusal 
force is applied to crush the food bolus. In this way, the resultant chewed food is readied 
for swallowing. For the chewed food product to be effectively prepared for swallowing, all 
related functions must occur in a harmonious order. Hence, the duration of chewing, the 
control of the mandibular movements, the masticatory muscle contractions, the level of force 
applied during the bolus crush, temporomandibular joint movements, the tooth-tooth inter-
actions, and the neural feedback mechanisms all must interact synergistically (Figure 1).

The relationship between muscle malfunction and MPDS is a two-sided problem, where each 
affects the other. Muscle malfunction triggers MPDS, while MPDS causes impairment of mas-
ticatory movements. Stomatognathic system functions are the best diagnostic indicator of 
dysfunction. The main purpose of the stomatognathic system is to perform the best chewing 
possible, which requires a very well-coordinated system. As proper chewing evolves within 
the developmental period of human growth, it becomes optimal during the adult years. 
Deciduous, mixed, and permanent dentitions have their own chewing patterns [25], with the 
chewing pattern being closely linked to a person’s dental condition [24]. However, corruption 
of the chewing pattern indicates the beginnings of myofascial distortion [26, 27].

As is the case with other body functions, the chewing pattern results from a complex integra-
tion of the neural and the myofascial structures. The resultant product of chewing is chewed 
food that is readied for swallowing. The most effective determining factor of a good chewing 
pattern is the dental occlusion [28], whereby the structural posture, the stretching of muscles 
and the chewing process itself are improved by upper and lower tooth contact. However, 
changes to the dental occlusion from tooth loss, orthodontic tooth movement, restorative den-
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the most important etiological factor leading to the impairment of chewing mechanism [19].
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Nervous system mechanoreceptors in and around the teeth transmit neural information to 
the central nervous system (CNS) regarding the nature of the masticatory function. This neu-
ral feedback mechanism is designed to protect the physiologic borders of the chewing pat-
tern and controls the masticatory system mechanics. Neural sensors collect all the necessary 
neural input during chewing function as it is a sensory process. However, the mandibular 
functional and parafunctional movements are controlled by the motor function of the neural 
system. The neuromuscular mechanism of stomatognathic system collects the neural input 
that controls mandibular motion [29, 30].

2. Neuronal mechanism of masticatory system

Myofascial pain dysfunction syndrome (MPDS) can be used as general definition for one 
type musculoskeletal human disease state that consists of specific muscular symptoms. In a 
patient with temporomandibular disorders, MPDS often results from the hypercontraction of 
the masticatory elevator muscles. Spasm of one or more elevator muscles is a serious problem, 
which may cause pain, muscle tenderness, limitation of mandibular movements, and induce 
changes in the temporomandibular joint structural alignment. Muscle spasm usually ema-
nates through the central nervous system (CNS) from the neural mechanoreceptors located 

Figure 1. A normal mastication pattern in three planes as recorded by a Jaw Tracker (3-D Electrognathograph, 
BioResearch Assoc., Milwaukee, WI, USA). Excellent chewing ability evolves in the developing human from youth into 
the adult years. An ideal chewing pattern requires harmony between all the masticatory functional organs.
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in and around the teeth that hypercontract the elevator muscles. Along with muscle spasm, 
painful trigger points can also be a component of the MPDS condition. Some trigger points 
may be classified as latent [5, 6, 31, 32], in that they only occur when a muscle is pressed upon.

The neuronal mechanism is a determining factor in the development of MPDS. The central 
nervous system (CNS) controls all activities of the masticatory system including the contrac-
tion of masticatory muscles, the sequence of contractions, the level of contraction, the posture 
of mandible, the mandibular movements, and the resultant occlusal force, all of which are 
influenced by the occlusal relationship of upper and lower teeth [33]. The control mechanism 
of the nervous system is based on environmental neural data input. Every function of the 
masticatory system has a characteristic pattern that occurs within certain physiologic limits. 
Any overreaching from a physiologic limit can lead to a symptom of a particular problem. 
For example, any deviation in the opening (or closing) movement of the mandible is often the 
result of a muscle spasm that occurs during the opening movement. Limited mouth opening 
mouth (or S-shaped masticatory movement) is also an indication there is a problem within 
the stomatognathic system. Functional movements that designed by central nervous system 
(CNS) are outside of their physiologic limits. Many pathological conditions can also be pro-
duced by the central nervous system (CNS). If there is a strong but problematic feedback 
mechanism present in stomatognathic system, certain pathological conditions may increase in 
frequency and intensity, unless the pathology is not removed. Every type of nonphysiological 
movement has its own specific characteristics.

3. Central nervous system and the stomatognathic system

The neural system mechanics must be very well understood to ascertain the etiology of a 
stomatognathic system pathology.

Figure 2. A resting EMG recording of the masseter and temporalis muscles. Note, there is slight electrical activity 
providing tension to these muscles when holding the mandible in the rest position.
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The stomatognathic system neural network is comprised of three basic parts:

1. Perception of the sensory inputs.

2. Evaluation of the gathered inputs.

3. Reaction to the inputs.

Sensory input collection is an ongoing function of the neural system that can be conscious or 
unconscious. There is a continuous data stream entering the CNS from the peripheral ner-
vous system (PNS), which gathers environmental data that send impulses to the masticatory 
muscle fibers to establish postural tonus activity. This occurs even when there is no function, 
such that there is a slight tension in the muscles when at rest (Figure 2).

4. Neurons and myocites (muscle cells)

The human body consists of billions of similarly constructed cells that contain the cytoplasm, 
a nucleus, some chromosomes, some mitochondria, and some ribosomes. But some cells 
are different from the ordinary cells, despite that they also have cytoplasm, a nucleus, and 
ribosomes, but also contain neurons. Neurons and muscle cells are an excitable type of cell 
because they can receive electrical impulses and transfer the environmental neurologic data 
biochemically. These special cells are known as inducible cells.

The functional unit of the motor system, the motor unit, is composed of a motor neuron and 
a group of muscle fibers with similar, if not identical, structural and functional properties. 
These are inducible cells known as neurons and myocites (muscle cell).

5. Membrane potential difference and the firing of a neuron

There is a static electrical balance between the outside and inside of a cell membrane. This 
steady state is called the “resting membrane potential,” which does not change unless there 
exists a stimulus. This steady-state electrical potential difference between the outside and 
inside of a cell membrane is between −50 mV and −100 mV. A stimulus changes this steady 
state to an action state, whereby the resting potential difference is turned into an action 
potential difference. The main cause of the potential difference results from the existence of 
anions and cations on both sides of the cell membrane. Outside the membrane are positively 
charged natrium cations. Positively charged natrium ions attach to negatively charged chlo-
rine ions (Cl−) that are outside of the membrane. However, despite the presence of negative 
ions (such as chlorine and HCO3), the outer side of the membrane remains positively charged. 
Alternatively, the inside of the membrane is negatively charged because positively charged 
potassium (K+) ions diffuse “down” its steep concentration gradient to move out of a cell via 
leakage channels. This K+ ion movement to outside of the cell membrane makes the outside 
more positively charged than inside the cell membrane. Outside the positive ions side at the 
edge of the membrane, with the inside negative ions located at the inner edge of the membrane.  
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Therefore, the electrical potential difference exists on both sides of the membrane. A change 
in the electrical activity within the cell membrane plays an important role in the character of 
sensory conduction.

6. Neural receptors in the stomatognathic area: the collection of 
peripheral data and the neural response

All masticatory system functions are governed by the central nervous system (CNS). In 
order to coordinate what function occurs, and when, how much, and how it should occur 
physiologically, the CNS gathers information about the environment in which the func-
tion is to take place. There is a continuous flow of information between the sensory and 
motor neurons within the stomatognathic system and the central nervous system (CNS). 
Physiologically, proper oral functions like mastication, swallowing, and speaking need a 
rhythmic process whereby all parts of the masticatory system are coordinated so that the 
activity of the jaw muscles, the tongue, the cheeks, and the lips work synergistically to 
achieve correct function.

There are two basic neurologic components of mastication:

• the central pattern generator (and the)

• the peripheral control mechanisms

For controlling and managing oral function, the central nervous system (CNS) must initially 
sense the environmental data. This data collection process is provided to the CNS by the 
mechano and sensory receptors of the peripheral nervous structures (PNS). Data collected 
from these receptors are transferred to the other levels of central nervous system (CNS). These 
receptors are specialized neurons for gathering the environmental sensory data related to 
the many sensorimotor functions, involving the coordinated contraction and inhibition of 
the musculature located around the mouth, at the tongue, larynx, pharynx, and esophagus 
bilaterally [34]. Moreover, according to the localization of the function, there are many differ-
ing types of receptors present in the mouth. The data received from receptors are transferred 
electrochemically to differing levels of the central nervous system (CNS). In this way, the 
peripheral neural control modulates the output of the central pattern generator and associ-
ated motor neurons, so that most effective occlusal forces are developed during chewing, 
without overly damaging the masticatory organs.

Transmission of the peripheral neural data is provided to the CNS by a neuron’s axons and 
dendrites. Dendrites receive the potential from the previous neuron. If a nerve cell is stimu-
lated, the transmembrane voltage is necessarily changed. The stimulation may be excitatory 
or inhibitory. If the membrane stimulus is insufficient to cause the transmembrane potential 
to reach the threshold, then the membrane will not activate. If the excitatory stimulus is strong 
enough, the transmembrane potential reaches the threshold, and the membrane produces a 
characteristic electric impulse, known as the nerve impulse. This is the basic principle of the 
stimulus and transmission of a neuron.
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The membrane potential may reach the threshold by a short, strong stimulus, or by a longer, 
weaker stimulus. A very tiny premature contact that is not removed and is clinically present for 
a long time will have a sufficient excitatory level for starting a nerve impulse (Figure 3). This 
is the result of nerve cell’s All-or-None principle. Premature contacts can lead to pain, which 
then leads to the formation of a stronger stimulus. The CNS sends a nociceptive warning to 
the muscles to move the mandible toward the opposite arch side as a reflex action to lessen the 
pain. If the premature contact on one side was not removed, spasm on the other side tends to 
persist. Aggregating stimuli will increase the spasms, which may be a major etiological cause 
of myofascial pain dysfunction syndrome [14] (Figure 3).

A sudden nociceptive stimulus can cause a special type escape reflex known as the “jaw jerk 
reflex.” The jaw-jerk myotatic reflex is activated by the sudden stretching of the jaw-closing 
muscles spindles. The jaw jerk reflex is one of the most important neuronal patterns as it may 
or may not be nociceptive. The repetition of nociceptive stimuli that causes a reflex action 
early on during the development of dysfunction may after awhile cease to exist. This adapta-
tion to the stimulus initiates the failure of the CNS to continue to respond to the stimulus. 
With the jaw jerk mechanism reflex over time, this insensitivity to further immediate noxious 
stimulation develops irritated neural tissue, which worsens from the intense and prolonged 
stimulation [7]. This worsening can lead to reduced mandibular vertical opening (Figure 4).

Information from the peripheral nervous system (PNS) tissues outside the CNS is continu-
ously transferred into the CNS onto higher centers in the brain stem and cortex for interpreta-
tion and evaluation. All human functional and parafunctional movements are based on five 
major sensory systems:

• Olfaction

• Taste

• Vision

• Hearing

• Touch

Figure 3. A very tiny premature contact that is not removed for a long time will have a sufficient excitatory level for 
instigating a nerve impulse. When the total sum level of stimulus reaches the threshold level, an action potential can 
emerge. This is known as the All-or-None principle.
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Touch sensory activity (Touch) is the critical neurologic control for the stomatognathic sys-
tem’s functional and parafunctional movements.

Neural receptors perform two important tasks:

• The gathering of sensory information

• The transfer of the sensory response into the CNS and then back out to the muscles.

Mandibular functional movement sensory detection and the associated reflex responses are 
shaped by information gathered from the periodontal ligament mechanoreceptors in response 
to tooth compressions during chewing and from the temperature and touch receptors pres-
ent in the pulp, the gingival tissues, and the mucobuccal tissues. One of the most important 
neural receptors is the pulpal mechanoreceptors, which together with periodontal mechano-
receptors carry tooth loading information to the CNS. These receptors transmit the intensity 
of force acting on a tooth as it contacts its opposing tooth counterpart, the changes of the force 
velocity at occlusal impact, a tooth’s movement direction during chewing, and the hardness of 
the food bolus. Moreover, the periodontal ligaments are also extremely important structures 
because their mechanoreceptors within the PDL are highly concentrated [34–38]. Receptors 
in the periodontal ligaments control and guide all functional and parafunctional movements 
because they relay information about the magnitude of tooth loads, which is described by the 
mean firing rate response of loaded periodontal receptors [34].

Several studies have indicated that the extracellular matrix collagens of the periodontal liga-
ment have a high turnover and remodeling rate that are much higher than collagen turnover 
observed in the gingiva, skin, and bone [39]. The periodontal ligaments themselves are basi-
cally striated muscles with muscle spindles located within the fibers of the ligaments. These 
ligament fiber muscle spindles gather stretching and compression information when teeth are 
under tooth movement within the PDL space.

Periodontal mechanoreceptors respond to the forces that are applied to teeth. They have been 
studied in histological and electrophysiological investigations that illustrated periodontal 
mechanoreceptors signal information about the degree of tooth loads because they have special  

Figure 4. Spasm of the elevator muscles and limited maximum mouth opening of less than 25 mm indicates this women 
exhibits significant muscular dysfunction. This critical distance of healthy limited opening in men is 35–40 mm.
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force-encoding properties, which provides for functional control of human mastication. 
Microneurography recordings from single nerve fibers revealed that human periodontal recep-
tors adapt slowly to maintained tooth loads. Most receptors are broadly tuned to the direction 
of force application, while about half respond to forces that are applied to more than one tooth 
at a time. Populations of periodontal receptors reliably encode information about both how the 
teeth are stimulated, and the direction that forces are applied to the individual teeth.

Another important receptor type is “periodontal ligament integrins” [40], which are cell-sur-
face receptors that connect cells to the collagen-rich and mechanically stressed periodontal 
ligament microenvironment. Mutations in integrin subunits have been found to cause clini-
cal disorders in man that correlate well with mice, in which the same integrins are deleted 
[40]. Integrins are able to transduce signals intracellularly following ligand binding (“outside-
in” signaling). However, unlike most other cell receptors, integrins can shift between high- 
and low-affinity conformations for ligand binding, whereby the signal direction is reversed 
(“inside-out” signaling). Depending on the cell type, integrins can be either basally activated, 
as is the case with most adherent cells that are attached to a basement membrane, or they can 
be basally inactive, like platelets or leukocytes that freely circulate until activated to undergo 
platelet aggregation or mediate an inflammatory response [41].

Ultimately, all the collected load data from the pulp, the periodontal ligament receptors, and 
the mucosa are transmitted to the CNS via the trigeminal nerve (V) ganglions. Ganglions are 
the neurologic distribution center for both the afferent and efferent neural pathways.

Basically, there are two important ganglions involved in craniofacial area with neuroana-
tomic ties to the stomatognathic system:

• Trigeminal ganglion

• Mesencephalic nucleus

6.1. Pain: an alarm system for protection of the body

Living organisms need to be able to sense their immediate environment if they are to with-
draw from or avoid potentially hazardous situations. One of the most typical examples of 
this protective mechanism is jaw jerk reflex. Sudden, strange matter that is perceived during 
chewing leads to the formation of this reflex. However, shortly after the identification of a 
hard substance, the central nervous system (CNS) reduces the reflex level to normal levels. 
Sometimes, the jaw jerk reflex may occur as a nociceptive reaction. For example, touching the 
pulp meter to the tooth surface can lead to a typical jaw jerk reflex.

Reflexes are involuntary and relatively stereotyped responses to specific stimuli. Stimulated 
receptors send afferent impulses to the central nervous system (CNS), which are then trans-
mitted through efferent nerve fibers to the cells, muscles, and organs that carry out the reflex 
response. The entire pathway is known as the reflex arc [42]. The afferent impulses generated at 
the receptors are conveyed via fast-twitch Ia fibers to the spinal alpha motor neuron. Their α1 
process impulses excite the agonistic muscle of an opposing muscle pair. Despite the mono-
synaptic nature of intrinsic reflexes, extrinsic reflexes are polysynaptic, where there are both 
afferent and efferent arms within the chain of spinal interneurons.
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A protective reflex is not continuous because the reflex stimulus is defined in the memory, 
and after few cycles, it does not cause the repeated reflex. Development of the multicellular 
structures in the nervous system evolves a specialized apparatus that detects and reacts to 
external stimuli, when combined together with the evolution of specific transduction pro-
teins, and enables the CNS to accurately differentiate between innocuous and noxious stimuli. 
This early warning system, which is further elaborated, develops the capacity to increase its 
sensitivity following an exposure to an injurious stimulus, which is known as nociceptive 
sensitization. In mammals, the early warning protective pain that occurs in response to nox-
ious stimuli (nociceptive pain) is mediated by specialized, high-threshold primary sensory 
neurons (nociceptors) [43].

Pain management is one of the most important therapeutic interventions. Chronic pain is the 
main reason that patients seek out health care, while also being the most common reason for 
disability and addiction, and being the highest driver of health care costs. Most often, myopain 
conditions are the pain source. As such, it has been reported that in the United States, more 
than 100 million adults suffer from myofascial pain dysfunction syndrome. In dentistry, MPDS 
is defined as one type of masticatory system problem [32]. However, myofascial pain (MFP) 
is the most common cause of persistent regional back pain, headaches, and facial pain [10].

Myofascial pain is pain that arises from the muscles or the related fascia. The trigger point 
concept has been a widely studied aspect of myofascial pain dysfunction syndrome. Many 
hypotheses of how trigger points evolve are based on the opinions of experienced clinicians 
who treat and research trigger points. Trigger points are most often discussed as a component 
of myofascial pain syndromes where widespread or regional muscular pain is associated with 
hyperalgesia, psychological disturbance, and significant restriction of daily function [44]. 
Trigger points are 2–5 mm diameter points of increased hypersensitivity in palpable bands of 
the skeletal muscle, tendons, and ligaments with decreasing hypersensitivity as one palpates 
the band further away from the trigger point. As stated before, trigger points may be active 
or latent. An active trigger point causes spontaneous pain at rest, with an increase in pain on 
contraction or stretching of the involved muscle. There is often restricted muscular range of 
motion. Any pain on motion may cause “pseudo-muscle weakness” due to pin reflex inhibi-
tion. A latent trigger point is a focal area of tenderness and tightness in a muscle that does not 
result in spontaneous pain, but must be palpated to elicit the pain. However, a latent trigger 
point may restrict the range of motion and result in weakness of the muscle involved.

The characteristic symptoms of a myofascial pain dysfunction syndrome trigger points have 
been previously described by R. Bennett as follows [5]:

1. A focal point of tenderness to palpation of the muscle involved,

2. Patient complaint from trigger point palpation,

3. Palpation reveals an induration of the adjacent muscle (the “taut band”),

4. A restricted range of motion in the muscle involved,

5. Pain is accompanied by pseudo-weakness of the muscle involved,

6. Referred pain can result with continuous applied pressure on the trigger point that lasts 
approximately 5 s in duration.
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Pain perception is not simply determined by the intensity of nociceptive stimulation but also 
depends upon psychological factors such as the emotional and motivational state of the patient. 
The chronic pain threshold is divergent from the patient’s level of fear and/or anxiety [45]. 
Memory and pain, though two richly diverse fields, have many underlying commonalities. Both, 

Figure 5. Irregular masticatory pattern of a patient with new denture while the CNS tries to develop a new chewing 
pattern to accommodate the new denture. Chewing patterns are not similar to each other and irregular.

Figure 6. Both the temporalis and masseter muscle electrical activity levels are higher than the physiological average 
resting values. This is not unexpected during the development of new prosthesis adaptation.
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for example, contain conscious and unconscious processes that allow for the acquisition of altered 
behavior in response to environmental stimuli [46]. After a very hot liquid is brought into the 
mouth, this warm sensation will be placed in the permanent memory to be remembered easily in 
later scenarios where the patient will drink a very hot liquid once again. However, if a new hot liq-
uid experience is repeated a number of times over a long time frame, the patient’s reflex response 
to hot liquid will slowly disappear. As a learned function repeats, it becomes a reflex state.

A new complete denture adaptation process a patient must go through when receiving a dif-
ferent prosthesis than they are physically used to involves the development of a new denture 
chewing model. If the new prosthesis causes pain, the pain will be perceived as more promi-
nent in the patients’ psyche, compared to the known chewing pattern of the old denture that 
was saved in the patient’s memory. The central nervous system (CNS) will develop a reflex 
protective mechanism against the pain, such that the protected pattern of chewing will take a 
very different shape from a healthy average chewing pattern (Figure 5).

The electromyographic record of the same patient with the new denture shows that all four 
elevator muscles are in hyperactivity, exhibiting higher than the average values (Figure 6).

7. The importance of breaking the pain cycle in treatment of MPDS; 
the role of occlusal splints

Chronic pain is a habitual pattern generated by the central nervous system (CNS) that must 
be broken before trying to treat myofascial pain dysfunction syndrome.

Chronic pain is a nonphysiologic and extraordinary somatosensory process that can take 
place either in the peripheral or central nervous systems that is sustained beyond the nor-
mally expected time frame relative to the existence of a stimulus. This scenario, although 
somewhat explanatory, only provides for part of the story. Chronic pain is often clandestinely 
ambiguous and can be difficult to pinpoint its primary causative location. The perception 
of pain results from the summation and culmination of the nerve transduction process that 
arises from temporarily stimulated and affected peripheral nociceptors. Nociceptors may be 
specific for painful stimuli or they may be generally responsive to a wide range of mechani-
cal, thermal, chemical, and/or electrical stimuli. Nociceptive responses are transmitted from 
peripheral sites into the CNS via myelinated (type A-delta) or unmyelinated (type C) nerve 
fibers [47].

Masticatory system myofascial pain constitutes one of the most important chronic problems 
that is encountered in clinical dental practice. Pain is a critical factor in evolving this chronic 
problem because pain increases muscle contraction, and more spasms from the excess con-
tractions increase the level of pain. Elongation of the contraction time leads to the formation 
of trigger points.

Within the literature, dental occlusion appears to be a key causative agent for MPDS because 
all kinds of treatment suggestions for MPDS are targeted on changing the occlusion in some 
way. In a study by Laskin et al. [48], the authors remarked that although many aspects of the 
MPDS are either controversial or unexplored, most investigators and clinicians seem to agree 
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that the majority of patients with MPDS report relatively rapid improvement or symptom dis-
appearances with splint therapy [48]. Splint therapy is a very effective occlusion determinant 
because when splint is placed between occluding teeth, the occlusion changes dramatically 
which can quickly break the pain generating pattern. However, all researchers agree that a 
splint therapy protocol must be provided by only skilled clinicians.

There are many types of splints in dentistry such as custom splints, prefabric splints, posterior 
splints, anterior jig, hard splints, soft splints, etc. Each splint is described in detail by its advo-
cate. The following factors should be taken into account during splint construction [44, 49]:

1. The treatment protocol must be provided by skilled clinicians

2. All masticatory activities can be changed by changing the occlusion

3. Splint therapy changes the tooth-to-tooth occlusal relationships, which then changes the 
neuromuscular activity accordingly

4. Prolonged hyperactivity of muscles can cause heightened synaptic transmission. Conse-
quently, long contraction durations decrease action potential threshold levels and decrease 
the patient’s pain threshold.

5. During the use of a splint, there must be careful follow-up; if complications occur from 
splint treatment, the therapy should be terminated immediately.

6. If the splint is only used for a temporary occlusal correction, a 3–4 day use period should 
be sufficient. The best splints to be used for this purpose are either hydrostatic splints or 
hard splints because the surface of these designs does not allow teeth to engage and clash, 
which allows the masticatory muscles to freely exist in a harmonic balance.

7. After acquiring muscle balance and improved physiologic muscle contraction reestablish-
ment, splint therapy must be stopped and an etiological treatment must be initiated.

Basically, splints are applied for a specific purpose [48, 50–52]. Therefore, it is very important 
to determine the type of splint, application period, and schedule, if applicable (Figure 7). 
Using a proper splint for a longer period of time may cause the patient to worsen in a variety 
of ways (worsening of MPDS symptoms; creating an open occlusion, intruding of teeth out 
of occlusal contact). Hence, splint treatment duration and its daily schedule are important to 
manage properly.

7.1. Occlusal analysis and occlusal adjustments

Removing of premature contacts with occlusal adjustment is one of the most important meth-
ods for breaking the neuromuscular cycle in myofascial pain dysfunction syndrome [53]. 
Changing the occlusal scheme and balancing of the occlusion are very effective methods for 
pinpointing and eliminating extraordinary neural firings. Hence, an occlusal analysis has 
always been an important diagnostic component of the treatment efforts to resolve MPDS 
symptoms. Several decades ago, dentists were performing occlusal analysis solely with 
mounted casts on semi-adjustable or fully adjustable dental articulators. There was no scien-
tific method for performing intraoral occlusal analysis, and no real effective way to measure 
occlusal forces between all the contacting teeth.
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The very simple principal rule that was widely believed, purported is that proper occlusal 
function resulted from the close relationship between condylar movements and the occlu-
sal contact relationships. To utilize this thinking clinically, most articulator systems were 
designed with the following requirements:

1. Some special equipment was built to detect condylar movements. The Lauritzen Hinge 
Axis Locator [54, 55] or Condylator Joint Tracer [56, 57] are examples of these types of 
condylar movement analysis tools. However, these devices are not easy to manage, often 
require repeated and difficult-to-make registrations, both intra- and extra-orally [58].

2. Completion of the condylar tracing procedure usually requests more than one visit.

3. Registration of centric relation location needs special devices and careful working.

4. Articulator-based diagnostic work is not repeatable and cannot be digitally stored. It is dif-
ficult to compare two different analyses on the same articulator, as one must be removed 
to mount another set of casts.

5. Two different registrations may be quite different, spatially. This difference can arise from 
making registrations at different times of the day for both the operator and the patient, 
from impression material setting distortion, registration material setting distortion, and 
from differing degress of poured stone setting contraction. Because many variables come 
into play with the articulating of dental casts, precision levels of the differing analyses may 
be quite inconsistent from one analysis to another.

Therefore, occlusal analysis performed on articulators for occlusal adjustment can be difficult 
and time-consuming; and once completed, it is not necessarily reliably to be accurate for diag-
nosis and treatment.

The development of the computerized occlusal analysis method (T-Scan 9, with the Novus 
Recording Handle, and the HD Recording Sensor, Tekscan, Inc. S. Boston, MA, USA) has been 

Figure 7. Splint therapy must be performed by a skilled clinician. Hard splints are very effective for changing the 
occlusal relationship between upper and lower jaws (maxillary splint; left pane). Hydrostatic soft splints (right pane) are 
helpful in creating muscular balance and physiologic harmonization. An etiologically based treatment for MPDS can be 
instituted after 3–5 days of successful splint therapy.
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7. After acquiring muscle balance and improved physiologic muscle contraction reestablish-
ment, splint therapy must be stopped and an etiological treatment must be initiated.

Basically, splints are applied for a specific purpose [48, 50–52]. Therefore, it is very important 
to determine the type of splint, application period, and schedule, if applicable (Figure 7). 
Using a proper splint for a longer period of time may cause the patient to worsen in a variety 
of ways (worsening of MPDS symptoms; creating an open occlusion, intruding of teeth out 
of occlusal contact). Hence, splint treatment duration and its daily schedule are important to 
manage properly.

7.1. Occlusal analysis and occlusal adjustments

Removing of premature contacts with occlusal adjustment is one of the most important meth-
ods for breaking the neuromuscular cycle in myofascial pain dysfunction syndrome [53]. 
Changing the occlusal scheme and balancing of the occlusion are very effective methods for 
pinpointing and eliminating extraordinary neural firings. Hence, an occlusal analysis has 
always been an important diagnostic component of the treatment efforts to resolve MPDS 
symptoms. Several decades ago, dentists were performing occlusal analysis solely with 
mounted casts on semi-adjustable or fully adjustable dental articulators. There was no scien-
tific method for performing intraoral occlusal analysis, and no real effective way to measure 
occlusal forces between all the contacting teeth.
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Therefore, occlusal analysis performed on articulators for occlusal adjustment can be difficult 
and time-consuming; and once completed, it is not necessarily reliably to be accurate for diag-
nosis and treatment.

The development of the computerized occlusal analysis method (T-Scan 9, with the Novus 
Recording Handle, and the HD Recording Sensor, Tekscan, Inc. S. Boston, MA, USA) has been 

Figure 7. Splint therapy must be performed by a skilled clinician. Hard splints are very effective for changing the 
occlusal relationship between upper and lower jaws (maxillary splint; left pane). Hydrostatic soft splints (right pane) are 
helpful in creating muscular balance and physiologic harmonization. An etiologically based treatment for MPDS can be 
instituted after 3–5 days of successful splint therapy.

Myofascial Pain Dysfunction Syndrome: Etiology, Diagnosis, and Treatment
http://dx.doi.org/10.5772/intechopen.72529

31



removed from the making of occlusal analyses, the necessity of using inaccurate articulator-
based methods, which present the clinician with many challengers that complicate their clini-
cal usefulness.

7.2. Computer-based occlusal analyses and computer-guided occlusal adjustments

Computer-based occlusal analyses have many clinical advantages over the articulator-based 
method:

1. Digital occlusal analysis is usually completed in one session. It can be repeated at another 
session, if there is a need.

2. Digital occlusal analysis data can be stored and recalled easily, so that many analyses of a 
single patient can be compared with each other, over time, to observe changes in the oc-
clusal status as the patient ages.

3. The recording and data acquisition is quick to accomplish chairside, so that many occlusal 
analyses and corrective adjustments can be performed in same treatment session.

4. Adjustment results can be compared with the preoperative status of the occlusion to ob-
serve that occlusal force and timing improvements have been therapeutically obtained.

5. The cost of performing the occlusal analysis has decreased sharply.

As with every new method, the earliest T-Scan computer-based occlusal analyzing systems 
(T-Scan I, II, III; Tekscan Inc. S. Boston, MA, USA) were questioned as to their clinical reliability 
[59, 60]. However, the modern The T-Scan HD recording sensor (Figure 8a) has been shown 
to accurately measure 256 differing relative occlusal force levels [3–6, 55, 61] with 95% of force 
reproduction capability [4]. Other recent T-Scan studies show the T-Scan accurately records 
occlusal contact time sequencing [62, 63]. Today’s T-Scan Novus System with the version 
9 software is a highly advanced digital occlusal force and timing analyzer that can be used 

Figure 8. (a) The T-Scan Novus Definition (HD) sensor records 256 levels of relative occlusal force in 0.003 s time frames 
to reveal an occlusal playback video that illustrates changing occlusal force levels across time. (b) The T-Scan Novus 
recording handle with the HD sensor in place, connected directly to a computer with a USB plug.
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chairside to treat a wide range of commonly encountered occlusal force problems. Moreover, 
additional research and clinical publications have illustrated how the T-Scan occlusal analysis 
method can be used in many dental medicine disciplines (Figure 8a and b) [64–67].

The correction of orthodontic and prosthodontic occlusal problems has become much eas-
ier for clinicians who use computerized occlusal analysis. Prior to the development of the 
T-Scan, dentists could only “look at” the occlusion, and now with T-Scan sensor interposed 
between occluding teeth during mandibular functional movements, dentists are able to see 
occlusal force changes over time as occlusal contacts on opposing teeth engage and interact 
frictionally (Figure 9). Note in Figure 9 how during the early part of a patient self-closure 
into MIP, tooth #18 rises quickly to high occlusal force (tall pink column; left pane #1), as all 
the other closure tooth contacts maintain a low force state (dark blue columns; left pane#1). 
Then later in the same T-Scan recording, when more of the patient’s teeth fully interdigitate 
closer to complete intercuspation, the #18 premature forceful contact lessens to a low force 
state, while other occluding teeth increased in force bilaterally (light green and yellow col-
umns: right pane #2).

7.3. Disclusion time reduction therapy with the immediate complete anterior 
guidance development coronoplasty

Changing occlusal relationships between the upper and lower teeth breaks sharply the neuro-
muscular loop that causes acute muscle spasm. There are many studies that have shown the effect 
periodontal receptors have on functional and parafunctional occlusal excursions [34–38, 68]. An 

Figure 9. Premature contacts are contacts that rise to very high force well before the maximum intercuspal position 
(MIP) (pane 1) are visible with the T-Scan occlusal analysis system. Tooth #18 rises quickly to high occlusal force (tall 
pink column; left pane #1), as other closure contacts are low force (dark blue columns; left pane #1). Then later in the 
same T-Scan recording (pane 2), the #18 forceful contact lessens to low force while other occluding teeth increased in 
force bilaterally (pane #2).
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removed from the making of occlusal analyses, the necessity of using inaccurate articulator-
based methods, which present the clinician with many challengers that complicate their clini-
cal usefulness.

7.2. Computer-based occlusal analyses and computer-guided occlusal adjustments

Computer-based occlusal analyses have many clinical advantages over the articulator-based 
method:

1. Digital occlusal analysis is usually completed in one session. It can be repeated at another 
session, if there is a need.

2. Digital occlusal analysis data can be stored and recalled easily, so that many analyses of a 
single patient can be compared with each other, over time, to observe changes in the oc-
clusal status as the patient ages.

3. The recording and data acquisition is quick to accomplish chairside, so that many occlusal 
analyses and corrective adjustments can be performed in same treatment session.

4. Adjustment results can be compared with the preoperative status of the occlusion to ob-
serve that occlusal force and timing improvements have been therapeutically obtained.

5. The cost of performing the occlusal analysis has decreased sharply.

As with every new method, the earliest T-Scan computer-based occlusal analyzing systems 
(T-Scan I, II, III; Tekscan Inc. S. Boston, MA, USA) were questioned as to their clinical reliability 
[59, 60]. However, the modern The T-Scan HD recording sensor (Figure 8a) has been shown 
to accurately measure 256 differing relative occlusal force levels [3–6, 55, 61] with 95% of force 
reproduction capability [4]. Other recent T-Scan studies show the T-Scan accurately records 
occlusal contact time sequencing [62, 63]. Today’s T-Scan Novus System with the version 
9 software is a highly advanced digital occlusal force and timing analyzer that can be used 

Figure 8. (a) The T-Scan Novus Definition (HD) sensor records 256 levels of relative occlusal force in 0.003 s time frames 
to reveal an occlusal playback video that illustrates changing occlusal force levels across time. (b) The T-Scan Novus 
recording handle with the HD sensor in place, connected directly to a computer with a USB plug.
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chairside to treat a wide range of commonly encountered occlusal force problems. Moreover, 
additional research and clinical publications have illustrated how the T-Scan occlusal analysis 
method can be used in many dental medicine disciplines (Figure 8a and b) [64–67].

The correction of orthodontic and prosthodontic occlusal problems has become much eas-
ier for clinicians who use computerized occlusal analysis. Prior to the development of the 
T-Scan, dentists could only “look at” the occlusion, and now with T-Scan sensor interposed 
between occluding teeth during mandibular functional movements, dentists are able to see 
occlusal force changes over time as occlusal contacts on opposing teeth engage and interact 
frictionally (Figure 9). Note in Figure 9 how during the early part of a patient self-closure 
into MIP, tooth #18 rises quickly to high occlusal force (tall pink column; left pane #1), as all 
the other closure tooth contacts maintain a low force state (dark blue columns; left pane#1). 
Then later in the same T-Scan recording, when more of the patient’s teeth fully interdigitate 
closer to complete intercuspation, the #18 premature forceful contact lessens to a low force 
state, while other occluding teeth increased in force bilaterally (light green and yellow col-
umns: right pane #2).

7.3. Disclusion time reduction therapy with the immediate complete anterior 
guidance development coronoplasty

Changing occlusal relationships between the upper and lower teeth breaks sharply the neuro-
muscular loop that causes acute muscle spasm. There are many studies that have shown the effect 
periodontal receptors have on functional and parafunctional occlusal excursions [34–38, 68]. An 

Figure 9. Premature contacts are contacts that rise to very high force well before the maximum intercuspal position 
(MIP) (pane 1) are visible with the T-Scan occlusal analysis system. Tooth #18 rises quickly to high occlusal force (tall 
pink column; left pane #1), as other closure contacts are low force (dark blue columns; left pane #1). Then later in the 
same T-Scan recording (pane 2), the #18 forceful contact lessens to low force while other occluding teeth increased in 
force bilaterally (pane #2).
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occlusal movement is modeled within the central nervous system (CNS), but the main trigger of 
action potential firing is the excitation of peripheral neurons from the peripheral nervous sys-
tem (PNS) [33]. Continuous peripheral neuronal firing causes ongoing muscle contractions that 
lead to muscle fatigue and ischemia from toxic lactic acid buildup, which all ultimately leads to 
muscle spasms that rise and repeatedly peak, unless the continuous neuronal firing stopped.

This neurologic mechanism is the main reason why adjusting the dental occlusion with 
T-Scan time-based occlusal surface modifications has been highly effective MPDS therapy 
[4–38, 59, 69–71]. Applying occlusal splints, local anesthetic injections, botox injections, and 
similar nonocclusal treatment methods are temporary and symptomatic. Orthodontic treat-
ment, restorative dentistry that changes the occlusal relationship, and occlusal coronoplasty 
are treatments aimed at the neurologic etiologically and are permanent treatment methods.

It has long been advocated that to achieve a balanced occlusal relationship, the acute spasm 
must be eliminated before commencing definitive occlusal changes. Occlusal splints are the 
most common method for eliminating the acute symptoms of MPDS. However, since 1991, 
a new T-Scan-based “Disocclusion Time Reduction Therapy (DTR)” method has been devel-
oped by Dr. Robert B. Kerstein, for changing and breaking of the firing-reaction-spasm in the 
neuromuscular loop. The treatment itself requires no pretreatment splint therapy and has 
been shown in multiple studies performed over the past 26 years to rapidly lessen muscle 
activity levels and improve human chewing function in 7 days following initial treatment 
because the therapy works from within the CNS [69, 70, 72–74]. According to Dr. Kerstein, 
“Disocclusion Time Reduction Therapy” reduces the Disocclusion Time [15], which lessens 
the time posterior teeth frictionally engage during excursions, which thereby stops the neu-
ronal action potentials from hyperfunctioning the masticatory muscles. To accomplish this, 
the Disocclusion time must be less than 0.4 s per excursion. However, this particular time 
of 0.4 s cannot be accurately calculated without using the T-Scan occlusal analysis system. 
Disocclusion time reduction therapy is one of the most important, etiologically directed treat-
ment methods available because it drastically lessens the volume of PDL mechanoreceptor 
compressions thereby disrupting the neuronal trigger for occlusally induced MPDS symp-
toms. However, there are still many disagreements on the reliability of the “Disocclusion 
Time Reduction Therapy”, despite it being repeatedly shown in multiple studies to affect 
positive physiologic changes within the stomatognathic system. As DTR is usually performed 
as a coronoplasty (known as immediate complete anterior guidance development (ICAGD)), 
[9] these disagreements about DTR’s patient benefits are founded in that prior, unmeasured 
occlusal adjustment studies where no T-Scan measurements of the occlusion were involved 
in the rendered treatment have shown limited occlusal equilibration effectiveness in treating 
MPDS symptoms. Occlusal equilibration procedurally lacks precision and treats positionally 
eliminating the prematurity from CR-CO, while only adjusting nonworking side interfer-
ences [75–78]. Periodontal neuronal mechanoreceptors surround all teeth on all sides of the 
roots. By leaving the working side teeth untreated meant occlusal equilibration to CR did not 
alter the CNS input enough to obtain predictable therapeutic MPDS results.

