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It gives me great pleasure to provide this foreword to this new textbook defin-
ing problems around the temporomandibular joint. It is concise, well laid out, 
and simplifies this complex topic in a logical manner and as such, it is a very 
meaningful addition to the literature. Problems around the temporomandibu-
lar joint are, unfortunately, still very common and they remain something of 
an enigma. The temporomandibular joint is unusual in the human body in that 
it is one of only three joints with a meniscus, the only joint which has to move 
when its opposite number moves, the only joint that is consistently forced 
into a position that may not be optimal when the teeth come into occlusion, 
and remains the only joint whose problems are not routinely managed by the 
speciality of orthopaedic surgery. However, the philosophy on the diagnosis 
and management of temporomandibular joint problems has evolved over the 
years and the problems are now not considered to be primarily concerned 
with the occlusion (the art of gnathology) but more a biological problem 
aligned to problems occurring in and around other joints in the body. 
Consequently, the management of temporomandibular joint issues has 
aligned itself more closely with the management of other joint problems. In 
general, this divides itself into intraarticular problems that are within the joint 
itself and myofascial problems which are in the muscles and ligaments around 
the joint. In general, the latter are not managed surgically but are managed by 
a number of nonsurgical techniques, while surgery still has a part to play in 
the management of intraarticular issues. This volume logically discusses all 
of these problems and also the recent additions to our surgical armamentar-
ium including arthroscopic surgery and alloplastic joint replacement. I wish 
this new textbook well.

May 27, 2021

Department of Oral and  
Maxillofacial Surgery 

M. Anthony (Tony) Pogrel

University of California, 
San Francisco, CA, USA

Foreword
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Preface

Salutations Mother Saraswati, giver of boons, fulfiller of 
desires;
Bless me, I shall begin my studies, may there be 
accomplishments.

I wish all the accomplishments for the readers of this text. The text is the 
compilation of my experiences with the evidenced-based literature available 
for the treatment of temporomandibular joint disorders. The book contains to 
the point and concise theoretical text with explanations on clinically oriented 
management skills. An in-depth understanding of how to appropriately diag-
nose jaw joint disorders remains a vital aspect, even before knowing or exe-
cuting the interventions required. I would like to quote my modification of 
this famous saying here “What the mind does not know, the eyes do not see!” 
For many, who do not understand the pathogenesis of temporomandibular 
joint disorders and are not up-to-date with the available treatments and inter-
ventions, they still have a simplified diagnosis of “pain in the joint” that 
requires only analgesics and muscle relaxants for most of the joint-related 
complaints. Most of the available text on temporomandibular joint disorders 
is more of a research-oriented content directed at researchers, as this is an 
evolving science, with very limited established protocols, currently. This fact 
leaves a clinician in a dilemma of what has to be actually followed for a spe-
cific case scenario, which he or she encounters on a day-to-day basis. My 
patients who entrusted me with my interventions on them and my inquisitive 
students who managed to learn tips and tricks from my work inspired me to 
compile a text that aims to help many of my fellow colleagues to get an 
insight on how to manage some complex problems of the temporomandibular 
joint. I wish this text helps many more practitioners of medicine and dentistry 
to get the same satisfaction which I get from relieving the pain and agony of 
the patients suffering from problems associated with the jaw joint. This book 
is not complete if I do not acknowledge the numerous people who got 
involved with me to realize the importance of this topic and its dispersion to 
the masses in the form of this compilation. First and foremost, the omnipres-
ent blessings of my parents Ragini Bhargava and Dr. Madan Mohan Bhargava, 
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who entrust me with my endeavors at all times. I am indebted for all the sac-
rifices rendered by them toward my success. This project would not have 
been complete without the support and love from my wife Dr. Preeti and my 
little son Darsh who were ready for any help I needed, apart from being con-
siderate for the time which I stole from them and diverted for this project. The 
editorial director for books on medicine and life sciences for Asia, Springer 
Nature, Dr. Naren Aggarwal, did realize the importance of this compilation 
and my evidence-based clinical approach for temporomandibular joint disor-
ders and extended all the guidance and help I needed to publish this book. 
The project coordinator from Springer Nature Ms. Saanthi Shankhararaman 
made the journey for this Herculean task smooth, with her promptness and 
ready solutions to all the issues we encountered with enough flexibility 
throughout. I am thankful to Ms. Hashwini Vytheswaran, project manager at 
Straive, for handling the production of the book. I take this opportunity to 
thank all my colleagues and friends who trust me with my diagnostic and 
treatment decisions.

As the editor-in-chief of the project, it was not easy to get all 48 contribut-
ing authors to a consensus on what should be included in the text from what 
may not be necessary, to impart clear thoughts to the treating clinicians rather 
than data on ongoing research.

This aggregation of facts does not intend to teach all the skills to everyone, 
but to know and diagnose the problems related to the joint aptly and have the 
knowledge of the available options handy, for an appropriate referral. I wish 
this compilation help its readers in treating problems associated with the tem-
poromandibular joint in a more refined manner with an augmented approach 
backed by established protocols discussed in the text.

“Maxillofacial surgery needs dedication and dedication has no 
shortcuts”

Bhopal, Madhya Pradesh, India Darpan Bhargava

Preface
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Medicine, like all knowledge, has a past as well as a present and a future…in that past 
is the indispensable soil out of which improvement must grow.

Alfred Stille, 1813–1900

Temporomandibular Joint 
from the Pyramids to Total Joint 
Replacement and Beyond
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1

Those who cannot remember the past are condemned to repeat it

George Santayana, 1863–1952

The nonsurgical and surgical management of 
painful temporomandibular joint (TMJ) disorders 
has evolved over the centuries. Unfortunately, 
etiologic sophisms and often unproven mecha-
nistic treatment philosophies still survive. 
Reviewing the history of the management of TMJ 
disorders not only addresses the complexity of 
the problem, but also demonstrates the impor-
tance of being aware of the prior pitfalls so that as 
the science of diagnosis and management unfold, 
we as clinicians and researchers do not continue 
to fall into or repeat the shortcomings of the past 
in the future.

Writings dating from the ancient Egyptians, 
Hippocrates, Vesalius described reduction of the 
dislocated mandible [1].Thereafter, surgery dom-
inated the earliest management of TMJ disorders. 
The earliest report involved the concept of inter-
nal derangement of the TMJ articular disc. This 
mechanical concept was first described relative to 

the TMJ disc in 1826 by Astley Paston Cooper 
[2].Then, in 1887, Thomas Annandale discussed 
internal derangement of the TMJ and reported the 
repair of a torn TMJ disc with horse hair in a 
woman with persistent TMJ pain [3]. In subse-
quent decades, reports followed related to the use 
of discectomy in the management of displaced 
TMJ discs [4–6].However, inclusion and exclu-
sion criteria, standards for successful outcomes, 
and follow-up were not reported.

Mid-twentieth century, reports surfaced con-
cerning the use of discectomy to manage the 
anteriorly dislocated TMJ disc associated with 
degenerative joint disease [7–9].In 1951, Ireland 
[10] discussed the use of condylectomy to treat 
anterior dislocation of the disc; and in 1957, 
Henny and Baldridge [11] presented a series of 
cases in which arthroplasty was used to treat 
painful TMJ dysfunction.

Temporomandibular joint surgery lost popu-
larity in the 1960s as clinicians turned to nonsur-
gical options for the management of TMJ 
disorders. Surgery was relegated to clinical and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-2754-5_1&domain=pdf
https://doi.org/10.1007/978-981-16-2754-5_1#DOI
mailto:louis_g_mercuri@rush.edu
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radiographically obvious pathology, such as 
ankylosis and neoplasia.

The move toward nonsurgical management 
has been linked to another mechanically based 
theory. Costen [12] resurrected the old notion 
that tooth loss resulted in posterior and superior 
displacement of the mandibular condyle with 
resultant impingement of the condyle on the 
auditory canal causing pain in both the TMJ and 
the ear [13–17]. This concept was anatomically 
discredited by Sicher [18] and Zimmerman [19].

With the discrediting of Costen’s mandibular 
overclosure theory, hypotheses related to occlu-
sal disharmony and malocclusion arose and 
became influential. These mechanically oriented, 
gnathological theories suggested that during 
mandibular closure occlusal interferences cause 
mandibular condyle displacement leading to 
pressure on the highly innervated, vascular retro-
discal TMJ tissue resulting in pain and bony 
degeneration due to loss of blood supply to joint 
structures [20–23]. It has since been well- 
documented that there is an absence of a disease- 
specific association between malocclusion and 
TMJ disorders. Therefore, presently there are no 
grounds for further hypothesizing the role of den-
tal occlusion or malocclusion in the pathophysi-
ology of TMJ disorders. Clinicians are 
encouraged to abandon this old gnathological 
paradigm [24].

Schwartz [1] was the first to demonstrate that 
masticatory muscle tension patterns could be 
seen in a majority of patients with TMJ pain 
tested. He related this muscle tension to emo-
tional stress and suggested the term 
“Temporomandibular joint Pain-Dysfunction 
Syndrome.” Then Laskin, based on extensive 
clinical and laboratory research, formulated the 
Myofascial Pain-Dysfunction (MPD) Syndrome 
theory which like Schwartz stressed emotional 
rather than mechanical factors leading to masti-
catory muscle pain and TMJ dysfunction [25].

Over the following decades, the field under-
went many taxonomic and conceptual changes. 
Currently the most popular theories regarding the 
nonsurgical management of muscle related TMJ 
pain are based on the biopsychosocial model, 

which involves a combination of biological, psy-
chological, and social factors [26, 27]. As a result, 
domains related to orthopedic principles, neuro-
physiological aspects of pain, neuroanatomic 
regions of pain processing, molecular, genetic, 
and cellular pathophysiology of muscle and 
joints and behavioral aspects of chronic pain are 
presently being investigated [28].

In the early 1970s, despite the successful man-
agement of many muscle related TMJ pain and 
dysfunction patients using the tenets of the bio-
psychosocial model, there remained a group of 
intractable chronic TMJ pain patients. Farrar and 
Wilkes rediscovered and resurrected the concept 
of internal derangement. They related chronic 
TMJ pain, headache, ear pain, and mandibular 
dysfunction, along with other craniofacial pains, 
to an uncoordinated function of the disc, condyle, 
articular eminence, and superior head of the lat-
eral pterygoid muscle. Armed with this concept, 
surgeons started managing chronic TMJ pain and 
dysfunction as internal derangement which 
involved open TMJ surgery disc repositioning 
[29–33] or discectomy [34].

Arthroscopy, and later arthrocentesis, emerged 
as bridges between nonsurgical [35] and surgical 
management of TMJ internal derangement. 
Ohnishi and Murakami were the first to apply 
arthroscopying patients with internal derange-
ment and arthrosis [36, 37]. Holmlund and 
Hellsing [38], McCain [39] and Sanders [40] pro-
vided studies related to TMJ arthroscopic lysis 
and lavage. Yang [41] and McCain [42] devel-
oped arthroscopic TMJ disc repositioning 
procedures.

TMJ arthroscopy and magnetic resonance 
imaging (MRI) [43] provided much more detailed 
information about not only the disc, but also the 
pathobiology of TMJ disorders in general as well 
as paving the way for minimally invasive TMJ 
arthrocentesis [44].

In 1982 the United States Food and Drug 
Administration (FDA) authorized the sale of the 
Proplast-Teflon Interpositional TMJ Implant and 
total TMJ implants by Vitek, Inc. (Houston, TX) 
[45].After implantation with these devices, many 
patients presented with irreversible and life alter-
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ing signs and symptoms. Reports surfaced that 
both were causally related to the hard and soft 
tissue damage created by failure of the Proplast- 
Teflon TMJ devices and the foreign body giant 
cell reaction that developed. Therefore, in 
January 1991, the FDA ordered Vitek to remove 
its implants from the market [46].

Since Proplast Teflon caused so much bony 
destruction and consequent significant glenoid 
fossa architectural variation from the normal, it 
was extremely difficult to align properly and sta-
bilize the available stock TMJ replacement device 
[47] components to reconstruct those patients. 
This led to the development of a computer 
assisted design/computer assisted manufactured 
(CAD/CAM) custom patient fitted total TMJ 
replacement device in 1989 to directly deal with 
these anatomical discrepancies and issues of 
device component and fixation long-term 
stability.

In 1990, Mercuri and Techmedica (Camarillo, 
CA) developed a prospective multicenter CAD/
CAM custom patient fitted total TMJ replace-
ment device clinical trials study [48]. Using 
mechanical and clinical outcomes data from that 
publication, in 1999 the TMJ Concepts (Ventura, 
CA) Patient Fitted TMJ Reconstruction Prosthesis 
was FDA approved as safe and effective for 
implantation.

From 1995 to 2005, a clinical trial was con-
ducted by Zimmer Biomet (Jacksonville, FL) 
using the stock Biomet Microfixation Walter 
Lorenz Total TMJ Replacement System devel-
oped in consultation with Quinn [49]. This device 
was FDA approved in 2005 for implantation.

Long-term follow-up data for both these 
devices [50, 51] has demonstrated safety and 
effectiveness for the management of end-stage 
TMJ disease [52].

Ellege et  al. [53] reported that 15 countries 
have since developed, or are in the process of 
developing, 27 TMJ replacement systems. 21 are 
custom designed and some are 3D printed. The 
authors found that at publication all of the TMJ 
systems they found were not equal in terms of 
design, material composition, preclinical labora-
tory testing, manufacturing methods, regulatory 
status, and reporting of clinical outcomes. Those 

important elements varied widely among the 
emerging systems. All of these are important 
issues that must be addressed in the future to 
assure these merging TMJ replacement devices 
are truly safe and effective.

Polley et al. [54] concluded that utilization of 
extended alloplastic TMJ and mandibular 
replacement in severe grades of craniofacial 
anomaly patients demonstrated consistently 
excellent functional and esthetic results in a 
series of skeletally mature patients. Therefore, 
the authors felt that these devices offered the best 
solution for salvage of craniofacial anomaly 
patients who have had failed autogenous 
reconstructions.

Hawkins et al. [55] demonstrated that 95% of 
experienced TMJ surgeons surveyed preferred 
alloplastic TMJ replacement to autogenous cos-
tochondral grafting because of fewer postopera-
tive complications and more predictable 
outcomes.

In light of increased utilization of extended 
alloplastic TMJ and mandibular replacements, to 
assure meaningful clinical outcomes reporting 
and analysis, Ellege et al. have proposed a clas-
sification system [56].

In conclusion, in the pursuit of understanding 
the etiology, pathophysiology and management 
of muscle related extra-articular and joint pathol-
ogy related intra-articular TMJ disorders will be 
improved as long as both basic science and clini-
cal researchers pursue scientific methodology 
and evidence-based management founded on 
well-documented orthopedic joint related princi-
ples, rather than the sophisms and mechanical 
schemes of the past.

Among the many questions future TMJ 
researchers and clinicians must ponder are: What 
part does a patient’s genetic profile play in TMJ 
pain and dysfunction? Its etiology, pathophysiol-
ogy, and management? Are there synovial bio-
markers that are indicative of TMJ pathology? 
Will improved joint replacement device designs 
and materials improve their performance and 
longevity?

The arrogance of success is to think that what you 
did yesterday will be sufficient for tomorrow.
C. William Pollard
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Importance of Identification 
of Temporomandibular Joint 
Disorders and Appropriate 
Referral

R. S. Neelakandan and Darpan Bhargava

Temporomandibular joint (TMJ) is a unique joint 
having a fibrous avascular disc. It is a diarthrodial 
ginglymoid joint having an articular surface 
which includes two distinct condyles of the man-
dibular bone fitting into reciprocally concave sur-
faces in the temporal bone just in front of the ear. 
They permit movement both in transverse axis 
and a vertical axis. Bilateral joints work synchro-
nously with the dentition and occlusal loading 
along with the various masticatory muscles 
together contributing to the healthy stomato-
gnathic system. Any interference in one of the 
components of this system can adversely affect 
the TMJ.  The peculiarities of the temporoman-
dibular joint are summarized in Table 2.1.

Temporomandibular disorders (TMDs) can 
often be confused with oro-facial pain of varied 
origin, otalgic pain or pain originating from the 

cervical region as the joint is closely associated 
with these anatomic structures. The clinicians 
may face difficulty at times in diagnosing TMDs. 
Patients present with wide range of symptoms 
such as pain while chewing, pain in the ear or in 
front of the ear, or with nonspecific referred pain 
to the forehead and the neck. Most patients report 
to the general physicians or the dentists, some of 
them may further be referred to an otolaryngolo-
gist or an ear nose throat (ENT) specialist with-
out an appropriate recognition of the TMD. Few 
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Table 2.1 Peculiarities of the temporomandibular joint

1.  Acts as a growth centre and demonstrates structural 
changes in the joint per se with age.

2.  It has bilateral synovial articulation between the 
mandible and temporal bone which work in 
synchrony.

3.  Ginglymoarthrodial joint—Only joint in the body 
that has rotation and translatory movements.

4.  Presence of an avascular intervening disc.
5.  The fibrocartilaginous disc is dynamic with its 

movements controlled by lateral pterygoid muscle 
on joint movement.

6.  TMJ is influenced by the stomatognathic system 
(occlusion, surrounding muscles) and requires 
harmony for its function.

7.  Important joint for vital functions like speech, 
mastication.

8.  Local surgical anatomy for surgical access to the 
TMJ involves vital structures like facial nerve, 
which require special training in order to perform 
open joint surgeries.

9.  Harmony in function between the intervening disc, 
osseous joint, and the muscles controlling the 
movement.
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patients consult with an orthopaedic specialist 
considering the fact that a recognized problem is 
present in the joint and a neurologist may come 
into play when there is a referred pain on the face 
from the joint.

Most treating clinicians may not be involved 
in treating the problems of the temporomandibu-
lar joint routinely and may find it difficult to 
diagnose and treat temporomandibular disorders 
with precision. The fact that the medical or dental 
graduates and specialists are less aware about the 
various treatments performed by a specialist 
trained to treat TMDs, is in itself a proof that they 
refer such cases with pain in the ear or in the pre-
auricular region directly to an otolaryngologist 
without considering a potential possibility of a 
TMD.

It is essential for a clinician dealing with the 
TMJ and its disorders to understand the influence 
of the para-functional habits, status of the denti-
tion and influence of the muscles associated with 
the TMJ. Understanding the synchrony of the 
joint  movement with the other components of the 

stomatognathic system along with the balance in 
the joint movement and movement of the disc, is 
also vital. Any interference in one of the above-
mentioned components can significantly affect 
the form and function of the temporomandibular 
joint. An appropriate training and experience is 
mandated to deal with the problems associated 
with this joint [1, 2].

This book gives a detailed insight into the var-
ious temporomandibular joint disorders, clinical 
and radiographic evaluation methods and man-
agement of various conditions affecting the joint. 
This is a complete book proving a detailed practi-
cally achievable clinical care required for the 
patients diagnosed with TMDs.
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Anatomy and Basic Biomechanics 
of the Temporomandibular Joint

Darpan Bhargava and Preeti Gurjar

3.1  Introduction

The anatomy of the temporomandibular joint 
(TMJ) is an inimitable considering it has a com-
plex structural architecture with its associated 
muscles, cartilage, ligaments, vessels and the 
neural supply to the joint.

3.2  Embryology 
of Temporomandibular Joint

Jaw joint is derived from the first pharyngeal arch 
developing as a primitive joint inside the Merkel’s 
cartilage to perform the jaw movements which are 
noted at eighth week post-conception, much before 
the definitive development of the TMJ. The pharyn-
geal arch consists of mesoderm forming the mus-
cles and vessels. The mesenchyme derived from 
neural crest cells contributes to the development of 
bone and cartilage. Definitive TMJ develops sec-
ondarily on evolutionary as well as embryological 

basis as an entirely new and separate mechanism in 
three stages summarized in Table 3.1. Development 
of the TMJ differs from other synovial joints, as ini-
tial cavity for other synovial joints is completed by 
seventh week post-conception during which the 
TMJ does not even exist. It develops between tem-
poral blastema which arises from the otic capsule 
and the condylar blastema arising from the second-
ary condylar cartilage of the mandible which grows 
towards each other. Ossification begins first in the 
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Table 3.1 Stages involved in the formation of definitive 
TMJ

Stage
Stage 
nomenclature Features

I Blastemic 
stage

Around seventh week, 
formation of glenoid fossa and 
condylar blastema

II Cavitation 
stage

Between ninth to tenth weeks, 
the lower joint space begins to 
appear.
The blastemis initiate to 
differentiate into multiple layers 
forming lower synovial layer 
which is the future joint disc

III Maturation 
stage

Beginning of upper joint space 
formation at around 11th week 
of gestation
Formation of joint capsules is at 
around 17 weeks
Around 19 to 20 weeks the 
development of the cartilage 
inside the capsule can be 
recognized
TMJ continues to develop until 
and after the baby is born
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temporal blastema. Fibrous cartilage develops on 
the articular surface rather than a hyaline cartilage. 
Meckel’s cartilage plays no role in definitive TMJ 
development (Table  3.2). The morphology of the 
condyle and the glenoid fossa is influenced by sev-
eral mechanical forces from the surrounding mus-
culature, effects from the teeth and chewing. At 
birth, child has a flatter glenoid fossa and a loose 
capsule with absence of cartilage; instead, a fibrous 
connective tissue will be present. As the child 
grows, between 5 and 10 years of age, the condyles 
develop in a posterior, lateral and upward direction 
proceeding to form a morphologically and histo-
logically adult joint architecture (Fig. 3.1) [1, 2].

3.3  Anatomy of TMJ

TMJ is a bi-condylar, synovial, diarthrodial 
joint which functions synchronously. It is classi-
fied as ginglymus or ginglymoarthrodial joint as 
it  performs both hinge and sliding movements 
(Table 3.3) (Figs. 3.2, 3.3, and 3.4). This joint 
forms an articulation between the mandibular 
condyle inferiorly and the fossa in the temporal 
bone superiorly. The articular surface is lined by 
fibrocartilage/white fibrous tissue and not hya-
line cartilage unlike most other joints of the 
body (Figs. 3.5 and 3.6).

Table 3.2 Events in development of TMJ and its surrounding structures 

Development in 
week(s) 
post-conception Embryonic development
6th week First appearance of membranous bone formation lateral to Meckel’s cartilage which forms the 

initial mandibular body and ramus
6th to 7th 
week

First sign of the temporal muscle primordium

7 and half 
weeks

•  Appearance of a biconcave articular disc suggestive of genetic determination and not by 
functional shaping

•  It is sub-divided into superior, intermediate and inferior laminae
•  The disc is continuous ventrally with the tendon of lateral pterygoid
•  The dorsal aspect sub-divides its attachments into the superior lamina which follows the outline 

of squamous temporal bone, inserts in the region of the petro-squamous fissure
•  Intermediate lamina continues into the middle ear through the petrotympanic fissure where it 

inserts into the malleus and anterior ligament of malleus (disco-malleolar ligament)
•  Inferior lamina curves caudally and inserts into the dorsal aspect of the mandibular condyle.

8th weeks •  Development of lateral pterygoid muscle medial to the future condylar area.
• Development of masseter muscle

10th week •  Development of two clefts form the two joint cavities and thereby defining the intervening 
articular disc

•  Mesenchyme between the superior and inferior TMJ spaces condenses to the TMJ disc
•  The inferior compartment forms first, separating the future disc from the developing condyle
•  At this stage, there is first appearance of condylar cartilage
•  Identification of upper/lower parts of lateral pterygoid muscle

11th week •  Appearance of joint capsule made up of fibrous tissue forms the lateral TMJ ligament.

11 and half 
weeks

•  Initial appearance of the upper joint compartment
•  Cavitation is caused by degradation rather than by enzymic liquefaction/cell death

Requisites for 
joint 
cavitations (at 
11 and a half 
weeks)

1. Synovial-membrane invasion
    •  Synovial fluid production lubricates movements in the joint
2. Muscle movement
    •  Connective tissues separating the discrete small spaces should be ruptured for the spaces to 

coalesce forming the functional cavities
    •  Functional pressures add to the contouring of the articulating surfaces

10th to 12th 
week

•  Accessory condylar cartilage develops as initial blastema
•  The temporal articular fossa progressively assumes its definitive concave shape
•  The initially wide intervening mesenchyme is narrowed by condylar growth and differentiates 

into layers of fibrous tissue
By 12th week •  Endochondral ossification and cartilaginous growth

D. Bhargava and P. Gurjar
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3.4  Articular (Bone) Surfaces

 1. Mandibular fossa (glenoid fossa) is a depres-
sion in the squamous part of the  temporal 

bone with its anterior limit defined by the 
articular tubercle (eminence). Posteriorly, 
external auditory canal lies just behind the 
mandibular fossa. (Fig. 3.5)

 2. Head of the mandibular condyle when 
viewed from above is roughly ovoid in out-
line. It is 15 to 20  mm from  side to side 
(width) and 8 to 10 mm from front to back 
(anteroposterior) with the fact that a great 
variation is seen in the size and shape [3, 
4]. (Figs. 3.2 and 3.5)

The articular disc divides the jaw joint into 
two compartments, superior and inferior joint 
space. The superior/upper compartment allows 
sliding or translatory motion and is called arthro-

Table 3.3 Classification of the temporomandibular joint

Anatomically Functionally
Diarthrodial joint 
(discontinuous 
articulation of two bones 
permitting freedom of 
movement that is dictated 
by the associated muscles 
and limited by 
the ligaments)

Compound joint 
(composed of four 
articulating surfaces: the 
articular facets of the 
temporal bone and of the 
mandibular condyle and 
the superior and inferior 
surfaces of the articular 
disc)

Fig. 3.1 Lateral view of the head and face of embryo-
logic development stages. [Reprinted/adapted by permis-
sion from I. Rozylo-Kalinowska, K. Orhan (eds.), Imaging 

of the Temporomandibular Joint, https://doi.
org/10.1007/978- 3- 319- 99468- 0_3 ]
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150°

Fig. 3.2 During 
rotational movement of 
TMJ, axis runs 
transversely for both the 
joints and the axes 
intersect approximately 
at 150° acting like a 
hinge causing abduction 
and adduction of 
mandible

Fig. 3.3 During 
translation, there is 
simultaneous protrusion 
and retrusion of the 
mandible where the axes 
are parallel to the median 
axis via the mid-point of 
mandible

D. Bhargava and P. Gurjar



13

Fig. 3.4 Grinding 
movement of the right 
TMJ (which is the 
working side as 
shown in this figure) 
where the condyle 
rotates on a vertical axis 
during which the 
contralateral joint moves 
forward and inward

Fig. 3.5 Anatomy of the temporomandibular joint with 
the jaw closed. [Reprinted by permission from Slusarenko 
da Silva Y, Borba AM, Naclério- Homem MDG.  
A clinical-based protocol of diagnosis of temporoman-

dibular joint open lock and treatment with arthrocentesis. 
Oral Maxillofac Surg. 2020 Jun;24(2):211−215. 
https://doi.org/10.1007/s10006-020-00844-9]

dial. The inferior/lower compartment allows 
hinge movement or rotation and is therefore 
termed ginglymoid. Therefore, the cranioman-

dibular joint is classified as ginglymoarthrodial 
joint with both rotation and translatory move-
ments in the same joint, bilaterally.
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3.5  Articular Disc/Meniscus

Articular disc is an avascular structure made of 
fibrous connective tissue which lacks innerva-
tion. It is present between the articular surfaces. 
Its shape is determined by the shape of the con-
dyle and concavity of the mandibular fossa. 

Medially, it receives attachments from the lateral 
pterygoid muscle synchronizing the mandibular 
condyle movements with the disc on function. 
The periphery of the disc is attached to the capsu-
lar ligament.

The disc is a biconcave structure, thick in the 
anterior and thin in the posterior region. It is attached 

a Mandibular

fossa

Upper joint

cavity Lateral pterygoid

muscle

Forward movement of

disc and mandible at

upper joint

Articular

disc

Articular

tubercle

Lower

joint cavity

Fibrocartilage

on articular

surface

Capsule Synovial

membrane

Protrusion

Depression
Hinge movement

at lower point

b

Fig. 3.6 Illustrated anatomy of the temporomandibular 
joint (a) and the rotational movement which occurs in the 
lower joint space and the gliding movement which occurs 
in the upper joint space (b). Note the anatomy of the gle-
noid fossa, disc and the condylar head in the sagittal 

cadaveric section. [Reprinted/adapted by permission from 
S.T. Connelly et al. (eds.), Contemporary Management of 
Temporomandibular Disorders, https://doi.org/10.1007/ 
978- 3- 319- 99909- 8_3]
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by the collateral ligaments to the medial and lateral 
poles of the condyle. The condylar head and the 
disc move together on translation. The disc splits 
into two, both anteriorly and posteriorly each aiding 
in smooth joint function (Table  3.4). The disc is 
considered to act as a third articular surface provid-
ing a movable condylar articulation [4] (Fig. 3.6).

3.6  Cartilage, Synovium and 
the Ligaments

In general,  synovial joints are made up of two 
articulating surfaces covered by hyaline carti-
lage. The joint is covered by a fibrous capsule 
which forms the joint cavity. This cavity gets 
filled by synovial fluid secreted from the synovial 
membrane which lines the non-articular joint sur-
face. It aids in joint lubrication and movement. In 
case of the temporomandibular joint, the articu-
lating surfaces are covered with fibrocartilage 
instead of hyaline cartilage with an outer capsule 
and an inner synovial membrane,  thereby prov-
ing that TMJ has all the properties of a synovial 
joint.  The entire TMJ is enclosed in a fibrous 
joint capsule which is a fibro-elastic sac attached 
anteriorly to the articular tubercle and posteriorly 
to the squamous tympanic fissure, with its  cir-
cumferential attachment to the temporal bone 
and the mandibular condyle. The inner surface of 
the joint capsule is lined by synovial membrane 
which has a smooth and glistening appear-
ance.  The lateral ligament of the temporoman-
dibular joint strengthen the lateral aspect of 
the  joint capsule. There are several  other liga-
ments associated with the temporomandibular 
joint that strengthen, aids in articulation and also 

Table 3.4 Anatomical regions in the anterior and poste-
rior to the disc

Anterior 
part of 
disc

Superior 
lamellae

Inferior lamellae

Attached to 
anterior edge of 
articular 
eminence

Attached to the 
anterior part of 
condylar head

Muscle fibres of lateral pterygoid muscles 
are attached to the disc in between these 
lamellae to aid in the unified movement of 
condyle and disc

Posterior 
part of 
disc

Inferior lamellae Superior lamellae
Thin extension 
of the fibrous 
disc
Runs over the 
posterior surface 
of condylar head 
and fuses with 
periosteum of 
condylar neck

A loosely textured 
tissue present in 
fibrous disc containing 
blood vessels and 
elastic fibres
It is contained 
posteriorly in capsular 
ligament admixed with 
the same superiorly. It 
gets attached to 
squamotympanic 
fissure.

Table 3.5 Ligaments associated with the TMJ (Fig. 3.7)

Ligament Derivation Origin Insertion Function
Capsular Same as joint 

capsule
Attached to the margins of the articular 
surfaces

Resist movement in 
extreme range of motion 
(ROM)
Contain synovial fluid 
in superior/inferior joint 
space

Lateral/
temporomandibular

Same as joint 
capsule

Lateral aspect of the TMJ capsule from 
the articular eminence to the posterior 
neck of the condyle. Two distinct fibers 
may be identified:
Outer oblique part (OOP)
Inner horizontal part (IHP)

OOP: Limits inferior 
distraction of condyle 
achieved in translatory 
and rotational 
movements
IHP: Limits posterior 
condylar movement 
during pivotal 
movements

Sphenomandibular Meckel cartilage 
residue

Sphenoid spine Medial wall of 
TMJ capsule 
and lingula

Protects the joint from 
an excessive translation, 
after 10 degrees of 
mouth opening

(continued)
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Ligament Derivation Origin Insertion Function
Stylomandibular First and second 

branchial arch 
(through Reichert 
cartilage)

Styloid process of the 
temporal bone

Posterior 
margin of 
mandibular 
angle

Limit excessive 
protrusion of the jaw

Pterygomandibular 
(antomically a raphe, 
may be considered a 
pseudo-check 
ligament for TMJ)

Mesenchymal 
connection between 
first and second 
branchial arches

Apex of hamulus of 
the internal pterygoid 
plate of skull

Posterior area 
of the 
retromolar 
trigone

Limits excessive jaw 
movements.

Malleolomandibular Intermediate lamina 
during disc formation

First part: Malleus 
relative to the 
anterior ligament in 
middle ear
Second part: 
Extra-tympanic area, 
in contact with the 
retro-discal tissues

Retro-discal 
region

First part: Manage 
adequate pressure for 
middle ear
Second part: Protects 
synovial membrane 
balancing tension from 
surrounding structures

Collateral/discal Same as joint 
capsule and disc

Level of intermediate 
fascia of the articular 
disc

Medial and 
lateral poles of 
condyle

Anchors articular disc to 
the condyle
Restrict movement of 
disc away from condyle

Table 3.5 (continued)

monitor the excessive joint movements 
(Table 3.5) (Fig. 3.7) [3, 4].

3.7  Retrodiscal Tissue

The articular disc merges with a vascular and 
highly innervated structure posteriorly known as 
the bilaminar zone which is also involved in the 
production of synovial fluid. The superior retro-
discal tissue contains elastic fibres which are 
instrumental in restraining the disc during 
extreme translatory movements. Inferior retrodis-
cal tissue is composed of collagen fibres that 
serve as a check ligament thereby preventing 
extreme disc rotation during rotational move-
ments [4].

3.8  Blood Supply

The main blood supply to the TMJ is by (1) 
Branches of Superficial temporal, (2) Deep auric-
ular, (3) Anterior tympanic and (4) Ascending 

Fig. 3.7 Ligaments associated with the TMJ aids in 
enhancing the articular process and jaw movements. SML 
sphenomandibular ligament, StML stylomandibular liga-
ment, TMJ temporomandibular joint, TML temporoman-
dibular ligament. [Reprinted/adapted by permission from 
T. von Arx, S. Lozanoff, Clinical Oral Anatomy, https://
doi.org/10.1007/978- 3- 319- 41993- 0_25]
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pharyngeal arteries. They penetrate the joint cap-
sules and provide branches to the disc periphery 
and posterior joint region. A rich plexus of veins 
is present in the posterior aspect associated with 
the retrodiscal tissues (Fig. 3.8) [4, 5].

3.9  Nerve Supply

Nerve supply to the TMJ is from the branches of 
mandibular division of trigeminal nerve: (1) 
Auriculotemporal nerve, (2) Masseteric branch 
and (3) Deep temporal branch. They enter the 
capsule and disc supplying the joint head, the 
fossa, innervated portions of the disc and the cap-
sule. Nerve terminals for pain, pressure, touch 
and temperature are found within the joint cavity 
and are considered to be vasomotor and 
vasosensory.

3.10  Musculature 

TMJ is associated with different muscles which 
aid in joint function. The muscles involved to 
elevate/close the jaw are masseter, temporal is, 
medial pterygoid. The muscles that depress/open 
the jaw are lateral pterygoid, geniohyoid, mylo-
hyoid and digastric [4–6].

3.10.1  Masticatory Muscles 
Controlling the Mandibular 
Movement (Figs. 3.9, 3.10, 
and 3.11)

Temporalis The temporalis muscle arises from 
the temporal fossa on the lateral aspect of the 
skull bounded above by the temporal lines and 
below by the zygomatic arch. It embraces parts of 

Masseteric

nerve
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mandibular
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(cut)

Chorda

tympani
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of tympanic
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Internal
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Middle

meningeal

artety

Temporo-

mandibular

disk and capsule

Auriculo-

termporal

nerve

Superficial

temporal
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Inferior

alveolar

artery and
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External
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Condyle
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3
)

Lateral
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Medial
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Fig. 3.8 Schematic 
view of the deep 
structures around the 
TMJ viewed from the 
posterior aspect. Note 
the nerve innervation to 
the joint. [Reprinted/
adapted by permission 
from S. T. Connelly 
et al. (eds.), 
Contemporary 
Management of 
Temporomandibular 
Disorders, https://doi.
org/10.1007/978- 3- 319- 
99909- 8_3]
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the frontal, parietal and squamous temporal bone 
and greater wing of the sphenoid bone. The ante-
rior fibres of the muscle run vertically downward; 
the posterior fibres run horizontally forward, 
while the intermediate fibres run obliquely to the 
converging tendon inferiorly. This tendon passes 
deep to the zygomatic arch and is inserted into 
the coronoid process of the mandible. The region 
of insertion covers the entire medial aspect of the 
coronoid process including its apex.

Masseter Masseter is a quadrilateral muscle 
located superficial to the ramus of the mandible. 
It originates from the zygomatic arch. On the 
basis of origin, the fibres of this muscle are 
divided into superficial and deep fibres. The most 
superficial fibres originate from anterior two 
thirds of the lower border of the zygomatic arch, 
whereas the deep fibres arise from the posterior 
one third of its lower border. The anterior fibres 
of this muscle originate from the zygomatic pro-
cess of the maxilla. The muscle is inserted into 
the lateral aspect of the ramus and angle of the 
mandible.

Lateral Pterygoid Lateral pterygoid muscle is 
divided into two heads, the upper and lower head. 
The upper head originates from the infra- 
temporal crest of the greater wing of the sphe-
noid, runs backward and laterally to get inserted 
at the pterygoid fovea on anterior surface of man-
dibular neck.

The lower head originates from the lateral sur-
face of the  lateral pterygoid plate. A portion of 
these fibres are also inserted into the intra- 
articular disc and capsule of the TMJ.

Medial Pterygoid Superficial head arises from 
the tuberosity of maxilla and adjoining bone, 

TEMPORALIS

MUSCLE

MASSETER MUSCLE

Fig. 3.9 Temporalis and masseter muscle (Adapted from 
Stockstill J.W., Mohl N.D. (2015) Static and Functional 
Anatomy of the Human Masticatory System. In: 
Kandasamy S., Greene C., Rinchuse D., Stockstill J. (eds) 
TMD and Orthodontics. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 19782- 1_1)

SUPERIOR BELLY -

LATERAL PTERYGOID

INFERIOR BELLY -

LATERAL PTERYGOID

MEDIAL PTERYGOID

Fig. 3.10 Lateral and 
medial pterygoid 
muscles (Adapted from 
Stockstill J.W., Mohl 
N.D. (2015) Static and 
Functional Anatomy of 
the Human Masticatory 
System. In: Kandasamy 
S., Greene C., Rinchuse 
D., Stockstill J. (eds) 
TMD and Orthodontics. 
Springer, Cham. https://
doi.org/10.1007/978-  
3- 319- 19782- 1_1)
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whilst the deep head originates from the medial 
surface of the lateral pterygoid plate and adjoin-
ing process of the  palatine bone. The muscle 
fibres run downward, backward and laterally to 
get inserted into the roughened surface of the 
medial aspect of the mandibular angle and adjoin-
ing ramus, inferior and posterior to the mandibu-
lar foramen and mylohyoid muscle.

3.10.2  Supra Hyoid Muscle  
Group Aiding the Mandibular 
Movement (Figs. 3.11 and 3.12)

Mylohyoid Mylohyoid is a flat triangular mus-
cle having posterior, middle and anterior fibres. 
They arise from the floor of the mouth, deep to 
the anterior belly of digastric (the mylohyoid line 
of the  mandible). The fibres run medially and 
downwards. The posterior fibres get inserted in 
the body of hyoid bone. Middle and anterior 
fibres get attached with the fibers of the opposite 
side, between mandible and the hyoid bone.

Elevation

TMJTMJTMJ

TEMPORALIS MASSETER
MEDIAL PTERYGOID

LATERAL PTERYGOID

MYLOHYOID

DIGASTRIC
GENIOHYOID

Depression

P
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tractio

nR
et
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ct
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n

Fig. 3.11 Muscles associated with the mandible and the TMJ which have significant influences on the jaw movement

Fig. 3.12 Muscles associated with the mandible and the 
TMJ which have significant influences on the jaw move-
ment demonstrating vectors of muscle pull (Image cour-
tesy: Dr. Ujjwal Sharma)
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Geniohyoid Geniohyoid is a narrow muscle 
lying at the medial aspect of mylohyoid, arises 
from the genial tubercles running backwards and 
downwards to get attached to the anterior surface 
of the hyoid bone.

Digastric Digastric muscle has anterior and pos-
terior bellies united by an intermediate tendon. 
The anterior belly arises from the digastric fossa of 
the mandible to run downward and backward. 
Posterior belly arises from the mastoid notch in the 
temporal bone where the fibres run downward and 
forward. The anterior and posterior bellies meet at 
the intermediate tendon perforating the stylohyoid 
and is held by a fibrous pulley to the hyoid bone. 
Muscle pull of the digastric is considered second-
ary to lateral pterygoid for depressing the mandi-
ble [2–5].

3.11  Post-Natal Growth 
of Temporomandibular Joint

Mandible undergoes significant growth in the 
post-natal period. The condyle is considered to 
be an important site for growth. Condylar carti-
lage withstands the compression occurring at the 
joint. Two schools of thought are evident regard-
ing the role of condyle in the mandibular growth. 
In the initial epoch, it was considered that bone 
deposition occurs at the condylar-cartilage inter-
face leading to growth of the joint towards the 
cranial base displacing the mandible forward and 
downward. But recently researchers opine that 
the soft tissue growth along with the connective 
tissue and muscles pushes the mandible anteri-
orly away from the cranial base indicating bone 
growth at condyle occurring as a secondary 
process.

There is an increase in condylar growth at 
puberty with the peak age range between 12 and 
15 years and growth ceases by 20 years of age in 
an adult (with documented gender differences, 
earlier in females) [7].

3.12  Biomechanics 
of Temporomandibular Joint

Mandibular movements cause static and dynamic 
changes in the TMJ with combinations of stress 
and strain such as compressive, tensile and shear 

Table 3.6 Movements of the TMJ during mouth opening 
and closing

Phases of joint 
movement TMJ position
During 
occlusion

Static jaw position with maximum 
inter-cuspation
Anterior band lies between the condyle 
and posterior slope of the eminence
Posterior band is present in the deepest 
region of the fossa

Retruded 
mouth 
opening

Condyle moves inferiorly to the 
intermediate zone by 5–6 mm into the 
articulating surface
Movement of medial pole is antero- 
superior and lateral pole is postero- 
inferior in direction.
This position is maintained up to 
18 mm of mouth opening

Early 
protrusive 
mouth 
opening

Condylar movement occurs in inferior 
and anterior direction beneath 
intermediate zone by 6–9 mm 
stretching of the bilaminar zone.
It creates space in the posterior region 
during condylar translation anteriorly

Late 
protrusive 
mouth 
opening

Condylar movement occurs in an 
inferior and anterior direction below 
anterior band.
Space is created during rotation 
posteriorly in the superior 
compartment followed by inferior 
compartment.
Anterior displacement of the disc is 
limited during anterior translation of 
the condyle by exerting a posterior 
traction of retro-discal tissue

Early mouth 
closing

Condylar translation occurs for about 
6–9 mm in the posterior direction 
towards the intermediate direction
There is a simultaneous reduction of 
space posteriorly in the superior 
compartment

Retrusive 
closing

There is rotation of the condyle which 
occurs inferior to the posterior band 
causing reduction of spaces in 
the inferior compartment 
while returning near to the occlusal 
plane
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loading on the articulating surfaces. The joint 
loading and forces are also influenced by the 
activities of masticatory muscles and occlusal 
movement. The disc acts as a viscoelastic struc-
ture to allow smooth movement of the joint. The 
normal disc in the posterior band is at 12’o clock 
position and 1’o clock in the intermediate zone in 
relation to the mandibular condyle. The joint 
movements are classified into different phases as 
summarized in the table (Table 3.6).

The condylar movement occurs either by 
gliding between the disc and temporal surface 
or hinge/rotation which occurs between the 
condylar head and the disc. This dynamic com-
bination  aids in mandibular movements for 
mouth opening, closing, speech and mastica-
tion [6, 8–11].
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4.1  Introduction

The temporomandibular joint (TMJ) is a gingly-
moarthrodial joint, which functions in harmony 
with various structures that include the bilateral 
mandibular condyle, meniscus, glenoid fossa, 
articular ligaments, and the associated muscula-
ture [1]. Temporomandibular disorders (TMDs) 
constitute a group of disorders that cause pain or 
dysfunction in the jaw joint and muscles that 
control its movement [2]. It is important to study 
the epidemiology of TMDs as it comprises of a 
range of complex etiological factors, age varia-
tions, a requirement for multiple diagnostic and 
therapeutic approaches [3].

4.2  Epidemiology of TMDs

An incidence of 41% on random sampling in a 
given study subjects attending a university dental 
centre was reported to have TMJ disorders of 
some form or the other and with varying severity 
[4]. Other  epidemiological studies have sug-
gested that approximately 50–75% of the popula-
tion is affected to some degree and exhibits some 
sign of TMD. Prevalence of TMDs amongst the 
general population shows disparity based on var-
ied clinical evaluation methods used (1−75%) or 
use of pain questionnaires (6−75%) which may 
not be uniform for various studies conducted and 
create difficulties in standardizing the pattern for 
the distribution of the disease.  Patients with 
TMDs present over a broad age range with peak 
occurrence between 20 and 40  years [4–6]. 
Studies demonstrate that TMDs are rarely seen in 
infancy and childhood, but become more preva-
lent in adolescence and adulthood, gradually 
increasing with age [7–9].

In a study conducted among adolescents to 
investigate various aspects of TMDs including 
the prevalence, diagnosis, and treatment protocol 
according to the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC/TMD) 
using a questionnaire and clinical examination 
revealed that TMD pain is more common among 
girls than in boys in their study population. While 
evaluating the various factors it was found that 
stress, somatic complaints, and emotional 
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 disorders were found to play a significant role in 
adolescents with TMDs. While evaluating the 
influence of somatic and emotional stimuli it was 
observed that adolescents with TMD pain were 
significantly more sensitive to not only aversive 
somatic but also pleasant somatic stimuli com-
pared to the control group. This suggests that not 
only nociceptive but also cognitive processes are 
implicated in chronic pain states in young TMD 
subjects [10, 11].  Emotional and psychoso-
cial factors have been correlated and play a key 
role in initiation and later further progression of 
TMDs. Studies suggest that the unresolved emo-
tions may obstruct and reduce the peptide flow 
signals preserving functions at cellular level, thus 
resulting in dysfunction and pathology. It has 
also been proposed that the emotional stress leads 
to clenching and thereby increasing the mastica-
tory muscle activity with alterations in the mus-
cle tone  and produce circulatory  changes that 
results in development of TMDs  [10, 12]. 
Females exhibit a marked higher prevalence as 
compared to the male population, most com-
monly in the second to fourth decade, during the 
reproductive period. Few studies claim, that the 
receptors for female reproductive hormones, the 
estrogen and progesterone are detected in the 
intra-articular cartilage in women affected with 
TMDs. Decreased  estrogen levels is potentially 
associated with TMDs and headaches and can 
also modulate the effect on the properties of ion 
channels in neurons of the joint (Yu S, 2009) 
[7–9, 11, 30].

TMDs are associated with pain and functional 
limitation, causing masticatory difficulties due to 
limited mandibular range of motion interfering 
with normal function. Emotional stress, bruxism, 
trauma to the orofacial region, occlusal interfer-
ences, malposition/loss of teeth, postural changes, 
dysfunctions of the masticatory musculature, and 
adjacent structures cause various extrinsic and 
intrinsic changes on TMJ structure and/or a com-
bination of such factors have been attributed as 
causative factors leading to TMDs [12]. A clini-
cian, who is involved in primary evaluation of 
these patient must have a broad knowledge 
regarding the epidemiology of TMDs which will 
aid in diagnosing the patient’s condition and will 
guide  for further appropriate  referral to a TMD 

specialist, in cases where conservative manage-
ment is futile. The incidence of commonly 
encountered TMDs as reported by various authors 
in there study population is summarized  in the 
table (Table 4.1) [10–18].

A study was conducted among the Swedish 
population to determine the incidence and preva-
lence of craniomandibular disorders in patients 
having  tinnitus using various parameters and it 
was observed that fatigue/tenderness in the mas-
ticatory muscles and frequent headaches were 
more prevalent in patients having tinnitus than in 
control group, which co-related with the clinical 
findings of pain on palpation of masticatory mus-
cles, impaired mandibular mobility, and signs of 
para-functional habits. Most patients reported an 
increase in their symptoms on mandibular move-
ments and/or pressure applied to the TMJ  or 
associated pre-auricular region [17]. The patients 

Table 4.1 Incidence of common temporomandibular 
joint disorders  as reported  by various authors in their 
study samples

Condition Incidence
Deviation of the 
joint [4]

17%

Rheumatoid 
arthritis [4]

10%

Myofascial Pain 
Dysfunction 
Syndrome (MPDS)
[13, 14]

1–10%
A study reported as less as 0.8% 
of prevalence in the South 
Indian population. It was about 
10.3% in a Brazilian population

Internal 
derangement [13, 
14]

38%
A study reported 78% incidence 
in the Japanese population.

Disc displacement 
[14]

8%

TMJ arthralgia [14] 3–4%

Osteoarthritis [13] 14–15%

TMJ tuberculosis 
[15]

10% extra-pulmonary 
manifestations of TB

TMJ ankylosis [16] Ankylosed joint has a higher 
prevalence in the developing 
countries, and has a rising 
incidence in India. Among 
ankylosis cases, the post-
traumatic ankylosis is most 
common (87%). This condition 
is more commonly reported in 
children.
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25

suffering from sudden sensorineural hearing loss 
(SSHL) also report statistically significant higher 
rates of oro-facial pain and tenderness during 
mandibular movements and on palpation of mas-
ticatory muscles along with their aural symptoms 
when compared with the healthy subjects [18]. A 
thorough evaluation of ear and stomatognatho-
logical system should be performed to differenti-
ate between ear disorders and TMDs as they may 
have overlap of signs and symptoms [19].

TMJ is also affected in disorders associated 
with cervical spine. Studies have suggested that 
treating TMDs effectively improved cervical 
spine mobility significantly. It is indicated that 
significant co-relation is found between disorders 
of the neck and the cervical spine associated with 
limitations of jaw movements. The documented 
probable explanation, that the symptoms from 
the cervical spine region are referred to the sto-
matognathic system and vice-versa is through the 
neural overlap and connections at  level of the 
trigemino-cervical nucleus.  A thorough evalua-
tion of the head and neck must be carried out to 
accurately diagnose the condition which should 
aim at  providing an improved overall general 
quality of life to the patients  reporting with 
TMDs [20–23].

4.3  Incidence for fractures 
of the TMJ

Incidence of fractures of the mandibular condyle 
varies with the cause for the injury, with  road 
traffic accidents (RTA) being the leading etiology 
(68.8%),  followed by fall  (16.8%), assaults 
(11.0%) and other miscellaneous causes 
(3.8%). Males have a higher incidence for condy-
lar fracture (83.27%) than females (16.27%). The 
most common site for fracture in the mandibular 
bone is the condylar fracture  (29.0%) followed 
by the anterior mandible (22.0%), as highlighted 
by Dingman and Natvig. Condyle can be frac-
tured as a result of direct or indirect impact 
caused by the trauma. The mandibular condyle 
act as a shock absorber by taking up the force 
without transmitting them  to the cranial fossa 
leading to a fractured condyle [24–26].

4.4  Incidence for tumors 
associated with the TMJ

Tumors and pseudo-tumors involving the tem-
poromandibular joint are not uncommon but rare. 
The reported common benign tumors in the adult 
includes, chondroblastomas, osteoblastomas, 
osteochondromas, and osteomas. The metastatic 
tumors and sarcomas are the common malig-
nant tumors in this region. Conditions reported 
in pediatric patients include, osteofibroso-het-
ero-hyperdysplasia, condylar cyst, Langerhans 
cell histiocytosis and aggressive fibromatosis 
[27–29]. Benign tumors account for 10.2%, 
malignant tumors being 18.2% and majority of 
the cases fall in the category of pseudotumors 
(71.6%), among all the tumors that affect the tis-
sues of the temporomandibular joint. Pseudotu-
mors, which majorly affects the joint includes, 
synovial chondromatosis (61.8%), osteochon-
droma (29.4%), pigmented villonodular synovi-
tis (4.4%) and eosinophillic granuloma (4.4%). 
The incidence of benign tumors form the next 
majority followed by pseudotumors, that include 
chondroblastomas (17.2%), osteoid osteoma 
(13.8%), chondroma (10.9%), osteoblastoma 
(10.9%), osteoma (10.9%) and others (37.9%). 
Malignancy includes scrcomas (53.8%), metas-
tases (32.7%) and other malignant tumors 
(13.5%) [27].

4.5  Conclusion

TMDs are not an uncommon condition among 
patients attending the medical or a dental facility. 
An individual may present with one or more 
signs and symptoms at the same time and with a 
variety of causative factors that may be linked to 
the etiology. Patients especially females between 
second to fourth decades are the most commonly 
affected [30]. Deviation on mouth opening may 
be noted in a significant number of people. TMJ 
ankylosis in children, MPDS, and internal 
derangement in adults are commonly encoun-
tered by the oral physicians/maxillofacial sur-
geons. Osteoarthritis is another common disorder, 
occurring most commonly in females. Other less 
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common disorders but may be encountered in the 
routine practice include rheumatoid/psoriatic 
arthritis,  malignant or benign tumors involving 
the condyle, and septic arthritis due to infections 
including tuberculosis. The understanding of 
increasing incidence of TMDs and other patholo-
gies of the joint based on the potential risk factors 
such as age, gender, emotional status and other 
related factors will provide an appropriate diag-
nosis for joint diseases and an early intervention 
may be incorporated in the treatment plan. Also, 
acknowledging the prevalence of TMDs in ado-
lescents, early interceptive measures can be 
taken, preventing worsening of the disease pro-
gression and improving the quality of life. With 
the review of recent studies, change in the present 
epidemiology of TMDs is evident with increase 
of incidence in joint disorders among the general 
population due to the modern lifestyle patterns. 
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Understanding 
Temporomandibular Joint 
Disorders

A. Einstein, Shoomali Hassan, 
and Himanta Ghritlahare

Temporomandibular disorders (TMDs) refer to a 
group of musculoskeletal and neuromuscular 
conditions of the temporomandibular joint (TMJ) 
along with morphological and functional defor-
mities [1, 2] that include disturbances of intra- 
articular discal position and/or structure as well 
as dysfunction of associated musculature [3]. 
TMDs are considered as a major cause of pain of 
non-dental origin in the orofacial region.

TMDs usually present as painful joint sounds, 
restricted or deviating range of motion, and oro-
facial pain. The TMD diagnosis depends on the 
nature of these presenting findings and thus TMD 
patients commonly present with multiple TMD 
diagnoses, which are ranked relative to their con-
tribution to the patient’s complaint, as primary, 
secondary, tertiary, and so on [4].

Given such inconsistent diagnostic criteria 
and categories associated with TMDs, the 
International RDC/TMD Consortium Network 
published validated diagnostic criteria of the 
assessment of the TMJ [5] that provided a stan-

dardized assessment for a limited set of TMDs to 
generate reliable data for researchers. Later, 
American Academy of Orofacial Pain (AAOP) 
classified TMDs [4], including a wider group of 
disorders, finding more widespread clinical 
acceptance.

A National Institute for Dental and 
Craniofacial Research (NIDCR) funded multisite 
Validation Project in 2001 highlighted the inade-
quate criterion and proposed a revised RDC/
TMD axis I diagnostic algorithms for the most 
common TMDs. This was the first public oppor-
tunity for the field to contribute to a process that 
is still ongoing (refer: www.rdc- tmdinternational.
org) [6].

A closed workshop held at the 2009 IADR 
General Session in Miami synthesized the find-
ings of the major studies over the years into a 
consensus set of criteria for use in the clinical and 
research settings, referred to as Diagnostic 
Criteria for Temporomandibular Disorders (DC/
TMD) [7]. The outcome of these efforts is the 
evidence-based DC/TMD axis I and axis II diag-
nostic protocol, which provides a comprehensive 
assessment of the TMD patient based on the bio-
psychosocial health model and is appropriate for 
immediate implementation in clinical and 
research settings. The AAOP has included the 
12 DC/TMD diagnoses in a new revision of their 
Guidelines manual such that the DC/TMD and 
the AAOP taxonomic system for TMDs are now 
consistent.
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Considering the need to expand the current 
TMDs classification to develop a consensus- 
based classification system and associated diag-
nostic criteria that have clinical and research 
utility for less common but clinically important 
disorders, a working group [members of the 
International RDC/TMD Consortium Network of 
the International Association for Dental Research 
(IADR), members of the Orofacial Pain Special 
Interest Group (SIG) of the International 
Association for the Study of Pain (IASP), and 
members from other professional societies] 
reviewed disorders for inclusion based on clinical 
significance, the availability of plausible diag-
nostic criteria, and the ability to operationalize 
the criteria. The Expanded TMD classification 
presented included 37 TMDs, placed in four cat-

egories: temporomandibular joint disorders, mas-
ticatory muscle disorders, headache disorders, 
and disorders affecting associated structures 
(Table  5.1) [8]. This expanded taxonomy of 
TMDs for our discussion along with guidelines 
of DC/TMD and AAOP taxonomic system for 
TMD form the basis of our discussion.

5.1  Etiology 
of Temporomandibular 
Disorders

No single etiologic factor or unique theoretical 
model can convincingly explain the etiology of 
TMDs. The following factors, though not causal, 
have been found to be associated with TMDs:

Table 5.1 Taxonomic classification of temporomandibular disorders [7, 8]

Temporomandibular Joint Disorders
Joint pain
   •  Arthralgia
   • Arthritis
Joint disorders
   • Disc disorders
      – Disc displacement with reduction
      –  Disc displacement with reduction with intermittent 

locking
      –  Disc displacement without reduction with limited 

opening
      –  Disc displacement without reduction without 

limited opening
   • Hypomobility disorders other than disc disorders
      – Adhesions/Adherence
      – Ankylosis
      Fibrous
      Osseous
   • Hypermobility disorders
      – Dislocations
      Subluxation
      Luxation
Joint diseases
   • Degenerative joint disease
      – Osteoarthritis
      – Osteoarthrosis
   • Systemic arthritides
   • Condylysis/ Idiopathic condylar resorption
   • Osteochondrosis dissecans
   • Osteonecrosis
   • Neoplasm
   • Synovial chondromatosis

Fractures
Congenital/developmental disorders
   • Aplasia
   • Hypoplasia
   • Hyperplasia
Masticatory Muscle Disorders
Muscle pain
   • Myalgia
      – Local myalgia
      – Myofascial pain
      – Myofascial pain with referral
   • Tendonitis
   • Myositis
   • Spasm
Contracture
Hypertrophy
Neoplasm
Movement disorders
   • Orofacial dyskinesia
   • Oromandibular dystonia
Masticatory muscle pain attributed to systemic/
central disorders
   • Fibromyalgia/widespread pain
Headache Disorders
Headache attributed to TMD
Associated Structures
Coronoid hyperplasia

A. Einstein et al.
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• Initiating factors: That may cause the onset of 
TMDs.

• Predisposing factors: That increase the risk of 
TMDs.

• Perpetuating factors: That interfere with heal-
ing or enhance the progression of TMDs.

5.1.1  Trauma

If the force applied to the masticatory structures 
exceeds that of normal functional loading, then 
trauma occurs, which can be either macrotrauma 
(direct and indirect) and/or microtrauma.

Direct Trauma Any sudden and usually iso-
lated blow can result in direct trauma. Direct In 
TMDs, such trauma includes direct injury to the 
mandible and/or TMJ resulting in structural fail-
ure and loss of function, wide or prolonged 
mouth opening, self-reported jaw injury due to 
yawning or prolonged mouth opening, intuba-
tion, third molar extractions, and transient and 
permanent dysfunction of the TMJ after upper 
airway management procedures [9].

Indirect Trauma A sudden blow without direct 
contact to the affected structures results in indi-
rect trauma. Indirect trauma concerned with 
TMDs include acceleration-deceleration (flexion- 
extension) injury (whiplash) with no direct blow 
to the face (the direct causal relationship is still 
controversial) [10]. Symptoms of TMDs might 
result, not owing to the mandibular strain from 
trauma, but from the pain referred through recog-
nized pathways of heterotopic pain from the cer-
vical area to the trigeminal area [11].

Microtrauma Prolonged, repeated force over 
time, such as the sustained and repetitious adverse 
loading of the masticatory system through pos-
tural imbalances or from parafunctional habits 
can result in microtrauma. Postural habits such as 
forward head position or phone bracing may lead 
to musculoskeletal pain, including headache, in 
the TMD patient [12]. The relationship between 
TMD symptoms and the presence of parafunc-
tional habits is still conflicting.

5.1.2  Anatomical Factors

Skeletal Factors Adverse biomechanical rela-
tionships of genetic, developmental, or iatrogenic 
origin such as severe skeletal malformations, 
inter-arch and intra-arch discrepancies, and past 
injuries to the teeth may play a role in TMDs 
[13], but this role is still not convincing enough.

Occlusal Relationships Occlusal features such 
as working and nonworking posterior contacts 
and discrepancies between the retruded contact 
position (RCP) and intercuspal position (ICP) 
have been usually identified as predisposing, ini-
tiating, and perpetuating factors for TMDs, 
though recent evidence suggests that this influ-
ence of occlusion on the onset and development 
of TMDs is low [14].

5.1.3  Pathophysiologic Factors

Systemic Factors Include systemic pathophysi-
ology such as degenerative, endocrine, infec-
tious, metabolic, neoplastic, neurologic, 
rheumatologic, and vascular disorders may influ-
ence local TMDs, with the systemic factors act-
ing simultaneously at a central and local 
(peripheral) level [15]. Such situations should be 
managed in co-operation with the patient’s pri-
mary care physician or other medical specialists.

Local (Peripheral) Factors Various local 
(peripheral) factors that have been implicated in 
TMDs include masticatory efficiency, mastica-
tory muscle tenderness, cervical muscle activity, 
pathologic and adaptive responses to disease in 
the TMJ such as osteoarthritis, cytokine profiles, 
frictional “sticking” of the disc, intracapsular 
pressure, female hormones, mechanical break-
down in the articular disc, and accumulation of 
free radicals following mechanical stress [16, 
17].

Genetic Factors Haplotypes of the gene encod-
ing catechol-O-methyltransferase (COMT) were 
associated with experimental pain sensitivity and 
were related to the risk of developing myogenous 
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TMDs [18]. Evidence has been found for genetic 
associations in several pronociceptive intermedi-
ate phenotypes and their contributing role in 
TMDs. Single-nucleotide polymorphisms (SNPs) 
representing 358 genes involved in biologic sys-
tems associated with pain perception have been 
identified, supporting that multiple genetic and 
biologic pathways contribute to the risk for 
TMDs [19].

5.1.4  Psychosocial Factors

Factors that impact the patient’s capacity to function 
adaptively such as individual, interpersonal, and 
situational variables constitute the psychosocial fac-
tors. Anxiety has been reported more in patients 
with TMDs than healthy control groups. Also, in 
some patients, emotional stress may manifest only 
TMDs or orofacial pain symptoms [20]. Any psy-
chologic impairment in TMD patients may be 
merely associated with the presence of pain persis-
tence, compared to healthy individuals [21]. As per 
the Orofacial Pain Prospective Evaluation and Risk 
Assessment (OPPERA) study group evaluation, 
TMD cases are different than controls across mul-
tiple phenotypic domains including sociodemo-
graphic factors, clinical variables, psychologic 
functioning, pain sensitivity, autonomic responses, 
and genetic associations [22] (Refer Chap. 8).

5.2  Intra-Articular Disorders 
of TMJ

5.2.1  Joint Pain

Pain in and around TMJ and associated headache 
are common presenting complaints in patients 
with facial pain and are thought to be related to 
TMJ disorders [23]. It would seem logical that 
such pain should originate from the articular sur-
faces when the joint is loaded by the muscles. 
This is impossible, however, in a healthy joint 
since there is no innervation of the articular 
surfaces.

Joint pain can originate only from nocicep-
tors located in the soft tissues surrounding the 
joint. Three periarticular tissues contain such 
nociceptors, namely, the discal ligaments, the 
capsular ligaments, and the retrodiscal tissues. 
When these ligaments are elongated or the retro-
discal tissues compressed, the nociceptors send 
out signals and pain is perceived. The person 
cannot differentiate among the three structures 
and any nociceptors that are stimulated in any of 
these structures radiate signals that are perceived 
as joint pain.

Stimulation of the nociceptors creates inhibi-
tory action in the muscles that move the mandi-
ble. Therefore, when pain is suddenly and 
unexpectedly felt, mandibular movement imme-
diately ceases (nociceptive reflex). When chronic 
pain is felt, movement becomes limited and very 
deliberate (protective co-contraction).

5.2.1.1  Arthralgia
Arthralgia refers to pain of joint origin affected 
by jaw movement, function, or parafunction [23]. 
It is the second most common diagnosis for TMD 
pain (myalgia is the most common) and a com-
mon presenting complaint for many patients con-
sulting maxillofacial surgeons, dentists, and 
otologists. Diagnosis is made on the basis of self- 
reported history of pain and on the basis of clini-
cal examination. During examination, replication 
of this pain is done with provocation testing, 
either during mandibular movement or palpation 
of the TMJs. Sensitivity is 0.89, and specificity is 
0.98.

Etiology Occlusal harmony should be checked 
for abnormal biting pattern and malocclusion 
that might increase the condylar pressure in the 
fossa. High points of restorations and abnor-
mal teeth position causing occlusal interfer-
ences while chewing might cause uneven 
distribution of motion and stress between two 
joints leading to pain. Also, the development of 
pain is associated with jaw-clenching habits 
and nocturnal teeth grinding, as muscular signs 
of anxiety.
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Clinical Findings History is positive for pain in 
the jaw, temple, in front of the ear, or in the ear 
with examiner confirmation of pain location in a 
masticatory structure in the past 30 days and pain 
altered with jaw movement, function, or 
parafunction.

Pain in joint is related to motion and thus dis-
comfort may occur on extreme opening of the 
mouth, while chewing food, with clenching of 
the jaw, and grinding of teeth (bruxism), and with 
mandibular movement during talking. It is usu-
ally one-sided, but if bilateral, it is worse on one 
side than on the other [24]. Ear ache may be the 
patient’s initial experience, the common auricu-
lotemporal nerve supply for TMJ, external ear, 
and tympanic membrane accounting for discom-
fort in the TMJ being perceived as pain in the ear. 
Transient and painless clicking or snapping in 
joints occurs in some patients.

Confirmation of the pain location in the TMJ 
area includes at least one of the following tests:

• Palpation of the lateral pole (0.5 kg pressure) 
or around the lateral pole (1.0 kg pressure).

• Maximum unassisted or assisted opening, 
right or left lateral movements, or protrusive 
movements.

Examination of the TMJ elicits a report of 
familiar pain (defined as similar or like the pain 
the patient has experienced in the masticatory 
area palpated during the last 30 days). The joint 
on the affected side is sore, and motion there is 
restricted. The unaffected side allows its condyle 
to glide fully in the normal excursion of opening 
the jaw. The affected side is tethered, and this 
causes deviation of the chin to the affected side; 
hence, the grimace is seen when the patient opens 
the mouth wide [24]. Crepitus within the joint 
may or may not be found (Crepitus is the crunch-
ing or snapping sensation beneath the examiner’s 
fingers caused by the grinding of the meniscus 
within the temporomandibular joint).

Imaging Radiographs of TMJ should be 
obtained in all cases of arthralgia. Bilateral 
views are required even though symptoms are 
one- sided. Examinations of the mouth in open 

and in closed positions are made, and the diag-
nostic information is readily obtained regarding 
condylar form and contour, the presence or 
absence of an adequate cartilaginous zone 
between the articular surfaces and the extent of 
condylar motion [24].

Management Treatment includes medication, 
occlusal and mechanical correction, and, 
finally arthroplasty. Useful medication includes 
drugs that modify the psychic state, specifi-
cally the tranquilizers such as meprobamate, 
chlordiazepoxide hydrochloride, or the antide-
pressant drugs such as diazepam, prescribed in 
conjunction with muscle relaxants. Occlusal 
corrections are done to remove interferences, if 
any during normal chewing. In addition to 
bringing about improvement in occlusion, a 
bite-plane appliance can be used to distract 
occlusal surfaces, permit mandibular gliding 
without interference from maxillary dentition, 
and hence relieve distressing forces in the 
TMJ.  Arthroplasty is reserved for the patient 
who is not relieved by medication and occlusal 
balancing.

5.2.1.2  Arthritis
Arthritis is diagnosed when the TMJ is tender to 
palpation (as with arthralgia), but the TMJ also 
has clinical characteristics of inflammation or 
infection, for example, edema, erythema, and/or 
increased temperature [23]. It may arise in asso-
ciation with trauma. Associated symptoms can 
include occlusal changes such as ipsilateral pos-
terior open bite if intra-articular swelling is pres-
ent unilaterally. With this localized condition, 
there should be no history of systemic inflamma-
tory disease. Sensitivity and specificity have not 
been established.

Besides a positive history for arthralgia, there 
is also swelling, redness, and/or increased tem-
perature in front of the ear and dental occlusal 
changes resulting from articular inflammatory 
exudate (e.g., posterior open bite). Examination 
is positive for the same features. Unilateral or 
bilateral posterior open bite must not be attribut-
able to other causes. The patient is negative for 
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rheumatologic disease, including those in sys-
temic arthritides. The pain is not better accounted 
for by another pain diagnosis.

Detailed discussion on arthritis and its various 
types is provided under the topic “Joint 
Diseases”.

5.2.2  Joint Disorders

5.2.2.1  Disc-Condyle Complex 
Disorders

Disorders of the disc-condyle complex (internal 
derangement of TMJ represents the very early 
stages of disc-condyle complex disorder) consti-
tute a majority of TMJ disorders among the gen-
eral population [4, 25]. Because disc displacement 
is so common among the general and TMD popu-
lation, they may be usually considered as just a 
physiological accommodation without clinical 
significance. A review of the normal biomechan-
ics of the disc-condyle complex would help to 
understand better the disc-condyle complex dis-
orders better.

TMJ is capable of both rotational movements 
in the inferior compartment and translational 
movements in the superior compartment. During 
function, the lateral and the medial ligaments 
allow for free rotational movement of the man-
dibular condyle on the inferior surface of the 
interarticular disc, and the disc-condyle complex 
moves within the fossa and translates unimpeded 
along the posterior slope of the articular emi-
nence. In addition, limited lateral movements are 
possible.

During all these normal TMJ movements, the 
interarticular disc is always positioned between 
the fossa/eminence and the condyle by the action 
of the superior lateral pterygoid muscle and by 
the uppermost elastic properties of the posterior 
attachment known as the posterior superior retro-
discal lamina of the retrodiscal tissue. Translation 
of the condyle occurs as a result of the action of 
the inferior lateral pterygoid muscle, which pro-
trudes the mandible, acting in concert with other 
mandibular depressors of the infrahyoid and 
suprahyoid musculature.

Movement of the disc is also controlled by the 
superior, posterior retrodiscal lamina that acts 
passively to pull the disc posteriorly during open-
ing as the condyle translates anteriorly. The supe-
rior lateral pterygoid muscle contracts 
eccentrically during closure to stabilize the disc 
against the distal slope of the articular eminence. 
Normal disc/condyle/fossa relationships are 
demonstrated in Fig. 5.1.

Disorders of the disc-condyle complex 
include anterior disc displacement with and 
without reduction. For a disc to displace, the ret-
rodiscal tissue and the collateral ligaments must 
stretch, allowing the disc to move anteriorly 
[26], as seen in Fig.  5.2. Posteriorly displaced 
discs are very rare [27]. Once the disc is dis-
placed, the part of the retrodiscal tissue located 
where the disc used to be is now subjected to 
repeated loading by the condyle, leading to 
adaptive changes and thereby providing most of 
the physical characteristics of the disc; this 
modified retrodisc is also referred to as pseudo-
disc [28]. The anteriorly displaced disc cannot 
retract back to its normal disc-condyle relation-
ship, because the stretched ligaments neither 
shorten nor tighten later.

Wilkes Classification of Internal Derange-
ments Disc-condyle disorders can be staged 
based on the characteristics of the pain, amount 
of mouth opening, disc location/condition, and 
altered joint anatomy, as observed from physi-
cal examination, MRI, and arthroscopy 
(Table 5.2) [29].

 Disc Displacement with Reduction 
(Fig. 5.3)
A diagnosis of disc displacement with reduction 
is made when the patient presents with a history 
of a click or pop and it can be felt when the 
patient moves the mandible [4].

As the patient opens the mouth, the condyle 
translates forward and moves on to an intermedi-
ate zone of the disc (reduced position) that may 
cause the opening click or pop. As the mouth 
continues to open, the condyle continues to trans-
late forward with the disc and remains in the 
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Fig. 5.1 Normal functional movement of the condyle and 
disc during the full range of opening and closing. Note 
that the disc is rotated posteriorly on the condyle as the 
condyle is translated out of the fossa. The closing move-

ment is the exact opposite of opening. (Reproduced with 
permission from: Okeson JP.  Management of temporo-
mandibular disorders and occlusion, 8th Ed, 2020, p. 19, 
Fig, 1.31, Copyright Elsevier, St. Louis)

a b

Fig. 5.2 Normal position of the disc on the condyle (a) 
Vs Functional displacement of the disc (b). Note that in B, 
the posterior border of the disc has been thinned and the 
discal and inferior retrodiscal ligaments are elongated, 
allowing activity of the superior lateral pterygoid to dis-

place the disc anteriorly (and medially) (Reproduced with 
permission from: Okeson JP.  Management of temporo-
mandibular disorders and occlusion, 8th Ed, 2020, p. 143, 
Fig, 8.7, Copyright Elsevier, St. Louis)
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Table 5.2 Staging of disc disorders based on Wilkes classification of internal derangements [29]

Pain Opening Disc location Anatomy
Stage 
I

Occasional 
painless click

No limitation Slightly forward Normal

Stage 
II

Painful click Intermittent locking Moderate anterior disc 
displacement with reduction

Disc deformity

Stage 
III

Pain during 
function

Locked and restricted 
motion

Complete disc displacement 
without reduction

Disc deformity/no bony 
or early changes

Stage 
IV

Continuous pain Locked and restricted 
motion

Complete disc displacement 
without reduction

Moderate degenerative 
bony changes

Stage 
V

Severe pain Locked and severely 
restricted motion

Perforation of retrodiscal tissue; 
possible disc perforation

Severe degenerative 
bony changes

1
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Click
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Click

Fig. 5.3 Disc displacement with reduction. Note that 
during opening, the condyle passes over the posterior bor-
der of the disc onto the intermediate area of the disc, thus 
reducing the anterior displaced disc. This discal move-
ment can lead to momentary mechanical catching or lock-

ing. When this is present, the condition is called disc 
displacement with intermittent locking. (Reproduced with 
permission from: Okeson JP.  Management of temporo-
mandibular disorders and occlusion, 8th Ed, 2020, p. 148, 
Fig, 8.13, Copyright Elsevier, St. Louis)
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intermediate zone of the disc. As the patient 
closes the mouth, the condyle retrudes and moves 
back under the posterior band onto the retrodiscal 
tissue, which may again cause the closing click 
or pop. As the mouth continues to close, the con-
dyle remains on the retrodiscal tissue. If both 
opening and closing click/pop is present, then the 
opening click/pop occurs at a wider opening than 
the closing click/pop.

The meaning of the word “reduction” here 
means “returning to its normal position.” In the 
disc displacement with reduction, the disc- 
condyle alignment returns to its normal align-
ment during opening, once the condyle moves 
under the posterior band and onto the intermedi-
ate zone of the disc.

Using MRI as the reference standard, sensitiv-
ity is 0.34, and specificity is 0.92. Although not 
required for this diagnosis and without diagnostic 
validity, elimination of the opening and closing 
noise, if present, with protrusion can help cor-
roborate this diagnosis.

History is positive for any noise(s) present 
with jaw movement or function, or patient report 
of joint sounds during the examination, in the last 
30 days. Examination is positive for at least one 
of the following: Both an opening and closing 
clicking, popping, or snapping noise detected 
with palpation during at least one of three repeti-
tions of jaw opening and closing; either an open-
ing or closing clicking, popping, or snapping 
noise detected with palpation during at least one 
of three repetitions of opening and closing and a 
clicking, popping, and/or snapping noise detected 
with palpation during at least one of three repeti-
tions of left lateral, right lateral, or protrusive 
movements.

When this diagnosis needs to be confirmed, 
then imaging analysis criteria, using TMJ MRI, 
are positive for both of the following: In the max-
imum 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 condyle and the articular eminence; on full 
opening, the intermediate zone of the disc is posi-
tioned between the condyle and the articular 
eminence.

Since the vibration can travel through the 
mandible and be perceived in the contralateral 
TMJ and confuse the patient/practitioner as to 
which TMJ is generating the click/pop, the 
patient can be asked to start in maximum inter-
cuspation and move laterally to the one side sev-
eral times and then laterally to the other side 
several times. The click or pop is generated dur-
ing the translation phase, and whichever condyle 
is translating when the noise is generated is gen-
erally the source of the noise.

Disc displacement with reduction generally 
does not progress to disc displacement without 
reduction unless the patient has pain or intermit-
tent locking [30]. If the noise is the only com-
plaint and is not an issue for the patient, then it is 
recommended the practitioner provide no therapy 
beyond education on how the TMJ works and 
inform the patient that TMJ noise is similar to 
noises in other joints of the body [31]. If the 
patient wants treatment for reduction of this TMJ 
noise, then a stabilization appliance can be 
advised to be worn at night.

 Disc Displacement with Reduction 
with Intermittent Locking (Fig. 5.3)
A diagnosis of disc displacement with reduction 
with intermittent locking is made when the 
patient has a disc displacement with reduction 
and reports that occasionally the TMJ structure 
that normally causes the click blocks the con-
dyle’s movement, not allowing the mouth to 
obtain its normal opening. This lock suddenly 
occurs, may last for seconds to days, and then 
suddenly releases. When the limited opening 
occurs, a maneuver may be needed to unlock the 
TMJ.

History is positive for any noises present with 
jaw movement or function in the last 30 days or 
during the examination itself and report of inter-
mittent locking with limited opening in the last 
30 days or evidence of intermittent locking dur-
ing clinical examination.

Examination is positive for disc displacement 
with reduction as defined above. When this diag-
nosis needs to be confirmed, the imaging analysis 
criteria are the same as for disc displacement 
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with reduction. If locking occurs during imaging, 
then an imaging-based diagnosis of disc displace-
ment without reduction will be rendered, and 
clinical confirmation of reversion to intermittent 
locking is needed.

If a click is associated with catching or inter-
mittent locking, out of fear, this may progress to 
a continuous lock (disc displacement without 
reduction with limited opening). Traditional 
TMD therapies should be provided to eliminate 
the catch or intermittent lock and reduce the 

potential of it progressing to a continuous lock 
[30, 31].

 Disc Displacement without Reduction 
with Limited Opening (Fig. 5.4)
A diagnosis of disc displacement without reduc-
tion with limited opening (closed lock) is made 
when a patient has a suddenly occurring continu-
ous marked limited opening (less than 40 mm). 
The patients themselves are usually aware that 
the TMJ structure that normally caused the click 
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Fig. 5.4 Disc Displacement Without Reduction (Closed 
lock). Note that the condyle never assumes a normal rela-
tionship on the disc, but instead causes the disc to be 
maintained in front of the condyle. This condition limits 

the distance it can translate forward. (Reproduced with 
permission from: Okeson JP.  Management of temporo-
mandibular disorders and occlusion, 8th Ed, 2020, p. 149, 
Fig, 8.14, Copyright Elsevier, St. Louis)
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is now blocking them from obtaining their nor-
mal opening. They may also report of their TMJ 
catching at that location or intermittently having 
had this problem (lasting seconds to days), which 
suddenly released and allowed them to regain 
their normal opening [32].

As the mouth opens, the condyle first rotates 
and then attempts to translate forward, but the 
condyle cannot slide under the disc’s posterior 
band to reduce onto the intermediate zone of the 
disc. The translation is limited by the disc, and 
typically, the patient is initially able to open only 
between 20 and 30 mm.

As the patient attempts to open wider, the ipsi-
lateral condylar translation is restricted by the 
disc while the contralateral condyle translates 
beyond that point, causing the anterior portion of 
the mandible to deviate to the affected side. Using 
MRI as the reference standard, sensitivity is 0.80, 
and specificity is 0.97.

History is positive for jaw lock or catch so that 
it will not open all the way and limitation in jaw 
opening is severe enough to interfere with the 
ability to eat. Examination reveals maximum 
assisted opening (passive stretch)  <  40  mm 
including vertical incisal overlap. When this 
diagnosis needs to be confirmed, then imaging 
analysis criteria, using TMJ MRI, are positive for 
both of the following: In the maximum intercus-
pal 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 
condyle and the articular eminence; on full open-
ing, the intermediate zone of the disc is posi-
tioned anterior to the condyle.

Similar marked limited opening can also be 
seen in a muscle disorder, but the presentation is 
of gradual onset in the muscle disorder (hours to 
days). Patients with a lateral pterygoid spasm 
often present with immediate onset of a limited 
opening, in which the ipsilateral condyle is 
restricted in its ability to translate (owing to 
inability of the lateral pterygoid to contract rather 
than blocking of condylar translation by the disc), 
thus mimicking disc displacement without reduc-
tion with limited opening. To differentiate these 
two similar presentations, patients with a disc 
displacement without reduction with limited 

opening can generally put their teeth into maxi-
mum intercuspation without pain, whereas 
patients with a lateral pterygoid spasm usually 
relate that they cannot close or have significant 
pain when closing into maximum intercuspation.

If the sudden limited opening is due to exter-
nal trauma, this limited opening may be from a 
muscle injury, TMJ arthralgia, fractured condyle, 
or other causes in addition to a disc displacement 
without reduction with limited opening.

 Disc Displacement without Reduction 
without Limited Opening (Fig. 5.4)
A diagnosis of disc displacement without reduc-
tion without limited opening is made when the 
patient has a history of sudden-onset limited 
opening that gradually increased to 40  mm or 
greater. This suggests that the patient had a disc 
displacement without reduction with limited 
opening and over time, the retrodiscal tissue 
stretched and enabled the disc to move forward, 
thereby allowing the condyle to translate further 
and permitting the patient to open wider.

Using MRI as the reference standard, sensitiv-
ity is 0.54, and specificity is 0.79. History is the 
same as defined for disc displacement without 
reduction with limited opening. Examination 
reveals maximum assisted opening (passive 
stretch) > 40 mm including vertical incisal over-
lap. When this diagnosis needs to be confirmed, 
then imaging analysis criteria are the same as for 
disc displacement without reduction with limited 
opening.

Every time the individual attempts to open 
beyond the restriction, the condyle is pushed 
against the posterior side of the disc, creating a 
stretching force on the retrodiscal tissue. Similar 
repeated bumping of the posterior of the disc will 
usually sufficiently stretch the retrodiscal tissue 
over time, allowing the disc to move forward so 
that the normal translation and opening are even-
tually regained. This transition can occur imme-
diately or stretch for varying periods of time, like 
days to years [33]. Some patients can move 
through this transition without treatment (some 
with minimal discomfort) whereas the rest seek 
treatment for opening that is not progressively 
increasing (Refer Chap. 15).
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5.2.2.2  Hypomobility Disorders
Besides disc-condyle complex disorders, few 
other conditions can also cause restriction of the 
condyle’s ability to translate or rotate, thereby 
resulting in TMJ not allowing the mandible to the 
normal range of motion.

 Adherence/Adhesions
Adherence refers to a transient sticking of the 
articular surfaces. However, prolonged periods 
of adherence may result in true adhesions, 
wherein fibrous bands of connective tissue form 
between the articulating surfaces of the condyle 
or mandibular fossa, the disc, or surrounding 
tissues.

Adhesions occur secondary to prolonged 
static loading of the TMJ’s surfaces (for exam-
ple, jaw-clenching during sleep) [31], joint 
inflammation or hemarthrosis following mac-
rotrauma or surgery of TMJ [31], or systemic 
conditions such as a polyarthritic disease, and 
are typically associated with disc disorders 
[34].

Usually, when the joint is loaded, weeping 
lubrication is exhausted and boundary lubrication 
takes over to prevent adhesions. But in case of 
prolonged static loading of the jaw, the boundary 
lubrication is not sufficient to compensate for the 
exhaustion of weeping lubrication, resulting in 
adherence of the disc either with the upper or 
lower joint compartment.

The patient presents with history of loss of 
jaw mobility and no history of TMJ clicking 
(historically to differentiate from disc dis-
placement without reduction with limited 
opening).

Examination is positive for limited range of 
motion on opening, uncorrected deviation of the 
jaw to the affected side on opening if present uni-
laterally and marked limited laterotrusion to the 
contralateral side if unilateral. When this diagno-
sis needs to be confirmed, arthrography, MRI, or 
arthroscopy may show the presence of adhesions. 
Sensitivity and specificity have not been 
established.

 Ankylosis
Ankylosis is the firm restriction of the condyle 
due to fibrous bands or osseous union within the 
TMJ, most commonly resulting from trauma to 
the mandible and/or TMJ.  Pain is not usually 
associated with ankylosis. The involved condyle 
may not be able to translate and may have lim-
ited rotation, causing the patient to have a very 
limited opening, depending on the type and 
extent of the ankylosis [35]. Sensitivity and 
specificity have not been established for these 
disorders.

Clinical differential diagnosis of ankylosis 
should include pseudoankylosis of extra-articular 
pathology occurring in hypomobility of the joint 
due to coronoid hyperplasia (Jacob disease), 
fibrous adhesions between coronoid and tuberos-
ity of maxilla or zygoma, depressed zygomatic 
arch fracture, dislocated zygomatic complex 
fracture, temporalis muscle scarring, or myositis 
ossificans.

Ankylosis of TMJ has been classified vari-
ously (Table  5.3) by Topazian [36], Sawhney 
[37], and He et al. [38] based on parameters such 
as extension of ankylosis, type of ankylosis, and 
the like.

 Etiopathology of Ankylosis
Trauma Most cases of ankylosis result from 
condylar injuries sustained before 10  years of 
age. In children, condylar cortical bone is thin 
with a broad condylar neck and rich subarticular 
inter-connecting vascular plexus and thus an 
intracapsular fracture leads to comminution and 
hemarthrosis of the condylar head, referred to as 
“mushroom fracture.” This results in organiza-
tion of a fibro-osseous mass in a highly osteo-
genic environment, the immobility leading to 
ossification and consolidation of the mass, result-
ing in ankylosis. Ankylosis may also occur in 
trauma sustained during forceps delivery. Factors 
such as age of the patient, type of fracture, dam-
age to the articular disc, and period of immobili-
zation are implicated in the etiology of ankylosis 
following trauma.
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Local Infections Otitis media, mastoiditis, 
osteomyelitis of temporal bone, parotid abscess, 
infratemporal or sub-masseteric space or para-
pharyngeal infections, furuncle, and 
actinomycosis.

Systemic Conditions Tuberculosis, meningitis, 
pharyngitis, tonsillitis, rubella, varicella, scarlet 
fever, gonococcal arthritis, and ankylosing spon-
dylitis (the route of spread is hematogenous). The 
route of infection may either be hematogenous, 
contiguous, or by direct inoculation. The 
synovium with its high vascularity and lack of a 
limiting basement membrane is vulnerable to 
infection.

Arthritis/Inflammatory Conditions About 50% 
of cases in juvenile RA (Still disease), osteoar-
thritis, and ankylosing spondylitis.

Neoplasms Sarcoma, osteoma, and chondroma 
may result in degenerative, destructive, and 
inflammatory changes in disc followed by repair, 
leading to ankylosis.

Surgery Post-operative complication of TMJ 
surgery.

 Fibrous Ankylosis
Fibrous ankylosis results when fibrotic tissue 
forms between the articulating surfaces of the 
condyle or mandibular fossa, the disc, or sur-
rounding tissues [31]. There are no gross bony 
changes and no radiographic findings other than 
absence of ipsilateral condylar translation on 
opening.

Patient findings include history of progressive 
loss of jaw mobility; positive findings for severe 
limited range of motion on opening, uncorrected 
jaw deviation to the affected side, and marked 
limited laterotrusion to the contralateral side; and 
positive CT/CBCT imaging findings of decreased 
ipsilateral condylar translation on opening and a 
joint space between ipsilateral condyle and 
eminence.

 Osseous Ankylosis
Bone formation between the condyle and fossa 
usually results in osseous ankylosis, and the 
patient has a more restricted opening than with 
fibrous ankylosis [31] or even complete immobil-
ity of the joint. The characteristic findings include 
radiographic evidence of bone proliferation with 
marked deflection to the affected side and marked 
limited laterotrusion to the contralateral side.

Patient findings include history of progressive 
loss of jaw mobility, positive examination find-
ings such as absence of or severely limited jaw 
mobility with all movements and CT/CBCT 
being positive for imaging-based evidence of 
bone proliferation, with obliteration of part or all 
of the joint space (Refer Chap. 17).

