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     This book is dedicated to our troops who sacrifi ce their lives 
to provide us with the freedom to study, teach and live freely. 
They set the foundation and example for clinicians around 
the world who strive on a daily basis to provide essential 
evidence-based care to their patients. We hope our book will 
enable them to accomplish these important goals as they 
deal with patients in pain. 
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 The writing of forewords is something of a cottage industry for retired aca-
demics. Regardless of the subject, a few laudatory, largely honest paragraphs 
are usually easy to craft. A book on TMD for orthodontists, however, has to 
be approached with caution. My concern about this invitation involves more 
than an aversion to books for dentists who seek some sort of complex 
mechanical perfection, seemingly to compensate for childhood diffi culties 
with toilet training. Unfortunately, temporomandibular dysfunction is the 
red-headed stepchild of many healing arts. Everything seems to work, at least 
for a while. No wonder so many professions, specialties, and splinter groups 
claim to be keepers of the fl ame. 

 As I write these words, chances are that someone, somewhere is crafting a 
book on TMD for homeopaths or cranial manipulators or chiropractors or 
naturopaths, world without end. When challenged with inconvenient evi-
dence (an irritating distraction from their mission of “helping people”), true-
believers take refuge in the fact that people are said also to have laughed at 
Pasteur or Freud or Einstein. True, but most often people laughed at Bozo the 
Clown. 

 Given the murky nature of the fi eld, involvement with a TMD book must 
be approached with care. Does it have a strong evidentiary basis? Is it written 
by recognized authorities? Are its recommendations consistent with treat-
ments for other types of chronic pain? In the present instance, the answer to 
these questions is a resounding, reassuring yes! The editors have recruited 
respected authorities to provide a thorough, evidence-based survey of the 
various interactions between orthodontics and TMD. Indeed, the authors and 
editors of this concise but thorough book are the people to whom I look for 
rational guidance. For example, I once heard Chuck Greene put the problem 
into perspective with a single short sentence: “TMD is reported; it isn’t dis-
covered.” Suffi ce it to say, I am honored to participate in the publication of 
this meticulous compilation. It is both an antidote for the thought-crime of the 
past and a rational, evidence-based survey for the present and the foreseeable 
future of our specialty. Well done! 

 Lysle E. Johnston Jr., DDS, MS, PhD, FDS RCS, FACD, FICD 
 Eastport, Michigan, USA   

    Foreword      
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 The orthodontic profession has had long-standing interests in the temporo-
mandibular joint (TMJ). Beginning with the need to understand how the mas-
ticatory system develops, all orthodontists can expect to encounter a variety 
of clinical issues in their practices involving this important joint and the many 
issues that have evolved related to the TMJs. It is therefore essential that 
orthodontists should keep up to date on the most current scientifi c evidence 
related to these topics. 

 One major issue that is of concern is the patient who has a temporoman-
dibular disorder (TMD). That patient may present to the orthodontist as a 
referral from a colleague, with the request for orthodontic treatment as a way 
to resolve this problem. Alternatively, an orthodontic patient may suddenly 
develop TMD symptoms during treatment or may return with such com-
plaints following treatment. All of these scenarios demand an appropriate 
response from the orthodontist, and the nature of that response has changed 
as new research and data have emerged in the TMD fi eld in the past 25 years. 

 It is the purpose of this book to bring together a group of experts who are 
internationally recognized leaders in their fi eld. These experts have come 
from within and outside the orthodontic profession to address all of the salient 
topics about orthodontics and the TMDs. We have been extremely fortunate 
to have several outstanding colleagues join us on this project. This is the fi rst 
book of its kind to focus exclusively on orthodontics, the TMJs and TMDs, 
and it is organized to deliver the latest evidence-based information in the 
ever-changing controversial world of temporomandibular disorders and oro-
facial pain. Rather than burdening the reader with highly specifi c detail and 
basic sciences that can be obtained elsewhere, each chapter is written with a 
clinical perspective and ends with a large number of useful references. 
Clinicians, orthodontic residents and faculty will all fi nd this book to be an 
extremely useful resource providing much needed clarity in an area fi lled 
with a great deal of misinformation and confusion. 

 Sanjivan Kandasamy
Charles S. Greene

Donald J. Rinchuse
John W. Stockstill  

  Pref ace   
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      Static and Functional Anatomy 
of the Human Masticatory System 

           John     W.     Stockstill       and     Norman     D.     Mohl    

1.1            Occlusal Concepts 
and Terminology 

1.1.1     Review of Occlusion Concepts 
and Defi nitions 

 In accordance    with the primary intent of this book, 
part one of this chapter will address the basic and 
common occlusal concepts and terminology used 
in dental practice in general, and orthodontic prac-
tice in particular. Because so much of the contro-
versy about temporomandibular disorders (TMDs) 
revolves around these occlusal concepts, the 
authors will address those relationships wherever 
appropriate. This also will set up the framework 
for similar discussions in other chapters through-
out this book. Due to the many controversies and 
“philosophical” explanations reported in the litera-
ture regarding occlusal concepts, our intent will be 
to enlighten the reader rather than to argue about 

belief systems. Evidence-based explanations and 
defi nitions will be offered rather than teleological 
explanations, and the emphasis will be on physiol-
ogy rather than philosophy. 

 According to the  Textbook of Occlusion (Mohl 
et al. 1988) , the scope of the subject of occlusion 
relative to dentistry includes “the relationship 
between all the components of the masticatory 
system in normal function, dysfunction, and 
parafunction, including the morphological and 
functional features of contacting surfaces of 
opposing teeth and restorations, occlusal trauma 
and dysfunction, neuromuscular physiology, the 
temporomandibular joints and muscle function, 
swallowing and mastication, psychophysiologi-
cal status, and the diagnosis, prevention, and 
treatment of functional disorders of the mastica-
tory system” [ 1 ,  2 ]. Thirty-seven variations of the 
term “dental occlusion” are found in  Dorland’s 
Illustrated Medical Dictionary, 32nd edition 
(2012) , and most or all represent commonly used 
(often incorrectly) terms for the relationship of 
the teeth to their environment and to one another 
specifi cally [ 3 ]. The intent of this section is to 
offer standardized terminology that satisfi es “…
the school of thought that is promulgated (as) 
one that has some basis in objective scientifi c 
inquiry or is at least within the mainstream of 
current thought within dentistry” [ 2 ]. It does not 
represent any particular point of view; instead, 
it has been framed within the boundaries of 

        J.  W.   Stockstill ,  DDS, MS    (*) 
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 evidence- based scientifi c thinking and clinical 
application. Controversies regarding the subject 
of dental occlusion are numerous, and it is not the 
interest or responsibility of this publication to act 
as the “decider” for any one of these “schools” 
or “beliefs.” 

 In a recent publication entitled “Understanding 
Occlusion” [ 4 ], the concepts of occlusion and 
functional movement of the mandible were 
described as being confusing and resulting in 
frustration to the dental profession, but the three 
“experts” who were interviewed for this article 
seemed to agree that common ground was avail-
able for discussing the three most common occlu-
sal philosophies. These occlusal philosophies 
include (1) conformational occlusion, (2) 
neuromuscular- based occlusion, and (3) joint- 
based occlusion. Briefl y, the concept of confor-
mational occlusion holds that one should allow 
the patient’s mandible to function in whatever 
occlusal scheme they have and with which they 
are comfortable. The neuromuscular-based 
occlusion concept theorizes that there is an ideal 
occlusal position that is determined using elec-
tromyography and muscle stimulation devices in 
order to achieve “muscular physiologic har-
mony.” The third occlusal concept, often referred 
to as gnathology, implies that the condyle-fossa 
relationships must be ideal and that occlusal con-
tacts during excursions of the mandible should be 
in harmony with condylar movements. The ideal 
temporomandibular joint (TMJ) relationship is 
generally described as “centric relation (CR),” 
but it should be noted that this position has been 
redefi ned several times over the years. 

 In any case, these authors agree that there are 
no clear criteria for deciding which philosophy 
one must use to “build a healthy masticatory sys-
tem.” But it is interesting to note that, in spite of 
there being “philosophical differences” between 
these pronounced theories, “Without scientifi c 
evidence, it has not been proved defi nitely that 
treatment planning with any one philosophy is 
better than using the patient’s own occlusion” 
[ 4 ]. Therefore, it may be said that the “physiolog-
ical evidence trumps the philosophical belief” in 
every instance. Theories aside, the terms and 
concepts which follow are universally accepted 

and considered “gold standards” when discuss-
ing, diagnosing, and managing the human denti-
tion and occlusion, and also when discussing the 
static and functional anatomy and biomechanics 
of the masticatory system [ 2 ,  5 – 8 ].  

1.1.2     Terms and Concepts 

  Centric Occlusion (Maximum Intercuspation, 
Habitual Occlusion, Intercuspal Position)     The 
position of the mandible when the relationship of 
opposing occlusal surfaces provides for maxi-
mum planned contact and/or intercuspation. This 
is a  tooth-determined position.   

  Centric Relation Occlusion (Retruded Contact 
Position, RCP)     Is defi ned as the occlusion of 
the teeth when the mandible is in centric relation. 
This is a  tooth-joint determined position.   

  Centric Relation (CR)     The relationship of the 
mandible to the maxillae when the mandibular 
condyles are in their most superior position, with 
the central bearing area of the articular discs in 
contact with the articular surface of the condyles 
and with the articular eminentia. Importantly, the 
condyles may or may not be in their most retruded 
position, depending on the degree of restraint 
provided by the TM ligament. This position is 
independent of tooth contact and is determined 
by the structural features of the temporomandib-
ular joint and not the dentition.  

  Malocclusion     Any occlusion in which the struc-
tural characteristics are beyond those established 
for a theoretically ideal occlusion. The term does 
not necessarily imply that such an occlusion is 
nonphysiologic or that therapy is indicated. The 
presence of a malocclusion, particularly in adults, 
does not mean that therapy is necessary, and the 
malocclusion may be physiologic.  

  Physiologic Occlusion     Usually in adults, it is an 
occlusion that deviates in one or more ways from 
the theoretically ideal, yet is well adapted to that 
particular environment, is esthetically pleasing to 
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the patient, and has no pathological manifesta-
tions or dysfunctional problems. It does not 
require intervention.  

  Nonphysiologic Occlusion     An occlusion which 
presents with signs or symptoms of pathology, 
dysfunction, or inadequate adaptation of one or 
more components of the masticatory system that 
can be attributed to faulty structural relationships 
or mandibular functional activity. Therapy to 
improve the malocclusion may be indicated.  

  Therapeutic Occlusion     An occlusion that has 
been modifi ed by appropriate therapeutic modal-
ities in order to change a nonphysiologic occlu-
sion to one that falls within the parameters of a 
physiologic occlusion, if not a theoretically ideal 
occlusion. This occlusion optimizes the health 
and adaptive potential of the masticatory 
system.  

  Theoretically Ideal Occlusion     A preconceived 
theoretical concept of occlusal structural and 
functional relationships that includes idealized 
principles and characteristics that an occlusion 
should have. It does not represent the “norm” and 
is used as a series of idealized parameters against 
which variations may be compared.  

  Muscular Contact Position (MCP)     The posi-
tion of the mandible when it has been raised by 
voluntary muscular effort to initial occlusal con-
tact with the head erect. This position is consis-
tent with the intercuspal position (CO) in 
asymptomatic individuals.  

  Occlusal Vertical Dimension     The vertical 
dimension of the face as determined by a midline 
vertical measurement of the face between two 
arbitrary points above and below the mouth when 
the mandible is in centric occlusion. By conven-
tion, vertical dimension is interchangeable with 
occlusal vertical dimension.  

  Postural Rest Position     The “resting” position 
of the mandible when an individual is sitting or 
standing in an upright position. This position is 
determined by muscles and other structures. 

A minimal amount of elevator muscle activity 
is needed to maintain the mandible in this 
position.  

  Rest Vertical Dimension     The vertical dimen-
sion of the face when the mandible is in postural 
rest position.  

  Interocclusal Distance     The distance (com-
monly 2–4 mm) between the occluding surfaces 
of the maxillary and mandibular teeth when the 
mandible is in postural rest position. It is also 
referred to as freeway space and is routinely con-
sidered to be a space that is “best fi t” or averaged 
throughout the occlusal plane.   

1.1.3     Mandibular Movement 
Terminology 

  Disclusion     The loss of occlusion (nonocclu-
sion) between opposing teeth during tooth-guided 
movements of the mandible. For example, when 
the anterior teeth are in an edge-to-edge position, 
the posterior teeth are said to be in disclusion. 
The term is appropriate only when some degree 
of dental contact is occurring.  

  Hinge Movement     Movement in space charac-
terized by two divergent points moving around a 
central axis of rotation.  

  Hinge Axis     An imaginary line between the 
mandibular condyles around which the mandible 
can rotate without translatory movement. This is 
also referred to as transverse hinge axis.  

  Translatory Movement     Movement in space 
characterized by linear motion with no axis of 
rotation. This movement may follow a straight 
path (rectilinear translation) or a curved path 
(curvilinear translation).  

  Protrusion     Movement of the mandible forward 
or in an anterior direction from centric occlusion 
with an anterior translation of both condyles, 
either with or without occlusal contacts.  

1 Static and Functional Anatomy of the Human Masticatory System



4

  Retrusion     Retraction or posterior movement of 
the mandible from any given point.  

  Lateral Excursion     Sideward movement of the 
mandible from a median occlusal position, and 
characterized by a forward, inward, and down-
ward translation of the contralateral condyle. Left 
lateral excursion results in the left condyle rotat-
ing about an axis and the right condyle translat-
ing forward, inward, and downward as it tracks 
the medial wall of the glenoid fossa.  

  Working Side     The lateral segment of the den-
tition toward which the mandible moves during 
lateral excursion (functional or ipsilateral or lat-
erotrusive side). Left lateral movement of the 
mandible results in the left side dentition being 
designated as the working side and the right side 
dentition being designated as the nonworking 
side.  

  Nonworking Side     The side opposite the working 
side during lateral excursive movement of the 
mandible (nonfunctioning or contralateral or bal-
ancing or mediotrusive side). Left lateral move-
ment of the mandible results in the right side 
dentition being designated as the nonworking side.  

  Condylar Guidance     The infl uence on mandib-
ular movements by the direction of condylar 
movement during translation of the condyles as 
determined by the anatomical features of the 
temporomandibular joint. For example, the 
height and amount of convexity of the articular 
eminences will dictate the degree of downward 
movement of the condyles during forward trans-
lation (protrusive movement).  

  Condylar Inclination     That part of the condylar 
guidance formed by the inclination of the con-
dyle path as it translates forward and downward 
on the articular eminence.  

  Condylar Angulation     That part of the condylar 
guidance formed by the angulation of the non-
working side condyle path as it translates forward 
and inward during lateral excursion and tracks 
the medial wall of the glenoid fossa.  

  Anterior Guidance     The infl uence on mandibu-
lar movements by the relative overlap of the ante-
rior teeth as determined by the lingual surfaces of 
the maxillary anterior teeth and the incisal edges 
or labial surfaces of the mandibular anterior 
teeth. This movement is infl uenced by the hori-
zontal overlap (overjet) and vertical overlap 
(overbite) of the anterior teeth. An anterior open 
bite or negative overlap will reduce or eliminate 
the downward movement of the mandible during 
protrusive movement.  

  Incisal Guidance     That part of the anterior guid-
ance that occurs during protrusive movements of 
the mandible and is infl uenced by the relative 
overlap, position, and anatomy of the maxillary 
and mandibular incisors.  

  Canine Guidance     That part of the anterior 
guidance that occurs during lateral excursion of 
the mandible and is infl uenced by the relative 
overlap, position, and anatomy of the maxillary 
and mandibular canines on the working side.   

1.1.4     Dental Defi nitions 
and Concepts 

  Plane of Occlusion     An imaginary surface that 
is related anatomically to the cranium and that 
theoretically touches the incisal edges of the inci-
sors and the tips of the occluding surfaces of the 
posterior teeth. It is  NOT  a plane in the true sense 
of the word and represents the mean or best fi t of 
the curvature surface.  

  Compensating Curve     The curvature of the 
alignment of the occlusal surfaces of the teeth 
that is present to compensate for the curved 
movement patterns of the mandible (Monson 
curve). When viewed laterally, it is referred to as 
the curve of Spee, and when viewed in the frontal 
plane, as the curve of Wilson.  

  Overbite     The extension of the maxillary teeth 
over the mandibular teeth in a vertical direc-
tion when the opposing posterior teeth are in 

J.W. Stockstill and N.D. Mohl



5

contact in centric occlusion (vertical overlap – 
see anterior guidance).  

  Overjet     The projection of the maxillary anterior 
and/or posterior teeth beyond their protagonists 
in a horizontal direction when the mandible is in 
centric occlusion (horizontal overlap – see ante-
rior guidance). Anterior guidance is greatly infl u-
enced by the relative amounts of overbite and 
overjet.   

1.1.5     Occlusion Concepts 
and Defi nitions 

  Mutually Protected Occlusion     An occlusion 
that provides for maximum occlusal contact on 
certain teeth or groups of teeth whereas other 
teeth have light contact or are in disclusion dur-
ing centric occlusion or excursive movements of 
the mandible. That is, in CO, the posterior teeth 
provide maximum occlusal loading and “protect” 
the anterior teeth from heavy loading. In protru-
sive movement, the anterior teeth occlude with 
resulting disclusion or protection for the posterior 
teeth. On lateral excursive movement of the teeth, 
working side teeth contact and provide disclusion 
or protection for the nonworking side teeth.  

  Canine Protected Occlusion     A modifi cation of 
the mutually protected occlusion in which the 
canine teeth on the working side serve to disclude 
all other teeth during lateral excursion of the 
mandible.  

  Group Function Occlusion     A modifi cation of the 
mutually protected occlusion in which the canines 
and one or more adjacent pairs of posterior teeth on 
the working side are in simultaneous occlusal con-
tact during lateral excursion of the mandible.  

  Balanced Occlusion     An occlusion in which 
balanced and equal contacts are maintained 
throughout the entire arch during all excursion of 
the mandible. This implies simultaneous occlusal 
contact on both working and nonworking sides 
during lateral excursion (cross-arch balance).  

  Angle’s “Normal Occlusion”     An occlusion in 
which the mesiobuccal cusp of the maxillary 
molar occludes in the buccal groove of the man-
dibular molar AND the teeth are arranged along a 
smoothly curving line of occlusion.  

  Angle’s Class I Malocclusion     An occlusion in 
which there is a normal relationship of the 
molars but the line of occlusion is “incorrect” 
because of malposed teeth, tooth rotations, or 
other causes.  

  Angle’s Class II Malocclusion     An occlusion 
in which the mandibular molar is distally posi-
tioned relative to the maxillary molar, and the 
line of occlusion may or may not be correct 
(unspecifi ed).  

  Angle’s Class III Malocclusion     An occlusion 
in which the mandibular molar is mesially posi-
tioned relative to the maxillary molar, and the 
line of occlusion may or may not be correct 
(unspecifi ed). 

 The references cited in Part 1 are available at 
the end of this chapter.    

1.2     Masticatory System 
Anatomy: Concepts 
and Terminology 

 Part two of this chapter will address the basic 
static and functional anatomy of the masticatory 
system in the context of the most signifi cant clin-
ical issues or problems that orthodontists face 
when caring for patients who either present with 
TMD problems, or who develop such problems 
during their orthodontic treatment. Among these 
are muscular pain and dysfunction problems, oral 
habits, joint pain, disc derangements, arthritides, 
and other pathologies of the TMJ and  masticatory 
system. These important anatomy topics will 
underlie the contents of this chapter and others in 
this book relative to the importance of pre-
orthodontic screening histories and examinations 
for the presence of such problems. They also pro-
vide the anatomical characteristics and biome-
chanical principles pertaining to the generalized 
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masticatory system and temporomandibular 
joints so essential for performing differential 
diagnosis using evidence-based approaches. 

1.2.1     Masticatory System 

 The masticatory system is a highly complex sys-
tem primarily involved in speaking, mastication, 
swallowing, and functional and parafunctional 
movement of the mandible. Embryological origin 
is primarily from fi rst branchial arch with sec-
ondary input and infl uences from the second, 
third, and fourth branchial arches (diminishing 
infl uence from second to fourth). It consists of 
dental, skeletal, muscular, joint, ligamentous, and 
tendinous components that operate in highly 
coordinated, neurosensory-modulated move-
ments essential for nourishment, respiration, and 
social interaction [ 14 ]. Developmental break-
downs in the structures of the masticatory system 
due to genetic defects, physical trauma, and/or 
nutritional stressors may result in incomplete or 
defective growth and development of the head 
and cervical region, commonly referred to as cra-
niofacial anomalies [ 17 – 19 ]. 

 The following section of this chapter will deal 
with the anatomical and functional characteristics 
of the muscles of mastication, temporomandibu-
lar joints, and their related structures in func-
tional and parafunctional mandibular movement.  

1.2.2     Muscles of Mastication 

1.2.2.1     Masseter Muscle 
 The masseter muscle is one of the major muscles 
of mastication and is primarily involved in ele-
vation of the mandible (closure) and ipsilateral 
deviation [ 9 ,  20 ]. This pennated muscle has its 
origin at the anterior two-thirds of the inferior 
border of the zygomatic process and projects in 
an inferior direction to its insertion at the angle of 
the mandible at its junction with the mandibular 
ramus. Medial fi bers of the masseter have their 
origin at the inferior border of the zygomatic pro-
cess and insertion at the central part of the ramus. 
The deep fi bers of the masseter muscle have their 

origin at a more medial aspect of the zygomatic 
process and insert into the superior part of the 
ramus and the mandibular coronoid process. Its 
fi bers are predominantly vertical in alignment 
and thus give mechanical advantage to mandibu-
lar elevation or closure. It has a limited role in lat-
eral excursive movement of the mandible as well 
as in anteroposterior movement of the mandible. 
The masseter muscle has both sensory and motor 
innervation supplied by the mandibular branch of 
the trigeminal nerve (V3). The masseteric branch 
of the maxillary artery, the facial artery, and the 
transverse facial branch of the superfi cial tempo-
ral artery provide vascular support. The masse-
ter muscle, as well as the temporalis and medial 
pterygoids, have many muscle spindles (sensory 
receptors) located within extrafusal muscle fi bers 
that convey skeletal muscle length change to the 
central nervous system. They are active in helping 
to regulate the excitation- contraction coupling of 
skeletal muscles during functional movement of 
the mandible by initiating motoneuron activity as 
part of the stretch refl ex in order to help prevent 
overextension of the masseter, temporalis, and 
medial pterygoid muscles during opening [ 14 ] 
(See Fig.  1.1 ).   

1.2.2.2     Temporalis Muscle 
 The temporalis muscle is a major mandibular 
elevator of the mandible and consists of three 
separate muscular components having different 
force vector orientation and displaying a distinct 
“fan shape.” The temporalis muscle has its ori-
gin at the lateral aspect of the skull and envelopes 
nearly the entire temporal fossa as the anterior, 
medial, and posterior temporalis fi bers. All three 
fi bers then merge and course inferiorly through 
the medial aspect of the zygomatic process where 
they converge by way of the temporalis tendon at 
the coronoid process of the mandible and extend 
to the anterior border of the mandibular ramus. 
The anterior fi bers are aligned vertically while 
the posterior fi bers are essentially horizontal 
and the middle fi bers are at an oblique or diag-
onal orientation (“fan shaped”). Functionally, 
the three distinct fi bers are all involved in ver-
tical closure (elevation) of the mandible. The 
anterior fi bers are primarily involved in closure 
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(mandibular elevation to tooth contact). The pos-
terior fi bers are involved in closure and seating 
of the condyle/disc complex during that move-
ment as well as limited retrusion of the mandible 
after it has been protruded. All three fi bers also 
play a role in lateral excursive movement of the 
mandible (ipsilateral lateral excursive move-
ment) [ 9 ,  20 ]. The temporalis muscle has both 
sensory and motor innervation supplied by the 
deep temporal branches of the trigeminal nerve 
(V3). Contributions to its vascular supply are 
from branches of the maxillary artery: the ante-
rior deep temporal artery supplies approximately 
20 % of the anterior temporalis, the posterior 
deep temporal artery supplies approximately 
40 % of the posterior temporalis, and the remain-
ing 40 % (middle temporalis muscle) is supplied 
by the middle temporal artery (See Fig.  1.1 ).  

1.2.2.3     Medial Pterygoid Muscle 
 The medial pteryoid or “internal pterygoid” mus-
cle is a pennated masticatory muscle having two 
distinct points of origin. The deep head originates 
from the medial surface of the lateral pterygoid 
plate of the sphenoid. A smaller superfi cial head 
arises from the maxillary tuberosity and pyrami-
dal process of the palatine bone. These fi bers are 
oriented in a posterior and inferior fashion and 
share a tendinous insertion at the medial surface 

of the ramus and angle of the mandible at or near 
the insertion of the masseter muscle (pterygo-
masseteric sling). Functionally, its primary roles 
are in closure of the mandible (mandibular eleva-
tion), contralateral deviation, and, in conjunction 
with the lateral pterygoids, protrusion of the man-
dible. Contraction of ipsilateral medial pterygoid 
and lateral pterygoid muscles results in contra-
lateral lateroexcursive movement of the mandible 
with translatory movement of the ipsilateral con-
dyle and rotational movement of the contralateral 
condyle or contralateral deviation [ 9 ,  20 ]. 

 Additionally, the medial pterygoid muscle is 
often described as a “functional analog” of the 
masseter muscle in terms of function and align-
ment, and is also closely associated with fi bers of 
the tensor veli palatini muscle. This anatomical 
relationship of the medial pterygoid muscle and 
the tensor veli palatini muscle has been the sub-
ject of several studies examining the possible role 
of both muscles in the development of eustachian 
tube-related functional problems including patu-
lous (open) eustachian tube and auditory tube 
dysfunction [ 9 ,  20 ,  21 ]. It has been theorized that 
the function of the medial pterygoid muscle mod-
erates or infl uences the opening pressure of the 
auditory tube, and this in turn has been associated 
with “ear fullness” complaints in patients report-
ing with ear-related TMD symptoms in which 

  Fig. 1.1    Illustration of the 
masseter muscle and temporalis 
muscle       
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hyperactivity of the elevator muscles is suspected 
relative to pain complaints [ 20 ,  22 ,  23 ]. Vascular 
supply of the medial pterygoid muscle is from the 
pterygoid branches of the maxillary artery, and it 
receives its sensory and motor innervation from 
the third branch (V3) of the trigeminal nerve 
(medial pterygoid branch) (See Fig.  1.2 ).   

1.2.2.4     Lateral Pterygoid Muscle 
 It is a nonpennated muscle of mastication that is 
involved in both mandibular depression and ele-
vation. It consists of two independent “heads” or 
“bellies” (superior and inferior) that have inde-
pendent functional roles in mandibular move-
ment [ 24 ]. The superior portion has its origin at 
the infratemporal surface and infratemporal crest 
of the greater wing of the sphenoid bone. Its 
fi bers primarily insert at the anterior fovea (ptery-
goid fovea) of the mandibular condyle, with a 
variable secondary insertion occurring at the tem-
poromandibular joint disc/capsule complex as 
well as medial and anterior portions of the disc. 
Approximately 60–70 % of the fi bers insert at the 
anterior fovea of the condyle while 30–40 % 
insert at the capsule-disc complex [ 11 ,  20 ]. While 
it has been posited that the superior lateral ptery-
goid muscle can pull the disc anteriorly from its 
contact with the condyle, this does not seem to be 
anatomically possible. The inferior portion of the 

lateral pterygoid has a less diverse origin- 
insertion identity as does the superior portion, 
and has its origin at the outer surface of the lateral 
pterygoid plate and insertion at the anterior fovea 
and neck of the condyle. 

 Functionally, the lateral pterygoid muscles are 
considered to play a major role in protrusion and 
contralateral deviation of the mandible [ 9 ]. 
Specifi cally, the upper or superior belly is active 
as a counterbalance or disc/condyle stabilizer 
during closure of the mandible while the inferior 
or lower belly of the lateral pterygoid is signifi -
cantly inhibited during this movement. 
Conversely, the inferior belly is active in opening 
and protrusion of the mandible while the superior 
belly is signifi cantly inhibited during this move-
ment, giving the lateral pterygoid muscle a very 
unique role in mandibular movement based upon 
independent functions of the superior and infe-
rior bellies of this masticatory muscle [ 24 ]. 

 While the bellies of the lateral pteryoid mus-
cle are active as depressor and elevator muscles 
in mandibular movement, overall, the lateral 
pterygoid is considered to be of secondary impor-
tance in mandibular opening movement, with the 
digastric and geniohyoid muscles being the pri-
mary mandibular depressors (opening) [ 20 ]. Due 
to the unique anterior and medial alignment of 
the lateral pterygoid fi bers to the bilateral 

  Fig. 1.2    Illustration of the 
medial pterygoid muscle and 
lateral pterygoid muscle 
(superior and inferior bellies)       
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mandibular condyles, bilateral activation of the 
inferior bellies of the pterygoids results in a for-
ward or protrusive movement of the mandible 
having an anterior or horizontal projection, espe-
cially during parafunctional activities and heavy 
mastication [ 27 ]. However, unilateral activation 
of either inferior belly will result in a shift of the 
mandible to the ipsilateral side and a resulting 
translational movement of the contralateral side; 
thus, the terms “condylar translation” and “con-
dylar rotation.” This movement is observed in 
both functional lateral excursion of the mandible 
(chewing stroke) as in mastication and in para-
functional lateral excursive movement of the 
mandible as in bruxing and clenching. In con-
junction with the digastric and geniohyoid mus-
cles, the lateral pterygoids play a signifi cant role 
in the three-dimensional functional envelope 
(Posselt’s Envelope of Motion) of mandibular 
movement in vertical, anterior-posterior, and lat-
eral (transverse) dimensions. Since the origins of 
lateral pterygoid muscles are medial to their 
insertions, wide opening of the mandible may 
result in the mandible being temporarily distorted 
transversely, with the bilateral posterior lingual 
borders actually being distorted toward the mid-
line. Thus, taking an impression of the lower den-
tition with the mouth widely open may result in 
study casts that are not accurate in the transverse 
dimension (Mohl, N.D., Verbal communication) 
[ 44 ]. Unlike the other jaw closing muscles, the 
lateral pterygoids are unique in that they do not 
contain muscle spindles. The absence of muscle 
spindles may help to explain why the lateral pter-
ygoids play a secondary role in mandibular 
depression, where stretch receptors (muscle spin-
dles) are essential for detecting muscle working 
length change and velocity, and help prevent 
excessive stretching of the muscle during func-
tional movement [ 14 ,  46 ]. 

 The lateral pteryogid muscles also act in 
conjunction with the posterior temporalis 
muscle fi bers in controlling anterior and poste-
rior translation of the mandible [ 9 ]. For a more 
detailed explanation of the functional move-
ment of the mandible relative to mastication, the 
reader may refer to Functional Biomechanics 
of the Masticatory System: in  Management of 

Temporomandibular Disorders and Occlusion , 
7th edition, Chapter 1, p. 13, and Mechanics 
of Mandibular Movement: in  Management of 
Temporomandibular Disorders and Occlusion , 
7th edition, Chapter 4, pp. 62–72 Okeson, J. 

 Vascular supply of both heads of the lateral 
pterygoid muscles is from the pterygoid branches 
of the maxillary artery and from the ascending 
palatine branch of the facial artery. Its unique 
“independent function” mirrors its superior and 
inferior belly innervation. That is, while the pri-
mary innervation is from the third division of the 
trigeminal nerve (V3 or mandibular nerve), the 
superior belly and the lateral fi bers of the inferior 
belly receive their innervation from the buccal 
branch of the mandibular nerve (V3) and the 
medial fi bers of the inferior belly receive their 
innervation from the anterior trunk of the man-
dibular nerve (V3) [ 20 ] (See Fig.  1.2 ).  

1.2.2.5     Digastric Muscle 
 The digastric muscle, like the lateral pterygoid 
muscle, has two distinct components: the anterior 
and posterior belly, neither of which contains 
muscle spindles. The anterior belly has its origin 
at the digastric fossa and submental area near the 
midline, and its fi bers extend inferiorly and pos-
teriorly. The posterior belly has its origin at the 
mastoid notch of the temporal bone, and its fi bers 
extend inferiorly and forward to join with the 
anterior belly at a common intermediate tendon 
attachment at the body and greater horn of the 
hyoid bone. Both bellies of the digastric muscle 
act to depress the mandible (opening), and the 
posterior belly is also involved in elevating the 
hyoid bone during mastication and swallowing. 
One important variant in the origin of the anterior 
belly is that its fi bers may cross the anatomical 
midline at the submental area, and it has been 
proposed that this variation may play a role in 
detectable but nonpathologic mandibular devia-
tion on opening [ 25 ].Vascular supply to the ante-
rior belly is from the submental branch of the 
facial artery. The posterior belly receives its 
blood supply from the posterior auricular and 
occipital arteries. An interesting and unique fea-
ture of the digastric muscle is in its innervation; 
that is, the anterior belly is innervated by the 
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mylohyoid branch of the inferior alveolar nerve 
(V3) while the posterior belly is innervated by 
the facial nerve (VII), highlighting their distinct 
and separate derivations from 1st and 2nd bran-
chial arches [ 26 ] (See Fig.  1.3 ).    

1.2.3     Functional Characteristics 
of the Masticatory Muscles 

 Coordinated and effi cient movement of the man-
dible is a highly complex function of the neuro-
muscular system primarily involving muscle 
fi bers, sensory and motor nerves, proprioceptive 
receptors, and a control “center” within the retic-
ular formation of the midbrain. This coordinated 
effort has both voluntary as well as involuntary 
characteristics in terms of stimulation, inhibition, 
and control, and it is within the context of these 
phenomena that static, functional, and parafunc-
tional movements of the mandible derive their 
appropriate descriptions. 

 The primary skeletal muscles of the mastica-
tory system are designated by their function; that 
is, elevators/retractors (muscles primarily involved 
in mandibular closing) and depressors/protrud-
ers (muscles primarily involved in  mandibular 
opening). As in all skeletal muscles, their func-
tional relationships are closely coordinated with 
one another so as to ensure a more effi cient and 
coordinated movement. The actual function of the 

muscle is dependent upon its origin and insertion, 
with the origin of the muscle being at a station-
ary location (musculotendinous anchorage) and 
the insertion being the attachment of the muscle 
to the body being moved (bone and joint mechan-
ics). Often the muscles of mastication are labeled 
as being agonists (primary movers) or antagonists 
(those that oppose a particular movement) depend-
ing upon the functional movement that each is 
going through at a particular point in time. For 
example, the elevator muscles may be thought of 
as being active in closing movement of the mandi-
ble while the depressor muscles are relaxed, with 
the opposite being true during opening movement. 
However, both groups of muscles are function-
ally active to some degree at all times rather than 
being sequentially stimulated or totally inhibited 
and in opposition to the other during mandibu-
lar movement. The three- dimensional functional 
movement of the mandible requires a high degree 
of coordinated effort between and among both 
classes of muscle [ 9 ,  15 ]. 

 Another anatomical factor to address is the 
architectural arrangement of the muscles of mas-
tication relative to their force and power output. 
Muscles that have their muscle fi bers (fascicles) 
arranged in an oblique orientation to their origin 
are considered to be pennated with fi bers arranged 
in some type of “feather-like” or “plume-like” 
arrangement [ 9 ,  10 ,  28 ]. Pennated muscles have 
tendons that extend for most of the muscle’s 
length (origin to insertion), and its fi bers are 
obliquely aligned as they insert into the tendons. 
Nonpennated muscles have their fascicles 
arranged in a more parallel-like orientation rela-
tive to the origin and insertion of the muscle. The 
mechanical advantage of the pennated muscles is 
that they generally possess a greater number of 
muscle fi bers per volume area (physiological 
cross sectional area or PCSA), resulting in a 
greater net force production than muscles 
arranged in parallel orientation. However, while 
pennated muscles produce more force than paral-
lel muscles, they tend to demonstrate less power 
output (force x displacement) as a side effect of 
their orientation as well as less range of motion. 
Overall, the muscles of mastication have a mixed 
architectural classifi cation with the masseter, 

  Fig. 1.3    Illustration of the digastric muscle (anterior and 
posterior belly)       
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temporalis and medial pterygoid muscles classi-
fi ed as pennated and the lateral pterygoid muscle 
classifi ed as a nonpennated skeletal muscle [ 29 ]. 

 The term “power stroke of mastication” is 
often used to describe the elevation of the 
 mandible during closure to an at-or-near tooth 
contact during mastication (“chewing stroke of 
mastication”) [ 30 ]. A single chewing stroke con-
sists of one cycle or loop of mandibular depres-
sion, lateral deviation of the mandible, and 
elevation (“tear drop” confi guration in the frontal 
plane). “Power” is defi ned as the amount of 
energy consumed per unit time, is dependent 
upon the trajectory of the point of force applica-
tion and torque, is measured in joules per second 
or watts, and is expressed as “power = work/
time.” “Force” is defi ned as a particular amount 
of energy being exerted in a specifi c direction 
(measured in newtons), and is the more accurate 
expression for mandibular closure movement 
(bite registration, for example) rather than 
“power,” which, by defi nition, is velocity or 
movement/second [ 13 ,  16 ]. Therefore, it is pro-
posed that the term “force closure” be substituted 
for “power closure” in the discussion of mastica-
tory biomechanics, especially when describing 
those forces exerted during the chewing stroke 
(opening and closing) and orthodontic bite regis-
tration, for example [ 34 ,  35 ]. 

 Coordination of the masticatory cycle is primar-
ily controlled by the central pattern generator 
(CPG) of mastication, a neurosensory gait or rhyth-
micity control system located within the reticular 
formation of the brainstem. It directs involuntary 
masticatory function with associated input from 
the thalamus, hypothalamus, and limbic system. 
Overriding infl uences created by emotional stress 
and/or parafunctional activity may also infl uence 
the overall CPG-directed coordination of complex 
masticatory movements [ 12 ,  31 ,  33 ].  

1.2.4     Anatomy 
of the Temporomandibular 
Joints 

 The temporomandibular joint (TMJ) is a gingly-
moarthrodial joint that exhibits a combination of 

hinge and gliding movements, thus allowing the 
mandible to slide and rotate in a parasagittal 
plane during functional and parafunctional move-
ment [ 28 ]. It is not a “ball and socket” articula-
tion. By defi nition, a ginglymoarthrodial joint is 
“any joint with both uniplanar hinge movement 
and gliding movement in another plane”; that is, 
hinging movements in one plane and gliding or 
sliding movements in another plane. The joint 
most often used to describe this classifi cation is 
the knee since it is able to function in three planes 
or axes of motion ( x, y,  and  z)  [ 29 ]. In the human 
temporomandibular joint, a three-dimensional 
envelope of motion illustrates these movements 
during mastication or during parafunctional 
movements such as lateral bruxing or static 
clenching of the dentition [ 30 ].The human tem-
poromandibular joint, like most joints in the 
body, acts within the constraints of a Class III 
lever system. By defi nition, a lever consists of a 
rigid body with two externally applied forces and 
a center of rotation (COR). A Class III lever has 
its forces (muscle) applied on the same side of 
the center of rotation (COR), and the muscle 
forces are closer to the center of rotation than to 
the external force. In the case of the human TMJ, 
the forces are represented by muscles of mastica-
tion and the COR is the TMJ (fulcrum or con-
dyle/disc loading area). The external forces are 
those encountered in mastication (third molar 
anteriorly) or during parafunctional clenching or 
bruxing. The condyles are loaded to some degree 
at all times depending upon the position of the 
occlusal contact and the amount and direction of 
contraction of the mandibular musculature. 
Therefore, the human TMJ functions as a Class 
III lever [ 15 ,  31 ,  32 ] (See Fig.  1.4 ).  

 In the human body, most joints are classifi ed 
as synovial joints. Joint classifi cation is based 
upon anatomical criteria including (1) the type of 
motion in which the joint is involved, (2) shape of 
their articulating surfaces, and (3) the number of 
axes that they possess in a full range of motion 
[ 33 ]. Based upon its movement, the human TMJ 
is classifi ed as a true diarthrodial (synovial) joint 
or condylar joint in which synovial fl uid is 
secreted by “boundary” synovial villi for lubrica-
tion and nutrition of the joint. The bilateral TMJ’s 
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are load-bearing joints consisting of an articular 
disc interposed between the mandibular condyle 
and articular eminence of the glenoid fossa. All 
three articular surfaces (condyle, disc, eminence) 
are composed of avascular, noninnervated dense 
fi brous connective tissue and fi brocartilage [ 31 ]. 

 Capsular ligaments connect one bone to 
another in synovial joints and provide mechani-
cal reinforcement and joint stability for that joint. 
The capsular ligament of the temporomandibular 
joint encapsulates the joint with its chief attach-
ment being at the inferior border of the temporal 
bone running anteriorly and approximating the 
articular eminence and glenoid fossa. Its chief 
functions include stabilizing the joint during 
three-dimensional movements and maintaining 
the integrity of the synovial fl uid located within 
the joint capsule “boundaries.” The joint capsule 
(capsular ligament), including the fi brous and 
synovial layers, defi nes the functional and ana-
tomical boundaries of the temporomandibular 
joint. The sphenomandibular ligaments and sty-
lomandibular ligaments (commonly referred to 
as accessory ligaments) play a less signifi cant 

role in the stabilization of the mandible, with the 
stylomandibular ligament acting to help limit 
excessive mandibular protrusion [ 11 ]. 

 As in all diarthrodial joints, synovial tissue is 
found within the synovial membrane, a vascular-
ized connective tissue that lines the joint capsule. 
Synovial fl uid is expressed at the “boundaries” of 
the joint’s loading area or stress fi eld. The inner 
layer of the joint capsule is the synovial layer, 
and the outer fi brous component of the capsule is 
composed of dense fi brous connective tissue (as 
in the articular disc). The joint capsule is highly 
innervated with joint receptors located in the cap-
sule of the joint, tendons, ligaments, and muscles, 
and these highly innervated structures and their 
subsequent neurosensory feedback to the CNS 
help to balance and maintain joint stability and 
mobility and protect the joint [ 34 ] (See Fig.  1.5  
and  1.6 ).   

 Tendinous attachments (muscle to bone) are 
found at all muscles of mastication at their points 
of origin and insertion. In general, tendons con-
nect to muscle at the myotendinous junction, and 
the muscle and tendinous fi bers are interwoven 

  Fig. 1.4    Illustration of the mandible acting as a Class III lever system       

 

J.W. Stockstill and N.D. Mohl



13

together in combination with collagenous fi bers 
for added strength. Tendons transmit muscular 
force to bone and are critical in maintaining sta-
bility and maximum force transduction during 
biomechanical movement. Like the articular disc, 
the tendons of the masticatory muscles exhibit 
some degree of viscoelastic behavior in response 

to loading, and though composed chiefl y of 
inelastic cords of collagen tissue, they also 
exhibit some degree of fl exibility during muscu-
lar activity. The chief tendon encountered during 
mandibular movement, especially relative to 
hyperactivity within the temporalis muscle, is the 
temporalis tendon. It inserts at the coronoid 

  Fig. 1.5    Illustration of the right temporomandibular joint (frontal view)       

  Fig. 1.6    Illustration of the 
accessory ligaments 
and capsule (medial view)       
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 process of the mandible and transfers force dur-
ing elevation, lateral excursion, and, to a limited 
extent, retrusion of the mandible [ 16 ,  34 ,  45 ]. 