ICAGD is very different occlusal adjustment procedure from occlusal equilibration [79], in 
that ICAGD is an excursively focused coronoplasty performed from the maximum intercuspal 
position (MIP) without mandibular manipulation to centric relation. ICAGD is a measurement-
driven, computer-guided occlusal adjustment procedure that shortens prolonged excursive 
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movement occlusal surface contact frictional durations. The main objective of ICAGD is to 
shorten the posterior disclusion time to ≤0.5 s per excursion because 0.41 was the first studied, 
physiologic mean disclusion time. ICAGD is always performed today with the T-Scan synchro-
nized to the BioEMG III Electromyography system (T-Scan 9/BioEMG III, Tekscan Inc. S. Boston, 
MA, USA; Bioresearch Assoc., Milwaukee, WI, USA). The patient wears electromyography elec-
trodes upon the masseter and temporalis muscles throughout the entire occlusal adjustment 
process to ensure that changes in muscle hyperactivity can be properly observed post treatment.

Most importantly, ICAGD treats both the working and nonworking sides including all pre-
molars involved in excursive contacts, thereby greatly reducing the PDL and pulpal mech-
anoreceptor CNS input from all fictionally engaged posterior occlusal surfaces. All these 
procedural differences are published in occlusal adjustment studies, ICAGD has been shown 
to be far more effective than Occlusal Equilibration in treating MPDS.

8. Disclusion time reduction case example

An example of disocclusion time reduction therapy performed with the immediate complete 
anterior guidance development coronoplasty is presented below.

8.1. Patient description

A 30-year-old female airline flight attendant presented with a Class I anterior relationship 
post orthodontics that was completed in her teenage years. A number of posterior teeth dem-
onstrated cuspal wear and appear slightly sanded away. All third molars were previously 
extracted (Figures 10 and 11a, b).

8.2. History and presentation of occlusal disease

For 1.5 years before consultation, the patient had experienced chronic bilateral masseter ten-
sion, with regular morning jaw soreness that worsened during stressful periods. The patient 
reported clenching during the day and bruxing to some degree during the nighttime. Most 
of her discomfort was in the masseter region bilaterally, with some temporal headache  

Figure 10. Frontal view of an MPDS female patient showing a Class I anterior relationship with average vertical overlap 
and available canine guidance contacts bilaterally.
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occlusal movement is modeled within the central nervous system (CNS), but the main trigger of 
action potential firing is the excitation of peripheral neurons from the peripheral nervous sys-
tem (PNS) [33]. Continuous peripheral neuronal firing causes ongoing muscle contractions that 
lead to muscle fatigue and ischemia from toxic lactic acid buildup, which all ultimately leads to 
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neuromuscular loop. The treatment itself requires no pretreatment splint therapy and has 
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“Disocclusion Time Reduction Therapy” reduces the Disocclusion Time [15], which lessens 
the time posterior teeth frictionally engage during excursions, which thereby stops the neu-
ronal action potentials from hyperfunctioning the masticatory muscles. To accomplish this, 
the Disocclusion time must be less than 0.4 s per excursion. However, this particular time 
of 0.4 s cannot be accurately calculated without using the T-Scan occlusal analysis system. 
Disocclusion time reduction therapy is one of the most important, etiologically directed treat-
ment methods available because it drastically lessens the volume of PDL mechanoreceptor 
compressions thereby disrupting the neuronal trigger for occlusally induced MPDS symp-
toms. However, there are still many disagreements on the reliability of the “Disocclusion 
Time Reduction Therapy”, despite it being repeatedly shown in multiple studies to affect 
positive physiologic changes within the stomatognathic system. As DTR is usually performed 
as a coronoplasty (known as immediate complete anterior guidance development (ICAGD)), 
[9] these disagreements about DTR’s patient benefits are founded in that prior, unmeasured 
occlusal adjustment studies where no T-Scan measurements of the occlusion were involved 
in the rendered treatment have shown limited occlusal equilibration effectiveness in treating 
MPDS symptoms. Occlusal equilibration procedurally lacks precision and treats positionally 
eliminating the prematurity from CR-CO, while only adjusting nonworking side interfer-
ences [75–78]. Periodontal neuronal mechanoreceptors surround all teeth on all sides of the 
roots. By leaving the working side teeth untreated meant occlusal equilibration to CR did not 
alter the CNS input enough to obtain predictable therapeutic MPDS results.

ICAGD is very different occlusal adjustment procedure from occlusal equilibration [79], in 
that ICAGD is an excursively focused coronoplasty performed from the maximum intercuspal 
position (MIP) without mandibular manipulation to centric relation. ICAGD is a measurement-
driven, computer-guided occlusal adjustment procedure that shortens prolonged excursive 
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movement occlusal surface contact frictional durations. The main objective of ICAGD is to 
shorten the posterior disclusion time to ≤0.5 s per excursion because 0.41 was the first studied, 
physiologic mean disclusion time. ICAGD is always performed today with the T-Scan synchro-
nized to the BioEMG III Electromyography system (T-Scan 9/BioEMG III, Tekscan Inc. S. Boston, 
MA, USA; Bioresearch Assoc., Milwaukee, WI, USA). The patient wears electromyography elec-
trodes upon the masseter and temporalis muscles throughout the entire occlusal adjustment 
process to ensure that changes in muscle hyperactivity can be properly observed post treatment.

Most importantly, ICAGD treats both the working and nonworking sides including all pre-
molars involved in excursive contacts, thereby greatly reducing the PDL and pulpal mech-
anoreceptor CNS input from all fictionally engaged posterior occlusal surfaces. All these 
procedural differences are published in occlusal adjustment studies, ICAGD has been shown 
to be far more effective than Occlusal Equilibration in treating MPDS.

8. Disclusion time reduction case example

An example of disocclusion time reduction therapy performed with the immediate complete 
anterior guidance development coronoplasty is presented below.

8.1. Patient description

A 30-year-old female airline flight attendant presented with a Class I anterior relationship 
post orthodontics that was completed in her teenage years. A number of posterior teeth dem-
onstrated cuspal wear and appear slightly sanded away. All third molars were previously 
extracted (Figures 10 and 11a, b).

8.2. History and presentation of occlusal disease

For 1.5 years before consultation, the patient had experienced chronic bilateral masseter ten-
sion, with regular morning jaw soreness that worsened during stressful periods. The patient 
reported clenching during the day and bruxing to some degree during the nighttime. Most 
of her discomfort was in the masseter region bilaterally, with some temporal headache  

Figure 10. Frontal view of an MPDS female patient showing a Class I anterior relationship with average vertical overlap 
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Myofascial Pain Dysfunction Syndrome: Etiology, Diagnosis, and Treatment
http://dx.doi.org/10.5772/intechopen.72529

35



Figure 12. (a) The preoperative right excursive T-Scan/BioEMG data showed (in the T-Scan left pane) prolonged 
disclusion time with mostly working and minimal balancing excursive frictional occlusal contacts present in the 2D and 
3D ForceViews. Between C and D (in the EMG data right pane), there was very high muscle contractions visible in the 
two masseter MM-R MM-L and right temporalis muscles TA-R, as the patient moved laterally across their teeth toward 
the right canine. The nonworking (left temporalis TA-L) does not fire in the right excursion. The right disclusion time 
pretreatment was 3.58 s long, causing this high muscle firing and the MPDS symptoms the patient has been forced to 
live with since her bite changed after the upper premolar fillings were done. (b) The preoperative left excursive T-Scan/
BioEMG data showed (in the T-Scan left pane) prolonged disclusion time with only working side excursive frictional 
occlusal contacts present in the 2D and 3D ForceViews the total force (black) line “step downs,” indicating sharp force 
drops as the patient’s posterior teeth frequently stopped the mandible from moving freely laterally. Between C and D 
(in the EMG data right pane), there was very high muscle contractions left temporalis TA-L muscle with right temporalis 
TA-R spasm visible for the same duration the left temporalis hyperfunctions. The right and left masseters MM-R and 
MM-L both fired excursively well above rest. The left disclusion time pretreatment was 1.37 s long causing the visible 
high muscle firing and the MPDS symptoms the patient has been forced to live with since her bite changed after the upper 
premolar fillings were done.

Figure 11. (a) 1 mm into the right excursion as the canine teeth began to engage. Note the complete buccal posterior 
group function and excursive friction visible. (b) Early in the left lateral movement, opposing posterior teeth frictionally 
engage both buccally and lingually (unseen). The posterior group function visible is worsened by the nonvertical 
opposing tooth orientation.
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component present, as well. Her symptoms came on after having two fillings placed in her 
two upper premolar teeth #s 14 and 15. Muscular pain ensued shortly after the fillings were 
done as they changed her occlusal contact comfort. Since then, further occlusal adjusting to 
the teeth involved did not resolve her MPDS symptoms.

8.3. Previous unsuccessful treatments

The patient reported wearing an appliance for 10 months nightly, but also reported symptom 
worsening with his attempted regular appliance use. She felt it made her clench more than if 
it was not worn. As such, she stopped wearing the appliance some months before consulta-
tion. Anti-inflammatory and pain medication gave her some marginal relief that would last 
only for a few hours.

The following figures (Figures 12–15) detail the patients in preoperative occlusal and muscle 
physiology status, as well as her post-ICAGD disclusion time reduction changes. For brevity, 
only the right and left excursions were illustrated, and protrusive excursions were not described.

Figure 13. (a) The post-ICAGD right excursion showing slight space between the group function teeth that was not there 
before performing of the ICAGD coronoplasty. (b) The right excursion after ICAGD. The disclusion time equaled 0.45 s 
duration, which reduced the right temporalis and right and left masseter excursive hyperactivity dramatically compared 
to pretreatment. (c) Right excursive EMG improvements from pretreatment (left pane) to after ICAGD (right pane), where 
there is markedly lowered muscle activity levels post treatment at rest (before A), and in the excursion (to the right of C). 
With lessened excursive muscular hyperactivity, the muscle physiology can heal and MPDS symptoms can then abate.
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With the pretreatment T-Scan/BioEMG data showing prolonged disclusion times and very 
high levels of excursive muscular hyperactivity, the patient was a good candidate to undergo 
the ICAGD coronoplasty. She was a Class I MPDS patient with adequate bilateral canine con-
tact present to be safely treated with ICAGD.

It is through the measurement of the occlusion and muscles together using the T-Scan 9/
BioEMG III synchronized occlusal measurement technologies so that these diagnostic and 
treatment improvements demonstrated within this case can become clinically predictable in 
managing MPDS patient. By quantifying occlusal function and muscle function together, the 
therapeutic effectiveness the ICAGD measured occlusal adjustment procedure has a dramatic 
effect on the central nervous system (CNS) that greatly reduces muscle activity levels and 
quickly lessens many common MPDS symptoms.

Figure 14. (a) The post ICAGD left excursion showing slight space between the group function teeth that was not there 
before performing of the ICAGD coronoplasty. (b) The left excursion after ICAGD when the disclusion time equaled to 
0.34 s. The excursive EMG improvements show markedly lowered muscle activity levels post-treatment at rest (before A), 
and in the excursion (to the right of C). (c) The left excursive EMG improvements from pretreatment (left pane) to after 
ICAGD (right pane), where there is markedly lowered muscle activity levels present at rest (before A), and in the excursion 
post-treatment (to the right of C). With lessened excursive muscular hyperactivity, the muscle physiology can heal and 
MPDS symptoms can then abate.
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9. Final thoughts

This chapter describes in detail how the peripheral neural receptors that are located in and 
around the posterior teeth periodontal ligaments and in the dental pulp create ongoing mastica-
tory muscle hyperactivity that can lead to the clinical appearance of myofascial pain dysfunction 
syndrome symptoms. MPDS commonly afflicts the masticatory musculature with chronic mus-
cular pain, frequent temporal headaches, chewing pain and weakness, opening limitations, and 
frequent clenching and bruxing of teeth. Because unmeasured, published Occlusal Equilibration 
studies did not predictably treat the MPDS condition, conventional MPDS treatments have 
focused on lessening MPDS symptoms without treating the occlusion directly. The use of occlu-
sal splints, physical therapy, and trigger point injections has been predominant. However, since 
the development of the T-Scan system in the 1980s, and the discovery of prolonged posterior dis-
clusion time, a computer-guided alternative coronoplasty to occlusal equilibration, has evolved 
to treat MPDS (known as disclusion time reduction (DTR) with the ICAGD coronoplasty).

Figure 15. (a) Opposing occlusal surfaces with many pre-ICAGD articulating paper ink lines that describe that long 
disclusion time friction is present on all upper and lower posterior opposing occlusal surfaces (teeth #s 28–24 and #s 
38–34). Note the very long red ink line visible on #37 distolingual occlusal incline. Its counterpart frictionally prolonged 
contact is the #27 distopalatol black ink line. (b) Post-ICAGD articulating paper markings showing 1–2 short disclusion 
time red and black pinpoint closure contacts per tooth, present on the opposing posterior occlusal surfaces (teeth #s 28–24 
and #38–34). There are anterior guidance ink tracks visible across the occluding canine surfaces (#s 23 and 33). The small 
posterior closure contacts allow for the minimum posterior excursive contact, which are indicative of a disclusion time of 
<0.4 s. This small overall volume of tooth contact posteriorly is how the ICAGD coronoplasty controls the repetitive PDL 
mechanoreceptor neuronal action potential from heading into the CNS. Without the neural input, muscle contractions 
are dramatically lessened (Figures 13c and 14c).
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DTR is an etiologically based treatment aimed at reducing prolonged occlusal surface friction, 
which drastically limits the tooth socket compressions and pulpal occlusal contact impacts that 
the posterior teeth sustain multiple times on a daily basis (and nightly, if there is parafunc-
tion). By cutting down the volume of socket compressions and impacts, the molar and premo-
lar peripheral action potential response to the occlusal contacts is drastically lessened, which 
remove the stimulus that the occlusion inputs into the central nervous system (CNS) to fire 
muscles and create ischemia. This limiting neurophysiologic change allows the masticatory 
muscles to calm down and relax physiologically, because the ischemia reverses intramuscularly 
from within the CNS, requiring the patient to not wear an occlusal splint. In short order follow-
ing the ICAGD coronoplasty, studies repeatedly show the MPDS symptoms, then abate, and 
lessen in severity and frequency.
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Abstract

Millions of individuals worldwide suffer from temporomandibular joint (TMJ) disorders 
and are characterized by pain and joint dysfunction. TMJ internal derangement (ID) is the 
most frequent type of temporomandibular disorders (TMDs). The ID of TMJ is defined as a 
joint dysfunction associated with an abnormal disc position. Identification and elimination 
of the causes of tissue breakdown of the TMJ that lead to ID are the key factors for successful 
treatment. The common causes for TMJ ID are trauma and parafunctional habits which lead 
to joint overload and degenerative changes in the articular structures, increased friction, and 
gradual disc displacement. Local and systemic inflammatory/degenerative arthropathies 
may also affect TMJ and cause ID. The aim of this chapter is to give comprehensive knowl-
edge about the contemporary perspective of TMJ ID including diagnostic and therapeutic 
developments and innovations. Clinicians should establish the correct diagnosis and cause 
of the disease for appropriate management so that patients do not suffer from ineffective 
treatments. As an innovative development, TMJ replacements with alloplastic joint prosthe-
sis and tissue-engineered structures hold promise for the future of management of TMJ ID.

Keywords: internal derangement, temporomandibular joint, TMJ, conservative  
treatment, TMJ surgery

1. Introduction

Millions of individuals worldwide suffer from temporomandibular joint (TMJ) disorders and 
are characterized by pain and joint dysfunction. TMJ internal derangement (ID) is the most 
frequent type of temporomandibular disorders (TMDs), including 41.1% of patients with 
TMD [1]. The ID of TMJ is defined as a joint dysfunction associated with an abnormal disc 
position [2]. Identification and elimination of the causes of tissue breakdown of the TMJ that 
lead to ID are the key factors for successful treatment. The common causes for TMJ ID are 
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Abstract

Millions of individuals worldwide suffer from temporomandibular joint (TMJ) disorders 
and are characterized by pain and joint dysfunction. TMJ internal derangement (ID) is the 
most frequent type of temporomandibular disorders (TMDs). The ID of TMJ is defined as a 
joint dysfunction associated with an abnormal disc position. Identification and elimination 
of the causes of tissue breakdown of the TMJ that lead to ID are the key factors for successful 
treatment. The common causes for TMJ ID are trauma and parafunctional habits which lead 
to joint overload and degenerative changes in the articular structures, increased friction, and 
gradual disc displacement. Local and systemic inflammatory/degenerative arthropathies 
may also affect TMJ and cause ID. The aim of this chapter is to give comprehensive knowl-
edge about the contemporary perspective of TMJ ID including diagnostic and therapeutic 
developments and innovations. Clinicians should establish the correct diagnosis and cause 
of the disease for appropriate management so that patients do not suffer from ineffective 
treatments. As an innovative development, TMJ replacements with alloplastic joint prosthe-
sis and tissue-engineered structures hold promise for the future of management of TMJ ID.

Keywords: internal derangement, temporomandibular joint, TMJ, conservative  
treatment, TMJ surgery

1. Introduction

Millions of individuals worldwide suffer from temporomandibular joint (TMJ) disorders and 
are characterized by pain and joint dysfunction. TMJ internal derangement (ID) is the most 
frequent type of temporomandibular disorders (TMDs), including 41.1% of patients with 
TMD [1]. The ID of TMJ is defined as a joint dysfunction associated with an abnormal disc 
position [2]. Identification and elimination of the causes of tissue breakdown of the TMJ that 
lead to ID are the key factors for successful treatment. The common causes for TMJ ID are 
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Stage Clinical findings Radiological findings

I (Early) Painless clicking, no limitation of 
motion

Slight disc displacement with early reduction, 
normal disc morphology

II (Early/intermediate) Occasional painful clicking, 
intermittent locking, related headache

Moderate disc displacement with late reduction, 
mild disc deformity

III (Intermediate) Frequent pain, joint tenderness, 
restriction of motion, closed locks

Disc displacement without reduction, deformity of 
disc, no hard tissue changes

IV (Intermediate/late) Chronic pain, restriction of motion Severe disc displacement (without reduction), 
Severe deformity of disc, degenerative changes

V (Late) Variable and episodic joint pain, 
chronic restriction of motion, crepitus

Gross deformity and/or perforation of disc, 
degenerative arthritic changes, osteophyte 
deformity subcortical cyst formation

Table 1. Wilkes classification for internal derangement of temporomandibular joint [4].

trauma and parafunctional habits which lead to degenerative changes in the articular struc-
tures, increased friction, and gradual disc displacement [2]. Systemic degenerative arthropa-
thies may also affect TMJ and cause ID. Moreover, some kind of infections and tumors can 
cause the nonspecific symptoms and may mimic TMJ ID.

The natural course of TMJ ID without treatment was shown that some patients heal spontane-
ously and the length of time for symptoms to resolve is variable, but generally 1 year. This 
is thought to be associated with the adaptation capacity of the joint and the healing capacity 
of the individuals. However, it is not possible to predict the patients who are likely to have a 
return to asymptomatic condition. The older patients, the patients with longer time of disease 
onset, and those with magnetic resonance imaging (MRI) evidence of advanced TMD are at a 
higher risk for not improving spontaneously [3].

This chapter gives comprehensive knowledge about the contemporary perspective of TMJ 
ID including diagnostic and therapeutic developments and innovations with an emphasis on 
tissue engineering strategy for joint reconstruction.

2. Definition of the internal derangement of the temporomandibular 
joint

The most popular definition of ID of TMJ can be explained as the joint dysfunction associated 
with an abnormal disc position and damage to the internal structures of the joint [2]. The signs 
and symptoms of ID are nonspecific and can be caused by multiple etiologic factors.

For the diagnosis and management of TMJ ID, updated guidelines and classification systems 
such as Wilkes staging [4] and Diagnostic Criteria for TMDs (DC/TMD) [5] are available. The 
Wilkes staging system for ID of TMJ is frequently used by oral and maxillofacial surgeons to 
provide a guide for treatment based on the severity of the joint damage (Table 1). The DC/
TMD classification system underwent extensive testing (in terms of sensitivity and specificity) 
and validated for different languages (the validated translations of DC/TMD into different 

Temporomandibular Joint Pathology - Current Approaches and Understanding48

languages are available at http://www.rdc-tmdinternational.org). The current update of DC/
TMD was released in 2014 [5]. This diagnostic system has AXIS 1 for classification of the physi-
cal categories of the TMDs, and AXIS 2 for classification of psychosocial behavioral aspects 
of patients with TMDs. According to the last update of DC/TMD Axis 1, TMJ ID is defined 
in four stages: disc displacement with reduction (DDwR), disc displacement with reduction 
with intermittent locking, disc displacement without reduction (DDwoR) with limited mouth 
opening, and disc displacement without reduction without limited mouth opening. The weak-
ness of these classification systems is that there is no causative information associated with the 
corresponding stages. However, understanding the true cause of damage to the joint struc-
tures is essential for proper treatment. Without useful categorization of cause and pathogen-
esis, treatments often fail because causative factors persist.

In a physiologically normal joint, the disc is positioned between mandibular condyle and the pos-
terior slope of articular eminence when the jaw is closed. When the jaw is opened, the disc slides 
into a position between condyle and top of the eminence. The attachments of the disc prevent 
its displacement during opening. The ID of TMJ can be divided into two subgroups basically: 
disc displacement with reduction and disc displacement without reduction (Figure 1). In the 
DDwR case, disc has slight deformation and forward displacement when the jaw is closed. The 
displaced disc reduces to normal position at maximal mouth opening (first click noise appears). 
When the jaw is intended to close, the disc displaces forward again (second click noise—recipro-
cal click—appears). The patient with DDwR has symptoms of TMJ pain with clicking, intermit-
tent locking, and orofacial pain without limitation on mouth opening. The disc displacement 
and reduction can be observed in open- and closed-mouth MRI examination (Figure 2). In the 
DDwoR case, disc has moderate to severe deformation and forward displacement when the jaw 
is closed. During mouth opening, the disc cannot return to its normal position and is compressed 
between condyle and eminence so as the disorder progresses (Figure 3). The patient with DDwoR 

Figure 1. The hand-sketch TMJ figure showing normal condyle-disc relationship, disc displacement with reduction, and 
without reduction in closed- and open-mouth positions.
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Stage Clinical findings Radiological findings
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Severe deformity of disc, degenerative changes
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chronic restriction of motion, crepitus

Gross deformity and/or perforation of disc, 
degenerative arthritic changes, osteophyte 
deformity subcortical cyst formation
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The natural course of TMJ ID without treatment was shown that some patients heal spontane-
ously and the length of time for symptoms to resolve is variable, but generally 1 year. This 
is thought to be associated with the adaptation capacity of the joint and the healing capacity 
of the individuals. However, it is not possible to predict the patients who are likely to have a 
return to asymptomatic condition. The older patients, the patients with longer time of disease 
onset, and those with magnetic resonance imaging (MRI) evidence of advanced TMD are at a 
higher risk for not improving spontaneously [3].

This chapter gives comprehensive knowledge about the contemporary perspective of TMJ 
ID including diagnostic and therapeutic developments and innovations with an emphasis on 
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joint

The most popular definition of ID of TMJ can be explained as the joint dysfunction associated 
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cal categories of the TMDs, and AXIS 2 for classification of psychosocial behavioral aspects 
of patients with TMDs. According to the last update of DC/TMD Axis 1, TMJ ID is defined 
in four stages: disc displacement with reduction (DDwR), disc displacement with reduction 
with intermittent locking, disc displacement without reduction (DDwoR) with limited mouth 
opening, and disc displacement without reduction without limited mouth opening. The weak-
ness of these classification systems is that there is no causative information associated with the 
corresponding stages. However, understanding the true cause of damage to the joint struc-
tures is essential for proper treatment. Without useful categorization of cause and pathogen-
esis, treatments often fail because causative factors persist.

In a physiologically normal joint, the disc is positioned between mandibular condyle and the pos-
terior slope of articular eminence when the jaw is closed. When the jaw is opened, the disc slides 
into a position between condyle and top of the eminence. The attachments of the disc prevent 
its displacement during opening. The ID of TMJ can be divided into two subgroups basically: 
disc displacement with reduction and disc displacement without reduction (Figure 1). In the 
DDwR case, disc has slight deformation and forward displacement when the jaw is closed. The 
displaced disc reduces to normal position at maximal mouth opening (first click noise appears). 
When the jaw is intended to close, the disc displaces forward again (second click noise—recipro-
cal click—appears). The patient with DDwR has symptoms of TMJ pain with clicking, intermit-
tent locking, and orofacial pain without limitation on mouth opening. The disc displacement 
and reduction can be observed in open- and closed-mouth MRI examination (Figure 2). In the 
DDwoR case, disc has moderate to severe deformation and forward displacement when the jaw 
is closed. During mouth opening, the disc cannot return to its normal position and is compressed 
between condyle and eminence so as the disorder progresses (Figure 3). The patient with DDwoR 

Figure 1. The hand-sketch TMJ figure showing normal condyle-disc relationship, disc displacement with reduction, and 
without reduction in closed- and open-mouth positions.
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has symptoms of increased TMJ and orofacial pain with restricted mandibular motion. The click 
noise disappears, however; in advanced cases, crepitation noise appears as a result of degenera-
tive changes. In unilateral case, the patient shows restricted controlateral jaw movement while 
ipsilateral movement is normal. In advanced stages of DDwoR, increased degenerative changes 
including disc perforation and abrasion of the underlying bone occur.

3. Pathogenesis of internal derangement of temporomandibular joint

The displaced disc can degenerate, become misshaped, perforated, or even torn. If the patient 
cannot achieve proper treatment, ID gets progressively worse with time, inflammation 
accompanied, and osteoarthritic changes (abrasion of articular cartilage and underlying bone, 

Figure 2. T1-weighted MRI of a TMJ showing anterior disc displacement with reduction; (a) closed-mouth position 
(anterior displacement of the disc) and (b) open-mouth position (reduction of the disc). White arrow shows articular disc.

Figure 3. T1-weighted MRI of a TMJ showing anterior disc displacement without reduction in an open-mouth position. 
Note that the disc is still in a displaced position. White arrow shows articular disc.
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flattening of articular surfaces, less pronounced articular eminence, osteophyte formation, 
subchondral cyst, and resorption of the condyle) occur [5, 6]. Several inflammatory mediators 
(such as tumor necrosis factor-α, interleukin 1-β, prostaglandin E2, etc.) play crucial roles in 
the pathogenesis of ID [7, 8]. The more detailed explanations about the inflammatory media-
tor background of the ID were discussed in another chapter of this book.

The challenge for clinicians is to diagnose the accurate condition that causes the ID. Once 
identified, the basis for the treatment is to relieve the patient’s symptoms and to improve 
healing while simultaneously removing the causal factors. The following causal factors or 
diseases may lead to ID and should be addressed carefully: the excessive loading of the joint, 
and systemic and localized arthropathies may cause ID of TMJ [2].

3.1. Excessive loading

Joint overload is the most common cause of ID. The joint overload (often caused by stress-
mediated parafunction, acute or chronic trauma, unstable occlusion, and increased joint friction) 
deteriorates cartilage metabolism. This pathologic process causes the fibrillation of cartilage and 
ultimately leads to biomechanical failure impairing the sliding of the articular surfaces. Clinically, 
joint noise (clicking) is detected in this stage. The individuals who have persistent parafunction 
continue to overload articular structures beyond their adaptive capacity leading to pain, synovi-
tis, intra-articular adhesions, osteoarthritis, and disc perforation [2]. Thus, the key principles in 
the management of ID caused by joint overloading are the reduction of joint loading and inflam-
mation, maximizing joint mobility, and relieving pain. If the patients with ID have the signs of 
joint overload and if all other causal factors are ruled out, these patients should be managed 
by an intense 2–3 week regimen of conservative therapies as described below. If the symptoms 
begin to resolve, then conservative treatment should be continued. However, if the symptoms 
persist, minimally invasive surgical interventions should be considered. The advanced stages of 
ID leading to fibrosis, disc deformation or perforation, and TMJ ankylosis require arthrotomy.

3.2. Systemic arthropathy

A number of systemic and rheumatoid disorders play a role of causal factor and can contribute 
to inflammatory/degenerative arthropathy and ID. Since systemic disorders affect the structure 
and function of articular tissues, TMJ of the patients with systemic arthropathy may fail under 
normal joint loads. Thus, clinicians should be aware of this issue when considering patient 
management. The examples of systemic disorders, which can cause ID, include rheumatoid 
arthritis, psoriatic arthritis, juvenile idiopathic arthritis, pseudogout, ankylosing spondylitis, 
polymyalgia rheumatica, chondrocalcinosis, Ehler-Danlos syndrome, Lyme  disease, lupus 
erythematosus, and other connective tissue disorders [2, 9, 10]. For these patients, manage-
ment of systemic disorders is essential for the treatment of TMJ ID and requires coordination 
between a maxillofacial surgeon and a rheumatologist. Conservative therapies and arthrocen-
tesis or arthroscopy can relieve symptoms. Moreover, arthroscopic biopsy led to the diagnosis.

3.3. Localized arthropathy

This term describes an articular disorder that is atypical and not caused by joint overloading 
or systemic disease. A localized atypical arthropathy usually affects one joint only. The clinical 
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including disc perforation and abrasion of the underlying bone occur.
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cannot achieve proper treatment, ID gets progressively worse with time, inflammation 
accompanied, and osteoarthritic changes (abrasion of articular cartilage and underlying bone, 

Figure 2. T1-weighted MRI of a TMJ showing anterior disc displacement with reduction; (a) closed-mouth position 
(anterior displacement of the disc) and (b) open-mouth position (reduction of the disc). White arrow shows articular disc.

Figure 3. T1-weighted MRI of a TMJ showing anterior disc displacement without reduction in an open-mouth position. 
Note that the disc is still in a displaced position. White arrow shows articular disc.
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(such as tumor necrosis factor-α, interleukin 1-β, prostaglandin E2, etc.) play crucial roles in 
the pathogenesis of ID [7, 8]. The more detailed explanations about the inflammatory media-
tor background of the ID were discussed in another chapter of this book.

The challenge for clinicians is to diagnose the accurate condition that causes the ID. Once 
identified, the basis for the treatment is to relieve the patient’s symptoms and to improve 
healing while simultaneously removing the causal factors. The following causal factors or 
diseases may lead to ID and should be addressed carefully: the excessive loading of the joint, 
and systemic and localized arthropathies may cause ID of TMJ [2].

3.1. Excessive loading

Joint overload is the most common cause of ID. The joint overload (often caused by stress-
mediated parafunction, acute or chronic trauma, unstable occlusion, and increased joint friction) 
deteriorates cartilage metabolism. This pathologic process causes the fibrillation of cartilage and 
ultimately leads to biomechanical failure impairing the sliding of the articular surfaces. Clinically, 
joint noise (clicking) is detected in this stage. The individuals who have persistent parafunction 
continue to overload articular structures beyond their adaptive capacity leading to pain, synovi-
tis, intra-articular adhesions, osteoarthritis, and disc perforation [2]. Thus, the key principles in 
the management of ID caused by joint overloading are the reduction of joint loading and inflam-
mation, maximizing joint mobility, and relieving pain. If the patients with ID have the signs of 
joint overload and if all other causal factors are ruled out, these patients should be managed 
by an intense 2–3 week regimen of conservative therapies as described below. If the symptoms 
begin to resolve, then conservative treatment should be continued. However, if the symptoms 
persist, minimally invasive surgical interventions should be considered. The advanced stages of 
ID leading to fibrosis, disc deformation or perforation, and TMJ ankylosis require arthrotomy.

3.2. Systemic arthropathy

A number of systemic and rheumatoid disorders play a role of causal factor and can contribute 
to inflammatory/degenerative arthropathy and ID. Since systemic disorders affect the structure 
and function of articular tissues, TMJ of the patients with systemic arthropathy may fail under 
normal joint loads. Thus, clinicians should be aware of this issue when considering patient 
management. The examples of systemic disorders, which can cause ID, include rheumatoid 
arthritis, psoriatic arthritis, juvenile idiopathic arthritis, pseudogout, ankylosing spondylitis, 
polymyalgia rheumatica, chondrocalcinosis, Ehler-Danlos syndrome, Lyme  disease, lupus 
erythematosus, and other connective tissue disorders [2, 9, 10]. For these patients, manage-
ment of systemic disorders is essential for the treatment of TMJ ID and requires coordination 
between a maxillofacial surgeon and a rheumatologist. Conservative therapies and arthrocen-
tesis or arthroscopy can relieve symptoms. Moreover, arthroscopic biopsy led to the diagnosis.

3.3. Localized arthropathy

This term describes an articular disorder that is atypical and not caused by joint overloading 
or systemic disease. A localized atypical arthropathy usually affects one joint only. The clinical 
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signs and symptoms are nonspecific and include joint pain, noise, limited function, and changes 
in the occlusion. The imaging techniques and arthroscopic biopsy show unusual findings 
(multiple loose calcifications or synovial effusions) and confirm the diagnosis. The localized 
arthropathy of TMJ can be summarized as follows: osteochondroma, synovial chondromatosis, 
crystal deposition disease, and synovial cyst. The localized arthropathies may cause or mimic 
TMJ ID. The secondary inflammatory component from neighboring regions (otitis, tonsillitis, 
and maxillary sinusitis) can affect TMJ and cause ID [2, 11]. The correct diagnosis is crucial in 
these kinds of disorders and treatment usually includes arthroscopy or arthrotomy.

4. Diagnosis of internal derangement of temporomandibular joint

4.1. History and physical examination

Complete medical history, clinical, and radiological examinations are essential for correct 
diagnosis. The most frequent signs and symptoms related to ID are pain on TMJ region, 
decrease in mouth opening (the normal values of maximum inter-incisal mouth opening are 
between 35 and 50 mm) and laterotrusive movements (the normal values of the ipsi- and 
contra-lateral movements of the joint are between 5 and 10 mm), TMJ noise (clicking and crep-
itation), intermittent lock of the joint, deflexion or deviation of the mandible during mouth 
opening [5]. The tenderness of the masticatory muscles may accompany.

4.2. Imaging methods

Imaging of TMJ is necessary to establish the proper diagnosis, to select the appropriate treat-
ment, and to assess the treatment results. For imaging purposes, the following contemporary 
techniques are frequently used.

4.2.1. Panoramic radiography or arthrography

Orthopantomography (OPG) and/or arthrography are used to assess hard tissues of TMJ 
including condyle, glenoid fossa, and articular eminence. For detailed examination, com-
puted tomography (CT)/cone-beam computed tomography (CBCT) is preferred.

4.2.2. Computed tomography or cone-beam computed tomography

CT or CBCT is useful to assess bone abnormalities such as ankylosis, degenerative changes, 
osteoarthritis, growth abnormalities, fractures, and tumors. A stereolithographic model of 
a patient’s TMJ skeleton can be prefabricated using three-dimensional (3D) technology for 
reconstructive purposes.

4.2.3. Magnetic resonance imaging

MRI is the standard imaging technique for visualization of TMJ. It is used to assess retrodiscal 
tissue, disc position and morphology, displacement and reduction of the disc, bone marrow 
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changes, degenerative involvements, and joint effusion [12]. Recently, the potential use of 
MRI-CBCT image fusion technique was introduced in order to improve the reliability and 
accuracy of assessment of disc positions [13]. Contemporarily, real-time MRI imaging of TMJ 
allows comprehensive data about the dynamics of all articular structures during jaw move-
ment and offers more reliable diagnosis for ID of TMJ [14]. MRI is contraindicated in claustro-
phobic patients and those with pacemakers.

4.2.4. Single photon emission computed tomography

This technique is used to detect metabolic activity and inflammation on the joint structures. 
The single photon emission computed tomography (SPECT) can be used for conventional 
evaluation of osteoarthritis of TMJ (which is the further stage of ID) [15].

4.2.5. Electromyography

This method is used to assess masticatory and cervical muscles’ activities when bruxism or 
muscle-mediated joint overload is suspected as a causal factor for TMD [16].

4.2.6. Ultrasonography

The ultrasonography (USG) is used as an alternative imaging technique for the diagnosis of 
TMD. On USG images, condyle and glenoid fossa are hyperechoic (high reflection of sound 
waves) and appear white, bone marrow is hypoechoic (low reflection of sound waves) and 
appears black, connective tissues (joint capsule and retrodiscal tissue) and muscles (lateral pter-
ygoid and masseter muscles) are isoechoic (intermediate reflection) and appear heterogeneously 
gray, and the disc appears as a thin area of hyperechogenity surrounded by a hypoechoic halo 
[17]. Diagnostic accuracy of USG was reported to be 54–100% for disc displacement, 72–95% for 
joint effusion, and 56–93% for osteoarthrosis [17]. The USG can be used to assess the thickness 
of the masticatory muscles in order to evaluate their causal effects for TMD [18]. Moreover, USG 
can also be used as an image guide for injection into the superior and lower joint space [19, 20].

4.2.7. Other methods

If the clinician suspects systemic involvement (such as rheumatoid arthritis or juvenile idio-
pathic arthritis), appropriate tests including human leukocyte antigen-B27, anti-nuclear fac-
tors, and rheumatoid factors should be ordered [10].

4.3. Differential diagnosis

Some kinds of extra-articular disorders may mimic clinical signs and symptoms of TMJ ID and 
should be considered as differential diagnosis. These pathologic entities can be  summarized 
as headache, neuralgia, migraine, atypical orofacial pain, ear disorders, coronoid process 
hyperplasia, trismus following inferior alveolar nerve anesthesia or muscle trauma, deep-
space infections of maxillofacial region, radiation fibrosis, myositis ossificans, and metastasis 
of other regions’ cancer [2, 5].

