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The Etiology of Temporomandibular Pain 
Dysfunction. Part I. Is It Internal Derangement? 
Eggene H. Williamson, D.D.S., M.S., 

Editorial Note: An understanding of etiology provides the 
basis on which treatment modalities are selected. Thus, the 
type of jaw repositioning device used on a patient depends 
as much on the philosophy of the clinician as on his 
diagnostic ability. This paper addresses the question of 
etiology by exploring the available research information. The 
study is divided into two sections - one on internal derange-
ment and the other on myofascial pain and a summary with 
conclusions on treatment alternatives. 

Introduction 
Clinical signs of temporomandibular pain dysfunction such 

as clicking have been demonstrated in 35 percent of adoles-
cent patients seeking treatment for malocclusion'. Recent 
epidemiological studies by Grosfeld et ale on 400 Polish 
children revealed that as many as 67 percent had joint 
disorders. Egermark-Eriksson 3  reported that 33 percent of 
children with dual bite had dysfunctional symptoms in-
cluding pain and clicking. Geering-Gaerny and Rakosi 4  
found that 41 percent of children 8 to 14 years old displayed 
joint noises and pain to palpation of the muscles. In his 
research on 112 Dutch children with Class II, Division 1 
malocclusion and an average age of 12.5 years, Dibbets 
found that 46 percent had clicking and dysfunction. Nilner 6  
examined 749 children and adolescents 7 to 18 years old. 
He found that 36 percent of the children and 41 percent of 
the adolescents had symptoms. Egermark-Eriksson 3  and 
Nilner 6  both reported that the symptoms worsened with 
age. However, both authors employed a cross-sectional study 
design. More recently Dibbets 7  clearly demonstrated an in-
crease in symptoms with age in longitudinal studies. 
Dibbets 7  also has been able to identify certain mor-
phological characteristics of children with joint dysfunction. 
They had an approximately 2.5 mm shorter corpus and a 
1.3 mm shorter ramus. The gonial angle was 2.7° larger and 
the posterior facial height was 1.9 mm smaller with a con-
sequent 2.1° steeper mandibular plane angle. This is ob-
viously the profile of Class II individuals. In a longitudinal 
study, Magnusson et alb examined patients at age 11 and 
again at age 15 and found that symptoms increased with 
age. Fresh autopsy samples in young adults confirmed the 
presence of internal derangements in younger age groups 
as well. Solberg, Hansson and Nordstrom 9  showed that 37 
percent of 96 joints examined had a mild-to-marked devia-
tion in form with the condyle exhibiting more extensive 
changes than other joint components. Folding and deforma-
tion of the disk were associated with disk displacements. 
Their sample averaged 26.4 years of age. They concluded 
that changes in this age group are adaptive phenomena oc-
curring in order to cope with the details of articular fit and 
function. Hence, they support the findings and concepts of 
Westesson and Moffett. 

The evidence suggests that at least one-third of patients 
examined for routine orthodontic treatment probably will 
display some degree of disk displacement and muscle pain 
to palpation. This dysfunction must be recognized first at 
examination and then treated in conjunction with correction 
of the malocclusion. Understanding the etiology of tem-
poromandibular pain dysfunction is essential to selecting ap-
propriate treatment modalities. The purpose of this paper 
is to review the available research findings on the etiology 
of this condition. In this first part, particular attention is 
given to internal derangements; in the second part (in the 
next issue), the role of myofascial pain will be considered. 

Normal Disk Relationship 
This disk is normally biconcave with the posterior band, 

the central thinned portion, and the anterior band having 
approximately equal antero-posterior lengths. At rest, the 
disk lies superior to the condyle with the posterior band of 
the disk on the condyle at the 12 o'clock position. Prior to 
movement, the thinned portion of the disk is in the antero-
superior position between the condyle and the tubercle. With 
function, there is a rotation in the lower compartment and 
a translation of the superior compartment with the disk re-
maining in contact with the condyle in all movements. As 
the condyle moves anteriorly, the thinned portion of the disk 
assumes a more superior relationship until it is in the 12 
o'clock position at the crest of the tubercle. As the condyle 
continues anterior to the tubercle and the mandible rotates 
open, the disk becomes more posterior to the condyle. The 
elastic fibers stretch to allow the retro-diskal tissues to adjust 
(Figure 1). 