Table 5.3 Classification of ankylosis of TMJ [36–38]

According to 
tissues involved 
and extent

•  True ankylosis or 
pseudoankylosis

•  Extra-articular or intra-articular
•  Fibrous, bony, or fibro-osseous
•  Unilateral or bilateral
•  Partial or complete

Topazian •  Stage I: Ankylotic bone limited 
to condylar process

•  Stage II: Ankylotic bone 
extending to sigmoid notch

•  Stage III: Ankylotic bone 
extending to coronoid process

Sawhney •  Type 1: Extensive fibrous 
adhesions around joint, condyle 
present

•  Type 2: Bony fusion, especially 
at lateral articular surface, no 
fusion in the medial joint space

•  Type 3: Bony bridge between 
ascending ramus of mandible and 
temporal bone/zygomatic arch

•  Type 4: Joint is replaced by a 
mass of bone between ramus and 
skull base

He et al •  A1: Fibrous ankylosis without a 
bony component

•  A2: Bony ankylosis in lateral 
joint, residual condylar fragment 
is larger than 50% of 
contralateral normal condyle

•  A3: Similar to A2 but residual 
condylar fragment is smaller than 
50% of contralateral normal 
condyle

•  A4: Complete bony ankylosis
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5.2.2.3  Hypermobility Disorders
Hypermobility disorders include two types of 
TMJ dislocations in which the condyle is caught 
in front of the articular eminence, as a result of 
articular eminence obstructing the posterior 
movement of the disc-condyle unit, the disc 
obstructing the posterior movement of the con-
dyle, or a combination of both [39]. Note that the 
condyle is frequently anterior to the eminence at 
full mouth opening and thus by itself is not a pre-
dictor of hypermobility disorders. The duration 
of dislocation may be momentary or prolonged. 
Pain may occur at the time of dislocation with 
residual pain following the episode.

 Subluxation (Partial Dislocation)
This is a condition involving the disc-condyle 
complex and the articular eminence. A diagnosis 
of subluxation is made when in the open mouth 
position, the disc-condyle complex is positioned 
anterior to the articular eminence and is unable to 
return to normal closed-mouth position without a 
manipulative maneuver by the patient. Using his-
tory only, sensitivity is 0.98, and specificity is 
1.00.

Causes of subluxation include looseness of 
the joint capsule and ligaments, seen in over-
extension injury, following dental procedures 
that require prolonged mouth opening or 
excessive yawning, extrinsic trauma (intuba-
tion, endoscopy), and connective tissue disor-
ders (Ehlers- Danlos syndrome, Marfan 
syndrome).

History is positive for jaw locking or catching 
in a wide-open mouth position, even for a 
moment, so the patient could not close from the 
wide-open position in the last 30  days and for 
inability to close the mouth from wide opening 
without a self-maneuver. No examination find-
ings are required.

 Luxation (Dislocation, Open Lock)
This is a condition in which the disc-condyle 
complex is positioned anterior to the articular 
eminence and is unable to return to the fossa 
without a specific manipulative maneuver by a 
clinician. This is also referred to as open lock. 

Sensitivity and specificity have not been 
established.

Causes of luxation include post-traumatic 
capsular loosening, prolonged wide mouth open-
ing, chronic subluxation, seizure disorders, 
Parkinsonism, drug-induced tardive dyskinesia 
(neuroleptics like phenothiazines), defects in the 
bony surface (shallow articular eminence), or a 
genetic predisposition (Ehlers-Danlos syndrome, 
Marfan syndrome).

Patient reports of inability to close from wide 
opening and that mouth closing can be achieved 
only with a specific mandibular maneuver by the 
clinician. Examination is positive for wide open 
mouth, protruded jaw position, and lateral posi-
tion to the contralateral side if unilateral.

 Types of Dislocation
• Anterior dislocation—Condyle moves ante-

rior to the articulating eminence.
• Anterolateral variant.
• Posterior variant—Head of condyle is dis-

placed posterior to its usual position, usually 
associated with fracture of base of skull or 
anterior wall of bony meatus.

• Lateral dislocation—Type 1, lateral sublux-
ation, and type 2, a complete dislocation of the 
condyle if forced laterally and superiorly to 
the temporal fossa.

• Superior dislocation—Dislocation in the mid-
dle cranial fossa, associated with fracture of 
glenoid fossa.

When this diagnosis needs to be confirmed, CT/
CBCT or MRI scans reveal that condyle is ante-
rior to the articular eminence with the patient 
attempting to close the mouth (Refer Chap. 18).

5.2.3  Joint Diseases

5.2.3.1  Arthritides 
of the Temporomandibular 
Joint

Arthritis is the most frequent pathology of TMJ, 
affecting the synovium, cartilage, capsule, bursa, 
tendons, and condyles [23]. Arthritic diseases of 
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variable etiology affect the TMJ, but present with 
similar signs and symptoms, and thus, careful 
history taking, physical examination, and radio-
graphic evaluation are vital to arrive at the exact 
diagnosis. These TMJ arthritides are broadly 
divided into low and high inflammatory types 
(Table 5.4).

Low-inflammatory arthritic conditions 
begin in the matrix of the articular surface of the 
joint and further involve the subcondylar bone 
and capsule. The classic type of low- inflammatory 
arthritis is a degenerative joint disease like pri-
mary osteoarthritis that is due to age-related 
functional loading or trauma induced. These con-
ditions never require invasive surgical interven-
tion if they are managed appropriately in their 
early stages. Individuals with the low- 
inflammatory type have low leukocyte counts in 
the synovial fluid, laboratory findings are consis-
tent with low-level inflammatory activity, and the 
affected joint shows focal degeneration on 
imaging.

High-inflammatory arthritic conditions pri-
marily involve the synovial cells and joint bone. 
The classic example of high-inflammatory arthri-

tis is rheumatoid arthritis. In all instances, the 
TMJ can be involved, and surgical intervention 
may be required to alleviate symptoms and cor-
rect associated functional and esthetic problems. 
Individuals with high-inflammatory-type arthritis 
have high leukocyte counts in the synovial fluid 
and show extensive and more diffuse degenera-
tion of the involved joints on imaging.

 Traumatic Arthritis
Frequently, arthritis occurs secondary to acute or 
chronic trauma, most cases reporting history of 
whiplash injuries in road traffic accidents. 
Because of the chronic sequelae, careful consid-
eration must be given soon after the injuries in 
order to grasp the intra-articular pathological 
condition as well as to avail the therapeutic 
options.

Traumatic arthritis results from the cascade of 
events set off by the release of pro-inflammatory 
cytokines, as an immediate intra-articular 
response of the joint tissues to single or repetitive 
episodes of acute trauma. This inflammatory 
response depends upon the magnitude of the 
trauma sustained by the joint tissues and the bio-
mechanical pattern of trauma and can vary from 
edema, synovitis, and hemarthrosis to condylar 
fractures. The evoked immune response can fur-
ther result in fibrous adhesion of the condyle to 
glenoid fossa or can lead to degenerative joint 
disorders from the persistent inflammation 
caused by failure of repair mechanisms [40].

• Minor trauma—Compression/shearing retro-
discal tissue; dislocation of the disc.

• Moderate trauma—Damage to the synovial 
lining  →  hemarthrosis  +  inflammatory 
response → fibrosis, adhesions, fibrous anky-
losis (Growth abnormalities in children).

• Severe trauma—Damage to articular surfaces/
subchondral bone → Degenerative disease.

Clinical Findings Patients present with severe 
arthralgia, both at rest and during mandibular 
movements, limited mouth opening (less than 
20 mm), tenderness of the joint, and bleeding in 
the superior joint space. Patients might complain 
of persistent headache and sometimes pain in the 

Table 5.4 Classification of arthritic conditions affecting 
TMJ [3]

Low inflammatory 
arthritis High inflammatory arthritis
•  Traumatic 

arthritis
•  Degenerative 

arthritis
    – Osteoarthritis
    – Osteoarthrosis

• Inflammatory arthritis
    – Rheumatoid arthritis (RA)
    – Juvenile RA
    – Psoriatic arthritis
    – Ankylosing spondylitis
    – Reiter syndrome
• Infectious arthritis
    – Gonococcal arthritis
    – Syphilitic arthritis
    – Tuberculous arthritis
    – Lyme disease–associated 

arthritis
• Metabolic arthritis
    – Gout
    – Pseudogout
• Systemic Arthritides: Associated 
with connective tissue diseases: 
Systemic lupus erythematosus, 
scleroderma, chronic inflammatory 
bowel disease, reflex sympathetic 
dystrophy, and sarcoidosis.
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cervical region with or without movement. 
Prognosis is poor in patients with traumatic 
arthritis, with the development of post-traumatic 
syndrome (sometimes psychological), with con-
tinuous pain in the joint area accompanied by 
recurrent headache.

Imaging Edema and swelling can cause an 
increase in the thickness of the intracapsular and 
capsular structures, seen radiographically as an 
increased distance between the roof of the gle-
noid fossa and the condylar surface in the closed- 
mouth position. Changes following severe trauma 
may be observed as bony ankylosis or be similar 
to changes seen in degenerative joint disease.

Management NSAIDS can be used for patients 
with post-traumatic syndrome, along with coun-
selling and reassurance to prevent post-traumatic 
syndrome. Diet restrictions and physiotherapy 
are implicated as conservative management. 
Arthroscopic lysis, lavage, synovectomy and 
debridement of fibrous adhesions are implicated 
as other treatment modalities [41].

 Osteoarthritis
Osteoarthritis (OA), classified as a degenerative 
joint disease, is a low inflammatory arthritic 
condition, either primary or secondary to trauma 
or other acute or chronic overload situations, 
characterized by deterioration and abrasion of 
articular tissue that becomes soft or frayed or 
thinned and resulting in eburnation of subcon-
dylar bone or outgrowths of marginal osteo-
phytes due to overload of the remodelling 
mechanism. The process accelerates as proteo-
glycan depletion, collagen fiber network disin-
tegration, and fatty degeneration weaken the 
functional capacity of the articular cartilage. 
Most commonly, hips, spine, and knees, the 
weight bearing joints, are affected. Metabolic, 
genetic, and systemic causes can also affect the 
course of disease.

Clinical Findings OA affecting the TMJ is not 
uncommon and is seen more in females, above 
40 years of age. The most common cause for OA 
of TMJ is overloading of the articular structures, 

followed by traumatic injury and physical stress. 
When the precise cause of the osteoarthritis can 
be identified such as trauma, hypermobility, or 
internal derangement and is seen in older popula-
tion, the condition is referred to as secondary 
osteoarthritis. When the cause of the arthritic 
condition is idiopathic or associated with wear 
and tear and is seen in younger population, it is 
referred to as primary osteoarthritis.

Osteoarthritis of TMJ is gradual in onset. The 
patient history is positive for joint noises present 
with jaw movement or function in the past 
30 days duration and for noises reported during 
the examination. The common presenting com-
plaints include unilateral joint pain that is aggra-
vated by mandibular movement, and worsening 
in the late afternoon or evening hours. Secondary 
central excitatory effects are frequently present. 
Examination is positive for crepitus detected with 
palpation during at least one of the following—
maximum unassisted opening, maximum assisted 
opening, right or left lateral movements, or pro-
trusive movements. Usual findings also include 
tenderness over the joint and associated muscles, 
limited mandibular opening, palpable swelling 
over the joint, and increase in the pain upon lat-
eral palpation of the condyle or manual loading 
of the joint.

Imaging TMJ radiographs reveal structural 
changes in the subarticular bone of the condyle or 
fossa. There can be flattening and erosive changes 
on the articular surfaces and osteophytes can be 
seen. CT scan findings include subchondral scle-
rosis in mandibular condyle, condylar flattening 
and marginal lipping, cortical erosion, osteophyte 
formation, and narrowing of joint space. Another 
characteristic finding is the presence of subchon-
dral bone cysts (Ely cysts), these pseudo cysts 
representing areas of degeneration, containing 
fibrous tissue, granulation tissue, and osteoid.

Because a patient may have symptoms for as 
long as 6 months before there is enough deminer-
alization of bone to show up radiographically, 
imaging is not helpful in early cases of osteoar-
thritis. The early changes in the synovial mem-
brane, such as synovial intima hyperplasia, cell 
hypertrophy with subsequent loss of fibrous 
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material in the intima matrix, and articular carti-
lage are only detectable with biopsy and 
arthroscopy.

Management Management depends on its 
severity. The primary aim is removing the caus-
ative factor, so attempt is taken to reduce the 
functional loading. Positioning appliance therapy 
can be used to correct condyle-disc relationship 
and stabilization appliance can be used to correct 
hyperactive muscles. Parafunctional habits 
should be taken in consideration and discour-
aged. The various treatment options include non- 
invasive modalities (medications), minimally 
invasive modalities (intra-articular injections, 
arthrocentesis, arthroscopic surgery), invasive 
surgical modalities (bone and joint procedures, 
autogenous/allogenous hemiarthroplasty), and 
salvage procedures (total joint reconstruction) 
[42].

Table 5.5 presents the classification of osteo-
arthritis based on symptoms, signs, and imaging 
with management options [43, 44].

 Osteoarthrosis
Osteoarthrosis is a multifactorial disease associ-
ated with TMJ overloading. Though it is synony-
mous with osteoarthritis in medical orthopedic 
literature [42], in dental TMJ literature, it has 

been recently identified as a chronic low inflam-
matory degenerative disease with progressive 
loss of articular cartilage in the TMJ resulting 
from an imbalance between predominantly 
chondrocyte- controlled reparative and degrada-
tive processes.

As with osteoarthritis, the cause of osteoar-
throsis is joint overloading. When joint loading is 
mild, body tries to adapt by bony remodelling. If 
functional demands exceed adaptability, osteoar-
thritis begins. Once the adaptive process has 
caught up to the functional demands, osteoarthro-
sis remains [45].

Patient generally presents with no symptoms. 
The past history may reveal a period of time 
when symptoms were present (osteoarthritis) that 
can only be confirmed through radiographs. 
Crepitation is a common finding. In the absence 
of clinical symptoms like joint pain, treatment of 
this arthritides is contraindicated. The only treat-
ment that may need to be considered is if the 
bony changes in the condyle have been signifi-
cant enough to alter the occlusal condition and, in 
such cases, dental therapy may need to be 
considered.

 Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic non- 
suppurative disease of unknown etiology which 

Table 5.5 Classification of osteoarthritis [3, 43, 44]

Stage Symptoms Signs Imaging
Management 
options

I
Early 
disease

Joint/muscle 
pain
Limited 
function
Crepitus

Little or no occlusal or 
facial aesthetic changes

Mild to moderate erosive 
changes of condyle/fossa/
eminence

Non-invasive 
(1°)
Minimally 
invasive (2°)

II
Arrested 
disease

Little or no joint 
pain
Muscle pain
Some joint 
dysfunction
Crepitus

Class II malocclusion
Apertognathia

Flattened condyle/eminence Bone and joint 
(1°)
Salvage (2°)

III
Advanced 
disease

Joint/muscle 
pain
Loss of function
± Crepitus
Progressive 
retrognathia

High-angle class II 
malocclusion
Apertognathia
Developing fibrosis/
ankylosis

Gross erosive changes
Loss of condyle and eminence 
height
Ankylosis
Hypertrophy of coronoid

Salvage (1°)
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primarily affects articular structures such as 
synovial membrane, capsule, tendon, sheath, and 
ligaments and secondarily involves the articular 
cartilages and subchondral bone [46]. It is 
believed that the inflammation of the synovial 
membranes extends into surrounding connective 
tissues and articular surfaces (this reactive mac-
rophage laden fibroblastic proliferation from the 
synovium that extends to the joint surface is 
called pannus), which then become thickened 
and tender. The cells of the synovial membrane 
express enzymes that cause destruction of the 
articular surface, eventually leading to a fibrous 
ankylosis.

Clinical Findings RA is a polyarticular disease, 
with a peak onset at 40–60  years of age and a 
slight female predilection. Systemic weight loss, 
fever, and fatigue are the first presentation of RA 
patients, who frequently manifest chronic epi-
sodic exacerbations and remissions. To ensure 
uniformity in investigational and epidemiologic 
studies, the American College of Rheumatology 
has developed classification criteria for RA that 
is presented in Table 5.6 [47].

Clinical TMJ involvement is found in 4–80% 
of RA patients [48], is usually bilateral in 34% to 
75% of those patients, and TMJ may not be the 
first joint to be affected. The most common clini-
cal symptom of TMJ involvement is deep, dull 
preauricular pain during function, that may be 
referred to temporal region and angle of the man-
dible. Other features include swelling, muscle 
tenderness with decreased bite force, limited 
range of motion, crepitation or clicking, and 
morning joint stiffness. In the later stages, degen-
eration of the synovial membrane, resorption of 
condylar bone, and formation of scar tissue 
between the joint surfaces and within the capsule 
might lead to severe disability.

Retardation of mandibular growth causing 
facial deformity and sometimes ankylosis can 
occur in children. A characteristic feature of 
advanced RA of TMJ is the development of a 
progressive class II malocclusion and anterior 

open bite deformity with impairment of chewing 
and phonation. This deformity is caused by loss 
of normal ramus height secondary to destruction 
of the mandibular condyles.

Imaging/Investigations Early stages show no 
radiographic changes. With progression of the 
disease, articular surface of the condyle is 
destroyed and the joint space is obliterated 
resulting in anterior open bite. Anteroposterior 
erosion of the condyle might result in a “sharp-
ened pencil appearance.” Other changes 
observed include subcortical pseudocyst, flat-
tening of the articular eminence, and erosion of 
glenoid fossa.

Based on the MRI findings, Kretapirom et al. 
categorized four types of osseous changes in the 
condyle [46]:

• Type I: Abnormal signal intensity of the con-
dylar bone marrow without erosion or 
resorption.

• Type II: Surface erosion of the condylar 
cortex.

• Type III: Bone resorption extending within 
half of the condylar head.

• Type IV: Bone resorption involving more than 
half of the condylar head.

Table 5.6 Revised criteria for the classification of rheu-
matoid arthritis, ARA, 1987 [47]

1.  Morning stiffness (in/around joints, at least 1 hour 
before maximal improvement)

2.  Arthritis (swelling) of 3 or more joint areas 
(observed by a physician)

3.  Symmetric arthritis (swelling, NOT bony 
overgrowth)

4. Arthritis of hand joints (wrists, MCPs, or PIPs)
5. Rheumatoid nodules
6. Rheumatoid factor (serum)
7.  Radiographic changes (erosions and/or periarticular 

osteopenia in hand/wrist joints)
Requirements
   • ≥ 4 of the above 7 criteria
   •  Criteria 1–4 must have been present for at least 

6 weeks.
Approximately 50% to 75% of patients with 
rheumatoid arthritis have involvement of the 
temporomandibular joint during the course of the 
disease [47]
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Laboratory findings include positive rheuma-
toid factor (RF), antinuclear antibodies (ANA), 
human leukocyte antigens (HLA) Dw5 and DRw, 
elevated ESR, decrease in serum albumin, and 
synovial aspirate revealing cloudy, reduced vis-
cosity, with a white cell blood count >20,000.

Management Disease management through 
NSAIDs, short-term steroids, soft diet, physical 
therapy, immunosuppressive drugs (rheumatol-
ogy referral) and management of structural defor-
mity by TMJ and orthognathic surgery.

 Osteoarthritis Vs Rheumatoid Arthritis
Table 5.7 presents the significant differences 
between osteoarthritis and rheumatoid arthritis 
affecting the TMJ [49].

 Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA or Juvenile RA 
or Still disease) is a rheumatic disease of child-
hood that presents with no symptoms or very 
mild symptoms in most cases. Thus, it is impor-
tant to screen for clinical symptoms or signs such 
as pain at chewing, clicking at TMJ, or the child 
avoiding chewable food.

JIA starts before 16 years of age, with as high 
as 87% involvement of TMJ (TMJ may be the 
only joint involved with JIA) [50]. The initial 
findings may be limited range of motion and 
asymmetry of the mandible from abnormal cra-
niofacial growth. Bilateral TMJ involvement may 
result in progressive Class II malocclusion and 
apertognathia due to loss of ramal height second-
ary to condylar destruction (bird face deformity) 
and ankylosis later. Further, the condition may 
interfere with proper oral hygiene, leading to 
dental caries.

Based on the clinical expression at the onset 
and the first 6 months of the disease, three types 
have been described: oligoarticular/pauciarticu-
lar (four or fewer involved joints), polyarticular 
(five or more involved joints), and systemic (pres-
ence of arthritis and severe systemic 
involvement).

Imaging reveals condylar cortical bone ero-
sion, disc thinning, loss of ramus height, and 
increased antegonial notching in late stages. 
Laboratory findings include positive RF in 20% 
of patients, ANA in 60–80% of patients, and ele-
vated ESR. Management is similar to rheumatoid 
arthritis.

 Psoriatic Arthritis
Psoriasis is a chronic, often pruritic, skin disease. 
About 5–10% of the psoriatic population present 
with psoriatic arthritis (PA), which is diagnosed 
based on the triad of psoriasis, radiological ero-
sive polyarthritis, and a negative serological test 
for rheumatoid factor [51]. This distinction from 
rheumatoid arthritis is further marked by the 
simultaneous occurrence of both joint and skin 
manifestations in many instances, by characteris-
tic radiological appearances, and by the absence 
of subcutaneous nodules. A genetic predisposi-
tion and HLA association is also observed.

Clinical Findings PA usually occurs between 
third and fourth decade of life, with a slight male 
predilection. Based on the presence of different 

Table 5.7 Comparison between osteoarthritis and rheu-
matoid arthritis [49]

Osteoarthritis Rheumatoid Arthritis
Age Later in life Anytime in life
Speed of 
onset

Slow, over 
years

Relatively rapid, 
weeks to months

Prevalence of 
TMJ 
involvement

8–16% 50%

Joint 
symptoms

Painful but 
little or no 
swelling

Painful, swollen, 
and stiff

Common joint 
involvement

Random; single 
joint 
involvement 
common

Symmetric joint 
involvement; 
multiple joint 
involvement 
common

Morning 
stiffness

< 1 hour > 1 hour

Systemic 
effects

Not present Present
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clinical features, four distinct patterns of PA are 
recognized [52]:

• Arthritis affecting mostly the distal interpha-
langeal joints.

• Severe arthritis affecting single or multiple 
joint, with widespread bone destruction and 
ankylosis.

• Seronegative polyarthritis that may be diffi-
cult to distinguish from seronegative RA.

• Arthritis that is characterized by the presence 
of spondylitis and peripheral joint involve-
ment and the presence of the HLA-B27 
antigen.

PA of TMJ usually has a sudden onset, often 
following minor trauma. If a patient is likely to 
have PA of the TMJ, then a careful examination 
of the nails, scalp, and umbilicus may help in the 
diagnosis as pitting and oncolysis of nails are evi-
dent in many patients. Signs and symptoms of 
TMJ disease include deviation of the mandible 
from the midline during opening and closing 
movements, limitation of opening, subjective 
stiffness of the joint, joint crepitus on palpation, 
audible or palpable clicking of the joint detected 
objectively, subjective joint clicking, pain in the 
joint itself, referred pain or tenderness of the joint 
on biting or chewing, tenderness of the joint, 
joint capsule or muscles of mastication detected 
by palpation while the patient was performing the 
full range of mandibular movements, past history 
of, or presence of, soft-tissue swelling external to 
the temporomandibular joint, and/or 
subluxation.

Imaging Radiographic changes include erosion, 
osteoporosis, and narrowing of joint space, but 
are nonspecific.

Management The primary goal in management 
of PA affecting TMJ is to relieve the pain along 
with counselling and reassurance emphasizing 
the benign nature of the disease. In the initial 
stage, rest and use of NSAIDS is recommended. 
Other treatment modalities include physiother-
apy, steroids (topical/systemic) and surgical joint 
replacement.

 Ankylosing Spondylitis
Ankylosing spondylitis (AS, seronegative spon-
dylitis, Bechterew disease, Marie-Strumpell dis-
ease) is a chronic inflammatory disorder affecting 
predominantly the axial skeleton, although 
peripheral joint involvement may be a significant 
feature. The peripheral joints that are affected 
include the hips, shoulders, knees, hands, wrists, 
and TMJ (seen in later stages with a frequency of 
11% to 35%) [53] AS is nearly 10 times more 
common in male patients, with an age of onset 
between the first and fourth decades of life, and is 
associated with HLA-B27 antigens.

Clinical Findings Flexion deformity of the 
neck and fixed rigidity of the cervical spine are 
the most common presentation, with atlantoaxial 
subluxation seen in few patients. AS causes 
debilitating postural changes with forward thrust-
ing of the head. When AS affects the vertebral 
column, the patient complains of back pain and 
stiffness during morning hours which generally 
increases during exercise and movements. In the 
later stages, lumbar lordosis and lumbar kyphosis 
might occur, with pain in any change in posture. 
Pain in heel and plantar pain have also been 
reported [54].

Involvement of TMJ in AS gives rise to few 
serious symptoms until gross restriction of jaw 
movement occurs, in contrast to the acute pain 
and tenderness occurring in rheumatoid arthritis 
that usually resolves spontaneously and only 
rarely gives rise to permanent restriction of jaw 
opening. Asymptomatic or unilateral involve-
ment is seen in nearly half of the patients. Pain, 
stiffness, and limited mouth opening are the com-
mon symptoms of AS in TMJ. Clicking sounds 
are not common in this disease.

TMJ pathology in AS can be explained by 
destruction of the capsular/disc attachment, 
resulting in internal derangement and subsequent 
degenerative joint disease or by direct breakdown 
of the articular surfaces due to primary 
synovitis.

Imaging Non-specific radiographic changes are 
observed at the later stages of the disease and 
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include joint space narrowing, erosions, reduced 
mobility, osteophyte formation, excessive sclero-
sis, and extensive erosion.

AS is negative for Rheumatoid factor and is 
positive for HLA-B27 antigen. Treatment 
includes NSAIDs, physical therapy, steroids, 
disease- modifying drugs.

 Reiter Syndrome
Reiter syndrome is a triad of arthritis (cannot 
climb), conjunctivitis/uveitis (cannot see), and 
urethritis (cannot pee) that occurs as a reactive 
disease within 2–6 weeks of an episode of genito-
urinary (chlamydia, gonorrhea) or gastrointesti-
nal infection (Salmonella, Shigella).

Clinical Findings Reiter syndrome has a male 
predominance, is of acute onset, and is associated 
with inflammatory eye lesions, balanitis, oral 
ulcers, and keratodermatitis. A classic Reiter syn-
drome patient presents with a swollen knee or a 
swollen interphalangeal joint with or without 
Achilles tendinitis. There may be diffuse swell-
ing of fingers and toes (sausage digits) [55]. 
There also may be associated low-back pain with 
involvement of the SI joints, making it difficult to 
distinguish it at times from ankylosing spondyli-
tis. When TMJ is affected, symptoms like tender-
ness, erythema, and warmth over the joint are 
evident which generally have acute onset and 
asymmetrical presentation.

Imaging In Reiter syndrome, radiologic changes 
are often absent or minimal. Osteoporosis, peri-
osteal new bone formation, erosive changes at the 
site of ligamentous insertion, and occasionally a 
destructive arthropathy may be seen. Sacroiliitis 
with or without spondylitis may be present. The 
commonest change is that of plantar spurs at the 
site of plantar fasciitis.

Treatment Treatment for Reiter syndrome 
involves anti-inflammatory medications and 
intra-articular steroid injections as well as physi-
cal therapy. Systemic oral steroids have been 
shown to be of minimal benefit. Topical steroids 
are used for the skin lesions and also receom-
mended for conjunctivitis.

 Septic (Infectious) Arthritis
Septic arthritis of TMJ is an infrequently reported 
rare disease exclusively seen in adults. A mortal-
ity rate of 12% has been reported for cases of sep-
tic arthritis in whole body joints, and significant 
hypofunction of the affected joint is observed in 
up to 75% of cases. Septic arthritis of TMJ is 
known to result in significant morbidity if diag-
nosis is delayed.

Etiopathogenesis Common causative organ-
isms of septic arthritis include Staphylococcus 
aureus, Neisseria, Haemophilus influenzae, and 
Streptococcus. Predisposing factors for septic 
arthritis might be local (blunt trauma, burn 
wounds, drug abuse, iatrogenic causes) or gener-
alized (systemic and autoimmune diseases like 
rheumatoid arthritis, diabetes, hypogammaglob-
ulinemia or infections like gonorrhea, syphilis, 
tuberculosis, or actinomycosis). Risk factors can 
also include prolonged use of systemic steroids 
and sexually transmitted diseases. AIDS patients 
are also prone to septic arthritis (usually a bacte-
rial or fungal cause).

The routes of infection and possible patho-
genic mechanisms for septic arthritis are pre-
sented in Fig.  5.5 [56]. The causative 
microorganism usually reaches the joint via 
hematogenous seeding, colonizes the synovial 
membrane, produces an acute inflammatory 
response, and reaches the synovial fluid. Pro- 
inflammatory cytokines are produced in 
response to the bacterial insult, intensifying the 
inflammatory response. The by-products of 
inflammation can rapidly destroy the synovial 
membrane and collagen matrix, thus inhibiting 
cartilage synthesis. As the infection progresses, 
signs of inflammation (such as redness and 
edema) may appear.

Less commonly, the pathogen enters the joint 
by local spread, through a skin lesion or from an 
adjacent osteomyelitis, resulting in compression 
of intra-articular vessels by the inflammatory 
infiltrate and reduction of circulation to the carti-
lage and subchondral bone by the pus. Further, 
the pressure developed within the joint cavity 
eventually induces necrosis of the articular 
structures.
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Clinical Features Systemic involvement results 
in fever, rash, malaise, lymphadenopathy, hepa-
tosplenomegaly, pericarditis, pleuritis, and arthri-
tis (intense pain not relieved by rest). The signs 
and symptoms usually persist for two weeks and 
may regress thereafter, depending on the viru-

lence of the causative agent and the patient’s 
immune status. The large joints are more often 
involved, with the knees and hip most commonly 
affected [57].

In septic arthritis of TMJ, the common clinical 
manifestations are an erythematous, warm, swol-

Routes of TMJ
Infection

Local spread

Adjacent
infections
[E.g.: Infra

temporal space
infection

following tooth
extraction / Otitis

media]

Hematogenous dissemination
(Most common)

Bacteremia
(Transient/Asymptomatic)

Predisposing factors from synovium
High vascularity

No limiting basement membrane
No desmosome among synoviocytes

Vulnerable in retrodiscal tissue

Joint inflammation
Synovial hyperemia, purulent effusion,

destruction of cartilage

Direct extension
through tissue
space or vessel Microorganisms gain

access to the joint

Direct
inoculation of

organisms

latrogenic
causes

Arthrotomy
Arthroscopy

Arthrocentesis

Distant primary infections
(Occult)

Fig. 5.5 Septic arthritis of TMJ. Routes of infection and 
possible pathogenic mechanisms (Adapted from: Cai XY 
et  al. Septic arthritis of the temporomandibular joint: a 

retrospective review of 40 cases. J Oral Maxillofac Surg 
2010; 68(4): 731–8)
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len preauricular region, pain, trismus, regional 
lymphadenopathy, malocclusion with ipsilateral 
posterior open bite, limited maximum mouth 
opening, and contralateral mandible deviation 
which results from the increased joint fluid pre-
senting as fluctuation in the joint region. In 
chronic cases, ankylosis of joint may occur 
resulting in facial asymmetry and might also 
cause complete destruction of condyle and bone.

Imaging/Investigations OPG can depict joint 
space widening caused by inflammatory exudates 
and purulence. However, bony changes do not 
often occur in the acute phase of infection, and 
CT scanning is more sensitive in detecting early 
bony changes [57] such as articular space widen-
ing, cellulitis, osteomyelitis, and ankylosis. MRI 
allows for early detection of increased joint effu-
sion on T2-weighted images and evaluation of 
the cartilaginous disc and adjacent soft tissues. 
Technetium-99 phosphate bone scans have low 
specificity, but high sensitivity for septic arthritis. 
A negative technetium-99 scan virtually elimi-
nates septic arthritis from the differential 
diagnosis.

Laboratory findings include increased serum 
leukocyte count and increased level of C-reactive 
protein. FNAC should always be performed and 
gram stain and culture sensitivity test should be 
done. In 62% of the positive cases of septic 
arthritis, the isolated organism is Staphylococcus 
aureus.

Management Treatment of TMJ septic arthritis 
includes irrigation and drainage, antibiotic ther-
apy, and joint rest [58].

• Positive results have been reported from 
arthrocentesis, for irrigation and drainage of 
the joint space. In cases where the infection 
enters the joint by local spread, a conventional 
submandibular incision is preferable.

• Antibiotic therapy should be initiated immedi-
ately after joint fluid aspiration is performed. 
During the acute phase of the infection, the 
joint should be rested.

• Joint rest helps to decrease the amount of 
synovial fluid and inflammatory response and 

therefore helps minimize proteolytic joint 
damage. Typically, joint rest consists of a soft 
diet and restricted range of motion. Joint exer-
cises designed to help the patient open and 
close the mouth should be started after the 
acute phase of infection.

 Metabolic Arthritis
Two major types of metabolic arthritis affecting 
the TMJ are gout and pseudogout, two common 
crystal-induced arthropathies.

Clinical Findings Gout is caused by the deposi-
tion of monosodium urate monohydrate crystals 
in the joints or in soft tissues leading to acute 
inflammation, with associated pain, impaired 
movement of the affected joint, and hyperurice-
mia [59]. Gouty arthritis usually affects men over 
40 years of age, with definite genetic predisposi-
tion and family prevalence.

The four phases of gout include [60] asymp-
tomatic hyperuricemia (serum urate concentra-
tion greater than 416 mmol/l), acute joint arthritis, 
intercritical gout, and chronic tophaceous gout. 
Tophaceous deposits of urate crystals commonly 
occur in the synovium, subchondral bone, and 
remote subcutaneous and tendinous tissues. 
Commonly, the small joints of the feet and hands, 
wrists, elbows and knees are involved. 
Involvement of the proximal joints is unusual. 
Only a few cases of isolated TMJ involvement 
and destruction have been reported. Clinical pre-
sentation of TMJ gout includes mild pain, limited 
joint movements, sometimes warm and tender 
swelling over the area, and joint sounds.

Pseudogout is caused by calcium pyrophos-
phate crystals and is more accurately termed cal-
cium pyrophosphate disease and is characterized 
by pain, stiffness, tenderness, redness, warmth, 
and swelling in joints. Most commonly affected 
joints are knees, hips, shoulders, elbow, finger, 
and ankles and TMJ is rarely affected. Pseudogout 
can occur in association with diabetes mellitus 
and hyperthyroidism [61].

Imaging/Investigations Radiographic changes 
are not characteristic and in the late stages of the 
disease, TMJ shows enlargement and irregularity 
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of the condylar head. CT scan shows synovial 
swelling around the TMJ, calcified loose bodies, 
articular sclerosis, and erosions. Blood investiga-
tions and FNAC are recommended. The aspirated 
fluid is opalescent and contains urate crystals 
when examined under polarizing microscope. 
Leukocytosis and elevated ESR are commonly 
found.

 Systemic Arthritides Associated 
with Connective Tissue Diseases
Systemic Lupus Erythematosus (SLE) SLE is 
a chronic autoimmune multisystem disease usu-
ally affecting the brain and peripheral nervous 
system, skin, joints, kidneys, lungs, serous mem-
branes, and components of the blood. Symmetric 
polyarthritis, usually involving the fingers, knees, 
and wrists is a common feature in SLE patients. 
Few cases of TMJ involvement in SLE have been 
reported [62, 63].

Scleroderma Progressive systemic sclerosis is a 
generalized connective tissue disorder that 
involves the skin (scleroderma) and organs such 
as heart, lung, kidneys, and gastrointestinal tract. 
Besides oral and dental features of systemic scle-
rosis reported such as limited mouth opening, 
mucogingival problems, xerostomia, telangiecta-
sia, increased periodontal ligament width, and 
osseous resorption of the mandible, TMJ dys-
function has also been reported [64].

Mixed Connective Tissue Disease (MCTD) A 
distinct rheumatoid disease whose features over-
lap with a number of different connective tissue 
diseases. Clinical presentation of MTCD includes 
fatigue, myalgia, arthralgia, and Raynaud phe-
nomenon, with joint pain and stiffness being 
present in most of the cases. These features of 
MTCD manifest concurrently with the features 
of diseases such as SLE, scleroderma, polymyo-
sitis, dermatomyositis, and RA.  Symptoms and 
signs of TMDs have been widely reported in 
MTCD patients [65].

Sjögren Syndrome (SS) A systemic autoim-
mune disease characterized by xerostomia and 
dry eyes, resulting from an autoimmune process 

that often may affect other organs, such as neural 
systems, skin, mucosa, lungs, and kidneys. SS 
also can develop as a secondary phenomenon, in 
which the sicca symptoms are associated with 
RA, SLE, or scleroderma. SS is sometimes asso-
ciated with polyarthritis, and thus the TMJ may 
also be affected [63].

5.2.3.2  Condylysis (Idiopathic Condylar 
Resorption)

Condylysis is a rare idiopathic osseous degenera-
tion, probably a severe degenerative joint disor-
der associated with low estrogen levels, leading 
to the loss of condylar height and a progressive 
anterior open bite. This condition occurs sponta-
neously, usually bilateral, in adolescent females, 
with or without the presence of pain or joint 
sounds. Dental occlusal changes may be positive, 
in the early stages. Sensitivity and specificity 
have not been established.

History is positive for progressive dental 
occlusal changes. Examination is positive for 
anterior open bite and progressive dental occlusal 
changes with either occlusal facets that cannot be 
approximated or change in sequential occlusal 
measurement over time based on overbite, over-
jet, or intercuspal contacts. Imaging includes CT/
CBCT evidence of partial or total condylar 
resorption or change with sequential imaging 
over time from lateral cephalometric images, 
which may include clockwise mandibular rota-
tion, increase in mandibular plane angle, or 
increased A point-nasion-B point. Serologic tests 
for rheumatologic disease, including systemic 
arthritides, must be negative.

5.2.3.3  Osteochondrosis Dissecans
Osteochondritis dissecans is a disorder of unclear 
pathophysiology wherein fragments of articular 
cartilage and bone freely move within the syno-
vial fluid (“joint mice”). It usually occurs in the 
knee and elbow and is often related to sports. 
Reports have described this condition in the TMJ 
but little is known about the signs and symptoms. 
Sensitivity and specificity have not been 
established.

History is positive for arthralgia as previously 
defined and joint noises with mandibular move-
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ment or swelling. Examination is positive for 
similar clinical findings as operationalized for 
arthralgia, or crepitus detected by the examiner 
during palpation or reported by patient during 
mandibular movements or maximum assisted 
opening plus vertical overlap <40 mm, or swell-
ing around the affected joint. CT/CBCT will pro-
vide positive findings for loose osteochondral 
fragments within the joint. Serologic tests for 
rheumatologic disease, including systemic arthri-
tides, must be negative.

5.2.3.4  Osteonecrosis
Osteonecrosis (avascular/aseptic necrosis) is a 
painful condition affecting the epiphyseal or sub-
articular bone secondary to disrupted blood sup-
ply in absence of oxygen. Most commonly heads 
of femur and hip joint are involved, besides 
humerus and knees. TMJ is rarely involved [66] 
and the condition is found in the mandibular con-
dyle on MRI as decreased signal in T1-weighted 
or proton density images and on T2-weighted 
images (sclerosis pattern) and can be combined 
with increased signal on T2 images (edema). The 
exact cause of the disease is unknown. It can 
occur as a result of intraluminal or extraluminal 
obliteration in the bone marrow or trauma lead-
ing to direct vascular injury.

Simple imaging in early stages is not useful. 
To diagnose osteonecrosis, the patient must fulfill 
criteria for arthralgia as previously defined, and 
imaging must show a decreased signal in 
T1-weighted or proton density MR images and 
can be combined with an increased signal on 
T2-weighted images. Cancellous bone is more 
affected than the articular surface. In addition, 
laboratory testing will confirm negative serologic 
results for rheumatologic disease. Histological 
examination reveals subcondylar cyst like 
change. Sensitivity and specificity have not been 
established. Treatment options are not validated.

5.2.3.5  Neoplasm
A neoplasm is new, often uncontrolled growth of 
abnormal tissue, in this case arising or involving 
the TMJ or supporting structures. Tumors of the 
TMJ are rare, can be malignant or benign, and 
present with symptoms similar to intra-articular 

disorders. Occasionally metastatic tumors have 
also been reported.

TMJ tumors [67] may originate from the con-
dyle, either the bone or the articular cartilage or 
from the joint capsule and include osteochon-
droma, chondroma, chondroblastoma, synovial 
chondromatosis, osteoma, osteoid osteoma, 
osteoblastoma, giant cell tumor, hemangioma, 
lipoma, ossifying fibroma, pigmented villonodu-
lar synovitis, and juxta-articular myxoma.

Around 3% of malignancies metastasize to the 
jaws, extending to the TMJ region, causing pain 
and dysfunction. These commonly include squa-
mous cell carcinomas of the maxillofacial region, 
primary nasopharyngeal tumors, and also parotid 
malignancies like adenoid cystic carcinoma and 
mucoepidermoid carcinoma.

Presenting symptoms include reduced mouth 
opening which is progressive, joint pain, maloc-
clusion, swelling in the TMJ region, skin reac-
tions in the TMJ region, lymphadenopathy, and 
crepitus. If the condyle is involved, there is fre-
quently development of a facial asymmetry with 
a midline shift as that seen in condylar 
hyperplasia.

Diagnostic imaging and biopsy are essential 
when a neoplasm is suspected. Treatment options 
include surgery, radiotherapy, and chemotherapy. 
Sensitivity and specificity have not been 
established.

5.2.3.6  Synovial Chondromatosis
Synovial chondromatosis refers to cartilaginous 
metaplasia of the mesenchymal remnants of the 
synovial tissue of the joint, characterized by the 
formation of cartilaginous nodules that may be 
pedunculated and/or detached from the synovial 
membrane and become loose bodies within the 
joint space. Calcification of the cartilage can also 
occur (osteochondromatosis) [68].

Primary and secondary forms of synovial 
chondromatosis have been identified. Primary 
type is severe than the secondary form and is of 
unknown etiology. Secondary type is associated 
with degenerative arthritis or previous trauma or 
microtrauma to the joint.

Synovial chondromatosis most commonly 
affects knee and elbow. TMJ is rarely affected. In 
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such a case, the patient should present history of 
preauricular swelling or arthralgia as previously 
defined or progressive limitation in mouth open-
ing or presence of joint noises during the last one 
month. Examination must confirm at preauricular 
swelling or arthralgia as previously defined or 
maximum assisted opening (passive 
stretch) < 40 mm, including the vertical incisal 
overlap or crepitus as seen in degenerative joint 
disorders.
MRI or CT/CBCT is recommended for confirma-
tion and it must be positive for multiple chon-
droid nodules, joint effusion, and amorphous 
iso-intensity signal tissues within the joint space 
and capsule (MRI) or loose calcified bodies in the 
soft tissues of the TMJ (CT/CBCT). Sensitivity 
and specificity have not been established.

5.2.4  Fractures

Direct trauma can impact TMJ in the form of 
fracture, dislocation, contusion, or laceration of 
articular surfaces, ligaments, and disc, with or 
without intra-articular hemarthrosis, with 
sequelae such as adhesions, ankylosis, occlusal 
abnormalities, or joint degeneration [69, 70].

Examples of fractures of TMJ include closed 
and open fractures of condylar process and sub-
condylar process. Subcondylar fractures are the 
most common among fractures involving the 
mandible, with the condyle even being dislocated 
out of the glenoid fossa. It is estimated that of all 
the mandibular fractures approximately 25–52% 
involve the condyle.

5.2.4.1  Sources of Condylar Injuries
• Due to kinetic injury imparted to static indi-

vidual (such as blow to the chin), the fracture 
of parasymphysis may be seen on the side of 
trauma along with condylar neck fracture on 
the contralateral side.

• Due to kinetic injury imparted to moving indi-
vidual against a static surface (such as in a 
“parade ground” fracture or when an individ-
ual falls on the floor in an epileptic fit), the 
symphyseal fracture may be seen associated 
with bilateral condylar neck fractures.

• When a moving individual strikes against 
another moving object (such as in road traffic 
accidents), a summation of the kinetic ener-
gies of the first two varieties occurs leading to 
bilateral parasymphyseal fracture along with 
bilateral condylar neck fractures.

5.2.4.2  Classification of Condylar 
Fractures

Lindahl Classification [71] Divides condylar 
fractures (Figs.  5.6 and 5.7) based on three 
parameters as follows. It is mandatory that radio-
graphs be taken in two planes at right angles to 
each other.

• Based on level of fracture into.
 – Intracapsular head or condylar head 

fractures.
 – Condylar neck fractures.
 – Subcondylar fractures.

• Based on relationship of the fractured condy-
lar segment to the mandible into.
 – Undisplaced (fissure fracture).
 – Deviated (angulated fractured segment 

without overlap).

Fig. 5.6 Classification of condylar fractures according to 
the Comprehensive AOCMF Classification System 
(Reproduced with permission from: Al-Moraissi EA et al. 
Does the Surgical Approach for Treating Mandibular 
Condylar Fractures Affect the Rate of Seventh Cranial 
Nerve Injuries? A Systematic Review and Meta-Analysis 
Based on a New Classification for Surgical Approaches. J 
Craniomaxillofac Surg 2018 Mar; 46(3): 398–412, 
Copyright Elsevier)
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 – Displaced with medial overlap of the frac-
tured segment.

 – Displaced with lateral overlap, anterior and 
posterior overlap.

 – Fractured fragment with no contact with 
the remainder of the mandible.

• Based on the relationship of the condylar head 
to the glenoid fossa into.
 – No displacement (radiographically the 

joint space appears normal).
 – Displacement (increased joint space but the 

mandibular condyle is related to the gle-
noid fossa.

No displacement Deviation Displacement

Deviation-Dislocation Displacement-Dislocation

Lateral Override Medial Override

Fig. 5.7 Classification of condylar fractures, based on 
the relationship of fractured condylar segment to the man-
dible or glenoid fossa (Reproduced with permission from: 

Powers DB.  Classification of Mandibular Condylar 
Fractures. Atlas Oral Maxillofac Surg Clin North Am 
2017 Mar; 25(1): 1–10, Copyright Elsevier)

5 Understanding Temporomandibular Joint Disorders



56

 – Dislocation (condylar fragment is totally 
out of the glenoid fossa, usually dislocated 
in an anteromedial direction).

MacLennan Classification [72] Divided con-
dylar fractures into four categories based on the 
relationship of the fractured condylar fragment to 
the mandible

• No displacement.
• Fracture deviation (simple angulation of the 

condylar fragment in relation to the remainder 
of the mandible as seen in greenstick 
fractures).

• Fracture displacement (overlap of the condyle 
and the remainder of the mandible).

• Fracture dislocation (complete disruption of 
the condylar head from the glenoid fossa).

Spiessl and Schroll Classification [73] 
Classified into six types as follows:

• Type I: Condylar neck fracture without seri-
ous dislocation.

• Type II: Deep seated condylar neck fracture 
with dislocation.

• Type III: High condylar neck fracture with 
dislocation.

• Type IV: Synovial deep-seated condylar neck 
fracture with luxation.

• Type V: High condylar neck fracture with 
luxation.

• Type VI: Head or intracapsular fracture.

5.2.4.3  Diagnosis/Management
History must be positive for trauma to the orofa-
cial region and for a preauricular swelling, 
arthralgia as previously defined, or limited mouth 
opening. Examination reveals preauricular swell-
ing, arthralgia as previously defined, and maxi-
mum assisted opening (passive stretch) < 40 mm 
including vertical incisal overlap. Imaging is 
positive for evidence of fracture. But it is impera-
tive to remember that TMJ fractures can present 
with no signs and symptoms and may only be 
noticed on a routine panoramic radiograph taken 
for a non-TMD purpose.

Though conservative therapy would do well 
for most patients with condylar fractures, a higher 
risk for occlusal changes is associated with bilat-
eral fractures and the condyle being dislocated 
out of the fossa [74]. Fractures of the condylar 
process may result in facial asymmetry, with 
greater skeletal changes when the fracture occurs 
early in life. Closed treatments have reportedly 
also resulted in facial asymmetries, even in adults 
[75]. Sensitivity and specificity have not been 
established (Refer Chap. 16).

5.2.5  Congenital/Developmental 
Disorders

5.2.5.1  Aplasia
A failure of the condyle to develop or incomplete 
development of the articular fossa and eminence 
is usually associated with congenital anomalies 
such as oculo-auriculo-vertebral spectrum 
(Goldenhar syndrome), hemifacial microsomia, 
and mandibulofacial dysostosis (Treacher Collins 
syndrome). Such aplasia is unilateral, causing 
facial asymmetries, and might cause a malocclu-
sion [4]. In rare occasions, it may be bilateral, 
without facial asymmetry, but with a definitive 
micrognathia and open bite. Sensitivity and spec-
ificity have not been established.

History must be positive for progressive devel-
opment of mandibular asymmetry or microgna-
thia from birth or early childhood and 
development of malocclusion, which may include 
posterior open bite. Examination reveals man-
dibular asymmetry, with deviation of the chin to 
the affected side or micrognathia and inability to 
detect the condyle upon palpation during man-
dibular movements. Imaging will show severe 
hypoplasia of the fossa and eminence and aplasia 
of the condyle.

5.2.5.2  Hypoplasia
An incomplete development or underdevelop-
ment of the cranial bones or the mandible occurs 
often secondary to trauma during adolescence, 
may result in asymmetric growth of the mandi-
ble, and may be associated with malocclusion 
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that includes open bite [76]. Sensitivity and spec-
ificity have not been established.

History must be positive for progressive devel-
opment of mandibular asymmetry or microgna-
thia from birth or early childhood and 
development of malocclusion, which may include 
posterior open bite. Examination must confirm 
this history. Imaging using CT/CBCT will show 
at least one of the following: hypoplasia of the 
fossa, hypoplasia of the condyle, or shortened 
mandibular ramus height.

5.2.5.3  Hyperplasia
Hyperplasia is the overdevelopment of the man-
dible or cranial bones that occurs unilaterally or 
bilaterally as a localized enlargement such as 
condylar hyperplasia or as an overdevelopment 
of the entire mandible or side of the face. 
Hyperplasia normally occurs during adolescence, 
leading to facial asymmetry, mandibular devia-
tion, and a malocclusion [77]. Sensitivity and 
specificity have not been established.

Facial asymmetry resulting from excessive 
condylar growth is of two types (Table 5.8):

• Type I: Hemimandibular hyperplasia (HH).
• Type II: Hemimandibular elongation (HE).

To diagnose hyperplasia, the history must be 
positive for progressive development of mandibu-
lar or facial asymmetry, and the examination must 
confirm this history. Imaging using panoramic 
radiography and/or CT/CBCT and single-photon 
emission CT is positive for asymmetry in man-

dibular ramus height and there is an increased 
uptake of technetium-99 m hydroxy diphospho-
nate on bone scintigraphy scan (nuclear imaging).

5.3  Masticatory Muscle 
Disorders (Extra-Articular)

The most common reason for TMD patients to 
seek treatment is for myogenous TMDs or masti-
catory myalgias that present as pain and dysfunc-
tion arising from several well-defined, distinct 
pathologic and functional processes in the masti-
catory muscles. These include myofascial pain 
(myalgia), myositis, muscle spasm, and muscle 
contracture.

5.3.1  Etiologic Factors 
for Myogenous TMD [78, 79]

• Trauma.
 – Direct microtrauma such as direct blow to 

the jaw, wider or prolonged opening of 
mouth during activities such as dental treat-
ment, or yawning or sexual activity.

 – Indirect microtrauma like whiplash-type 
injury or local infection and trauma (caus-
ing myositis and contracture).

• Repetitive strain.
 – Repetitive strain activities can result in 

myalgia or spasm.
 – Sleep disturbances and nocturnal habits 

can cause myalgia.
 – Psychosocial stressors can play an indirect 

role.
• Posture.

 – Postural strain caused by a forward head 
posture, increased cervical or lumbar lor-
dosis, some occlusal abnormalities, and 
poor positioning of the head or tongue.

 – Static postural problems such as unilateral 
short leg, small hemipelvis, occlusal dis-
crepancies, and scoliosis.

 – Functional postural habits such as forward 
head, jaw thrust, shoulder phone bracing, 
and lumbar lifting.

Table 5.8 Comparison between hemimandibular hyper-
plasia (HH) and hemimandibular elongation (HE) [49]

HH HE
Growth 
area

Increase in total 
mandibular mass, 
bowing of inferior 
border

Increase only in 
mandibular 
length

Cross bite None or slight Yes
Open bite Ipsilateral posterior 

open bite
Not present

Chin 
deviation

Moderate Prominent
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• Habits.
 – Oral parafunctional muscle tension pro-

duces habits such as teeth clenching, jaw 
thrust, gum chewing, and jaw tensing.

 – Nocturnal bruxism is often a perpetuating 
cofactor.

5.3.2  Pathophysiology 
of Masticatory Myogenous 
Pain [78, 79]

The mechanisms that produce pain in skeletal 
muscles are still not conclusively understood, 
considering the lack of specific anatomic changes 
in myogenous pain. The various explanations 
offered to explain the origin and persistence of 
myogenous pain include the following:

 1. Repetitive strain hypothesis: Oral parafunc-
tional habits produce repetitive strain that 
causes localized and progressive increase in 
oxidative metabolism and depletion of the 
energy supply, resulting in changes in muscle 
nociception (Type 1 muscle fiber—static mus-
cle tone and posture). Locally released nox-
ious substances (kinins potassium, histamine, 
prostaglandins) may activate Type III and IV 
receptors that mediate tenderness and pain in 
the muscles.

 2. Neurophysiologic hypothesis: Tonic muscu-
lar hyperactivity may be a normal protective 
adaptation to pain instead of its cause, involv-
ing phasic modulation of excitatory and inhib-
itory interneurons supplied by high threshold 
sensory afferents.

 3. Central hypothesis [80]: Multiple afferent 
inputs from muscle and other visceral and 
somatic structures in the lamina I or V of the 
dorsal horn converge on the way to the cortex, 
resulting in perception of local and referred 
pain.

 4. Central biasing mechanism: Multiple 
peripheral and central factors may inhibit or 
facilitate central input through modulatory 
influence of the brainstem, explaining the 
diverse factors that can either exacerbate or 

alleviate the pain, such as stress, repetitive 
strain, poor posture, and the like.

 5. Overuse/Ischemia: Muscle pain from over-
use of a muscle or ischemia of a healthy 
muscle.

 6. Reflexes: Sympathetic and fusimotor reflexes 
producing changes in the blood supply and 
muscle tone [81].

 7. Different psychologic and emotional states 
can alter muscle tone [82].

5.3.3  Muscle Pain Limited 
to Orofacial Region

5.3.3.1  Myalgia [16, 83]
Myofascial pain or myalgia is the most common 
muscle disorder [84], characterized by pain and 
dysfunction that arises from pathologic and 
 functional processes in the masticatory muscles. It 
is diagnosed when the patient’s muscle pain is 
aggravated by mandibular movement, function, or 
parafunction and can be reproduced by palpating 
the painful muscles such as temporalis or masseter.

Trigger points [79, 85]: Myalgias are charac-
terized by the presence of tender areas called as 
trigger points (TrPs), which are expressed in taut 
bands of skeletal muscles, tendons, or ligaments. 
TrPs are very common and may be active TrPs 
(hypersensitive and display continuous pain in the 
zone of reference that can be altered with specific 
palpation) or latent TrPs (only hypersensitivity 
with no continuous pain). TrPs are a reliable indi-
cator of the presence and severity of MFP with 
both manual palpation and pressure algometers.

Types: Myalgias can be acute or chronic and 
are of three subtypes:

• Local myalgia.
• Myofascial pain with spreading.
• Myofascial pain with referral.

Of these, local myalgia and myofascial pain 
with spreading do not have sensitivity and speci-
ficity estimates.

History must be positive for pain in the jaw, 
temple, ear, or in front of the ear in the last 
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30 days and pain is modified by jaw function or 
parafunction.

Clinical examination will reveal confirmation 
of localization of pain in the masticatory muscle 
structure, confirmed by the examiner, and report 
of familiar pain during vertical mandibular move-
ments or palpation of the masticatory muscles. 
The sensitivity and specificity estimates are 0.90 
and 0.99, respectively.

 Local Myalgia
Local myalgia is diagnosed when the disorder 
meets the criteria for myalgia, and the report of 
pain localized only to the site of palpation (imme-
diate site to stimulation). Limitation of mandibu-
lar movements secondary to pain may be present. 
Sensitivity and specificity have not been estab-
lished. The criterion for this diagnostic group 
limits the familiar pain to be provoked only with 
palpation and not with mandibular movement.

 Myofascial Pain with Spreading
Myofascial pain with spreading is diagnosed 
when the disorder meets the criteria for myalgia 
and the report of pain spreading beyond the loca-
tion of the palpating fingers but within the bound-
ary of the masticatory muscle being examined. 
Limitation of mandibular movements secondary 
to pain may be present. Sensitivity and specificity 
have not been established.

To diagnose myofascial pain with spreading, 
the patient must have local myalgia, and the 
examination of the temporalis or masseter mus-
cle must confirm both of the following:

• Familiar muscle pain with palpation.
• Pain with muscle palpation with spreading of 

the pain beyond the location of palpation but 
within the boundary of the palpated muscle.

Other masticatory muscles may be examined 
as required.

 Myofascial Pain with Referral
Myofascial pain with referral is diagnosed when 
the disorder meets the criteria for myalgia and the 
referral of pain beyond the boundary of the mas-

ticatory muscles being palpated, for example, to 
the ear, tooth, or eye; spreading may be present. 
The sensitivity and specificity values are 0.86 and 
0.98, respectively.

To diagnose myofascial pain with referral, the 
patient must have myalgia, and the examination 
of the temporalis or masseter muscle must con-
firm both of the following:

• Familiar muscle pain with palpation.
• Pain with muscle palpation beyond the bound-

ary of the muscle.

Other masticatory muscles may be examined 
as required.

Though it is not significant to differentiate 
between local myalgia and myofascial pain with 
spreading, when a patient’s pain is due to referred 
pain from a muscle, it should be diagnosed as 
myofascial pain with referral.

5.3.3.2  Tendonitis
Tendonitis involves pain of tendon origin aggra-
vated by mandibular movement, function, or 
parafunction, and it can be reproduced by provo-
cation testing of the painful tendon. Limitation of 
mandibular movements secondary to pain may be 
present.

However, it is nearly impossible to know 
whether the muscle or tendon is being palpated. 
The only masticatory muscle tendon that can be 
palpated separately from the muscle is the tem-
poralis muscle tendon, which can be palpated 
intraorally. Also, the temporalis tendon is a com-
mon site of tendonitis with referred pain to the 
teeth or other structures.

Sensitivity and specificity have not been 
established. To diagnose tendonitis, the patient 
must have myalgia as previously defined, and the 
examination must confirm the diagnosis of myal-
gia but restricted to the temporalis tendon. This 
condition could also apply to other masticatory 
muscle tendons.

5.3.3.3  Myositis
Myositis is diagnosed when the muscle meets the 
criteria for myalgia and has clinical characteris-
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tics of inflammation or infection: edema, ery-
thema, and/or increased temperature. Onset of 
symptoms is usually acute, related to direct 
trauma to the muscle or infection of the muscle 
from orodental causes such as pericoronitis or 
cellulitis or, or it can occur chronically from an 
autoimmune disease. In cases of acute overuse, 
myositis is referred to as delayed onset muscle 
soreness. Limitation of unassisted mandibular 
movements secondary to pain is often present. 
Calcification of the muscle can occur (myositis 
ossificans). Sensitivity and specificity have not 
been established.

To diagnose myositis, the patient must have 
local myalgia, and the examination of the tempo-
ralis or masseter muscle must confirm both of the 
following:

• Local myalgia.
• Presence of edema, erythema, and/or increased 

temperature over the muscle.

In addition, serologic tests may reveal elevated 
enzyme levels (creatine kinase), markers of 
inflammation, and the presence of autoimmune 
diseases. Other masticatory muscles may be 
examined as required.

If the myositis is due to an infectious cause, 
the treatment must involve identifying and resolv-
ing the infection, along with antibiotic therapy. If 
the myositis is due to a traumatic cause, the myo-
sitis should be treated with NSAIDs, limiting the 
use of the masticatory muscles (soft diet or avoid-
ing oral habits), and possibly applying ice over 
the affected area for the first 48 hours after the 
trauma.

5.3.3.4  Spasm
Spasm refers to the sudden, involuntary, revers-
ible tonic contraction of a muscle that is diag-
nosed when the muscle meets the criteria for 
myalgia, the muscle causes a limited range of 
motion, and the pain and limited range of motion 
had an immediate onset. Acute malocclusion may 
be present. Sensitivity and specificity have not 
been established.

Certain local muscle conditions known to pre-
dispose to muscle spasm include muscle fatigue, 
alteration in  local electrolyte balance, and deep 

pain. Overused muscles or those that have been 
weakened because of protective splinting more 
likely undergo a spasm. Certain tranquilizers 
may also cause masticatory muscle spasm.

Most alarming spasm usually occurs in the 
inferior lateral pterygoid muscle. Similar to the 
calf muscle spasm, the individual with a lateral 
pterygoid spasm has the inferior lateral pterygoid 
muscle in a painful constant contraction in its 
midrange position, and there is increased pain 
when the individual attempts to translate the con-
dyle forward or retrude the mandible so the teeth 
fit into maximum intercuspation.

The patient usually complains of inability to 
put the ipsilateral posterior teeth together without 
excruciating pain (the first tooth contact is in the 
area of the contralateral canine) and a difficulty 
in translating the condyle forward leading to a 
marked limited opening. To diagnose a spasm, 
the patient must report immediate onset of mus-
cle pain modified by function and parafunction as 
operationalized in myalgia and immediate report 
of limited range of jaw motion.

In addition, the examination must confirm 
myalgia that may include all masticatory muscles 
and limited range of jaw motion in the direction 
that elongates the affected muscle (for example, 
for jaw closers, opening will be limited to 
<40 mm; for the lateral pterygoid muscle, ipsilat-
eral movement will be limited to <7 mm).

To confirm the diagnosis, laboratory testing 
will indicate elevated electromyographic activity 
compared with the contralateral unaffected mus-
cle. Sensitivity and specificity have not been 
established.

Analgesics can be prescribed. Moist heat 
fomentation will help in relaxing the muscle. 
Local anesthetic without vasoconstrictor can be 
injected into the affected muscle to relieve pain 
and facilitate speedy recovery. Occlusal bite 
guards may be given to counteract the effects of 
parafunctional habits if any.

5.3.4  Contracture

Contracture is a disorder in which fibrosis of ten-
dons, ligaments, and/or muscle fibers does not 
allow the muscle to stretch to its full length. It is 
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usually not painful unless the muscle is overex-
tended. A history of radiation therapy, trauma, or 
infection is often present. Sensitivity and speci-
ficity have not been established.

Contracture can be myostatic or myofibrotic.

• Myostatic contracture occurs when a muscle 
is kept from fully lengthening (stretching) for 
a prolonged time because of painful condi-
tions that limit the full functional lengthening 
of the muscle. Thus, myostatic contracture is 
often secondary to another disorder.

• Myofibrotic contracture occurs as a result of 
excessive tissue adhesions within the muscle 
or its sheaths that prevent the muscle fibers 
from sliding over themselves, disallowing full 
lengthening of the muscle. This usually hap-
pens in myositis or trauma to the muscle 
tissues.

To diagnose contracture, the patient must have 
progressive loss of range of motion, and the 
examination must confirm that unassisted and 
assisted jaw movements are limited such that 
maximum assisted opening is <40 mm. It must 
also be associated with a hardened feel that has 
been operationalized as having unyielding resis-
tance to assisted movements as felt by the 
clinician.

5.3.5  Hypertrophy

Hypertrophy is the enlargement of one or more 
masticatory muscle and is usually not associated 
with pain. This is usually due to chronic overuse/
tensing of the muscle(s), though some cases are 
familial or genetic in origin. Sensitivity and spec-
ificity have not been established.

This is commonly observed as a painless disor-
der in muscular men who have significant tooth 
attrition from heavy parafunctional activity. To 
diagnose hypertrophy, the patient must have 
enlargement of one or more masticatory muscles 
as evidenced from photographs or previous 
records, and the examination must confirm this 
enlargement. Diagnosis is based on the clinician’s 
assessment of muscle size and requires consider-
ation of craniofacial morphology and ethnicity.

Orthopantomographs may reveal enlarged 
ramal region and a prominent antegonial notch in 
masseteric hypertrophy. About 20% of the popu-
lation may show bone spurs at the mandibular 
angle in anteroposterior radiographs, caused by 
periosteal irritation and new bone deposition 
responding to increased forces exerted by the 
muscle bundles.

Muscular hypertrophy should be differenti-
ated from conditions such as lipomatosis, vascu-
lar tumors, liposarcoma, rhabdomyosarcoma, 
and infiltrative leukemia and lymphoma. MRI 
and ultrasound will help in revealing the homo-
geneous enlargement of the muscles.

5.3.6  Neoplasm

Neoplasms of the masticatory muscles result 
from tissue proliferation with histologic charac-
teristics and may be benign (myoma), malignant 
(rhabdomyosarcoma), or metastatic. Reports of 
TMD symptoms caused by a neoplasm are very 
rare. They may present with swelling, spasm, 
pain during function, limited mouth opening, 
and/or sensory-motor changes (paresthesia). 
Diagnostic imaging (typically using CT/CBCT 
and/or MRI) and biopsy are essential when a neo-
plasm is suspected. Sensitivity and specificity 
have not been established.

5.3.7  Movement Disorders

Movement disorders include orofacial dyskinesia 
and oromandibular dystonia that cause involun-
tary contraction of muscles that move the face, 
lips, tongue, and/or mandible.

5.3.7.1  Orofacial Dyskinesia [16, 83]
Orofacial dyskinesia is the involuntary, mainly 
choreatic (dance-like) movements of the face, 
lips, tongue, and/or mandible that may result in 
traumatic injury to the oral mucosa or tongue. 
Reduction or discontinuation of the movement 
pattern could occur when the mouth or face 
receives sensory stimulation (sensory trick). 
Sensitivity and specificity have not been estab-
lished. Orofacial dyskinesia is more common in 
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older patients, in patients with a history of using 
neuroleptic medications and/or associated with 
traumatic brain injury, psychiatric conditions, or 
other neurologic disorders like Wilson disease.

Different types of orofacial dyskinesia include

• Tremor unspecified.
• Cramp and spasm.
• Fasciculations.
• Ataxia, unspecified.
• Muscular incoordination.
• Subacute, due to drugs (oral tardive 

dyskinesia).

To allocate these diagnoses, the patient must 
provide a positive history of neurologic diagnosis 
of dyskinesia in the orofacial region and history 
components of myalgia and/or arthralgia (diag-
nostic criteria as previously described) that wors-
ens with episodes of dyskinesia.

Examination will be positive for sensory 
and/or motor nerve conduction deficit, central 
and/or peripheral myopathic disease, muscular 
hyperactivity confirmed by intramuscular elec-
tromyography (EMG), and myalgia and/or 
arthralgia.

5.3.7.2  Oromandibular Dystonia  
[16, 83]

Oromandibular dystonia involves excessive, 
involuntary, and sustained muscle contractions of 
the face, lips, tongue, and/or mandible, which 
commonly disappear during sleep. The affected 
muscles are often painful. The condition can 
make opening and closing the mouth difficult and 
impair speech, swallowing, and chewing. 
Sensitivity and specificity have not been 
established.

Oromandibular dystonia could be components 
of several central nervous systems disorders, 
including Parkinson disease and Meige syn-
drome, and could be an adverse event related to 
medication usage, notably neuroleptics. Trauma 
to the brain, head, and neck can trigger the onset 
of transient or permanent dystonia of the masti-
catory muscles. The disorder can also be geneti-
cally determined.

Two types of orofacial dyskinesia are:

• Acute, due to drugs.
• Deformans, familial, idiopathic, and torsion 

dystonia.

To allocate these diagnoses, the patient must 
provide a positive history of neurologic diagnosis 
of dystonia in the orofacial region and history 
components of myalgia and/or arthralgia (diag-
nostic criteria as previously described) that wors-
ens with episodes of dystonia.

Examination will be positive for sensory and/
or motor nerve conduction deficit, central and/or 
peripheral myopathic disease, dystonia con-
firmed by intramuscular EMG, and myalgia and/
or arthralgia.

5.3.8  Masticatory Muscle Pain 
Attributed to Systemic/
Central Disorders

5.3.8.1  Fibromyalgia
Fibromyalgia involves widespread pain that can 
contribute to a TMD patient’s myalgia, and 
patients with this disorder do not respond well to 
TMD therapy. History and examination are posi-
tive for both a rheumatologic-based diagnosis of 
fibromyalgia and myalgia as previously defined. 
Sensitivity and specificity have not been 
established.

Historically, in diagnosing fibromyalgia, 
there needed to be tenderness in at least 11 of 
18 specified sites and the presence of wide-
spread pain denoted as axial pain, right and 
left pain, and upper and lower segment pain. 
The 18 specified sites for assessing tenderness 
are:

• 1, 2(Occiput): bilateral, at the suboccipital 
muscle insertions

• 3, 4(Low cervical): bilateral, at the anterior 
aspects of the intertransverse spaces at  
C5–C7.

• 5, 6(Trapezius): bilateral, at the midpoint of 
the upper border
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• 7, 8(Supraspinatus): bilateral, at origins, 
above the scapula spine near the medial 
border

• 9, 10(Second rib): bilateral, at the second cos-
tochondral junctions, just lateral to the junc-
tions on upper surfaces

• 11, 12 (Lateral epicondyle): bilateral, 2  cm 
distal to the epicondyles

• 13, 14(Gluteal): bilateral, in upper outer quad-
rants of buttocks in anterior fold of muscle

• 15, 16(Greater trochanter): bilateral, poste-
rior to the trochanteric prominence

• 17, 18(Knee): bilateral, at the medial fat pad 
proximal to the joint line.

Current criteria eliminate the tender points 
and focus on a widespread pain index and symp-
tom severity scale [86].

5.3.8.2  Centrally Mediated Myalgia
Centrally mediated myalgia is defined as 
chronic, continuous muscle pain that is aggra-
vated by function. Intermittent muscle pain con-
ditions may not produce centrally mediated 
myalgia, while a prolonged and constant period 
of muscle pain is likely to lead to the condition. 
The disorder is difficult to delineate from myal-
gia and may occur in combination with it. 
Sensitivity and specificity have not been 
established.

History must be positive for all of the 
following:

• Prolonged and continuous pain in the jaw, 
temple, in front of the ear, or in the ear in the 
past 30 days.

• Regional dull, aching pain at rest.
• Pain is aggravated by function of the affected 

muscles.
• Presence of at least three nonspecific somatic 

symptoms, such as sensation of muscle stiff-
ness, weakness, and/or fatigue.

• Sensation of acute dental occlusal changes not 
verified clinically.

• Ear symptoms (e.g., tinnitus, feeling of full-
ness, blocked ear), vertigo, dental pain 
symptoms not attributed to another diagno-

sis, or headache symptoms not otherwise 
classifiable by the International 
Classification of Headache Disorders (third 
Ed, beta version).

• Limited mouth opening (due to pain or myofi-
brotic contracture).

In addition, the examination must confirm at 
least two of the following:

• Myalgia.
• Evidence of sensory dysfunction (e.g., allo-

dynia, paresthesia, dental occlusal 
awareness).

• Muscular atrophy.
• Maximum unassisted opening <40 mm includ-

ing vertical incisal overlap.

This disorder does not generally resolve as 
quickly as myalgia. Since neurogenic inflamma-
tion releases inflammatory substances into the 
muscle, it is recommended the patient be pre-
scribed an NSAID in addition to the other thera-
pies recommended for myalgia.

5.4  Headache Disorders

5.4.1  Headache Attributed to TMD

Headache attributed to TMD is a headache 
located in the temple with a temporal relation to 
the patient’s TMD pain. It worsens with function 
or parafunctional activities, and it can be repro-
duced by palpating the temporalis muscle or by 
its movement.

According to the International Headache 
Society, this headache is considered present when 
there is evidence of a pathologic process affect-
ing the TMJ, muscles of mastication, and/or asso-
ciated structures, together with evidence of a 
causal relationship with the headache.

Causation is demonstrated when at least two 
of the following symptoms are present [87]:

• Headache has developed in a temporal rela-
tionship to the onset of the TMDs.
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• Headache has significantly worsened in paral-
lel with progression of the TMDs, and/or 
headache has significantly improved or 
resolved in parallel with improvement in or 
resolution of the TMDs.

• Headache is produced or exacerbated by 
active jaw movements, passive jaw move-
ments, and/or provocative maneuvers applied 
to temporomandibular structures such as pal-
pation pressure.

• When unilateral, headache is ipsilateral to the 
side of the TMDs.

In the DC/TMD, headache attributed to TMD 
is included as one of the new diagnostic subtypes. 
In general, the DC/TMD criteria for this head-
ache closely follow those of the ICHD.  An 
important difference, however, relates to the defi-
nition of the TMD subtype that should be pres-
ent: the DC/TMD specifically links the headache 
to a pain related TMD diagnosis like myalgia or 
arthralgia. Sensitivity and specificity values are 
0.89 and 0.98, respectively.

To allocate this diagnosis, both of the follow-
ing criteria must be met:

• History of headaches of any type localized in 
the temple region during the last 30 days that 
are modified by jaw movement in function or 
parafunction.

• During clinical examination, confirmation of 
the location of the headaches in the temporalis 
muscle area and report of familiar headache 
upon palpation of the temporalis muscle or 
during mandibular movements.

5.5  Associated Structures

5.5.1  Coronoid Hyperplasia

Coronoid hyperplasia is progressive enlargement 
of the coronoid process that impedes mandibular 
opening when it is obstructed by the zygomatic 
process of the maxilla. As the condyle translates, 
the coronoid process also travels forward. If 
something (e.g., trauma) caused the coronoid 
process to enlarge, there may no longer be room 

for the coronoid process to avoid the zygomatic 
process as the patient opens.

To diagnose coronoid hyperplasia, the patient 
must complain of progressive limitation of jaw 
opening, the examination must confirm the 
reduction of active and passive maximum jaw 
opening, and imaging must show an elongated 
coronoid process that approximates the posterior 
aspect of the zygomatic process of the maxilla on 
opening. Sensitivity and specificity have not been 
established.
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6.1  Introduction

Temporomandibular joint (TMJ) along with the 
muscles of mastication forms the functional unit 
primarily responsible for speech, mastication, 
and deglutition. It is unique since bilateral joints 
are coupled by a single mandibular bone and 
move in synchrony with each other. The articu-
lar surface is covered with fibro cartilage and not 
hyaline cartilage like other joints in the body and 
its movement is guided by the shape of the bones, 
muscles, ligaments and is also influenced by the 
occlusion (teeth).

Pain in the TMJ area usually has a local cause; 
however, it can be referred to other regions. The 
patient should be questioned about the influence 
of chewing, yawning, swallowing, or talking. If 
pain is present during any of these activities, then 
it is likely to be a temporomandibular joint disor-
der (TMD). Careful listening/recording the his-
tory provided by the patient, inspection, followed 
by palpation is the sequence to be followed dur-
ing clinical evaluation to arrive at a provisional 
diagnosis [1].

6.2  Clinical Examination

The clinical examination aims at identifying any 
abnormalities in the usual health and function of 
the masticatory system. The examination should 
start with TMJ, masticatory muscles as well as 
other non-masticatory structures. Gross exami-
nation of the cranial nerves, eyes, ears, parotid 
gland, and cervical region should be done. 
Examination of the soft and hard tissues should 
be performed systematically under the following 
headings (Table 6.1): inspection, palpation, aus-
cultation, and percussion.

6.2.1  Ergonomics for Patient 
and Operator

The position in which the patient is seated varies 
for the examination of various oro-facial struc-
tures. History-taking is always carried out with 
the patient sitting in an upright position. The 
examination procedure for manual functional 
analysis for the temporomandibular joint is per-
formed in 12 o’clock patient- operator position 
(or can be between 11 and 1’o clock position, as 
per the comfort of the operator/examiner). The 
patient may be examined in three different ways 
as summarized in Table 6.2 [1].
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6.2.2  Stabilization of Head/Cervical 
Spine

Stabilization of the patient’s head in all spa-
tial dimensions is vital for achieving accurate 
results during the examination. No noticeable 
head movements must occur when force is 
applied to the mandible from different direc-
tions. Stabilization of the cervical spine in 
patients having a history of headache/tinnitus is 
critical, as it can give rise to tinnitus during the 
examination, which can be misdiagnosed as an 
arthrogenic cause [2].

Table 6.1 Examination components for a patient complaining of TMD

Examination Intra-oral Extra-oral
Hard tissue •  Dentition/Oral hygiene status

Occlusion:
   •  Centric/habitual/maximal
   •  Missing/Malposed tooth
   •  Presence of prosthetic appliances/dental 

implants/restorations

•  Facial bones
•  Temporomandibular joint (TMJ) 

function
Condylar position:
   •  Centric/habitual/therapeutic

Soft tissue •  Soft palate
•  Posterior faucial pillars
•  Tonsils
•  Retromandibular region
•  Hard palate
•  Buccal mucosa
•  Alveolar mucosa
•  Labial mucosa
•  Tongue

•  Facial asymmetry
•  Facial atrophy
•  Skin
•  Lymph nodes examination
•  Gross ear examination
•  Masticatory muscles
•  Other associated muscles
•  Neck and posture
•  Any systemic disease process

Table 6.2 Position of patient and operator during TMJ examination

Patient position Operator position Advantage Disadvantage
Semi-reclined position, 
backrest at 45° angulation 
(Fig. 6.1)

Upright and 
behind the 
patient

Comfortable for a patient who cannot 
lie in supine position due to general 
health condition

Nil

Supine Upright and 
behind the 
patient

Ease for operators of short stature A dental chair cannot be 
raised for taller 
clinicians

Supine Seated (most 
effective 
variation)

Most comfortable for tissue-specific 
examination

Nil

Fig. 6.1 The patient is seated in a semi-reclined position 
at 45 degrees and examiner standing behind the patient
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6.2.3  Inspection of TMJ

Inspection should begin by observing any notice-
able change in the anatomy and skin color in the 
preauricular region. Inspect for the presence of 
any swelling, erythema, or deformation. Other 
parameters to be observed are facial asymme-
try, facial atrophy/hypertrophy, deviation of the 
chin or restricted/reduced mouth opening. The 
intraoral examination should include occlusion, 
attrition, inappropriate occlusal contacts due to 
supra- eruptions and any faulty restorations or 
prosthesis. Soft tissue abnormalities in the gingi-
val, buccal, palatal, and labial mucosa should also 
be noted to complete the oral examination [2].

6.2.4  Palpation of TMJ

Palpation of the TMJ can be performed by two 
different methods:

 1. Lateral palpation: The fingertips of both the 
hands should be placed over lateral aspects of 
TMJ bilaterally and palpated for tenderness, 
click/pop during static and protrusive/lateral 
mandibular movements.

The lateral pole of the condyle should be 
palpated with initial mouth opening to approx-
imately 20  mm. The patient should then be 
asked to open the mouth as wide as possible to 
assess the area at the depth of the depression 
behind the condyles. With fingertip placed in 
the depression with maximum mouth open-
ing, pull forward to load the posterior aspect 
of the condyle [2]. (Figs. 6.2, 6.3, and 6.4).

 2. Intra-auricular palpation:
While placing the little finger in the exter-

nal auditory meatus and applying gentle 
anterior pressure, the patient is instructed to 
open and close the mouth. This helps to iden-
tify pain in the bilaminar zone of the disc and 
the posterior aspect of the capsule [3]. 
(Fig. 6.5).

Fig. 6.2 Palpation of the TMJ at the lateral aspect in 
closed mouth position

Fig. 6.3 Palpation of the lateral aspect of TMJ (lateral 
pole of condyle) during open and closed mouth position

Fig. 6.4 Palpation with mouth fully open at the depres-
sion created on the posterior aspect of the condyle
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6.2.5  Range of Motion (ROM)

The ROM should be checked before palpation as 
increased ROM may aggravate pain in the joint 
and the masticatory muscles. It is measured by 
the distance between the incisal edge of maxil-
lary central incisors (CI) to the incisal edge of 
the mandibular CI. The patient is asked to open 
the mouth wide till the first instance of pain. The 
distance between the incisal edges of the anterior 
teeth is measured, and this inter-incisal distance 
is known as the maximum comfortable mouth 
opening (Fig. 6.6). The patient is then asked to 
further open wide inspite of the pain. This inter- 
incisal measurement is called the maximum 
mouth opening (MMO). The normal range of 
MMO is 40–45 mm. (Fig. 6.7) [4].

Lateral movements are measured by instructing 
the patient to move his/her mandible as far as pos-
sible to one side, and the lateral movements are 
recorded. For convinence the distance between the 
fixed maxillary midline and the shift of the man-
dibular midline on lateral excursion is measured. 
Any lateral movement less than 8  mm suggests 
restricted movement. The protrusive movement can 
be obtained by instructing the patient to close in 
centric position and slide the lower jaw as far for-
ward as possible. The overjet may also be recorded. 
Protrusive movements are recorded by adding these 
two readings. Protrusive movements are considered 
to be restricted if it is less than 7 mm.

6.2.6  Mid-Line Shift

The path taken by the mandibular midline dur-
ing MMO is observed. It should be a linear path 
during mouth opening, which implies both joints 
moving synchronously. Two types of alterations 
in the midline shift may be observed [5].

Deviation: A shift in the midline during mouth 
opening that disappears with a continued opening 
is known as deviation, e.g., as in cases with disc 
displacement with reduction (DDwR). Mandible 
moving in a straight line in the first phase of 
movement and deviates laterally at the end of 
maximum mouth opening, e.g., as in cases with 
disc displacement without reduction (DDwoR).

Deflection: Deflection from the midline dur-
ing mouth opening that does not disappear with a 
maximum opening [5].

Fig. 6.5 Intra-auricular palpation to palpate the posterior 
aspect of the TMJ

Fig. 6.6 Maximum comfortable mouth opening—Mouth 
opening until before pain is felt
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Restricted mouth opening: Limitation of 
mandibular movement may be caused by two 
principal factors:

 1. Pain in the associated muscles/TMJ—extra- 
or intra-capsular source.

 2. Physical obstruction to movement.

6.2.6.1  Extra-Capsular Source
The spasm of elevator muscles cause restricted 
mouth opening but not the restriction of the lat-
eral and protrusive movements. In this condition, 
the patient can open the mouth slowly but with 
amplified pain. There can be a deflection evident 
during mouth opening. The location of the muscle 
that causes the restriction guides the direction of 
deflection. If the restricting muscle is lateral to the 
joint (masseter), the deflection will be towards the 
ipsilateral side. If the muscle spasm is medial to 
the joint (medial pterygoid), the deflection will be 
to the contralateral side [2, 5].

6.2.6.2  Intra-Capsular Source
These are associated with disc-derangements. 
The jaw deflection is towards the affected side. 
The mouth opening is restricted to 25–30  mm 
beyond which it is painful and no further mouth 
opening is possible, not just because of pain but 
also due to structural interferences [2, 5].

6.2.7  End Feel

To examine this the examiner places the fingers, 
crossing the thumb and the index finger between 
the patient’s upper and lower incisors and applies 
gentle force to passively increase the inter-inci-
sal distance. The end feel can have one of the 
four characteristics—soft, hard, re-bounding or 
bony (Fig. 6.8) [6]. The “end feel” is felt by the 
examiner, at the end of a passive movement of 
the TMJ. It can describe the characteristics of the 
restricted joint movement. If passive jaw open-
ing causes pain, end feel should not be used as a 
diagnostic aid to check restricted mouth opening. 
Non-painful limitations of movement can be dif-
ferentiated with end feel after passive movement.

6.2.8  Joint Sound

The joint sounds are classified as click/pop and 
crepitations [5].

Clicking: A ‘click’ is a single sound of short 
duration. A louder clicking sound is known as a 
‘pop’. Clicking and popping are most commonly 
related to a DDwR. (Table 6.3) [7, 8].

Crepitation: Crepitation is a multiple gravel- 
like sound (sound produced when a person walks 
on the gravel), also described as grating. It is 
commonly related to roughness on the articular 
surface, which could be secondary to disc perfo-
ration, osteoarthritis, chronic DDwoR, or polyar-
thritides. Crepitation may be felt by placing the 
fingertips over the lateral aspect of the joint dur-
ing mandibular movements [9].

Fig. 6.7 Maximum mouth opening, as wide as possible 
even with pain
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6.2.9  Examinations when 
Crepitation is Felt for Clinical 
Diagnosis

 (a) Clinical joint surface test: For this the exam-
iner should be at 12 o’clock position, placing 
two fingers over each condyle. The patient is 
instructed to protrude the jaw and then make 
a maximal jaw opening from the protruded 
position. During this movement, grating 
sounds or pain or both should be noted.

When the crepitus is present during pro-
trusion, it is from temporal joint surfaces; 
however, when it is felt during jaw opening, 
it is from condylar surfaces. These two tests 
are known as active tests. These form the 
basis for the following tests [2].

 (b) Dynamic compression test: Two fingers are 
placed under the angle of the mandible and a 
gentle pressure is applied superiorly, while 
the patient is instructed to protrude the jaw 
and open the mouth wide.

Under physiologic conditions, neither 
crepitus nor pain is felt. If it is present during 
protrusion, it is due to osteoarthritic changes 
of the temporal part of the joint surface or 
changes in the condylar surface. An inflam-
matory stage of joint surface damage such as 
osteoarthritis can cause crepitus with pain. In 
the case of osteoarthrosis, there will be a 
presence of crepitus but with an absence of 
pain [2].

 (c) Dynamic translation:
One hand should stabilize the patient’s 

head by placing it against the neck and the 
thumb is placed in line with the angle of the 
mandible. The other hand should brace the 
forehead from the contralateral side. When a 
force is applied by the thumb medially 
toward the contralateral jaw angle, it results 
in a medial translation of the one condyle and 
a lateral translation of the other condyle.

Table 6.3 Types of click in the TMJ region

Type Character
Clinical 
significance

Initial click The joint clicks 
just when the 
mouth opening 
begins

Indicative of 
retruded condyle 
in relation to the 
disc

Terminal 
click

The click occurs at 
the end of the 
movement when 
the condyle has 
moved too far 
anteriorly in 
relation to the disc, 
on maximum jaw 
opening

Indicative of 
peripheral 
irregularity of the 
articular disc or 
unevenness of 
the condylar 
surface

Intermediate 
click

All other than the 
above two sounds 
are intermediate

Indicative of 
unevenness of 
the condylar 
surfaces and/or 
of the articular 
disc/ disturbed 
synchrony of 
disc-condyle 
complex.

Reciprocal 
click

It occurs during 
opening and 
closing due to an 
incoordination 
between the 
condyle and the 
disc.

Occurs in 
internal 
derangement or 
disc disorders

Fig. 6.8 Checking the ‘end feel’ using index finger and 
thumb
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The dynamic translation test is repeated with 
active movements, that is opening the jaw wide 
and protrusive movements on both right and left 
sides.

• Adaptation (patient’s initial response to aber-
rant joint loading): No crepitus or pain during 
active movements and dynamic tests.

• Compensation (absence or a reduction in 
adaptation capability): Crepitus or pain only 
during the dynamic tests.

• Decompensation (inability to compensate, to 
joint loading during function): Crepitus or 
pain during active movements and during 
dynamic tests [2].

[Note: The joint sounds can be evaluated best 
using a stethoscope for auscultating the preau-
ricular region.]

6.2.10  Muscle Examination

Normal function or palpation of a healthy mus-
cle rarely elicits pain. It is experienced in an 
unhealthy/compromised muscle caused either 
by trauma or fatigue. Examination of various 
muscles helps in  locating the muscular pain/
tenderness. The muscle is examined by digi-
tal palpation or by functional manipulation 
(isometric contractions). Muscles that can be 
directly palpated are temporalis, masseter, 
geniohyoid, digastric, sternocleidomastoid, tra-
pezius, posterior cervical muscles. Functional 
manipulation is preferred for the medial and 
lateral pterygoids as they are not easily pal-
pable [10].

Palpation is done by using the middle fin-
ger’s palmar surface, while the index and fore-
fingers are used to test the surrounding areas. 

Firm pressure should be applied over the region 
with the fingers compressing the adjacent tis-
sues in a small circular motion. Palpation should 
be performed perpendicular to the direction of 
muscle fibers. This technique aids in the detec-
tion of lesions in different layers of a muscle. A 
single firm pressure of approximately 40 N/cm2 
should be applied for 1 or 2 seconds, while pal-
pation and the patient response should be 
recorded. (Whether it hurts or is just uncomfort-
able) [2, 5, 11].

Palpation should start with the temporalis, 
TMJ, masseter, lateral/anterior neck followed 
by other structures. The operator should stand in 
front of the patient to observe discomfort during 
palpation, thereby reducing the patient’s dis-
comfort. When a muscle is palpated, the 
patient’s response can be recorded in one of the 
four categories as summarized in Table  6.4  
[12, 13].