Internal Derangements of the Temporomandibular Joint: Diagnosis and Management
http://dx.doi.org/10.5772/intechopen.72585

53



signs and symptoms are nonspecific and include joint pain, noise, limited function, and changes 
in the occlusion. The imaging techniques and arthroscopic biopsy show unusual findings 
(multiple loose calcifications or synovial effusions) and confirm the diagnosis. The localized 
arthropathy of TMJ can be summarized as follows: osteochondroma, synovial chondromatosis, 
crystal deposition disease, and synovial cyst. The localized arthropathies may cause or mimic 
TMJ ID. The secondary inflammatory component from neighboring regions (otitis, tonsillitis, 
and maxillary sinusitis) can affect TMJ and cause ID [2, 11]. The correct diagnosis is crucial in 
these kinds of disorders and treatment usually includes arthroscopy or arthrotomy.

4. Diagnosis of internal derangement of temporomandibular joint

4.1. History and physical examination

Complete medical history, clinical, and radiological examinations are essential for correct 
diagnosis. The most frequent signs and symptoms related to ID are pain on TMJ region, 
decrease in mouth opening (the normal values of maximum inter-incisal mouth opening are 
between 35 and 50 mm) and laterotrusive movements (the normal values of the ipsi- and 
contra-lateral movements of the joint are between 5 and 10 mm), TMJ noise (clicking and crep-
itation), intermittent lock of the joint, deflexion or deviation of the mandible during mouth 
opening [5]. The tenderness of the masticatory muscles may accompany.

4.2. Imaging methods

Imaging of TMJ is necessary to establish the proper diagnosis, to select the appropriate treat-
ment, and to assess the treatment results. For imaging purposes, the following contemporary 
techniques are frequently used.

4.2.1. Panoramic radiography or arthrography

Orthopantomography (OPG) and/or arthrography are used to assess hard tissues of TMJ 
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CT or CBCT is useful to assess bone abnormalities such as ankylosis, degenerative changes, 
osteoarthritis, growth abnormalities, fractures, and tumors. A stereolithographic model of 
a patient’s TMJ skeleton can be prefabricated using three-dimensional (3D) technology for 
reconstructive purposes.
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changes, degenerative involvements, and joint effusion [12]. Recently, the potential use of 
MRI-CBCT image fusion technique was introduced in order to improve the reliability and 
accuracy of assessment of disc positions [13]. Contemporarily, real-time MRI imaging of TMJ 
allows comprehensive data about the dynamics of all articular structures during jaw move-
ment and offers more reliable diagnosis for ID of TMJ [14]. MRI is contraindicated in claustro-
phobic patients and those with pacemakers.

4.2.4. Single photon emission computed tomography

This technique is used to detect metabolic activity and inflammation on the joint structures. 
The single photon emission computed tomography (SPECT) can be used for conventional 
evaluation of osteoarthritis of TMJ (which is the further stage of ID) [15].

4.2.5. Electromyography

This method is used to assess masticatory and cervical muscles’ activities when bruxism or 
muscle-mediated joint overload is suspected as a causal factor for TMD [16].

4.2.6. Ultrasonography

The ultrasonography (USG) is used as an alternative imaging technique for the diagnosis of 
TMD. On USG images, condyle and glenoid fossa are hyperechoic (high reflection of sound 
waves) and appear white, bone marrow is hypoechoic (low reflection of sound waves) and 
appears black, connective tissues (joint capsule and retrodiscal tissue) and muscles (lateral pter-
ygoid and masseter muscles) are isoechoic (intermediate reflection) and appear heterogeneously 
gray, and the disc appears as a thin area of hyperechogenity surrounded by a hypoechoic halo 
[17]. Diagnostic accuracy of USG was reported to be 54–100% for disc displacement, 72–95% for 
joint effusion, and 56–93% for osteoarthrosis [17]. The USG can be used to assess the thickness 
of the masticatory muscles in order to evaluate their causal effects for TMD [18]. Moreover, USG 
can also be used as an image guide for injection into the superior and lower joint space [19, 20].

4.2.7. Other methods
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should be considered as differential diagnosis. These pathologic entities can be  summarized 
as headache, neuralgia, migraine, atypical orofacial pain, ear disorders, coronoid process 
hyperplasia, trismus following inferior alveolar nerve anesthesia or muscle trauma, deep-
space infections of maxillofacial region, radiation fibrosis, myositis ossificans, and metastasis 
of other regions’ cancer [2, 5].

Internal Derangements of the Temporomandibular Joint: Diagnosis and Management
http://dx.doi.org/10.5772/intechopen.72585

53



5. The treatment methods of internal derangements of 
temporomandibular joint

The most frequently used diagnostic classification system in order to decide proper manage-
ment for ID of TMJ is Wilkes classification (Table 1) [4]. Wilkes defined five stages with clini-
cal and radiographic features of ID and offered different treatment methods according to the 
stages of the disorder [4]. The treatment methods of TMJ ID can be basically divided into two 
subgroups: conservative and surgical. According to Wilkes classification [4], early stages of ID 
can be managed with conservative or minimally invasive methods; however, advanced stages 
(IV or V) might require open joint surgery. The principle of treatment consists of removal of 
the factors which can cause ID, reduction of symptoms, and also promote the healing of the 
articular structures. The disc displacement does not always cause mechanical obstruction. In 
the literature, MRI studies [21, 22] showed a high percentage of disc displacement in asymp-
tomatic patients (about 32–38%) and thus it is controversial whether repositioning the disc 
into normal position should be a treatment goal or not.

The conservative and surgical treatments should never be considered separately. The two 
therapeutic options should always be taken into account. The lack of control of causal factors 
such as joint overload usually causes failure of the treatment.

5.1. Conservative methods

The conservative treatment is a fundamental therapeutic element. Mostly, it is also the first-
line therapeutic step (except for the ankylosis, tumor diseases and cysts. For the correspond-
ing diseases, the primary treatment method is the open surgery). The basis of the conservative 
therapy is the reduction of the joint loading and pain and also improvement of healing. If the 
causal factor of ID is diagnosed as excessive joint loading, most of these patients can be suc-
cessfully managed with conservative methods. The conservative therapy includes a number 
of different treatment methods:

5.1.1. Patient education

The most important aspect of conservative treatment is to inform and educate the patients 
about the natural course, etiology, and pathogenesis of the ID. The diet modification, improved 
sleeping, and awareness of mandibular parafunction should be established by patient edu-
cation. Patient education is the first and essential part of the management and makes the 
patients important partners for their care. The education of patients is crucial for control of all 
causal factors (especially excessive loading) leading to ID.

5.1.2. Drug treatment

This therapy includes several groups of drugs:

a. Analgesic drugs: They are used to reduce pain (most often non-steroidal anti-inflammatory—
NSAI—drugs). NSAI drugs are also used to reduce inflammation.
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b. Anti-spasmodic and muscle relaxants: They are used to reduce muscle spasm accompa-
nying a number of painful conditions (in addition to reducing the skeletal muscle tone, it 
is also effective to reduce emotional stress).

c. Chondroprotective drugs: These drugs are capable of restoration of the metabolic balance 
in articular cartilage cells; their anti-inflammatory and analgesic effects are also described 
[8]. In our previous study [8], we concluded that glucosamine-chondroitin combination, 
which are structural molecules of joint cartilage and necessary for proteoglycan and gly-
cosaminoglycan synthesis, significantly increases the mouth opening and decreases the 
inflammatory cytokine levels of synovial fluid in ID of TMJ. Moreover, this chondropro-
tective combination provides efficient pain relief as well as narcotic analgesics.

d. Antidepressant drugs: High prevalence of stress, depression, and anxiety is associated 
with TMD. Antidepressant medications are used to solve stress-related causal factors of 
TMD. These drugs have adjunct effects in improving sleep quality and reducing stress-
related parafunctional habits including bruxism and clenching [23]. Low doses of antide-
pressant drugs have also analgesic effects.

e. Antibiotics: These drugs are only indicated in the event of accompanying infectious dis-
eases of the joint (septic arthritis).

5.1.3. Physiotherapy

This is one of the basic therapeutic methods. The indications include discopathy and the hyper-
mobility of the joint. The position of the dislocated disc can be improved by physiotherapy 
in discopathy cases. In hypermobility cases, the physiotherapy supports the strengthening 
of the ligaments of the articular capsule, thus reducing the excessive movement in the joint. 
Physiotherapy techniques are also used to improve the mobility in the masticatory and cervical 
spine muscles [6]. During physiotherapy, following cautions should be applied: the exercises 
should be performed at short time intervals (three to five times in a row) and multiple times 
in a day, which is better than exercising once a day for a longer time period (which can lead to 
the overload of the joint and occurrence and/or progression of the pain). Moreover, the exercise 
should always be done to the pain limit—avoid trying to overcome the pain by the movement. 
Aside from the reduction of joint loading, it is crucial to perform passive-motion exercises for a 
minimum of 2 months after surgical interventions [2]. The basis of the physiotherapy consists in

a. Isometric exercises: Exercises against palm resistance during which the active muscle 
groups are strengthened, strengthening the muscles and ligaments of the articular capsule.

b. Post-isometric relaxation exercises: Relaxation of muscle groups for the treatment of the 
increased muscle tone due to the emotional stress.

c. Repositioning exercises: These exercises are indicated for the alignment of the dislocated 
disc and mobilization of the joint (restoration of the jaw motion, indicated for the luxation 
of the jaw—the Hippocrates maneuver as well as for the acute dislocation of the disc).

d. Massages of the chewing muscles: These exercises are used to improve muscle blood 
flow, thus enhancing functions of the muscles and reducing their pain; they contribute to 
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temporomandibular joint
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tomatic patients (about 32–38%) and thus it is controversial whether repositioning the disc 
into normal position should be a treatment goal or not.
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therapeutic options should always be taken into account. The lack of control of causal factors 
such as joint overload usually causes failure of the treatment.

5.1. Conservative methods
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line therapeutic step (except for the ankylosis, tumor diseases and cysts. For the correspond-
ing diseases, the primary treatment method is the open surgery). The basis of the conservative 
therapy is the reduction of the joint loading and pain and also improvement of healing. If the 
causal factor of ID is diagnosed as excessive joint loading, most of these patients can be suc-
cessfully managed with conservative methods. The conservative therapy includes a number 
of different treatment methods:

5.1.1. Patient education

The most important aspect of conservative treatment is to inform and educate the patients 
about the natural course, etiology, and pathogenesis of the ID. The diet modification, improved 
sleeping, and awareness of mandibular parafunction should be established by patient edu-
cation. Patient education is the first and essential part of the management and makes the 
patients important partners for their care. The education of patients is crucial for control of all 
causal factors (especially excessive loading) leading to ID.

5.1.2. Drug treatment

This therapy includes several groups of drugs:

a. Analgesic drugs: They are used to reduce pain (most often non-steroidal anti-inflammatory—
NSAI—drugs). NSAI drugs are also used to reduce inflammation.
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b. Anti-spasmodic and muscle relaxants: They are used to reduce muscle spasm accompa-
nying a number of painful conditions (in addition to reducing the skeletal muscle tone, it 
is also effective to reduce emotional stress).

c. Chondroprotective drugs: These drugs are capable of restoration of the metabolic balance 
in articular cartilage cells; their anti-inflammatory and analgesic effects are also described 
[8]. In our previous study [8], we concluded that glucosamine-chondroitin combination, 
which are structural molecules of joint cartilage and necessary for proteoglycan and gly-
cosaminoglycan synthesis, significantly increases the mouth opening and decreases the 
inflammatory cytokine levels of synovial fluid in ID of TMJ. Moreover, this chondropro-
tective combination provides efficient pain relief as well as narcotic analgesics.

d. Antidepressant drugs: High prevalence of stress, depression, and anxiety is associated 
with TMD. Antidepressant medications are used to solve stress-related causal factors of 
TMD. These drugs have adjunct effects in improving sleep quality and reducing stress-
related parafunctional habits including bruxism and clenching [23]. Low doses of antide-
pressant drugs have also analgesic effects.

e. Antibiotics: These drugs are only indicated in the event of accompanying infectious dis-
eases of the joint (septic arthritis).

5.1.3. Physiotherapy

This is one of the basic therapeutic methods. The indications include discopathy and the hyper-
mobility of the joint. The position of the dislocated disc can be improved by physiotherapy 
in discopathy cases. In hypermobility cases, the physiotherapy supports the strengthening 
of the ligaments of the articular capsule, thus reducing the excessive movement in the joint. 
Physiotherapy techniques are also used to improve the mobility in the masticatory and cervical 
spine muscles [6]. During physiotherapy, following cautions should be applied: the exercises 
should be performed at short time intervals (three to five times in a row) and multiple times 
in a day, which is better than exercising once a day for a longer time period (which can lead to 
the overload of the joint and occurrence and/or progression of the pain). Moreover, the exercise 
should always be done to the pain limit—avoid trying to overcome the pain by the movement. 
Aside from the reduction of joint loading, it is crucial to perform passive-motion exercises for a 
minimum of 2 months after surgical interventions [2]. The basis of the physiotherapy consists in

a. Isometric exercises: Exercises against palm resistance during which the active muscle 
groups are strengthened, strengthening the muscles and ligaments of the articular capsule.

b. Post-isometric relaxation exercises: Relaxation of muscle groups for the treatment of the 
increased muscle tone due to the emotional stress.

c. Repositioning exercises: These exercises are indicated for the alignment of the dislocated 
disc and mobilization of the joint (restoration of the jaw motion, indicated for the luxation 
of the jaw—the Hippocrates maneuver as well as for the acute dislocation of the disc).

d. Massages of the chewing muscles: These exercises are used to improve muscle blood 
flow, thus enhancing functions of the muscles and reducing their pain; they contribute to 
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the movement coordination and to the stretching of spastic muscle fibers. These exercises 
are also used for rehabilitation of the opening, the most often used method in the post-
operative care. It is divided into the passive one (when patients open their mouths using 
some aids or fingers) and the active ones (when the mouth opening is accompanied with 
the actual activities of the muscles).

5.1.4. Thermotherapy

Thermal stimuli—cold or heat—can be used in the treatment of ID. Cold causes reduction in 
passing of nerve impulses on nerve endings, thus reducing perception of pain. Furthermore, 
it causes local vasoconstriction and it acts as an anti-inflammatory agent. Cold is indicated 
mainly for bacterial inflammations. The use of cold may include compresses or the applica-
tion of cooling sprays. The application of heat effects pain receptors in muscles and synovium, 
thus reducing the pain accompanying aseptic inflammations (such as arthritis and osteoar-
thritis). Heat is most often used in the form of hot compresses.

5.1.5. Bio-stimulating laser therapy

Low-level laser therapy (LLLT) supports reparation processes; it acts as the analgesic and 
anti-inflammatory agent (it stimulates mitochondria, supporting the production of amini-
sine triphosphate, increasing the blood flow in tissues, and increasing the lymphatic drain-
age). Moreover, the laser application stimulates blood microcirculation and reduces muscle 
contraction [24]. The bio-stimulation laser is indicated especially for aseptic arthritis and 
degenerative changes. The advantages of LLLT for the management of ID are that it provides 
aseptic, noninvasive, painless, non-pharmaceutical therapy without postoperative discomfort 
[24]. However, long-term effectiveness of LLLT for the management of TMD is limited [25].

5.1.6. Occlusal splint

This is a removable appliance of plastic material (most often resin) with a thickness of 1.5–3 mm. 
The splint can be made on the superior or inferior dental arch, while the splint on the inferior 
dental arch is preferred as it is better hidden and patients consider it better (Figure 4). The 
splints can be partial (covering only a part of the dental arch) or total (covering the dental arch 
completely). The treatment effect consists in the reduction in intra-articular pressure (thus 
reducing overload and pain), balancing of the occlusion, relaxation of the muscle spasm, and 
creation of the environment for easier alignment of the dislocated disc. It should be kept in 
mind that continuous and/or long-term use of an appliance may develop a malocclusion and 
must be avoided. An occlusal splint must meet several conditions:

• It must ensure a symmetrical, bilateral articulating contact of dental arches.

• It must be strong enough, with smooth edges and good retention.

• It should cover only the teeth; it must not irritate the periodontium.

• It must not be a functional obstacle, restrict the movement of the tongue, phonation, and 
swallowing.
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The indications for the occlusal splint include the discopathy as well as inflammatory and 
degenerative changes. The splint is also used for patients with para-functional activities (night 
guard). In our previous clinical study [26], we observed that stabilization splint therapy pro-
vided significant improvements in pain relief, joint mobility (mouth opening and laterotrusive 
movements), disability, and psychological status of the patients with DDwoR after 6 months of 
treatment. However, the success rate of splint therapy was shown to be 60% for DDwoR. Splint 
therapy can be used alone or in combination with arthrocentesis. Our recent study showed 
that simultaneous splint application following arthrocentesis (success rate was 95%) has no 
significant additional effect on arthrocentesis alone (success rate was 92.5) for the treatment of 
DDwoR [26].

5.1.7. Inter-maxillary fixation

It is used to restrict the jaw motion, thus soothing inflammatory affections of the joint, leading 
to the reduction of pain. The inter-maxillary fixation (IMF) is most often used in the form of 
inter-maxillary screws and elastic bands. The indications for the IMF include, in particular, sep-
tic arthritis. Another application consists in a conservative treatment of articular eminence frac-
tures, and it is further used for non-cooperating patients with recurrent luxations of the TMJ.

5.2. Surgical methods

The surgical treatment is provided in the event when the conservative treatment does not have 
any effects (the painful symptoms as well as joint dysfunctions still persist) for a period of 
3–6 months. The risk of surgical intervention is the injury to the surrounding anatomic struc-
tures (in particular the facial nerve). The surgical treatments for ID consist in the following:

5.2.1. Arthrocentesis

This is the mini-invasive surgical method in order to perform the lavage of the superior joint 
space [27]. The intervention is performed directly into the joint structures; however, the oper-
ation input is limited to the injection needle only (Figure 5). It can be performed under local 

Figure 4. Clinical view of occlusal splint therapy used for conservative treatment of ID of TMJ.
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the movement coordination and to the stretching of spastic muscle fibers. These exercises 
are also used for rehabilitation of the opening, the most often used method in the post-
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some aids or fingers) and the active ones (when the mouth opening is accompanied with 
the actual activities of the muscles).
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aseptic, noninvasive, painless, non-pharmaceutical therapy without postoperative discomfort 
[24]. However, long-term effectiveness of LLLT for the management of TMD is limited [25].

5.1.6. Occlusal splint

This is a removable appliance of plastic material (most often resin) with a thickness of 1.5–3 mm. 
The splint can be made on the superior or inferior dental arch, while the splint on the inferior 
dental arch is preferred as it is better hidden and patients consider it better (Figure 4). The 
splints can be partial (covering only a part of the dental arch) or total (covering the dental arch 
completely). The treatment effect consists in the reduction in intra-articular pressure (thus 
reducing overload and pain), balancing of the occlusion, relaxation of the muscle spasm, and 
creation of the environment for easier alignment of the dislocated disc. It should be kept in 
mind that continuous and/or long-term use of an appliance may develop a malocclusion and 
must be avoided. An occlusal splint must meet several conditions:

• It must ensure a symmetrical, bilateral articulating contact of dental arches.

• It must be strong enough, with smooth edges and good retention.

• It should cover only the teeth; it must not irritate the periodontium.

• It must not be a functional obstacle, restrict the movement of the tongue, phonation, and 
swallowing.
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The indications for the occlusal splint include the discopathy as well as inflammatory and 
degenerative changes. The splint is also used for patients with para-functional activities (night 
guard). In our previous clinical study [26], we observed that stabilization splint therapy pro-
vided significant improvements in pain relief, joint mobility (mouth opening and laterotrusive 
movements), disability, and psychological status of the patients with DDwoR after 6 months of 
treatment. However, the success rate of splint therapy was shown to be 60% for DDwoR. Splint 
therapy can be used alone or in combination with arthrocentesis. Our recent study showed 
that simultaneous splint application following arthrocentesis (success rate was 95%) has no 
significant additional effect on arthrocentesis alone (success rate was 92.5) for the treatment of 
DDwoR [26].

5.1.7. Inter-maxillary fixation

It is used to restrict the jaw motion, thus soothing inflammatory affections of the joint, leading 
to the reduction of pain. The inter-maxillary fixation (IMF) is most often used in the form of 
inter-maxillary screws and elastic bands. The indications for the IMF include, in particular, sep-
tic arthritis. Another application consists in a conservative treatment of articular eminence frac-
tures, and it is further used for non-cooperating patients with recurrent luxations of the TMJ.

5.2. Surgical methods

The surgical treatment is provided in the event when the conservative treatment does not have 
any effects (the painful symptoms as well as joint dysfunctions still persist) for a period of 
3–6 months. The risk of surgical intervention is the injury to the surrounding anatomic struc-
tures (in particular the facial nerve). The surgical treatments for ID consist in the following:

5.2.1. Arthrocentesis

This is the mini-invasive surgical method in order to perform the lavage of the superior joint 
space [27]. The intervention is performed directly into the joint structures; however, the oper-
ation input is limited to the injection needle only (Figure 5). It can be performed under local 

Figure 4. Clinical view of occlusal splint therapy used for conservative treatment of ID of TMJ.
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anesthesia alone or in combination with conscious sedation. The procedure can be performed 
in two different ways:

a. Single-needle technique: This is also called pumping arthrocentesis. The irrigation fluid 
is introduced into the joint with a single needle and subsequently removed through it.

b. Two-needle technique: One needle is used to introduce the fluid into the joint, whereas 
through the other needle the fluid escapes from the joint cavity.

The aim of the lavage is to flush out inflammatory mediators and loose particles from 
the joint space (to reduce pain), lysis of the adhesions in the joint, expand the joint cav-
ity (to facilitate the alignment of the dislocated disc), change negative intra-articular pres-
sure to positive pressure (to release the adhering disc), and irrigate micro-particles of the 
degenerative-changed cartilage (which otherwise irritate the joint synovium and lead to 
the development of inflammatory changes). Ringer’s solution is used as the irrigation 
fluid (100–400 ml). Arthrocentesis requires less surgical skill and is an economic treatment 
method, but does not permit direct visualization and removal of pathologic intra-articular 
tissues and is less effective for lavage and removal of adhesions compared to arthroscopy. 
At the end of arthrocentesis, intra-articular application of the therapeutic drugs (corticoste-
roids, sodium hyaluronate, platelet-rich plasma (PRP), etc.) is also possible. It was reported 
that arthrocentesis was reliable for treating Wilkes II and III stages of ID, and the treatment 
results were better in patients with advanced stage [28].

5.2.2. Intra-articular application of drugs

The application of a number of medications directly into the superior synovial joint cavity 
(the space between the disc and glenoid fossa) is a treatment method. The following medica-
tions may be used for intra-articular application:

Figure 5. Clinical view of TMJ arthrocentesis used as a minimally invasive surgical treatment method of ID.
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a. Glucocorticoids: These medications are used for their anti-inflammatory effects. They reduce 
the synthesis of prostaglandins and the production of antibodies, thus decreasing joint effu-
sion and pain. After arthrocentesis, about 1 ml betamethasone can be used for anti-inflam-
matory purpose. The indications include osteoarthritic symptoms, rheumatoid arthritis, and 
inflammatory degenerative joint disease.

b. Sodium hyaluronate: This is a buffered solution of hyaluronate acid sodium salt, which is an 
essential component of the cartilage and the synovial fluid. It acts against the disintegration 
of the extracellular matrix. It activates reparation processes of the cartilage, improves the 
condition of chondrocytes, and the viscosity of the synovial fluid (it reduces friction), and 
it features an anti-inflammatory effect (through the inhibition of inflammatory cytokines). 
The hyaluronate has chondrotropic and lubrication effects. It is indicated for the treatment 
of osteoarthritic symptoms, inflammatory degenerative joint disease, and discopathy.

c. Platelet-rich plasma (PRP): The blood platelets obtained by centrifugation of the venous 
blood can be applied intra-articularly. The principle of the treatment consists in the growth 
factors contained in the blood platelets that cause changes in the cell proliferation, regulate 
the cellular metabolism, and affect chondrogenous activities. The indications of PRP in the 
TMJ include inflammatory degenerative diseases [29].

5.2.3. Arthroscopy

This is a method, in which the endoscope is introduced into the joint cavity; the endoscope 
allows examination of the intra-articular cavity through the transmission of the intra-articular 
image to the display (Figure 6). The endoscopes intended for the TMJ arthroscopy usually 
have a diameter of 1.9–2.7 mm. Typically, only the arthroscopy of the superior synovial cavity 
(the cavity between the disc and glenoid fossa) is performed; the arthroscopy of the inferior 
joint space (the cavity between the disc and condyle) is carried out less often due to the dif-
ficult access. The arthroscopy technique yields superior efficacy compared to arthrocentesis in 
removing articular adhesions, increasing joint function, and decreasing pain for the manage-
ment of ID [30]. According to the performed intervention, the following is carried out:

a. Diagnostic arthroscopy: It consists in the visualization of each part of the joint space, while 
lysis of the adhesions and joint lavage are also carried out during the arthroscopy. In addition 

Figure 6. TMJ arthroscopy: (a) clinical view and (b) endoscopic view of the joint.
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degenerative-changed cartilage (which otherwise irritate the joint synovium and lead to 
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that arthrocentesis was reliable for treating Wilkes II and III stages of ID, and the treatment 
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(the space between the disc and glenoid fossa) is a treatment method. The following medica-
tions may be used for intra-articular application:

Figure 5. Clinical view of TMJ arthrocentesis used as a minimally invasive surgical treatment method of ID.

Temporomandibular Joint Pathology - Current Approaches and Understanding58

a. Glucocorticoids: These medications are used for their anti-inflammatory effects. They reduce 
the synthesis of prostaglandins and the production of antibodies, thus decreasing joint effu-
sion and pain. After arthrocentesis, about 1 ml betamethasone can be used for anti-inflam-
matory purpose. The indications include osteoarthritic symptoms, rheumatoid arthritis, and 
inflammatory degenerative joint disease.

b. Sodium hyaluronate: This is a buffered solution of hyaluronate acid sodium salt, which is an 
essential component of the cartilage and the synovial fluid. It acts against the disintegration 
of the extracellular matrix. It activates reparation processes of the cartilage, improves the 
condition of chondrocytes, and the viscosity of the synovial fluid (it reduces friction), and 
it features an anti-inflammatory effect (through the inhibition of inflammatory cytokines). 
The hyaluronate has chondrotropic and lubrication effects. It is indicated for the treatment 
of osteoarthritic symptoms, inflammatory degenerative joint disease, and discopathy.

c. Platelet-rich plasma (PRP): The blood platelets obtained by centrifugation of the venous 
blood can be applied intra-articularly. The principle of the treatment consists in the growth 
factors contained in the blood platelets that cause changes in the cell proliferation, regulate 
the cellular metabolism, and affect chondrogenous activities. The indications of PRP in the 
TMJ include inflammatory degenerative diseases [29].

5.2.3. Arthroscopy

This is a method, in which the endoscope is introduced into the joint cavity; the endoscope 
allows examination of the intra-articular cavity through the transmission of the intra-articular 
image to the display (Figure 6). The endoscopes intended for the TMJ arthroscopy usually 
have a diameter of 1.9–2.7 mm. Typically, only the arthroscopy of the superior synovial cavity 
(the cavity between the disc and glenoid fossa) is performed; the arthroscopy of the inferior 
joint space (the cavity between the disc and condyle) is carried out less often due to the dif-
ficult access. The arthroscopy technique yields superior efficacy compared to arthrocentesis in 
removing articular adhesions, increasing joint function, and decreasing pain for the manage-
ment of ID [30]. According to the performed intervention, the following is carried out:

a. Diagnostic arthroscopy: It consists in the visualization of each part of the joint space, while 
lysis of the adhesions and joint lavage are also carried out during the arthroscopy. In addition 

Figure 6. TMJ arthroscopy: (a) clinical view and (b) endoscopic view of the joint.
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to the endoscope, the needle used to release the irrigation fluid is introduced into the joint 
during the diagnostic arthroscopy. Through arthroscopic joint visualization, diagnosis of 
ID stage and identification of osteoarthritic changes can be established. The needle can 
also be used for the direct injection of medications into the inflammatory-changed syno-
vial tissue and the retrodiscal tissue. In our previous clinical study [31], we observed that 
patients with a longer duration of symptoms of DDwoR had more advanced levels of 
fibrous adhesion and inflammatory and degenerative changes of the articular structures 
under arthroscopic view. The patients with a shorter duration of ID benefit more from 
arthroscopic lysis and lavage than those with longer duration of disease onset [31].

b. Surgical arthroscopy: It consists in the surgical intervention in the joint under arthroscopic 
view. In addition to the endoscope and the needle for releasing, the working (surgical) 
input for surgical tools (hook, probe, scissors, forceps, laser fiber, and shaver) is also in-
troduced into the joint. The surgical arthroscopy is used to remove adhesions and to align 
and fix the disc, for synovectomy, discectomy (surgical removal of herniated disc material), 
or eminectomy (removal of the articular tubercle) procedures [32]. As shown in our recent 
technical note, hand-made alternative mini-instruments, which are made from stainless 
steel wire of 0.5 mm in diameter, can be used for the removal of adhesions during arthro-
scopic surgery [33]. It is also possible to obtain specimens for histopathologic examinations.

5.2.4. Open joint surgery

Open surgery is indicated only in the event that the conservative therapy, arthrocentesis, or 
arthroscopy does not have effects repeatedly (approximately 5% of the TMD patients) [34]. 
Generally, it can be concluded that the open surgery is indicated if all possibilities have been 
exhausted and the patient’s condition has not improved or has even deteriorated. The excep-
tions include ankylosis, dislocated fractures of the articular eminence, tumors, and devel-
opmental anomalies (in which the surgical treatment is the first therapeutic step). The open 
joint surgery operations for TMJ ID can be performed on the soft and/or hard tissues of the 
joint. The most common for ID, open joint surgery may include discectomy, reshaping of 
the articular surface, and implementation of autologous or alloplastic materials [35]. Briefly, 
the following surgical interventions can be performed:

a. Discopexy: The open repositioning of the dislocated disc and its fixation in a suitable posi-
tion related to the condyle (with a suture, pin, screw, and anchor).

b. Discoplicacy: This is another method to solve the dislocation of the disc. It is based on 
the assumption that the dislocation of the disc causes stretching of the retrodiscal tissue. 
During the discoplicacy, the rear part of the retrodiscal tissue is excised and then the 
 remaining parts are approximated to each other with a suture. Thus, the disc is aligned 
and fixed back in its physiologic position.

c. Discoplasty: The reparation of the disc perforation accompanying degenerative changes 
consists in closing of small perforations (with a suture or its overlap). It is indicated only 
for young patients.

d. Discectomy: The removal of the disc is indicated for extensive degenerative changes (disc 
perforation) or if the patients have persistent symptoms after discoplasty treatment 
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(Figure 7). In ID patients showing no improvement with previous mini-invasive modali-
ties, discectomy offers regaining jaw motion and reducing orofacial pain and may be fol-
lowed with disc replacement.

e. Condyloplasty: The removal of unevenness from the condyle, grinding, and smoothing. It 
is indicated for accompanying degenerative changes.

f. Condylar shaving: The removal of 3–5-mm bone tissue from the top of the condyle is indi-
cated for condylar hyperplasia at the active stage of the growth (Figure 8).

g. Condylectomy: The removal of the condyle in the event of extensive degenerative changes 
(Figure 9).

h. Eminoplasty or Eminectomy: These methods are basically introduced for the treatment 
of joint hypermobility. However, the osteoplasty or the removal of the articular tubercle 
can also be performed for the treatment of TMJ ID, for repositioning of the dislocated disc. 
In the TMJ ID cases, the disc is caught between the condyle and articular eminence; thus, 
eminectomy procedure expands the space between the bony structures so the disc can be 
aligned back to its original position.

Figure 7. TMJ discectomy as a surgical treatment method of ID; (a) surgical (preauricular) approach, (b) removed 
articular disc tissue.

Figure 8. Condylar shaving is the removal of 3–5-mm bone tissue from the top of the condyle.
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i. Reconstruction of the joint: It can be divided into the reconstructions of the disc, condyle, 
and articular fossa:

• Disc reconstruction: The reconstruction of articular disc is performed after the dis-
cectomy. The subsequent direct contact of the condyle with the fossa can lead to the 
progression of the degenerative changes and the occurrence of the ankylosis. This is 
prevented by the interposition material, which is inserted into the joint cavity. For 
disc replacement, a variety of tissues and materials are used including abdominal fat 
graft, auricular cartilage, temporalis muscle or fascia, silastic, and proplast-teflon disc 
 implants [6].

• Fossa reconstruction: The reconstruction of the glenoid fossa is performed using fossa 
prosthesis. The fossa prosthesis is made of metal alloys; the fossa is fixed with mini-
screws to the zygomatic arch. It is described for degenerative changes.

• Condyle reconstruction: The reconstruction of the condyle is performed after resection 
of the condyle. The reconstructive materials are fixed to the branch of the inferior jaw. 
The autologous (costochondral, sternoclavicular, metatarsophalangeal bone grafts, es-
pecially indicated for young patients due to the growth activity of graft materials) and 
alloplastic (made of metal alloys) materials are used for the reconstruction.

• Total joint reconstruction: The total joint prosthesis combines the replacement of the 
fossa and the condyle at the same time. The condyles are made of chromium-cobalt 
alloy (and they are fixed to the branch of the inferior jaw with mini-screws). The 
fossa is made of the high-polymerized polyethylene (and it is fixed with mini-screws 
to the zygomatic arch). The articular prostheses are available in the form of stock 
prosthesis (where there is a number of fossa and condyle sizes available) and custom 
prosthesis (which are made individually according to the patient’s CT-based stereo-
lithographic model) (Figure 10). It is clearly evident that the individual prostheses 
are more convenient. However, their use is limited by a higher price compared to 
stock prostheses [36].

Figure 9. Condylectomy is the removal of the condyle. This technique can be used in the event of extensive degenerative 
changes caused by advanced stages of ID of TMJ.
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6. Tissue engineering in temporomandibular joint reconstruction

In the current century, the main topic of new studies searching the contemporary treatment 
methods of TMJ ID is the repair and replacement of joint structures by using tissue engineer-
ing methods. The main objective is to produce joint components (such as mandibular condyle 
or articular disc) that have the ability to perform functional articulation. The main research 
areas are cell sourcing, biomaterials for scaffolding, and bioactive stimuli [6]. Using tissue 
engineering techniques, it is intended to produce joint components capable of adaptation to 
functional articulation and possessing the biochemical, biomechanical, and geometric proper-
ties of healthy TMJ tissues [6].

The possible indications for bioengineered articular structures can be summarized as untreat-
able condylar trauma, condylar hyperplasia, TMJ pathology in skeletally immature patients, 
and history of metal hypersensitivity (a contraindication for TMJ alloplastic replacement), 
and TMJ ID [37]. Bioengineered replacements have the potential to be able to grow with the 
patients, so tissue engineering technology may particularly offer significant benefits for skel-
etally immature patients requiring TMJ reconstruction. On the other hand, growth poten-
tial of bioengineered tissues should be considered cautiously. In terms of TMJ ID, surgical 
implantation of bioengineered articular disc may be a promising management for patients 
with unsalvageable disc (Wilkes stages III–V).

The possible contraindications for bioengineered TMJ reconstruction can be summarized as unre-
solved causal factors such as parafunctional habits, ankylosis (recurrence of ankylosis may occur 
in bioengineered articular structures as in autografts), history of multiple-failed TMJ  arthroplasty 
(scar tissue can impede vascularization of bioengineered tissue), and autoimmune diseases 
(the underlying disease such as rheumatoid arthritis might destroy bioengineered tissue).

7. Conclusion

The TMJ disorders are widespread in population and ID is the most frequent type of 
TMD. The etiologic factors of ID are joint overload and localized and systemic arthropathies.  

Figure 10. The total joint reconstruction combines the replacement of the fossa and the condyle at the same time; (a) production 
stage of custom-made TMJ prosthesis which is made individually according to the patient’s CT-based stereolithographic 
model, (b) postoperative OPG of a patient with custom-made TMJ prosthesis.
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The real causal factors and correct diagnosis should be established in order to provide appro-
priate management. In early stages of TMJ ID, conservative methods are considered. If the 
derangement becomes more severe or refractory to conservative therapies, and in some spe-
cial situations, proper surgical techniques should be considered. In these situations, the tim-
ing of surgical treatment and performing proper technique is crucial for long-term success. 
Otherwise, patients require repeat treatments indicating low promise for successful manage-
ment. In terms of open joint surgery, it should be kept in mind that arthroplasty may be 
resulted in degenerative changes in the future and the patient may need further surgical treat-
ments including total joint replacement. Currently, contemporary researches focus on replac-
ing the disc or condyle in terms of tissue engineering therapy. However, it seems that there 
are many steps to solve in order to insert this technology into clinical practice.
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Abstract

Osteoarthritis is a degenerative disease affecting the TMJ. It is the most common TMJ 
disorder and shows a higher prevalence in women and older people. TMJ osteoarthritis 
(TMJ-OA) is characterized by variable degrees of inflammation, destruction of the articu-
lar cartilage, and sub-chondral bone resorption. In this context, diverse pro-inflammatory 
cytokines, chemokines, enzymes, and bone-resorptive associated factors have been con-
sidered as possible markers of active TMJ-OA. The molecular balance is determinant 
not only for initiation and progression, but also for the clinical expression of the disease. 
Recent advances in the biochemical analysis of synovial fluid from affected patients have 
provided new insights into the patho-physiology of the TMJ-OA; however, its molec-
ular pathogenesis still remains unclear. Recently, a Th1 and Th17-dominated immune 
response has been associated with the inflammatory and destructive events character-
istic of TMJ-OA and, in particular, the Th17 lymphocyte pathway has a pivotal role in 
the increased production of RANKL, which is involved in osteoclast activation and sub-
sequent sub-chondral bone resorption. Understanding the TMJ physiology and patho-
genesis of the TMJ-OA, together with the key molecular determinants of the TMJ tissue 
destruction, will enable the development of new chair-side point of care diagnostics and 
more conservative treatment modalities with minimal complications.
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1. Introduction

The temporomandibular joint (TMJ) is the movable articulation of the bone head. Its structure 
and morphology share common features with other synovial joints; however, it also presents 
particularities that make it unique. In fact, deep knowledge of the anatomy and function of the 
TMJ is a central challenge for clinicians and scientists, since many of the pathological condi-
tions that affect this articulation can be explained based on its morphological and physiologi-
cal aspects.