 Fibrous and cartilaginous joints allow lin-
ear movement or translatory movement, but the 
temporomandibular joint is unique as a synovial 
joint in that it is capable of both rotational and 
translational movement. Rotational movement 
is best demonstrated in the early phase or cycle 
of mandibular opening. Translational movement 
is observed as the condyle begins its transla-
tory movement against the slope of the articular 
eminence; this even occurs at the beginning of 
opening. Rotation in mandibular opening and 
closing may occur without any signifi cant posi-
tional change of the condyles and is observed 
as occurring in the inferior joint space of the 
TMJ. Translational movement, or “movement 
in space characterized by linear motion with no 
axis of rotation, with that movement describ-
ing a straight path (rectilinear translation) or a 
curved path (curvilinear translation),” occurs in 
the superior joint space of the TMJ [ 46 ]. As a 
true synovial joint, the TMJ exhibits rotation and 
translation bilaterally and is classifi ed as having 
3° of freedom during mandibular movement per 
joint, but not functionally independent of one 
other. Therefore, it is important to note that while 
the other joints such as the knee can be isolated 
during range of motion studies without it being 
infl uenced by its counterpart, the temporoman-
dibular joint is considered to be a “compound 
joint” and does not have that “independent coun-
terpart” status. Any movement in one TMJ will 
be accompanied by some degree of movement 
in the contralateral TMJ, thus giving the human 
TMJ’s three degrees of freedom in movement per 
joint [ 36 ]. 

1.2.4.1     Structural and Functional 
Characteristics of 
the Temporomandibular Joint  

 The temporomandibular joint is formed between 
the condylar process of the mandible and the 
squamous portion of the temporal bone [ 10 ]. 
The medial-lateral dimension of the condyle is 
approximately twice that of its anteroposterior 
dimension. The mandibular (glenoid) fossa is 

bounded anteriorly by the posterior slope of the 
articular eminence, medially by a narrow bony 
wall, and posteriorly by the postglenoid pro-
cess. Posterior to the postglenoid process, the 
tympanic plate joins the squamosum to form the 
squamotympanic fi ssure. The squamotympanic 
fi ssure, in turn, divides into the petrotympanic 
and petrosquamosal fi ssures. The chorda tym-
pani nerve and anterior tympanic artery and vein 
pass through the petrotympanic fi ssure and are 
well protected from impingement by the condyle. 
The roof of the (glenoid) fossa is thin and is not 
designed to withstand condylar loading. Thus, 
functional and parafunctional loading by the con-
dyle occurs on the slope of the articular eminence 
rather than at the superior aspect of the fossa. 
Unlike the articular tissues of most synovial 
joints, which are composed of hyaline cartilage, 
the articular tissues of the temporomandibu-
lar joints are, for phylogenic and embryologic 
reasons, composed of avascular and noninner-
vated dense fi brous connective tissue [ 46 ] (See 
Fig.  1.7 ).  

 As with any synovial joint, the articular cap-
sule defi nes the anatomical and functional bound-
aries of the temporomandibular joint. The capsule 
belongs to the squamous portion of the temporal 
bone and the tympanic portion of the temporal 
bone lies completely behind the joint [ 31 ]. 

 The capsule completely surrounds the articu-
lar eminence and is attached well anterior to its 
crest. The capsule is strongly reinforced laterally 
by the temporomandibular (lateral) ligament that 
consists of obliquely oriented collagen fi bers and 
a narrow band of collagen fi bers oriented in a 
horizontal direction. The primary function of 
these ligaments is to “check” or limit movements 
of the condyle-disc complex, particularly retru-
sion against retrocondylar structures. This “liga-
mentous position” is considered to be a border 
position of the mandible and is reproducible, 
recordable, and is not infl uenced by transient 
postural factors. The ligamentous position is akin 
to “centric relation,” which has been defi ned as 
“the mandibular jaw position in which the head 
of the condyle is situated as far anteriorly and 
superiorly as it possibly can within the mandibu-
lar/glenoid fossa.” However, when external forces 
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such as manual manipulation seek this position, 
the condyles and discs may not necessarily be 
seated upward and forward against the posterior 
slope of the articular eminence, and therein lies 
one aspect of the controversy surrounding the 
term “centric relation” [ 31 ] (See Fig.  1.8 ).  

 The articular disc plays a signifi cant role in 
joint lubrication and stress distribution, and as a 
result of its physical capacity to alter its shape 
during loading, it is able to distribute compres-
sive stresses over a large contact area or stress 
fi eld [ 37 ]. Since it exhibits a somewhat amor-
phous shape, its adaptive capacity to loading is 
dependent upon several factors including the 
concentration of proteoglycans at the articular 
surfaces and its physical shape at the location 
of loading. Proteoglycans are glycosaminogly-
can (GAG) chains covalently attached to a core 
protein [ 38 ]. They are abundant in extracellular 
matrices (cartilage) and, among other numerous 
functions, provide hydration and resilience (cush-
ioning) to joints during compressive loading. The 
major proteoglycan in the articular cartilage is 
aggrecan (aggregated proteoglycan), a sulfated 
proteoglycan [ 38 ,  39 ].The degree of resistance to 

compressive loading may be directly related to 
the concentration of GAGs in the loading zone 
or stress fi eld, so the greater the concentration of 
GAGs in an area of loading, the greater the resis-
tance to compressive loading within that stress 
fi eld [ 40 ].   

1.2.5     Biomechanical Principles 
in TMJ Loading 

 The temporomandibular joint may be dynami-
cally loaded during mastication and parafunction 

  Fig. 1.7    Illustration of the TMJ capsule, disc, condyle, and eminence (cutaway of TMJ capsule)       

  Fig. 1.8    Illustration of the temporomandibular ligament 
(capsular ligament and fi ber orientation)       
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such as bruxing or statically loaded during other 
parafunctional activities (centric or eccentric 
tooth clenching). In general, joint structure and 
the external forces that are applied to the joint 
will determine the type and quantity of motion 
that occurs within that joint. Additionally, the 
point of force application to the joints during 
normal function determines the “stress-fi eld” 
loading area of that joint. As these loading sur-
faces are altered by the magnitude, location, fre-
quency, intensity, and duration of their loads, 
other physical changes may occur within the 
articulating surfaces as the joint components 
attempt to adapt to the loads. Conversely, the 
same factors that help distribute loading within 
the joints can be negatively affected by these 
loads, resulting in a weakening of the articular 
surfaces, and possibly predisposing the joints to 
degenerative changes [ 31 ,  32 ,  34 ,  41 ]. 

 Two general types of forces, shearing and 
compressive loading, are generated within the 
joint during function and parafunction. Shearing 
or dynamic loading is caused by tractional forces 
being exerted parallel to the articular surfaces, 
which result in combinations of frictional and 
plowing forces. For example, as a hard object 
(condyle) moves along a softer surface (articular 
disc), the softer surface is pushed ahead of the 
hard object, resulting in what is best described as 
a “plowing” effect. 

 Plowing is the most common type of force 
observed in the TM joint, and the magnitude of 
this force is increased by increases in force 
intensity and duration. Plowing forces also are 
affected by overall hydration of the joint disc 
and the loading surfaces. Since the disc also 
takes part in lubrication of the joints, any reduc-
tion in disc/joint lubrication can result in a sub-
sequent alteration of force distribution within 
the joint, and eventual weakening of that joint’s 
loading  capacity [ 32 ,  34 ,  43 ]. It is theorized that 
this weakening effect predisposes the temporo-
mandibular joint to degenerative change 
 commonly seen in TMJ osteoarthritis. Other 
factors involved in predisposing this joint to 
 degenerative joint disease (DJD) or osteoarthri-

tis include the weakening of its mediolateral 
collagen cross linkages, which results in surface 
defects in the disc and propagation of disc 
degeneration [ 37 ,  43 ]. Similarly, while normal 
mechanical forces are essential for health of the 
joints, the presence of excessive cartilage load-
ing, underloading (lack of function or immobil-
ity), or static loading can cause proteoglycan 
depletion, and this can reduce the adaptive 
capacity of the joint [ 41 ,  42 ]. 

 Finally, stability of the TM joints and health 
of the discs in particular are highly dependent 
upon the integrity of the discal polar ligaments 
(medial discal ligament and lateral discal liga-
ment). Any alteration in the integrity of these 
discal ligaments (e.g., the stretching that 
occurs when there is anteromedial disc dis-
placement) may result in stress-field altera-
tions within the disc, thus potentially 
predisposing the disc and joint to degenerative 
change. Therefore, while stresses that are 
imparted upon the articulating surfaces of the 
joint are important, of equal importance are 
the integrity and stability of the articulating 
surfaces and their ability to adapt to changes 
in loading over time. Compromised surface 
integrity due to surface incongruities, reduc-
tion in extracellular matrix proteoglycan (pro-
tein core plus sulfated glucosaminoglycans or 
GAGs), and reduced synovial lubrication all 
play a role in the predisposition and progres-
sion of degenerative joint disease [ 32 ,  41 ,  43 ]. 
There is also sufficient evidence to show that 
the articular tissues of the temporomandibular 
joint are capable of adaptation to biomechani-
cal stresses, although this adaptation is slow 
and unpredictable. In addition to progressive 
and regressive remodeling, chondrocytes and 
proteoglycans can be observed in many, if not 
most temporomandibular joints, especially in 
those from older individuals. As a result with 
time the dense fibrous connective tissue takes 
on the appearance of fibrocartilage, which has 
a greater capacity to withstand compressive 
loading, particularly when that loading is 
cyclical or intermittent [ 31 ].       
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      Temporomandibular Disorders: 
Etiology and Classifi cation 

           Jeffrey     P.     Okeson     

2.1            Introduction 

 Temporomandibular disorders (TMDs) are a 
group of disorders that have their origin in the 
musculoskeletal structures of the masticatory 
system [ 1 ]. Therefore, symptoms of TMDs are 
associated with either the muscles of mastica-
tion or the temporomandibular joints (TMJs), 
or both. Pain can be a common symptom asso-
ciated with TMDs. These disorders are quite 
common in the general population. In fact, after 
dental pains, TMDs are the next most common 
pain complaint reported by patients in the dental 
offi ce. Depending on which epidemiologic stud-
ies are reviewed the numbers of signs and symp-
toms associated with TMDs range from 40 % and 
60 % of the general population [ 2 , p. 102–28]. 
However, the numbers of patients requiring pro-
fessional TMD treatment are reported to be only 
in the range of 10–15 % [ 3 ,  4 ]. Because TMDs 
are so common, every dentist needs to have a 
basic understanding of the etiology, diagnosis, 
and management of these conditions. This chap-
ter will focus on the etiology and diagnosis of the 
most common TMD conditions seen in the dental 
offi ce. Other texts should be reviewed for a more 
complete overview [ 2 ]. 

 It needs to be appreciated that all TMDs are 
not the same. There are a great variety of mus-
culoskeletal conditions associated with disor-
ders of the masticatory system. The two broad 
conditions are muscle pain disorders and intra-
capsular disorders. These conditions are quite 
different in their etiology, pathology, and clini-
cal presentations. Because of these differences, 
they demand different treatment strategies. The 
most common types of TMDs are muscle pain 
disorders, which are found to be almost twice 
as common as intracapsular pain disorders in a 
chronic pain clinic. It would therefore be very 
inappropriate to label these patients as “TMJ 
patients” when the majority of cases may have 
nothing to do with their temporomandibular 
joints. Failing to distinguish between these 
myogenous and arthrogenous conditions will 
likely lead to the selection of an ineffective 
treatment that will ultimately fail. 

 This chapter will highlight the etiologic fac-
tors associated with TMDs and describe a classi-
fi cation for the most common conditions seen in 
the orthodontic practice. It should be noted that 
although management is not meant to be a part of 
this chapter, most of these TMDs can be success-
fully managed with conservative therapies (see 
Chap.   8    ). Orthodontic therapy may be considered 
as a treatment option in a few of these patients 
according to their specifi c diagnosis and etiologic 
factors, but only after clinical symptoms have 
been successfully managed.  
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2.2     Etiologic Considerations 
of Temporomandibular 
Disorders 

 Over the years there has been signifi cant con-
troversy regarding the etiology of TMDs. Early 
on dentists were very convinced that temporo-
mandibular disorders were primarily caused by 
occlusal factors. Many dentists directed their 
therapies toward changing the patient’s occlu-
sion; and if that failed, the operator was thought 
to be incompetent or the patient was considered 
to have major psychological problems. By the 
mid-1980s and 1990s, however, the profession 
demanded more research evidence, which pro-
vided a much broader look at TMDs. Over the 
last 20–30 years we have learned that there are 
at least fi ve known TMD etiologic factors that 
need to be considered. Occlusal factors remain as 
one of these factors, thereby maintaining TMDs 
as conditions that need a dental evaluation, but 
the manner by which the occlusion can affect the 
onset of a TMD must be revisited. Epidemiologic 
studies do not reveal a strong association between 
the static relationship of the teeth, such as Angle 
Class II or III, and the presence of a TMD [ 2 , 
p. 102–28]. Therefore, in this chapter a new con-
cept regarding the association between occlusion 
and TMDs will be presented. 

 The fi ve etiologic factors that have gained sig-
nifi cant research support are the occlusal condi-
tion, trauma, emotional stress, deep pain input, 
and parafunctional activity such as bruxism and 
clenching. Each will be briefl y discussed in this 
section. 

2.2.1     The Occlusal Condition 

 As mentioned earlier, occlusal factors have been 
thought to be associated with TMDs for many 
years. Even today this relationship is continu-
ously debated, with proponents remaining on 
both sides of the discussion. Recent data do not 
support the traditional belief that the static rela-
tionship of the teeth is strongly associated with 
TMD (e.g., deep bites, class II, cross bites, eccen-
tric contacts) [ 5 ]. Yet to believe that the occlu-

sal condition could not infl uence masticatory 
system function and dysfunction seems rather 
naive. Perhaps instead of studying static occlu-
sion relationships, one needs to investigate some 
of the dynamic functions of the masticatory sys-
tem. There appears to be two ways the occlusal 
relationship of the teeth may be associated with 
TMD symptoms. The fi rst is related to an acute 
change in the occlusal condition, and the second 
is related to loading of the masticatory structures 
in the absence of TM joint stability. Each will be 
further explained here. 

2.2.1.1     An Acute Change 
in the Occlusal Condition 

 Every dentist has observed a situation when a 
crown or fi lling is placed and it is left a little high; 
afterward, the patient will often report back to 
the offi ce complaining of discomfort. Frequently 
this discomfort is not only around the sore tooth, 
but there also is muscle tightness and pain. This 
occurs because in the presence of injury or even 
a threat of injury, the muscles protectively co- 
contract to minimize any damage. This muscle 
response can lead to pain, especially if the condi-
tion is prolonged. Once the offending restoration 
is corrected, the condition resolves. If it is not 
corrected in a reasonable amount of time, either 
the individual will adapt to the change (i.e., by 
tooth movement, altered biting, or avoidance), or 
a signifi cant muscle TMD may develop.  

2.2.1.2     Orthopedic Instability Coupled 
with Loading 

 There is a second mechanism by which the 
occlusal condition can contribute to a TMD. This 
relates to the degree of orthopedic stability in 
the masticatory system. Every mobile joint is 
designed to be loaded, and this loading comes 
from the muscles that pull across the joint. 
Therefore every joint has a musculoskeletally 
stable position, and in the TMJ this is defi ned as 
the condyles resting on the articular eminences 
with the disks correctly positioned between those 
articulating surfaces. Orthopedic stability in the 
masticatory system is present when the teeth are 
in their stable biting position at the same time the 
joints are in their stable position. When this is 
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present, joints and teeth can be loaded without 
injury or consequence. 

 However, when the stable joint position is not 
in harmony with the stable occlusal position, the 
condition is considered orthopedically unstable. 
If this were the critical factor leading to TMD, 
epidemiologic studies should reveal this relation-
ship, but clearly this is not the case. Perhaps the 
missing element from those studies is the dynam-
ics of loading. When the teeth are loaded by activ-
ities such as heavy biting, chewing, or bruxism, 
the joints need to be in a stable position. When 
this does not exist, continued loading can result 
in changes in the joint structures. Common types 
of changes are fi brous connective tissue break-
down, bony degeneration, clicking, locking, and 
pain. It is important to appreciate that a lack of 
orthopedic stability between the stable joint posi-
tion and the stable occlusal position does not by 
itself lead to TMD; this only represents a risk 
factor. However, once this relationship is coupled 
with excessive loading in a susceptible patient, 
there is an increased risk of developing intracap-
sular disorders [ 2 , p. 102–28]. 

 Thus, it is interesting to note that occlusion 
can affect both muscle disorders and intracap-
sular disorders, but it does so through different 
mechanisms. The manner by which occlusion 
affects TMDs can be summarized by the fol-
lowing two statements: Problems that occur 
while bringing the teeth into occlusion, such as 
high restorations, are answered by the muscles. 
However, once the teeth have reached intercus-
pation, problems with loading are answered by 
the joints.   

2.2.2     Trauma 

 Certainly trauma is a known etiology of certain 
TMDs. A single blow to the face can immedi-
ately change the structures of the joint, result-
ing in an intracapsular issue. Trauma seems to 
be more related to intracapsular disorders than 
muscle disorders. It is common to hear a patient 
report that “ever since I received the blow to my 
face, my TMJ has been clicking.” Once joint 
pain begins, muscles protectively respond and 

then it may be diffi cult to separate the painful 
conditions. A sudden blow to the face represents 
macrotrauma. However, microtrauma can also 
be an issue whereby small but repeated traumas 
can occur to the joints. The orthopedic instability 
coupled with loading previously mentioned is an 
example of microtrauma.  

2.2.3     Emotional Stress 

 There is ample evidence that increased levels of 
emotional stress can be an etiologic factor asso-
ciated with TMDs. It has been demonstrated that 
individuals placed under acute emotional stress 
show slight increase in EMG activities of their 
masseter muscles [ 6 ]. This is normal, but if the 
stress is prolonged the muscle may show signs of 
fatigue, tightness, and pain. Prolonged stressors 
can result in an increase or upregulation of the 
autonomic nervous system [ 7 ]. When this occurs, 
the central nervous system can play an active role 
in maintaining the pain condition, making man-
agement more diffi cult.  

2.2.4     Deep Pain Input 

 Deep pain input refers to any source of neural 
impulses that originate in the deep structures and 
lead to a pain experience. This excludes the skin 
and oral mucosa. Common sources of deep pain 
input are muscle and joint structures. Pain experi-
enced in the deep structures has the unique char-
acteristic of eliciting a muscle response, which 
is the same protective co-contraction response 
already discussed in the section on occlusion. The 
clinician must appreciate that deep pain input can 
have its origin in many structures [ 8 ]. A common 
example is cervical pain that elicits a mastica-
tory muscle response. A patient who experiences 
a whiplash injury initially experiences only cer-
vical pain. However, after a few days the pain 
will often radiate to the face, eliciting a muscle 
response that limits mouth opening. The clinical 
examination will reveal limited mouth opening 
and pain upon palpation of the muscles of mas-
tication, which in fact is a TMD. However, this 
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TMD is secondary to another pain disorder and 
will continue until the primary source of pain is 
resolved. Clinicians often overlook this relation-
ship and question why their therapies that have 
been directed to the masticatory structures (such 
as an occlusal appliance) do not resolve the pain.  

2.2.5     Parafunctional Activities 

 For many years dentists have focused on brux-
ing and clenching as a signifi cant etiologic factor 
associated with TMDs. Although this activity can 
certainly be related, it is not as strongly linked as 
once believed. We know that bruxing and clench-
ing of the teeth can produce pain [ 9 ]. However, 
sleep studies reveal that most individuals put 
their teeth together during sleep, often with no 
pain associated. We have also learned that the 
patients’ occlusal relationships are not strongly 
related to these parafunctional activities. Instead, 
they are more correlated with sleep stages and 
other aspects of the sleep cycle. We have also 
learned that many individuals clench their teeth 
during the day with very little awareness. Patients 
who report that they wake up in the morning with 
painful muscle are certainly likely to be experi-
encing sleep related bruxism, and in those cases 
that can be considered as an etiologic relation-
ship. However, there are other patients who report 
no pain upon awakening but instead their pain is 
in the late afternoons or evening. These individu-
als may be experiencing daytime clenching, or 
they may have a completely different etiologic 
basis for their myogenous pain. It is important to 
appreciate that these activities are different and 
likely to respond to different treatment strategies 
[ 2 , p. 291–316]. 

 The fi ve etiologic factors that have been 
reviewed above reveal that TMDs are a complex 
group of conditions that are infl uenced by mul-
tiple factors. Making it even more complicated is 
the fact that more than one of these factors may 
be involved at any given time, which is often 
the case. This becomes a real challenge for the 
clinician attempting to initiate treatment strate-
gies. Furthermore, we need to recognize the fact 
that all individuals are different in their capacity 

to adapt to less than ideal circumstances. Most 
people have less than perfect occlusion, have 
received some trauma, have some emotional 
stress, have experienced deep pain, and have 
some parafunction, and yet they do not develop 
TMD symptoms. This is likely due to their capac-
ity for adaptability, which is an important clinical 
consideration since it helps us understand the 
great variability of patient responses. Clinicians 
need to appreciate patient adaptability, since 
it is probably the major reason for our clinical 
success. Yet, we actually know little about this 
important issue. 

 A better understanding of human adaptability 
would likely lead to better selection of treatment 
and prediction of outcomes. A more complete 
understanding of adaptability would be helpful, 
but investigating this concept is certainly not an 
easy task. There are likely many variables that 
contribute to adaptability. A few of the factors 
may include the individual’s biology, learned 
experiences, psychological conditions (e.g., 
obsessive compulsive disorders), and genetics. 

 Some recent genetic studies are offering 
interesting insights about adaptability, especially 
with respect to pain. It has been demonstrated 
that variations in genetic makeup may have 
signifi cant impact on pain perception [ 10 ,  11 ]. 
The gene that encodes for catechol-O-methyl-
transferase (COMT), an enzyme associated with 
pain responsiveness, varies in patients. It has 
been shown that for this gene, there are three 
clusters of individuals who respond differently 
to painful stimuli. Some individuals are more 
pain sensitive, while others less pain sensitive. 
In an interesting prospective cohort study of 186 
orthodontically treated females, patients who 
were genetically in the pain sensitive cluster 
developed more TMD symptoms than the pain 
insensitive cluster group [ 12 ]. This suggests that 
the actual orthodontic therapy was not the signif-
icant factor in developing TMD; instead, it was 
performing orthodontic therapy in the patient 
with a genetically determined pain sensitive 
haplotype. Perhaps future research will help us 
recognize the patients who are more vulnerable 
to develop pain disorders, which may affect our 
choices of treatment options. 
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 When considering all these issues, assuming 
that orthodontic therapy is completely unrelated 
to TMD is a relatively naïve thought. The ques-
tion that really needs to be asked is how can 
orthodontic therapy be used to minimize any risk 
factors that may relate to TMD? In reviewing the 
known etiologies of TMD, orthodontic therapy 
routinely affects only one of those factors: occlu-
sion. However, it is clear that occlusion factors 
are not always related to TMD [ 2 , p. 102–28,  13 ]. 
So, where does orthodontic therapy fi t in the big 
picture of TMD? Since occlusal factors may be 
a potential source of TMD in some patients, it 
would seem logical that the orthodontist should 
develop an occlusion condition that will mini-
mize any risk factors that might be associated 
with TMD. However, developing a sound occlu-
sal relationship does not mean the patient will 
not develop TMD, because there are at least four 
other etiologies that are outside the control of 
the orthodontist. Developing an orthopedically 
stable occlusal condition should be thought of as 
minimizing a dental risk factor. It seems logical 
that since orthodontic therapy will change the 
patient’s occlusal relationships, emphasis should 
be placed on creating an occlusion condition that 
will provide the best opportunity for success-
ful masticatory function for the lifetime of the 
patient.   

2.3     Classifi cation 
of Temporomandibular 
Disorders 

 Most temporomandibular disorders fall into one 
of two broad categories: muscle pain disorders or 
intracapsular disorders. Muscle pain disorders are 
by far the more common of these two problems 
[ 4 ,  14 ]. This is not surprising, since all humans 
experience some type of muscle pain periodically 
throughout their lives. 

 Masticatory muscle pain complaints are very 
common in patients seeking treatment in the den-
tal offi ce. With regard to orofacial pain, they are 
second only to odontalgia (i.e., tooth or periodon-
tal pain) in terms of frequency. They are generally 
grouped in a large category known as masticatory 

muscle disorders [ 2 , p. 291–316]. The most com-
mon symptoms reported by patients with these 
muscle disorders are pain associated with func-
tional activities (i.e., chewing) and dysfunction 
(limitation in mouth opening). 

2.3.1     Masticatory Muscle Disorders 

 Patients who experience masticatory muscle 
pain will describe the pain in terms of ranging 
from slight tenderness to extreme discomfort. 
Although muscle pain is common, dentists have 
generally not been taught well regarding its etiol-
ogy. In fact, most dentists have been taught that 
muscle pain is a refl ection of a structural prob-
lem, such as a poor occlusion or an incorrect joint 
position. They also associate muscle pain with 
bruxing and clenching activities. Although some 
of these thoughts may be true for some patients, 
they are not the etiologic basis for myogenous 
TMDs in a large number of patients. 

 Some muscle pain may arise from increased 
levels of muscular use. The symptoms are often 
associated with a feeling of muscle fatigue and 
tightness. Although the exact origin of this type 
of muscle pain is debated, some researchers have 
reported that it is related to vasoconstriction of 
the relevant nutrient arteries and the accumula-
tion of metabolic waste products in the muscle 
tissues. Within the ischemic area of the muscle 
certain algogenic substances (e.g., bradykinins, 
prostaglandins) are released, causing muscle pain 
[ 15 – 20 ]. 

 Muscle pain, however, is far more complex 
than simple overuse and fatigue. In fact, muscle 
pain associated with most TMD does not seem 
to be strongly correlated with increased activity 
such as spasm, or even with the burden of daily 
activities like hard chewing, cheerleading, sing-
ing, etc. [ 6 ,  21 – 24 ]. It is now appreciated that 
muscle pain can be greatly infl uenced by central 
nervous system mechanisms [ 16 ,  25 ,  26 ], espe-
cially if it has been present for a prolonged period 
of time. 

 One of the signifi cant clinical fi ndings with 
muscle pain disorders is that the pain is increased 
with function. Therefore, patients often report 
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that the pain affects their ability to chew and even 
talk. However, these functional activities are not 
usually the cause of the disorder, but instead 
they heighten the patient’s awareness of it. More 
likely some other type of activity or a central 
nervous system effect has led to the muscle pain 
[ 27 ]. Therefore, directing treatment toward the 
functional activity itself will not be appropri-
ate or successful. Instead, treatment needs to be 
directed towards diminishing the CNS effects 
and/or possibly muscle hyperactivity. 

 Many clinicians consider all masticatory 
muscle disorders to be the same. If this were 
the case it would certainly make treatment con-
siderations quite simple. However, experienced 
clinicians realize that this is not the case, since 
all muscle pain disorders do not successfully 
respond to the same treatment. There are at least 
fi ve different clinical presentations of muscle 
pain, and being able to distinguish among them 
is important because the treatment of each is 
quite different. The fi ve types are protective 
co-contraction (muscle splinting), local muscle 
soreness, myofascial (trigger point) pain, myo-
spasm, and chronic centrally mediated myalgia 
[ 2 ,  27 , p. 129–69]. The fi rst three conditions 
(protective co-contraction, local muscle sore-
ness, and myofascial pain) are commonly seen 
in the dental offi ce while myospasm and chronic 
centrally mediated myalgia are less frequently 
seen. Many of these muscle disorders appear and 
resolve in a relatively short period of time, some-
times without any type of professional treat-
ment. For most cases a conservative regimen 
of treatment will be successful. However, when 
these conditions do not resolve, more chronic 
pain disorders may result. Chronic masticatory 
muscle disorders become more complicated and 
treatment is generally oriented differently than 
for acute problems. It therefore becomes impor-
tant that the clinician be able to separate acute 
muscle disorders from chronic disorders so that 
proper therapy can be applied. 

 Since the intent of this chapter is not to review 
all muscle conditions, only the most common 
disorders orthodontists will encounter in their 
practices will be discussed. These are local mus-
cle soreness and myofascial pain. 

2.3.1.1     Local Muscle Soreness 
 Local muscle soreness is the most common type of 
acute muscle pain seen in the dental practice. It rep-
resents a condition that is characterized by changes 
in the local environment of the muscle tissues. 
These changes arise from the release of certain 
algogenic substances (i.e., bradykinin, substance 
P, histamine [ 28 ]) that produce pain. These initial 
changes may represent nothing more than fatigue. 
The most likely causes of local muscle soreness are 
overuse of the muscle or trauma. Overuse may be 
associated with a protective co-contraction of the 
muscle secondary to an acute change in sensory 
input or emotional stress. Trauma may be caused 
by a direct blow to the muscle, but a more likely 
reason is simply unaccustomed use of the muscle. 
When excessive use is the etiology a delay in the 
onset of muscle soreness can occur [ 29 ]. This 
type of local muscle soreness is often referred to 
as delayed onset muscle soreness or post exercise 
muscle soreness [ 30 – 34 ]. 

 Clinically, local muscle soreness TMD 
patients present with muscles that are tender to 
palpation and they report increased pain with 
function. When the elevator muscles are involved, 
the patient will report limited mouth opening 
which is secondary to the pain. This means the 
patient can open wider but is not willing to do 
this because it increases the pain. The patient 
may also report muscle weakness [ 35 – 37 ] which 
usually will be returned to normal strength once 
the muscle soreness has been resolved [ 36 – 38 ].  

2.3.1.2     Myofascial Pain 
 Myofascial pain is a regional myogenous pain 
condition characterized by local areas of fi rm, 
hypersensitive bands of muscle tissue known 
as “trigger points.” Myofascial pain is common 
yet not widely appreciated or completely under-
stood. In one study [ 39 ] more than 50 % of the 
patients reporting to a university pain center were 
diagnosed as having this type of pain. 

 The trigger points are often felt as taut bands 
when palpated, which elicit pain. The exact nature 
of a trigger point is not known. It has been sug-
gested [ 40 – 42 ] that certain nerve endings in the 
muscle tissues may become sensitized by algo-
genic substances that create a localized zone of 
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hypersensitivity [ 43 ]. There may be a local tem-
perature rise at the site of the trigger point, sug-
gesting an increase in metabolic demand and/or 
reduction of blood fl ow to these tissues [ 44 ,  45 ]. 
A trigger point is a very circumscribed region in 
which just a relatively few motor units seem to be 
contracting [ 46 ]. 

 The unique characteristic of trigger points is 
that they are a source of constant deep pain and 
therefore can produce central excitatory effects. 
If a trigger point centrally excites a group of con-
verging afferent interneurons, referred pain will 
often result, generally in a predictable pattern 
according to the location of the involved trigger 
point (Figs.  2.1  and  2.2 ) [ 2 ,  47 , p. 21–45]. The 
pain is often reported by the patient as headache 
pain. In many instances patients may be aware 
only of the referred pain and not even acknowl-
edge the trigger points. A perfect example is the 
patient suffering from myofascial trigger point 
pain in the trapezius muscle that creates referred 
pain to the temple region (Fig.  2.3 ) [ 47 – 49 ]. The 
chief complaint is temporal headache, with very 
little acknowledgment of the trigger point in the 

shoulder. This clinical presentation can easily dis-
tract the clinician from the source of the problem. 
The patient will draw the clinician’s attention to 
the site of the pain (the temporal headache) and 
not the origin of the pain.      

2.3.2     Temporomandibular Joint 
Disorders 

 Functional abnormalities of the temporomandib-
ular joints are probably the most common fi nd-
ings one observes when examining a patient for 
masticatory dysfunction. The reason for this is 
due to the high prevalence of signs, and not nec-
essarily symptoms. (See Chap.   3     for discussion 
of the signifi cance of signs and symptoms dis-
covered during TMD screening exams). Many of 
the signs such as joint sounds or deviated open-
ing are not painful, and therefore the patient may 
not seek treatment. These TM joint disorders 
generally fall into two broad categories: Internal 
derangements and infl ammatory joint disorders. 
These conditions will be described separately. 

  Fig. 2.1    Note how a trigger point (marked with X) in the 
occipital belly of the occipitofrontalis muscle produces 

referred headache pain behind the eye (in red) (From 
Okeson [ 2 ], p. 133)       
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2.3.2.1     Internal Derangements 
 Internal derangements represent a group of func-
tional disorders that arise from abnormalities in 
the anatomy and/or positional relationships of the 
TM joint structures. A review of TMJ anatomy 
demonstrates that the disc is attached to the poles 
of the condyle by the medial and lateral collat-
eral ligaments. Many internal derangement dis-
orders arise from alterations of the integrity or 
lengths of these ligamentous attachments. Once 
these ligaments become elongated the disc is 
allowed more freedom to move within the joint. 
The disc will often begin to assume an antero-
medial position in relationship with the condyle 
(Fig.  2.4 ). When the disc is in this more forward 
and medial position, function of the joint can 
be somewhat altered. As the mouth opens and 
the condyle moves forward, a short distance of 
translatory movement can occur between the 
condyle and the disc until the condyle once again 
assumes its normal position on the thinnest area 
of the disc (intermediate zone). Once it has trans-
lated over the posterior surface of the disc to the 
intermediate zone, inter-articular pressure due to 
joint loading maintains this relationship and the 

disc is again carried forward with the condyle 
through the remaining portion of the translatory 
movement. Upon closing, the disc reassumes its 
abnormal position on the condyle in the closed 
joint position. Once in the closed joint position, 
the disc is again free to move according to the 
demands of its functional attachments. In this 
condition, the disc will assume the most antero-
medial position allowed by the discal attach-
ments and its own morphology.  

 As the disc is more chronically repositioned 
forward and medially by action of the superior 
lateral pterygoid muscle, the discal ligaments are 
further elongated. With continuous thinning of 
the posterior border of the disc and further elon-
gation of the disc ligaments, the disc can move 
through the discal space and be trapped anterior 
to the condyle. (Fig.  2.4 ). When this occurs, the 
condyle can now function or load the retrodiscal 
tissues which may be associated with pain. 

 The important feature of this functional rela-
tionship is that the condyle translates across the 
disc to some degree when movement begins. 
This type of movement does not occur in the nor-
mal joint. During such movement the increased 

  Fig. 2.2    Note how trigger points located in the sterno-
cleidomastoideus refer pain to the preauricular (TMJ) 

area, the eye, the forehead, and the ear (From Okeson [ 2 ], 
p. 135)       
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interarticular pressure may prevent the articular 
surfaces from sliding across each other smoothly. 
The disc can stick or be bunched slightly, causing 
an abrupt movement of the condyle over it into 
the normal condyle-disc relationship. A clicking 
sound often accompanies this abrupt movement. 
Once the joint has clicked, the normal relation-
ship of the disc and condyle is reestablished and 
this relationship is maintained during the rest of 
the opening movement. A second click can occur 
as the disc is re-displaced during the later stages 
of closing the mouth. This is called “reciprocal 

clicking” [ 50 ]. As the disc displacement pro-
gresses, the condyle actually begins to function 
behind the disc with loading occurring on the ret-
rodiscal tissues (Fig.  2.4 ). 

 As the disc is more chronically repositioned 
forward and medially, the discal ligaments are 
further elongated. With continuous thinning of 
the posterior border of the disc and further elon-
gation of the disc ligaments, the disc can move 
further forward and be trapped anterior to the 
condyle. This often is accompanied by folding of 
the disc into a ball-like shape. When this occurs it 
will initially lead to a decrease in how far the con-
dyle can move forward. Therefore the patient will 
have the sensation that he or she cannot open the 
mouth completely. This has been called a “closed 
lock” (Fig.  2.5 ) [ 50 ] since the patient feels he 
or she is locked near the closed mouth position. 
Patients may report pain when the mandible is 
moved to the point of limitation, but pain does 
not always accompany this condition [ 51 – 54 ]. 

 If a closed lock continues, the condyle will be 
constantly positioned on the retrodiscal tissues. 
These tissues are not anatomically structured to 
accept forces, but they often remodel to form 
a functional pseudodisc. However, as force is 
applied, some likelihood arises that these tissues 
may break down in some patients [ 55 – 57 ]. With 
this breakdown comes tissue infl ammation and 
pain (retrodiscitis). 

 It is important to appreciate that pain is not 
always a factor with these conditions. Pain is not 
generated by the disc, since it is aneural. The 
structures that are able to produce pain are the 
connective tissues such as the ligaments and the 
very highly innervated retrodiscal tissues. If these 
structures are loaded quickly due to a sudden disc 
shifting, pain is likely. However, if the changes 
occur slowly over time, these tissues are often 
able to adapt and pain may not be associated. 

   Etiology of Internal Derangements 
 Any condition or event that leads to elongation 
of the discal ligaments or thinning of the disc can 
cause these derangements of the condyle-disc 
complex disorders. Certainly one of the most 
common factors is trauma. Two general types of 
trauma need to be considered: macrotrauma and 

  Fig. 2.3    Note how trigger points located in the trapezius 
muscle (marked with X) refer pain to behind the ear, the 
temple, and the angle of the jaw (From Okeson [ 2 ], p. 134)       
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microtrauma. Macrotrauma relates to a sudden 
blow to the face that can result in a quick elonga-
tion of ligaments. This is well documented in the 
literature [ 58 – 71 ]. 

 Microtrauma represents lower levels of force 
but repeated over longer periods of time. It can 
result from joint loading associated with muscle 
hyperactivity such as bruxism or clenching [ 72 , 
 73 ]. This may be especially true if the bruxing 
activity is intermittent and the tissues have not 
had an opportunity to adapt. It is likely that if 
the bruxing is long standing, the articular tissues 

have adapted to the loading forces and changes 
will not be seen. In fact, in most patients gradual 
loading of the articular surfaces leads to an adap-
tive, more tolerant articular tissue [ 74 – 76 ]. 

 Microtrauma may be the result of man-
dibular loading in the presence of orthopedic 
instability, as stated in an earlier section. When 
orthopedic instability exists, repeated loading, 
such as clenching the teeth, can lead to slight 
movements of the condyle resulting in micro-
trauma to the ligaments. The results can be 
elongation of these ligaments and eventually 
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  Fig. 2.4    Functional displacement of the disc with reduc-
tion. Note that while the mouth is closed (stage 1) the disc 
is displaced anterior to the condyle. During opening the 
condyle passes over the posterior border of the disc onto 
the intermediate area of the disc, thus reducing the dis-

placed disc (stage 4). At this stage a click is felt. During 
the rest of the opening movement the condyle and disc 
function normally. During closing the disc is re-displaced 
(stage 8–1) and a second click is felt ( reciprocal click ) 
(From Okeson [ 2 ], p. 145)       
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disc  movements. Remember that the amount 
and intensity of the loading greatly infl uence 
whether the orthopedic instability will lead to 
a disc derangement disorder. Bruxing patients 
with orthopedic instability, therefore, are more 
likely to develop problems than non-bruxers 
with the same occlusion. 

 An important question that arises in dentistry 
is “What occlusal conditions are commonly 
associated with internal derangements?” The 
most orthopedically stable position of the con-
dyle is in the superior anterior position resting 

against the posterior slope of the articular emi-
nence. This is referred to as the musculoskel-
etally stable position [ 2 , p. 291–316] and it is 
determined by the loading forces of the elevator 
muscles. It has been demonstrated that when an 
occlusal condition causes a condyle to be posi-
tioned posterior to the musculoskeletally stable 
position the posterior border of the disc can be 
thinned [ 77 ]. A common occlusal condition that 
has been suggested by some orthodontists to pro-
duce this problem is the skeletal Class II deep-
bite malocclusion; advocates of this concept also 
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  Fig. 2.5    Functional displacement of the disc without 
reduction Note that during opening the condyle never 
assumes a normal relationship on the disc but instead 
causes the disc to move forward ahead of it. This condi-

tion limits the distance it can translate forward ( closed 
lock ). Clicking often resolves when this occurs (From 
Okeson [ 2 ], p. 146)       

 

2 Temporomandibular Disorders: Etiology and Classifi cation



30

believe that this situation may be further aggra-
vated when a Division 2 anterior relationship also 
exists [ 78 – 82 ]. However, most studies show no 
relationship between Class II malocclusion and 
these disorders [ 13 ,  83 – 89 ]. Other studies show 
no association between the horizontal and ver-
tical relationship of the anterior teeth and disc 
derangement disorders [ 90 – 94 ]. While occlusal 
conditions are not the main etiologic factors for 
internal derangements, the important feature of 
an occlusal condition that leads to disc derange-
ment disorders is the lack of joint stability when 
the teeth are tightly occluded. Therefore, it is 
likely that some Class II malocclusions provide 
joint stability (a stable malocclusion) while oth-
ers do not; but the same can be said for every type 
of static malocclusion category. 

 It is obvious that no simple relationship exists 
between orthopedic instability and intracapsu-
lar disorders. It is very important, however, that 
when orthopedic instability exists, it be identi-
fi ed as a potential etiologic factor. It should be 
noted that orthodontic therapy can be a viable 
treatment for orthopedic instability and may need 
to be considered when this instability has been 
determined to be a contributing factor to a TMD.   

2.3.2.2     Osteoarthritis 
 When internal derangements of the TMJ occur, 
the structures affected by these changes often 
respond. The most common tissues affected are 
the retrodiscal tissues and the articular surfaces 
of the condyle and articular eminence. These 
changes can result in adaptation or destruction, 
depending upon many factors. Some of these fac-
tors are the acuteness of the changes as well as the 
intensity and duration of the loading. There are 
also important biologic and genetic factors that 
may regulate the patient’s ability to repair tissues. 

 If the articular surfaces of the condyle become 
affected, the subarticular bone receives addi-
tional loading and changes can occur. Similar 
changes also can occur in the absence of internal 
derangements. These changes represent a group 
of disorders that are considered joint arthriti-
des. The most common type of TMJ arthritis is 
osteoarthritis (sometimes called degenerative 
joint disease). Osteoarthritis represents a destruc-

tive process by which the bony articular surfaces 
of the condyle and fossa become altered. It is 
generally considered to be the body’s response 
to increased loading of a joint [ 95 ]. As loading 
forces continue and the articular surface becomes 
softened (chondromalacia), the subarticular bone 
begins to resorb. Progressive degeneration even-
tually results in loss of the subchondral cortical 
layer, bone erosion, and subsequent radiographic 
evidence of osteoarthritis [ 96 ]. It is important to 
note that radiographic changes are only seen in 
later stages of osteoarthritis and may not refl ect 
the clinical symptoms accurately. 