Three palpation techniques can be used to pro-
vide various stimulation intensities:

 1. Non-specific palpation in a predetermined 
location.

 2. Palpation of a trigger point.
 3. Firm sustained palpation of the trigger points.

6.2.10.1  Temporalis Muscle
The temporalis is divided into three functional 
areas, and each area is palpated independently. 
After palpating the three functional units of the 
temporalis muscle, the response/trigger point 
should be identified and noted if present. The 
examination should be performed from 1’o clock 
position. The temporalis tendon is palpated with 
a finger of one hand at the anterior border of 
the ramus intraorally and a finger of the other 
hand extra-orally. The intraoral finger should be 
moved up the anterior border of the ramus until 

Table 6.4 Pain score for muscle palpation

Score Nature of muscular pain
0 No pain/tenderness
1 Slight tenderness/soreness
2 Definite pain/discomfort
3 Exhibit evasive action/eye tearing/verbal information to not to perform the 

palpation due to pain
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the coronoid process and the tendon is palpated. 
The patient is asked to report any discomfort 
or pain. This is important as the tendon pain is 
sometimes referred to the temporalis muscle. 
(Table 6.5, Figs. 6.9, 6.10, and 6.11) [1, 2, 5].

6.2.10.2  Masseter Muscle
The extent of the masseter muscle can be identi-
fied by instructing the patient to clench the teeth, 
the muscle gets stout and may be easily palpated 
at the lateral ramal region of the mandible. It is 

Table 6.5 Palpation of different functional areas associated with TMJ

Functional area Area of palpation The orientation of muscular fibers
Temporalis muscle Significance
Anterior
(Fig. 6.9)

Above the zygomatic arch
Anterior to the TMJ

Vertical direction

Middle
(Fig. 6.10)

Directly above (approximately 2 inches) the TMJ
Superior to the zygomatic arch

Oblique direction across the lateral 
aspect of the skull

Posterior
(Fig. 6.11)

Above and behind the ear Horizontal direction

Digastric muscle Significance
Anterior Runs from the lingual surface of the chin, near the 

midline to the hyoid bone.
If tenderness is present, rule out an 
oral disorder. If the tenderness is not 
due to an oral disorder, referred pain 
may be initiated by applying 
sustained pressure to the tender area.

Posterior Runs from hyoid sling medial to the 
sternocleidomastoid muscle
Attaches medial to the mastoid process
Fingertip placed posterior to the angle of the 
mandible and medial to the sternocleidomastoid 
muscle with application of palpation force should 
direct posteriorly

If the tenderness is noted, referred 
pain may be generated by applying 
sustained pressure

Sternocleidomastoid muscle Significance
Palpation of sternocleidomastoid muscles is by squeezing the muscle 
between the thumb and index finger

If tenderness is present, then holding 
for 5 seconds may generate referred 
pain. Clinically, the more superior 
portions of the muscle are more 
likely to generate referred pain to the 
head and face

Medial pterygoid muscle (Internal) Significance
Slide the index finger, slightly posterior to the traditional insertion site for 
an inferior alveolar injection, until the muscle is felt, and pressed laterally. 
If the patient gags, the finger is placed too posterior

If the tenderness is noted, referred 
pain may be generated by applying 
heavier sustained pressure

Lateral pterygoid muscle (External) Significance
Apply the digital pressure along the lateral side of the maxillary alveolar 
ridge to the most posterior region of the vestibule.
Palpate by pressing in a superior, medial and posterior direction

If the tenderness is noted, a referred 
pain may be generated by applying 
heavier sustained pressure

Stylomandibular ligament
Palpate by placing the fingertip medial to the posterior border of the mandible and 10–15 mm above the angle of 
the mandible in an anteromedial direction
Coronoid process
Place the index finger superiorly along the anteromedial border of the ramus, when the finger approaches the 
superior extent, palpate the temporalis tendon over the coronoid process
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palpated at its superior and inferior attachments. 
The fingers should be placed on each zygomatic 
arch just anterior to the TMJ.  This is the deep 
masseter (superior attachment). The fingers are 
then passed to the inferior attachment on the 
inferior border of the ramus (superficial part) [2]. 
(Figs. 6.12 and 6.13).

6.2.10.3 Geniohyoid Muscle
The index finger of the palpating hand should be 
placed on the floor of the mouth parallel with the 
long axis of the geniohyoid muscle with the 
opposite hand supporting the floor of the mouth 
extra-orally. Palpation is performed at right 
angles to the course of the muscle fibers [1, 2]. 
(Fig. 6.14).

6.2.10.4 Digastric Muscle
 (a) Anterior belly of digastric: The palpating 

index finger should be placed extra-orally par-
allel to and directly beside the muscle. The 
finger should make a rolling motion toward 
the median plane. Swallowing makes it easier 
to locate the muscle. (Table 6.5) (Fig. 6.15).

 (b) Posterior belly of digastric: The posterior 
belly is palpated by placing the finger behind 
the angle of the mandible, directly on the 
muscle. (Table 6.5) [2, 5] (Fig. 6.16).

Fig. 6.9 Palpation of anterior part of the temporalis 
muscle

Fig. 6.10 Palpation of middle part of the temporalis 
muscle

Fig. 6.11 Palpation of posterior part of the temporalis 
muscle

Fig. 6.12 Palpation of the deep part of masseter at the 
zygomatic arch
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6.2.10.5 Sternocleidomastoid
This muscle is usually not directly involved as the 
muscles of mastication and TMJ for the jaw func-
tion. Sternocleidomastoid is palpated bilaterally 
from its insertion on the mastoid, and along its 
length, to its origin at the clavicle. Any discomfort 
experienced by the patient during the procedure is 
noted. The trigger points should be recorded as 

they may cause referred pain to the TMJ region. 
(Table 6.5) [1, 2] (Figs. 6.17 and 6.18).

Fig. 6.13 Palpation of the superficial part of masseter at 
the inferior border of ramus

Fig. 6.14 Palpation of the geniohyoid muscle by placing 
index finger at the floor of the mouth parallel to the long 
axis of muscle

Fig. 6.15 Palpation of anterior belly of digastric muscle

Fig. 6.16 Palpation of posterior belly of digastric 
muscle
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6.2.10.6  Posterior Cervical Muscles and 
Other Structures

These muscles are not directly involved func-
tionally but may be symptomatic in TMDs. 
Palpation should begin bilaterally from the 
occipital area at the origin of these muscles. The 
fingers are moved downwards along the length 
of the muscles to the cervical region. (Table 6.5) 
[1, 2, 5].

6.2.10.7  Trigger Points
These are nodules of spot tenderness within the 
muscle and can be active or latent. They are usu-
ally localized, firm, hyper-irritable nodules that 
feel like firm knots (as most patients explain) 
within the muscle. They are more tender than the 
surrounding muscle. Active trigger points are 
specific hypersensitive areas within the muscle 
tissue that elicit pain spontaneously. Latent trig-

ger points are palpable, but the pain is not elic-
ited spontaneously during physical examination.

After identification of the trigger points, a 
gentle sustained pressure should be applied to 
these sites up to patient’s tolerance and sustain-
ing the applied pressure for at least 5 seconds to 
elicit pain. This will generate intense pain within 
the muscle that may go beyond the structure and 
can occasionally cause referred pain to distant 
locations. This should be mapped and recorded 
[5, 14].

6.2.10.8  Referred Pain
Pain felt outside the anatomical boundaries of the 
muscles, triggered during palpation of the mus-
cles of mastication is called referred pain. Three 
muscles cause referred pain to the teeth. The key 
to distinguish tooth pain from referred pain is by 
local provocation of the painful tooth which will 
not increase the symptoms in referred pain.

Fig. 6.17 Palpation of sternocleidomastoid muscle at its 
insertion near the mastoid process

Fig. 6.18 Palpation of sternocleidomastoid muscle at its 
origin near the clavicle
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• The temporal muscle causes referred pain to 
the maxillary teeth,

• Masseter refers pain to the maxillary and man-
dibular posterior teeth,

• The anterior belly of the digastric muscle 
refer pain to the mandibular anterior teeth [1, 
8, 14].

6.2.10.9  Functional Manipulation
The medial and lateral pterygoid muscles can 
be functionally palpated. The functional pal-
pation is based on the principle that when a 
muscle becomes fatigued and symptomatic, a 
further function can elicit pain. During func-
tional manipulation, each muscle is contracted 
and then stretched. Both activities will increase 
the pain if the muscle is the source for it. To 
differentiate between intra-capsular disorder 
and muscle pain, a fifth test has to be considered 
as summarized in Table 6.6 [15, 16] (Figs. 6.19 
and 6.20).

The four tests to examine the functional activ-
ity of the muscle are:

 1. Protrusion against resistance.
 2. Opening mouth widely.
 3. Clenching of teeth.
 4. Clenching on separators.

6.2.11  Auscultation of the TMJ

A stethoscope can be used for a better hearing of 
the click/pop and crepitations. The examination 
is performed by asking the patient to open and 
close the jaw into full occlusion. If clicking or 
crepitation is noted, the patient is instructed to 
protrude and repeat the opening and closing. 
Often sounds disappear in protruded position. 
More sensitive equipment (e.g., Doppler) may 
also be utilized to verify the TMJ noise [2].

Table 6.6 Functional manipulation and pain intensity by activity

Function
Medial pterygoid 
muscle

Inferior lateral 
pterygoid

Superior lateral 
pterygoid

Intracapsular 
disorder

Opening widely Pain increases Pain increase 
(slightly)

No pain Pain increases

Protruding against resistance Pain increase 
(slightly)

Pain increases No pain Pain increases

Clenching on teeth Pain increases Pain increases Pain increases Pain increases
Clenching on separator 
(unilaterally)

Pain increases No pain Pain increases No pain (may 
report pain)

Protruding against resistance with 
unilateral separator

Pain increase 
(slightly)

Pain increases Pain increase 
(slightly)

No pain (may 
report pain)

Fig. 6.19 Functional manipulation of the superior lateral 
pterygoid by instructing the patient to bite the tongue 
blade bilaterally
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6.2.12  Percussion for TMJ Examination

The tooth/teeth is/are percussed intraorally using 
a mouth mirror or probe for tenderness, which 
can cause a referred pain to the TMJ region.

6.2.13  Intraoral Examination

The most crucial factor to be evaluated is the cen-
tric relation and occlusion. A 2 mm shift of the 
mandible from centric relation to maximum inter-
cuspation is considered to be normal. Evaluation 
of the dental structure for the presence of any 
functional disturbance is essential. Presence 
of high points, faulty restoration/prosthesis or 
supra-eruption should be noted and corrected.

Mobility of teeth: Mobility can occur because 
of periodontitis or trauma from occlusion (TFO). 

Primary TFO can cause massive occlusal forces 
exceeding the resistance of a healthy periodon-
tium. Secondary TFO leads to regular occlusal 
forces exceeding the resistance of diseased 
periodontium.
Tooth wear: Examination of the wear facets on 
the tooth should be done as the tooth wear is a 
common cause of functional disturbance in the 
masticatory system. If the centric relation is near 
to the maximum intercuspation, it is functional 
wear. However, if an eccentric position is assumed, 
the cause is more often due to parafunctional 
activity. Attrition, scalloping of tongue, and cheek 
ridging in the occlusal line are the signs noted in 
patients with parafunctional habits. These fea-
tures are due to the soft tissues thrust against the 
teeth during parafunction [1, 2, 5].

6.2.14  Other Methods of Clinical 
Assessment of TMJ

The instrumental movement analysis may be uti-
lized to assess the quantitative characteristics and 
performance of bilateral condyle. It helps to 
record the condylar path length to determine the 
mobility of the joint. It is performed by electronic 
recording system for recording the mandibular 
movements based on the (Arcus Digma) ultra-
sonic measuring device [17]. The T-scan comput-
erized occlusal analysis technology may be 
utilized to assess occlusal force distribution, 
where needed. The advanced T-scan III can be 
linked through software integration with electro-
myography system along with the assessment of 
the occlusal forces [18]. These advanced equip-
ments for the analysis may not be universally 
available.

6.3  Goals of Examination

Clinical examination is the first and foremost 
vital aspect to diagnose and for managing TMDs. 
A correct approach to clinical examination and 
diagnosis is important for achieving a long-term 
successful treatment outcome.

Fig. 6.20 Functional manipulation of the inferior lateral 
pterygoid by instructing the patient to protrude the man-
dible against resistance
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6.4  Case History Format (For a 
Temporomandibular Joint 
Disorder Patient)

Date: Case Reference No:
Patient Name:
Age: Sex:
Contact Number:
Address:
Occupation:
Referring Doctor:
Chief Complaint:
History of Presenting Illness:
Past Medical/Surgical History:

Personal History

 1. History of sub-luxation
 2. Restriction in mouth opening due to habits
 3. Parafunctional habits: Clenching/Bruxism/

Grinding
 4. Dietary habits

• Allergy history:
• Drug History:

General Examination

• Built/Nourishment:
• Gait:
• Vitals documentation:

Systemic Examination

• Cardiovascular System:
• Respiratory System:
• Abdomen:
• Endocrine System:
• Musculoskeletal System:

Local Examination
Extra-oral examination

• Face: Symmetrical/Asymmetrical
• Ear:
• Preauricular region: Skin/Swelling/Injury
• Pain score (10 Point Visual Analog Scale):
• Range of Motion (ROM) (In mm):

• Pain free MIO:
• Maximum MIO:
• Protrusive movements:

Other clinical parameters Right Left
Lateral movements
Joint sounds
   1. Opening click
   2. Closing click
   3. Associated pain on mouth opening
   4. Crepitus
Muscle tenderness
   1. Temporalis
   2. Masseter
   3. Sternocleidomastoid
   4. Posterior cervical muscles
   5. Any other

Intraoral Examination

• Dentition: Primary/Mixed/Permanent
• Teeth present:
• Teeth wear: Attrition/occlusal facets

Clinical parameters Right Left
Occlusion
   1. Molar relation
   2. Canine relation
Status of third molars

Provisional Diagnosis:
Differential Diagnosis:
Radiographic Evaluation

• Orthopantomogram (OPG):
• TMJ Tomogram (Open/Close):
• CB-CT:
• Ultrasonography:
• CT scan:
• MRI:

Hematological/Biochemical Investigations:
Final Diagnosis:
Treatment Plan

• Patient counselling/Diet modification
• Medical management
• Non-surgical management: Immobilization/

Occlusal splints/Physiotherapy
• Minimally invasive management
• Surgical management
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Temporomandibular Joint 
Imaging in Health and Disease
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7.1  Introduction

Temporomandibular joint disorders (TMDs) are 
one of the major causes of pain and discomfort 
affecting the oro-facial region. Imaging of the 
temporomandibular joint (TMJ) has a significant 
role in arriving at a definitive diagnosis. 
Anatomical areas of interest in TMJ imaging 
cover evaluation of articulating structures: the 
condyle, the glenoid fossa, articular tubercle, 
fibrocartilaginous disc, retrodiscal tissue and 
adjacent soft and osseous structures.

One of the diagnostic challenges in a patient 
presenting with facial pain is the selection of an 
appropriate type of radiographic imaging. It 
plays a pivotal role in evaluation of the patients 
with TMDs. The aim of imaging the TMJ is to 
evaluate the veracity of the joint structures, defin-
ing the extent of disease and to monitor the pro-
gression and the post treatment changes of related 
TMDs [1]. The hard and soft tissue components 
of the TMJ that should be evaluated are summa-
rized in Table 7.1 and the merits and demerits of 
the various available diagnostic imaging modali-
ties used are listed in Tables 7.2 and 7.3.

The selection of a suitable imaging technique 
should be based on the value of its image charac-
teristics which could contribute to a valuable 
information for a comprehensive management of 
the patient. Selection criteria also include likeli-
hood of hard/soft tissue pathology, availability of 
imaging equipment, financial factors, quantity of 
radiation dose, and related physiologic or sys-
temic condition of the patient such as pregnancy, 
hypersensitivity for intravenous (IV) contrast 
agents, implanted pacemakers, etc. [1]
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Table 7.1 Components of temporomandibular joint 
(TMJ)

Osseous components Non-osseous components
Condylar head
Glenoid fossa
Articular eminence/
tubercle

Articular disc
Joint capsule
Muscles/ligaments
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Table 7.2 Various imaging for TMJ

Hard tissue imaging
Soft tissue imagingTwo-dimensional (2D) Three-dimensional (3D)

1. Orthopantomogram (OPG)
2.  TMJ tomogram: open/closed 

mouth
3. Transpharyngeal view
4. Transorbital view
5. Transcranial view
6. Reverse Townes view

1. Computed tomography (CT)
2.  Cone beam computed tomography 

(CBCT)

1. Ultrasonography
2. Arthrography
3.  Magnetic resonance imaging 

(MRI)

Table 7.3 Advantages and limitations of various imaging techniques of TMJ

Radiographic imaging Advantages Limitations
Panoramic imaging (OPG) 1.  Ease of availability

2.  Common initial screening modality
3.  Visualization of bilateral condylar 

heads

1.  Superimpositions
2.  Ghost images
3.  Insufficient information regarding 

condylar position
4.  Mild osseous change not detected

TMJ tomogram 1.  Position of condyle during open and 
closed mouth is obtained

1.  Technique sensitive

Postero-anterior (PA) 
cephalometric projection

1.  Can be advised in general hospital/
casualty set-up when dental 
radiographic equipment are 
unavailable

1.  Superimpositions

Lateral cephalometric 
projection

1.  Can be advised in general hospital/
casualty set-up when dental 
radiographic equipment are 
unavailable

1.  Improper/poor image of the 
contralateral condyle due to 
superimpositions

Reverse Townes view (open 
mouth)

1.  Excellent bilateral visualisation of 
condyle displacement in subcondylar 
fractures

1.  Technique sensitive
2.  Superimposition of petrous ridge of 

temporal bone
Oblique lateral view 
(mandibular body)

1.  Uncommonly used to examine the 
condyle

1.  Superimpositions
2.  Difficult to examine the condyle

Oblique lateral view 
(mandibular ramus)

1.  Similar to lateral cephalometric 
projection

1.  Improper/poor image of the 
contralateral condyle due to 
superimpositions

Submentovertex projection 1.  Uncommonly used to examine the 
condyle

2.  Condyle relation to skull base in 
horizontal plane can be determined

3.  Can be used to measure the angle of 
long axis of condylar heads used for 
tomography

4.  Under-exposed view is used to 
evaluate zygomatic arch evaluation in 
trauma

1.  Superimpositions
2.  Inadequate visualisation of the medial 

and lateral poles of TMJ

Trans-pharyngeal projection 1.  Provides lateral view of the condyle 1.  Depicts only the medial aspect of 
condyle clearly

Trans-cranial view 1.  Provides lateral view of the condyle 
and image can be taken in both open 
and closed mouth position

1.  Only lateral aspect of condyle is 
visualised clearly

Trans-orbital view 1.  Useful to detect condylar neck 
fractures

2.  Image of complete medial-lateral 
aspect of condyle is obtained in the 
frontal plane

1.  Can be obtained in open/protruded 
mouth position only
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Table 7.3 (continued)

Radiographic imaging Advantages Limitations
Conventional tomography 1.  Obtains image by blurring the image 

of structures lying outside the plane of 
interest

1.  Reduced contrast resolution

Computed tomography (CT) 
scan

1.  Fine image of the joint lesions/
disorders/trauma

2.  3D reconstruction allows rapid 
prototyping

1.  Image degradation due to artefacts
2.  Contrast media can be toxic in 

patients with renal disease (if used)

Cone beam computed 
tomography (CBCT)

1.  Rapid prototyping can be done
2.  3D image of the condyle morphology 

can be obtained

1.  Higher radiation dose as compared to 
conventional radiographs

Ultrasonography 1.  Ionising radiation is not used
2.  Evaluation of different tissues with its 

boundaries

1.  Interpretation requires sound 
knowledge for both the radiologist 
and the maxillofacial surgeon

2.  Only lateral side can be visualized 
adequately

Magnetic resonance 
imaging (MRI)

1.  High quality images of soft tissue in 
any imaging plane

2.  Non-invasive
3.  Uses non-ionising radiation

1.  Does not provide clear picture of hard 
tissue changes

2.  High cost
3.  Long scan time
4.  Various metals in imaging field can 

distort image/injure the patient
Arthrography 1.  Permits soft tissue examination 1.  Invasive procedure

2.  Risk of bleeding/facial nerve injury
3.  Allergic reaction to contrast agent
4.  High radiation exposure

Single positron emission 
computed tomography 
(SPECT)

1.  Detects abnormal metabolic bone 
activity: Condylar hyperplasia/
metastatic lesions

1.  Assesses only physiologic changes

Positron emission 
tomography (PET)

1.  Uncommon in TMJ examination 1.  Assesses only physiologic changes

7.2  Hard Tissue Imaging of TMJ

Conventional Imaging 2D radiographs, those 
utilizing plain films, have been well-versed to 
evaluate TMJ that exemplifies only the mineral-
ized parts of the joint. It does not deliver much 
information about the nonmineralized compo-
nents such as the cartilage, soft tissue compo-
nents and for diagnosing the inflammatory joint 
effusion. Bony changes in the TMJ are often not 
detected unless a significant quantity of bone 
mineral content is lost. Inspite of having ample 
limitations, several 2D imaging techniques have 
been utilized for imaging TMJ using various pro-
jections which is discussed subsequently in the 
chapter [1, 2].

7.3  Reverse Towne View (Open 
Mouth) (Fig. 7.1)

Reverse Towne’s projection is a posteroanterior 
view and is a favoured imaging technique to eval-
uate bilateral condyles for localization of frac-
tures and anteromedial displacement. 
Visualization of condylar medial and lateral poles 
could be achieved by directing the X-ray beam in 
an open mouth position. This ensures translation 
and rotation of the condylar head out of the gle-
noid fossa resulting in a midsagittal image. The 
relative disadvantages of the technique are super-
imposition of petrous ridge over base of occipital 
bone and projection of the condylar heads under-
neath the articular eminences [3].
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7.4  Mandibular Lateral Oblique 
Projections (Fig. 7.2)

The lateral oblique view targets the mandibular 
condyle and ramus. It was popularly used before 
the introduction of panoramic radiography. The 
ramus projection is obtained by directing the cen-
tral beam at the midpoint of the ramus. It pro-
vides details about the ipsilateral condyle, third 
molar region and contralateral angle of the man-
dible. As it provides very less information of 
TMJ structure and superimposition of the glenoid 
fossa by overlying anatomical structures, it is 
least recommended for TMJ evaluation [3].

7.5  Sub-Mentovertex (SMV) 
Projection

SMV projection has limited applications for the 
TMJ. In this technique the patient’s head is titled 
back so that the vertex touches the cassette (con-
taining the X-ray film). The midsagittal plane 
(MSP) is oriented perpendicular to the film/sen-
sor and the radiographic base line (infraorbito-
meatal line (IOML)) is parallel to the film/sensor 

Fig. 7.1 Reverse Towne view—Open mouth projection 
to visualise bilateral condyle showing mandibular right 
angle and sub-condylar fracture. (Image courtesy: Dept of 
Oral Radiology, Rishiraj College of Dental Sciences and 
Research Centre, Bhopal, India)

Fig. 7.2 Mandibular lateral oblique projection—body projection. (Image courtesy: Dr. Darpan Bhargava, Oral and 
Maxillofacial Surgery, TMJ Consultancy, Bhopal, India)
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and the primary beam is directed perpendicular 
to the radiographic film/sensor from beneath the 
mandible. A similar imaging technique—jug 
handle view radiograph is used to evaluate the 
zygomatic arch fracture, where the fragments are 
displaced or the arch is depressed, restricting the 
movement of coronoid process and resulting in 
reduced mouth opening [3].

7.6  Trans-Pharyngeal View 
(Infra-Cranial/McQueen Dell 
Technique) (Fig. 7.3)

Trans-pharyngeal view is a lateral projection that 
gives an overview of the TMJ from the condylar 
head to the mid-portion of the mandible. This 
view usually emphasizes on imaging condyle in 
open and closed mouth position, in order to proj-
ect the joint in the shadow of air occupied naso-
pharyngeal spaces, which increases the contrast 
of the resultant image of the joint. The X-ray tube 
should be placed in proximity to the opposite side 
joint; focussing the beam towards the film placed 
over the joint to be imaged. As a modification to 
this technique described by Parma, the tube head 
is brought closer to the patient producing magni-
fication of the proximal structure reducing super-
impositions [2–4].

7.7  Trans-Orbital View (Zimmer 
Projection) (Fig. 7.4)

This view depicts a frontal TMJ projection, dem-
onstrating the lateral and medial fronts of the 
condyle and its articulating surfaces. In this pro-
jection the central rays are oriented perpendicu-
lar to the condyle. In order to avoid overlapping 
shadows of the structures of skull base the man-
dible is placed in a protruded position. It is spec-
ified for evaluation of the joint in three 
dimensions, neoplasms and degenerative joint 
diseases [2, 3].

7.8  Transcranial View (Fig. 7.5)

Schullerin (1905) introduced transcranial view 
for visualizing the TMJ. For transcranial lateral 
oblique projection, the primary beam is focused 
parallel to the condylar long axis. Using this pro-
jection, only the skull bones superimpose over 
the TM joint but ensuing a relatively sharp image 
of the osseous components of the joint. This view 
can be used to evaluate the width of the joint cav-
ity and position or size of the condyle along with 
its relation to the eminence and the articular fossa 
[2, 3].Fig. 7.3 Trans-pharyngeal view of TMJ

Fig. 7.4 Trans-orbital view of TMJ
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There are three techniques by which transcra-
nial image can be obtained:

 (a) Lindblom or post auricular technique: 
The central ray is passed half an inch above 
the auditory meatus and should be directed 
posteriorly so that it passes along the long 
axis of the condyle.

 (b) Grewcock technique: The central ray passes 
through a point 2 inches above the external 
auditory meatus.

 (c) Gills technique: The central ray is aimed at 
25 degrees inferiorly to the horizontal plane 
across the cranium centring through the TMJ 
of interest.

7.9  Panoramic Imaging 
(Orthopantomogram/OPG) 
(Figs. 7.6 and 7.7)

Panoramic radiographs are more beneficial over 
plain film radiographs for evaluation of the denti-
tion, jaw bones and TMJ. Lateral view of bilat-
eral condylar heads confined within the focal 
trough can be visualized in a single projection. 
Gross anatomical alterations of the head of con-
dyle and the articular fossa are evident. Although 
this projection has a very limited role in diagnos-
ing TMDs but alteration in the size, shape and 
integrity of cortical lining of the condyles, flat-
tening of the articular surface and change in joint 
space can be appraised in these radiographs.

The condyle is placed in an antero-inferior 
position as the patient’s mouth is slightly pro-
truded to engage the panoramic machine. Glenoid 
fossa can appear as pneumatized by mastoid air 
cells resulting in a multilocular radiolucency of 
the articular tubercle and roof of the articular 
fossa. Peri-condylar soft tissue structures cannot 
be assessed using this imaging technique [2, 3].

7.10  TMJ Tomogram: Open/
Closed Mouth (Fig. 7.8)

TMJ tomogram is referred to as the anteroposte-
rior (AP) view of the mandibular condyle. 
Changing the configuration of the moving pan-
oramic units and altering the focal trough enables 
the conventional panoramic radiography to pro-
duce localized views of both the joints in a single 
film in open and closed mouth. During the first 
exposure, the patient is instructed to keep the 
mouth in close position and in second exposure, 
to keep mouth in semi-open position. 
Superimposition of the cranial vault and cervical 
spine shadow can be seen. In cases of ankylosis, 

Fig. 7.6 Panoramic image of a dentate maxilla/mandible

Fig. 7.7 Panoramic image of an edentulous maxilla/
mandible

Fig. 7.5 Transcranial view of TMJ
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trismus, dislocation (open lock) and subluxation, 
this technique is beneficial in demonstrating the 
relation of the condyle to glenoid fossa and artic-
ular tubercle at rest and at functional position.

7.11  Conventional Tomography

It is a radiographic technique allowing visualiza-
tion of osseous structures produced by multiple 
thin image slices free from super impositions of 
adjacent structures at right angles to the TM joint 
showing exact position of the condyle and bony 
alterations. They produce several images in 
closed, i.e., centric occlusion and single view in 
open position. This technique is not in common 
practice with the advent of advanced imaging 
modalities [3].

7.12  Cone Beam Computed 
Tomography (CBCT)

CBCT utilizes X-rays with cone shape centred on 
a flat panel detector which produces series of 2D 
images, which are compiled and reconstructed as 
3D data. CBCT allows multiplanar reconstruc-
tion as in two-dimensional images in sagittal, 
coronal, axial and oblique sections of the condyle 
and adjacent structures to analyse morphologic 
changes in the bone. It can be helpful in detecting 
degenerative joint disease, abnormalities in the 
joint morphology and ankylosis. In comparison 
with basic conventional radiography to advanced 
computed tomography (CT) imaging modalities, 
CBCT can provide accurate, area specific sub-
millimetric resolution images in lesser scan time 
and radiation dose [3].

Fig. 7.8 TMJ tomogram (Open/Closed Mouth)
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7.13  Arthrography

Arthrography is an invasive modality for diag-
nosing TMDs chosen for functional examination 
of the joint, to envision disc perforation/adher-
ence and loose bodies in the joints. The proce-
dure includes injecting approximately 1.5–2 mL 
radiopaque high concentration iodine contrast 
dye into the joint space under the guidance of 
fluoroscopy to obtain image of the nonmineral-
ized structures of TM joint. Based on the distri-
bution of contrast agents in the joint space, 
adhesions, disc position and perforations could 
be analysed during opening/closing jaw posi-
tions. A transcranial lateral oblique view of the 
TM joint can be visualized by vertically position-
ing the X-ray source in C-arm and patient in 
lying posture with targeted side facing upwards. 
Moving the radiation source more caudally, cen-
tral and medial portions of the joint can be 
visualized.

This is an invasive technique and requires 
insertion of a fine needle into the TM joint, there-
fore complications like bleeding, damage to the 
disc, facial nerve and introduction of infection 
could occur. It also poses risk for a hypersensitiv-
ity reaction to the contrast media and the increased 

exposure to radiation. One advantage is as the 
needle is inserted into the joint under local anaes-
thesia, any required therapeutic procedures can 
simultaneously be performed as per the diagnosis 
including arthrography guided therapeutic injec-
tions of corticosteroids and lavage of the joint.

It is rarely used modality for diagnosing 
TMDs as other imaging modalities reveal excel-
lent soft tissue examination such as ultrasonogra-
phy (USG) and MRI without a needle insertion. 
But may be used in patients where an advanced 
imaging modality (e.g. MRI) is contraindicated 
[5–7].

7.14  Ultrasonography (USG) 
(Fig. 7.9)

USG employs high frequency sound waves to 
create images from the region of interest. While 
travelling through the human body the sound 
waves encounter a boundary between various tis-
sue densities. Depending on the density or resis-
tance of the tissue, these sound waves are 
reflected as echoes back to the ultrasound probe 
and further returned to the computer that converts 
these echoes into numerical data assigning grey 

Fig. 7.9 USG of TMJ 
in open and closed 
mouth position with 
hyperechoic condylar 
head. (Image Courtesy: 
Dr. Darpan Bhargava, 
Oral and Maxillofacial 
Surgery, TMJ 
Consultancy, Bhopal, 
India)
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values and then into a picture. The TM joint pos-
sesses structures of varied nature with different 
reflective behaviours. Tissues are identified based 
on the signals they transmit which are classified 
based on their echo pattern. (Table 7.4).

It is a cost-effective, non-invasive and quick 
examination technique largely available in most 
healthcare institutions. A linear probe is used for 
TMJ, positioned transversely related to the zygo-
matic arch and adjusted accordingly to obtain 
images. It can detect degenerative changes and 
disc dislocations at earlier stages. An important 
limitation of this modality is that it greatly 
depends on the operator’s skill and experience. 
Recent advancements in USG include colour 
doppler to evaluate blood flow and 3D imaging 
that allows multiplanar reformatting and surface 
renderings are yet to be explored in the field of 
maxillofacial region for the temporomandibular 
joint imaging [3, 8–10].

7.15  Computed Tomography

Computed tomography was first introduced in 
1972 by Godfrey Hounsfield. It offers more 
information regarding the 3D morphology and 
fine changes of the bony structures, by creating 
detailed sections of images as small as 0.5 mm; 
abolishing overlap of superficial and deep struc-
tures and providing a factual image of anatomical 

structure of the condyle. Multi-slice CT provides 
images in coronal, axial and sagittal planes. It 
provides details of the surrounding structures 
unlike a CBCT which only captures the area of 
interest. Data availability in 3D format has 
enabled the construction of stereolithographic 
models which can be used for mock surgeries and 
as an aid in fabrication of custom-made alloplas-
tic prosthesis for joint reconstructions.

Condylar morphology in an axial plane is 
depicted as rounded bony projection having an 
oval, biconcave articular surface of glenoid fossa 
and the joint space. The anteroposterior dimen-
sions are smaller than the mediolateral dimen-
sions and its terminations are referred to as lateral 
and medial poles.

This acts as outstanding imaging modality to 
detect the extent of ankylosis, joint erosions, neo-
plasms, complex fractures, complications as a 
consequence of previous surgery, proximity to 
the middle cranial fossa and also heterotopic 
osseous growth [1, 3, 11].

7.16  Magnetic Resonance 
Imaging (MRI)

MRI provides accurate details of the soft tissue 
structures in the area of interest. The positively 
charged hydrogen ions within the body such as 
those found in fat and water align under the influ-
ence of the magnetic field. Radio waves are used 
to alter the alignment of these hydrogen ions 
which in turn emits a weak radio signal which is 
received by receiver coil and further amplified by 
the scanner. Additional magnetic fields can fur-
ther be employed to manipulate the signals and to 
aggregate a comprehensive image of the area of 
interest.

It is proved to be an exceptional technique of 
choice in the investigation of TM joint dysfunc-
tion. Image analysis should be done with T1- and 
T2-weighted sequences in both in closed/open 
mouth positions. Recent advancements include the 
possibility of performing a dynamic study during 
progressive mouth opening using Cine MRI.

Both bony and soft tissue anatomical struc-
tures of joints are better visualized in T1-weighted 

Table 7.4 Ultrasonography (USG) interpretation of TMJ 
and surrounding structure

Type of tissue Echo pattern Signal received
Appearance 
in USG

Joint space
Artery/vein
Water/fluids

Anechoic Absent Black

Internal 
surface of 
condyle
Articular 
disc

Hypoechoic Weak Grey

Condylar rim
Nerve

Hyperechoic Intense White/
black

Connective 
tissue joint 
capsule, 
retrodiscal/
muscular 
tissue

Isoechoic Intermediate Grey
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images, whereas joint inflammation and effu-
sions are well demonstrated in T2-weighted 
images. MRI is usually not recommended in 
pregnancy, people with cardiac pacemakers or 
intracranial aneurysm clips and other implanted 
metal devices, while MRI can be performed judi-
ciously in patients with titanium dental implants 
[1, 3, 11–13].

7.17  Imaging in Diseases

7.17.1  Articular Disc Displacement 
(Fig. 7.10a–d)

Internal derangement of TMJ is a condition in 
which the fibrocartilaginous biconcave disc 
between the condyle and the glenoid fossa loses 

Fig. 7.10 (a, b) MRI of joint with internal derangement. 
Axially-corrected sagittal T1-weighted MRI of the TMJ 
in the closed (a) and open (b) mouth position, respec-
tively, exhibits anterior disc displaced with reduction. 
(Image courtesy: Dr. Dania Tamimi, USA, Diplomate of 
AAOMR). (c) Antero-medial disc location of the left TMJ 

disc along with osteoarthritic changes. (Image courtesy: 
Dr. Raashi Khatri Panjabi, MD, Orofacial Pain, Mumbai, 
India). (d) Antero-medial disc location of the TMJ disc 
along with focal central perforation. (Image courtesy: Dr. 
Raashi Khatri Panjabi, MD, Orofacial Pain, Mumbai, 
India)

a b

c
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its normal relationship because of displacement. 
There are possibly four clinical stages of disc dis-
placement (Table  7.5). The altered disc and 
weakened ligaments can cause various displaced 
positions of the disc like the anterior, anterolat-
eral, anteromedial, lateral, medial and posterior. 
Proper evaluation of sagittal and coronal images 
of TM joint in MRI would help the clinician in 
diagnosing the possible types of internal derange-
ments. MRI could be a valuable tool in imaging 
TM joint in both closed and open positions for 
assessing the stage of disc displacement.

In the initial stages of internal derangement, 
the shape of the disc would be normal. As the 
disease progresses the displaced articular disc 
would be altered in shape with thickened poste-
rior band and thin central and anterior band 
resulting in a biconvex or rounded shaped disc. 
The features like irregularity, rounding of the 
shape of articular disc is considered characteris-
tic of a disease process. In the late stages of inter-
nal derangement, the articular disc may tear or 
show perforation.

d

Fig. 7.10 (continued)
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In inflammatory TM joint disease with a his-
tory of trauma fluid effusion within the joint 
occurs. As effusion fluid produces high signal 
intensity it could be identified well in T2-weighted 
images in MRI. (Refer figure in the following 
sections, Fig. 7.13) [14, 15].

7.17.2  Degenerative Joint Diseases 
(Fig. 7.11a, b)

Osteoarthritis and osteoarthrosis are the two- 
disease process discussed under the term degen-
erative joint diseases (DJD) having the similar 
clinical findings except for the presence of joint 
pain in osteoarthritis and absence in osteoarthro-
sis. The condition could be evolving due to 
trauma or as part of aging. It is often associated 
with underlying systemic cause, trauma or the 
aging process. In temporomandibular joint, ‘pri-

a

b

Fig. 7.11 (a) Coronal CT images showing alteration in condylar head anatomy and round radiolucent region (Ely’s 
Cyst). (b) Articular surface of condyle showing flattening and subcortical sclerosis

Table 7.5 Clinical stages of articular disc displacement

Stage

Feature of the articular disc
Closed mouth 
position Open mouth position

I (disc 
displacement 
with reduction)

The 
articular 
disc is 
displaced

Reduces to normal 
relationship, i.e. the 
central narrow zone 
of the disc is in 
contact with the 
condylar head and 
articular eminence

II (disc 
displacement 
with reduction 
with intermittent 
locking)

The disc is 
displaced

Intermittent lock

III (disc 
displacement 
without 
reduction)

The disc is 
displaced

Does not reduce to 
normal contact 
(also referred to as 
closed lock)

IV (disc 
displacement 
without 
reduction)

The disc is displaced and does not 
reduce with perforation of the disc 
or posterior attachment tissues
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mary DJD’ is idiopathic by definition. ‘Secondary 
DJD’ is assumed to occur after the disc is dis-
placed and bony contact exists between the con-
dyle and articular fossa. Clinical signs and 
symptoms of DJD are often remarkably absent 
even when there are severe histologic/radio-
graphic joint changes (i.e., osteoarthrosis). DJD 
is diagnosed radiographically, as the clinical 
signs and symptoms are mostly not conclusive.

Three cardinal radiographic features that 
lead to a diagnosis of DJD are:

 1. Bony spurs or osteophyte.
 2. Erosion of articular surface.
 3. Condylar subcortical pseudocyst.

Other radiographic findings include flattening 
of the articular surface and also subcortical scle-
rosis. Additional criterions to diagnose DJD may 
be used utilizing various imaging modalities that 
include CT, CBCT and MRI. It may be classified 
as grade I and II (Table  7.6). Ahmad M et  al. 
adopted two principles for grading DJD.  It was 
suggested that the most advanced changes in all 
image views should be considered for confirming 
the diagnosis and two image orientations should 
have the advanced finding [3, 14].

7.17.3  Rheumatoid Arthritis (RA)

It is a heterogeneous group of chronic inflamma-
tory disorder of autoimmune origin that could 
involve synovial membrane usually having a 
poly-articular involvement. Small joints such as 
hand, wrists, TM joints are involved in a 
 symmetric bilateral fashion. Clinically it may 
manifest as pain, swelling, stiffness of mouth 
opening and limited range of motion (ROM). 
Anterior open bite may be present because of 
destruction of condylar surfaces bilaterally caus-
ing antero- superior positioning of condyle.

There is granulomatous inflammatory reaction 
of synovial membrane resulting in formation of 
intra-articular tissue mass known as pannus 
which evolves as a fibro cartilage/bone releasing 
some enzymes causing destruction of the articu-
lar surface and the bone.

Radiographically, osteopenia of the condyle 
may be evident in the initial stage. Erosion occurs 
in the anterior and posterior surface of condyle 
resulting in a ‘sharpened pencil’ appearance. 
Entire condylar head may be destroyed in some 
cases. Sub-chondral sclerosis, flattening of artic-
ular surfaces, Ely’s cyst and osteophyte forma-
tion may be evident. Limited ROM depends on 
duration and severity of the disease.

Table 7.6 Classification of degenerative joint disease 
(DJD)

DJD grade
Radiographic 
feature Dimension

I
(displays 
any of the 
features)

Osteophyte Greatest length is 
<2 mm when 
measured from tip of 
osteophyte to expected 
contour of condyle as 
viewed on the 
corrected sagittal 
section

Erosion Greatest dimension of 
the erosion is <2 mm 
in depth and width
The erosion is limited 
to a single occurrence 
only

Sub-cortical 
pseudocyst

The greatest 
dimension of the 
pseudocyst is <2 mm 
in depth and width
The pseudocyst is 
limited to a single 
occurrence only

II
(displays 
one or more 
than one of 
the features)

Osteophyte The greatest length is 
>2 mm measured from 
tip of osteophyte to 
expected contour of 
condyle as viewed on 
the corrected sagittal 
section

Erosion The greatest 
dimension of the 
erosion is >2 mm in 
depth and width, OR
More than 1 erosion of 
any size

Sub-cortical 
pseudocyst

The greatest 
dimension of the 
pseudocyst is >2 mm, 
OR
More than 1 
pseudocyst of any size

Two or more imaging signs of grade I 
DJD
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Using MRI, Kretapirom et  al. classified the 
osseous changes in condyle into four types. Even 
after severe bony alterations, the articular disc 
would be in normal position until late stages of 
RA unlike DJD [3, 14, 15].

7.17.4  Juvenile Rheumatoid Arthritis

It is also known as juvenile chronic arthritis/
Still’s disease. The mean age of onset is 5 years 
characterized by chronic, repeated synovial 
inflammation resulting in effusion causing pain/
swollen joints. Earlier onset and severe systemic 
involvement are differentiating the adult RA 
from juvenile variant. Rheumatoid factor may be 
absent in some cases, the preferred term is juve-
nile arthritis for such cases.

TMJ involvement causes restricted mouth 
opening and micrognathia with anterior open 
bite. Mandibular asymmetry can occur if there is 
unilateral TMJ involvement. Radiographic find-
ings are similar to that of an adult form with an 
additional feature of impaired mandibular 
growth. Fibrous ankylosis can occur occasion-
ally. Due to intermittent inflammation in quies-
cent periods, the cortical bone of the TM joint 
surface reappears as a flat surface causing antero-
superior positioning of the condyle [3].

7.17.5  Septic Arthritis (Infectious 
Arthritis) (Fig. 7.12)

It is very rare and may occur as a result of direct 
spread of infection from hematogenous spread, the 
cellulitis of nearby tissue, or involvement in pres-
ence of systemic/autoimmune disease. It is also 
reported in paediatric patients after trauma where 
hyperaemia and damage to the tissues cause hema-
toma formation. It is a favourable medium for 
growth of micro- organisms. Osseous ankylosis 
may occur rarely once the infection subsides war-
ranting a need for careful follow-up. It can mimic 
DJD/RA but the differentiating feature is this con-
dition is usually unilateral and clinical signs/
symptoms of infection are evident [3, 14].

7.18  Articular Loose Bodies

These are radiopaque loose bodies in joint 
space that occur either inside the joint capsule 
or in the soft tissue outside the joint capsule. 
Radiographically, they appear as soft tissue cal-
cifications in and around the TMJ. They may be 
a part of bone separated from the joint. It can be 
hyaline cartilage metaplasia where the nodules 
ossify to form calcifications as in synovial 
chondromatosis or deposition of calcium pyro-
phosphate dehydrate crystals in the joint space 
known as calcinochondrosis/pseudo gout. 
Studies have reported the use of arthrography in 
patients diagnosed with synovial chondromato-
sis. CT can be used to detect the erosions in the 
glenoid fossa and extension into middle cranial 
fossa. MRI is required to determine the tissue 
planes between synovial chondromatosis mass 
and the surrounding soft tissue [3, 15].

7.19  Injury to the 
Temporomandibular Joint

Trauma to TM joints can be classified into two 
major types:

 1. Condylar fracture (fracture of the bone).
 2. Luxation/subluxation of TMJ (injury to the 

soft tissues of the joint).

Fig. 7.12 Destructive changes of joint components in 
infective arthritis of left TMJ
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7.19.1  Effusion (Fig. 7.13)

Effusion is known as the accumulation of fluid 
inside the joint either due to trauma (haemor-
rhage) or from inflammation (exudates) caused 
by ID, arthritis. MRI is useful in detecting joint 
effusion. MRI could provide diagnostic informa-
tion in T2 weighted images as a bright white sig-
nal as the evidence for fluid in the peri-capsular 
space with a widened joint space.

7.19.2  Fracture of TMJ

The classifications of condylar fracture with clin-
ical presentations are discussed in detail as a 
separate chapter (refer Chap. 16). Condylar frac-
ture is often evaluated using CT because of its 
superiority in imaging osseous structures and 
also there are no superimpositions from adjacent 
structures, with a possibility of evaluating images 
in different planes with 3D reconstruction. CBCT 
also provides accurate picture of the fracture. In 
conventional radiographs, there is an irregular 
outline/step defect/discontinuity in the cortical 
border at the fracture site. An undisplaced high 

condyle fracture may be difficult to detect in con-
ventional radiographs.

7.19.3  Neonatal/Paediatric Condyle 
Fracture

The anatomy of the condyle is different in paedi-
atric population as compared to the adults. 
Careful evaluation must be done to assess, man-
age and follow up such fractures in growing chil-
dren to prevent growth disturbances [3, 14]. They 
usually present with a mushroom like intracapsu-
lar  fracture of the condylar head or a green-stick 
injury depending on the age of the patient and the 
type of injury.

7.19.4  Dislocation (Luxation) 
of the Condyle (Fig. 7.14)

Dislocation/luxation of TMJ is the result of 
excessive anterior movement of condyle to the 
extent that the condyle comes out of the articular 
fossa and is positioned in front of the articular 
tubercle. It is mostly an anterior dislocation. 

Fig. 7.13 MRI showing effusion in the joint space in a T2 weighted MRI in open and closed mouth position (Image 
courtesy: Dr. Darpan Bhargava, Private case, Oral and Maxillofacial Surgery, TMJ Consultancy, Bhopal, India)
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If the condyle translates anterior and gets locked 
in front of articular eminence and is not able to 
bounce back to its normal relation, it would result 
in an open lock and patient may not be able to 
close the mouth, the ensuing condition is called 
luxation or dislocation. A similar condition where 
the patient would be able to manipulate and self- 
reduce him/herself, the displaced condyle is 
referred to as subluxation or habitual disloca-
tion. The condyle can be dislocated in anterior/
lateral/medial directions. Rarely it penetrates into 
the cranial fossa. Sometimes the dislocation can 
be very minimal causing difficulty in identifying 
it with a conventional radiograph. CT is essential 
in such cases for proper diagnosis as conven-
tional images may not show the dislocation due 
to superimpositions [3].

7.20  Ankylosis (Fig. 7.15a–c)

TMJ ankylosis is characterized by the union of 
articular surface of the condyle of the mandible 
and glenoid fossa of the temporal bone either 
with fibrous tissues (fibrous ankylosis) or osse-
ous tissue (bony ankylosis) resulting in partial or 
complete loss of form and function. The aetiol-

ogy, clinical features and management of ankylo-
sis are discussed in detail as a separate chapter 
(Refer Chap. 17).

OPG and other conventional imaging tech-
niques have less significant role in detecting the 
extent of ankylosis. CT is vital to detect the extent 
and involvement of the ankylotic mass. 3D recon-
struction enables construction of a stereolitho-
graphic model to fabricate custom-made 
alloplastic prosthesis prior to the surgery, where 
indicated. MRI is essential in case of fibrous 
ankylosis [3, 14, 16].

7.21  Tumours of TMJ

Tumours of the TMJ are very rare and can be 
intrinsic or extrinsic. Intrinsic tumours arise 
from the condyle or the temporal bone and 
intracapsular soft tissues. Tumours from adja-
cent region disrupting the morphology of TMJ 
are classified to be of extrinsic origin. The 
tumours are broadly classified as benign and 
malignant. Malignant metastasis to the TMJ 
have been reported [17–19]. When in doubt, 
an initial screening radiograph followed by a 
CT or an MRI is usually the modality of 
choice [3].

7.22  Developmental Disturbances 
of TMJ (Figs. 7.16a&b, 7.17, 
7.18a&b)

The development of TMJ is not complete at the 
time of birth. A developmental disturbance can 
occur before/at the time of/after birth. The clini-
cal features will be suggestive of a definitive dis-
order in TMJ region in such patients with visible 
clinical facial disfigurement. The imaging of 
choice is CT or MRI scan, as per the indication. 
CBCT may be advised in cases requiring limited 
area for evaluation [14].

Fig. 7.14 Dislocation of TMJ is characterized by abnor-
mal positioning of condyle out of the glenoid fossa and in 
front of articular eminence
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Fig. 7.15 (a) Coronal images of true ankylosis (post 
trauma). (b) Coronal CT images of ankylosis, with the 
evidence of fibrous tissue (radiolucent area) between the 
ankylosed bones. (c) Panoramic imaging of a patient with 
a long-standing osseous bilateral ankylosis. Note that the 

extent of ankylosis in the medio-lateral aspect is unclear. 
(Image courtesy: Department of Oral and Maxillofacial 
Surgery, People’s College of Dental Sciences & Research 
Center, Bhopal, India)

a
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b

c

Fig. 7.15 (continued)

a b

Fig. 7.16 (a) Panoramic image of left condyle hypopla-
sia. Note the prominent anti-gonial notch due to muscular 
hyper-activity. (Image courtesy: Dept of Oral Radiology, 
Rishiraj College of Dental Sciences & Research Centre, 

Bhopal, India). (b) Reverse Towne image of left condyle 
hypoplasia. (Image courtesy: Dept of Oral Radiology, 
Rishiraj College of Dental Sciences & Research Centre, 
Bhopal, India)
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7.23  Nuclear Medicine Studies 
(Fig. 7.19)

Conventional radiographs, CT, CBCT, MRI, 
arthrography and USG are morphologic imaging 
techniques where it is essential for an anatomic 
change to occur in order to be visualized in the 
radiograph by the image receptor. Radionuclide 
imaging is a type of functional imaging which 
detects disease by assessing the physiologic 
changes caused by abnormal biochemical pro-
cess without any change in the anatomic form. 
The various nuclear medicine techniques that 
can be applied to detect the disease in TMJ 
region are:

 1. Radio nucleotide imaging/Scintigraphy.
 2. Positron Emission Tomography (PET).
 3. Single Photon Emission Computed 

Tomography (SPECT).

Their applications to detect various TMDs 
have been practised since long and remain contro-
versial as the results vary from each study. It can 
be inferred that nuclear medicine imaging tech-
niques with other imaging modalities can aid in 
better understanding of the TMDs than just con-
sidering radionuclide imaging alone [3, 20–24].

7.24  Newer Advancements

Few newer technologies are emerging in detect-
ing certain TMDs. One such newer advancement 
is the digital volumetric tomography (DVT). It 
was first developed for angiography in 1982, 
which later found its application in maxillofacial 
imaging subsequently. Shetty US et  al. have 
reported the use of DVT to assess the condylar 
changes. Planigraphy is another modality which 
is similar to panoramic imaging but with special-
ized options for TMJ [11, 25].

7.25  Goals for Imaging

Selection of an appropriate imaging technique by 
the clinician must be done after careful consider-
ations of the outcome and possible risks associ-
ated with the use of X-rays. Radiographic 
selection criteria are based on clinical findings of 
patients for whom a high probability exists that a 
particular radiographic evaluation could provide Fig. 7.17 Hyperplasia of right mandibular condyle

a b

Fig. 7.18 (a) 3D reconstructed CT image of Bifid condyle. (b) Coronal section of CT images showing bifid condyle

7 Temporomandibular Joint Imaging in Health and Disease
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details in arriving at a definitive diagnosis alter-
ing treatment/prognosis. Clear indications should 
be established to justify any laboratory tests/
imaging performed for an individual patient.

Definitions [1–3]
 1. An osteophyte is a marginal hypertrophy with 

sclerotic borders and exophyte is an angular 
formation of osseous tissue arising from the 
surface.

 2. Surface erosion is loss of continuity of articu-
lar cortex of the condyle or the fossa.

 3. A subcortical pseudocyst is defined as a cavity 
below the articular surface that deviates from 
normal marrow pattern. It is not a true cyst but 
rather the loss of trabeculation.

 4. A surface flattening is defined as a loss of 
rounded contour of the surface of the con-
dyle or the articular eminence. It can be pres-
ent in normal joints as a variation of normal 
joint.

 5. A subcortical sclerosis is defined as any 
increased thickness of the cortical plate in the 
load-bearing areas related to the adjacent non- 
load- bearing areas.

Fig. 7.19 Tc-99  m methylene diphosphonate (MDP) 
bone scintigraphy with increased tracer concentration in 
the condyle of the right mandible suggestive of hypermet-
abolic active bone growth and ossification process 
(Adapted with permission: Neelakandan RS, Bhargava 
D.  Bifid hyperplastic mandibular condyle. J Maxillofac 
Oral Surg. 2013 Dec; 12(4): 466-71; Springer)
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 Appendix

a b

c d

 

Atlas 7.1 Axial sections (a–d) radiological anatomy 
of the TMJ in CBCT.  [Reprinted/adapted by permis-
sion from I.  Rozylo-Kalinowska, K.  Orhan (eds.), 

Imaging of the TemporomandibularJoint, https://doi.
org/10.1007/978-3-319-99468-0_8]
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Atlas 7.2 Radiological anatomy of the TMJ in CBCT—
image obtained along the long axis of the condyle. 
[Reprinted/adapted by permission from I.  Rozylo-

Kalinowska, K.  Orhan (eds.), Imaging of the 
TemporomandibularJoint, https://doi.org/10.1007/978- 3-  
319- 99468- 0_8]

 

Atlas 7.3 Radiological anatomy of the TMJ in CBCT—
image obtained along the short axis of the condyle (para-
sagittal). [Reprinted/adapted by permission from 

I.  Rozylo- Kalinowska, K.  Orhan (eds.), Imaging of the 
TemporomandibularJoint, https://doi.org/10.1007/978- 3- 
319- 99468- 0_8]
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a

 

Atlas 7.4 Articular and peri-articular temporomandibu-
lar joint anatomy as seen with MRI (a–e); Sagittal, 
Coronal and Axial views. [Reprinted/adapted by permis-

sion from T.  Robba et  al. (eds.), MRI of the 
Temporomandibular Joint, https://doi.org/10.1007/978- 3-  
030- 25421- 6_3]
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b

Atlas 7.4 (continued)
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c

Atlas 7.4 (continued)
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d

e

Atlas 7.4 (continued)
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Psychological Assessment 
for Temporomandibular Joint 
Disorders

Beena Sivakumar, Ratna Sharma, 
and Darpan Bhargava

8.1  Introduction

Temporomandibular joint disorders (TMDs) are 
prevalent among population of wide age range. 
Psychological assessment is essential in these 
patients as stress and anxiety can significantly 
contribute to TMDs. They cause chronic pain 
which can be associated with significant psycho-
logical or psychosocial disturbances. These fac-
tors, if not identified and appropriately addressed, 
can often result in poor treatment outcomes. 
Hence understanding the psychological aspect 
enhances the feat in treatment outcomes for sev-
eral TMDs. It is well documented that conditions 
involving chronic pain such as back ache, tension 
headache, fibromyalgia and TMDs are known to 
be associated with transient psychological 
involvement. They manifest clinically as anxiety, 

depression, frequent use of pain medication, 
somatization impacting the patient’s lifestyle 
resulting in diminished productivity at work. A 
psychological inequity may lead to TMDs and 
vice-versa [1].

Significant psychological and psychosocial 
upset is believed to have a negative effect on all 
forms of treatment, from conservative to surgical 
modalities. Literature opines that assessment of 
these factors is an excellent predictor for long- 
term outcomes of the treatment and is recom-
mended that it should be a routine practice to 
assess patients diagnosed with TMDs to develop 
a more rational and comprehensive approach in 
managing such disorders [1, 2].

8.2  Aetiology

TMDs are associated with complex and heterog-
enous constellation of problems. The aetiology is 
usually multi-factorial. Psychological factors like 
depression, anxiety along with other contributing 
factors such as central modulation, hypervigi-
lance, stress, sleep disorders are known to be 
associated with TMDs. They can be managed by 
proper assessment and combining various man-
agement modalities such as biofeedback and cog-
nitive behavioural therapy to eliminate the 
psychological factors apart from medical and sur-
gical management [2, 3].
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8.3  Diagnostic Criteria

A group of experts on TMDs proposed the Research 
Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD) in 1992 based on vari-
ous empirical data and comprehensive literature 
review. It is a dual axis assessment consisting of 
Axis I which is a standard diagnostic criterion 
based on signs and symptoms of TMDs describ-
ing the common physical disorders. It is used for 
screening purpose of intra-articular disorders. 
Axis II includes psychosocial and behavioural fac-
tors describing the aspects of a patient who had the 
disorder and behavioural factors possibly affecting 
management of the TMD.  It is beneficial to use 
these criteria for research and clinical compre-
hensive assessment in TMD patients (Tables 8.1, 
8.2 and 8.3). Use of the recommended ‘criteria’ 
in clinical practice enhances patients’ identifica-
tion with a wide range of simple to complex TMD 
manifestations [2].

A thorough history from the patient is essen-
tial for assessment of psychological factors such 
as behaviour, lifestyle and emotional condition. It 
is generally believed that the clinician often 
under- recognizes such psychological aspects. 
Sensitivity measures the instrument’s/diagnostic 
criteria’s ability to record a positive response for 
a positive case. Likewise, specificity measures 
the instrument’s ability to record a negative 
response for a negative case (Table 8.1). Usually 

TMDs have an involvement of the associated 
muscle groups. Physiological parameters exist to 
access such psycho-physiological parameters 
caused by stress related and postural jaw muscle 
function by electromyogram (EMG) [2].

Patil DJ et al. have investigated the prevalence 
of stress and depression among patient having 
TMDs with chronic facial pain and compared it 
to the control group to assess the possible rela-
tionships between them. It was observed that 
anxiety, depression and stress scores were 
increased in patients diagnosed with myofascial 
pain. Depression (53.3%) and stress (60%) were 
more prevalent in the study group patients [4]. 
They concluded that there was a strong co-rela-
tion between depression, stress and TMDs. Initial 
evaluation should include screening for such 
behavioural and psychological symptoms for 
effective cognitive behavioural therapy and 
enhanced treatment outcomes. The above find-
ings are consistent with several other documenta-
tions in the literature emphasizing the strong 
need for managing such aspects apart from signs 
and symptoms of TMDs [5].

8.4  Conclusion

Future research should aim at establishing diag-
nostic protocols based on identification of the 
aetiology and mechanisms involved in develop-

Table 8.1 Validated Axis I pain-related TMD diagnoses, for RDC/TMD [2]

Validated Axis I pain-related TMD diagnoses
Disorder History Examination findings
Myalgia (sensitivity 90%, 
specificity 99%)

Pain in masticatory structure 
modified by jaw movement/
function or para-function

Reporting of pain in temporalis or masseter muscles 
during palpation or during maximum unassisted or 
assisted opening movements

Myofascial pain along 
with referral (sensitivity 
86%, specificity 98%)

Same as of myalgia Reporting familiar pain while palpating temporalis or 
masseter muscles

Arthralgia (sensitivity 
89%, specificity 98%)

Same as of myalgia Reporting familiar pain in TMJ with palpation of joint 
or maximum unassisted/assisted opening, right or left 
lateral or protrusive movements

Headache attributed to 
TMD (sensitivity 89%, 
specificity 87%)

Headache in temporal area 
modified by jaw movement, 
function or para-function

Reporting of similar headache in temple area during 
palpation of temporalis muscles or during maximum 
unassisted/assisted opening, right or left lateral or 
protrusive movements

B. Sivakumar et al.
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ing or leading to psychological derangements in 
TMDs for a more targeted, personalized  treatment 
plans for individual patients. A multidisciplinary 
approach involving the TMJ specialist and a psy-
chologist is recommended for the initial assess-
ment of the TMD patients, which should aid at 
planning a tailored treatment remedy, as per the 
individual patient’s requirement.

Table 8.2 Validated Axis I TMJ diagnoses, for RDC/
TMD [2]

Validated Axis I TMJ diagnoses

Disorders

History Clinical 
examination 
findings

DDwR 
(sensitivity 
34%, specificity 
92%)

Presence of 
TMJ noises

Clicking, popping 
or snapping 
noises present 
during opening 
and closing/
opening or 
closing, and 
lateral or 
protrusive 
movements

DDwR with 
intermittent 
locking 
(sensitivity 
38%, specificity 
98%)

TMJ noises 
present
Jaw locks with 
limited 
opening and 
then unlocks

Same as DDwR

DDwoR with 
limited opening 
(sensitivity 
80%, specificity 
97%)

TMJ locking 
with limited 
opening
Limitation 
severe enough 
to interfere 
with the ability 
to eat is 
currently 
present

Maximum 
assisted opening 
(passive stretch) 
<40 mm

DDwoR 
without limited 
opening 
(sensitivity 
54%, specificity 
79%)

TMJ locking 
with limited 
opening
Limitation 
severe enough 
to cause 
interfere with 
ability to eat 
was present in 
the past

Maximum 
assisted opening 
(passive stretch) 
≥40 mm

Degenerative 
joint disease 
(sensitivity 
55%, specificity 
61%)

TMJ noises 
present

Crepitus present 
during maximum 
active opening 
(crunching, 
grinding or 
grating noises)

Subluxation 
(sensitivity 
98%, specificity 
100%)

TMJ locking 
or catching in a 
wide-open 
position that 
resolves with a 
specific 
manoeuvre

When disorder is 
evident, a 
manoeuvre to 
unlock the jaw is 
performed to 
close mouth.

Table 8.3 Axis II assessment protocol for RDC/TMD [2]

Axis II assessment protocol

Questionnaire
No. of 
Items [2] Usefulness

Graded chronic 
pain scale

7 Pain intensity 
component: pain 
amplification and 
central sensitization
Pain-related disability 
component: decreased 
function caused by pain

Pain drawing 1 Distinguishes among 
local, regional and 
widespread pain; 
assesses for other 
comorbid pain 
condition; and may 
indicate pain 
amplification, 
sensitization and 
central dysregulation

Jaw functional 
limitation scale

8 or 20 Quantifies effect on jaw 
mobility, mastication 
and verbal and 
emotional expression

Patient health 
questionnaire-4

4 Identifies psychological 
distress (depression and 
anxiety)

Patient health 
questionnaire-9

9 Identifies depression: 
contributes to 
chronicity

Generalized 
anxiety 
disorder-7

7 Identifies anxiety: 
contributes to stress 
reactivity and to 
parafunction

Patient health 
questionnaire-15

15 Measures physical 
symptoms: assesses for 
specific comorbid 
functional disorders

Oral behaviour 
checklist

21 Measures para-
function: contributes to 
onset and perpetuation 
of pain prognosis

8 Psychological Assessment for Temporomandibular Joint Disorders
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9.1  Introduction

Diagnosing and treating temporomandibular joint 
disorders (TMDs) accurately is a complicated and 
intricate task and demands thorough knowledge, 
understanding and experience. Usually TMD 
patients suffer from more than one anarchy which 
is inter-related, citing a few—joint pain per-se, 
myalgia, altered muscle tone, occlusal discrepan-
cies, and so on. Therefore, inter-relationship of 
various problems must be considered for a more 
appropriate diagnosis and treatment of TMDs. Vast 

spectrum of treatment modalities are available for 
the management of TMDs. A logical approach for 
patient management is to aim at initiating a conser-
vative therapy and reserve surgical treatment when 
conservative modalities do not show improvement 
in relieving the symptoms (Fig. 9.1). A conserva-
tive non-surgical and pharmacological therapy is 
readily acceptable by most of the patients in the 
initial stages of TMDs [1].

TMDs are a collective term that includes mani-
festations like pain and dysfunction of TMJ, mas-
ticator muscles and the associated structures. At 
most instances, the exact aetiology may remain 
unidentified, but may be associated with trauma, 
parafunctional habits, joint overload, malocclu-
sion, psychological factors, arthritis or chronic 
non-ergonomic positioning of the head and neck 
(Fig.  9.2). After evaluating and diagnosing the 
TMD, suitable non-surgical and medical therapy 
should be initiated in order to achieve reduction in 
pain/discomfort and functional improvement [2, 3].

Non-surgical and medical therapies resolve 
symptoms in over eighty percent of the patients 
with TMDs [4, 20]. The various available con-
servative therapies can be used alone or in 
combination with each other. Their goal is to 
decrease overloading of the masticatory sys-
tem, pain/dysfunction and promote healing. 
Most effectual pharmacological agents used in 
treating TMDs include analgesics, corticoste-
roids, muscle relaxants, anti-depressants, anx-
iolytics, benzodiazepines and anticonvulsants 
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[6]. In conjunction to pharmacological therapy 
patients may be advised for physical exercise, 
avoid stress, modify habits, and restrict excess 
jaw function.

9.2  Non-surgical Therapy

The primary goals of the non-surgical therapy 
include patient education and counselling, diet 
modification, physical therapy, stress reduction 
protocols, psychotherapy, appliance therapy and 
pharmacologic management. One important fac-

tor affecting the treatment outcome to such ther-
apy is the fluctuating nature of the TMDs which 
may undergo remissions and exacerbations inde-
pendent of the treatment (Fig. 9.3).

9.2.1  Patient Education/Cognitive 
Awareness Training

Patient education and counselling is the primary 
step for any treatment plan. The patient should be 
explained about the co-relation between the emo-
tional stress, muscle hyperactivity, joint over-

Open-joint surgery model
(for example, arthrotomy). 

Occlusal therapy model
(for example, occlusal reconstruction, orthodontics, and orthognathic surgery) 

Closed-joint surgical manipulation model
(arthrocentesis & arthroscopy). 

Physical medicine model 

(for example, physical therapy procedures applied at home or in the office
and dental occlusal appliances) 

Pharmacologic model 

(for example, non steroidal anti-inflammatory medications, antidepressant
medications, muscle relaxant medications, and steroid injections) 

Behavioral medicine model
(for example, counseling, biofeedback, and relaxation training). 

Fig. 9.1 TMD 
management strategy
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Fig. 9.2 Schematic 
representation of how a 
condition of postural 
imbalance influence 
mandible position 
(Adapted with 
permission from: 
Sambataro S et al. TMJ 
Dysfunctions Systemic 
Implications and 
Postural Assessments: A 
Review of Recent 
Literature. J. Funct. 
Morphol. Kinesiol. 
2019, 4, 58; doi:https://
doi.org/10.3390/
jfmk4030058)
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Fig. 9.3 Non-surgical modalities in the management of TMDs
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load and interrelation of the same resulting in 
the disorder of the joint. Patient’s understanding 
of these facts would contribute to an improved 
patient compliance for various treatment modali-
ties and follow-up. It is essential to explain the 
cause of the symptoms and probable diagnosis to 
the patients who are generally unaware of the ori-
gin of their pain. This reduces the anxiety which 
also contributes to pain control to some extent in 
such patients.

Another important factor is to make the 
patients aware of any abnormal tooth contact 
practice other than during physiological rest state 
of the jaws, chewing, swallowing and speaking 
to exclude any parafunctional habits that the 
patients may have.

9.2.2  Diet Modification

Patients may be advised to take a soft diet espe-
cially in cases experiencing extreme symptoms. 
This enables controlled range of motion during 
the jaw function, decreases muscular hyper-
activity and thereby reduces overload of the 
joint. Patients are advised to take food in small 
pieces and avoid excess chewing and hard food 
that requires extensive jaw function and muscle 
action.

9.2.3  Dental Occlusion

It is an essential factor in the stability of stomato-
gnathic system which comprises of dentition, 
masticatory muscles and the TMJ. Malocclusion 
may be a destabilizing factor that contributes to 
the predisposing factor for TMDs. Another pre-
disposing factor related to occlusion is attrition 
in elderly patients and also in patients with para-
functional habits, resulting in reduced vertical 
height and altered condylar position. Whatever 
the cause may be, the initial management is 
directed to reduce pain. Further treatment may 
involve identifying and rectifying the cause of 
malocclusion by reversible or irreversible occlu-
sal therapy, equilibration procedures, orthodontic 
correction, prosthodontics and orthognathic sur-
gery to restore form and function [7, 8, 9, 12].

Irreversible occlusal therapy includes selec-
tive grinding (reductive) and restorative (addi-
tive) procedures which may permanently change 
the occlusal conditions and should be wisely 
planned.

9.2.4  Occlusal Appliance Therapy

Splint therapy is the art and science of establish-
ing neuromuscular harmony in the masticatory 
system and creating a mechanical disadvantage 
for the parafunctional forces with removable 
appliances. Occlusal appliance therapy is a form 
of reversible occlusal intervention that tempo-
rarily alters patient’s occlusal condition, thereby 
reducing joint overload. The occlusal bite appli-
ances are removable devices made up of hard 
acrylic and have custom fit over occlusal sur-
faces of maxillary/mandibular teeth. Splints are 
constructed in a way to achieve bilaterally sym-
metrical occlusal contacts posteriorly with teeth 
of opposing arch in centric occlusion (flat plane 
splints) or there may be anterior contacts in lat-
eral and protrusive excursions of the mandible 
(anterior repositioning splints). Effectiveness 
of occlusal splint is to decrease loading on the 
TMJ and reduction of neuromuscular reflex acti-
vation. The stabilization appliance is generally 
fabricated for the maxillary arch. It provides 
occlusal relationship, considered optimal for 
the patient and ensure that the condyles are in 
their most musculoskeletal stable position when 
the teeth are contacting evenly and simultane-
ously. It eliminates the orthopaedic instability 
between the occlusion and the joint position, 
thus removing the causative factor.  Bruxism 
and Myofascial Pain Dysfunction (MPD) may 
contribute to a change in vertical dimension 
of occlusion that alters proprioception and 
cause related symptoms. Stabilization splints 
are indicated for the treatment of muscle pain 
disorders (MPD), TMD that relates to muscle 
hyperactivity (bruxism), local muscle soreness 
or chronic centrally mediated myalgia and for 
patients experiencing retrodiscitis secondary to 
trauma. This appliance can help minimizing the 
forces to damaged tissues, thus permitting more 
efficient healing. Whereas anterior positioning 
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splint is an interocclusal device that encourages 
the mandible to assume a position more ante-
rior. Its goals are to provide a better condyle–
disc relationship in the fossa. So that tissues 
have a better opportunity to adapt or repair and 
would eliminate the signs and symptoms asso-
ciated with disc derangement disorders. It is 
indicated for the treatment of disc derangement 
disorders, intermittent or chronic locking of 
the joint and some inflammatory disorders like 
retrodiscitis are managed with this appliance, 
especially when a slight anterior positioning of 
the condyle is more comfortable for the patient 
(Tables 9.1 and 9.2). Apart from commonly used 
stabilization/flat plane and anterior reposition-
ing appliances, soft occlusal splints have shown 
benefit in patients with TMDs. Recently a new 
type of mouth guard, the Aqualizer has been 
introduced. The Aqualizer works on the Pascal’s 
Law, producing its effect by evenly distributing 
the fluid on biting uniformly [5, 8, 9, 19, 69].

9.2.5  Physiotherapy

It is documented that prolonged immobilization 
of jaws due to TMDs or traumatic injury to the 
condyle has deleterious effect on TMJ and the 
facial muscles causing degenerative cartilage 
and osseous changes in and around the joint 
surfaces, its surrounding soft tissues, synovial 
fluid alterations, fibrous tissue contractures, and 
muscle weakness. Nourishment of the synovium 
depends upon the normal joint function. Aim of 
the physical therapy is to put the joint in function 
in a systematic manner. Physical therapy aids in 
relaxation of hyperactive muscles, reduces pain, 
increases range of motion, and helps in improv-
ing joint function. Following are the various jaw 
exercises detailed as under [8, 11, 17].

9.2.5.1  Passive Jaw Exercise
It permits patient to exercise manually (opening 
using finger stretching) or with a device like jaw 
openers or activators. It gradually increases the 
inter-incisal opening and significantly reduces 
pain, improves jaw mobility as the shortened 
muscles regain their normal length [11]. It is usu-
ally performed as a part of post-operative care 
after surgical intervention like arthrocentesis, 
arthroscopy, or open TMJ surgery. It is also effec-
tive for patients with muscle-associated trismus, 
myofascial pain and dysfunction (MPD). It is 
relatively contraindicated in patients with severe 
TMJ disc displacement without reduction owing 
to risk of further damage to the disc and retro- 
discal tissue [10, 11, 13, 20].

9.2.5.2  Active/Assisted Jaw Exercises
It is performed by initiating patient’s own jaw 
musculature (as opposed to jaw opening device 
which allows muscles to be passive). This 
allows patient to activate suprahyoid muscu-
lature (geniohyoid, mylohyoid, digastric, and 
stylohyoid), and inactivating elevators of jaw 
(medial pterygoid, masseter, temporalis) causing 
relaxation of hyperactive masticatory muscles 
thus facilitating maximal inter-incisal opening. 
Assisted exercises are helpful post-TMJ surgery, 
arthroscopy, arthrotomy, and permanent disc dis-
location without reduction to achieve improved 
range of mandibular movements [11].

Table 9.1 Various types of occlusal appliances/splints

Stabilization 
appliance

Anterior repositioning  
appliance

•  Hard acrylic 
flat-plane device

•  Full coverage 
maxillary occlusal 
arch

•  Worn 24 h/day (± 
during meals)

•  Bilateral even 
distribution of 
occlusal forces

•  Provides 
stabilization of the 
TMJ apparatus

•  Relaxation of 
masticatory 
muscles

•  Hard acrylic device
•  Maxillary or mandibular 

occlual coverage splint with 
anterior inclined plane

•  During jaw closure, 
mandible moves anteriorly

•  Useful for anteriorly 
displaced disc to change 
condylar position and 
recapture disc

•  Possible need for occlusal 
equilibration and splint 
readjustment

Table 9.2 Functions of occlusal appliances/splints

1 To relax the muscles
2 To allow the condyle to seat in centric relation
3 To provide diagnostic information
4 To protect teeth and associated structures from 

bruxism
5 To mitigate periodontal ligament proprioception
6 To reduce cellular hypoxia levels
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In this active stretch phase, the patients are 
advised to keep mouth open for several seconds 
following relaxation of muscles and are instructed 
to keep their mouth open till they perceive pain 
and then hold for several seconds thus, repeat-
ing this exercise many times a day with gradual 
increase in magnitude of mouth opening. The 
active movements in the form of lateral excur-
sions should be maintained for several seconds, 
which are then slowly released in order to effect 
physiologic “stretch” of muscles [12, 13, 15, 18].

9.2.5.3  Isometric Exercises
Patient is advised to place the hand beneath the 
chin and start the exercise against palm resis-
tance by slowly opening the mouth. Similarly 
in an open mouth position the patient fingers are 
placed in the incisal tip of incisors and advise to 
close the mouth against resistance. Followed by 
opening mandible in right and left lateral protru-
sive position against hand resistance, holding for 
3 to 5 seconds on each side to activate the mus-
cles isometrically. These exercises benefit young 
patients with a complain of a painless early click-
ing. Isometric exercise may be recommended is 
disc derangements with pain and trismus [11, 14, 
16, 18].

9.2.6  Thermal Therapy

Thermal agents can be applied in the form of 
heat or cold. Heat is frequently used in the form 
of hot compresses causing vasodilatation thereby 
increasing the blood flow and reducing pain. 
Another concept behind thermal therapy is by 
blocking impulses from c-fibres explained as per 
gate control theory. Application of hot fomenta-
tion using hot moist towel or a hot bottle over a 
towel applied over the symptomatic area for 10 to 
15 minutes not exceeding 30 minutes is beneficial 
[21, 22].

Coolant therapy reduces transmission of 
impulse through the nerve endings causing 
decreased perception of pain and also causes 
relaxation of muscles. It causes local vasocon-
striction and helps in reducing muscle spasm. 
The use of cold includes fluoro-methane coolant 

sprays. A simpler method for cold fomentation is 
using an ice pack for not more than 5 to 7 min-
utes of application time followed by a warming 
period before next application not exceeding 
20–30 minutes [23, 24].

9.2.7  Ultrasonography

Ultrasonography (USG) is used to deliver deep 
heat. USG machine operates above frequency of 
audible sound waves (0.75–1.0  MHz) and con-
verts to heat while travelling through the soft 
tissues. USG probe is applied over skin using con-
ductive gel and moved slowly over affected area 
in circular movements. Care must be taken not 
to keep machine in one area for long which may 
cause overheating of connective tissue, leading to 
structural damage. Deep heat is used to increase 
blood perfusion by vasodilatation, thereby clear-
ing inflammatory mediators. This decreases pain 
and increase jaw mobility (Fig. 9.4).

Fig. 9.4 Ultrasound physiotherapy in the TMJ region
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Effects include altered permeability of cell 
membrane, decreased collagen viscosity, intra-
cellular fluid absorption, analgesia and vasodi-
latation. Beneficial effects include breakdown 
of local calcium deposits, reduced capsular con-
tracture, decreased hyaluronic acid viscosity of 
joint synovial fluid and improved mobility. It 
has advantages in managing tendinitis, muscle 
spasm, tight/restricted ligaments [25, 26].

9.2.8  Phonophoresis

Phonophoresis is a process of application of 
ultrasound heat that incorporates pad filled 
with medicaments like 10% hydrocortisone 
cream, salicylates or any other topical anaes-
thetic cream placed over the affected area. 
When these ultrasound waves are applied, 
medications perfuse into tissues. Indication 
for phonophoresis is synovitis with painful jaw 
hypomobility [27, 28].

9.2.9  Iontophoresis

Iontophoresis is a technique by which certain 
medicaments can be introduced to the tissues at 
the target area using low intensity current.

9.2.10  Electrical Stimulation

The mechanism of action of trans-cutaneous 
electrical nerve stimulation (TENS) is through 
the gate control theory, counter-irritation, neuro- 
humoral substance release and peripheral block-
ade mechanisms. It uses low-voltage electrical 
current designed for sensory stimulation in pain-
ful disorders and decreases muscle pain and 
hyperactivity in neuromuscular disorders. The 
units of TENS are usually portable; electrodes 
are placed over specific regions or trigger point 
sites. Increasing TENS intensity to the point of 
motor fibres activation cause muscle relaxation 
(Fig.  9.5) (Table  9.3). It is contraindicated for 
patients with pacemakers [29, 30].

9.2.11  Muscle Injection

Trigger point is an area of hyperirritability in 
tissues when compressed becomes tender and 
hypersensitive leading to referred pain. It is due 
to trauma, sustained spasm/contraction or acute 
muscle strain. Injections of local anaesthesia 
(LA) enable the clinician to stretch muscles max-
imally without pain and discomfort to the patient. 
Injections of LA (2% lidocaine) in trigger point 
serve two functions. One is to eliminate the local 
pain, another to diagnose the source of pain. The 
local anaesthetic blocks the central excitatory 
effect over the trigger point. Its vasodilator effect 
improves vascular perfusion to an area allowing 
metabolites and inflammatory mediators that may 
induce pain to be readily removed by increased 
blood flow to the area [31, 32].

Fig. 9.5 Transcutaneous electric nerve stimulation 
(TENS) therapy for TMD

Table 9.3 Types of electrical stimulation techniques

Electrical 
stimulation 
techniques

TENS
Iontophoresis: electric current 
drives drugs into tissues.
High-volume stimulation (100 V): 
pumping effects of muscle 
contraction increase circulation.
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9.2.12  Stress Reduction Techniques

 Relaxation and Biofeedback
Stress reduction and relaxation techniques can 
be effective treatment modalities in TMDs. 
Audiotapes may be used in an attempt to train 
synchronized breathing patterns and specific 
relaxation techniques. Substitutive and active 
relaxation therapies can be used to reduce 
patient’s emotional stress. Substitutive relaxation 
therapy involves behaviour or lifestyle modifi-
cation by involving in some hobbies, sports or 
recreational activities. Active relaxation is done 
by training the patients to voluntarily relax symp-
tomatic muscles in calm and soothing voice for a 
couple of sessions by the trainer. This enhances 
blood flow, reduces emotional stress and elimi-
nates pain [33, 34].

The Biofeedback technique uses electromy-
ography (EMG) and skin temperature to mea-
sure patient’s physiologic function and response 
towards treatment. Information obtained is con-
veyed back to the patient by metre or sound so 
that patient can gauge level of relaxation, adjust 
level of relaxation and measure progress. The 
goal is to achieve psychological self-regulation 
and to monitor relationship between muscular 
tension and pain [35, 36].

9.2.13  Acupuncture

Acupuncture is an alternative treatment that can 
be implemented with other treatment modali-
ties through the course of non-surgical treat-
ment. Proponents claim that it uses relationship 
between the energy flow through meridians, posi-
tive and negative life forces and natural elements. 
Fine needles are used in order to re-establish 
energy flow in areas.

First mechanism of action is gate control 
theory, which states that needle produces pain-
less stimulation, causing neuronal gates to close 
and prevent signal propagation of pain to spinal 
cord. Others include release of neuronal opioids 
(enkephalins and endorphins) flooding the affer-
ent interneurons, blocking pain sensation, pro-
motion of alpha waves and re-balancing electric 

ion flow pattern, which on disruption, may elicit 
pain [37, 38].

9.2.14  Psychotherapy

TMDs may present as somatic expression of any 
underlying psychiatric/psychological disorder 
like depression. Proper personal/familial history 
of any psychiatric disease, substance abuse and 
physical/sexual abuse should be evaluated and 
obtained. Anxiety disorders occur commonly in 
patients with the chronic pain syndromes. Once 
psychiatric component is identified, psychiatric 
consultation for adjunctive treatment is a must 
for the contributing factors. It includes cognitive 
and behavioural therapy, support group involve-
ments and pharmacotherapy [39, 40].

9.2.15  Pharmacotherapy

The pharmacologic management of TMD 
involves a combination of several drugs to alle-
viate the signs and symptoms. An analgesic or 
multimodal methods of analgesia can be used to 
prescribe several different classes of drugs based 
on signs and symptoms and the relevant history 
given by the patient. Various class of drugs that 
are prescribed include analgesics, corticosteroids, 
anxiolytics, anti-depressants, muscle relaxants, 
local anesthetics and anticonvulsants (Fig. 9.6).

9.2.15.1  Analgesics
Analgesics and anti-inflammatory are the drugs 
that relieve inflammatory conditions like syno-
vitis, myositis, capsulitis, symptomatic disc 
displacement and osteoarthritis. It includes non- 
steroidal anti-inflammatory drugs (NSAIDS) and 
opioids.

NSAIDS are a competitive, reversible; active 
site inhibitors of enzyme cyclo-oxygenase, 
thus prevent formation of prostaglandins. Their 
action is rapid and is generally well tolerated by 
patients. The spectrum of safety for NSAIDS is 
higher than opioid analgesics. They cause less 
dependence/tolerance and can be used to treat 
mild to moderate pain in TMDs [41, 42].
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Most commonly used NSAID in TMDs is 
acetaminophen that has good patient tolerance 
and minimal side effects. Salicylates to be used 
include aspirin. Other classes of NSAIDs which 
are commonly used in TMDs include acetic acid 
derivatives which include ibuprofen, naproxen, 
diclofenac, aceclofenac, ketoprofen and indo-
methacin (indole-acetic acid derivative) [43] 
(Table 9.4).

There are evidences on the potential adverse 
effects of NSAIDs when consumed in for a lon-
ger period of time in high doses. They cause gas-
tric irritation, allergies, renal disease and adverse 
cardiovascular events. To evade gastrointestinal 

irritation being the most common complaint by 
the patients, they should be asked to take medi-
cations immediately after meals. A proton pump 
inhibitor or H2 antagonist can be added in the 
regime for patients having good response to 
NSAIDs in order to prevent the anticipated gas-
tric side effects [44].

9.2.15.2  Selective Cox-2 Inhibitors
COX-2 inhibitors chiefly affect the COX-2 path-
way reducing the inflammatory response and it 
scarcely affects the gastric and renal function. 
Studies have shown that COX-2 (inflammatory 
mediator) is present in TMJ synovial fluid and 

Pharmacotherapy

Analgesic
Anti-

inflammatory

medication

NSAIDs Corticosteroids

Anxiolytics
Anti-

histamines

Anti-

depressants

Muscle

relaxants

Local

anesthetic

agents

Fig. 9.6 Various pharmacologic agents used in TMDs

Table 9.4 Commonly used analgesics and anti-inflammatory drugs in TMDs

Drugs Generic name Average daily dosage in milligrams
NSAIDS Acetaminophen 325–1000 mg q4h

Acetylsalicylic (aspirin) 325–650 mg q4h
Diflunisal 250–500 mg bid
Ibuprofen 400–800 mg tid
Ketoprofen 50–100 mg tid
Naproxen sodium 275–550 mg bid
Naproxen 250–500 mg bid
Meloxicam 7.5–15 mg/day
Diclofenac 25–50 mg tid
Indomethacin 75 mg/day as sustained release
Ketorolac tromethamine 10 mg q4–6h

Cyclo-oxygenase 2 inhibitors Celecoxib 100–200 mg qid/bid
Analgesic combinations Ibuprofen 400 mg, Acetaminophen 325 mg 1 tablet tid

Aceclofenac 100 mg, Acetaminophen 325 mg 1 tablet bid
Diclofenac 50 mg, Acetaminophen 325 mg 1 tablet bid
Tramadol 37.5 mg, Acetaminophen 325 mg 1 tablet q4–6h

Corticosteroids Methylprednisolone 4–8 mg/day

bid twice a day, tid thrice a day, q every, h hour
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tissues (internal derangement cases). COX-2 
inhibitors leads to selective inhibition and provide 
potent anti-inflammatory and analgesic effects 
without influencing COX-1 and other physiologic 
functions. Celecoxib may be used for treatment 
for chronic TMDs in patients who are unable to 
tolerate classic NSAIDs [45, 46]. Other COX-2 
inhibitors like valdecoxib and rofecoxib have 
higher incidence of cardiovascular events when 
taken for longer period (Table  9.4). Naproxen 
being a dual cyclo-oxygenase inhibitor (COX-1 
and COX-2) is considered to be more effective in 
relieving excruciating pain in TMJ disorders when 
compared to selective COX-2 inhibitors [47].

9.2.15.3  Corticosteroids
Corticosteroids are potent anti-inflammatory 
drugs which are either injected directly in the 
TMJ or topically applied in order to reduce pain 
and dysfunction associated with TMDs. It acts by 
the complete blockade of arachidonic acid path-
way. These drugs are rarely prescribed for sys-
temic use except in cases of acute polyarthritides. 
Commonly used oral corticosteroid is methyl-
prednisolone which needs a gradual reduction in 
dosing until stopped. Long term use in TMJ dis-
orders causes condylar hypoplasia through inhi-
bition of chondroblastic activity and increases 
calcium loss [48, 49] (Table 9.4).

9.2.15.4  Opioids
Opioids are a group of drugs that acts on specific 
opiate receptors in central and peripheral nervous 
system to provide analgesia. But its use remains 
controversial due to the risk of dependence and 
substance abuse. Yet it is commonly used by cli-
nicians carefully in selected patients with careful 
monitoring of the administered dose.

Use of opioids as the first line of drug in 
TMDs is strongly discouraged. The pain level 
experienced by the patient and its interference 
in overall quality of life should be determined 
before prescribing an opioid. Tramadol and mor-
phine are the most common drugs prescribed in 
TMDs [43] (Table 9.4).

9.2.15.5  Anxiolytics
Anti-anxiety/anxiolytic drugs can be used as a 
part of supportive therapy to change patient’s 

perception to emotional stress. These agents are 
mild Central Nervous System (CNS) depressants 
which aim to control the symptoms of anxi-
ety without interfering with normal mental or 
physical functions (Fig. 9.7). They reduce stress, 
anxiety, insomnia and muscle hyperactivity asso-
ciated with TMDs.

Commonly used anxiolytic agents are ben-
zodiazepine group of which diazepam is con-
sidered to be an efficient drug to reduce anxiety, 
relax skeletal muscles and causes sedation. 
A single dose of diazepam consumed (2.5 to 
5 mg) at bedtime may often be useful to reduce 
muscle tonicity and decrease frequency of 
nocturnal parafunctional activities [50]. Other 
benzodiazepines that may be effective in treat-
ment of TMDs are clonazepam and alprazolam 
[51]. Benzodiazepines should not be used for 
more than a period of 2 weeks because of their 
potential for dependency. Literature highlights 

anxiolytics

acts on
receptors in

CNS

inhibits
GABA 

Anxiolytic
effect and
sedation

Fig. 9.7 Mechanism of anxiolytic drug in providing sed-
ative effect
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that rapid withdrawal after routine consump-
tion for more than 2 weeks can lead to the ben-
zodiazepine withdrawal or rebound syndrome. 
A large study on patients suffering from fibro-
myalgia received alprazolam, ibuprofen or 
combination of both reported enhanced relief 
in symptoms on palpation after six weeks in 
the group receiving combination drugs [51, 52] 
(Table 9.5).