2. Temporomandibular joint: anatomical characteristics

The TMJ is a synovial joint composed of two articular surfaces [1–4] (Figure 1). The inferior 
articular surface is given by the mandibular articular surface, which is part of the mandibular 
head. Structurally, the mandibular head is formed by two surfaces, anterior and posterior, 
both separated by a ridge that follows the same axis of the mandibular head [5–7]. The ante-
rior portion of the mandibular head is relatively convex in contrast with the posterior surface 
which is characterized for being flat and vertical [7, 8] (Figure 2). On the other hand, the 
superior articular surface of the TMJ is given by the horizontal portion of the squama of the 
temporal bone, which is organized forming two highly relevant structures: the mandibular 
fossa and the articular eminence of the temporal, also called temporal condyle [1, 2, 7–11]. 
The mandibular fossa corresponds to a concave surface with its greater axis in the transverse 
diameter [2, 7, 8, 12] and the temporal condyle corresponds to a convex bony elevation with 
its major dimension at the transverse axis, formed by an anterior and posterior surfaces with-
out a clear boundary between the two of them [8, 9, 11]. Additionally, in the TMJ, it is possible 

Figure 1. Anatomical characteristics of the temporomandibular joint (TMJ). Sagittal section of TMJ. Mandibular head 
(MH) articulating with temporal condyle (TC) and mandibular fossa (MF). Between the two joint surfaces the articular 
disc (AD) is interposed. The middle portion of the thinner disc portion being located in the work area; the anterior 
articular disc is continuous with the fibers of the lateral pterygoid muscle (LP), which is also inserted into the pterygoid 
fossa (PF) of the mandibular condyle neck; the back of the disc is related to the vascularized tissue in the retrodiscal 
area (RA). TMJ localizes superior to the middle cranial fossa (MCF) and posterior to the internal auditory canal (IAC).
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to observe an articular disc, which allows fitting the temporal condyle and the mandibular 
head [1, 5]. It is avascular and not innervated at its center, which coincides with the area of 
greatest work [2, 6, 8, 13]. Like the mandibular fossa and head, its greater dimension is at the 
transverse axis and adapts closely to the adjacent surfaces [2, 6–8].

3. Temporomandibular joint: physiological characteristics

Mandibular movements are limited by a number of structures, which actively or passively 
avoid excessive mandibular displacement and consequently limit the movements within the 
joint. The main protective and customizing element of the joint complex relates to the joint 
 capsule. This structure consists of thick organized bundles of collagen fibers that are uphol-
stered with several proprioceptors that report changes in mandibular dynamics, thereby limit-
ing the mandibular border movements [6]. Anteriorly, the capsule is inserted in the articular 
eminence [7, 8]. Laterally, the capsule strongly adheres to the longitudinal root of the zygoma 
and is continued backwards in tympanosquamous fissure [7, 8, 14]. The medial insertion is less 
extensive, inserted mainly in the sphenoid spine. The inferior insertion of the capsule extends 
along the condyle neck as a ring that is down on the backside of condylar process neck [7, 8, 14].

Figure 2. Anatomical characteristics of the temporomandibular joint. (A) Lateral, (B) frontal, and (C) superior view of 
the mandibular head. This is formed by two poles, the lateral pole (LP) and the medial pole (MP), the latter being larger. 
In a side view, it is possible to observe the morphology of the anterior surface (AS) (convex) and posterior surface (PS) 
(flat) of the mandibular head. In the lower portion of the mandibular head at its point of junction with the condylar neck 
(CN), the pterygoid fossa can be seen (PF), where the lateral pterygoid muscle is inserted.
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eminence [7, 8]. Laterally, the capsule strongly adheres to the longitudinal root of the zygoma 
and is continued backwards in tympanosquamous fissure [7, 8, 14]. The medial insertion is less 
extensive, inserted mainly in the sphenoid spine. The inferior insertion of the capsule extends 
along the condyle neck as a ring that is down on the backside of condylar process neck [7, 8, 14].

Figure 2. Anatomical characteristics of the temporomandibular joint. (A) Lateral, (B) frontal, and (C) superior view of 
the mandibular head. This is formed by two poles, the lateral pole (LP) and the medial pole (MP), the latter being larger. 
In a side view, it is possible to observe the morphology of the anterior surface (AS) (convex) and posterior surface (PS) 
(flat) of the mandibular head. In the lower portion of the mandibular head at its point of junction with the condylar neck 
(CN), the pterygoid fossa can be seen (PF), where the lateral pterygoid muscle is inserted.
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There is a set of ligaments that meet a similar role to the capsule, functionally and structurally 
reinforcing the TMJ [6–8]. The main reinforcement ligament capsule corresponds to temporo-
mandibular ligament which is located lateral to it. From this point of insertion the temporo-
mandibular ligament lateral band descends obliquely and posteriorly, and finally inserts onto 
the posterior surface of condylar neck [7]. The medial band is horizontal, presenting a similar 
cranial origin to the lateral band, and is inserted into the lateral side of the mandibular head 
[11]. Portions of the temporomandibular ligament execute a different role within the man-
dibular dynamics [6].

Additionally, there are a number of ligaments in the TMJ that are not structural or for its rein-
forcement, however limit the mandibular dynamics and hence the joint function. The stylo-
mandibular, sphenomandibular, pterygomandibular and pterygospinous ligaments meet this 
role [7, 14]. The stylomandibular ligament is a segment of the muscular structures and it is 
originated in the styloid process forming the styloid bouquet [7]. Since its origin, the styloman-
dibular ligament descends obliquely to finally insert on the posterior and inferior border of 
the ramus. In the case of the sphenomandibular ligament, this appears as a thickening of the 
interpterygoid fascia, which inserts cranially into the sphenoid spine and in the mandibular 
lingula [7, 14, 15]. Its thickness and extent varies between the individuals and in its upper por-
tion penetrates into the middle ear throughout the petrotympanic fissure being continued as 
the anterior ligament of the malleus [10, 16–18]. The pterigomandibular ligament originates 
from the pterygoid hamulus of the medial lamina of the pterygoid process of the sphenoid 
bone and from that point is inserted into the lateral lip of the mandibular retromolar trigone 
[7]. It is inserted in the buccinator muscles anteriorly and the superior constrictor muscle of 
the pharynx posteriorly. Finally, the pterygoespinous ligament, like the sphenomandibular, 
corresponds to a thickening of the interpterygoid fascia. It is reported that this ligament may 
undergo calcifications, which could produce alterations in the transmission of the mandibular 
nerve, because of its intimate relationship with the mandibular foramen determining nerve 
compression [19].

4. TMJ-OA: clinical classification and diagnosis

Temporomandibular disorders (TMDs) are the most widely accepted term to designate the mus-
culoskeletal alterations of the TMJs. All TMDs share similar signs and symptoms, traditionally 
described as a triad of pain (TMJs, muscles, and tooth pain), interferences during mandibular 
movement (frequently associated with joint noises), and/or movement range limitation [20]. Bell 
developed the first classification of TMDs in 1986, and it was based on an orthopedic-mechanical 
model [21]. This classification was composed of four major categories (masticatory pain, restric-
tion of mandibular movements, joint interference during mandibular movements, and acute 
malocclusion) and identified five muscular processes (myositis, muscle spasm,  myofascial pain, 
late-onset muscle irritation, and protective co-contraction or protective stiffness). However, it 
was not until 1990 that the American Academy of Craniomandibular Disorders (AACD), along 
with the International Headache Society (IHS), developed the first taxonomic system of classifi-
cation [22]. The main contributions were the distinction of two major categories (joint disorders 
and muscle disorders) and the possibility of establishing multiple diagnoses.
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In 1992, a new taxonomic classification system was developed and termed “The Research 
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD)” [23]. This system was 
based on the biopsychosocial model of pain, and included the Axis I (physical assessment 
using reliable and well-operationalized diagnostic criteria), and Axis II (assessment of psy-
chosocial status and pain-related disability) [23]. The main purpose of this classification 
system was to establish standardized criteria for research, and to provide simultaneously a 
physical diagnosis in order to identify other patients’ characteristics that could modify the 
expression and eventually the management of their TMD [22].

Since 2014, the new DC/TMD Axis I and Axis II provide an evidence-based assessment pro-
tocol also based on the biopsychosocial model (Figure 3) that can be directly applied in the 
clinical and research setting [24]. In this consensus, the information required for fulfilling the 
Axis I diagnostic criteria is obtained from a specified examination protocol in conjunction 
with the core self-report instruments that assess pain symptoms involving the jaw, jaw noise 
and locking, and headache. Axis II core assessment instruments assess pain disability, pain 
intensity, jaw functioning, parafunctional behaviors, psychosocial distress, and widespread 
pain. All of these incorporations and changes in the core patient assessment instrument set 
serve as a broad foundation for patient assessment and further research [24].

The DC/TMD also includes changes to original RDC/TMD TMJ diagnoses. An important con-
sideration was the low sensitivity for the diagnostic algorithms for disc displacement (DD) and 
degenerative joint disease (DJD) (osteoarthritis and osteoarthrosis) in RDC/TMD that can pro-
vide only provisional diagnoses [24]. This is due to the fact that some DD with reduction do not 
have clinically detectable noise, and the disorder will not be diagnosed using the clinical criteria 

Figure 3. Biopsychosocial model of disease applied to temporomandibular disorders. Axis I refers to the severity of the 
patient’s biological factors, including physical disorders. Axis II refers to the severity of psychosocial and behavioral factors, 
including interference in functioning because of pain. Two possible types of patients are depicted, each situated according 
to disease severity on the respective axes: Patient A has a mechanical temporomandibular joint (TMJ) disorder without 
secondary factors; and patient B has a pain diagnosis and clinically significant disruption in overall function and mood.
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corresponds to a thickening of the interpterygoid fascia. It is reported that this ligament may 
undergo calcifications, which could produce alterations in the transmission of the mandibular 
nerve, because of its intimate relationship with the mandibular foramen determining nerve 
compression [19].

4. TMJ-OA: clinical classification and diagnosis

Temporomandibular disorders (TMDs) are the most widely accepted term to designate the mus-
culoskeletal alterations of the TMJs. All TMDs share similar signs and symptoms, traditionally 
described as a triad of pain (TMJs, muscles, and tooth pain), interferences during mandibular 
movement (frequently associated with joint noises), and/or movement range limitation [20]. Bell 
developed the first classification of TMDs in 1986, and it was based on an orthopedic-mechanical 
model [21]. This classification was composed of four major categories (masticatory pain, restric-
tion of mandibular movements, joint interference during mandibular movements, and acute 
malocclusion) and identified five muscular processes (myositis, muscle spasm,  myofascial pain, 
late-onset muscle irritation, and protective co-contraction or protective stiffness). However, it 
was not until 1990 that the American Academy of Craniomandibular Disorders (AACD), along 
with the International Headache Society (IHS), developed the first taxonomic system of classifi-
cation [22]. The main contributions were the distinction of two major categories (joint disorders 
and muscle disorders) and the possibility of establishing multiple diagnoses.
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based on the biopsychosocial model of pain, and included the Axis I (physical assessment 
using reliable and well-operationalized diagnostic criteria), and Axis II (assessment of psy-
chosocial status and pain-related disability) [23]. The main purpose of this classification 
system was to establish standardized criteria for research, and to provide simultaneously a 
physical diagnosis in order to identify other patients’ characteristics that could modify the 
expression and eventually the management of their TMD [22].

Since 2014, the new DC/TMD Axis I and Axis II provide an evidence-based assessment pro-
tocol also based on the biopsychosocial model (Figure 3) that can be directly applied in the 
clinical and research setting [24]. In this consensus, the information required for fulfilling the 
Axis I diagnostic criteria is obtained from a specified examination protocol in conjunction 
with the core self-report instruments that assess pain symptoms involving the jaw, jaw noise 
and locking, and headache. Axis II core assessment instruments assess pain disability, pain 
intensity, jaw functioning, parafunctional behaviors, psychosocial distress, and widespread 
pain. All of these incorporations and changes in the core patient assessment instrument set 
serve as a broad foundation for patient assessment and further research [24].

The DC/TMD also includes changes to original RDC/TMD TMJ diagnoses. An important con-
sideration was the low sensitivity for the diagnostic algorithms for disc displacement (DD) and 
degenerative joint disease (DJD) (osteoarthritis and osteoarthrosis) in RDC/TMD that can pro-
vide only provisional diagnoses [24]. This is due to the fact that some DD with reduction do not 
have clinically detectable noise, and the disorder will not be diagnosed using the clinical criteria 

Figure 3. Biopsychosocial model of disease applied to temporomandibular disorders. Axis I refers to the severity of the 
patient’s biological factors, including physical disorders. Axis II refers to the severity of psychosocial and behavioral factors, 
including interference in functioning because of pain. Two possible types of patients are depicted, each situated according 
to disease severity on the respective axes: Patient A has a mechanical temporomandibular joint (TMJ) disorder without 
secondary factors; and patient B has a pain diagnosis and clinically significant disruption in overall function and mood.
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(positive history of noise and the presence of clicking noises) [25]. DD with reduction is highly 
prevalent, and crescent data suggest that internal derangement, such as DD with reduction, is 
likely to progress to osteoarthritis [20, 26, 27]. However, based on the evidence, DD with reduc-
tion is probably without clinical consequences unless pain occurs with noises or functional 
limitations, such as limited opening or interference in mastication. Nonetheless, the DC/TMD 
suggests that imaging using MRI is required for a definitive diagnosis of TMJ DD [24].

The differential diagnosis with the other TTMs is very important in the clinical assessment. 
The DC/TMD taxonomic classification for TMDs is divided in four major groups: temporo-
mandibular joint disorders, masticatory muscle disorders, headache, and associated structures. 
Of these, the temporomandibular joint disorders main group includes two subtypes of joint 
pain, three subtypes of joint disorders, and seven different subtypes of joint disease (Table 1). 
The clinical procedures to evaluate DD with reduction, DD without reduction without limited 
opening, and DJD lead to clinical diagnoses based on procedures that exhibit low sensitivity 
but well to excellent specificity. Thus, for treatment decision in selective cases, confirmation of 
presumptive diagnostic requires imaging. In contrast, clinical algorithm for assessing DD with-
out reduction with limited opening has good sensitivity and specificity (80 and 97%, respec-
tively) [28], being enough with the clinical evaluation for the initial working diagnosis [24].

DC/TMD made some changes to the diagnostic procedures of RDC/TMD for DD and DJD. TMJ 
noise by history is one of the recommended criteria for the intra-articular disorders of DD 
with reduction and DJD. The patient’s report of any joint noise (click or crepitus) during the 
30 days prior to examination should be met by the history criterion or the patient’s detec-
tion of any joint noise with jaw movements during the clinical examination. Furthermore, 
DD with reduction diagnosis requires examiner detection of clicking, popping, or snapping 
noises during examination. In DJD diagnosis requires examiner detection of crepitus (e.g., 
crunching, grinding, or grating noises) during the examination, and distinction between fines 
versus coarse crepitus is not necessary. For DD without reduction, the subtype depends on an 
assisted opening measurement (including the amount of vertical incisal overlap): if is <40 mm 
it is “with limited opening” subtype, and if is ≥40 mm it is “without limited opening” subtype. 
In this category, joint noise does not affect the diagnosis of DD without reduction as long as 
the required criteria for DD without reduction are met (Table 2) [24].

The DJD includes osteoarthritis and osteoarthrosis (Table 1). While the DD with reduction 
was described as “An intracapsular biomechanical disorder involving the condyle-disc complex. In 
the closed mouth position, the disc is in an anterior position relative to the condylar head and the disc 
reduces upon opening of the mouth. Medial and lateral displacement of the disc may also be present. 
Clicking, popping, or snapping noises may occur with disc reduction. A history of prior locking in 
the closed position coupled with interference in mastication precludes this diagnosis,” the description 
given by the DC/TMD to DJD is “A degenerative disorder involving the joint characterized by dete-
rioration of articular tissue with concomitant osseous changes in the condyle and/or articular eminence” 
[24]. The diagnostic criteria for these conditions demand a meticulous anamnesis and clinical 
examination. The DJD diagnosis is considered positive when either the patient reports any 
TMJ noise in the last 30 days (during mastication or any jaw movement) or the clinician detects 
any noise during mandibular movements. In addition, the DJD diagnosis is associated with 
clinical detection of TMJ crepitus during palpation, when patient is doing opening, closing, 
lateral, or protrusive mandibular movements. These important differences along exploration 
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I. Temporomandibular joint disorders

a. Joint Pain

  i. Arthralgia

  ii. Arthritis

b. Joint Disorders

  i. Disc disorders

   1. Disc displacement with reduction

   2. Disc displacement with reduction with intermittent locking

   3. Disc displacement without reduction with limited opening

   4. Disc displacement without reduction without limited opening

  ii. Hypomobility disorders other than disc disorders

   1. Adhesions/adherence

   2. Ankylosis

    a. Fibrous

    b. Osseous

  iii. Hypermobility disorders

   1. Dislocations

    a. Subluxation

    b. Luxation

c. Joint diseases

  i. Degenerative joint disease

   1. Osteoarthrosis

   2. Osteoarthritis

  ii. Systemic arthritides

  iii. Condylysis/idiopathic condylar resorption

  iv. Osteochondritis dissecans

  v. Ostronecrosis

  vi. Neoplasm

  vii. Synovial chondromatosis

d. Fractures

e. Congenital/developmental disorders

  i. Aplasia

  ii. Hypoplasia

  iii. Hyperplasia

Table 1. DC/TMD taxonomic classification for temporomandibular disorders (only TMJ disorders).
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examination. The DJD diagnosis is considered positive when either the patient reports any 
TMJ noise in the last 30 days (during mastication or any jaw movement) or the clinician detects 
any noise during mandibular movements. In addition, the DJD diagnosis is associated with 
clinical detection of TMJ crepitus during palpation, when patient is doing opening, closing, 
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were not reported in the RDC/TMD previous consensus, which only included coarse crepitus 
detected by the examiner’s palpation. Nevertheless, the sensitivity and specificity of these cri-
teria are 55 and 61%, respectively, being the imaging the reference standard for this diagnosis. 
In particular, the diagnosis confirmation suggest by DC/TMD is with TMJ CT [24].

In summary, the DC/TMD assessment protocol has both screening and confirmatory tests 
for the most common Axis I physical diagnoses and for Axis II contributing factors (Table 3). 
However, an important remark is the poor diversity of diagnostic tools available until now. 
The DC/TMD raise a useful systematic imagenological and clinical diagnostic tool, but with no 
usefulness in the study of disease progression and/or prediction. Several studies suggest some 
biological markers of degenerative joint disease, such as certain cytokines or proinflammatory 
mediators [29–42], and could be useful in the elaboration of complementary tools for diagnos-
tic purposes with potential in the study of disease prediction/progression. Thereby, the devel-
opment of diagnostic/prognostic devices based on these molecular markers is an interesting 
research field that could significantly improve the precision of osteoarthritis diagnosis.

History

a.  In last 30 days, any noise present” applicable to disc displacement with reduction with and without intermittent 
locking, and degenerative joint disease.

b.  In last 30 days, jaw locks with limited mouth opening and then unlocks” applicable to disc displacement with 
reduction with intermittent locking.

c.  “Ever has jaw lock or catch so that it would not open all the way” and “interfered with eating” applicable to disc 
displacement without reduction with and without limited opening.

d.  In last 30 days, when you opened your mouth wide, jaw locked or caught so that it would not close all the way” 
applicable to subluxation.

Examination

i. Disc displacement with reduction.

   1. Report by patient of any joint noise (click or crepitus).

   2. Click detection (# of opening/closing cycles required for click) (1 of 3).

   3. Click detection during lateral and protrusive movements.

ii. Disc displacement with reduction with intermittent locking.

iii. Disc displacement without reduction with limited opening.

   1. Assisted opening* < 40 mm.

iv. Disc displacement without reduction without limited opening.

   1. Assisted opening* ≥ 40 mm.

v. Degenerative joint disease.

   1. Report by patient of any joint noise (click or crepitus).

   2. Crepitus (either fine or coarse) with palpation.

*Measurement of opening includes interincisal opening plus vertical incisal overlap.

Table 2. DC/TMD diagnostic procedures for disc displacements and degenerative joint disease with new history-based 
diagnosis of subluxation.
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5. TMJ-OA: imagenological characteristics

Computed tomography (CT) and magnetic resonance (MRI) are widely useful tools for imaging the 
TMJ region of TMD patients, in particular for assessing degenerative bony changes, disc position 
and configuration, inflammatory pathological changes in the posterior disc attachment, the presence 
of effusion in joint spaces, and bone marrow edematous involvement [43]. Cone beam computed 
tomography (CBCT) allows the visualization of the TMJ in all three planes with high resolution, 
minimal distortion, and great precision for identifying condylar cortical changes [44]. The TMJ imag-
ing by CBCT also allows the evaluation of the integrity of the bony structures when a degenerative 
disease is suspected, and to confirm the extent and progression of any bony changes [45].

The degenerative changes of bone in DJD are more frequent in the mandibular condyle than 
in the mandibular fossa or the articular eminence, and the characteristic pathological bony 
changes are erosion, osteophytes, and deformity; and adaptive bony changes are marginal 
proliferation, flattening, concavity, sclerosis, and sub-chondral cyst [46–49]. All of these 
anomalies are considered, for diagnostic purposes, as signs of osteoarthritis and frequently 
are observed in joints with long-standing DD without reduction [47].

Some imaging technologies such as CT [49–51], CBCT [46, 52, 53], and MR [47, 54–56] have 
been widely used for diagnosing DJD such as TMJ osteoarthritis. However, is CBCT, a fairly 
new imaging technology, that has the possibility to create images of high diagnostic quality 
using lower radiation doses than CT [53]. CBCT imaging has shown to be very helpful for 
depicting abnormal bony changes such as the cortical margin of the surface and sub-chondral 
cancellous trabecular structure present in the mandibular condyle, where the conventional 
radiography has shown difficulties to analyze successfully [30]. Conventional tomography 
also has difficulties in detailed assessment of changes in the surface morphology of the con-
dyle and fossa, due to the thickness of the slices (1.0–3.0 mm) [57].

Axis I: Physical diagnosis Axis II: Psychosocial status

Pain diagnoses Joint diagnoses Distress and pain disability

Application Clinical or research Clinical Clinical or research

Screening test TMD pain 
screener

DC/TMD for disc 
displacements, 
degenerative joint disease, 
and subluxation

PHQ-4 and GCPS PHQ-9, GAD-7, 
PHQ-15, and GCPS

Confirmatory test DC/TMD 
for myalgia, 
arthralgia, 
and headache 
attributed to 
TMD

Imaging: MRI for disc 
displacements, CT 
for degenerative joint 
disease, and panoramic 
radiographs, MRI, or CT 
for subluxation

Consultation with mental 
health provider

Structured 
psychiatric or 
behavioral medicine 
interview

Patient Health Questionnaire-4 (PHQ-4), Graded Chronic Pain Scale (GCPS), Patient Health Questionnaire-9 (PHQ-9), 
Generalized Anxiety Disorder-7 (GAD-7), and Patient Health Questionnaire-15 (PHQ-15).

Table 3. Clinical and research applications of selected DC/TMD Axis I and Axis II tests.
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were not reported in the RDC/TMD previous consensus, which only included coarse crepitus 
detected by the examiner’s palpation. Nevertheless, the sensitivity and specificity of these cri-
teria are 55 and 61%, respectively, being the imaging the reference standard for this diagnosis. 
In particular, the diagnosis confirmation suggest by DC/TMD is with TMJ CT [24].

In summary, the DC/TMD assessment protocol has both screening and confirmatory tests 
for the most common Axis I physical diagnoses and for Axis II contributing factors (Table 3). 
However, an important remark is the poor diversity of diagnostic tools available until now. 
The DC/TMD raise a useful systematic imagenological and clinical diagnostic tool, but with no 
usefulness in the study of disease progression and/or prediction. Several studies suggest some 
biological markers of degenerative joint disease, such as certain cytokines or proinflammatory 
mediators [29–42], and could be useful in the elaboration of complementary tools for diagnos-
tic purposes with potential in the study of disease prediction/progression. Thereby, the devel-
opment of diagnostic/prognostic devices based on these molecular markers is an interesting 
research field that could significantly improve the precision of osteoarthritis diagnosis.

History

a.  In last 30 days, any noise present” applicable to disc displacement with reduction with and without intermittent 
locking, and degenerative joint disease.

b.  In last 30 days, jaw locks with limited mouth opening and then unlocks” applicable to disc displacement with 
reduction with intermittent locking.

c.  “Ever has jaw lock or catch so that it would not open all the way” and “interfered with eating” applicable to disc 
displacement without reduction with and without limited opening.

d.  In last 30 days, when you opened your mouth wide, jaw locked or caught so that it would not close all the way” 
applicable to subluxation.

Examination

i. Disc displacement with reduction.

   1. Report by patient of any joint noise (click or crepitus).

   2. Click detection (# of opening/closing cycles required for click) (1 of 3).

   3. Click detection during lateral and protrusive movements.

ii. Disc displacement with reduction with intermittent locking.

iii. Disc displacement without reduction with limited opening.

   1. Assisted opening* < 40 mm.

iv. Disc displacement without reduction without limited opening.

   1. Assisted opening* ≥ 40 mm.

v. Degenerative joint disease.

   1. Report by patient of any joint noise (click or crepitus).

   2. Crepitus (either fine or coarse) with palpation.

*Measurement of opening includes interincisal opening plus vertical incisal overlap.

Table 2. DC/TMD diagnostic procedures for disc displacements and degenerative joint disease with new history-based 
diagnosis of subluxation.
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5. TMJ-OA: imagenological characteristics

Computed tomography (CT) and magnetic resonance (MRI) are widely useful tools for imaging the 
TMJ region of TMD patients, in particular for assessing degenerative bony changes, disc position 
and configuration, inflammatory pathological changes in the posterior disc attachment, the presence 
of effusion in joint spaces, and bone marrow edematous involvement [43]. Cone beam computed 
tomography (CBCT) allows the visualization of the TMJ in all three planes with high resolution, 
minimal distortion, and great precision for identifying condylar cortical changes [44]. The TMJ imag-
ing by CBCT also allows the evaluation of the integrity of the bony structures when a degenerative 
disease is suspected, and to confirm the extent and progression of any bony changes [45].

The degenerative changes of bone in DJD are more frequent in the mandibular condyle than 
in the mandibular fossa or the articular eminence, and the characteristic pathological bony 
changes are erosion, osteophytes, and deformity; and adaptive bony changes are marginal 
proliferation, flattening, concavity, sclerosis, and sub-chondral cyst [46–49]. All of these 
anomalies are considered, for diagnostic purposes, as signs of osteoarthritis and frequently 
are observed in joints with long-standing DD without reduction [47].

Some imaging technologies such as CT [49–51], CBCT [46, 52, 53], and MR [47, 54–56] have 
been widely used for diagnosing DJD such as TMJ osteoarthritis. However, is CBCT, a fairly 
new imaging technology, that has the possibility to create images of high diagnostic quality 
using lower radiation doses than CT [53]. CBCT imaging has shown to be very helpful for 
depicting abnormal bony changes such as the cortical margin of the surface and sub-chondral 
cancellous trabecular structure present in the mandibular condyle, where the conventional 
radiography has shown difficulties to analyze successfully [30]. Conventional tomography 
also has difficulties in detailed assessment of changes in the surface morphology of the con-
dyle and fossa, due to the thickness of the slices (1.0–3.0 mm) [57].

Axis I: Physical diagnosis Axis II: Psychosocial status

Pain diagnoses Joint diagnoses Distress and pain disability

Application Clinical or research Clinical Clinical or research

Screening test TMD pain 
screener

DC/TMD for disc 
displacements, 
degenerative joint disease, 
and subluxation

PHQ-4 and GCPS PHQ-9, GAD-7, 
PHQ-15, and GCPS

Confirmatory test DC/TMD 
for myalgia, 
arthralgia, 
and headache 
attributed to 
TMD

Imaging: MRI for disc 
displacements, CT 
for degenerative joint 
disease, and panoramic 
radiographs, MRI, or CT 
for subluxation

Consultation with mental 
health provider

Structured 
psychiatric or 
behavioral medicine 
interview

Patient Health Questionnaire-4 (PHQ-4), Graded Chronic Pain Scale (GCPS), Patient Health Questionnaire-9 (PHQ-9), 
Generalized Anxiety Disorder-7 (GAD-7), and Patient Health Questionnaire-15 (PHQ-15).

Table 3. Clinical and research applications of selected DC/TMD Axis I and Axis II tests.
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Another interesting imaging technique for the diagnosis of TMJ osteoarthritis evaluated in 
the evidence is the bone scintigraphy [58–61]. This technique shows a correlation with signs 
and symptoms with very good sensitivity, specificity, and accuracy (100, 90.91, and 96.97%, 
respectively) [59]. Interestingly, some radiographic changes seen by follow-up CBCT, MRI, 
and scintigraphy suggested that osteonecrosis may be the initial phase of an osteoarthritic 
process [30]. Thus, knowing all the potential imaging findings of every imaging modality is 
very important to make right imaging diagnostics (Table 4).

Imaging modality Imaging findings

Medical CT and cone beam CT Pathological bony changes such as erosion, osteophyte and  
deformity

Osteochondritis disseccans

Static MR imaging Disc positional abnormalities

 (1) DD without reduction

 (2) DD with reduction

 (3) Sideways disc displacement

Joint effusion presence of marked effusion

A higher T2 signal of the posterior disc attachment

Bone marrow abnormalities

 (1) Bone marrow edema

 (2) Bone marrow osteonecrosis

Tumor involvement and inflammatory diseases into the TMJ

region and the surrounding structures

Autoimmune processes such as rheumatoid arthritis

A closer proximity between the TMJ disc and the mandibular nerve

Dynamic MR imaging with contrast material Prominent contrast enhancement of the posterior disc attachment

Contrast enhancement of effusion

Magnetization transfer contrast imaging Detection for the edematous and ischemic changes in the muscles

Magnetic resonance spectroscopy Ascending of insular glutamine levels by 1H MRS

Functional MR imaging The regions and the network of brain activation associated  
with TMD

Ultrasonography Muscular edema by low-level contraction

Bone scintigraphy Detection for early changes on the osseous reaction of OA

TMJ, temporomandibular joint; MM, masticatory muscle; DD, disc displacement; TMD, temporomandibular disorders; 
OA, osteoarthritis.

Table 4. A rating of the usefulness of each imaging modality related to TMJ pain, MM pain and fatigue.
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When the clinical diagnosis of DD with reduction or with reduction with intermittent locking 
needs imaging confirmation, the DC/TMD suggests positive detection of the following: “(1) 
in the maximum intercuspal position, the posterior band of the disc is located anterior to the 11:30 
position and the intermediate zone of the disc is anterior to the condylar head; and (2) on full opening, 
the intermediate zone of the disc is located between the condylar head and the articular eminence” [24]. 
Otherwise, the imaging confirmation criteria by TMJ MRI of DD without reduction with/with-
out limited opening clinical diagnosis are: “(1) in the maximum intercuspal position, the posterior 
band of the disc is located anterior to the 11:30 position and the intermediate zone of the disc is anterior 
to the condylar head; and (2) on full opening, the intermediate zone of the disc is located anterior to the 
condylar head (Note: Maximum assisted opening of < 40 or ≥ 40 mm is determined clinically)” [24].

Figure 4. Imagenological characteristics of the temporomandibular joint affected with osteoarthritis. (A) Sagittal CBCT 
images of a TMJ of a patient with DC/TMD diagnosis of osteoarthritis but without bony osteoarthritic changes (erosions 
and osteophytes). (B) Sagittal CBCT images of a TMJ of a patient with a DC/TMD diagnosis of osteoarthritis and with bony 
osteoarthritic changes (erosions and osteophyte). CBCT: Cone beam computed tomography, TMJ: temporomandibular 
joint, DC/TMD: diagnostic criteria for temporomandibular joint. White arrow: osteophyte; black arrow: flattening; dot 
pattern arrow: erosion; asterisk: sclerosis.
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The DC/TMD criteria consider a positive diagnostic of DJD when the TMJ-CBCT is positive for at 
least one of the following: sub-chondral cyst(s), erosion(s), generalized sclerosis, or osteophyte(s). 
An important difference between RDC/TMD and DC/TMD is in flattening and/or cortical sclero-
sis, because while the first consider as positive findings, the second consider indeterminate find-
ings and possible sign of normal variation, aging, remodeling, or a precursor to frank DJD [24].

The great sensitivity and specificity of TMJ-CBCT in the DJD diagnoses compared with the clin-
ical assessment was well demonstrated in the work of Bakke et al., that shows 21 TMJ-CBCTs 
positive for osteoarthrosis while only two were clinically positive for the disease [62]. The high 
frequencies of bony changes in the CBCT images of pain-free subjects in this study were in 
accordance with the findings of Krisjane et al. indicating that radiographic signs of  osteoarthritis 
are a poor indicator of pain [63]. Furthermore, several studies have demonstrated that there is 
a poor correlation between condylar bony changes including pathological changes,  adaptive 
changes and/or remodeling and pain symptoms in TMJ osteoarthritis [55, 56, 64–66]. These 
results support the idea that many times the bony changes are not associated with the clinical 
diagnoses (Figure 4), and that good diagnoses comprehend history of the patient, and clinical/
imaging diagnostic, although, new assessment tools are necessary for accuracy of the diagnoses.

Figure 5. Diagnostic criteria for temporomandibular disorders (DC/TMD): diagnostic decision tree. Schematic diagnostic 
decision tree made to summarize the algorithm of diagnostic for intra-articular disorders (disc displacement with 
reduction, disc displacement with reduction with intermittent locking, disc displacement without reduction with limited 
opening, or disc displacement without reduction without limited opening), or degenerative joint disease (osteoarthritis 
or osteoarthrosis), including history, clinical examination, and imaging.
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Finally, Figure 5 shows the decision tree made in the DC/TMD consensus summarizes the 
algorithm made for the diagnosis of degenerative joint disease and intra-articular joint disor-
ders with history, clinical, and imagenological features.

6. Role of the immuno-inflammatory response in the pathogenesis of 
the TMJ-OA

TMJ-OA is a disease having a great deal of variation in progression, symptoms, epidemiol-
ogy, pathophysiology, and presentation. The rate of progression from a healthy joint to a 
severe TMJ-OA can vary from weeks to decades and TMJ-OA affects all of the tissues of the 
joint, including the articular cartilage, synovium, sub-chondral bone, capsule, ligaments, peri-
articular muscles, and the sensory nerves innervating the tissues.

Many factors have been proposed as responsible for the TMJ-OA development, such as genetic 
factors, over-loading, unilateral chewing, bruxism, and internal derangement; however, the 
molecular basis of the TMJ-OA aetio-pathogenesis remains unclear [67–70].

During TMJ-OA, a complex inflammatory response is developed, involving the synthesis of 
different cytokines by resident cells (e.g., synovial fibroblast, chondrocytes, and macrophages) 
and inflammatory cells that infiltrate the joint tissues [71, 72]. This inflammatory response 
could be triggered as result of the tissue breakdown and the consequent release of damage-
associated molecular patterns (DAMPs), such as low molecular weight hyaluronan (LMW-HA), 
high-mobility group protein 1 (HMGB1), and S100 proteins [73, 74], activating resident inflam-
matory cells, including dendritic cells and macrophages [75]. At initial stages of the disease, 
functional overload induces oxidative stress that initiates cartilage disruption [76, 77] and acti-
vation of MMPs and aggrecanases, promoting the secretion of DAMPs and the activation of 
the immune response [75]. During the disease progression, there is a local imbalance between 
the expression of specific cytokines, their receptors, and regulatory soluble receptors, which 
may be critical in the biological activity of the cytokine network [35]. Under these conditions, 
both fibroblast and synovial cells are activated to express MMPs and bone-associated cyto-
kines that control the formation/destruction of articular cartilage and bone, determining the 
clinical outcome of the OA-TMJ (Figures 6 and 7). In fact, higher levels of interleukin (IL)-1β, 
IL-6, IL-17, interferon (IFN)-γ, tumor necrosis factor (TNF)-α, prostaglandin E2 (PGE2), matrix 
metalloproteinase (MMP)-2, MMP-9, aggrecanase-1, superoxide dismutase, substance P, and 
receptor-activator of nuclear factor-κB ligand (RANKL) have been detected in synovial fluid 
from TMJ-OA patients as compared with disc displacement with reduction (DDWR), disc dis-
placement without reduction (DDWOR), or healthy subjects Table 5 [35, 40, 42, 68, 69, 78–86].

Certain cytokines such as IL-1β, IL-6, and TNF-α has been associated with signs and symp-
toms of TMJ-OA, in particular, synovitis and arthralgia [39]. In addition, TNF-α and IL-6 
have been described as markers of pain and successful clinical outcomes in TMDs [87, 88]. 
However, a study assessing the relation between the scores from a visual analog scale of pain 
and the levels of IL-1β, IL-6, and TNF-α reported no positive correlation [35]. Differences 
among different studies results could be due to variability in the selection criteria of subjects, 
sampling techniques, and/or analysis methods.
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IL-17 plays a key role in the pathogenesis of rheumatoid arthritis by inducing the syn-
oviocyte-dependent IL-6 secretion [89]. In addition, TNF-α and IFN-γ augment the IL-17 
activity and IL-17 activity has been associated with synovitis, chondral degradation, and 
inhibition of chondrocyte proliferation [89]. The presence of IL-17 in the TMJ synovial 

Figure 6. Phases in progression of the degenerative joint disease of the temporomandibular joint. (1) Fibrocartilage and 
bone tissue in physiological state, (articular disc in correct position). (2) The presence of functional overload or individual 
susceptibility generates hypoxia and compression of the articular tissues, resulting in apoptosis of chondrocytes and 
fibroblasts of the fibrocartilage, and DAMP’s release, such as ATP, ROS, TIMPs, fragments of collagen and low molecular 
weight hyaluronic acid. In addition to cytokines and chemokines, these molecules produced by synoviocytes allow the 
migration of immune cells into the joint, such as dendritic cells that generate the environment leading to the polarization of 
T cell populations towards Th1, Th22, and Th17 phenotypes. These polarized cells in turn will allow the differentiation and 
activation of osteoclasts that will degrade the articular surface establishing the degenerative and destructive pathology (3).
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fluid could be an important pathophysiological biomarker of TMJ-OA [40]. In fact, bone 
resorption associated with an increased osteoclast activity is a central phenomenon in 
the pathophysiology of autoimmune and inflammatory arthritis, and it is also related to 
IL-17 presence, mainly through T lymphocyte-associated direct and indirect regulation [90, 
91]. RANKL is the main molecule involved in the direct regulation of osteoclast activity, 
through the direct activation of osteoclast precursors [92]. Conversely, the indirect regula-
tion depends on the secretion of IL-17, IL-1β, and TNF-α by synoviocytes, cytokines that in 

Figure 7. Chemotaxis of immune cells to the subarticular space. Synoviocytes, fibroblasts and chondrocytes produce 
cytokines, chemokines, intracellular DAMPs, and extracellular matrix derivatives that facilitate the migration of immune 
cells from the bloodstream into the joint. VEGF and CCL5 facilitate the overexpression of CD44 in endothelial cells and 
T cells. These molecules, together with low molecular weight hyaluronic acid fragments (sandwich effect), facilitate the 
diapedesis of lymphocytes through the vessels, enhancing the inflammatory stage of the disease in progress.
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Cytokine 
studied

Authors Study groups Measuring 
technique

Outcomes of study

IL-1β Kaneyama et al. [33] Group 1: DID with 
clicking. (n = 8)

ELISA Groups 1, 2 and 3 > Group 4.