The thickness of the posterior band varies among in-
dividuals. A thick posterior band seems to be associated with 
a steep posterior slope of the tubercle. Brachycephalic skulls 
seem to have deep glenoid fossae with steep angles to the 
tubercle. Frequently, the mandibles will show rather square 
gonial angles, wide rami, and large condyles. When the con-
dyles are seated, there is a relatively large space between 
the top of the condyle and the superior part of the fossae. 
In a normal joint, the posterior band fills the space. On the 
other hand, in individuals with more flattened angles of the 
tubercle, there seems to be less space between the condyle 
and top of the fossa. In this situation, the posterior band of 
the disk is thinner; it may be displaced from its normal 
superior position; and the disk may exhibit various degrees 
of deformation from its normal biconcave configuration.'° 

The posterior attachments of the disk are part of the 
bilaminar zone formed by the superior and inferior lamina. 
The superior lamina or stratum is attached to the superior 
part of the posterior band and inserts into the squamo-
tympanic fissure caudally. It is comprised of elastin rather 
than collagen." The inferior lamina attaches to the inferior 
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portion of the posterior band and inserts into the neck of 
the condyle. Since the disk is attached tightly to the medial 
and lateral poles of the condyle in the healthy state, 12  its 
attachment posteriorly must be elastic to allow it to translate 
forward with the condyle. The inferior lamina is not stretched 
appreciably as the condyle translates forward because the 
disk rotates posteriorly, relieving any tension in this 
stratum. 13  The area between the two lamina is comprised 
of connective tissue, rich in blood vessels and nerves. 
Synovial tissues line the periphery of the superior and in-
ferior recesses, appearing as villi in sagittal sections. 14  
Lymphatic capillaries are located in the synovial villi and pro-
vide serum for the creation of the synovial fluid which 
lubricates the articular surfaces of the joint. The anterior 
recesses, like the posterior, contain synovial villi and receive 
a rich blood supply. In normal joints, there is no open con-
nection between the superior and inferior recesses. 

Internal Derangement 
Derangement is a condition in which something is disar-

ranged or disordered; a disturbed arrangement; or a distur-
bance in the proper condition, action, or function. Derange-
ment seems to focus on disturbance rather than destruction. 
Hence, this definition excludes degenerative processes. In-
ternal derangements of the temporomandibular joint include 
disk displacement relative to the condyle, deformation of the 
disk, perforation of the disk and/or peri-diskal tissue, and 
tissue adhesions. 

The most common symptoms of internal derangement are 
clicking and/or limitation of jaw movement. Not surprising-
ly, joint sounds with movement have become indicative of 
abnormal jaw mechanics. Prior to 1980, three principal 
theories were proposed for the cause of temporomandibular 
joint clicking: 

• Remodeled articular surfaces which could generate joint 
noise. 

• Muscle incoordination primarily between the superior 
and inferior heads of the lateral pterygoid muscles. It was 
assumed that the superior head of the muscle inserted into 
the antero-medial portion of the disk and capsule while the 
inferior head inserted into the anterior fovea of the condyle. 
Uncoordinated contraction of the two muscles, therefore, 
could lead to movement of the disk and condyle at different 
rates. Under these conditions, the disk then could be pulled 
forward of the condyle and cause a click as the posterior band 
of the disk slipped anterior to the condyle. 

• Condyle-disk displacement. Westesson 15, 16  was the 
first to use double-contrast arthrography for studying the 
temporomandibular joint. He injected a contrast medium into 
the superior and inferior recesses of the joint and then 
injected air into the spaces. This enabled him to observe the 
disk clearly outlined along with other joint structures. In 
1979, Isberg-Holm and Westesson 17 ' 18  used fresh autopsy 
material to investigate the mechanics of clicking in the tem-
poromandibular joint. They employed simultaneous high-
speed cineradiography and sound recording to study the 
radiographic images directly associated with clicking. They 
concluded that in clicking joints, the condyle slips under the 
posterior band of the disk during opening and closing. Non-
clicking joints manifest synchronized movement of the disk 
and condyle during protrusion and retrusion. The condyle 
in the fossa was placed inferior to the posterior band of the 
disk. Observation of rapid movements associated with click-
ing during protrusion and retrusion revealed that the condyle 
rapidly passed under the posterior band of the disk imme-
diately prior to clicking. Clicking was recorded at the instant 
the condyle hit the temporal articular surface with the disk 
or posterior attachment of the disk between the two bones. 