9.2.15.6  Muscle Relaxants
Skeletal muscle relaxants are the drugs that reduce 
skeletal muscle tone and alleviate increased mus-
cle activity. The muscle relaxants act either by 
primarily treating spasticity over upper motor 
neuron syndromes or muscular pain and spasms 
over peripheral musculoskeletal conditions. They 
decrease muscle tone without interfering with 
the motor function by acting centrally to depress 
polysynaptic reflexes.

Some of the commonly used skeletal muscle 
relaxants include baclofen, chlorzoxazone and 
thiocolchicoside. Pre- and post-synaptic GABA 
β receptors are blocked by baclofen as a result 
of which excitatory synaptic transmission in 
the spinal trigeminal nucleus is depressed. 
Chlorzoxazone is a centrally acting muscle relax-
ant, which is benzoxazolone derivative. It primar-
ily depresses spinal polysynaptic reflexes over 
monosynaptic reflexes.

Chlorzoxazone can be used to relax hyperac-
tive muscular activity related to TMDs. It acts as 
sedative as well. They are usually administered in 
combination with NSAIDs. Baclofen is a periph-
eral muscle relaxant used for myofascial pain. It 
is known for its specificity over severe muscle 
spasm and neurogenic pain. Cyclobenzaprine is 
used for chronic musculoskeletal disorders and 
is very effective in treating pain of lumbar and 
cervical regions and associated skeletal muscle 
spasms, may be employed for TMDs [53, 54].

Sedation is a common adverse effect in 
patients consuming skeletal muscle relaxants. 
Drug abuse is seen when Carisoprodol is used. 
Cyclobenzaprine is known to cause xerostomia 
and tachycardia, as a result of anti-cholinergic 
activity. It may worsen narrow-angle glaucoma 
and it should be avoided in such patients. To 
limit the side effects, it is always recommended 
that such drugs should always be titrated upward 
gradually [55, 56] (Table 9.6).

9.2.15.7  Anti-Depressants
Low doses of anti-depressants producing analge-
sia with no evidence in treatment of depression 
are useful in the management of chronic pain 
conditions. The drugs which are mainly adminis-
tered for TMJ disorders include monoamine oxi-
dase (MAO) inhibitors, tricyclic anti-depressants 
(TCAs), serotonin reuptake inhibitors (SSRIs). 

Table 9.5 Other drugs used in management of chronic TMDs and orofacial pain

Class Generic name
Average daily dose in milligrams 
(mg) Maximum daily dose in milligrams (mg)

Anxiolytics 
(benzodiazepines)

Diazepam 2.5–5 mg at bedtime 10 mg/day, not more than 14 days
Clonazepam 0.5 mg at bedtime 4 mg/day not more than 14 days
Alprazolam 0.25–0.5 mg at bedtime 4 mg/day not more than 14 days

Antidepressants
Tricyclic

Amitriptyline 10–20 mg at bedtime 100 mg/day
Nortriptyline 25–50 mg at bedtime 150 mg/day
Desipramine 25–50 mg tid 300 mg/day

SSRI Fluoxetine 20–40 in the morning 60 mg/day
Paroxetine 20–40 in the morning 60 mg/day

SNRI Duloxetine 20–60 in the morning 120 mg/day
Milnacipran 50 mg bid 200 mg/day

Anticonvulsives Gabapentin 300 mg HS, gradual increase to 
1800 mg/day

3600 mg/day

Pregabalin 75–150 mg bid 300 mg/day

bid twice a day, tid thrice a day, SSRI Selective Serotonin Re-uptake Inhibitors, SNRI Serotonin Nor-epinephrine 
Re-uptake Inhibitors
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It is advisable to take these drugs for sleep dis-
orders, obsessive compulsive disorders, chronic 
pain, central mediated pain disorders, etc. [57]. 
Kinney et al. concluded in their study that 30% 
of the patients suffering from TMDs present with 
depression of which 74% with chronic TMDs 
have faced at least an episode of major depres-
sion [58].

MAO inhibitor inhibits the activity of enzyme 
Monoamine Oxidase, which inhibits the break-
down of monoamine neurotransmitter thereby 
increasing their availability. They are not pre-
scribed on a regular basis owing to their inter-
actions with food and drugs (which may require 
a special diet by those who consume them) and 
side effects such as headache, xerostomia, gas-
tric effects (nausea, vomiting, constipation, etc.), 
insomnia, dizziness and light headedness [59].

Tricyclic anti-depressants (TCAs) block 
the reuptake of the monoamine neurotransmit-
ters—including serotonin and nor-epinephrine. 
The increase in the activity of neurotransmitters 
in the brain is associated with an alleviation of 
some symptoms of depression. TCAs help to 
treat sleep disturbances and nocturnal bruxism 
during TMDs. It has both serotonergic and nor-
adrenergic effects. The common adverse effects 
of the drug are constipation, blurred vision, pos-
tural hypotension, ventricular arrhythmias (in 
patients with pre-existing cardiac disease) and 
urinary retention due to anti-cholinergic activity 
[60, 61].

Selective serotonin reuptake inhibitors 
(SSRIs) and serotonin-norepinephrine reup-

take inhibitors (SNRIs), the newer generation 
of anti- depressants may be considered to be 
efficient over its antidepressant effect in treat-
ing fibromyalgia and TMDs in controlling 
pain and improve quality of life. It inhibits the 
reuptake of serotonin into the nerve cells in 
the brain leading to the availability of active 
serotonin in brain which improves the patient’s 
mood and emotional feelings. Both SSRIs 
(fluoxetine and paroxetine) and SNRIs (dulox-
etine and milnacipran) have therapeutic uses 
in treating fibromyalgia and chronic centrally 
related myalgia [62]. Common adverse effects 
of these drugs are low safety margin, hazard-
ous in overdose which can be fatal, frequent 
anti-cholinergic, cardiovascular and neurologi-
cal side effects. The only purpose of includ-
ing these anti-depressants for treating TMDs is 
for pain control rather than treating depression 
[63] (Table 9.5).

9.2.15.8  Anti-Histamines
Anti-histamines include conventional and 
second-generation anti-histamines. Highly 
sedative promethazine and hydroxyzine are 
commonly used in TMDs. They antagonize 
central and peripheral H1 receptors provid-
ing sedation and anxiolysis, thus relieving 
stress induced TMDs. It may also be used 
for treatment of vertigo and nausea following 
TMD.  The adverse effects are usually mild. 
Sedation, diminished alertness, light headed-
ness, motor in-coordination, tendency to fall 
asleep are commonly observed [63].

Table 9.6 Commonly used muscle relaxants

Generic name Average daily dose in milligrams (mg)
Maximum daily dose in milligrams 
(mg)

Cyclobenzaprine 10 mg tid 60 mg/day
Carisoprodol 250 mg tid 1400 mg/day maximum for 

2–3 weeks
Baclofen 5 mg tid, dose can be increased gradually 80 mg/day, slow withdrawal
Metaxalone 800 mg tid/qid 2400 mg/day
Methocarbamol 1000 mg qid 8000 mg/day
Thiocolchicoside 4 mg/8 mg bid 16 mg/day
Combination 
drugs

Chlorzoxazone 500 mg, acetaminophen 325 mg, 
diclofenac 50 mg (bid)

2 tablet/day

Ibuprofen 400 mg, acetaminophen 325 mg, 
Chlorzoxazone 250 mg (bid)

3–4 tablets/day

bid twice a day, tid thrice a day, qid four times a day
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9.2.15.9  Anticonvulsants
Anticonvulsants are effective in the treatment 
of oro-facial pain like trigeminal neuralgia and 
related disorders such as migraine and head-
ache. They also help to reduce central sensitiza-
tion pain mechanism in fibromyalgia and TMDs. 
Gabapentin and pregabalin are the two anticon-
vulsives that may be used to treat chronic pain 
related to TMDs [64, 65].

The use of N-methyl-D-aspartate (NMDA) 
receptor antagonists provides great relief from 
oro-facial pain. Side effects are sedation, diz-
ziness, dissociative effects, nausea and visual 
disturbances. NMDA are useful when they are 
combined with opioids as they have synergistic 
effect in reducing pain and decreases tolerance to 
opioid [63] (Table 9.5).

9.2.15.10  Injectable Medications
Both diagnostic and definitive management can 
be done using various injectable medications for 
TMDs. Local anaesthetics can be used for diag-
nostic purpose and to differentiate the true source 
of pain. They can be used as intra-articular, intra-
muscular injections or nerve blocks. They can be 
used for therapeutic effects in breaking pain cycle 
in cases of chronic TMDs. Commonly used local 
anaesthetic drugs are 2% lidocaine, 3% mepiva-
caine and 0.5% bupivacaine. Intracapsular injec-
tions of hydrocortisone (or betamethasone) may 
be used for restricted joint movement and pain 
relief [66].

Botulinum toxin injections, specifically 
Onabotulinum toxin A have been demonstrated to 
treat focal dystonias. It is a reversible neurotoxin 
that causes pre-synaptic blockade of release of 
acetylcholine at motor end plates, when injected 
into the muscle. It is injected using 30 gauge 
short needle (tuberculin syringe) approximately 
25  units for a muscle, mostly into the middle 
body of the muscle and rest is distributed in other 
parts of muscle [67, 68].

9.3  Summary

A multidisciplinary approach in TMDs should 
initially begin with conservative and pharma-
cological management followed by minimally 

invasive methods. Surgery should be considered 
as a last resort when all other non- surgical and 
pharmacologic methods have rendered ineffec-
tive. Periodic follow-up for TMD patients helps 
in assessing patient’s signs and symptoms and 
also the effect of therapy. It also helps in sequenc-
ing further treatment plan and assesses patient 
compliance.
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10.1  Introduction

The term Occlusion belongs to the Latin verb 
occludere, meaning “to close up”, “Occludere” in 
turn comes from the prefix ob-, denoting “in the 
way”, and the verb claudere, denoting “to close 
or shut”. In dentistry, the term occlusion is used 
for four separate entities (Table 10.1) [1–3].

As stated by Glossary of Prosthodontic Terms 
(GPT) 9, occlusion can be defined as

 1. The act or process of closure or of being 
closed or shut off.

 2. The static relationship between the incising or 
masticating surfaces of the maxillary or man-
dibular teeth or tooth analogues [4].

The success of any restorative procedure 
depends solely on the stable occlusal contacts 
and various components of stomatognathic sys-

tem. Any discrepancies in the occlusion are iden-
tified as a major aetiological factor for the 
development of temporomandibular joint disor-
ders (TMDs) [1, 3].

10.2  Origin of Occlusion

An initiative to the study of occlusion dates back 
to the nineteenth century to Orthodontists, who 
endeavour to decode the concept for arrangement 
of dentition. Karolyi (1901) discussed the role of 
occlusion in bruxism, without any evidence and 
suggested that occlusal interferences are respon-
sible for the atypical temporomandibular joint 
(TMJ)/masticatory muscle function, periodontal 
disease and bruxism. In the 1920s Goodfriend 
dissected cadaver heads with an attempt to cor-
relate the dental occlusion with joint anatomy. He 
concluded that many factors play an important 
role in the predisposition and escalation of 
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Table 10.1 Entities for occlusion in dentistry

1 Angle’s classification—For anatomic or 
orthodontic jaw relation

2 Static contact of the maxillary and mandibular 
teeth

3 Dynamic contact of maxillary and mandibular 
teeth in form of canine guided occlusion or group 
function occlusion

4 Classifications in prosthodontics for the complete 
dentition or incomplete dentition with fixed or 
removable prosthetics
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cranio- mandibular disorders like muscle spasms, 
external injuries, deleterious habits, stressful life 
style, etc. [5, 6].

Costen reported increase in vertical dimension 
is responsible for altered pressures on the joint. 
He assumed that this altered pressure in the joint 
is responsible for glossopharyngeal neuralgia and 
disturbed Eustachian tube function. This gave 
rise to the concept of occlusal pain and dysfunc-
tion co-relation. Travell and Ramjford reported 
that occlusal adjustments are beneficial in 
patients with both intra-capsular and extra- 
capsular disorders. Contrary to Costen’s work, 
they suggested that the discrepancy between cen-
tric relation and centric occlusion is more signifi-
cant interference rather than changes in vertical 
dimension [5, 6, 7].

10.3  Various Concepts 
of Occlusion

10.3.1  Gnathological Concept

The term gnathology was coined by Stallard in 
1924. In 1926, McCollum formed the 
Gnathological Society together with Harlan, is 
credited with the ascertainment of the first con-
clusive method of locating the transverse hori-
zontal axis. These recordings are transferred to 
an articulator using a Snow Facebow.

The principles of gnathology include the con-
cept of centric relation, anterior guidance, verti-
cal dimension of occlusion, the inter-cuspal 
design and the correlation of the anterior and pos-
terior determinants of mandibular movements. 
According to this theory, condylar guidance is 
established first then anterior guidance will be 
designed to deocclude posterior teeth when the 
anterior teeth come into contact [6, 7].

10.3.2  Schuyler’s Concept

The concept of “freedom in centric” was first 
advocated by Schuyler. This concept states that, 
“the central fossa exhibits a flat area upon 
which opposing cusps contact and permits a 

degree of freedom (0.5–1 mm) in all eccentric 
movements” [6, 8].

10.3.3  Wiskott and Belser’s Concept

According to this concept, rather than three-point 
contact only one-point occlusal contact is suffi-
cient. Anterior guidance should be followed in 
order to avoid posterior occlusal interferences 
during lateral excursive movement. Grossly num-
ber of occlusal contacts are diminished. It fol-
lows the concept of freedom in centric [6, 7].

Pankey, Mann and Schuylers concept was 
introduced by Pankey and follows the postulate 
of occlusion given by Schuyler. It follows the 
principle of spherical theory of occlusion. The 
anterior guidance is established according to aes-
thetics, function and comfort. The main objective 
is to establish and restore the lower posterior 
occlusal plane in harmony with the anterior guid-
ance in such a way that it will not impede with 
condylar guidance. After completion of lower 
posteriors upper occlusal surfaces are established 
by following functionally generated path tech-
nique. It is based on the principle of long centric 
and group function in working excursion [9, 10].

10.3.4  Hobo’s Twin Table Concept

According to this concept, molar disocclusion is 
determined by two important factors, namely cusp 
shape and an angle of hinge rotation. This tech-
nique utilizes two incisal tables to achieve molar 
disocclusion. The first incisal guide table is 
described as the incisal table without disocclusion. 
The aim of this table is to fabricate restoration for 
posterior teeth. The second incisal guide table is 
described as the incisal table with disocclusion. 
The aim of this table is to achieve incisal guidance 
with posterior disocclusion [11, 12].

10.3.5  Hobo’s Twin Stage Concept

According to this concept cusp angle is the most 
reliable determinant of occlusion as it does not 
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deviate. A standard value of cusp angle was 
determined irrespective of condylar and incisal 
guidance such that it is possible to establish the 
standard amount of disocclusion [11, 12].

10.4  Types of Occlusion

10.4.1  Dawson’s Classification

This classification system for occlusion links 
maximal inter-cuspation to the position and con-
dition of the TMJ.

Type I: Maximal inter-cuspation is in har-
mony with centric relation.

Type IA: Maximal inter-cuspation is in har-
mony with adapted centric posture.

Type II: For maximum inter-cuspation to 
occur condyles must displace from a true centric 
relation.

Type IIA: For maximum inter-cuspation to 
occur condyles must displace from adapted cen-
tric posture.

Type III: Verifying centric relation is 
difficult.

Type IV: Presence of pathologically unstable 
TMJs dictates that occlusal relationship is in 
active stage of progressive disorder [13, 14].

10.4.2  Unilaterally Balanced 
Occlusion/Group Function

This theory states that, during lateral move-
ment excursive contact occurs between all 
opposing posterior teeth on the laterotrusive 
(working) side only. This in turn leads to distri-
bution of load amongst the periodontal support 
of all posterior teeth on the working side. 
Disocclusion of posterior teeth occurs during 
protrusion [13, 14].

10.4.3  Long Centric Occlusion

This theory suggests that there should be some 
degree of freedom in antero-posterior direction. 
It is based on presumption that the condyle can 

translate horizontally in the fossae over a com-
mensurate trajectory before initiating to glide 
downward. To allow some degree of horizontal 
movement (0.5–1.5 mm) before posterior disoc-
clusion it is necessary to have a greater horizontal 
space between maxillary and mandibular anterior 
teeth [13, 14].

10.4.4  Mutually Protected Occlusion

During the early 1960s, Stuart and Stallard advo-
cated mutually protected occlusion. This theory 
emphasizes that centric relation coincides with 
maximum inter-cuspation.

• Uniform occlusal contact of all maxillary and 
mandibular teeth in centric relation position.

• Posterior tooth contacts should be stable along 
with vertically directed resultant forces.

• Centric relation must coincide with maximum 
inter-cuspation.

• During lateral or protrusive movements there 
should be no contact of posterior teeth.

• Anterior teeth contacts harmonizing with 
functional jaw movements [13, 14].

10.4.5  Optimum Occlusion

In an ideal occlusal arrangement, there should be 
optimum load distribution on the dentition. Avoid 
or minimize horizontal forces on teeth as forces 
should act predominantly parallel to the long axis 
of the teeth. The functional cusps tip should be 
located centrally over the roots. Loading of the 
teeth occur on the occlusal fossae rather than on 
the marginal ridges. The contacts of posterior 
teeth must be avoided during excursive move-
ments [15].

There are various concepts and types of occlu-
sion documented in the literature. Careful assess-
ment of the patient paves way for achieving 
appropriate contact of the maxillary and mandib-
ular teeth for harmonious function of the sto-
matognathic system without any adverse effects 
for the TMJ and other structures in the oro-facial 
region [15, 16].
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10.5  Determinants of Occlusion

Mandibular movements and determinants of 
occlusion are mainly governed by 3 factors, 
namely anterior determinants, posterior determi-
nants and others. Anterior determinants include 
teeth of maxillary and mandibular arches, poste-
rior determinants include right and left TMJ and 
other determinants include overall neuromuscu-
lar system (Table 10.2) [17, 1, 2].

10.6  Aetiology of TMDs

The aetiology for the development of TMDs is 
multifactorial. It may be biopsychosocial, biome-
chanical, neurobiological and neuromuscular. 
The predisposing factors depend on structural, 
metabolic and/or psychological states. The initi-
ating factors can originate due to recurrent unfa-
vourable loading of the masticatory system or 
trauma. In addition aggravating factors may 
include para-functional habits, hormonal changes 
or psycho social factors [18].

Change in occlusion may be evident in 
patients undergoing orthodontic, periodontic, 
prosthodontic or oral surgery procedure(s). 
Dental procedures like tooth extraction, prosthe-
sis use for missing teeth, correction of malocclu-
sion may change the occlusion in patients. 
Occasionally the occlusal changes may lead to 
discomfort in muscles of mastication, with acute 
pain which later leads to the development of a 
TMD.  The clinical aim of the treating prosth-
odontist should be to diagnose and manage the 
occlusal problem initially before the disorder 
progresses [19].

Several controversies exist regarding the role 
of occlusion as main aetiological factor for 
TMDs. Few studies have demonstrated that the 
occlusion has no role in TMD, unlike others stud-
ies where they observed occlusion plays an 
important role in TMD with the presence of cer-
tain features like skeletal anterior open bite, sig-
nificant over-jet, loss of molar support, extent of 
lateral deviation of the slide between the retruded 

contact position and maximal inter-cuspal con-
tact position (RCP-ICP). Severe malocclusion 
may also be considered as a predisposing factor 
for degenerative TMJ changes [18, 19].

Table 10.2 Determinants of occlusion

Determinants Conditions

Effect on cusp 
height and 
angulation

Posterior determinants
During protrusion
Inclination of 
articular eminence 
(Figs. 10.1 and 
10.2)

Steep

Shallow

More cusp 
height
Less cusp height

During lateral translation
Morphology of 
medial wall of 
glenoid fossa 
which allows 
immediate lateral 
shift

More
Less

Less cusp height
More cusp 
height

Inter-condylar 
distance

More

Less

Small angle 
between 
working and 
non-working 
condylar 
movement
Greater angle 
between 
working and 
non-working 
condylar 
movement

Anterior determinants
Over-jet 
(Fig. 10.3a, b)

Increased

Decreased

Short cusp 
height
More cusp 
height

Overbite 
(Fig. 10.4a, b)

Increased

Decreased

More cusp 
height
Less cusp height

Others
Plane of occlusion More 

parallel to 
condylar 
guidance
Less parallel 
to condylar 
guidance

Less cusp height

More cusp 
height

Curve of Spee Radius of 
curve short
Radius of 
curve large

Less cusp height

More cusp 
height
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Jussila et  al. through their research empha-
sized that occlusal factors exhibited a statistically 
significant association with development of 
TMD. The TMD signs were related with unstable 
occlusion, mainly with the extent of lateral devia-
tion in retruded contact position and inter-cuspal 
contact position (RCP-ICP) slide, as well as neg-
ative over-jet [20].

A typical shift regarding TMDs has occurred 
recently from the bio-medical model of occlusion 
to a biopsychosocial model of the disease. In 
1977, Engel introduced biopsychosocial model 
based on a common structure to provide an entire 
sub-structure in which all the extent of organiza-
tion relevant to disease and health could be con-
sidered. One of the sub-structures of organization 
in the TMD related to musculoskeletal pain con-
dition is occlusion. The role of occlusion in TMD 
is not completely assessed and also the effects of 
the occlusal interferences on TMJ are a subject 
for exhaustive research [21].

Xie et  al. reviewed the association between 
occlusal interferences and TMDs from insights 
collected from animal and human experimental 
analysis and concluded that experimental occlu-
sal alteration can be considered as an interesting 
topic for occlusion engrossed scientific research. 
They observed that changes in occlusion leads to 

Fig. 10.1 Lesser the angle of articular eminence, lesser 
the steepness of the cuspal angle and minimum overbite

Fig. 10.2 Greater the angle of articular eminence, greater 
the steepness of cuspal angle and more overbite

a b

Fig. 10.3 (a) Pronounced overbite permits longer posterior cusp. (b) Minimum overbite permits short posterior cusp

a b

Fig. 10.4 (a) Pronounced overjet permits short cusp. (b) Minimum overjet permits long cusp
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alterations in the masticatory muscles, TMJ and 
the nervous system in animal models. In human 
experimental studies, it has been noted that sub-
jects without symptoms of TMD may adapt well 
to experimental interferences. But patients with a 
pre-existing symptoms of TMD seem to nomi-
nally adapt to the introduced experimental inter-
ferences [22].

Many researchers consider occlusal discrep-
ancies as main aetiological factor in the progres-
sion of TMJ dysfunction [23, 24]. Zarb and 
Thompson in their study stated that 61% of the 
patients had occlusal discrepancy who needed 
treatment for TMJ dysfunction. The occlusal dis-
crepancies may be in the form of an anterior and/
or lateral slide from centric relation (CR) to cen-
tric occlusion (CO) or the presence of non-work-
ing side contacts and disocclusive contacts distal 
to the canine on the working side during purpose-
ful lateral side shift of the mandible [23, 25].

10.7  Occlusal Indicators

The main purpose of occlusal indicators is to 
locate and determine the specific areas of occlu-
sal contact. They may be classified as near con-
tact areas and non-contact areas. Near contact 
areas are those wherein there is a gap of 0.5 mm 
between the occluding surfaces, whilst non- 
contacts are those areas where there is a 0.5–2 mm 
separation of the teeth.

Presently, a variety of occlusal indicators are 
available and proper selection of occlusal 
 indicator provides the valuable information 
regarding refinement of occlusion. Broadly they 
can be divided as qualitative and quantitative 
occlusal indicators (Table 10.3). Qualitative indi-
cators are routinely used because of its low cost 
and ease of use. However, presence of saliva may 
affect the marking abilities. On the other hand, 
quantitative indicators mainly identify the time 
and force of true occlusal contacts. However 
repeated use of sensor negatively affects the 
marking characteristics. Every material has its 

own limitations. The choice of material selection 
depends upon the clinical condition, clinician’s 
proficiency and sensitivity, economics and com-
fort [24–28].

10.8  Methods of Occlusal 
Corrections

10.8.1  Position of the Mandible

McCollum and Stuart had given the centric rela-
tion approach and suggested that the condyle 
should be positioned in the terminal hinge arc of 
closure. Later, Schuyler, Mann and Pankey sug-
gested that the long centric concept or freedom in 
centric concept where the terminal hinge position 
is used as a reference point, with the protrusive 
movement of mandible in horizontal plane with-
out any change in the vertical dimension. Still, 
the controversy exists about which position of the 
mandible is biologically more acceptable. The 
most common method used to position the man-
dible is by occlusal splints which will be elabo-
rated in the chapter on occlusal splint therapy.

Enameloplasty/Spot grinding is another tech-
nique where only those teeth with heavy occlusal 
contact were adjusted so that the occlusal load 
can be re-distributed. Other fewer common meth-
ods documented to re-position the mandible are 
the use of dental, alveolar and skeletal landmarks 
and by applying external electrical pulses to the 
pre-auricular region [8, 9].

Table 10.3 Types of occlusal indicators

Qualitative indicators Quantitative indicators
Articulating paper T-scan occlusal analysis 

system
Articulating silk Virtual dental patient
Pressure sensitive film
Metallic shim stock film
High spot indicator
Occlusal sprays
Mylar strips, silk strips
Polyether rubber 
impression bites
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10.8.2  Canine Protected Occlusion 
(Group Function Occlusal 
Scheme)

Nagao, Shaw and D’Amico proposed the theory 
of canine protected occlusion. It is a type of 
mutually protected occlusion in which vertical 
and horizontal overlap of canines disocclude the 
posterior teeth during excursive movement of the 
mandible. The protected occlusion is also known 
as canine disocclusion/canine rise or canine 
guided occlusion [29]. The most appropriate 
teeth considered to guide mandibular excursion is 
canine as

 1. It has good crown root ratio.
 2. It can tolerate high occlusal forces.
 3. It has high proprioceptive response.

The concave nature of the palatal surface of 
canine makes it suitable for guiding lateral move-
ments. In anterior open bite cases, extreme Angle 
class II division 1 or class III malocclusion and 
cross-bite, mandible cannot be guided by anterior 
teeth and canine guidance cannot be achieved. In 
order to obtain canine guided occlusion the ante-
rior teeth must be healthy. In cases where healthy 
canines are present and restoration can re- 
establish lateral guidance, canine guided occlu-
sion can be given. Cuspid protected occlusion is 
considered beneficial when posterior teeth have 
significant bone loss, considerable occlusal wear 
and in cases of bruxism [30].

10.8.3  Group Function

GPT defines group function as multiple contact 
relations between maxillary and mandibular teeth 
in lateral movements on the working side 
whereby simultaneous contact of several teeth 
acts as a group to distribute occlusal forces. The 
group function occlusion was described by 
Beyron and is commonly known as unilateral 
balanced occlusion. The group function of the 
teeth distributes the occlusal load on working 
side [31].

Group function of working side is indicated in 
patients with Class I occlusion with extreme 
over-jet, Class III occlusion with all lower ante-
rior teeth are anterior to the upper arch, end to 
end and anterior open bite, when the arch rela-
tionship is such that it does not allow the anterior 
guidance to disocclude the teeth on non-working 
side. Group function is most often seen in elderly 
population. This occlusal scheme allows achiev-
ing harmonious balance of all structures includ-
ing TMJ and associated musculature.

Furthermore, in a patient with history of brux-
ism there may be freedom of lateral excursions in 
group function. Factors such as patient’s masti-
cating pattern, craniofacial morphology, type of 
occlusion, oral hygiene status; para-functional 
habits might provide the important clue and rele-
vant information about the suitable occlusal 
scheme for each patient [32].

10.8.4  Tripodal Cusp Contacts

Stuart and Stallard had given tripodal cusp con-
tact theory. It is a posterior tooth-to-tooth contact 
pattern. Though it is stable in providing occlu-
sion, it is difficult to clinically attain the goals. In 
this occlusal scheme patient has to function com-
fortably from a single point centric starting posi-
tion. Researchers have recommended that 
“freedom in centric” concept allows cusp tip to 
fossa or marginal ridge occlusal contact patterns 
when compared to tripodal concept [33–35].

10.8.5  Occlusal Adjustments 
to Remove Traumatic 
Occlusion

Traumatic occlusion should be removed to 
reduce/eliminate any detrimental effects on the 
dentition and the TMJ. Traumatic occlusion can 
produce

 1. Cracked/fractured tooth.
 2. Initiate pulpitis/pulpal degenerative changes.
 3. Leads to tooth mobility.
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It is well documented that traumatic occlusion 
affect the periodontium and can lead to bone loss 
due to excessive load. It is the responsibility of 
the clinician to diagnose such discrepancies and 
deliberately plan the occlusal correction to cor-
rect the traumatic occlusion as an early interven-
tion in the course of the treatment [35, 36].

10.8.6  Avoidance/Correction 
of Occlusal Interferences

An occlusal interference can be defined as any 
tooth contact that interferes with the remaining 
occluding surfaces from achieving a balanced 
and stable occlusal contacts (Table 10.4) [36].

10.8.7  Centric Interference

Centric interference denotes the first tooth con-
tact (FTC) on the arc of rotation enfolding the 
mandibular movement when maximum inter- 
cuspation position does not coincide with the 
centric relation. In this situation the mandible 
generally avoids this contact and directly closes 
in to maximum inter-cuspation. During evalua-
tion, the patient is asked to relax and mandible is 
guided to centric relation. It is the role of the 
treating prosthodontist to diagnose the problem 
and adjust occlusal interference by preparation of 
the involved tooth.

10.8.8  Working Side Interference

Working side interference refers to the side 
towards which the mandible is moving. The pres-
ence of working interference hampers the smooth 
movement of mandible leading to separation of 
teeth on working side.

10.8.9  Non-working Side 
Interference

Non-working side interference occurs between 
the inner incline of the supporting cusps of antag-
onist teeth and disocclude other teeth. The tooth 
involved will act as a pivot shifting the fulcrum 
from the TMJ and elevates teeth on working side 
out of contact. This type of occlusal interference 
may damage the dental structures and TMJ.

10.8.10  Protrusive Interference

Protrusive interference is observed during man-
dibular protrusion. It is present between the 
mesial inclines of mandibular posterior teeth 
and the distal inclines of maxillary posterior 
teeth. This type of interferences result in disoc-
clusion of the anterior teeth during movement 
and may predispose to locking of the mandible. 
During protrusive movements, anterior teeth 
and TMJ bear majority of the forces of the ele-
vator muscles. In such cases clinician should 
diagnose the problem and adjust the occlusal 
interference.

10.9  Occlusal Consideration 
for Dental Implants

Implant protected occlusion is an elaborate sub-
ject and is not covered in the present chapter in 
total. In brief, few important points to be consid-
ered are highlighted. This concept was first put 
forward by Carl Misch with an aim to reduce the 
occlusal forces on implant prosthesis. Few impor-
tant factors should be considered during design-
ing of occlusal pattern. Incisal guidance should 
be shallow with maximum inter-cuspation and 
bilateral stability.

The forces on teeth should be evenly distrib-
uted with freedom in centric. There should not be 
either working or non-working side interferences 
in lateral and protrusive movements. Any occlu-
sal interference between centric relation and 
maximum inter-cuspal position should be elimi-
nated by giving flat fossae and grooves. There 

Table 10.4 Types of occlusal interferences

1 Centric interference
2 Working side interference
3 Non-working side interference
4 Protrusive interference
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should be reduction of occlusal table by one-third 
in molar region to eliminate any cantilever 
effects. A shallow incisal guidance concept per-
mits less loading on the anterior implants by dis-
occlusion of the posterior teeth during lateral and 
protrusive mandibular movements [14].

10.10  Role of Tekscan (T-Scan) 
in Occlusion and TMJ 
Disorders

Tekscan is a computerized system developed in 
1984 by Maness et al. which records the intraoral 
occlusal forces with the help of a pressure map-
ping sensor. The T-Scan makes it possible to 
quantify occlusal contact data by registering cer-
tain parameters such as the bite length as well as 
the timing and force of tooth contact and stores 
the data on a hard drive which can be played 
incrementally in a time-based video for analysis 
of data.

T-scan is used to record various functional 
movements of the mandible. It also records any 
premature contact in centric relation. Multiple 
bites can be obtained which helps in identifying 
the habitual inter-cuspation by the patients. The 
posterior disocclusion time that occurs during 
lateral and protrusive-excursive mandibular 
movements can also be recorded. Any mild pain-
ful occlusal contacts which occur during chewing 
can be easily diagnosed which may not be easily 
identified utilizing the direct observation or ink 
ribbon markings.

10.11  Applications of T-Scan 
in Dentistry

T-Scan finds its clinical applications in various 
fields of dentistry such as in prosthodontics, 
implant dentistry, orthodontics, restorative den-
tistry, oral and maxillofacial surgery and in iden-
tifying TMDs related to occlusion. Several 
studies have highlighted the use of T-scan in 
identifying occlusal discrepancies causing TMDs 
in human subjects [37, 38, 39, 40].

10.12  Terminologies [4]

Anterior Guidance: (1). The influence of the 
contacting surfaces of anterior teeth, limiting 
mandibular movements; (2). The influence of the 
contacting surfaces of the guide pin and anterior 
guide table on articulator movements.

Centric Occlusion/Maximal Inter-cuspal 
Position: The occlusion of opposing teeth when 
the mandible is in centric relation. This may or 
may not coincide with the maximal inter-cuspal 
position.

Centric Relation: A maxilla-mandibular rela-
tionship, independent of tooth contact, in which 
the condyles articulate in the anterior-superior 
position against the posterior slopes of the articu-
lar eminences; in this position, the mandible is 
restricted to a purely rotary movement; from this 
unstrained, physiologic, maxilla-mandibular 
relationship. The patient can make vertical, lat-
eral or protrusive movements; it is a clinically 
useful, repeatable reference position.

Condylar Guidance: Mandibular guidance 
generated by the condyle and articular disc tra-
versing the contour of the articular eminence.

Determinants of Mandibular Movements: 
Those anatomic structures that dictate or limit the 
movements of the mandible; the anterior determi-
nant of mandibular movement is the dental artic-
ulation; the posterior determinants of mandibular 
movement are the temporomandibular articula-
tions and their associated structures.

Interference: Any tooth contact that inter-
feres with or hinders harmonious mandibular 
movement; an undesirable tooth contact.

Lateral Relation: The relation of the mandi-
ble to the maxillae when the lower jaw is in a 
position to either side of centric relation.

Laterodetrusion: Lateral and downward 
movement of the condyle on the working side.

Laterotrusion: Condylar movement on the 
working side in the horizontal plane; this term 
may be used in combination with terms describ-
ing condylar movement in other Planes.

Temporomandibular Joint: The articulation 
of the condylar process of the mandible and the 
intra-articular disc with the mandibular fossa of 
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the squamous portion of the temporal bone; a 
diarthrodial, sliding hinge (ginglymus) joint; 
movement in the upper joint compartment is 
mostly translational, whereas that in the lower 
joint compartment is mostly rotational; the joint 
connects the mandibular condyle to the articular 
fossa of the temporal bone with the temporoman-
dibular joint articular disc interposed.

Temporomandibular Disorders: A collec-
tion of symptoms frequently observed in various 
combinations first described by Costen (1934, 
1937), which he claimed to be reflexes because of 
irritation of the auriculotemporal and/or chorda 
tympanic nerves as they emerged from the tym-
panic plate caused by altered anatomic relations 
and derangements of the temporomandibular 
joint associated with loss of occlusal vertical 
dimension, loss of posterior tooth support and/or 
other malocclusions; the symptoms can include 
headache about the vertex and occiput, tinnitus, 
pain around the ear, impaired hearing and pain 
around the tongue/jaw.
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Occlusal Splint Therapy 
in Temporomandibular Disorders

Sunil Kumar Mishra, Ramesh Chowdhary, 
Rahul Rochani, and Shail Kumari

11.1  Introduction

Temporomandibular joint (TMJ) forms an articu-
lation of the mandible with the skull base. 
Temporomandibular joint disorders (TMDs) 
commonly present as clicking, pain, creaking in 
the jaw joint with difficulty in function. These 
disorders are sometimes referred to as cranio- 
mandibular disorders (CMD) and are one of the 
most noted causes for facial pain [1–3].

11.2  Definition

According to Glossary of Prosthodontic Terms 
(GPT), 9th ed., Splint is defined as a rigid or flex-
ible device that maintains in position a displaced 

or movable part. It is also used to keep in place 
and protect an injured part.

According to GPT (9th ed.), Occlusal Splint/
Occlusal device is defined as any removable arti-
ficial occlusal surface affecting the relationship 
of mandible to maxillae used for diagnosis or 
therapy [4].

11.3  Splint Types, Uses, 
Indications, 
Contraindications and 
Theories

There are various types of splints used to relieve 
TMD symptoms (Table 11.1), with several indi-
cations, contra-indications, and uses (Tables 
11.2, 11.3, and 11.4). The uses include diagnostic 
purpose before any substantial intervention, to 
stabilize the occlusion to treat TMDs, in radiation 
therapy, for proper occlusal positioning, and to 
prevent occlusal wear or any damage to prosthe-
sis/restorations which are brittle in nature 
(Table 11.5). They are termed based on their uses 
such as occlusal appliance, mouth/bite guard, 
orthodontic appliance, surgical splint, or stent 
[4–8]. There are several theories based on which 
the occlusal splints perform its function in vari-
ous TMDs (Table 11.6) [9].
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Table 11.1 Classification of occlusal splints

Author Types Uses
Okeson 1.  Muscle relaxation/

stabilization appliance
Reduce muscle activity in cases of masticatory myalgia and TMJ 
arthralgia, especially if the pain is worse upon awakening. Used to 
provide a postural stabilization so as to protect the muscles, TMJ, and 
teeth.
The centric relation splint is generally used to treat muscle 
hyperactivity in patients with myospasm or myositis
Used in case of parafunctional habits

2.  Anterior repositioning/
Orthopaedic repositioning 
appliance

Cases with disc derangement disorders and jointsounds
Cases with inflammatory disorders (retrodiscitis)
Cases with intermittent jaw locking and TMJ arthralgia not responsive 
to other treatment

3. Soft/resilient appliance Used by athletes as protective device to prevent trauma to their dental 
arches
In cases of clenching and bruxism
In few cases with symptoms of TMDs (joint dysfunction and myalgia) 
to reduce symptoms
In cases of chronic sinusitis to relief the sensitive posterior teeth

4.  Anterior/posterior bite 
plane

Anterior bite plane acts by dis-occluding the posterior teeth and 
prevents clenching during parafunctional habits
Posterior bite plane is used in severe loss of vertical dimension
When there is a need to make major changes in the anterior 
repositioning of the mandible
This appliance produces an ideal maxilla-mandibular relationship

5. Pivoting appliance The appliance is used to unload the joint articular surface
Used in treating joint sounds and degenerative joint diseases
Used for the treatment of symptoms related to osteoarthritis of the 
TMJs
Also used for the treatment of an acute unilateral disc dislocation 
without reduction

Dawson 1.  Muscle deprogrammer or 
permissive splints

Helps in unlocking the occlusion so as to remove any deviating tooth 
inclines from contact
Helps the condyles return to their correct seated position in centric 
relation

2.  Directive splints or 
non- permissive splints

Help in positioning mandible in a specific relationship to maxilla so as 
to align the condyle-disc assemblies
Used in painful joint problems
Used in cases of severe trauma which leads to retro-discal oedema and 
in cases of chronic disc displacement disorders

3.  Pseudo-permissive splints. 
E.g. soft splints and 
hydrostatic splints

Indicated in TMJ pain, headache, neck and shoulder pain and stiffness, 
orthodontic triggered muscle pain during treatment, pre-surgical 
differential diagnoses, post-surgical pain, and inflammation

Table 11.2 Indications for occlusal splint

Modification of growth during mixed dentition
Limited tipping movements desired for individual 
tooth malposition and arch expansion
In orthodontic treatment, for retention purpose
As an adjunct to fixed appliance therapy in 
orthodontics
Prevent/interfere with abnormal oro-facial habits
TMJ disorders
Mandibular fractures in paediatric/edentulous patients

Table 11.3 Contraindications for occlusal splint

Cases with vertical discrepancy
Severe rotation cases where bodily movement is 
required
Cases with severe skeletal discrepancy
Cases with severe crowding
Cases having very dense bone
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147

11.4 Stabilization Appliance 

(Muscle relaxation appliance/Flat plane stabili-
zation appliance/Gnathologic splint/Michigan 
splint/Superior repositioning splint/Tanner appli-
ance/Fox appliance/Centric relation appliance) 
(Fig. 11.1).

A stabilization splint is the most commonly 
used intraoral appliance with full coverage of the 
teeth and it incorporates a full occlusal scheme 
with incisal guidance and centric relation occlu-
sion. It helps in elimination of any posterior 
 interference, and provides anterior guidance. It 
helps in achieving a stable occlusion with uni-
form contacts of teeth throughout the maxillary 
and mandibular arch (Table  11.7). Stabilization 
appliance helps in joint stabilization, protection 
of teeth with redistribution of occlusal forces. It 
helps in relaxing the elevator muscles, and thus 
decreases bruxism in patients. Wearing the appli-
ance helps in increasing the patient’s awareness 
towards jaw habits and thus alters the rest posi-
tion of the mandible in a more open and relaxed 
position [7].

The stabilization splint provides a removable 
and temporary ideal occlusion and comes in cat-
egory of hard acrylic splint. Splint therapy pro-
vides an ideal occlusion and helps in providing a 
neuromuscular balance by reducing abnormal 
muscle activity. Splint should be adjusted 
 properly by rebalancing and trimming to the 

Table 11.4 Functions of occlusal splint

Provide diagnostic information in patients
Relaxes the muscles
Positioning/seating of condyle in stable 
musculoskeletal position
In bruxism patients to protect their teeth and 
associated structures
To mitigate periodontal ligament proprioception
Cognitive awareness

Table 11.5 Various applications of occlusal splint

Temporomandibular 
disorders (TMDs)

• Disc displacement 
disorders of TMJ
• Arthritis of TMJ

Pain disorders • Myofascial pain
• Headaches/migraine

Sleep and motor disorders • Sleep apnoea
• Sleep bruxism
• Parkinson’s disease
• Oral tardive dyskinesia

Occlusal rehabilitation • Loss of vertical 
dimensions
• Excessive tooth wear

Prevention from trauma/
abnormal habits

• Fingernail or cheek 
biting
• Lip commissure burn
• Sports injury
• Diurnal bruxism
• Electroconvulsive 
therapy
• Oesophageal reflux
• Sinusitis

Table 11.6 Theories based on which occlusal splints 
work in the oral cavity with associated facial structures

According to Glenn T Clark theories on which occlusal 
splint work
Restored vertical dimension theory
TMJ reposition theory
Occlusal disengagement theory
Cognitive awareness theory
Maxillo-mandibular aliment theory

Fig. 11.1 Stabilization appliance

Table 11.7 Occlusal splint decreasing the TMD symp-
toms by various mechanisms

General features of occlusal splints responsible for 
decreasing muscle activity and symptoms
Aids in changing the occlusion/condylar position
Helps in increasing the vertical dimension of occlusion
Cognitive awareness
Psychological effect to the patients with TMDs
Increases the peripheral input to the CNS which 
provides an inhibitory effect to the CNS activity
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altered jaw position. There should be uniform 
contact of the occluding surface of the appliance 
with the opposing dentition and both the con-
dyles should be in their most stable position to 
allow better lateral and protrusive movements 
with incisal guidance [8].

11.4.1  Duration for Wearing 
the Splint

The patient should be reviewed at regular inter-
vals and repeated adjustments for 2–3 months are 
needed for a successful splint therapy. In case of 
bruxism the wearing of appliance at night is very 
essential. For para-discitis, it is advised to wear 
the appliance most of the time. If the pain is 
myogenous in origin, then part-time wearing of 
appliance that to at night is much helpful. In case 
of any intra-capsular disorders, it is advised to 
wear the appliance continuously. If there is 
increase in pain on wearing the appliance, then it 
is advisable to discontinue the use of appliance 
and immediate evaluation and correction should 
be undertaken [8].

The verification of condyle to disc assemblies 
should be done for normal functioning in the 
most superior position. The same can be achieved 
tentatively by evaluation in the following ways

 1. Bilateral pressure on the joints for load 
testing

 2. Doppler auscultation
 3. Clench testing by clenching on some object to 

separate the teeth

11.4.2  Review of Literature

The appliance is usually fabricated for maxillary 
arch for better stability but in some cases where 
aesthetics and speech are the prime concern it can 
be given in the mandibular arch. No difference in 
symptom reduction was found in patients when 
splint was used either in maxilla or mandible as 
reported by Turp et  al. [10] in their systematic 
review [11]. The incorporation of canine guided 
occlusion in splint therapy is not very clear as 

Manns et al. [12, 13] preferred this occlusion in 
asymptomatic individuals and found that muscle 
activity was reduced quite effectively [14, 15]. 
Borromeo et al. [16] found no differences in mus-
cle activity in healthy subjects and Conti et  al. 
[17] found no difference in TMD symptom 
reduction by giving canine guided occlusion to 
the appliance [16].

Kreiner et  al. stated that the mechanism of 
action by which occlusal appliance helps in the 
treatment of localized myalgia and arthralgia is a 
behavioural modification of jaw clenching. 
However, if the behaviour continues unabated, 
even the best splints will not work. The splint pro-
vides conditions for the patient to develop a means 
to resist the TMDs by means of elimination of 
several aetiologic factors. Akbulut et al. evaluated 
whether a stabilization splint with 3 mm thickness 
has effects on all TMD symptoms. They con-
cluded that therapy with 3 mm splint should be 
maintained for at least a time period of 6 months 
to obtain desired results [18, 19].

11.5  Anterior Repositioning 
Appliance (ARA)/
Orthopaedic Repositioning 
Appliance

In 1971, Farrar suggested anterior repositioning 
appliance that helps mandible to attain a more 
anterior position to that of centric occlusion in 
an attempt to provide a more favourable condy-
lar position in their fossa. This position helps 
the condylar head to obtain a more anterior and 
inferior position that allows the disc to be on 
top of the condylar head. It helps in unloading 
the joint and thus increases the mandibular 
range of motion (ROM), decreases the inflam-
mation in the joint and signs and symptoms of 
TMJ disorder. It further helps in healing of the 
retro-discal tissues and regaining a backward 
pull on the disc [20].

The anterior repositioning appliance can be 
given in either arch but preferably in maxillary 
arch. It is a complete-arch hard acrylic appliance 
with an anterior ramp which engages mandibular 
anterior teeth during initial closure. The mandib-
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ular jaw moves forward as the mandibular teeth 
contact the splint while final closure [21] 
(Fig. 11.2a, b).

The treatment goal is to alter the mandibular 
position temporarily to return back the condyle- 
disc complex function. Once the normal/optimal 
function is obtained, the splint is eliminated grad-
ually so that patient returns to normal condition. 
The patient should wear the appliance during 
night and in day time if needed, depending on the 
severity of the symptoms to reduce them. 
Repositioning appliances should be used for 
short periods of time. It should be restricted pri-
marily for temporary therapeutic measure in 
patients, to control symptomatic painful internal 
derangements. It should not be used as a perma-
nent measure as it may lead to permanent change 
in occlusion [20].

11.5.1  Review of Literature

Therapy with anterior repositioning appliance in 
TMJ internal derangements is successful in long- 
term for recapturing of discs in reducing and non- 
reducing joints. Lundh et  al. compared the 
treatment of TMJ with reciprocal clicking using 
flat occlusal splint, anterior repositioning splint, 

and control group without any treatment. They 
found that anterior repositioning splint decreases 
the joint pain while rest and also during protru-
sion and chewing. The flat occlusal splint 
although decreases the joint tenderness but had 
no effect on muscle tenderness and clicking. The 
subjects in control group had clicking with 
increase in frequency of muscle tenderness. Conti 
et al. emphasized that if repositioning splints are 
used partially in a controlled way, it would be 
beneficial in managing intra-articular dysfunc-
tion and pain without any risks of irreversible 
occlusal changes [21, 22].

11.6  Soft/Resilient Appliance

According to GPT, soft splint is a resilient device 
covering either the maxillary or mandibular teeth 
for the purpose of preventing trauma to dentition 
or acting as a deprogrammer [4]. They are used to 
prevent bruxism and clenching of teeth and also 
to reduce the symptoms of joint dysfunction or 
myalgia. The soft splint is made from a 2–4 mm 
resilient polyvinyl sheet material adapted to the 
maxillary arch, which is usually worn only at 
night and generally produces symptomatic relief 
within 6 weeks.

a b

Fig. 11.2 (a) Anterior repositioning splint in the maxilla during open mouth position. (b) Anterior repositioning splint 
in contact with the mandible
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Soft splint less likely causes significant change 
in occlusion that is occasionally found with hard 
occlusal splints. The soft appliance loses their 
resiliency in less time, making it necessary to 
replace the same after 4 to 6 months of use. These 
splints are not able to provide a proper balance 
during premature contacts of posterior teeth and 
may lead to increase in bruxism in such cases. 
They have low density and amorphous structure; 
therefore, they are compressed or worn before 
the masticatory muscles are stretched beyond 
their physiologic limits [23, 24] (Fig. 11.3a, b).

11.6.1  Review of Literature

Seifeldin and Elhayes [25] compared hard splint 
with soft occlusal splint used for internal 
derangement (ID) of the TMJ with reciprocal 
clicking or myofascial pain dysfunction (MPD). 
They found that both the splints had improved 
the TMJ symptoms of the patients. However, 
soft splint therapy resulted in better results dur-
ing 4 months of use. Soni et al. [23] analysed the 
effectiveness of soft occlusal splint therapy in 
patients with TMDs with diagnostic category 
based on Research Diagnostic Criteria for 
TMDs (RDC/TMD). During follow-up evalua-
tions, a progressive decrease in tenderness and 
pain was indicated on visual analogue scale 

scores. There was significant improvement in 
mouth opening of the subjects with decrease or 
absence of joint sounds [25].

The soft occlusal splint therapy is a minimal 
invasive treatment with fewer complications and 
provides significant clinical benefits to patients 
with TMDs. Naikmasur et al. evaluated the effi-
cacy of soft occlusal splint therapy and compared 
it with pharmacotherapy in the management of 
MPD Syndrome. There was a progressive 
decrease in TMJ clicking and tenderness with 
significant increase in mouth opening of the 
patients with soft occlusal splint therapy com-
pared to patients on pharmacotherapy during fol-
low up [24].

11.7  Anterior/Posterior Bite Plane

Bite plane is a horse shoe shaped appliance with 
palatal coverage and an occlusal table covering 6 
to 8 maxillary anterior teeth. Anterior bite plane 
is used to treat TMDs by disocclusion of the pos-
terior teeth and preventing clenching during para- 
functional habits. The disadvantage of this 
appliance is that there are chances of overerup-
tion of posterior teeth and overloading of the 
TMJ.  There might be chances of anterior open 
bite due to intrusion of maxillary anterior teeth 
which retain the appliance.

a b

Fig. 11.3 Soft splint (a) Adapted on maxillary cast; (b) Adapted on mandibular cast
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Nociceptive Trigeminal Inhibition Tension 
Suppression System (NTI-tss) is a mini anterior 
bite appliance engaging 2–4 maxillary incisors. 
It is made of hard acrylic resin commercially 
available or can also be fabricated chair side. 
The appliance needs to be relined in patient’s 
mouth with self-cure acrylic resin while inser-
tion forms a platform which provides contact 
with the mandibular incisors. This appliance is 
very effective in TMD’s, bruxism, and treatment 
of tension type headaches and migraine [26] 
(Fig. 11.4).

11.7.1  Review of Literature

Literature evidence suggests successful use of 
NTI-tss device for the management of TMDs and 
bruxism. However, patient should be monitored 
to avoid potential unwanted effects due to appli-
ance during the follow-up appointments. NTI-tss 
splint should be used in cases where a reduction 
of jaw closer muscle activity is desired or in 
patients with acute TMJ pain, as an emergency 
device. Jokstad et  al. compared NTI appliance 
with a flat plane appliance in TMD patients hav-
ing headache and found no difference in both 
appliances in three months follow up [27].

Posterior bite plane (Mandibular orthopaedic 
repositioning appliance) helps in disocclusion of 
the anterior teeth. It is fabricated for the mandib-
ular arch with a hard acrylic table over the molars 
and premolars connected by a lingual metal bar. 
It produces an ideal maxilla to mandibular rela-
tionship. The drawback of the appliance is that, it 
causes posterior open bite due to intrusion of the 
posterior teeth of the opposing arch and over-
eruption of the anterior teeth [28] (Fig. 11.5a, b).

11.8  Pivoting Appliance 
(Distraction Splint)

The pivot splint was advocated by Krough- 
Poulsen for patients with ID and/or osteoarthritis. 
It is fabricated using hard acrylic resin covering Fig. 11.4 NTI-tss Appliance for the maxillary arch

a b

Fig. 11.5 Posterior bite plane appliance (a) on maxillary cast; (b) In oral cavity
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either of the arches with a single occlusal contact 
in each quadrant as far posteriorly as possible. 
The appliance helps in condylar distraction which 
leads to unloading of joint and thus there is reduc-
tion in intra-articular pressure. The drawback of 
the appliance is occlusal changes resulting in 
posterior open bite in the pivot region. It is sug-
gested that whenever the splint is inserted, an 
elastic bandage should be wrapped encircling the 
chin to the top of head so that the forces in the 
joint may be reduced (Fig. 11.6).

11.8.1  Review of Literature

Muhtarogullari et al. evaluated the efficiency of 
pivot splints in jaw exercises to that of stabiliza-
tion splints in patients having anterior disc dis-
placement without reduction. Pivot splints were 
given to patients for jaw exercises and rest of the 
times stabilization splints were advised. The 
patients were followed for 2–4 weeks. The pivot 
splint when used for exercise along with a stabi-
lization splint, pain was eliminated along with 
establishment of normal mandibular 
ROM. Seedorf et al. investigated the distractive 
effect of the posterior occlusal pivots on the TMJ 
and found no distractive effect of occlusal pivots 
on TMJ. They stated that it can lead to unneces-
sary compression of the joint if the design of the 
appliance prevents protrusion [29, 30].

11.9  Permissive Splints (Muscle 
Deprogrammers)

Permissive splints help in unlocking the occlu-
sion in order to remove deviating tooth that is 
inclined from the contact. This process helps in 
eliminating the cause and effect of the muscle 
incoordination and condyles return to seated 
position in centric relation. Permissive splints has 
two classic designs

 1. Anterior midpoint contact splints
 2. Full contact splints

Anterior midpoint contact splints: Examples—
Lucia jig, Nociceptive trigeminal inhibition 
(NTI) splint, and B splint.

The full contact splint also known as stabiliza-
tion splints. The examples of these splints are flat 
plane, superior repositioning, tanner, Shore, and 
in-centric relation splints [31].

11.9.1  Non-permissive Splint 
(Directive Splints)

The directive splints help in positioning the man-
dible in a specific relation to the maxilla so as to 
align the condyle-disc unit. It guides the man-
dibular condyle of a patient with painful joints 
away from the fully seated joint position. The 
movement of mandible is limited by giving ramps 
or indentations in the non-permissive splint [32].

Examples of non-permissive splints: 
Mandibular orthotic repositioning appliance 
(MORA) and anterior repositioning appliance 
(ARA).

11.9.2  Pseudo-permissive Splints

The functions of soft splints and hydrostatic 
splints (Aqualizer) are different from permissive 
splints and they are considered as pseudo- 
permissive splints. The appliance is based on the 
concept that ideal position is obtained by the 

Fig. 11.6 Forces acting on condyle when a pivot appli-
ance is given
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mandible itself and the appliance is not directing 
the jaw position. Lerman has originally designed 
the hydrostatic splint and later the design was 
modified. The splint is retained under the upper 
lip and the fluid chambers are placed in between 
mandibular and maxillary posterior teeth.

The splint has a bilateral water filled plastic 
chamber connected with an acrylic palatal appli-
ance. The posterior teeth of the patient occlude 
with water filled chambers. The drawback of the 
appliance is that it can increase bruxism due to 
loss of balance of the appliance leading to prema-
ture contacts of the posterior teeth. Aqualizer is 
the commonly used splint. Macedo and Mello 
evaluated the effectiveness of the hydrostatic 
splint Aqualizer, transcutaneous electrical neural 
stimulation (TENS), and microcurrent electrical 
nerve stimulation (MENS) treatment in patients 
with TMD.  They found MENS and hydrostatic 
splints as an effective modality of treatment in 
TMD than TENS [26].

11.10  Materials Used 
for Fabrication of Occlusal 
Splints

Occlusal splint are mainly fabricated using two 
materials of different consistency and named as 
hard, soft, or dual laminated splint.

Hard splint is fabricated from self-cured or 
heat-cured acrylic resin. Soft splint is resilient in 
nature with flexible, pliable tooth-borne and 
occlusal surface. Dual laminated splint consists 
of an occlusal surface with hard acrylic resin and 
soft material over the tooth-borne surface.

Hard splint can either be fabricated directly 
on chair side or by indirect fabrication in the 
laboratory. The soft occlusal splint can be fabri-
cated with vacuum formed technique in the den-
tal clinic or readily available as ‘boil and bite’ 
which is boiled in water and adapted intraorally. 
Hard occlusal splint has an advantage over soft 
splint, in the maintenance phase in terms of its 
easy and quick adjustments. It is easily repair-
able, good accuracy, greater longevity, more 

colour stable, and has less accumulation of food 
debris [24, 25]. The clinical outcome with vari-
ous splints remains variable.

11.11  Mechanism of Action 
of Occlusal Splint Therapy

The splint therapy helps the patient to close the 
mandible in a new posture providing muscular 
and articular balance. It prevents the patient to 
close in maximum inter-cuspation position. It 
helps in protection of TMJ as patients with brux-
ism will not clench his teeth in their previous 
abnormal occlusion. The occlusal splint triggers 
the muscle with the help of proprioception 
received in periodontal ligament from central 
nervous system which helps in distribution of 
abnormal forces across the masticatory system 
and protects the TMJ from masticatory overload.

The splint therapy aids in relaxation of the 
hyperactive muscles with equal occlusal contacts 
of all teeth and disocclusion of all the posterior 
teeth. This helps in relaxing the elevator muscles 
as well as positioning muscles. When condyle- 
disc unit is not in normal physiologic position 
then there is joint overloading leading to TMDs. 
The splint positions the condyle in centric rela-
tion and helps in managing TMDs.

The splint helps in increasing the vertical 
dimension of occlusion exceeding the physio-
logic inter-occlusal distance which helps in 
decreasing the hyperactivity of jaw muscles. 
Splint has psychological advantage to the patients 
according to the cognitive awareness theory 
which makes patients aware about the treatment 
and helps them in proper jaw positioning [9].

11.11.1  Goals of Treatment

The goals of occlusal splint therapy in patients 
with TMDs is to relieve any occlusal forces caus-
ing uneven joint loading, relaxation of the hyper-
active muscles and thus reducing the symptoms. 
They can be given in the initial stages when sur-
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gery is not an option for the patients, selected 
splints may also be indicated in the post interven-
tion phase. Careful selection of the type of splint 
and appropriate duration for use should be advo-
cated to achieve satisfactory results.
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12.1  Introduction

Any disease process in the body requires a thor-
ough clinical assessment along with the radio-
logical and pathological examinations. Various 
laboratory investigations can be advised and 
used as an adjunct to arrive at a definitive diag-
nosis. Temporomandibular Joint (TMJ) is no 
exception to this. Apart from several clinical 
and radiographic methods, investigations such 
as synovial fluid analysis can enhance the deci-
sion making for treatment plan and diagnosis as 
the synovial fluid in the joint  space contains 
several enzymes, cytokines, tissue breakdown 
products which act as diagnostic markers. They 
can be utilized to identify and aid to arrive at 
specific diagnosis, monitor disease progression, 
and response to the treatment is cases of inter-
nal derangement, synovitis, chondromalacia, 
and autoimmune arthritis [1].

12.2  Synovial Fluid

The synovial fluid is produced by type B synovial 
cells, a dialysate of plasma consisting of various 
phospholipids, cholesterol, hyaluronic acid, immu-
noglobulins, glycosaminoglycans, collagenase, 
cathepsins, cytokines, transforming growth factors 
(TGF), and other  growth factors. Apart from the 
above-mentioned components, traces of inflamma-
tory cell degradation products and  mesenchymal 
stem cells  may be identified. It not only provide 
nutrients and scavenges waste products but also 
acts as a lubricant and a medium of stress distribu-
tion in the joint. Fluid dynamics in the upper 
joint compartment of a normal TMJ in a closed and 
open jaw position is depicted in Fig. 12.1.

Pathological conditions of the temporoman-
dibular joint cause an alteration in synovial 
fluid  composition, viscosity, molecular size of 
the hyaluronic acid and the cytokine levels. Both 
qualitative and quantitative analysis of the fluid 
can be done  using various proposed methods. 
Synovial fluid biomarkers are unique to several 
disease processes such as osteoarthritis, internal 
derangement  and other diseases affecting the 
joint. Quantitative analysis can be an indicator 
and may be co-related with monitoring the dis-
ease progression or regression. Synovial fluid 
from healthy TMJ consists of inflammatory and 
anti-inflammatory cytokines. The various pro- 
inflammatory and anti-inflammatory factors are 
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Table 12.1 Various cytokines and growth factors present in the synovial fluid of a healthy temporomandibular joint

Cytokine/Growth factors Source of the cells Activity
IL-1α, IL-1β Inflammatory and synovial cells Pro- inflammatory

IL-2, IL-4, IL-6sr, IL-12, IL-17, TNF-α, TNF-β, 
IFN-γ, MMP-3, MMP-7

Inflammatory cells Pro- inflammatory

IL-1Ra, IL-10, TIMP-1 Inflammatory cells Anti- inflammatory

VEGF Most of the cells Angiogenesis
Osteoprotegerin Mesenchymal stem cells Inhibit osteoclasts

RANKL Most of the cells Bone turnover and 
immune regulation

ADAMTS Most of the cells Pro-inflammatory

IL-8 Inflammatory cells, endothelial cells, 
fibroblasts, synovial cells

Pro-inflammatory

IL-11 Endothelial cells, fibroblasts, synovial 
cells

Pro-inflammatory

(Abbreviations: IL-Interleukins;  MMP-Matrix metalloproteinases; IFN-Interferon;  RANKL-Receptor activator of 
nuclear factor; TNF-Tumor necrosis factor; TIMP-Tissue inhibitor of metalloproteinases; VEGF-Vascular endothelial 
growth factor; ADAMTS-A disintegrin and metalloproteinase with thrombospondin motifs)
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Fig. 12.1 Finite element analysis of the volume fluid 
dynamic and fluid velocity contours in the upper compart-
ment of a normal TMJ. TMJ (a) in a closed-jaw position, 
and at jaw openings of (b) 1 cm, (c) 2 cm, and (d) 3 cm. 
Note the overall anticlockwise circulation of synovial 
fluid and the formation of local vortices at the anterior and 

posterior parts of the compartment. [Reprinted from 
Journal of the Formosan Medical Association, Vol.112 
Issue 6, Yue Xu et al., Computational synovial dynamics 
of a normal temporomandibular joint during jaw opening, 
Pg.349, Copyright (2013), with permission from Elsevier.]
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interleukins (IL), tumour necrosis factor (TNF), 
and interferon-γ (IFN-γ) [2, 3].

12.3  Synovial Fluid in TMJ 
Disorders

As documented  by various authors, a co-relation 
exists between the  presence of the  disease and 
the  levels of cytokines.  In healthy subjects, the 
levels of  inflammatory and anti-inflammatory 
cytokines maintain a balance for homeostasis 
within the joint for normal functioning and cop-
ing with the stresses and strains on function. The 
key cytokines include IL-1b, IL-6, IL-11, TNF-α, 
and TGF-β1, among many others summarized in 
the table (Table  12.1). Mechanical stress is 
thought to induce and initiate a degenrative pro-
cess, although the mechanism appears to be com-
plicated. Mechanical stress to the joint is believed 
to induce a disease process causing tissue destruc-
tion caused by production of free radicals and 
reactive oxygen by neutrophils and macrophages. 
It is evident by increased viscosity of the synovial 
fluid, causing further tissue destruction, impaired 
lubrication and nutrition supply to the disc and 
articular cartilage [1, 2]. The free radicals and the 
reactive oxygen present in the joint causes the 
degradation of proteins and proteoglycans result-
ing in progressive tissue distruction.

12.4  Sample Collection

Synovial fluid sample collection can be done dur-
ing arthrocentesis or arthroscopy. It is a technique 
sensitive procedure as the synovial fluid should 
not get contaminated with blood. The standard 
arthrocentesis or arthroscopy needle  or the can-
nula with trochar is inserted in the superior joint 
space after manipulating the mandible and 1 ml of 
saline should be injected followed by aspiration of 
the  synovial fluid for analysis. Enzyme- Linked 
Immunosorbent Assays (ELISA) and Polymerase 
Chain Reaction (PCR) are used for relative and 
absolute quantitation. The  biotin- labelled based 
protein array, cytotoxic assays, and enzymogra-
phy may be utilized for cytokine analysis [2].

12.5  Synovial Fluid Analysis 
in TMJ Disorders

Internal derangement (ID) is a precursor of osteo-
arthritis (OA). Cytokine levels are accurate in 
diagnosing different stages of Wilkes for ID 
along with the  presence  or absence of osteoar-
thritis. There are limitations due to lack of ade-
quate  data regarding levels of cytokines in a 
healthy joint, TMJ affected with ID and OA. Also, 
there remains a lack of a standard simplified tech-
nique for obtaining  a chair-side  synovial fluid 
sample. The methods  utilized to perform 
the  qualitative and quantitative analysis are not 
widely available, requires specialized equip-
ments and reagents. Synovial fluid analysis may 
also be employed for the diagnosis and evaluate 
progression or treatment outcome in cases 
of  rheumatoid and reactive arthritis apart from 
OA. Leibur et al. observed from their study that 
the presence of chondromatosis granules and 
increased levels of PGE2 in synovial fluid is 
indicative of inflammatory pathology in the 
joint apart from the documented cytokines [1–3]. 
Cytokines found in the synovial fluid for patients 
with internal derangements and osteoarthritis are 
summarized in Table 12.2. In general, in an estab-
lished osteoarthritic disease process, there is a 
recruitment of T cells, B cells, and macrophages. 
Various cytokines as summarized in the Table 
12.2, are released, which initiate an inflammatory 
response proceeding to tissue destruction. In 
addition, metalloproteinases and disintegrin-
metalloproteinase with thrombospondin motifs 
enzymes are produced, resulting in further degra-
dation of cartilage, bone, synovial proteoglycans, 
and aggrecan.  In the synovial fluid of 
the  patients  with rheumatoid arthritis and juve-
nile idiopathic arthritis, TNF-α is detected in sig-
nificantly higher levels [2].

12.6  Micro-organisms in  
Synovial Fluid

The Th1 T-cell response is effective in destroying 
the  intra-cellular pathogens in reactive arthri-
tis  caused due to microbial  infection of the 
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Table 12.2 Cytokines found in synovial fluid of patients with internal derangements and osteoarthritis [Reprinted 
from Oral and Maxillofacial Surgery Clinics of North America, Vol 30/Issue 3, Gary F. Bouloux, The Use of Synovial 
Fluid Analysis for Diagnosis of Temporomandibular Joint Disorders, Pg No.254, Copyright (2018), with permission 
from Elsevier]

Author Cytokines ID OA
Fang et al. (1999) [4] IL-1RA 175.78 187.85

IL-10 ND ND
TGF-β1 47.93 143.61

Fu et al. (1995) [5] IL-6 >100 –
Fu et al. (1995) [6] TNF-α 3.86 11.27
Kaneyama et al. (2002) [7] Wilkes I, II Wilkes III

IL-1β 0.14 0.12 0.13
TNF-α 0.03 0.17 0.17
IL-6 0.2 14 30
IL-8 16 13 14

Kaneyama et al. (2003) [8] OCIF/OPG 160 80
IL-1b 0.08 0.1
TNF-α 0.4 0.3

Kaneyama et al. (2004) [9] IL-6 5 25
IL-11 2 7

Kaneyama et al. (2005) [10] IL-1β 0.8 0.6
IL-RA 42 41
IL-6 5 5
IL-6SR 343 644
TNF-α 0.1 0.1
sTNFR 197 261

Shinoda & Takaku (2000) [11] IL-1b 0.8 1.7
IL-6 2.1 8.8
TIMP-I 25.6 120.3

Takahashi et al. (1998) [12] Wilkes I, II Wilkes III
IL-1β 14.5 7.2 56.9
IL-6 ND 15.9 7.3
IL-8 138.1 58.0 50.3
TNF-α ND 413 193
IFN-γ 78.8 36.1 91.8

Wakita et al. (2006) [13] Wilkes I, II Wilkes III
RANKL 125 100 112.5
OPG 600 300 200
RANKL/OPG ratio 0.3 0.4 0.8

joint. TNF-α, IFN-γ, and IL-12 are the key cyto-
kines in a Th1 T-cell response. It is also evident 
that identification of a Th-2 T cell drived humoral 
immune response is associated with the presence 
of bacteria in the joint. This may be detected with 
increased levels of IL-10, and decrease in TNF-α 
and IFN-γ levels. PCR remains to be the most 
sensitive method to detect intra-cellular patho-
gens followed by immuno-histochemistry. PCR 
identifies the micro-organisms by amplifying the 
bacterial DNA.

Chlamydia trachomatis, Chlamydia 
pneumoniae, Yersinia enterocolitica, 
Campylobacter species, Mycoplasma genital-
ium,  Mycoplasma fermentans and Ureaplasma 
urealyticum are some of the few  documented 
micro-organisms isolated from the temporoman-
dibular joint. These micro-organisms are known 
to thrive in the sub-synovial tissue within the 
macrophages and monocytes. When sus-
pected,  this warrants the requirement of obtain-
ing a biopsy specimen from the retrodiscal tissue 
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to detect the pathology in the joint rather than 
synovial fluid analysis [2].

12.7  Conclusion and Future 
Directions

A thorough clinical and physical examination 
along with an accurate radiographic evaluation 
is the key to arrive at an appropriate diagnosis in 
patients with  TMDs. Synovial fluid analysis 
gives an  additional information regarding the 
presence of inflammatory mediators and 
denuded proteins. Apart from cytokine analy-
sis, proteomics may be utilized for disease iden-
tification which  explains that each specific 
disease has its own protein profile [2]. This 
would  enable the way  forward to make a spe-
cific diagnosis using synovial fluid proteomics 
with accurate  sensitivity and specificity along 
with monitoring the disease and for evaluation 
of the response to the treatment. Synovial fluid 
analysis  may serve as an excellent diagnostic 
tool for cases, otherwise difficult to diagnose 
and treat. This area  has a tremendous scope 
for research in future.
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Surgical Classification 
for Temporomandibular Joint 
Disorders

George Dimitroulis

13.1  Introduction

Temporomandibular (TMJ) surgery is highly con-
troversial because the role of surgery is not well 
defined [1]. Unlike Orthopaedic surgery, the evi-
dence is poor because there is no clinically practi-
cal classification of TMJ disorders that allows the 
direct comparison of standardized data between 
various TMJ surgical treatment modalities. Non-
surgical specialists in Temporomandibular Disor-
ders (TMD) have been proactive in their TMJ 
classification endeavours, but have come up with 
a highly complicated and clinically impractical 
Research Diagnostic Criteria (RDC) which have 
been largely confined to TMD research in non-
surgical TMD treatment strategies [2, 3]. Unfortu-
nately, TMJ surgery is peppered with 
classifications that apply to specific TMJ disor-
ders such as ankylosis [4], joint dislocations [5], 
and internal derangement [6], but none that cover 
the full spectrum of TMJ surgical diseases.

In 2013, Dimitroulis [7] proposed a new clas-
sification that covered the full spectrum of TMJ 
surgery that is slowly gaining traction across the 
world. To properly define the role of TMJ surgery, 
hard evidence is required based on clearly defined 

data derived from universal medical codes which 
are in turn, collected from appropriately validated 
classifications. The justification of surgical inter-
ventions clinicians undertake to treat TMJ disor-
ders must rely on properly acquired evidence 
based on a universally accepted classification. 
The aim of this chapter is to present the essential 
features of the TMJ surgical classification [7] and 
to discuss the clinical and research implications of 
the five categories it describes.

13.2  The Importance of a Surgical 
TMJ Classification

Universal medical codes are simply descriptions 
of diagnosis and treatments which are derived 
from classifications. Codes are then transformed 
into data points which are collected and analysed 
for evidence as to whether TMJ surgery does 
indeed provide a positive benefit to patients [1]. 
A surgical classification of TMJ disorders is the 
vehicle that drives the evidence for TMJ surgery.

At present, there are three main TMD classifi-
cations. The most widely used is the Research 
Diagnostic Criteria or RDC-TMD classification 
[2] which stresses the psychosocial dysfunction 
(Axis 2) over physical disorders (Axis 1). 
Unfortunately, even with its numerous iterations 
[3], the RDC-TMD has failed to gain traction in 
everyday clinical practice and remains firmly 
entrenched in the world of research because of its 
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complicated and impractical nature that has little 
bearing in clinical practice.

Most oral and maxillofacial surgeons who 
treat TMJ disorders utilize the Wilkes classifica-
tion system [6] which largely focuses on TMJ 
internal derangement and osteoarthritis. It is a 
simple classification that describes five stages of 
escalating TMJ disease which is why it has 
gained such widespread acceptance for over 30 
years since it was first published [6]. 
Unfortunately, the Wilkes classification does not 
include other TMJ disorders such as tumours, 
trauma, and ankylosis which are, in turn, covered 
by other sub-classifications [4, 8, 9] that will not 
be elaborated further in this chapter.

Finally, the American Academy of Orofacial 
Pain (AAOFP) classification of TMD [10] has 
encompassed a broader range of articular disorders, 
not just limited to internal derangement and osteo-
arthritis, but also includes trauma, ankylosis, and 
even TMJ development conditions [10]. Extra-
articular disorders are also mentioned in this classi-
fication as centrally mediated, local, and general 
which reflects our limited understanding of masti-
catory muscle disorders. While the AAOFP classifi-
cation of TMD is an enormous improvement 
compared to the cumbersome RDC-TMD classifi-
cation, the data collected is not quantifiable in terms 
of degree of disability which is why the Wilkes clas-
sification has endured for clinical practice.

13.3  Essential Criteria 
for a Practical Classification 
(Table 13.1)

Many classifications appear in the literature 
often, but the ones that are readily adopted are 
simple to understand, and easy to remember by 

the wider medical community. History has dem-
onstrated that clinically useful classifications are 
often modifications of existing classifications 
that have been updated to reflect new findings 
and knowledge. Like the Wilkes classification 
[6], the TMJ Surgical classification [7] describes 
five categories of increasing degrees of joint dis-
ease applicable to TMJ surgical practice 
(Table 13.2). In simple terms, category 1 applies 
to painful but structurally normal joints and cat-
egory 5 describes catastrophic structural changes 
to the TMJ. The obvious advantages of the TMJ 
surgical classification are not only its simplicity, 
but it also includes surgical recommendations for 
each of the five categories of the TMJ disease. 
The TMJ surgical classification as proposed by 
Dimitroulis (2013) will be discussed in detail.

13.4  Category 1: TMJ Arthralgia 
(Table 13.3)

For a category 1 TMJ, the main presentation is 
pain specifically in and around the 
TMJ. Furthermore, there are no clinical signs of 
joint noises or trismus, and no history of diffi-
culty in chewing, dislocation, or locking with the 
patient exhibiting full range of mandibular 

Table 13.1 Criteria for a TMJ surgical classification

SIMPLE—Easy to understand and remember
CLEAR—Unambiguous description of each category
FOCUSED —On the TMJ
INCLUSIVE—Of all TMJ specific disorders and 
diseases
SPECIFIC—So that patient populations can be easily 
defined and compared
UNIVERSAL—Adopted by all TMD clinicians and 
researchers

Table 13.2 Surgical classification of TMJ disorders 
(Dimitroulis 2013)

Category 1
   • TMJ Normal
   • No surgery required or indicated
Category 2
   •  TMJ minor changes (all joint components are 

salvageable)
   • TMJ arthrocentesis/arthroscopic lavage
Category 3
   •  TMJ moderate changes (Most joint components 

are salvageable)
   •  TMJ operative arthroscopy/TMJ arthroplasty/

modified Condylotomy
Category 4
   •  TMJ severe changes (few joint components are 

partly salvageable)

   • TMJ discectomy +/− condylar surgery
Category 5
   •  TMJ catastrophic changes (nothing in the joint is 

salvageable)

   • TMJ resection +/− Total joint replacement
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movement with symmetrical jaw opening. 
Category 1 joints have no radiological evidence 
of any structural joint abnormalities on plain 
x-rays, tomograms, CT scans, and MRI’s which 
all exhibit normal TMJ anatomy (Fig. 13.1). The 
joint pain experienced by the patient may be 
acute, such as in cases with traumatic incident 
related to assault, a fall, whiplash, or sporting 

contact which has caused contusion within the 
joint but no obvious structural damage. 
Alternatively, the arthralgia may be chronic and 
related to chronic ear disorders, neuralgia, neu-
ropathic or psychosomatic disorders, or simply 
part of a wider spectrum of myofascial pain and 
fibromyalgia that may or may not be associated 
with underlying anxiety or depression. The TMJ 
pain, or arthralgia, may respond to TMJ arthro-
centesis only if there is an inflammatory compo-
nent causing the joint pain but otherwise, TMJ 
surgery has no role to play. These patients must 
be managed non-surgically. It is important to 
note that patients who have no joint pain or other 
related joint signs or symptoms cannot be 
included in this category of the TMJ surgical 
classification.

13.5  Category 2: TMJ Minor 
Changes (Table 13.4)

TMJ reducing disc displacement is the most com-
mon disorder represented in this category which 
clinically presents with joint clicking, occasional 
locking, and intermittent joint pain. Normal con-
dyles are seen on plain x-ray films but MRI’s may 
demonstrate inflammation (Fig. 13.2) (excess joint 
fluid/effusion) or disc displacement with reduc-
tion. While the primary treatment modality 
remains conservative, i.e., soft diet, jaw rest, phys-
iotherapy, splint therapy, and anti-inflammatory 

Table 13.3 Category 1: Normal TMJ

Clinical presentation
   TMJ pain
   No joint noises
   No history of locking or dislocation
   Full range of jaw movement
   Normal chewing
Radiological features
   OPG—Normal condyles
   MRI—Normal TMJ
Diagnosis
   Joint contusion—Acute trauma
   Myofascial pain
   Ear pathology—Otalgia
   Neuropathic
   Psychogenic
Treatment

   Medication +/− occlusal splint
   Surgery has no role

Fig. 13.1 Category 1 normal TMJ—MRI showing ana-
tomically normal disc in the normal position relative to 
the condyle. Category 1 patients offer researchers the 
ideal control group with which to compare surgical out-
comes in other categories

Table 13.4 Category 2: Minor TMJ changes

Clinical presentation
   Intermittent joint pain
   Joint clicking
   Occasional locking
Radiological features
   OPG—Normal condyles
   MRI—Disc displacement with reduction
   Disc and condyle Normal contour
Diagnosis
   Early stage TMJ internal derangement
   Joint inflammation/adhesions
Treatment
   TMJ arthrocentesis
   TMJ arthroscopic lavage and lysis
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medication, both TMJ arthrocentesis and TMJ 
arthroscopy may be useful in releasing a stuck or 
locked disc, particularly in cases of closed lock 
where the interincisal opening remains below 
30 mm for more than 2–3 weeks.

13.6  Category 3: TMJ Moderate 
Changes (Table 13.5)

TMJ non-reducing disc displacement is the most 
common disorder in this category. Patients with 
category 3 disorder may report moderate to severe 
joint pain which is exacerbated by jaw function 
with difficulty in chewing. This may be accompa-
nied by joint swelling, painful long- standing 
closed lock (>2 months), or painful recurrent TMJ 
dislocation. Jaw deviation to the affected side on 
mandibular opening may be caused by the pain or 
locked joint. Joint noises are often absent in those 
with chronic closed lock of their TMJ. Plain x-rays 
and CT scans may show normal condyles but the 
main diagnostic assessment is with a MRI scan 
which will demonstrate a displaced, non-reducing 
disc (Fig. 13.3). The displaced articular disc may 
have normal morphology in the early stages, but 
may progressively become distorted in long-stand-
ing cases.

Category 3 joints may also include TMJ’s 
with a history of recurrent dislocation or fracture 
dislocation of the condylar head that has been 
surgically reduced and resulted in moderate TMJ 
internal derangement. In category 3 cases, the 
most appropriate surgical interventions may 
include TMJ arthroplasty consisting of disc repo-
sitioning with or without eminectomy, or opera-
tive TMJ arthroscopy [11].

Fig. 13.2 Category 2, Minor TMJ Changes—MRI show-
ing mildly displaced disc which reduces on opening. 
Condyle is normal. Future studies may look at whether 
TMJ arthrocentesis/arthroscopy significantly reduce the 
treatment time span compared to conservative measures 
alone in category 2 patients

Table 13.5 Category 3: Moderate TMJ changes

Clinical presentation
   Painful chronic closed lock
   Recurrent joint swelling
   Painful recurrent dislocation
Radiological features
   OPG—Normal condyles
   MRI—Disc displacement without reduction
   Disc Normal or mildly deformed contour
   Prominent Eminence
Diagnosis
   Moderate TMJ internal derangement
   Recurrent TMJ dislocation
   Extracapsular condylar fracture
Treatment
   TMJ arthroscopy (operative)
   TMJ arthroplasty—Disc plication/repositioning 

+/− Eminectomy
   Modified Condylotomy
   ORIF fractured condyle

Fig. 13.3 Category 3, Moderate TMJ Changes—MRI 
showing moderately displaced disc that still has the bicon-
cave appearance suggesting it can be salvaged
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13.7  Category 4: TMJ Severe 
Changes (Table 13.6)

Constant joint pain with mildly limited mouth 
opening, painful chewing and yawning with 
intermittent locking are the hallmarks of a cate-
gory 4 patient. While plain x-ray films and CT 
scans may show early degenerative changes in 
the condylar head, the signs of significant disc 
pathology are best seen on MRI scans (Fig. 13.4). 

Occasional tears and perforations are seen on 
severely displaced, deformed, and degenerate 
discs. Category 4 TMJ may also include rare 
developmental disorders, inflammatory or meta-
bolic joint diseases such as gout. TMJ discec-
tomy with or without debridement of surround 
structures and interpositional grafts is the main-
stay in the treatment of category 4 cases [8].

13.8  Category 5: TMJ Catastrophic 
Changes (Table 13.7)

Finally, category 5 cases are those where none of 
the joint components can be salvaged because of 
significant destructive disease affecting the whole 
joint (Fig. 13.5). Clinically, these patients present 
with joint crepitus, constant locking, and  inability 
to chew solid food because of intolerable low 
grade joint pain which is easily exacerbated by 
jaw function. Obvious degenerative changes of 
the mandibular condyle, that may also be 
deformed or dimunitive, are easily seen on plain 
x-ray films, tomograms, and CT scans. Higher 
resolution cone-beam CT scans may demonstrate 
subchondral cysts and irregular articular surfaces 
that may be flattened and beaked due to osteo-
phytes. Discs are often so degenerate, they are 

Table 13.6 Category 4: Severe TMJ changes

Clinical presentation
   Constant joint pain
   Painful crepitus
   Mildly limited mouth opening
   Painful chewing
Radiological features
   OPG—Early condylar changes
   CT scans—Mild to moderate condylar degeneration
   MRI—Severely degenerated, displaced, and 

deformed disc
   Early condylar changes—Osteophytes, flattening
Diagnosis
   Advanced TMJ internal derangement
   Rare TMJ disorder—Metabolic, inflammatory, or 

developmental joint disease
   Intracapsular condylar fracture
Treatment

   TMJ discectomy +/− Condyloplasty/shave

   Debridement of glenoid Fossa +/− eminoplasty

Fig. 13.4 Category 4, Severe TMJ Changes—MRI 
showing a severely displaced and deformed disc that can-
not be salvaged and hence will require discectomy

Table 13.7 Category 5: Catastrophic TMJ changes

Clinical presentation
   Intolerable low grade pain
   Constant crepitus
   Locking
   Malocclusion
   Unable to chew anything solid
Radiological features
   OPG—Obvious degenerative changes to condyle
   MRI—Disc destroyed/difficult to see
   CT scan—Condyle severely degenerate with 

subchondral cysts, etc.
Diagnosis
   TMJ osteoarthritis
   TMJ Condylysis
   TMJ Ankylosis
   TMJ tumour
Treatment
   TMJ resection
   TMJ Total joint replacement
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difficult to visualize on MRI scans which also 
demonstrate low signal intensity from the degen-
erated condylar head. The most common cate-
gory 5 joint are those with advanced degenerative 
joint disease often related to primary (idiopathic) 
osteoarthritis or secondary to trauma or previous 
TMJ surgical procedures. In some cases of cate-
gory 5 joints, joint pain is very low or entirely 
absent, particularly in patients with TMJ 
 condylysis/resorption, ankylosis, benign 
tumours, developmental disorders, and even 
long-standing TMJ osteoarthrosis. Patients with 
Category 5 joints benefit from discectomy, con-
dylectomy, and, where indicated, total joint 
replacement since all the structural joint compo-
nents are beyond salvage [12].

13.9  Discussion

The Wilkes classification has been the standard 
classification for surgical TMJ disorders 
throughout the world since it first appeared in 
the literature some 30 years ago [6]. The five 
distinct stages of TMJ disease levels first 
described by Wilkes have been embodied in the 
Dimitroulis’s TMJ surgical classification [7] 
which has expanded the classification to include 

other less common TMJ disorders such as anky-
losis and TMJ dislocations. A simple scale of 1 
to 5 reflecting the increasing severity of the TMJ 
disorder with each category helps simplify data 
collection through numerical quantification 
which not only facilitates research data collec-
tion and analysis, but also allows a clear com-
munication between surgeons. For example, a 
patient with a category 5 TMJ being referred by 
a TMD specialist clinician to an Oral and 
Maxillofacial Surgeon will only require the 
referring clinician to mention “Cat 5 joint” and 
the receiving surgeon will be in a position to 
understand that the patient will require a TMJ 
joint replacement or a similar surgical interven-
tion. Conversely, a referring surgeon may diag-
nose a “Cat 1 patient” and the recipient clinician 
would be in a position to understand that the 
TMJ is structurally sound and the arthralgia 
needs to be managed non-surgically.

The fundamental purpose of the proposed 
TMJ surgical classification [7] is to overcome 
the current dilemma in the literature of trying to 
compare treatment outcomes on TMJ patients 
without a standard and specific diagnosis. It is 
glaringly obvious that there is an acute lack of a 
definitive method of collecting standardized data 
that will properly demonstrate the efficacy of the 

Fig. 13.5 Category 5 Catastrophic TMJ Changes—Cone beam CT scan showing large sub-chondral cyst in the rough-
ened condylar head which is typical of severe degenerative joint disease in which the joint cannot be salvaged
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multitude of TMJ surgical procedures published 
in the literature [1]. This classification aids in 
surgical treatment planning by not only codify-
ing the diagnosis, but also clearly defining the 
salvage potential of the structural joint compo-
nents. When it comes to multicentre clinical tri-
als, TMJ patient populations can be easily 
compared as they can be better defined using the 
categories described in the classification. Meta-
analysis of treatment options will also be easier 
to assess and analyse when clinical studies start 
to focus on specific categories of patients 
described in this classification. For instance, the 
studies comparing operative TMJ arthroscopy to 
open TMJ arthroplasty on category 3 patients are 
conducted, the researches can compare treat-
ment outcomes on patients with similar levels of 
disease with comparisons of like with like, the 
treatment will be the only variable under 
scrutiny.

Simple and straightforward classifications are 
essential if we are to make progress in TMJ sur-
gery. A classification that is validated by research 
and universally accepted by clinicians is what is 
required to better define the role of TMJ surgery, 
as scientific evidence is crucial to the widespread 
acceptance of surgery as an essential treatment 
option in the management of TMDs.
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Surgical Approaches 
to the Temporomandibular Joint

P. Anantanarayanan, P. Elavenil, and Mimansa Bhoj

14.1  Introduction

Surgical approach to the TMJ is indicated in vari-
ous clinical scenarios such as pathological/devel-
opmental changes involving the TMJ as well as 
peri-joint structures, reconstruction of the joint 
and trauma. Surgical exposure and access to this 
joint is challenging because of its close proximity 
to vital structures such as the facial and auriculo-
temporal nerves, superficial temporal vessels, 
parotid gland and EAC. A thorough understand-
ing of the same is essential for a surgeon to ensure 
a safe dissection and exposure of TMJ. The vari-
ous approaches employed in reaching the joint 
along with the advantages and limitations of each 

are elaborated below. A brief description of the 
rationale behind choosing the ideal incision for a 
specific clinical indication is also presented.