Group 2: DID with 
locking. (n = 52)

Group 3: OA. (n = 57)

Group 4: Control. (n = 7)

Kaneyama et al. [32] Group 1: DID (n = 24) ELISA No differences among the groups.

Group 2: OA (n = 26)

Group 3: Control (n = 5)

Kaneyama et al. [35] Group 1: Control (n = 5) ELISA Groups 2, and 3 > Group 1.

Group 2: DID (n = 41)

Group 3: OA (n = 14)

Kubota et al. [36] Group 1: DID and OA 
(n = 22)

ELISA Groups 1 > Group 2.

Group 2: Control (n = 12) TMJs with OA > TMJs with DID.

Group 3: OA of Knee 
(n = 10)

Takahashi et al. [39] Group 1: DID with 
clicking (n = 8)

ELISA IL-1β presented the higher incidence. 
Strong correlation between the presence of 
IL-1β and TMJ pain in groups 1, 2, and 3.

Group 2: DID with 
locking (n = 25)

No cytokines were detected in Group 4.

Group 3: OA (n = 18)

Group 4: Control (n = 6)

Vernal et al. [40] Group 1: OA (n = 12) RT-qPCR Group 1 > Group 2.

Group 2: Control (n = 6)

TNF-α Kaneyama et al. [33] * ELISA Groups 1, 2 and 3 > Group 4.

Kaneyama et al. [32] * ELISA No differences among the groups.

Kaneyama et al. [35] * ELISA Groups 2, and 3 > Group 1.

TNF-α level was positively correlated 
with those of IL-6, sTNFR-I and s 
TNFR-II.

Takahashi et al. [39] * ELISA TNF-α presented the lower incidence.

No cytokines were detected in Group 4.

Vernal et al. [40] * RT-qPCR Group 1 > Group 2.

IL-6 Kaneyama et al. [33] * ELISA Groups 1, 2 and 3 > Group 4.

Kaneyama et al. [34] Group 1: Control (n = 7) ELISA In groups 2 and 3 was significantly higher 
in joints with osseous changes in the 
condyle.

Group 2: DID (n = 39) No cytokines detected in group 1.

Group 3: OA (n = 22)
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turn induce the RANKL expression on synovial fibroblast and osteoblasts [92]. Recently, it 
has been reported that IL-17, rather than IL-12 or IFN-γ, is critical for the onset of autoim-
mune arthritis [91, 92]. Thereby, the role of IL-17 in bone metabolism-associated diseases 
has been extensively defined, and this role is mainly associated with the induction of proin-
flammatory cytokines, chemokines, and matrix metalloproteinases that leads pathological 
bone and/or cartilage damage [89, 93, 94].

Cytokine 
studied

Authors Study groups Measuring 
technique

Outcomes of study

Kubota et al. [36] * ELISA Groups 1 > Group 2.

TMJs with OA > TMJs with DID.

Takahashi et al. [39] * ELISA Group 1, 2 and 3 presented at least 1 of 
the cytokines in 64.5% of the cases.

Vernal et al. [40] * RT-qPCR Group 1 > Group 2.

IL-17 Kaneyama et al. [34] * ELISA Detection rate of IL-17 was low, and 
there was no association between the 
concentration of IL-17 and the presence 
or absence of osseous changes.

Vernal et al. [40] * RT-qPCR Group 1 > Group 2.

IL-8 Kaneyama et al. [33] * ELISA Groups 1, 2 and 3 > Group 4.

Takahashi et al. [39] * ELISA Group 1, 2 and 3 presented at least 1 of 
the cytokines in 64.5% of the cases.

TGF-β1 Fang et al. [29] Group 1: DID (n = 12) ELISA Group 2 > Group 1.

Group 2: OA (n = 15)

Group 3: Control (n = 4)

IL-11 Kaneyama et al. [34] * ELISA In groups 2 and 3 was significantly higher 
in joints with osseous changes in the 
condyle.

RANKL Wakita et al. [42] Group 1: DID with 
reduction (n = 25)

ELISA No significance difference in RANKL 
concentration between group 4 compared 
to the rest of groups.

Group 2: DID without 
reduction (n = 39)

RANKL/ OPG ratio in group 3 was 
increased.

Group 3: OA (n = 53)

Group 4: Control (n = 13)

IL-10 Fang et al. [29] * ELISA Undetectable in all the groups.

Vernal et al. [40] * RT-qPCR Group 2 > Group 1.

OPG Kaneyama et al. [32] * ELISA Group 3 > Group 2.

Wakita et al. [42] * ELISA Group 4 > Groups 1, 2, and 3.

RANKL/OPG ratio in group 3 was 
increased.
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Cytokine 
studied

Authors Study groups Measuring 
technique

Outcomes of study

IL-1β Kaneyama et al. [33] Group 1: DID with 
clicking. (n = 8)

ELISA Groups 1, 2 and 3 > Group 4.

Group 2: DID with 
locking. (n = 52)

Group 3: OA. (n = 57)

Group 4: Control. (n = 7)

Kaneyama et al. [32] Group 1: DID (n = 24) ELISA No differences among the groups.

Group 2: OA (n = 26)

Group 3: Control (n = 5)

Kaneyama et al. [35] Group 1: Control (n = 5) ELISA Groups 2, and 3 > Group 1.

Group 2: DID (n = 41)

Group 3: OA (n = 14)

Kubota et al. [36] Group 1: DID and OA 
(n = 22)

ELISA Groups 1 > Group 2.

Group 2: Control (n = 12) TMJs with OA > TMJs with DID.

Group 3: OA of Knee 
(n = 10)

Takahashi et al. [39] Group 1: DID with 
clicking (n = 8)

ELISA IL-1β presented the higher incidence. 
Strong correlation between the presence of 
IL-1β and TMJ pain in groups 1, 2, and 3.

Group 2: DID with 
locking (n = 25)

No cytokines were detected in Group 4.
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Vernal et al. [40] * RT-qPCR Group 1 > Group 2.

IL-6 Kaneyama et al. [33] * ELISA Groups 1, 2 and 3 > Group 4.
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Our recent data revealed that higher levels of IL-1β, IL-17, and IL-22, associated with the 
Th1, Th17, and Th22-pattern of immuno-inflammatory response, were detected in TMJ-OA 
as compared with DDWR. Increased cytokine levels significantly correlated with an 
enhancement of RANKL expression and the detection of imagenological signs of articular 
bone degeneration [95]. IL-22 plays a proinflammatory role through the synergistic activ-
ity with IL-1β and TNF-α [96–98] and IL-22 can indirectly induce osteoclastogenesis and 
bone resorption by the induction of Th17 lymphocyte activity and IL-17 production [99]. In 
fact, previous reports have detected over-expressed levels of IL-22 in rheumatoid arthritis 
synovial fibroblasts, demonstrating a pathogenic role of IL-22 in the rheumatic joint inflam-
mation and destruction through the modulation of the IL-1β and IL-17R expression [100, 
101]. In general terms, we believe that the Th1/Th17/Th22 immuno-inflammatory cell path-
ways, associated with the production of IL-1β, IL-17, and IL-22, play a central role in the 
pathogenesis of the TMJ-OA. Similarly, the role of the Th2/Th9/T regulatory cell pathways, 
responsible for the production of IL-4, IL-9, and TGF-β1, respectively, could be associated 
with TMJ-OA disease healing.

7. Therapeutic potential of T regulatory lymphocytes in TMJ-OA

At the beginning of 1980s, the existence of a suppressor T cell population was proposed, sug-
gesting that these T cells restrict the induction or expression of effector T cells and thereby 
prevent and control exaggerated immune response and autoimmune disease development 
[102]. The modern view of suppressor cells began with the observation that the transfer of  
T cells depleted of the IL-2Rα+ (CD25+) cell subpopulation induced multiorgan autoim-
munity in recipient mice [103]. Nowadays, suppressor T cells have been renamed and are 
currently known as T regulatory cells (Tregs). These cells have been isolated from mice 
and humans and their regulatory functions have been demonstrated not only in vitro but 
also in vivo. It has also been established that several types of cells carry out regulatory 
activities. These include IL-10-secreting CD4+ T regulatory-1 (Tr1) cells, TGF-β1-secreting 
CD4+ Th3 cells, NKT cells, CD8+CD28−Foxp3+ cells, γ/δ TCR cells, and CD4+CD25highFoxp3+ 
T cells, the last one widely accepted as “professional Tregs” or naturally occurring Tregs 
[104, 105].

Natural Tregs are CD4+ T cells that develop and mature in the thymus carry out their 
regulatory function during normal surveillance of self-antigens [106]. On normal individu-
als, they represent 5–10% of the peripheral CD4+ T cell population and are characterized 
by the constitutive expression of high levels of CD25 and low levels of CD45RB [107]. In 
turn, adaptive Tregs represent CD4+ T cells that acquire their regulatory activity during 
activation [106]. Unlike natural Tregs, which came out from the thymus as CD4+CD25+ 
cells, adaptive Tregs originate from peripheral naïve T cells [106]. They are derived from 
CD4+CD25− T cells and show variable expression of CD25 during their mature phenotype, 
depending on the disease and the site of regulatory activity [108] Induced Tregs require 
TCR stimulation for induction of regulatory functions and have demonstrated limited pro-
liferation in vitro [109].
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Although induced Tregs and effector Th17 cells play different roles during the immunity, 
reciprocal developmental pathways have been demonstrated for their generation. Naïve T 
cells exposed to TGF-β1 up-regulate Foxp3 and become induced Tregs; however, when cul-
tured with TGF-β1 and IL-6, naïve T cells generate IL-17 secreting Th17 cells with patho-
logic activities [110, 111]. Thus, when the immune response is not activated, TGF- β1  
favors the generation of induced Tregs, which suppress inflammation; however, when the 
inflammatory process is established, IL-6 is synthesized during the innate immune response, 
inhibiting the generation of Tregs and inducing the differentiation of proinflammatory of 
Th17 cells in presence of TGF-β1 [112]. Thus, induced Tregs and Th17 lymphocytes may arise 
from the same precursor cell and selective differentiation would depend on the local cytokine 
milieu, which would determine the predominance of either Tregs with suppressor activity or 
Th17 cells with pathologic activities, determining the outcome of the disease [112].

8. Conclusion

The therapeutic potential of Tregs has created a lot of expectations and a large number of 
publications have assayed their properties either in vitro or in experimental models. Tregs 
suppress in vitro proliferation and cytokine production from co-cultured effector T cells 
[113]. Tregs suppressed autoimmune diabetes and altered the course of lupus in a TGF-β1-
dependent manner [114]. Additionally, induced Tregs have been successfully used to prevent 
organ graft rejection [115]. A model of Treg therapy aimed to induce tolerance and restora-
tion of function might show promising results during treatment of TMJ-OA, but additional 
research is necessary for a better understanding of Treg physiology and to solve several yet 
unanswered aspects associated to their therapeutic potential in humans.
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Abstract

The temporomandibular joint (TMJ) forms a complex functional system with teeth, 
bones, connected muscles and ligaments. Any discomfort in any of these structures 
directly affects the joint. The complaints are mostly pain, malocclusion and swelling. 
Temporomandibular joint tumors are very uncommon but show symptoms similar to 
intra-articular disorders that make up most of these disorders. The most common TMJ-
specific benign tumors are classified after a brief literature review. Our classification also 
includes the osteoma of the TMJ, other than World Health Organization’s (WHO) classifi-
cation of soft tissue and bone tumors. This benign tumor was also included in the classifi-
cation because of its higher frequency in the literature. The treatment of these neoplasms 
may be conservative or radical surgery.

Keywords: cartilage tumors, temporomandibular joint tumors, cartilage tumors, 
osteogenic tumors, osteochondroma, chondroma, chondroblastoma, pigmented 
villonodular synovitis, synovial chondromatosis, osteoma, juxta-articular  
myxoma

1. Introduction

Primary neoplasms of the bones are rare, amounting to only 0.2% of the overall human 
tumor. Primary neoplasms originating in the temporomandibular joint (TMJ) are extremely 
rare. Their clinical manifestations are usually related to the temporomandibular dysfunction 
(TMD) and include pre-auricular swelling, pain, trismus, deviation of mandibular movement 
and malocclusion. Such symptoms should not be neglected and advanced imaging meth-
ods should be used with the thought that it may be neoplasia. Also the clinical symptoms 
and radiological appearance of many tumors are similar. Therefore, the differential diagnosis 
must be made carefully [1].
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Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Temporomandibular joint consists of bone structures and soft tissues such as temporal bone, 
mandibular condyle, articular disc, articular capsule and ligaments. The tumors that will be 
formed in this region will also develop from bone and soft tissue origin.

The most common TMJ-specific benign tumors are classified after a brief literature review. Our 
classification also includes the osteoma of the TMJ, other than World Health Organization’s 
(WHO) classification of soft tissue and bone tumors [2]. This benign tumor also included in 
the classification because of its higher frequency in the literature (Table 1).

Table 1 represents benign TMJ tumors. These tumors are classified under two section.

2. Cartilage tumors

Tumors producing a chondroid matrix will be described in this group. Many benign cartilage 
tumors are asymptomatic. Radiographic findings are critical to diagnosis of cartilaginous tumors.

2.1. Osteochondroma

Osteochondroma is a common slow-growing tumor that cartilage-capped bony projection 
arising from the outside surface of bone containing a marrow cavity that is continuous with 
that of the underlying bone appears close to the growth plate at the end of long bones [3]. 
In very few cases of temporomandibular joint, osteochondroma have been reported [4]. 
Osteochondroma is usually located at the medial surface of mandibular condyle [5]. The aver-
age age of occurrence is 16.5 and males are affected 3 times as often as females [6].

TMJ-specific benign tumors

Bone tumors 1. Cartilage tumors Osteochondroma

Chondroma

Chondroblastoma

Synovial chondromatosis

2. Osteogenic tumors Osteoma

Osteoid osteoma

Ostaoblastoma

3. Giant cell tumors Giant cell tumor

4. Vascular tumors Hemangioma

5. Lipogenic tumors Lipoma

6. Bone-related odontogenic tumors Ossifying fibroma

Soft tissue tumors 1. Fibrohistiocytic tumors Pigmented villonodular synovitis

2. Tumors of uncertain differentiation Juxta-articular myxoma

Table 1. Benign temporomandibular joint tumors.

Temporomandibular Joint Pathology - Current Approaches and Understanding100

The most common clinical symptoms are malocclusion, with unilateral posterior open bite on 
the affected side and a crossbite on the contralateral side, and progressive facial asymmetry, 
limited and often painful mandibular movements and clicking [7, 8].

The reason for osteochondroma is uncertain, but traumatic, developmental, neoplastic and 
reparative occasions have been considered as possible factors [6, 9]. The most commonly 
accepted view is a metaplastic change of the periosteum and/or the osteochondral layer in the 
condyle, leading to the production of cartilage, which subsequently ossifies [8]. Complications 
of OC are osseous deformity, fracture, vascular compromise, bursa generation and malignant 
transformation [6]. CT can provide excellent anatomy of the lesion and demonstrate calcifica-
tion in the cartilage cap whereas MRI confirms the diagnosis by demonstrating the cartilagi-
nous cap [4].

The differential diagnosis of benign neoplasms known to involve the mandibular condyle 
includes osteoma, osteoblastoma, chondroma, chondroblastoma and osteochondroma. 
Osteomas are benign tumors that consist primarily of mature, compact, cancellous bone 
[9]. Chondromas consist of well-defined lobules of mature hyaline cartilage that may con-
tain areas of calcification. Chondroblastomas consist of a proliferation of immature car-
tilage cells, with focal production of a variably differentiated cartilaginous matrix [10]. 
Osteochondroma is presumed to arise from herniation of cartilage through the epiphyseal 
plate in the formative years. Radiographically, the lesion is easily differentiated from chon-
droma because it is most frequently an extraneous appendage, rather than a rarefaction 
within the normal jaw confines, and is more radiopaque, which represents its true ossifica-
tion [11].

Osteochondromas can be treated by total condylectomy or local resection of the lesion and 
condylar replacement if the tumor involves the mandibular condyle. On the other hand, if the 
tumor affects limited part of the condylar surface, preservation of the remaining part of the 
condyle and reshaping can be done [6, 12].

In the case of an osteochondroma of the author of this chapter, Dr Karasu, the tumor was 
removed under general anesthesia. On a panoramic radiograph, a well-defined, bone-like, 
radiopaque mass was seen in the left condylar head (Figure 1). Axial and coronal com-
puted tomographic (CT) scans revealed an opaque mass around the mandibular condyle 
(Figures 2 and 3). The patient’s three-dimensional CT image showed a large mass in the 
anteromedial region of the left condyle (Figure 4). The tumor was excised under gen-
eral anesthesia. The upper and lower compartments of the temporomandibular joint were 
accessed through an auriculotemporal approach. The surgical field was expanded with 
retraction along the masseter muscle downward. The disc, which adhered to the lesion 
at the anterior aspect of the condyle, was resected. The tumor was resected en bloc. The 
lesion could be easily separated from the surrounding tissues (Figure 5). Histologically, 
it was noted that the nodular mass was covered with a proliferative cap of cartilage with 
underlying zones of cancellous bone and irregular calcified cartilage. The osteocytes 
and chondrocytes were individually housed in a lacuna with a single nucleus (Figure 6). 
Sixteen-year follow-up assessments revealed satisfactory function and occlusion. There 
was no evidence of recurrence [11].
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2.2. Chondroma

Chondroma is a rare, benign tumor of mature hyaline cartilage of mesenchymal origin [13]. 
Chondromas, are common in the small bones of the hands and feet, but are extremely rare 
in the TMJ area [14, 15]. Chondromas are classified into three types as (a) enchondroma that 
arises from medullary cavity, (b) juxtacortical that originate adjacent to the periosteum below 

Figure 3. Coronal CT scan, showing localization of the osteochondroma.

Figure 1. Panoramic radiograph, showing a bone-like, radiopaque mass in the left condylar head.

Figure 2. Axial CT scan, showing a well-defined, opaque mass.
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the cortical face and (c) extra-skeletal that can be seen in the tongue and buccal mucosa [16, 17]. 
Chondromas are equally seen in men and women and most patients are 30–40 years old [14].

Chondromas are generally asymptomatic. Its signs and symptoms can mimic those of patients 
with more common disorders of facial asymmetry or dysfunction of the temporomandibular 
joint as clicking, limited mouth opening and deviation [18].

Figure 4. Three-dimensional CT view of the osteochondroma.

Figure 5. Mass resected from the left condyle.

Figure 6. Histopathological aspect of the osteochondroma. The cancellous bone is surfaced by a cap of hyaline cartilage 
(HC). A zone of endochondral ossification (EO) appears between the cartilaginous cap and underlying cancellous bone 
(hematoxylin and eosin; magnification, 200).
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Radiographically, chondromas are irregular radiolucent or mottled region of the bone. There 
may be some calcification foci ranging from powder like to dense aggregates [19].

The differential diagnosis for bony or cartilaginous hyperplastic lesion of the temporoman-
dibular joint may include condylar hyperplasia, osteochondroma, osteoma, chondroma, 
osteoblastoma, fibrous dysplasia, ossifying fibroma (OF), chondromyxoid fibromas, synovial 
chondromatosis, chondroblastoma, chondrosarcoma and osteosarcoma [20, 21].

Chondromas can be treated as low-grade chondrosarcomas by surgical treatment of man-
dibular condyle to avoid recurrence [13].

2.3. Chondroblastoma

Chondroblastoma is a rare benign, cartilaginous, destructive tumor derived from immature 
cartilage cells which occurs infrequently in the head and neck area [22, 23]. Most chondro-
blastoma cases arise in the epiphysis of long bones such as distal femur, proximal tibia and 
proximal humerus [24]. It is more common in women [25].

Chondroblastoma shows similar clinical symptoms associated with temporomandibular 
disorders such as sound in the joint, decreased range of motion, swelling, pain, trismus and 
changing occlusion. If chondroblastoma occurs at the temporal bone, additional symptoms 
such as otalgia, paresthesia, hearing loss, ear noise and facial nerve weakness may be seen [26].

Computerized imaging (CT) and magnetic resonance imaging (MRI) are the most common 
diagnostic imaging techniques to identify chondroblastoma. On imaging, round radiolucent 
lesions with sharp bony edges are found in bone [27].

Differential diagnosis should be done with chondrosarcoma, chondromyxoid fibroma, syno-
vial sarcoma, synovial chondromatosis and aneurysmal bone cyst. Biopsy is necessary for the 
definite diagnosis [28, 29].

Treatment alternatives are curettage, resection and excision. Chondroblastoma can be treated 
by conservative curettage when infiltration of bone has not occurred or is limited. Complete 
excision of the tumor reduces recurrence [30].

In the case of a chondroblastoma of the authors of this chapter, Dr Oncul and Dr Yurttutan, 
the tumor was removed under general anesthesia. A 35-year-old female patient had com-
plaint of pain and asymmetry. The patient’s three-dimensional CT image showed a large 
mass in the anteromedial region of the left condyle (Figure 7). The tumor was resected via a 
pre-auricular access (Figures 8 and 9), the mass was removed by performing condylectomy 
(Figure 10).

2.4. Synovial chondromatosis

Synovial chondromatosis (SC) is a rare benign nodular cartilaginous proliferative non-neo-
plastic lesion arising from the synovial membrane or the fibro-cartilaginous disc of the joints 
becoming loose bodies within the joint space [3, 31]. The first report of SC of the temporoman-
dibular joint (TMJ) was in 1776 [32].

Temporomandibular Joint Pathology - Current Approaches and Understanding104

The etiology of SC is unclear but it is thought to be a trauma history, occlusal disorders, brux-
ism and degenerative arthritis [33]. SC of TMJ is 2.5 times more common in females, mainly 
between 30 and 50 years old [34].

SC has three histological stages:

1. metaplasia found in the synovial membrane without the presence of detached particles.

2. metaplasia found in the synovial membrane with the presence of detached particles.

3. presence of detached particles which may vary in size [3].

Clinical signs and symptoms of SC is local diffuse pain, pre-auricular swelling, limitation of 
mandibular movement, joint sounds, tenderness, deviation of mouth opening [35].

Computerized imaging (CT), magnetic resonance imaging (MRI) and orthopantomography 
are the most common diagnostic imaging techniques. The main findings are widening of the 
joint space, changes in bone surface of joint and calcified loose bodies [36].

Figure 7. Three-dimensional CT view of the chondroblastoma.
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3. presence of detached particles which may vary in size [3].

Clinical signs and symptoms of SC is local diffuse pain, pre-auricular swelling, limitation of 
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Figure 7. Three-dimensional CT view of the chondroblastoma.
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Figure 9. Intraoperative view after the excision of chondroblastoma.

Figure 8. Intraoperative view of the condyle with the chondroblastoma.
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Differential diagnosis should be done with internal derangements, osteoarthritis, osteochon-
dromas, villonodular synovitis, chondroblastoma and focal osteochondritis [37].

Synovectomy with removal of loose body from the joint space is the most preferred pro-
cedure. It can be applied in combination with discectomy or condylectomy. No recurrence 
when loose bodies are removed [38].

3. Osteogenic tumors

Osteogenic tumors are defined as neoplasms that produce an osteoid or bony matrix.

3.1. Osteoma

Osteomas are benign osteogenic tumors involving compact or cancellous bone proliferation and 
arising from periosteum (peripheral osteoma), endosteum (central osteoma) and even extra-
skeletal soft tissue, but they are actually hamartomas that can be seen in membranous bone [39, 
40]. Most osteomas of the maxillofacial region occur in the mandible. Peripheral osteomas typi-
cally arise at the inferior border of the mandibular body [41, 42]. Only a few cases involving the 
temporomandibular joint have been reported [43]. Men seem to be more affected than women. 
The exact cause is unknown, whereas belief in reactive and neoplastic theories maintains [1].

Histologically, compact type osteomas (ivory) consist primarily of dense lamellar bone, and 
cancellous type osteomas have an abundance of bone marrow [42].

The growth of osteomas occurring in TMJ may result in morphologic and functional distur-
bances, including facial asymmetry, malocclusion and limited mouth opening [44].

Figure 10. Macroscopic view of the pathology.
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Figure 11. Preoperative frontal view of the mandibular asymmetry.

Radiographically, osteoma appears as a well-defined uniform radiopacity or as well-defined 
radiopacity with evidence of internal trabecular structure. In their centers such masses may 
exhibit a mixed radiolucent-radiopaque appearance depending on the amount of marrow 
tissues present [39, 45]. Panoramic radiography, CT, MRI and radionuclide scanning (scintig-
raphy) have been utilized for imaging of osteomas of the TMJ region [46].

The differential diagnosis is established with exostoses, osteoid osteoma and osteoblastoma 
[46]. Osteomas of the condyle are lobulated; conversely, hyperplasia results in enlargement 
of the condyle that retains in its inventive form [47]. Osteoid osteoma and osteoblastoma are 
frequently painful and grow more rapidly than peripheral osteoma [1].

Large osteomas at TMJ can be treated by condylectomy and tumor resection. No recurrence 
is reported after surgery [43].

In the case of an osteoma of the author of this chapter, Dr Oncul, the tumor was removed under 
general anesthesia. A 45-year-old male patient had complaint of habitual luxation which had 
been present for 5 years and asymmetry (Figure 11). The tumor was resected via a pre-auric-
ular access (Figure 12), the mass was removed by performing a condylectomy, preserving the 
articular meniscus (Figure 13). Microscopic examination showed a central nidus surrounded 
by a layer of dense cortical bone. The nidus consisted inconsiderable amount of interstitial con-
nective tissue. No abnormal mitosis or malignancy findings were seen (Figure 14) [48].
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3.2. Osteoid osteoma

Osteoid osteoma is a benign bone-forming tumor characterized by small size, limited growth 
potential and disproportionate pain. Osteoid osteoma usually affects children and adoles-
cents, although it is occasionally seen in older individuals. It is more common in males [2]. 
Osteoid osteoma is rarely described in TMJ [49].

Figure 12. Intraoperative view of the condyle with the osteoma.

Figure 13. Macroscopic view of the pathology.
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The trio of complaints for osteoid osteoma of the jaw is pain, swelling and tenderness [50].

The most typical symptom of osteoid osteoma is spontaneous pain, usually responsive to 
non-steroidal anti-inflammatory drugs (NSAIDs). At first, the pain is light and discontinuous, 
but later becomes severe and constant [51].

A characteristic radiographic finding is ‘nidus’, which represents a small, round, clear, non-
calcified, well-demarcated radiolucency in the subjacent cortex surrounded by sclerotic bone, 
not larger than 2 cm [3]. CT and cone beam computed tomography (CBCT) are superior to 
MRI in diagnosing and precisely localizing these bone tumors in TMJ [46, 50].

The differential diagnosis of osteoid osteoma is established which includes bone island/soli-
tary enostosis, intracortical bone abscess (Brodie abscess), sclerosing forms of osteomyelitis 
and early diagnosis of osteosarcoma or osteoblastoma, fibroma or fibrous dysplasia [14, 51].

However, the sequestrum of osteomyelitis is irregular rather than a well-demarcated round 
lesion and is usually located in the bone marrow, not in the cortical plate [50].

The most important criterion to distinguish osteoid osteoma from osteoblastoma: osteoid 
osteomas are typically <1 cm in size, whereas osteoblast [52] stomas are generally >2 cm. An 
osteoid osteoma usually contains only a single calcification, whereas an osteoblastoma con-
tains multiple calcifications. However, the osteoblastoma differs from the osteoid osteoma in 
that it has a greater growth potential, is frequently painless, and becomes heavily calcified 
when subjected to radiological examination [51].

Surgical removal of the osteoid osteoma is the most advised treatment option if the pain 
is not relieved by NSAIDs. En bloc excision or cortical shaving and curettage of the nidus 
are sufficient and can provide immediate relief of symptoms. After the nidus is removed, all 
symptoms eventually disappear [46, 50, 53].

3.3. Osteoblastoma

Osteoblastoma is a rare benign bone-forming neoplasm which produces woven bone spic-
ules, which are bordered by prominent osteoblasts. Osteoblastoma is uncommon, accounting 
for about 1% of all bone tumors and is more common in women and affects patients in the age 

Figure 14. Histopathological aspect of the osteoma.
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range of 10–30 years [2]. The tumor normally involves the long bones, spine and sacrum. Less 
than 10% of osteoblastomas are located in the maxillofacial region [54, 55]. Osteoblastoma 
involving the TMJ is very rare [56].

Complaints for osteoblastoma are dull persistent pain and swelling [57]. Even if NSAIDs is 
used, the pain will not decrease in contrast to osteoid osteoma [56].

Osteoblastoma has identical histological features to osteoid osteoma [2]. Osteoblastomas are 
characterized by numerous plump osteoblastic cells producing and lining the haphazardly 
arranged lesional trabeculae of osteoid and woven bone. Numerous blood vessels are often 
seen in the osteoblastic and fibrous stroma filling the lesional inter-trabecular areas. Five scat-
tered multinucleated giant cells resembling osteoclasts are also generally seen. Mitotic figures 
may be seen, but these are usually sparse and have a normal configuration [58]. Osteoblastoma 
and osteoid osteoma are histopathologically very similar, and diagnosis is often based on the 
size of the lesion, with an osteoid osteoma being less than 1 cm in diameter and an osteoblas-
toma being larger than 2 cm [59].

The radiographic features are well-defined expansile lesions contain small scattered calcifica-
tions [59]. Radiographic differential diagnosis of osteoblastoma should include osteogenic 
sarcoma, chondrosarcoma, osteoid osteoma and aneurysmal bone cyst [3].

The treatment choice of osteoblastoma for TMJ is conservative surgery. Recurrences after 
complete excision are uncommon [55].

4. Giant cell tumors

Almost every lesion in the bone can contain giant cells, sometimes a large number. To be 
characterized as a giant cell tumor (GCT), the neoplasm must have oval mononuclear cells 
and more or less evenly distributed giant cells.

4.1. Giant cell tumor

Giant cell tumors (GCTs) are a benign, locally aggressive neoplasm which is composed of 
sheets of neoplastic ovoid mononuclear cells interspersed with uniformly distributed large, 
osteoclast-like giant cells. GCT is classified as an “intermediate locally aggressive, rarely 
metastasizing” bone tumor by World Health Organization (WHO) [2]. The prevalence of 
GCTs peaks in adults in their 30s or 40s [60, 61]. GCTs are frequently identified at the 
epiphyses of long bones, particularly in the proximal tibia, distal femur and distal radius 
[62]. Craniofacial bone involvement is rare but has been reported to occur in the mandible, 
temporal bone, maxilla, occipital and sphenoid [63]. Less than 30 cases of GCT in the TMJ 
have been reported. Patients with GCTs at TMJ are presented with progressive pain and 
swelling. Due to compression or local invasion, hearing impairment, facial nerve paraly-
sis, headache, visual area defects, double vision, visual loss, tinnitus, otalgia, vertigo and 
trismus can occur [64]. Discomforts as jaw locking, mandibular deviation and clicking can 
also be seen. These three symptoms and signs are also common with temporomandibular 
disorders [65].
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Recent experiments have characterized GCTs as consisting of three cell types: (1) osteoclast-
like, multinucleated giant cells; (2) round mononuclear cells resembling monocytes and (3) 
spindle-shaped, fibroblast-like stromal cells [66].

GCTs appear lytic, subarticular, eccentrically located and usually lack a sclerotic rim on radio-
graphs. Local bony destruction, cortical breakthrough and soft tissue expansion may also be 
seen [67]. MRI is the preferred imaging modality for GCTs, as the diagnostic accuracy of MRI 
is high and it can detect soft tissue and intra-articular extension [68].

Important differential diagnoses of GCTs are giant cell reparative granuloma, hyperpara-
thyroidism, non-ossifying fibroma, chondroblastoma, solid areas of aneurysmal bone cyst, 
malignant fibrous histiocytoma and osteogenic sarcoma [69].

Various modalities have been used in the treatment of GCTs including surgery, cryotherapy, 
radiotherapy, calcitonin, corticosteroids, a interferon and recently, the monoclonal antibody 
against receptor activator of nuclear factor kappa-B ligand (RANKL) denosumab [70, 71]. 
Intralesional curettage is not recommended for GCTs in the skull base because recurrence in 
this location would complicate further treatment and make it unresectable for reoperation [72]. 
However, because of the complexity of the craniofacial anatomy, wide excisions or en bloc resec-
tions for head and neck GCTs should be attempted. Radiotherapy can be applied for cases where 
wide excision cannot be achieved or for patients who are not fit for surgery [73]. But radio-
therapy as a sole treatment modality is not recommended due to high (60–70%) recurrence rates 
[74]. Denosumab, a receptor activator of nuclear factor kappa-B ligand (RANKL) inhibitor can 
be used in recurrent and unresectable GCTs [75]. Denosumab specifically inhibits osteoclast-
mediated bone destruction by GCTs [76]. Denosumab can be used to reduce the tumor size pre-
operatively [74].

5. Vascular tumors

Primary vascular tumors are rare in bone. Hemangiomas occur as coincidental findings in 
the skull or spine. X-ray features are almost always diagnostic. They rarely cause clinical 
symptoms.

5.1. Hemangioma

lntraosseous hemangiomas are benign vasoformative neoplasm or developmental condition of 
endothelial origin tumors occurring most often in the maxilla and mandible after the skull and 
vertebrae [2]. Clinically, hemangiomas of the mandible are often presented as slow-growing 
expansile lesions. They occur twice as often in women. Hemangiomas present as radiolucent 
lesions, which may have a unicystic- or multicystic-like “soap bubbly,” “honeycomb” or “tra-
beculated” appearance [77]. The differential diagnosis for this radiographic appearance must 
also include: ameloblastoma, odontogenic keratocyst, central giant cell granulomata, giant cell 
tumor of hyperparathyroidism, aneurysmal bone cyst and metastatic lesions [78]. Treatment 
may include embolization, sclerosing agents and surgery [79].
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6. Lipogenic tumors

Lipomas are rare in the bones and are found incidentally in the X-rays and contain calcaneus. 
Radiography shows a well-defined area of lucency with a central calcification area.

6.1. Intraosseous lipoma

Lipoma of bone is a benign neoplasm of adipocytes that arises within the medullary cavity, 
cortex or on the surface of bone. Lipoma of bone is rare and accounts for less than 0.1% of 
primary bone tumors [2]. The jaw is its most uncommon bone location.

Etiology of lipoma is not clear but possible etiological factors may be dental trauma, disrup-
tion of the post-extraction healing process, retention of radicular remains, medullary bone 
infarction (common in elderly) or osteoporotic bones [80–82]. They are generally asymptom-
atic, being diagnosed by chance during a radiographic examination. Symptoms depend on 
its size, location, time of evolution and growth rate. Pain, swelling and numbness may occur 
[83, 84]. Radiological appearance of intraosseous lipoma is well-circumscribed radiolucent 
unilocular or multilocular lesion. Treatment involves curettage of the lesion, with or without 
grafting the cavity [85].

7. Bone-related odontogenic tumors

Odontogenic tumors are rare, some of them very rare, but they can be an important diagnostic 
and therapeutic problem.

7.1. Ossifying fibroma

Ossifying fibroma (OF) is a well-demarcated lesion composed of fibrocellular tissue and min-
eralized material of varying appearances [86]. The mandible (especially the molar region) is 
affected more often than the maxilla [87]. Ossifying fibroma is mainly diagnosed between 
the second and fourth decades of life, with women being affected more frequently than men 
[88, 89]. Ossifying fibroma of craniofacial bones is composed of two components: fibrous 
stroma and bone elements that show various degrees of maturation [90]. The treatment of 
choice is surgical excision. Enucleation and curettage could be suitable for small and well-
defined lesions; however, larger masses require radical surgery [91]. Condylectomy may be 
performed with an immediate TMJ reconstruction [92].

8. Fibrohistiocytic tumors

Diffuse and localized forms of the giant cell tumor of the tendon sheath are more common 
with the descriptive category of fibrohistiocytic lesions.
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8.1. Pigmented villonodular synovitis

Pigmented villonodular synovitis (PVNS) is a rare, benign tumor but is a locally aggressive 
tumor of the synovial membrane with an annual incidence [93]. Lesions originate from the 
joint capsule, tendon sheath or bursae and occur most commonly in the knee, hip and ankle 
[94]. The etiology of PVNS is not clear and may result from chronic inflammation, trauma or 
represent a distinct neoplastic process [95–97]. It is considered as fibrohistiocytic tumor by the 
World Health Organization classification of bone and soft tissue tumors. Tenosynovial giant 
cell tumor, diffuse-type giant cell tumor, villonodular synovitis, giant cell tumor of the tendon 
sheath and nodular tenosynovitis are the synonyms of that tumor [2]. PVNS of the temporo-
mandibular joint (TMJ) is a rare variant with less than 80 cases reported in the literature [98]. 
This slow-growing tumor may be seen in all age groups. The peak age of occurrence is between 
30 and 50 ages [99]. PVNS has been shown to have a synovial cell origin immunophenotypi-
cally and is reported to involve myofibroblastic differentiation [100, 101]. The tumor is com-
posed of monocyte, multinucleated giant cells and foam cells distributing in a fibrous stroma, 
presenting hemosiderin deposition [102]. It has a higher gender predilection in females [103].

PVNS can enlarge into the middle cranial fossa, displacing the temporal lobe and invading the 
dura mater. Patients are generally present with an enlarging pre-auricular mass, pain, trismus 
or hearing loss [104]. The radiological appearance of PVNS on CT is a contrast-enhancing intra-
articular lesion originating in the glenoid fossa, with focal areas of hyperdensity or cysts. It 
produces variable bony remodeling or erosion of the adjacent bone [105]. On MRI, the most 
characteristic finding is a mass with low signal intensity on T1 and GRE-T2 weighted sequences, 
reflecting the deposition of blood degradation products. Occasionally, hyperintense areas on 
T1 or GRE-T2 sequences may appear due to the presence of lipids or cysts, respectively [106].

The differential diagnosis is established with osteoarthritic change, chondroblastoma, chon-
drosarcoma, aneurysmal bone cyst, rhabdomyosarcoma, plasmacytoma, cholesteatoma, 
intraosseous meningioma, reparative granuloma, tumoral calcium pyrophosphate dihydrate 
crystal deposition disease, chondroma of the tendon sheath, synovial chondromatosis, tendon 
sheath fibroma, synovial hemangioma, synovial sarcoma, embryonal rhabdomyosarcoma, 
giant cell granuloma, brown tumor and malignant fibrous histiocytoma [107, 108].