Figure 1. Normal disk relationship from rest to protrusive 
condylar movement 

Figure 2. The intermediate stage of disk deformation show-
ing an anteriorly dislocated disk with reduction on opening 
and protrusive movement 
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Figure 3. A frontal view of the condyle-disk relationship 
showing the medial and lateral attachments of the disk and 
the capsule 

Figure 4. A totally deformed and anteriorly displaced disk 
without reduction 

The time required for the passage of the condyle under the 
posterior band was determined to be between 8 msec and 
38 msec. 

The relationship between clicking and crepitus joint noises 
and their relation to joint morphology remained to be deter-
mined. Therefore, Westesson and his associates undertook 
that investigation 19,2°. In their first study, they employed 58 
right temporomandibular joints from cadavers averaging 73.5 
years of age. They performed lower compartment arthrogra-
phy and videotaped manually simulated opening and clos-
ing movements. Clicking during movement was registered 
by palpation and stethoscopic examination. Following 
arthrography, each condyle was returned to the fossa in what 
was considered the closed-mouth position. The specimen 
then was frozen, embedded, and sectioned sagittally. 
Examination revealed that 17 joints had normal biconcave 
disks in the superior position. An additional two joints with 
disks in the superior position showed morphologic de-
formities. Disk deformation occurred more frequently (31 
percent) in joints with a partially anterior disk position, and 
the deformation was located consistently in the portion of 
the disk positioned anteriorly. In joints with completely 
anteriorly positioned disks, disk deformation occurred in 77 
percent of the specimens. Irregularities of the articular sur-
faces were present in 65 percent. It was concluded that 
anterior disk position precedes disk deformation and that 
early causal treatment to correct symptomatic internal 
derangement is indicated to decrease the possibility of disk 
deformation. 

In the second study, 55 fresh autopsy specimens averag-
ing 75 years of age were obtained. Joint sounds were 
recorded as vibrations in the temporal bones using a vibra-
tion transducer. The joint specimens then were classified as 
silent joints, clicking joints, or joints with crepitation. After 
sectioning, the antero-posterior position of the disk relative 
to the condyle was classified as superior, partially anterior, 
or completely anterior. Partially or completely anterior disk  

positions were considered to be disk displacements. The 
presence of marked thinning or unevenness was noted, and 
perforation was classified as arthrosis. Fifty-eight percent 
of the joints were silent. Two-thirds of silent joints showed 
normal superior disk positions but revealed remodeled ar-
ticular surfaces. One-third exhibited anterior disk 
displacements. Twenty percent of the joints elicited click-
ing and showed anterior disk displacements. Twenty-two per-
cent of the joints had crepitus, and most of these displayed 
arthrosis of the articular surfaces and perforation of the 
disks. Two silent joints and four joints with clicking also 
showed arthrosis, indicating that arthrosis may exist without 
crepitation. 

The findings confirmed previous conclusions that click-
ing and crepitation may be regarded as signs of abnormal 
joint morphology. Clicking indicates anterior disk displace-
ment while crepitation usually indicates arthrosis. The 
absence of sound alone, however, should not be regarded as 
indicative of a normal joint. Only two joints in the study 
possessed articular surfaces without remodeling or arthrosis. 
This was probably due to the advanced age of the individuals 
from which the autopsy material was obtained. Remodeling 
frequently was observed in silent joints as well as in joints 
with clicking. This suggests that remodeling or deviations 
in form are an unlikely-cause of clicking. Since all joints with 
clicking exhibited anterior disk displacements, it is evident 
that clicking is caused most frequently by the condyle hit-
ting the disk and temporal component of the joint after hav-
ing rapidly passed the posterior band of the disk. 

Westesson and his associates have shown that the disk may 
exhibit not only a normal relationship or frank displacement 
but also a variety of intermediate positions. Disks frequent-
ly were observed in an oblique position—a condition describ-
ed as early as 1918. 21  In this condition, the disk is displac-
ed anteriorly in its lateral position but remains in a normal 
superior position medially. Westesson regards this situation 
as partial anterior disk displacement. There seems to be 
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rotation of the disk around the medial attachment to the con-
dyle. The clinical implication of this pathological condition 
may be seen in joints with clicking in what is referred to as 
disk displacement with reduction. 10  

Posterior displacements also have been recorded. In such 
cases, the click has been extremely late with wide opening. 