14.2  Surgical Anatomy

Anatomical relations of TMJ with structures of sur-
gical significance have been enlisted in Table 14.1.
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Table 14.1 Anatomic relations of Temporomandibular 
Joint

Relation to the TMJ Anatomic structures
Lateral Skin

Fasciae
Parotid gland
Temporal branch of facial nerve

Medial Lateral pterygoid muscle
Roots of auriculotemporal nerve
Middle meningeal artery
Spine of sphenoid
Sphenomandibular ligament
Chorda tympani nerve

Anterior Lateral pterygoid muscle
Temporalis muscle
Masseteric nerve and vessels

Posterior Parotid gland
Superficial temporal vessels
Auriculotemporal nerve
External auditory meatus

Superior Floor of middle cranial fossa
Middle meningeal vessels

Inferior Maxillary artery and vein
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14.2.1  Facial Nerve (Fig. 14.1)

• Course: The facial nerve enters the parotid 
gland after exiting the skull through the stylo-
mastoid foramen and divides into two main 
trunks (cervicofacial and temporofacial)—the 
branches of which anastomose variably and 
form a parotid plexus. The terminal branches 
emerge from parotid and radiate in an anterior 
direction

• Supply: Muscles of facial expression
• Surgical Note:

 – The branch most likely to be damaged 
during TMJ surgery is temporal branch as 
it crosses the lateral surface of the zygo-
matic arch lying below the temporopari-
etal fascia (8–35  mm, mean: 20  mm, 
anterior to external auditory canal). It can 
be protected by incising through the 
superficial layer of temporalis fascia and 
periosteum of the zygomatic arch not 
greater than 8 mm anterior to the external 
auditory canal.

 – Alkayat and Bramley (1979) [1]: Distance 
of facial nerve bifurcation to lowest con-
cavity of the external auditory canal was 
1.5–2.8 cm (mean 2.3 cm) and to the post 
glenoid tubercle was 2.4–3.5  cm (mean 
3 cm).

 – Frontal nerve trajectory follows the 
“Pitanguy line” which corresponds to a line 
starting from a point 0.5 cm below the tra-

gus to a point 1 cm above the lateral edge 
of the eyebrow

14.2.2  Auriculotemporal Nerve 
(Fig. 14.2)

• Branch of: Mandibular division of Trigeminal 
Nerve (cutaneous sensory branch)

• Course: runs superiorly from the medial side 
of posterior neck of condyle to the zygomatic 
root of temporal bone and divides into its ter-
minal branches in the skin of the temporal 
area anterior to the auricle.

• Supply: parts of auricle, external acoustic 
meatus, tympanic membrane and skin in tem-
poral region.

• Surgical Note: Terminal branches are prone to 
injury during the preauricular approach.
 – Minimize damage by placing incision and 

dissecting in close apposition to the carti-

Fig. 14.1 Surgical anatomy of the facial nerve in the pre- 
auricular region

Auriculotemporal nerve

Superficial temporal artery

Parotid

Facial nerve

Fig. 14.2 Anatomic structures of importance in the preau-
ricular region. The location of the parotid salivary gland is 
represented as the black dotted line. Note the relation of 
the facial nerve and the parotid gland. Also note the auricu-
lotemporal nerve running superiorly from the medial side 
of posterior neck of condyle to the zygomatic root

P. Anantanarayanan et al.
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laginous portion of the external auditory 
meatus and placing temporal extension of 
the incision posteriorly (assists in dissect-
ing of main nerve trunk and retracting it in 
the anterior flap).

14.2.3  Parotid Gland (Fig. 14.2)

The parotid gland lies in close association with 
the TMJ as the superficial pole of the gland lies 
directly on the TMJ capsule. The parotid gland 
itself is enclosed in a capsule (parotido masse-
teric fascia) which is a derivative of the superfi-
cial layer of the deep cervical fascia. The surgical 
approach to the TMJ may involve dissection 
through the parotid gland to reach the joint, in 

such cases special precaution must be taken to 
dissect parallel to the course of the facial nerve 
which runs across the gland substrate.

14.2.4  External Auditory Canal 
(Figs. 14.2 and 14.3)

The anatomy of human TMJ demonstrates a close 
embryological, anatomical and functional rela-
tionship with the middle ear. The superior stratum 
of the TMJ is attached posteriorly to the cartilagi-
nous auditory meatus making it prone to injury 
and subsequent stenosis in incorrectly placed inci-
sions or iatrogenic trauma during surgery. The 
direction of the canal is forward and downward 
and the same should be kept in mind while explor-

Temporal bone

Condyle

Superficial temporal A

Auriculotemporal N

Parotid

External ear

Tympanic membrane

Cartilagenous canal

External acoustic meatus

Internal acoustic meatus

Fig. 14.3 Axial view 
demonstrating the 
mandibular condyle and 
its relation to various 
anatomic structures
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ing the restricted surgical field in TMJ surgeries. 
High risk of cicatricial stenosis of external audi-
tory meatus in retro auricular approach is one of 
the biggest disadvantages of the approach.

14.2.5  Superficial Temporal Vessels 
(Fig. 14.2)

• Terminal branch of External Carotid artery.
• Course: Emerge from the superior aspect of 

parotid and course along the auriculotemporal 
nerve (lies posterior to artery). Gives a tempo-
ral branch as it crosses the zygomatic arch and 
a parietal and frontal branch, few centimeters 
above the arch. The superficial temporal vein 
lies superficial and posterior to the artery.

• Surgical Note: The temporal branch is a com-
mon source of bleeding and routinely ligated 
during preauricular approach to the joint.

14.2.6  Masseteric Vessels

• Branch of Maxillary artery
• Course: It exits from the pterygoid segment of 

the maxillary artery, transverses the lateral 
pterygoid muscle between the sphenomandib-
ular ligament and neck of condyle and accom-
panies the masseteric nerve and vein behind 

the temporalis tendon and through the sigmoid 
notch to the deep surface of the masseter.

• Surgical Note: The close proximity of the 
artery to the joint makes it a likely candidate 
to cause hemorrhage during TMJ surgeries.

The mean distance of the artery was deter-
mined in a cadaveric study to the following 
structures:
• to the anterior-superior aspect of the condylar 

neck: 10.3 ± 4.4 mm
• to the most inferior aspect of the articular 

tubercle: 11.47 ± 4.6 mm
• to the most inferior aspect of the sigmoid 

notch: 3.00 ± 1.2 mm.

14.2.7  Layers of Temporoparietal 
Region

The layers encountered while accessing the TMJ 
via the preauricular approach are depicted in 
Flowchart (Fig. 14.4).

The temporoparietal fascia is the lateral 
extension of galea. It is continuous with superfi-
cial musculoaponeurotic system (SMAS) and 
also known as superficial temporal fascia and 
suprazygomatic SMAS.

The temporalis Fascia is the fascia of the tem-
poralis muscle. It splits at the level of superior 
orbital rim into superficial and deep layer attach-
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Motor nerves such as temporal
branch of facial nerve

Fig. 14.4 The layers 
encountered while 
accessing the 
temporomandibular joint 
via the preauricular 
approach
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ing at lateral and medial border of zygomatic arch, 
respectively, to encompass the superficial tempo-
ral fat pad. A large vein is often encountered just 
deep to the superficial layer of temporalis fascia.

14.3  Classification of Approaches

Any approach to the TMJ must ensure the follow-
ing objectives; (a) complete visualization of 
structures, (b) permit easy access to all anatomic 
structures to perform the required surgical tech-
nique, (c) facilitate adequate instrumentation and 
most importantly (d) eliminate the risk of facial 
nerve injury.

Approaches may be cutaneous, arthroscopic, 
endoscopy assisted or intra-oral, based on the 
route of entry to the joint. Though arthroscopic/
endoscopy assisted procedures demonstrate less 
surgical morbidity, their clinical indications are 
limited. A thorough knowledge of the various 
approaches is hence obligatory for effective 
management of various clinical scenarios.

Approaches to surgery of the TM joint may 
also be divided based on the exposure achieved;

 1. Approach to the joint proper (comprising of 
the skeletal articulating surfaces, articular disc 
and the capsule)

 2. Capsular incisions
 3. Approaches to the peri-joint structures such as 

articular eminence, zygomatic arch, the 
temporal region and sub-condylar region.

The peri-joint structures require exposure 
for various surgical techniques aimed at 
restraining the abnormal joint movement or 
reconstruction purposes.

14.4  Approaches and Incisions

14.4.1  Approach to the Joint Proper

This includes the following incisions; 
Preauricular, Post auricular, Combination 
(Preauricular and Post auricular) and Transoral. 
The detailed description of various incisions is 
given below.

14.4.1.1  Preauricular
The preauricular is by far the most preferred and 
commonly followed surgical approach to the 
TMJ world over. The advantages of the 
preauricular approach include (1) ease of 
technique, (2) optimal exposure, (3) flexibility to 
incorporate minor modifications and (4) minimal 
complications.

The original description of the approach was 
given by Risdon (1934) but the technique gained 
popularity with the work of Rowe and Killey in 
1968 and further by Rowe again in 1972 [2]. The 
various preauricular incisions and their 
modifications commonly mentioned in literature 
include the following [3]

• Preauricular incision—standard
• Preauricular with temporal extension
• Preauricular—Alkayat Bramley modification
• Endaural
• Lazy “S” modification of the preauricular 

approach

14.4.1.2  Preauricular—Blair 1917 [4] 
(Fig. 14.5a)

The original description of the preauricular inci-
sion was shaped like an inverted hockey stick 
which has the standard preauricular vertical 
component which gradually curves anterior and 
forwards to a height 1 cm above the helix of the 
ear before descending downward to stop 2.5 cm 
anterior to the attachment of the helix.

14.4.1.3  Preauricular Incision—
Thoma (1945) (Fig. 14.5b, b1 
and b2)

The modification constitutes an incision along 
the preauricular crease extending superiorly with 
a 45 degrees angulation, between the bifurcated 
superficial temporal vessels [5].

14.4.1.4  Standard Preauricular 
Incision—Dingman 1946 
(Fig. 14.5c)

This incision involves a vertical cutaneous inci-
sion in the preauricular crease extending from 
helix of the ear to the attachment of the lobule 
along with a gentle curve along the tragal margin.
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Fig. 14.5 Preauricular incision and its variations (a–h). 
(b1) Preauricular incision as described by Thoma (1945); 
surgical marking. (b2) Preauricular incision as described 
by Thoma (1945); surgical exposure. (e1) Preauricular 
incision as described by Dingman. (g1) Preauricular inci-

sion with temporal extension as described by Al Kayat 
and Bramley (1979) [1]. (h1) Preauricular with lazy “S” 
modification; surgical marking. (h2) Preauricular with 
lazy “S” modification; surgical exposure

a b c d

e f g h

b1 b2
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e1 g1

h1 h2

Fig. 14.5 (continued)
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14.4.1.5  Preauricular—Dingman 
1966 [6], 1974  
(Fig. 14.5d, e, e1)

This involves a standard preauricular incision 
with a temporal and anterior extension. The dis-
section plane followed was subfascial.

14.4.1.6  Straight Line Preauricular 
Incision—Rowe and Killey 
1968 (Fig. 14.5f )

This is a straight line incision that extends from 
the root of the helix superiorly to the attachment 
of the lobule on the face, inferiorly.

14.4.1.7  Preauricular with Temporal 
Extension—Al Kayat 
and Bramley 1979 [1] 
(Fig. 14.5g, g1)

This approach involves a 4–6 cm long skin inci-
sion placed in the pre-tragal region behind the 
superficial temporal artery and the auriculotempo-
ral nerve. The preauricular approach may also be 
modified to include a small temporal extension 
depending on the indication for surgery. The tem-
poral extension offers the advantages of (1) facili-
tating the “deep subfascial” approach for facial 
nerve preservation and (2) additional exposure 
over the zygomatic arch and (3) to enable the har-
vest of galea and the temporalis muscle when 
required. The incision is placed on the skin and 
taken down into the subcutaneous plane taking 
care not to extend the inferior limit beyond the 
attachment of the ear lobule. The incision is then 
carried deeper through the SMAS layer to expose 
the layer of temporalis muscle fascia. This is visi-
ble as a glistening white sheath that can be easily 
identified. The fascia is then incised sharply along 
a line which starts at the root of the zygomatic arch 
and extends anteriorly and superiorly at a 
45-degree angle to the arch for a length of 4 cm. 
This ensures that the branches of the facial nerve 
lie superior to the temporalis fascial layer and thus 
significantly reduces incidence of facial nerve 
weakness following the surgery. Extension of this 
incision vertically below the level of the arch was 
described by Popowich [7]. The dissection of the 
joint and the arch of the zygoma in this plane pro-
vides a safe and an easy way to achieve optimal 
exposure in a safe and predictable manner. 

Identification of the joint is made by the visualiza-
tion of the joint capsule, which can be incised in a 
sharp fashion to expose the joint proper.

Indications:

 1. Surgery to the joint proper with exposure of 
both the condylar and the glenoid components

 2. Exposure of the fractures of the condylar head 
and neck

Merits:

 1. Good exposure of the entire joint
 2. Additional exposure of the zygomatic arch 

and temporal regions
 3. Predictable healing and satisfactory cosmesis
 4. Flexibility for harvesting grafts and flaps like 

galea and temporalis muscle

Limitations:

 1. Possibility for facial nerve damage
 2. Compromised exposure for ORIF in the case 

of low neck and sub-condylar fractures

Exposure of the joint with this incision pro-
vides additional access to the zygomatic arch 
and temporal regions, which help in harvesting 
a temporalis fascia/muscle flap. This apporo-
ach also helps in preserving the superficial 
temporal vessels.

14.4.1.8  Preauricular with Lazy “S” 
Modification (Fig. 14.5h, h1 
and h2)

Aids in enhanced access to the joint along with 
the sub-condylar and the mandibular angle 
regions. This is a good approach for reconstruc-
tive surgery of the joint.

14.4.1.9  Endaural Approach (Fig. 14.6)
The endaural approach was originally described 
by Lempert for surgery of the middle ear. This 
was modified for use in TMJ surgery [8]. The 
commonly used modification is the Rongetti’s 
limited length, intra-aural incision that extends 
along the depth of the external auditory  
meatus [9].
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Indications:

 1. Open surgery to the TM joint
 2. Surgery involving the condylar head and the 

superior aspect of the condylar neck.

Merits:

 1. This approach provides cosmetic advantage 
over the traditional preauricular approach

 2. Reduced iatrogenic damage to the superficial 
temporal artery and the auriculotemporal 
nerves

Limitations

 1. Damage to the tragal cartilage may be a 
complication

14.4.1.10  Post-auricular Approach 
[10] (Fig. 14.7)

The first description of the post-auricular 
approach is credited to Bockenheimer in 1920 
followed by Axhausen in the early 1930s. It uti-
lizes the use of an incision posterior to the auri-
cle followed by dissection in an anterior 
direction and division of the external auditory 
canal. The entire external ear is reflected anteri-
orly to expose the capsule of the TMJ. This is 

not a commonly used approach and has gradu-
ally taken its exit from mainstay TMJ surgery 
after reports of stenosis of the cartilaginous 
canal by Husted.

Common Indications

 1. Exposure of TM joint proper
 2. Exposure of the condylar head

Merits:

 1. Inconspicuous scar behind the ear
 2. Was preferred for use in patients with propen-

sity to develop excessive scarring and keloids
 3. Excellent exposure of the joint with good 

access to the retrodiscal tissue and posterior 
aspect of the condyle

Limitations:

 1. Prone for stenosis of the cartilaginous audi-
tory canal

 2. Contra-indicated in patients with otitis media 
and infection of the TM joint

14.4.1.11  Sub-mandibular 
(Fig. 14.8a–c)

Risdon proposed the classical sub-mandibular 
approach which was placed between the man-

Fig. 14.6 Endaural approach (dotted line represents the 
endaural component of the incision)

Fig. 14.7 Postauricular approach
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dibular and cervical branches of the facial nerve. 
This approach provided excellent exposure to the 
entire lateral aspect of the mandible. Though it 
did not offer the same degree of exposure of the 
TM joint as the techniques described above, it 
was a preferred method of accessing the sub-con-
dylar region till the late 1980s. The Hayes Martin 
modification of the sub-mandibular approach for 
protection of the marginal mandibular nerve is 
the most commonly used surgical technique in 
current practice.

Indications:

 1. Sub-condylar fractures
 2. As an adjunct in reconstruction of the TM 

Joint using alloplastic prosthesis or autogenous 
grafts

 3. Associated surgery of the mandibular angle 
and/or ramus

Merits:

 1. Predictable approach used for more than a 
century for a wide exposure of the lateral 
mandible

Limitations:

 1. Cannot be used for access of the TM joint 
proper

 2. Limited access for high condylar fractures

14.4.1.12  Endoscopic Approach
Recent advances in the field of oral and maxillo-
facial surgery has increased the focus on mini-
mally invasive approaches. This has led to 
popularization of endoscopic approaches to the 
TM joint both for diagnostic and therapeutic pur-
poses. Arthroscopes are now being utilized to per-
form surgical procedures of the TMJ and for the 
ORIF of condylar fractures. While diagnostic 
arthroscopy involves the use of only one scope, 
surgical intervention to the joint may utilize a 
single or multiple scope approach using the “tri-
angulation” concept. Triangulation involves the 
camera-cannula and the working cannula being 
triangulated in a way where the camera is used to 
visualize the working cannula. Basic instrumenta-
tion includes: (1) the arthroscope, (2) the working 
cannula which acts as the conduit for irrigation 
and instrumentation. Instrumentation includes 
forceps, rasps, sutures rotatory instruments.

Indications:

 1. Diagnostic
 2. Arthrocentesis, lavage and fibrolysis
 3. Disc procedures and osseous recontouring 

within the joint
 4. ORIF for condylar fractures may be per-

formed with endoscopic assistance

a b c

Fig. 14.8 (a) Submandibular incision (Risdon). (b) Submandibular incision; surgical marking. (c) Submandibular inci-
sion; surgical exposure
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Merits:

 1. Minimally invasive technique
 2. Less trauma with early recovery
 3. Practically no incidence of neurological 

deficits

Limitations:

 1. Steep learning curve
 2. Technique and equipment—sensitive
 3. Indications are specific
 4. Back up to open surgery should always be an 

option. Hence the surgeon should also be 
trained for that

14.4.2  Exposure of Joint Space 
and Disc

The approaches to the TM joint that have been 
described earlier in the text are meant to access 
the macro-joint area. This involves the temporal 

region, the mandibular condyle and the associated 
soft tissues that maintain the integrity of the joint. 
However, indications for intra-capsular interven-
tions necessitate exposure of the upper and lower 
joint compartments and the disc. The joint spaces 
and the disc are enclosed by the capsule laterally 
which is also called as the lateral ligament which 
need to be incised. This can be performed by the 
use of different incision designs (Fig. 14.9). Care 
is taken to plan the incision in a way that facili-
tates good re-approximation of the capsule after 
the surgery to the joint is completed.

14.4.3  Dissection Planes

14.4.3.1  Suprafascial, Subfascial 
and Deep Subfascial 
Dissections (Fig. 14.10)

After a pre-auricular skin incision, different planes 
of tissue dissection have been adopted by authors, 
with an attempt to negate facial nerve injury. Three 
possible planes of dissection are the following;

a b c

Fig. 14.9 Exposure of the joint space and the disc (a) “H” incision, (b) Inverted “L”, (c) “T” incision

SUPRA-FASCIAL SUB-FASCIAL DEEP SUB-FASCIAL
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Fig. 14.10 Suprafascial, subfascial and deep subfascial dissections
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• Suprafascial
• Subfascial
• Deep subfascial

Originally, the TMJ was approached by adopt-
ing a suprafascial plane which resulted in higher 
incidence for facial nerve injuries. Significant 
modification in technique came in with the publi-
cation of the subfascial approach of Al-Kayat and 
Bramley in 1979 which focused on the preserva-
tion of the integrity of the facial nerve in relation to 
the zygomatic arch. However, though the neuro-
logical deficits were reduced by this technique, it 
was still high enough to be bothersome. Politi in 
2004 discussed the deep subfascial modification of 
the preauricular approach with the claim of no 
temporary or permanent neurological deficit to the 
facial nerve in his series of 21 patients.

14.5  Approaches 
for the Management 
of Condylar Fractures

A discussion involving surgical approaches to 
the TM joint remains incomplete without 

encompassing approaches to the fractured man-
dibular condyle. Surgical management of such 
condyles and subsequent derangement of the 
TMJ proper necessitate adequate exposure. 
These approaches to the mandibular condyle 
may be different from the approaches to the TM 
joint depending on the type of fracture and the 
degree of exposure needed for its reduction and 
fixation. A brief description of the contempo-
rary approaches to the mandibular condyle is 
provided below.

14.5.1  Retromandibular Approach 
(Fig. 14.11a, b)

Described by Hinds and Girotti in 1967, this 
approach provides direct access to the neck of the 
mandibular condyle and the ramus of the mandi-
ble. A linear incision of 3  cm length is placed 
about 0.5 cm below the pinna and a centimeter 
behind the posterior border of the ramus. 
Dissection is carried out through the skin, subcu-
taneous tissues and scant platysma exposing the 
parotideomasseteric fascia (SMAS layer) which 
is then sharply incised. Blunt dissection is per-

a b

Fig. 14.11 (a) Retromandibular approach. (b) Retromandibular approach; surgical exposure

P. Anantanarayanan et al.



183

formed through the parotid substance. The area 
of dissection lies between the temporofacial and 
cervicofacial branches of the facial nerve and is 
performed parallel to the direction of the nerves 
to expose the masseter and the pterygomasseteric 
sling. The trans-masseteric dissection can be per-
formed by two methods; it can either be divided 
sharp using a blade or cautery or can be cleaved 
bluntly along the direction of the muscle fibres to 
expose the bone beneath. Care should be taken to 
avoid injuring the retromandibular vein which 
lies immediately posterior. Subperiosteal dissec-
tion is continued superior and inferiorly to expose 
the sub-condylar region and part of the mandibu-
lar ramus. The transparotid dissection of the 
approach warrants careful and meticulous clo-
sure of the parotid capsule while suturing to 
avoid any salivary fistulas or sialoceles following 
surgery.

Indications:

 1. Fractures involving condylar neck and sub- 
condylar fractures

 2. Fractures of the ramus of the mandible

Merits:

 1. Direct approach
 2. Good area of exposure
 3. Favourable scar

Limitations:

 1. Risk of injury to the buccal and marginal man-
dibular branches of facial nerve is high due to 
multiple cross-innervations.

 2. Presence of vital structures such as facial 
nerve, parotid gland and duct, retromandibu-
lar vein exposing them to risk of iatrogenic 
injury.

 3. Risk of salivary fistula/sialocele formation.
 4. Not useful for high condylar fractures.
 5. Though rare, risk of Frey’s syndrome due to 

inadvertent injury and aberrant reinnervation 
of postganglionic parasympathetic nerve 
fibres to local sweat glands.

14.5.2  Periangular Approach 
(Fig. 14.12a–c)

The Periangular approach or high sub-mandibular 
approach described by Patel and Cronyn is a direct 
approach to posterior mandibular body and angle 
region. A 3–5  cm curvilinear incision is made 
0.5–1  cm posterior-inferior to the angle of the 
mandible through skin and subcutaneous tissues 
exposing the platysma. Blunt dissection of the pla-
tysma is carried out creating a subplatysmal plane 
over the superficial layer of deep cervical fascia. 
The SMAS layer in the region including the mas-
seteric fascia is divided to expose the pterygomas-
seteric sling. Sharp dissection of pterygomasseteric 
sling allows excellent exposure of lateral border of 
the mandible extending from the angle to the sub- 
condylar region.

Indications:

 1. Mandibular angle and posterior body 
fractures

 2. Ramus fractures
 3. Inferior distraction of mandible for reduction 

of condylar fractures.

Merits:

 1. No reported incidence of facial nerve deficits
 2. Does not necessitate ligation of facial artery 

and vein
 3. Infero-superior dissection does not involve 

breach of the parotid capsule circumventing 
salivary gland complications such as sialoceles 
and salivary fistulas.

 4. Sub-mandibular space is not violated and 
integrity of gland and lymphatics is 
maintained.

 5. Excellent cosmesis as the scar is hidden 
behind the gonial angle prominence.

 6. Technically simple and less time taking.

Limitations:

 1. Limited access for high-level condyle 
fractures.
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14.5.3  Rhytidectomy Approach [11] 
(Fig. 14.13)

Also known as the facelift approach, this pro-
vides a wide exposure of the mandibular con-
dyle, ramus and angle of the mandible. This is 
similar to the trans-masseteric antero parotid 
approach but has a wider area of exposure. The 
skin incision is a long incision starting from the 
preauricular crease extending downwards and 
around the base of pinna over the posterior sur-
face of the auricle and ends in an extension over 
the skin of the mastoid region. The pertinent 
anatomy of this particular approach requires 
careful dissection over the mastoid and post- 
auricular region wherein the great auricular 
nerve traverses in an antero-superior direction 
over the sternocleidomastoid muscle piercing 
the superficial layer of deep cervical fascia and 
lies beneath the subcutaneous plane. The initial 
incision is made through the skin, subcutaneous 

tissues and scant platysma, and a plane is cre-
ated over the superficial musculoaponeurotic 
system through blunt dissection. The deeper 
dissection through the parotid capsule and gland 
can be performed similar to transparotid retro-
mandibular or the trans-masseteric antero 
parotid approaches.

Indications:

 1. Multiple fractures involving condyle, ramus 
and posterior body of the mandible.

 2. Concomitant injuries requiring soft tissue 
resuspension.

Merits:

 1. Wide surgical exposure
 2. Direct access
 3. Provision to accommodate soft tissue correc-

tions for better cosmetic outcomes

a b

c

Fig. 14.12 (a) Periangular approach. (b) Periangular approach; surgical marking. (c) Periangular approach; surgical 
exposure
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 4. Lengthy incision provides for better 
retraction

 5. Favourable scar, as part of the scar is extended 
into the hairline and in post-auricular surface

 6. Accommodates for modifications in dissec-
tion into the deeper tissues.

Limitations:

 1. Injury to great auricular nerve may result in 
paresthesia of skin over the angle and ear lobe.

14.5.4  Access Osteotomies (Fig. 14.14)

Medially displaced condyles, especially high- 
level fractures tend to be a challenge to retrieve, 
reduce and fix as the access to mobilize them 
and reduce them is very limited. The follow-
ing text discusses two techniques of using 
access osteotomies for the retrieval, reduction 
and fixation of the displaced condylar head 
(osteotomy-osteosynthesis).

 1. The use of vertical ramus osteotomies for 
accessing the medially displaced high condy-
lar fractures started with the independent 
descriptions of Ellis et al. and Mikkonen et al., 
both in 1989. But these carried a significant 
disadvantage of compromised vascularity to 
the fractured condyles as both techniques 
advocated extra-corporeal fixation of the con-Fig. 14.13 Rhytidectomy approach

a

Condylar head

Lateral Pterygoid

Condylar head

Lateral Pterygoid

b

Fig. 14.14 Access osteotomies; (a) Vertical ramus osteotomy. (b) Zygomatic-arch Osteotomy
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dyle to the osteotomized ramus prior to 
anchoring the segments back to the distal 
fragment. These were overcome by the tech-
nique advocated by Sasaki et  al. in 2002, 
which involved maintaining fragments inter-
nally with their muscular attachments; the lat-
eral pterygoid attachment to the condylar head 
and the medial pterygoid to the medial surface 
of the osteotomized ramus. This ensured good 
vascularity to the fracture fragments and was 
expected to promote healing.

 2. In 2018 Panneerselvam et  al. proposed the 
Zygomatic-arch Osteotomy (ZO) technique 
for osteotomy-osteosynthesis of the medially 
displaced high condylar fractures. This tech-
nique involved the utilization of the standard 
preauricular approach to the joint. The next 
step was exposure of the zygomatic arch which 
was osteotomized after adapting a miniplate 
for re-approximation and fixation. This created 
a direct access to the medial aspect of the 
ramus for easy location and retrieval of the dis-
placed fragment. Care is taken to preserve the 
attachment of the lateral pterygoid to the con-

dylar head ensuring its vascularity. The con-
dyle is then reduced and fixed through the 
same approach followed by the re-fixation of 
the osteotomized arch into its original position 
with the aid of the adapted miniplate.

14.6  Choosing the Ideal Incision

Choosing the right incision to approach the TMJ 
depends on the specific site which requires 
access, procedure planned and the available 
armamentarium. A simple flowchart to guide in 
choosing the ideal incision is given in Fig. 14.15.
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Internal Derangements 
of Temporomandibular Joint

Kishore Moturi

15.1  Introduction

Temporomandibular joint (TMJ) is one of the 
functionally complex joints in the human body. 
Intervening disc in the TMJ is an essential com-
ponent for maintaining its normal function and 
should endure its dynamically anatomic position 
as well as shape for a balanced joint mechanics. 
Internal derangement (ID) of the TMJ is any 
interference with the smooth joint movement due 
to lost synchronization between the joint compo-
nents. In the temporomandibular joint, the inter-
vening disc lies between the condylar head and 
the articulating surface of the glenoid fossa in the 
temporal bone. In essence, condylar head articu-
lates with the inferior surface of the fibrous disc 
and the cranial surface of the disc articulates with 
the glenoid fossa. The glenoid fossa in the tempo-
ral bone is a fixed bony landmark with disc and 
the condylar head of the mandible being dynamic 
in nature. The role of the disc is to maintain a 
functional pad between the superior temporal 
bone and the inferior head of the condyle during 
mandibular movements, effected by the move-
ment at the temporomandibular joint bilaterally.

At rest and during initial pure joint rotation, 
when the mouth is closed or with slight opening, 
the disc rests between the condylar head and the 

bone of the glenoid fossa. Wider mouth opening 
is achieved by translation of the mandibular con-
dyle in forward direction. At this dynamic state, 
the disc should accompany the head of the con-
dyle and move anteriorly. Similarly, while clos-
ing the mouth, the disc should go back to its 
resting sandwich position smoothly. Disharmony 
in the dynamic functioning of the joint is referred 
to as internal derangement. It is synonymous 
with disc displacement/derangement (DD). 
Patients at onset or with initial progressive dis-
harmonies may be symptom-free. When present, 
symptoms may range from pure joint sounds 
(click or a pop) to chronic pain with severely dis-
turbed function. Muscle pain/tenderness, head-
ache and disability including reduced jaw 
opening may add to a deterioration in quality of 
life for a patient with internal derangement of the 
temporomandibular joint [1].

Disc displacements (DD) are frequently 
divided into two broad classes:

 1. DD with reduction (DDwR) (Fig. 15.1a, b)
 2. DD without reduction (DDwoR) (Fig. 15.2a, 

b).

DDwR represents lost synchrony between the 
disc, condyle and the glenoid fossa, but the inter-
vening disc manages to return to its functional 
position, on mandibular movements. Whereas, in 
cases with DDwoR, the disc does not return to its 
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a

b

Mouth closed

Open 
mouth

Fig. 15.1 (a) Relationship of the temporomandibular joint (TMJ) head to that of the discal tissue during closed and 
open mouth. (b) Anterior disc displacement with reduction
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functional or resting sandwich position between 
the condylar head and the glenoid fossa.

These derangements may further be divided 
into various sub-categories. The recently pub-
lished Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) has enumerated common 
intra-articular TMJ disorders such as DDwR, 
DDwR with intermittent locking, DDwoR with a 
limited opening, DDwoR without limited open-
ing, degenerative joint disease (DJD) and 
sub-luxation.

15.1.1  Various Types of Disc 
Displacement

ID is usually a progressive disease process with 
the intervening disc displaced anterior, medial, 
lateral or posterior to its desired anatomic loca-
tion in relation to the condylar head and the gle-
noid fossa at a resting closed mouth position. 
Initially, during the early course of this dishar-
mony the intervening disc reduces to its func-
tional position while opening the mouth. 

b

a

Closed
mouth

Open
mouth

Fig. 15.2 (a) Disc displacement without reduction where the disc (blue) is seen to interfere with the condylar head. (b) 
Anterior disc displacement without reduction
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Gradually the disc loses its elasticity and gets 
deformed which may lead to secondary articular 
bone changes [2]. The incidence of various types 
of disc displacement reported are:

 1. Anterior disc displacement (80–90%), being 
most common

 2. Medial/Lateral displacement (5%)
 3. Posterior displacement (1%), least common
 4. Stuck disc (4%)

Whyte et al. evaluated 288 displaced TMJ disc 
using magnetic resonance imaging (MRI) and 
concluded that anterior disc displacement (44%) 
is the most common type followed by anterolat-
eral disc displacement (29%) (Figs.  15.3 and 
15.4a, b). They also summarized the displaced 

disc position for bilateral, right and left TMJ in 
their study as shown in Table  15.1. In recent 
times, it is established that bilateral ID is more 
common than unilateral ID of TMJ [3, 4].

Imaging is required to confirm the diagnosis. 
It is essential to know the normal disc position 
during rest and mouth opening to assess the 
pathology (Figs.  15.5 and 15.6). DD and DJD 
commonly co-exist. In some patients with DD, 
degenerative changes develop progressively with 
time. However, it is emphasized that DJD is not 
always associated with DD.  Degenerative TMJ 
changes may exist solely or be associated with 
other conditions, such as systemic inflammatory 
joint disorders (e.g., rheumatoid arthritis) [5].

15.2  Aetiology of Internal 
Derangement

As the numerous emerging data suggest the aeti-
ology and pathophysiology is related to a low- 
grade inflammation with the release of 
inflammatory and cartilage degrading bio- 
markers. In clinical presentations with painful 
ID, a more pronounced intra-articular inflamma-
tion may be present. Wilkes (1989) classified ID 
into five stages [6] (Table 15.2). Later Dimitroulis 
(2013) proposed the practical surgical classifica-
tion for management of the TMJ disorders includ-
ing ID [7] (Table 15.3). A new classification for 
juvenile anterior disc displacement has been pro-
posed by Shen P et al. (2019) [8].

One of the common causes of ID is trauma 
which can be either micro- or macro-trauma [1]:

 1. Micro-trauma: Excessive loading caused by 
para-functional habits, unstable occlusion, 
increased joint friction, hyper-mobility/sub- 
luxation of the joint cause prolonged repeti-
tive atypical forces. If such force exceeds the 
physiologic limits, tissue degeneration is 
bound to occur.

 2. Macro-trauma: Acute/Chronic trauma such as 
blow to the face, intubation induced trauma. 
There exists a balance between tissue breakdown 
and repair in synovial joints under normal physi-

Fig. 15.3 Coronal T1-weighted magnetic resonance 
image (MRI) in closed-mouth position depicts lateral disc 
displacement, the disc crosses over the lines through the 
condylar poles. (Adapted with permission from Aoyama 
S, Kino K, Amagasa T, et al. Clinical and magnetic reso-
nance imaging study of unilateral sideways disc displace-
ments of the temporomandibular joint. J Med Dent Sci. 
2002; 49(3):89–94)
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ologic condition. If this balance is disrupted, it 
results in an increased tissue breakdown. It can 
contribute to the disc displacement due to stretch-
ing/tearing of the retro-discal tissue.

In the intra-articular compartment, an inces-
sant process balances the free radical formation 
and neutralizing mechanisms. Local hypoxia 
occurs if there is increased mechanical loading in 
the joint. Increase in hypoxic cells in turn 
increases the free radical production leading to 
degradation of hyaluronic acid, which is an 
essential component of synovial fluid impairing 
the lubrication of the joint. This leads to indeco-

rous friction between the joint components caus-
ing adhesions and DD [1] (Fig. 15.7).

15.3  Diagnosis of ID of TMJ

15.3.1  Clinical Examination

The common signs and symptoms include:

 1. Pain/tenderness in the pre-auricular or TMJ 
region

 2. Reduced mouth opening (Normal inter-incisal 
opening: 35–50 mm)

a b

Fig. 15.4 (a, b) Same patient, right side (a) and left side 
(b). The disc can still be considered non-dislocated on the 
right side (a) since the border between the retrodiscal 
lamina and the posterior band lies at +15° (dotted line), 
even if the pars intermedia tends to slide anteriorly with 
respect to the condyle. The left disc instead (b) is dislo-
cated. In fact, the border between the retrodiscal lamina 

and the posterior band lies at approximately +40° (dotted 
line), and the pars intermedia is not found between con-
dyle and eminence any longer. [Reprinted/adapted by per-
mission from Tanteri C., Robba T., Cimino R., Tanteri G. 
(2020) Joint Disorders. In: Robba T., Tanteri C., Tanteri G. 
(eds) MRI of the Temporomandibular Joint. Springer, 
Cham. https://doi.org/10.1007/978-3-030-25421-6_7]

Table 15.1 Summary of displaced disc in bilateral, right and left temporomandibular joint by Whyte AM et al.

Disc position/displacement Bilateral (288 joints) Right TMJ (143 joints) Left TMJ (144 joints)
Normal 17% 20% 15%
Anterior 44% 40% 49%
Medial 1% 1% 1%
Lateral 3% 4% 2%
Antero-lateral 29% 30% 27%
Antero-medial 6% 5% 6%
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a b

c d

Fig. 15.5 Sequences of four images (a−d) have been 
selected from a kinematic-MR and show sequences from 
inter- cuspation (closed mouth) to maximum opening. 
During excursion, the pars intermedia of the disc (arrow) 
is constantly found between condyle and tubercle. Note 
that in normal conditions the disc will show mobility with 
respect to the condyle and the tubercle, thus resting 
between the two at all times, as shown in kinematic MRI 
images. At inter-cuspation (a), the pars intermedia is 
between the eminence and the condylar head (arrow), and 
the border between the retro-discal lamina and the poste-

rior band lies at 12 o’clock (blue line) and the condyle-
disc complex is cantered with respect to the fossa. Note 
the disc position, (a) at intercuspation (closed mouth); (b) 
on early opening of mouth – corresponding to rotation; (c) 
wider opening – corresponding to translation; (d) on max-
imum opening. [Reprinted/adapted by permission from 
Tanteri C., Robba T., Cimino R., Tanteri G. (2020) Joint 
Disorders. In: Robba T., Tanteri C., Tanteri G. (eds) MRI 
of the Temporomandibular Joint. Springer, Cham. https://
doi.org/10.1007/978-3-030-25421-6_7]
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INTRA-ARTICULAR JOINT DISORDERS

Current TMJ noises by history
OR detected by patient during examination

Opening & closing click
OR

“opening or closing click AND excursive or protrusive click”

Current intermittent locking
with limited opening

If verifiable:
Maneuver opens mouth (else go to “yes”)

YES

YES

YES

MAO > 40 mm
Overbite included

Prior jaw locking in closed position
AND interference in mastication

YES

YES

DISC DISPLACEMENT
WITH REDUCTION

DISC DISPLACEMENT
WITHOUT REDUCTION WITH LIMITED OPENING

DISC DISPLACEMENT
WITHOUT REDUCTION WITHOUT LIMITED OPENING

CONFIRM BY MRI WHEN INDICATED

DISC DISPLACEMENT
WITH REDUCTION WITH INTERMITTENT LOCKING

YES

NO
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Fig. 15.6 Diagnostic flowchart based on history and 
clinical examination for disc displacements according to 
the TMD-diagnostic criteria. [Reprinted/adapted by per-
mission from Tanteri C., Robba T., Cimino R., Tanteri G. 

(2020) Joint Disorders. In: Robba T., Tanteri C., Tanteri G. 
(eds) MRI of the Temporomandibular Joint. Springer, 
Cham. https://doi.org/10.1007/978-3-030-25421-6_7]

Table 15.2 Staging criteria for internal derangement of the temporomandibular joint by Wilkes CH (1989)

Stage
Findings
Clinical Radiologic Surgical

I.  Early
(early reducing 
DD)

1.  No significant 
symptoms

2.  Reciprocal clicking 
(early in opening 
movement, late in 
closing movement, and 
soft in intensity)

3.  No pain or limitation of 
motion

1.  Slight forward 
displacement

2.  Good anatomical 
contour of disc

3.  Normal tomograms

1.  Normal anatomical form
2.  Slight anterior displacement
3.  Passive in-coordination (clicking) 

demonstrable

II.  Early/
intermediate

(late reducing 
DD)

1.  Few episodes of pain
2.  Occasional joint 

tenderness and related 
temporal headaches

3.  Initiation of major 
mechanical problems

4.  Increase in intensity of 
clicking sounds

5.  Joint sounds later in 
opening movement

6.  Beginning of transient 
sub-luxation/joint 
catching and locking

1.  Slight forward 
displacement

2.  Slight thickening of 
posterior edge/
beginning anatomical 
deformity of disc

3.  Normal tomograms

1.  Anterior displacement
2.  Early anatomical deformity (slight 

to mild thickening of posterior 
edge)

3.  Well-defined central articulating 
area

(continued)
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Stage
Findings
Clinical Radiologic Surgical

III.  Intermediate
(Non-reducing 
DD—acute/
sub-acute)

1.  Multiple pain episodes
2.  Joint tenderness, 

temporal headaches
3.  Major mechanical 

symptoms—transient 
catching, locking and 
sustained locking 
(closed locks)

4.  Restriction of motion 
difficulty/pain with 
function

1.  Anterior 
displacement with 
significant anatomical 
deformity

2.  Prolapse of disc 
(moderate to marked 
thickening of 
posterior edge)

3.  Normal tomograms

1.  Marked anatomical deformity with 
displacement

2.  Variable adhesions (anterior, lateral, 
and posterior recesses)

3.  No hard-tissue changes

IV.  Intermediate/
late

(non-reducing 
DD—chronic)

1.  Variable and episodic 
pain, headaches

2.  Variable restriction of 
motion, undulating 
course

1.  Increase in severity 
over intermediate 
stage

2.  Abnormal tomograms
3.  Early to moderate 

degenerative 
remodelling 
hard-tissue changes

1.  Increase in severity over 
intermediate stage

2.  Hard-tissue degenerative 
remodelling changes of both 
bearing surfaces

3.  Osteophytic projections
4.  Multiple adhesions (lateral, 

anterior, and posterior recesses)
5.  No perforation of disc or 

attachment
V. Late
(non-reducing 
DD with 
osteoarthritis)

1.  It is characterized by 
crepitus on examination, 
scraping, grating, 
grinding symptoms

2.  Variable and episodic 
pain

3.  Chronic restriction of 
motion

4.  Difficulty with function

1.  Anterior 
displacement

2.  Perforation with 
simultaneous filling 
of upper/lower 
compartments

3.  Gross anatomical 
deformity of disc and 
hard tissues

4.  Abnormal tomograms
5.  Degenerative arthritic 

changes

1.  Gross degenerative changes of disc 
and hard tissues

2.  Perforation of posterior attachments
3.  Erosions of bearing surfaces
4.  Multiple adhesions equivalent to 

degenerative arthritis (sclerosis, 
flattening, anvil-shaped condyle, 
osteophytic projections, and 
subcortical cystic formation)

Table 15.2 (continued)

Table 15.3 TMJ surgical classification by Dimitroulis G (2013)

Category TMJ condition Management
1 Normal Painful joint, joint shows normal smooth joint function

Radiology confirms no joint pathology
Surgical intervention is contra-indicated

2 Minor changes
All components salvageable

Early stage ID of TMJ may result in closed lock.
Arthrocentesis/arthroscopic lavage may be helpful in releasing the 
joint

3 Moderate changes
Mostly salvageable

Non-reducing DD, recurrent TMJ dislocation where TMJ arthroscopy/
TMJ arthroplasty/disc repositioning may be appropriate

4 Severe changes
Partly salvageable

Severely displaced/deformed discs resulting in a chronic pain and 
limited mouth opening
Disc cannot be salvaged and require discectomy

5 Catastrophic changes
Nothing is salvageable

End-stage joint disease such as severe osteoarthritis, ankylosis
Best treated with total joint replacement
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Under normal
physiological

conditions

balance exists
between

formation of free
radicals and
neutralising
mechanisms

on mechanical
loading of the joint

local hypoxia
develops

reperfusion of
hypoxial cells

increase in free
radicals

degradation of
hyaluronic acid

impaired lubrication
in the joint

increase in friction
between joint
components

adherence or an
anchored discdisc derangement

cross linking of
fibrinogen and

fibronectin

Fig. 15.7 Pathophysiology of internal derangement
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 3. Reduced latero-retrusive movements (Normal 
ipsilateral/contralateral movements of joint: 
5–10 mm)

 4. Joint sounds: Click/crepitation
 5. Deviation on mouth opening
 6. Locking
 7. Presence of masticatory/cervical muscle 

tenderness

15.4  Imaging in ID of TMJ

The conventional radiographs are initially used 
for screening. Panoramic imaging is used to 
examine the condyle, glenoid fossa and the 
articular eminence. For a more detailed evalua-
tion, cone- beam computed tomography (CBCT)/
conventional computed tomography (CT) may 
be advised. Bone study using X-rays are utilized 
to access joint abnormalities such as degenera-
tive changes, osteoarthritis and other morpho-
logic changes accurately. A stereolithographic 
model can be pre-fabricated using three-dimen-
sional (3D) images for evaluation of the anat-
omy and reconstruction purposes.

Ultrasonography (USG) can be used for 
screening and to assess any morphological 
changes and the soft tissues of the joint. Magnetic 
resonance imaging (MRI) is a standard modality 
to visualize retro-discal tissue, disc position and 
morphology, bone marrow changes and presence 
of joint effusion. Newer advancement includes 
the use of MRI-CBCT image fusion technique to 
improve reliability and accuracy of disc position 
assessment. Real-time imaging using MRI 
allows to record data regarding the dynamics of 
entire articular components during jaw move-
ment which is more consistent in diagnosing ID 
(Figs. 15.4 and 15.5).

If there is suspicion of systemic involvement 
(such as rheumatoid arthritis or juvenile idio-
pathic arthritis), appropriate tests such as human 
leukocyte antigen-B27, anti-nuclear factors and 
rheumatoid factors should be ordered [9].

15.5  Management of ID of TMJ

The main aim of the treatment involves removal 
of the causative factors, reduction of symptoms, 
promote healing of the articular structures. Early 
stages of ID can be managed by conservative or 
minimally invasive methods. Advanced stages 
would require surgical interventions including 
the open joint surgery. Management of ID of 
TMJ may be divided into two broad categories:

• Non-surgical
• Surgical

15.5.1  Conservative or Non-surgical 
Management

The main objective of the conservative therapy is 
reduction of joint loading and pain. It is usually 
the first line of therapeutic management. The 
conservative management includes a number of 
different treatment modalities.

15.5.1.1  Patient Education
The essential aspect of a treatment starts with 
informing the patient regarding the cause, patho-
genesis of the disease. Diet modification, aware-
ness of para-functional habits and the stress 
reduction protocols should be established by edu-
cating the patient. Re-assurance and proper com-
munication from the clinician reduce the patient’s 
anxiety regarding the diagnosed problem. It is the 
first and most important part of the management.

15.5.1.2  Pharmacological 
Management

It includes various drugs ranging from analgesics 
to immune suppressing agents such as corticoste-
roids. Ordinarily, management of TMDs require 
a combination of various group of drugs.

Analgesic drug Non-steroidal anti- 
inflammatory drugs (NSAIDs) are commonly 
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used for the pain and/or inflammation reduction. 
In cases where NSAIDs are contraindicated, opi-
oids may be utilized with the limitation to its 
anti- inflammatory property.

Muscle relaxants They reduce localized mus-
cular spasms, which may be secondary to or lead-
ing to ID.

Chondro-protective drugs It aids in restoring 
the metabolic balance in articular cartilage.

Anti-anxiety and anti-depressants Anxiety, 
depression and stress are found to be associated 
with TMDs. Anti-anxiety and anti-depressants 
drugs resolve stress induced TMDs. They also act 
as an adjunct to improve sleep and reduce stress 
related para-functional habits. Benzodiazepines 
are potent group of drugs that can aid in reducing 
the muscle tonicity, when required.

Systemic corticosteroids Though rarely used 
for ID, may be utilized for its strong anti- 
inflammatory properties through leukotriene 
pathway suppression.

15.5.1.3  Thermotherapy
Thermal stimuli in the form of heat or cold appli-
cation can be done in ID cases. Heat is frequently 
used in the form of hot compresses. Application 
of moist hot fomentation on the symptomatic 
area for 10–15 min not more than 30 min is ben-
eficial. The primary goal is to increase blood sup-
ply through vasodilatation, leading to decreased 
pain and joint stiffness.

Cold compression reduces transmission of 
impulse by the nerve endings causing decreased 
perception of pain. It causes local vasoconstric-
tion. The use of cold compress includes fomenta-
tion using an ice pack or cooling sprays such as 
ethyl chloride and fluoro-methane [9].

15.5.1.4  Physiotherapy
Physiotherapy is a common therapeutic method 
indicated in discopathy and hyper-mobility of 
TMJ. It helps in improving the strength of articu-
lar capsule, along with the improvement in the 
desired crusade of the masticatory/cervical mus-

cles. The exercises should be performed at short 
intervals and multiple times daily than once a day 
for a longer period as it can cause overload of the 
joint and progression of pain. It should be per-
formed to limit the pain and patient should not try 
to overcome pain by movement. It is essential to 
perform passive motion exercise for at least 2 
months in the post-surgical period.

Manual therapy involves a group of supportive 
activities as an adjunct to the definitive treatment. 
It can enhance the outcome of the management 
for TMDs. They offer best outcomes when 
selected appropriately and combined with the 
customized need of a particular patient. The vari-
ous techniques performed for the soft tissue or 
joint mobilization and muscle conditioning 
include deep massage, gentle distraction of the 
joint, passive or assisted muscle stretching, resis-
tance exercise, postural training for aligning 
head, neck and shoulders.

 1. Isometric exercise: Patient places the hand 
beneath the chin and starts exercising against 
palm resistance by slowly opening the mouth. 
It aids in strengthening of the active muscles 
and the articular capsule involved.

 2. Repositioning exercise: It is indicated for 
alignment of dislocated disc and jaw 
mobilization.

 3. Massage of masticatory muscles: It helps to 
improve blood flow enhancing muscles func-
tion and decreasing the pain. It contributes to 
movement co-ordination and stretching of 
spastic muscles. It can also be used for post- 
operative mouth opening.

15.5.1.5  Intraoral Appliance
Use of an intraoral orthodontic appliance finds 
application in management of many TMJ disor-
ders. Specific malocclusions include the absence 
of posterior support, loss of vertical dimension 
of occlusion resulting in mandibular over closure 
and severe class II division II malocclusions 
benefit from an appliance therapy. Para-
functional habits cause loss of occlusion from 
teeth wear. Using an intraoral appliance such as 
night guard in patients with known clenching/
bruxism protects the dentition from wear, 
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decreases the muscle hyperactivity to some 
degree and alters the joint loading, thereby 
improving the symptoms.

15.5.1.6  Occlusal Splints
It is a removable appliance with a thickness of 
1.5–3  mm commonly made from acrylic resin. 
The splints can be fabricated for maxilla/mandi-
ble and can be partial/complete. It aids in reduc-
tion of the intra-articular pressure reducing 
overload and pain, balancing and deprograming 
occlusion, thus reducing the muscle spasm. The 
potential disadvantage of splint is, its long-term 
use can cause a malocclusion. Considerations for 
constructing an occlusal splint include

 1. Symmetrical, bilateral articulating contacts of 
maxilla/mandible

 2. Smooth edges
 3. Proper retention
 4. Should not irritate periodontal tissues. It 

should cover only the teeth
 5. It should not cause functional obstacle by 

restricting tongue movement, phonation and 
deglutition.

Common types of occlusal splints that are put 
to use for treating various TMDs include: 
Stabilization splint, anterior repositioning splint 
and a soft or a resilient splint.

15.5.1.7  Diagnostic Blocks
Blocking the nerves supplying the TMJ with 
local anaesthetic solution (LA) can be an essen-
tial diagnostic aid to determine if this joint is 
the primary source of pain and if related areas 
of referred pain exist. Block can be accom-
plished through either intra- or extra-capsular 
injection.

Epinephrine containing aesthetic solutions 
should generally be avoided to prevent vaso-
constriction in areas where circulation may 
already be compromised because of chronic 
muscle contraction or a spasm and presence of 
an on-going inflammatory process. An attempt 
to distinguish a local muscle soreness, muscle 
spasm and locating the trigger points can be 
made using local anaesthetics.

15.5.1.8  Ultrasound Therapy
It has the same concept of thermotherapy, but is 
found to be more effective as it acts on deeper 
tissues and not just the surface. Ultrasound not 
only increases the blood flow in deep tissues but 
also seems to separate collagen fibres, which 
improve the flexibility and extensibility of con-
nective tissues, decrease joint stiffness, provide 
pain relief, improve mobility and reduce muscle 
spasm. Studies indicate that ultrasound therapy is 
effective in relieving myofascial pain caused by 
TMJ [10].

15.5.1.9  Trans-cutaneous Electrical 
Nerve Stimulation (TENS)

Electric stimulation devices for treatment of TMD 
are claimed to have two primary purposes of 
relieving pain and muscle hyperactivity or spasm. 
But studies have proved that TENS can be used 
only as an adjunct to other treatment modalities 
and not as the only treatment method [10, 11].

15.5.1.10  LASER (Light Amplification 
by Stimulated Emission 
of Radiation)

Low-level laser therapy (LLLT) may help in 
repair of tissues by its action as an analgesic and 
an anti-inflammatory. It claims to stimulate blood 
flow to tissues, increases lymphatic drainage and 
reduces muscle contraction. But the long-term 
effectiveness of LLLT in managing TMDs 
remains limited [12, 13].

15.5.1.11  Acupuncture
Acupuncture is a lesser known modality to relieve 
pain in TMJ disorder but there exist few reports 
pointing towards its effectiveness in selected 
cases [13, 14].

15.5.2  Surgical Treatment

Surgery to the TMJ plays an essential role in the 
management of patients who have late or advanced 
stage ID. Surgical intervention is generally indi-
cated when non-surgical therapy is ineffective and 
is usually avoided for asymptomatic or minimally 
symptomatic cases. ID of TMJ is not considered 
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as a condition of TMJ disc alone but of the entire 
joint and associated structures. Patients catego-
rized to the initial stages of Wilkes classification 
can be managed effectively with conservative to 
minimally invasive modalities. Advanced and 
non-salvageable stages may require open joint 
surgeries. The various techniques include mini-
mally invasive to open surgical procedures which 
are discussed as under (Table 15.4).

15.5.2.1  Arthrocentesis
Arthrocentesis is a least invasive and an effec-
tive procedure performed for the ID of TMJ 
consisting of joint lavage and administration of 
medications into the joint [15]. It is usually an 
office-based procedure under local anaesthesia 
(LA) occasionally assisted with conscious seda-
tion. This technique involves the insertion of 
two adequate- gauge needles into the superior 

joint space of the TMJ in a double puncture 
technique. Through the first or an inflow needle, 
100–300  ml of Ringer’s lactate solution is 
injected into the superior joint space. The sec-
ond needle acts as an outflow portal allowing 
lavage of the joint cavity.

Steroids, sodium hyaluronate or platelet rich 
plasma (PRP) may be injected at the end of the 
lavage to alleviate intra-capsular inflammation and 
improve joint function. The patient is placed on a 
soft diet and physiotherapy for a few days after the 
procedure with regular follow-up. The main goal 
of arthrocentesis is lysis of the adhesions and 
lavage of the joint, to flush the inflammatory medi-
ators and reduce the intra-articular oxidative stress. 
Various techniques have been described to execute 
arthrocentesis which may depend on the number 
of joint access points, single puncture technique or 
double puncture technique (Refer Chap. 19).

15.5.2.2  Arthroscopy
Arthroscopy is another treatment modality 
employed in the management of ID of TMJ. It 
involves the use of endoscope introduced into the 
joint cavity which allows the intra-articular 
examination or treatment. Usually a diameter of 
1.9–2.7 mm endoscope is used to perform TMJ 
arthroscopy. It is as effective and sometimes 
superior to arthrocentesis to remove articular 
adhesions, improve function and reduces pain in 
ID. It can be diagnostic or therapeutic (Refer 
Chaps. 20 and 21).

15.5.2.3  Diagnostic Arthroscopy
It aids in visualization of various areas in the joint 
space subsequently allowing lysis of the adhe-
sions and lavage of the joint. Diagnosis of the 
stage of the ID, changes in the synovium caused 
by the inflammation can be identified and recorded 
followed by administration of  medicaments into 
the joint space. Patients with DDwoR may present 
with pronounced fibrous adhesions and enhanced 
inflammatory changes. Lysis and lavage under 
arthroscopic view is effective in such patients pro-
vided ID (DDwoR) is of shorter duration.

15.5.2.4  Surgical Arthroscopy
It involves performing a surgical intervention in 
and around the joint under arthroscopic view. 

Table 15.4 Surgical management for ID of the TMJ

Surgical procedure Techniques
Closed/minimally invasive technique
Arthrocentesis Single puncture

Double puncture
Arthroscopy Diagnostic followed by 

therapeutic
Discopexy

Open technique
Disc plication Partial

Complete
Discopexy Temporal supported

Mitek anchor
Lysis of adhesions in 
superior and inferior 
joint spaces without 
disc repositioning

Can be undertaken in 
conjunction with 
eminoplasty

Meniscectomy 
(discectomy) without 
replacement

Platelet-rich plasma 
injection, may be utilized 
simultaneously to prevent 
dead space formation

Meniscectomy with 
replacement

Autogenous material
(a) Auricular cartilage
(b) Temporalis muscle/fascia
(c) Dermal graft
Alloplastic material
(a) PTFE interpositional 
implants
(b) Silicone pull out 
implants

Condylotomy Conventional 
Intra-oral condylotomy
Closed condylotomy 
(Kostecka’s technique)
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Along with the endoscope, surgical instruments 
such as needles and knifes for releasing, hooks, 
probes, scissors, forceps or shavers are introduced 
into the joint through a separate surgical working 
port. It may be employed to remove adhesions, 
repair the disc, disc recapitulation/plication, syno-
vectomy, discectomy and eminectomy. Specimens 
also can be obtained for histopathologic examina-
tion under arthroscopic view [9, 15].

15.5.2.5  Open Surgical Methods
The various open surgical methods for ID of 
TMJ are listed in Table 15.4. They are aimed to 
effectively reduce pain and increase the range of 
motion in the post-operative period. For an open 
arthroplasty procedure, the joint is exposed after 
layered dissection through a pre-auricular inci-
sion (Refer Chap. 14). Following adequate 
manipulation of the mandible, the lateral pole of 
the condyle can be palpated with capsular 
depression evident between the glenoid fossa 
and the lateral pole. A small incision is placed in 
the lateral capsule after administration of LA to 
enter the superior joint space which is confirmed 
by the presence of the synovial fluid. Depressing 
the posterior mandible increases the joint space 
at this stage. Further incising results in the visu-
alization of the superior aspect of entire disc 
along with the anterior and posterior recess.

A freer elevator should be used to break adhe-
sions by sweeping across gently. Care should be 
taken to note the position and function of the 
disc along its medial-lateral dimension during 
mouth opening and closing movements. If both 
the disc and condyle function properly, the joint 
space is irrigated thoroughly followed by clo-
sure. If there are presence of adhesions/deformi-
ties in the inferior joint space, they should be 
removed/contoured followed by copious irriga-
tion while the condyle is retracted inferiorly and 
anteriorly [16, 17].

15.5.2.6  Disc Plication
It may be a partial or a complete plication proce-
dure. In partial disc plication, a small wedge- 
shaped (pie shaped) tissue is removed followed 
by repositioning the disc in a posterior and lateral 
plane. Contrary to this, a full wedge of retro- 
discal tissue is removed and disc repositioning is 

done by suturing the salvaged retro-discal tissue 
to the posterior ligament for complete plication. 
Repair is usually performed using 4-0 resorbable 
suture. If there is still an obstruction in the man-
dibular movement, the surgeon may opt to under-
take an eminoplasty [17].

15.5.2.7  Discopexy
After entering the superior and inferior joint space, 
lysis of adhesions is performed followed by free-
ing the displaced disc. A small hole is made in the 
postero-anterior direction in the lateral condylar 
pole. A 3-0 non-resorbable suture is placed through 
the hole and the disc at the junction of anterior and 
intermediate bands. The success of this procedure 
depends on the degree of deformity and extent of 
degenerative changes. The same procedure can be 
performed by using Mitek anchors. It can secure 
the disc in a more physiologic position. It involves 
a metal insert into the condylar head with a suture 
attached to it (Refer Chap. 18) [17, 18].

15.5.2.8  Discectomy (Meniscectomy) 
Without Replacement

It is performed when the disc is irreparable and is 
considered as the main treatment modality after 
failure of non-surgical and arthroscopic interven-
tions and even in the presence of disc perfora-
tions. The central avascular part of the disc and 
perforated area are removed. It is difficult to 
remove the medial part of the discal tissue. To 
control haemorrhage, thrombin-soaked sponges 
or LA containing epinephrine may be used. A 
Wilkes retractor can be used to push the condyle 
in an antero-inferior direction providing 
 maximum access to the medial part of the disc. 
Care should be taken not to extend the incision 
through the medial capsular wall to prevent dam-
age to the middle meningeal artery.

A temporary silicone implant placement may 
be considered to prevent any adhesion between 
condyle and the glenoid fossa. It also aids in for-
mation of fibrous tissue lining. The implant is 
usually removed after 6–12 weeks. Although, 
may be retained for several months post-opera-
tively without any adverse reactions unless if any.

Another feasible option instead of an alloplas-
tic material is to inject autogenous platelet rich 
plasma (PRP) or use platelet rich fibrin into the 
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joint space. It prevents the formation of dead space 
and promotes healing as it contains various growth 
factors and has a wound healing potential [17, 19].

15.5.2.9  Discectomy 
with Replacement

There are several autogenous and alloplastic 
materials available to replace the disc after menis-
cectomy. Although, many patients do not require 
any tissue replacement and perform well in the 
long term. Several investigators have tried various 
replacement materials to reconstruct the disc after 
surgery. The commonly used materials include 
autogenous grafts like dermal graft, auricular car-
tilage graft and temporalis muscle or fascia.

Dermal Graft
A full thickness graft involving both the epider-
mis and dermis can be harvested from the thigh 
or abdomen using a 15# bard parker blade. The 
harvested graft should be larger than the defect as 
it can contract during harvesting and handling 
before replacing. It should be harvested from 
non-hair bearing areas. It may also be harvested 
using a dermatome [17, 20].

Auricular Cartilage Graft
A posterior approach may be used to harvest an 
auricular cartilage that will leave a minimal scar. 
While using the anterior approach, incision should 
be placed between the anti- helix and outer helix. 
The rim of the anterior helix should not be vio-
lated during the graft harvest. The cartilage should 
be harvested in a curvilinear shape to match the 
glenoid fossa contour [17].

Temporalis Muscle/Fascia
The temporalis myofascial flap is a full thickness 
flap harvested using an preauricular or an endau-
ral incision extending to the temporal region for 
2–3 cm. The distal width of the inferiorly based 
flap should be wider than the actual dimensions of 
the joint space to compensate for the contraction. 
The dimensions of the flap are approximately 
5–6 cm in length and 3 cm in width. The flap is 
rotated over the zygomatic arch laterally and lined 
into the glenoid fossa and secured with multiple 
4-0 chromic/polyglactin 910 sutures [17].

15.5.2.10  Condylotomy
Condylotomy was described as a sub-condylar 
osteotomy mimicking a displaced sub-condylar 
fracture. This technique can be used in cases of ID 
instead of routine intra-capsular disc reposition-
ing techniques. It was popularized by Hall and 
other investigators with several modifications. 
Following this procedure, patients should be kept 
under intermaxillary fixation (IMF) for 7 days fol-
lowed by physiotherapy and inter-arch elastics 
[17, 21].

In 1928, the classic closed condylotomy was 
proposed by Kostecka, demonstrating a high ver-
tical oblique osteotomy cut bilaterally on the con-
dylar neck. Modifications of the technique were 
given by Ward, Smith and Sommer (1957), Banks 
and McKenzie (1975) who advocated a more ver-
tical and less oblique condylotomy. A modified 
condylotomy technique was proposed by Upton 
and Sullivan (1991) by performing an osteotomy 
cut from the most anterior aspect of the sigmoid 
notch to angle of the mandible as it facilitates the 
overlapping of the condylar and distal segment. 
An intraoral sub-condylar condylotomy was per-
formed by Shevel E (1991) [21–26].

Numerous authors have proposed newer tech-
nical modifications which involve use of the 
resorbable pins and newer suturing techniques 
for disc repositioning. These modifications are 
being investigated to improve the treatment out-
come in such patients [27–33].

15.5.2.11  Orthognathic Surgery
With advancements in surgical procedures 
involving the jaws, interventions such as bilat-
eral sagittal split osteotomy (BSSO) and the 
intraoral vertical ramus osteotomy (IVRO) to 
address the skeletal malocclusion in patients 
diagnosed with TMDs have been reported. The 
main goal should be to identify and correct the 
symptomatic TMDs along with the dento-facial 
deformity contributing to the cause (Fig. 15.8). 
Care should be taken to prevent and manage any 
intra-operative or post-operative complications 
and the risk of relapse. The patients diagnosed 
with class III skeletal malocclusion are least 
likely of all jaw relationships to have pre-opera-
tive TMDs. Literature suggests IVRO as the 
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Dentofacial Deformity

with TMD

Evaluation of TMD

Symptoms

Anti-

Depressant

Counsiling

Psychosocial

Symptoms

Muscular

Symptoms
Muscle

Relaxant

Trigger Point

Injections

Botox Splint

Therapy

Anterior Disc

Displacement

With

Reduction

Without

Reduction

PainfulPainless

Favorable

Response

Occlusal

Splint

Soft Diet, Physical

Therapy, Education,

NSAIDs

Intracapsular

Symptoms

MRI. CT

Degenerative

Joint Disease

PainfulPainless

Functional Non-

functional

Active

Painful

Combined Orthognathic

Surgery and TMJ

Reconstruction

Arthroscopy/

arthroplasty

Arthrocentesis

Poor

Response

Good

Response

Ok to proceed with

Orthognathic Surgery

Stable

Stable

Conservative

Therapy

Fig. 15.8 Flow diagram and treatment algorithm for 
patients with a dento-facial deformity and TMD symp-
toms. (Reprinted from Orthognathic Surgery, Vol 26/Issue 

4, John C.  Nale, Orthognathic Surgery and the 
Temporomandibular Joint Patient, Pg.554., Copyright 
(2014), with permission from Elsevier)
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technique of choice in TMD patients with a 
Class II skeletal malocclusion causing an ante-
rior and inferior displacement of the condyle 
which increases the joint space and disc reduc-
tion in joints with disc displacement with reduc-
tion or recent progression to a disc displacement 
without reduction. Occasionally, patient may 
present with both skeletal-facial deformity and 
end-stage TMJ disease where orthognathic sur-
gery along with an alloplastic total joint recon-
struction (TJR) for TMJ may be considered 
(Refer Chap. 22).

The role of orthognathic surgery in the treat-
ment of TMD has been debated for years due to 
the difficulty to establish a cause-and-effect rela-
tionship between orthognathic surgery and 
improvement in signs and symptoms owing to 
the multi-factorial nature of TMDs [34].

15.6  Conclusion

Post-operative follow-up and care is an essential 
aspect in managing patients diagnosed with ID 
of TMJ.  Patient counselling, diet modification, 
pharmacological and minimally invasive man-
agement protocols usually provide relief to 
majority of the patients. In cases where surgery 
is required, early aggressive physiotherapy and 
rehabilitation of the joint improves the 
outcome.

15.7  Definitions

 1. Internal derangement is a localized mechani-
cal fault interfering with the smooth action 
of a joint—Hey and Davies, 1814

 2. Internal derangement is a disturbance in the 
healthy anatomic relationship between the 
disc and condyle which interferes with the 
smooth movement of the joint and causes 
momentary catching, clicking, popping, or 
locking—Laskin DM, 1994

 3. Internal derangement is defined as any inter-
ference with smooth joint movement—de 
Leeuw R, 2008 [1]

 4. Disc derangement (DD) is a malpositioning 
of the articular disc relative to the condyle 
and eminence

 5. DD with reduction (DDwR) is a condition 
where the articular disc resumes its normal 
position on top of the condyle on mouth 
opening

 6. DD without reduction (DDwoR) is a condi-
tion where the articular disc remains mal-
positioned on opening attempts, resulting in 
restricted mouth opening in acute cases

 7. Disc adherence is a temporary sticking of the 
disc either to the fossa or to the condyle

 8. Disc adhesion is a fibrotic connection 
between the disc and the condyle or the disc 
and the fossa

 9. Subluxation (hyper-mobility) is an over exten-
sion of the disc–condyle complex on mouth 
opening, beyond the articular eminence

 10. Joint dislocation is the dislocation of the 
entire disc–condyle complex beyond the 
eminence combined with the inability to 
return passively into the fossa

 11. Discopexy is a disc tie-down procedure that 
anchors the disc to a condyle or fossa pur-
chase point using a suture/pin/screw/anchor

 12. Disc Plication is the surgical repositioning of 
disc by suturing it to retro-discal and/or lat-
eral capsular tissue

 13. Discoplasty is the repair of small perforation 
in the disc accompanied by degenerative 
changes by sutures in young patients

 14. Discectomy/Meniscectomy is the removal of 
the discal tissue in the presence of extensive 
disc perforation or in ID patients with no 
improvement from conservative/minimally 
invasive methods.

 15. Condyloplasty is the process of contouring 
the condylar surface when it is rough and 
uneven.

 16. Condylar shaving is the removal of 3–5 mm 
bone from the superior surface of the 
condyle

 17. Condylotomy is creating an osteotomy cut at 
the different levels of sub-condylar/ramus 
region to mimic a sub-condylar fracture

 18. Condylectomy is the removal of condyle 
when the joint cannot be salvaged.
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Temporomandibular Joint Trauma
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16.1  Introduction

Condylar fractures and soft tissue injuries to the 
temporomandibular joint (TMJ) comprise 29% 
of all the mandibular fractures. These injuries 
are mostly overlooked and least diagnosed of all 
facial injuries. Fracture is the commonly docu-
mented result of trauma to TMJ apparatus. 
Other soft tissue injuries to joint apparatus 
should also be evaluated for appropriate diagno-
sis and to prevent resultant complications such 
as disturbed jaw function, internal derangement 
of joint, possibility of ankylosis and mandibular 
growth disturbance leading to hypoplasia [1].

Injury of TMJ apparatus includes
• Effusion (hemorrhagic or serous)
• Soft tissue injury of disc, capsule or ligaments
• Dislocation of condyle from the fossa

 – Without fracture
 – With fracture other than condyle
 – With associated condyle fracture

• Fracture
 – Non-displaced
 – Deviated
 – Displaced
 – Dislocated
 – Comminuted
 – Involving adjacent bony structures
 – Combinations of the above [2]

16.2  Incidence of Condyle 
Fracture

Condylar fracture accounts for 29–35% (range 
based on percentage reported by various authors) 
of all mandibular fractures. Incidence of trauma 
varies as per various age groups described by 
Owusu and colleagues [3]. It comprises of about 
74% in individuals aged between 13 and 18 years 
and 26% in children less than 12 years. Condylar 
fractures as documented are more common in 
males than females [4].

16.3  Aetiology

The most common causes of condylar fractures 
in children at different age groups are: bicycle 
associated fall (6–12 year), motor vehicle acci-
dents (6–18 year), falls (1–12 year), child abuse 
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(1–5 year), contact sports (12–18 year) [5]. In 
adults, motor vehicle accidents, assaults, falls 
and sporting accidents are major contributing 
factors. Falls in elderly group is a primary factor 
[6]. Other less frequent causes of injury to TMJ 
include oro-tracheal intubation, whiplash injury 
and childbirth [7].

16.4  Mechanism of Injury

Teeth provide cushioning effect to the TMJ when 
in occlusion and thus the impact of force applied 
to mandible is less in a closed dentate mouth as 
compared to open mouth. Type of condylar frac-
ture depends on magnitude and direction of the 
force. When force is axially directed from chin, it 
results in unilateral or bilateral condylar fracture. 
As the condyles are positioned superiorly and 
posteriorly, due to the direction of the force trans-
mitted, there is fracture of the condylar neck and 
thus, preventing the forces getting directed to the 
glenoid fossa. This mechanism prevents direct 
transmission of forces to the base of skull [8].

16.5  Pathophysiology

Anatomy of mandibular condyle at various growth 
stages determines the pattern of fracture and 
response to trauma. In children less than 5 years of 
age condylar fractures often are intra- capsular than 
extra-capsular as the condylar neck is short, broad 
and highly vascular, comprising more of cancel-
lous bone and thin cortical bone. Intra-capsular 
fractures consequential to chin impact due to fall, 
disperses force on the condyle, resulting in a crush 
type of injury to condylar head. In 5–12 years of 
age group, a condylar neck fracture is usually 
greenstick type or incomplete, as the anatomical 
configuration of the TMJ apparatus is more of adult 
type, with increased remodelling potential.

In adults, extra-capsular (condylar neck) frac-
tures with medial or lateral displacement are more 
common, as it is the weakest point of the mandi-
ble. Likewise, in cases of intra-capsular fractures 
in adults vertical (sagittal split) is common and is 
most unnoticed variant of condyle fracture.

16.6  Classification of Condylar 
Fractures

16.6.1 Lindhal’s Classification

Condylar fracture is basically classified based 
on anatomic location of the fracture and the 
relationship of fractured segment with mandible 
and the glenoid fossa. Lindhal L (1977) classi-
fied condylar fractures based on following fac-
tors [9] (Fig. 16.1)

 1. Anatomic location of fracture (Fig. 16.1a)
 (a) Fracture of condylar head: These are 

intra-capsular fractures which are fur-
ther divided into Vertical (antero-poste-
rior sagittal split), Compression 
(‘mushroom’ type expansion) and 
Comminuted.

 (b) Fracture of condylar neck: Extra-capsular 
type inferior to attachment of joint 
capsule.

 (c) Sub-condylar fracture: Extends antero- 
posteriorly from deepest part of sigmoid 
notch till point of maximum concavity on 
ramus of mandible. It may be further 
described as high or low sub-condylar 
fractures.

 2. Relationship of fractured condyle to 
mandible
 (a) Undisplaced (Fig. 16.1b)
 (b) Deviated (Fig. 16.1c)
 (c) Displaced with medial or lateral overlap 

(Figs. 16.1d and 16.1e)
 (d) Displaced with anterior or posterior over-

lap (Fig. 16.1f)
 (e) No contact between the fracture segments 

(Fig. 16.1g)
 3. Relationship of condylar head to glenoid 

fossa
 (a) Non-displaced (Fig. 16.1h)
 (b) Displacement: Condylar head within the 

fossa, with alteration in joint space 
(Fig. 16.1i).

 (c) Dislocation: Mostly antero-medial dislo-
cation of fractured condylar head out of 
the fossa (Fig. 16.1j).
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Displacement of the condylar head and shorten-
ing of ramus are considered to be two useful deter-
minants for condylar fracture. Other classification 
systems with clinical significance which are based 
on anatomic location and propose an algorithm for 
treatment of condylar fractures are as under.

16.6.2  Classification proposed by 
Strasbourg Osteosynthesis 
Research Group (Loukota et 
al., 2005) (Fig. 16.2)

This system categorizes condylar fractures on 
anatomic position and clinical significance. It 
includes:

• Dicapitular fracture—fracture line starting 
from the condylar head, which may extend 
outside the capsule.

Condylar neck and base fractures are differen-
tiated with the relationship of fracture segment 
with an imaginary line (line A) drawn from the 
inferiormost point of sigmoid notch perpendicu-
lar to the tangent of the ramus.

• Fracture of condylar neck—More than half of 
fracture is superior to line A.

• Fracture of condylar base—More than half of 
the fracture is inferior to line A.

• Displacement—It refers to fracture line status 
which may be mild (<10 degrees), moderate 

CH

CN

SC

a

b

g h i j

c d e f

L LM M

Fig. 16.1 Lindhal’s classification of condylar fracture based on anatomic fracture location, relationship of the fracture 
condyle to mandible and the glenoid fossa. (CH: Condylar Head; CN: Neck of the condyle; SC: Sub-condylar;  
L: Lateral; M: Medial)
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(10–45 degrees) or severe (≥45 degrees). 
Condylar fractures with displacement ≥10 
degrees and ramus height shortening with 
≥2 mm are indicated for open reduction and 
internal fixation.

16.6.3  Classification for Management 
of Sub-condylar Fractures

This system includes pattern of sub-condylar 
fractures and corresponding treatment 
guidelines:

• Class 1: Minimally displaced fracture indica-
tive of closed reduction (shortening of ramus 
height <2  mm; degree of fracture displace-
ment <10 degrees).

• Class 2: Moderately displaced indicated for 
ORIF (shortening of ramus height 2–15 mm; 
degree of fracture displacement 10–45 
degrees). [ORIF: Open reduction and internal 
fixation].

• Class 3: Severely displaced indicated for ORIF 
(shortening of ramus height >15 mm; degree 
of fracture displacement >45 degrees) [8].

16.7  Diagnosis of TMJ Injuries

Diagnosis of various hard and soft tissue injuries 
to TMJ can be elicited based on clinical features 
and appropriate radiological examination 
(Table 16.1).

16.7.1  Imaging of TMJ Injuries

Radiological examination helps in defini-
tive diagnosis of the condylar fractures. 
Orthopantomogram (OPG), mandibular lateral 
oblique view and reverse Towne’s view are con-
sidered as baseline investigation for condylar 
fractures. Advanced imaging techniques such as 
computed tomography (CT) and magnetic reso-
nance imaging (MRI) are reserved for detailed 
evaluation of complex injuries including dis-
placed or dislocated condylar fractures, intracra-
nial penetration with related soft tissue injury to 
the temporomandibular joint and adjacent tissues 
(Figs. 16.3, 16.4, 16.5, and 16.6).

Fig. 16.2 Classification proposed by Loukota et al., 2005 and adopted by Strasbourg Osteosynthesis Research Group 
(SORG) for mandibular condyle fractures

Table 16.1 Clinical features of condylar fracture

    •  Evidence of trauma (laceration abrasion contusion 
over chin or haematoma over pre-auricular 
region)

    •  Facial asymmetry (foreshortening of ramus due to 
overlap of fracture segments)

    • Pain and swelling in pre-auricular region
    •  Bleeding from external auditory canal (fracture of 

anterior tympanic plate)
    •  Trismus (due to muscle spasm, hemarthrosis or 

pain)
    •  Restricted mouth opening with deviation towards 

fractured side on mouth opening
    • Malocclusion
       – Fractured side: premature molars contact
       – Non-fractured side: posterior open bite
       –  Bilateral condylar fracture with displacement: 

anterior open bite and gagging of posterior 
teeth.
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16.8  Treatment of Condylar 
Fractures

The primary goal of treatment for condylar frac-
tures is restoration of pre-operative masticatory 
function, occlusion and facial symmetry. Unlike 
fractures of other bones in the body, precise 
approximation of fracture segments may not be 
obligatory in case where reduction cannot be 
achieved, evaluating the risk-benefit ratio. 
Owing to remarkable remodelling and recon-
structive properties of the condyle, opting con-
servative treatment in cases with minimally 
displaced and dislocated condyle, a perfectly 
functional and morphologically reconstituted 
condyle can be achieved. Treatment modalities 
for condylar fracture vary in different age groups 
and it follows either conservative or surgical 
approach based on the degree of displacement 
and facial asymmetry.

Fig. 16.3 Panoramic 
radiograph depicting left 
sub-condylar fracture 
with displacement of the 
condyle from the 
glenoid fossa

Fig. 16.4 Note the 
right-side fracture of the 
condylar head 
suggestive of high- 
condylar fracture and 
fracture of the coronoid 
process as an indirect 
trauma due to blow on 
the left parasymphysis 
and body of the 
mandible

Fig. 16.5 Computed tomographic (CT) scan of a patient 
with a sagittal fracture of the mandibular condyle

16 Temporomandibular Joint Trauma
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16.8.1 Conservative Management

Observation, soft diet and analgesics are pre-
ferred treatment of choice in cases with minimal 
displacement of condyle and absence of any 
occlusal discrepancy. Cases with mild displace-
ment, minimal inter- occlusal mal-relationship 
and deviated jaw on opening the mouth should be 
treated by immobilizing the mandible using 
splints, elastics and maxillo- mandibular fixation 
(MMF). There are several non-surgical protocols 
for the management of the condylar fractures 
which vary with the age of the patient (Table 16.2).

16.8.2  Surgical Management 
of Condyle Fractures

When indicated, open reduction and internal fixa-
tion (ORIF) aids in early restoration of form and 
function when compared to conservative meth-
ods. Meyer et al. have described the lines of osteo-
synthesis for the mandibular condyle with the 
zone of tension that lies along the anterior border 
of the condyle and the sigmoid notch and the zone 
of compression that lies along the posterior border 
of the ramus. Based on the Meyer’s research, ide-
ally two plate fixation along the lines of osteosyn-
thesis will provide a stable fixation for the 

mandibular condyle (Fig. 16.7). As per the AO 
surgery reference recommendation for cases 
where there is limited bone available for plating, 
an alternative way of achieving the same stability 

a b

Fig. 16.6 Computed tomographic (CT) scan (a) coronal section, (b) 3D reconstructed image demonstrating an antero- 
medially displaced fractured mandibular condyle (pulled along the tangential force of the lateral pterygoid muscle)

Table 16.2 Non-surgical management of condylar 
fractures

Age group Management
0–2 years Active jaw function and analgesics.
3–5 years MMF using cap splints (with/without 

hooks; with/without occlusal coverage) 
or mini arch bars for 10–14 days 
followed by active physiotherapy.
Myofunctional appliances to promote 
normal growth of the mandible.

6–12 years MMF using arch bars or Ivy eyelets 
wiring for 2−3 weeks (14−21 days)* 
followed by active physiotherapy. 
(*This duration for MMF may be 
considered upto the age of 16 years, 
based on the operator preference and the 
extent of deviation or displacement of 
the fractured segment).

Adults MMF for 4–6 weeks using Erich arch 
bars, Ivy eyelets or IMF screws and 
wires or elastics.

Geriatrics 
(edentulous 
patients)

MMF using ‘gunning type splints’ 
secured with per alveolar wires, fixed 
using piriform aperture or circum-
palatal wires. Existing dentures may 
also be used for MMF.

MMF: Maxillo-mandibular fixation; IMF: Inter-maxillary 
fixation
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is by using a single heavier plate for the  mandibular 
condyle fixation. Fixation using wire osteosyn-
thesis, intramedullary Kirschner(K)-wire or screw 
and external bone pins have been advocated by 
various authors in the past. Use of functional 
miniplates for fixation is the most preferred 
method of condylar fracture stabilization. Apart 
from miniplates, use of specialized geometric 
plates like Y plate, trapezoidal plate and delta 
plate (3D plates) have been proposed by various 
authors. Use of resorbable plating systems (poly-
L-lactic acid and glycolic acid plates) have been 
documented for fracture fixation in growing man-
dible. Recommendations of the American 
Association of Oral and Maxillofacial Surgeons 
(AAOMS) Clinical Practice Guidelines for Oral 
and Maxillofacial Surgery (AAOMS ParCare, 
2017) for the open reduction and internal fixation 
of the condylar fractures include the following 
cases: 1. Fracture dislocation of a mandibular 
condyle 2. Mechanical interference with mandib-
ular function by the condyle or a foreign body 3. 
Condylar fractures with loss of anterior-posterior 
and vertical dimension that cannot be managed by 

closed reduction (eg, edentulous patient, multiple 
facial fractures) including internal fixation if indi-
cated 4. Compound fracture 5. Displacement of a 
mandibular condyle into middle cranial fossa 6. 
Patient or surgeon preference for early or immedi-
ate mobilization or function [15]. Based on care-
ful evaluation of cases, absolute and relative 
indications for open reduction and internal fixa-
tion were proposed by Zide and Kent [10], which 
are as follows:

Absolute Indications
 1. Displacement of the condyle into middle cra-

nial fossa
 2. Impossibility of obtaining adequate occlusion 

by closed techniques
 3. Lateral extra-capsular dislocation of the 

condyle
 4. Foreign bodies within the capsule of the 

TMJ
 5. Mechanical obstruction impeding the function 

of the TMJ
 6. Open injury (penetrating, lacerating and avul-

sive) to the TMJ that requires immediate 
treatment

Relative Indications
 1. Bilateral condylar fractures in an edentu-

lous patient when splints are unavailable or 
impossible because of severe ridge 
atrophy

 2. Unilateral or bilateral condylar fractures when 
splinting is not recommended because of con-
comitant medical conditions or when physio-
therapy is not possible

 3. Bilateral fractures associated with commu-
nited mid-facial fractures

 4. Bilateral fractures associated with other gna-
thologic problems

16.9  Approaches for Open 
Reduction and Internal 
Fixation of Condyle

Based on the location of the fracture and the 
degree of displacement, selection of an appropri-
ate surgical approach is made to access the frac-
tured joint (Table 16.3) (Refer Chap. 14).

Fig. 16.7 The lines of osteosynthesis for the mandibular 
condyle (as described by Meyer et al. 2000)
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16.10  Soft Tissue Injuries 
of Temporomandibular Joint

Trauma is considered as a primary cause for soft 
tissue injuries of TMJ, leading to dysfunction of 
the joint. As described by Goldman [7] trauma to 
temporomandibular joint may be micro or mac-
rotrauma. Macrotrauma may be due to direct 
blow to the mandible and microtrauma includes 
excessive mouth opening, nail biting, bruxism 
and whiplash injuries. There may be considerable 
amount of damage to the disc and adjacent soft 
tissue during an intra-capsular or extra-capsular 
condylar fracture. Intra-capsular trauma to the 
soft tissues of the TMJ can lead to synovial 
ecchymosis, hyperaemia of the capsule, haemar-
throsis, shredding of the disc and articular sur-
face [11–13].

High resolution, dynamic MRIs and arthros-
copy have proven to be an accurate means in 
diagnosis of the soft tissue injuries such as effu-

Table 16.3 Different surgical approaches to the tem-
poromandibular joint for reduction and fixation of condy-
lar fractures

Surgical approach Indication
    1.  Pre-auricular 

approach
Intra-capsular or high 
condylar neck fracture

    2.  Sub-mandibular 
approach

Low sub-condylar fracture 
(good exposure for the level 
of neck and coronoid notch)

    3.  Retromandibular 
approach  
(Fig. 16.8)

Sub-condylar, angle and 
body fracture

    4.  Rhytidectomy 
(face-lift) 
approach

High-level condylar fractures

    5.  Post-auricular 
approach

Entire Joint

    6.  Intraoral 
approach (may 
be combined 
with endoscopic 
technique)

Low sub-condylar fracture, 
also all the extra-capsular 
fractures

    7.  Transparotid 
approach

Entire Joint

Fig. 16.8 Retromandibular approach for reduction and fixation of sub-condylar fracture (arrow)
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sion of the joint, disc displacement and damage 
to the soft tissues surrounding the joint fossa.

Trauma induced soft tissue injuries to the tem-
poromandibular joint can lead to internal 
derangement, osteoarthrosis and possibly fibrous 
ankylosis. Most often it is found that history of 
previous trauma to the temporomandibular joint 
is the precursor for internal derangement of the 
joint [14]. According to Merill et al. in their study 
on 1151 patients with internal derangement, 60% 
of the study population gave a history of man-
dibular trauma [11].

16.11  Conclusion

Following appropriate management protocols, 
patients with trauma to the temporomandibular 
joint should be evaluated periodically and fol-
lowed up closely for any preceding joint derange-
ments and for restoration of normal function.
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Temporomandibular Joint  
Ankylosis

Darpan Bhargava and Ankit Pandey

17.1  Introduction

Ankylosis otherwise colloquially referred to as a 
fused joint or a stiff joint. Temporomandibular 
Joint (TMJ) ankylosis or craniomandibular anky-
losis is characterized by formation of a fibrous or 
bony mass, that replaces the normal joint architec-
ture. The quality of life in such patients is greatly 
affected due to their deformed face and reduced 
jaw function affecting the speech, mastication and 
deglutition, thereby affecting the general health of 
the patient [1]. In growing patients, the early diag-
nosis and management of the condition is the only 
means to prevent progressive secondary defor-
mity. The diagnosis of TMJ ankylosis is con-
firmed after the  clinical and radiographic 
evaluation. The detailed description of this pecu-
liar condition is outlined in this chapter including 
its aetiology, classification, clinical features, man-
agement and complications, that may arise.

TMJ ankylosis can result from a variety of 
aetiological factors affecting the joint and its sur-

rounding structures. It can be classified by loca-
tion (intra-/extra-articular), type of tissue 
involved (bony/fibrous/fibro-osseous) and extent 
of fusion (complete/incomplete).