Therapy for PVNS of the TMJ and temporal bone remains surgical. PVNS of the temporal 
bone most commonly acquires the diffuse form of disease involving the contiguous synovial 
space with extension into adjacent structures. Accordingly, limited resection or curettage car-
ries a high rate of recurrence, whereas wide local resection, when feasible, is usually curative 
[104, 109]. The surgical approach must be carefully planned to allow for a complete removal 
of the tumor while minimizing surgical trauma [110].

9. Tumors of uncertain differentiation

For tumors in this category, in most cases, there is no clear idea on the differentiation line (or 
normal cellular counterpart) that these lesions repeat.
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9.1. Juxta-articular myxoma

Juxta-articular myxoma is a rare, benign soft tissue tumor that usually arises in the vicinity of 
a large joint, has histological features resembling a cellular myxoma [2]. There are reported 
cases involving myxomas of the knee, shoulder, elbow, wrist and hip. To our knowledge, 
however, there is just one reported cases of juxta-articular myxomas of the temporomandibu-
lar joint (TMJ) [111]. The juxta-articular myxoma resembles the common myxoma, however, 
it is distinguished by its association with the underlying connective tissue components of 
the joint. These include the associated tendons, joint capsule, meniscus and synovium [112]. 
Palpable swelling is occasionally associated with pain, tenderness or a functional limitation 
may occur [113, 114]. Like the common myxoma, the treatment of choice for the juxta-articular 
myxomas is complete local excision [115]. Tumors extending into the infratemporal fossa are 
notoriously difficult to resect [116].
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Abstract

Temporomandibular joint disorder (TMJ) is a complex and multifactorial functional dis-
order. Best approach in the treatment of TMJ disorders needs in detail proper diagnostic
study. Joint vibration analysis (JVA) device, a new age technology and one of the most
important diagnostic tools, is used for detecting intra-articular sound vibrations. Every
type of vibration in different frequencies shows us the status of joint. Evaluation can be
made after analyzing the results applying to a diagram. Like Combining of the sound
vibration diagnostic techniques with other examination methods may be very meaningful
in efforts of treating TMJ problems. Another diagnosis method is the evaluation of
chewing movements. Best chewing efficiency is the most important purpose of mastica-
tory system. Final product is a very important indicator for the efficiency of the mastica-
tion, and chewing pattern. T-Scan digital occlusal analyzing system is another important
occlusal diagnostic instrument. Digital occlusal analysis system is currently the most
powerful method of TMD clinics for treatment of patients with muscle pain dysfunction
syndrome. Digital occlusal analysis system allows us to perform the MPDS treatments,
splint and occlusal rehabilitation. The three important diagnostic systems are described in
this chapter.
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1. Introduction

Temporomandibular joint disorders (TMD) is one of the highly complicated fields in dentistry
[1, 2]. It can emerge in various manners at any time during human life with symptoms such as
limited mouth opening, pain at TMJ area, pain in masticatory muscles, headache specially
around anterior temporal area, sounds emerging from temporomandibular joints, morning
soreness, bruxism, clenching, head and neck pains, attrition and/or abfraction of teeth, internal
derangement of temporomandibular disks, decreasing of volume in the synovial liquid. Tem-
poromandibular joint disorder is a functional disturbance. Temporomandibular joints, masti-
catory muscles, teeth, bones and the central nerve system are all involved in TMJ pathology
[3–6]. For many years, clinicians have employed various mechanical tools for diagnosis and to
understand the reasons for the problem [7]. Due to the development of the chipset technology
and software programming, we have now device-based diagnostic tools, joint vibration anal-
ysis, joint tracking measuring mastication analysis, computer-based occlusal analysis devices,
and so on [8–10] available. However, there are still many questions and discussion points
about some of the device-based diagnostic techniques [9]. These kind of device-based technol-
ogies require studying with a new methodology. Joint vibration analysis, joint tracker and
mastication analysis, electromyography, tens devices and finally digital occlusal analysis sys-
tems all need new methodologies. That is to say if you have enough knowledge on how to
conduct a joint vibration analysis or a digital occlusal analysis, it is possible to collect a lot of
useful information with these devices [11–14].

All these symptoms are assembled under TMJ pathology [10, 15–19]. In dentistry, there is no
other problem that must be managed in a multidisciplinary fashion like TMJ disorders.

Occlusal trauma that may occur after restorations is one of the biggest causes of temporoman-
dibular disorders [20–23]. Dental extraction and orthodontic restorations are also important
conditions that cause this discomfort [22, 24–27].

A large number of devices and methods are used for diagnosis and treatment of temporoman-
dibular disorder. The reason for this is not only the complexity of the problem but also the
demand for the use of noninvasive methods [10, 28–31].

For example, if you have enough knowledge about the joint vibration analysis or if you can use
digital occlusal analysis properly, you can access very important information about the tempo-
romandibular disorder [17, 32–34]. In addition, you may also have the opportunity to see and
avoid pathology that may be related to joints according to the course of the treatment of the
initial chewing pattern of orthodontic treatments [35–37]. However, it is very important to
know how to use these devices, what their capabilities are, and how effective they can be so
that it can be done. The predisposing factors of temporomandibular joint disorders can be
eliminated before presenting whether all these devices are professionally used [28, 38–40].

Nowadays, one of the most widely used diagnostic tools in the examination of the pathology
of temporomandibular joints is magnetic resonance imaging (MRI) technique [4, 11, 15]. MRI
represents the golden standard among the temporomandibular diagnostic tools [41]. However,
its acquisition is more difficult and costly than other diagnostic tools. Moreover, MRI exami-
nation of children is very difficult and complicated.

Temporomandibular Joint Pathology - Current Approaches and Understanding128

Craniomandibular dysfunctions are often multistructural [42] and intracapsular problems are
one of the most important subjects that have been studied by dentists for a long time [33, 40,
43]. Normally, if there is no problem in a joint, no sound comes from that joint. There is no
distortion in the relationship between joint-disk-articular surface. Joint is lined with synovium
secreted for lubrication and nutrition. Joints are connected to a common bone, and therefore,
they function together. Normal joints produce very little friction and vibration. If there is
degeneration in the joint, there is sound in the joint [44–47]. The sound spectrum may be
bigger or less than the human hearing limits. Scientific research has shown that TMJ sounds
have been well categorized. Every TMJ sound is like a signature to a problem [48]. Since sound
is a pressure energy, it has a particular frequency.

Another kind of useful information source is spectrum of TMJ sound. TMJ sounds have
distinctive characteristics in clinical diagnosis efforts. Additionally, clinical-arthrographic
investigations correlate arthrographic characteristics of intracapsular dysfunction of the tem-
poromandibular joint with sound analysis. Sound patterns are reproducible and provide a
noninvasive tool for diagnosis and treatment [14, 49].

In Figure 1, a graphic illustration screen shows the results of a clinical software that recorded
and analyzed sounds emitted from the temporomandibular joint (TMJ) during simple function
as a means for differentially diagnosing disorders of the joint. The patient’s mouth opening
distance is measured as 45 mm max. The repeated sounds emitted from the left joint peaks at
around 43 mm. Spectral analysis of the same patient is shown in Figure 2.

Generally, spectral analysis considers the problem of determining the spectral content (i.e., the
distribution of power over frequency) of a time series from a finite set of measurements, by

Figure 1. Maximum opening of the mouth is marked as 45 mm; however, there is a crepitation sound in the left joint at
43 mm of opening of the mouth. The crepitation sound was detected at this level in which head of the condyle is almost at
the end of the protrusion. The condyle condition may be considered as only some ligament laxity.
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means of either nonparametric or parametric techniques. At JVA Sweep window of Figure 2,
sound energy frequencies of left joint are shown on a time line.

Sounds due to temporomandibular joint disorders have been studied for a long time and are
classified to the particular groups [45, 47, 50–52]. Very well-known sound frequencies belong
to the “click” sound energy (Figure 3). A 2x zoom view of the click sound is shown in Figure 3.

Figure 2. Spectral analysis considers the problem of determining the spectral content. Differences between energies of left and
right joints are very clear. In this case, aggregation place of peak frequency is very close to themax opening limit, intracapsular
deterioration has just started and it is only the beginning phase. Wemay consider this finding as only anMPD syndrome.

Figure 3. Click-type TMJ signal, TMJ signal (by) frequency of click sound followed by crepitation sound starts. Crepita-
tion wave is shown on the left TMJ.

Temporomandibular Joint Pathology - Current Approaches and Understanding130

In Figure 4, max mouth opening is 45 mm, and a click sound is spotted around 30 mm. The
click sound is located just before the eminencia.

Another important frequency type is crepitation: (Figure 5).

Figure 4. After six cycles of frequencies, average level of the click sound is around 30.4 mm of this patient who has a
mouth opening of 45 mm. Location of the click sound is around the anterior part of the glenoid fossa. In this case,
crepitation wave followed by the click sound must be considered an aggravation of the problem.

Figure 5. Crepitation wave is located just before a click frequency. It is located at the opening distance of 33.0 mm, where
the patient’s maximum opening distance is 49 mm.
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2. How can we detect Temporomandibular joint sounds?

We can detect the temporomandibular joint sounds using frequency accelerators. An
accelerator is neither a microphone nor an ultrasound; it is a typical sound receptor. In
Figure 6, a typical sound accelerator is shown designed by Bioresearch Inc. (Milwaukee,
USA).

The overall accuracy of clinical testing for TMD, using both auscultation and palpation, is 43%
[53]. Vibration sound analysis procedure aids in diagnosis and thus can be helpful in treatment
decisions (Figure 7).

Figure 6. Research shows that experienced clinicians correctly diagnose the status of the TMJ less than 50% of the time.
Inexperience can only increase this margin for error.

Figure 7. Wavelet transform viewer of a patient.

Temporomandibular Joint Pathology - Current Approaches and Understanding132

3. Clinical application of the joint vibration analysis

Condylar pathology is linked to articular surface degenerations [54]. Joint vibration analysis
tests are helpful for the evaluation of the significance of joint sounds and can help us decide
whether the condition is a progressive or degenerative one. Research shows that experienced
clinicians correctly diagnose the status of the TMJ less than 50% of the time [53].

According to the Akin et al. [51],

1. Click: very short duration with high amplitude peaks,

2. Click with crepitation: a short duration click followed by multiple low amplitude peaks,

3. Hard crepitation: short duration,mediumor high amplitudemultiple peaks in low-frequency
range,

4. Soft crepitation: long duration, low amplitude, multiple peaks that cover the whole fre-
quency range.

The evaluation can be made according to the data mentioned above or a special table (suggested
by Bioresearch Inc., Milwaukee, USA) is shown in Figure 8, which is useful in clinical practice.

Figure 8. Clinical evaluation chart suggested by Bioresearch Inc., Milwaukee, USA.
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range,
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quency range.

The evaluation can be made according to the data mentioned above or a special table (suggested
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Figure 8. Clinical evaluation chart suggested by Bioresearch Inc., Milwaukee, USA.
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The following evaluations can be made with the JAVA analysis data:

1. DD = Disk displacement without reduction,

2. DDR = Disk displacement with reduction,

3. PDDR = Partial disk displacement with reduction,

4. EDJD = Early degenerative joint disease,

5. ADvDJD = Advanced degenerative joint disease.

Subgroups of these main groups can also be reached with the help of additional clinical findings.

Evaluation study must start with a total integral value found in the chart. Second stage is the
maximum mouth opening value of the patient, measured between the distance of anterior
lower and upper teeth. Overbite distance must be added to the measured mouth opening
value. Lateral deviation distance also must be measured, as it will be evaluated in the exami-
nation. To properly assess temporomandibular sounds, joint vibration sounds should be
assessed with the patient’s mouth opening and closing movements.

Joints are located in the glenoid fossa at the maximum occlusion position of mandible and
during the opening of the mouth, translation movement is accompanied by rotation move-
ment. Joint vibration analysis must be calibrated with other clinical findings, such as the

Figure 9. A patient’s JVA record, total integral value has been found after capturing the frequencies of pathological
sounds. According to the value of maximum opening distance, total integral value, integral >300 Hz and ratio of
>300/<300 Hz value; in this case, “ligament laxity situation” may be considered.

Temporomandibular Joint Pathology - Current Approaches and Understanding134

maximum occlusion position. The patient is said to strike his teeth strongly, so at this moment
a big and equal frequency in both side scan be spotted. This is the maximum occlusion
position, and other intermediate frequencies indicate deterioration in the joint (Figure 9).

Case No.1.

Patient D.Y. 24 years old, Female (History of the Patient, translation from her voice record).

My name is D…Y…. Sounds coming from my joint, especially after lunches …. it started
4 months ago, a tooth extracted from here (showing left side her face), I think this is the reason
of my problem … I had it treated, because of a problem here….. Dr. xxxx made the extraction
procedure, after the extraction great possible, I heard some cracking sounds. I cannot eat.
When I eat something I hear a click sounds, I also have headaches.

“Clinician's Question: When you have your headache?”

Around afternoons, but not too strong, I mean I hear only click sound. It comes from my left
side, frommy left joint; tooth extraction was made on that side. I have no more pain, only there
is click sound “click (click sound)“. Oh! I want to add something more, I am in orthodontic
treatment since the last year.

The patient’s JVA record results as follows (Figures 10 and 11):

We must consider the Left Joint as problem. If we apply the numerical data to JVA flow chart
as follows:

Figure 10. The patient’s JVA data show that the total integral value of the left joint is bigger than the right joint. This value
is 47.3 and indicates a problem. Integral>300 Hz value is 7.8 and ratio value is 0.20.
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4. JT mastication analysis

Chronic temporomandibular disorder (TMD) patients, specifically those with severe symptom-
atology, shows a reorganized activity, mainly resulting in worsening functional performances
[55]. Mastication is one of the most important vital functions of human being. Occlusal disorders
can cause people to swallow foodwithout chewing enough. Shimshak and DeFuria showed that
TMD patients have, on average, 112%more digestive complaints (in terms of the cost of medical
treatment) than a comparable normal group [56]. High-level masticatory performance is the
main purpose of dental restorative studies. Chewing pattern is linked to occlusal relationship, it
may vary with the occlusal model [57, 58]. Studies have focused on two main types of motions:

• physiologic (functional) movements which occur during chewing

• nonphysiologic movements such as maximal opening/closing or lateral excursions.

Figure 11. Total integral value is 47.3 (see Figure 10), and this value places between the range of 20 and 80. Second step
maximum opening mouth is 39 mm, and this value is between the range of 30 and 40. Third step is “integral >300 Hz”
value which is 7.8, and it is located in the 3+ area. Finally, we look the value of “ratio”which is 0.20 of this patient, and it is
located in the range of 3–5. As a result, “Chronic disk displacement or mild degenerative joint disease (Piper's 4b)” must
be considered for this patient. Other clinical examination results (extra-oral examination, radiographic findings, etc.) must
be combined with the result of JVA.
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Nonphysiologic movements can be difficult to reproduce (due to conscious actions of the
patient) and are questionable indicators of the functional state of the stomatognathic
system. During mastication, the angle of the mandible as it approaches occlusion is quite
different from that occurring with lateral excursions from centric occlusion. Interferences
identified in lateral excursions may or may not represent functional interferences during
mastication. For these reasons, chewing motions (which are subconscious, physiologic,
and reproducible) are considered to be the most applicable for a clinical classification of
TMD [59].

The fundamental quantity in mastication analysis is the chewing cycle, representing the
motion of the mandible from occlusion to open and from open back to occlusion. The turning
point (TP) is defined to be the most open position of the mandible in the middle of a chewing
cycle. It averages about 2 mm laterally toward the working (chewing) side and normally
16 mm open from centric occlusion. The terminal chewing position (TCP) is defined as the
most closed position of the mandible as it approaches occlusion during mastication. There
may be a difference between TCP and maximum intercuspal position of between 0 and
5 mm, default value being 0.3 mm. This number determines the vertical thresholds of each
chewing cycle in relation to the TCP of each cycle. For example, a value of 2 will cause the
start of opening and ending of closing of a given cycle to be positioned a distance of 2 mm
below the TCP. The value can range from 0.0 to 5.0 mm (default is 0.3). Swallowing occurs
after every 5–10 chewings approximately. Mandible is in maximum intercuspal position
during swallowing.

There are great differences between orthodontically Class I normal occlusion type and Class
II malocclusion or Class III malocclusion chewing patterns. When we look at the breakdown
of treatments, we can see many changes in the magnitude of chewing. The analysis of the
patterns of chewing in the onset of treatment and later in the course of treatment will
provide us concrete information on the success of the treatment [59–61]. Nowadays, though
not routinely used, especially the measurement of chewing performance is important in
terms of trying to measure the success of the treatment by comparing the values before and
after treatment.

A classic pattern of chewing is basically examined in three parts [62, 63] (Figure 12):

1. Opening phase,

2. Closing phase, and

3. Occlusal phase.

There are various methods and tools for the examination of masticatory movements [34, 48,
64]. These methods can be grouped under three main headings [65]:

1. Masticatory movement analysis,

2. Masticatory muscles analysis,

3. Analysis of mastication product (analysis of the food).
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However, chewing movements may also be useful in investigating temporomandibular disor-
ders [66]. Masticatory analysis history is based on the beginning time of modern dentistry. In
early studies, a video recorder has been used for taking serial pictures of chewing pattern. A
rounded white paper part was attached to the patient’s chin, and serial pictures were taken
from front of the face of the patient. In this system, a magnet attached onto the lower anterior
teeth (Figure 13) and using a software, record video movie of movements of the magnet
together with the mandible (Figure 14).

To record chewing patterns, a small magnet is placed on the vestibular side of the lower
anterior teeth using a sticky wax (Figure 13). A headgear containing bilateral electromagnetic

Figure 12. A chewing pattern consists of three different phases: Opening(red), closing (blue) and occlusal phase (0 point
in the diagram). From the opening phase to the closing phase, basically there are three parts in one cycle of mastication.
Returning from opening phase is called a “turning point.”

Figure 13. Placing of magnet.
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controller mechanism senses “xyz” position of the magnet within an accuracy of 0.1 mm. After
aligning headgear, using its screw movements of the magnet is recorded (Figure 14). Besides
the analysis of mastication, this gear can be used to measure and record the range of motions
of the jaw during speech, distance of the freeway space (with extreme accuracy), velocity and
bite registrations. We can see exact positions of the mandible if we use this equipment simul-
taneously together with the joint vibration analysis (JVA).

The basic parameters of mastication analysis are given as follows:

5. Starting cycle

This is the first chewing cycle to display and analyze. The cycles before the designated starting
cycle are neglected. Starting cycle is the default cycle. The first few cycles may be disregarded
as they are more often inconsistent.

5.1. Maximum number of cycles to analyze

The maximum number of chewing cycles are averaged to calculate the average CP. It also
determines howmany cycles will be taken into account in the sweep and segmented XY views.
Maximum number of cycles are variable between 10 and 30 (default value of number of cycles
is 15).

Figure 14. Head parts of Bio-JT (Bioresearch Inc., USA).
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5.2. Occlusal threshold (OT)

This number determines the vertical thresholds of each chewing cycle in relation to the TCP of
each cycle. Occlusal threshold is the start and the end point of a cycle. For example, a value of
1.0 will cause the start of opening and end of closing of a given cycle to be positioned a
distance of 1.0 mm below the TCP. The value can range from 0.0 to 5.0 mm. (default is 0.3 mm).

5.3. Standard deviation limit

The number of standard deviations is used as a limit when validating cycles. If a given cycle
differs from the average of all cycles by more than this amount, it is marked as deviated and
not correct. The value can range from 1.0 to 3.0 mm (default is 2.0).

5.4. What can be read from masticatory analysis?

There is a sample screen (the record has been taken from the sample record of User Manual of
Bioresearch Inc., USA) [94] in Figure 15:

Figure 15. Mastication narrative: The patient chewed a bolus(gum) on the left side, and 15 chewing cycles were used to
average the chewing pattern. The average opening time was consistently short at 225 � 16 ms. The average closing time
was consistently short at 232 � 20 ms. The average occlusal time was consistently short at 240 � 13 ms. The average cycle
time was consistently short at 697� 17 ms. The average vertical turning point consistently occurred at 16.5� 1.0 mm from
centric occlusion. The average anteroposterior turning point consistently occurred at 5.7 � 0.6 mm from centric occlusion.
The average lateral turning point consistently occurred at 2.1 � 1.1 mm from centric occlusion. The average maximum
lateral width of the chewing cycles was consistent at 4.2 � 0.6 mm.
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The following record is taken from a patient using full denture in the TMD Clinic of Istanbul
Aydin University Dentistry Faculty (Figure 16):

In the research, studies of masticatory movements have been focused on following the two
main types of motions:

• physiologic (functional) movements which occur during chewing

• nonphysiologic movements such as maximal opening/closing or maximum lateral
excursions-border movements.

Average physiologic pattern of masticatory movements (Figures 15 and 16) is produced
by a healthy stomathognathic system. It is result of a reflex mechanism and controlled by
mechanoreseptors and proprioceptors located in periodontal ligaments [67]. Moreover, pre-
mature contact in masticatory occlusion may stimulate neural mechanisms in masticatory
system (Figure 17).

The production of nonphysiologic movements otherwise is very difficult. There is also a quite
difference between approaching angle of mandible in mastication and the angle of lateral
excursion to the maximum intercuspal position. For these reasons, subconscious, physiologic
and reflex chewing motions are considered to be the most applicable for a clinical classification
of TMD. Mastication is a physiologic movement, but grinding of an empty mouth is a para-
functional movement. Masticatory movements start as a conscious movement and continue as
reflex [69, 70]. Physiologic masticatory movements are controlled and protected by the neuro-
muscular system [67].

Figure 16. Chewing patterns of a CAD-CAM full denture patient.
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Total quantity in mastication analysis is the chewing cycle, representing the motion of the
mandible from occlusion to open and from open, back to maximum masticatory occlusion.
The turning point (TP) is defined to be the masticatory open position of the mandible in the
middle of a chewing cycle. It averages about 2 mm laterally toward the working (chewing)
side and nominally 16 mm open from centric occlusion. The terminal chewing position (TCP)
is defined as the most closed position of the mandible as it approaches occlusion during
mastication (masticatory occlusion).

Chewing rhythm is closely related to the patients’ average chewing pattern (ACP). Average
values of parts of chewing pattern are as follows:

1. Opening time is around 250 ms (� 50 ms), (one-third of total chewing cycle approx.)

2. Closing time is around 220 ms (� 50 ms), (one-third of total chewing cycle approx.)

3. Occlusion time is around 200 ms (� 50 ms), (one-third of total chewing cycle approx.)

We must consider a problem regarding to the joints if cycle time, opening, closing and occlusal
time have an unusually longer or shorter value than normal.

Masticatory movements end in an occlusal phase. In an occlusal movement, lower teeth glide
on upper teeth’s occlusal surface and stop at top maximum contact position of masticatory
movement. This is not a maximum force position because maximum force position is not a
functional situation but a conscious action. Maximum top position of masticatory movement
can also be named as “reverse turning point” (RTP) of masticatory movement. Upper and

Figure 17. Discrepancy in masticatory occlusion is a trigger mechanism for the muscle pain dysfunction syndrome.
Premature contacts may stimulate neural mechanism in masticatory MPD syndrome will be developed if premature
contacts are not removed from the occlusion. We use also T-scan occlusal analysis system to find and remove the
premature contacts from masticatory occlusion [68].
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lower teeth are contacted slightly, or not any contact, and opening phase of mastication starts
from this point. RTP point is illustrated in Figure 18:

Reverse turning position is not a harmful situation. Furthermore, the CNS reflex (Jaw Jerk
Reflex) will form an early RTP point and will escape from excessive contact. This point is
variable according to the harmonic masticatory movements of mandible. Normally, this

Figure 18. Opening phase of mastication starts from reverse turning point.

Figure 19. The chewing record formed by RTP, and the pattern of the chewing movement was also affected.
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variable according to the harmonic masticatory movements of mandible. Normally, this

Figure 18. Opening phase of mastication starts from reverse turning point.

Figure 19. The chewing record formed by RTP, and the pattern of the chewing movement was also affected.
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neuromuscular behavior will protect the teeth and will not cause a problem in the joints. But if
it lasts for a long time, the working side condenses will be under constant overpressure, which
will cause the working joint to eventually break down. The early occurrence of the RTP point
should be seen as an adverse symptom that should be corrected clinically for joints. EMG
records (Figures 20) of unbalancedmuscle force application with the chewing record (Figure 19)
of a person in this situation can be seen below:

6. Computerized occlusal analysis

“To look at the occlusion and to see the occlusion.”

Occlusion analysis is one of the most complicated and sophisticated areas of dentistry.
According to Prof. Dr. Senih Calikkocaoglu* “Occlusion is a phenomenon related with bones,
teeth, muscles and neurons.” It has four main key points:

1. Mandibular movements: controlled by joints, muscles and neural receptors,

2. Upper and lower teeth: end point of the movement - like a stopper, System likes a nut-crucker
(Figure 21).

3. Masticatory muscles: apply force in a harmonized manner,

4. Neural system: controls the magnitude, duration and direction of forces.

Figure 20. EMG record of a patient with RTP; right temporal and masseter muscles have hyper-activities. Right side of
the joint will be under overload. At the beginning, this situation may not be harmful, though in time the condition may
lead to impairment of the right-side condyle.

*
Prof. Dr. Senih Calıkkocaoglu, Retired from Dentistry Faculty of Istanbul University, died in the year of 2016.
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There are many dental disturbances to be linked to the occlusion: bruxism, attrition, erosion,
abfraction, muscle pain dysfunction syndrome, TMJ problems, and so on, are typical examples
[5, 13, 24, 61, 71–76]. Whether these disorders are related to occlusal discrepancies is the subject
of occlusal analysis.

Occlusion analysis is simply the analysis of all contact positions based on the time vector
during closing and departing of upper and lower teeth. Occlusal analysis gives to the clinician
teeth position, relative force and time data. Additionally, occlusion analysis gives the sequen-
tial time and relative force data of occlusion. Occlusal analysis data present potential to make
chance of commentary on pathological reasons of stomatognathic system. Occlusal papers
and/or another occlusal indicators do not have that kind of ability.

The most disturbing situation about occlusion in dentistry is premature contact. As a dentist, we
make restorations, bridges, crowns, orthodontic treatment, tooth extraction, and so on, and we
may change the occlusion. In proprioceptive mechanism, premature contacts detected by mech-
anoreceptors in the periodontal ligaments may be harmful for teeth and other structures of
stomatognathic system. Normally, temporomandibular joints are not affected immediately by
this irregularity. During movements of the mandible, the inputs to muscle spindles and Golgi
tendon organs change. But their outputs are differently related to their respective inputs [77]. The
reflex control of the mandible is of vital importance for the normal masticatory functioning of
humans. Excitatory jaw reflexes are responsible for the rapid reaction to external stimuli to the
masticatorymuscles [67], while inhibitory jaw reflexes protect the systemwhen sudden loads are
applied to the muscles. The fine coordination of the mandibular function is the result of the
balanced activation of these reflexes together with the activity of the masticatory muscles, the
temporomandibular joints and the associated tissues [78]. Premature contacts are one of the most
prominent jaw jerk reflex triggers [68]. The jaw jerk reflex is another protection control mechanism
of the stomathognathic system, but it has slightly more rapid andmore reflex characteristics than

Figure 21. The system is like a second class leverage system and is similar to a nuts breaker. Masticatory muscles apply
the force in a harmonic manner, joints bear forces which applied by muscles and the neural system controls the
magnitude, duration, direction and peak time of that forces.

JVA, Mastication and Digital Occlusal Analysis in Diagnosis and Treatment of Temporomandibular Disorders
http://dx.doi.org/10.5772/intechopen.72528

145



neuromuscular behavior will protect the teeth and will not cause a problem in the joints. But if
it lasts for a long time, the working side condenses will be under constant overpressure, which
will cause the working joint to eventually break down. The early occurrence of the RTP point
should be seen as an adverse symptom that should be corrected clinically for joints. EMG
records (Figures 20) of unbalancedmuscle force application with the chewing record (Figure 19)
of a person in this situation can be seen below:

6. Computerized occlusal analysis

“To look at the occlusion and to see the occlusion.”

Occlusion analysis is one of the most complicated and sophisticated areas of dentistry.
According to Prof. Dr. Senih Calikkocaoglu* “Occlusion is a phenomenon related with bones,
teeth, muscles and neurons.” It has four main key points:

1. Mandibular movements: controlled by joints, muscles and neural receptors,

2. Upper and lower teeth: end point of the movement - like a stopper, System likes a nut-crucker
(Figure 21).

3. Masticatory muscles: apply force in a harmonized manner,

4. Neural system: controls the magnitude, duration and direction of forces.

Figure 20. EMG record of a patient with RTP; right temporal and masseter muscles have hyper-activities. Right side of
the joint will be under overload. At the beginning, this situation may not be harmful, though in time the condition may
lead to impairment of the right-side condyle.

*
Prof. Dr. Senih Calıkkocaoglu, Retired from Dentistry Faculty of Istanbul University, died in the year of 2016.

Temporomandibular Joint Pathology - Current Approaches and Understanding144

There are many dental disturbances to be linked to the occlusion: bruxism, attrition, erosion,
abfraction, muscle pain dysfunction syndrome, TMJ problems, and so on, are typical examples
[5, 13, 24, 61, 71–76]. Whether these disorders are related to occlusal discrepancies is the subject
of occlusal analysis.

Occlusion analysis is simply the analysis of all contact positions based on the time vector
during closing and departing of upper and lower teeth. Occlusal analysis gives to the clinician
teeth position, relative force and time data. Additionally, occlusion analysis gives the sequen-
tial time and relative force data of occlusion. Occlusal analysis data present potential to make
chance of commentary on pathological reasons of stomatognathic system. Occlusal papers
and/or another occlusal indicators do not have that kind of ability.

The most disturbing situation about occlusion in dentistry is premature contact. As a dentist, we
make restorations, bridges, crowns, orthodontic treatment, tooth extraction, and so on, and we
may change the occlusion. In proprioceptive mechanism, premature contacts detected by mech-
anoreceptors in the periodontal ligaments may be harmful for teeth and other structures of
stomatognathic system. Normally, temporomandibular joints are not affected immediately by
this irregularity. During movements of the mandible, the inputs to muscle spindles and Golgi
tendon organs change. But their outputs are differently related to their respective inputs [77]. The
reflex control of the mandible is of vital importance for the normal masticatory functioning of
humans. Excitatory jaw reflexes are responsible for the rapid reaction to external stimuli to the
masticatorymuscles [67], while inhibitory jaw reflexes protect the systemwhen sudden loads are
applied to the muscles. The fine coordination of the mandibular function is the result of the
balanced activation of these reflexes together with the activity of the masticatory muscles, the
temporomandibular joints and the associated tissues [78]. Premature contacts are one of the most
prominent jaw jerk reflex triggers [68]. The jaw jerk reflex is another protection control mechanism
of the stomathognathic system, but it has slightly more rapid andmore reflex characteristics than

Figure 21. The system is like a second class leverage system and is similar to a nuts breaker. Masticatory muscles apply
the force in a harmonic manner, joints bear forces which applied by muscles and the neural system controls the
magnitude, duration, direction and peak time of that forces.

JVA, Mastication and Digital Occlusal Analysis in Diagnosis and Treatment of Temporomandibular Disorders
http://dx.doi.org/10.5772/intechopen.72528

145



the RTP mechanism of the masticatory movements. After the first reaction, the Jaw Jerk Reflex
turns to a RTP mechanism [79]. As we mentioned in the Mastication Analysis section of this
chapter, if the reasons for the jaw jerk reflex persists for a long time, the working side condenses
will be under constant overload and will cause the working joint to break down.

“Best Occlusion Analysis starts from Temporomandibular Joints” Peter Dawson [75, 80].

For many years, scientists created many theories on dental occlusion and its links to the
occlusal problems and temporomandibular pathology. Occlusal theories have been focused
on two principal matters:

1. Analysis of occlusion using simulation tools and articulators.

2. Working on the chairside, the computerized occlusal analysis technique.

There are many advantages in the second method. In-vitro occlusion analysis techniques are
extremely difficult and long procedures. The main advantage of the first method is that it does
not contain any risks, and dentist can work under very controlled conditions. But there are a lot
of question on the details of the procedures; traditionally, more than one visit is required to
complete analyzing and treatment. Working on stomatognathic system needs to be considered
together with the neuromuscular mechanism. Articulators may be most useful tools for the
production of dental restorations, but they cannot simulate the neuromuscular mechanism [81].

Computerized occlusal analysis systems are the fastest and safest way to check the dental
occlusion. If not intervened, all occlusal contacts can be controlled in detail and sequentially
together with relative force info. Analysis of the occlusion can be performed under maximum
physiological conditions. Each intervention will be perceived by the neuromuscular mecha-
nism, and the movement will not be a physiological function. Computerized occlusal analysis
systems give us control of extreme physiologic occlusion [35, 82–86]. Actually, occlusal papers
and similar indicators (wax, powder, shimstock, foil, etc.), which using intraoral indicators, are
also not proper materials for occlusal diagnostics [87].

Because contact “hold” resistance levels are subjective. Therefore, it is a difficult guiding factor to
utilize when selecting contacts to adjust the demonstrated variable forces are within occlusal
contacts. Because shim stock foil does not mark the selected teeth, the articulating paper mark-
ings are the primary guide for the operator when selecting which contact(s) require adjustment.

It has been advocated in textbooks on occlusion [2, 3, 5–7] that mark area is a representative of
the load contained within the mark. Legends to photographs depicting occlusal adjustment
technique end results and paper mark appearance describe that large and dark marks indicate
heavy load, and that smaller and light marks indicate lesser loads [5–7]. Additionally, the
presence of many similar sized marks spread around the contacting arches is purported to
indicate equal occlusal contact intensity, evenness, and simultaneity [1, 3].

Though occlusal indicators show prints of the end of the occlusion, they cannot provide
important information such as which tooth tubercle is first in occlusion, which one is second
or which one is last and the force differences between these points (Figures 22).
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Owing to the computer technologies developed in recent years, we now have the chance to
examine the intraoral occlusion as detailed as possible.

Computerized occlusion is the system that can be best examined today without disrupting the
neuromuscular mechanism of the occlusion [20, 23, 38, 39, 83]. In this method, dynamic
information of all occlusal contacts that occur when the patient closes and opens mouth is
recorded digitally. T-Scan computerized occlusal analysis system (COAS) is one of the most
advanced devices in the market today (Tekscan Inc., Boston, USA.) It is a unique system that
allows the occlusion to be recorded from the beginning to the end.

COAS basically consists of three main parts as follows:

1. Sensor,

2. Hardware: handle and computer,

3. Software.

The sensor used in the system is ultra-fine plastic with a thickness of 0.1 mm (0.004 inch). This
thin Figure 23 sensor does not change the neuromuscular pattern that defines the occlusion of
the patient. When the patient bites the sensor, the mandibular functional movement is not
changed. The occlusion phenomenon occurs physiologically and with the neuromuscular orien-
tation of the patient at that time. Thus, the clinician can accurately see the functional occlusion at
that time. Figure 24 shows the sensor used in the T-Scan computerized occlusal analysis system.

Case No.2.

Patient S.S. Age: 68, Male.

The patient with headache around anterior temporal area for approximately 7 years, occurring
usually on mornings due to clenching of his teeth. There was a click sound on left TMJ.

Figure 22. Occlusal indicators such as occlusion paper may first show contacts first followed by consecutive contacts, but
we can only see the last picture and not the events that occurred before [88]. Which is first, second and last? Occlusal
paper is like a stamp that shows the static photo of a last step.

JVA, Mastication and Digital Occlusal Analysis in Diagnosis and Treatment of Temporomandibular Disorders
http://dx.doi.org/10.5772/intechopen.72528

147



the RTP mechanism of the masticatory movements. After the first reaction, the Jaw Jerk Reflex
turns to a RTP mechanism [79]. As we mentioned in the Mastication Analysis section of this
chapter, if the reasons for the jaw jerk reflex persists for a long time, the working side condenses
will be under constant overload and will cause the working joint to break down.

“Best Occlusion Analysis starts from Temporomandibular Joints” Peter Dawson [75, 80].

For many years, scientists created many theories on dental occlusion and its links to the
occlusal problems and temporomandibular pathology. Occlusal theories have been focused
on two principal matters:

1. Analysis of occlusion using simulation tools and articulators.

2. Working on the chairside, the computerized occlusal analysis technique.

There are many advantages in the second method. In-vitro occlusion analysis techniques are
extremely difficult and long procedures. The main advantage of the first method is that it does
not contain any risks, and dentist can work under very controlled conditions. But there are a lot
of question on the details of the procedures; traditionally, more than one visit is required to
complete analyzing and treatment. Working on stomatognathic system needs to be considered
together with the neuromuscular mechanism. Articulators may be most useful tools for the
production of dental restorations, but they cannot simulate the neuromuscular mechanism [81].

Computerized occlusal analysis systems are the fastest and safest way to check the dental
occlusion. If not intervened, all occlusal contacts can be controlled in detail and sequentially
together with relative force info. Analysis of the occlusion can be performed under maximum
physiological conditions. Each intervention will be perceived by the neuromuscular mecha-
nism, and the movement will not be a physiological function. Computerized occlusal analysis
systems give us control of extreme physiologic occlusion [35, 82–86]. Actually, occlusal papers
and similar indicators (wax, powder, shimstock, foil, etc.), which using intraoral indicators, are
also not proper materials for occlusal diagnostics [87].

Because contact “hold” resistance levels are subjective. Therefore, it is a difficult guiding factor to
utilize when selecting contacts to adjust the demonstrated variable forces are within occlusal
contacts. Because shim stock foil does not mark the selected teeth, the articulating paper mark-
ings are the primary guide for the operator when selecting which contact(s) require adjustment.

It has been advocated in textbooks on occlusion [2, 3, 5–7] that mark area is a representative of
the load contained within the mark. Legends to photographs depicting occlusal adjustment
technique end results and paper mark appearance describe that large and dark marks indicate
heavy load, and that smaller and light marks indicate lesser loads [5–7]. Additionally, the
presence of many similar sized marks spread around the contacting arches is purported to
indicate equal occlusal contact intensity, evenness, and simultaneity [1, 3].

Though occlusal indicators show prints of the end of the occlusion, they cannot provide
important information such as which tooth tubercle is first in occlusion, which one is second
or which one is last and the force differences between these points (Figures 22).

Temporomandibular Joint Pathology - Current Approaches and Understanding146

Owing to the computer technologies developed in recent years, we now have the chance to
examine the intraoral occlusion as detailed as possible.