Deformation of the Disk 
Moffett 1° defines biological deformation as the change in 

shape or profile of a structure when it is squeezed or 
distorted into a different configuration. It is a passive non-
cellular alteration in shape in contrast to the active cellular 
adaptation defined as articular remodeling. Unlike the con-
dyle and temporal components of the joints, the disk has lit-
tle capacity for cellular remodeling. This may be due to the 
lack of blood vessels in the disk proper and to the fact that 
the synovial lining is restricted to a millimeter or so on the 
periphery of the disk. The disk relies completely on the dif-
fusion of synovial fluid to provide energy for its cells. 

Deformation of the disk begins gradually. The first ar-
thrographic sign of intracapsular pathology seems to be a 
stretching of the retro-diskal lamina 10  with a thinning of 
the attachment of the bilaminar ligament relative to the 
thickened posterior band. 

The initial area subjected to deformation seems to be the 
normally thickened posterior band of the disk. There is a 
thinning subsequent to the thinning of the juxtapositioned 
ligamentous attachment. As the disk gradually becomes 
deformed by functional compression at the margins, it begins 
to lose the self-positioning ability attributable to the central 
concavity. Therefore, it becomes more easily displaced. The 
first clinical sign of such dysfunction may be a muffled click 
or thump detected by auscultation when the condyle slips 
past the thinned posterior band with opening movements. 
This noise has been attributed to the condyle and disk im-
pacting against the temporal component of the joint. 

In the intermediate stage, the deformation of the disk may 
continue under eccentric loading, resulting in the central por-
tion of the disk becoming thickened as the posterior band 
is pressed more anteriorly and the click becoming more audi-
ble (Figure 2). During this stage of the pathological process, 
the lateral ligament becomes increasingly stretched or strain-
ed and, according to Westesson, the disk rotates around the 
medial attachment (Figure 3). As the process continues, the 
medial attachment may become strained and may allow the 
medial portion of the disk to be displaced as well. Deforma-
tion of the disk can pfogress to the stage at which the clinical 
sign may be a click indicating a reduced displacement late 
in the opening phase of mandibular movement. 

Later, the disk becomes totally deformed and displaced 
anterior to the condyle and frequently folds upon itself. " 
Throughout mandibular movement, the disk remains 
displaced and there is generally a lack of clicking. This is 
a clinical indication of displacement without reduction. The 
retrodiskal tissues become increasingly thin. (Figure 4). 

In the final stage, there is compressive thinning of the 
retrodiskal attachments with eventual perforation. Potential 
degenerative joint disease or arthrosis is clinically discern- 

able by crepitus or grating in the joint with mandibular 
movement. 20  Diskal perforations also may occur without 
displacements as a result of excessive loading and over-
compression in one area. 1° Clinically, the patient may ex-
hibit some crepitus or mild clicking as the condyle slips on 
or off the periphery of the perforation with mandibular move-
ment. According to Westesson, 1° there may be some lock-
ing with opening and closing but not at a consistent point 
in those movements. 

Such joints may adjust successfully by condylar remodel-
ing involving localized thickening of the articular tissue 
adjacent to the thinned disk. Other joints may not be able 
to establish a successful equilibrium between form and func-
tion and begin to show degenerative changes in the area of 
perforation. These degenerative changes (or arthrosis) in-
volve the pathological destruction of articular tissue and bone 
that occurs whenever articular remodeling does not main-
tain an equilibrium between form and function. We should 
regard it conceptually as the destruction of articular tissue 
that begins whenever the contours of a joint have not adapted 
successfully to the functional or other forces imposed on it. 

Intra-Articular Adhesions 
Intra-articular adhesions are fibrous attachments occur-

ring most frequently between the disk and the articulating 
surface of the temporal bone. They also may develop be-
tween the disk and the condyle. They are thought to be 
caused by hemarthrosis due to trauma or to inadequate 
lubrication of the joint structures by the synovial fluid. The 
patient usually displays limited translatory movement. 

Partial Rupture of the Disk or Retrodiskal Tissues 
Another term for disk rupture might be preperforation. 

Morphologically, the rupture frequently is formed like a fun-
nel with its largest diameter at the inferior surface. 1°, 22  
Clinically, the patient usually displays clicking since disk 
displacement also may be present. 