17.2  Aetiology

The common aetiology of TMJ ankylosis is 
trauma to the TMJ (haemarthosis), sequale to 
condylar fractures, injury during birth (forceps 
delivery was implicated in the past)  and infec-
tion. There are several other aetiologies which 
may contribute to the development of this condi-
tion but are less common (Table 17.1) [2, 3].
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Table 17.1 Aetiology of TMJ ankylosis

Aetiology Condition
Trauma Forceps delivery during birth

Condylar fracture
Infection Otitis media

Osteomyelitis of mandible
Actinomycosis
Peri-articular abscess

Inflammation Rheumatoid arthritis
Ankylosing spondylitis
Psoriatic arthritis
Poliomyelitis

Systemic disease Tuberculosis
Gonorrhoea
Scarlet fever

Miscellaneous Congenital
(Syndromes)
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17.3  Pathogenesis

There are numerous mechanisms hypothesized in 
literature to explain the predisposing factors lead-
ing to TMJ ankylosis. One such theory is the inter-
fragmentary strain theory or Perren’s strain theory. 
It states that the strain tolerance of bone, cartilage 
and fibrous tissue is associated with TMJ ankylo-
sis. In a fractured condyle, the stress created in 
the  area surrounding  the joint space cause tissue 
deformation in varying degrees. Minimum strain or 
limited movement of the jaw will lead to endo-
chondral ossification causing bone formation espe-
cially in areas of the lateral part of the joint [4].

The pathogenesis of bone formation following 
trauma is due to haemarthrosis. Intra-articular 
haematoma organizes, leading to bone formation 
from disrupted periosteum or metaplasia of the 
non-osseous connective tissues causing osseous 
ankylosis. Fractures of the paediatric condyle is 
more prone for development of ankylosis owing to 
the peculiar anatomy of the condyle, having a 
broad neck and highly vascularized head that has 
rich osteogenic potential when compared to an 
adult condyle. It is hypothesized that haemarthro-
sis, along with the disruption of the fibro- cartilage 
integrity allows the in-growth of fibrous connec-
tive tissue into the joint which later results in ossi-
fication. Ferretti et al. opined that the extra- articular 
haematoma may also  contribute to the  develop-
ment of ankylosis owing to the fact that fusion 
occurs in the juxta-articular area [5–7].

Meng et  al. proposed that a force similar to 
distraction osteogenesis (DO) by the lateral pter-
ygoid muscle during the sagittal condylar frac-
ture healing has a vital role in the 
development  of  TMJ ankylosis. Newly formed 
bone in DO responds to the direction of tensile 
strength obtained by the muscle force. The ten-
sile strength from lateral pterygoid muscle is 
horizontal which contributes to the horizontal 
enlargement of the condyle. But the authors did 
not explain how the two joint surfaces fuse to 
each other [5].

Hall’s hypothesis stated that genetic predispo-
sition was responsible for TMJ ankylosis. 
However, this theory lacks sufficient support. 
Bhatt et al. postulated that hypercoagulability of 

blood could be a contributing factor in traumatic 
TMJ.  All the above-mentioned theories do not 
completely explain the development of TMJ 
ankylosis with each one having its own flaws in 
elucidating the pathosis. There are various cellu-
lar and molecular mechanism involved in ankylo-
sis formation which needs further research to 
establish the exact cause for ankylosis [5]. 
Hypothesis supporting  hypertrophic non- union 
following TMJ trauma is proposed by Yan et al., 
which include two prerequisites for the develop-
ment of the ankylosis: 1) TMJ trauma induces a 
suitable microenvironment for the bone healing 
of the two articular surfaces, namely creating the 
underlying condition of bony ankylosis; 2)  the 
bone healing of the injured articular surfaces is 
inhibited by the interference due to the opening 
movement of the jaw. Considering the opening 
joint movement into account  and the 
extended clinical course of bone formation, the 
narrow residual  radiolucent zone in the bony 
ankylosis is clearly explained by this hypothesis. 
Yan et al. also suggested that the shear force was 
the cause of the radiolucent zone, and the 
increased compressive loading due to disc dis-
placement could stimulate new bone formation 
around the joint following the joint trauma [5].

17.4  Classification of TMJ 
Ankylosis

There are various proposed classifications based 
on clinical  presentation, type of tissue involved 
and the radiographic features. The salient ones 
are as under:
 1. Based on anatomic site of fusion/union 

(Kazanjian’s classification)
Intra-articular/True ankylosis
Extra-articular/False ankylosis
Juxta-articular ankylosis

 2. Based on the type of tissue
Osseous ankylosis
Fibrous ankylosis
Fibro-osseous ankylosis

 3. Based on the side involved
Unilateral (Fig. 17.1)
Bilateral (Fig. 17.2)
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 4. Based on the extension of bone formation—
Topazian’s classification (Table 17.2) [8, 9]

 5. Sawhney’s classification—Based on radio-
graphic and operative  findings (Table  17.3) 
(Figs. 17.3a, b)

 6. Turlington–Durr classification of heterotopic 
ossification in TMJ (Table 17.4) [10]

 7. El-Hakim et  al.’s radiographic classification 
(Table 17.5) [11]

 8. Shanghai Ninth People’s Hospital radio-
graphic classification (Table 17.6) [12]

17.5  Clinical Features

Development of TMJ Ankylosis in early child-
hood leads to severe developmental deformities 
of the face whereas if it is of adult onset there is 
less or no facial deformity. The clinical features 
may vary based on the onset and the side 
involved (Table 17.7). All the patients generally 
present with poor oral hygiene leading to mul-
tiple carious teeth. The common presentation 
includes reduced or no mouth opening,  retrog-

nathia, micrognathia, elongated coronoid pro-
cess which is evident on imaging (Figs. 17.4 and 
17.5) and obstructive sleep apnoea (OSA). 
Usually, pain is never a presenting feature. The 
narrow airway leading to obstructive sleep 
apnoea in these patients is depicted in Fig. 17.6 
[13–16]. A vital finding in these patients is the 
correlation of the age of occurrence and the 
degree of deformity. Younger patients with early 
onset of ankylosis during the growth phase will 
have more severe resultant secondary deformity 
as compared to an adult when the condition 
develops after growth completion.

Table 17.2 Topazian’s classification of TMJ ankylosis 
(1966)

Stage Extent of the ankylotic mass
I Ankylotic bone limited to condylar process
II Ankylotic bone extending to the sigmoid notch
III Ankylotic bone extending to the coronoid 

process

Fig. 17.1 Frontal profile of a patient depicting unilateral 
ankylosis of the left TMJ. Facial deformity can be appre-
ciated with shortened facial height of the left lower half of 
the face and flattening of the right lower half of the face Fig. 17.2 Lateral profile of a patient having bilateral 

TMJ ankylosis. Severe facial deformity can be appreci-
ated involving the mandible characterized by microgna-
thia and obtuse thyro-mental angle

17 Temporomandibular Joint Ankylosis
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17.6  Growth Deformity

Facial asymmetry, retrognathia and OSA are usu-
ally present when onset or development of anky-
losis occurs at an early age, as growth of the 
facial skeleton is affected in such individuals 
which can be explained by Melvin Moss’s 
Functional Matrix Theory. The spacial anatomy 
of the hyoid bone and its associated musculature 
is also altered and  is well demonstrated in 
Figs. 17.7 and 17.8. Rotation of the hyoid bone 
and the laryngeal inlet on the affected side in uni-
lateral ankylosis may pose surgical and anaes-

thetic difficulties [17, 18]. Correlation between 
OSA and TMJ ankylosis is revealed in recent 
studies, resulting from the developmental defor-
mity in mandible causing micrognathia, leading 
to narrowing of the pharyngeal space causing 
obstruction to air entry during sleep or when the 
patient is in supine position. This builds up to a 
complex syndrome of episodes of apnoea and 
hypopnoea resulting in marked reduction in oxy-
gen saturation. This condition progresses to the 
systemic involvement of cardiovascular and 
respiratory systems. The correction of OSA 
simultaneous  or prior to ankylosis release 

Table 17.3 Sawhney’s classification of TMJ Ankylosis based on the radiographic and operative findings (1986)

Type Radiographic appearance
I Extensive fibrous adhesions around the joint. Condylar head is present without much distortion
II Bony fusion at the outer edge of the articular surface, but no fusion within the medial area of the joint.

No involvement of sigmoid notch and coronoid process
III Bony bridge between the mandible and the zygomatic arch.

Medially atrophic dislocated fragment of former condyle head can be found
Elongation of coronoid process

IV Complete osseous block between ramus and skull base.
Normal TMJ anatomy is completely disrupted

TYPE I TYPE I TYPE II

TYPE III
TYPE IV

LA
T

E
R

A
L M

E
D

IA
L

TYPE III TYPE IV

TYPE II

a b

Fig. 17.3 Diagrammatic representation of Sawhney’s classification of TMJ ankylosis, (a) lateral view, (b) coronal or 
anterio-posterior view
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and  secondary deformity correction are  impor-
tant for the holistic management of these patients 
[19–21].

17.7  Investigations

The radiographic evaluation of the TMJ can dis-
tinguish between bony and fibrous ankylosis. The 
radiographic modalities used for evaluation are 
orthopantomogram (OPG) (Fig. 17.9), computed 

tomogram (CT) (Figs. 17.10 and 17.11) and cone 
beam computed tomogram (CBCT). Magnetic 
Resonance Imaging (MRI) can be used to accu-
rately diagnose fibrous ankylosis or disc rem-
nants between the bony ankylosis. The CT images 
reveal the fusion of bones in TMJ region involv-
ing the joint space, condylar head and the tempo-

Table 17.4 Turlington and Durr’s classification (1993) 

Grade Feature
0 No bone islands visible
1 Islands of bone visible within the soft 

tissue around the joint
2 Peri-articular bone formation
3 Apparent bony ankylosis

Modified from classification of heterotopic ossification in 
hips
Grades 1, 2, 3 are subdivided into A—Asymptomatic, 
S—Symptomatic

Table 17.5 Ankylosed TMJ classified according to the 
relation of the ankylosed mass to the surrounding vital 
structures, especially at the base of the skull using axial 
and coronal CT image

Class 
I

Unilateral or bilateral fibrous ankylosis
The condyle and glenoid fossa retain their 
original shape
The maxillary artery is in normal anatomical 
relation to the ankylosed mass.

Class 
II

Unilateral or bilateral bony fusion between 
the condyle and the temporal bone
The maxillary artery lies in normal anatomical 
relation to the ankylosed mass

Class 
III

The distance between maxillary artery and the 
medial pole of the mandibular condyle is less 
on the ankylosed than in the normal side or 
the maxillary artery runs within the ankylotic 
bony mass
This is best seen on coronal CT

Class 
IV

The ankylosed mass appear fused to the base 
of the skull
There is extensive bone formation, especially 
from the medial aspect of the condyle to the 
extent that the ankylosed bony mass is in 
close relationship to the vital structures at the 
base of the skull such as the pterygoid plates, 
the carotid and jugular foramina and foramen 
spinosum and no joint anatomy can be defined 
from the radiograph
This is best visualized on axial CT.

Table 17.6 Shanghai Ninth People’s hospital classifica-
tion of TMJ ankylosis based on Coronal CT images

A1 Fibrous ankylosis without bony fusion of the 
joint

A2 Ankylosis with bony fusion on lateral side of the 
joint
Residual condyle fragment is bigger than 0.5 of 
the medial condylar head

A3 Similar to A2 but the residual condylar fragment 
is smaller than 0.5 of the condylar head

A4 Ankylosis with complete bony fusion of the joint

Table 17.7 Clinical features differentiating between uni-
lateral and bilateral ankylosis

Unilateral Bilateral
Reduced or no mouth 
opening

Reduced or nil mouth 
opening

Facial asymmetry (fullness 
on affected side and 
flattening on unaffected 
side)

Retrognathia, 
micrognathia (bird face 
deformity), convex 
facial profile

Occlusal canting evident/ 
Ipsilateral maxillary growth 
may also get affected in 
growing patients which is 
restricted due to non 
growing mandibular 
opponent 

No occlusal canting/
Bilateral posterior 
maxillary downward 
growth will be hindered 
in growing patients

Shortened ramus height on 
ipsilateral or affected side

Shortened ramus height 
bilaterally

Prominent ante-gonial 
notch on ipsilateral or 
affected side

Prominent ante-gonial 
notch on both the sides

Class II angles 
malocclusion with 
unilateral cross bite present 
at the affected side

Class II angles 
malocclusion may be 
present bilaterally
Upper incisors may be 
protrusive with apparent 
anterior open bite

Deviation of the mandible 
to the affected side

Proclination of the 
lower anterior teeth

Elongated coronoid on the 
affected side or 
bilaterally (evident on 
imaging)

Elongated 
coronoids (evident on 
imaging)

17 Temporomandibular Joint Ankylosis



224

ral bone. In extensive cases fusion of the coronoid 
process can be visualized with the zygomatic 
arch. A three-dimensional (3D) reconstruction 
CT enables fabrication of a stereolithographic 
model, which can be further utilized to analyse 
the extent of bony fusion and secondary defor-

mity (Fig.  17.12). Such models also aid in pre 
surgical planning (Figs. 17.13 and 17.14) [22]. At 
instances, it may be wise to order an angiogram 
for assessment of the vasculature medial to or 
entrapped within the ankylotic mass.

In patients with OSA, polysomnography is 
considered the gold standard for diagnosis. The 
standard components of the polysomnogram 
include the electroencephalogram (EEG), 
electro- oculogram (EOG), electromyogram 
(EMG) and electrocardiogram (ECG, leadV2). 
Repeated episodes of pharyngeal airway obstruc-
tion are measured using apnoea-hypopnoea index 
(AHI) [20, 23].

17.8  Management of TMJ 
Ankylosis

The management of TMJ ankylosis differs with 
the age of the patient and the choice of recon-
struction for the joint. In paediatric patients, there 
are growth deformities of facial bones and dental/
occlusal derangements present which should be 
managed simultaneously involving a combina-
tion of surgical, orthodontic and psychological 
management. Contrary to this, in adults the TMJ 
ankylosis is usually caused by trauma which 
rarely causes significant facial asymmetry or 
occlusal alterations [24].

A variety of techniques for treating ankylosis 
have been described in the literature. No single 
method has proven to be completely efficacious. 
A treatment protocol for management of TMJ 
ankylosis was proposed by Kaban, Perrott and 
Fisher, in 1990 which is now universally accepted 
and practised (Table 17.8). In 2009, a modifica-
tion of Kaban’s protocol was proposed which 
included distraction osteogenesis (DO) in the 
surgical management of TMJ ankylosis 
(Table  17.9). DO has several advantages over 
costochondral grafts (CCG), as literature high-
lights that CCG may  exhibit unpredictable 
growth which can further cause asymmetry or re-
ankylosis [25, 26]. Most often, patients with TMJ 
ankylosis present with elongated coronoid pro-
cess, which require coronoidectomy for eliminat-

Fig. 17.4 A three-dimensional (3D) reconstructed image 
showing TMJ ankylosis with elongated coronoid process 
medial to the zygomatic arch

Fig. 17.5 Stereolithographic model reconstruction 
depicting the elongated coronoid process as seen from the 
inferior aspect of the mandible, medial to the zygomatic 
arch
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Fig. 17.6 Radiographic analysis of the airway passage depicting the narrow airway resulting in obstructive sleep 
apnoea in patients with temporomandibular joint ankylosis

Fig. 17.7 Computed Tomography (CT) scan depicting 
the altered anatomy of the hyoid bone and its associated 
musculatures. Axial computed tomography section at the 
level of the hyoid in a 10-year-old patient with right tem-
poromandibular joint ankylosis revealing shift of the 
hyoid complex and the laryngeal inlet to the ankylosed 
side. Note the shift of the genial tubercles to the ankylosed 
side with shortened suprahyoid musculature on the same 
side (right red arrow). Mid-sagittal plane is represented 
by a blue line (Adapted with permission from Computed 
tomography analysis of hyoid apparatus in temporoman-
dibular joint ankylosis. J. Stomat. Occ. Med. (2012) 5:99–
103. https://doi.org/10.1007/s12548-012-0046-7)

Fig. 17.8 A three-dimensional (3D) reconstructed com-
puted tomography image of left temporomandibular joint 
ankylosis revealing a rotated hyoid complex to the left 
side (Red line: Mid sagittal plane; Yellow curve: rotated 
hyoid towards the side of ankylosis) (Reprinted with per-
mission from Springer Nature Customer Service 
Centre GmbH, Computed tomography analysis of hyoid 
apparatus in temporomandibular joint ankylosis. 
J.  Stomat. Occ. Med. (2012) 5:99–103. https://doi.
org/10.1007/s12548-012-0046-7)
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ing the mechanical hindrance with the zygomatic 
arch and this when done, has a ‘drop down effect’ 
to the mandible by eliminating the temporalis 
muscle pull.

There are several other  techniques proposed 
for the management of TMJ ankylosis. Esmarch 
operation has been documented in literature 
where an osteotomy cut was placed at the angle 
region without involving the ankylotic mass or 
the ascending ramus of the mandible which aided 
in mandibular movements. It was later modified 
by Clarkson P et al. in 1949 [27]. Salins PC sug-
gested that the ankylotic mass is non-neoplastic 
and the mass can be left in situ. He performed an 
osteotomy cut in the bone below the ankylotic 

mass resulting in the formation of  pseudoarthrosis 
mimicking a sub-condylar fracture. He observed 
that this technique was effective in re- ankylosis 
cases with uneventful post-operative period con-
sidering it as an alternative to the conventional 
management [28]. He et al. proposed a new treat-
ment protocol for managing TMJ ankylosis based 
on the proposed radiographic classification dis-
cussed earlier in this chapter [12]. The correction 
of the OSA is done either by DO or jaw advance-
ment surgery (orthognathic surgery), or a combi-
nation of both [19, 20, 26]. For the correction of 
the secondry deformity  including the facial 

Fig. 17.9 Orthopantomogram (OPG) depicting bilateral radiopacity around the temporomandibular joint region sug-
gestive of ankylosis with elongated coronoid process

Fig. 17.10 Axial section of a computed tomography 
(CT) scan depicting extensive unilateral ankylosis of the 
left temporomandibular joint

Fig. 17.11 Coronal section of a computed tomography 
(CT) scan depicting extensive ankylosis and rotation of 
the mandible with loss of radiographic mandibular mor-
phology. Note the flattening and elongation on the normal 
side (Right) and shortning on the affected side (Left) 
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asymmetry, micrograthia and occlusal cant,  
additional orthognathic procedures may have to 
be incorporated in the treatment plan.

17.9  Surgical Procedure

17.9.1  Anaesthesia

Anaesthetic management of the ankylosis 
patients is a challenge and demands training, 
expertise and additional instrumentation. The 
surgery should be performed under general 
anaesthesia (GA). Currently, the nasal fibre-optic 
intubation is the most acceptable method of 
administering inhalational anaesthesia  (Refer 

Chap. 27). Other intubation techniques may also 
be utilized that include GA via tracheostomy, ret-
rograde intubation or blind intubation. Intubation 
and airway maintenance are vital aspects for a 
TMJ ankylosis surgery. A proper pre-anaesthetic 
evaluation must be done to prevent unexpected 
complications [16, 29]. The operating surgeon 
should discuss the surgical plan and possible 
complications that can occur in such patients 
with the team  of  anesthesiologists involved. 
Long-acting muscle relaxants should only be 
administered after securing the airway 
appropriately.

17.9.2  Brisement Forces

This technique may be advocated for cases with 
fibrous ankylosis for achieving adequate mouth 
opening. Forced mouth opening is done under GA 
(or adequate local anaesthesia) using manual force, 
jaw opening devices such as Heister/Fergusson’s 
mouth gag, mouth props or a stack of wooden ice-
cream sticks held together with a rubber band. This 
method helps in achieving adequate inter-incisal 
opening if the hindrance was caused due to haem-
arthrosis or fibrous ankylosis. The patient should 
be kept on active physiotherapy and should be fol-
lowed up for at least 6 months post operatively [6, 
30]. This method is inefficient for bony ankylosis 
release or in cases with long standing fibrous anky-
losis, which would require more definitive man-
agement of the problem.

Fig. 17.12 A three-dimensional (3D) reconstructed 
image showing the lateral aspect of the skull demostrat-
ing  ankylotic mass (arrow)

Fig. 17.13 Osteotomy cuts determined and marked on 
the lateral aspect pre-operatively on the stereolithographic 
model

Fig. 17.14 Osteotomy cuts determined and marked in 
the medial and posterior aspect pre-operatively on the ste-
reolithographic model
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17.9.3  Approaches to TMJ

There are several approaches stated in literature 
and are practised by various surgeons to access 
TMJ.  They may vary according to the require-
ment and preference of the type of inter- positional 
grafts or choice of the modality adopted to recon-
struct the joint. Various approaches used for sur-
gical access to the TMJ region are enlisted in 
Table 17.10 (Refer Chap. 14).

17.9.4  Condylectomy

Condylectomy may be considered as an option in 
cases with fibrous joint ankylosis. After exposing 
the joint, the condylar head is identified. The vital 
structures on the medial aspect of the joint including 

internal maxillary artery, auriculotemporal nerve 
should be preserved. The condylar head is sectioned 
followed by contravention of the fibrous adhesions. 
The remaining condylar stump is smoothened 
which is followed by wound closure in layers. 
Unilateral condylectomy may cause deviation of 
the mandible towards the operated side on mouth 
opening. Anterior open bite may be seen in bilateral 
procedures. This further requires management of 
functional and occlusal discrepancy, where needed.

17.9.5  Gap Arthroplasty

After exposure of the ankylotic mass, resection 
of a segment of bone is performed to remove the 
ankylotic mass, creating a gap between the cra-
nial (temporal) and caudal (mandibular) ends of 
the  bone and  is referred to as gap arthroplasty. 
For surgical bone removal, the superior and infe-

Table 17.9 Modified Kaban’s protocol for management 
of TMJ ankylosis in children (2009)

1. Aggressive excision of fibrous and/or bony mass
2. Coronoidectomy on affected side
3. Coronoidectomy on opposite side if steps 1 and 2 

do not result in MIO of >35 mm or to point of 
dislocation of opposite side

4. Lining of joint with temporalis fascia or the native 
disc, if it can be salvaged

5. Reconstruction of Ramus Condylar Unit with 
either Distraction osteogenesis (DO) or 
costochondral graft (CCG) and rigid fixation

6. Early mobilization of Jaw; if DO is used to 
reconstruct the ramus condylar unit (RCU), 
mobilize on the day of surgery; if CCG used, 
early mobilization with minimal inter-maxillary 
fixation (not >10 days)

7. Aggressive physiotherapy

Table 17.10 Approaches to TMJ for ankylosis 
management

•  Pre-auricular (Dingman’s/Blair’s/Thomas/
Popowich’s modification of Alkayat-Bramley)

•  Modified pre-auricular incision (Alkayat-Bramley 
Incision, 1980) [31]

• Sub-mandibular incision (Risdon’s)
• Post-auricular
• Retro-mandibular (Hind’s)
• Rhytidectomy/face-lift approach

Table 17.8 Adaptation and modifications based on 
the protocol for management of TMJ ankylosis proposed 
by Kaban, Perrot and Fisher, 1990

1. Aggressive resection of the ankylotic mass (Gap 
Arthroplasty)—Gap of at least 1–1.5 cm should 
be created between the cut bone ends (temporal 
and mandibular). Special attention should 
be directed to the medial aspect of the ankylosed 
bone mass (joint).

2. Ipsilateral Coronoidectomy—Coronoidectomy on 
the side of ankylosis; this may be accompained 
with dissection and stripping of muscles: 
temporalis, when required, along with the fibers 
of masseter and medial pterygoid.

3. Contralateral coronoidectomy—If the maximum 
inter-incisal opening is found less than 35 mm 
(with ipsilateral coronoidectomy), a contralateral 
coronoidectomy is performed via an intraoral 
approach.

4. Lining of TMJ with temporalis fascia or 
cartilage—Temporalis fascia is interpositioned 
between the cut bone ends at the gap arthroplasty 
site. Alternatively, various authors have proposed 
the use of an intact disc, if identified, during the 
resection of ankylotic mass or cartilage from 
various sources (eg: auricular).
Following resection of the ankylotic mass, 
coronoidectomy and lining of the joint, inter- 
maxillary fixation (IMF) is done for establishing 
the occlusion.

5. Reconstruction of ramus is done with 
costochondral graft (CCG)

6. Rigid fixation of the graft is assured
7. Early mobilization and aggressive physiotherapy
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rior limits are determined, usually by the identifi-
cation of the coronoid process and the sigmoid 
notch, when not involved in ankylosis, are con-
sidered reliable indicators of the regional surgical 
anatomy by most surgeons. The limit of the supe-
rior bone cut should be planned with caution con-
sidering its proximity with the middle cranial 
fossa in this region (Fig. 17.15). Most reliably the 
superior cut can follow the inferior margin of the 
zygomatic arch, unless a modification is man-
dated based on the imaging study. Caution is 
essential for the prevention of any damage to the 
medial maxillary vessels, inferior alveolar neuro-
vascular bundle and auditory canal posteriorly. 
Usually a segment of around 1–1.5 cm of bone is 
removed, en-block or piecemeal depending on 
the surgeon’s preference. If motorized drill or a 
saw is utilized, it is wise to limit its use for the 
medial bone removal. Most surgeons prefer the 
cautious use of conventional “chisel and mallet” 
method  for removing the bone on the medial 
aspect. It helps in releasing the ankylosed joint 
and re-instates the mobility of the  mandible 
(Figs. 17.16 and 17.17). Babu L et al. proposed 

that aggressive gap arthroplasty may not be 
always essential but a minimal gap athroplasty of 
5–8 mm with an appropriate inter-positional graft 
with complete resection of medio-lateral anky-
lotic mass would be sufficient to prevent re- 
ankylosis [32]. After sufficient mouth opening is 
achieved, the inter-positional graft or an 
 alloplastic joint may be placed in order to prevent 
re- ankylosis and to reconstruct the joint.

17.9.6  Interpositional Grafts

Interpositional graft after a gap arthroplasty is 
considered to be an essential step to cover or 
separate the cut bone margins. The benefit of 
placing an inter-positional graft is to prevent the 
organization of haemotama and maintain man-
dibular function (Table  17.11) [33, 34]. In a 

Fig. 17.15 Radiographic image shows the close proxim-
ity of the condylar head to the middle cranial fossa and 
external auditory canal. CM condylar mass, GF glenoid 
fossa, AT articular tubercle, EAC external auditory canal. 
(Reprinted/adapted by permission from T. von Arx, 
S.  Lozanoff, Clinical Oral Anatomy, DOI 
10.1007/978-3-319-41993-0_25)

Fig. 17.16 Reference marking placed below the anky-
lotic mass for gap arthroplasty intra-operatively
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technique proposed by Gunaseelan R, the anky-
lotic mass was recontoured and utilized to 
reconstruct the TMJ after ankylosis resection 
[35]. Zhu et al. reported the use of free grafting 
of autogenous coronoid process for condylar 
reconstruction in patients with temporomandib-
ular joint ankylosis [36]. Use of  autogenous 
coronoid process grafts pedicled on temporal 
muscle for reconstruction of the mandible con-
dylar is also reported [37].

17.9.7  Reconstruction Using 
Autogenous Grafts 
and Alloplastic Prosthesis

TMJ can be reconstructed using CCG fixed to the 
remaining mandibular ramal bone on its lateral 
aspect. The evidence-based outcomes with the use 
of CCG are found to be unpredictable as there may 

be resorption or unwarranted growth in the graft, 
leading to an additional future problem requiring 
management. Alloplastic prosthesis has emerged 
as a novel standard modality that may be utilized 
to reconstruct the TMJ. Several prosthesis designs 
such as Techmedia/TMJ Concepts, Zimmer-
Biomet, DARSN TM Joint prosthesis  and may 
more have been widely studied and propose to 
reduce the donor site morbidity and are biocom-
patible, contributing to its gaining popularity over 
the recent years (Refer Chap. 22). They are avail-
able as stock or custom made prosthesis and can 
be advantageous in saving intra-operative time by 
reducing the need for an additional surgical site for 
graft harvest. However, alloplastic joints are not 
generally recommended for paediatric patients 
and autogenous reconstruction remains the pre-
ferred choice, considering the ongoing growth of 
the facial skeleton [38–40].

17.10 Post-operative Care

A preauricular pressure dressing  is advised at 
most centres for a period of initial 12–24 h post 
surgery. If a vacuum suction drain is placed 
intra- operatively, requires emptying daily up to 
third post-operative day or when the collection 

Table 17.11 Various interpositional graft materials doc-
umented in literature that were in use or are currently uti-
lized for placement after gap arthroplasty 

Autogenous Alloplastic Heterogenous
Temporalis muscle Metallic

1.  Tantalum 
plate

2. Gold
3.  Stainless 

steel 
4.  Joint 

made 
from 
titanium

Chromatized 
sub-mucosa of 
pig bladder

Temporalis muscle 
and fascia
Temporalis 
myofascial with 
dermal graft
Dermal graft
Buccal pad of fat
Fascia lata

Costachondral graft Non- 
metallic
1. Silastic
2. Teflon
3. Acrylic
4. Proplast
5. Silicone
6.  Ceramic 

implants

Lyophilized 
bovine cartilage

Auricular cartilage
Sternoclavicular 
Joint
Metatarsal
Fibula graft
Illiac crest graft

Fig. 17.17 Gap arthroplasty or gap created after resec-
tion of the ankylotic mass intra-operatively
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is less than 25 ml. It is usually removed on the 
third to fourth day post-operatively (48–72 h) 
followed by application of a sterile dressing at 
the drain insertion site to cover the wound. 
Aggressive physiotherapy should be initiated 
at the earliest from the third post-operative day 
or when the patient can reasonably undertake 
such an exercise post-operatively. It should 
include an active hinge opening, lateral excur-
sion and manual jaw stretching using fingers or 
mechanical devices. Soft, semi-solid diet may 
be adviced. The physiotherapy programme 
may include aids of mouth opening using a 
stack of wooden ice-cream sticks or wooden 
spatulas held together with a rubber band, 
acrylic cone and use of a mechanical mouth 
opener such as Heisters jaw stretcher for atleast 
4–5 times daily for 15–20 min.  The patient 
should be closely followed up for atleast 6 
months post surgery.

17.11  Distraction Osteogenesis 
in TMJ Ankylosis

Anantanarayanan P et al. have used primary man-
dibular DO for managing nocturnal desaturation 
secondary to TMJ ankylosis [19]. Andrade NN 
et al. observed that these patients had a triad of 
TMJ ankylosis, micrognathia and OSA.  The 

observations highlighted that patients developed 
bradycardia and respiratory distress during post- 
operative physiotherapy, when the ankylosis was 
released without addressing the micrognathia. To 
prevent this DO was performed as the first stage 
surgery and ankylosis release was undertaken at 
the later stage of the management at the time of 
distractor removal. Numerous studies have 
reported strong  association of OSA with TMJ 
ankylosis [20, 21]. DO facilitates resolving the 
problem of OSA and is preferred at most cen-
tres  (Fig. 17.18). The second stage of surgery 
may also be accompanied with orthognathic 
procedure(s) as per the requirement and sur-
geon’s preference [41–44].

The treatment protocol followed at many cra-
niofacial centres for the management of TMJ 
ankylosis has perceived a change since its asso-
ciation with OSA is established.

17.12  Complications

TMJ is surrounded by vital anatomical structures. 
Damage to these structures intra-operatively can 
lead to serious concern to patients post- operatively. 
The complications may be segregated into pre-
operative, intra-operative and post-operative, for a 
better understanding and their prevention 
(Table 17.12) [45, 46] (Refer Chap. 25).
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Fig. 17.18 Computer tomogram 3D reconstructed image 
of a patient with temporomandibular joint ankylosis and 
severe retrognathia with microgenia (a). Note the compro-
mised airway (arrow), leading to OSA in these patients 
(b). Pre-ankylotic release extended genial distraction 
osteogenesis planning on the stereolithographic model, 

with bone cuts marked on the right (c) and on the left (d). 
Inferior view of the stereolithographic model highlighting 
the deformed mandibular anatomy and external pin dis-
tractor positioning (e). Final positioning of the distractors 
in the patient’s mandible to correct retrognathia (f)
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17.13  Conclusion

The essential goal of the surgery in temporoman-
dibular joint ankylosis is to restore the mandibular 
form and function. The treatment plan and execu-
tion vary between an adult and a paediatric patient. 
A child should not be treated like a miniature adult 
owing to the difference in anatomy, physiology 
and the ongoing growth. Proper evaluation, surgi-
cal planning includes selection of a suitable 
modality for reconstruction after gap arthroplasty 
and executing the surgery with precision, evading 
the potential complications. Appropriate post-
operative physiotherapy protocol and a long-term 
followup are the crucial factors in obtaining a suc-
cessful outcome in such patients.
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Table 17.12 Anticipated complications of the TMJ ankylosis surgery

Pre-operative Intra-operative Post-operative
During anaesthesia
1.  Awake blind intubation requires 

patient co-operation
2.  Micrognathia, retrognathia, altered 

larynx position poses difficulty for 
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Temporomandibular Joint 
Hypermobility Disorders

Darpan Bhargava and Beena Sivakumar

18.1  Introduction

Hypermobility of the temporomandibular joint 
(TMJ) is characterized by mandibular condyle 
having greater than normal range of motion 
(ROM) that can occur naturally in otherwise nor-
mal individual indicating a sign of joint instabil-
ity. Several extrinsic or intrinsic predisposing 
factors are known to contribute to this condition 
(Table 18.1). Conservative methods of manage-
ment should be initiated in such patients before 
considering the patients for surgery [1, 2].

While performing unstrained/normal mouth 
opening, the condylar head translates forward 
and stops in a position under the articular emi-
nence. In hypermobility it translates anteriorly 
beyond the eminence (Fig. 18.1). Hypermobility 
disorders may be subdivided into subluxation 
and dislocation. Temporomandibular joint dis-
location involves a non self-limiting displace-

ment of the condyle, outside of its functional 
position within the glenoid fossa and posterior 
slope of the articular eminence [3]. Dislocation 
may be unilateral and/or bilateral (Table 18.2), 
acute or chronic. Chronic dislocation may fur-
ther be divided into protracted or recurrent 
(Adekeye et  al.) [3]. In  subluxation, the 
joint  is  transiently displaced without complete 
loss of the articulating function and is self 
reducible by the patient at most instances.

D. Bhargava (*) 
TMJ Consultancy Services,  
Bhopal, Madhya Pradesh, India 

Oral and Maxillofacial Surgery, People’s College of 
Dental Sciences and Research Centre,  
People’s University, Bhopal, Madhya Pradesh, India
e-mail: drdarpanbhargava@gmail.com 

B. Sivakumar 
Department of Oral and Maxillofacial Surgery, 
Meenakshi Ammal Dental College and Hospital, 
Chennai, Tamil Nadu, India

18

Table 18.1 The various intrinsic and extrinsic factors for 
temporomandibular joint dislocation

Intrinsic factors (Related to 
joint structure or function)

Extrinsic factors (Systemic 
or other factors not related 
to joint architecture)

Laxity of ligaments, 
capsule and abnormality 
of skeletal structure

Previous injury to the 
mandible, occlusal 
disharmonies

Flattened eminence and/
or shallow fossa

Ehlers-Danlos or other 
connective tissue 
diseases, 
neurodegenerative or 
neurodysfunctional 
diseases including 
epilepsy and Parkinson 
disease, Muscle 
dystrophies or dystonias 
(extra-pyramidal 
reactions)

Injury to the joint altering 
the joint anatomy and 
function

Anti-psychotic and 
neuroleptic drugs

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-2754-5_18&domain=pdf
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In unilateral dislocation, deviation of the mid-
line to the contralateral side with an ipsilateral 
open bite will be evident. Whereas bilateral dislo-
cation  is a more advanced hyper-translation 
where both the condyle locks out anterior to the 
eminence to a position where it cannot be self- 
reduced. Subluxation is the abnormal anterior 
excursion of condyle beyond the articular emi-

nence where the patient can manipulate the joint 
back into normal position. It occurs when the con-
dyle translates anterior to its normal range and the 
patient exhibits a temporary locking sensation that 
either abates spontaneously or can be reduced with 
manual self-manipulation. An incomplete recur-
rent, self-reducing, habitual dislocation is known 
as chronic subluxation (Table 18.3).

18.2  Clinical Examination

Clinical evaluation should include obtaining a 
history followed by examination of the patient. 
The common clinical features seen in dislocation 

Table 18.2 Clinical features of unilateral and bilateral 
temporomandibular joint dislocation

Unilateral acute dislocation
Bilateral acute 
dislocation

Difficulty in speech, 
mastication, deglutition
Drooling of saliva
Deviation of chin with lateral 
cross and open bite to the 
contralateral side
Affected condylar movements 
may not be palpable. A 
depression may be noted in 
front of the tragus 

Pain
Inability to close 
mouth
Contracted 
masticatory muscles
Speech difficulty
Excessive salivation 
and drooling
Gagging of molar 
teeth with anterior 
open bite

Fig. 18.1 TMJ tomogram depicting the position of con-
dylar head during open and closed mouth position show-
ing the condyle placed much anterior to the articular 

eminence during mouth opening. (Picture Courtesy: Dr. 
Darpan Bhargava, TMJ Consultancy Services, Bhopal, 
India)

Table 18.3 Classification of temporomandibular joint 
hypermobility (Rowe and Killey)

Sub-luxation Dislocation (non self-reducing)
Reduces 
spontaniously or 
usually self- 
reduced by the 
patient 

Acute Chronic
Isolated
Recurrent
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include pre-auricular hollowing on maximal 
ROM, inability to close the mouth (open lock) 
caused by posterior disc displacement and reac-
tive muscle spasm, difficulty in speech, drooling 
of saliva secondary to incompetent lips. The clas-
sic “click” in the terminal phases of mouth open-
ing can be a sign of subluxation  (a palpable 
preauricular  feel of the  condyle slipping at  the 
eminence anterioly, on complete mouth open-
ing).  Chronic subluxation may become  symp-
tomatic, with pain as a presenting feature. Major 
cause of pain in subluxation is the compression 
of the intervening tissue between the condylar 
head and the height of the eminence along with 
the undue stretch in the retrodiscal area.

In acute dislocation, pain in the pre-auricular 
and temporal region may be present, but it is rarely 
a presenting feature in chronic recurrent disloca-
tion. Emptiness in the joint space can be felt on 
palpation over the pre-auricular region. 
Predisposing factors for acute dislocation could be 
excessive mouth opening upon yawning, vomit-
ing, laughing, prolonged dental procedures, facial 
trauma, epileptic attacks, and direct laryngoscopy 
[4, 5]. Acute dislocations are one time events, 

which when managed appropriately pose no long-
term problems. Chronic dislocation include events 
of acute dislocations that are not self-reducing and 
require interceptive treatment to prevent its pro-
gession to chronic recurrent dislocations, which 
are non-self reducing and occur very frequently. 
Patients with Ehlers- Danlos or other connective 
tissue diseases, neurodegenerative or neurodys-
functional diseases including epilepsy and 
Parkinson's disease, muscle dystrophies or dysto-
nias or patients on neuroleptic drugs may report 
with recurrent dislocation.

The optimal TMJ range of motion (ROM) is 
between 40 and 50  mm. Initial 20–25  mm of 
opening is achieved primarily through rotation 
which occurs in the lower half of the joint 
between the mandibular condyle and beneath the 
disc surface. The remaining 15–25  mm is 
achieved during forward gliding (anterior transla-
tion) motion that occurs between upper surface of 
the disc and the temporal bone (Fig. 18.2). Mostly 
in TMJ hypermobility ROM is beyond 50  mm 
following which the lock occurs. Various authors 
have classified  the hypermobility based on the 
ROM, from 50 to 55 mm as mild hypermobility, 

a b

Fig. 18.2 (a) Mouth opening with hinge or rotational 
movement of the temporomandibular joint. (b) Mouth 
opening produced by a combination of rotation and 
translation movement of the temporomandibular joint. 
Note in the transition in the position of the disc and the 
mandibular condyle in relation to the articular emi-

nence. (Adapted from Ozkan Y.K. (2018) Movements 
and Mechanics of Mandible Occlusion Concepts and 
Laws of Articulation. In: Ozkan Y. (eds) Complete 
Denture Prosthodontics. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 69032- 2_8)
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55–65  mm as moderate hypermobility, and > 
65 mm as severe hypermobility disorder.

For establishing a diagnosis the instrumental 
movement analysis to assess the quantitative 
characteristics and analysis of performance of 
bilateral condyle may be used. It also records the 
condylar path length to determine hypermobility 
of the joint. It is performed using an electronic 
recording system, i.e. axiography for recording 
the mandibular movements based on ultrasonic 
measuring device [4].  Although, these equip-
ments may not be universally available, and clini-
cal assessment remains the best choice. 

18.3  Pathogenesis of TMJ 
Hypermobility

The classic triad of chronic recurrent subluxation 
includes (1) Ligamentous and capsular flaccidity 
(2) Eminential erosion and flattening (Fig. 18.3) 
(3) trauma  (macro or micro), myospasm, and 
aberrancy in masticatory movements. The dislo-
cation is known to occur due to elevation of man-

dible caused by lack of muscular co-ordination. 
This is caused by lack of relaxation of the pro-
tractors (lateral pterygoid, digastric, mylohyoid, 
geniohyoid) with associated firing of the eleva-
tors (masseter, temporalis, medial pterygoid) 
causing myo-spastic contractions. It initiates a 
feedback loop that induces spastic contractions 
prohibiting self-reduction [3].

18.4  Radiographic 
Examination

TMJ hypermobility can be confirmed by the his-
tory of the patient and clinical examination. 
Radiographs such as open and closed mouth TMJ 
tomogram, computed tomography (CT) scan, 
dynamic  magnetic resonance imaging (MRI, 
closed and open mouth with maximum ROM) 
can be obtained to evaluate the joint and peri- 
articular tissues, and to aid in any surgical inter-
ventions that may be needed. Haghigah A et al. 
evaluated condylar distance in hypermobile TMJ 
with excessive mouth openings using CT. They 

Fig. 18.3 TMJ tomogram depicting the position of con-
dylar head during open and closed mouth position show-
ing flattened articular eminence bilaterally allowing the 

condyle to slip anteriorly during mouth opening. (Picture 
Courtesy: Dr. Darpan Bhargava, TMJ Consultancy 
Services, Bhopal, India)
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Table 18.4 Management methods for TMJ 
hypermobility

Non-surgical/minimally invasive procedures
Intermaxillary fixation using elastics/Barton’s 
bandage/Chin strap to limit oral opening
Administering Sclerosing agents/Proliferants in the 
joint space
Autologous blood injection (ABI)
Botulinum toxin injection
Surgical procedures
Capsule tightening procedures
-  Arthroscopic capsulorrhaphy
-  Open capsulorrhaphy
Surgical procedures that limits the condylar path
-  Lindemann’s procedure
-  Mayor’s procedure
-  Dautrey’s procedure
Placement of an obstacle using other materials
-  L shaped plates, Steel pins
-  Titanium screws
-  Blocks of porous coralline hydroxyapatite
-  Iliac/calvarial bone grafts
-  Mitek bone anchors—Wolford
Creation of muscular balance
-  Masticatory muscle myotomy
-  Shortening of temporalis tendon

evaluated the position of the condyle from the 
articular eminence while MMO; and measured 
the distances from anterior, superior and poste-
rior border of condyle and facing wall of glenoid 
fossa in closed mouth. The conclusion from the 
study indicate that the superior and posterior dis-
tances would be significantly higher in hypermo-
bility patients when  compared with  healthy 
individuals [6–8].

18.5  Management of 
Hypermobility of TMJ

The management includes conservative, mini-
mally invasive, and surgical methods depending 
upon the duration, severity and response to previ-
ous treatment methods. All the available  treat-
ment modalities fall in one of the following 
categories: 1) tightening of the capsule; 2) con-
necting the joint or mandible to adjecent fixed 
structure; 3) mechanical interferences for condy-
lar translation; 4) elimination of interferences; 5) 
removal of lateral pterygoid pull preventing 
translation. Approaches to the condylar region 
have been discussed in detail elsewhere for open 
joint procedures (Refer Chap. 14). The history 
and various management methods for TMJ 
hypermobility are listed (Tables 18.4 and 18.5) 
[3, 9, 10].

18.5.1  Conservative Method

Patient presenting with a locked jaw  in open 
mouth position reports usually in a state of anxi-
ety, specially when it is an acute dislocation expe-
rienced by the patient for the first time. Severe 
muscle spasm would be present surrounding the 
dislocated jaw. Initial management should aim at 
reducing the anxiety and limiting the  muscle 
spasm by counselling, reassuring and with the use 
of pharmacotherapeutic agents that may 
include  anxiolytic agents or sedative drugs  (eg. 
Diazepam) before undertaking a reduc-
tion  manoeuvre.  The management of patients 
with chronic dislocation or chronic recurrent non-
self reducing dislocation will have a better opera-

tor ease, as these patients are in a less anxious 
state from their previous experiences. Patients 
with symptomatic chronic subluxation may pres-
ent with pain as the only presenting feature.

18.5.1.1  Conventional Intraoral 
Technique (Nélaton’s 
Maneuver or the Hippocratic 
Technique)

Acute dislocation can be reduced under local anes-
thesia or general anesthesia or sometimes without 
the use of anesthesia using a bimanual intra-oral 
traction. Patient should be  seated against a firm 
back and head rest and is instructed to remain calm 
which helps in relaxation of the elevator muscles of 
the mandible. The operator should stand in front of 
the patient grasping the mandible in the retro-molar 
region on both the  sides firmly using the thumb 
intra-orally and the other fingers placed below the 
chin. Downward pressure should be exerted on the 
molars followed by a backward  and an upward 
thrust below the lower border of the mandible 
extra-orally to push the mandible downward below 
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the articular eminence and backward into the fossa 
(Fig. 18.4) [2, 3]. Combining the procedure with 
local anesthesia and/or sedation usually allows less 
painful reduction for the patient. Auriculotemporal 
nerve block through the preauricular approach 
helps in pain reduction due to dislocation and also 
aids for pain control during reduction. Young et al. 
(2009) have advocated the use of peripheral nerve 
blocks of the masseter and deep temporal nerve 
along with infiltration of the joint capsule for mini-
mizing  discomfort while reduction and also 
to, decreasing the muscle spasm. 

18.5.1.2  External Method (Ardehali 
et al.)

Ardehali et  al. described an extraoral approach 
for condylar dislocation reduction where each 
joint is reduced separately. In this method, on one 
side, the thumb is placed just above the anteriorly 
displaced coronoid process, and the fingers are 
placed behind the mastoid process to provide a 
counteracting force. On the other side, the fingers 
hold the mandible angle and the thumb is placed 
over the malar eminence. To reduce the dislo-
cated jaw, one side of the mandible angle is 
pulled anteriorly by the fingers, with the thumb 

over the malar eminence acting as a fulcrum. 
While the mandible angle is pulled anteriorly, 
steady pressure is applied on the coronoid pro-

Table 18.5 History of treatment modalities for TMJ hypermobility

Year Proposed by Procedure
1945 Hudson Plication of capsule to reduce the size of hollow viscus
1947 Schultz Injection of sclerosing solution into joint to produce capsular fibrosis and 

restrict excessive condylar movements
1949 Bowman Detachment of external pterygoid muscle from condyle along with a 

capsulorrhaphy
1951 Dingman Meniscectomy to treat hypermobility
1961 Ward Recommended condylotomy
1962 Litzow and Royer Condylectomy should be reserved for long-standing dislocations
1964 Findlay Inserted a stainless steel pin into the zygomatic process of temporal bone
1965 Georgiade Ligation of condyle to zygomatic arch using mersilene (Dacron) strips
1968 Merril Similar technique using Dacron strips in patient with Parkinson’s disease
1968 Boudroux and Spire Plication of capsule
1969 Thoma Bone graft onlay to the articular eminence
1975 Sanders and Newman Plication of capsule combined with a ligamentorraphy
1978 Howe and Kent Attached a vitallium mesh to the zygoma
1978 Gould Intra-oral scarification to effect a shortening of the temporalis tendon
1951 Myrhaug Described the reduction in height of the articular eminence enabling the 

condyle to slip back into the fossa if sub-luxation occurs.1957 Irby
1972 Hale
1975 Jacques Dautrey Procedure describing an oblique cut through zygomatic arch posteriorly, arch 

is brought down and impacted under the articular eminence

Fig. 18.4 Bimanual intra-oral traction manoeuvre for 
reduction of the dislocated mandible. Note the downward 
pressure (1) that should be exerted on the molars followed 
by a backward (2) and an upward thrust (3)
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cess of the other side, with the fingers behind the 
mastoid process providing counteracting force. 
The mandible is rotated by this maneuver and the 
dislocated temporomandibular joint  is usually 
reduced on one side. When one side of the dislo-
cation is reduced, the other side will usually get 
reduced spontaneously [11].

18.5.1.3  Gag Reflex
Awang MN reported a technique of initiating a 
gag reflex to reduce acute dislocation using a 
mouth mirror to stimulate a gag by contacting the 
soft palate/pharynx. The impulse is carried to 
central nervous system causing stimulation of all 
the depressor and protruder muscles of the man-
dible along with reflex inhibition of elevator mus-
cles causing mandible to relocate into the 
condylar fossa [12].
Following reduction, immobilization should be 
done to restrict the mouth opening using a 
Barton’s bandage or inter-maxillary fixation 
(IMF) for 7 days. Diet modification should 
include liquid to semi-solid diet. Muscle relax-
ants should be prescribed. Long-standing cases, 
more than 15–30 days may not respond to the 
above-mentioned procedures. In such cases, 
reduction should be done under general anesthe-
sia. For patients with persistant or protracted dis-
locations, who report late for the  treatment, 
traction with  wires at the angle under general 
anesthesia may be attempted. If manoeuvres 
described fail to achieve reduction, then surgical 
procedure should include osteotomising the man-
dible in the midline or paramidline region and 
reducing both the condyles individually, followed 
by fixation of the mandible. Alternatively, tempo-
ral myotomy via an intraoral anterior ramal inci-
sion is advocated (Laskin, 1972), which usually 
aids in repositioning of the condyles into the gle-
noid fossa.

18.5.2  Minimally Invasive 
Methods

18.5.2.1  Autologous Blood Injection
Autologous blood injection (ABI) was first 
described by Brachmann in 1964. The injected 

blood initiates an intra-capsular and peri-capsu-
lar inflammatory response caused by transferred 
platelets and blood constituents causing fibrosis 
and adhesions. Fibrosis and cicatricial matura-
tion cause physiologic reduction in compliance 
to the peri-articular soft tissue causing a 
decreased ROM.  Blood is injected following 
arthrocentesis procedure where the whole blood 
is drawn from the patient and deposited via the 
inflow needle into the superior joint space. The 
outflow needle is either removed or blocked dur-
ing the blood injection. Some authors advocate 
the deposition of blood aditionally to the retro-
discal region and the pericapsular area apart 
from the superior joint space. The patient is 
advised to minimize mandibular function post-
operatively. Based on clinical improvement, 
which should be assessed no earlier than  6-12 
weeks post ABI, repeated injections may be 
administered. The advantages of ABI include 
reduced chance for allergic  reactions  and the 
technique is simple where the blood can be col-
lected as a chair-side procedure. Autologous 
blood injections can be performed on an outpa-
tient basis offering a safe and effective treatment 
[3, 13–16]. Autologous blood injections may be 
attempted for patients with chronic dislocation, 
symptomatic subluxation and  recurrent acute 
dislocation with a suspected  progression  to 
chronic recurrent subluxation.

18.5.2.2  Sclerotherapy/Injection of a 
Sclerosing Agent

Injection of sclerosants produces an inflamma-
tory response which causes fibrosis in the peri- 
capsular region reducing the temporomandibular 
joint hypermobility. Several sclerosing agents are 
used in practice that include  sodium tetradecyl 
sulfate, bleomycin, cyclophosphamide, tetracy-
cline, iodine, alcohol, ethanolamine oleate 
and  OK- 432 (Picibanil). Disadvantages of 
sclerotherapy include sensation of local irritation 
and the risk of allergic reaction to the sclerosant. 
There are documented reports on various scleros-
ing agents causing chondrocyte degeneration 
leading to the development of the degenerative 
joint disease [3, 17].  For this reason, repeated 
injections should be considered with caution. 
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While using the sclerosing agents, the control on 
the extent of fibrosis induced, is beyond clinical 
control. These injections are generally painful as 
they cause local irritation on injection, and 
thus requring the need for local anesthetic blocks 
before the injection.

18.5.2.3  Botulinum Toxin Injection
Botulinum toxin type A is known to cause a dose 
related weakness of skeletal muscle by inhibiting 
acetylcholine release at the neuromuscular junc-
tion. In TMJ dislocation it is used as a primary 
modality as a treatment or as an adjunct to other 
procedures. The target muscle is the lateral ptery-
goid as it is involved in spasm during 
dislocation.

Fu et al. assessed landmarks to approach lat-
eral pterygoid belly percutaneously through the 
sigmoid notch inferior to the zygomatic arch. 
After aspiration, 25–50 units of Type A botuli-
num toxin should be injected directly into the 
muscle belly. It can also be injected trans-orally 
under electromyography (EMG) guidance. A 
single injection is usually effective.

However the disadvantage of botulinum injec-
tion includes hemorrhage  on needle insertion. 
Rarely, toxin induced velopharyngeal insuffi-
ciency (VPI), dysphagia, and dysarthria  is 
reported, which usually subside within 2–4 
weeks [3, 18].

18.5.2.4  Prolotherapy
Prolotherapy  for temporomandibular joint 
(Schultz, 1937), also known as proliferation 
treatment or regenerative injection therapy is 
infiltrating a non-pharmacologic agent around 
the peri-capsular tissue which initiates an inflam-
matory process causing local fibrous prolifera-
tion increasing the tissue robustness, thereby 
increasing joint stability and reducing laxity. 
Several agents have been used as proliferants for 
TMJ dysfunction since the 1930s such as dex-
trose, psyllium seed oil, glycerin, phenol and 
combinations. Commonly used proliferant is 
dextrose. 2 ml of 10–50% dextrose is injected in 
the superior joint space and the pericapsular 
area followed by diet modification and minimal 
jaw function for 2 weeks. Repeated injections 

may be required to achieve optimal therapeutic 
effects [3, 19].  Refai et  al. (2011)  conducted a 
prospective, randomized, double-blind, placebo-
controlled clinical trial on twelve patients with 
painful subluxation or dislocation, where the 
study group received 4 injections of dextrose 
solution (2 mL of 10% dextrose and 1 mL of 2% 
mepivacaine) for each TMJ, each 6 weeks apart. 
Authors reported prolotherapy as a promising 
treatment for symptomatic TMJ hypermobility, 
as evidenced by the therapeutic benefits, simplic-
ity, safety, patients' acceptance of the injection 
technique, and lack of any significant side effects. 
Injection of a proliferant  is usually painful, 
 mandating adequate use of local anaesthesia dur-
ing prolotherapy. During the treatment with 
autologous blood, sclerosing agents or prolifer-
ants, use of anti-inflammatory medication, should 
be avoided including the  non steroidal anti 
inflammatory drugs, as these management strate-
gies utilize induction of an inflammatory response 
to induce fibrosis. The mainstay for pain manage-
ment during the course of the treatment should be 
opioid  class of analgesics, of which commonly 
used is tramadol. Dextrose, which is commonly 
used and is considered safe, is an osmotic prolif-
erant which acts by dehydrating the cells at the 
injection site which utlimately leads to release of 
cellular fragments that act as chemoattractants 
and start the inflammatory cascade leading  to 
deposition of collagen. Another proposed mecha-
nism is by glycosylating tissues and making them 
appear foreign to the immune system thereby ini-
tiating  an inflammatory response. Irrespective 
of the triger mechanism, the subsequent inflam-
matory reaction and the consequent wound heal-
ing cascade leads to the  collagen formation by 
the fibroblasts in the due course [19].

18.5.3  Surgical Methods

Once the conservative and minimally invasive 
methods have failed to treat the patient symptom-
atically, surgery should be considered as an 
option. Approaches to the condylar region have 
been discussed in detail elsewhere (Refer Chap. 
14). The various surgical procedures for manage-
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ment for hypermobility of TMJ are listed 
(Table 18.4).

18.5.3.1  Creation of Muscular Balance

 Lateral Pterygoid Myotomy
Juxta-articular muscle alteration is a surgical 
method to correct the spastic muscle unit. The 
formation of resulting intra-muscular scar tissue 
facilitates hypomobility. Lateral pterygoid myot-
omy can be performed trans-orally or percutane-
ously using a pre-auricular incision. Under 
general anesthesia, after achieving maximal 
mouth opening, local anesthetic solution with a 
vasocontrictor should be infiltrated in the medial 
and lateral aspect of mandibular ramus. A vertical 
incision is placed extending from the coronoid 
process along the ascending ramus to the distal 
surface of the posterior most tooth. The soft tis-
sues must be gently elevated from the medial 
aspect of the mandible to expose the lateral ptery-
goid. It is then detached from the anterior capsule 
of the condyle. Wound closure should be done 
followed by IMF for 7 days [3, 9].

 Temporalis Scarification
Temporalis scarification creates a cicatricial 
restriction in dynamic muscular function, and 
reduce condylar translation. This technique was 
proposed by Gould JF [10, 20]. It is indicated for 
unacceptable late joint snapping on mouth open-

ing associated with TMJ hypermobility and for 
recurrent dislocation. This procedure principally 
involves dissecting the tendinous fibres from the 
ascending ramus and suturing them to the sur-
rounding periosteum and mucosa, this  induces 
tightening of the tendon by scaring. The length of 
the tendon or the  muscle may be surgically 
reduced depending on the amount of 
hypermobility. 

18.5.3.2  Capsulorrhaphy
Arthroscopy is employed to identify the land-
marks of the internal joint anatomy and facilitate 
posterior capsulorrhaphy using laser (Hol:YAG) 
or electro-thermal device. A cicatricial contrac-
ture is created with the  removal of retrodiscal 
synovial tissue. The capsule is tightened and 
sutured to the desired position. External or 
open capsulorrhaphy procedure can be performed 
as an open joint surgical procedure [3]. MacFarlane 
(1977) has described capsular plication as a sim-
ple and effective method for recurrent dislocation 
of the temporomandibular joint (Fig. 18.5).

18.5.3.3  Open Surgical Methods

 Eminectomy
Eminectomy, described by Myrhaug in 1951, 
reduces the vertical height of the articular emi-
nence. The condyle slips posteriorly into the fossa 
without anatomic restriction in an episode of dislo-

Fig. 18.5 MacFarlane’s capsular plication procedure 
for recurrent dislocation. Note the ‘T’ shaped incision 
on the lateral capsule; (a) portion of capsule that is 
excised; (b) the flap is pulled and sutured. [Adapted 

from MacFarlane WI. Recurrent dislocation of the man-
dible: treatment of seven cases by a simple surgical 
method. Br J Oral Surg. 1977 Mar;14(3):227-9.  https://
doi.org/10.1016/0007-117x(77)90029-4.]
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cation. A pre-auricular incision is placed, followed 
by layered dissection to expose the articular emi-
nence. The articular eminence is reduced using a 
bone cutting  bur or an osteotome in the medial 
aspect. The lateral tubercle may be removed or sal-
vaged as a guide plane followed by layered wound 
closure. Post-operatively gentle physiotherapy 
with soft diet is advised to ensure functional mouth 
opening. Potential risks of this procedure include 
intra-cranial violation and damage to the surround-
ing neurovascular bundles [3, 10].

 Dautrey’s Procedure (Fig. 18.6)
There are few techniques documented in the lit-
erature wherein zygomatic arch is utilized to cre-
ate a mechanical obstruction to the condylar 
translation (Table  18.6). Dautrey’s procedure is 
done through a pre-auricular incision followed by 
layered dissection without violation of the TMJ 
capsule. An osteotomy cut is placed in the zygo-
matic arch anterior to the eminence. Slight pres-
sure should be applied on the osteotomy site to 
create a greenstick fracture in the anterior region 
followed by mobilizing the fractured arch medi-
ally or laterally and inserting it under the articular 
eminence. It can be left passively or secured using 
a mini-plate followed by wound closure. Bone 
grafts can be placed as an interpositional material 
between the arch and articular  eminence that can 

be  secured using wires, screws, or mini-plates. 
Post-operatively soft diet with restriction of man-
dibular movements for 2 weeks followed by phys-
iotherapy should be advocated [3, 9, 10].

Norman’s procedure  is an another docu-
mented technique where glenotemporal osteot-
omy is done along with the augmentation of the 
zygomatic root of the temporal bone by placing 
a bone graft from the iliac crest to prevent 
the  forward movement of the condyle beyond 
the eminence. Modification to Norman's proce-
dure for hypermobility of the temporomandibu-
lar joint is proposed by Sharma R (2021), where 
along with the conventional procedure, an inferi-
orly based pedicled flap from the temporal fascia 
was sutured to the antero-lateral aspect of the 
capsule. Authors proposed that an added modifi-
cation of an additional  intra-oral pterygoid dis-
junction should be executed in cases where 
hypermobility is associated with pain [21].

Neuro-sensory disturbances and risk of zygo-
matic arch fracture can be the possible complica-
tions. Fractured zygomatic arch may require 
stabilization.

 Mechanical Obstruction with Mini- plate 
Placement
A ‘L’ shaped mini-plate can be secured with short 
arm fixed laterally to the eminence and long arm 

Table 18.6 Glenotemporal osteotomy for TMJ hyper-
mobility involving the zygomatic arch

Year Proposal by Procedure
1925 Lindemann Utilized a bone chip from 

zygomatic arch
1933 Mayer Segmental dislocation of 

zygomatic arch to act as 
physiologic obstruction

1943 LeClerc 
and Girard

A vertical osteotomy in the 
zygomatic arch anterior to the 
tubercle, inserting the 
osteotomized segment to 
impede the path of hypermobile 
condyle

1967 Gosserez 
and 
Dautrey

Greenstick fracture of 
zygomatic arch, with its 
displacement in downward and 
forward direction just in front of 
the articular eminence and 
locked under the eminence 

Fig. 18.6 Post-operative 3D reconstructed computed 
tomogram depicting osteotomized zygomatic arch for the 
management of temporomandibular joint recurrent dislo-
cation using Dautrey’s procedure. (Reproduced with per-
mission from: Bhandari SK, et  al. Management of 
temporomandibular joint recurrent dislocation using 
Dautrey’s procedure: report and review. Int J 
Otorhinolaryngol Head Neck Surg 2019;5:1748–52)
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can be contoured and fixed along the eminence 
inferiorly. The procedure should always be con-
tained to the  extra-capsular  region and is rela-
tively less morbid. There is a potential chance of 
plate fracture which requires a second surgery for 
hardware removal [3, 10].

 Wolford’s Procedure 
Mitek anchor fixation for temporomandibular 
joint disorders work on the principle of using a 
bone anchor and artificial ligaments for disc sta-
bilization.This procedure utilizes Mitek mini 
bone anchors which has osseointegration poten-
tial. Usually two Mitek anchors are utilized for 
the  treatment of chronic mandibular disloca-
tion. After exposing the zygomatic arch and lat-
eral capsule, articular disc position is ensured. 
One anchor is placed in the lateral condylar pole 
and the second anchor is placed in the most pos-
terior part of the  zygomatic arch. The suture 
strings can be adjusted based on the desired 
mobility and tied. Eminectomy is not required 
with this procedure.  The anchor  sutures are 
tightened to a length that permits laxity for con-
trolled translation of the mandible while pre-
venting dislocation.  The disadvantages are 
breakage of sutures or failure of the anchors [3, 
5]. The use of Mitek anchor is also advocated 
for  disc  repositioning by Mehra and Wolford 
(2001) (Fig. 18.7). The modifications in the pro-
cedure for various clinical scenarios is summa-
rized in the  Table  18.7. Mitek anchors require 
specialized armamentarium which may not be 
universally available. An alternative to Mitek 
anchors, is the use of orthodontic mini-screw as 
advocated by  Zachariah and Neelakandan 
(2015) (Fig. 18.8).

Tocaciu S et  al. in their study proposed a 
new surgical treatment protocol for patients 
diagnosed with recurrent TMJ dislocation 
after  retrospective observation of 14 patients 
over a period of 6 years. Successful long-term 
results were observed in the study population 
who underwent a combination of eminectomy 
and a disc plication (meniscopexy) procedure. 

The authors also emphasized that for the 
patients who are not eligible for surgery, may 
be treated using botulinum injections or 
sclerotherapy [22]. Very little literature evi-
dence is available for dislocation of the TMJ 
in pediatric population as the treatment options 
can be limited in such age group. Ludovic S 
et  al. proposed a management protocol for 
pediatric TMJ dislocation which can be useful 
for clinicians [23].

Stergiou GS et  al. have  described mini-plate 
eminoplasty for non-compliant patients and for 
patients with muscular disorders [24]. Krishna-
kumar Raja VB et al. have advocated inferior repo-
sitioning of the  coronoid process to address 
subluxation or  recurrent dislocation. This proce-
dure is based on the principle of stretching of the 
muscle thereby increasing the  neuromuscular 
activity and resistance training resulting in hyper-
trophy. They highlighted that there was an increase 
in mitochondrial content and the cross-sectional 
area of the muscle fibers. Ultrasonographic evalu-
ation post-operatively revealed an increase in 
thickness and length of temporalis muscle which 
translated into better contraction [25].

The affected individual diagnosed with a 
hypermobility disorder must be screened for pre-
vious history of trauma,  systemic disorders 
affecting the joint or connective tissue which can 
be a predisposing factor followed by  devis-
ing a custom- made treatment plan, as no single 
modality of treatment is found to be effective in 
all the cases.

18.6  Goals of Treatment

Identification of the etiological factor causing 
the hypermobility, patient education, and reas-
surance followed by conservative to minimally 
invasive management are the important elements 
to achieve relief in such patients. If the non-sur-
gical methods fail to provide relief, surgery 
should be considered as an option to improve the 
quality of life.
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1.8 × 5 mm

Mitek mini Anchor
0-Ethibond suture

Mitek
Anchor

Posterior View
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Fig. 18.7 (a) Sagittal view of the right TMJ. The TMJ 
articular disc is anteriorly displaced (green arrow). 
Bilaminar and synovial tissues cover the top of the con-
dyle. This tissue is excised to eliminate excessive tissue 
when the disc is repositioned. The ligament that attaches 
from the anterior aspect of the disc to the anterior aspect 
of the articular eminence must be detached in order to 
mobilize the disc and reposition it passively over the con-
dylar head (red arrow). (b) The disc has been mobilized 
and repositioned passively over the condyle. A hole is 
drilled into the posterior head of the condyle with the 
dedicated Mitek drill, and the Mitek anchor is inserted 
into the posterior head of the condyle into the medullary 
bone with the wings locking it in place against the cortical 
bone. The 0 Ethibond suture that was doubled and passed 
through the eyelet of the anchor provides two artificial 
ligaments to secure the disc in position. (c) The Mitek 
mini anchor is 1.8 mm in diameter and 5 mm in length. 
The body of the anchor is titanium alloy, and the wings are 
composed of nickel titanium with shape-memory technol-
ogy to allow the wings to compress against the body of the 
device as it passes through the cortical bone of the con-
dyle and then re-expand once into the medullary bone, 

locking the device in place against the cortical bone. (d) 
Posterior view of the anchor inserted into the condyle. The 
pilot hole is placed approximately 8 mm below the crown 
of the condylar head and just lateral to the midsagittal 
plane. The first suture (artificial ligament) is passed from 
beneath up through the posterior aspect of the posterior 
band of the disc toward the medial side. Two more throws 
are completed for a total of three throws. The second 
suture is passed in the same manner with three throws but 
positioned more laterally. The disc should be slightly 
overcorrected, and then the sutures are tied. Additional 
support sutures can be placed, for example, at the lateral 
pole area if additional support is required to stabilize the 
disc laterally. The 0 Ethibond suture can be passed through 
the lateral capsular tissue and up through the lateral aspect 
of the disc and secured to provide additional lateral sup-
port. (Reproduced with permission: Han, Michael et  al. 
Surgery of the Temporomandibular Joint: Discectomy and 
Arthroplasty in, S. T. Connelly et al. (eds.), Contemporary 
Management of Temporomandibular Disorders, https://
doi.org/10.1007/978- 3- 319- 99909- 8_6, Springer Nature 
Switzerland AG 2019)
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Table 18.7 Wolford’s procedure (modifications based on various clinical scenarios)

TMJ charateristics Procedure
Chronic forward mandibular 
posture

Two artificial ligaments are tightened to retain the condyle seated in postero-
superior aspect of the fossa, preventing forward translation

To prevent dislocation anterior to 
articular eminence

Artificial ligaments can be left loose to provide translation but limit forward 
movement by preventing condylar translation beyond the articular eminence

Dislocation of articular disc Usage of third anchor to reposition the disc into a normal relation

a

b

Fig. 18.8 Use of an 
orthodontic mini-screw 
for disc anchoring in 
cases with chronic 
meniscocondylar 
dislocation of the 
temporomandibular 
joint. Schematic diagram 
showing disc anchoring 
technique (a); Disc 
anchored to orthodontic 
miniscrew (b) [Adapted 
from Zachariah T, 
Neelakandan RS, 
Ahamed MI. Disc 
Anchoring with an 
Orthodontic Mini-Screw 
for Chronic 
Meniscocondylar 
Dislocation of TMJ. J 
Maxillofac Oral Surg. 
2015;14(3):735–744. 
https://doi.org/10.1007/
s12663- 014- 0729- 2]
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Appendix

Atlas 18.1 3D reconstructed computed tomographic 
images of a patient with acute dislocation of the temporo-
mandibular joint. (a) frontal view; (b) inferior view, note 

the condylar position and the empty glenoid fossa (marked 
in red); (c) right; (d) left, note the position of the condyle 
locked in front of the articular eminence

a b c d
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Atlas 18.2 Sagittal view of the computed tomographic 
images in a patient with chronic subluxation of the tem-
poromandibular joint. (a) closed mouth view of the left 
joint; (b) open mouth view of the left joint, note the ante-

rior translation of the condyle and its relation to the emi-
nence; (c) closed mouth view of the right joint; (d) open 
mouth view of the right joint, note the anterior translation 
of the condyle and its relation to the eminence

a

b

c

d

18 Temporomandibular Joint Hypermobility Disorders



252

References

 1. Nosouhian S, Haghighat A, et al. Temporomandibular 
joint hypermobility manifestation based on clinical 
observations. J Int Oral Health. 2015;7(8):1–4.

 2. Malik NA.  Textbook of oral and maxillofacial sur-
gery. 4th ed. New Delhi: Jaypee Publishers.

 3. Liddell A, Perez DE.  Temporomandibular joint 
dislocation. Oral Maxillofac Surg Clin N Am. 
2015;27:125–36.

 4. Badel T, Laškarin M, Zadravec D, Čimić S, Savić 
Pavičin I. Subluxation of temporomandibular joint – a 
clinical view. J Dent Probl Solut. 2018;5(2):029034.

 5. Sharma NK, Singh AK, Pandey A, Verma V, Singh 
S.  Temporomandibular joint dislocation. Natl J 
Maxillofac Surg. 2015;6(1):16–20. https://doi.
org/10.4103/0975- 5950.168212.

 6. Haghigaht A, Davoudi A, Rybalov O, Hatami 
A. Condylar distances in hypermobile temporoman-
dibular joints of patients with excessive mouth open-
ings by using computed tomography. J Clin Exp 
Dent. 2014;6(5):e509–13. https://doi.org/10.4317/
jced.51562.

 7. Kalaykova S, Naeije M, Huddleston Slater JJR, 
Lobbezo F. Is condylar position a predictor for func-
tional signs of TMJ hypermobility? J Oral Rehab. 
2006;33:349–55.

 8. Kalaykova S, Naeije M, Huddleston Slater JJR, 
Lobbezo F.  Occupational differentiation in dentistry 
3. Hypermobility of the temporomandibular joint and 
condylar position at maximal mouth opening. Ned 
Tijdschr Tandheelkd. 2006;113(10):391–6.

 9. Martin WD, et  al. Recurrent dislocation of the tem-
poromandibular joint: a literature review and two case 
reports treated with eminectomy. J Craniomandibular 
Sleep Prac. 2014;32(2):110–7.

 10. Lawlor MG.  Recurrent dislocation of the mandible: 
treatment of ten cases by the Dautrey procedure. Br J 
Oral Surg. 1982;20:14–21.

 11. Ardehali MM, et al. Temporomandibular Joint reduc-
tion technique: a new external method versus the tra-
ditional. Ann Plastic Surg. 2009;63(2):176–8.

 12. Awang MN. A new approach to the reduction of acute 
dislocation of temporomandibular joint: a report of 3 
cases. Br J Oral Maxillofac Surg. 1987;25:244–9.

 13. Coser R, De Silveira H, Medeiros P, Ritto FG. 
Autologous blood injection for the treatment 
of recurrent mandibular dislocation. Int J Oral 
Maxillofac Surg. 2015; https://doi.org/10.1016/j.
ijom.2015.05.004.

 14. Hegab AF.  Treatment of chronic recurrent disloca-
tion of the temporomandibular joint with injection 
of autologous blood alone, intermaxillary fixation 

alone, or both together: a prospective randomized 
controlled clinical trial. Br J Oral Maxillofac Surg. 
2013;51:813–7.

 15. Varedi P, Bohluli P.  Autologous blood injection for 
treatment of chronic recurrent TMJ dislocation: is it 
successful? Is it safe enough? A systematic review. 
Oral Maxillofac Surg. 2015; https://doi.org/10.1007/
s10006- 015- 0500- y.

 16. Oshiro N, Yoshida H, Uemura M, Suwa F, Morita 
S.  Analysis of MRI findings in minimum invasive 
treatment for habitual temporomandibular joint 
dislocation by autologous blood injection around 
the temporomandibular joint capsule. J Cranio- 
Maxillofac Surg. 2014; https://doi.org/10.1016/j.
jcms.2014.04.018.

 17. Matthews NS.  Dislocation of temporomandibular 
joint. A guide to diagnosis and management. Springer. 
In: Conservative management for TMJ dislocation. 
p. 67.

 18. Ataran R, Bahramian A, Jamali Z, et  al. The role 
of botulinum toxin A in treatment of temporoman-
dibular joint disorders: a review. J Dent (Shiraz). 
2017;18(3):157–64.

 19. Majumdar SK, Krishna S, Chatterjee A, Chakraborty 
R, Ansari N.  Single injection technique prolo-
therapy for hypermobility disorders of TMJ using 
25% dextrose: a clinical study. J Maxillofac Oral 
Surg. 2017;16(2):226–30. https://doi.org/10.1007/
s12663- 016- 0944- 0.

 20. Gould JF.  Shortening of the temporalis tendon for 
hypermobility of the temporomandibular joint. J Oral 
Surg. 1978;36(10):781–3.

 21. Sharma R. Modifications to Norman’s procedure for 
hypermobility of TMJ.  Med J Armed Forces Ind. 
2012;68:231–5.

 22. Tocaciu S, McCulloughb MJ, Dimitroulis G. Surgical 
management of recurrent dislocation of the temporo-
mandibular joint: a new treatment protocol. Br J Oral 
Maxillofac Surg. 2018;56:936–40.

 23. Ludovic S, O’hana D, Khonsari RH, Kaddour Brahim 
A.  Bilateral dislocation of the Temporo-Mandibular 
Joint in children. J Oral Maxillofac Surg. 2018; 
https://doi.org/10.1016/j.joms.2018.04.004.

 24. Stergiou GS, Obwegeser JA, Grätz KW, Zwahlen 
RA.  Surgical treatment of anterior TMJ-dislocation 
with mini-plates: a case report (in German). Schweiz 
Monatsschr Zahnmed. 2007;117:523–6.

 25. Krishnakumar Raja VB, Balasubramanian S, 
Sridharan G, Tarun S, Panneerselvam E. Inferior 
Repositioning of Coronoid Process for the Treatment 
of Temporomandibular Joint Subluxation/Dislocation. 
Ann Maxillofac Surg. 2019;9(2):397–9. https://doi.
org/10.4103/ams.ams_137_19.

D. Bhargava and B. Sivakumar

https://doi.org/10.4103/0975-5950.168212
https://doi.org/10.4103/0975-5950.168212
https://doi.org/10.4317/jced.51562
https://doi.org/10.4317/jced.51562
https://doi.org/10.1016/j.ijom.2015.05.004
https://doi.org/10.1016/j.ijom.2015.05.004
https://doi.org/10.1007/s10006-015-0500-y
https://doi.org/10.1007/s10006-015-0500-y
https://doi.org/10.1016/j.jcms.2014.04.018
https://doi.org/10.1016/j.jcms.2014.04.018
https://doi.org/10.1007/s12663-016-0944-0
https://doi.org/10.1007/s12663-016-0944-0
https://doi.org/10.1016/j.joms.2018.04.004
https://doi.org/10.4103/ams.ams_137_19
https://doi.org/10.4103/ams.ams_137_19


253© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021 
D. Bhargava (ed.), Temporomandibular Joint Disorders, 
https://doi.org/10.1007/978-981-16-2754-5_19

Arthrocentesis of the 
Temporomandibular Joint

Darpan Bhargava, M. Fatih Şentürk, Shaji Thomas, 
and Prateeksha Pawar

19.1  Introduction

Internal derangement (ID) of temporomandibular 
joint (TMJ) is defined as any abnormal anatomi-
cal or structural relationship between the articu-
lating surfaces and the articular disc that interferes 
with the smooth functioning of the jaw joint. 
Disturbances in the joint movement in which the 
articular disc plays a central role are referred to 
as temporomandibular joint disc derangement 
[1]. For the better understanding of the dishar-
mony in synchrony of the jaw joint movements, it 
is mandatory to understand the physiology 
behind the normal  functioning of the temporo-

mandibular joint while opening and closing the 
jaw (Figs. 19.1, 19.2, and 19.3).

Internal derangement has been described to 
cause interferences with smooth movement of the 
joint through momentary “catching, clicking, 
popping, or locking”. It may be with or/and with-
out reduction of the displaced disc (Table 19.1) 
(Fig. 19.4) [2].

Derangement of the temporomandibular joint 
may have a progressive course, if not intercepted 
when indicated.  Internal derangement usually 
advances from the preliminary stage, which is 
characterized by a clicking associated with nor-
mal maximal mouth opening (MMO) to the stage 
where clicking gradually ceases with occurrence 
of varying degrees of limitation in mouth open-
ing (closed lock). The latter stage is commonly 
characterized by a non-reducible, (most fre-
quently)  anteriorly displaced disc which hin-
ders the translating condyle [3, 4].

The treatment of choice for internal derange-
ment still remains controversial, but on a progres-
sive note, arthrocentesis; both needle and 
arthroscopic have been accepted as routine 
options for management in early stages. When 
the conservative methods fail to provide relief to 
the condition, surgical disc repositioning  and 
repair are the possible options to re-establish 
the normal structural and functional relationship. 
Both TMJ needle arthrocentesis and arthroscopic 
lysis and lavage utilize high hydraulic pres-
sure  (within physiological limitations) in the 
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upper joint space to re-establish the internal anat-
omy and restore normal MMO in patients with 
symptomatic derangements and closed lock.

Several studies on temporomandibular joint 
disorders (TMDs) have suggested that minimally 
invasive TMJ surgeries should be considered as 
an early option in the management sequence for 
patients with ID, to avoid the progression of the 
disease to a more symptomatic and complex 
stages [5]. Arthrocentesis and arthroscopy are 
being widely practised in the field of orthopaedic 
surgery for various joints in the body. Over the 
last four decades it has gained much popularity in 
the field of Maxillofacial Surgery for the treat-
ment for jaw joint disorders. Variety of tech-
niques for performing arthroscopy and 
arthrocentesis of the TMJ have been proposed by 

NORMAL
JOINT

1/4 OPEN

1/2 OPEN

FULL
OPEN

Fig. 19.1 Joint dynamics during function

Fig. 19.2 Sagittal view of the joint architecture. Note the 
disc (green) dividing the joint into two distinct compart-
ments (blue)
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Table 19.1 Definition of internal derangement with/
without reduction

Internal derangement with 
reduction

Internal derangement 
without reduction

A condition in which the 
articular disc of the TMJ 
is displaced (most often 
anteriorly) while the 
mouth is closed and the 
teeth are together in 
maximal occlusion.
On opening, the condyle 
pushes against the 
posterior band of the disc 
until the condyle is able 
to slide or snap under the 
posterior band of the disc 
and the disc reduces to its 
position on the top of the 
condyle.

A condition in which the 
condyle is unable to slide 
or snap back underneath 
the disc. The displaced 
disc thus does not reduce 
to its position on top of 
the condyle during 
opening movement.
In this condition, the 
posterior band of the disc 
shows significant plastic 
deformation as well as 
gradual flattening.

Fig. 19.3 Coronal anatomy of the joint architecture, note 
the disc (green) dividing the joint space into superior and 
inferior compartments (blue)

NORMAL

DISC
DISPLACEMENT

WITH
REDUCTION

DISC
DISPLACEMENT

WITHOUT
REDUCTION

CLOSED OPEN

Fig. 19.4 Dynamics during normal joint function and in 
a deranged joint (Adapted from Bhargava D, et  al. 
Temporomandibular joint arthrocentesis for internal 

derangement with disc displacement without reduction. J 
Maxillofac Oral Surg. 2015 Jun;14(2):454–9)
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Table 19.2 History of development in arthroscopy and arthrocentesis for the temporomandibular joint

S. NO Authors Year Study
1. Onishi et al. [6] 1974 First reported the usage of the arthroscope for diagnostic purposes in 

TMJ.
2. Murakami and Hoshino 

et al. [7]
1982 Explained the nomenclature for arthroscopic anatomy of the TMJ.

3. McCain et al. [8] 1983 Favoured the development of routine TMJ arthroscopy through their 
cadaveric study with 67 joints.

4. Holmlund and Hellsing 
et al. [9]

1985 Explained anatomic key points to make arthroscopy technique secure 
and standardized with a study on 54 cadavers.

5. Sanders et al. [10] 1986 Outlined the advantages of arthroscopy for the treatment of 
temporomandibular joint acute closed lock (ACL) or chronic closed 
lock cases (CCL) and introduced the term lysis for the distension of 
the joint with an unsharpened trocar to abolish the suction effect of 
the disc to the fossa, and to breach the adherences.

6. Murakami and Ono et al. 
[11]

1986 Described the arthroscopic removal of intra-articular adherences.

7. Murakami et al. [12] 1987 First introduced arthrocentesis of the TMJ, by reporting the recapture 
of the anteriorly displaced disc by mandibular manipulation utilizing 
pumping and hydraulic pressure to the upper joint of the TMJ.

8. Nitzan DW et al. [13] 1991 Introduced a modified method, with the insertion of two needles in 
the upper joint space for lavage without direct visualization of the 
joint.

9. Dimitrilious G et al. [14] 1995 Evaluated the efficiency of arthrocentesis as a treatment for closed 
lock of the TMJ and advocated it to be a simple alternative to more 
invasive TMJ procedures.

10. Alkan A et al. [15] 2007 Described temporomandibular joint lavage instrument with double 
needles in a single cannula as an alternative to classical arthrocentesis 
with two needles and found it to be simple to use with effective lysis 
and lavage with a single puncture.

11. Dayisoylu EH et al. [16] 2013 Introduced ultrasound-guided lysis and lavage of the TMJ for the 
accurate insertion of the cannulas and concluded that the technique is 
more cost effective than arthroscopy, easy, and reproducible even by 
inexperienced surgeons

12. Bhargava D et al. [17] 2019 Introduced a single-puncture, double-lumen, single-barrel needle for 
the temporomandibular joint arthrocentesis. They conducted a study 
to assist the needle insertion for single puncture arthrocentesis using 
ultrasonography in temporomandibular joint closed lock cases and 
found it to be effective for joint lavage.

various authors as summarized in the table. 
(Table 19.2) [6–17].

19.2  Pathophysiology

Internal derangement of the TMJ is a condition 
where the articular disc gets displaced from its 
original position relative to the condylar head. 
The displacement of the disc position can result 
in numerous presentations such as (1) disc dis-

placement with reduction (with/without intermit-
tent locking) being the most common, or (2) disc 
displacement without reduction (with/without 
limited mouth opening) [18]. Disc derangement 
is associated with an increased intra-articular 
friction which prevents smooth gliding of the 
joint resulting in progressive dilapidation of the 
joint tissues [1]. The pathophysiology of such a 
dilapidation process is summarized in Fig. 19.5.

Two major components responsible for free 
joint movement are:

D. Bhargava et al.
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 1. Surface active phospholipid: is a major bound-
ary lubricant protecting the articular surfaces.

 2. Hyaluronic acid: is a high molecular weight 
mucopolysaccharide which forms a film that 
keeps the articular surfaces separated and pre-
vents friction.

19.3  Arthrocentesis

Arthrocentesis is considered as the first line pro-
cedure and one of the least invasive intervention 
for internal derangements of the TMJ. It involves 
lysis and lavage of the joint space and is tradi-
tionally accomplished in a closed fashion, with-
out viewing the joint. It involves active irrigation 
of the  joint space together with joint manipula-
tion. It aids in releasing adhesions, improves 
function, clears inflammatory mediators from the 
joint, and is also utilized for intra-articular 
administration of pharmacological agents. Like 
any other surgical procedure, arthrocentesis can-

not be performed in all the patients diagnosed 
with TMDs and has definitive indications for 
a  favourable outcome. The indications and 
contra- indications for arthrocentesis are summa-
rized in Table 19.3 [5, 14].

19.4  Classification

Şentürk MF et al. have classified the TMJ arthro-
centesis techniques, based on the number of 
punctures utilized to access the joint and accom-
plish the lavage [19].

 (a) Single-puncture arthrocentesis (SPA)
 (b) Double-puncture arthrocentesis (DPA).

SPA is further classified by the number of nee-
dles utilized (Table 19.4) [20–26].

Type 1:  Single-needle cannula method  (SPA 
Type 1)

Compromised 
adaptive 

capacity of the 
joint

leads to the joint 
overloading which 

generates hypoxia –
reperfusion cycle. 

It induces 
release of 

oxygen radical 
which degrades 

hyaluronic 
acid. 

Degradation of 
hyaluronic acid 

decreases the viscosity 
of the synovial fluid

The lack of hyaluronic acid 
allows phospholipase A2 to 

lyse the surface active 
phospholipid

This affects 
the 

lubrication 
system.

which increases 
adhesiveness, friction, 
shear and rupture of 

articular surface.

Fig. 19.5 Pathophysiol-
ogy of degenerative 
progression in a TMJ 
disorder
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Type 2:  Single-puncture method using a double/
dual-needle cannula (SPA Type 2)

19.4.1  Double-Puncture 
Arthrocentesis (DPA)

This technique uses two needles inserted inde-
pendently, that must be triangulated and located 
in the upper joint space for the lysis. Nitzan DW 
et  al. described the traditional double-puncture 
arthrocentesis technique, which has remained the 
preferred method for most surgeons world over. 
This approach permits for large volume lavage of 
the joint as well as intra-articular aspiration and 
injection, where needed [13].

Table 19.4 Types of single puncture arthrocentesis

Type I SPA Type II SPA
•  It was first described 

in 2008 (Guarda- 
Nardini L et al.)

•  Type 1 is the 
single-needle cannula 
method, in which 
inflow and outflow go 
through the same 
cannula and lumen.

•  It is beneficial in its 
ability to attain a 
higher pressure in the 
superior TMJ space.

•  Disadvantage of this 
technique is that the 
operation may take 
more time when 
compared with other 
techniques [20].

E.g.: Single cannula 
needle [20]

•  It was first described in 
2007 (Alkan A et al.)

•  Type 2 is the double- 
needle, or dual-needle, 
cannula method, in which 
inflow and outflow go 
through the same cannula 
system but utilize different 
ports and lumens [15]

E.g.: Double lumen single 
barrel needle [21, 22]
Shepard cannula [23, 24]
Concentric cannula [25]
Intravenous catheter [26]
Double-needle cannula [27]

19.4.1.1  Technique
Following strict  aseptic precautions, a line is 
drawn from the lateral canthus to the most poste-
rior and central point on the tragus, Holmlund- 
Hellsing line (HH line) (Fig. 19.6) followed by 
injection of a local anaesthetic (LA) solution to 
block the auriculotemporal nerve. The external 
auditory meatus (EAM) should be occluded 
using a cotton plug. In this technique, two 
18-gauge (recommended) needles are used, one 
dedicated for the inflow of irrigant into the joint 
space and the second for the out flow of the irrig-
ant and intra-articular debris [13].

The posterior point of entry (first needle) 
should be positioned along the cantho-tragal line, 
10 mm from the middle of the tragus anteriorly 
and 2 mm below the cantho-tragal line (point A, 
Fig.  19.6). The anterior point of entry (second 
needle) is 20 mm anterior to the mid-tragal point 
on the cantho-tragal line and 10  mm below it 
(point B, Fig. 19.6). This marking specifies the 
location of TMJ eminence [13].

While the patient is asked to keep the mouth 
open, first the eighteen-gauge needle should be 
introduced directing upward, forward, and 

Table 19.3 Indications and contraindications for 
the temporomandibular joint arthrocentesis [5]

Indications Contraindications
1.  Symptomatic internal 

derangement of the TMJ. 
2.  Acute closed lock (ACL) of the 

TMJ: Anterior displacement of 
the disc without reduction of 
less than a month of evolution 
that does not respond to passive 
manipulation of the mandible or 
conservative treatment.

1.  Psychiatric 
illness.

3.  Subacute closed lock (SACL): 
Anterior displacement of the 
disc without reduction of 1 to 
3 months of evolution that does 
not respond to conservative 
treatment.