Computerized occlusion is the system that can be best examined today without disrupting the
neuromuscular mechanism of the occlusion [20, 23, 38, 39, 83]. In this method, dynamic
information of all occlusal contacts that occur when the patient closes and opens mouth is
recorded digitally. T-Scan computerized occlusal analysis system (COAS) is one of the most
advanced devices in the market today (Tekscan Inc., Boston, USA.) It is a unique system that
allows the occlusion to be recorded from the beginning to the end.

COAS basically consists of three main parts as follows:

1. Sensor,

2. Hardware: handle and computer,

3. Software.

The sensor used in the system is ultra-fine plastic with a thickness of 0.1 mm (0.004 inch). This
thin Figure 23 sensor does not change the neuromuscular pattern that defines the occlusion of
the patient. When the patient bites the sensor, the mandibular functional movement is not
changed. The occlusion phenomenon occurs physiologically and with the neuromuscular orien-
tation of the patient at that time. Thus, the clinician can accurately see the functional occlusion at
that time. Figure 24 shows the sensor used in the T-Scan computerized occlusal analysis system.

Case No.2.

Patient S.S. Age: 68, Male.

The patient with headache around anterior temporal area for approximately 7 years, occurring
usually on mornings due to clenching of his teeth. There was a click sound on left TMJ.

Figure 22. Occlusal indicators such as occlusion paper may first show contacts first followed by consecutive contacts, but
we can only see the last picture and not the events that occurred before [88]. Which is first, second and last? Occlusal
paper is like a stamp that shows the static photo of a last step.

JVA, Mastication and Digital Occlusal Analysis in Diagnosis and Treatment of Temporomandibular Disorders
http://dx.doi.org/10.5772/intechopen.72528

147



Radiographic (Figure 25) and intraoral examination: A remarkable abfraction detected and
restored by fillings 3–4 times but the fillings dropped every time.

When the occlusal analysis was performed, disclussion time was found to be 0.48 s (Figure 26).
Premature contacts identified after the evaluation of the occlusion. The premature contacts
are eliminated using a fine diamond bur, and the disclussion time was reduced to 0.23 s.
(Figure 27).

After equilibration of occlusion, composite restorations were performed on teeth with
abfraction. For the next month, the patient was given another follow-up appointment. When
he arrives a month later for his follow-up appointment; filling restorations are still standing.
There was no headache, and the click sound was gone.

T-Scan records of before and after the occlusal stabilization of the patient are given as follows:

In the computerized occlusal analysis software, the graphic arc dimensions are automatically
adjusted according to the size of the anterior teeth in routine clinical trials. (Figure 28).

However, if you need an in detail work and you need to see the occlusion in maximum
precision you can choose to work with STL (STereoLithography) data. The great advantage
of this method is that the tooth copies can be loaded automatically and individually. All teeth
sizes are the same with the real dimensions. In this technique, upper and lower stone models
are digitally scanned with an STL data ability scanner, and output data in the STL format are
uploaded on the computer. Now, the clinician is able to analyze the occlusion in the real
dimensions and locate the possible premature contacts precisely. (Figure 29).

Computerized occlusal analysis is currently the most powerful method of TMD clinics for the
treatment of patients with muscle pain dysfunction syndrome [23, 68, 89, 90]. Especially with
JAVA, it is now frequently used in clinical routine. Computerized occlusal analysis allows us
to perform the following treatments [91]:

Figure 23. The T-scan sensor is an ultra-thin (0.004 inch, 0.1 mm), flexible printed circuit that detects your patient’s
occlusal forces. These sensors are made up of 1370 active pressure sensing locations for the large sensor (#2002 for the
Novus Handpiece, and #2001 for the Evolution Handle), and 1122 pressure sensing locations for the small sensor (#2502
for the Novus Handpiece, and #2501 for the Evolution Handle). These sensing locations are referred to as “sensing
elements” or “sensels.” the “sensels” are arranged in rows and columns on the sensor. Each sensel can be seen as an
individual square on the computer screen by selecting the 2D display mode (text is from company user manual, Teksan
Inc. USA) [95] (Figures 24 and 25).
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Figure 24. Application of computerized occlusal analysis system. In this case, patient’s stone model was scanned and
model’s stl (STereoLithography) data were imported to the T-scan software. The occlusion analysis was performed on the
real model’s 3D image.

Figure 25. Panoramic X-ray of the patient. He has various restorations both the upper and lowers of the posterior area.
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Figure 26. Before occlusal equilibration.

Figure 27. After occlusal equilibration.

Temporomandibular Joint Pathology - Current Approaches and Understanding150

Figure 28. Central teeth dimensions are determinative; after the mesiodistal distance of the central teeth is entered, the
dimensions of the other teeth are automatically calculated and the dental arch is formed.

Figure 29. Computerized Occlusion Analysis is currently the most powerful method of TMD clinics for treatment of
patients with muscle pain dysfunction syndrome.
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Figure 28. Central teeth dimensions are determinative; after the mesiodistal distance of the central teeth is entered, the
dimensions of the other teeth are automatically calculated and the dental arch is formed.

Figure 29. Computerized Occlusion Analysis is currently the most powerful method of TMD clinics for treatment of
patients with muscle pain dysfunction syndrome.
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1. Muscle pain dysfunction syndrome can be removed very quickly,

2. Splint dependence at unbalanced anterior dislocations can be minimized,

3. Allows for occlusion stabilization in full mouth restorations [84],

4. Allows to keep occlusal stress within physiological limits in implant prosthetic studies [7].

The impact of occlusal forces on teeth is variable. Occlusal derangements in physiological
limits are absorbed with the buffer ability of periodontal ligaments [92]. However, impact of
premature contacts on periodontium is like jigging, and this effect causes the enlargement of
the alveolar space of teeth causing the teeth to loosen in alveolar space [93]. Therefore, it seems
important to remove the occlusal traumas without causing any disruption on temporoman-
dibular joints.
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1. Muscle pain dysfunction syndrome can be removed very quickly,

2. Splint dependence at unbalanced anterior dislocations can be minimized,

3. Allows for occlusion stabilization in full mouth restorations [84],

4. Allows to keep occlusal stress within physiological limits in implant prosthetic studies [7].

The impact of occlusal forces on teeth is variable. Occlusal derangements in physiological
limits are absorbed with the buffer ability of periodontal ligaments [92]. However, impact of
premature contacts on periodontium is like jigging, and this effect causes the enlargement of
the alveolar space of teeth causing the teeth to loosen in alveolar space [93]. Therefore, it seems
important to remove the occlusal traumas without causing any disruption on temporoman-
dibular joints.
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Abstract

Temporomandibular joint (TMJ) pathology has been an area of study in dentistry 
­specifically­a­research­interest­in­clinical­orthodontics­in­which­treatment­option­has­been­
a­dilemma­for­practitioners.­Discussion­between­‘dos’­and­‘don’ts’­in­growth­modifica-
tion­has­drawn­spread­however­opposite­opinions­from­different­schools­of­thoughts­in­
whether­growth­modification­itself­is­working.­To­provide­a­better­illustration­of­biologi-
cal­process­within­TMJ,­this­chapter­discussed­aspects­including­overall­condylar­growth;­
the­ histological­ structure­ of­ endochondral­ bone­ of­ condyle;­ extracellular­ factors­ that­
regulate­proliferation,­differentiation,­ hypertrophy,­ terminal­maturation­ and­ apoptosis­
of­chondrocytes;­and­molecular­regulation­of­the­entire­process.­An­understanding­of­the­
pathology,­histology,­cellular­and­molecular­events­related­to­the­morphology­and­growth­
of­TMJ­forms­through­reading­over­this­chapter;­the­emphasis­of­the­mechanotransduc-
tion­mediators­and­the­influence­of­mechanical­strain­on­the­level­of­expression­of­genes­
were­presented­in­details.­Novel­studies­using­virus­vector­stimulating­condylar­growth­
through­enhancing­angiogenesis­within­a­time­limit­were­discussed;­also­clinical­implica-
tions­in­treatment­options­in­relation­to­mandibular­advancement­were­briefly­compared.

Keywords:­temporomandibular­joint­pathology,­condylar­growth,­orthodontics,­ 
gene­therapy,­growth­modification

1. Introduction

More­than­700­of­6000­known­hereditary­syndromes­involve­dental­or­craniofacial­disorders;­
temporomandibular disorders (TMDs) are one subgroup [1]. TMDs are a class of musculo-
skeletal­disorders­related­to­mouth­opening­and­closing,­chewing­and­other­mandibular­pro-
cesses­necessitating­ the­ involvement­of­ the­ temporomandibular­ joint­ (TMJ)­ and­any­of­ its­
associated structures [2].­Currently,­one­of­the­most­widely­used­diagnostic­criteria­remains­
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to­be­the­RDC/TMJ­criteria,­axis­1­diagnoses­by­Manfredini­et­al.­which­classifies­TMJ­cases­
into­one­of­three­categories:­musculoskeletal­issues­[3],­TMJ­disc­displacements­and­joint­pain­
(arthralgia).­There­are­also­other­classifications­of­TMDs­which­focus­on­inflammation,­injury­
and systemic conditions (Table 1) [3–5].

As­TMDs­have­implications­on­the­quality­of­life­and­well-being­of­affected­individuals­and­
their­families,­it­is­of­major­interest­to­clarify­the­etiology­of­TMDs.­Several­issues­have­arisen­
with­ the­ understanding­ of­ the­ etiology,­ treatment­ options­ and­ preventative­ measures­ of­
TMDs.­There­is­a­great­variability­in­symptoms­of­TMDs­(ranging­from­pain­and­­inflammation­
to­ ­limitations­of­ jaw­movements)­which­can­even­vary­ in­prevalence­between­genders—as­

I. Musculoskeletal issues

A. Myofascial pain:­pain­or­ache­in­the­jaw,­temples,­face,­preauricular­area­or­inside­the­ear­at­rest­or­during­
function­and­pain­in­response­to­palpation­of­three­muscle­sites­of­the­mandible­with­at­least­one­of­the­painful­sites­
on the same side as the complaint of pain [3,­4]

B. Myofascial pain with limited opening:­myofascial­pain­with­pain-free­unassisted­mandibular­opening­40­mm­
and­maximum­assisted­opening­(passive­stretch)­5­mm­greater­than­pain-free­unassisted­opening­[3,­4]

C. Ankylosis:­joint­stiffness­potentially­from­disease­and­injury­or­a­consequence­of­surgery­[4,­5]­and­can­be­divided­
into­fibrous,­fibro-osseous­and­osseous­conditions­[4,­5]

II. TMJ disc displacements

A. Disc displacement with reduction:­reciprocal­clicking­in­TMJ­or­clicking­in­TMJ­on­both­vertical­ranges­of­motion­
in­two­of­three­consecutive­trials­[3,­4]

B. Disc displacement without reduction with limited opening:­history­of­significant­limitation­in­opening,­
maximum­unassisted­opening­35­mm,­passive­stretch­increases­opening­by­4­mm­over­maximum­unassisted­
opening,­contralateral­excursion­7­mm­or­uncorrected­deviation­to­ipsilateral­side­on­opening­and­the­absence­of­
joint­sound­or­joint­sounds­not­meeting­criteria­for­disc­displacement­with­reduction­[3,­4]

C. Disc displacement without reduction, without limited opening:­history­of­limitation­of­mandibular­opening,­
maximum­unassisted­opening­35­mm,­passive­stretch­increases­opening­by­5­mm­over­maximum­unassisted­opening,­
contralateral­excursion­7­mm,­the­presence­of­joint­sounds­not­meeting­criteria­for­disc­displacement­with­reduction,­
imaging­conducted­by­either­arthrography­or­magnetic­resonance­reveals­disc­displacement­without­reduction­[3,­4]

III. Arthralgia, osteoarthritis and osteoarthrosis

A. Arthralgia:­pain­in­one­or­both­joint­sites­during­palpation;­one­or­more­self-reports­of­pain;­for­simple­cases,­
coarse crepitus must be absent [3,­4]

B. Osteoarthritis of the TMJ:­arthralgia,­coarse­crepitus­in­the­joint­or­radiologic­signs­of­arthrosis,­classified­as­a­
degenerative­joint­disorder­[3–5]

C. Osteoarthrosis of the TMJ:­the­absence­of­all­signs­of­arthralgia;­coarse­crepitus­in­the­joint­or­radiologic­signs­of­
arthrosis;­classified­as­a­degenerative­joint­disorder­[3–5]

III. External causes

A. Inflammation:­can­be­acute,­chronic­or,­a­third­option,­infectious,­which­can­be­nonspecific­or­specific­to­a­type­of­
disease [3,­4]

B. Tumors: can be benign or malignant [4,­5]

C. Systemic conditions:­include­rheumatoid,­juvenile­and­psoriatic­arthritis,­scleroderma­and­mixed­connective­
tissue disease [4,­5]

Table 1.­General­classification­of­temporomandibular­disorders­(TMDs).
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females­have­been­ found­to­be­more­susceptible­ to­TMDs­compared­ to­males­ [6]. This has 
resulted­in­treatment­options­being­too­broad­or­general,­such­as­cognitive­behavior­therapy,­
nonsteroidal­ anti-inflammatory­ drugs­ (NSAIDs)­ and­ physiotherapy­ [6].­ While­ there­ have­
been­efforts­ for­classification­of­ the­etiological­ factors­ including­a­widely­known­classifica-
tion­by­de­Boever­et­al.­(Table 2) [7],­current­literature­has­shifted­its­focus­to­anatomical­and­
histological­examination­of­the­structures­within­the­TMJ,­to­identify­contributing­factors­for­
TMDs,­which­will­be­the­focus­of­this­chapter.

2. Anatomy of the TMJ

The­temporomandibular­joint­(TMJ)­is­an­articular­disc­between­the­cranium­and­mandible­
and,­more­specifically,­centered­within­the­orofacial­system,­a­functional­group­of­structures­
which­includes­the­masticatory­and­stomatognathic­systems­as­well­as­the­maxilla-mandibular­
apparatus (Figure 1) [5,­8].­The­TMJ­contains­the­glenoid­fossa,­TMJ­disc­(center,­anterior­and­

Etiological factors of TMDs

A. Predisposing factors:­factors­of­structure­(decrease­in­calibration,­disc­erosion­or­improper­alignment,­patterns­of­
occlusion­and­bruxism);­tissue­quality;­systemic­diseases­such­as­rheumatoid­arthritis­(RA),­gout­and­fibromyalgia;­
facial­typology;­as­well­as­age­[5,­7]

B. Triggering factors:­trauma­at­the­macro­and­micro­levels­(e.g.­injury­to­the­jaw­joint,­osteoarthritis),­bruxism­as­
well­as­excess­ability­of­articular­tolerance­[5,­7]

C. Perpetuating factors:­underlying­behavioral,­social­and­emotional­stresses­[7]

Table 2.­Classification­of­etiological­factors­of­TMJ­[5,­7].

Figure 1.­Schematic­representation­of­the­TMJ­and­associated­structures­in­the­human­skull.­The­temporomandibular­
disc­and­capsule,­glenoid­fossa,­neck­of­the­condylar­process­and­articular­eminence­(not­labeled)­are­adjacent­to­each­
other and comprise the TMJ.
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to­be­the­RDC/TMJ­criteria,­axis­1­diagnoses­by­Manfredini­et­al.­which­classifies­TMJ­cases­
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A. Inflammation:­can­be­acute,­chronic­or,­a­third­option,­infectious,­which­can­be­nonspecific­or­specific­to­a­type­of­
disease [3,­4]

B. Tumors: can be benign or malignant [4,­5]

C. Systemic conditions:­include­rheumatoid,­juvenile­and­psoriatic­arthritis,­scleroderma­and­mixed­connective­
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occlusion­and­bruxism);­tissue­quality;­systemic­diseases­such­as­rheumatoid­arthritis­(RA),­gout­and­fibromyalgia;­
facial­typology;­as­well­as­age­[5,­7]

B. Triggering factors:­trauma­at­the­macro­and­micro­levels­(e.g.­injury­to­the­jaw­joint,­osteoarthritis),­bruxism­as­
well­as­excess­ability­of­articular­tolerance­[5,­7]

C. Perpetuating factors:­underlying­behavioral,­social­and­emotional­stresses­[7]

Table 2.­Classification­of­etiological­factors­of­TMJ­[5,­7].

Figure 1.­Schematic­representation­of­the­TMJ­and­associated­structures­in­the­human­skull.­The­temporomandibular­
disc­and­capsule,­glenoid­fossa,­neck­of­the­condylar­process­and­articular­eminence­(not­labeled)­are­adjacent­to­each­
other and comprise the TMJ.
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posterior),­porous­bone­and­mandibular­condyle.­It­is­a­synovial­joint­and­is­unique­in­that­it­
is­one­bone­that­is­composed­of­two­bilateral­joints­which­cannot­move­independently­of­each­
other [6,­9].­Between­the­two­joints­is­synovial­fluid­which­promotes­the­hinge­and­sliding­
movements­of­the­mandibular­condyles­required­for­mouth­opening­and­closing­and­occlu-
sion of the teeth [6].

The­major­function­of­the­TMJ­includes­the­coordination­of­ individual­tooth­positions­and­
other features of the orofacial system [8].­This­is­accomplished­by­lateral­ligaments­which­are­
attached­inside­of­joint­capsules,­being­the­structures­which­stabilize­the­intra-articular­discs­
[10,­11].­The­capsule­is­surrounded­by­fibrocartilage­(rather­than­hyaline­cartilage)­and­con-
trasts­in­thickness—the­anteromedial­and­medial­aspects­are­thin­(0.7­mm),­while­the­lateral­
and­posterior­aspects­are­thick­(1.8­mm)­[5,­9].­The­capsule­extends­from­the­glenoid­fossa­
to­the­neck­of­the­mandible,­preventing­excessive­displacement­of­the­TMJ­[5]. The majority 
of­blood­supply­originates­from­the­trail­of­superficial­temporal,­superior­articular,­anterior­
tympanic,­and­pterygoid­arteries­[5].

2.1. Glenoid fossa

The­glenoid­fossa­is­a­concave­portion­of­the­temporal­bone­[8].­It­borders­the­articular­emi-
nence anteriorly and the tympanic plate posteriorly [5,­9].­The­glenoid­fossa,­similar­to­the­disc­
and­condyle,­is­a­site­of­angiogenesis­when­subjected­to­mechanical­stimuli­[5,­9].­However,­
its­histological­composition­has­striking­differences.­Histological­examination­of­the­glenoid­
fossa­has­recorded­fewer­posterior­layers­of­chondrocytes­than­the­condyle.­As­chondrocytes­
are­involved­in­chondrogenesis­in­the­formation­of­cartilage­to­support­the­growth­of­the­bone­
by­means­of­ endochondral­ossification,­ the­glenoid­ fossa­may­undergo­a­ reduced­ level­of­
endochondral­ossification­and­a­greater­level­of­intramembranous­ossification­[5].

2.2. TMJ disc

The­disc­is­fibrocartilaginous­and­biconcave­and­takes­on­a­bow-tie­morphology­[5].­The­two­
ridges­of­the­disc­are­referred­to­as­bands­which­attach­to­different­structures.­The­smaller­and­
shorter­anterior­band­connects­with­the­joint­capsule,­condylar­head­and­articular­eminence­
[5].­On­the­other­hand,­the­larger­and­longer­posterior­band­attaches­to­the­condyle­and­the­
temporal bone [9].­The­disc­attaches­to­the­capsule­and­neck­of­the­condyle­medially.­The­disc­
facilitates­ jaw­opening­in­which­the­disc­moves­between­the­head­of­the­mandible­and­the­
articular eminence [5].

2.3. Mandibular condyles

The articular surface of the mandible borders the anterior surface of the mandibular condyles 
[12].­The­mandibular­condyles­are­structures­of­the­human­mandible,­covered­with­fibrous­
tissue­composed­of­predominantly­ type­ I­ collagen,­which­present­a­ surface­ for­ interaction­
with­the­articular­disc­of­the­temporomandibular­joint,­composed­of­avascular­fibrous­tissue­
including­collagen­and­fibroblasts­[12].­Below­this­resting,­the­fibrous­layer­of­the­condyles­is­
four­layers­of­cartilage:­the­proliferative,­chondroblast,­hypertrophic­and­erosive­layers­[12]. 
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Extending­further­posteriorly­than­anteriorly,­the­condyles­are­convex­laterally­with­a­long­
axis­situated­medially­and­partially­backwards­[13].­The­convex­lateral­extremities­of­the­con-
dyles­are­connected­to­small­tubercles­for­attachment­to­the­ligament­of­the­TMJ­[13].

Human­condyles­grow­to­15–20­mm­laterally­and­8–10­mm­anteroposteriorly­in­adulthood­
[5].­The­growth­of­condyles­is­attributed­to­the­condylar­cartilage­which­acts­as­a­template­
for­bone­growth­ [12].­The­mandibular­ condyles­are­unique­ in­ that­ the­ cartilage­ (predomi-
nantly­type­II­collagen)­is­known­as­secondary,­compared­to­main­and­primary­cartilage­[12]. 
Another­categorization­of­the­condylar­cartilage­is­articular­[14].­However,­unlike­other­types­
of­the­articular­cartilage­such­as­the­synovial­or­epiphyseal­cartilage,­it­has­a­striking­differ-
ence­of­undergoing­adaptive­changes­ in­response­to­external­stimuli­ including­mechanical­
or­positional­changes­(e.g.­repositioning­of­the­condyles­and/or­the­mandible,­the­function-
ing of the articular discs and the mechanical loading of the condyles) [15–17].­Some­of­ the­
adaptive­changes­are­ related­ to­growth­and­remodeling­such­as­endochondral­ossification­
and altering or regenerating chondrogenesis [14]. While these changes can occur during or 
after­the­natural­growth­period,­there­has­been­study­that­in­adult­rats,­the­remnant­condylar­
cartilage­serves­more­‘articular’­function­than­‘growth’­function­as­the­adult­rat­condyle­stops­
growth­or­becomes­ inactive­of­endochondral­ossification­ [14].­Additionally,­Luder­studied­
adult­human­condyle­structures­and­found­that­ the­cellular­ layers­of­organization­did­not­
resemble­ that­of­growing­ condyles­ and­attributed­ the­discrepancy­ to­ articular­ remodeling­
from mechanical loading [18].­As­it­was­determined­that­articular­tissue­differed­considerably­
between­areas­of­ loading­and­non-loading,­Luder­proposed­ that­adult­condyles­should­be­
divided­differently­and­into­three­zones­of­organization—superficial,­intermediate­and­deep­
[18].­Luder­completed­a­follow-up­study­and­found­that­features­of­the­articular­tissue­in­the­
condyles­were­subject­to­changes­based­on­age­[19].­Most­tissue­features­were­altered­between­
15 and 30 years of age and generally remained stable beyond this age range [19]. During this 
time,­ there­was­a­progressive­cartilaginification­of­ the­newly­ formed­superficial­zone,­dis-
appearance­of­ the­hypertrophic­growth­plate,­appearance­of­ the­grid-fibrous­fibrocartilage­
accompanied­by­a­decline­in­endochondral­ossification­as­well­as­formation­of­the­subchon-
dral bone plate [19].­From­middle­age­to­older­age,­there­was­a­decrease­in­cellularity­and­
some­senescence­and­a­progressive­fibrosis­of­the­intermediate­zone.­It­was­determined­that­
the­extent­of­maturation­and­remodeling­and­changes­experienced­in­later­age­were­related­
to articular load bearing [19].

Recently,­there­has­been­a­spotlight­on­the­mandibular­condyles­as­major­contributing­factors­
to­TMDs.­As­active­growth­sites­of­the­mandible,­impaired­growth­of­the­condyles­has­been­
associated­with­ the­development­of­TMDs­ [14].­ Impairment­of­ condylar­development­ can­
result in mandibular asymmetry (e.g. hemifacial macrosomia and retrognathia) and problems 
in­mastication,­breathing­and­facial­harmony­which­can­lead­to­the­onset­of­TMDs­[14].­As­it­is­
evident­that­the­etiological­causes­of­TMDs­are­multifactorial,­an­evaluation­of­the­influences­
and­treatment­options­in­the­context­of­condylar­growth­is­of­great­importance­for­affected­
individuals­ and­ their­ respective­practitioners.­Of­major­ interest­ in­ condylar­ growth­ is­ the­
condylar­cartilage­for­its­influence­in­the­growth­of­the­mandible­and­its­adaptive­remodeling­
of­the­condyles­in­orthodontic­intervention­[14].­An­understanding­of­the­process­of­condylar­
growth­and­the­involvement­of­cartilage­in­growth­is­therefore­essential.
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between­areas­of­ loading­and­non-loading,­Luder­proposed­ that­adult­condyles­should­be­
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dral bone plate [19].­From­middle­age­to­older­age,­there­was­a­decrease­in­cellularity­and­
some­senescence­and­a­progressive­fibrosis­of­the­intermediate­zone.­It­was­determined­that­
the­extent­of­maturation­and­remodeling­and­changes­experienced­in­later­age­were­related­
to articular load bearing [19].

Recently,­there­has­been­a­spotlight­on­the­mandibular­condyles­as­major­contributing­factors­
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3. Steps in mandibular condylar growth

Given­the­fact­that­the­anatomy­of­the­condyles­is­clinically­relevant­in­addressing­TMDs,­it­is­
of­importance­to­distil­the­major­steps­and­cell­types­involved­in­the­condylar­growth­process.­
There­are­two­major­processes­involved­in­the­growth­of­the­mandibular­condyles:­chondro-
genesis (cartilage formation) and osteogenesis (bone formation).

Mesenchymal­ cells­ eventually­ undergo­ one­ of­ two­ processes­ of­ osteogenesis­ by­ means­
of­endochondral­or­ intramembranous­ossification,­the­latter­of­which­is­completed­in­the­
absence of the cartilage (Figure 2).­In­the­former­process,­the­mesenchymal­cells­will­first­
differentiate­ into­prechondrocytes­which­will­mature­ into­ terminally­hypertrophic­ chon-
droblasts [20–22].­This­sequence­of­steps­is­collectively­known­as­chondrogenesis.­The­chon-
droblasts­ eventually­ calcify­ and­die,­ resulting­ in­ the­ bone­ replacing­ the­ cartilage­ by­ the­
bone­through­the­invasion­of­osteoprogenitors­which­differentiate­into­osteoblasts­[20]. This 
final­step­is­known­as­endochondral­ossification­[23,­24].­Conversely,­in­intramembranous­
ossification,­mesenchymal­cells­recruited­from­neovascularization­migrate­to­the­subperi-
osteal­connective­tissue­and­directly­differentiate­into­osteoblasts­to­give­rise­to­new­bone­
(Table 3) [25].

Figure 2.­Schematic­of­the­effects­of­VEGF­during­chondrogenesis,­neovascularization­and­osteogenesis.
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3.1. Neovascularization

Neovascularization­is­an­essential­step­in­endochondral­or­intramembranous­ossification­which­
occurs­in­the­hypertrophic­and­erosive­layers­of­the­condylar­cartilage­as­well­as­the­glenoid­fossa­
and the TMJ disc [28].­It­is­quantitatively­correlated­with­endochondral­ossification­and­is­an­indi-
cator­of­osteogenesis­in­the­replacement­of­dying­cartilage­with­new­bone­[20].­Neovascularization­
functions­by­replenishing­the­population­of­mesenchymal­cells­for­osteogenesis­as­blood­vessels­
are­the­regions­where­progenitor­cells­are­able­to­diffuse­out­and­into­the­surrounding­tissues­[28].

While­neovascularization­has­been­determined­to­play­a­major­role­in­condylar­bone­formation,­
it­is­of­future­interest­to­investigate­the­glenoid­fossa­and­the­TMJ­disc,­regions­also­character-
ized­by­mesenchymal­cells­and­chondrocytes­[5],­as­additional­potential­regions­of­neovas-
cularization­and­subsequent­bone­growth.­However,­ irrespective­of­anatomical­ location,­an­
understanding­of­the­factors­influencing­each­of­the­steps­in­bone­growth­in­the­­condyles­and­
its­associated­regions­is­of­major­relevance­for­improving­the­management­of­TMDs.

I. Chondrogenesis: mesenchymal cells

A. Fibrous layer [20]:­differentiation­into­prechondroblasts­[20];­can­replicate­up­to­38­±­4­times,­and­its­quantity­
(dictated­by­various­cellular­and­molecular­factors)­influences­the­growth­potential­[21,­26];­affected­by­mechanical­
forces [27]

B: Proliferative layer [21]:­differentiates­into­chondroblasts­and­chondrocytes­to­maintain­cartilage­[21,­22];­affected­
by mechanical forces [27]

C: Erosive layer [21]:­recruited­with­neovascularization­and­migrates­to­the­subperiosteal­connective­tissue­to­
directly­give­rise­to­osteoblasts­through­intramembranous­ossification­for­the­remodeling­and­repair­of­the­bone­[12,­
21,­25,­28]

II. Chondrogenesis: prechondroblasts

Proliferative layer [12]:­expresses­type­II­collagen­[12];­multipotential—can­switch­to­differentiation­of­osteoblasts­if­
articulate­functioning­is­limited­which­can­increase­growth­as­articulate­functioning­retards­growth­versus­condylar­
unloading­which­stimulates­growth­[23]

III. Chondrogenesis: hypertrophic chondrocytes

Hypertrophic layer, erosive layer [29–32]: maturation facilitates the transition from chondrogenesis to osteogenesis 
to­serve­as­a­regulatory­point­for­growth­[33],­impacts­cartilage­formation­and­influences­the­growth­of­the­condyle­
[34];­intercellular­matrix­calcification­inhibits­diffusion­of­nutrients,­ultimately­causing­the­death­of­the­hypertrophic­
chondrocytes [20]

IV. Neovascularization

Refer to 3.1.

Va. Osteogenesis: endochondral ossification

Beneath erosive layer [20]:­facilitates­postnatal­condylar­growth­and­replaces­degrading­cartilage­with­the­bone­[20]

Vb. Osteogenesis: intramembranous ossification

Subperiosteal connective tissue [25]:­unlike­endochondral­ossification,­the­cartilage­is­not­present­with­this­process­
of­ossification­which­also­serves­the­purpose­for­forming­new­bone­[25]

Table 3.­Analysis­of­the­major­processes­involved­in­condylar­growth­and­the­corresponding­stages­within­each­process.
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4. Factors influencing condylar growth

Factors­influencing­the­growth­of­condylar­cartilage­can­be­categorized­into­cellular­(Table 4) 
and molecular factors (Table 5).

4.1. Factors at the cellular level

Cellular­ factors­ can­be­defined­as­ factors­ that­ exert­ their­ activity­at­ the­extracellular­ level,­
including­growth­factors,­cytokines,­extracellular­matrix­(ECM)­and­other­types­of­proteins.­
Growth­factors­and­cytokines­serve­as­local­mediators­in­response­to­mechanical­and­inflam-
matory­stimuli,­while­ECM­serve­as­intercellular­structural­support­[14].

I. Growth factors

A. Insulin-like growth factor (IGF): found in chondrocytes [35,­36],­mediates­growth­and­development­of­the­
cartilage and bone [14,­37]

B. Fibroblast growth factor (FGF): found in proliferating and chondroblast layers [14,­36];­regulates­skeletal­
development­and­postnatal­osteogenesis­(e.g.­FGF-2­promotes­angiogenesis,­inhibits­the­terminal­differentiation­of­
chondrocytes and reduces the formation of the bone) [14]

C. Vascular endothelial growth factor (VEGF): refers to 4.1.1

D. Connective tissue growth factor (CTGF): found in hypertrophic layer [38],­regulates­cartilage­ECM­and­VEGF-A­
expression­[38];­CTGF­null­or­deficiency­impairs­endochondral­ossification­[39]

II. Cytokines

A. TGF-β:­found­in­site­of­endochondral­ossification,­articular­cartilage­and­growth­plate­[40,­41];­stimulatory­and­
inhibitory­roles­dependent­on­concentration,­culture­period­and­state­of­cellular­differentiation­[42–44];­generally­
inhibits­chondrocyte­maturation­and­hypertrophy­and­alkaline­phosphatase­activity­[45–47]

B. Bone morphogenetic protein (BMP):­BMP-2­and­BMP-4­are­involved­with­cellular­proliferation­by­regulating­
endochondral­ossification­[48];­activity­of­BMP-2­can­be­inhibited­by­Wnt­signaling­[14]

III. Extracellular matrix

A. Type II collagen: supports cartilage formation [12]

B. Type III collagen:­regulates­bone­repair­and­development­[49];­cross­links­are­weaker­than­type­I­collagen­and­
therefore­can­support­replacement­by­type­I­collagen­in­remodeling­[28]

C. Type X collagen: short-chain collagen [20];­correlated­to­the­hypertrophic­phenotype­and­marks­the­transition­to­
osteogenesis [20]

IV. Other proteins

A. Parathyroid hormone-related protein (PTHrP): refers to 4.1.2

B. Indian hedgehog (Ihh): refers to 4.1.3

C. Matrix metalloproteinases (MMP-1, MMP-9): found in hypertrophic layer [50];­mediates­the­transition­to­
osteogenesis,­angiogenesis­and­further­proliferation­of­the­hypertrophic­chondrocytes­[20,­50];­facilitates­remodeling­
of­the­bone­by­degrading­matrix­[51]

Table 4.­Analysis­of­the­cellular­factors­involved­in­condylar­growth­and,­if­applicable,­the­localizations­of­its­respective­
activities.
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4.1.1. Vascular endothelial growth factor (VEGF)

VEGF­is­one­of­the­most­prominent­regulators­of­mandibular­condylar­growth.­It­ is­found­
mainly in the hypertrophic layer of the condylar cartilage [24,­28,­52,­53],­but­traces­have­been­
discovered­in­the­proliferative­layer­[54].­VEGF­serves­multiple­functions­in­supporting­the­
growth­of­the­condyles­including­the­coordination­of­the­death­of­chondrocytes,­function­of­
chondroblasts,­remodeling­of­ECM,­secretion­of­growth­factors­and­cytokines,­angiogenesis­
as­well­as­formation­of­the­bone­[12,­25,­26,­55].

Observing­each­of­the­functions­of­VEGF­in­greater­detail,­the­coordination­of­chondrocyte­
death­is­accomplished­by­guiding­of­mesenchymal­cell­differentiation­towards­osteogenesis­
by­bringing­ the­ cells­ to­ the­mineralization­ front­ for­ calcification­ [24,­56,­57].­Additionally,­
VEGF-A­has­been­ the­main­ isoform­which­ facilitates­ the­progression­of­angiogenesis­ [12]. 
VEGF­in­general­supports­rapid­vascularization­essential­to­healing­and­induction­of­bone­
associated­with­bone­matrix­ that­has­been­demineralized­ [58]. With respect to supporting 
bone­formation,­VEGF­has­been­noted­to­increase­mandibular­length,­and­its­expression­has­
been­correlated­with­the­quantity­of­newly­formed­bone­in­the­posterior­of­the­condyle­[12]. 
It­is­therefore­evident­that­VEGF­is­a­major­therapeutic­target­of­interest­in­research­towards­
regulation­of­condylar­growth.

I. Transcription factors

A. Core binding factor A1 (CBFA1):­found­in­erosive­layer­[21];­essential­for­chondrocyte­differentiation­as­the­
earliest regulator of transcription [21,­68,­69] can induce premature hypertrophy of chondrocytes [68];­mediates­
VEGF-A­in­endochondral­ossification­as­its­overexpression­increases­VEGF­expression­[38,­70]

B: SOX-9: refers to 4.2.1

II. Novel genes specific for condylar growth

A. Mustang, alpha B-crystallin (CryAB):­associated­with­increased­mesenchymal­cell­and­osteoblast­differentiation­
in response to mechanical strain [64]

B: Noggin:­prevents­apoptosis­of­chondrocytes­[71]

C: Chondroadherin (CHAD):­increases­type­II­collagen­expression­in­response­to­mechanical­strain­[64]

D: Nephroblastoma overexpressed (NOV):­improves­cartilage­formation­and­integrity­by­positive­modulation­of­
type X collagen [64]

III. Other proteins

A: Wnt family:­found­in­proliferative­and­hypertrophic­layers­[72];­controls­mesenchymal­cell­differentiation­into­
chondrocytes­(e.g.­Wnt1­and­Wnt7a­block­chondrocyte­differentiation,­while­Wnt4­blocks­chondrogenesis­but­
accelerates­chondrocyte­differentiation)­[72–74]

B: Proliferating cell nuclear antigen (PCNA): found in hypertrophic layer [14];­increases­the­DNA­replication­of­
mesenchymal­cells­and­is­the­marker­for­cell­proliferation­[14]

C: D-type cyclins:­‘gatekeeper’­of­the­G1­phase­of­the­cell­cycle­which­regulates­the­DNA­replication­of­mesenchymal­
cells [72]

Table 5.­Analysis­of­the­molecular­factors­involved­in­condylar­growth­and,­if­applicable,­the­locations­of­its­respective­
activities.
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earliest regulator of transcription [21,­68,­69] can induce premature hypertrophy of chondrocytes [68];­mediates­
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B: SOX-9: refers to 4.2.1

II. Novel genes specific for condylar growth

A. Mustang, alpha B-crystallin (CryAB):­associated­with­increased­mesenchymal­cell­and­osteoblast­differentiation­
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B: Noggin:­prevents­apoptosis­of­chondrocytes­[71]

C: Chondroadherin (CHAD):­increases­type­II­collagen­expression­in­response­to­mechanical­strain­[64]

D: Nephroblastoma overexpressed (NOV):­improves­cartilage­formation­and­integrity­by­positive­modulation­of­
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Table 5.­Analysis­of­the­molecular­factors­involved­in­condylar­growth­and,­if­applicable,­the­locations­of­its­respective­
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4.1.2. Parathyroid hormone-related protein (PTHrP)

Another­major­regulator­of­condylar­growth,­PTHrP,­is­found­in­the­transition­zone­between­
the­proliferative­and­hypertrophic­layers­[59,­60].­It­controls­the­condylar­bone­formation­by­
facilitating­and­mediating­ the­biomolecular­pathway­ through­which­ chondrogenic­pheno-
type is shifted to osteogenesis [20].­This­is­accomplished­by­slowing­down­the­hypertrophy­
of­mature­chondrocytes­to­promote­further­maturation­and­to­provide­more­time­to­develop­
the cartilage in preparation for osteogenesis [33,­61]. By promoting further maturation and 
delaying­the­transition­from­chondrogenesis­to­osteogenesis,­the­population­of­chondrocytes­
continues­to­rise,­leading­to­an­increase­in­cartilage­volume­and­subsequently­bone­formation.

Additionally,­PTHrP­induces­the­differentiation­of­mesenchymal­cells­through­SOX-9,­a­tran-
scription­factor­which­serves­to­positively­regulate­the­growth­of­the­condyles­[33].