 Osteoarthritis is often painful, and jaw move-
ment accentuates the symptoms. Crepitation 
(multiple grating joint sounds) is a common 
fi nding with this disorder. Osteoarthritis can 
occur any time the joint is overloaded, but is 
most commonly associated with disc displace-
ments [ 97 ,  98 ] or perforation [ 99 ]. Once the disc 
is displaced and the retrodiscal tissues break 
down, the condyle begins to articulate directly 
with the fossa accelerating the destructive pro-
cess. In time, the dense fi brous articular sur-
faces are destroyed and bony changes occur. 
Radiographically, the surfaces seem to be eroded 
and fl attened. Any movement of these surfaces 
creates pain, so jaw function usually becomes 
very restricted. Although osteoarthritis is in the 
category of infl ammatory disorders, it is not a 
true infl ammatory condition. With appropriate 
treatment and reduction of joint loading, the 
arthritic condition can become adaptive. The 
adaptive stage has been referred to as osteoar-
throsis [ 95 ,  100 ]. 

 Other types of arthritides can certainly affect 
the temporomandibular joint. The most common 
after osteoarthritis is rheumatoid arthritis. This 
is thought to be an autoimmune disorder and 
therefore has its origin in systemic factors. The 
juvenile form of this problem can produce sig-
nifi cant joint changes as well as serious occlusal 
problems. Other common causes of TMJ arthritis 
are traumatic arthritis, infectious arthritis, pso-
riatic arthritis, and hyperuricemia (gout). These 
conditions are not reviewed in this chapter. Other 
texts can be reviewed for a more thorough review 
of TMJ arthritides [ 2 , p. 317–61].    
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2.4     Summary of the Continuum 
of TMJ Intracapsular 
Conditions 

 Disorders of the temporomandibular joints may 
follow a path of progressive events, i.e., a con-
tinuum, from the initial signs of dysfunction to 
osteoarthritis. They are summarized in Fig.  2.6 .  

 Although this continuum is logical, the 
question must be asked whether these stages 
are always progressive for every patient. It is 
a question of great signifi cance, because if all 
patients continue to progress in this manner, 
then there would be a professional obligation to 
resolve any joint symptoms as soon as they fi rst 
appear. The sequence of breakdown as summa-

rized in Fig.  2.6  is logical and has clinical sup-
port [ 101 – 103 ]. However, clinical longitudinal 
studies have clearly shown that some intracap-
sular TMD patients will present in one stage 
but may not necessarily progress to the next. At 
any given stage of disc derangement the patient 
may reach a level of adaptability and no further 
progression or breakdown will occur [ 104 ,  105 ]. 
This can be supported by histories of asymp-
tomatic single and reciprocal clicks over many 
years [ 106 ]. Perhaps the key to determining who 
needs treatment lies in the obvious progression 
from one stage to the next. Also the presence 
of pain is important, since it implies continu-
ous breakdown; in any case, the pain should 
be treated for its own sake. Therefore, it is this 

a b

c d

e f

  Fig. 2.6    Various states of internal derangement of the 
TMJ. ( a ) normal joint, ( b ) partial displacement of the disc, 
( c ) complete displacement of the disc, ( d)  impingement of 

retrodiscal tissues, ( e ) retrodiscitis and tissue breakdown, 
( f)  osteoarthritis (From Okeson [ 2 ], p. 156)       
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author’s opinion that treatment for such patients 
needs to be instituted when pain is associated 
with the condition. The treatment should be 
directed toward controlling pain and changing 
loading, thereby allowing a better opportunity 
for the tissues to repair and eventually adapt. 
Treatment of these conditions is beyond the 
objectives of this chapter and therefore other 
sources should be pursued.   

    Conclusion 

 Temporomandibular disorders are com-
mon conditions that may be encountered by 
orthodontists: during pre-treatment screen-
ing, during their treatment procedures, or 
during orthodontic retention. Every ortho-
dontist needs to have a basic understanding 
of these musculoskeletal disorders so that he 
or she can respond to their patients’ needs. 
The purpose of this chapter was to present 
the pathophysiology, etiology, and clinical 
characteristics of the most common tem-
poromandibular disorders. The goal was 
not to provide detailed therapeutic consid-
erations for TMDs. However, it should be 
mentioned that most TMDs can be success-
fully managed by very conservative, revers-
ible treatments. This should always be the 
initial approach before any irreversible treat-
ments are considered. 

 Although some patients with TMDs may 
respond to orthodontic therapy, most will 
not because their occlusal conditions are not 
the cause of their symptomatology. Also, the 
positive responses seen may simply be due 
to placebo effects, spontaneous improve-
ments, or the passage of time. Therefore, 
the orthodontist needs to understand which 
TMD patients will benefi t before any orth-
odontic therapy is begun, and that treatment 
should not be initiated until acute symptoms 
of pain and dysfunction have been addressed. 
A review of the fi ve etiologic factors pre-
sented in this chapter reveals that orthodontic 
therapy potentially affects only one of them, 
i.e., the occlusal condition. The manner by 
which orthodontic therapy affects this factor 
is by providing orthopedic stability, because 

proper orthodontic therapy can provide a 
stable occlusal position in the most stable 
joint position. Accomplishing this provides 
orthopedic stability in the masticatory struc-
tures, which minimizes risk factors associated 
with TMDs. Since orthodontic treatment will 
always disrupt the existing occlusal and TMJ 
relationships, establishing this orthopedic sta-
bility at the end of treatment should be the 
goal for every patient who receives orthodon-
tic therapy. 

 When a patient presents to the orthodon-
tist with a TMD, the etiology of the TMD 
needs to be determined before any treatment 
is begun. Assuming that the patient’s maloc-
clusion is the major etiologic factor causing 
the TMD is a very naïve assumption. Nothing 
is more discouraging to the patient (and doc-
tor) than to provide excellent orthodontic 
treatment for 2 years and then hear the 
patient report that the pain is still present. 
Although the orthodontic therapy may have 
been successful, the orthodontist has failed 
to successfully treat the patient. Therefore, 
before beginning orthodontic therapy on any 
symptomatic patient, the clinician needs to 
confi rm that orthopedic instability is an eti-
ology for that patient, because this is the 
only scenario in which orthodontics can be 
considered as an appropriate treatment for 
TMD. 

 Take Home Messages 

•     TMD signs and symptoms are common 
in the general population, but only a 
small percentage of those require 
treatment.  

•   Orthodontists need to be aware how 
their treatments can affect masticatory 
function.  

•   There are fi ve recognized etiologic fac-
tors associated with TMD.  

•   Muscle pain is the most common pain-
ful TMD encountered in the orthodontic 
practice.  
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      Screening Orthodontic Patients 
for Temporomandibular Disorders 

           Charles     S.     Greene       and     Gary   D.     Klasser    

3.1            Introduction 

 Patients who present for orthodontic diagnosis 
and treatment must have a thorough oral exami-
nation before beginning the orthodontic evalua-
tion process. The traditional oro-dental screening 
includes three major components: (1) caries his-
tory and current dental situation, (2) periodontal 
history and current fi ndings of concern, and (3) 
oral cancer screening and soft tissue exam. 

 However, there is a fourth item that needs to 
be included in the aforementioned list, i.e., an 
evaluation of orofacial region with emphasis 
regarding the temporomandibular joints (TMJs) 
and associated musculoskeletal structures. The 
main focus of such an evaluation is to ascertain 
whether the patient has a temporomandibular dis-
order (TMD). The American Association of 
Orthodontists has only a brief recommendation 
about this subject in its Clinical Guidelines [ 1 ]: 

  An evaluation [should be done] of the tem-
poromandibular joint and associated muscula-
ture to assess function and disease.  

 Obviously, this limited suggestion does not even 
begin to inform the orthodontic practitioner about 
what actually needs to be done in order to perform 
a proper screening exam for TMDs. Furthermore, it 
does not address what should be done if positive 
signs and symptoms of TMD are discovered during 
the screening. In this chapter, the authors will 
address the challenge of performing a proper initial 
screening examination for TMDs on prospective 
orthodontic patients. Screening protocols and 
forms that have been recommended in the past by 
the American Dental Association (ADA) and other 
groups will be discussed. Recommendations will 
be made for reacting in an appropriate manner to 
the various minor or major fi ndings obtained dur-
ing the screening exam. 

 In addition to the need for routine screening of 
all prospective orthodontic patients for the pres-
ence of a TMD, the orthodontist also must be pre-
pared to deal with patients who present with 
orofacial pain symptoms. The following three situ-
ations can occur in every orthodontic practice:

    1.    The orthodontist may have a patient referred 
specifi cally for TMD issues.   

   2.    TMD signs and symptoms may arise during 
orthodontic treatment.   

   3.    A completed patient may develop TMD after 
orthodontic treatment.    

  In order to deal with these possibilities, the 
orthodontist needs to know how to obtain a proper 
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history and conduct a clinical examination of a 
patient who presents for any of the aforemen-
tioned reasons with symptoms that fall within the 
broad category of orofacial pain. There are many 
different types and categories of orofacial pain, 
including various types of headache disorders. 
However, for the purposes of this chapter and this 
book we will be focusing on the TMDs, because 
these are the disorders that orthodontists will most 
commonly have to deal with in their practices. 
The diagnosis of some form of TMD requires a 
careful process of differential diagnosis, because 
there are many medical and dental problems that 
produce orofacial pain symptoms; some of these 
overlap considerably with TMD symptoms. Even 
if the orthodontist does not want to manage TMD 
problems in his or her offi ce, it is important to 
establish a presumptive diagnosis of the patient’s 
complaints. This process will lead to more appro-
priate referrals for each situation encountered. 

 There are important differences between the 
differential diagnosis procedures for individuals 
reporting possible TMD pain and the procedures 
used in screening for those conditions. In addi-
tion, the skills needed for screening should be 
used every day with new patients, while more 
complete assessments will only be needed when 
individuals initially present with these problems 
or when problems arise during the course of 
treatment. In the next section, we provide a brief 
review of the complete examination protocol for 
assessing a patient complaining of pain. This will 
be followed by a comprehensive discussion of 
TMD screening protocols and how to deal with 
the fi ndings obtained in that process.  

3.2     Assessment of Patients 
Presenting with or Who 
Develop TMD Symptoms 

 The American Academy of Orofacial Pain (AAOP) 
defi nes TMD as “a group of musculoskeletal and 
neuromuscular conditions that involve the TMJs, 
the masticatory muscles, and all associated tissues” 
[ 2 ]. As previously stated, the signs and symptoms 
associated with these disorders are often similar to 
those that arise from other non-musculoskeletal 
sources (neurologic, neurovascular, neoplastic, and 

glandular). These commonalities may create a con-
fusing scenario for the orthodontist who has not 
been trained in the diagnosis of such problems. 
Unfortunately, the possibility for misinterpretation, 
misdiagnosis, and mistreatment with the potential 
for morbidity and mortality may exist, so it is 
important for the orthodontist to be able to perform 
this preliminary differential diagnosis [ 3 ]. A good 
reference for how practitioners should conduct this 
type of diagnostic exam can be found in the AAOP 
Guidelines [ 2 ]. 

 Therefore, if patients present with signs/symp-
toms of a TMD condition, orthodontists will be 
faced with two choices. They can either manage 
the TMD problem for this patient prior to initiat-
ing orthodontic interventions, or they may refer to 
a colleague with expertise in the fi eld of TMD and 
orofacial pain. If the choice is made to manage 
this individual, then it should be done in accor-
dance with currently accepted guidelines for 
TMD diagnosis and treatment [ 2 ]. Accepting this 
responsibility should be done with the under-
standing that, according to recent systematic 
reviews, orthodontic treatment is neither the cause 
nor cure for TMD (see Chap.   6    ), so the appropri-
ate management will involve using reversible and 
conservative modalities such as medications, 
physical therapy, oral appliances, and self-care. 

 The importance of adhering to a complete and 
thorough assessment process cannot be overstated, 
since it is only by following this protocol that the 
orthodontist can deliver a proper diagnosis and pro-
vide appropriate management strategies. The his-
tory portion of a TMD assessment should be similar 
to that conducted by our medical colleagues. The 
sequencing should be performed in a logical man-
ner commencing with the chief complaints as pre-
sented in the patient’s own words. These complaints 
should be documented in the order of severity as 
expressed by the patient, and details of each com-
plaint are elicited in a systematic manner. This is 
then followed by the history of the chief complaint 
which should include such information as the loca-
tion of the pain(s), date of onset, event onset (spon-
taneous or stimulus induced), quality, frequency, 
duration, and intensity (based upon a numeric rat-
ing scale of 0 = no pain to 10 = the most extreme 
pain, or a visual analog scale using a 10-cm line 
labeled at one end with “no pain” and at the other 
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end with “most extreme pain”). Questions should 
be asked about factors that alleviate, aggravate, or 
precipitate the pain; changes over time; previous 
treatment results; and any associated issues. 

 Finally, it is essential to ask if the patient has 
any of the well-known comorbid conditions that 
are frequently found in TMD patients such as 
certain headaches, affective disorders (anxiety 
and depression), and nonorganic (functional) dis-
orders such as fi bromyalgia, irritable bowel syn-
drome, interstitial cystitis/bladder pain syndrome, 
chronic pelvic pain, and vulvodynia [ 4 ,  5 ]. 

 The next line of questioning should be directed 
toward the medical, dental, and psychosocial his-
tory. The medical history should inquire about 
previous surgery, hospitalizations, trauma, illness, 
developmental and acquired anomalies, sleep dis-
orders and sleep-related breathing disorders, 
allergies, and medication usage (including pre-
scribed, over the counter, herbal and vitamin sup-
plements, and illicit drug use). The dental history 
should include information regarding previous 
dental disease, treatment, and habit history (awake 
and asleep). This should then be followed by tak-
ing a psychosocial history which includes a dis-
cussion of social, behavioral, and psychological 
issues; occupational, recreational, and family sta-
tus; litigation, disability, or secondary gain issues. 

 Next, a comprehensive physical examination of 
the region must be performed. This consists of a 
general inspection of the head and neck; orthopedic 
evaluation of the temporomandibular joint includ-
ing intracapsular sounds; assessment of the cervical 
spine; masticatory and cervical muscle evaluation; 
evaluation of the cranial nerves for neurovascular, 
neurosensory, and motor problems; and fi nally an 
intraoral assessment (hard and soft tissues). 

 Adjunctive tests may be required if the yield 
from doing so would enhance the ability of the 
orthodontist to develop a defi nitive diagnosis and/
or provide appropriate management. One of the 
adjunctive tests to be considered is dental imaging 
(bitewing, periapical, and panoramic radiographs) 
and/or medical imaging (computerized tomogra-
phy, cone-beam computed tomography, magnetic 
resonance imaging, radionucleotide, and ultraso-
nography) [ 6 ]. 

 TMJ imaging is warranted when the history or 
examination, or both, are indicative of a recent or 

progressive pathological joint condition; signifi -
cant dysfunction or alteration in range of man-
dibular movements; or signifi cant and often 
sudden changes in occlusion (anterior open bite, 
posterior open bite, and mandibular shift). Other 
adjunctive tests to be considered are diagnostic 
anesthesia and serologic testing. 

 The authors have provided a protocol for man-
aging patients who either present with or develop 
TMD during treatment or after completion of 
treatment (Table  3.1 ). For a comprehensive 

    Table 3.1    Protocol for the management of TMD signs 
and symptoms within an orthodontic practice   

 At time of 
presentation 

 1. If patient has signs and 
symptoms of TMD, then the 
patient should be informed that 
orthodontic treatment will not 
resolve those problems. 
 2. Current TMD signs and 
symptoms should be noted, and a 
full TMD history and clinical 
examination should be undertaken 
and recorded. 
 3. If the existing TMD is acute 
and severe, the commencement of 
orthodontic treatment should be 
 postponed  until the condition is 
either resolved or stabilized. 

 During treatment  1. Acknowledge and recognize the 
signs and symptoms of TMD. 
 2. Reassure and educate the 
patient that TMD is not 
necessarily a progressive problem 
and in most cases symptoms will 
improve over time with 
conservative treatment. 
 3. Active orthodontic treatment 
should be  postponed  and TMD 
signs and symptoms should be 
managed by either the orthodontist 
or an expert TMD colleague. 
 4. Once signs and symptoms have 
been alleviated or controlled, 
active orthodontic treatment may 
be resumed with consideration to 
modifi cation of treatment 
(reduction of forces on headgear, 
remove or lighten elastics, use of 
oral TMD treatment appliance). 

 After treatment  The patient should be  monitored  
for signs and symptoms 
throughout the retention period. If 
symptoms arise, appropriate 
management should be provided. 
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review of the history taking and clinical examina-
tion process, the reader is referred to other 
sources [ 7 – 9 ].

3.3        Previous and Current TMD 
Screening Forms or 
Recommended Protocols 

 The fi rst formal attempt to present a structured 
questionnaire for screening all dental patients for 
the presence of a TMD appeared at the end of the 
book summarizing the proceedings of the ADA 
President’s Conference that was held in 1982, 
and it also was cited in the ADA journal [ 10 ]. The 
recommended history questions and examination 
procedures from that conference are presented in 
Table  3.2 . While some of the  questions might 
have been helpful for screening purposes, others 
were so broad (ever had injury? ever had arthri-
tis?) as to be practically meaningless. This form 
was not widely distributed or accepted by the 

profession, mainly due to its  limited publication, 
and therefore it was not widely used by clinical 
dentists. Subsequent attempts to present recom-
mended approaches to TMD screening have met 
with mixed success. In 1986 the TMJ Scale, a 
commercially developed questionnaire for 
screening TMD in private dental offi ces, was 
described in a popular journal; however, this 
97-question form was far too cumbersome for 
routine use in dental practices [ 11 ]. In that same 
year, Kleinknacht et al. [ 12 ] presented a 14-ques-
tion approach to screening, but their question-
naire had many shortcomings: the interexaminer 
reliability (percentage agreement) ranged from 
50 to 92 %, there was a lack of reference to any 
standard diagnosis, and no psychometric proper-
ties were presented.

   Similar problems affl icted several subsequent 
attempts to develop a useful screening instrument 
for detecting TMD problems in ordinary dental 
patient populations. These past attempts are well 
summarized in Table  3.1  in an excellent article by 
Gonzalez et al. [ 13 ] so they will not be discussed 
further here. In that 2011 paper, these authors 
presented both short (three-item) and long (six- 
item) versions of a newly developed TMD screen-
ing form (Fig.  3.1 ). By using psychometric 
methods for item selection, they developed these 
questionnaires and evaluated them for validity 
among 504 participants. They concluded that the 
selected items exhibited excellent content valid-
ity. The excellent levels of reliability, sensitivity, 
and specifi city demonstrate the validity and use-
fulness of this instrument in any clinical offi ce 
setting.  

 In addition to these TMD screening forms pre-
sented by various authors in the dental literature, 
there have been other approaches recommended 
by several dental organizations (academies, con-
sortiums, institutes, etc.). The American College 
of Prosthodontists formed a committee that devel-
oped a 15-item form, which appears in an article in 
the inaugural issue of their journal [ 14 ]. In 2008, 
the European Academy of Craniomandibular 
Disorders (EACD) published a 4-item question-
naire that is quite minimal, with the instruction 
that any positive answer should lead to more in-
depth investigations [ 15 ]. Meanwhile, various 

   Table 3.2    Recommended (1982) protocol for screening 
patients for temporomandibular disorders   

 Screening history for 
temporomandibular 
disorders 

 Screening examination for 
temporomandibular 
disorders 

 Do you have diffi culty 
opening your mouth? 

 Inspection for facial 
asymmetry 

 Do you hear noises from 
the jaw joints? 

 Evaluation of jaw 
movements 

 Does your jaw get “stuck, 
locked, or go out?” 

 Palpation for muscle or 
joint tenderness 

 Do you have pain in or 
about your ears or 
cheeks? 

 Palpation for clicking, 
crepitus, abnormal 
movements 
(incoordination)  Do you have pain on 

chewing? Wide opening? 
 Does your bite feel 
uncomfortable/ unusual? 
 Have you had injury to 
jaw, head, or neck? 
 Have you ever had 
arthritis? 
 Have you previously been 
treated for TMD? 

  From the Report of the President’s Conference on exami-
nation, diagnosis, and management of temporomandibu-
lar disorders, 1982 [ 10 ]  
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occlusally oriented institutes and study clubs have 
developed in-house protocols for detecting TMD 
problems in newly presenting patients. The Pankey 
and Dawson groups in Florida emphasize a manip-
ulative methodology in which the mandible is 
placed in centric relation and occlusal relation-
ships are observed. Also, the mandible is “loaded” 
by pushing horizontally backward and laterally to 
see how the TMJs respond to such forces [ 16 ]. 
Other groups (Spear, Kois) use so-called “de-pro-
gramming splints” to allow the mandible to drift 
into a “relaxed” muscular position. Based on the 
outcome of this procedure, judgments are made 

about the need to change the TMJ relationship via 
permanent occlusal treatment [ 17 ]. The Las Vegas 
Institute, however, utilizes electronic diagnostic 
instrumentation to analyze mandibular and occlu-
sal relations; their concept is described as “neuro-
muscular dentistry.” Based on a combination of 
electrical stimulators, jaw trackers, electromyo-
graphic recorders, and sound recorders, they deter-
mine who needs to have occlusal therapy as either 
a preventive or therapeutic treatment for TMD 
[ 18 ]. However, numerous papers have been pub-
lished about the fl aws and problems associated 
with the use of these electronic devices [ 19 – 23 ]. 

Temporomandibular pain disorder screening instrument.

1. In the last 30 days, on average, how long did any pain in your jaw or temple
    area on either side last?

2. In the last 30 days, have you had pain or stiffness in your jaw on awakening?

3. In the last 30 days, did the following activities change any pain (that is,
    make it better or make it worse) in your jaw or temple area on either side?

A. Chewing hard or tough food

a. No pain

b. From very brief to more than a week, but it does stop

a. No 

b. Yes

a. No 

b. Yes

B. Opening your mouth or moving your jaw forward or to the side

a. No 

b. Yes

C. Jaw habits such as holding teeth together, cleaning, grinding or chewing gum

D. Other jaw activities such as talking, kissing or yawning

Items 1 through 3A constitute short version of the screening instrument, and items 1
through 3D constitute the long version. An "a" response receives 0 points, a "b" response
1 point and a "c" response 2 points.

a. No 

b. Yes

a. No 

b. Yes

c. Continous

  Fig. 3.1    TMD screening 
instrument (Gonzalez et al. 
[ 13 ]). Copyright © 2011 
American Dental 
Association. All rights 
reserved. Reprinted by 
permission)       
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It should be obvious that all of these parochial in-
house procedures are biased by the underlying 
philosophy of each organization; therefore, it is 
hard to accept the outcomes as providing mean-
ingful analyses of good or bad mandibular posi-
tions, let alone as a screening method to detect 
TMDs. In addition, the invasiveness of the irre-
versible occlusal procedures that follow such anal-
yses demands a much higher level of scientifi c 
evidence than is provided by these arbitrary diag-
nostic practices.  

3.4     What to Do If Positive 
Findings Are Obtained 
During a Screening Exam? 

 In the course of screening new orthodontic 
patients for the presence of TMDs, there will 
inevitably be some positive answers to clinical 
questions as well as some positive “fi ndings” 
from the physical examination of stomatognathic 
structures. The important question will be: when 
are those positive fi ndings signifi cant enough to 
establish a clinical diagnosis of TMD? This 
dilemma was fi rst confronted by some of the early 
epidemiologic studies of TMD, in which research-
ers wanted to establish the prevalence of TMDs in 
the general population. The numbers reported in 
early studies by Helkimo and others who used the 
Index he developed were surprisingly high, often 
exceeding 50 % of the surveyed population [ 24 ]. 
This was largely due to the inclusion of various 
minor pain complaints and certain “objective” 
fi ndings like TMJ clicking or deviated opening. 
Over time, this approach was criticized by Greene 
and Marbach [ 25 ] as well as several others, and 
later de Kanter in Holland presented survey num-
bers for that entire country which were much 
more reasonable [ 26 ]. Terms like “clinically sig-
nifi cant” or “requiring treatment” became the 
threshold for determining whether people had 
actual TMD problems, or if they merely had vari-
ations from the expected ideal or normal fi ndings. 
As a result, most modern epidemiologic studies of 
TMD agree that less than 10 % of the general 
population has a clinical problem that requires 
professional attention [ 27 – 29 ]. 

 A screening exam for TMD should begin by 
asking questions about symptoms, both past and 
present. The fi rst question should be: “Have you 
ever been diagnosed and/or treated for a TMD 
problem?” Assuming the answer is NO, the 
patient should be asked if any type of nondental 
facial pain has been occurring; however, this 
question should be elaborated so that the answers 
to it are meaningful for establishing a TMD diag-
nosis. What kind of pain has occurred? How 
often? Where did it seem to be? Did it affect jaw 
functions like chewing? Was it happening only 
after extreme functions like long dental appoint-
ments, extended gum chewing, etc.? Many peo-
ple will report having a minimal experience of 
some type of facial pain history, often related to 
dento-alveolar problems. Therefore, a positive 
response to a pain question is far from being 
enough to classify the person as having a TMD. 

 The next symptom to ask about is TMJ click-
ing or popping. If there is a positive response, 
once again some important qualifying questions 
should be asked: When did the clicking start? 
Has it become more frequent or louder? Is it 
associated with any pain? Does the jaw ever get 
“stuck” in trying to open or close? Did the patient 
ever report it to a physician or dentist? 

 Some questions about functional diffi culty 
should be part of the symptom history. Patients 
should be asked if they have noticed a limitation 
in their ability to open widely; however, it is 
important to ask whether that has always been 
true, or if it has been developing over time. They 
should be asked if normal functions like chewing 
hard food, singing in a choir, yawning widely, 
chewing gum, or sitting through a long dental 
appointment produce fatigue and pain; if so, does 
this symptom linger afterward or go away fairly 
quickly? Once again, there is a possibility that 
this is merely a situational problem, but it also is 
possible that these functional limitations are 
signifi cant. 

 After the history portion of the exam is com-
pleted, the clinician needs to perform a physical 
examination to look for signs of TMD (and to 
correlate those with symptoms if possible). The 
fi rst phenomenon to look for is clicking, popping, 
or other TMJ noises. This can be done by manual 
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palpation or by auscultation with a stethoscope; 
clinicians may be surprised by how often a sound 
is discovered during the exam, but it was not 
reported by the patient. If the joint sound is a 
single click, it often will be louder on opening 
and softer on closing (reciprocal click) as the 
condyle goes beyond the posterior band of the 
articular disk. If the sound is a grating (crepitus) 
noise, the patient should be asked about a history 
of arthritis in other joints; if the TMJ is the only 
joint, questions can be raised about previous 
painful episodes in that area. Imaging is not 
required either medico-legally or clinically to 
document this type of fi nding in the absence of 
signifi cant pain and dysfunction. 

 Continuing with manual palpation, the masti-
catory muscles and both TMJs can be palpated 
for tenderness. Once again, however, caution 
must be exercised so that every positive response 
does not become an important “fi nding” of mus-
cle or joint problems. Some sensible questions 
like “Are you surprised this area is tender? Have 
you noticed pain or tenderness before in this 
area?” can be helpful in sorting out the signifi -
cance of such fi ndings. It is wise to palpate some 
adjacent structures that should not ever be tender 
in order to decide whether the patient is simply a 
strong responder to these kinds of provocations. 
The next objective assessment to perform is the 
observation and measurement of mouth opening, 
lateral excursions, and mandibular protrusion. 
One might see  deviation  during opening, but the 
mandible ends up in the midline at maximum 
opening, or there may be  defl ection  of the man-
dible to one side as wide opening is reached. A 
fi nding of limited opening requires questioning 
the patients about their awareness of this fact; 
many subjects will report that they either were 
not aware of it or this is how it always has been 
for them, while others may say that this limita-
tion has become an increasing problem for them. 
This is a crucial distinction, since the latter fi nd-
ing may be a sign of serious trouble and will need 
further investigation. 

 After gathering all of the aforementioned 
information, the clinician has to make a decision 
about whether the positive fi ndings from an indi-
vidual patient are minor or major in signifi cance. 

While there is no absolutely clear line to be 
drawn between these two categories, there are 
some general biologic points to consider. First, it 
should be recognized that many people have tran-
sient orthopedic discomforts and dysfunctions in 
various parts of the body, most of which are likely 
to be self-resolving; the TMJ system is no differ-
ent in this regard, so complaints of minor tran-
sient jaw fatigue or pain episodes should not be 
classifi ed as clinically signifi cant. On the objec-
tive side, phenomena like painless TMJ clicking 
or crepitus, deviated opening, tenderness in cer-
tain areas, or nonprogressive limited jaw opening 
cannot be resolved in most cases by any reason-
able treatment; therefore, they should simply be 
regarded as imperfections that do not reach the 
threshold of being signifi cant clinical problems. 

 On the other hand, major TMD symptomatol-
ogy that is either discovered in screening or 
reported by the patient should be dealt with 
before embarking on any orthodontic evaluation 
or treatment protocol as discussed previously 
 [see “Assessment of patients presenting with or 
who develop orofacial pain symptoms”].  If the 
orthodontist is not comfortable in managing such 
problems in his/her offi ce, an appropriate referral 
will be necessary. In some cases, even with expert 
care, the patient may continue to have low-level 
or recurrent TMD symptoms, so a decision must 
be made about proceeding with the ideal orth-
odontic treatment plan or needing to compro-
mise. In any case, an informed consent note 
should be placed in the record and signed by the 
patient, in which the orthodontist lists all positive 
fi ndings from the screening exam and specifi es 
what action (if any) needs to be taken before 
starting orthodontic treatment.  

3.5     What to Do If the Orthodontist 
Is Consulted Specifi cally 
for TMD Issues? 

 Every orthodontist can expect to have some 
patients referred to them specifi cally for treat-
ment of a TMD. The most common reason for 
this is the observation by a referring dentist that 
the patient has some type of morphologic or 
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functional malocclusion, leading to a presump-
tion that this fi nding is the basis for developing 
TMD symptoms. Since many people in the gen-
eral population have “untreated occlusal prob-
lems,” the likelihood of that coincidental fi nding 
occurring in a TMD patient is rather high. In a 
recent survey by the authors of this chapter it was 
found that many dental schools in the USA and 
Canada do not provide adequate predoctoral 
training in the area of orofacial pain and TMDs 
[ 30 ]. Therefore, a general dentist who has not 
been exposed to contemporary concepts about 
the etiology and management of TMDs might 
expect an orthodontist to deal with such problems 
by performing orthodontic treatment. 

 However, the idea that occlusal dysharmonies 
and certain maxillo-mandibular relationships are 
responsible for the development of TMD symp-
toms has largely been discredited in the orth-
odontic literature as well as in the TMD literature. 
The reader is urged to look at the comprehensive 
orthodontic/TMD review papers cited here for 
confi rmation of this important fact [ 31 – 33 ]. 
Instead, it is now widely recognized that TMDs 
are complex musculoskeletal pain disorders that 
share many characteristics with other somatic 
pain disorders, and the etiologic basis for devel-
oping them is complex and multifactorial [ 34 , 
 35 ]. Therefore, an orthodontist who receives a 
TMD-based referral must be able to respond 
appropriately to both the patient and the referring 
doctor. The patient needs to know what is the best 
course to follow (rather than the proposed orth-
odontic treatment), and the referring doctor needs 
to understand why the orthodontist will not be 
providing that expected orthodontic treatment. 
All of this has to be accomplished without alien-
ating any of the parties involved, so it is obvious 
that the orthodontist needs to have a good under-
standing of all the issues surrounding this type of 
situation. If an orthodontist does decide to pro-
vide primary care for patients with TMD symp-
toms within his/her offi ce, this can be a valuable 
service to the local community of dentists as well 
as for the patients themselves. However, as dis-
cussed earlier, it is essential that treatment pro-
vided should be evidence-based conservative 
care that conforms to the current standards and 

protocols in the TMD fi eld [ 2 ]. If this is not fea-
sible, then an appropriate referral needs to be 
made.  

3.6     What to Do If TMD 
Symptoms Arise During 
Orthodontic Treatment? 

 The fact that a majority of orthodontic patients 
are adolescents becomes important when talking 
about TMDs and orthodontic treatment. Since the 
onset of many TMD problems begins during the 
adolescent years, the probability of coincidental 
development of TMD symptoms becomes a chal-
lenge for the orthodontist. The fi rst issue to con-
sider is whether the reported pain and/or 
dysfunction are indeed coincidental, or whether 
this might be a response to the orthodontic treat-
ment forces. In either case, the recommended 
protocol is to  STOP  all active mechanics and treat 
the symptoms conservatively. Then, if the symp-
toms return after resuming orthodontic treatment, 
it can be assumed they are likely to be related to 
the orthodontic procedures. If so, this may require 
a change in the orthodontic strategy and a com-
promise in the outcome of the case. 

 If the TMD symptoms are serious enough to 
warrant referral to another practitioner, the ortho-
dontist will be confronted by the dilemma of 
choosing an appropriate doctor. Fortunately, 
there currently are 13 postgraduate programs in 
orofacial pain and about the same number of oral 
medicine programs in the USA and Canada, and 
the graduates from those programs are generally 
well-qualifi ed to handle most TMD problems. If 
the teaching center for such programs is located 
in your community, it would be prudent to refer 
your patients there. However, the small number 
of graduates and the limited geographic distribu-
tion of these teaching centers make it unlikely 
that the average patient will have access to that 
level of care. 

 Instead, orthodontists will probably need to 
identify other qualifi ed practitioners near them, 
and that is not an easy task these days. The 
combination of Web-based promotional lay-
outs and papers advertising by various dentists, 
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all claiming to be “TMD experts” of some 
kind, is overwhelming and confusing for both 
patients and dentists. Since the ADA does not 
recognize a specialty in this area, there are no 
clear criteria for choosing one person over 
another. Some useful guidelines for doing this 
are as follows:

•    Look for people with advanced training in oral 
medicine, oral pathology, or orofacial pain 
mini-programs that have been presented in 
university settings. Beware of dentists who 
have taken short courses in various continuing 
education (CE) settings or study clubs that 
claim to provide a quick training in these com-
plex areas.  

•   Consider referring to an oral surgeon or GPR- 
trained general dentist in your area; these peo-
ple have had hospital experience and some 
medical training in managing pain.    

 Ultimately, the orthodontist entering a new 
practice community should take some time to 
fi nd and interview these kinds of colleagues. It is 
important to know whether the person tends to 
overtreat TMD problems by doing extensive jaw- 
repositioning or occlusion-changing procedures. 
Similarly, it is important to know if an oral sur-
geon tends to perform an inordinate number of 
intracapsular procedures rather than following a 
conservative medical treatment approach (See 
Chap.   9    ).  

3.7     What to Do If a Patient 
Develops TMD After 
Orthodontic Treatment? 

 The laws of probability guarantee that every 
orthodontist will have some patients develop 
TMD symptoms at some point in time after the 
completion of orthodontic treatment. Since the 
annual incidence rate is estimated to be at 2 % 
and with many other people experiencing various 
combinations of transient TMD symptoms from 
time to time, the orthodontist is sure to be exposed 
to this situation [ 36 – 38 ]. As stated earlier, many 
adolescents (especially females) comprise the 

population of fi rst-onset TMD problems. If these 
patients have had previous orthodontic treatment, 
the orthodontist as well as the referring dentist 
may be led to believe that there is a connection. 
But even adults who develop TMD symptoms are 
often asked by their dentists whether they had 
orthodontic treatment as a teenager, because 
many dentists believe there is a causal relation-
ship between those phenomena. Searching the 
Internet for information on this matter is guaran-
teed to produce even more confusion, since there 
are a plethora of opinions. 

 Therefore, the orthodontist will have the 
dual challenge of communicating properly with 
both the patient and the dentist while also try-
ing to assist the patient in obtaining appropriate 
TMD care. The various possibilities for obtain-
ing such care are discussed in the previous sec-
tion, so that will not be repeated here. However, 
the communication part can be tricky for sev-
eral reasons. In speaking with the patient’s den-
tist, the orthodontist may have to overcome a 
variety of negative beliefs or opinions. In addi-
tion to generally believing that orthodontic 
treatment is a likely cause of TMD problems, 
that dentist may have acquired various unscien-
tifi c concepts about TMD-orthodontic relation-
ships through some training at an institute or 
CE course, or through membership within a 
particular dental study club. If the dentist 
believes that TMD problems can be attributed 
to extraction of teeth, or failure to fi nish the 
orthodontic treatment properly (e.g., in centric 
relation or in neuromuscular centric), or failure 
to develop posterior disclusion of teeth, those 
ideas may be communicated to his or her 
patients. 

 Thus, the orthodontist needs to be knowl-
edgeable about all of these controversies that 
exist both within the orthodontic specialty and 
throughout some parts of the general dental 
community. Assuming that the treatment pro-
tocol for the patient was within normal stan-
dards of practice, and the fi nal result was 
within those parameters, the literature on orth-
odontic-TMD relationships is very clear: orth-
odontic treatment generally does not cause or 
cure TMD problems, so the random develop-
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ment of symptoms cannot be attributed to that 
treatment [ 31 – 33 ,  39 ]. 
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      Psychological Considerations 

           Richard     Ohrbach       and     Ambra     Michelotti    

4.1            Introduction and Overview 

 The standard defi nition of temporomandibular 
disorder (TMD) – a collective term embracing a 
number of clinical problems that involve the mas-
ticatory muscles, the temporomandibular joints 
(TMJs), and the associated structures – clearly 
places the emphasis onto the underlying struc-
tures. From a physical diagnostic perspective, this 
emphasis is of course appropriate and essential. 
Because TMDs are the most prevalent clinical 
conditions affl icting the masticatory apparatus, 
and because they are associated with both pain 
and limitations in masticatory function, emphasis 
on structural problems and etiologies can under-
standably dominate at the time of the clinical con-
sultation. However, current texts [ 1 ,  2 ] emphasize 
that structural perspectives of TMDs alone are 
insuffi cient. Moreover, recent publications focus-
ing on disease classifi cation systems are high-
lighting the process aspect of pain. These pain 
classifi cation systems are anchoring the  “location” 

of pain disorders at a broad systems level, involv-
ing brain, mind, and the person in addition to 
pointing specifi cally at the masticatory system for 
TMDs [ 3 ,  4 ]. While this broad perspective has 
been advocated for decades as part of the biopsy-
chosocial model of disease [ 5 – 7 ], new approaches 
to disease classifi cation are leading to the same 
conclusions with greater rigor [ 8 ]. 

 This chapter provides an overview of the bio-
psychosocial perspective of TMD, and then it 
focuses on aspects of the biopsychosocial model 
that are particularly challenging within the con-
text of malocclusions and orthodontic treatment. 
Hopefully, this approach can begin to explain 
how perceived occlusion, behavior, and psycho-
social status are perhaps directly linked. A major 
point in the present chapter, which we will return 
to repeatedly, is that a dominant source of the 
many controversies surrounding the relationship 
between structure (e.g., orthodontic malocclu-
sion) and TMD is the persistent keyhole view of 
considering only structural factors when discuss-
ing TMDs. As a result, the psychological and 
behavioral cofactors that are necessarily involved 
in TMD (as they are in all pain disorders) are 
consistently omitted from most of the research as 
well as clinical decision making in the orthodon-
tic community. We believe that the current evi-
dence can be improved, and thereby make the 
psychosocial realm yet more applicable to the 
orthodontic consulting room, by incorporating a 
better theoretical model that has been missing 
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from the discussions to date. As this chapter will 
explore, behavior and structure need to be and 
can be better integrated.  

4.2     TMD as a Biopsychosocial 
Disorder 

 Pain disorders are often characterized by nonpre-
dictable response to usual treatment, recurrence 
of symptoms, behavioral complications, and 
transition to chronicity. The severity and type of 
the physical condition has little association with 
the impact of these factors. Consequently, the 
prevailing model for properly understanding all 
pain disorders is the biopsychosocial or biobe-
havioral model. Both terms essentially highlight 
the same mechanisms in that the intersections of 
biology, mind, and social environment shape dis-
ease and illness. It is generally accepted today 
that certain affective and cognitive behavioral 
factors contribute to differences in individual 
pain or discomfort perception [ 9 ,  10 ]. For 
instance, and specifi cally relevant to the medical 
and dental settings, pain perception is infl uenced 
by factors such as somatosensory amplifi cation 
(described below) and anxiety [ 11 ]. Figure  4.1  
illustrates how psychological constructs and 
bodily processes interact to create functional dis-
orders; these relationships, as modifi ed from 
Sullivan and Katon [ 12 ], are central to how the 
biopsychosocial perspective becomes relevant in 
the clinical setting.  

 It is noteworthy that TMDs, through the publi-
cation of the Research Diagnostic Criteria for 
TMD (RDC/TMD) [ 13 ], have led the pain fi eld in 
terms of explicit recognition and assessment of 
the psychosocial aspects of pain disorders, with 
other disease domains now building related 
approaches [ 14 ]. As science progresses, the nature 
and number of psychosocial constructs deemed 
relevant to a pain disorder may change, but the 
critical clinical issue is that the psychosocial 
aspect of the patient must be assessed in some 
form, rather than being sidestepped because the 
clinician (or researcher) believes that this particu-
lar pain does not have any psychosocial signifi -
cance. When a pain disorder is regarded as purely 
a physical process, that is, a disease and associ-
ated nociception, the clinical view is, most often, 
one of regarding only the body as relevant. As a 
result, various kinds of tests, imaging, and the like 
are requested because they are believed to be criti-
cal, whereas assessing the biobehavioral status of 
the person or requesting a pain psychology con-
sultation is considered irrelevant, too expensive, 
or both. But we now know that how a person func-
tions – before the pain disorder emerges, or as a 
consequence of pain, or in relation to different 
aspects of physically oriented treatment – has 
been shown to be critical [ 15 – 21 ]. 

 The obvious tendency in the orthodontic con-
sulting room is to regard a malocclusion as a 
purely physical aberration of the body; yet, the 
evidence from many studies clearly demonstrates 
that the majority of individuals seek orthodontic 
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  Fig. 4.1    General model for 
functional disorders. Physical 
and psychological processes 
directly associated with 
functional disorders are shown 
inside the larger box. Outside 
the large box are exogenous 
processes that represent life 
events, trait characteristics in 
the form of beliefs and coping 
style, and medical illness. All of 
these are illustrated as existing 
separate from the functional 
disorder (Modifi ed from 
Sullivan and Katon [ 12 ])       
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treatment for reasons of aesthetics and not func-
tional limitation. [ 22 ,  23 ] A case series by one of 
the present authors (AM) revealed that individuals 
with severe skeletal malocclusions also seek care 
mostly for aesthetics, not functional limitation 
[ 24 ]. Equally striking is that restoration of those 
patients to a functional Angle’s Class I (mal)
occlusion generally satisfi es their chief complaint 
regarding aesthetics while simultaneously not 
providing any notable functional improvement. 
The latter absence of treatment effect, given the 
extreme physical impairment of such malocclu-
sions prior to the treatment, remains a mystery. 
One salient point remains: malocclusions of all 
types are primarily aesthetic problems, and most 
individuals functionally adapt to severe malocclu-
sions in an apparently suffi cient manner, at least 
as indicated by the available data. One conclusion 
from this observation about structural problems 
versus aesthetics is that structural factors from 
malocclusions are clearly less important for 
understanding TMDs in comparison to psychoso-
cial factors related to pain. 