2.  Fibrous and 
osseous 
ankylosis

4.  Anchored disc phenomenon 
diagnosed by nuclear magnetic 
resonance.

5.  TMJ trauma with chronic pain 
and capsulitis caused by 
whiplash.

3.  History of 
previous 
multiple 
surgeries of 
the joint

6.  Painful degenerative joint 
disease (osteoarthrosis) 
refractory to conservative 
treatment. (may also be 
employed for symptomatic 
relief in patients awaiting 
surgery)

4.  Regional 
infectious 
disease

7.  Patients who reject arthroscopy 
or who cannot be subjected to 
general anaesthesia.

5.  Regional 
tumoural 
disease.
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inward to a depth of about 2 cm beyond the inser-
tion point, where the tip of the needle comes into 
contact with the posterior wall of the articular 
eminence. This is followed by the injection of 2 
to 3 ml of Ringer Lactate (RL) solution to expand 
the joint space and determine if the needle is 
inside the superior joint compartment. The sec-
ond needle should be inserted using the landmark 
explained earlier. Commonly, 150–200 ml of RL 
solution is injected into the upper joint space over 
a period of 10–15  minutes via the first needle. 
The second needle is utilized for draining the 
solution (outflow), simultaneously, to establishe 
lavage of the joint cavity (Fig.  19.7) [13]. The 
role of the first and second needles as the inflow 
and outflow ports respectively, can be reversed to 
continue the lavage. On termination of the proce-
dure, removal of the needles should be followed 

by a sterile pressure dressing for 24–48 hours 
post-operatively.

19.4.2  Single-Puncture 
Arthrocentesis (SPA)

Single-puncture arthrocentesis requires only one 
puncture to the upper joint compartment. It is 
considered to be safe, easy to  perform with 
reduced procedural time, and is minimally inva-
sive [19].

19.4.2.1  Technique
This procedure can be performed with two types 
of needles: (1) a concentric double needle that is 
available in different gauges, or (2) a single nee-
dle which has two adjoining lumens, one utilized 
for inflow and second as an outflow port.

The patient should be preferably seated at a 
45-degree angle, with head turned to the unaf-
fected side. Affected peri-auricular region must 
be prepared using an  antiseptic/antimicrobial 
solution and strict aseptic measures  should be 
followed for the joint access. Auriculotemporal 
nerve block should be administered just anterior 
to the junction of the tragus and the ear lobe 
with 1.8–2 ml of LA solution. The EAM on the 
affected side must be occluded with a cotton 
plug and marking for the needle should be 
placed using sterile marking ink. A line is drawn 
from the tragus to the outer canthus as described 
earlier. The needle should be inserted into the 
joint space 2  mm below and 10  mm anterior 
from the mid-tragus end of HH line (Point A) 
followed by lavage of the superior joint space 
with 150–200  ml of Ringer’s Lactate solution 
(Fig.19.8).

19.5  Arthrocentesis 
with Irrigation Pump

Yura et al. described the effectiveness of arthro-
centesis using an infusion accelerator under high 
pressure (maximum pressure, 40  KPa). The 
hypothesis claims that the high pressure elimi-

Fig. 19.6 Holmlund-Hellsing line (HH line) with points, 
A  (10 mm in front of mid tragus; 2 mm below cantho- 
tragal line) and B (20 mm anterior to the mid-tragal point 
on the cantho-tragal line and 10 mm below it)

Fig. 19.7 Double needle arthrocentesis
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nates adhesions, widens the joint spaces and con-
cluded that arthrocentesis with sufficient pressure 
could be effective for closed lock cases with adhe-
sions in the upper joint compartment. The possi-
bility of complications with the use of mechanized 
high pressure in the intra-articular space and sur-
rounding tissues should be kept in mind [27].

Alkan et  al. described a modification in the 
arthrocentesis procedure which involves connect-
ing an irrigation pump from a surgical/dental 
implant motor to the inflow needle, introducing 
automatic irrigation under high pressure. This 
modification delivers high hydraulic pressure in 
the intra-articular space [28].

19.6  Arthrocentesis 
with Intrarticular Injection

Following adequate irrigation, it is recommended 
that corticosteroids or sodium hyaluronate can be 
injected to reduce intra-capsular inflammation 
while improving function. They are also useful 
for reducing pain, and dysfunction associated 
with inflammatory process within the joints and 
reduce functional friction. Injecting the joint with 
sodium hyaluronate has shown a quicker and 
long-lasting analgesic effect as it is a viscous, 
high molecular weight polysaccharide which 
lubricates and allows subsequent protection of 
the joint cartilage.

According to Alpaslan et al. regardless of the 
improvement in the symptoms of TMDs as a 

result of intra-articular injections, the prognosis 
following their use is unpredictable since local 
side effects can influence outcomes. Side effects 
of the intra-articular injection of glucocorticoids 
include articular cartilage destruction, infection, 
and progression of already diagnosed degenera-
tive joint disease [29].  Although many authors 
claim benefits of using post-surgical flushing 
of the joint with a single dose steroid (hydrocor-
tisone sodium succinate) after the joint lavage 
with no obvious clinical adverse effects. The 
single dose steroid flush, gives the advantage of 
reducing the existing  synovial inflammation 
along with reduction in post-surgical/arthrocen-
tesis edema. 

Kopp et al. found that TMJ arthrocentesis with 
intra-articular sodium hyaluronate and cortico-
steroid injections is known to reduce the clinical 
symptoms and dysfunction experienced by 
patients [30]. Girrardi GB et  al. demonstrated 
that both betamethasone and sodium hyaluronate 
produce similar results after arthrocentesis and 
can safely be used [31].

A systematic review conducted by Davoudi A 
et al. on effects of various drugs used after arthro-
centesis has concluded that there was no signifi-
cant difference among the various steroids used 
by different operators and also when different 
class of drugs were used rendered no significant 
difference [32]. One sporadic study concluded 
that favourable outcomes were observed when 
lavage was performed using ozonized water fol-
lowed by ozone injection into the TMJ as com-
pared to the steroid study groups [33].

A bibliographic research on publications 
between 1991 and 2016 evaluating clinical out-
comes such as mouth opening, intra-articular 
noises and pain emphasize that the commonly 
utilized pharmacological agents used for intra- 
articular injection include steroids, hyaluronic 
acid, morphine-based drugs, and platelet rich 
plasma. Majority of the available  literature 
reports the superiority of protocols with intra- 
articular injections, irrespective of the agent 
used. However, no single pharmacological agent 
has shown any superiority over another in a ran-
domised control trial setting [33, 34].

Fig. 19.8 Single needle arthrocentesis (using single- 
puncture technique, utilizing a double-lumen, single-bar-
rel needle for patients with temporomandibular joint acute 
closed lock internal derangement as described by 
Bhargava D et al.)
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19.7  Summary and Conclusion

Nishimura M et al. evaluated the prognostic fac-
tors for effective arthrocentesis for internal 
derangement of the TMJ with a sample of 103 
TMJs in 100 patients with internal derangement 
and assessed treatment outcomes in terms of the 
pre-operative and post-operative range of MMO 
and the degree of pain. They reported seventy- 
three cases (71%) as successful and 30 cases 
(29%) as ineffective one week after the proce-
dure [38].

Monje-Gil F et  al. reviewed clinical reports 
that were published regarding the critiques of 
TMJ arthrocentesis. 20 different articles with 
different designs fulfilling the selection guide-
lines were chosen and evaluated by the authors 
for the study. They reported a success rate of 
83.5% in the review of 612 joints with acute 
closed lock (disc displacement without reduc-
tion or anchored disc phenomenon) from 586 
patients. They concluded that arthrocentesis is a 
simple, non- invasive, inexpensive, and highly 
effective procedure apart from having a low 
morbidity rate [35]. Arthrocentesis may be uti-
lized for acute disc-condyle conflicts, targeting 
an attempt to recapitulate the articular disc. One 
such condition described by Nitzan is temporo-
mandibular joint “Open Lock”. Open clock phe-
nomenon is associated with the acute inability to 
close the mouth or painful closure on effort, usu-
ally in patients with internal derangement. In 
this condition the joint is locked in the open-
mouth position, with the condyle of the affected 
joint located in front of the anterior band of the 
disc, thereby mechanically obstructing the pos-
terior movement of the anteriorly displaced con-
dyles into the articular fossa [39] (Fig. 19.9).

19.8  Consideration 
for Arthrocentesis of TMJ

For patients who do not respond to the conserva-
tive management, arthrocentesis becomes the 
first line of intervention before subjecting the 
patient to a surgical open joint procedure. It is a 
simple and minimally invasive procedure with 

negligible risk of complications, while delivering 
significant benefits including improvement in 
MMO, clicking, pain, and jaw deviation on 
mouth opening.

Although the first line of treatment in every 
patient with internal derangement should be initi-
ated with non-invasive methods aiming at control 
of para-functional habits, use of analgesics and 
anti-inflammatory drugs, altering the dietary hab-
its and physiotherapy. Arthrocentesis should be 
considered if conservative methods fail to pro-
vide adequate relief to the patient [36–39].
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20.1  Introduction

Temporomandibular Joint (TMJ) arthroscopy is 
one of the most advanced and a minimally inva-
sive technique involving optical instrumentation 
and prescribed surgical armamentarium, used 
for the treatment of the TMJ disorders. It was 
introduced by Ohnishi in 1974 (Table  20.1). 
Arthroscopy emerged as a diagnostic tool, which 
now finds its application in the treatment of tem-
poromandibular joint diseases. The advantage of 
this technique remains in direct visualization of 
all the anatomic regions inside the joint cavity 
for a definitive diagnosis, treatment, and predict-
able prognosis. Though, currently the equipment 
involved for a TMJ arthroscopy setup may be 
expensive and training regarding the same 
remains sparse, the future demands such mini-
mally invasive and technologically sound 
advancement to diagnose and treat temporoman-
dibular joint disorders [1].
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Table 20.1 History of arthroscopy for TMJ

Pioneers involved in the 
evolution of TMJ 
arthroscopy

Development

Masatoshi Ohnishi
1974

Endoscopic access by Selfoc 
arthroscope with 1.7 mm 
diameter
Published puncture technique 
as well as anatomic findings

Hilsabech and Laskin
1978

Proved arthroscopy as a safe 
technique in animal study for 
intra-articular adhesions

Williams and Laskin
1980

Diagnosis of pathologic 
conditions of TMJ in animal 
studies by arthroscopy

Ken-Ischiro Murakami 
and Kazumasa Hoshino
1982

Reported procedural 
terminology and arthroscopic 
anatomy with their study on 
20 temporomandibular joints 
of 19 human cadavers

Joseph McCaine
1985

Acclaimed for his work on 
clinical arthroscopy for TMDs 
and introduced triangulation 
technique for the second 
puncture

J J Moses
1985

First hands-on course in 
cadavers for 
temporomandibular joint 
arthroscopy

Murakami and Hoshino
1985

Described histologic cellular 
characters of inner aspects of 
temporomandibular joint

Holmlund and Hellsing
1985

Concept of puncture sites 
correlating cantho-tragal line

Bruce sanders
1986

Executed arthroscopy 
clinically for TMDs

Holmlund et al.
1986

Endorsed the observations of 
Williams and Laskin
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20.2  Arthroscopic Anatomy 
of TMJ

Understanding the arthroscopic joint anatomy is 
the key to successful diagnosis and treatment. 
The various anatomic regions that need identifi-
cation include: posterior pouch containing the 
recess, lateral pterygoid shadow, condylar disc, 
retro-discal tissue, and the anterior pouch includ-
ing the junction of disc cartilage and lateral pter-
ygoid muscle. The seven vital areas observed 
during arthroscopic examination are: medial 
synovial drape, pterygoid shadow, retrodiscal 
synovium, posterior slope of articular eminence 
and glenoid fossa, articular disc, intermediate 
zone, and anterior recess [2] (Fig. 20.1).

20.3  Armamentarium

Basic and advanced armamentarium utilized for 
TMJ arthroscopy is enlisted in Table 20.2 which 
is essential to execute level I (Diagnostic) to level 
III (Lysis, lavage, and discopexy) arthroscopic 
procedures (Fig. 20.2).

Fig. 20.1 During diagnostic temporomandibular joint 
arthroscopy, seven anatomic areas that need to be exam-
ined: (1) the medial synovial drape, (2) the pterygoid 
shadow, (3) the retrodiscal synovium and the posterior 
ligament, (4) the posterior slope of the articular eminence 
and glenoid fossa, (5) the articular disc, (6) the intermedi-
ate zone, and (7) the anterior recess. (8) The inferior joint 
space is not routinely explored. In cases of disc perfora-
tion, the inferior joint space can be examined by introduc-
ing the scope through the perforation [Reprinted/adapted 
by permission from S. T. Connelly et al. (eds.), Contem-
porary Management of Temporomandibular Disorders, 
https://doi.org/10.1007/978-3-319-99909-8_4]

Table 20.2 Armamentarium for TMJ arthroscopy

Instruments required from level I to III arthroscopy
TMJ arthroscope (preferably 30°) with sheath
Cannula with trocar and obturators (sharp and blunt)
Probes: Straight, hooked
Light source
Biopsy forceps: Serrated type, basket type
Scissors
Knife
High frequency ablation system/cautery long tip
Suction punch
Meniscus mender: Straight and curved needles with 
stylet and suture loop
Bone rasps
Curettes
Golden retriever
Motorized shavers and abraders
Laser Unit
Camera System
Needles (18G/16G)

Pioneers involved in the 
evolution of TMJ 
arthroscopy

Development

Murakami and Ono
1986

Research on improved 
surgical techniques for 
temporomandibular joint 
arthroscopy. Described 
arthroscopic suture for 
anterior disc displacement and 
chronic dislocation

Joseph McCain
1991

Described puncture technique 
and portals of entry for 
diagnostic and operative 
arthroscopy of the 
temporomandibular joint

Samer Srouji
2016

Described single cannula 
arthroscopy

Table 20.1 (continued)
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20.4  Patient and Surgeon 
Positioning

The patient should lie in supine position with 
head tilted laterally. The joint to be operated 
should lie parallel to the floor or the operating 
table. The face of the patient should be directed 
away and below the elbow level of the operating 
surgeon.

20.5  Surgeon’s Position

When operating on the right temporomanibular 
joint region the surgeon should stand towards 
the right side of the patient. Left hand of the 
surgeon should be the working hand, i.e. the 
surgeon should hold and maipulate the scope 
with the left hand. While operating on the left 
side, the scope be should held and manipulated 
with the right hand standing on the left of the 
patient [2].

20.6  Arthroscopic Technique

There are various puncture techniques that can be 
employed for performing arthroscopy of the TMJ. 
They include single puncture, double puncture 
technique, triple puncture technique, and inferior 
joint space puncture technique for arthroscopic 
discopexy. Selection of the technique is based on 
individual patient’s requirement, the working 
diagnosis, and the operator’s preference [3]. The 
sequence of diagnostic arthroscopy has been sum-
marized in Table 20.3.

Before initiating the procedure, the operating 
surgeon should always check all the connections 
properly and adjust the white balance (removing 
unrealistic colour casts) before performing the 
first puncture. Currently, the commonly practiced 
method for arthroscopy involves double puncture 
technique with placement of two cannulas in the 
superior joint space. One cannula is used for visu-
alization with the scope while the other port is 
used for the outflow of the irrigation fluid and 
instrumentation.

Fig. 20.2 The basic armamentarium for TMJ arthroscopy 
contains the (1) arthroscope, diameter 1.9 mm, length 6.5 
cm; (2) high-flow arthroscope sheath; (3) trocar; (4) sharp 
and a blunt obturator; (5) changing rods for the sheath and 
(6) cannula; (7) biopsy forceps, single-action jaws; (8) 
hooked probe; and (9) ruler [Reprinted/adapted by per-

mission from Seebauer C., Kaduk W., Sanroman J.F., 
Silva R.G. (2019) Surgery of the Temporomandibular 
Joint: Surgical Arthroscopy. In: Connelly S.T., Tartaglia 
G.M., Silva R.G. (eds) Contemporary Management of 
Temporomandibular Disorders. Springer, Cham. https://
doi.org/10.1007/978-3-319-99909-8_4]
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Before proceeding for the procedure, it is 
important to identify and localize the landmarks 
for accurate entry into the superior joint space 
and insertion of the trocar appropriately. Once 

the prauricular region is palpated for the condylar 
head position by passively moving the mandible 
in open and closed mouth position, a line is drawn 
between the centre of the tragus and the lateral 
canthus of the eye on the same side (Holmlund-
Hellsing line, HH). Insertion point for the first 
trocar is marked 1 cm from the centre of the tra-
gus anteriorly and 2 mm downwards from the 
above point (Point A). This point denotes the area 
of maximum concavity of the glenoid fossa. The 
second puncture site is marked 2 cm from the tra-
gus on the line anteriorly and 1 cm below the 
above marking (Point B) (Fig. 20.3). The local 
anaesthetic solution (LA, 2% Lignocaine) is 
injected, inserting from the junction of tragus and 
face, directing towards the condylar head. Once 
the bone is hit LA is injected into the superior 

Fig. 20.3 On a line between the centre of the tragus and 
the lateral canthus, the insertion point for the first trocar is 
placed 1 cm from the tragus and 2 mm below the line. The 
second insertion point is placed 2 cm from the tragus and 
1 cm below the line. [Reprinted/adapted by permission 
from Seebauer C., Kaduk W., Sanroman J.F., Silva R.G. 

(2019) Surgery of the Temporomandibular Joint: Surgical 
Arthroscopy. In: Connelly S.T., Tartaglia G.M., Silva 
R.G. (eds) Contemporary Management of Temporoman-
dibular Disorders. Springer, Cham. https://doi.
org/10.1007/978-3-319-99909-8_4]

Table 20.3 Various steps involved during the procedure 
of TMJ arthroscopy

Sequence of diagnostic arthroscopy
Examination under anaesthesia
Identification of the anatomic landmarks (in the 
preauricular region)
Insufflation
Trocar and cannula insertion
Backwash
Confirmation of the scope entry
Outflow of the solution
Diagnostic sweep
Placement of medications
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joint space, until plunging effect in the syringe is 
felt. Approximately 1.5 to 2  ml of LA may be 
required for insufflation [3]. The land mark for 
the first puncture is point A. The first insertion is 
done using a sharp trocar with sheath/sleeve by 
puncturing at point A without pulling the skin 
and palpating the concave part of the zygoma 
(Fig. 20.4). The zygoma is hit in the superio-infe-
rior border with the trocar. The trocar is used to 
deglove the periosteum inferiorly until the supe-
rior joint space is punctured. The sharp trocar is 
retrieved and replaced with a blunt obturator after 
the initial skin penetration and the feel of loss of 
resistance of the capsular puncture before further 
advancing into the joint space, to prevent any 
intra-articular injury. The joint space can be 
accessed at an approximate distance of 25 mm 
from the skin puncture site, in an upward and 
inward direction below the initial bony contact of 

the trocar. Once the joint capsule is punctured 
and the trocar is replaced with the obturator 
before further advancing into the joint space, the 
outflow is checked. Once the outflow confirms 
the spatial location of the cannula in the joint 
space, the obturator is replaced with the arthro-
scope for visualization of the superior joint space 
(on the monitor/screen/output display). Solution 
(usually Ringer’s lactate) for lysis and lavage is 
introduced into the joint and a second puncture is 
done for the solution outflow and inflammatory 
contents to drain out at Point B using a 18G nee-
dle or a working port cannula [3, 7].

During arthroscopy, “red-out” occurs if there 
is excess blood mixed with the irrigation fluid 
caused by insufficient flow to the joint. It indi-
cates that the fluid inflow and outflow should be 
checked and adjusted to maintain the optimal 
flow of the irrigation fluid [4].

Superficial
temporal artery

Superficial
temporal vein

Middle temporal
artery

Zygomatic
process

Glenoid fossa
puncture site

TMJ ligament
and capsule

Transverse
facial artery
and vein

Parotid gland

Glenoid
fossa site

Auriculo-temporal
nerve

Anterior auricular
cartilaginous wall

Tragus (peak)

Fig. 20.4 Auriculotemporal nerve and temporal vessels 
running close the temporomandibular joint. Note the gle-
noid fossa puncture site. [Reprinted/adapted by permis-

sion from S.  T. Connelly et  al. (eds.), Contemporary 
Management of Temporomandibular Disorders, https://
doi.org/10.1007/978-3-319-99915-9_4]
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According to the requirements and the level of 
arthroscopic surgery further punctures may be 
required for the advanced intra-articular 
surgeries.

• Level I: Diagnostic arthroscopy
• Level II: Diagnostic sweep followed by lysis 

and lavage of the joint space
• Level III: Lysis and lavage followed by 

Discopexy [4]

20.7  Complications

TMJ arthroscopy is a relatively safe minimally 
invasive procedure but chances for complications 
does exist which may include instrument break-
age, scar formation at the puncture site, VIIth cra-
nial nerve trauma, parotid gland injury, 
arthrofibrosis, bleeding, and post-operative 
oedema. Fluid extravasation into the surrounding 
tissues during joint irrigation is also a possible 
complication, requring a continuous check for 
the fluid outflow during the procedure. Infection 
at the arthroscopy site or the joint per se may 
occur. The recurrence or relapse of joint derange-
ment remains a possibility with patient turning 
symptomatic in the post-operative phase. 
Incorrect insertion of the trocar can cause perfo-
ration in to the ear canal or the medial synovial 
drape. Perforation of the glenoid fossa with sub-
dural/epidural haematoma has been documented 
as a result of perforation into middle cranial 
fossa. Aborting the procedure is wise when one 
of the above complications are encountered, 
along with managing the complication appropri-
ately. However, performing the procedure judi-
ciously delivers the favourable results with this 
technique [2].

20.8  Indications 
and Contraindications

Meticulous patient selection is the key to suc-
cessful treatment outcome. There are several 
indications and contra-indications that require 
consideration for arthroscopy of temporoman-
dibular joint (Table  20.4). The American 

Association of Oral and Maxillofacial Surgeons 
have enumerated five main indications for TMJ 
arthroscopy: (1) internal derangement of the 
TMJ, mainly Wilkes stages 2–4, (2) degenerative 
joint disease, (3) synovitis, (4) painful hypermo-
bility or recurrent luxation of the disc, and (5) 
hypomobility caused by intra-articular adher-
ences [6, 7].

20.9  Advantages of TMJ 
Arthroscopy

• Direct visualization of the joint space.
• Accurate diagnosis of the pathologic joint 

under direct vision.
• Biopsy and fluid collection can be performed.
• Minimally invasive procedure.

20.10  Limitations for TMJ 
Arthroscopy

• Availability of the equipment.
• Operator’s proficiency and sufficient training is 

required. It is a technique sensitive procedure.
• Procedure should be aborted in cases of unfa-

vourable puncture or when a complication is 
encountered.

20.11  Advanced Arthroscopy 
for TMJ

The advanced arthroscopy techniques are indi-
cated when the joint disorder does not respond to 
medical management and minimally invasive 
procedures but require structural modifications in 
and surrounding the joint. There are several addi-

Table 20.4 Indications and contra-indications for TMJ 
arthroscopy

Indications Contra-indications
Disc displacement/
deformity
Intra-articular adhesions
Osteoarthritis/
degenerative arthritis
Post-traumatic changes
Pseudo-tumours

Bony ankylosis
Acute infection
Tumours having risk of 
dissemination
Systemic disorders and 
anatomic alterations to the 
joint architecture
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tional instruments which may be required for the 
advanced arthroscopic intervention listed in 
Table 20.2 [5] (Refer Chap. 21).

20.12  Other Additional 
Arthroscopic Treatment 
Modalities

There are several additional documented treat-
ment modalities that may be combined with TMJ 
arthroscopy and the procedure can be performed 
for the management of joint dysfunction that 
includes use of water-jet treatment, lasers (CO2, 
Nd:YAG and Holmium) and utilizing surgical 
navigation technique [4].
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21.1  History and Goals

The first temporomandibular joint (TMJ) arthros-
copy procedure was performed in 1974 by 
Masatoshi Ohnishi [1]. In 1982, Murakami and 
Hoshino developed the nomenclature of TMJ 
arthroscopic anatomy [2]. Modifications and new 
arthroscopy techniques have since been introduced 
by McCain [3, 4], Sanders [5], Holmlund and 
Hellsing [6], Nitzan and colleagues [7], Koslin [8] 
and others, with modified and alternative arthros-
copy techniques to ensure safe and accurate diag-
nosis, effectively reduce pain and joint pathologies, 
and provide a joint environment that fosters func-
tional restoration. TMJ arthroscopy is primarily 
performed using a single- puncture technique, 
appropriate for diagnostics and basic interventions 

only, or traditional double-puncture technique, 
which involves insertion of one cannula through 
which the arthroscope is introduced, and a second 
cannula, through which the surgery is performed 
[9]. While contemporary arthroscopy techniques 
aim to minimize invasiveness, advanced arthros-
copy techniques are highly coordination-demand-
ing and are associated with a steep learning curve, 
hindering their widespread adoption by maxillofa-
cial surgeons. This chapter discusses in detail, the 
operative single-cannula arthroscopy (OSCA) 
technique, a single-track, advanced arthroscopy 
method appropriate for both diagnostic and inter-
ventional procedures [10].

21.2  Temporomandibular Joint 
(TMJ) Anatomy

The TMJ is a bilateral synovial articulation situ-
ated between the glenoid fossa and articular emi-
nence of the temporal bone, the condylar head of 
the mandible, and the biconcave articular disk [11] 
(Fig. 21.1). The lower and superior compartments 
are separated by the articular disk. The anterior 
portion of the disk is penetrated by the superior 
head of the lateral pterygoid muscle, while its pos-
terior end is connected to a highly vascularized 
and innervated retrodiscal tissue. The temporo-
mandibular, stylomandibular, and sphenomandib-
ular ligaments are associated with the TMJ, and 
define the range of mandibular movement.
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The auriculotemporal nerve is a branch of the 
mandibular nerve (V1) that runs parallel to the 
superficial temporal artery and vein. It passes 
between the neck of the mandible and the sphe-
nomandibular ligament in proximity to the fossa 
puncture site. The most important blood vessels 
in this region are the superficial temporal artery 
and vein (Fig. 21.2).

21.3  Temporomandibular Joint 
Disorders

21.3.1  Diagnosis

Initial assessment of temporomandibular joint 
disorders (TMD) should include a detailed his-
tory and clinical examination and imaging of the 
region using conventional radiography or/and a 
panoramic X ray to observe the bony elements of 
the TMJ, or using computed tomography (CT), 
for evaluation of the bony elements of the TMJ 
and limited information of the surrounding soft 
tissues. Magnetic resonance imaging (MRI) 
 provides information necessary to assess the 
shape, position, mobility, and structural integrity 
of the disk, as well as the status of the soft tissue. 
Maximal inter-incisal opening (MIO) should be 
measured (Fig. 21.3a), and joint noises should be 
assessed. The Mahan test assesses the presence 
of joint inflammation, reflected by contralateral 
pain on biting on the two wooden spatulas placed 
between the posterior teeth (Fig. 21.3b). Patients 

are asked to rate the pain using the 10-point 
Visual Analog Scale (VAS), to describe any 
changes in diet and use of non-steroidal anti- 
inflammatory drugs (NSAIDs) or any other over- 
the- counter medication. The Wilkes classification 
system (I-V) is the most widely accepted classifi-
cation and terminology used to define internal 
derangement (ID) disorders and its severity 
(Table 21.1) [12].

21.3.2  Treatment Options

TMD is generally first conservatively addressed, 
which includes recommendation of changes in 
habits, NSAIDs administration, nocturnal use of 
a stabilization (flat-plane) device, for at least 
3  months and physical therapy [3]. Diagnostic 
arthroscopy is recommended in patients suffering 
from persistent pain and presenting with hypo- or 
hypermobility, degenerative joint diseases, sub-
luxation, or dislocation (Fig. 21.4).

21.4  Indications for Arthroscopy

The main indications for arthroscopy as set 
forth by the American Association of Oral and 
Maxillofacial Surgeons (AAOMS) include [11, 
13–15]: degenerative joint disease (osteoar-
thritis), synovitis, internal derangement of 
TMJ (mainly Wilkes II-IV), hypermobility, 
hypomobility, inflammatory arthropathies, and 
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Fig. 21.1 A lateral view 
of the temporomandibu-
lar joint
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articular symptoms secondary to orthognathic 
surgery.

21.5  Contraindications

Arthroscopy is contraindicated in cases of severe 
fibrous or osseous ankyloses and tumor or metas-
tasis in the TMJ.  Risk of contamination of the 
join space is increased in cases of skin infection 
at the puncture site. In addition, the procedure 
should not be performed in patients with any 

medical conditions for which general anesthesia 
or surgery is contraindicated.

21.6  Surgical Tools

21.6.1  The Arthroscope

Arthroscopic systems should provide an angle of 
view of ≥30°, and a close-to-zero focal distance. 
Image resolution is optimal at a color  temperature 
of 5000 K, which closely simulates natural day-
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LINGUAL NERVE

SUPERFICIAL TEMPORAL VEIN

MAXILLARY ARTERY

MEDIAL PTERYGOID (CUT)

SPHENOMANDIBULAR LIGAMENT (CUT)

Fig. 21.2 Anatomy of 
the temporomandibular 
joint region

a b

Fig. 21.3 (a) A patient with limited maximal inter-incisal opening. (b) Mahan test to assess contralateral pain upon 
biting, suggestive of joint inflammation
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light. Color response, brightness, and “white bal-
ance” capacities of each system should be 
assessed. In the OSCA technique, the developers 
used a Polydiagnost (Hallbergmoos, Germany) 
interdisciplinary semirigid, 0.9  mm diameter, 
181 mm-long endoscope (PD-DS-1083), with a 
standard light connection (ACMI/Storz/Wolf), 
which provides 10,000 pixel resolution, a 120° 
viewing angle, and a focal distance of 1–15 mm 
(Fig. 21.5a). The endoscope is connected in tan-
dem to a 3-way female Luer lock connection 
handle and optic shifter as shown in Fig. 21.6.

The optic fiber is passed through the middle 
connection of a 3-way female Luer lock connec-
tion handle, while the other two connections are 
used for irrigation and instrumentation 
(Fig. 21.5b). The length of the optic fiber is then 
adjusted with a 26 mm optic shifter (Fig. 21.5c).

A multitude of recording and visualization 
instruments can be used. The authors use an 

AESCULAP endoscopy cart with a 26″ full HD 
flat panel display, full HD 3-chip Camera, AXel 
300 xenon light source, and an Eddy Full HD 
Digital Documentation System (Fig. 21.7).

21.6.2  Cannulas

The authors use a unique a set of 1.6 mm, 2 mm, 
and 2.4 mm diameter cannulas (Fig. 21.8). The 
2 mm cannula limits the diameter of introduced 
instruments and laser fiber to <1 mm, while the 
2.4 mm cannula can accommodate a wider instru-
ment. A sharp trocar (Fig.  21.9a) is introduced 
into the superior joint space and removed after 
penetrating the joint. Soft tissue is then separated 
using a blunt obturator (Fig. 21.9b). To monitor 
the depth of penetration, the cannula should be 
marked 25 mm from the working end, using an 
appropriate elastic rubber (Fig. 21.10).

Table 21.1 Clinical, radiologic, and anatomical/pathological signs for Wilkes classification of TMJ ID

Stage Clinical Radiologic Anatomic/Pathologic
I.
Early stage

No significant mechanical 
symptoms other than early 
opening, reciprocal 
clicking; no pain or 
limitation of motion

Slight forward displacement; 
good anatomic contour of the 
disk; negative tomograms

Excellent anatomic form; slight 
anterior displacement; passive 
incoordination demonstrable

II.
Early/
intermediate 
stage

One or more episodes of 
pain; beginning major 
mechanical problems, loud 
clicking, transient catching, 
and locking

Slight forward displacement; 
early signs of disk deformity 
with slight thickening of 
posterior edge; negative 
tomograms

Anterior disk displacement; early 
anatomic disk deformity; good 
central articulating area

III.
Intermediate 
stage

Multiple episodes of pain; 
major mechanical 
symptoms including 
locking (intermittent or 
fully closed), restricted 
motion, and functional 
difficulty

Anterior disk displacement 
with significant disk deformity/
prolapse (increased thickening 
of posterior edge); negative 
tomograms

Marked anatomic disk deformity 
with anterior displacement; no 
hard tissue changes

IV.
Intermediate/
late stage

Slight increase in severity 
as compared to intermediate 
stage

Positive tomograms showing 
early to moderate degenerative 
changes—Flattening of 
eminence; deformed condylar 
head; sclerosis

Hard tissue degenerative 
remodeling of both bearing 
surfaces; multiple adhesions in 
anterior and posterior recesses; 
no perforation of disk or 
attachments

V.
Late stage

Crepitus; scraping, grating, 
grinding; episodic or 
continuous pain; chronic 
motion restriction; 
functional difficulty

Disk or attachment perforation; 
filling defects; gross anatomic 
deformity of disk and hard 
tissues; positive tomograms 
with essentially degenerative 
arthritic changes

Gross degenerative changes of 
disk and hard tissues; perforation 
of posterior attachment; multiple 
adhesions; flattening of condyle 
and eminence; subcortical cystic 
formation
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Diagnosis

Conservative treatment

• Change habits
• Occlusal split
• Physical therapy
• NSAID’s

• Single puncture

• OSCA

• OSCA

• Double puncture

Non refractory

Follow up

Follow up

Follow up

Refractory

Diagnostic arthroscopy

Advanced arthroscopy

Fig. 21.4 Algorithm for 
TMD management

21.6.3  Probes

The probe is used for manual palpitation, severing 
of adhesions, and to temporarily immobilize or to 
mobilize tissue. The probe must be of a diameter 
<1 mm and can be straight or hooked probe. The 
hooked probe is preferred for palpitation in cases 
of chondromalacia, to elevate the anterior aspect 
of the disk after performing anterior releasing 
procedures and to complete disk dissection from 
the capsule and the pterygoid muscle.

21.6.4  Graspers and Biopsy Forceps

Graspers and biopsy forceps are used during 
biopsy collection and for debridement 
(Fig. 21.11).

21.6.5  Spinal Needles

Spinal needles used should be long (≥150 mm) 
and with a diameter of <1  mm. These are 
deployed to inject medications into the joint 
space or adjacent structures (Fig. 21.12).

21.6.6  Laser

Lasers can be deployed for synovectomy, retro-
discal scarification, tissue dissection, and 
debridement [9], each requiring different settings 
(Table 21.2). The authors recommend use of the 
air-cooling Holmium:YAG laser, and use the 
LISA LASER PRODUCTS Sphinx jr. 
Holmium:YAG laser (Fig.  21.13), which pro-
vides an optical power of 30 W at the fiber tip, 
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a b

Fig. 21.6 (a) Endoscope, 3-way connection handle and optic shifter attached in tandem. (b) Optic fiber in the cannula

a

b c

Fig. 21.5 (a) Polydiagnost interdisciplinary semirigid endoscope. (b) 3-way female Luer lock connection handle. c. 
Optic shifter
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Fig. 21.7 AESCULAP endoscopy system

Fig. 21.8 1.6 mm, 
2 mm, or 2.4 mm 
cannulas

Fig. 21.10 Sharp trocar and blunt obturator inserted into 
a 1.6 mm cannula bearing a mark 25 mm from the work-
ing end

a

b

Fig. 21.9 (a) Sharp trocar. (b) Blunt obturator
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Fig. 21.12 Spinal 
needle: 0.72 mm 
diameter, 150 mm length

Table 21.2 Recommended Holmium:YAG laser settings 
for specific surgical activities

Laser setting for cutting 10 Hz 9 W 0.09 J
Laser setting for ablation 8 Hz 4 W 0.5 J
Laser setting for contracture 5 Hz 2 W 0.4 J

a b

Fig. 21.13 (a) LISA LASER PRODUCTS Sphinx Jr. Holmium:YAG laser. (b) The laser fiber emerging from a metal 
protector

Fig. 21.11 Semi-flexible grasper
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0.3–5 J pulse energy, 100–650 μs pulse duration, 
and 1–25 Hz frequency. Its wavelength is strongly 
absorbed by water, and depth of penetration is 
limited to 0.3–0.5 mm, rendering it most appro-
priate for targeting most biologic tissues and safe 
for intraarticular use. For the OSCA technique, a 
230 μm fiber laser is used, which is sufficiently 
small to safely access the TMJ.

21.7  OSCA Technique

OSCA can be performed under either sedation 
and local anesthesia or general anesthesia. 
Preoperative antibiotics and glucocorticosteroids 
are generally intravenously administered to pre-
vent skin contamination and minimize edema, 
respectively. The patient is then placed in a supine 
position and an airway is established using naso-
tracheal intubation. The surgical site is prepared 
using an appropriate antiseptic solution, e.g., 
chlorhexidine gluconate (Unisept) or povidone 
iodine, isolating the surgical field and identifying 
anatomical landmarks to avoid complications. A 
tragocanthal line is established, and the cannula 
penetration point is planned 10  mm anterior to 
the midtragus and 5 mm caudal to the tragocan-
thal line (Fig. 21.14a, b).

Then, using a 22G needle, 2 ml bupivacaine is 
injected into the superior joint capsule, to expand 
the structures. When using a 3-mL syringe, back-
pressure can be felt when the joint space is pen-
etrated (Fig. 21.15).

Injection of epinephrine directly into the joint 
space can impair visualization of the synovial 
vasculature, which is critical for assessing inflam-
mation. Therefore, vasoconstrictors should only 
be delivered after an initial evaluation. Using a 
standard inferiolateral technique, a sharp trocar is 
inserted to introduce a cannula to a depth of 
25  mm, into the superior joint space [16] 
(Fig. 21.16).

The sharp trocar is removed and a blunt obtu-
rator is then deployed, using a sweeping motion, 
to separate the soft tissues within the TMJ 
(Fig.  21.17). The arthroscope is then inserted 
through the middle connection of the three-way 
female Luer lock, while the other two connec-
tions serve as the irrigation and working canals.

a b

Fig. 21.14 (a) Marking the tragocanthal line. (b) The marked tragocanthal line and penetration point of the cannula, 
10 mm anterior to the midtragus and 5 mm caudal to the tragocanthal line

Fig. 21.15 Injection of bupivacaine into the superior 
joint capsule, using a 22G needle
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21.7.1  One-Track Arthrocentesis

One-track arthrocentesis enables initial location 
of the TMJ, in addition to its visualization while 
performing irrigation and arthrocentesis. Two 
female Luer lock connector pipe lines are con-
nected to the other two ports. “One-track arthro-
centesis” is performed through the irrigation 
canal and lavage outflow exits through the work-
ing canal (Fig. 21.18). The TMJ is irrigated with 
Ringer’s lactate solution or standard normal 
saline, introduced via a 50  mL syringe with a 
pumping motion, or continuously infused via a 
bag placed in a pressure cuff (Fig. 21.19). Fluid 
extravasation must be avoided.

21.7.2  Standard Arthrocentesis 
under Visualization

An 18G needle is inserted 5  mm anterior and 
5 mm caudal to the puncture point (Fig. 21.20), to 
serve as an outflow port. The outflow canal is 
then used as the operating canal of the OSCA 
system. Decisions regarding the most appropriate 
instruments and/or laser fibers will then be made 
based on the pathological findings within the 
superior space of the TMJ.

The medial synovial drape, pterygoid shadow, 
retrodiscal synovium, posterior slope of the artic-
ular eminence, articular disk, intermediate zone, 
and anterior recess of the TMJ are then visualized 
and assessed (Fig. 21.21):

 1. The medial synovial drape has a gray-white, 
translucent, tense lining, with distinct superior 
to inferior striae (Fig. 21.22). Its appearance is 
one of the key indicators of TMJ synovitis 
(Fig.  21.23), with increased capillary prolif-
eration and hyperemia of the medial synovial 
drape suggesting acute inflammatory state, 
whereas a fibrotic or whitish appearance indi-
cating chronic synovitis.

 2. The Pterygoid shadow is situated anterior to 
the medial synovial drape. In pathologic 
states, marked erythema and hyper- 
vascularization may be observed. In addition, 
the shadow may thin to the extent of perfora-
tion, followed by herniation of the pterygoid 
muscle directly into the anteromedial aspect 
of the superior joint space (Fig. 21.24).

a b c

Fig. 21.17 (a) Sweeping motion of the obturator used to separate soft tissue. b-c. Introduction of the obturator and 
cannula into the upper compartment of the TMJ [coronary (b) and horizontal (c) views]

Fig. 21.16 A cannula is introduced into the superior joint 
space, to a depth of 25 mm
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a b

Fig. 21.18 One-track arthrocentesis. (a) The arthroscope 
is introduced into the TMJ through the middle connection 
of the three-way female Luer lock; the irrigation line is 

also seen. (b) Illustration of the arthroscope, showing 
inflow through the irrigation canal and outflow through 
the working canal

Fig. 21.19 Intermittent TMJ irrigation is achieved using 
a 50 mL syringe

Fig. 21.20 Standard arthrocentesis under diagnostic 
visualization
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 3. The retrodiscal synovium. The synovial 
membrane covers the posterior insertion of the 
disk and is related superiorly to the temporal 
fossa. When the mouth is open, the posterior 
insertion takes on a crest-like conformation, 
called the oblique protuberance (zone 1). The 
retrodiscal tissue is situated posterosuperiorly, 
attached to the posterior glenoid process (zone 

2). Its lateral recess can be lateral to the oblique 
protuberance (zone 3), and confers a hyper-
emic or petechial appearance to the synovium 
in pathological states. Chronic synovitis is 
characterized by synovial hyperplasia, with 
increased tissue fold proliferation (Fig. 21.25).

 4. The posterior slope of the articular emi-
nence bears characteristically thick, white, 

Fig. 21.21 The seven points of interest of the TMJ 
arthroscopic examination. 1. Medial synovial drape. 2. 
Pterygoid shadow. 3. Retrodiscal synovium. 4. Posterior 
slope of the articular eminence. 5. Articular disk. 6. 
Intermediate zone. 7. Anterior recess

Fig. 21.22 Medial synovial drape

Fig. 21.23 TMJ synovitis with capillary proliferation
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and highly reflective fibrocartilage, with inter-
spersed anteroposterior striae. In pathological 
states, various stages of chondromalacia are 
often detectable, which may deteriorate to 
crater formation and exposure of the subchon-
dral bone. In inflammatory states, synovial tis-

sue creeping is often observed in the glenoid 
fossa and in the posterior slope of the emi-
nence (Fig. 21.26).

 5. The articular disk has a milky, highly reflec-
tive appearance, with no striae. In pathologic 
states, synovium creeping onto the surface of 

a b c

Fig. 21.24 (a) Normal appearance of the Pterygoid shadow. (b, c) Erythema in the Pterygoid shadow region

Fig. 21.25 Retrodiscal area
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the disk is observed, with fragmentation of the 
surface generally an indication of imminent or 
existing disk perforation. In cases of disk per-
foration, the scope can be introduced through 
the perforation to examine the inferior joint 
space (Fig. 21.27).

 6. The intermediate zone has a white-on-white 
appearance, and the concavity of the disk can 
be seen.

 7. The anterior recess is examined at the most 
extreme medioanterior corner of the crease 
and the pterygoid shadow. The union between 
the lateral synovial capsule and the anterior 
disk-synovial crease can be observed at the 
anterolateral site. In pathological states, the 
increased anterior synovial pouch vascularity 
and signs of synovial inflammation may be 
observed, occasionally with synovial redun-
dancy and synovial plicae (Fig. 21.28).

Fig. 21.26 Various stages of chondromalacia

Fig. 21.27 Normal appearance of the articular disk 
(arrow)
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21.7.3  Visually-Guided OSCA

A variety of hand or mechanical instruments can be 
used during OSCA; pathological findings or indi-
cation will dictate instrument suitability 
(Fig. 21.29). The Ho:YAG laser is both precise and 
safe and can be deployed for a broad range of inter-
ventions addressing internal pathologies and 
derangements of the joint (Figs. 21.30 and 21.31). 
Its cutting capacities can be applied to severe adhe-
sions and execute anterior release with  discopexy. 
It can also be used to ablate dilated vessels of the 
synovial tissue. Contraction of the retrodiscal syno-
vial tissue to achieve posterior disk repositioning 
can be induced using its contracture mode.

21.7.4  Surgical Interventions Using 
the OSCA Technique

21.7.4.1  Release of Anterior 
and Posterior Recess 
Adhesions

Volume and architecture of the joint can be 
restored by sequential, anterior-to-posterior lysis 
of adhesions in the superior joint space, while 
avoiding repeated motion of instrumentation and 
subsequent risk of unnecessary articular surface 
scuffing. The probe of the Ho:YAG laser, set on 
cutting mode, is placed in the most medial aspect 
of the joint and then swept laterally along the 

disk-synovial junction with an inferoanterior 
maneuver. The lysis is completed by sweeping 
medially-to-laterally along the articular emi-
nence, using a superoanterior maneuver. The two 
maneuvers are repeated until adequate recess vol-
ume is restored. Anterior recess lysis is often fol-
lowed by posterior recess lysis. A marked 
increase in the range of movement (ROM) of the 
condyle is immediately achieved.

21.7.4.2  Synovectomy
Ho:YAG-assisted OSCA can also be used for 
effective reduction of redundant synovium, most 
commonly observed in the posterior pouch, espe-
cially after disk reduction procedures, and 
 occasionally, in the anterior recess. Positive 
response is manifested by a color change from 
bright red to light brown or off-white (Fig. 21.32).

21.7.4.3  Anterior Release
Conditions such as chronic disk dislocation, fibro-
sis, adhesive bands, or pseudowall formation can 
obliterate the disk-synovial crease. A blunt probe is 
used for the lysis procedure. If the anteroposterior 
disk dimension appears adequate and relatively 
normal, disk shape is ascertained, and the release 
procedure is initiated in the medial half of the disk-
synovial crease. Using Ho:YAG laser in cutting 
mode, the synovial capsule is incised just anterior 
and parallel to the anterior margin of the disk, after 
which the muscle fibers penetrating into the disk 
and capsule can be observed. Dissection should be 
performed to a depth of up to 5 mm or until the 
anterior band is fully mobile, without tethering. 
Myotomy at the most anteromedial corner must be 
executed with caution, with attempts made to iden-
tify the 1–2-mm-diameter artery that generally 
runs sub- adjacently to the anteromedial synovial 
drape- disk junction. The vessel is arthroscopically 
observed as a white tubular structure. If inadver-
tently incised, intraarticular hemorrhage will occur, 
with no effective means of cauterization or ligation. 
In cases of bleeding, all instruments must be 
removed and continuous lateral pressure applied on 
the joint for 8–10 full minutes, while the condyle is 
maintained in a forward and contralateral position. 
Once controlled, the OSCA technique is repeated 
and the joint is lavaged and clots are suctioned.

Fig. 21.28 Normal appearance of the anterior recess
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a

c

e f

d

b

Fig. 21.29 Illustrations of instruments introduced into 
the TMJ during various visually-guided OSCA proce-
dures. (a, b) Ho:YAG laser to elicit contraction of the ret-

rodiscal synovial tissue. (c, d) Grasper for biopsy or 
chondromalacia removal. (e, f) Spinal needle for injection 
of drugs into the lateral pterygoid muscle
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21.7.4.4  Posterior Scarification/
Contracture

Once disk reduction is achieved, excessive 
 redundant synovium will be noted in the retrodis-
cal flexure. Even with minor disk repositioning 
and less evidence of redundancy, when discopexy 
is not performed, posterior scarification/contrac-

ture is executed. The retrodiscal tissue typically, 
“reefs,” or bunches up, requiring bulk reduction 
using a Ho:YAG laser, to avoid tissue fibrosis 
which can ultimately displace the disk upon post-
operative settling. Retrodiscal ablation should be 
executed until a normal-shaped retrodiscal flex-
ure is obtained and the inflamed synovium and 
excess tissue bulk are ablated. Thereafter, deep- 
laser contracture of the oblique protuberance is 
performed, followed by examination of the ante-
rior and posterior pouches (Fig. 21.33).

21.8  Advantages and 
Disadvantages of OSCA

The OSCA technique enables advanced visually- 
guided arthroscopy through a single cannula, 
associated with pain relief and mouth opening 
improvements similar to those reported for tradi-
tional techniques (Fig. 21.34a, b) [10]. The pro-
cedure is simpler, requires less expertise and 
coordination, is associated with a shorter learning 
curve, and is more cost-effective than the 
 armamentarium used for the traditional double- 
puncture arthroscopy technique (Fig.  21.34c) 
[10]. In addition, its single-puncture nature 
reduces facial scarring, with possible impacts on 
limiting the incidence of facial nerve injury. 
Moreover, during OSCA, medications can be 
injected to a specific tissue region under visual 
guidance. Although image quality of conven-
tional TMJ arthroscopes has been found satisfac-
tory, with adequate observation of all anatomical 
and pathological structures, the relatively higher 
focal distance in OSCA procedures may result in 
relatively lower image quality (Table 21.3).

21.9  Intraarticular Drug Delivery 
Via OSCA

Before the advent of arthroscopy, intraarticular 
medications were blindly injected into the 
TMJ.  The OSCA technique enables 
 visually- guided injection of medications, into 
specific anatomic articular sites.

Fig. 21.30 Ho:YAG laser fiber and the arthroscope, 
setup in tandem

Fig. 21.31 Visually-guided OSCA. Intraoperative setup 
of the Ho:YAG laser fiber
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21.9.1  Steroids

The authors’ experience and research support the 
claimed benefit of steroid (e.g., methylpredniso-
lone acetate (depo-medrol by Pfizer Inc.)) injec-
tion in reducing muscular irritation and spasm, 
consequently decreasing joint pain during func-
tion. The drugs can be introduced intraarticularly 
using a 3 mL syringe with a 25G spinal needle 

directly to specific TMJ structures, under visual 
guidance (Figs. 21.35 and 21.36).

21.9.2  Botulinum Toxin A

Botulinum toxin type A (Botox) has a well- 
documented therapeutic effect on functional dis-
orders and provides symptomatic relief in cases of 

a b

c d

Fig. 21.32 (a–d) Intraoperative treatment of adhesions, fibrillations, and synovitis treated using Ho:YAG-assisted 
OSCA
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dystonia. Recent reports by von Lindern, Israel, 
Mendes, and others have shown promising out-
comes upon local injection of Botox in patients 
suffering from chronic facial pain secondary to 
hyperactive masticatory muscles. Research 
assessing the efficacy of direct injection of Botox 
into the superior head of the lateral pterygoid at 
the pterygoid shadow is still ongoing.

21.9.3  Hyaluronic Acid

Hyaluronic acid, a glycosaminoglycan polysac-
charide produced by the articular chondrocytes 
and synoviocytes, and is a component of many 
extracellular tissues, including the synovial fluid 
and cartilage. Hyaluronate injection into the TMJ 
stimulates endogenous synthesis of hyaluronic 

a b

c d

Fig. 21.33 (a–d) Contracture of retrodiscal synovium using Ho:YAG-assisted OSCA
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Fig. 21.34 (a) Pain scores, rated using a standard 
10-point visual analog scale, before versus after OSCA 
(scale 0–10: 0 no pain, 10 severe pain), show statistically 
significant (p value = 0.002) improvement 3 months fol-
lowing the procedure. (b) Maximal mouth opening before 

versus three months after OSCA (p value <0.0001). (c) 
Significantly shorter surgery duration when performed via 
OSCA versus traditional arthroscopy technique (p value 
<0.0001) [10]
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Table 21.3 Comparison of OSCA to single- and double-puncture arthroscopy techniques

Parameter Single puncture Double puncture OSCA
Main indication Diagnosis and basic 

interventions
Advanced 
arthroscopy

Advanced 
arthroscopy

Proficiency required Low High Low
Duration of operation Short Long Short
Number of punctures 1 2 1
Number of working cannulas 1 2 1
Risk for facial nerve injury Low High Low
Risk for facial scar Low High Low
Effectiveness in pain relief Low High High
Effectiveness in mouth opening 
improvement

Low High High

a b c

Fig. 21.35 Visually-guided drug injection. (a) Spinal 
needle (150  mm length, 0.72  mm diameter) with an 
arthroscope. (b) Optic fiber and needle passing through 

the cannula. (c) Injection of Depo-Medrol (white solu-
tion) into the joint space using a spinal needle (arrows)

acid, which can improve intraarticular lubrica-
tion, facilitating navigation and minimizing risk 
of iatrogenic intraarticular injury.

21.9.4  Platelet Concentrates (PC)

Autologous platelet concentrates (PCs) contain 
a highly concentrated cocktail of platelet-
derived growth factors and endogenous fibrin 
scaffold components, which promote regenera-
tive and other biological processes [17], includ-
ing healing and chondrogenesis during cartilage 
repair [18]. Recent reports on the effective and 
safe use of platelet-rich plasma (PRP), a sub-
type of PC, in treating early-stage knee osteoar-
thritis (OA) are available for review [19, 20]. 
Furthermore, a number of randomized clinical 
studies have demonstrated the superiority of PC 
injection as compared to hyaluronic acid (HA) 

in symptomatic alleviation of mild to moderate 
knee OA [21, 22].

21.10  Patient Management 
After OSCA

21.10.1  Anti-Inflammatory and Pain 
Management

Tapered doses of intravenous/oral steroids should 
be administered over the 18–24-hour in the post-
operative period and NSAIDs should be pre-
scribed for up to 5–7 days.

21.10.2  Antibiotics

Patients should be switched from intravenous to 
oral antibiotics, e.g., cephalexin or amoxicillin 
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and clavulanic acid, for up to 7 days, unless there 
are signs of intolerance or hypersensitivity.

21.10.3  Diet

Patients can be gradually transferred from a fully 
liquid diet to a strictly soft diet and then to a nor-
mal diet.

21.11  Complications of Traditional 
Arthroscopy Versus OSCA

Owing to its minimally invasive nature, arthros-
copy is generally associated with low complica-
tion rate, which is particularly low following 
OSCA techniques, due to its reduced invasive-
ness. Complications include fibrocartilage scuff-
ing, damage to the VII cranial nerve, 

auriculotemporal nerve (branch of the mandibu-
lar nerve-V3), or vestibulocochlear nerve (VIII 
cranial nerve), tympanic membrane perforation 
and subsequent conductive hearing loss, damage 
to the superficial temporal artery and vein may 
lead to hamartosis. Other reported complications 
include glenoid fossa perforation and iatrogenic 
instrument failure.

Disclaimer Content of the chapter has original research 
of the authors. Portions of the text and figures of the chap-
ter are reprinted/adapted with permission from Springer 
Nature; Originally published by the authors, Srouji 
S.  McCain J. (2018) Modern Temporomandibular Joint 
Arthroscopy: Operative Single-Cannula Arthroscopy. In: 
Nahlieli O. (eds) Minimally Invasive Oral and 
Maxillofacial Surgery. Springer, Berlin, Heidelberg.
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22.1  Introduction

Total joint replacement and reconstruction is a 
common practice in the field of orthopedic sur-
gery for hip and knee joints, but it persisted to 
remain less popular for the craniomandibular 
joint till the 1980s due to the “Kent-Vitek mis-
hap” in the 1970s. With recent advancements in 
the biomaterial science and better understanding 
of the regional surgical anatomy, alloplastic total 
joint reconstruction (TJR) for the temporoman-
dibular joint (TMJ) has become popular and a 
feasible option in treating patients with end stage 
temporomandibular joint disease (ESJD), having 
history of previous surgeries resulting in joint 

deformities leading to considerable disability, for 
congenital deformities affecting the joint and for 
the craniomandibular ankylosis.

A thorough clinical and radiographic work-up 
followed by formulation of a rigorous treatment 
plan including the decision on the choice of pros-
thesis based on the patient’s requirement is an 
essential aspect of the pre-surgical work-up. 
Several advances in alloplastic prosthesis design, 
bio-materials, and the surgical approaches have 
enhanced the overall quality of life (QoL) for the 
patients with restoration of function as well as 
esthetics rehabilitated with alloplastic prosthesis. 
However, there remain several factors that 
demand consideration while placing the alloplas-
tic TMJ prosthesis as the outcome greatly 
depends on multi-factorial facets.

22.2  Alloplastic Prosthesis 
for Joint Replacement

The first successful alloplastic TJR device was 
designed by Sir John Charnley in the 1960s lead-
ing a way for various advancements in the prosthe-
sis design and bio-compatible material science 
aimed at providing a better QoL for the patients 
post-surgically [1]. TMJ TJR has been an option 
since the nineteenth century but it remained less 
popular due to the intricate anatomy of the small 
joint in connotation with the complex maxillofa-
cial skeleton and lack of understanding of the bio-
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compatible alloplastic materials that may be used 
for these prosthetic devices. Joint replacement sys-
tems containing Proplast-Teflon (Vitek Kent, 
Houston, Texas) was a setback to this growing sci-
ence in the 1970s as these devices had to be with-
drawn from the market due to foreign body giant 
cell reaction resulting in enormous failure rates.

Alloplastic TMJ reconstruction restores the 
form and function of the joint. With the increas-
ing evidence of success of alloplastic prosthesis, 
various artificial prosthesis designs are being 
investigated and some of them are in use. Pain 
and dysfunction associated with TMDs has a sig-
nificant psychosocial impact among the patients 
with a strong female predilection, which when 
progresses to a non-salvageable stage, is given a 
consideration for TJRs [2]. Several challenges 
tangled with alloplastic prosthesis include finan-
cial factors, achieving harmony in function 
between the alloplastic joint, osseous structure, 
and muscles controlling the movement, along 
with the masticatory function.

22.3  Factors for Assessment

There are various subjective and objective param-
eters utilized by several authors to assess the per-
formance of various available alloplastic 
prosthesis, to name a few include, maximum 
inter-incisal opening (MIO), jaw function (JF), 
and diet intake (DI). Wolford LM et al. assessed 
objective evaluation for incisal opening, lateral 
excursions, and occlusal stability, whereas the 
subjective parameters assessed were pain and jaw 
function. In another study by the same author, 
apart from the conventional parameter assess-
ment, evaluation of the patients’ post-operative 
overall quality of life was highlighted [3]. 
Ferreira et al. evaluated various factors leading to 
joint failure. The clinical parameters assessed by 
them included severity of pain and mandibular 
function. The symptom severity was evaluated 
using Symptom Severity Index and the mandibu-
lar function using modified mandibular function 
impairment questionnaire [mMFIQ]. They con-
cluded that facial pain was a significant factor 
correlated to perforation and breakdown of the 
alloplastic temporomandibular interpositional 

implants, and was the most likely reason for 
implant removal [4]. Leandro et al. additionally 
assessed speech apart from the above-mentioned 
clinical parameters [5]. Bhargava D et al. assessed 
nutritional status of the patients using mid-upper 
arm circumference along with the overall QoL 
post-surgically as compared to the patients’ pre-
surgical status as one of the study parameters [6].

22.4  Patient Selection for TMJ TJR

TMJ TJR surgery is an intricate science in itself 
considering the complexity in anatomy of TMJ 
and its proximity to various vital structures in the 
maxillofacial region. Any voids at the initial stage 
of the patient selection, surgical planning, or exe-
cution may pose a risk to the patient in terms of 
device failure, sub optimal function, or even to 
the extent of damage to the vital anatomical 
structures, if the surgery is not accurately under-
taken. It is critical that an alloplastic TJR should 
be considered only when the joint and the sur-
rounding structures cannot be salvaged. A range 
of conservative and minimally invasive surgical 
modalities must be considered prior to the total 
joint replacement surgery. In an adult patient, a 
successful alloplastic TJR may offer numerous 
advantages including occlusal stability, as autog-
enous grafts can exhibit variable resorption rates, 
lack of donor site morbidity leading to reduced 
surgical duration, and early mobilization with 
significant dietary improvement [7].

The indications for TJR include a wide range of 
disorders such as joint ankylosis, inflammatory, 
and neoplastic disease process involving the con-
dyle, trauma, and congenital disorders affecting 
the condylar development (Table  22.1). Various 
authorities have proposed the criteria for indica-
tions of TMJ TJR. These include, the National 
Institute for Health and Care Excellence (NICE), 
British Association of Oral and Maxillofacial 
Surgeons, the Japanese Regulatory Society apart 
from various individual authors that contribute to a 
reliable database for reference [8–10]. These 
guidelines may offer expediency in augmenting 
surgeon’s decision on appropriate patient selection 
for TMJ TJR. Absolute contraindications for allo-
plastic prosthesis include local infection and sys-
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temically compromised patients including patients 
with poor glycemic control. A patient who is 
grouped under the American Society of 
Anesthesiologists (ASA) category III having a 
severe disease process is considered as a relative 
contra-indication to TJR (Table 22.2) [11].

22.5  Radiographic Evaluation

Every patient planned for alloplastic TMJ pros-
thesis must be subjected to a computed tomogra-
phy (CT) scan for the evaluation of an accurate 
bone anatomy in detail. The CT data usually in 
DICOM along with its three-dimensional (3D) 
reconstruction is a useful aid for the construction 
of stereolithographic models (Fig. 22.1). A cus-
tom made prosthesis can be constructed using 
computer aided replication and designing of the 
patient’s mandible and cranial components 
(Fig. 22.2). This reduces intra-operative time as 
aligning the prosthesis or modifying the bone for 
a right fit is not necessary. Evaluation of the vas-
cular anatomy in the infra-temporal fossa may 
require a Magnetic Resonance (MR) Angiography 
study [11]. A cone beam computed tomography 
(CBCT) can also be used for assessing the bone 
morphology. Other conventional two-dimen-
sional (2D) radiographic imaging modalities are 
also useful in demonstrating the bony deformity 
but do not allow accurate evaluation of disease 
extent, therefore are limited for screening.

22.6  Components of Alloplastic 
Prosthesis

Alloplastic TMJ prosthesis usually consists of a 
fossa component and the ramus-condyle compo-
nent. These components are stabilized using 
anchor screws against the bone. Various materials 

Table 22.1 Indications for alloplastic TMJ total joint 
replacement (TJR)

S. NO. Indications
1 Severe degenerative joint 

disease—Osteoarthritis
2 Inflammatory joint disease—Rheumatoid or 

psoriatic arthritis, ankylosing spondylitis
3 Ankylosis—Post-traumatic, re-ankylosis
4 Irreparable condylar fracture/damage
5 Avascular necrosis (AVN)/osteochondritis 

dissecans (OCD) of the TMJ
6 Neoplastic ablation leading to post-surgical 

condylar loss
7 Failed reconstruction with autogenous grafts
8 Congenital disorders—Hemifacial 

microsomia, Treacher Collins syndrome
9 Multiple operated TMJ with inadequate 

results
10 Severe functional limitations and ongoing 

symptoms despite previous alloplastic 
implant

Table 22.2 Contra-indications for total prosthetic 
replacement

S. NO. Contra-indications
1 Ongoing local infective process—Intra-

capsular and peri-capsular infection
2 Severe immune compromise/uncontrolled 

systemic disease
3 Severe ASA III disease process

Fig. 22.1 Three-dimensional (3D) reconstructed CT image depicting the ankylosed mandibular condyle to the tempo-
ral fossa
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have been tested and tried to obtain a bio-compat-
ible and biomechanically stable prosthesis. Recent 
studies favor the use of titanium (Ti) and high 
molecular weight polyethylene as they exhibit rea-
sonable biomechanical properties and are bio- 
acceptable [7] (Tables 22.3 and 22.4) (Figs. 22.2, 
22.3, 22.4, and 22.5). To enhance the wear proper-
ties of the articular surface of the joint head, few 
designs do incorporate chrome-cobalt alloy.

22.7  Alloplastic Prosthesis Design 
for TMJ TJR

The selection of an alloplastic prosthesis is multi- 
factorial and depends on various parameters 
including the trust with post marketing surveil-
lance reports, prosthesis cost, age and systemic 
condition of the patient, and surgeon’s proficiency 
with the particular joint system to accurately place 
the alloplastic prosthesis. The currently available 

Fig. 22.2 Stereolithographic skull model showing one of 
the initial prototype of an alloplastic DARSN TMJ pros-
thesis, ramal component fixed using titanium screws

Table 22.3 Evolution of alloplastic prosthesis for joint reconstruction

Year Prosthesis Description Type
1963 Christensen

(Type I)
Cobalt-chromium alloy fossa
Ramus component with acrylic condylar 
cap

Stock/custom

1977 Christensen
(Type II)

Cobalt-chromium alloy fossa
Ramus component with cobalt-chromium 
condylar cap
Metal-on-metal prosthesis

Stock/custom

1970s Kent-Vitek (KV I) prosthesis
Kent-Vitek
(KV II) prosthesis (Fig. 22.3)

Fitting surface had a proplast laminant—
Foreign body reaction to proplast causing 
destructive osteolysis.
Manufacturing stopped due to associated 
litigation with the predecessor.

Stock

1989 Techmedia
Now,
TMJ concepts (Ventura, CA, 
USA) (Fig. 22.4)

Cobalt-chromium condylar head/titanium 
ramus
Titanium based high molecular weight 
polyethylene fossa

Custom

2000 Lorenz
Now, Zimmer Biomet (Fig. 22.5)

Cobalt-chromium condylar head/titanium 
ramus
All high molecular weight polyethylene 
fossa without a titanium mesh

Stock/custom
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prosthesis can be either stock or a custom made. 
No single system can be endorsed superior to 
another in all aspects including the cost, biome-
chanical properties, bio- compatibility, ease of 
availability, and use [12–18].

Mercuri LG et  al. assessed the safety and 
effectiveness of custom made alloplastic TMJ 
(Techmedia/TMJ concepts) device among 
patients who underwent TJR with a follow-up of 
14 years. They observed significant improvement 

Table 22.4 Bio-materials used in ramus and fossa component of various alloplastic prosthesis

Year Alloplastic prosthesis/Surgeon Ramus component Fossa component
1963 Christensen Type I Acrylic Co-Cr
1965 Christensen Type II Co-Cr with PMMA condyle Co-Cr
1974 Kiehn Co-Cr Co-Cr with PMMA cement
1976 Morgan Co-Cr with acrylic condyle Co-Cr
1977 Momma Co-Cr Co-Cr
1977 Kummoona Co-Cr with PMMA cement Co-Cr
1983 Vitek Kent Type I Teflon Proplast +UHMWPE
1983 Sonnenburg and Fethke Ti + palladium Polyethylene with PMMA cement
1983 Sonnenburg and Sonnenburg Ti + palladium Polyethylene with PMMA cement
1986 Vitek Kent Type II Proplast Proplast+UHMWPE
1989 Techmedia/TMJ concepts Ti + co-Cr-Mo condyle Ti mesh back UHMWPE
1992 Butow Nitride coated Ti Nitride coated Ti
1993 Hoffman and Pappas Ti + nitride coated condyle Ti + UHMWPE
1993 Biomet micro-fixation Co-Cr head UHMWPE
1996 Nexus CMF Co-Cr Co-Cr
1999 Groningen TMJ Ti + zirconia condyle Ti and zirconia
2000 Lorenz/Zimmer Biomet Co-Cr head/ Ti ramus UHMWPE
2017 Melbourne prosthetic TMJ Ti 64 High density polyethylene
2018 DARSN TM Joint prosthesis Grade V Ti UHMWPE
2019 Chinese TMJ prosthesis Co-Cr UHMWPE

Fig. 22.3 Illustration depicting Type II Kent–Vitak allo-
plastic prosthesis

Fig. 22.4 Illustration depicting TMJ concepts alloplastic 
prosthesis
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in various subjective and objective parameters 
post-operatively concluding that patient fitted 
total TMJ reconstruction system is a safe, effec-
tive, and reliable modality providing long-term 
stable results [13, 14].

Perez DE et al. in their clinical study among 
70 patients who underwent unilateral TJR, 
compared the risk of pain development and jaw 
dysfunction with the contralateral healthy joint 
post-operatively. They concluded that the 
patients showed a significant improvement 
post-surgery and the probability for contralat-
eral joint reconstruction is lesser if the joint 
was healthy. However, there is 30% increased 
risk of total joint prosthesis replacement of the 
contralateral side at a later stage, if the patient 
had a history of previous surgeries with the 
same joint [19].

Sanovich et  al. evaluated the total alloplastic 
temporomandibular joint reconstruction using 
Biomet stock prosthesis with their conclusions 
being consistent with literature of TJR being effec-
tive and safe [15]. Westermark observed that 
patients among his study population gained sig-
nificant weight post-operatively after TMJ replace-
ment which could be attributed to the improvement 
in diet intake (DI) factor [16]. The diet intake was 

further evaluated by Bhargava D et al. in patients 
who underwent TMJ TJR and found satisfactory 
improvement in the nutritional status of the 
patients post-operatively [6]. Jones conducted a 
preliminary study where he compared the use of 
the TMJ Concepts and Biomet Lorenz total joint 
replacement systems for the reconstruction of 
TMJ and observed that the results of his study 
were consistent with the individual studies on vari-
ous joint systems performed by Mercuri LG et al., 
Wolford LM et al., and Quinn et al. reporting over-
all improved patient outcomes. Region specific 
data by Bhargava D et al. (DARSN TMJoint pros-
thesis; study population included patients of the 
Indian subcontinent) and Machon V et al. (Biomet 
TJR System; Czech and Slovakian population) 
found that TJR was an effective method in their 
preliminary studies [13–15, 20].

Similarly, other alloplastic devices such as 
Groningen prosthesis [21, 22], DARSN TM Joint 
prosthesis, [6, 20, 23, 24], Melbourne prosthetic 
TMJ [25], and Chinese prosthesis [26] used by 
various investigators for their study population 
found promising results in patients where the 
joint components could not be salvaged for vari-
ous reasons.

22.8  Surgical Technique

The surgical procedure should be carried out fol-
lowing pivotal aseptic protocols. Pre-operative 
administration of anti-biotics and pre-emptive 
analgesia is recommended. After inducing gen-
eral anesthesia (GA), intubation using a north- 
pole naso-endotracheal tube is preferred to secure 
the airway. In patients with reduced mouth 
 opening, fiber-optic intubation technique may be 
utilized (Refer Chap. 27). A standard Alkayat–
Bramley incision (pre-auricular incision with 
temporal extension) and Hind’s incision should 
be placed after administering local anesthesia 
(LA) with epinephrine followed by careful lay-
ered dissection to expose the region of interest. 
Care must be taken to preserve retromandibular 
vessels and facial artery, facial and auriculotem-
poral nerve during the dissection (Refer Chap. 14 
for approaches to TMJ).

Fig. 22.5 Illustration depicting Biomet alloplastic 
prosthesis
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The joint (ankylotic mass/deformed joint or 
region in case of an absent joint) should be 
exposed from above and below before the condy-
lectomy (or gap arthroplasty) is carried out. The 
dissection should not extend too medial and cau-
tion should be summoned to save the injury to the  
maxillary, meningeal, masseteric vessels, and 
mandibular neurovascular bundle that lie in the 
vicinity. The disc and capsular tissue should be 
removed after the condylectomy to allow suffi-
cient space for the prosthesis (Fig.  22.6). The 
fossa component is adapted at the predetermined 
position on the zygomatic arch keeping it parallel 
to the Frankfort horizontal plane and is fixed 
using 3 to 5 titanium screws. The length of the 
screws may be predetermined using CT data and 
confirmed on the model surgery. The check of the 
fossa fit should be examined and adjusted if there 
is any rocking movement observed followed by 
stabilization. Inter- maxillary fixation (IMF) 

should be placed to achieve a satisfactory occlu-
sion once the fossa component is stable. Copious 
irrigation using saline should be done intra-oper-
atively to prevent thermal injury to the bone/soft 
tissues while using rotary instruments and to 
remove any debris.

The Hind’s incision should be utilized to 
check the fit of the condylar component. 
Necessity to trim the lateral border of mandible 
near the gonial angle and the region around anti- 
lingula should be determined in the sterio- 
lithographic model during pre-operative 
planning. The ramal component is secured in 
position along the posterior border of the ramus 
using 2.5 mm (predetermined length) bi-cortical 
titanium screws preserving the inferior alveolar 
nerve anteriorly. The orientation of the fossa 
component is confirmed in relation to the allo-
plastic condyle with lateral ramal plate and is 
then secured using screws. The relationship 

a b

c

Fig. 22.6 (a) Diagram showing the use of the diamond 
rasp to perform the eminoplasty and, if necessary, remove 
a small amount of bone along the lateral aspect of the 
ramus to ensure a stable seating of the mandibular compo-
nent and proper prosthesis orientation. (b) Intraoperative 
image showing the use of the diamond rasp for the emino-
plasty. Bone is carefully removed to ensure tripod stability 
of the prosthesis and correct orientation. (c) Intraoperative 

image showing the diamond rasp removing a small 
amount of bone along the lateral aspect of the mandible. 
[Reprinted/adapted by permission from Quinn P., 
Granquist E.J. (2016) Stock Prostheses for Total 
Reconstruction of the Temporomandibular Joint. In: 
Mercuri L. (eds) Temporomandibular Joint Total Joint 
Replacement – TMJ TJR. Springer, Cham. https://doi.
org/10.1007/978-3-319-21389-7_4]
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should match with the fit obtained on the stereo-
lithographic model. It remains extremely impor-
tant to position the head of the condyle in the 
fossa as far posterior as possible so that there will 
be some degree of “pseudo-translation” of the 
condylar head in the fossa as the patient opens 
the mouth to the expected range (32–35  mm) 
(Figs.  22.7 and 22.8). The prosthesis usually 
moves in the supero-inferior plane. The IMF 
should be removed once the ramal and fossa 
components are secured and occlusion should be 
re-checked. If the occlusion is found to be unsat-
isfactory, then the prosthesis should be adjusted 
(Fig.  22.9). IMF may be placed for one week 
post-operatively to re-establish vertical stability 
if dislocation of the prosthesis is observed.

A suction drain may be placed to cover all the 
regions of potential collection in the wound. 
Bhargava D et al. have advocated the use of par-
tial thickness temporalis rotation flap (Table 22.5) 
(Fig. 22.10a, b, c) [27] that can be rotated over 
the alloplastic joint to reduce the dead space and 
also to provide an additional layer between the 
joint and the external skin layer. It is evident that 
this modification may contribute in reducing the 
incidence of peri-prosthetic infection [28]. The 
wound should then be closed in layers using 
polyglactin 910 and nylon sutures for the skin 
followed by placement of a pressure dressing. 
Anti-biotics and non- steroidal anti-inflammatory 
drugs (NSAIDs) should be administered post-
operatively as per the institution’s protocol or the 
individual surgeon’s preference. Drains and 
sutures should be removed any day between third 

Fig. 22.7 Demonstration of pseudo-translation of the 
prosthesis. This occurs when a unilateral prosthesis is 
placed and the patient has a functioning lateral pterygoid 
on the contralateral side. [Reprinted/adapted by permis-
sion from Quinn P., Granquist E.J. (2016) Stock Prostheses 
for Total Reconstruction of the Temporomandibular Joint. 
In: Mercuri L. (eds) Temporomandibular Joint Total Joint 
Replacement – TMJ TJR. Springer, Cham. https://doi.
org/10.1007/978-3-319-21389-7_4]

Fig. 22.8 Intra-operative image showing the fossa and 
ramal component of DARSN TMJ prosthesis secured 
using titanium screws
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a

c

b

Fig. 22.9 The left diagram shows correct posterior posi-
tion of the prosthesis while the right diagram shows 
incorrect positioning [Reprinted/adapted by permission 
from Quinn P., Granquist E.J. (2016) Stock Prostheses for 

Total Reconstruction of the Temporomandibular Joint. In: 
Mercuri L. (eds) Temporomandibular Joint Total Joint 
Replacement – TMJ TJR. Springer, Cham. https://doi.
org/10.1007/978-3-319-21389-7_4]

to fourth and seventh to tenth post-operative 
days, respectively. Passive physiotherapy should 
be started from first post-operative day and con-
tinued up to six months. Post-operative evalua-
tion of the device function may be assessed by 
periodical recording of the MIO, JF, DI, QoL, 
and nutritional status to measure the outcome. 
Post-operative radiographs may be ordered to 

evaluate the prosthesis adaptation and for the 
medical record data (Figs. 22.11 and 22.12).

However, prior to TJR, patients should be 
made aware about the possibility of device failure 
and its probable causes, as each patient’s biologi-
cal response remains different. Patients should 
also be counseled about the fact that the revision 
surgery poses more risk and difficulty.
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Table 22.5 Surgical steps for alloplastic temporomandibular joint coverage with partial thickness temporalis rota-
tion (Procedure proposed by Bhargava D et al. Partial thickness temporalis rotation for alloplastic temporomandibu-
lar joint - how I do it. J Stomatol Oral Maxillofac Surg. 2019 Sep;120(4):355−357. https://doi.org/10.1016/j.
jormas.2019.01.001.)

Total Temporomandibular joint alloplastic replacement 
demonstrating surgical site exposed with artificial joint 
in situ.

Aluminum foil template for determination of the 
surgical site defect for the partial thickness temporalis 
rotation on the alloplastic temporomandibular joint 
before skin closure.

Partial thickness temporalis, harvested and rotated on 
the alloplastic temporomandibular joint

Rotated partial thickness temporalis secured with 
absorbable sutures around the lateral aspect of the 
alloplastic temporomandibular joint before 
subcutaneous and skin closure

D. Bhargava et al.
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a

c

b

Fig. 22.10 (a) alloplastic joint placement through the pre-auricular incision. Note the condylar head component and 
the ultrahigh molecular weight polyethylene fossa. (b) Partial thickness temporalis muscle flap used to cover the allo-
plastic joint and is secured in position with absorbable sutures before preauricular skin closure. (c) Note the temporal 
hollowing and zygomatic bulge caused due to the partial thickness temporalis muscle flap rotation, in author’s experi-
ence the preauricular zygomatic bulge reduces with time in the post-operative 8−12 months for most of the patients. The 
temporal hollowing is hidden inside the hairline in the immediate post-operative period. With residual functional muscle 
hypertrophy, temporal hollowing gets shallower with time
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22.9  Alloplastic Prosthesis 
in Young/Growing Patient

Mercuri LG et  al. have investigated the allo-
plastic TJR with favorable functional, esthetic, 
and occlusal outcomes in a growing patients 
where previous autogenous reconstruction have 
failed. Several studies in literature have evalu-
ated the effects of autogenous grafts to recon-
struct TMJ in growing patients with unfavorable 
outcomes such as unpredictable growth, graft 
failure, and donor site morbidity. TMJ TJR 

using alloplastic device has been considered 
lately by researchers among growing children 
in case of failed autogenous grafts, recurrent 
ankylosis unresponsive to other treatment 
modalities, and loss of vertical height of the 
mandible due to pathology or trauma. This 
requires several stages of treatment planning 
and careful execution. Further studies are 
required to fully understand the “long-term out-
come” of using alloplastic TJR in growing 
patients [29–31].

22.10  Prophylactic Anti-biotics 
for Dental Procedures

As per the American Society of Orthopedics 
guidelines, prophylactic anti-biotics should be 
given to a patient who would require invasive 
dental procedures for two years after prosthesis 
insertion [11]. Various regimens are available 
currently that should be considered before under-
taking dental procedures which may result in 
transient bacteremia in such patients (Table 22.6). 
It has been observed that the oral bacteria are 
known to cause infections in the alloplastic hip/
knee joints after the patient had undergone an 
oral surgical procedure, where usually the pres-
ence of staphylococcus species was evident. 
Mercuri LG opined that the microbial bio-film is 
a source of alloplastic prosthesis failure which 
involves several interactions between the micro- 
organisms, host-factor, and alloplastic device 
[31–35].

Fig. 22.12 Panoramic imaging of the mandible showing 
vertical ramal rehabilitation using alloplastic prosthesis to 
restore joint form and function

Fig. 22.11 Recon-
structed computer 
tomographic image of 
the mandible showing 
vertical ramal rehabilita-
tion using DARSN TMJ 
prosthesis to restore 
joint form and function
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22.11  Identification of Risk Factors 
for Infection

Surgical site infections (SSIs) can pose a serious 
concern as it can lead to failure of the surgery. 
Fitzgerald Jr. et al. classified peri-prosthetic joint 
infection in orthopedics as acute post-operative, 
late deep, and late hematological infections. In 
2011, universally accepted criteria to identify 
peri-prosthetic joint infection was given by 
Musculoskeletal Infection Society (MSIS) 
(Table  22.7). There are several patient related, 
surgery related, and post-operative risk factors 
that can cause failure of the alloplastic prosthesis. 
There are specified protocols for the management 
of early and late infections in the patients who 
have undergone TJR [35, 36, 37].

22.12  Pre-operative Factors

There are several pre-operative considerations 
which can enhance the success of the alloplastic 
TMJ TJR. This include administration of prophy-
lactic anti-biotics which is a pre-requisite. The 
patient should be instructed to shave the hair in 
the vicinity of the incision. Ear should be exam-
ined to rule out any pathology or infection and it 
should be blocked with a snuggly fitting cotton 
plug to prevent any exchange of fluids intra- 
operatively. Before initiating the surgery, the 
nasoendo-tracheal tube should be secured in place 

using a suture and isolated from the surgical field 
to prevent displacement as it can pose a potential 
source of contamination. Sustained asepsis of the 
oral cavity and the skin throughout the surgery 
remains important. Oral cavity and the TJR surgi-
cal site should be stringently kept separate to 
avoid any contamination of the alloplastic joint 
with the oral fluids, during the course of the sur-
gery. Contamination of the alloplastic material 
with oral fluids may progress to formation of a 
bio-film and may lead to device failure [36].

22.13  Intra-operative Factors

The incision should be placed accurately to 
facilitate adequate exposure. During layered dis-
section, parotid gland tissue is encountered 
which should be retracted as injury in this region 
can cause contamination of surrounding hard 
and soft tissue along with the device components 
with saliva which may lead to future and SSI. It 
is essential that the parotid capsule remains 
intact throughout TMJ TJR.  It is also observed 

Table 22.6 Antibiotic Prophylaxis Recommendations 
for dental treatment in total joint replacement patients

German Society of 
Orthopedics and 
Traumatology

Modified from American 
Academy of Orthopedic 
Surgeons

Amoxicillin-clavulanate 2 
gm, per oral
(or)
Clindamycin 600 mg, per 
oral
Shortly before the 
procedure and four hours 
after dental treatment

Amoxicillin, 2 gm, per 
oral
(or)
Cephalexin, 2 gm, per 
oral
(or)
Cephradine, 2 gm, per 
oral
One hour prior to the 
procedure

Table 22.7 Definition of peri-prosthetic joint infection 
by Musculoskeletal Infection Society (MSIS)

1 Presence of sinus tract communicating with the 
prosthesis

2 A pathogen isolated by culture from two or more 
separate tissue or fluid samples from the affected 
prosthetic joint

3 Four of the following criteria
(a)  Elevated serum ESR and serum CRP 

concentration.
(b) Elevated (synovial*) WBC count.
(c)  Elevated (synovial*) polymorphonuclear 

percentage.
(d) Presence of purulence in the affected joint.
(e)  Isolation of micro-organisms in one culture of 

peri-prosthetic tissue/fluid.
(f)  > than five neutrophils/high power field in five 

different high power fields observed in a 
sample for histological analysis of peri-
prosthetic tissue at ×400 magnification.

ESR: Erythrocyte Sedimentation Rate; CRP: C-reactive 
protein; WBC: White Blood Cell; *: use of synovial data is 
not relevant to TMJ TJR, instead peripheral WBC count 
and polymorphonuclear percentage may be considered
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that the time taken to implant the alloplastic 
device can be a significant determinant of 
SSI.  This greatly depends on the operator’s 
familiarity with the procedure and proficiency 
that aid to minimize the duration of the surgery 
to place the implant. Adequate irrigation and 
hemostasis should be maintained throughout the 
intra-operative phase [36].

22.14  Post-operative Factors

In the immediate post-operative phase, pressure 
dressing should be placed to keep the dead spaces 
obliterated in order to minimize edema and to 
maintain post-operative hemostasis. Superficial 
infections such as stitch abscess and seroma 
should be managed aggressively before the 
organisms could progress to deeper tissues. The 
duration of hospital stay in the post-operative 
period should be minimized to prevent any noso-
comial infections [36].

Wolford LM et al. classified infections after 
TMJ TJR as acute and chronic based on the onset 
of infection, if the infection occurs within 5 days 
it is considered as acute and chronic if it occurs 
after 30  days in the post-operative period. 
Counseling and informing the patient is an 
essential factor in managing SSI in TMJ TJRs 
[38, 39].

22.15  Complications

Any surgical procedure is not constantly free 
from complications. It is the onus of the operat-
ing surgeon to identify as well as manage the 
intra-operative and post-operative complications 
to circumvent failure of the alloplastic prosthesis 
(Table 22.8). Intra-operatively hemorrhage may 
occur due to the damage to the maxillary artery, 
retromandibular vein, superficial temporal ves-
sels, masseteric vessels or pterygoid venous 
plexus. Vigilant surgical technique is the best 
way to avoid any vascular damage. At most 
instances a firm pressure controls a pre-auricular 
bleeders apart from other local measures. 
Occasionally, ligation of the external carotid 

artery may be required. Facial nerve palsy is a 
feared complication which can be avoided by 
careful assessment and surgical technique during 
incision placement and dissection. SSIs can 
occur if proper aseptic conditions are not main-
tained peri-operatively. Rarely dislocation of the 
alloplastic prosthesis may occur [11, 36, 37].

Several clinical studies have highlighted that 
alloplastic TMJ TJR is an effective option to 
reconstruct TMJ that cannot be salvaged, with 
satisfactory long-term results. TMJ TJRs have 
shown significant improvement in pain, mean 
MIO, JF, DI, nutritional status, and overall QoL 
in the post-operative period when compared to 
the pre-operative phase with satisfactory restora-
tion of form and function [40–42].

22.16  Recommended Sterilization 
Protocol for the Prosthesis 
and Its Components

Various sterilization protocols have been summa-
rized in Table 22.9 [43, 44]. These can/may be 
modified as per the local/regional/institutional 
guidelines on sterilization. The metal condylar 
component including screws can be sterilized 
using standard moist heat sterilization method 
just before use. UHMWPE material can be steril-
ized using Gamma/Ethylene Oxide (EtO) [44]. 
All the sterilized components should be stored in 
a broad spectrum antibiotic solution and not 
exposed to air in the operation theater from the 
time of unpacking to in vivo fixation.

Table 22.8 Complications during TMJ TJR Surgery

Intra-Operative Complications
Hemorrhage—Internal maxillary/meningeal/facial 
artery
Injury to facial/auriculotemporal nerve
Post-Operative Complications
Infection via drain
Surgical site infections (SSIs)
Facial nerve palsy—Transient/ permanent
Myofascial pain syndrome
Hardware failure
Screw loosening
Allergy to the components of prosthesis (rare) 
Dislocation of the alloplastic prosthesis

D. Bhargava et al.
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22.17  Conclusion

Alloplastic TMJ TJR is a suitable method when 
the joint and surrounding structures cannot be sal-
vaged. A thorough clinical, radiographic, and 
laboratory work-up followed by formulating a 
customized treatment plan for an individual 
patient along with a strict aseptic surgical proce-
dure enhances the success rate of the TJR surgery. 
The alloplastic total joint replacement may offer 

an effective option to reconstruct the TMJ in an 
adult patient with documented benefits, provided 
a wise and scientific approach to case selection 
and appropriate treatment plan is followed.
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Syndromes Affecting 
Temporomandibular Joint
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23.1  Introduction

The clinicians dealing with the maxillofacial 
region routinely face challenges in tackling prob-
lems related to congenital anomalies or syn-
dromic patients. Syndromes associated with 
temporomandibular joint (TMJ) are usually 
genetically inherited as an autosomal dominant 
trait, but sporadic cases with genetic mutations 
are also a major cause. TMJ disorders are mostly 
seen as bilateral conditions. Some anomalies are 
observed in very early stage right from the 
embryonic stage from the 20th day till 12th week 
of gestation. The cases should be preferably diag-
nosed in pre-natal stage or at birth and treatment 
is prioritised and directed on airway stabilisation 
followed by baby feeding. The affected child 
may require treatment for loss of hearing, occa-
sionally vision and obvious compromised jaw 
function. Musculoskeletal disorders may develop 
or may be acquired later in life as a result of life-
style disorder or due to psychological triggers

Developmental disorders resulting in recogni-
sable morphologic abnormalities are recently 
been termed as “dysmorphology”, as described 

by David Smith [1]. Maxillofacial specialists are 
nowadays confronted more frequently with con-
genital anomalies. There are remarkable advances 
during the past few decades in the clinical genet-
ics of congenital malformations which are having 
an increase in medical attention for the diagnosis 
of various syndromes.

A syndrome is usually defined as “a group of 
signs and symptoms or a set of symptoms usually 
three or more, which occur together, characteris-
tic of a morbid condition” or described as “the 
aggregate of signs and symptoms associated with 
any morbid process and constituting together a 
picture of the disease”. Syndromes being a multi- 
system disease are difficult to classify in a spe-
cific pattern and can be of varied aetiology and 
clinical presentation [2].

The aetiological factors for the occurrence of 
syndromes are not definite. Frequently it occurs 
due to genetic influence or genetic disposition. 
Racial predominance is also known to be a caus-
ative factor. Offspring of an affected individual 
usually have likelihood of acquiring the disor-
der if inherited. A syndrome may become pro-
gressive with more severe deformities in the 
succeeding generations. Immune dysfunction or 
an abnormal immune response, dysfunction of 
certain glands, and vascular anomalies may also 
result in form of a syndrome. Diagnosis of a 
syndrome is a challenging task due to extreme 
variability in the clinical presentation or expres-
sion [2].
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23.2  Syndromes Associated 
with Craniofacial Anomalies 
of Genetic Origin

Genetic information in humans is carried by 23 
pairs of chromosomes {46}, known as autosomes 
which carry information regarding the structure 
and body functions of which one pair {2} is 
known as the sex chromosome, which determines 
the sex of an individual (XY in male and XX in 
female) [3].