Trauma as a Factor in the Etiology 
of Temporomandibular Pain Dysfunction 

In an assessment of 727 symptomatic patients, Harkins 
and Marteney 23  found that 555 or 84 percent previottsly 
had suffered some significant form of extrinsic trauma. 
Moffett, 10  Bays, 24  and this author believe that the most 
common derangement of the temporomandibular joint in-
volves a stretching or tearing of the fibrous attachment of 
the disk to the joint capsule and the condyle, allowing the 
disk to become displaced from its normal position. This 
disorder is not a syndrome and often results from a variety 
of injuries that many patients can recall specifically. The 
onset of a derangement may be gradual, as form follows func-
tion, or instant, following an accidental event. 

These two types of onsets may be the result of micro-
trauma from gradual injury associated with aberrant jaw 
functional movements or macro-trauma such as blows to the 
head and face or whiplash effects. The former is implicated 
in such dentofacial anomalies as Class II, Divisions 1 and 
2 malocclusions with open and deep bites 1  and in patients 
exhibiting mandibular asymmetry 25  where the mandible 
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must make bodily functional adaptations initiated through 
the neuromuscular system in order for the maxillary and 
mandibular teeth to occlude. This adaptational response is 
transmitted from mechano-receptors in the periodontal 
ligaments and, proprioceptors in the muscles and joint 
ligaments afferently to the central nervous system where ef-
ferent impulses are mediated to specific motor units in the 
muscles. A proper mandibular trajectory thereby is achieved 
to place it in the least noxious position for function. It has 
been shown in certain cases of Class II malocclusion that 
the mandibular condyles must be subluxed as much as 5 mm 
away from the articular surface of the temporal bone for oc-
clusion of the teeth to occur. 26  In such cases, excessive 
stretching of the ligamentous attachments, which can result 
in derangement, may be assumed. The structural integrity 
of the tissues along with the functional capacity and pain 
threshold of the individual are factors determining whether 
or not the subject seeks treatment. 
Muscle Incoordination as a Factor 
in the Etiology of Disk Displacement 

The concept of muscle incoordination as a factor in the 
etiology of joint clicking developed from a misunderstanding 
of the anatomical origins and insertions of the two heads of 
the lateral pterygoid muscle. Prior to 1980, it was believed 
that the superior head of the lateral pterygoid inserted into 
the antero-medial portion of the capsule and disk. Its func-
tion in contraction seemed to be the protraction of the disk 
itself. The insertion of the inferior head was into the fovea 
on the anterior surface of the condyle. 

Recent anatomical dissections have cast serious doubt on 
the superior head inserting only into the capsule and disk. 
Wilkinson and Maryniuk, 22  working with human cadavers, 
reported that the superior head inserted primarily into the 
condyle with only a small proportion of the fibers attached 
to the medial part of the capsule and disk. Mahan 28  sup-
ported these findings as did Flatau and Klineberg, 29  who 
dissected 10 human cadavers. Sharawy 3° examined serial 
sections of joint specimens from 12 human cadavers under 
light microscopy and determined that approximately 85 per-
cent of the fibers of the superior head inserted into the con-
dyle and 15 percent into the capsule and disk. 

Prior to the mid-1970s, most electromyographic studies 
assumed that the lateral pterygoid muscle contracted on 
opening. 31-33  A coordinated contraction between the two 
heads formerly was thought to be required in opening and 
protrusive movements of the mandible in order to prevent 
the disk from slipping off the articulating surface of the con-
dyle. However, these studies did not distinguish between the 
two heads. The reason for this failure was the difficulty of 
placing needle electrodes in the superior head. The operators 
found it much more convenient to insert the electrodes into 
the inferior belly. Therefore, clinical treatment was directed 
at restoring better muscle function and better coordination 
of contraction to eliminate myofascial pain along with joint 
noises. Treatment usually involved the use of flat acrylic 
splints constructed from centric relation with anterior 
guidance to separate the posterior teeth eccentrically. 
Biofeedback and psychological counseling were other 
modalities used to eliminate muscle hyperfunction. 

In his 1966 dissertation, Moller 34  suggested that the 
superior head of the lateral pterygoid muscle contracts upon 
closure and erratically at times upon opening. However, it 
was not until 1972 that McNamara, 35  working with 
monkeys, found that the superior head contracted with clos-
ing movements and that the inferior head functioned with 
opening movements. McNamara was able to mark the in-
sertions of the needle electrodes in order to verify their posi-
tions after the animals were sacrificed and dissected. 
Lipke 36  was the first to report the closing action of the 
superior head in humans in 1977. However, his approach was 
extraorally through the sigmoid notch of the mandible. Using 
an intraoral approach in 10 subjects, Williamson 37  con-
firmed that the superior head is a closing muscle. Mahan 
et a1 28  also used the intraoral approach in nine subjects and 
found that the two heads had a reciprocal activity with the 
superior head contracting upon closing. Williamson and 
Mahan both observed an unpredictable action of the superior 
head of the lateral pterygoid during protrusive movements. 