 An assessment of TMD that incorporates the 
biopsychosocial domain can be as open ended as 
the practitioner wishes, and of course the  direction 

and scope of such an evaluation will be deter-
mined by the nature of the chief complaint and 
what emerges in a symptom history as well as past 
history. From a pragmatic clinical perspective, 
where time in the consultation room is limited, 
and cognitive resources for gathering a history 
and putting the information together are equally 
limited, some type of structured evaluation for the 
psychosocial domain is generally both more effi -
cient and clearly more reliable. The present 
authors have found that the structured format of 
the biobehavioral axis of the DC/TMD (as an 
update on the previously used RDC/TMD) is a 
very good place to start. Specifi cally, self- report 
instruments exist for each of the constructs of pain 
intensity, pain-related disability, functional limi-
tation of the jaw, functional physical symptoms of 
the body, anxiety symptoms, depressive symp-
toms, and overuse oral behaviors. Collectively, 
these instruments adequately assess the current 
Diagnostic Criteria for TMD (DC/TMD) biobe-
havioral domain. Catastrophizing, not included in 
the DC/TMD at this stage, is the remaining pain-
relevant construct that should be considered. 
These constructs are listed in Table  4.1 , along 
with suggested instruments for their assessment.

      Table 4.1    Recommended psychosocial domains for patient assessment   

 Domain  Suggested instrument  # items 
 Screening 
evaluation 

 Comprehensive 
evaluation 

 Pain intensity and 
pain-related disability 

 Graded Chronic Pain Scale 
(GCPS) 

 7  ✔  ✔ 

 Pain locations  Pain drawing  1  ✔  ✔ 
 Limitation  Jaw Functional Limitation 

Scale-short form (JFLS) 
 8 or 20  ✔  ✔ 

 Distress  Patient Health 
Questionnaire-4 (PHQ-4) 

 4  ✔ 

 Depression  Patient Health 
Questionnaire-9 (PHQ-9) 

 9  ✔ 

 Anxiety  Generalized Anxiety 
Disorder-7 (GAD-7) 

 7  ✔ 

 Physical symptoms  Patient Health 
Questionnaire-15 
(PHQ-15) 

 15  ✔ 

 Parafunction  Oral Behaviors Checklist 
(OBC) 

 21  ✔  ✔ 

  A suggested psychological assessment instrument is listed for each domain, based on the DC/TMD, and the number of 
questions in each form (# items) is listed. Total items for a full  screening  evaluation is 43, while an abbreviated screen-
ing evaluation contains 12 items (see text). Total number of items for a  comprehensive  evaluation is 80. Any of these 
approaches is readily managed by patients in a clinic setting for completion of the questionnaires  
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   Body dysmorphic disorder (BDD) is a partic-
ular psychosocial disorder of substantial rele-
vance to both the orthodontic consulting room 
and this chapter. BDD is characterized by the 
belief that one’s own appearance is particularly 
defective, and those concerns interfere with nor-
mal functioning [ 25 ]. Even if only a slight defect 
is present, the concern is markedly excessive. 
Clinically, the individual is noted to have perva-
sive thoughts about the defect, which tend to be 
intrusive and are thereby distressing. Patients 
with a malocclusion (of any magnitude) who 
present with an obsession regarding an imagined 
or a greatly exaggerated defect in their appear-
ance may be more accurately diagnosed as hav-
ing a BDD. These individuals can be easily 
misdiagnosed in terms of the source of the dis-
tress (i.e., the  belief  about the malocclusion 
rather than the malocclusion itself). This becomes 
particularly true if pain is an accompanying 
symptom, because that pain may automatically 
be attributed to a nociceptive response to a physi-
cal stimulus. Once nociception is inferred, then a 
structural or physical cause for the nociception 
becomes the clinical focus for identifi cation. 

 Consequently, if the orthodontic consultation 
overemphasizes the signifi cance of the particular 
features of the malocclusion and contrasts those 
features with the importance of having an “ideal” 
occlusion, the orthodontist unintentionally can 
create the perception of the malocclusion as a 
serious defect in the person’s appearance, and 
therefore deserving of the patient’s concerns. 
This may then contribute to the iatrogenic devel-
opment (or worsening) of BDD [ 26 – 28 ].  

4.3     Why Behavior Matters 
in the Differential Diagnosis 
of TMD? 

 The best way to appreciate why behavioral 
assessment should be a part of diagnosing a TMD 
patient is to describe a prototypical individual 
presenting with a malocclusion to an orthodon-
tist. That patient could have a masticatory muscle 
myofascial pain disorder simultaneous with a 
clinically important TMJ disc disorder. These 

may arise originally as two separate disorders, 
stemming from separate causes at two unrelated 
points in time, or they may exist as interrelated 
disorders emerging at the same time from a sin-
gle cause. The distinction in the time course and 
potentially different etiologies may or may not be 
important for clinical management – the clinician 
must make an assessment from the history. 
Simultaneous with these two Axis I diagnoses 
(physical categories in the DC/TMD), there 
might be clinically important Axis II symptoms 
(psychosocial categories in the DC/TMD). These 
could include depression and anxiety, catastroph-
izing, and poor coping skills, which might be 
pain related or, as previously illustrated, could be 
focused on the malocclusion. There also may be 
ongoing and likely enduring life stressors as well 
as substantial interference in function from the 
myofascial pain disorder, and these problems 
would be revealed as part of an Axis II 
evaluation. 

 Some of the Axis II characteristics in this 
hypothetical patient might be intrinsically related 
to the current Axis I problems, and others, for 
example, anxiety, may exist due to wholly sepa-
rable aspects of the person’s life and may have no 
impact on the pain. Alternatively, the anxiety 
may impact the patient’s pain greatly; the clini-
cian needs to take a history to make this determi-
nation. While the extent of these Axis II 
symptoms can be readily assessed with standard-
ized self-report instruments (see Table  4.1 ), the 
relevance to the chief complaint or to a differen-
tial diagnosis must be determined from the his-
tory. In addition, the individual may exhibit sleep 
bruxism as an enduring aspect of a sleep para-
somnia. This behavior might aggravate the disc 
disorder and, because there is a malocclusion, the 
impact of the sleep bruxism upon the disc disor-
der may be interpreted to be occlusion-mediated. 
Finally, the malocclusion might be fully 
 functional and adaptive for the individual but aes-
thetically is unacceptable. Given the other 
regional problems (pain, interference in function-
ing from the joint, and tooth grinding), all of 
which have specifi c diagnoses based on current 
knowledge, the signifi cance of the malocclusion 
is not likely to be great in this patient. 
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 In this example, part of the differential diag-
nosis is to place each complaint, each disease, 
and each illness characteristic into context. 
Initially, the patient presents with the chief com-
plaints of a malocclusion (notably highlighted 
here as problems in aesthetics) and a pain prob-
lem, so the clinician needs to use assessment and 
diagnostic criteria that are presumably validated 
for each respective characteristic. For example, 
the anxiety disorder is assessed based on the vali-
dated features of anxiety, not because the person 
“seems” anxious, and not because someone with 
all of the other problems would surely be anx-
ious. A validated and standardized self-report 
assessment instrument for anxiety will rapidly 
indicate the extent of any anxiety symptoms, and 
an interview will identify their context and rela-
tion to the complaints and clinical problems 
under consideration. The clinician might say, “I 
notice that you are reporting a number of symp-
toms of anxiety. Does your pain get worse when 
you are more anxious? And, when you are more 
anxious, do you tend to focus more on how your 
teeth appear?” 

 Similarly, a malocclusion is diagnosed based 
on its own parameters, and not because the per-
son has symptoms of a TMD which according to 
the biopsychosocial model could exist as a result 
of a variety of presumed causes. In summary, dif-
ferential diagnosis requires consideration of all 
measurable and classifi able problems, placed 
into a context, and ranked according to plausible 
mechanisms. In a case scenario like the one 
described above, the present authors would place 
the functional but unaesthetic malocclusion at the 
bottom of a problem list in terms of priorities, to 
be addressed only after adequately resolving all 
of the other complaints and identifi ed problems. 

4.3.1     Parafunctional Behaviors 

 Oral parafunction takes many forms, including 
tooth-to-tooth behaviors (such as clenching, 
grinding, and pressing of the teeth together), 
teeth-separated behaviors (such as bracing or 
guarding the jaw), soft tissue behaviors (such as 
cheek biting or tongue posturing), and others 

(such as musical instrument placement or tele-
phone cradling with the jaw). Among these para-
functions, teeth clenching and grinding, nail and 
object biting, and gum chewing are the most com-
monly reported [ 29 – 32 ]. While all oral parafunc-
tions were once regarded as a result of 
malocclusion (e.g., sleep bruxism was the body’s 
response to correcting an occlusal discrepancy; 
bracing the jaw was due to not having a comfort-
able centric occlusion), no causal relationship 
between any occlusal feature and oral parafunc-
tion has ever been supported by any evidence. In 
contrast, stress reactivity and habitual behavior 
have varying but suffi cient levels of support as 
important features of oral parafunctions, and each 
of these belongs to the domain of psychosocial 
factors [ 33 – 36 ]. In addition, nocturnal bruxism 
has been identifi ed as a sleep-related movement 
disorder with a multifactorial etiology. 

 The importance of oral parafunctional behav-
iors to both TMD and orthodontic treatment is 
becoming increasingly supported by research. 
Multiple studies have found signifi cant associa-
tions between daytime oral parafunction (typi-
cally, clenching, and grinding) and myofascial 
pain [ 33 ,  35 – 37 ]. In addition, diurnal parafunc-
tional activities can be a risk factor for disc dis-
placement as well [ 37 ]. One proposed mechanism 
for parafunctional behaviors contributing to 
TMD is that such behaviors may overload the 
dentition and masticatory system [ 38 ,  39 ]. More 
specifi cally, the mechanism has been postulated 
to involve damage of muscle fi bers [ 40 ] or to a 
reduction of blood supply [ 41 ]. Because most 
oral parafunction occurs at a low intensity level, 
but often for prolonged periods, the hypotheses 
of “overload” to the masticatory system and 
“damage” to muscle fi bers clearly need better 
evidence and explanation regarding mechanism; 
at present, however, we do not know how para-
function exerts its apparently pathologic effects. 
A malocclusion coupled with a particular pattern 
of clenching or grinding might aggravate a disc 
displacement with reduction. However, not 
everyone with such malocclusions engages in 
parafunctional behaviors as described here, and 
those behaviors generally emerge independent of 
the malocclusion. The presence of the particular 
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occlusal features will often be seen by some cli-
nicians as causing the patients to do the particular 
parafunctional behavior, but this represents attri-
bution bias, not causation. 

 The mechanism by which parafunction may 
affect the dentition and masticatory system 
(whether by “overload” or other mechanism) is 
equally relevant for orthodontic diagnosis, treat-
ment, and posttreatment retention. According to 
the belief of an “occlusion-centered” etiology for 
masticatory system overload, an orthodontist 
may focus on the evaluation of centric condylar 
position, dental or skeletal discrepancies, and 
occlusal interferences [ 42 ,  43 ]. However, during 
orthodontic treatment, teeth are moved consider-
ably, and this induces a stream of constantly 
changing occlusal interferences and continuous 
bouts of occlusal instability. As a consequence of 
the continuous change in the occlusal pattern, the 
achievement of any “ideal centric” condylar posi-
tion cannot be guaranteed. 

 Finally, during posttreatment retention, atten-
tion is given again to the potential presence of 
occlusal interferences, and sometimes a limited 
occlusal adjustment is suggested to fi nalize and 
stabilize the orthodontic treatment results [ 44 , 
 45 ]. This entire process often has the unfortunate 
side effect of inducing patients and their dentists 
to focus their attention on the necessity of an 
ideal and perfect intercuspation and on checking 
for potential occlusal interferences. The increased 
attention of the patients on their teeth can be det-
rimental if, during the posttreatment retention 
phase, even a little relapse of the achieved “ideal” 
occlusion occurs, inducing worries and fears. 
Interestingly, empirical data exist in support of 
this observation; a recent study showed that indi-
viduals with a history of TMD developed symp-
toms and adapted less well to the introduction of 
an active occlusal interference when compared to 
subjects without a TMD history [ 46 ]. 

 In summary, oral parafunctions are behaviors 
that are not caused by malocclusion of any type. 
Rather, they are a function of mental states such 
as anxiety, stress reactivity, or simple habit; in the 
case of sleep bruxism, it is part of the sleep disor-
der phenomenology. Therefore, it is not the kind 
of malocclusion a person has but rather what the 

person does with it (e.g., parafunction) that mat-
ters in terms of symptoms that appear to be 
caused by the occlusion but are not.  

4.3.2     Psychological Traits 

 Trait anxiety, somatosensory amplifi cation, and 
hypervigilance are three psychological constructs 
with specifi c relevance to the focus of this chap-
ter. While trait anxiety has been studied for 
decades with respect to its strong relationship to 
health and disease, somatosensory amplifi cation 
and hypervigilance were identifi ed more recently 
as core constructs involved in functional disor-
ders. Functional disorders are also known as idio-
pathic pain syndromes when pain is the primary 
symptom, and as medically unexplained symp-
toms in other contexts. A primary characteristic 
of such disorders is that the extent of illness 
greatly exceeds the extent of objectively mea-
sured disease. 

 Trait anxiety refers to a general pattern of physi-
cal dysregulation and worry that is an inherent char-
acteristic of an individual [ 47 – 49 ]. Somatosensory 
amplifi cation refers to the tendency of the individ-
ual to perceive a given somatic sensation as intense, 
noxious, and disturbing [ 50 ]. And, hypervigilance is 
an increased awareness of the discrepancy between 
the perceived sensation vs. what is expected as 
“normal”, with a heightened attention typically 
focused on weak sensations. While each construct 
can occur independently of the others, together they 
appear to constitute a substantial triad linking a vari-
ety of psychosocial states with a variety of clinical 
disorders that overlap with TMD and problematic 
occlusions. 

 Trait anxiety might predispose to somatosen-
sory amplifi cation [ 51 ]. A number of studies have 
shown that somatosensory amplifi cation is cor-
related with several indices of general distress 
including anxious and depressive symptoms [ 52 –
 54 ]. Anxiety appears to infl uence the perception 
of orthodontic pain [ 55 ,  56 ], and individuals with 
prolonged pain during orthodontic treatment 
exhibit higher anxiety scores as compared to 
individuals with pain of short duration [ 57 ]. 
Orthodontic pain perception has been found to be 

R. Ohrbach and A. Michelotti



55

signifi cantly greater in individuals with high trait 
anxiety and somatosensory amplifi cation [ 58 ]. 
Perhaps either of these processes could underlie 
pain complaints during orthodontic treatment 
that are misdiagnosed as TMD. 

 Moreover, anxiety and somatosensory amplifi -
cation could jointly contribute to a more pro-
nounced attention bias toward a potentially 
threatening stimulus represented by occlusal inter-
ferences. It is likely that individuals with high 
anxiety and/or somatosensory amplifi cation are 
also hypervigilant against a perceived discrepancy 
in perceived vs. expected sensation. Such individ-
uals may exhibit an increased awareness of their 
occlusion, reacting to those somatic sensations 
with emotional affect and cognitions that intensify 
them and transform them into more alarming, 
threatening, and disturbing sensations [ 51 ]. 

 Individuals with high trait anxiety also exhibit 
greater amounts of parafunction [ 59 ]. Indeed, 
high levels of trait anxiety indicate an anxious 
personality disposition, which can be associated 
with a high rate of environmental scanning and 
reduced ability to switch attention away from the 
threatening stimulus. So, it could be hypothe-
sized that patients presenting with high-frequency 
parafunctional activity are  occlusally hypervigi-
lant  and are more disturbed by the occlusal inter-
ferences and changes induced by orthodontic 
therapy, resulting in pain and dysfunction. 
Occlusal hypervigilance may be explained by the 
Generalized Hypervigilance Hypothesis, accord-
ing to which hypervigilance is a “perceptual 
habit” that involves subjective amplifi cation of a 
variety of aversive sensations, not just painful 
ones [ 60 ]. According to this hypothesis, if atten-
tion is habitually focused on sensations of a par-
ticular type, their amplifi cation increases and 
became autonomous [ 61 ]. Moreover, it has also 
been reported that some myofascial pain patients 
have high levels of somatosensory amplifi cation 
that is characterized by a general bodily hyper-
vigilance to unpleasant sensations [ 62 ]. This 
hypothesis could explain why, during the orth-
odontic treatment process, which creates several 
occlusal interferences throughout a long period, 
some patients do not adapt to the occlusal 
changes. These individuals may develop TMD 

signs and symptoms, which are then misdiag-
nosed as being “caused” by the constantly chang-
ing occlusion during orthodontic treatment. 

 The general model for functional disorders in 
Fig.  4.1  can be applied more specifi cally to the 
orofacial region, as shown in Fig.  4.2 ; the lower 
section (in regular font) is modifi ed after Ohrbach 
& McCall [ 63 ]. Indeed, an occlusal interference 
in individuals who exhibit somatic hypervigi-
lance, symptom amplifi cation, or catastrophizing 
can induce a muscle hyperactivity that becomes 
persistent, which in turn leads to additional 
hypervigilance, symptom amplifi cation, or cata-
strophizing, and ultimately more distress. Health 
care utilization that results in a focus on structure 
as the source of the individual’s distress will rein-
force the hypervigilance, symptom amplifi cation, 
catastrophizing, and distress. Collectively, these 
processes can lead to TMD pain, masticatory 
dysfunction, or both. Different levels of these 
factors might account for the high interindividual 
variability in perception of pain or discomfort 
observed in orthodontic patients during treatment 
[ 64 ,  65 ]. As a consequence, orthodontic practitio-
ners should be aware of the psychological char-
acteristics of their patients, and they should try to 
recognize those individuals who may represent 
yellow fl ags for irreversible dental treatments. 
This is especially true when patients report hav-
ing multiple bad experiences with previous 
orthodontists, but now they have selected you to 
solve their problems.    

4.4     Recommendations 
for Clinical Best Practice 

 The orthodontic treatment plan should always be 
tailored according to the chief complaint, to the 
problem list of the patient, and to evidence-based 
dentistry principles, all integrated within appropri-
ate clinical decision-making principles. As a stan-
dard of practice, it is advisable before starting 
orthodontic treatment to always perform a screen-
ing examination for the presence of TMD (see 
Chap.   3    ). This examination should be coupled 
with at least a screening evaluation of psychoso-
cial factors as presently defi ned by the Axis II of 
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the DC/TMD (see Table  4.1 ). The complete instru-
ment set listed in Table  4.1  is intended for a spe-
cialty pain practice. The screening set of 
instruments listed in the table is intended for rou-
tine clinical settings (including orthodontic con-
sulting rooms); yet, we recognize that even this 
screening set may seem too burdensome in some 
treatment settings. Consequently, an even more 
abbreviated approach to screening could be based 
on using the Graded Chronic Pain Scale for pain 
intensity and disability, the patient health 
questionnaire(PHQ), PHQ-4 for distress, and a 
pain drawing to assess the presence of other pain 
disorders (which is one of the more signifi cant red-
fl ag indicators for further assessment). Collectively, 
these three instruments can be completed in less 
than one minute, and they provide a very good 
snapshot of a person’s functional and pain status. 

 As described in this chapter, the identifi ed Axis 
II constructs are relevant for not only TMD but for 
the differential diagnosis of other conditions rele-
vant to the orthodontist. Depending on the sever-
ity of any fi ndings from a TMD screening 
examination, a more comprehensive  examination 

should be considered; similarly, positive fi ndings 
from an Axis II screening evaluation should be 
followed by a more comprehensive Axis II instru-
ment-based assessment, clinical interview, or 
referral to a mental health specialist. For medico-
legal reasons, any positive fi ndings from the TMD 
screening exam or from the assessment of psy-
chosocial status should be recorded and updated 
at 6-monthly intervals [ 66 ,  67 ]. Guidelines for a 
structured examination were recently published at 
the International RDC/TMD Consortium Network 
[ 68 ], and the Axis II instruments are available at 
that same source. 

 In general, TMD treatment in the context of 
orthodontic practice still conforms to the general 
standards for TMD treatment, which are 
described in greater detail elsewhere in this book 
(See Chap.   9    ) as well as in other sources [ 1 ,  2 ]. 
Treatments should address not only the physical 
diagnosis but also the psychological distress and 
the psychosocial dysfunction [ 69 ]. The fi rst stage 
in TMD treatment is symptom focused and 
behavioral [ 70 ], and it includes (as determined by 
the problem list) patient education, thermal 

Distress
anxiety

Somatic vigilance,
symptom amplification,

& catastrophizing

Health
care

utilization

Beliefs, disease conviction,
& coping ability

Occlusal
changes

[Persistent]
muscle

hyperactivity

 Joint strain 
 Muscle dysfunction 
 Sensory dysesthesia 
 Pain 

Altered
positioning
or vector

Increased
occlusal
contact

Mandibular
torque

  Fig. 4.2    Parafunction and clinical structural problems. 
Cyclic model in the lower part of the fi gure (regular font) 
illustrates how muscle hyperactivity (parafunctional 
behavior) causes altered positioning of the mandible. This 
change probably is mediated through occlusal contact, 
which results in torque and a potential range of symptoms 
that contribute to ongoing hyperactivity. This hyperactivity 

becomes persistent as a response (reactive behavior), or an 
attempted adaptive response may occur via more alteration 
in habitual mandibular positioning. Acute changes in 
occlusion as well as beliefs, disease conviction, and coping 
are exogenous processes that contribute to the resultant 
self-maintaining vicious cycle (Modifi ed after Sullivan 
and Katon [ 12 ] and Ohrbach and McCall [ 63 ])       
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packs, home exercises, physiotherapy (to improve 
movements and function), pharmacotherapy 
(e.g., analgesics, anti-infl ammatory agents, and 
antidepressants), control of overuse behaviors, 
and intraoral TMD appliances (See Chap.   9    ). In 
addition, psychological therapy (e.g., cognitive 
behavioral therapy, stress-management, and self- 
regulatory skills) should be part of the initial plan 
for the orthodontic patient with TMD and inte-
grated as appropriate to the patient’s readiness 
and symptom pattern. 

4.4.1     A Behavioral Perspective 
on Usual TMD Treatment 

 Related to the present chapter, we wish to empha-
size how the treatment procedures mentioned in 
the previous paragraph can have a specifi c psy-
chosocial relevance. Patient education is regarded 
as a fundamental component of treatment within 
a biopsychosocial illness model. An explanation 
of the disorder and its supposed etiology as well 
as the good prognosis of this benign disorder is 
generally reassuring to the patient. Topics such as 
normal jaw muscle function, characteristics of a 
muscle or joint disorder, and a rehabilitative 
model of treatment should be explained. A key 
component is to emphasize the importance of 
avoiding overloading of the masticatory system, 
which could be a major cause of the complaints; 
the implication for the patient is that he or she has 
to try to control oral parafunctional behaviors. In 
particular for orthodontic situations associated 
with TMD, the task of clearly distinguishing the 
putative etiologic factors for each patient’s TMD 
situation from concerns or beliefs about maloc-
clusion is an essential part of patient education. 

 Behavioral therapy is focused on controlling 
parafunctional behaviors, as described earlier in 
this chapter regarding the pathogenesis of mus-
culoskeletal pain. In order for behavioral therapy 
to succeed in the control of parafunction, suffi -
cient time (typically, months) as well as continu-
ous feedback and reinforcement from the 
clinician for this type of behavioral change must 
be provided. Patients must learn to keep the 
 muscles relaxed by holding the mandible in a 

neutral position with the teeth separated rather 
than keeping the teeth in occlusion, because this 
fully closed jaw position requires “unintentional” 
muscle contraction [ 71 ]. A reliable convenience 
position of the mandible with a suffi ciently low 
level of masticatory muscle activity can be 
obtained by asking the patients to pronounce sev-
eral times the letter “N.” This will locate the 
tongue in a neutral position, and then the patient 
should separate the teeth and relax the mastica-
tory muscles while maintaining the lips in slight 
contact. Note that for patients with vertical max-
illary excess, it may be diffi cult for them to main-
tain the lips in contact simultaneous with the 
teeth being separated and the masticatory (and 
facial) muscles relaxed. In this situation, addi-
tional patient education is needed in order to 
bridge the current structural situation with the 
orthodontic treatment goal (which is ultimately 
the correction of the maxillary excess and absence 
of lip patency). 

 Psychosocial factors generally play a role in 
the triggering of parafunctional behaviors, and 
consequently the control of the parafunctional 
behaviors may require more than simple behav-
ioral therapy. The clinician, therefore, needs to 
monitor progress by the patient with respect to 
behavioral control and recognize when to refer 
for additional psychological treatment. For 
example, a persistent anxiety disorder (which 
would have been probably detected at the initial 
consultation via the PHQ-4 instrument) may 
emerge as a substantial barrier as the patient tries 
to control any overuse behaviors. If anxiety bouts 
overwhelm the patient, then the self-control of 
masticatory motor activity is likely to be dis-
placed. In this instance the anxiety state needs 
further assessment, and probably specifi c treat-
ment for it will be required. 

 One additional aspect of the behavioral pro-
gram suggested for TMD patients with muscle 
pain and/or limited mouth opening includes relax-
ation exercises with diaphragmatic breathing. It is 
possible for the orthodontist or offi ce staff to 
teach these skills [ 17 ], or a referral may be indi-
cated to the appropriate mental health provider. 

 In summary, TMD treatment should include 
behavioral therapies ranging from auto massage 
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of the masticatory muscles to diaphragmatic 
breathing, and patients need the orthodontist to 
provide careful instruction, monitoring, and rein-
forcement in order for them to achieve suffi cient 
compliance and adherence [ 72 ]. The key to suc-
cess in TMD management depends a lot on the 
success in educating the patients about their role 
in managing the disorder. This will enhance the 
self-care aspects that allow the patients to better 
understand their symptoms and to independently 
manage them.   

4.5     Summary 

 We wish to stress three main principles that have 
been discussed in this chapter:

   The  fi rst  involves symptom perception associated 
with occlusal structures. Indeed, cognitive 
(e.g., catastrophizing), attentional (e.g., hyper-
vigilance), and perceptual (symptom amplifi -
cation) factors clearly contribute to 
psychophysiologic reactivity and treatment 
seeking. Of these, one factor in particular 
(hypervigilance) merits investigation in asso-
ciation with occlusal variables. Hypervigilance 
can be considered a “perceptual habit,” in 
which attention is focused on sensations of a 
particular type with subjective amplifi cation 
of perceptions. Hypervigilance is hypothe-
sized to account for reported outcomes of 
occlusal treatment in patients with TMD 
where complaints associated with the occlu-
sion (e.g., the bite is not right, my teeth don’t 
fi t together, I can’t fi nd the right position on 
closing, etc.) are predominant. This situation 
has been labeled as occlusal dysesthesia, 
occlusal hyperawareness, and phantom bite 
[ 73 ,  74 ]. This condition arises subsequent to 
any modifi cations performed on the occlusion, 
and upon clinical examination there are no 
abnormal fi ndings in regard to its anatomical 
or functional status. It can be speculated that 
hypervigilance, together with other psycho-
logical states such as anxiety or catastrophiz-
ing, could be a risk factor in patients with 
TMD when the planned therapeutic manage-

ment (i.e., orthodontics) includes a modifi ca-
tion of the occlusion. Any alteration of the 
existing occlusal pattern (even if minimally 
invasive) may, especially in these patients, 
trigger a “bodily distress disorder” (e.g., an 
occlusal dysesthesia disorder) leading to fur-
ther distress.  

  The  second  involves the adaptive capability or 
resilience of the individual which could infl u-
ence the defi nition of “normal” occlusion as 
well as the reaction to any typical occlusal 
interventions provided to patients with dental 
restorative or aesthetic needs. It has been 
shown that some TMDs can cause irreversible 
degenerative alterations in the temporoman-
dibular joints. Consequently, the masticatory 
system reacts with adaptive changes, in some 
cases also irreversible, in an attempt to regain 
the functional equilibrium. In this clinical sit-
uation, any occlusal modifi cation procedure 
performed, even if appropriately indicated for 
occlusal rehabilitation purposes and techni-
cally correct, may exceed the adaptive capa-
bility of the system, or the patient, or both. 
Adaptive capability is important for all aspects 
of dentistry, in that procedures regarded by the 
profession as routine may not be routine for a 
given individual. Therefore, occlusal modifi -
cation performed as part of an extensive plan 
of restorative treatment may exceed that per-
son’s capability and trigger the onset of an iat-
rogenic “TMD.” A complete understanding of 
the patient, from the level of the masticatory 
system to the level of the person, is essential in 
order to assess the complex dynamics involved 
in adaptive capacity; ultimately, this analysis 
will determine what the clinician should or 
should not do.  

  The  third  involves the clinical signifi cance of oral 
parafunctional behaviors. Hyperactivity of the 
masticatory muscles may include both func-
tional (chewing, e.g., habitual food, gum, 
tobacco, and sunfl ower seeds) and “parafunc-
tional” oral behaviors. The latter group 
includes but is not restricted to nonfunctional 
tooth contacts; clenching and grinding of the 
teeth; biting of objects such as nails, fi ngers, or 
lips; and other behaviors such as bracing or 
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thrusting the jaw. The current literature does 
not support the belief that occlusion per se is 
the reason for the occurrence of nonfunctional 
tooth contacts. Before starting orthodontic 
treatment, the patient should be evaluated in 
order to determine (i) whether the patient 
already has increased muscle activity related to 
parafunctional behaviors, and (ii) whether the 
patient has TMD. The presence of parafunc-
tion increases the risk for symptoms associated 
with changing occlusion; the joint presence of 
parafunction and TMD increases the risk for 
TMD fl are-ups associated with changing 
occlusion. Awareness of the consequences of 
these factors can reduce the likelihood of a bad 
doctor–patient interaction or poor treatment 
outcome, so the orthodontist should consider 
the psychosocial aspects of both TMD and 
occlusion-related complaints before fi nalizing 
an orthodontic diagnosis and initiating 
mechanical therapy for tooth movement.    
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      Sleep Bruxism: What 
Orthodontists Need to Know? 

           Gary     D.     Klasser       and     Ramesh     Balasubramaniam    

5.1            Defi nition of Sleep Bruxism 

 The American Academy of Sleep Medicine 
defi nes general bruxism in the International 
Classifi cation of Sleep Disorders (ICSD-3 avail-
able only on website at   http://www.aasmnet.org/
library/default.aspx?id=9    ) as the following: A 
repetitive jaw-muscle activity characterized by 
clenching or grinding of the teeth and/or by brac-
ing or thrusting of the mandible. Furthermore, 
bruxism has been divided into two distinct cate-
gories based upon a 24 h circadian cycle as to 
when this activity occurs: sleep bruxism (SB – 
occurring during sleep) and awake bruxism 
(AB – occurring during wakefulness) [ 1 ].  

5.2     Classifi cation of Sleep 
Bruxism 

 According to the ICSD-3, the clinical criteria for 
classifi cation as SB include the following: (A) 
presence of regular or frequent tooth grinding 

sounds occurring during sleep; (B) presence of 
one or more of the following clinical signs: (1) 
abnormal tooth wear consistent with above 
reports of tooth grinding during sleep; (2) tran-
sient morning jaw muscle pain or fatigue; and/or 
temporal headache; and/or jaw locking upon 
awakening consistent with above reports of tooth 
grinding during sleep. It should be noted that 
although polysomnography (PSG) is not required 
for the diagnosis of SB, it is ideally recorded with 
masseter and/or temporalis muscle activity along 
with audio-video signal to increase diagnostic 
reliability [ 1 ]. 

 SB may be classifi ed according to etiology 
into two distinct categories: (A) primary or idio-
pathic/essential SB which is without an identifi -
able cause or any associated medical problem 
and (B) secondary SB which is related to a medi-
cal condition (e.g., movement or sleep disorder, 
sleep disordered breathing, neurologic or psychi-
atric condition, drug/chemical related). 
Orthodontists should be aware that SB may be 
concomitant with many other sleep disorders 
such as sleep epilepsy, REM (rapid eye move-
ment) behavior disorder, and sleep breathing 
 disorders due to upper airway resistance or 
apnea-hypopnea events [ 2 ,  3 ]. 

 SB motor events may also be classifi ed accord-
ing to motor activity based upon stringent criteria 
(Table  5.1 ). Using PSG and audio-video record-
ings (either ambulatory or from the sleep labora-
tory), motor activity pattern types based on 
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electromyographic (EMG) signals of masseter 
and/or temporalis muscles referred to as rhyth-
mic masticatory muscle activity (RMMA) can be 
subdivided into phasic (rhythmic), tonic (sus-
tained), and mixed events [ 4 ,  5 ]. The majority of 
these EMG events (88 %) are of the phasic or 
mixed variety while rarely do we observe the 
tonic type that characterizes clenching; these 
EMG events occur at a mean frequency of 5.4 to 
5.8 episodes per hour of sleep [ 4 – 6 ].

   Another classifi cation system for SB recently 
developed by consensus among an international 
group of experts employs a novel diagnostic 
grading system for both clinical and research 
purposes using the terms possible, probable, and 
defi nite (Table  5.2 ) [ 1 ].

5.3        Epidemiology 

 The prevalence of SB is diffi cult to establish as 
most of the studies are based on self-report of 
bruxism and do not distinguish between SB and 
AB. It has been found that SB peaks during child-
hood and decreases with age without gender dif-
ferences [ 7 ]. Based on self-report of tooth 

grinding awareness, SB affects about 8 % of the 
adult population [ 7 – 9 ]. In children and adoles-
cents, however, there is high variability reported 
(4–46 %) due to the different age groups under 
investigation [ 10 – 15 ].  

5.4     Risk Factors 

 There are a number of risk factors for SB includ-
ing cigarette smoking (Odds Ratio, OR = 1.3), 
caffeine (OR = 1.4), alcohol (OR = 1.8), and rec-
reational drugs such as ecstasy, cocaine, or 
amphetamines; medications such as selective 
serotonin reuptake inhibitors or haloperidol; and 
sleep disordered breathing (SDB) problems such 
as snoring (OR = 1.4) and obstructive sleep apnea 
(OSA; OR = 1.8) [ 16 – 22 ]. 

 On the other hand, SB is a risk factor for tooth 
wear, damage and fracture, muscle fatigue and 
pain (primarily in the morning), headache, and 
temporomandibular disorders (TMD). Of inter-
est, there is an increased risk for tooth wear, jaw 
muscle fatigue and diffi culty with wide mouth 
opening among children with SB [ 16 ]. 

 Orofacial pain has been reported in 66–84 % 
of SB patients [ 23 ,  24 ]. Contrary to popular 
belief, increased frequency of SB events is not 
associated with greater presence or intensity of 
pain [ 25 ,  26 ]. Rather, a low level of SB activity 
(between 2 and 4 episodes/h of sleep) increases 
the risk for orofacial pain and headache com-
plaints among SB patients compared to those 
with a high level of SB activity (>4 episodes/h of 
sleep) [ 26 ].  

5.5     Comorbidities 

 There are some medical disorders that may be 
comorbid with SB. Among these are certain sleep 
disorders including parasomnias such as sleep 
walking and sleep talking; enuresis; restless leg 
syndrome; and SDB [ 8 ,  22 ,  27 – 32 ]. Also, other 
medical disorders such as attention defi cit hyper-
activity disorder (ADHD) [ 33 ,  34 ], Parkinson’s 
disease [ 35 ], epilepsy [ 36 – 38 ], and gastroesopha-
geal refl ux [ 39 ] may be comorbidities of SB.  

   Table 5.1    Criteria for classifi cation of bruxism accord-
ing to motor activity pattern types as recorded by electro-
myography (EMG)   

 Phasic (rhythmic) – more than three EMG bursts 
(masseter or temporalis muscles) at a frequency of 
1 Hz, separated by two inter-burst pauses with each 
burst lasting between 0.25 and 2.0 s 
 Tonic (sustained) – one EMG burst lasting >2.0 s 
 Mixed events – combination of phasic/tonic 

   EMG  electromyographic 
 Note: For each burst, EMG is 10–20 % or more of the vol-
untary contraction and each burst must last for at least 0.25 s  

   Table 5.2    Diagnostic grading system of bruxism, for 
clinical and research purposes [ 1 ]   

 Possible – based upon self-report using a questionnaire 
and/or the anamnestic part of the clinical examination 
 Probable – based upon self-report  plus  the inspection 
report of the clinical examination 
 Defi nite – based upon self-report, a clinical 
examination and a polysomnographic recording 
preferably containing audio/visual recordings 
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5.6     Pathophysiology 

5.6.1     Sleep Architecture 

 Normal sleep comprises two distinct states: 
NREM (non-rapid eye movement), which, based 
upon electroencephalography (EEG), is subdi-
vided into three distinct stages (N1-3) and REM 
(rapid eye movement). A typical normal sleep 
pattern is where individuals progress from wake-
fulness to the NREM state, followed by the REM 
state and then cyclically alternating between 
REM and NREM stages. Overall, a night of sleep 
consists of approximately 75–80 % of NREM 
sleep and 20–25 % of REM sleep. Humans typi-
cally cycle through NREM/REM sleep stages at a 
rate of four to six times per sleep period with 
duration of each cycle being 90 to 110 min. 
NREM allows for physiological restoration and 
REM accommodates psychological restoration. 

 Young adult SB patients (20 to 40 years of 
age) without coexisting medical problems such 
as chronic pain or those experiencing OSA 
exhibit a normal sleep architecture [ 40 ]. When 
investigating the occurrence of SB during the 
sleep cycles at night, it has been found that SB 
events are higher in the second and third transi-
tion from NREM to REM sleep cycles as com-
pared to the fi rst and fourth cycles [ 41 ]. SB events 
are most frequently identifi ed in the ascending 
period within a sleep cycle where there is a shift 
from deep NREM toward REM sleep associated 
with arousal activity and increase in sympathetic 
tone [ 42 ,  43 ]. Furthermore, it is important to 
appreciate that the manifestation of tooth grind-
ing is preceded by a cascade of complex and well 
timed physiologic events (Table  5.3 ). Evidence 
regarding the pathophysiology of rhythmic mas-
ticatory muscle activity (RMMA) supports the 
hypothesis that this activity is associated with 
autonomic sympathetic cardiac activity and sleep 
arousals [ 6 ,  41 ,  44 ,  45 ]. Arousals are the response 
of the sleeping brain to external (environmental) 
and internal (physiological or pathological) stim-
uli [ 46 ]. The purpose of these arousals or active 
periods are that they are “windows” whereby the 
sleeping individual can readjust his/her body 
position, reset body temperature, and if any 

harmful event is perceived, can become fully 
awake, i.e., a fi ght or fl ight reaction could be trig-
gered [ 47 ]. In normal healthy adults, sleep arous-
als occur between 6 and 14 times per hour of 
sleep and tend to occur at the end of a NREM 
period [ 48 ]. Approximately 80 % of SB events, 
i.e., repetitive jaw muscle contractions with or 
without tooth grinding, are observed during such 
recurrent arousal periods while the source of the 
genesis of the other 20 % is under investigation 
[ 49 ]. Evidence that SB and RMMA are associ-
ated with sleep arousal is supported by the obser-
vation that tooth grinding and RMMA can be 

   Table 5.3    Sequence of physiological events preceding 
the oromotor activity of rhythmic masticatory muscle 
activity/sleep bruxism (RMMA/SB) [ 44 ,  169 ]   

 Time (prior to 
RMMA or tooth 
grinding episode)  Physiologic event 

 −8 to −4 min  Increase in sympathetic cardiac 
activity 
 Reduction in parasympathetic 
activity 

 −4 s  Increase in cortical – brain activity 
(sleep arousal) 
 Presence of alpha and delta waves 
recorded on the EEG 

 −1 s  Increase in suprahyoid muscle (jaw 
opening muscles) tone (possibly 
involved in mandibular protrusion 
or airway patency) 
 Increase in respiratory and cardiac 
frequency (tachycardia) 

 −0.8 s  Initiation of two large inspirations 
 Modest but signifi cant rise in blood 
pressure 

 Onset of RMMA  Initiation of phasic or tonic 
contraction of masseter and 
temporal muscles (jaw closing 
muscles), with or without tooth 
grinding. This is followed in about 
60 % of SB episodes by swallowing 
activity 

 Note of 
importance 

 Approximately 80 % of RMMA 
events are associated with sleep 
arousals with or without 
accompanying leg or body 
movements 

 Note of 
importance 

 Over 90 % of RMMA/SB events 
could be predicted by an increasing 
heart rate of 110 % 

   RMMA  rhythmic masticatory muscle activity,  EEG  elec-
troencephalography,  SB  sleep bruxism  
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evoked experimentally through manipulations 
that trigger arousal [ 2 ,  6 ,  22 ,  23 ,  50 ]. Interestingly, 
there does not appear to be any presence of arous-
als during RMMA events in normal adult volun-
teers who do not experience SB [ 45 ].

5.6.2        Catecholamines 
and Neurochemistry 

 Catecholamines such as dopamine, norepineph-
erine, and serotonin have been suggested as being 
involved in SB pathophysiology [ 20 ,  40 ,  51 ]. 
Studies have reported that SB patients have ele-
vated levels of catecholamines in their urine com-
pared to controls, thus suggesting a link between 
stress and SB [ 52 ,  53 ]. In a pilot imaging study 
[ 54 ] involving dopamine, it was found that there 
was an asymmetric distribution of striatal dopa-
mine binding sites in the brains of SB patients. 
However, the overall density of the striatal dopa-
mine receptors was found to be within normal 
range in young adults with SB. In a clinical trial 
using  l -dopa (a dopamine precursor), the results 
indicated an inhibitory effect on SB; however, 
when bromocriptine (a dopamine receptor ago-
nist) was administered it did not result in any effect 
on SB events, and it failed to restore the imbalance 
of the striatal dopamine binding sites [ 55 ,  56 ]. 

 The observation that smoking exacerbates 
tooth grinding provides indirect evidence for the 
role of the cholinergic system mediated through 
the nicotinic receptors as a mechanism for SB 
[ 57 – 59 ]. However, it remains to be determined if 
this occurrence is indeed due to the effect of nico-
tine receptor activation (increased vigilance and 
brain arousal), or if it increases the risk of SB as 
an oral habitual behavior.  

5.6.3     Stress and Psychosocial 
infl uences 

 There is a common belief that stress and psycho-
social variables contribute to SB. Studies suggest 
that children and adults reporting self-awareness 
of tooth grinding are more anxious, aggressive, 
and hyperactive [ 13 ,  17 ,  60 – 65 ]. However, the 

majority of these studies had methodological lim-
itations resulting in rather weak evidence [ 66 ]. SB 
patients diagnosed by PSG displayed similar 
reaction times to vigilance as normal controls 
under an attention motor test condition [ 67 ]. 
Interestingly, the SB patients scored higher than 
the normal controls on anxiety regarding success-
ful test performance. There is a suggestion among 
some studies that SB patients are more likely to 
deny the impact of life events due to their coping 
styles or personality [ 68 ,  69 ]. Additionally, in 
some case studies, masseter EMG activity 
increased during sleep following days with emo-
tional or physical stressors; [ 70 ,  71 ] however, 
these fi ndings were not consistent in all studies 
[ 72 – 74 ]. From these studies it can be concluded 
that there might exist a subgroup of SB patients 
whose response to life stressors includes exces-
sive jaw motor activity and this reaction differs 
from that of normal individuals [ 66 ,  69 ,  75 ].  