4.1.3. Indian hedgehog (Ihh)

Compared­to­other­factors­at­the­cellular­level,­Ihh­functions­as­a­highly­dynamic­mechano-
transduction­factor­which­increases­in­expression­in­response­to­mechanical­stimuli­[12].­It­is­
expressed­by­prechondroblasts­and­early­hypertrophic­chondrocytes­in­the­proliferative­layer­
[12,­62].­Ihh­has­a­variety­of­effects­on­the­TMJ­and­condyles­including­supporting­early­develop-
ment [63]­by­regulating­mesenchymal­cell­and­chondrocyte­proliferation­and­cartilage­develop-
ment­(most­notably­type­II­collagen)­in­chondrogenesis­as­well­as­the­transition­to­osteogenesis­
under mechanical strain [34,­64–66].­Interestingly,­Ihh­can­also­function­as­a­molecular­factor­
by­shortening­the­turnover­and­enhancing­the­renewal­of­condylar­cells­[34] by upregulating 
cyclin­D1,­the­‘gatekeeper’­of­the­transition­from­the­G1­to­the­S­phases­of­the­cell­cycle­[65,­67].

4.1.4. PTHr/Ihh negative feedback loop

Rabie­et­al.­postulated­that­PTHrP­and­Ihh­activities­are­linked­through­a­negative­feedback­
loop­which­regulates­the­development­of­ the­growth­plate­[5].­ In­the­feedback­loop,­when­
PTHrP­ production­ is­ fleeting­ and­ not­ sufficiently­ stimulating­ chondrocytes,­ chondrocytes­
stop proliferating and maturing [66].­The­chondrocytes­begin­to­synthesize­Ihh­in­the­hyper-
trophic­layer­which­acts­on­the­chondrocytes­by­means­of­receptor-mediated­signaling­[66]. 
Ihh­ increases­ the­ proliferative­ rate­ of­ the­ chondrocytes­ and­ stimulates­ the­ production­ of­
PTHrP­at­the­terminus­of­the­bone.­PTHrP­then­maintains­the­chondrocytes­in­a­proliferative­
state­and­delays­further­maturation­and­differentiation­which­delays­Ihh­production­[34].­As­
a­result,­the­PTHrP/Ihh­negative­feedback­loop­modulates­the­pace­of­proliferation­and­dif-
ferentiation­of­the­chondrocytes­to­regulate­cartilage­and­eventual­bone­formation­[12].

4.2. Factors at the molecular level

Molecular­factors­can­be­defined­as­factors­that­operate­within­the­cell­by­means­of­genetic­
and­other­intracellular­factors.­Such­factors­can­be­categorized­into­transcription­factors,­novel­
genes­ specific­ for­ condylar­ growth­ and­ other­ intracellular­ proteins.­ Transcription­ factors­
control­genetic­ expression,­while­ intracellular­proteins­ control­ signal­ transduction­and­cell­
cycling­pathways.
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4.2.1. SOX-9

Targeted­in­PTHrP­signaling,­SOX-9­is­a­transcription­factor­that­regulates­the­differentiation­
process from mesenchymal cells to hypertrophic chondrocytes [12].­Additionally,­SOX-9­pre-
vents­premature­differentiation­and­regulates­type­II­collagen­synthesis­and­cartilage­forma-
tion­through­activation­of­the­enhancer­region­of­Col1a2­and­Col2a1­[20,­75–77].­It­is­able­to­
accomplish­its­activities­by­recognizing­the­DNA­sequence­of­CCTTGAG­and­other­members­
of­the­high­mobility­group­(HMG)­box­class­of­DNA-binding­proteins­[71].

To­ understand­ how­ SOX-9­ facilitates­ differentiation,­ it­ is­ vital­ to­ recognize­ that­ SOX-9­ is­
expressed­in­mesenchymal­cells,­prechondroblasts­and­early­differentiated­chondrocytes­but­
not in hypertrophic chondrocytes [78].­In­mesenchymal­cells,­SOX-9­is­required­for­differenti-
ation­into­prechondroblasts.­Later­in­the­prechondroblast­stage,­SOX-9­supports­the­prolifera-
tion­and­further­differentiation­into­early­and­proliferating­chondrocytes.­At­the­same­time,­
SOX-9­regulates­the­expression­of­Noggin,­an­anti-apoptotic­gene­to­support­the­proliferation­
of the chondrocytes [71].­After­this­stage,­SOX-9­inhibits­the­transition­from­proliferative­to­
hypertrophic­chondrocytes­to­control­subsequent­endochondral­ossification.­Overall,­SOX-9­
is­involved­in­cell­proliferation­of­successive­cell­types­in­the­earlier­stages­of­chondrogenesis,­
but­it­also­serves­to­prevent­the­hypertrophy­of­chondrocytes­(Figure 3).

5. Interventions to address condylar growth

Given­ the­working­understanding­ of­ the­ stages­ and­ factors­ involved­ in­ condylar­ growth,­
researchers­have­found­the­condyles­to­be­clinically­relevant­to­the­development­and­morphol-
ogy­of­the­orofacial­complex­[14,­20].­The­condyles­have­been­studied­as­a­therapeutic­target­
in­addressing­TMD­and­craniofacial­issues­in­general.­Two­leading­interventions­to­reactivate­
and­control­condylar­growth­have­been­the­use­of­the­recombinant­adeno-associated­virus­
(rAAV)­vector­and­the­application­of­mandibular­advancement­orthodontic­appliances.

5.1. Intervention by the rAAV vector

The­rAAV­vector­has­become­of­ interest­ in­ in­vivo­TMD­therapy­as­ it­has­been­shown­to­
overcome­many­limitations­involved­in­the­gene­therapy­of­the­cartilage­and­bone­[79,­80]. 
Some­advantages­of­the­vector­include­reduced­pathogenicity­and­immunogenicity,­which­
supports­long-term­expression­of­transgenes­which­can­be­restricted­to­defined­anatomical­
locations­including­specific­oral­tissues­and­success­in­transfecting­many­types­of­dividing­
and­ nondividing­ cells­ due­ to­ its­ size­ of­ 22–25­ nm­ [55,­ 79,­ 81].­At­ this­ small­ size,­ rAAV-
VEGF­has­been­demonstrated­as­a­suitable­in­vivo­vector­to­significantly­induce­condylar­
growth­by­diffusing­through­the­layers­of­the­cell­surface­and­infect­with­regular­and­hyper-
trophic­chondrocytes­ to­promote­VEGF-mediated­growth­[79]. The systemic safety of the 
rAAV-VEGF­vector­has­also­been­studied­as­exogenous­VEGF­was­not­identified­in­reverse-
transcribed­RNA­samples­of­ remote­organs­ (e.g.­heart,­ spleen­and­kidney)­of­ transfected­
subjects [79].
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Rabie­et­al.­investigated­the­effect­of­in­vivo­rAAV-mediated­VEGF­administration­on­female­
Sprague–Dawley­ rats­ and­ found­ increases­of­ the­ length­of­ the­ condylar­process­axis­ (B-F)­
and the mandibular length from day 30 post-surgery and beyond [55].­The­condylar­width­
and length also increased during the same time period [55].­The­growth­of­the­condyle­was­
upwards­and­backwards­such­that­the­greatest­cellular­response­was­found­in­the­posterior­
condyle compared to the anterior surface [55]. This supported the adaptability of the con-
dyle­ in­ directional­ changes­ in­ the­ growth­ of­ the­mandible­ [24].­ In­ addition,­ other­ studies­
have­found­a­gain­of­function­of­VEGF,­or­VEGF­gene­has­been­associated­with­increases­in­
neovascularization­and­regeneration­of­the­bone­in­defective­condyles­[82,­83]. This has also 
reinforced­the­significance­of­rAAV-mediated­VEGF­as­an­appropriate­option­in­contributing­
to­neovascularization­and­endochondral­ossification­[28].

Figure 3.­The­roles­of­SOX-9­in­each­successive­step­of­chondrogenesis­towards­endochondral­ossification­in­the­condyles.­
SOX-9­ functions­ to­ commit­mesenchymal­ cells­ to­ differentiate­ into­ prechondroblasts­ and­ supports­ the­ transition­ of­
prechondroblasts to early and proliferating chondrocytes but inhibits hypertrophy of the chondrocytes prior to the 
calcification­of­the­cartilage.
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Most­notably,­it­was­determined­that­there­was­a­delay­in­morphological­effects­of­rAAV­vec-
tor­such­that­VEGF­levels­were­increased­on­day­14­while­chondrogenesis­and­osteogenesis­
occurred­on­days­21­and­30,­respectively­[55].­This­finding­had­clinical­implications­in­terms­
of­understanding­that­gene­therapy­required­a­careful­balance­of­inhibition­or­reinjection­of­
the­viral­vector­to­address­the­potential­consequences­of­overgrowth­or­relapse­[55].

5.2. Intervention by mandibular advancement orthodontic devices

Recently,­it­has­been­proposed­that­condylar­growth­can­be­induced­by­forward­mandibular­
advancement­which­has­been­noted­to­mirror­natural­growth­[21].­Animal­studies­of­man-
dibular­advancement­treatment­on­rats­have­reported­the­enhancement­of­chondrocyte­matu-
ration­and­endochondral­ossification­which­give­rise­to­new­bone­and­condylar­growth­[84].

Three­major­factors­of­consideration­include­the­age­of­the­patient,­the­length­of­the­treatment­
and­stepwise­versus­single-step­mandibular­advancement.­First,­there­have­been­recommen-
dations­of­using­functional­appliances­during­or­after­the­peak­pubertal­period­to­observe­the­
greatest stability of treatment results [85–87].­Second,­recommendations­have­been­made­to­
extend­the­commonly­studied­period­of­mandibular­advancement­of­6­months­to­1­year­in­
order­to­support­the­maturity­of­type­I­collagen­[88–90].­Two­other­separate­studies­also­noted­
that­the­treatment­length­was­correlated­to­the­maintenance­of­the­effects­of­the­orthodontic­
intervention­[91,­92].­However,­there­have­been­mixed­conclusions­on­the­effect­of­lengthen-
ing the treatment period. Hagg et al. and Phan et al. found opposing trends of the length of 
treatment­on­the­maxilla­and­the­mandible,­increasing­the­effect­for­the­former­and­decreasing­
the­effect­for­the­latter­[93,­94].

5.2.1. Stepwise versus single-step mandibular advancement

There­ has­ been­ extensive­ literature­ for­ the­ comparison­ of­ two­ approaches­ of­mandibular­
advancement:­ stepwise­versus­ single-step­ advancement.­Currently,­ stepwise­ advancement­
has been determined as being the preferable therapy.

One­of­the­reasons­supporting­stepwise­advancement­is­the­improvement­in­skeletal­effect,­
most­notably­the­sagittal­jaw­relationship­with­the­maxilla,­assuming­a­more­forward­posi-
tioned­mandible­due­to­more­growth­than­single-step­advancement­[21,­95].­This­improve-
ment­may­be­attributed­ to­work­completed­by­Petrovic­et­al.­who­ found­ that­ the­ forward­
repositioning­of­ the­mandible­periodically­ increases­ the­rate­and­amount­of­growth­ in­ the­
condylar cartilage [96].­Van­Lam­and­Rabie­also­found­that­stepwise­treatment­was­correlated­
with­significantly­greater­new­bone­formation­[21].

From­ a­ cellular­ and­molecular­ perspective,­ stepwise­ advancement­ that­ exceeded­ a­ mini-
mum­threshold­of­mechanical­strain­resulted­in­increases­in­Ihh,­type­II­collagen,­PTHrP­and­
VEGF­[34,­57,­97–100].­Thus,­stepwise­treatment­involves­repeated­cycles­of­mechanical­strain­
and­increases­neovascularization­which­results­in­increases­in­eventual­new­condylar­bone­
formation [57].­ Studies­have­ shown­ that­manipulating­ the­ amplitude­of­mechanical­ strain­
by­stepwise­advancement­can­significantly­ impact­VEGF­production­by­chondrocytes­[55]. 
Moreover,­the­later­stages­of­stepwise­treatment­are­responsible­for­more­VEGF­production­
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calcification­of­the­cartilage.

Temporomandibular Joint Pathology - Current Approaches and Understanding172

Most­notably,­it­was­determined­that­there­was­a­delay­in­morphological­effects­of­rAAV­vec-
tor­such­that­VEGF­levels­were­increased­on­day­14­while­chondrogenesis­and­osteogenesis­
occurred­on­days­21­and­30,­respectively­[55].­This­finding­had­clinical­implications­in­terms­
of­understanding­that­gene­therapy­required­a­careful­balance­of­inhibition­or­reinjection­of­
the­viral­vector­to­address­the­potential­consequences­of­overgrowth­or­relapse­[55].

5.2. Intervention by mandibular advancement orthodontic devices

Recently,­it­has­been­proposed­that­condylar­growth­can­be­induced­by­forward­mandibular­
advancement­which­has­been­noted­to­mirror­natural­growth­[21].­Animal­studies­of­man-
dibular­advancement­treatment­on­rats­have­reported­the­enhancement­of­chondrocyte­matu-
ration­and­endochondral­ossification­which­give­rise­to­new­bone­and­condylar­growth­[84].

Three­major­factors­of­consideration­include­the­age­of­the­patient,­the­length­of­the­treatment­
and­stepwise­versus­single-step­mandibular­advancement.­First,­there­have­been­recommen-
dations­of­using­functional­appliances­during­or­after­the­peak­pubertal­period­to­observe­the­
greatest stability of treatment results [85–87].­Second,­recommendations­have­been­made­to­
extend­the­commonly­studied­period­of­mandibular­advancement­of­6­months­to­1­year­in­
order­to­support­the­maturity­of­type­I­collagen­[88–90].­Two­other­separate­studies­also­noted­
that­the­treatment­length­was­correlated­to­the­maintenance­of­the­effects­of­the­orthodontic­
intervention­[91,­92].­However,­there­have­been­mixed­conclusions­on­the­effect­of­lengthen-
ing the treatment period. Hagg et al. and Phan et al. found opposing trends of the length of 
treatment­on­the­maxilla­and­the­mandible,­increasing­the­effect­for­the­former­and­decreasing­
the­effect­for­the­latter­[93,­94].

5.2.1. Stepwise versus single-step mandibular advancement

There­ has­ been­ extensive­ literature­ for­ the­ comparison­ of­ two­ approaches­ of­mandibular­
advancement:­ stepwise­versus­ single-step­ advancement.­Currently,­ stepwise­ advancement­
has been determined as being the preferable therapy.

One­of­the­reasons­supporting­stepwise­advancement­is­the­improvement­in­skeletal­effect,­
most­notably­the­sagittal­jaw­relationship­with­the­maxilla,­assuming­a­more­forward­posi-
tioned­mandible­due­to­more­growth­than­single-step­advancement­[21,­95].­This­improve-
ment­may­be­attributed­ to­work­completed­by­Petrovic­et­al.­who­ found­ that­ the­ forward­
repositioning­of­ the­mandible­periodically­ increases­ the­rate­and­amount­of­growth­ in­ the­
condylar cartilage [96].­Van­Lam­and­Rabie­also­found­that­stepwise­treatment­was­correlated­
with­significantly­greater­new­bone­formation­[21].

From­ a­ cellular­ and­molecular­ perspective,­ stepwise­ advancement­ that­ exceeded­ a­ mini-
mum­threshold­of­mechanical­strain­resulted­in­increases­in­Ihh,­type­II­collagen,­PTHrP­and­
VEGF­[34,­57,­97–100].­Thus,­stepwise­treatment­involves­repeated­cycles­of­mechanical­strain­
and­increases­neovascularization­which­results­in­increases­in­eventual­new­condylar­bone­
formation [57].­ Studies­have­ shown­ that­manipulating­ the­ amplitude­of­mechanical­ strain­
by­stepwise­advancement­can­significantly­ impact­VEGF­production­by­chondrocytes­[55]. 
Moreover,­the­later­stages­of­stepwise­treatment­are­responsible­for­more­VEGF­production­
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and­subsequent­condylar­bone­formation­[57].­The­extent­of­condylar­growth­modification­
from­mandibular­advancement­has­been­determined­through­changes­ in­measurements­of­
the­condyle­and­documented­effects­at­the­cellular­and­molecular­levels­(Table 6).

One­modality­ of­ stepwise­ advancement­ in­ orthodontic­ treatment­ is­ the­Herbst­ appliance;­
due­to­the­advantages­of­stepwise­treatment,­it­has­been­recommended­to­be­included­in­an­

I. Chondrogenesis

A. Mesenchymal cells:­increase­in­quantity­and­rate­of­replication­which­is­correlated­to­increased­bone­formation­
[12,­101];­cells­deformed­and­oriented­in­the­direction­of­the­strain­in­the­proliferative­layers­[84]

B: Prechondroblasts:­reactivation­of­cells­and­chondrogenesis­to­promote­growth­of­the­condyle­[12],­which­leads­to­
an increase of osteogenesis [102,­103]

C: Hypertrophic chondrocytes:­enhances­but­does­not­accelerate­(a­point­that­has­not­been­clarified)­[104] the 
hypertrophy­of­the­cells­towards­osteogenesis­[23]

D: Neovascularization:­increased­by­means­of­VEGF­expression­which­preceded­the­peaks­of­chondrogenesis­and­
osteogenesis [55];­angiogenesis­in­the­erosive­layer­during­the­enhanced,­not­accelerated­(a­point­that­has­not­been­
clarified)­[104],­transition­towards­osteogenesis­[23]

II. Osteogenesis

Endochondral ossification:­reactivation­in­the­posterior­aspect­of­the­condyle­leading­to­formation­of­new­bone­[12]

III. Cellular factors

A. IGF:­increases­expression­of­IGF-I­and­IGF-II­[105]

B. VEGF:­refers­to­‘neovascularization’­in­I­(chondrogenesis)

C. Type II collagen:­increases­in­expression­[104]

D. Type X collagen:­540%­increase­in­the­posterior­condyle­which­is­correlated­with­319%­increase­in­bone­formation­
[102,­106]­by­means­of­a­similar­temporal­pattern­when­compared­to­natural­growth­[23];­maximal­expression­
coinciding­with­that­of­Cbfa­[88]

E. PTHrP:­increases­in­expression­which­is­associated­with­an­increase­in­new­chondrocyte­population­level­[33]

F. Indian hedgehog (Ihh):­immediate­increase­in­expression­due­to­deformation­of­the­ECM­and­subsequent­
cellular­cytoskeleton­[62,­84,­107];­mechanical­strain­can­reactivate­dormant­condylar­growth­[12],­but­the­extent­
of­reactivation­of­the­condyle­and­glenoid­fossa­reduced­with­increasing­age­[108–110];­promotes­chondrocyte­
proliferation,­increased­expression­of­cyclin­D­[72]

IV. Molecular factors

A. Cbfa1:­upregulation­of­expression­despite­similar­pattern­of­expression,­coinciding­with­the­maximal­expression­
of type X collagen [21]

B. SOX-9:­increases­in­expression­which­increased­mesenchymal­cell­commitment­to­endochondral­ossification­[12,­33]

C. Novel condylar genes:­increase­in­expression­of­Mustang,­CryAB,­NOV,­Noggin­and­CHAD­[64]

V. Morphology

Mandibular condyles: bending of the bone elongates [111,­112]­the­length­and­width­of­the­condylar­process­and­
length of the mandible [55]­with­most­change­in­direction­posteriorly­[24,­55];­there­is­potential­to­target­the­superior­
condylar­layer­to­regulate­upward­condylar­growth­[55]

Table 6.­Analysis­of­the­factors­affected­by­means­of­orthodontic­mandibular­advancement.
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­orthodontist’s­armamentarium­[72].­The­Herbst­appliance­has­been­evaluated­with­young­adult­
patients­and­has­yielded­promising­results­in­the­treatment­of­Class­II­malocclusion­[12].­It­has­
been­identified­to­operate­by­reactivating­prechondroblast­activity­[12].­However,­Pancherz­
has­found­several­limitations­of­the­Herbst­appliance.­The­appliance­has­been­met­with­con-
cerns of relapse in cephalometric angle measurements after treatment [88,­90].­Additionally,­
it­is­most­effective­with­Class­II­cases­and­thus­cannot­be­used­by­individuals­who­have­fully­
completed­growth­ [90].­Thus,­Pancherz­has­ recommended­ the­use­of­ removable­ functional­
appliances­post-treatment­to­maintain­the­effects­from­the­Herbst­appliance­[90].

6. Conclusion

There­have­been­considerable­efforts­to­elucidate­the­etiological­factors­of­TMDs­and­under-
stand­the­factors­regulating­the­growth­of­the­TMJ­and­mandibular­condyles­at­both­the­cel-
lular­and­molecular­levels.­Current­approaches­to­stimulating­and­controlling­the­growth­of­
the­condyles­to­address­craniofacial­abnormalities­and/or­TMDs­have­proven­to­be­promising.­
Further­ research­will­be­ required­ to­develop­orthodontic­ treatment­modalities­ that­ can­be­
applied­in­a­clinical­setting­on­a­case-to-case­basis.
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and­subsequent­condylar­bone­formation­[57].­The­extent­of­condylar­growth­modification­
from­mandibular­advancement­has­been­determined­through­changes­ in­measurements­of­
the­condyle­and­documented­effects­at­the­cellular­and­molecular­levels­(Table 6).

One­modality­ of­ stepwise­ advancement­ in­ orthodontic­ treatment­ is­ the­Herbst­ appliance;­
due­to­the­advantages­of­stepwise­treatment,­it­has­been­recommended­to­be­included­in­an­

I. Chondrogenesis

A. Mesenchymal cells:­increase­in­quantity­and­rate­of­replication­which­is­correlated­to­increased­bone­formation­
[12,­101];­cells­deformed­and­oriented­in­the­direction­of­the­strain­in­the­proliferative­layers­[84]

B: Prechondroblasts:­reactivation­of­cells­and­chondrogenesis­to­promote­growth­of­the­condyle­[12],­which­leads­to­
an increase of osteogenesis [102,­103]

C: Hypertrophic chondrocytes:­enhances­but­does­not­accelerate­(a­point­that­has­not­been­clarified)­[104] the 
hypertrophy­of­the­cells­towards­osteogenesis­[23]

D: Neovascularization:­increased­by­means­of­VEGF­expression­which­preceded­the­peaks­of­chondrogenesis­and­
osteogenesis [55];­angiogenesis­in­the­erosive­layer­during­the­enhanced,­not­accelerated­(a­point­that­has­not­been­
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Endochondral ossification:­reactivation­in­the­posterior­aspect­of­the­condyle­leading­to­formation­of­new­bone­[12]

III. Cellular factors

A. IGF:­increases­expression­of­IGF-I­and­IGF-II­[105]

B. VEGF:­refers­to­‘neovascularization’­in­I­(chondrogenesis)

C. Type II collagen:­increases­in­expression­[104]
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coinciding­with­that­of­Cbfa­[88]
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of­reactivation­of­the­condyle­and­glenoid­fossa­reduced­with­increasing­age­[108–110];­promotes­chondrocyte­
proliferation,­increased­expression­of­cyclin­D­[72]

IV. Molecular factors

A. Cbfa1:­upregulation­of­expression­despite­similar­pattern­of­expression,­coinciding­with­the­maximal­expression­
of type X collagen [21]

B. SOX-9:­increases­in­expression­which­increased­mesenchymal­cell­commitment­to­endochondral­ossification­[12,­33]

C. Novel condylar genes:­increase­in­expression­of­Mustang,­CryAB,­NOV,­Noggin­and­CHAD­[64]

V. Morphology

Mandibular condyles: bending of the bone elongates [111,­112]­the­length­and­width­of­the­condylar­process­and­
length of the mandible [55]­with­most­change­in­direction­posteriorly­[24,­55];­there­is­potential­to­target­the­superior­
condylar­layer­to­regulate­upward­condylar­growth­[55]
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­orthodontist’s­armamentarium­[72].­The­Herbst­appliance­has­been­evaluated­with­young­adult­
patients­and­has­yielded­promising­results­in­the­treatment­of­Class­II­malocclusion­[12].­It­has­
been­identified­to­operate­by­reactivating­prechondroblast­activity­[12].­However,­Pancherz­
has­found­several­limitations­of­the­Herbst­appliance.­The­appliance­has­been­met­with­con-
cerns of relapse in cephalometric angle measurements after treatment [88,­90].­Additionally,­
it­is­most­effective­with­Class­II­cases­and­thus­cannot­be­used­by­individuals­who­have­fully­
completed­growth­ [90].­Thus,­Pancherz­has­ recommended­ the­use­of­ removable­ functional­
appliances­post-treatment­to­maintain­the­effects­from­the­Herbst­appliance­[90].

6. Conclusion

There­have­been­considerable­efforts­to­elucidate­the­etiological­factors­of­TMDs­and­under-
stand­the­factors­regulating­the­growth­of­the­TMJ­and­mandibular­condyles­at­both­the­cel-
lular­and­molecular­levels.­Current­approaches­to­stimulating­and­controlling­the­growth­of­
the­condyles­to­address­craniofacial­abnormalities­and/or­TMDs­have­proven­to­be­promising.­
Further­ research­will­be­ required­ to­develop­orthodontic­ treatment­modalities­ that­ can­be­
applied­in­a­clinical­setting­on­a­case-to-case­basis.
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Abstract

The temporomandibular joint (TMJ) acts as a sliding hinge between mandible and tem-
poral bone. Disorders of temporomandibular joint are intolerable for the patients in 
severe cases. Furthermore, surgical treatment of temporomandibular joint problems is a 
challenge for surgeons in some cases. In that order, it is critical for the surgeon to choose 
the best surgical approach in treating the temporomandibular joint diseases. There are 
several surgical approaches in the management of temporomandibular joint problems 
including some pros and cons. So, in this chapter, we aim to present a comprehensive 
review of surgical approaches to the temporomandibular joint.

Keywords: facial nerve, mandible, mandibular condyle, superficial musculoaponeurotic 
system, temporomandibular joint

1. Introduction

Exact diagnosis and appropriate treatment plan are two important fundamentals of success-
ful surgical results. Planning the treatment of temporomandibular joint (TMJ) problems is 
not an exception. TMJ is a hinge that connects the mandible to the temporal and serves the 
movement of lower jaw. TMJ problems such as disc derangement, pathologic lesions, and 
traumatic injuries would have a significant influence on quality of life of the patients.

Treatment of TMJ diseases is still one of the controversial issues in maxillofacial surgery 
field. It is important to choose the best surgical technique to solve the problem and rehabili-
tate the TMJ function. There are several surgical approaches to the TMJ mentioned in the 
literature and a maxillofacial surgeon should know the technical aspects of these surgical 
procedures.

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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This chapter is based on recent investigations reported in the literature and briefly presents 
the different aspects of available surgical approaches to TMJ including their indications, tech-
niques, and benefits.

2. Applied anatomy

TMJ is a synovial joint between the head of mandibular condyle and the temporal glenoid 
fossa. The space between the head of mandibular condyle and the glenoid fossa of tempo-
ral bone is divided into two separate cavities by the articular disc (Figure 1). The inferior 
compartment is involved in the hinge movement of the joint, while the superior joint space 
participates in the translation movement.

The postglenoid process and articular eminence are the posterior and anterior limitations of 
the articular space, respectively. TMJ is surrounded by a fibrous capsule called articular cap-
sule, and its extension is the articular disc (Figure 2).

The movements of TMJ are restricted by three main ligaments. The temporomandibular liga-
ment is the lateral portion of articular capsule. This fan-shaped ligament is responsible for 
synchronizing the condyle and articular disc. The other two ligaments are sphenomandibular 
and stylomandibular ligaments which are involved in controlling the mandibular movements 
(Figure 2).

2.1. Regional nerves

The most common anatomical structure facing during the approaches to the TMJ is the facial 
nerve. The main trunk of facial nerve exits the stylomastoid foramen and after passing about 
2 cm distance divides into two main branches of temporofacial and cervicofacial divisions 
(Figure 3) [1]. The distance from the bony part of external auditory canal to the bifurca-
tion is 1.5–2.8 cm (mean is 2.3 cm) [2]. The assumed line connected from the tragus to the 

Figure 1. Anatomy of the TMJ.
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 lateral palpebral commissure is considered the superior limit of temporal branch of the facial 
nerve. This branch of facial nerve is mostly located under this oblique line [3]. Temporal 
branch is the most susceptible branch of facial nerve that would be damaged during the 
approaches to the TMJ [4]. This nerve branch lies under the surface of temporoparietal fascia 
[5]. The average distance of bony part of external auditory canal to the location where tem-
poral branch of facial nerve crosses the zygomatic arch is almost 2 cm (8–35 mm). In some 
surgical approaches to the subcondylar area, the most important anatomical structure that 

Figure 2. Anatomy of the articular ligaments.

Figure 3. Anatomy of the facial nerve.
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should be preserved is the marginal mandibular branch of the facial nerve. This branch is 
superior to the mandibular inferior border in 74% of the cases [6]. The maximum distance to 
the mandibular inferior border is 1.2 cm; in other patients that marginal mandibular branch 
of facial nerve is located beneath the inferior border of the mandible. This branch is located 
superior to the facial artery and vein immediately deep to the superficial layer of the deep 
cervical fascia.

The branches of trigeminal nerve are other critical structures adjacent to the TMJ. The auricu-
lotemporal branch supplies sensation to the anterior external meatus and the temporal and 
preauricular region skin. This branch of trigeminal nerve passes behind the neck of mandibu-
lar condyle (Figure 4).

2.2. Anatomy of regional vessels

Maxillary artery and superficial temporal artery are two last branches of external carotid 
artery and important structures adjacent to the TMJ. The surgeons usually face the super-
ficial temporal artery during the preauricular approaches. This terminal branch of external 
carotid artery runs posterolateral to the mandibular condyle within the temporoparietal fas-
cia (Figure 5).

Maxillary artery is important in condylectomy procedure. Middle meningeal artery is a 
branch of internal maxillary artery that passes medial to the mandibular condyle and could 
be damaged during the surgical procedures on TMJ.

Figure 4. Relation of trigeminal nerve to the TMJ.
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The important vein that the surgeon usually encounters in surgical treatment of the TMJ prob-
lems is retromandibular vein which is formed from the superficial temporal and the maxillary 
veins.

3. Surgical approaches

3.1. Preauricular surgical technique

Preauricular incision is made along the natural crease anterior to the tragus (Figure 6). 
Dissection should be continued along the cartilage of external auditory canal in order to pre-
vent damaging the auriculotemporal nerve and superficial temporal artery. Superficial layer 
of the temporalis fascia would be incised 2 cm above the zygomatic arch in an oblique line. 
Blunt dissection should be continued to reach the zygomatic arch. The periosteum of the 
zygomatic arch is incised at this time, and it should be reflected laterally to achieve to the 
articular capsule (Figure 7). If the surgeon needs to expose the superior joint space, the inci-
sion should be made along the posterior slope of the articular eminence. Incising the disc 
along the superior joint space, lateral recess allows the surgeon to expose the inferior joint 
space.

In some cases, to maximize the exposure to the TMJ, preauricular incision is modified to a 
question mark pattern presented by Al-Kayat and Bramley (Figure 8).

Figure 5. Vascular anatomy of the face encountered during surgical procedures of the TMJ.
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Figure 8. Al-Kayat and Bramley incision to expose the TMJ for condylectomy.

Figure 6. Surgical approaches to the TMJ. P1 and P2—preauricular approaches; PA—postauricular approach; I—
inverted hockey stick approach; E—endaural approach. R—retromandibular approach.

Figure 7. After exposing the articular capsule, it could be incised to reach to the joint spaces.
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3.1.1. Indications

This approach is ideally used to manage the problems encountered in upper condylar process 
and TMJ compartments. Al-Kayat modified preauricular incision is routinely used in TMJ 
ankylosis cases. Preauricular incision is also used in treatment of high condylar fractures.

3.1.2. Advantages

Almost invisible scars are main advantages of a preauricular approach. This surgical tech-
nique provides access to the superior part of the TMJ and anteromedially displaced mandibu-
lar condyle.

3.1.3. Disadvantages

There is no access to the lower portion of condylar process. Rigid fixation of mandibular con-
dyle fracture is difficult in this approach [7]. The possibility of facial nerve damage is a major 
disadvantage of this surgical technique.

3.2. Endaural surgical technique

This approach is provided to achieve the benefits of preauricular methods simultaneously 
with more cosmetic results. The incision is made behind the prominence of the tragus. The 
skin flap is reflected over the cartilage of the tragus, and then, dissection is continued in the 
same manner of preauricular approach.

3.2.1. Indications

This technique is indicated when there is the aim to provide the access to the TMJ and frac-
tures of condylar head and neck.

3.2.2. Advantages

The cosmetic result of scar is better than preauricular incision [8].

3.2.3. Disadvantages

Tragus cartilage damage is the main disadvantage of this approach. When the problem hap-
pens, poor healing process is expected.

3.3. Postauricular surgical technique

The incision is made 3 mm posterior to the posterior auricular fold and carried to the mastoid 
fascia (Figure 9). Dissection is continued above the mastoid fascia to the external auditory 
canal which is then transected to retract the pinna anteriorly. Dissection through the super-
ficial layer of temporalis fascia is carried out to the zygomatic arch, and the periosteum is 
sharply incised to expose the joint. There is no need to suture the cartilage after the surgery, 
and closing the skin of the ear is enough.
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3.3.1. Indications

Exposing the entire joint is the main indication of this technique. This approach is also indi-
cated in the patients with the tendency to form keloids who should undergo TMJ surgery.

3.3.2. Advantages

The resulting scar is not very noticeable, and an excellent exposure to the TMJ is provided by 
this method.

3.3.3. Disadvantages

Auricular stenosis is the main disadvantage of this procedure. External otitis and infection of 
the TMJ are the contraindications of this approach.

3.4. Submandibular surgical technique

To provide the safety zone of marginal mandibular nerve, the incision is made 2 cm below the 
inferior border of the mandible (Figure 10). The sharp incision is made through the skin and 
subcutaneous tissue. Then, the platysma is sharply incised to expose the superficial layer of 
deep cervical fascia. The fascia is incised at the level of the skin incision. The facial artery and 
vein are retracted or ligated. According to the Hayes-Martin maneuver, ligation and upward 
retraction of facial vessels protect the marginal mandibular nerve from injury [9]. The dissec-
tion is carried to the pterygomasseteric sling. The sling is sharply incised by the blade, and the 
inferior border of the mandible is exposed (Figure 11).

3.4.1. Indications

This approach is usually used for mandibular angle and body fractures and sometimes for 
low subcondylar factures.

Figure 9. The incision pattern of postauricular approach (Courtesy of Dr. F. Pourdanesh).
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3.4.2. Advantages

The advantage of this technique is the ability to retract the mandibular angle when the sur-
geon attempts to reduct the condylar fracture. Also, this method provides good accessibility 
for anchor screw fixation technique of mandibular subcondyle fractures.

3.4.3. Disadvantages

There is limited access to the high condylar portion and joint spaces.

3.5. Retromandibular surgical technique

The incision is made along the posterior border of mandible 5 mm below the earlobe inferiorly 
for a distance of about 3 cm. Incision is continued through the skin, subcutaneous tissue, pla-
tysma, and superficial musculoaponeuretic system (SMAS). The SMAS layer is undermined, 

Figure 10. Outline of lateral ramus and submandibular incision. The distance from the inferior border of mandible to the 
incision should be about 2 cm.

Figure 11. Exposure of mandibular angle, body, and lateral ramus area by submandibular approach.
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and blunt dissection is continued to the substance of the parotid. The dissection is carried to 
the periosteum of the posterior border of the mandible. The periosteum is sharply incised, 
and the access to the lower portion of condylar process is provided.

3.5.1. Indications

This technique is used for internal rigid fixation of low condylar fracture. This approach is 
also used for fixation of costochondral graft in TMJ region.

3.5.2. Advantages

Good accessibility to the lower portion of condylar fracture and subcondylar area is the main 
advantage of retromandibular approach. A less noticeable scar in comparison with the sub-
mandibular technique is the other advantage of this approach.

3.5.3. Disadvantages

A more visible scar than preauricular incision is the disadvantage of this technique. The access 
to the joint spaces and anteromedially displaced condyle is limited in this surgical method.

3.6. Rhytidectomy surgical technique

The incision is made in preauricular area and in the neck hairline (Figure 12). The skin and 
subcutaneous tissue are incised, and dissection is carried above the level of SMAS (Figure 13). 

Figure 12. Outline of incision for rhytidectomy approach is combined of preauricular incision and an incision in neck 
hairline.
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A vertical incision is made through the SMAS onto the parotid gland, extending from just 
below the ear lobe toward the gonial angle. Blunt dissection through the substance of parotid 
is continued to the posterior border of the mandible. The periosteum is sharply incised, and 
the entire mandibular ramus is exposed (Figure 14).

3.6.1. Indications

This approach is indicated when the accessibility to the lower portion of TMJ is needed similar to the 
retromandibular technique although its cosmetic results are much beter than the latter technique.

3.6.2. Advantages

Good cosmetic results of the scar and enough access to the condylar process are the most 
important advantages.

Figure 13. After incising the skin and subcutaneous tissue for rhytidectomy approach, dissection is continued over the 
SMAS.

Figure 14. Exposure of condylar neck fracture by rhytidectomy approach. The fracture was reduced and fixed by two 
miniplates.
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3.6.3. Disadvantages

Damage to the branches of facial nerve is the most important disaster that could happen in 
this method.

3.7. Intraoral approach surgical technique

Incision is made in an external oblique ridge area. Subperiosteal dissection is carried out over 
the mandibular ramus (Figure 15).

3.7.1. Indications

Reduction and fixation of subcondyle fracture are two usual indications of intraoral approach. 
This method is also used sometimes for condylectomy [10].

3.7.2. Advantages

Invisible scar and preventing from facial nerve damage are the benefits of current approach.

3.7.3. Disadvantages

Limited access to the TMJ is the main problem during this surgical method.

3.8. Endoscopic approach surgical technique

Subperiosteal dissection is performed following the incision of posterior mandibular buccal 
sulcus. A percutaneous incision is then made perpendicular to the mandibular condyle just 
to pass the endoscope. Further dissection is then carried under direct vision provided by the 
endoscope.

3.8.1. Indications

Mandibular condyle fractures are the main indications of this approach.

Figure 15. Intraoral approach to manage mandibular subcondyle fracture in a 9-year-old boy.
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3.8.2. Advantages

This method is minimally invasive with invisible scars. The possibility of nerve damage dur-
ing this technique is very low [11].

3.8.3. Disadvantages

Increasing the operation time is a disadvantage of endoscopic technique [12].

4. Conclusion

Deciding on choosing a unique surgical technique for the treatment of all pathologies and 
diseases of the TMJ is impossible. It is important to understand the pros and cons of all avail-
able procedures and choose the best approach with most benefits which provides the best 
access to the TMJ.
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