In view of these recent research findings, it seems unlike-
ly that the superior head of the lateral pterygoid significantly 
affects positioning of the disk in the temporomandibular 
joint. Rather, aberrant muscle function may be the result 
rather than the cause of disk displacement. Hanson, Sher-
man, and Ficara 38  observed a decrease in duration of the 
masseteric silent period following treatment of patients with 
disk displacements using anterior repositioning splints. Fur-
thermore, Isberg et al 39  electromyographically examined 
patients who were clinically and radiographically diagnosed 
as having disk displacements. They found that non-function-
al muscle contraction was related directly to a faulty disk 
position. These contractions ceased whenever the disk posi-
tion became normalized in association with an opening click-
ing. The muscle activity occurred each time the condyle slip-
ped over the posterior band and continued as long as the 
disk was displaced. Anterior disk displacement without 
reduction could be the cause of spastic activity in the tem-
poralis muscle on the affected side. This muscle activity was 
interpreted as an arthrokinetic reflex caused by distraction. 

Remodeling of the Articular Surfaces 
as an Etiologic Factor in Joint Clicking 

Articular remodeling is the biological adaptation in which 
mechanical forces stimulate the cellular formation and 
resorption of articular tissue and bone. When successful, it 
maintains shifting the equilibrium between articular form 
and function and thus prevents the onset of degenerative 
joint disease. 

The recent work of Westesson and Moffett 1° strongly 
suggests that remodeling of the articular surfaces is not an 
etiologic factor in joint clicking. Remodeling of the articular 
surfaces seems to be a result of disk displacements rather 
than the cause. The click occurs as the condyle slips under 
the posterior band of the disk and the sound is emitted at 
the moment of impact against the temporal component.17, is 

Excessive loading and trauma seem to be the impetus for 
stretched or strained ligaments which eventually allow 
displacements to occur. The condylar and temporal areas 
then must remodel or degenerate. 
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In the next issue, we will examine the evidence for a 
myofascial etiology of temporomandibular pain dysfunction 
and summarize our findings. 
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The Etiology of Temporomandibular Pain 
Dysfunction. Part II: Is It Myofascial? 

Editor's Note — This is the second of a two-part series 
on the etiology of temporomandibular pain dysfunction. Part 
I, which appeared in the June 1986 issue, dealt with inter-
nal derangement. Part II considers the myofascial origin of 
this dysfunction and presents a concluding statement. 

Basic concepts of stress were developed by Selye and 
others during the 1930s and 1940s. Selye and his co-
workers 1 . 2  described the specific physiologic effects of 
stress on various tissues of the body. The concept first was 
related to temporomandibular joint dysfunction by Schwartz 
in the late 1950s. 3. 4  He suggested that the symptoms were 
a result of masticatory muscle incoordination and spasm 
which could be related to increased psychological stress and 
excessive muscle function. He also associated prolonged 
grinding and clenching habits with masticatory muscle pain 
and suggested that these habits initiated a vicious cycle in 
which pain leads to more spasm and increased pain. 
Schwartz held that malocclusion, regardless of its severity, 
was not as important as the response of the patient's 
stomatognathic system to stress. Support for Schwartz's 
psychophysiologic concept came from a combination of ex-
perimental and clinical findings reported by Travell, 5. 6 

Kraus,7 and Moulton. 8. 9  

Meanwhile, the term myofascial pain-dysfunction syn-
drome was suggested by Laskin,10 who stated that 
masticatory muscle spasm is the primary factor responsi-
ble for the temporomandibular pain symptoms and that 
psychological stress is the major underlying etiologic fac-
tor. Mercuri and Laskin 11  subjected myofascial pain 
dysfunction patients to several different experimental 
stresses and recorded the electromyographic response in 
various muscles. They found that the masticatory muscles 
in myofascial pain dysfunction patients not only responded 
dramatically to stress with increased activity but also 
responded more than other skeletal muscles in the same pa-
tients. They felt that this might explain the development 
of symptoms in the head and neck muscles and the specifici-
ty of response to stress by the stomatognathic system. 