5.6.4     Genetic and Familial 
Predisposition 

 A genetic or familial predisposition for SB has 
been suggested by studies utilizing a question-
naire format or tooth wear examinations [ 76 ]. 
Twenty to 50 % of SB patients may have a family 
member who also reports tooth grinding during 
childhood [ 77 – 79 ]. Analyzing twin studies, it has 
been revealed that tooth grinding has greater 
 concordance among monozygotic than dizygotic 
twins [ 80 ,  81 ]. Furthermore, the presence of SB 
in childhood persists in 86 % of adults [ 80 ]. In a 
large population-based cohort of young adult 
twins, it was reported that genetic factors 
accounted for 52 % of the total phenotypic vari-
ance [ 82 ]. In contrast, Michalowicz et al. [ 83 ], on 
the basis of a combined questionnaire and clini-
cal study with almost 250 pairs of twins, con-
cluded there was a lack of genetic correlation 
with SB. To date, no genetic variants or genetic 
inheritance patterns have been associated with 
SB. Yet, in a recent case-control study involving 
a Japanese population (non-related participants) 
it was found that the C allele carrier of the sero-
tonin receptor 2A single nucleotide  polymorphism 
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(rs6313) was associated with an (OR = 4.25) 
increased risk of SB [ 84 ]. This fi nding is the fi rst 
to identify a specifi c genetic component contrib-
uting to the etiology of SB. Despite this fi nding, 
it must be understood that SB is a multi-factorial 
disorder in which many other factors including 
other candidate genes are most likely involved in 
the etiology of this oral motor behavior or 
activity.  

5.6.5     Local Factors Including Dental 
Occlusion 

 Historically, the dental profession was quite con-
vinced that SB was directly related to occlusal 
factors, and early studies seemed to indicate that 
occlusal corrections diminished or stopped this 
activity [ 85 – 87 ]. However, later studies chal-
lenged the concept that occlusal factors such as 
occlusal disharmony or premature tooth contacts 
could be considered as principal initiating fac-
tors, while other studies showed that SB activity 
was not reduced by occlusal therapy [ 88 – 91 ]. 
There has also been a lack of correlation between 
dental morphology (dental arch, occlusion) and 
SB events among SB adult patients assessed by 
PSG [ 92 ]. Furthermore, the average tooth contact 
time, including meals, in healthy individuals is 
approximately 17.5 min/day [ 93 ]. Usually tooth 
contact is absent during sleep without motor 
activity, whereas it does occur in association with 
arousal, swallowing, and motor activity [ 94 ,  95 ]. 
Tooth contacts seem to occur in clusters approxi-
mately every 90 to 120 min during the night, sug-
gesting that tooth contact is a consequence of jaw 
closing muscle activation within a sequence fol-
lowing arousal rather than a cause [ 95 – 97 ]. 
Interestingly, patients who are edentulous exhibit 
RMMA when they sleep while not wearing their 
dentures [ 98 ,  99 ]. In a study by Manfredini et al. 
[ 100 ], it was concluded that the role of various 
occlusal features such as interferences and cen-
tric slides, bite relationships, horizontal overlap, 
and midline discrepancies in the pathogenesis of 
SB is very minor and the contribution of occlu-
sion to the differentiation between bruxers and 
non-bruxers is negligible.  

5.6.6     Salivary Flow, Airway Patency, 
and Jaw Motor Activity During 
Sleep 

 Swallowing is a normal physiologic oropharyngeal 
motor activity occurring fi ve to ten times/hour dur-
ing sleep, which is a much lower rate as compared 
to wakefulness (60 times/hour during non-eating 
periods) [ 101 ]. This decreased rate of swallowing 
during sleep may be related to a decrease in sali-
vary secretion and/or refl ex sensitivity. Swallowing 
seems to occur predominantly in light NREM sleep 
in relation to arousals [ 44 ,  101 ]. Swallowing has 
also been found to occur with approximately 60 % 
of RMMA events in both SB patients and normal 
adult individuals [ 102 ]. Masseter bursts associated 
with RMMA occur when esophageal pH decreased 
in SB patients who did not experience sleep-related 
gastroesophageal refl ux [ 39 ]. The relationship 
between swallowing, esophageal pH, microarous-
als, and salivation requires further investigation as 
it relates to sleep. 

 There appears to be an interaction between 
airway patency and jaw motor activity during 
sleep. During sleep, due to a decrease in oropha-
ryngeal muscle tonicity, the jaw is open for 90 % 
of the total sleep time [ 94 ]. Narrowing of the 
upper airway during sleep occurs as the mandible 
and the tongue collapse into the pharynx [ 103 ]. 
The reduction in this space is exacerbated when 
sleeping in the supine position as a result of grav-
itational forces. Intriguingly, 75 % of RMMA 
events also occur in the supine position [ 102 ]. 
Khoury et al. [ 104 ] reported that an increase in 
the amplitude of respiration was observed with a 
simultaneous and signifi cant increase in the acti-
vation of the suprahyoid (jaw opening) muscles 
when RMMA events occur. This increase in 
respiratory amplitude preceding RMMA, how-
ever, seems more likely to be associated with an 
autonomic drive during arousals rather than to 
function as an opening of the upper airway after 
an apneic event. Furthermore, studies have shown 
that RMMA events rarely present after apneic 
events [ 105 ]. Therefore, it remains to be demon-
strated whether or not SB is a reactive-protective 
mechanism of the upper airway to overcome 
upper airway collapse.   
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5.7     Clinical Features of Sleep 
Bruxism 

5.7.1     Tooth Grinding Reports 

 A primary feature of SB is tooth grinding noise. 
When clinically assessing the presence of SB it is 
imperative to differentiate tooth grinding noise 
due to SB from that of other oral sounds emitted 
from the mouth and throat during sleep such as 
snoring, grunting, groaning, vocalization, tongue 
clicking, lip smacking, or temporomandibular 
joint noise [ 106 ]. Additionally, sounds made 
from the bed itself due to movements and sleep-
ing position changes also must be taken into 
account. Clearly, it is very diffi cult for a tooth 
grinding history to be reliably elicited from the 
patients who do not have a sleep partner or who 
are edentulous. In certain individuals, fl uctuation 
in grinding history may be associated with jaw 
muscle symptoms or other risk factors such as 
stressors and medication use [ 58 ,  107 ,  108 ]. 
Therefore, tooth grinding noise should not be 
used as the sole determinant of SB activity.  

5.7.2     Tooth Wear 

 The severity of tooth wear can be assessed 
according to published criteria [ 109 ,  110 ]. 
However, it is not possible to separate patients 
with SB from those without by observing tooth 
wear factors [ 111 ], as tooth wear may be pro-
duced by other etiologic factors (oral habits, food 
consistency, acid refl ux, alimentary disorders, 
etc.); therefore, occlusal attrition cannot be con-
sidered an accurate indicator of this habit being 
currently performed [ 112 ]. Menapace et al. [ 113 ] 
reported that tooth wear was present in 100 % of 
SB patients but also in 40 % of asymptomatic 
individuals. Abe et al. [ 114 ] determined that SB 
patients (young adults) present with greater tooth 
wear as compared to controls (no report of any 
history of tooth grinding or sleep laboratory evi-
dence of SB) but tooth wear was not able to dis-
criminate between different sub-groups 
(moderate/high versus low) of SB patients. 

Furthermore, SB cannot be assumed to exist if 
there is no current report of tooth grinding as wit-
nessed by a sleep partner, since the tooth wear 
may have occurred years before the SB activity.  

5.7.3     Jaw Muscle Symptoms 

 Muscle pain (myalgia) and dysfunction symp-
toms related to SB may be quite different than 
those related to concomitant disorders. SB 
patients most frequently report myalgia on awak-
ening in the morning, whereas masticatory myo-
fascial pain intensifi es as the day progresses [ 115 , 
 116 ]. Other orofacial symptoms associated with 
TMD such as limitation in opening, TMJ noise, 
and arthralgia can be present concomitantly 
[ 117 ]. Although studies have suggested an asso-
ciation between self-reported SB and TMD, cau-
sation has not been clearly established [ 116 , 
 118 ]. Furthermore, PSG studies have been unable 
to confi rm such a link [ 119 – 121 ]. Raphael et al. 
[ 122 ] in a case-control study (124 vs. 46; all 
females) investigating the association between 
SB and myofascial TMD, using two-night labo-
ratory PSG monitoring, found no statistically sig-
nifi cant differences in SB rates among cases 
(9.7 %) compared to controls (10.9 %). They 
concluded there was no relationship between SB 
and myofascial TMD, but their study did not 
address the possibility that SB could be involved 
in the initial onset or triggering of myofascial 
TMD. Their fi ndings merely emphasized that 
treatment aimed at reducing SB among those 
who already have chronic myofascial TMD may 
be inappropriate, since myofascial TMD patients 
do not brux at excessive rates while asleep. Other 
studies, using PSG and masseter EMG record-
ings, have reported that SB patients with orofa-
cial pain report signifi cantly less bruxism 
episodes per hour of sleep and less EMG activity 
in the masticatory muscles during sleep than pain 
free controls [ 123 ,  124 ]. It appears the associa-
tion between orofacial pain symptoms and SB 
may be somewhat dependent on poor sleep, as 
pain and sleep have a bidirectional association 
[ 116 ,  125 ,  126 ].  
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5.7.4     Muscle Hypertrophy 

 Masseter muscle hypertrophy may be bilaterally 
manually palpated. If these muscles are hypertro-
phic, the volume of muscle tissue increases 
approximately two times while the teeth are 
clenched in comparison to a relaxed state [ 2 ]. 
However, masseter muscle hypertrophy does not 
strictly imply sleep muscle activity as it can also 
occur as a result of awake clenching [ 127 ].  

5.7.5     Awake Clenching 

 As previously discussed, awake bruxism or AB is 
considered a distinct nosologic entity from 
SB. AB, based upon self-report studies, tends to 
be mainly a reactive process and is induced or 
exaggerated by stressors and/or anxiety or hyper-
activity [ 107 ,  128 ]. SB patients often report an 
awareness of AB, with patients who have mild 
SB more often being cognizant of AB and stress 
than those with severe SB [ 26 ]. Physiologic 
recordings in subjects with and without orofacial 
pain while experiencing natural stress (before an 
examination) or during experimental stress (men-
tal calculations) revealed increases in muscle 
tone, heart rate and/or voluntary chewing/clench-
ing [ 129 – 131 ]. The clinical consequences associ-
ated with AB may deleteriously impact dental 
structures (natural dentition and prosthetic 
devices) and/or involve pain and dysfunction of 
the jaw musculature and joints [ 120 ,  132 – 134 ].  

5.7.6     Headaches 

 Headache is a common fi nding in the general 
adult population with a lifetime prevalence of 
85–95 % [ 135 ]. Headache is also a problem in 
children, with as many as 70 % of children being 
affected at least once in childhood [ 136 ,  137 ]. 
The prevalence of reported headache-related 
complaints among SB patients is also high (60–
90 % of SB patients) [ 138 – 140 ]. Children who 
have migraine headaches have been shown to 
have a high prevalence of sleep disturbances, 

including snoring and SB [ 141 ]. Furthermore, it 
has been reported that 30–50 % of SB adult 
patients complain of headache either in the morn-
ing (most frequently) or during the day [ 142 ]. In 
a descriptive PSG study, it was reported that 
within a SB patient population spanning from 23 
to 67 years of age, 65 % reported morning head-
aches [ 143 ]. The exact mechanisms underlying 
the possible interactions between SB and head-
ache requires further investigation, but this is a 
diffi cult challenge due to the high prevalence of 
headaches in general. 

 SB may be a possible cause of tension-type 
headaches if patients wake with facial and/or 
temporal skull area pain, with pain typically sub-
siding as the day progresses [ 24 ,  71 ,  121 ]. These 
morning headaches may be explained as a post- 
exercise soreness in the temporalis muscles 
[ 144 ]. SB patients may report waking up in the 
middle of the night with pain and tension in facial 
and cranial areas following sustained SB events. 
In a study by Kampe et al. [ 62 ], 14 % of SB 
patients reported pain at night, while 31 % 
reported pain during both at night and daytime. It 
is important to recognize that nocturnal pain and 
headaches that may be induced by SB can be 
confused with similar symptoms experienced by 
fi bromyalgia patients, which include muscle ten-
derness areas and morning stiffness, fatigue, and 
poor sleep [ 145 ,  146 ].  

5.7.7     Sleep Disordered 
Breathing (SDB)  

 A cause and effect relationship between SB and 
SDB, which is a combination of upper airway 
resistance syndrome and OSA, has yet to be 
established despite frequent claims of an associa-
tion among these entities [ 17 ]. However, other 
studies have shown a correlation between habit-
ual snoring and SB [ 147 ]. In a PSG study, 
increased masticatory EMG activity including 
RMMA was detected in approximately 50 % 
(10/21) of adult patients) with OSA [ 22 ]. In 
another PSG study investigating sleep disorders 
among a group of 53 myofascial pain patients 
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(75 % met self-report criteria for SB, but only 
17 % met PSG criteria for active SB), two or 
more sleep disorders were diagnosed in 43 % of 
those patients; insomnia disorder (36 %) and 
OSA (28.4 %) demonstrated the highest frequen-
cies [ 119 ]. In another PSG study involving 119 
patients between the ages of 2–16 years referred 
to a pediatric sleep center for snoring, SB was 
identifi ed in 70 patients [ 148 ]. There have been 
clinical observations and some studies that have 
provided indirect evidence of a relationship 
between SB and SDB by reporting a decrease in 
SB after the patients have undergone treatments 
(adenotonsillectomy and continuous positive air-
way pressure) for the underlying sleep disorder 
[ 149 – 151 ]. These fi ndings support the hypothesis 
that RMMA may be a sleep oromotor activity 
that assists in reinstating airway patency follow-
ing a respiratory obstruction [ 104 ,  152 ]. It is 
important to note that the association between 
apnea/hypopnea and arousals is opposite to the 
association between SB and arousals; apneic 
events trigger arousals, while RMMA is trig-
gered during arousals [ 105 ]. Nonetheless, several 
studies failed to show a temporal association 
between apneic events and RMMA; instead, 
tonic masseter muscle activity is frequently found 
at the termination of apneic events [ 22 ,  29 ,  153 ]. 
Overall, the factors responsible for the induction 
of increased RMMA frequency in patients with 
SB require further investigation.  

5.7.8     Gastroesophageal Refl ux 

 In a study of healthy young adults, it was reported 
that a signifi cant relationship between decreased 
esophageal pH and RMMA, short EMG bursts 
and tooth clenching seems to occur when the per-
son is sleeping mainly in a supine position. Of 
note, only about 10 % of the episodes of decreased 
esophageal pH (defi ned as a rapidly decreasing 
intraesophageal pH with a decrease of more than 
0.4 per 2 s) included clenching episodes and the 
number of clenching episodes was independent 
of various sleep positions [ 154 ]. More specifi -
cally, it was found that RMMA is a secondary 
event to gastroesophageal refl ux occurring via 

sleep arousal and often associated with swallow-
ing [ 39 ]. Furthermore, RMMA events including 
SB were induced by esophageal acidifi cation 
[ 155 ]. It has been proposed that preventing gas-
troesophageal refl ux and avoiding sleeping in a 
supine position might be effective in decreasing 
the frequency of SB [ 154 ]. Overall, the physio-
logic link between SB, the increase in salivation 
and the association with gastroesophageal refl ux 
requires further investigation.   

5.8     Diagnostic Considerations 

5.8.1     Clinical Assessment 

 SB is frequently reported to dentists or physi-
cians by the patient and/or bed partner and par-
ents. Given a positive report about tooth 
grinding, the diagnosis of SB is usually clini-
cal, based on the observation of the following 
signs and symptoms: abnormal tooth wear, 
hypertrophy of masseter muscles, fatigue, dis-
comfort or pain of jaw muscles [ 156 ]. However, 
none of these clinical fi ndings is a direct proof 
of current SB activity. Tooth wear for example, 
although widely reported as the distinctive den-
tal sign of bruxism in general may be related to 
many other factors that can infl uence the pres-
ence of attrition and erosion on dental 
surfaces. 

 There is an intraoral appliance (Bruxocore TM ) 
that indirectly assesses the mechanical impact of 
SB on the dentition [ 157 ,  158 ]. This appliance 
covers the upper dentition and is worn for a few 
weeks while the patient is sleeping, and the sur-
face area and volume of attrition on the appliance 
are evaluated. When this technique is employed, 
it has been found that jaw muscle activities dur-
ing sleep are not always correlated with the 
degree of wear. Therefore, to reliably and accu-
rately diagnose SB, electronic recording and 
documenting devices are utilized with strict crite-
ria to detect and classify SB activity. It is also 
important that the presence of other conditions 
such as orofacial pain, headache, and SDB be 
assessed in patients with SB by questionnaire at 
the time of initial examination.  
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5.8.2     Ambulatory Monitoring 

 Attempts have been made to monitor SB activity 
in natural home settings using ambulatory moni-
toring. Despite the obvious benefi ts of these 
devices such as lower cost and being used in the 
natural environment, the specifi city of SB motor 
activity assessment remains a limitation [ 2 ]. In 
the absence of simultaneous audio-visual record-
ing, it is diffi cult to exclude the presence of non-
SB- specifi c orofacial movements during sleep 
such as swallowing and scratching [ 159 ]. A 
novel portable EMG device (Grindcare®) has 
been designed to provide online recording of 
EMG activity, online processing of EMG signals 
to detect a particular oromotor activity (tooth 
grinding/tooth clenching), and also for use as a 
biofeedback device. Encouraging results have 
been reported from several studies where this 
device has been utilized due its ability to detect 
EMG events associated with SB, and to exclude 
orofacial movements unrelated to SB (grimaces, 
swallowing, etc.) [ 160 ,  161 ]. In a systematic 
review assessing the diagnostic accuracy of 
ambulatory monitoring devices compared to 
PSG in the measurement of SB, it was concluded 
that the validity of portable instrumental diag-
nostic approaches is not suffi cient to support any 
non-PSG techniques employed as a stand-alone 
diagnostic method in the research setting, with 
the possible exception of the Bruxoff® device 
which needs to be further confi rmed with future 
investigations [ 162 ].  

5.8.3     Sleep Laboratory Recording 

 Although a variety of tools have been developed 
to assess jaw muscle activity during sleep, the 
gold standard for SB diagnosis remains a full 
night PSG audio-video recording (highly con-
trolled but in an unnatural environment). This is 
the only protocol, which allows the simultaneous 
monitoring of sleep electroencephalographic, 
electrocardiographic, electromyographic, and 
respiratory signals during sleep. However, PSG 
recordings are not routinely performed for clini-
cal SB diagnosis, as they are both costly and time 

consuming. A PSG investigation may be  indicated 
in cases of SB associated with other signs and 
symptoms suggestive of other sleep disorders, 
especially SDB. In these cases, the patient should 
be referred to a sleep physician for further inves-
tigations and diagnosis.   

5.9     Management of Sleep 
Bruxism 

 Treatment of SB is primarily based on managing 
the harmful consequences of SB. Currently there 
are three strategies available for the management 
of SB, namely: (1) behavioral measures; (2) 
occlusal therapies; and (3) pharmacologic thera-
pies (Table  5.4 ). Prior to treatment, SB patients 
need to be questioned about other comorbid med-
ical conditions (e.g., SDB, insomnia, ADHD, 
depression, mood disorders, gastroesophageal 
refl ux), especially when considering a pharmaco-
therapeutic approach. This provides an opportu-
nity for management of SB and associated 
comorbidities, but it should be recognized that 
some management strategies may aggravate 
associated comorbidities.

   There are many behavioral measures such as 
cognitive behavioral therapy and biofeedback 
available for the management of SB with only 
weak to moderate evidence. However, these strat-
egies are typically cost effective and safe. 

 Similarly, there are occlusal therapies which 
are mostly reversible and with good short-term 
evidence for the management of SB [ 163 ]. As 
these therapies are without signifi cant side 
effects, they also may be used in the long term. 
However, there are now studies, which have 
reported aggravation of snoring and OSA with 
the use of a stabilization-type maxillary occlusal 
splint for the management of SB. Therefore, cli-
nicians considering oral appliance therapy for SB 
should screen patients for snoring and OSA. The 
effect of the mandibular occlusal splint on snor-
ing and OSA is yet to be investigated [ 164 ,  165 ]. 

 There are several drugs with probable 
centrally- acting mechanisms involving the dopa-
minergic, serotoninergic, and adrenergic systems 
for the management of SB [ 20 ]. The evidence on 

5 Sleep Bruxism: What Orthodontists Need to Know?



72

their effi cacy and safety is quite minimal, so they 
should only be considered in severe symptomatic 
patients and only as a short-term therapy [ 166 ].  

5.10     The Effects of Sleep Bruxism 
on Orthodontic Procedures 

 Currently there are no available data on the prev-
alence of SB during orthodontics. Also, the effect 
of orthodontic treatment on SB is unknown. 
Similarly, the effect of SB on orthodontic treat-
ments or outcomes is unknown. Theories propos-
ing that the attainment of an “ideal occlusion” 
after orthodontics may negate SB and TMD have 
largely been debunked. One study reported a 
decrease in anterior teeth wear by patient report 
alone after orthodontic treatment was performed 
on 296 children and adolescent patients [ 167 ], 

suggesting that orthodontic treatment may have a 
similar effect as oral appliance therapy. However, 
this study could not exclude AB activity, nor did 
it study SB utilizing PSG. Hence, the suggestion 
that orthodontic treatment may temporarily inter-
rupt or permanently reduce parafunctional activi-
ties is unsubstantiated. In another study, it was 
reported that previous orthodontic treatment did 
not alter the presence of current bruxism (i.e., no 
better or worse) [ 168 ]. 

 Based on a rational approach and clinical 
experience, SB is not a contraindication for orth-
odontic treatment. However, if a patient has clini-
cally signifi cant TMD symptoms related to SB, it 
is prudent that the TMD should be managed prior 
to embarking on orthodontic treatment to mini-
mize the likelihood of interruption or alteration 
of the orthodontic treatment plan. Similarly, if 
TMD related to SB occurs during active 

   Table 5.4    Management strategies for sleep bruxism   

 Strategy  Comment 

 Behavioral [ 160 , 
 170 – 173 ] 

 Avoidance of risk factors: smoking, 
alcohol, caffeine, drug use 

 Weak evidence 

 Relaxation techniques  Weak evidence 
 Good sleep hygiene  Weak evidence 
 Hypnotherapy  Weak evidence 
 Biofeedback  Moderate evidence in short term 
 Cognitive behavioral therapy  Moderate evidence in short term 

 Occlusal therapies  Occlusal adjustments/removal of occlusal 
interference 

 No evidence 

 Occlusal appliance [ 6 ,  173 – 178 ]  Decrease SB activity for 2 weeks only, but 
able to protect dentition from wear 

 Anterior appliance (e.g., Hawley anterior 
platform or mini-anterior type) [ 179 – 185 ] 

 No better than full coverage occlusal 
appliance 
 No evidence of long-term effi cacy or safety 

 Mandibular advancement appliance [ 186 ]  Decrease SB activity (up to 70 % reduction) 
during sleep, especially when worn in 
advanced positions (50–75 % of the maximal 
protrusion of the patients). No evidence of 
long-term effi cacy or safety 

 Pharmacologic  Clonazepam [ 187 ]  40 % decrease in SB activity in the short term 
with risk for tolerance and dependency. 

 Buspirone [ 188 ]  Weak evidence 
 Clonidine [ 189 ]  Reduced SB by 60 %; however associated 

with severe hypotension in the morning 
 Gabapentin [ 190 ]  Decrease in jaw muscle EMG and improved 

sleep. Need larger studies to reproduce this 
fi nding 

 Botulinum toxin [ 191 ,  192 ]  Decrease in jaw muscle EMG activity during 
sleep. Its effect is short term 
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orthodontic treatment, it will be necessary to 
interrupt that process and treat the pain and dys-
function prior to continuation of orthodontic 
treatment (see Chap.   3    ). 

 Once orthodontic treatment has been com-
pleted in a patient with SB, the fabrication of an 
occlusal splint to protect the dentition and pro-
vide retention may be appropriate. The utilization 
of standard removable or lingual bonded orth-
odontic retainers is unlikely to withstand the 
forces of SB and probably will require frequent 
replacement, so other retention strategies should 
be considered. 
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6.1            Introduction 

 In 1987, a landmark court case entitled Brimm ver-
sus Malloy [ 1 ] in the USA prompted an in- depth 
examination on the issue of whether or not orth-
odontic treatment causes temporomandibular dis-
orders (TMDs). The Brimm case resulted in a 
million-dollar judgment against a Michigan ortho-
dontist for allegedly causing TMD in a 16-year-old 
girl. The orthodontic treatment involved the extrac-
tion of two maxillary fi rst premolar teeth and the 
use of a headgear to address the patient’s Class II 
Division I malocclusion. The TMD symptoms 
experienced by the plaintiff were temporomandib-
ular joint pain and headaches following the removal 
of the appliances. The argument regarding the 
cause of these TMD symptoms was that the orth-
odontic treatment carried out resulted in the over-
retraction of the upper incisors, leading to the distal 
displacement of the mandible, and thereby causing 
temporomandibular joint (TMJ) internal derange-

ments. Regardless of the lack of scientifi c evidence 
behind such an argument, the jury awarded the 
plaintiff US$850,000 at the initial court trial. 

 The dental profession in the USA acknowl-
edged the importance of TMD in 1982 with the 
fi rst TMD Conference held by the American 
Dental Association (held in June 1982 and results 
published in January 1983). However, it was not 
until this famous TMD court case in 1987 that the 
orthodontic community was prompted to investi-
gate the subjects of occlusion, condyle position, 
and orthodontics related to TMD; clearly, this 
much needed research had to be carried out from 
an evidence-based perspective. The numerous 
studies that followed the Brimm case have pro-
vided invaluable information in regard to the 
understanding of relationships between occlu-
sion, condyle position, orthodontics, and TMD. 

 The purpose of this chapter is to examine the 
key issues related to occlusion and malocclusion, 
condyle position, and orthodontics as they might 
relate to TMD. Functional occlusion, internal 
derangements, imaging, and the role of articula-
tors in orthodontics are also discussed.  

6.2     Orthodontics and TMD: 
An Evolution of Controversy 

 The modern history of TMD essentially starts in 
1934. An otolaryngologist, Dr James Costen, 
described a syndrome (Costen’s syndrome) 
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related to the TMJs and ears based on the analy-
sis of 11 cases [ 3 ,  4 ]. The etiology was believed 
to be overclosure of the mandible due to loss of 
dental vertical dimension subsequent to tooth 
loss. Symptoms of Costen’s syndrome included 
TMJ sounds, pain in and around the jaw, limited 
mandibular opening, and myofascial tenderness/
pain, as well as ear symptoms such as dizziness, 
tinnitus, pain, and impaired hearing. The close 
anatomical proximity of the TMJ to the external 
auditory meatus and related structures was 
believed to contribute to the ear symptoms. 
Almost a decade later, the famous anatomist Dr. 
Harry Sicher proved that Costen’s syndrome was 
fallacious from an anatomical viewpoint. [ 5 ,  6 ] 
Even though Costen’s etiologic proposals were 
disproved, they formed an initial baseline frame-
work for a variety of dentally based theories of 
TMD etiology. These included trapped mandi-
bles, reduced vertical dimension, condylar mal-
position, occlusal interferences or disharmonies, 
and malalignments of the mandible with the 
skull. All of these initiated great interest, aware-
ness, and involvement of dentists to begin assess-
ing and treating these problems. Dentists were 
also stimulated to look more closely at occlusion 
as the major causative factor in TMDs. 

 During this same time period, Dr. Alan Brodie, 
Chair of the Orthodontic Department at the 
University of Illinois (and student of Dr. Edward 
H. Angle), wrote about the differential diagnosis 
of TM joint conditions in orthodontics [ 7 ,  8 ]. In 
the 1940s, 1950s, and 1960s, several prominent 
orthodontists such as Thompson [ 9 – 11 ], Moyers 
[ 12 ], Ricketts [ 13 ], and Perry [ 14 ,  15 ] petitioned 
orthodontists to consider mandibular kinematics, 
occlusion, and the TMJ as important elements in 
their practices. It was not until the early 1970s 
that the “gnathologic-prosthodontic” view made 
its way into orthodontics, led by Dr. Ronald 
H. Roth [ 16 – 20 ]. Roth rationalized that ortho-
dontics was analogous to prosthodontics/restor-
ative dentistry such as full-mouth rehabilitation, 
with the difference being that the orthodontists 
did not “cut away” at teeth. Consistent with the 
traditional gnathologic-prosthodontic view, Roth 
believed that disharmonies of the occlusion and 
improper condyle position would cause 

 temporomandibular joint (TMJ) disorders [ 16 –
 20 ]. Therefore, in addition to attaining an optimal 
static occlusion as outlined by Angle [ 21 ,  22 ] and 
Andrews [ 23 ], orthodontists were obliged to 
attain gnathologically optimal functional occlu-
sal and condyle relationships. The gnathologic 
goals were (are) as follows:

•    Attain a canine-protected (mutually protected) 
occlusion  

•   Attain coincidence of a patient’s centric occlu-
sion (maximum intercuspation) with a then 
posterior-superior (presently an anterior- 
superior) centric relation condyle position  

•   Analyze the discrepancy between a patient’s 
occlusion and centric relation position after 
obtaining a particular centric bite registration 
(Power-Bite) followed by the articulator 
mounting of the patient’s dental casts    

 When these gnathologic objectives were not 
achieved with orthodontic treatment, it was 
believed that patients would be predisposed to 
TMD. An extension of this thinking was that the 
orthodontist could mitigate or cure TMD by cor-
recting an existing malocclusion as well as the 
associated functional disharmony and improper 
CR position [ 16 – 20 ]. It was also contended that 
orthodontic treatment would cause TMD when 
orthodontists ignored the functional occlusion/CR 
goals of the gnathologic orthodontists [ 16 – 20 ]. 

 The gnathologic/orthodontic view of the past, 
however, was not evidence based, and the scien-
tifi c evidence accumulated over the years has 
contradicted much, if not all, of it. Intra-oral 
telemetry studies [ 24 – 27 ], as well as a large 
amount of subsequent scientifi c data, have sup-
ported the current concepts that occlusion and/or 
condyle position (CR) are not the primary cause 
of TMD [ 2 ,  28 – 35 ]. Of importance, the modern 
evidence-based view does not argue that 
 occlusion and condyle position have no relevance 
to the considerations of TMD, but they at most 
play a secondary role. The gross evaluation of a 
patient’s occlusion is important in the diagnosis 
and treatment of TMD – “…assessment of the 
occlusion is necessary as part of the initial oral 
examination to identify and eliminate gross 
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occlusal discrepancies…” [ 34 ].  Gross  occlusal 
interferences causing or contributing to tooth 
mobility, fremitus, and deviations or defl ections 
on mandibular closure and movement, should be 
evaluated for possible treatment.  

6.3     What Are TMDs? 
(See Chap.   2    ) 

 TMDs comprise a group of musculoskeletal and 
neuromuscular conditions that involve the TMJs, 
the masticatory muscles, and associated tissues. 
TMDs are essentially divided into joint/ disk dis-
orders and masticatory muscle disorders. The 
masticatory muscle disorders include muscle 
pain, infl ammation, contracture, hypertrophy, 
neoplasms, and movement disorders. TM joint 
disorders include joint pain, infl ammation, degen-
eration, neoplasms, disc displacements, hypomo-
bility, hypermobility, congenital or developmental 
disorders and fractures [ 2 ,  29 ,  32 ]. (see Chap.   2    ). 
Due to the limited knowledge of the etiology and 
natural progression of the majority of these disor-
ders, the classifi cation of TMDs is still a con-
stantly evolving topic. Given the diffi culties 
associated with defi ning the etiologies of TMD, 
contemporary TMD diagnoses and treatments are 
based on addressing the symptoms rather than the 
cause; this is an approach that requires little atten-
tion to individual etiologic factors. Similar to the 
treatments of other musculoskeletal disorders, 
management is typically palliative and symptom-
atic, primarily targeted at decreasing pain, 
decreasing loading on the muscles and joints, and 
facilitating the restoration of function and quality 
of life of patients. TMD treatments in most cases 
should be conservative, reversible, and based on 
scientifi c evidence [ 36 ] (see Chaps.   3     and   8    ). 

 Orthodontic treatment in general has not been 
found to cause TMD [ 37 – 43 ]. Orthodontics is 
generally described as TMD “neutral,” in that it 
neither causes nor cures (or mitigates) TMD [ 37 ]. 
Orthodontics does not prevent the development 
of TMD in patients who have malocclusion [ 32 ]. 
Therefore, it is not evidence based for orthodon-
tists or others in the dental profession to advise 
patients and parents of young children that 

 orthodontic treatment is indicated to address a 
child’s malocclusion to mitigate the risk of TMD 
developing in the future. The utilization of any 
specifi c type of orthodontic treatment, or appli-
ance, such as headgear, elastics, chin cup, or 
whether extractions are performed, has not been 
shown to lead to any increased risk for TMD 
[ 35 – 53 ].  

6.4     Occlusion, Malocclusion, 
and TMD 

 Dentists have vigorously debated the role of 
occlusion or malocclusion in causing TMD for 
many years. Numerous studies have investigated 
the relationship between both functional and 
morphologic aspects of occlusion and TMD; 
some have showed statistically signifi cant asso-
ciations (not cause-effect), while others have 
reported no such relationship. The differences in 
the fi ndings can be explained by problems in the 
study designs of many of these investigations. 
The main problems have been: relating symp-
toms to disease states such as joint sounds with 
no pain, failing to establish a differential diagno-
sis, small and heterogeneous samples with lack 
of controls or poorly matched comparison or 
control groups, issues with sample selection bias, 
inter- and intra-examiner variation, failing to iso-
late contributing factors, or failing to neutralize 
confounding variables [ 42 ,  44 ]. 

 Several functional and morphological occlu-
sal relationships have been investigated, and a 
small number of them have been purported to 
cause people to develop TMD [ 42 ,  44 ]. Some of 
the occlusal factors are open bite, overbite, over-
jet greater than 7 mm, centric slides (greater than 
between 2 and 4 mm), unilateral posterior cross-
bites with and without lateral functional 
 mandibular displacement, and missing posterior 
teeth. Current understanding and evidence-based 
literature fail to demonstrate a  causal  relation-
ship between these occlusal factors and TMD 
signs and symptoms; thus, the relationship is 
only an association [ 42 ,  44 ,  54 ]. Therefore, with 
regard to TMDs, it is clear that occlusion today is 
not believed to be as important as it once was 
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thought to be. This is largely a refl ection of the 
signifi cant amount of research that has taken 
place in the last two decades. TMD has moved 
from a dental and mechanical-based model to a 
biopsychosocial and medical model that inte-
grates a host of biologic, behavioral, and social 
factors to the onset, maintenance, and progres-
sion of TMDs. These disorders are considered to 
have multiple associated etiologic factors, includ-
ing both extrinsic and intrinsic patient factors that 
may contribute to the development of symptoms. 
Factors such as parafunction, trauma, psychoso-
cial disorders, emotional stress, gender, genetics, 
and centrally mediated mechanisms are currently 
considered to be most important.  

6.5     Centric Relation Dilemma 

 Centric relation (CR) has been a topic of much 
debate in dentistry for more than a century. The 
defi nition as well as the concept of CR has changed 
over the years. For more than a half century, the 
defi nition of CR within the prosthodontic commu-
nity has evolved from a retruded, posterior, and for 
the most part, superior condyle position to an ante-
rior-superior condyle position [ 55 ]. Dr. Ronald 
Roth in the early 1970s advocated a posterior-
superior (retruded CR) position, and then he 
changed his view in the early to mid- 1980s in 
favor of the more current anterior- superior CR 
position. Those arguing for an anterior-superior 
CR position were motivated by fi ndings from 
TMJ imaging of the era, initially TMJ arthrogra-
phy followed by magnetic resonance imaging 
(MRI), demonstrating many TMJ internal derange-
ments with the disc often located (or displaced) 
 anteromedially. They also realized that the pull 
of the elevator masticatory muscles was in an 
upward and forward direction, typically seating 
the  condyles in an anterior and superior position 
position. 

 CR has been defi ned in so many ways that 
today it has lost credibility [ 56 ]. The changes in 
the defi nition of CR appear to have been quite 
arbitrary rather than based on evidence, spurring 
Dr. Lysle Johnston to sarcastically write in 1990: 
“It could be argued that the progressive modifi ca-

tions in the defi nition of CR have done more to 
eliminate centric slides than 20 years of grudging 
acquiescence of the precepts of gnathology.” [ 57 ] 
Johnston also followed with: “I know of no con-
vincing evidence that condyles of patients with 
intact dentitions should be placed in CR, or that 
once having been placed there, the resulting 
improvement on nature will be stable.” [ 57 ] 

 There is little evidence to support the gnatho-
logic view that centric occlusion (CO) position or 
maximum intercuspation (MI) should be co- 
incident with an arbitrary CR position. In addi-
tion, centric slides greater than 4 mm that have 
been found associated with TMJ arthropathies 
are most likely the result of TMD rather than the 
cause [ 42 ,  44 ]. It is still important, however, for 
orthodontists to check for centric slides and to 
take some note if they are greater than 2 mm in 
order to discern whether there is a marked slide 
between CO/MI and centric relation occlusion or 
CRO, commonly referred to as a “Dual Bite” or 
“Sunday Bite.” This is especially important in 
determining the true extent of a dental and skel-
etal malocclusion in three planes for orthodontic 
treatment planning. Kandasamy et al. [ 58 ] 
recently demonstrated via an MRI study that irre-
spective of the centric bite registration used, 
including the Roth Power Bite Registration, cli-
nicians cannot accurately and predictably posi-
tion condyles into specifi c locations in the glenoid 
fossae. 

 Further, the evidence suggests that there is a 
range of acceptable condylar positions and not 
one position that is optimal for all individuals. 
There is a particular optimal position for each 
person, with the anterior to mid-condyle posi-
tions more commonly found than retruded (pos-
terior) CR positions. Nonetheless, there is 
evidence that individuals with healthy TMJs can 
have a retruded condylar position [ 31 ,  37 ,  53 ,  59 , 
 60 ]. Further, the condyle-fossa relationship in 
every person may change very slightly through-
out the day depending upon various factors 
including fatigue of the facial and masticatory 
muscles, parafunction, posture, tongue pressure, 
hydration of the disc, and so on. There is no opti-
mal three-dimensional position/location of the 
TMJ condyles in the glenoid fossa [ 2 ,  32 ,  34 ]. 
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Various orthodontic treatments such those involv-
ing extractions, headgear, inter-arch elastics, chin 
cups, and so forth do not necessarily cause the 
posterior displacement (or positioning) of the 
mandibular condyles nor do they necessarily pre-
dispose patients to developing TMD [ 35 – 53 ].  

6.6     Functional Occlusion 
and Orthodontics 

 Criteria for an optimal “static occlusion” have 
found universal support based primarily on the 
work of Angle [ 21 ,  22 ] and Andrews [ 23 ]. It is 
important to be cognizant of the fact that maloc-
clusion is not a disease and there is no persuasive 
evidence to demonstrate that deviations from 
Angle’s normal/class I relationship will predis-
pose patients to TMD or periodontal disease [ 61 ]. 
Nonetheless, there is less of a consensus as to 
what constitutes the optimal “functional occlu-
sion”; this refers to the contact relationship of the 
upper and lower teeth within the functional range 
of mandibular movement. This subject has been 
debated for over a century and views are based 
more so on conjecture rather than evidence. Clark 
and Evans stated: “The criteria that denote an 
‘ideal’ functional occlusion have not been con-
clusively established.” [ 62 ] 

 There is a long-standing belief that the opti-
mal functional occlusion for all dental patients, 
including orthodontic patients, is “canine- 
protected occlusion” (CPO or mutually protected 
occlusion). Canine-protected occlusion refers to 
contact occurring only at the canine teeth on the 
working side with no occlusal contact(s) on the 
non-working (balancing) side, during lateral or 
side-to-side mandibular movements. That is, the 
canine teeth disclude the entire dentition on lat-
erotrusive movements out of centric occlusion. 
The contention by some is that failure to establish 
CPO during orthodontic treatment could predis-
pose patients to TMD, as well as orthodontic 
relapse [ 16 – 18 ,  20 ,  63 ]. When discussing func-
tional occlusion, one must qualify the difference 
between the terms balancing side contact and 
balancing side interference. A balancing side 
contact is a very light occlusal contact and this is 

considered benign. On the other hand, a balanc-
ing side interference is a gross occlusal 
 disharmony that can cause defl ection of the man-
dible, tooth mobility, fremitus, and so forth. 
Balancing side contacts are acceptable for a 
physiologic functional occlusion, irrespective of 
what tooth contact occurs on the working side. A 
balancing side interference is not acceptable and 
deviates from a healthy functional occlusion. 

 To regard CPO as the optimal functional occlu-
sion for orthodontic patients is arbitrary and not 
supported by the evidence [ 64 ]. The routine selec-
tion and attainment of CPO as the optimal func-
tional occlusion type for all patients ignores the 
importance of each person’s unique stomatognathic 
and neuromuscular functional status. CPO might 
be one of several functional occlusion schemes that 
are acceptable for orthodontic patients. Further, not 
all subjects actually function in the extreme lateral 
side-to-side border movements governed by the 
functional occlusion paradigm of CPO. Studies 
have also shown that the functional occlusion 
which exists as the mandible moves immediately 
laterally out of centric occlusion is not typically 
CPO, and individuals move in and out of one func-
tional occlusion type to another as the mandible 
moves from centric occlusion to the extreme cusp 
to cusp lateral border movement. 

 No one single type of functional occlusion 
predominates in nature. As Woda and coworkers 
found back in the mid-1970s, “Pure canine pro-
tected or pure group function rarely exists and 
balancing contacts seem to be the general rule in 
the population of contemporary civilizations.” 
[ 65 ] Even if a particular functional occlusion is 
achieved, it will not necessarily be stable or 
retained over the patient’s life time [ 41 ,  62 ]. If 
CPO is established, one must take in to consider-
ation that over time the functional occlusion will 
typically evolve into group function followed by 
balanced occlusion as a result of tooth attrition, 
changes in the oral environment, demands on the 
dentition with growth and aging, and occlusal 
settling, all affecting the vertical level and posi-
tion of the canines. 