The genetics of craniofacial malformations is 
very complicated to understand due to the over-
lapping of the presenting features and the diffi-
culties in interpretation with corelations to the 
huge database of human genome. Several thou-
sand distinct syndromic entities have been identi-
fied, and most of them have not been encountered 
by the average specialist due to their rarity. In 
addition, the human genome is thought to contain 
about 80,000 genes. There are several unusual 
syndromes that are yet to be identified [3]. 
Genetically derived disorders can be considered 
into three major groups (Table 23.1).

23.2.1  Chromosomal Disorders

Sex-linked inheritance is when the X chromo-
some carries the abnormal gene, the disorder is 
said to be X-linked (X-linked recessive, X-linked 
dominant) and when a Y chromosome carries it, 
the condition is said to be a Y-linked disorder, for 
e.g., Hypohidrotic ectodermal dysplasia.

23.2.2  Single Gene [Monogenic] 
Disorders

This category of disorders is caused by mutations 
in a single gene, which refers to a primary error 
in the DNA code. They are inherited according to 
Mendelian rules, with sub-divisions based on the 
chromosome on which an irregular [mutant] gene 
is located and the type of the trait. The inheri-
tance is known as autosomal when an abnormal 
gene is situated on the autosome, and the trait is 
said to be X-linked when such a gene is situated 
on the X chromosome. These traits may either be 
“dominant” or “recessive” (autosomal dominant 
or recessive, and X-linked dominant or 
recessive).

Autosomal dominant inheritance has the 
following characteristics

• At least one parent of any affected person is 
also affected.

• Both male and female are likely to be affected 
and are capable of transmitting the disease.

• Transmission is generally seen [father to son/
daughter and mother to son/daughter] with no 
skipping of generation.

• Affected individual characteristically transmit 
the trait to half of their offsprings.

These general rules however are modified by

• Penetrance: Carrier of abnormal genes may 
be mildly affected to be entirely indistinguish-
able from normal individual. A gene is said to 

Table 23.1 Genetically derived-disorders in the craniofacial region

Craniofacial malformation 
syndromes with autosomal dominant 
inheritance

Craniofacial syndromes 
with recessive inheritance

X-linked Inheritance 
Syndromes

Multi-factorial 
disorders

    1. Blepharophimosis syndrome
    2. Waardenburg syndrome
    3. Treacher-Collin syndrome
    4. Van der Woude syndrome
    5. Oculo-dento-digital syndrome
    6.  Cranio-stenosis syndromes 

like Crouzon syndrome, Apert 
syndrome

1.  Cryptophthalmos 
syndrome

2.  Oro-facial digital 
syndrome

3. Roberts syndrome
4. Carpenter syndrome

1.  Albinism–deafness 
syndrome

2. Aarskog syndrome
3. Focal dermal hypoplasia
4. X-linked hydrocephaly
5. Lowe syndrome.
6.  Mucopolysaccharide II, 

hunter syndrome
7.  Oro-facial digital 

syndrome

1.  Sturge–weber 
syndrome

2.  Moebius 
syndrome

3.  Frontonasal 
dysplasia 
syndrome

4.  Goldenhar 
syndrome
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be “penetrant”, if it is expressed in a given 
carrier.

• Expressivity: A parent who is slightly 
impaired may have a child who is seriously 
affected or vice versa. There is variation in the 
expression.

• New mutation: An individual who does not 
carry a gene for a particular inherited condi-
tion may rarely have an affected infant.

Autosomal recessive inheritance has the fol-
lowing characteristics:

• The trait usually appears only in siblings and 
not in their parents.

• Consanguinity is generally seen among the 
parents of the affected individual.

• Male and female tend to be equally affected.
• Affected individuals will generally have nor-

mal children but all of the children will be car-
rier of the condition.

23.2.3  Multi-Factorial Disorders

Multi-factorial disorders involve interaction 
between both genetic factors and environmental 
factors like trauma, neoplastic disease, toxic 
drugs, metabolic factors, and infections.

23.3  TMJ and Associated 
Syndromic Conditions

The syndromes associated with TMJ should be bet-
ter understood with the craniofacial anomalies 
which may be inherited or transmitted by genetic 
or/and non-genetic factors. This chapter focuses on 
commonly documented syndromes affecting the 
TMJ irrespective of aetiologic classification. As dis-
cussed earlier the syndromes affecting TMJ may be 
having a combination of signs and symptoms mak-
ing the diagnosis difficult. The key in diagnosing 
TMJ or jaw abnormality is to find the primary jaw 
pathology and look for evidences of syndromic 
findings affecting the skin, organ abnormalities, and 
extra- facial skeletal involvement.

Conditions affecting the jaws such as micro-
gnathia, macrognathia, facial hemi-hypertrophy, 

facial hemi-atrophy may also affect TMJ due to 
direct or indirect syndromic manifestations 
owing to genetic or non-genetic causes. TMJ dis-
orders (TMD) mostly form a group of degenera-
tive musculoskeletal conditions combined with 
morphological and functional deformities. TMJ 
and muscle disorders are a category of conditions 
that cause pain and weakness in the jaw joint and 
the muscles that regulate it. To optimise function 
while minimising damage to the surrounding 
structures, the movement of the mandible requires 
coordination between both the joints [4–6]. 
TMDs have shown a consistent finding that the 
greatest majority affected are females. The ratio 
of affected women to men for TMD is 8:1 [7–9]. 
There are several syndromes in the head and neck 
affecting the TMJ which will be discussed in this 
chapter [10, 11].

23.4  TMJ Syndrome (Referred in 
occasional literature for 
TMD)

23.4.1  Introduction

TMD is a term guided by a cascade of circum-
stances afflicting the oro-facial region associated 
with TMJ, masticatory muscles, and peri- articular 
structures. TMJ syndrome was first described by 
Costen in 1936 as a muscular-skeletal pain- disease 
caused by hypertonia of the masticatory muscles 
and is projected into various regions of the head 
and neck. A primary dysfunctional aetiology as 
well as a secondary aetiology based on other dis-
eases, particularly of the ear, nose, and throat region 
may be encountered. A process of exclusion is nec-
essary in the diagnostic process. The signs and 
symptoms can range from a generalised headache 
and facial pain to a more localised or even neural-
gic pain. Feeling of pressure or unusual sounds in 
the ear are common otogenic symptoms [12].

TMDs can be classified broadly in two 
categories:

 1. TMD secondary to myofascial pain and dys-
function (MPD) also known as myofascial 
pain dysfunction syndrome (MPDS).

 2. TMD secondary to true articular disease.

23 Syndromes Affecting Temporomandibular Joint
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23.4.2  Aetiology

The major cause to MPDS is muscular hyperactiv-
ity which leads to severe pain in the TMJ region. 
The muscular dysfunction is secondary to maloc-
clusion of variable degree and duration. In the 
recent years, the importance of psychological fac-
tors has been recognised which support the mani-
festations such as personality disorders, stress, and 
anxiety which may be associated with jaw clench-
ing, night grinding of teeth/bruxism, and increased 
sensitivity. Disc displacement is the most common 
cause for TMD of articular origin. Other associ-
ated diseases such as degenerative joint disorders, 
rheumatoid arthritis, infection, neoplasia, ankylo-
sis, and congenital anomalies may be seen.

23.4.3  Clinical Features

The primary clinical manifestations in MPD 
are pain, tenderness, and spasm of the mastica-
tory muscles. It comprises of the majority of 
TMD cases. Pain is experienced by the patient 
with no visible destructive alterations to the 
joint on radiographic evaluation. In a stressed 
and nervous person, it is often associated with 
bruxism and daytime jaw clenching. The inci-
dence of signs and symptoms in TMD is higher 
among general population (20%–75%) than the 
proportion of the population who report for the 
treatment (2%–4%). It is four times as com-
mon in females (8%–15%) as compared to 
males (3%–10%), and the affected age range 
varies from the second to fourth decade. It is of 
interest that the peak of TMD symptom devel-
opment is at its highest in the second to fourth 
decade, which coincides with the child bearing 
years known to cause stress and anxiety 
[13–16].

There are four cardinal signs and symptoms of 
MPDS

 1. Pain
 2. Tenderness of muscle
 3. Popping or clicking noise in the TMJ
 4. Limitation of unilateral or bilateral jaw 

motion, with or without deviation on opening

There is characteristic peri-auricular pain 
which may be unilateral or bilateral in MPD and 
gets aggravated during periods of increased 
stress. Limited mouth opening due to pain or pos-
sible disc displacement may be a presenting fea-
ture. TMD may act as a trigger in patients prone 
to headaches. Some other symptoms associated 
with TMD are ear ache, dizziness, neck stiffness, 
and shoulder pain. Differential diagnoses include 
migraine headache, cluster headache, post her-
petic neuralgia, trigeminal neuralgia (TN), and 
middle ear infections. With the current under-
standing of the TMJ Disorders, the concept of the 
pre-existing “TMJ Syndrome” is now diversified 
into various subsets of problems with clarity in 
the treatment of these entities.

23.5  Ehlers–Danlos Syndrome 
(EDS)

23.5.1  Introduction

The Ehlers–Danlos syndrome (EDS) is a group 
of hereditary disorders that affect collagen and 
connective tissue structures of the body in a gen-
eralised form. Several sub-types have been iden-
tified. Tissue fragility, skin hyper-extensibility, 
and joint hypermobility are all common charac-
teristics in all cases. EDS creates unique restric-
tions in the treatment of patients with TMJ 
involvement. Although it is not a common cause 
of TMJ disorders, EDS can produce serious com-
plications in patients receiving conventional TMJ 
therapy, and thus should be recognised in diag-
nostic procedures so that treatment planning can 
be modified accordingly [17].

23.5.2  Aetiology

The ability to distinguish EDS from more than 
200 other heritable connective tissue disorders 
has been made possible owing to genetic testing. 
Collagen structurally and functionally is altered 
in all forms of EDS.  Excessive mandibular 
 translation has been linked to pharyngeal col-
lapse, which is linked to sleep apnoea.
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23.5.3  Clinical Features

Mouth opening, clicking, crepitation, and perma-
nent jaw locking are all symptoms of hypermo-
bile joints. Many EDS patients indicated that as 
they got older, their joint hypermobility decreased 
[18]. Muscle spasms induced by tension, jaw 
clenching, ischaemia, osteoclastic and compres-
sion degeneration, and/or neurological input to 
the trigeminal nerve, which is a possible TMD 
contributory source of migraines, are thought to 
induce the classic TMD headache [19].

23.6  Goldenhar Syndrome 
[Oculo-Auriculo-Vertebral 
Syndrome/Hemifacial 
Microsomia (HM)]

23.6.1  Introduction

Goldenhar syndrome was first reported by 
Canton in 1861 [20]. HM primarily affects the 
oral, auricular, and mandibular development. 
The abnormalities may be mild to severe with 
hardly noticeable facial asymmetry to very 
prominent facial defects with more or less 
severe abnormalities of skeleton and internal 
organs. Muscle spasms induced by tension, jaw 
clenching, ischaemia, osteoclastic and compres-
sion degeneration, and/or neurological feedback 
to the trigeminal nerve, which is a possible 
TMD contributory source of migraines, have all 
been suggested as causes for the classic TMD 
headache [18].

23.6.2  Aetiology

It may have multi-factorial causes.

• There is a genetic component and is often 
familial, with autosomal dominant or reces-
sive inheritance [20].

• Aneuploidy in chromosome X, translocation 
t[9;12] [p23;q12.2], inversion inv9[p11;q13], 
inv14[p11.2;q22.3], mosaicism of trisomy 7, 
9, and 22 have all been discovered [21].

• During the formation of the first and second 
pharyngeal arches, which are responsible for 
the growth of craniofacial structures, abnor-
mal vascularisation occurs in the fourth week 
of pregnancy [21]. During the first trimester of 
pregnancy, there is a developmental issue with 
the branchial arch. Like other birth defects, it 
is believed to be influenced by environmental 
factors such as exposure to alcohol, certain 
medications, diseases, infections, or poor diet.

• Diabetic mother, multiple pregnancies espe-
cially in twins, higher occurrence with in vitro 
fertilisation [21].

23.6.3  Clinical Features

Asymmetrical and unilateral hypoplasia of man-
dibular ramus and condyle is seen. It might even 
present as an absence of ramus and condyle on 
the affected side. At least 35% with agenesis of 
the mandibular ramus have associated macrosto-
mia or pseudo-macrostomia which is lateral 
facial cleft, of mild degree. The maxillary tempo-
ral and malar bones on the more severely affected 
side are reduced in size and flattened. Occlusal 
plane canting and malocclusion are common. 
Bifid tongue, facial asymmetry, hemifacial 
microsomia, cleft lip and palate, dacryocystitis, 
atresia of the external auditory canal, pre- 
auricular appendages, auricular dysplasia with/
without hearing loss, pre-auricular fistulas, mid-
dle and inner ear defects, anotia, and microtia are 
all manifestations of abnormalities of the first 
and second pharyngeal arches.

23.7  Treacher Collins Syndrome 
(Mandibulofacial Dysostosis, 
Bauru Type)

23.7.1  Introduction

Treacher Collins syndrome is a congenital auto-
somal dominant craniofacial disorder character-
ised by mandibulo-maxillary and malar 
hypoplasia and peri-orbital abnormalities. It is 
derived from first and second branchial arch, first 
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described by Edward Treacher Collins, a British 
ophthalmologist in 1900. In 1949, Franceschetti 
and Klein proposed the term “mandibulofacial 
dysostosis” (Franceschetti–Klein syndrome). 
There is malformation of the ossicles and hypo-
plasia up to middle ear and patients have conduc-
tive hearing loss [22].

23.7.2  Aetiology

The failure or incomplete migration of neural 
crest cells to the facial region caused malforma-
tion in structures formed from the first and sec-
ond branchial arches. TCOF1, POLR1D, and 
POLR1C genes are all known to have mutations. 
Bad ribosome biogenesis and consequent neural 
crest cell insufficiency are caused by mutations in 
the TCOF1 gene on chromosome 5q31.3-q33.3, 
which codes for the Treacle protein.

23.7.3  Clinical Features

Underdevelopment of zygomatic bone and lat-
eral aspect of orbit is seen, resulting in mid-
facial deformity. The convex facial profile, 
macrostomia, micrognathia, and retrognathia of 
the mandible with a steep mandibular angle with 
TMJ involvement give rise to a fish or bird like 
facies. Other features include brachycephaly 
with bi- temporal narrowing, airway obstruction, 
atresia of external ear canal, microtia, coloboma 
of the lower lid, and pre-auricular hair 
displacement.

23.8  Hallermann–Streiff 
Syndrome

Hallermann–Streiff syndrome is a rare congeni-
tal disorder characterised by skull and facial 
bone defects. The vast majority of cases tend to 
be intermittent in nature (occurring in individu-
als with no history of the condition in the 
family).

Sparse hair, ocular anomalies, dental defects, 
degenerative skin changes, and proportionately 
short stature are all characteristic features. 
Brachycephaly with frontal bossing is present, as is 
Micrognathia, which leads to TMJ anomaly, a nar-
row strongly arched palate, and a small, pinched, 
tapering beaked nose. Clouding of the lens is one of 
the most common ocular anomalies.

The appearance of natal teeth and/or their 
absence and malformation and misalignment of 
teeth are both examples of dental defects. In 
around 80% of those who are affected, hypotri-
chosis is also present. Other symptoms include 
facial skin atrophy and/or clavicular and rib 
hypoplasia. In certain cases, intellectual disabil-
ity is present [23].

23.9  Crouzon Syndrome 
(Craniofacial Dysostosis)

23.9.1  Introduction

Crouzon syndrome is an autosomal dominant 
condition, characterised by cranial synostosis, 
ocular proptosis, and hypoplastic maxilla. This 
syndrome was first reported by Louis Edouard, 
Octave Crouzon in 1912. It is considered the 
most common craniosynostosis syndrome. 
Craniosynostosis denotes premature fusion of 
coronal sutures which results in the skull and 
facial deformities [24].

23.9.2  Aetiology

Crouzon syndrome is caused by a mutation in the 
FGFR 2 gene, which codes for the fibroblast 
growth factor protein. Growth factor receptor 2, 
present on chromosome locus 10q25-10q26 is 
responsible for the deformities observed. During 
embryonic development, this protein directs 
immature cells to become bone cells. Mutation in 
this gene causes the skull bones to fuse prema-
turely. In approximately 50% of cases, the muta-
tion is de novo [25, 26].
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23.9.3  Clinical Features

Clinically patient presents with an ovoid skull, 
brachycephalic head, and often presents a hori-
zontal supraorbital groove. Premature closure 
of the sutures occurs and often the anterior fon-
tanelle is open due to late closure. Other mani-
festation includes coronal craniosynostosis 
with other cranial sutures fusion, frontal boss-
ing, and strabismus. The appearance is quite 
characteristic because of exophthalmos due to 
shallow orbit, hypertelorism, and underdevel-
opment of maxilla. Maxillary hypoplasia is 
responsible for the relative mandibular progna-
thism which is a consistent feature of this syn-
drome. TMJ may be involved bilaterally 
associated with pain. Condylar dislocation may 
be seen on both the sides. The upper lip is usu-
ally short with a parrot like nose. Intra-oral fea-
tures include malocclusion, cleft lip, and palate 
with V shaped palate. Some of the occasional 
findings include peg shaped teeth and partial 
anodontia.

23.10  Apert’s Syndrome 
(Acrocephalosyndactyly)

Apert’s syndrome is transmitted by an autosomal 
dominant gene occurring sporadically with muta-
tions found in the FGFR2 [fibroblast growth fac-
tor receptor 2] gene. Clinical features include 
ovoid skull, brachycephalic and often presents a 
horizontal supraorbital groove. Premature clo-
sure of the sutures occurs and often the anterior 
fontanelle is open due to late closure. Features of 
hand and feet include syndactyly. Osseous or 
cutaneous fusion of fingers is usually present. 
Intra-orally, a high palatal vault posterior palatal 
and uvular cleft can be evident. Dental malocclu-
sion is always present. Other oral features include 
mandibular prognathism, malocclusion, and 
retarded eruption. TMJ may be affected second-
arily due to mandibular prognathism as maloc-
clusion may eventually lead to bilateral 
unbalanced stress on the condyle [11].

23.11  Sapho Syndrome

SAPHO stands for Synovitis, Acne, Pustulosis, 
Hyperostosis, and Osteitis. It encompasses a 
wide range of inflammatory bone diseases that 
are accompanied by skin changes. In 1987, the 
word SAPHO was coined to describe a range of 
inflammatory bone disorders that may or may not 
be linked to dermatologic pathology [27].

23.11.1  Clinical Features

Synovitis is the inflammation of the joint lining 
in SAPHO.  It causes warmth, tenderness, dis-
comfort, swelling, and stiffness in the joints 
involved (arthritis). Hyperostosis is the term for 
abnormally rapid bone development. The 
SAPHO syndrome hyperostosis is commonly 
found at the points of the bone where tendons 
join. The inflammation of the bone is referred to 
as osteitis [28].

23.12  Jacob Disease

Jacob disease is a rare disorder characterised 
by the development of a joint between an 
expanded mandibular coronoid process and 
the inner part of the zygomatic body. 
Aetiological factors include coronoid process 
enlargement and chronic TMJ disc displace-
ment. It is characterised by TMJ dysfunction 
associated with restricted inter-incisal opening 
and progressive zygomatic asymmetry. The 
coronoid sample’s histopathological diagnosis 
reveals cartilage- capped exostoses of articular 
fibrous cartilage [29].

23.13  McCune–Albright Syndrome

McCune–Albright syndrome is a genetic condi-
tion that affects the bones, skin, and endocrine 
system. It was first identified in 1937 by Donovan 
James McCune, an American paediatrician, and 
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Fuller Albright, an endocrinologist [30]. The 
pathogenesis is related to an activated mutation 
in G-protein. It is a mosaic disease arising from 
somatic activating mutations in GNAS, which 
encodes the α-subunit of the Gs, G-protein cou-
pled receptor. In McCune–Albright syndrome, 
fibrous dysplasia causes deformity due to expans-
ile lesions of the jaws which leads to TMJ 
involvement and condylar displacement.

23.14  Osteopathia Striata 
with Cranial Sclerosis

Osteopathia straita is a bone disorder character-
ised by swollen sclerotic craniofacial bones. It is 
autosomal dominant or X-linked dominant. The 
face has a square and broad profile. The mid-face, 
despite being dense and enlarged, lacks projec-
tion. The cranial foramina encroachment causes 
cranial nerve dysfunction. Hearing deficiency 
affects more than half of the patients [31].

Frontal bossing, hypertelorism, hearing loss, 
cleft palate, bifid uvula, and a thick cranial base 
are among the other cranio-maxillofacial charac-
teristics. Some patients have been diagnosed with 
TMJ ankylosis. Ventricular septal defect, atrial 
septal defect, laryngeal tracheal malacia, poly-
dactyly, and syndactyly are some of the other sys-
temic findings. A common symptom of focal 
dermal hypoplasia is this disease [32].

23.15  Pierre Robin Syndrome

Pierre Robin anomalad is a congenital condition 
of facial abnormalities, a sequence that is a chain 
of certain developmental malformation one 
entailing the next. It was first described by 
Lannelongue and Menard in 1891. Presenting 
features of this syndrome include micrognathia, 
retrognathia, glossoptosis, and cleft palate. 
Autosomal recessive inheritance has been docu-
mented, with an X-linked variant. According to 
recent research, genetic dysregulation of the 
SOX9 gene prevents the SOX9 protein from 
properly regulating facial structure growth [33].

23.16  Proteus Syndrome 
(Wiedemann Syndrome)

Proteus syndrome is a rare disorder characterised 
by bone, skin, and other tissue overgrowth. The 
disease causes organs and tissues to expand out 
of proportion to the rest of the body. This was 
first described by Rogers and Temtamy in 1976. 
It is caused due to tissue overgrowth involving all 
three embryonic lineages. It is a condition linked 
to PTEN on chromosome 10 while other 
researches pointed to chromosome 16. Clinical 
features include deformation of the skull associ-
ated with facial abnormalities, hemifacial hyper-
trophy, exostosis in left parietal region, severe 
degenerative changes and deformities on the 
affected side of TMJ, and asymptomatic condylar 
malformation maybe seen associated with devia-
tion at mouth opening [34].

23.17  Beckwith–Wiedemann 
Syndrome

Beckwith–Wiedemann syndrome is a congenital 
overgrowth condition characterised by an ele-
vated risk of childhood cancer and some congeni-
tal features. It is normally present at birth. It is 
caused by a mutation in the 11p15.5 region of 
chromosome 11, which results in overactivity of 
the IGF-2 gene [growth factor] and/or no active 
copy of CDKN1C [cell proliferation inhibitor 
gene]. Relevant features include macrosomia, 
and hemihyperplasia of face leads to TMJ 
involvement [35].

23.18  Hurler Syndrome

Hurler syndrome is an autosomal recessive dis-
ease also known as mucopolysaccharidosis Type 
I (MPS Type I) caused by a defect in the struc-
tural gene in the lysosomal enzyme that degrades 
lipose aminoglycans. The enzyme for MPS I is 
α-L-iduronidase on 4p16.3. Clinically patient 
presents with a large head with frontal bossing, 
hypertelorism, heavy lids, low nasal bridge, snub 
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nose, long philtrum and open mouth, characteris-
tic craniofacial dysmorphism and physical habi-
tus, failure of growth after infancy, skeletal 
abnormalities at around the age of 6 months, dys-
ostosis multiplex, and histochemical and bio-
chemical evidence of intracellular lysosomal 
storage of GAGs [11].

23.19  Trismus- 
Pseudocampylodactyly 
Syndrome (Hecht–Beals 
Syndrome)

This syndrome was first described by Hecht and 
Beals in 1969. It is also known as congenital con-
tractural arachnodactyly. This condition is inher-
ited as autosomal dominant with variable 
expressivity. It is a connective tissue disease 
caused by a mutation in the FBN2 [Fibrillin-2] 
gene on chromosome 5q23, which shares pheno-
typic features with Marfan’s syndrome [36].

The patient is normally proportioned, but stat-
ure is often reduced to between third and 25th 
centiles. Blepharochalasis is seen in older indi-
viduals and a quilted appearance of the cheeks. 
The coronoid process maybe enlarged or dis-
torted, unilaterally or bilaterally and is often 
responsible for the inability to open the mouth 
widely because of their impingement on the 
zygomatic bone. The decreased opening maybe 
secondary to shortening of the muscles of masti-
cation, which in turn causes elongation of the 
coronoid processes. Syndrome is associated with 
abnormalities of the extremities that result from 
shortness of various skeletal muscles or flexor 
tendons.

23.20  Klippel–Trénaunay 
Syndrome

Klippel–Trénaunay Syndrome also known as 
angio-osteohypertrophy syndrome is a rare con-
genital medical condition where the blood ves-
sels and/or lymph vessels fail to form properly. It 
is possible that a translocation at t[8;14] 

[q22.3;q13] is involved. Hypertrophy of bony 
and soft tissues may cause local gigantism or 
shrinkage, most commonly in the lower body. 
TMJ may be involved with hypertrophy of con-
dyle. Superficial thrombophlebitis may be pres-
ent [11].

23.21  Other Less Common 
Syndromes

23.21.1  Carey-Fineman-Ziter 
Syndrome (CFZS)

CFZS is an autosomal recessive inherited disor-
der involving a combination of hypotonia with 
Moebius sequence and Pierre Robin anomalad 
and delay in growth. TMJ involvement in patients 
diagnosed with this syndrome was reported by 
Pasetti M et al. [37].

23.21.2  PASH Syndrome

Pyoderma gangrenosum, Acne, Suppurative 
hidradenitis (PASH) syndrome is an auto- 
inflammatory disorder. It can be associated 
with several disorders such as inflammatory 
bowel disease, inflammatory arthritis, and 
malignancy. Jeffrey J et  al. reported a case of 
TMJ ankylosis in a patient diagnosed with 
PASH syndrome. TMJ ankylosis is commonly 
evident in syndromes that are associated with 
infections [38].

23.22  Goals of Treatment

The prognosis in some of the conditions is 
guarded, but disability may drastically be with 
early diagnosis and available advanced  treatment 
modalities. Correction or reconstruction of exist-
ing deformities may be the focus of treatment. If 
there is a suspicion, the patient should be tested 
regularly during infancy and adolescence. Any 
signs of mental illness, premature sexual devel-
opment, general disturbance in the growth and 

23 Syndromes Affecting Temporomandibular Joint



324

development should be closely monitored. 
Management of syndromes, in general, mandates 
a multidisciplinary approach.
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Paediatric Temporomandibular 
Joint Disorders
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24.1  Introduction

Temporomandibular joint disorders (TMDs) in 
paediatric patient often go unnoticed. This impact 
is not only an unpleasant experience but poignant 
psychological aspect of a child. Dentist’s aptitude 
can detect the early signs and symptoms of 
TMDs, facilitating agile resolution and forbid its 
progression. The potential inoperability of a child 
to commemorate the symptoms like location and 
nature of pain lead to a non-definitive history. 
Henceforth clinical examination plays a key role 
in the diagnosis. It includes palpation of mastica-
tory musculature, temporomandibular joint 
(TMJ) and related structures. Comprehension of 
the condition provides adequate referral to appro-
priate health provider, reducing in frequency of 
consultation and investigations [1]. Recom-
mendations for recognition and diagnosis of 
TMDs in infants, children and adolescents were 
given by Clinical Affairs Committee on Temporo-
mandibular Joint Problems in Children in 1990 
and was revised in 2019 [2, 3].

24.2  Epidemiology

Non-odontogenic origin of pain in orofacial 
region may be commonly associated with TMDs. 
The prevalence of TMD in paediatric patients 
varies widely in the scientific literature. This 
variation accounts on the diversity of the patient, 
diagnostic aids, examination tools and examin-
er’s variability [3]. Contemporary lifestyle 
inclined to higher level of stress which brace in 
consequently developing various parafunctional 
habits such as clenching of teeth afflicting mus-
cular circulation and accumulation of lactic acid, 
provoking pain receptors [4]. Additionally, vari-
ability could be because of treating children in 
their growing years. Numerous epidemiological 
studies in the last two decades suggested preva-
lence of TMD is more between 10–18 years of 
age followed by children of 5–7 years. Prevalence 
of signs and symptom in TMD varies in the age 
group of 6 to 22 years with 20–74% presenting 
with symptoms and 22–68% demostrating signs 
[5]. Prevalence of particular gender varies less in 
early childhood; however, in late adolescent 
female preponderance is documented [1]. The 
possible reason quoted was its association with 
the onset of puberty in girls [3]. TMD in the age 
group of 16–19 years, girls reported 32.5% prev-
alence when compared to boys with 9.7% preva-
lence [6].
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Contemporary protocol for “Diagnostic 
Criteria” (DC) in TMD was advocated to mini-
mise the variability in the diagnosis [3]. Following 
this, paediatric researchers highlighted that 
around 11.9% prevalence of TMDs  exists 
amongst adolescents [7]. Age wise prevalence 
according to DC was reported as 5–9% in 
10–15-year-old whilst in another study it was 
4.2% in  the age group of 12–19 years [8, 9]. A 
meta-analysis on intra-articular TMDs revealed 
16% prevalence of signs and 14% presented with 
temporomandibular joint (TMJ) sounds [10].

24.3  Aetiology

TMDs are multi-factorial in origin with unpre-
dictability in its progression. The predisposing 
factors include macro-trauma (any external 
injury leading to soft tissue or bony injury to the 
joint), micro-trauma (due to para-functional hab-
its like sleep bruxism), anatomical factors (skel-
etal or occlusal  including skeletal anterior open 
bite, steep articular eminence, skeletal class II or 
III profile, posterior crossbite and deep bite), 
post-orthodontic treatment alterations, psychoso-
cial factors (obsessive compulsive disorder, 
stress, anxiety etc.), systemic condition (rheuma-
toid, psoriatic or juvenile idiopathic arthritis; hor-
monal alterations  and associated  syndromes), 
genetic or congenital abnormalities (hemifacial 
microsomia, pharyngeal arch defects) [3, 11].

24.4  Diagnosis

Amalgamation of history, clinical examination, 
and TMJ imaging aids in arriving at a  proper 
diagnosis  for TMDs. Most common symptoms 
include headache, pain on mastication, ear pain, 
TMJ click/pop, locking and restricted joint move-
ments [3, 5]. Whilst taking history, other com-
mon conditions should be ruled out like trigeminal 
neuralgia, otitis media, allergies, congestion in 
airway etc. [3]. In clinical examination, evaluat-
ing mandibular range of motion (ROM) for man-
dibular mobility which can be grossly noted by 
placing 3 fingers vertically between the upper 

and lower incisors. Normal value ranges from 35 
to 45 mm. Besides this, evaluation of excursive 
mandibular movements (placement of lower jaw 
sideways) should also be done. It normally ranges 
from 8–10 mm. Any pain, discomfort, deviation, 
deflection or locking associated with mandibular 
movements should be noted (Refer Chap. 6).

24.4.1  Palpation of Muscles

Preliminary evaluation for tenderness should be 
noted by applying pressure on the temporalis and 
masseter  muscle bilaterally  on clench-
ing. Detailed examination of various muscles is 
described in Chap. 6.

24.4.2  Palpation of TMJ

Joint may be palpated by placing the index finger 
in the pre-auricular area in front of the tragus and 
patient is instructed to execute the joint move-
ments by opening and closing  the mouth.  This 
helps in evaluating the synchronised movement, 
presence of click or a pop and crepitus or grating 
sounds. Joint sounds are best heard using 
a stethoscope [1] (Refer Chap. 6).

24.4.3  TMJ Imaging

According to American Academy of Paediatric 
Dentistry (AAPD) 2019, the temporomandibular 
joint may be evaluated using following imaging 
modalities: panoramic radiographs, radio-
graphs  of the mandible in lateral  oblique view, 
computed tomography (CT), cone-beam com-
puted tomography (CBCT), magnetic resonance 
imaging (MRI) and ultrasonography (USG)
[3] (Refer Chap. 7).

24.5  Embryology of TMJ

TMJ is the last joint to develop starting at the 
seventh week in utero. First evidence of TMJ 
appears as two mesenchymal blastemas  in the 
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region of future glenoid fossa. Condyle starts 
developing lateral and superior to Meckel’s car-
tilage at tenth week in utero. From the condylar 
blastema, the  mandibular condylar cartilage is 
derived, along with the lateral pterygoid muscle 
aponeurosis, disc and the  capsule forming the 
lower joint  compartment. The temporal blas-
tema forms articular surface of  the  temporal 
bone and forms the  upper compartment  of the 
joint. Both condylar and temporal blastemas 
begin to grow and move towards each other by 
10–12th week in utero. The  disc develops by 
migration of the  mesenchymal cells. Initially 
the  disc is highly cellular which progressively 
becomes fibrous and at 14th week in utero a thin 
intermediate zone is formed  with a  thickened 
periphery. Postnatally, articular surface is cov-
ered by the  fibrous connective tissue which is 
later converted to fibrocartilage. Remodelling 
leads to deepening of temporal fossa and 
increase in posterior slope of the articular tuber-
cle [12] (Refer Chap. 3).

24.6  Classification

Kaneyama et  al. classified developmental dis-
turbances of the temporomandibular joint as 
[12, 13].

 1. Hypoplasia or aplasia of the condyle
• Congenital or primary hypoplasia or 

aplasia
• Acquired or secondary hypoplasia or 

aplasia
 2. Condylar hyperplasia
 3. Bifid condyle

According to American Academy of Paediatric 
Dentistry (AAPD) 2019, TMDs are classi-
fied  as  under by  dividing them  into two broad 
categories, TMJ disorders and masticatory mus-
cles disorders: [3].

 I. TMJ disorders
 (A) Joint pain:

 1. Arthralgia
 2. Arthritis

 (B) Joint disorders:
 1. Disc-condyle complex disorders (disc 

displacement with reduction, disc dis-
placement with reduction with inter-
mittent locking, disc displacement 
without reduction with limited mouth 
opening, disc displacement without 
reduction without limited mouth 
opening)

 2. Hypomobility disorders (ankylosis, 
fibrous adhesions)

 3. Hypermobility disorders (sublux-
ation, luxation)

 (C) Joint diseases:
 1. Osteoarthritis (degenerative joint dis-

ease, condylysis/idiopathic condylar 
resorption, osteochondritis dissecans, 
osteonecrosis)

 2. Systemic arthritides  (rheumatoid 
arthritis,idiopathic juvenile arthritis, 
spondyloarthropathies, psoriatic 
arthritis, infections arthritis, Reiter 
syndrome, and crystal induced 
disease)

 3. Neoplasms
 4. Condylar fractures

 II. Masticatory muscle disorders:
 (A) Muscle pain limited to orofacial region 

(myalgia, myofascial pain with spread-
ing, myofascial pain with referral, ten-
donitis, myositis, spasm)

 (B) Muscle pain due to systemic/central dis-
orders (centrally mediated myalgia, 
fibromyalgia)

 (C) Movement disorders  (dyskinesia, 
dystonia)

 (D) Others: contracture, hypertrophy, 
neoplasm

24.7  Congenital Hypoplasia/
Aplasia

Congenital hypoplasia: Under or non-devel-
opment of the condyle is usually found in asso-
ciation with various craniofacial abnormalities. 
It may be unilateral or bilateral under-
development usually resulting as a part of a sys-
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temic condition affecting the first and second 
branchial arches. Congenital condylar aplasia 
or hypoplasia may be divided into five sub-
types: (1) Mandibulofacial dysostosis (Treacher 
Collins syndrome), (2) Hemifacial macrosomia 
(first and second branchial arch syndrome), (3) 
Oculoauriculovertebral syndrome (Goldenhar 
syndrome), (4) Oculomandibulodyscephaly 
(Hallermann–Streiff syndrome), and (5) 
Hurler’s syndrome.

Mandibulofacial dysostosis (MFD) is a 
rare syndrome, with an autosomal dominant 
inheritance caused by aberrations during histo-
differentiation morphogenesis at 12th week in 
utero. Gene involved is TCOF1 which encodes 
for Nucleolar Phosphoprotein Treacle. It is 
characterised by bilateral deformity, convex 
facial profile, hypoplastic zygoma, maxilla and 
mandible. Retruded chin results in a  fish or a 
bird  like morphological  appearnace. The  eyes 
appears to have a lateral downward sloping pal-
pebral fissures and the external ear may be mal-
formed, absent or malposed with impaired 
hearing [12]. As a part of the correction for the 
deformity, these patients require reconstruction 
of the ramus condyle unit, malar augmentation, 
oto-oculoplastic interventions, orthognathic 
with orthodontic interceptive and corrective 
procedures [11].

Hemifacial microsomia (HFM) is the sec-
ond most common congenital deformity after 
cleft lip and palate affecting 1  in 5600 live 
births. It is characterised by asymmetric mandi-
ble with affected side appears to be short, pre-
mature contact of dentoalveolar  arches on the 
affected side results in an open bite on the unaf-
fected side. The chin is deviated and the hypo-
plastic muscles and the soft tissues results in a 
facial deformity. It also causes obstruction in 
the growth of maxilla resulting in a short max-
illa on the affected side with an upward occlusal 
cant. HFM is classified as: Type I skeletal defor-
mity with micrognathia (TMJ with well formed 
structures and the range of motion is normal), 
Type II skeletal deformity with malformed man-
dible and TMJ; further divided into II-A (hypo-
plasia  of the TMJ is mild with acceptable 
movements); II-B (hypoplastic  TMJ with 

medial, anterior and inferior displacement  as 
compared to the normal side), Type III complete 
absence of the  ramus  and the TMJ along with 
hypoplastic or absence of  muscles of mastica-
tion and the articular disc.

The soft tissue defects include hypoplasia of 
the muscles of mastication and facial expression, 
facial clefts, restricted soft palate movement 
and altered external ear anatomy which vary in 
degree from mild to severe [11, 13, 14]. 
Neuromuscular defects are present in 25% or 
more cases consisting of facial palsy, deviation of 
the soft palate, and facial nerve weakness. The 
severity of the anomalies in HM is described 
by  OMENS classification which scores the 
involvement of the orbit, mandible, ears, nerves, 
and soft tissues [15, 16]. The patients with greater 
OMENS score should be evaluated for skeletal, 
renal and cardiac anomalies [11].

Oculoauriculovertebral syndrome (OAVS) 
is a variant of hemifacial microsomia character-
ised by asymmetric hypoplastic mandible and the 
deformity in the vertebra. It is a consequence of 
deletion of 5q, trisomy of 18 and duplication of 
7q [12]. The shift in arterial supply during devel-
opment of the branchial arches might sometime 
cause haematoma that can result in branchial 
dysplasia. Implicated aetiological factors may be 
unkonwn or may  include ingestion of tobacco, 
primidone, retinoic acid, thalidomide or infection 
like rubella, influenza or maternal diabetes. The 
hallmarks are ear deformity (Fig. 24.1), epibulbar 
dermoids and underdeveloped maxillo- 
mandibular complex with associated vertebral 
defect [12, 17].

Oculomandibulodyscephaly is a rare con-
genital disorder characterised by bird like face, 
congenital cataract with micro-ophthalmia. It is 
caused by single gene mutation or any abnormal-
ity in elastin and glycoprotein metabolism [12]. 
According to François, cardinal signs include 
dicephaly, bird face appearance, dental abnor-
malities, hypotrichosis, skin atrophy, bilateral 
congenital cataract with micro-ophthalmia, open 
fontanelles, and dwarfism with frontal and pari-
etal bossing. Oral manifestations include micro-
stomia, microglossia with glossoptosis, 
hypoplastic mandible with forward displacement 
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of the mandibuar condyle, high arched palate, 
open bite with class II molar relationship, tooth 
anomalies like oligodontia, supernumerary teeth 
and hypomineralised teeth leading to high caries 
risk [18–21].

Hurler’s syndrome is a rare inborn defect in 
muco-polysaccharide metabolism called as 
mucopolysaccharidosis (MPS). It is character-
ised by mental and physical growth retardation, 
corneal defects, gargoyle like face, cat like back 
and limited growth  of the mandible with 
restricted movements [12]. Its incidence is about 
in a range of 1:25,000 to 1:100,000 [22].

Maxillofacial manifestations include hypo-
plastic condyle causing trismus, wide maxilla 
and mandible because of macroglossia. 
Macroglossia occurs because of accumulation of 
degraded glycosaminoglycans (GAGs) in the 
tongue [12]. Radiographic presence of multiple 
rosettes in the developing dental follicle is char-
acteristic  of the disease [22, 23]. Although this 
condition is incurable, but with a  multidisci-
plinary approach the  quality of life may be 
improved [12]. 

24.8  Acquired Hypoplasia

Acquired or secondary hypoplasia may affect 
one or both the mandibular condyles. The factors 
affecting the growth of the condyle may include 
injury to the growing condyle, infection of the 
joint or the middle ear and childhood arthritis. 
The normal growth of the mandible depends sig-
nificantly on the normal development and the 
function of mandibular condyles along with its 
associated soft tissues. In unilateral condylar 
hypoplasia, the sustained growth of the contra-
lateral side causes deviation towards the affected 
side and results in a cross-bite. The ramus and 
the body of the mandible remain under-devel-
oped on the affected side. In cases with bilateral 
condylar hypoplasia, severe micrognathia would 
be evident with the crowding of the teeth. 
Anterior open bite may be a presenting fea-
ture [12, 24, 25].

24.9  Condylar Hyperplasia

Alterations in the growth pattern of the mandibu-
lar condyle during the normal growth period may 
result in condylar hyperplasia (CH). Condylar 
hyperplasia is characterized by the gradual 
enlargement of the mandibular condyle, usually a 
progressive unilateral enlargement of the mandi-
ble, facial asymmetry, and shifting of the midline 
of the chin to the unaffected side, with resultant 
cross-bite and malocclusion. Patients report at 
the age range of 10 to 30 years. The initiation of 
the hyperplastic process occurs in the growing 
condyle, with variable presentation of the defor-
mity with age. The investigation of choice is 
technetium 99 m diphosphonate bone scan where 
increased uptake of the radionuclide is detected 
in the affected condyle  [11, 26–28]. Depending 
on the age of initiation and the time of presenta-
tion the signs and symptoms may include unilat-
eral condylar elongation, temporomandibular 
joint pain and dysfunction, facial asymmetry, 
chin deviation, mandibular prognathism, poste-
rior crossbite and open bite, canting of the occlu-
sal plane, masticatory dysfunction, and 
malocclusion.

Fig. 24.1 Note the ear deformity in a patient diagnosed 
with characteristics of Goldenhar syndrome. (Image cour-
tesy: Dr. Darpan Bhargava, India)
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Treatment: The treatment options include 
high condylectomy, compensatory orthodontics, 
surgical cosmetic camouflage and orthognathic 
surgery depending on the time of intervention, 
degree of facial asymmetry and the age of the 
patient [11, 27]. 

24.10  Bifid Mandibular Condyle

Bifid mandibular condyle is a rare condition 
characterized by a division of the mandibular 
condylar head. The etiology of bifid condyle is 
largely unknown, although various factors have 
been suggested as possible causes like endo-
crine disturbances, exposure to teratogens, 
nutritional deficiencies, infection, radiation or 
the obstructed blood supply during the develop-
ment. Blackwood stated that the condylar carti-
lage during the early stages of development is 
divided by well- vascularized fibrous septa. He 
suggested that persistence of this type of septum 
in exaggerated form within the growing carti-
lage might lead to an error in development. But 
existence of such a septa is controversial. 
Gundlach et al. proposed that the bifid condyle 
is a form of embryopathy caused by a combina-

tion of a teratogenic agent and misdirection of 
muscle fibres, which then influences bone for-
mation [29, 39] (Fig. 24.2a and b).

24.11  Common Acquired 
Abnormalities of 
Temporomandibular Joint in 
Children and Adolescents

24.11.1  Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA or Juvenile 
RA or Still disease) is a rheumatic disease of 
childhood that presents with no symptoms or 
very mild symptoms in most cases. Juvenile 
arthritis is a long-lasting, chronic disease. It is 
the most common form of arthritis in children. 
JIA starts before 16 years of age, with as high 
as 87% involvement of TMJ. TMJ may be the 
only joint involved with JIA. If a child’s joints 
are swollen for 6 weeks in a row or longer, the 
suspicion of juvenile arthritis should be raised. 
The initial findings may be limited range of 
motion and asymmetry of the mandible from 
abnormal craniofacial growth. Bilateral TMJ 
involvement may result in progressive Class II 

Fig. 24.2 (a) Computed tomography scan demonstrating 
a bifid mandibular condyle; (b) Resected condylectomy 
specimen of the bifid condyle. (Adapted with permission 
from Neelakandan R S and Darpan Bhargava. “Bifid 

hyperplastic mandibular condyle.” Journal of maxillofa-
cial and oral surgery vol. 12,4 (2013): 466–71. https://doi.
org/10.1007/s12663-011-0257-2)

a b
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malocclusion and apertognathia due to loss of 
ramal height secondary to condylar destruction 
(bird face deformity) and ankylosis later. 
Further, the condition may interfere with proper 
oral hygiene, leading to dental caries (Refer 
Chap. 5).

24.11.2  Idiopathic Condylar 
Resorption

Idiopathic Condylar Resorption (ICR) is a con-
dition characterized by progressive change in 
the shape and decrease in the volume of the 
mandibular condyle, which usually go unno-
ticed as the patient remains asymptomatic. The 
clinical features include a marked reduction in 
posterior facial height, progressive anterior 
open bite (with clockwise rotation of the man-
dible) and retrognathism.

ICR is also referred as “cheerleader syn-
drome”. The aetiology of the condition is still 
unexplained but various systemic conditions 
(systemic lupus erythematosus, rheumatoid 
arthritis and neoplasia), altered vascularity to the 
condyle, external forces to the joint resultant to 
trauma and orthodontic or orthognathic treatment 
may be considered as triggering factors. ICR is 
highly prevalent in females with the age range of 
15 to 35 years (rarely develops after 20 years of 
age) and commonly affect both the joints. 
Predisposition for ICR includes, female sex; age 
range from 10 to 20 years, with a strong predilec-
tion for teenagers in their pubertal growth phase; 
high occlusal plane angle and mandibular plane 
angle (dolicocephalic) facial morphology; and 
predominance of class II skeletal (retruded lower 
jaw) and occlusal relationships with or without 
open bite.

On radiographic examination the joint space 
appears to have increased and there is a decrease 
in volume of the affected condyle. In cases of 
active ICR, surgical removal of the hyperplastic 
synovial tissue should be performed which may 
be accompanied with the reconstruction of the 
condyle with a costochondral graft. In inactive 
cases or after cessation of the active phase of the 
condition, secondary skeletal correction surgery 
(sagittal split osteotomy) and orthodontic inter-

vention may be required to correct the subse-
quent deformities [3, 5, 11, 41].

24.11.3  TMJ Ankylosis

Ankylosis is a Greek term meaning a “stiff 
joint”.  Temporomandibular joint ankylosis is 
defined as a union of mandibular condyle to the 
cranial base. This fusion may be osseous or 
fibrous, with partial or complete impediment of 
mandibular function [35]. The common causes 
for TMJ ankylosis in children are forceps deliv-
ery (uncommon now), trauma, or any accidental 
fall leading to joint hemarthrosis. Children with 
a history of fall or an injury to the chin or the 
mandible, with a complaint of a progressive 
reduction in the mouth opening should be evalu-
ated thoroughly and followed up closely to inter-
vene at an appropriate time. Other causes  may 
include arthritis, and ear or joint infections. The 
 implicated mechanism of congenital TMJ anky-
losis is proposed to be because of an early fusion 
of embryonic mesenchyme, abnormal develop-
ment of stapedial artery, hyper vitaminosis of 
vitamin A or loss of neural crest cells [36]. The 
abnormality in mouth opening at birth, should be 
diffentiated from a rare but documented condi-
tion,  Syngnathia or  fusion of the jaws (Fig. 
24.3a, b and c). Maxillomandibular fusion (syn-
gnathia) is a rare craniofacial anomaly which 
can be either fibrous (synechiae) or bony (synos-
tosis) fusion of the jaws or fusion of mandible to 
zygoma, tuberosity, hard palate and temporal 
bone [40]. Clinical presentation in cases of anky-
losis may  show  nil to limited  mouth opening 
with a progessive facial deformity in childern as 
they grow. Other findings at the time of presenta-
tion may include facial asymmetry, malocclu-
sion and compromised mastication leading to 
malnourishment [36]. The various surgical tech-
niques documented for the  treatment of TMJ 
ankylosis include gap arthroplasty with or with-
out interposition (Fig. 24.4a–f), joint reconstruc-
tion using costochondral graft  or alloplastic 
joints and distraction osteogenesis. These 
patients may require definitive corrective orthog-
nathic, morphometric and orthodontic proce-
dures for the correction of the established 
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secondary facial deformity and occlusal aberran-
cies [37, 38] (Refer Chap. 17).

24.12  Conclusion

Comprehensive history including documentation 
of pain, mandibular malfunctioning, any previous 
trauma or systemic ailment followed by detailed 

examination of the temporomandibular joint should 
be executed in pediatric patients reporting with the 
problems of the joint (Refer Chap. 6). The inci-
dence of conditions involving condyle- disc conflict 
is reportedly increasing in younger age groups and 
should be considered as one of the important disor-
ders that needs attention of the clinicians in adoles-
cence. Evidence supports that the pain disorders 
including facial myalgia and disc derangement of 

Fig. 24.3 Patient with congenital maxillomandibular 
syngnathia, reported at the age of 6 years (a) 
Orthopantomogram and a coronal section of a computed 
tomography scan; (b) 3D reconstructed images of the 

computed tomography scan; (c) Stereolithographic mod-
els of the patient. (Image courtesy: Dr. Darpan Bhargava, 
TMJ Consultancy, Bhopal, Madhya Pradesh, India)

a

c

b
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Fig. 24.4  Paediatric patient with temporomandibular 
joint ankylosis; (a) marking for a preauricular incision 
with temporal extension; (b) osteotomy for ankylosis 
release; (c) gap arthroplasty defect; (d) temporalis myo-
fascial flap for interpositioning; (e) Gap arthroplasty 

defect interpositioned with temporalis myofascial flap; (f) 
closure of the surgical site. (Image courtesy: Dr. Darpan 
Bhargava, TMJ Consultancy, Bhopal, Madhya Pradesh, 
India)

a

e fd

b c

the joint are associated with significant psychologi-
cal or psychosocial disturbances in youngsters, 
coping with the modern lifestyle patterns. (Refer 
Chap. 15, for management of these disor-
ders) Related factors like anxiety, depression and 
stress should be evaluated, especially in adoles-
cents (Refer Chap. 8). Presentation of 
the TMDs and there management options surround 
with controversies thereby evidence based  treat-
ment protocols should be followed in order to avoid 
unfavourable consequences.
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Complications with 
Temporomandibular Joint Surgery

Vishal Bansal, Ankit Kapoor, and Saloni Gupta

25.1  Introduction

The complex anatomy of the temporomandibular 
joint (TMJ) owing to its close proximity to vital 
anatomical structures like facial nerve, maxillary 
artery, middle meningeal artery, parotid gland, 
external auditory meatus (EAM) and cranium 
explains the wide spectrum of structures sur-
rounding this joint. The surgical procedures 
involving the TMJ that could give rise to compli-
cations are arthroscopy, open arthroplasty, tumor 
resections, open joint soft tissue procedures and 
total joint replacement. Various complications 
may arise at different stages of TMJ surgery, 
which may result in facial nerve injury, Frey’s 
syndrome, haemorrhage from major vessels, 
damage to the ear, salivary gland complications, 
infection and failure of the alloplastic joint or 
material used (Table 25.1).

25.2  Complications from Nerve 
Injury

25.2.1  Facial Nerve Injury

Facial nerve runs 1.5  cm below the inferior 
margin of the bony external auditory meatus 
(EAM). The temporal branch crosses the zygo-
matic arch at a minimum distance of 0.8 cm and 
a mean of 2.0  cm anterior to the bony 
EAM.  Facial paralysis can be a distressing 
complication resulting from iatrogenic trauma 
during surgical intervention. The average 
reported incidence of facial nerve injury after 
open joint surgery is 37% with complete recov-
ery within 6 weeks to 6 months [1].
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Table 25.1 Complications in TMJ Surgery

Intra-operative complication
Post-operative 
complication

1.  Inadequate exposure, 
dissection causing tissue 
damage

2.  Nerve injury: Facial, 
mandibular, auriculotemporal

3. Haemorrhage
4.  Damage to ear, middle 

cranial fossa
5. Salivary gland injury
6.  Improper condylar 

positioning

1. Sialocele
2.  Limited range of 

motion
3.  Surgical site 

infection (SSI)
4. Malocclusion
5. Hardware failure
6.  Allergic reaction 

to prosthesis
7. Reankylosis
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Excessive retraction causes compression and/
or stretching of nerve fibres resulting in traction 
injury. The pre-auricular incision is given at 
45-degree in an upward and forward direction 
through the superficial layer of temporalis fascia 
to enter internally containing fat and branches of 
facial nerve. At the level of zygomatic arch, tem-
poral fascia tightly adheres to the periosteum and 
overlying superficial fascia. After crossing the 
zygomatic arch, temporal and zygomatic 
branches of facial nerve lie in the fusion of three 
layers. Bramley et  al. advocated giving a sub- 
periosteal incision over the zygomatic arch fol-
lowed by blunt dissection in forward and 
downward direction to prevent the unseen and 
undamaged facial nerve filaments in the tightly 
adherent fusion of layers (Fig. 25.1). Later it was 
modified by Popowich by giving a vertical inci-
sion over the pre-auricular region for better 
retraction of flap, minimal traction injury to nerve 
and greater accessibility to the joint [2, 3].

Another approach to the TMJ could be a pos-
teriorly extended full thickness temporal incision 
which aids in reflection of flap containing super-
ficial, deep fascia, periosteum and branches of 
facial nerve (Fig.  25.2). In author’s experience 
between the two approaches latter had reduced 
incidences of facial nerve injury owing to trac-
tion with added advantage of meticulous closure 
and complete coverage of hardware during total 
joint reconstruction. During open joint surgery 
instead of direct cauterization, use of bipolar cau-
tery or passing a haemostatic suture around a 
bleeding point can prevent injury to branches of 
facial nerve [4].

Management of facial nerve injury depends 
upon patient factors like age, medical status, skin 
type, motivation for rehabilitation. Non-surgical 
conservative methods include physiotherapy, 
exercises and reassurance. Facial neuromuscular 
re-education using surface electromyogram 
(EMG) and biofeedback techniques have demon-
strated improvements in facial movement in ran-
domized trials. Botox and corrective makeup 
techniques have been reported in management. 
Surgical treatment options include primary nerve 

Fig. 25.1 Incision over the zygomatic arch and temporal 
region as described by Bramley

Fig. 25.2 Posteriorly extended full thickness temporal 
incision
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repair, facial reanimation using cross-face graft-
ing, cable grafting, regional muscle transposi-
tion, free muscle flaps, hypoglossal-facial nerve 
transfer. Static facial procedures in permanent 
facial nerve injury include upper lid gold weight, 
brow lift and blepharoplasty [5, 6].

25.2.2  Inferior Alveolar Nerve Injury

A possible cause of inferior alveolar nerve injury 
during arthrocentesis and arthroscopy could be 
due to flow of the irrigating fluid on the medial 
aspect causing compression to the nerve. Close 
proximity of the nerve to medially extended 
ankylotic mass can also lead to injury of nerve 
during resection. Pre-operative three- dimensional 
(3D) imaging, stereo-lithographic model recon-
struction and assessment followed by removal of 
ankylotic mass in piece of meal manner can mini-
mize injury to nerve [1] (Figs. 25.3 and 25.4).

25.2.3  Auriculotemporal Nerve 
Injury

The auriculotemporal branch of mandibular 
nerve passes immediately adjacent to the superfi-
cial vessels. After dividing from main trunk, the 
nerve traverses near anterior part of condylar 
neck. This region is highly prone to injury during 
surgical procedures such as condylectomy. It 
then courses over the lateral aspect of condyle to 
traverse in a postero-superior direction towards 
the EAM.  Nerve injury at the upper pole com-
monly manifests as Frey’s syndrome. The clini-
cal syndrome associated with auriculotemporal 
nerve is auriculotemporal syndrome.

25.3  Auriculotemporal Syndrome 
(Frey’s Syndrome)

Frey’s syndrome is clinically manifested as gus-
tatory sweating and flushing of skin in the pre- 
auricular area during mastication. The 
development is an aberrant process in which the 
post-ganglionic parasympathetic nerve fibres 
innervate the sweat glands and sub-cutaneous 
vascular plexus rather than the secretomotor cells 
of parotid gland. While performing TMJ surgery, 

Fig. 25.3 Proximity of the inferior alveolar nerve to 
medially extended ankylotic mass

Fig. 25.4 Removal of ankylotic mass in piece-meal 
manner
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dissection and flap elevation is undertaken 
directly over the auriculotemporal nerve, causing 
potential damage to the nerve. The nerve remains 
under the thin outer superficial fascia in the pre- 
helical area. To prevent nerve damage, the dissec-
tion plane should be kept just below the thin 
fascia keeping the nerve along with superficial 
temporal artery in the anterior flap [7].

In 1982, Dolwick and Kretzschmar studied 
the prevalence of various post-operative compli-
cations following TMJ surgery through pre- 
auricular and peri-meatal approaches. It was 
noted that all patients developed paresthesia over 
the distribution of auriculotemporal nerve. No 
incidence of gustatory sweating was reported.

The clinical presentation of Frey’s syndrome 
is variable and its severity can be evaluated using 
Minor’s starch iodine test. This test has remained 
the traditional method for evaluating gustatory 
sweating. After thoroughly cleaning and drying 
the area being considered, the skin is painted 
with a layer of 2% iodine solution and allowed to 
dry. A starch powder is then applied evenly over 
the site. The patient is asked to chew a piece of 
gum for several minutes. The patient will begin to 
sweat with the moistened starch reacting with the 
iodine to produce a dark blue discoloration on the 
skin surface. The clinical approach to both physi-
cal diagnosis and treatment of gustatory sweating 
is relatively simple [8].

A proposed conservative treatment for Frey’s 
syndrome is using topical aluminium salts (up to 
20%). If the condition is unresolved up to 
1  month, intra-dermal injections of botulinum 
toxin are the preferred choice of treatment. 
Surgical management includes superficial 
musculo- aponeurotic system (SMAS) surgery, 
repositioning of temporo-parietal fascia flap, 
alloderm interposition [8, 9].

25.4  Trigeminocardiac Reflex

The trigeminocardiac reflex is characterized by 
inducing a cardiac depressor response via vagal 
stimulation. It is characterized by bradycardia, 
cardiac arrhythmias, ectopic beats, vomiting and 
bradycardia terminating in asystole. This is a 

simple vagus reflex or polysynaptic stimulation 
via central nervous system nuclei or excessive 
over-compensation by the parasympathetic sys-
tem in an attempt to balance sudden sympathetic 
stimulation during surgical manipulation in the 
head and neck region [10, 11].

Increased intra-joint pressure during intra- 
articular injection and arthrocentesis may trigger 
sensory innervation of joint capsule. Stripping of 
periosteal innervation of zygomatic arch during 
exposure of TMJ, placement of sub-periosteal 
retractor over the medial aspect of the ascending 
mandibular ramus during resection of ankylotic 
mass and stretching of the temporalis muscle 
during coronoidectomy can lead to bradycardia. 
Management includes close monitoring, tempo-
rary cessation of procedure and administration of 
atropine [10].

25.5  Haemorrhage

The head and neck region have a rich vascular 
supply. The complication of massive haemor-
rhage during TMJ surgery is typically encoun-
tered intra-operatively. An expanding haematoma 
may progress and compromise the airway. During 
TJR surgery, bleeding can occur from maxillary 
artery, temporal artery, masseteric artery and 
facial artery and their associated veins. Stripping 
and dissecting masseter and the pterygoid mus-
cles can lead to oozing of blood. Adequate 
knowledge of vascular anatomy and adherence to 
proper surgical technique with sufficient soft tis-
sue retraction can minimize intra-operative 
bleeding [5, 12].

The superficial temporal and maxillary artery 
runs along the lateral and medial sides of the con-
dylar neck, suggesting they are at increased risk 
during soft tissue procedures such as an elective 
arthroplasty of the TMJ. The clinically important 
artery that could be damaged during TMJ surgery 
is maxillary artery. It runs behind the condylar 
neck and at the level above the sigmoid notch. It 
can be prevented by retracting posterior and 
medial to the osteotomy cuts. If there is persistent 
bleeding from maxillary artery, it can be a serious 
complication as there is lack of accessibility to tie 
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the vessel. The control of haemorrhage from the 
medial aspect of the TMJ can be troublesome and 
time-consuming during ankylosis surgery. A firm 
pressure for as long as necessary with the fore- 
finger applied intra-orally and directed postero-
laterally in the region of the maxillary tuberosity 
immediately controls bleeding by compressing 
muscle bed against the medial ramus [13]. 
Alternatively external carotid artery (ECA) expo-
sure and embolization can be done immediately. 
Proper pre-operative evaluation can prevent this 
undue complication. If required, embolization of 
artery can be done pre-operatively by an inter-
ventional radiologist [14, 15].

25.5.1  Management of Haemorrhage

Close proximity of the vessels surrounding the 
ankylotic mass is best assessed and managed 
using CT/MRI angiogram and selective emboli-
zation. To prevent damage to the maxillary artery 
intra-operatively, surgeon should avoid violating 
the periosteum on the medial aspect of the joint 
which can be achieved with the use of condylar 
retractors or the use of a piezoelectric saw. 
Adjunctive therapy such as thrombin-soaked sur-
gical pack, fibrin glue or use of other fibrin prod-
ucts to pack the area for sufficient time stops 
bleeding and minor ooze [5].

25.6  Injury to Ear and Middle 
Cranial Fossa

The TMJ is bounded by external auditory canal 
(EAC) posteriorly and middle cranial fossa supe-
riorly. These structures are at a higher risk during 
TMJ surgeries even in the hands of experienced 
surgeons. The anatomy of EAC is complex and 
angled towards TMJ.  The outer third cartilagi-
nous wall of EAC is uninterrupted with auricular 
cartilage having a fibrous attachment to the bony 
meatus. The inner 2/3rd bony canal is composed 
of C-shaped tympanic part of temporal bone. 
Superior wall is composed of squamous and 
petrous part of temporal bone. The temporal bone 
consists of foramen of Huschke/foramen tym-

panicum. It normally closes in infancy but can 
persist in up to 18% population owing to incom-
plete ossification in the antero-inferior aspect of 
EAC. TMJ is located postero-medial to this fora-
men which can increase the risk of otologic com-
plication during arthroscopy. It is also evident 
from the literature that Huguier’s canal which is 
located in the inner extremity of petrotympanic 
fissure can potentially cause middle ear damage 
during TMJ surgery and arthroscopy. Studies 
suggested that surgical instruments should be 
directed towards the tubercle and away from the 
fossa. This avoids perforation and injury to the 
contents of the middle cranial fossa [16, 17].

Machado De Carvalho et al. reported that their 
patient developed cerebrospinal fluid (CSF) leak 
from the ear, soft tissue over the alloplastic joint 
blocking the entire EAC and deafness in the ipsi-
lateral ear with extensive destruction involving 
the lateral base of skull, middle cranial fossa 
floor, middle and inner ear [18]. Other otologic 
complications such as infection, laceration, 
hypoacusis, otitis externa/media and mastoiditis 
can occur. It is prudent that the arthroscope is 
placed 10  mm anterior to the tragus along the 
cantho-tragal line and angled away from ear 
while the patient is lying in supine position with 
head turned at 90 degrees. A waterproof cotton 
pellet packing in the ear during TMJ surgery pre-
vents accumulation of blood clots which is a 
common cause for ear infection.

Another cause of ear infection or hypoacusis 
is development of stenosis during post auricular 
approach which can be prevented by intra- 
operatively giving a sharp cut 4–5 mm above the 
bony canal which allows meticulous closure and 
placement of small antibiotic coated stent made 
by cutting the rounded side of rubber catheter 
into the external auditory canal for 7 days. It is 
suggested that these precautions limit the inci-
dents of hypoacusis which if encountered is 
transient in nature and resolves within 
3–6 months [19].

During eminectomy or eminoplasty care 
needs to be exercised as the medial part of the 
eminence represents very thin bone. Routine 
radiographs (OPG) represent pneumatization of 
temporal bone as asymptomatic radiolucent 

25 Complications with Temporomandibular Joint Surgery



344

defect (Fig. 25.5) whereas pathological condition 
may clinically manifest as swelling and 
 radiographically as cortical destruction of 
zygoma. It should be evaluated pre-operatively 
via different imaging modalities like computed 
tomography (CT) or magnetic resonance imaging 
(MRI) to rule out pneumatization by air cells in 
the temporal bone or to consider the depth of 
bone reduction.

Perforation into the middle cranial fossa 
exposes the parietal lobe of the brain. If the dura 
is intact, no surgical intervention is required. If 
there is CSF leak or a larger defect is present, it 
should be sealed off with a bone graft or dural 
patch with a neurosurgical evaluation [5].

25.7  Aural-TMJ Communication 
or Fistula (Pre-auricular 
Sinus/Surgical Site Infection)

The occurrence of pre-auricular sinus may result 
after surgical site infection (SSI) or infected allo-
plastic implants. Clinically it can be manifested 
as polypoidal mass or discharge of synovial fluid 
from the ear during joint movement (Fig. 25.6). It 

may occur after resection of large ankylotic mass 
which extends posteriorly close to tympanic plate 
or infection of the hardware. Local debridement, 
closure with temporalis flap intra-operatively, 
packing of EAC with antibiotic impregnated 
gauze will resolve this complication.

25.8  Salivary Gland 
Complications

Parotid fistula or sialocele is an uncommon com-
plication associated with TMJ surgeries. If the 
surgical plane is below the parotid-masseteric 
fascia, then an inadvertent iatrogenic injury or a 
direct injury to the gland can occur, exposing the 
rough surface of salivary tissue which secretes 
saliva into the surrounding tissues. This salivary 
leak might present as a persistent salivary fistula 
or sialocele (Fig. 25.7) [18]. Conservative man-
agement includes reduced intake of salty and 
sour food to avoid parasympathetic action to the 
gland. Common method of management includes 
pressure dressing over the affected region. 

Fig. 25.5 Pneumatization of temporal bone

Fig. 25.6 Extrusion of polypoidal mass through aural 
fistula
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Adjuvant nasogastric tube feed can be advised to 
avoid gustatory stimulation [20].

Irrigation followed by application of tetracy-
cline has proved to heal the sialocele since tetra-
cycline causes localized fibrosis, healing the 
salivary leak. If complication persists, scopol-
amine patch application or intra-glandular hyper-
trophic saline or Botox injection could be chosen 
as treatment modality. In patients where these 
measures proved unsuccessful, irradiation of 
gland can induce fibrosis is found effective but it 
is less commonly used [21].

25.9  Heterotrophic Bone 
Formation, Reankylosis

Re-ankylosis of TMJ is one of the most exasper-
ating situations for surgeons as well as the patient. 
It can be attributed to narrow posterior cut, 
incomplete removal of medial ankylotic mass or 
prejudiced debridement of loose bony fragments 
(Fig. 25.8). Wide posterior cut, complete removal 
of pathological bony mass, interposition with 
sufficient thickness of soft tissue like buccal fat 
pad or abdominal fat which obliterates the dead 
space, placement of drain tube for initial 48 to 

72 hours to prevent formation of haematoma and 
aggressive physiotherapy for minimum 
18 months are definitive means for preventing re- 
ankylosis. Administration of low dose of radia-
tion (10 cGy) (experimental, rarely indicated in 
practice) and indomethacin has shown to reduce 
the chances of heterotrophic calcifications 
[22–24].

25.10  Infection of Alloplastic Joint

Placement of alloplastic joint is subjected to a 
plethora of infective agents either from the local 
site like saliva contamination from oral cavity or 
haematogenous spread from distant infections or 
improper sterilization protocol during operative 
handling of the prosthesis. Host factors like 
immune-compromised state, multiple previous 
surgeries and decreased surgical site vascularity 
also contribute to the development of infective 
condition around the prosthesis. To prevent con-
tamination from the oral cavity, it is advised to 
change the drape, gloves, including suction tip, 
isolating the oral cavity by benzoin and loban 
which creates a water tight seal to prevent any 
small salivary leaks [25].

Acute infections developed within a week can 
be treated surgically by scrubbing of the prosthe-
sis with sterile toothbrush and betadine to remove 
the adherent bio-film, placement of irrigating 
catheters medial to the prosthesis and one on the 

Fig. 25.7 Salivary fistulae

Fig. 25.8 Medial ankylotic mass and loose bony 
fragments
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lateral side as well as a Penrose drain placed 
through the sub-mandibular incision. Management 
of chronic infected prosthesis involved removal of 
prosthesis, peripherally inserted central catheter 
(PICC) line placement, and appropriate adminis-
tration of IV antibiotics for 6 weeks followed by 
oral antibiotics for an additional 1 month. A sec-
ond surgery can be performed for re-insertion of 
the prosthesis [26–28].

25.11  Malposition of the Prosthesis

Satisfactory maintenance of occlusion and place-
ment of condyle in a correct anatomic position in 
the glenoid fossa are two primary prerequisites 
for suitable post-operative functioning of the 
joint. Repeated inspection for occlusion before 
placing all the screws, fixation of the fossa com-
ponent to sufficient bone and evaluation of con-
dylar position helps prevent any functional 
derangement. These problems are commonly 
associated with stock prosthesis which can be 
overcome by custom-made prosthesis with 3D 
virtual planning [5].

25.12  Loosening of Prosthesis

The prosthesis is generally stable with 6 to 8 
screws, but the fossa component may get dis-
placed if the screws turn out to be loose due to 
porous or thin underlying bone, infection or 
trauma to the site. It is desirable that 3-point sta-
bilization is achieved in stock prosthesis or cus-
tom fabricated prosthesis to achieve minimal to 
nil micro movements [5].

25.13  Instrument Breakage

It can rarely occur during arthroscopic surgery. 
Common causes for breakage of instrument are 
loss of structural integrity, excessive force and 
bending of instruments. Surgeon should be ready 
for retrieval of broken instrument arthroscopi-
cally or if required by open exploration of TMJ.

25.14  Allergic Reaction

Allergic reactions are rarely encountered with 
reported incidents of allergic reaction to the 
metallic components (chromium, cobalt, nickel) 
of the implant material. Localized eczema, ery-
thema and vesicles on overlying skin can be 
encountered. If an implant material or prosthesis 
needs to be placed in the joint cavity, it is advised 
that pre-operatively metal allergy test should be 
performed by an allergist [5].

25.15  Malocclusion

Post-operative open bite or inability to achieve 
satisfactory occlusion is associated with bilateral 
coronoidectomy in TMJ ankylosis management 
which can be corrected by aggressive isometric 
and isotonic exercises and placement of guiding 
elastics for few days. Malocclusion can be asso-
ciated with improper fit of alloplastic joint. This 
can be achieved by securing the occlusion intra- 
operatively, re-assuring during every step of sur-
gery, good reconstructive arthroplasty or 
submissive gap arthroplasty [5, 29].

25.16  Miscellaneous

Other relatively less common complications 
include cervico-mediastinal abscess, pneumome-
diastinum and sub-cutaneous emphysema fol-
lowing TMJ surgeries [18].

25.17  Conclusion

The surgeon should have adequate knowledge 
regarding the anatomy and proper pre-opera-
tive planning should be done in order to avoid 
or to minimize complications. Inspite of care-
ful planning and execution, complications may 
be inevitable. It is essential for the surgeon to 
possess the skills to identify and manage the 
complications for uneventful recovery when 
required.
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Role of Distraction Osteogenesis 
in Restoration of Ramus-Condyle 
Unit

R. Manikandhan, Ganesh Koneru, 
and Darpan Bhargava

26.1  Introduction

Temporomandibular joint (TMJ) reconstruction 
is a challenging surgical procedure performed 
for the patients where the condyle is either 
absent, cannot be salvaged or is deformed. The 
various methods for reconstruction including 
autogenous and alloplastic materials have been 
discussed in detail previously. The evolution of 
TMJ reconstruction from a simple gap arthro-
plasty (with or without interposition) to allo-
plastic total joint prosthesis, along with 
distraction osteogenesis (DO) generating neo-
condyle from posterior ramus has refined recon-

struction and gained universal popularity in 
recent times.

It is best to reconstruct or regenerate the TMJ 
to near natural either with distraction or tissue 
engineering which functions like a normal joint 
and is able to bear the masticatory load. DO is 
a  commonly used technique  to lengthen long 
bones in the field of orthopaedic surgery that fol-
lows Ilizarov’s principles. In recent times, this 
technique has gained popularity in the maxillofa-
cial skeleton for reconstructing mandibular and 
maxillary deficiencies or defects [1–6]. One must 
consider patient’s age and assess  overall health 
for reconstruction as younger patients are more 
likely to need multiple revision surgeries through-
out their lifetime to maintain adequate form and 
function [7].

Transport distraction osteogenesis (TDO) can 
be employed to reconstruct TMJ by accomplish-
ing neo-condyle regeneration. It has an advan-
tage of developing  fibro-cartilaginous capping 
between the transported bone segment and gle-
noid fossa. Reconstruction of condyle using TDO 
was first reported by Stucki-McCormick in 
patients with  ankylosis. One can also consider 
using  an osteoplastic bone flap harvested from 
the ramus to reconstruct the ramus-condyle unit 
(RCU) without distraction in cases where vertical 
defect is small with adequate ramal bone [8–10].
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26.2  History of TDO

The surgical technique of distraction osteogen-
esis, as described by Ilizarov in 1951, has long 
been used in the reconstruction of defects of the 
long bones. The first clinical application of dis-
traction osteogenesis for craniomaxillofacial 
deformities in the human mandible was reported 
in 1992 by McCarthy et al. Stucki-McCormick 
was the first to report the use of distraction 
osteogenesis for the re-establishment of the 
condyle in two cases (1997), that included bony 
ankylosis and degenerative joint disease after 
tumor resection [11, 12].

26.3  Pre-surgical Evaluation 
and Planning

A thorough clinical and radiographic evaluation 
of the TMJ and the adjacent structures is required. 
Clinically, the size of the  expected defect and 
health of the remaining mandibular bone are the 
factors to be considered. This can be assessed by 
using a computed tomography (CT) and its three- 
dimensional (3D) recontructed images. The 
reconstruction is expected to compensate for the 
deficiencies from only condylar stump regenera-
tion to the entire ramus condylar component in 
both vertical and horizontal combinations. A 
stereo- lithographic model can be constructed on 
which the model surgery may be planned and the 
distractor can be adapted which can further be 
executed in a patient intra-operatively.

26.4  Imaging Modalities

Clinical, photographic and orthopantomogram 
(OPG) records are mandatory for all patients at 
regular intervals in the post-operative period. 
Cone beam computed tomography (CBCT) aids 
to evaluate the quality and morphology of the 
bone in ramus. It also helps in preparation of sur-
gical guides for precise positioning of cuts, dis-

tractor placement and planing on a 
stereo-lithographic model for adaptation of dis-
tractor plates prior to placement. This approach 
reduces operating time and improves efficiency 
and thus the,  patient outcome. Ultrasound 
(USG) examination may be used post-operatively 
to assess the healing of the callus [5].

26.5  Surgical Procedure for TDO 
to Restore RCU

The procedure should be performed under general 
anaesthesia (GA) followed by securing the airway 
using naso-endotracheal intubation. Following 
strict aseptic precautions, Risdon’s incision is 
usually preferred to expose the ramus and condy-
lar region. A layered dissection is carried out fol-
lowed by periosteal stripping. The periosteum 
should be kept intact on the medial side to main-
tain the soft tissue cover as it is the source of blood 
supply to the transport segment for distraction.

A reverse L shaped osteotomy should be per-
formed in the ramus extending from the sigmoid 
notch to around 1 cm above inferior mandibular 
border. The osteotomy cut should not be extended 
to the angle region. The vertical osteotomy cut in 
the ramus should be parallel to the vector desired 
to direct the transport disc towards the glenoid 
fossa. The superior end of the transport disc 
should be rounded to mimic the condylar head. 
The vector of distraction and the sliding guidance 
of the vertical ramus osteotomy for the transport 
segment may be pre-operatively determined to 
advance the distracted bone superiorly right into 
the antero-posterior midpoint of planned gleno- 
temporal preparation or pre-existing fossa.

The device should be placed parallel to the 
vertical osteotomy cut and fixed using screws 
similar to miniplate fixation used to stabilize a 
fractured mandible (Fig.  26.1). After fixation, 
osteotomy should be carried out to mobilize the 
transport segment. Confirmation should be done 
intra-operatively to check unrestricted movement 
by activating the device for 1–2 mm. A small stab 
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incision is placed for making an exit port for the 
activation arm of the device in the retromandibu-
lar or angle region. Once the device is placed and 
fixed, the incision is closed in layers using 3–0 
polyglactin and 4–0 nylon sutures. Post-operative 
analgesics and anti-biotics should be adminis-
tered as per the institutional protocols.

After the latency period of 5−7 days, activa-
tion of the distractor device should be initiated. 
Activation should be performed at the optimum 
rate of 1  mm daily. It can be fractionated as 
0.5 mm in the morning and 0.5 mm in the eve-
ning or as 0.25 mm every six hours for four times 
in a day. It is preferred to activate the distractor 
device daily at a fixed time of the day. Ilizarov 
has proposed that, greater the distraction fre-
quency there are better outcomes with 1  mm 
daily activation being the most favourable till 
the desired length of the RCU is obtained and the 
transport disc is in a close contact with the articu-
lar surface. The distractor should be left in situ 
for consolidation of the distracted callus for 
8–12 weeks (Fig. 26.2).

Patient should be advised to consume a soft 
diet and physiotherapy to maintain  the mouth 
opening during the post-operative period. The 
distractor is removed under GA when the mature 
bone is evident radiographically after the con-
solidation period [8–10, 13].

26.6  Distraction Histiogenesis

Histology of the distracted bone from studies has 
revealed that in early stages, the distraction gap is 
filled with soft callus which is gradually replaced 
by mature bone almost indistinguishable from 
the normal bone at around 24 weeks after distrac-
tion. The neo-condyle formed with distraction 
is considered unique as the resultant head formed 
will have fibro-cartilaginous cover, considering it 
acts as the advancing front of the transport disc 
during the active transport distraction osteogene-
sis process. Histologically, the regenerate will 
have features which are a combination of endo-
chondral and intra-membranous ossifications. 

Fig. 26.1 Distraction device fixation following the bone 
osteotomy

Fig. 26.2 Neocondyle following bone transport distrac-
tion osteogenesis
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The distraction regenerate is always parallel to 
the tension vector. All the soft tissues such as 
skin, nerves, blood vessels and muscles in the 
region undergoing lengthening and grow in 
 direction of the applied distraction force (by the 
process of histiogenesis) [2, 3, 14].

26.7  Principle Involved

The principle on which the DO works is when a 
gradual traction is applied on the living tissues, a 
stress is created that stimulates and maintains the 
active growth and regeneration of the tissues. All 
the tissues that are stretched slowly and steadily 
are metabolically active due to increase in intra-
cellular and extracellular synthesis which is 
essential for the maintenance of blood supply and 
coping with the functional loading. In DO, grad-
ual traction is applied to the soft callus before it 
can ossify. The stretched callus has the ossifica-
tion potential and converts into bone when left 
for consolidation. 

The biologic and clinical principles important 
to obtain appropriate bone formation without the 
undue stretch of the distraction callus should 
include the following:

 1. At the time of surgical procedure: Maximum 
preservation of the periosteal blood supply 
and soft tissues. The transport distraction disc 
osteotomy should be well planned and exe-
cuted, to meet the resultant vector demand.

 2. Period of latency: 5 to 7 days. Stable fixation 
to prevent micro-motion at the osteotomy site.

 3. Period of active Distraction: Depends on the 
size of the defect. 

 4. Distraction rate and rhythm: The ideal acti-
vation rate should not exceed 1 mm/day. It can 
be modified depending on the characteristics 
of bone formation, when necessary. Rhythm 
(number of activations in a day) can be frac-
tionated but rate (total activation per day) 
should be kept constant for the patient.

 5. Period of consolidation: 8 to 12 weeks.
 6. Normal physiologic function of the mandi-

ble: It helps in promoting rapid ossification of 
the neo-condyle [3].

There are several animal and human studies in 
literature where TDO has been used to restore the 
RCU.  It is one of the emerging techniques uti-
lized for the reconstruction of the TMJ, but still 
remains in its evolving phase compared to other 
options available for the total joint reconstruction 
[15–19].

26.8  Advantages and Limitations

The utmost advantage of this technique being that 
an autogenously harvested native bone block is 
used to regenerate the bone to cover the defective 
area preventing any donor site morbidity. The lim-
itations are cost, availability of distractor device 
and skilled operator(s), who are well versed with 
the distraction of the facial bones. An essential fac-
tor is patient compliance as the distractor will have 
to  be present in the oro-facial region for a long 
period causing physical and social inconvenience 
with a requirement of device activation daily dur-
ing the distraction phase. A second surgery is 
required for the device removal. Infection, sialo-
cele and iatrogenic nerve damage may occur at the 
local site [13]. All the possibilities of post- 
operative complications should be informed to the 
patient, along with a thorough patient counselling 
for the procedure.

26.9  Goals of Treatment

DO is an emerging technique in the field of 
maxillofacial surgery to regenerate the con-
dyle. The treatment plan should involve metic-
ulous planning in case selection, informing 
patients of the benefits and possible risks and 
complications. Adequate pre-operative work-
up and executing the surgery with appropriate 
post-operative care yields the desired results. 
Compromise at any of the above steps may 
result in an undesirable outcome. Although 
no reconstruction can meet the requirements 
of function, form, and aesthetics equally, the 
ideal reconstruction should be able to (1) adapt 
to changes in the occlusal environment, (2) 
adapt to changes in the condyle/fossae rela-
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tionship, (3) provide strength and durability to 
withstand wear, (4) provide frictionless func-
tion, (5) be non-inflammatory or non- allergic, 
(6) heal itself after periods of functional wear 
or breakdown, (7) reduce discomfort and pain 
and (8) appear aesthetically pleasing to the 
patient [7].
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Fibreoptic Intubation for Patients 
Undergoing Temporomandibular 
Joint Surgery

Rajkumar Ahirwal and Darpan Bhargava

27.1  Introduction

Airway maintenance is an essential aspect of 
general anaesthesia (GA) for any surgical pro-
cedure. Temporomandibular joint (TMJ) sur-
gery poses a challenge, considering the difficult 
intubation as visualising the vocal cords 
directly may be difficult in cases with reduced 
mouth opening. The difficulty in intubation is 
attributed to several factors in patients diag-
nosed with joint ankylosis, as the cranioman-
dibular fusion has associated skeletal and soft 
tissue deformity that includes mandibular 
hypoplasia, narrowed pharyngeal passage 
caused by decreased mandibular space along 
with pseudomacroglossia (in cases of microge-
nia) usually leading to obstructive sleep apnoea 
and compromised airway. All these factors 
make the conventional intubation options 
including naso/orotracheal intubation less use-

ful in such patients. There is no single standard 
intubation technique for patients undergoing 
surgery for the jaw joint with restricted mouth 
opening [1, 2].

There are several intubation techniques docu-
mented which prove to be useful in securing air-
way for the patients requiring TMJ surgery, these 
include blind awake nasal intubation, fibreoptic 
laryngoscope assisted intubation, retrograde 
endotracheal intubation and very rarely tracheos-
tomy [1].

27.2  Aetiology for Difficult 
Intubation

Patients requiring any form of TMJ surgery usu-
ally report at an advanced phase of the disease 
process after the onset of the disease. As there is 
progression of the clinical symptoms causing 
reduced mouth opening in majority of the patient 
population which may lead to difficulty in intuba-
tion with altered airway anatomy as noted in cases 
with temporomandibular joint ankylosis. Hence it 
is difficult or at times impossible to intubate such 
patients using regular techniques. Upward thrust-
ing of the jaw to perform the airway manoeuvre is 
almost impossible in patients with an established 
diagnosis of TMJ ankylosis [1–3].
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27.3  Intubation Techniques for 
TMJ Surgery with Restricted 
Mouth Opening

Fibreoptic intubation is the gold standard in 
patients having TMJ ankylosis and reduced mouth 
opening due to other pathologies associated with 
the joint. The possible constraints to universally 
adopt this technique are the financial factor 
involved, technique sensitivity, unavailability of 
various tube and scope diameters as desired. There 
is a possibility of unwarranted bleeding during the 
manoeuvre posing difficulty in intubation while 
using the fibroscope [1].

Blind nasal intubation was a regular practice 
before the fiberoptic era for cases with reduced 
mouth opening. Blind awake intubation can be 
performed to secure airway in patients with TMJ 
pathologies which has adequate success outcome 
provided the anaesthesiologist is well trained for 
the procedure. It is atraumatic, cost effective 
when done with adequate pre-operative work-up 
by the operating team to achieve an uneventful 
outcome [1, 4]. The major limitation with this 
technique remains exploration and a ready 
backup of alternative intubation technique in case 
of futile blind intubation. Considering limitations 
of other techniques, fiberoptic bronchoscope 
should form a part of the difficult airway cart, 
which must be available in operation theatres.

The intubation technique in paediatric patients 
undergoing TMJ surgery requires utmost care 
owing to the factors like growing mandible and 
other facial bones with less mouth opening and 
most commonly uncooperativeness for the proce-
dure. In such patients it is a real challenge for the 
anaesthesiologist to secure and maintain airway, 
as TMJ pathology specially ankylosis is common 
in paediatric age group [4].

27.4  Procedure for Fibreoptic 
Intubation (Figs. 27.1, 27.2, 
27.3, 27.4 and 27.5)

 1. The light source of the bronchoscope should 
be checked and focused on the gauze piece 
followed by defogging with 70% isopropyl 
alcohol.

 2. Anaesthetic (lignocaine) jelly should be 
applied on to the entire length of the scope 
which facilitates the scope introduction and 
passage of endotracheal tube.

 3. Fibreoptic intubation should be started upon 
achieving the adequate sedation level. The 
patient should be pre-operatively prepared 
adequately. Preperation of the nasal mucosa 
should be done with packing the nostrils 
with xylometazoline and lignocaine soaked 
gauge. Nebulization with 2% lignocaine is 
an alternative technique for anaesthetising 
the upper airway and may be combined with 
superior laryngeal and trans-tracheal local 
anesthetic blocks.

 4. Topical anaesthesia using ‘spray as you go 
(local anesthetic solution through the fibro-
scope)’ for lower airway while advancing the 
bronchoscope is also advocated, until epi-
glottis is visualised.

 5. The bronchoscope tip should be turned infe-
riorly to visualise the glottis in case the pos-
terior pharyngeal wall is encountered while 
advancement.

 6. Bronchoscope should be manipulated under 
the epiglottis to visualise the vocal cords in 
case there is any obstruction due to 
epiglottis.

 7. The scope should then be advanced close to 
the larynx followed by application of local 
anaesthesia onto the glottis and between the 
vocal cords through fibre-scope.

 8. Avoiding excessive force on the broncho-
scope reduces the risk of laryngeal trauma 
and the bronchoscope tip damage.

 9. As the scope enters the trachea, the endotra-
cheal tube is advanced over the scope and is 
secured in position. The carina is identified, 
and the endotracheal tube is positioned short 
of it to facilitate uniform bilateral ventilation.

 10. The scope is carefully withdrawn leaving the 
endotracheal tube in position for administer-
ing general anaesthesia [3].

 11. The outside diameter of the bronchoscope 
determines the size of the endotracheal tube 
that can be used for the patient. Hence a 
proper pre-anaesthetic patient evaluation is 
necessary to facilitate smooth intubation in 
these cases.
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Fig. 27.1 Positioning 
of the fiberscope at the 
nasal aperture before 
introduction of the scope 
in the nasal cavity
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Fig. 27.2 Introduction 
of fiberoptic scope 
assisted endotracheal 
tube
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Fig. 27.3 Vocal cords 
(indicated by an arrow) 
as visualised using a 
fiberoptic scope
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Fig. 27.4 Scope 
assisted view of carina 
and bifurcation of the 
trachea (indicated by an 
arrow)
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27.5  Conclusion

The anaesthesiologist and the operating surgeon 
should assess and discuss every single patient 
pre- operatively to decide on the type of intuba-
tion to secure and maintain the airway based on 
the type and duration of the surgery. The anaes-

thesiologist should be aware of the consequences 
and complications that can happen with such 
alternative intubation techniques as they are tech-
nique sensitive and require additional training. 
Appropriate assessment, planning followed by 
execution for securing airway in such patients 
can prevent unwarranted complications.

Fig. 27.5 Final position 
of the endotracheal tube 
(indicated by an arrow), 
for uniform bilateral 
ventilation
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