 CPO is diffi cult to achieve in an orthodonti-
cally treated population because there is less 
canine rise and disclusion when the canines are in 
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an Angle’s Class I/normal relationship; the 
canines never come together in contact in a cusp 
tip to cusp tip relationship in lateral border move-
ments like they do in a Class II relationship [ 66 ]. 
In a Class I canine relationship, rather than cusp 
 tip  to cusp  tip  laterotrusive functional relation-
ship typical of functioning Class II canines, the 
canines disclude in a cusp  incline plane  to cusp 
 incline plane  functional relationship. This pro-
vides less canine rise and therefore more chance 
of having balancing side contacts/interferences. 
So to achieve CPO, an orthodontist would have to 
either establish a canine relationship that is 
between a Class I and a full unit Class II relation-
ship or deliberately extrude patients’ canines past 
their physiologic and normal contact point/area 
and/or restoratively build up the canine tips to 
achieve CPO. This not only tends to produce a 
non-consonant smile arc but also produces an 
unesthetic “vampire look.” Achieving canine- 
protected occlusion routinely in orthodontics is 
not evidence based and is generally mutually 
exclusive to achieving a consonant smile arc and 
ideal smile esthetics [ 64 ]. 

 In summary, none of the traditional functional 
occlusion schemes are inherently bad, but it does 
seem that group function occlusion and balanced 
occlusion (with no interferences and only balanc-
ing side contacts/light) appear to be the most prac-
tical for orthodontic patients over a lifetime. It is 
not evidence based to simply advocate one type of 
functional occlusal scheme over another for all 
patients. A patient’s static occlusion type, cranio-
facial morphology, parafunctional habits, chewing 
kinematics (vertical versus horizontal chewing 
patterns), and current oral health status are only 
some of the myriad factors that contribute to estab-
lishing the best and most practical functional 
occlusion scheme for each individual patient.  

6.7     Articulators for Orthodontic 
Diagnosis 

 Articulators are mechanical devices which aim to 
crudely simulate mandibular movements and 
occlusal relationships. There are a number of dif-
ferent types of articulators such as arcon, nonarcon, 

fully adjustable, semi-adjustable, polycentric 
hinge, and so forth. Articulators are useful for 
involved prosthodontic treatments and orthogna-
thic surgical procedures to at least maintain a cer-
tain vertical dimension, while laboratory procedures 
are being performed. Early on, the need to mount 
cases was related mostly to detecting “sagittal” dis-
crepancies, particularly “Sunday bites.” Later on it 
became more about fi nding transverse and vertical 
discrepancies. Nonetheless, the utility of articula-
tors in orthodontics to improve patient diagnoses 
has been the subject of much debate ever since the 
early 1970s, when Dr. Ronald Roth introduced the 
classic gnathological-prosthodontic philosophy to 
the orthodontic profession [ 16 – 20 ]. Roth believed 
that mounting dental study casts on articulators 
would aid the orthodontist in diagnosing three-
dimensional condylar (CR) discrepancies. He also 
believed that he could position and seat condyles in 
a more ideal position within the glenoid fossa, and 
then he could base his orthodontic treatments 
around this condylar position (i.e., CR) with the 
aim of curing a pre-existing TMD or mitigating the 
risk of TMD developing in the future. 

 It is has been argued that articulator mount-
ings with the appropriate centric bite registration 
will improve the orthodontic diagnostics (Angle’s 
classifi cation) in 18.7–40.9 % of cases [ 67 ,  68 ]. 
Whether all cases need to be mounted is the sub-
ject of much debate. Some gnathologic orthodon-
tists take the position that not all cases need to be 
mounted, so they only mount in cases needing 
orthognathic surgery or in TMD patients. Others 
have stated that they like to mount models in 
cases involving most adults, or those with multi-
ple missing teeth, functional shifts and/or mid-
line deviations, and those with deviations on 
opening or closing. Nonetheless, Dr. Frank 
Cordray, a contemporary Roth supporter, believes 
all cases need to be mounted because a practitio-
ner would not be able to determine beforehand 
which cases will become the most challenging 
[ 63 ]. Ellis and Benson found that mounting of 
study casts in CR instead of CO did not make any 
difference in the eventual diagnosis and treat-
ment planning decisions [ 69 ]. 

 As mentioned previously, in the past, the 
views on the causes and treatments for TMD 
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were centered on a mechanical dental-based 
model and this involved a detailed analysis of 
occlusion and condyle position (CR). As men-
tioned previously, the contemporary TMD model 
has moved away from focusing on these issues 
and has embraced a medical and biopsychosocial 
model. So the question is, do we need to even 
debate the issue of the utility of articulators in 
orthodontics in general, or in relation to TMDs, 
when there is only a minimal infl uence of occlu-
sion and condyle position on the development of 
TMDs? In our view, the answer is a simple no. 
Regardless, we will still discuss the key issues in 
relation to articulators in orthodontics below, as 
there still exists a vocal and substantial propor-
tion of the dental profession that still propagates 
this philosophy as the standard of care. 

 Let us assume that seating the condyle in the 
prescribed “ideal” position within the fossa and 
then rehabilitating the occlusion or malocclusion 
to this position with either orthodontics, prosth-
odontics and/or orthognathic surgery is critical to 
preventing or curing TMD. If this is the case, then 
in order to be able to mount a set of models prop-
erly on an articulator, one has to be able to obtain 
an accurate bite registration that seats the condyle 
in the so-called ideal CR position within the fossa. 
The critical issue here is whether these bite regis-
trations are reliable and more importantly valid. 
Orthodontic gnathological records such as the 
Roth power centric bite registration and the artic-
ulator mounting instrumentation appear to be reli-
able (repeatability and consistency of the records/
techniques) in controlled laboratory conditions 
[ 63 ,  70 ,  71 ]. However, are these centric bite regis-
trations valid? That is, do any of these recording 
methods, including the Roth power bite registra-
tions, actually anatomically seat the condyles in 
an anterior-superior position within the fossa 
according to imaging fi ndings? The evidence-
based data supports the view that clinicians are 
not able to estimate the position and location of 
patients’ condyles via certain bite registrations 
taken chairside. Kandasamy et al [ 58 ] have pro-
vided MRI data demonstrating that patient con-
dyles are not located where gnathologists believe 
they would be. Based on their study, they con-
cluded that given the small changes and the 

extremely unpredictable nature of condylar posi-
tioning  associated with centric relation and Roth 
power bite registrations, advocating this modality 
routinely in clinical practice as a prophylactic or 
curative measure for TMD is an invalid and unjus-
tifi ed procedure [ 58 ]. 

 There are several other problems with gnatho-
logic bite registrations and articulators:

•    The basic premise of the use of articulators 
dates back more than a half century ago to 
Posselt and the “terminal hinge axis” [ 74 ]. The 
concept of the terminal hinge axis argues that in 
the initial phase of opening of the mandible 
(fi rst 20 mm) there is only rotation and not 
translation. If this is true than articulators need 
not have the ability to calculate the possible 
effects of both rotation and translation and the 
different degrees of each due to individual vari-
ability. However, in 1995, Lindauer et al [ 75 ] 
demonstrated that both rotation and translation 
of the condyles occur even the fi rst few milli-
meters of opening and closing, proving that 
there is no “terminal hinge axis” and that the 
basic premise of articulators is invalid. Further, 
the terminal hinge axis is diffi cult to achieve 
given that condyles are generally irregular, 
individually suspended and asymmetrically 
angulated to the midsagittal plane [ 76 ]. It is 
interesting to note that when Posselt posed his 
theory on the terminal hinge axis, CR was 
regarded as a posterior-superior retruded con-
dyle position and CR was recorded by applying 
signifi cant distal chin pressure on the mandible 
resulting in the  obvious reason for observing a 
terminal hinge axis-type movement.  

•   In children, the TMJ condyle-glenoid fossa 
complex changes location with growth; the 
fossae are displaced posteriorly and inferiorly 
and the condyles grow posteriorly and superi-
orly. To maintain any particular CR position, 
gnathologists would need to take new CR bite 
registrations, facebow transfers, and mount-
ings periodically during treatment to evaluate 
TMJ growth changes during orthodontic treat-
ment [ 77 ].  

•   There are errors associated with the taking of 
bite registrations including the deformation 
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and shrinking of the bite registration material 
and errors with transferring the registration 
onto the articulator. There also exist errors 
associated with the mounting process, includ-
ing orientation of the casts, the taking and 
transferring of the facebow record, fl exing of 
the bite fork when mounting the maxillary 
cast, plaster expansion and contraction as well 
as using average settings on the articulator.  

•   For the Roth Power Bite registration, the bite 
is recorded at 2 mm separation of the most 
posterior teeth [ 72 ] and not in occlusion. What 
determines the fi nal dental relationship as set 
on the articulator when the pin of the articula-
tor is dropped to allow full occlusal interdigi-
tation? When bite registrations are taken with 
the vertical dimension open, this will result in 
errors in occlusal interdigitation following the 
removal of the bite registration, because the 
centers of rotation of the patient’s TMJs and 
the articulator are different [ 73 ].  

•   CR bite registrations are static recordings 
which do not record any dynamics of man-
dibular movement.  

•   Articulators do not furnish any biologic infor-
mation about human TMJs. Articulators can-
not simulate the real life dynamics of occlusion 
or evaluate chewing kinematics and mastica-
tory movements that are dependent upon mus-
cle patterns and the resilience of the soft 
tissues and the joint disc.  

•   There also exists the issue of added costs, both 
fi nancial and time, in performing articulator 
mountings as well as the issue of storing these 
records, even if they are temporary.    

 To eliminate or reduce the errors and limita-
tions associated with articulators, there is a current 
trend toward using three-dimensional computer-
aided treatment planning incorporating data from 
multi-slice computed tomographic (CT) or cone-
beam CT (CBCT) scans, especially for orthogna-
thic surgical procedures [ 78 – 82 ]. This modality 
allows the clinicians to visualize the craniofacial 
anatomy in all three dimensions and to simulate 
surgical procedures. Clinicians have the ability to 
carry out accurate jaw positioning with reduced 

errors associated with vertical dimensional and 
condylar rotational changes, as well as less errors 
with inter-occlusal splint fabrication and seating in 
comparison to the traditional two dimensional 
work-up using articulators and plain fi lms. The 
virtual planning is also signifi cantly less labor 
intensive and affords greater effi ciency and accu-
racy than traditional methods. 

 Given the countless number of limitations and 
errors associated with the bite registration and 
mounting process, articulators, the lack of valid-
ity of centric relation bite registrations, the lack 
of emphasis of condyle position and occlusion in 
the role of TMD and the evolution of the medical 
and biopsychosocial model for TMD diagnosis 
and management, the whole discussion about the 
routine use of articulators orthodontics becomes 
an essentially futile exercise. Given the evidence- 
based literature available today, there is no justi-
fi cation for the routine mounting and condylar 
positioning in orthodontics.  

6.8     TMJ Sounds, Internal 
Derangements, 
and Orthodontics 

 In the past, TMJ sounds have been described as 
being both a symptom and a sign of TMD that 
relates to some form of internal derangement of 
the articular disk inside the TMJ. It was believed 
at one time that this condition will inevitably 
progress to limited opening (locking) or 
 degenerative joint disease (arthritis), but this 
viewpoint has changed as more information has 
emerged. It is now widely known and appreciated 
that TMJ sounds are not always diagnostic of 
pathology/dysfunction. In fact, there is a type of 
“soft” sound described by Watt [ 83 ] that is subtle 
and heard in normal joints, and which has a num-
ber of possible causes. These include phenomena 
such as sudden movement of the TMJ ligaments, 
the separation of the articular surfaces, the suck-
ing of loose connective tissue behind the condyle 
as it moves forward on the articular surface, sur-
face irregularities on the condyle or eminence, or 
an alteration in mandibular position related to 
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hypertonicity of one of the lateral pterygoid 
muscles. 

 Most often TMJ sounds such as popping and 
clicking that are present without any other TMJ 
symptoms such as pain, muscle tenderness, and 
limitation of mandibular movement are not indic-
ative of a TMD, and in current taxonomies they 
are not classifi ed as clinical disorders. Studies 
have shown that clicking alone is a benign condi-
tion that is found in over a third of the population, 
and which only rarely progresses to more serious 
clinical dysfunction or disease. Furthermore, 
even in the presence of other TMJ symptoms, 
patients with clicks do not necessarily progress to 
more advanced TMD [ 84 – 87 ]. 

 Crepitus, or a grating/grinding sound, is dif-
ferent than the typical clicking or popping and 
usually represents an underlying osteoarthrosis 
or osteoarthritis of the TMJ. The fi nding of TMJ 
crepitus without pain or dysfunction does not 
mean that a patient needs immediate treatment, 
but the patient should be made aware of this fi nd-
ing and reviewed regularly. Treatment is gener-
ally not indicated when there is no joint pain or 
dysfunction (also see Chap.   3    ).  

6.9     Internal Derangements, 
Recapturing Discs, 
and Orthodontics 

 With better imaging of the TMJ disc that was 
done initially with arthrography followed by 
magnetic resonance imaging in the early to 
mid- 1980s, it was found that a signifi cant num-
ber of TMD patients had TMJ internal derange-
ments. A similar fi nding was observed in the 
TM joints of over a third of the normal popula-
tion. Most often these internal derangements 
are anterior and medially displaced TMJ discs. 
This information prompted the dental profes-
sion to question the defi nition of centric rela-
tion at that time and contributed to the change 
in the defi nition of CR from a posterior-supe-
rior condyle position to an anterior-superior 
condyle position. This further led to the prac-
tice (which is still prevalent today) of attempt-

ing to “recapture” anterior displaced discs with 
so-called repositioning splints [ 88 – 90 ]. After 
the TMJ discs were believed to be recaptured, 
the mandible (and discs) would  typically need 
to be stabilized at the occlusal level with the 
help of orthodontics, prosthodontics, or orthog-
nathic surgery. 

 It has been reported that TMJ disc abnormali-
ties are also associated with a reduction in the 
forward growth of the maxilla and mandible; and 
for adolescents, a reduction in the growth of the 
mandibular ramus [ 91 – 93 ]. Based on this infor-
mation, it is conjectured that untreated or inade-
quately treated TMJ internal derangements (IDs) 
can lead to degenerative joint disease (DJD), 
pain, compromised mandibular growth, and sev-
eral other adverse conditions [ 94 ,  95 ]. It is 
believed that these asymptomatic ID patients 
need treatment, typically involving an occlusal 
stabilizing splint followed by orthodontic treat-
ment. It is also argued that the best time to treat 
these individuals is early and when they are 
young [ 94 ], because this would be a time before 
signifi cant changes of the disc, skeleton, and 
occlusion occurs, when there is optimal capacity 
for repair and adaptation. Treatment rendered at a 
later time, after growth, is believed to be less 
effective since the TMJs would have progressed 
to having a nonreducing disc displacement and 
degenerative joint disease [ 94 ,  95 ]. 

 However, even if we acknowledge that there 
are some biologic effects of TMJ internal 
derangements on the growth and development of 
patients, there are serious questions to consider 
regarding what needs to be done about that (if 
anything). First, are these individuals at a higher 
risk of developing TMD in the future? Secondly, 
if these individuals are at a higher risk, do they 
need treatment at this time to mitigate the future 
development of TMD? Thirdly, is treatment car-
ried out to “recapture” displaced discs evidence 
based and has it been clinically successful? 

 The opposing view is to leave this cohort of 
individuals alone and let sleeping dogs lie [ 96 , 
 97 ]. As pointed out earlier, it has been shown that 
more than 30 % of the population who are asymp-
tomatic exhibit discernable MRI disc displace-
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ments, and many of them have palpable clicking 
sounds [ 98 – 101 ]. There is no evidence that this 
group would be more prone to develop TMD in 
the future than a group who do not have TMJ 
discs located in an “abnormal” position. Further, 
there is no evidence that treating patients with 
“abnormal” TMJ disc locations without TMD 
symptoms would either prevent or mitigate future 
TMD. It has also been shown that patients with 
moderate to severe TMD with associated disc 
displacement without reduction will improve 
with minimal, or no, treatment [ 87 ,  102 ]. 

 Originally it was believed that anteriorly dis-
placed discs can be recaptured with anterior 
repositioning appliances, thereby resulting in the 
“walking back” of the disc-condyle relationship 
to the normal physiological position. What actu-
ally occurs is that by positioning the mandible in 
a forward position, the retrodiscal tissues are 
allowed to recover, allowing adaptive and repara-
tive changes to occur. The retrodiscal tissues 
become avascular and fi brotic, allowing the con-
dyles to eventually function “off the disc” as they 
articulate on the newly adapted retrodiscal tis-
sues with no pain [ 103 – 106 ]. The validity of use 
of repositioning splints is speculative and not 
supported by the evidence and may lead to irre-
versible changes in the occlusion. 

 Furthermore, there is no clear linear rela-
tionship between disc displacement and pain, 
mandibular dysfunction, osteoarthritis, and/or 
growth disturbances. Not all patients with 
growth defi ciencies have disc displacements, 
and not all growing patients with disc displace-
ment grow abnormally. Trying to administer 
treatment for an internal derangement involv-
ing splint therapy followed by orthodontics, 
prosthodontics, and surgery, especially when 
there is no pain or dysfunction present, is not 
evidence-based care and a gross disservice to 
the patients.  

6.10     TMJ Imaging 
for Orthodontics 

 The standard radiographs usually taken as part of 
a routine orthodontic examination include a pan-
oramic and a lateral cephalometric radiograph. 

With regard to the TMJs, these two dimensional 
plain-fi lm or digital radiographs can be used as a 
screening tool to only crudely assess basic “bony” 
elements such as mandibular and condylar asym-
metries, developmental skeletal anomalies, and 
fractures. Today, there are more sophisticated 
imaging techniques available, such as MRIs, 
computed tomography (CT), and cone beam CT 
(CBCT) scans. MRI is a non-invasive soft tissue 
imaging technique capable of providing excellent 
high contrast ratios and diagnostic information of 
the soft tissues of the TMJs and disc-condyle 
relationship. CT and CBCT are excellent tools 
for the three- dimensional imaging of hard tis-
sues. There is a growing trend for using CBCTs 
instead of conventional radiographs for many 
dental applications. These include pre-surgical 
dental implant planning, airway assessment, and 
orthognathic surgery planning, as well as the 
orthodontic assessment of skeletal structures and 
the localization of impacted, malformed, and 
supernumerary teeth. With regard to the TMJs, 
CBCTs provide excellent osseous detail of the 
TMJs that is impossible to achieve with conven-
tional radiographs. 

 Given the contemporary medical and biopsy-
chosocial model for TMD, routine imaging of 
the TMJs for the assessment of condyle position 
and the diagnosis of TMD is not evidence based 
or justifi ed. Imaging should only be performed 
following a thorough clinical examination that 
indicates the need for more diagnostic informa-
tion, (see Chap.   3    ). The British Orthodontic 
Society Guidelines argue against the use of con-
ventional radiographs of the TMJs for the diag-
nosis of TMDs in orthodontic patients [ 107 ]. 
A recent systematic review found that there was 
no  high- quality evidence found for the benefi ts 
of routine CBCT use in orthodontics [ 108 ]. In 
addition, the increased risk of radiation exposure 
from CBCTs as opposed to two-dimensional 
conventional digital imaging greatly outweighs 
their justifi cation to be used routinely in ortho-
dontics [ 108 ,  109 ]. With signifi cant improve-
ments in CBCT technology today, especially in 
terms of reducing the radiation exposure to the 
point where it is below conventional radiographs, 
their use will become more common and justi-
fi ed [ 110 ].  
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6.11     TMD Informed Consent 
in Orthodontics 

 Informed consent for orthodontic treatment is a nec-
essary requirement prior to the commencement of 
treatment. Part and parcel of obtaining informed 
consent for orthodontic treatment is obtaining 
informed consent from the patient (parent) in rela-
tion to orthodontics and TMD. Various orthodontic 
organizations such as the American Association of 
Orthodontics have sections in their published 
informed consent document(s) on the current and 
evidence-based view on the topic of orthodontics 
and TMD. One point that must be stressed here is 
that informed consent is not a one-time event; 
patients/parents must be constantly reminded about 
the salient elements of risk factors that are applicable 
for each individual patient/family. This topic is dealt 
with in greater detail in Chap.   10    . The key issues that 
are important to discuss with the patient and accom-
panying parent/guardian are summarized in the 
Take- Home Messages section of this chapter.  

    Conclusion 

 The term TMD encompasses a number of clini-
cal problems of multifactorial etiology that 
involve the masticatory musculature and the 
TMJs. The historic mechanical and dental-based 
model has been gradually replaced by a medical 
model used in the treatments of TMD and other 
acute and chronic musculoskeletal disorders. 
The  contemporary biopsychosocial approach to 
TMD management focuses on the integration of 
biologic, clinical, and behavioral factors that 
may ultimately account for the onset, mainte-
nance, and remission of TMD. Genetics (vulner-
abilities related to pain), endocrinology, 
behavioral risk- conferring factors, and psycho-
social traits and states appear to be the variables 
currently being researched and receiving the 
most attention. Despite the compelling current 
evidence, some professionals in orthodontics are 
reluctant to change and continue to still hold 
onto past unscientifi c beliefs that lead to the use 
of outdated treatment approaches. It is critical 
that orthodontists continually pay attention to 
the new research developments so that they can 
ultimately provide their patients with the best 
and most appropriate possible care. 

 Take Home Messages 

•     TMDs are a group of musculoskeletal 
and neuromuscular conditions that 
involve the TMJs, the masticatory mus-
cles, and associated tissues.  

•   Current understanding and evidence- 
based literature fail to demonstrate a 
relationship between various occlusal 
factors and TMD signs and symptoms.  

•   TMD has moved from a dental and 
mechanical-based model to a biopsy-
chosocial and medical model that inte-
grates a host of biologic, behavioral, and 
social factors to the onset, maintenance, 
and progression of TMD.  

•   Management of TMD is typically palli-
ative and symptomatic, aimed at 
decreasing pain, decreasing loading on 
the muscles and joints, and facilitating 
the restoration of function and quality of 
life of patients.  

•   Orthodontics is generally described as 
TMD “neutral,” in that it neither causes 
nor cures (or mitigates) TMD.  

•   There is no evidence that early orth-
odontic treatment of patients with mal-
occlusions will prevent the development 
of TMD in the future.  

•   The evidence suggests that there is a 
range of acceptable condylar positions 
and not one CR position that is optimal 
for all individuals.  

•   Irrespective of the centric bite registra-
tion used, clinicians cannot accurately 
and predictably position condyles into 
specifi c locations in the glenoid fossae.  

•   The practice of condylar positioning 
associated with centric relation and 
Roth power bite registrations in clinical 
practice as a prophylactic or curative 
measure for TMD is an invalid and 
unjustifi ed procedure.  

•   Given the countless number of limita-
tions and errors associated with CR bite 
registrations, articulators, and the mount-
ing process, the routine use of articula-
tors in orthodontics is not justifi ed.  
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      Idiopathic/Progressive Condylar 
Resorption: An Orthodontic 
Perspective 

           Chester     S.     Handelman       and     Louis     Mercuri    

7.1            Introduction 

 Idiopathic condylar resorption (ICR), which is 
alternatively called progressive condylar resorp-
tion (PCR), is an uncommon aggressive form of 
degenerative disease of the temporomandibular 
joint (TMJ). It is usually encountered in adoles-
cent and young females, although it has also been 
observed in males. Pathognomonic features of 
this condition include a loss of condylar mass, 
thereby decreasing the height of the ramus and 
length of the mandible, and an opening rotation 
of the mandible resulting in a Class II open bite. 

 The purpose of this chapter is to provide the 
orthodontist with practical knowledge about the 
diagnosis of this disease and an approach to its 
management and treatment based on an update of 
our previous publications. We will also present 
material from long-term records of some idio-
pathic condylar resorption (ICR) patients to illus-
trate the problems the orthodontist might face. 
We also report fi ndings from a survey of a group 
of orthodontists to determine their experience 

with this troubling disease [ 1 ,  2 ]. We will discuss 
the orthodontists’ responsibility in managing 
ICR/PCR cases, including how to avoid legal 
liability sometimes associated with these patients. 
Finally we will discuss a rationale for total allo-
plastic joint replacement for cases that may be 
refractory to TMJ or orthognathic surgery. 

 The orthodontist is likely to have contact with 
patients affl icted with ICR/PCR in the following 
two contexts. The fi rst are patients who spontane-
ously exhibit ICR/PCR independent of surgical 
intervention. The most troubling are those who 
develop ICR/PCR during orthodontic treatment 
or in retention. These patients are almost always 
young adolescent females, while others are 
affl icted in their late teens or early 20s. Their 
clinical records show that their occlusion was 
acceptable in the past, but has deteriorated within 
a relatively brief time period. The second group 
includes patients who have undergone orthogna-
thic surgery for correction of any one or more of 
the following conditions: anterior open bite, 
mandibular retrognathia, or long anterior face 
height. Following surgery the intermaxillary cor-
rection appears to be successful, but by the 3rd to 
6th month afterward the correction starts to fail to 
a variable extent [ 3 ,  4 ]. 

 Do these two groups of patients have different 
problems, either clinically or  pathophysiologically? 
Or are they the same, with ICR/PCR manifesting 
itself at somewhat  different ages and under  different 
circumstances? In both cases, the vast majority of 
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these patients share similarities in sex, age, maloc-
clusion, skeletal pattern, and condylar pathology. 
With the exception of subjects with known medical 
or traumatic causality, these patients are described 
as having an “idiopathic” problem (i.e., ICR) [ 5 ].  

7.2     Sex and Age 

 ICR/PCR is a disease of young females in their 
teens or early 20s. Many diseases have a higher 
incidence in either males or females; for exam-
ple, a greater number of females are reported to 
suffer from temporomandibular disorders [ 6 ]. It 
is unusual for a disease to be clustered almost 
completely within one gender when the sexual 
organs are not directly involved. Gunson et al. 
have made a case for low serum 17 beta-estradiol 
as a major factor in progressive condylar resorp-
tion [ 7 ]. They state that the use of oral contracep-
tives and abnormal menstrual cycles are often 
seen in females with severe condylar resorption. 
Milam states that estrogen receptors are present 
in the female TMJ; and low levels of estrogen can 
have a negative infl uence on joint tissues. He also 
has observed that there may be a predisposition 
to degenerative joint disease in certain females 
including even ordinary osteoarthritis [ 8 ]. 

 But why should there be a preponderance of 
adolescent and young females in the ICR/PCR 
population? The premenstrual female may have 
insuffi cient circulating estrogen to initiate condy-
lar pathology, but then there is the onset of men-
ses. The age of expression of ICR/PCR is in 
adolescent and young females up to the third 
decade of life [ 9 ]. Interestingly, there appears to 
be an unexplained “burnout” of the resorption 
process in affl icted individuals sometime in the 
mid 20s, although resorption can extend into the 
early 30s. It should be remembered that ICR/
PCR is a subset of the more inclusive “degenera-
tive joint disease,” but it is uniquely aggressive 
with dramatic facial and occlusal changes occur-
ring in adolescent and in young adults. 

 Can the preadolescent facial type and occlu-
sion predict later ICR/PCR? Studies have shown 
that the orthognathic surgery patient most sus-
ceptible to ICR/PCR has a Class II open bite type 
malocclusion with a high mandibular plane angle 

[ 3 ]. Can we assume that the ICR/PCR patient 
have these tendencies early in life, for example in 
the mixed dentition? Not necessarily (See 
Fig  7.3 a).  

7.3     Mechanical Loads 

 The healthy TMJ that undergoes natural remodel-
ing can withstand and adapt to heavy mechanical 
loads that are frequently experienced, including 
parafunctional habits like nocturnal bruxism, 
orthodontic procedures like wearing elastics, and 
orthopedic appliances such as Herbst or chin cup 
[ 10 ]. Facial trauma as well as orthognathic surgi-
cal procedures can also produce increased loads 
on the TMJs [ 10 ]. However, certain adolescent 
and young adult females appear to be susceptible 
to developing degenerative joint disease that pro-
gresses to condylar resorption when their TMJs 
are exposed to excessive mechanical loading. 
Essentially, the intrinsic adaptive capacity of their 
joints to withstand mechanical loads is exceeded 
by their functional (or parafunctional) demands, 
which is just another way of saying they are a vul-
nerable subset of the population [ 10 ,  11 ]. 

 Even healthy joints cannot withstand extreme 
mechanical loads that exceed their adaptive capac-
ity. Studies have shown that this can be the result 
of severe trauma or a surgical mandibular advance-
ment over 5 mm. For example, Scheerlink et al. 
have shown that surgical mandibular advancement 
of less than 5 mm resulted in only 2 % of patients 
developing signifi cant condylar resorption, while 
10 % of cases with 5–10 mm advancement had 
resorption, and in cases with greater than 10-mm 
advancement 67 % of cases had resorption [ 12 ]. 
Apparently, the forces produced by the stretched 
musculature and soft tissues exceeded the adaptive 
capacity of the joints in those cases.  

7.4     Orthognathic Surgery 
as a Risk Factor 

 Orthognathic surgery for the correction of the 
Class II open bite malocclusion usually involves 
maxillary impaction via a LeFort I osteotomy to 
induce mandibular closing rotation, combined 
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with mandibular advancement via bilateral sagittal 
split osteotomies (BSSO). Both surgeries will 
cause a sudden repositioning of the condyles in the 
fossae and thereby alter both the direction and the 
magnitude of the mechanical load in the TM joints 
[ 3 ,  10 ,  13 ]. In most patients the joints will remodel 
and adapt to this change; but in some patients the 
remodeling capacity of their TMJs is exceeded by 
the functional demands of these sudden anatomi-
cal changes, and their condyles resorb. 

 Arnett et al. have demonstrated that the use of 
bicortical screws to fi xate the mesial and distal 
segments during BSSO can rotate the condylar 
segments either laterally or medially in the gle-
noid fossa. This torquing of the condyle could 
initiate condylar resorption [ 10 ]. To minimize 
torquing they suggest using titanium bone plates 
adapted to the outer cortical surfaces of the two 
segments with unicortical screw fi xation to mini-
mize this problem. They also point out that over- 
seating the condyle in the fossa during BSSO can 
cause compression resulting in dysfunctional 
remodeling of the joint [ 13 ]. 

 Surgical procedures to correct the Class II 
open bite and associated mandibular retrognathia 
were in place by the mid 1970s. In the 1980s to 
1990s, there was an increasing number of patients 
undergoing orthognathic surgery. A number of 
Dutch surgeons observed that some patients with 
satisfactory initial responses to surgery subse-
quently would experience variable amounts of 
relapse. They realized this was mostly due to con-
dylar resorption. Two factors contributed to their 
hypothesis: (1) they had extensive documentation 
on a large number of surgical patients pre- and 
postsurgery as well as during long-term follow-
up; and (2) they understood that the condyle was 
sensitive to pathological resorption because of the 
pioneering research of their mentor Dr. 
G. Boering, who had described “arthrosis defor-
mans” in the 1960s [ 14 ]. In a series of important 
papers, these surgeons reported on postsurgical 
follow-up for subjects who had undergone orthog-
nathic surgery [ 15 – 18 ]. In the combined patient 
groups, the incidence of ICR/PCR was found to 
be between 1.2 and 5.8 %. When the surgeons 
investigated further, they found the relapse was 
concentrated in the Class II high angle group. For 
this select group, the ICR/PCR-induced relapse 

was between 19 and 31 % [ 3 ,  15 ,  17 ,  19 – 24 ]. This 
condylar resorption was labeled “idiopathic,” 
since it was diffi cult to determine the exact cause 
or which patients would have a successful or 
unsuccessful outcome. 

 Re-operation on the ICR/PCR patients whose 
fi rst orthognathic surgery was unsuccessful had 
close to a 50 % failure rate [ 3 ,  18 ,  23 ,  25 ]. Patients 
with pre-existing signs of ICR/PCR prior to 
orthognathic surgery also had unfavorable results. 
Arnett and Tumborello reported 4 of 9 of these 
patients had postoperative condylar resorption 
[ 23 ], while Huang et al. reported 4 of 18 had a 
postsurgical relapse [ 25 ]. 

 In a study by Hoppenreijs et al., the incidence 
for condylar resorption in ICR/PCR patients fol-
lowing maxillary surgery for correction of Class 
II open bite malocclusions was less than after 
surgeries involving both jaws (9 % compared to 
23 %) [ 21 ]. However, most severe Class II open 
bite patients will benefi t from having bimaxillary 
surgery as well as advancement genioplasty in 
order to maximize facial aesthetics (Fig.  7.1 ). 
Hoppenreijs et al. also demonstrated that the ini-
tial correction can relapse due to condylar resorp-
tion by the 6th month, and this resorption can 
continue for up to 3 years [ 21 ].   

7.5     Pathology of the Condyle 
Undergoing Resorption 

 The TMJ condyle is covered with a layer of fi bro-
cartilage. During ICR/PCR this tissue breaks 
down, and then the outer osseous cortex of the 
condyle starts to resorb [ 8 ,  9 ]. This is seen on 
imaging as resorption lacunae, with the disappear-
ance of the dense outer cortical layer. Other 
changes include narrowing as well as shortening 
of the condylar process and ultimately there are 
changes in the length of the ramus [ 8 ]. There is 
demineralization of the bone below the cortex of 
the condyle. This may result in the collapse of 
articular surface bone, which is clinically mani-
fested by a rapid opening of the bite and opening 
rotation of the mandible [ 9 ]. Although the  disease 
is described as condylar resorption, there may also 
be resorptive changes occurring in the articular 
eminence which tends to fl atten [ 3 ,  9 ]. ICR/PCR 
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can affect either one or both condyles; if unilateral, 
the result is signifi cant facial asymmetry. However, 
in most cases both condyles are involved, although 
one joint may demonstrate more advanced pathol-
ogy than the other. This more common bilateral 

pattern may indicate a genetic predisposition as 
well as the humoral nature of the etiology. Hatcher 
has illustrated both the resorptive stages and the 
eventual healing stages of condylar resorption 
visualized on CBCT imaging (Fig.  7.2 ) [ 26 ].   

  Fig. 7.1    ( a ) Left portrait: age 34 years 8 months pre-
treatment ( b ). Patient portrait: 35 years 3 months postsur-
gery. The surgical improvement was dramatic and 
involved maxillary impaction, mandibular autorotation, 
and bilateral sagittal split osteotomy for mandibular 
advancement as well as advancement genioplasty 
(Reprinted with permission from Handelman and Greene 

[ 2 ]). ( c ) Cephalometric superimposition on Nasion-
Basion line at Basion. Presurgery: 34 years 8 months 
solid line and 35 years 3 months dotted line. Note: soft 
tissue advancement of lower lip and chin. This improve-
ment would not be possible limited surgery to the max-
illa. ( d ) Panorex: age 34 years 8 months. Note: minimal 
size of condyles [ 2 ]         

a

b c
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dFig. 7.1 (continued)

a b c d e f

a b c d e f

  Fig. 7.2    Imaging stages of ICR/PCR; CBCT TMJ 
images at top and associated anatomic illustrations below. 
Image  A  – normal TMJ: Band  C , the destructive stage;  B  

and  E , the repair stage;  F , the stable stage (Reprinted with 
permission from Hatcher [ 26 ])       
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7.6     The Role of the TMJ Disc 
in Development of ICR/PCR 

 The TMJ disc acts as a shock absorber during 
load bearing mandibular movements, while also 
providing lubricated surfaces over which transla-
tion and rotation movements occur [ 11 ,  27 ]. The 
role of the disc in the etiology of ICR/PCR is 
controversial in terms of “chicken-and-egg” 
explanations. The functional surfaces of both the 
condyle and the articular eminence can demon-
strate degenerative changes when the disc is per-
forated or displaced without reduction [ 28 ,  29 ]. 
Link and Nickerson studied patients referred for 
orthognathic surgery and reported that all their 
open bite cases and 88 % of their Class II maloc-
clusions had bilateral disc displacement [ 30 ]. On 
the other hand, the condyles undergoing resorp-
tion simply may not be able to maintain normal 
disc position, so the discs may become displaced. 
Wolford and Cardenas recommend joint surgery 
to attach the displaced disc to the head of the con-
dyle prior to or during orthognathic surgery for 
ICR/PCR to prevent reoccurrence of disc dis-
placement or changes in disc morphology [ 31 ]. 
Other surgeons do not agree that disc surgery is 
necessary. They do not enter the joint when per-
forming orthognathic surgery on ICR/PCR 
patients, especially if the joint is functional – 
even if the condyle and ramus are severely 
affected by the disease (Figs.  7.1  and  7.3 ) [ 3 ,  13 ]. 
It should be remembered that TMJ disc displace-
ment occurs in about 1/3 of asymptomatic indi-
viduals in the random population, while ICR/
PCR is a relatively rare occurrence [ 2 ,  32 ]. Also, 
patients with degenerative joint disease of the 
TMJ do not necessarily have abnormally posi-
tioned discs [ 32 ].   

7.7     Survey of Orthodontists 
About ICR/PCR 

 Author CH mailed a questionnaire in 1998 regard-
ing ICR/PCR experience to a group of orthodon-
tists who were members of the Midwest component 
of the Edward H. Angle Society and faculty of the 

orthodontic department at the University of 
Illinois, Chicago [ 2 ]. From a total of 69 mailings 
there were 57 responses, and these practitioners 
reported seeing only 56 cases of ICR/PCR during 
their years in practice. An incidence of ICR/PCR 
of approximately 1 per 5,000 patients was derived 
by estimating the number of new patients exam-
ined over the years in each practice. Another way 
of looking at the rarity of the incidence was that 
each provider saw an  average of 1.3 ICR cases in 
his/her career up to the point of the survey. This 
incidence may be low due to failure to recognize 
the disease, and small sample size, but it does 
demonstrate the infrequency of ICR/PCR seen in 
an orthodontic practice. Surgery centers that per-
form a large number of orthognathic procedures 
have reported an incidence of 2–5 %, which is still 
infrequent, but more common than reported by the 
orthodontists [ 15 – 19 ]. 

 Of the 56 cases of ICR/PCR recorded in this 
survey, 35 (62.5 %) were spontaneous with no 
history of surgery, while 21 (37.5 %) developed 
the problem following surgery. The following 
data were derived from 40 of the questionnaires 
where there was adequate reporting:

•    The ICR/PCR group was comprised of 38 
(95 %) females and 2 males who were 
 brothers. There were 37 (92.5 %) whites, 3 
Asians, and no blacks in the group.  

•   Of the 40 cases, 33 (82.5 %) were reported to 
be bilateral and 7 were unilateral.  

•   The incidence of TMJ or facial pain was 12 
(30.7 %) out of 39 cases.  

•   The malocclusions before ICR/PCR were 
diagnosed, 14 (35 %) Class I, 1 (2.5 %) Class 
I open bite, 12 (30 %) Class II, 12 (30 %) 
Class II open bite, and 1 unclassifi ed.  

•   Severity of the ICR/PCR as rated by the 
respondents was one case mild, while 39 were 
described as severe or extreme.    

 From the responses, it is clear that these were 
patients that the orthodontist remembered well. 
This survey should be repeated with a greater num-
ber of orthodontic offi ces participating. However, 
even these limited fi ndings confi rm the anecdotal 
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reports in the literature that ICR/PCR is a disease 
affecting young females of Caucasian or Asian 
descent, less than half presenting with TMJ pain, 

and with variable occlusions prior to developing 
this problem, and when ICR/PCR does occur it 
presents as a severe management problem.  

a b

d e

c

  Fig. 7.3    Series of cephalometric images of a patient with 
severe ICR/PCR. All x-rays are superimposed on the 
Nasion-Basion line at Basion. Articulare moves forward 
due to resorption on the anterior aspect of the condyle. ( a ) 
Cephalometric superimposition from pre-orthodontic treat-
ment 10 years, 3 months ( solid line ) to postorthodontic 
treatment at 13 years ( dashed line ). Note at age 10 years 3 
months future ICR/PCR could not be predicted. The max-
illa grew normally, while the mandible grew vertically but 
not anteriorly. The mandible rotated down and back, and 
articulare moved mesially. ( b ) Cephalometric superimposi-
tion of postorthodontic treatment from age 13 ( solid line ) to 
14 years ( dashed line ). The maxilla grew normally, while 
the mandible rotated downward and backward, causing an 

open bite with an increased overjet. Articulare moved for-
ward. ( c ) Cephalometric superimposition from age 14 years 
( solid line ) to 15 years, 10 months ( dashed line ). The max-
illa has stabilized as growth has ceased. However, the man-
dible continued its downward and backward rotation and 
regression, with shortening of the ramus. ( d ) Cephalometric 
superimposition from 15 years, 10 months ( solid line ) to 30 
years, 6 months ( dashed line ). The condylar resorption has 
continued with shortening of the ramus and mesial move-
ment of articulare. ( e ) Cephalometric superimposition from 
18 years, 6 months ( solid line ) to 30 years, 10 months 
( dashed line ). The condyle continued to resorb with a 
downward and backward rotation of the mandible       
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7.8     Diagnosis of the ICR/PCR 
Patient 

7.8.1     History 

 A careful history can reveal the probable diagno-
sis of ICR/PCR. A report of a sudden change in 
occlusion is nearly pathognomonic of ICR/
PCR. Unfortunately, this change may occur dur-
ing orthodontic treatment, when it easily can be 
misinterpreted as being due to unfavorable 
growth, tongue thrust, or poor cooperation. Or it 
might initially be regarded as an adverse response 
to treatment mechanics. 

 A history of autoimmune and collagen dis-
eases should be part of the historical questioning 
[ 5 ]. Referral to a physician for rheumatoid factor 
serology should be considered, although this is 
usually negative in patients with ICR/PCR. A 
history of TMJ discomfort and disc displacement 
is an important factor, since a number of ICR/
PCR patients report pain or other TMD  symptoms 
and have displaced discs on imaging [ 2 ,  30 ]. 
When pain is reported, this may be an indication 
that the disease is active. 

 A family history of rheumatoid disease, TMD, 
and open bite malocclusion should be recorded 
even though there has been no report of familial 
incidence of ICR/PCR. A history of facial trauma, 
especially when the TMJ is involved, is impor-
tant as a possible cause of condylar resorption 
[ 5 ]. Fortunately, only rarely does a trauma case 
evolve into ICR/PCR. 

 Orthodontic treatment and third molar extrac-
tions have been indicted as possible causes of 
ICR/PCR [ 10 ,  13 ]. Statistics indicate that this is a 
very rare disease and a large percentage of the 
young have had orthodontic treatment and/or 
third molar removal. Therefore, it is problematic 
to assign etiology of a rare disease to a common 
experience. However, in those rare subjects whose 
condyles are undergoing an early, often unde-
tected, stage of ICR/PCR, orthodontic treatment, 
and/or third molar extractions may overwhelm the 
adaptive capacity of their vulnerable condyles. 

 Young female orthognathic surgery patients 
who have developed ICR/PCR prior to surgery 
have been reported to exhibit a history of  irregular 

menstrual cycles, amenorrhea, or oral contracep-
tive use according to Gunson et al. [ 7 ] They sug-
gest that mid-cycle serum levels of 17 
beta- estradiol should be measured, because low 
levels were associated with postsurgical develop-
ment of severe condylar resorption.  

7.8.2     Orthopantogram and Lateral 
Cephalometric Radiographs 

 The orthopantogram (OPG) can be used for the 
gross examination of condylar anatomy. The con-
dyle will appear to have lost mass relative to the 
rest of the mandible, and appear thin or shortened 
with fl attening of the superior and/or anterior 
curvature [ 3 ]. In many cases, the condylar neck 
will have a distal inclination [ 3 ,  19 ,  21 ]. 

 Lateral cephalometric imaging will show 
mandibular divergence relative to the cranial base 
and maxilla, shortened posterior facial height, 
and increased anterior facial height with an 
increase in the overjet and negative overbite. 
Sagittal measures for the skeletal Class II rela-
tionship will be increased. Serial cephalometric 
imaging is diagnostic for active ICR. There are 
many choices for lateral cephalometric superim-
position of the fi lms, but the method used in the 
tracings in this chapter superimposes on the 
Basion-Nasion plane at Basion (Fig.  7.3 ). The 
posterior shadow of the condyle on this plane is 
defi ned as articulare. Its location will reposition 
medially when ICR is active. The mandible on 
the succeeding cephalometric images will reveal 
a clockwise rotation, a shortened posterior height 
(articulare to gonion) and length (Fig.  7.4 ). One 
limitation of cephalometric imaging is that it is 
frequently diffi cult to visualize the shadow of the 
head of the condyle in advanced ICR/PCR sub-
jects because of the resorption, thus the more 
convenient use of articulare.   

7.8.3     Cone Beam Computed 
Tomography (CBCT) 

 While CBCT has increased radiation and cost 
relative to OPG and cephalometric imaging, it is 
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clearly justifi ed because of its clarity and the 
avoidance of superimposition of adjacent struc-
tures. This enhances the clinician’s ability to see 
detailed pathologic features of the condyle such 
as disappearance of the dense outer cortical layer, 
erosions, sclerosis, fl attening and sub-cortical 
cyst formation (Fig.  7.2 ) [ 26 ,  34 ]. Prior to CBCT, 
tomograms of the joint were useful, but they were 
not three-dimensional, providing only sagittal 
cuts in one or more planes of space. Both tomo-
grams and CBCT are made in the open and closed 
mouth position. Both can be useful to follow the 
progress of ICR/PCR and to determine when the 
disease is in remission. Radiologists look for the 
healing of the outer cortical layer [ 26 ,  34 ]. A sec-
ond CBCT scan taken 1 year after the fi rst should 
demonstrate a healed and stable joint prior to 
considering surgery. Also, superimposition of 
cephalometric images should demonstrate no 
change in mandibular position during this period. 

 Unfortunately, a healed joint does not neces-
sarily mean the disease will not reactivate. It has 
been demonstrated that orthognathic surgery can 

reactivate the resorption processes [ 3 ,  4 ,  21 ,  25 ]. 
Figure  7.3  illustrates a case carefully followed 
with tomograms. ICR onset was at age 13 and the 
condyles were healed by age 16. However, 
orthognathic surgery performed at this age reacti-
vated the ICR/PCR, resulting in 100% bony 
relapse. 

 The appearance of an osteophyte on the ante-
rior aspect of the condyle is associated with ICR/
PCR and other degenerative joint diseases 
(Fig.  7.2 ). However, this fi nding is thought to rep-
resent the healing of the condyle as it attempts to 
increase its bearing surface to distribute the joint 
loads [ 26 ,  34 ].  

7.8.4     Radioisotope Diagnosis 

 The value of performing a radioisotope study as 
part of the diagnosis of ICR/PCR is disputed. 
Some believe that the resultant technicium-99 
nuclear medicine scan is diffi cult to interpret, 
since various other TMJ conditions will also 

  Fig. 7.4    Cephalometric 
tracing of postsurgical 
relapse. The  left , 15 years 7 
months, presurgery; the 
 middle  16 years 5 months 
showing mandibular 
advancement for correction; 
the  right  23 years 4 months 
showing 100 % relapse of the 
correction (Courtesy of Dr. 
John Russell, Mobile AL)       
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demonstrate high levels of isotope uptake, while 
others are of the opinion it does have some diag-
nostic value [ 25 ,  33 ].  

7.8.5     Magnetic Resonance 
Imaging (MRI)  

 MRI is useful in the examination of the soft tis-
sues of the TMJ such as the cartilaginous integ-
rity of the condylar head surface, articular disc 
position and condition, joint effusion and marrow 
edema [ 35 ]. However, it does not provide diag-
nostic images of the bony cortices of the condyle 
or eminence that are clearly defi ned by a tomo-
gram or a CBCT scan.  

7.8.6     Occlusal Splints: Diagnostic 
Aspects 

 Occlusal orthotic splints are suggested as a joint 
stabilizing modality in ICR/PCR cases when there 
is joint pain and dysfunction as well as before 
orthognathic surgery [ 36 ]. An often overlooked 
use is its potential as a diagnostic tool for deter-
mining cessation of the resorptive process. 
Patients suspected of having ICR/PCR should be 
fi tted with a maxillary occlusal splint with contact 
registered on all the mandibular teeth. If the lower 
incisors no longer register contact at a future eval-
uation, this indicates further joint degeneration 
and active disease [ 1 ,  2 ]. A maxillary occlusal 
splint should routinely be placed following 
orthognathic surgery/orthodontic treatment at the 
time of retention for TMJ comfort, reduction of 
the forces on the joint, and to evaluate stability of 
the correction [ 1 ,  2 ,  36 ].   

7.9     Timing and Surgical Options 
for Correction of ICR/PCR 

 The role of the orthodontist prior to orthognathic 
surgery is to prepare upper and lower teeth to an 
ideal arch form that will maximize occlusal con-
tact in a normal Class I occlusion following 
 surgery. This is true no matter which surgical 
approach is taken. A limited number of ICR/PCR 

cases can be successfully treated following 
remission of the disease by orthodontic means, 
without performing surgery. This is especially 
true when the resorption starts in the 20s rather 
than in the early teens (Fig.  7.5 ). These patients 
may have acceptable aesthetics, but this is not the 
situation in many cases. The tremendous loss of 
condylar mass and the resulting facial deformity 
in most cases requires comprehensive surgical 
management (Fig.  7.1 ).  

 ICR/PCR typically fi rst appears in young ado-
lescents, although Dibbets et al. has shown 
deformed condyles and growth disturbances in a 
younger age group [ 37 ]. The period from the teen 
years to the early 20s appears to be the most active 
time for ICR/PCR. Optimistically, the disease 
goes into remission and eventually “burns out” by 
the mid 20s. However, some patients continue to 
have active ICR/PCR into their 30s (Fig.  7.3 ). As 
a result, teenagers diagnosed with ICR/PCR 
should be advised to postpone orthognathic sur-
gery, young girls with severe facial deformity 
and/or their parents often insist on correction ear-
lier due to social and peer related pressures. 

 Another option available is to advance the 
mandible slowly by distraction osteogenesis, 
thereby allowing the soft tissue and musculature 
to adapt to the large mandibular advancements 
often required in such cases. Schendel et al. 
reported a case of 15.6 mm vertical elongation 
and 13.4 mm horizontal advancement using a 
curved distractor [ 40 ]. 

 Gunson and Arnett have taken a more biomedi-
cal and pharmacologic approach in the manage-
ment of patients with ICR/PCR or who might be at 
risk of postsurgical ICR/PCR [ 36 ]. They prescribe 
an occlusal splint employed for 6 months prior to 
as well as following orthognathic surgery to reduce 
the mechanical loads on the joint. Also, before and 
after surgery they place the patient on a compre-
hensive series of drugs to relax the musculature, 
decrease bruxism, decrease infl ammation and 
reduce the patient’s inherent bone resorption 
capacity [ 10 ,  36 ,  41 ]. They reported stable postor-
thognathic surgery results at 24-month follow-up 
in 24 ICR/PCR patients (American Society of 
TMJ Surgeons, May 2,3, 2014, Chicago, IL). 

 The approach to the management of ICR/PCR 
cases should be individualized and based on the 
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extent of the disease process. Arnett’s and 
Gunson’s approach appears appropriate for most 
early cases of ICR/PCR requiring orthognathic 
surgical management. For cases requiring extreme 

mandibular advancements, distraction osteogene-
sis might be considered [ 38 ]. 

 If condylar resorption is still active, replace-
ment of the joint with an autologous costochon-

  Fig. 7.5    Patient developed ICR/PCR at age 20 years 
and treated by orthodontic mechanics only. ( a ) 
Pretreatment portrait and intraoral photographs at age 26 
years 4 months. Note favorable profi le despite anterior 
open bite. ( b ) Tomograms at age 26 years 11 months 
demonstrate reduced size of condyles due to resorption 
from the superior surfaces, signs of fl attening and 

 erosions. A small osteophyte extends from the anterior 
surfaces. The radiologist diagnosed degenerative joint 
disease that was no longer active, so orthodontic treat-
ment was started. ( c ) Postorthodontic treatment portrait 
and inter oral photographs were taken at age 33 years 2 
months with the patient 5 years into retention. Note sta-
bility of the closure of the anterior open bite         

a

b
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dral graft or total alloplastic temporomandibular 
joint replacement prosthesis is possible [ 25 ,  40 –
 45 ]. There are a number of ICR/PCR patients 
who present with one of the following problems, 
who are best treated with synthetic total joint 
replacement (TJR). They are individuals with:

•    Compromised function as seen in severely 
limited movement of the joints  

•   Failure of previous orthognathic surgery  
•   Poor prognosis for orthognathic surgical 

 correction [ 41 – 45 ]    

 Patients with active ICR/PCR may also be 
candidates for total joint replacement as the arti-
fi cial joint cannot resorb. The next section will 
discuss this option in detail.  

7.10     Rationale for the Use of TMJ 
TJR in the Surgical 
Management of End-Stage 
ICR/PCR 

 End-stage disease is the most pernicious condi-
tion of an organ or disease state; in this state the 
organ can barely function. Examples include 
end-stage renal disease where the kidneys have 

shut down and the patient requires dialysis, or 
end-stage cardiac disease where the heart is 
functioning so poorly that it requires mechani-
cal support or transplantation for the patient to 
survive [ 45 ]. 

 End-stage joint disease portends a joint so 
architecturally devastated by disease or injury 
that it results in a severe functional impairment 
for the patient. In the ICR/PCR patient, the local 
adaptive capacity of the TMJ condyle has been 
mechanically and biologically tested in vivo by 
the disease process and it has failed. This failure 
is demonstrated by the load-compromised bony 
architecture having end-stage pathological 
changes as seen on imaging. Clinically, the artic-
ular end-stage pathology is manifested by the 
patient’s signs and symptoms [ 41 – 45 ]. 

 In cases where the surgeon selects costochon-
dral grafting, orthognathic surgery, or distraction 
osteogenesis, the long-term outcomes rely on 
either the ability of an avascular graft or an end- 
stage diseased compromised condylar remnant to 
withstand potentially greater functional forces 
and loading. This is further complicated by the 
question of whether that compromised end-stage 
diseased TMJ complex will adapt despite what is 
possibly a local manifestation of systemic pathol-
ogy [ 41 – 45 ]. 

c

Fig. 7.5 (continued)
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 Placing already functional-load-compromised 
articular bone into a mechanically stressful envi-
ronment may account for the less than satisfac-
tory outcomes cited with orthognathic surgery, 
distraction osteogenesis, and autogenous tissue 
replacement surgical options. This kind of 
mechanically and biologically unfavorable envi-
ronment can occur as a result of many factors that 
are inherent in various surgical procedures. For 
example, it is well known that re-orientation of 
positional, muscular and/or rigid internal fi xation 
(RIF) loading forces invariably develop after 
orthognathic and/or distraction surgical manipu-
lation of the maxillofacial skeleton, and also after 
autogenous TMJ reconstruction. Therefore, an 
ICR/PCR management option not dependent on 
the compromised mechanical and biological 
adaptive capacity of the TMJ and surrounding 
tissues should be considered. 

 Total alloplastic joint replacement provides 
such an option because it is a biomechanical 
rather than biological solution to the manage-
ment of joints that are anatomically distorted, 
end-stage diseased and dysfunctional. It has been 
recognized for decades that without TJR for the 
management of end-stage joint disease, the mod-
ern practice of orthopedic surgery would be 
inconceivable. TMJ TJR has likewise demon-
strated a long-term safe and effective option for 
the reconstructive maxillofacial surgeon manag-
ing end-stage TMJ disease [ 43 ,  44 ]. 

 The goals of any TMJ replacement, whether 
autogenous or alloplastic, are to: (1) improve 
mandibular function and form; (2) reduce suffer-
ing and disability; (3) contain excessive treat-
ment and cost; and (4) prevent morbidity [ 44 ]. 
TMJ TJR as a management option for end-stage 
ICR/PCR meets all of them. 

 Autogenous tissue TMJ (e.g., costochondral 
graft) replacement options for ICR/PCR have not 
achieved these goals as evidenced by outcomes 
requiring at least one and sometimes two re- 
operations with increased disability, morbidity 
and costs [ 41 – 45 ]. 

 The advantages of TMJ TJR are: (1) physical 
therapy can begin immediately; (2) there is no 
need for a secondary donor site and decreased 
surgery time; and (3) they are able to mimic nor-
mal anatomy [ 42 ]. In the ICR/PCR patient, there 

is the added advantage that the materials from 
which these devices are constructed are not 
 susceptible to the pathophysiology of the disease 
process. 

 Autogenous tissue TMJ replacement involves 
harvesting an avascular-free bone graft (rib), 
using rigid internal fi xation (RIF) to fi xate and 
stabilize it against the host ramus, cortex-to- 
cortex. Maxillomandibular fi xation is required 
while the free bone graft vascularizes and inte-
grates into the host bone and surrounding soft tis-
sues. Reitzik reported that despite ideal healing 
circumstances, the return to full strength cortex-
to- cortex healing took 20 weeks in a monkey; 
therefore, he postulated it would probably require 
25 weeks in man [ 46 ]. This would rule out early 
masticatory muscle rehabilitation, because any 
graft-to-host bone mobility leads to graft failure 
[ 47 ]. 

 Long-term functional immobility is contrary 
to all of the principles of physical rehabilitation 
after joint surgery of any kind. Salter defi nitely 
demonstrated with his continuous passive motion 
(CPM) theory that early active physical therapy 
after orthopedic joint surgery is essential to suc-
cessful long-term improved functional outcomes 
[ 48 ]. Early physical therapy after conventional 
surgical procedures can lead to mechanically 
unfavorable stresses and strains on the host bone 
in a compromised biological environment, result-
ing in failure and relapse in ICR/PCR cases. On 
the other hand, because of its inherent immediate 
fi xation stability, TMJ TJR insertion permits 
immediate active physical therapy leading to 
improved long-term functional outcomes. 

 Individually customized patient-fi tted TMJ 
TJR fossa and ramus (condyle) components are 
designed and manufactured from a stereolaser 
model generated from the patient’s CT scan data 
to mimic the normal anatomical contours of the 
structures they are intended to replace. At implan-
tation, these TMJ TJR components are adapted 
and fi xed in a stable and close fashion to the bony 
surfaces of the temporal bone and mandibular 
ramus [ 49 ,  50 ]. 

 There is always a component of counter- 
clockwise mandibular rotation in the surgical 
management of ICR/PCR. This fact has negative 
implications for the outcome of most traditional 
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ICR/PCR treatments, because one cannot pre-
dictably expect an avascular autogenous rib graft 
or a compromised condyloid process to with-
stand the muscle and other soft tissue forces gen-
erated in these new anatomic relationships. Under 
functional loading in the short-term as well as the 
long-term, there is a signifi cant potential for 
relapse if one considers the effects of muscle 
forces on bone. However, the long-term stability 
using a customized patient-fi tted TMJ TJR in 
such cases is well documented [ 51 – 54 ]. 

 The relative disadvantages of TMJ TJR are: 
(1) cost of the device; (2) material wear and fail-
ure; (3) uncertainty about long-term stability; and 
(4) alloplastic implants not following a patient’s 
growth [ 42 ]. 

 Considering the demographics of ICR/PCR, 
longevity of any TMJ TJR must be an important 
consideration. Since this is a biomechanical 
rather than a biological solution, future planning 
must be made for revision surgery to remove scar 
tissue from the articulating components of the 
implant. Eventually replacement of the implant 
over time due to material wear and/or failure may 
be required. At present, patients are advised that 
these devices may have a functional life-span of 
10–15 years based on the orthopedic experience 
in total joint arthroplasty and recent results of 
TMJ TJR long-term outcomes [ 42 ,  44 ,  48 ,  49 , 
 52 – 63 ]. 

 In orthopedics, advancement in surgical tech-
niques, implant materials, and designs have led 
to excellent long-term function and quality of 
life improvement results. Survival rates of an 
orthopedic joint replacement device have been 
reported to exceed 90 % after 10 years in younger 
patients [ 64 ,  65 ]. Orthopedists are therefore no 
longer deterred from replacing end-stage dis-
eased joints in younger patients in order to pro-
vide these patients with an improved function 
and quality of life. The same consideration 
should be given to ICR/PCR patients when mak-
ing the decision for how to manage the skeletal 
consequences of their end-stage TMJ disease 
process. This is an especially important point in 
regard to these patients, because their average 
age as a group is quite low and most are likely to 
live into their geriatric years. 

 When calculating cost, it is critical that not only 
is the cost of the device to be considered, but also 
all factors associated with its implantation. The 
major advantage of TMJ TJR over autogenous 
reconstruction is that there is no need for a second-
ary surgical donor site (rib). Donor site morbidity 
is therefore eliminated, as are the expenses associ-
ated with prolonged intra- operative and postopera-
tive hospitalization soft tissue stretching 
procedures. Despite the fact that these devices may 
be considered expensive, the relative overall cost 
involved with TMJ TJR is either equal to or even-
tually less than autogenous reconstruction [ 48 ]. 

 Between 1985 and 2010, 14 ICR/PCR patients 
presented to the author (LM) for management. 
All were females between the ages of 13 and 34 
years (mean age = 23.4, s.d. = 7.1). At their initial 
visit, all of them had a history, clinical and imag-
ing characteristics of ICR/PCR, and they also had 
negative rheumatoid factor serology. All but one 
(YF) were taking oral contraceptive pills (OCPs) 
either to control menstrual dysfunction or prevent 
conception [ 38 ].  

7.11     Case 

 TC, a 26-year-old female (Fig.  7.6 ), presented for 
consultation in 2009 with chief complaints of 
increasing bilateral TMJ pain and dysfunction, 
headaches, progressive mandibular retrusion, and 
obstructive sleep apnea (OSA) for which she 
required nocturnal continuous positive airway 
pressure (CPAP). Her maximum incisal opening 
(MIO) was 25 mm. She denied any history of 
prior orthodontics, arthritic disease, micro- or 
macro-mandibular trauma, clenching, or brux-
ism. A review of systems was unremarkable 
except for a history of OSA and dysmenorrhea 
managed by OCPs. Rheumatoid factor and serol-
ogy were negative.  

 Imaging and cephalometric analysis revealed 
bilateral severe end-stage degenerative condylar 
changes (Fig.  7.6 ), a compromised upper airway 
and microgenia. Therefore, the working diagno-
sis was ICR/PCR, OSA, and microgenia. 

 The management plan included bilateral TMJ 
TJR using a patient-fi tted TMJ replacement 
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 system (TMJ Concepts, Ventura, CA), LeFort I 
osteotomy, and advancement genioplasty. 

 In 2010, TC underwent uneventful surgery. 
Immediately postimplantation she was able to 
discontinue the use of the CPAP device and 
reported no further signifi cant TMJ pain or 
headaches. 

 At 4 years postoperatively, she has maintained 
a stable, repeatable, and functional occlusion. 
Her MIO was 35 mm. Imaging demonstrated 
excellent integration of the fi xation screws, no 
evidence of osteolysis around the device fossa or 
ramus/condyle components, increased upper air-
way dimension, and acceptable facial esthetics 
(Fig.  7.7 ).  

 By combining the pathophysiologic mecha-
nisms of ICR/PCR with the reported outcomes of 
past surgical procedures for treating that condi-
tion, the frequent failure of those procedures is 
now understood much better. Since it is unlikely 
that altering those traditional procedures will do 
much to change the predictability of outcomes, 
the use of an alloplastic joint replacement should 
be considered as a feasible choice. This is espe-
cially true if there has been skeletal relapse of an 

ICR case managed by either orthognathic or 
autogenous reconstruction surgery. 

 While the track record for TMJ TJR is shorter 
than that for other joints, the same general prin-
ciples apply. In cases of ICR/PCR, orthodontists 
and surgeons should consider utilizing the tech-
nologic advances made by patient-fi tted (custom) 
TMJ TJR device design and load-bearing materi-
als over what can be achieved with autogenous 
tissue or orthognathic surgery alone.  

7.12     Management of the ICR/PCR 
Patient and Medico-legal 
Implications 

 We are aware of a few cases of patients who 
developed ICR/PCR during orthodontic treat-
ment, and subsequently the families of those 
patients who have brought legal action against 
the orthodontist. These patients developed severe 
malocclusions while they were wearing active 
orthodontic appliances, and in addition they had 
TMJ pain and would require future orthognathic 
(and possibly TMJ) surgery. The allegations in 

  Fig. 7.6    TC presurgical 2009. ( a ) Right lateral profi le. ( b ) Anterior profi le. ( c ) Right cone beam image. ( d ) 
Cephalometric analysis. ( e ) Orthopantomogram. ( f ) Right occlusion. ( g ) Left occlusion         

a b 
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those lawsuits were failure to diagnose, failure to 
advise the family of the risks of orthodontic 
treatment in the informed consent procedures, 
and failure to discontinue treatment when the 
diagnosis of ICR/PCR could have or should have 
been made. Obviously, these cases raise ques-
tions about what kind of informed consent 
should be provided to prospective orthodontic 
patients. 

 Even though ICR/PCR is a serious disease, it is 
not medico-legally required to inform every 
patient that ICR/PCR may occur prior to starting 
routine orthodontic treatment, since its incidence 
is so rare – about one case per 5,000 patients [ 2 ]. 
Once the orthodontist is suspicious that ICR/PCR 
may be present however, a discussion of the risks 
of continued orthodontic treatment becomes man-
datory. This is especially critical if  orthognathic 
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Fig. 7.6 (continued)
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  Fig. 7.7    TC postsurgical 2014. ( a ) Right lateral profi le. 
( b ) Anterior profi le. ( c ) Lateral cephalometric image.* ( d ) 
Anterior-posterior cephalometric image.* ( e ) Orthopanto-
mogram.* ( f ) Right occlusion. ( g ) Left occlusion. ( h ) Incisal 

opening. *Note that the articulating component of the 
TMJ Concepts (Ventura, CA) patient-fi tted TJR fossa is 
composed of ultra-high molecular weight polyethylene, 
therefore radiolucent         
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surgery is contemplated. The incidence of ICR/
PCR for all surgery patients is between 1.2 and 
5 % and this rises to between 20 and 25 % for the 
Class II high angle patient [ 3 ,  16 – 19 ]. 

 If patients (especially females) either present 
with or develop any of the features of ICR/PCR 
while you are treating them, some very specifi c 
procedures should be considered. The clinical 
features to watch for include various combina-
tions of divergent mandible, mandibular retrog-
nathia, short ramus, open bite, and TMJ distress. 
If these are present, the patient and family should 
be informed that ICR/PCR is a possible diagno-
sis. All discussions should be summarized in the 
patient’s record and dated. Suspicion of ICR/
PCR requires that a history should be taken fol-
lowed by certain clinical procedures. Study mod-
els should either be mounted or stabilized with an 
appropriate bite registration to record the open 
bite. Obviously, cephalometric x-rays should be 
taken both before and during treatment, and the 
superimpositions should be analyzed. The OPG 
may be suggestive of ICR, but for a more detailed 

record of the bony/joint architecture, CBCT may 
be indicated [ 33 ,  34 ]. 

 When confronted with the possibility that your 
patient has ICR/PCR, the orthodontist should rely 
on collaborating with a team of experts:

•    An oral maxillo-facial radiologist (to submit a 
written report on the CBCT scans)  

•   An oral maxillo-facial surgeon with extensive 
experience with orthognathic surgery, ideally 
with experience in dealing with ICR/PCR 
cases  

•   An oro-facial pain specialist  
•   A rheumatologist to rule out autoimmune and 

rheumatoid diseases    

 The record taking, the consultations and the dis-
cussions should educate the patient and family that 
this is not a problem limited to “crooked teeth,” but 
instead the patient may have a medical problem 
involving the pathologic loss of tissue, possible 
pain and dysfunction, and abnormal occlusal and 
skeletal morphology of a serious nature. 
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Fig. 7.7 (continued)
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 What should the orthodontist do when the 
diagnosis of ICR is made and the patient is still in 
orthodontic appliances? The number-one rule 
that has emerged from both clinical and medico- 
legal experience is this:  discontinue treatment 
and retain . Continue to then monitor the patient 
every 6 months and take annual cephalometric 
x-rays and CBCT scans and construct an occlusal 
splint. All of this should be done in collaboration 
with your professional colleagues who will also 
be involved with this case. Once the condyle has 
healed and the occlusion is stable, the discussion 
of orthodontic treatment alone or the available 
surgical options should be conducted with all 
parties, with the patient being a key part of the 
decision-making process. Both emphatic com-
munication “that you really care” and careful 
record keeping will minimize the chance of any 
legal ramifi cations/liability. 

 Take Home Messages 

•     Idiopathic condylar resorption (ICR) is 
a relatively rare condition involving 
mainly female adolescents.  

•   Loss of condylar mass results in an open 
bite, Class II malocclusion, shortened 
mandibular condyle and ramus, and the 
clockwise rotation of the mandible.  

•   ICR/PCR may occur prior to, during, or 
postorthodontic treatment; and can be seen 
after orthognathic surgical procedures.  

•   It is believed a condyle affected by ICR/
PCR has a diminished adaptive capacity 
to withstand increased or even normal 
mandibular mechanical loading demands.  

•   The pathology of ICR/PCR involves 
resorption of the outer dense cortical 
layer of the condyle, narrowing and 
shortening of the condyle, and fl attening 
of the anterior and/or superior articular 
surface.  

•   A survey of orthodontists indicated an 
incidence of ICR/PCR of approximately 
1 in 5,000 patients or about 1–2 in each 
orthodontic practice. 30.5 % of the 
patients complained of facial pain . 

82.7 % of the cases were reported to be 
bilateral.  

•   Diagnosis requires taking a careful his-
tory with special focus on sudden 
change in occlusion resulting in an open 
bite and/or Cl II. Rheumatoid serology 
and estrogen levels should be evaluated. 
Irregular menstrual cycles and use of 
oral contraceptives may be associated 
with condylar resorption.  

•   Serial cephalometric imaging superim-
posing on Nasion-Basion at Basion will 
show that as the ramus shortens, articu-
lare moves forward. CBCT scans should 
be made in open and closed condylar 
position.  

•   Consultation with an experienced oral 
and maxillofacial surgeon familiar with 
ICR/PCR cases should be obtained 
when orthognathic surgery is deemed an 
option.  

•   A full coverage occlusal splint should 
be prescribed for use over 6 months to 
both decrease the mandibular mechani-
cal loading forces on the TMJ, and to 
test if the anterior occlusion on the splint 
remains stable. If the incisors move off 
the splint, the disease is still active.  

•   If ICR/PCR occurs during orthodontic 
treatment, it is best to remove the appli-
ances and monitor the condition clini-
cally and with images until the condyle 
heals.  

•   Reactivation of ICR can develop follow-
ing orthognathic surgery. It is best to 
wait until the mid 20s where the disease 
may be in remission, but this may not 
always occur.  

•   The ICR patient with a severe malocclu-
sion and facial deformity has three 
choices after it has been determined that 
the resorptive process has stopped.
    1.    No treatment or minor orthodontic 

alignment of the anterior teeth and 
acceptance of the malocclusion and 
facial deformity.   
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      Management of TMD Signs 
and Symptoms in the Orthodontic 
Practice 

           Charles     S.     Greene     ,     Donald     J.     Rinchuse     , 
    Sanjivan     Kandasamy     , and     John     W.     Stockstill    

        Like all other dentists, orthodontists are likely to 
encounter some patients with TMD signs and 
symptoms in their practices that require some form 
of professional treatment. These patients may 
come into their offi ce as referrals from other den-
tists, or they may develop TMD problems while 
under the orthodontist’s care. While some benign 
TMD signs and symptoms may be present in new 
patients, or may arise in patients under treatment, 
not all of these need to be treated (see Chap.   3    ). 
However, as discussed in Chap.   2    , there are a num-
ber of signifi cant TMD conditions that need to be 
properly diagnosed and appropriately treated. 

 The topic of TMD treatment can be quite com-
plex, and indeed whole books have been devoted to 
that subject. In this chapter, we will try to present a 
commonsense approach to TMD management that 
a practicing orthodontist can readily incorporate 
into his or her practice. As repeatedly mentioned in 
earlier chapters, the emphasis today is on conserva-
tive treatment for the vast majority of TMD condi-
tions, especially during the early and acute stages. 
Also, since orthodontic procedures per se are not 
generally indicated as treatment modalities for 
TMD patients, this chapter will not include any dis-
cussion about those approaches. 

8.1     General Considerations 

 The two major clinical features of most temporo-
mandibular disorders are pain and dysfunction. 
While other signs and symptoms may also be 
present and require attention, these two are the 
main reason most people seek professional care. 
As Lund and others have pointed out [ 1 ,  2 ], the 
dysfunction usually is a consequence of the pain 
rather than its cause, so primary therapeutic 
attention should be directed at the pain. When 
pain is relieved, improved function can be antici-
pated. If an orthodontist needs to provide a 
patient with basic TMD treatment, i.e., conserva-
tive management of their pain and dysfunction, 
then the therapies administered should be sup-
ported by science and evidence. 
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 TMD treatments are now based on a biopsy-
chosocial model rather than the historical, dental- 
based model [ 3 – 5 ]. That is, the fi eld of TMD 
management has moved away from treatments 
related to conventional dentistry  via  altering the 
occlusion and realigning jaw relationships to 
treatments based on the biomedical and psycho-
social sciences. The contemporary biopsychoso-
cial model attempts to integrate the host of 
biologic, clinical, and behavioral factors that may 
account for the onset, maintenance, and remis-
sion of TMD [ 6 ]. The factors that are receiving 
the most attention and research in the understand-
ing of TMD today are genetics (vulnerabilities 
related to pain), imaging of the pain-involved 
brain, endocrinology, behavioral risk factors, 
sexual dimorphism, and psychosocial traits and 
states [ 7 ]. There also is considerable interest in 
the issue of comorbid pain conditions, which are 
found in a large number of TMD patients, and a 
signifi cant amount of research is focused on the 
problem of chronicity (who is at risk, and why?). 

 TMD signs and symptoms can develop in any 
individual at any time. In many cases, these can be 
transient phenomena like a sore jaw muscle, a pain-
ful joint following a minor trauma, or limited open-
ing after a dental appointment. Also, many patients 
observed during a screening exam (see Chap.   3    ) may 
have occasional jaw pain, or a painless TMJ click or 
an odd opening and closing pattern, but these do not 
rise to the level of being a clinical case of TMD. When 
actual TMD problems do arise, that group of patients 
is often in their mid to late teens or they are young or 
middle-aged adults rather than children and the 
elderly. Prevalence of TMDs in women is twice 
more common than in men [ 8 ]. Based on these facts, 
the likelihood of an orthodontic patient developing 
TMD signs or symptoms before, during, or after 
treatment is defi nitely a possibility. It has been 
shown that over the long term most cases of TMD 
pain and dysfunction generally tend to resolve or 
improve [ 9 ,  10 ]. This however does not obviate an 
orthodontist’s professional obligation to recognize 
TMD problems when they do arise, to inform and 
educate those patients about the conservative treat-
ment protocols, and if needed either engage in the 
treatment or effect the necessary referral to an appro-
priate specialist to manage the patient’s TMD. 

 There are conservative and reversible TMD 
treatments that orthodontists can provide for 
patients, or at least understand their use by other 
practitioners. These include patient self-directed 
care, physical therapies, cognitive-behavioral 
therapies, biofeedback, pharmacologic agents, 
and oral occlusal appliances [ 11 ]. 

 It is important to understand that TMDs are 
generally cyclic in nature, so symptoms often 
gradually progress from mild to moderate to 
severe, and then they can move toward a down-
ward phase which ends up as mild to no symp-
toms. Therefore, practitioners may provide some 
form of treatment during the downward side of 
the cycle and get symptom relief. The practitio-
ner may then incorrectly assume that the treat-
ment rendered was responsible for this symptom 
improvement, but in fact it is possible that the 
patient was getting better on his or her own due to 
the cyclic nature of TMD [ 12 ,  13 ].  

8.2     Patient Self-Directed Care 
and Education 

 It is well known that patients experiencing TMD- 
related pain and dysfunction frequently are anx-
ious about what is happening to them, especially 
if they have been led to believe that they have a 
structural problem requiring irreversible treat-
ment procedures. Assuming that a preliminary 
diagnosis of some type of TMD has been estab-
lished, it is important for the orthodontist to 
reduce that anxiety by communication with the 
patient. For this phase of interaction to proceed 
smoothly, however, the orthodontist must be 
knowledgeable about current concepts of 
TMD. Whereas previous concepts about these 
disorders have included a heavy emphasis on 
structural mal-alignments and functional bite dis-
harmonies, most modern authorities regard TMD 
problems as benign musculoskeletal conditions 
that are likely to be addressed successfully by 
simple and reversible measures [ 14 ]. Therefore, it 
is not necessary to provide extensive (and often-
times expensive) structural corrections in most 
cases. Long-term studies have shown that 
80–90 % of these patients can expect good 
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 short- term results with little or no long-term prob-
lems after conservative orthopedic therapy to 
reduce pain and restore normal function [ 15 ,  16 ]. 

 The orthodontist who is aware of these posi-
tive data can easily allay the anxiety of TMD 
patients by reassuring the patients that:

    1.    Most TM problems are extra capsular (myo-
fascial) rather than intra-capsular (derange-
ment and/or arthritis). Therefore, they can be 
expected to respond to the same kinds of con-
servative muscle treatment modalities that are 
used elsewhere in the body (e.g., for lower 
back pain, sore shoulder, and others).   

   2.    Even when intracapsular changes have 
occurred (such as a displaced disk or degen-
erative changes), a good response to conserva-
tive treatment is likely [ 17 ]. For the few 
patients who require actual treatment inside 
the joint, there often are simpler measures 
available today (arthrocentesis or arthroscopy, 
see Chap.   9    ) rather than the traditional open- 
joint surgical operations.   

   3.    Neither of these conditions will require irre-
versible treatment procedures in most cases.     

 While nobody can guarantee that things will 
work out easily and favorably for any individual 
patient, it is nice to be able to say that very posi-
tive treatment outcomes often will result when 
appropriate and conservative measures are taken. 
Some studies have reported that patients informed 
of this prognosis sometimes get better without 
any professional treatment simply because they 
were relieved by the explanation, went home and 
let some time pass [ 15 ].  

8.3     Home Care Instructions 

 Patient self-directed care for TMD includes 
actions that the patient can take to limit jaw func-
tion and parafunctional activities. Relying once 
again on the orthopedic medicine analogy, the 
orthodontist should advise and instruct the patient 
on home care practices [ 13 ]. Patients should limit 
or stop such activities as chewing gum, yawning, 
yelling, singing, cheerleading, and so on. They 

can support their mandible to limit opening when 
yawning, and they should avoid unnecessary 
clicking maneuvers. In addition, patients should 
maintain good posture by following good ortho-
pedic practices. This may involve using a headset 
when speaking on the phone, making sure their 
workstation is properly “fi tted” for the body 
allowing for adequate posture, keeping their head 
in a neutral position while sitting and using an 
orthopedic pillow at night. For acute symptoms 
which include limited mandibular opening, 
patients can perform “scissor jaw” exercises with 
their fi ngers or a clothespin. Depending on their 
signs and symptoms, they can be advised to tem-
porarily change their diet as follows: eat soft 
foods; avoid hard or chewy foods; avoid wide 
opening during meals; and grind or fi nely chop 
meats and other tough foods. 

 Also, TMD patients should be advised to 
relax their jaws and keep the teeth apart. Because 
stress and tension often are associated with mus-
culoskeletal pain, patients should be informed 
about this connection, and instructed about 
relaxation procedures that can be practiced at 
home [ 17 ]. In more complex cases, professional 
help in this area may be required from psycholo-
gists or stress management specialists (see 
Chap.   4    ). Home physical therapy procedures can 
be taught, such as using ice for acute pain and 
heat for more chronic pain. Self- massage and 
jaw manipulation (controlled exercises) can be 
encouraged, hopefully supplemented with a 
printed instruction sheet to improve patient com-
pliance. In general, hot showers, saunas, or 
steam baths are known to be helpful for dealing 
with all types of musculoskeletal pain. 

 Finally, non-prescription medications taken 
continuously around the clock for 2–4 weeks 
may be very effective in breaking a cycle of pain 
and infl ammation. The most likely ones are acet-
aminophen or non-steroidal anti-infl ammatory 
drugs (NSAIDs) including aspirin; the NSAIDs 
should be taken with stomach acid-prevention 
products. For acute-onset pain, especially if 
related to some form of trauma, a tapering dosage 
of steroids can be prescribed over a 5–7 day 
period. Other medications requiring a prescrip-
tion are beyond the scope of this chapter.  
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8.4     Psychological Approaches 
to Treatment 

 While stress and tension may play a role in the 
onset or continuance of TMD symptoms, these 
patients do not necessarily need to be referred to 
a professional psychologist. Instead, consider-
ation should be given to using a simpler method 
referred to as cognitive behavioral therapy (CBT) 
[ 18 ] which can be used by all types of medical 
providers. The purpose of cognitive behavioral 
therapies is to increase the patient’s awareness 
about the mind-body connection through educa-
tion about stress management and the body’s 
reaction to stress. Studies have shown that com-
pliant patients can be taught about relaxation 
techniques, use of distraction and pleasant activ-
ity scheduling, cognitive restructuring, self- 
instructional training, and various maintenance 
skills. However, some patients may need a refer-
ral for professional counseling, which also can 
include the use of hypnosis, biofeedback, guided 
imagery training, etc. Patients often are given 
workbooks with reading assignments, as well as 
homework assignments. See Chapter   4     for more 
detailed information regarding psychological 
considerations in the etiology of various TMD 
conditions and in the management of TMD 
patients.  

8.5     Oral Appliances (Splints) 

 Most orthodontists feel very comfortable about 
prescribing and using splints for the management 
of both bruxism and TMD patients. However, 
they may not all realize that splints are capable of 
being both the best treatment modality and the 
worst thing ever to appear in the TMD fi eld. In 
one form or another, splints have been around for 
more than 75 years, and certainly many thou-
sands of patients have been helped by their use. 
Unfortunately, the potential for serious negative 
outcomes is very high for splints, because they 
can produce irreversible occlusal and jaw posi-
tion changes, altered vertical dimension, major 
dentoalveolar discrepancies, and extreme depen-
dency. This occurs when they are either designed 

improperly or worn full time for extended peri-
ods or both. In some cases, these outcomes are 
worse than a bad surgical result. 

 In some circles, these changes were deemed to 
be desirable because they meant that the pur-
ported “wrong” jaw/occlusal relationships had 
been “corrected.” By describing an oral appliance 
as a deprogrammer, or a centric splint, or a neu-
romuscular splint, the proponents of such devices 
are saying that they expect to obtain a more ideal 
jaw position by utilizing splint therapy. 
Proponents of this viewpoint generally speak of 
Phase I and Phase II treatments, with the splint 
being Phase I, and then either occlusal equilibra-
tion or more extensive occlusion-changing treat-
ments (orthodontics, orthognathic surgery, or full  
mouth reconstruction) being described as Phase 
II “stabilization” procedures [ 19 ,  20 ]. 

 A more reasonable interpretation of these events, 
however, would be to call that Phase I approach 
“unnecessary iatrogenic change,” with Phase II 
being required to fi x the occlusal problems created 
by improper splint design and usage [ 21 ]. A tremen-
dous number of studies from around the world have 
shown that this mechanistic approach to TMD ther-
apy (which obviously is quite invasive, expensive, 
and irreversible) is also generally unnecessary, 
because patients simply can get well without it. 
Therefore, most modern authorities recommend 
splint therapy as a temporary orthopedic modality, 
with the therapeutic goals being relaxation of mus-
cles, reduction of oral habits, altering joint loading, 
and general relief of symptoms [ 22 – 24 ]. 

 A proper rule of thumb for the use of oral 
appliances is: “Do no harm,” which translates in 
dental terms to: “Produce no irreversible changes.” 
At worst, the failure to respond positively to splint 
therapy should be the only downside risk. Even if 
prolonged splint wear is required (e.g., to control 
nocturnal bruxism or to treat recurrent symp-
toms), no irreversible occlusal changes or altera-
tions of TMJ relationships should occur. The most 
important aspect of this conservative viewpoint is 
avoiding any protocols involving 24-hour wearing 
of splints. With rare exceptions, the proper proto-
col for an oral appliance is nighttime usage only, 
so that normal occlusal relationships can be main-
tained in the daytime. 

C.S. Greene et al.

http://dx.doi.org/10.1007/978-3-319-19782-1_4


123

        References 

    1.    Lund JP, Donga R, Widmer CG, Stohler CS. The 
pain-adaptation model: a discussion of the relation-
ship between chronic musculoskeletal pain and motor 
activity. Can J Physiol Pharmacol. 1991;69:683–94.  

    2.    Murray GM, Peck CC. Orofacial pain and jaw muscle 
activity: a new model. J Orofac Pain. 2007;21:263–
78; discussion 279–88.  

    3.    Greene CS. The etiology of temporomandibular disor-
ders: implications for treatment. J Orofac Pain. 2001;
15:93–105.  

   4.    Rinchuse DJ, Kandasamy S. Chapter 29. Orthodontics 
and TMD management. In: Manfredini D, editor. 
Current concepts on temporomandibular disorders. 
Chicago: Quintessence Publishing; 2010. p. 429–46.  

    5.    Suvinen TI, Reade PC, Kemppainen P, Könönen M, 
Dworkin SF. Review of aetiological concepts of tem-
poromandibular pain disorders: towards a biopsycho-
social model for integration of physical disorder 
factors with psychological and psychosocial illness 
impact factors. Eur J Pain. 2005;9:613–33.  

    6.    Dougall AL, Jimenez CA, Haggard RA, Stowell AW, 
Riggs RR, Gatchel RJ. Biopsychosocial factors asso-
ciated with the subcategories of acute temporoman-
dibular joint disorders. J Orofac Pain. 2012;26:7–16.  

    7.    Slade GD, Fillingim RB, Sanders AE, Bair E, 
Greenspan JD, Ohrbach R, Dubner R, Diatchenko L, 
Smith SB, Knott C, Maixner W. Summary of fi ndings 
from the OPPERA prospective cohort study of inci-
dence of fi rst-onset temporomandibular disorder: 
implications and future directions. J Pain. 2013;
14(12 Suppl):T116–24.  

    8.   American Academy of Orofacial Pain. Diagnosis and 
management of TMDs. In: De Leeuw R, Klasser GD, 
editors. Orofacial pain: guidelines for assessment, diag-
nosis, and management. 5th ed. Chicago: Quintessence; 
2013. p. 130.  

    9.    Mohlin BO, Derweduwen K, Pilley R, Kingdon A, 
Shaw WC, Kenealy P. Malocclusion and temporo-
mandibular disorder: a comparison of adolescents 
with moderate to severe dysfunction with those with-
out signs and symptoms of temporomandibular 
 disorders and their further development to 30 years of 
age. Angle Orthod. 2004;74:319–27.  

    10.    De Kanter RJ, Truin GJ, Burgerdijk RC, Van ’t Hop 
MA, Battistuzzi PG, Kalsbeek H, et al. Prevalence in 
the Dutch adult population and a meta-analysis of 
signs and symptoms of temporomandibular disorder. 
J Dent Res. 1993;72:1509–18.  

    11.    Greene CS. Concepts of TMD etiology: effects on 
diagnosis and treatment. In: Laskin DM, Greene CS, 
Hylander WL, editors. TMDs – an evidence-based 
approach to diagnosis and treatment. Chicago: 
Quintessence Publ. Co; 2006. p. 219–28.  

 Take Home Messages 

•     The contemporary approach to TMD 
treatment is centered on conservative 
and reversible therapies for the vast 
majority of TMD conditions, especially 
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      Surgical Management 
of Temporomandibular Joint 
Problems 

           D.  M.     Laskin    

        It is generally recommended that medical man-
agement should be the fi rst-line approach to 
treating most diseases and disorders of the tem-
poromandibular joint (TMJ). However, surgery 
can play a role when medical means of manage-
ment are either not indicated or when such treat-
ments have failed. Although orthodontists are 
usually not directly involved in these forms of 
therapy, they do encounter patients with a wide 
variety of temporomandibular disorders (TMDs) 
in their practices and so it is important for them to 
understand what surgical treatments are avail-
able, when they are indicated, and what they are 
designed to accomplish. This chapter will focus 
on two major areas of concern to the orthodon-
tist: surgical versus non-surgical management of 
internal derangements of the TMJ and the use of 
orthognathic surgery as a treatment for TMDs. 

9.1     Surgical Management 
of Internal Derangements 

 Internal derangements of the TMJ can be divided 
into two categories – anteromedial disc displace-
ment (commonly referred to as anterior disc dis-
placement) with reduction to normal position on 

mouth opening (accompanied by a clicking or 
popping sound) and anterior disc displacement 
without reduction to normal position on mouth 
opening (locking) (see Chap.   2    ). The initial treat-
ment of painful clicking or popping in the TMJ is 
always medical and involves such modalities as 
an analgesic for the pain, a soft non-chewy diet, 
and a bite appliance to control any parafunctional 
activity. The objective is to control the pain and 
not stop the clicking, because the disc generally 
can only be returned permanently to its normal 
position surgically. However, this is not recom-
mended unless proper medical management fails 
to relieve the pain. 

 There is some evidence that patients with 
TMJ locking will also improve with medical 
management and jaw-stretching exercises [ 1 ,  2 ]. 
However, this can take a considerable time to 
occur and may not be successful in up to 36 % of 
such patients [ 3 ,  4 ]. Therefore, if these patients 
do not show decreased pain and improvement 
in mouth opening within a reasonable period, a 
different approach is indicated. At one time, the 
only answer was to open the joint and surgically 
replace the disc into its normal position (disco-
plasty) or to remove the disc (discectomy) if it 
was severely damaged and irreparable (Fig.  9.1 ). 
However, with the introduction of arthroscopic 
surgery all of this changed, because it is now 
possible to operate within the joint in a much 
less invasive manner. The arthroscopic approach 
allows the surgeon to lavage the joint and remove 
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tissue breakdown products and infl ammatory 
cytokines and to surgically break up any adhe-
sions and improve joint mobility (Fig.  9.2 ). 
However, it is extremely diffi cult to surgically 
reposition the disc arthroscopically and so it is  
generally allowed to remain in its anterior posi-
tion. Despite this, most patients had little or no 
pain and an improved range of motion postopera-
tively. With the realization that improving joint 
mobility and not disc position was the important 
factor in successfully treating patients with pain-
ful TMJ locking, arthroscopic surgery became 
the primary treatment modality for this condition.   

 However, all of this changed in 1991 with 
the introduction of arthrocentesis [ 5 ]. This 

involved the placement of two hypodermic nee-
dles into the upper joint space through which 
the joint could be lavaged, as in arthroscopic 
surgery, and the adhesions were eliminated and 
joint mobility was improved by manual manip-
ulation of the mandible (Fig.  9.3 ). Thus, the 
same goals as for arthroscopic surgery were 
accomplished in an even less invasive manner. 
Moreover, a comparison of the two procedures 
showed similar success, with arthrocentesis 
being simpler, less expensive, and having fewer 
complications [ 6 – 9 ]. The only difference was 
not being able to actually visualize the joint, 
but this is generally not necessary. Therefore, 
arthrocentesis has now become the initial treat-
ment of choice for TMJ locking. If it fails, 
arthroscopic surgery, discoplasty or discectomy 
may then be indicated.   

9.2     Orthognathic Surgery 
and the TMJ 

 Orthognathic surgery is one of the most common 
procedures performed by oral and maxillofacial 
surgeons. Because most of these procedures 
involve changes in the position of one or both 
jaws, it has been suggested that this could affect 
the relationship of the articulating components of 
the TMJ. This raises two questions: Can orthog-
nathic surgery cause TMJ problems and can 
orthognathic surgery cure TMJ problems? 

  Fig. 9.1    Discoplasty for correcting an anteriorly displaced disc. After exposure of the joint and isolating the disc, a wedge 
of retrodiscal tissue is excised. When this area is sutured, it places the disc back into its normal anatomic position       

  Fig. 9.2    Arthroscopy of the temporomandibular joint. 
The arthroscope, which has a camera attached to a TV 
monitor, is inserted through a cannula into the joint. This 
permits visualization while using surgical instruments 
inserted via the second cannula       
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9.2.1     Orthognathic Surgery 
as a Cause of TMJ Problems 

 There have been numerous reports on the devel-
opment of various signs and symptoms such as 
clicking, crepitation, persistent joint pain and 
tenderness, limitation of mouth opening and con-
dylar resorption arising in previously asymptom-
atic patients following orthognathic surgery 
[ 10 – 21 ]. Their prevalence has ranged anywhere 
from 4 to 60 %, depending on the conditions 
studied (Table  9.1 ). Thus, there is no doubt that 
orthognathic surgery can cause TMJ problems in 
some patients. The question then is: Are there 
things that can be done to prevent, or at least 
reduce, such problems?

   There are four groups of patients that are at the 
highest risk for developing postoperative TMJ 
symptoms, especially internal derangements and 
condylar resorption, as a result of changes in con-
dylar position during orthognathic surgery. These 
include high angle mandibular retrognathic 
patients, particularly young females; patients 
with an associated anterior open bite; patients 
requiring superior repositioning of the maxilla, 
which results in an autorotation of the mandible; 
patients with mandibular asymmetry who will 
require axial rotation of the mandible; and 
patients needing a mandibular setback of more 
than 9 mm. Thus, it is important that excessive 
changes in condylar position be avoided in such 

patients,  especially following a bilateral sagittal 
split osteotomy (BSSO). There are a number of 
factors that can affect proper manual reposition-
ing of the condyles during this operation. These 
include the supine position of the patient, the 
reduced muscle tonus, the direction of the surgi-
cal mandibular movement, and whether the con-
dyles are positioned in centric occlusion or 
centric relation. Once the condyles are manually 
positioned, how they are fi xed in that position is 
also a crucial factor. Because of the u-shape of 
the mandible, both advancement and setback pro-
duce a changed axial relationship between the 
proximal and distal segments and a resultant lat-
eral condylar rotation can occur as a result of the 
improper application of rigid fi xation (Fig.  9.4 ).  

a b

  Fig. 9.3    Arthrocentesis of the temporomandibular joint. 
( a ) Placement of two hyperdermic needles into the upper 
joint space to allow irrigation of the joint. ( b ) Manual 

manipulation of the mandible during joint irrigation to 
break up adhesions and increase joint mobility       

   Table 9.1    Prevalence of new TMJ symptoms in previ-
ously asymptomatic orthognathic surgery patients   

 Friehofer and Petosevic [ 10 ]  45 % 
 Hackney et al. [ 11 ]  60 % 
 De Clerq et al. [ 12 ]  12 % 
 Dervis and Tuncer [ 13 ]  10 % 
 Karabouta and Martis [ 14 ]  11.5 % 
 White and Dolwick [ 15 ]  8 % 
 Panula et al. [ 16 ]  13 % 
 Westermark et al. [ 17 ]  21 % 
 Dujoncquoy et al. [ 18 ]  4 % 
 Aoyama et al. [ 19 ]  24 % 
 Oland et al. [ 20 ]  10 % 
 Wolford et al. [ 21 ]  36 % 
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 The desire to place the condyles back in their 
exact preoperative position following orthognathic 
surgery has led to the use of condylar positioning 
devices by some surgeons [ 22 ] (Fig.  9.5 ). However, 
others have questioned the necessity to have such 
accurate positioning, arguing that anecdotally most 
patients have minimal or no dysfunction with closed 
reduction of displaced subcondylar  fractures. Also, 

the procedure known as condylotomy, which 
changes the position of the condyle, has actually 
been used to treat some TMJ disorders [ 23 ]. In a 
comparison study, Gerressen et al. [ 24 ] treated 28 
patients by mandibular advancement, of which 18 
had manual condylar repositioning and 10 had a 
repositioning device used, and 21 patients by man-
dibular setback, of which 10 also had a reposition-
ing device used. They found that in the advancement 
patients the manually positioned group had fewer 
signs of temporomandibular disorders (TMDs), and 
in the setback patients there was no signifi cant dif-
ference. Furthermore, in a review of 11 studies on 
the use of condylar positioning devices in orthogna-
thic surgery, Costa et al. [ 25 ] found no scientifi c 
evidence to support the routine use of such devices. 
It can therefore be concluded that although exces-
sive malposition of the condyle can lead to postop-
erative relapse, and therefore should be avoided, 
lack of exact condylar positioning is not a factor in 
causing TMDs in orthognathic surgery patients.   

9.2.2     Orthognathic Surgery 
as a Cure for TMJ Problems 

 Studies have shown a higher incidence of TMDs 
in patients undergoing orthognathic surgery than 
in the general population [ 12 ,  15 – 17 ,  26 – 28 ], 

  Fig. 9.4    Potential lateral displacement of the condyle 
following a sagittal split osteotomy caused by improper 
fi xation screw placement       

a b

  Fig. 9.5    Condylar positioning technique. ( a ) The bone 
plate is adapted prior to making the bone cuts. ( b ) 
Application of the bone plate after completion of the 

 osteotomies repositions the condyle in its original posi-
tion (Reprinted with permission from Ellis [ 22 ])       
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(Table  9.2 ) and this has led to the idea that maloc-
clusions and skeletal deformities can predispose 
to such problems. For example, it has been 
claimed anecdotally that there are increased com-
pressive forces on the mandibular condyle in 
Class II patients with a high mandibular plane 
angle and an anterior open bite or in those with a 
low angle deep bite. Although the literature often 
cites such malocclusions and skeletal deformities 
as contributing to TMDs, this information is based 
mainly on opinion and weak correlative data; no 
controlled studies have proven this relationship. 
Nevertheless, orthognathic surgery is often rec-
ommended as a treatment for TMDs [ 15 – 17 ].

   There are numerous reasons why it is diffi cult 
to accurately evaluate and compare the various 
studies that have been published on the ability of 
orthognathic surgery to effectively treat various 
TMDs. Most studies include different types and 
severities of malocclusion and skeletal deformity 
rather than relate to a single clinical entity. They 
also vary in the criteria that were used preopera-
tively to establish the presence of a TMD. The type 
of TMD and the preoperative duration of the TMD 
symptoms are often not considered, and there are 
different follow-up periods  postoperatively. Also, 
the signs and symptoms evaluated vary between 
studies. Finally, the samples studied are heteroge-
nous and evaluated subjectively based on the 
patients’ fi ndings rather than being carried out by 
blinded observers. As an example, in a positive ret-
rospective review, which included probably the 
largest number of post-orthognathic surgery 
patients ever evaluated in a single study [ 17 ] it was 
noted that 43 % of the patients reported subjective 
symptoms preoperatively and that only 28 % 
reported such symptoms postoperatively. It was 
therefore concluded that “This difference indicates 

an overall benefi cial effect of orthognathic surgery 
on TMD signs and symptoms.” However, an anal-
ysis of this study shows that it had a number of 
fl aws that raise serious doubts about such a con-
clusion. The data combined rather than separated 
the various types of skeletal deformities; two dif-
ferent types of mandibular operations (BSSO and 
vertical ramus osteotomy) were performed, and 
four different types of osteosynthesis were used. 
The clinical outcomes evaluated included only 
joint pain, chewing pain, joint noise, unspecifi ed 
type of “grinding” and headache, and the fi ndings 
were based on the patients’ own subjective evalua-
tion of these variables. 

 In a more recent study [ 18 ] the conclusion was 
that “Most patients with preoperative TMJ signs 
and symptoms can improve TMJ function and 
pain levels can be reduced by orthognathic sur-
gery.” Yet, this conclusion was based on a subjec-
tive questionnaire to which only 57 of 176 
patients responded. Moreover, there was no indi-
cation of the types of malocclusion or skeletal 
deformity treated, and postoperatively there were 
actually 15 new cases of joint sounds, 10 new 
cases of TMJ pain, 8 new cases of joint locking, 
and 9 new cases of clicking. 

 In a recent systematic review of 23 studies on 
the use of orthognathic surgery to relieve chronic 
painful TMDs [ 29 ], 16 studies showed no change 
or a worse outcome and 7 showed mostly insig-
nifi cant improvement. Thus, on the basis of these 
various studies, it can be concluded that orthog-
nathic surgery is not a reliable treatment approach 
for TMDs, and since it is such an invasive proce-
dure, it should be performed only when indicated 
for other biological or psychological reasons.   

    Conclusions 

 Orthodontic patients presenting with painful 
clicking and popping sounds in the temporo-
mandibular joint should always be managed 
medically at fi rst. The objective is to eliminate 
the pain, and this is accomplished by allowing 
the retrodiscal tissues to heal and function as a 
new “disc”. The clicking and popping can 
only be eliminated surgically, and this is indi-
cated only if medical management does not 
stop the pain. 

   Table 9.2    Prevalence of TMJ signs and symptoms in 
preoperative orthognathic surgery patients   

 De Clercq et al. [ 12 ]  26 % 
 White and Dolwick [ 15 ]  49 % 
 Panula et al. [ 16 ]  73 % 
 Westermark et al. [ 17 ]  43 % 
 Upton et al. [ 26 ]  53 % 
 Link and Nickerson [ 27 ]  90 % 
 Schneider and Witt [ 28 ]  80 % 
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Persistent locking may also respond favor-
ably to medical management and jaw exer-
cises in some patients. For those who do not 
respond to such treatment in a reasonable 
period, arthrocentesis should be the initial 
therapy; arthroscopic surgery, discoplasty, or 
discectomy should only be done if this fails. 

 It is evident that orthognathic surgical 
treatment can sometimes produce TMDs in 
patients who did not have such problems 
presurgically. Such problems can be mini-
mized by an understanding of the various 
contributing factors, but are probably not 
completely preventable. Therefore, patients 
need to be informed of these potential risks 
as well as of the benefi ts of orthognathic sur-
gery. It is also evident that orthognathic sur-
gery is not a predictable treatment approach 
for TMDs [ 30 ]. Thus, there must always be 
indications for performing orthognathic sur-
gery in these patients other than the treat-
ment of a TMD. 
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      TMD and Its Medicolegal 
Considerations in Contemporary 
Orthodontic Practice 

           L.     Jerrold      ,     Sanjivan     Kandasamy     , and     D.     Manfredini    

10.1            The Standard of Care 

 The diagnosis and management of patients exhibit-
ing temporomandibular disorders (TMD) in the 
orthodontic setting is fraught with great debate, 
confusion, diverse opinions, and philosophies. 
Because TMD has a multifactorial etiology and is 
layered in nature, it currently is viewed as refl ecting 
more of a medical and psychosocial model regard-
ing its diagnosis and subsequent management. As 
such, it is critical that orthodontists understand their 
limitations, the need for adequate training in this 
continually evolving area, and the need for thor-
ough and well-documented records [ 1 ,  2 ]. 

 Given these caveats and concerns one must 
fi rst ask, are there medicolegal considerations 
specifi c to the diagnosis and treatment of TMD 
associated with the practice of orthodontics? The 
simple answer is no; the medicolegal consider-
ations are the same across the board in all of the 
healing arts. However, from a risk management 
perspective, one of the fi rst concerns is address-
ing the elements that a potential plaintiff needs to 
prove for an orthodontist to be found liable 
regarding any treatment he or she has rendered. 
Those elements are that there was a duty to con-
form to a given standard of care and that the 
breach of this duty was the direct or proximate 
cause of any injury suffered. 

 It is only through the existence of a doctor- 
patient relationship that orthodontists are 
required to conform to a certain standard of care; 
which will vary slightly throughout the world. 
This “conformance” is the duty to which we are 
held. Three elements comprise this duty. First, 
regardless of the general or specialty area of den-
tistry in which you practice, you are bound to 
possess the degree of SKEE (skill, knowledge, 
education, and expertise) as is possessed by the 
average practitioner in good standing, within the 
same area of practice, acting under the same or 
similar circumstances. Second, you must exer-
cise this degree of SKEE in a reasonable manner. 
Third, you must use your best judgment as you 
go about administering the care you render to a 
patient. 
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 At this point, a certain distinction needs to be 
made. A plaintiff can initiate a lawsuit against 
you based on your failing to conform to a given 
standard of care as described above; but it is here 
that one must be aware that a suit can also be fi led 
claiming that the practitioner did not obtain ade-
quate informed consent even though the care 
itself may have been adequate. In other words, 
there are different legally recognized “causes of 
action” to which a practitioner may become 
exposed. You can be sued for one or the other or 
both. The standard of care is the same. Did you 
divulge whatever information was required in 
order for the patient to adequately grant you their 
informed consent to proceed with whatever treat-
ment you are proposing to render. This is dis-
cussed in detail further on in this chapter.  

10.2     Defi ning the Duty of Care 

10.2.1     Ascertaining the Patient’s 
Chief Complaint 

 In the practice of orthodontics, including the treat-
ment of any signs or symptoms of TMD, one of 
the more common breaches of the duty that we 
owe our patients is not conducting an adequate 
comprehensive examination. Whenever we see a 
new patient, the fi rst thing we need to do after we 
introduce ourselves is to ask the patient “What 
can I do for you?” “How can I help you?” “Why 
are you here?” What you are attempting to do is to 
elicit the patient’s chief complaint. This is the fi rst 
step in conducting a comprehensive examination 
of the patient. You may fi nd out that one of the 
patient’s chief complaints does or does not include 
symptoms that may relate to TMD. Attempting to 
elicit not only what the patient’s concerns are but 
also integrating this information with your impres-
sions is important because it will guide you to 
have to make the fi rst in a number of decisions, 
that being whether or not you want to treat this 
patient’s particular problem. 

 The standard of care requires that you 
MANAGE every patient appropriately. You are 
not obligated to treat every patient that enters 
your offi ce nor are you required to treat every 

type of clinical problem. If you are comfortable 
treating patients presenting with TMD, fi ne; if 
you are not, the standard of care requires that you 
must either refuse to treat the patient or you can 
offer a referral to someone else who has more 
SKEE in this particular area. Referral is an appro-
priate way to manage a particular problem. 

 As the title of this chapter relates to TMD in 
the orthodontic patient, let us develop a hypotheti-
cal patient. She is in her early 30s, single, and 
employed in a middle management position. Her 
chief complaints are that she does not like the 
crowding of her upper and lower anterior teeth, 
nor the look of her smile, and she states that her 
jaw sometimes clicks on opening which she fi nds 
annoying at times. Assuming that you believe you 
possess the requisite SKEE in both orthodontics 
and TMD to treat the patient, what is next?   

10.3     The Comprehensive Clinical 
Examination 

10.3.1     The Patient’s Medical, Dental, 
and Social History 

 As with any examination, the critical risk man-
agement concerns are twofold. First, that the 
exam was appropriately conducted given the 
totality of the circumstances attached to any par-
ticular patient; and second, and of equal impor-
tance, is that the results of your examination were 
adequately documented. All fi ndings, both posi-
tive and negative, need to be documented. This is 
a cardinal risk management principle. If a fi nding 
is negative, meaning it was not found to be pres-
ent, then that negative fi nding is what needs to be 
documented. If the negative fi nding is not docu-
mented as such, it will not be presumed that the 
lack of documentation was because the fi nding 
was negative; rather it will be presumed that that 
part of the exam was not performed. 

 The fi rst step after obtaining the patient’s chief 
complaint is to perform a comprehensive clinical 
examination and the fi rst part of this activity 
involves obtaining adequate prior medical, 
 dental, and social histories. This may or may not 
provide you with any information that impacts on 
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your diagnosis and treatment of any given patient 
but one thing is certain, if you do not obtain this 
information, you will never know whether or not 
it was important. As there are numerous medical 
and psychological factors that can relate to treat-
ing an orthodontic patient who also happens to 
present with TMD symptomatology, not obtain-
ing an adequate history is a breach of the stan-
dard of care owed to every patient. 

 The past dental history may also elicit relevant 
information such as whether or not the patient 
has undergone prior orthodontic treatment and if 
so what treatment was performed. In addition, 
you would want to know whether the TMD sign 
or symptom is acute or long standing as this may 
have some bearing on how you will manage a 
particular problem. Again, obtaining this infor-
mation certainly falls within the standard of care. 

 A comprehensive clinical exam also includes 
a social history that encompasses looking into 
any habits or lifestyle activities that may relate to 
both the etiology of the malocclusion and the 
TMD symptomatology presented. In a TMD 
patient, a social history could also include the 
possibility of referring the patient for psychologi-
cal assessment depending upon the circumstances 
of the patient’s presentation. 

 These three aspects, medical, dental, and 
social, of a patient’s history should not be ignored 
as they are core elements of formulating a differ-
ential diagnosis and an appropriate treatment 
plan for every patient. It relates to what we were 
taught at the beginning of our dental education – 
never treat a stranger.  

10.3.2     The Examination 

 The remainder of the clinical exam consists of a 
functional and extra oral examination, and an 
intraoral examination of the patient’s hard and 
soft tissues, and a radiologic examination. This is 
discussed in more detail in Chapter Three. 

 The functional examination is just that, an 
examination of the functional status of a soon to 
be orthodontic patient. Function includes an eval-
uation of the joints and an evaluation of the 
occlusion both static and dynamic. 

 Let us go back to our hypothetical patient. The 
fi rst thing you would want to know concerning 
the click is if there is any pathology associated 
with this symptom. Pathology is defi ned as the 
study of disease, the process in which the disease 
manifests itself, and its degree of abnormality. 
When you query the patient about the click you 
learn that it happens every now and then but that 
she does not admit to experiencing any pain or 
dysfunction such as an obvious limited range of 
motion or diffi culties in opening or closing her 
mouth. This fi nding, assuming no other diagnos-
tic fi ndings are found, may lead one to conclude 
that at this point in time, observation is the most 
viable and conservative of the several treatment 
options for the click. On the other hand, if there is 
pain, a limitation in lateral excursions or in open-
ing, or occasional episodes of locking your evalu-
ation should also include obtaining measurements 
relating to any limitation of movement, and, in 
some selected cases, specifi c imaging studies. All 
of these diagnostic evaluations are detailed in 
other chapters of this book. 

 When it comes to the extra oral examination 
you are essentially looking for relative facial 
symmetry or evidence of asymmetry that might 
indicate the presence of a functional shift or skel-
etal asymmetry. In addition, if the patient has 
complained of headaches, tightness in the jaw, 
clenching, etc., simple palpation of the muscles 
of mastication may elicit a positive response that 
may lead toward recommending one form of 
treatment over another. 

 With regard to the intraoral examination all 
hard and soft tissues must be thoroughly exam-
ined. Of particular importance to the relationship 
between orthodontic therapy and TMD is an 
examination of the occlusal and incisal surfaces 
of the teeth as well as scalloping of the lateral bor-
ders of the tongue as these fi ndings may  indicate 
the presence of clenching and/or bruxism, a habit/
condition that has been one of the factors possibly 
associated with TMD symptomatology. As for 
occlusion, despite its diminished role in TMD eti-
ology, its evaluation still remains important albeit 
more so for orthodontic purposes. 

 When undertaking this aspect of the orthodon-
tic examination, the patient’s occlusion must be 
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evaluated both statically and dynamically. There 
is no question that TMD is multifactorial in terms 
of etiology. The current literature reveals that 
there is very little direct cause and effect regard-
ing occlusion and its role in TMD, and the same 
can also be said for the role of the condyle’s posi-
tion in the fossa. A simple static occlusal exam 
takes note of excessive deep bites, open bites, and 
crossbites that are associated with a functional 
shift. A dynamic exam notes balancing interfer-
ences in protrusive and lateral excursions as well 
as ascertaining any limitations of mandibular 
movement in lateral excursion or in opening. 

 Why is all this important? The reality of orth-
odontic practice is that one needs to have base-
line information in order to evaluate the effi cacy 
of any treatment rendered particularly if the 
maxillo- mandibular relationship will be changed 
as a result of the orthodontic treatment rendered. 
Remember, that at the end of the day, behind 
every smile we create, there needs to be a work-
ing, functioning stomatognathic system. The bot-
tom line from a medicolegal perspective is that 
not performing these basic examinations and not-
ing any positive fi ndings, or in the alternative, not 
noting that everything appears to be within nor-
mal limits, can easily be interpreted as falling 
below the standard of care. 

 Why is this so? Our hypothetical patient has 
reported a symptom of intermittent clicking that 
may be of possible clinical relevance. The duty of 
any treating health care provider is once informed 
of a symptom, to fi rst verify its existence or non-
existence. If it exists, the duty extends to estab-
lish the degree of deviation or abnormality. Next 
is the requirement to discover or attempt to dis-
cover the cause(s) of the sign/symptom. As dis-
cussed in previous chapters, with most TMD 
cases, the cause is idiopathic and the manage-
ment is usually palliative and symptomatic. Next 
is to ascertain the clinical impact, if any, of this 
symptom. Finally, the practitioner is required to 
make a recommendation on managing the fi nding 
via observation, treatment, or appropriate refer-
ral. If you are not going to treat the TMD, at least 
your fi ndings will provide documentation for the 
basis of the referral. It is these steps that  constitute 

the duty we have to conform to a given  standard 
of care. Once again, if your fi ndings are not noted 
it will not be assumed that they were negative. 
Rather it will be presumed that the exam in ques-
tion was not performed.  

10.3.3     Radiographic and Photographic 
Examination 

 The most routine images associated with the pro-
vision of orthodontic therapy are the panoramic 
and lateral cephalometric radiographs, and the 
intra and extra oral photographs. Relative to 
TMD, panoramic fi lms can be used to see the 
condyles and fossa to the extent that any gross 
condylar asymmetry or abnormal morphology 
may often be clearly visualized. By our basic 
dental training, we are suffi ciently trained and 
astute enough to ascertain when facial or cranial 
structures appear to be abnormal in shape or size. 
We can see that either “everything appears within 
normal limits,” “something is wrong,” or “some-
thing is not right.” Our duty is not necessarily to 
be able to diagnose whatever the abnormality is, 
nor how best to treat it, but rather to recognize 
that something is amiss and to make an appropri-
ate referral. Once again, it comes down to man-
aging the problem appropriately. 

 As one cannot assess or diagnose TMD based 
on standard orthodontic radiographs in an asymp-
tomatic patient the next question arises: Are tran-
scranial fi lms, magnetic resonance imaging 
(MRI), computer-assisted tomography (CAT), or 
cone beam computed tomography (CBCT) of the 
joint the standard of care? Well, they might be 
within the standard of care if you are going to 
treat a specifi c TMD or temporomandibular joint 
(TMJ) problem and you have determined that 
these additional radiographs will actually aug-
ment the data gleaned from the clinical examina-
tion. A key point is that these images are not part 
and parcel of a routine orthodontic examination; 
even to a patient who exhibits mild TMD symp-
tomatology so long as that patient is without dis-
comfort, pain, limitation in range of motion, or 
other dysfunction.   
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10.4     Diagnostic Considerations 

 Having performed a comprehensive examination, 
you are required to arrive at a diagnosis followed 
by a creation of a problem list listing the aberra-
tions from normal; skeletal, functional, dental, 
and aesthetic. 

 Again, let us go back to our hypothetical 
patient. You have determined that she presented 
with irregular alignment of her upper anterior 
teeth, a slight (2–3 mm) off of Class I toward a 
Class II molar and canine relationship bilaterally, 
and mild (3 mm) lower anterior crowding. The 
mandible appears to be slightly retrusive. The 
TMD part of the examination revealed an open-
ing and closing reciprocal click on the left side 
which the patient reports is intermittent. The 
patient also reported no history of locking, and 
there was no limitation of lateral movement or in 
opening. There was no history of pain or dys-
function. What is your treatment plan? Are you 
able to plan different strategies for the orthodon-
tic treatment and the TMJ diagnoses? Would 
your strategy differ if the patient was functionally 
symptomatic? 

 In our asymptomatic patient, some of us 
would fi nd a way to distalize the upper posterior 
segments. As we all know, there are a lot of ways 
to do that. If that approach is chosen some could 
make the argument that it does not address the 
mandibular retrusion. Some might simply just 
treat the crowding, align the upper and lower 
anterior teeth essentially treating the aesthetic 
zone, and leave the mild Class II relationship the 
way it is. After all, the patient was not really con-
cerned with the slight overjet (she did not even 
really know she had one) but was more concerned 
with the lower crowding and the slight upper 
anterior irregularities. Again, that approach 
addresses some of the problems found but not the 
retrognathism. Some would opt to use Class II 
mechanics to address the overjet. Again there are 
a lot of ways to effectuate mandibular propulsive 
mechanics. Whether you are merely getting den-
toalveolar changes, mandibular repositioning or 
growth, or a combination of both is a whole dif-
ferent discussion. What about the reciprocal 

click? In an asymptomatic patient who has an 
occasional click eliciting no pain or dysfunction 
of any type, one can probably proceed directly 
with orthodontic therapy making sure to monitor 
the status of the click throughout treatment. The 
same cannot be said for someone who exhibits 
pain, limitations of movement, or locking during 
function.  

10.5     Informed Consent 

 Regardless of which approach you prefer, you 
now have to have a conference with the patient. It 
is here that we obtain the patient’s informed con-
sent. It should be noted that we do not give 
informed consent; we get it. Depending upon 
what State or for that matter, what country one 
practices in, this requirement will vary. In the 
USA, the jurisdictions are divided between those 
that require a practitioner to divulge whatever 
information would be divulged by the average 
practitioner under the same or similar circum-
stances with those States that require patients be 
provided with that degree of information that 
they would deem material in the decision-making 
process in order to accept or reject a contem-
plated course of therapy. Either way, they can 
only make this decision when they are told in a 
language they can understand what their particu-
lar problem is, and the various ways in which it 
can be treated. The only way to choose between 
various treatment plans is to be told the benefi ts, 
risks, limitations, and compromises associated 
with each viable treatment approach. Patients 
should also be informed of any necessary second-
ary treatment associated with undergoing the 
proposed treatment. They have to be informed of 
the prognosis associated with each approach as 
well as the option of no treatment. Once they 
have had the chance to ask and have answered all 
of their questions we can then proceed with the 
option that the patient has chosen. Let us look a 
little closer at each of these elements. 

 If there are language barriers or comprehen-
sion challenges that prevent the patient from 
understanding what their problem is or what is 
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being proposed to correct these problems, any 
consent ostensibly given may easily be contested. 
“Dentalese” is never an acceptable alternative to 
basic English or the patient’s native tongue. 

 Occasionally, there is one preferred way to 
treat a given condition. More often, there are sev-
eral viable alternatives to address a given prob-
lem. The patient must be apprised of all viable 
treatment alternatives, each one accompanied by 
the expected prognosis, and any risks, compro-
mises, or limitations that attach to a particular 
treatment approach. 

 Patients also need to be informed of why treat-
ment is necessary or being recommended and 
what the prognosis will be if they decline treat-
ment. They have to be given the opportunity to 
ask and have answered all of their questions. In 
addition, there have been instances where how 
long treatment will take, scheduling concerns, 
fi nancial responsibilities etc., come into play as 
these considerations fall within the specter of 
obtaining informed consent. 

 Necessary secondary treatment must also be 
divulged as patients will often claim that had they 
known that “XYZ” was required after treatment, 
and that there are additional fees that accompany 
this secondary treatment, they would not have 
agreed to the treatment proposed or might have 
opted for a different treatment plan. Two com-
mon examples are post treatment prosthetics and 
lifetime fi xed retention. 

 Going back to our hypothetical patient, from 
the diagnostic perspective, you should explain 
that the irregular line-up of her top front teeth is 
detracting from her smile, that she has a slight 
horizontal “overbite” (patients think of overjet as 
overbite), that she has some mild crowding of her 
lower front teeth, and the tissues comprising her 
jaw joint on the left side are in such a position 
with one another that they make a clicking sound 
on opening and closing which does not appear to 
have affected the ability to move her jaw from 
side to side or limit her ability to open and close. 

 Addressing her treatment, she should be told 
that there are essentially three ways to address 
her orthodontic problem. The fi rst would be to 
correct her “overbite” by pushing her top teeth 
further back in her mouth however there is a 

slight chance that it may negatively affect her 
upper lip profi le and overall facial profi le. The 
second way is to leave the “overbite” and just line 
up her upper front teeth and take care of the 
crowding in her lower front teeth (if there are 
periodontal concerns related to the expansion 
therapy they should be stated here). Finally, her 
“overbite” can also be corrected by wearing rub-
ber bands between the jaws but there is a slight 
chance that they may make the clicking worse. 
You should then relate your experience with each 
and provide a recommendation but the choice is 
hers to make. 

 As to her TMD symptoms, as the patient is 
essentially asymptomatic except for the occa-
sional reciprocal click, she would only need to be 
advised that you will monitor her TMJ status 
throughout treatment and that if changes are dis-
cerned, based on the mechanics employed or the 
patient’s response to treatment, you will manage 
whatever the clinical fi ndings are in both a timely 
and appropriate manner. As the majority of the 
literature shows that orthodontics is basically 
TMD neutral, this is a reasonable approach. 

 However, let us say our patient was symptom-
atic. As TMD symptoms, such as pain, locking, 
and limitations of movement, are indicative that 
something is wrong or in the alternative, the rec-
ognition that something is not right, it is not 
appropriate to begin orthodontic therapy until 
these symptoms are adequately addressed. 
Appropriate management of this patient would 
entail either treating the TMD yourself (if you 
choose to treat this yourself you must have the 
requisite SKEE regardless of how it is obtained) 
or referring the patient to someone with more 
SKEE in this area. Once the TMD is under con-
trol, it is at this point in time that orthodontics can 
begin. This is analogous to the patient who has 
active periodontal disease and a malocclusion. It 
is below the standard of care to initiate orthodon-
tic therapy until the periodontal condition is sta-
bilized and maintained. All of the other elements 
noted above also need to be discussed with the 
patient in the same simple language. 

 The last consideration would be if our hypo-
thetical patient developed increased TMD symp-
toms during treatment. What then? TMD 
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symptomatology can develop in any patient at 
any time. A recent systematic review which 
included only studies which utilized the Research 
Diagnostic Criteria for TMD (RDC/TMD) 
reported a prevalence of up to 16 % for disc dis-
orders, up to 13 % for masticatory muscle pain 
and up to 9 % for TMJ pain disorders in the gen-
eral population [ 3 ]. Only 3.6–7 % of individuals 
with TMD are estimated to be in need of treat-
ment [ 4 ]. This group of patients is often in their 
mid to late teens or young adults and middle- 
aged adults rather than children and the elderly. 
Prevalence of TMD in women is twice more 
common than in men [ 4 ]. Based on this, the like-
lihood of an average orthodontic patient develop-
ing signs or symptoms is more than possible. 
Unfortunately, this is commonly misinterpreted 
as the orthodontic treatment causing TMD. We 
must tell all patients, especially those like our 
hypothetical one, that there is the possibility that 
TMD may occur during orthodontic treatment. 
Notice we did not say that TMD occurred because 
of the orthodontics. As we already discussed, 
orthodontic therapeutic intervention is essentially 
TMD neutral. While some jaw and or muscular 
tenderness may occur as a result of the mechano-
therapy employed, at least until musculoskeletal 
adaptation is achieved, a variety of TMD issues 
may occasionally occur during orthodontic treat-
ment. It is this fact that patients need to be aware 
of. Further clinical evidence as well as the litera-
ture supports the role exerted by psychosocial 
factors in the multifactorial etiology of TMD and 
therefore we cannot ignore educating our patient 
regarding this issue. It is the acceptance of the 
possibility that something negative can occur 
during treatment and the acquiescence to proceed 
that forms the basis for the doctrine of informed 
consent. 

 There is no “one way” to provide this informa-
tion. Videos, pamphlets, and other patient educa-
tional tools are viable methods. Proprietary forms 
are another. Some prefer a good old fashioned 
conversation. A patient’s verbal consent is accept-
able but documentation of what was discussed 
and the patient’s assent needs to be documented. 
There are numerous methods of documentation 
available today. 

 It also does not matter who interacts with the 
patient. It can be the doctor, the treatment coordi-
nator, an assistant, and so on. The bottom line is 
that practitioners need to transmit this informa-
tion and then just as importantly, they need to 
document that this responsibility was completed.  

10.6     To Whom Does One Refer? 

 TMD has gradually undergone the transition from 
a purely orofacial/dental problem to a medically 
based psychosocial model because of its multifac-
torial etiology and its multifaceted approach to 
treatment. This model integrates a plethora of bio-
logic, clinical, and behavioral factors that are 
inter-related in the onset, diagnosis, treatment, 
maintenance, and hopefully the remission or reso-
lution of the problem at hand. In situations where 
one makes a referral, either because of a lack of 
SKEE to treat the patient’s problem or because of 
the need for interdisciplinary treatment to be ren-
dered by other concurrent treating practitioners, 
the risk management concern is how to ensure 
that one does not make a negligent referral that 
could result in liability being imposed. 

 Negligent referral liability occurs when a 
referral is made to someone who does not possess 
the requisite SKEE to adequately manage or treat 
the patient; essentially this is a question of the 
referred to doctor’s competency. Merely because 
one is a self-proclaimed guru in the diagnosis and 
management of TMD is not a basis on which an 
acceptable referral can be made. A negligent 
referral can also result from referring to an 
impaired practitioner who for whatever reason is 
incapable of adequately treating the patient. The 
good news is that the referrer can only be found 
liable if he or she knew or reasonably should 
have known that the referred to doctor was 
incompetent (lack of SKEE) or impaired. 

 You should be making your referral for man-
aging a patient’s TMD in the same manner you 
would make any other referral. In other words, 
you are aware of the practitioner’s competency 
and or reputation either fi rst hand or vicariously, 
and you are not aware of any mitigating factors 
that would compromise his ability to treat the 
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patient. The fact that the referred to doctor was 
your brother-in-law, classmate, golfi ng buddy, 
fellow church member, or what have you, is not a 
suffi cient basis on which to generate a referral. In 
most countries the fi eld of TMD and orofacial 
pain is an unrecognized specialty, so the best you 
can do is to base your referral on the same type of 
criteria you use when you refer a patient to any 
other dental specialist. Once again, as a referral is 
a form of management and any act of managing a 
patient is a form of treatment, all referrals require 
adequate documentation.  

10.7     Records Management 

 Clinical record keeping is a requirement of every 
practitioner in the healthcare arena. Many doc-
tors do not appreciate the scope of the dental 
record. The patient’s record is comprised of all 
intra, inter, and extra offi ce communications 
relating to the care and treatment of that patient. 
This includes all billing forms, fi nancial records, 
appointment books, daily schedules, all forms 
and form letters used, all correspondence with 
the patient and all relevant third parties, all diag-
nostic material, and last but not least, the clinical 
chart. The two most important reasons for keep-
ing accurate and timely records of the treatment 
rendered is to serve fi rst, as a basis for diagnosing 
and treatment planning purposes; and second, to 
maintain the continuity of patient care. 

 On the clinical side, patient records provide 
documentary evidence of your evaluation, diag-
nosis, and treatment plan for that patient, the 
informed consent obtained, the treatment ren-
dered as well as all referrals made, interactions 
with other concurrent treating practitioners, and 
all follow up treatment rendered. On the adminis-
trative side, all communications with the patient, 
relevant third parties, and third party payers, also 
comprise a patient’s dental record. From a legal 
perspective, the dental record serves to protect 
the legal interests of all of these parties. Finally, a 
patient’s dental record provides data for continu-
ing education, research, outcomes assessment, 
quality assurance, other administrative functions 
such as productivity evaluations, and billing. 

 The only requisites are that the dental record 
must accurately refl ect the treatment rendered, 
they must be completed by a person with knowl-
edge of the content appearing therein, the data 
entered was done so at or near the time that the 
treatment was rendered, and that the records 
have the indicia of credibility. This last item is 
quite important as all healthcare records, in 
order to be viewed as trustworthy, have to be 
made and kept in such a fashion as to preclude 
the ability of alteration. They must be genuine 
and they must be able to be unequivocally 
believed.  

    Conclusion 

 At the beginning, we discussed a hypothetical 
patient. Various risk management concerns 
relative to each step along the doctor-patient 
relationship time line were discussed. Prudent 
attention to risk management procedures and 
protocols are a requirement today if practitio-
ners are to conform within the standards of 
care relating to both the administrative and 
clinical aspects of orthodontic practice partic-
ularly when TMD symptomatology accompa-
nies the orthodontic problem. The bottom line 
is that by adhering to good risk management 
activities, the doctor- patient relationship is 
enhanced and strengthened, and this fact 
alone, tends to lessen the possibility of wind-
ing up in the malpractice arena. 

 Take Home Messages 

•     Always complement an orthodontic exam 
with an examination of the TMJ and the 
associated structures.  

•   Documenting negative fi ndings are 
equally important as documenting posi-
tive fi ndings.  

•   Always maintain clear, thorough, and 
timely records.  

•   Orthodontics is TMD neutral. This how-
ever will not prevent patients and some 
dentists from believing that your orth-
odontic treatment has caused TMD signs 
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or symptomatology to appear during or 
after treatment.
 –    Educate both your patients and other 

concurrent treating practitioners 
accordingly.  

 –   Monitor your patients regularly espe-
cially if they exhibited TMD symp-
toms with or without pain or limitations 
of movement before treatment.     

•   If you choose to not treat TMD within your 
orthodontic practice, refer your patients to 
someone with the requisite SKEE; if pos-
sible someone with additional and/or for-
mal training in the fi eld of orofacial pain.    
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