Physiology of Normal Muscle Contraction 
In order to understand the changes which occur in muscles 

under stress, it is essential to understand the physiology of 
normal muscle contraction. A striated muscle is an assembly 
of fascicles, each of which is a bundle of muscle fibers. Each 
fiber or cell consists of sarcoplasm which contains a group 
of myofibrils. The myofibrils are composed of thick and thin 
myofilaments which comprise the sarcomere, the basic con-
tractile unit of muscle (Figure 1). The sarcomeres are ar-
ranged serially and are connected by "Z" bands. They 
contain an array of actin and myosin filaments that interact 
to produce the contractile force. The entire muscle is wrap-
ped in connective tissue called epimysium. Within the mus-
cle, the epimysium divides to wrap the fascicles with 
perimysium. The perimysium further divides into connec- 

tive tissue sheaths called endomysium, which wraps the 
fibers themselves. The epimysium, perimysium, and en-
domysium are continuous with connective tissue that at-
taches the muscle to bone or to another muscle. The exten-
sions of connective tissue are called a tendon or an 
aponeurosis.1 2  Beneath the endomysium is the plasma 
membrane called the sarcolemma, which encloses the sar-
coplasm. Within the sarcoplasm and lying close to the sar-
colemma are the numerous nuclei of the multinucleate mus-
cle cell. Also within the sarcoplasm is the sarcoplasmic 
reticulum, a network of membrane-enclosed tubules which 
run parallel to the myofibrils. Running transversely through 
the fiber and perpendicular to the sarcoplasmic reticulum 
are "T" tubules. These tubules are extensions of the sar-
colemma that open to the outside of the fiber. 

There are two types of myofilaments — thick and thin. 
The thin myofilaments of the sarcomere consist largely of 
the protein actin with the molecules arranged in a double-
stranded coil. Two other protein molecules — tropomyosin 
and troponin — also are present. The thick filaments are 
composed of the protein myosin, which is shaped like a rod 
with a round head. Many rods form the long axis of the thick 
filaments, while the heads form projections called 
crossbridges. During contraction, these myofilaments slide 
by each other and the sarcomere shortens. The 
myofilaments do not change length (Figure 2). 

The basic contractile system of a muscle is called the 
motor unit. It is composed of a single nerve and all of the 
muscle cells (fibers) that it stimulates. Muscles that have 
precise movements have fewer fibers per nerve. The area 
of contact between the neuron and the muscle fiber is call-
ed the myoneural junction and is located midway in the 
length of the fiber. This allows depolarization to occur equal-
ly in both directions. When a nerve impulse reaches the 
myoneural junction, small synaptic vesicles in the terminal 
branches release acetylcholine, which bridges the junction 
and makes the muscle membrane permeable to sodium ions. 
A rapid influx of sodium into the muscle fiber then occurs, 
creating an imbalance in electrical charge and a resulting 
action potential which may be demonstrated with elec-
tromyography. Within 2 msec or 3 msec, the acetylcholine 
is neutralized by the enzyme acetylcholinesterase, and the 
muscle membrane is allowed to repolarize. The skeletal 
muscle fiber is so large that action potentials spreading along 
the membrane cause almost no current to flow deep within 
the fiber. This is achieved by transmission of the action 
potentials along the transverse tubules ("T" tubules), which 
penetrate through the muscle fiber from one side to the other 
and are an extension of the cell membrane. The "T" tubule 
action potentials, in turn, cause the sarcoplasmic reticulum 
to release calcium ions in the immediate vicinity of the 
myofibrils. The calcium ions migrate to the myosin 
crossbridges and activate the myosin. In the presence of 
calcium, myosin acts as an enzyme that catalyzes the 
breakdown of ATP into ADP + P + energy. The ATP is 

18 



Combining site to cause 
muscle contraction Crossbridges 

Eplmysium 

dem 
Shorten. Muscle 

Cross Bridges 

Myosin 

ATP localed here 

on CIO. Midges 	  

Ca + + helps to came 

breakdown to 	
i  / / 	/ 1  

ADP ♦ il + energy 

Muscle 

Perimysium 	 Faulcle 
Fiber 

made of aclIn a. myosin 

eidomysium 

Strew ed Muscle 

\ \ \  

	11
" / / 

Actin: composed of troponin and tropomyosin 

Myosin 

Figure 1. 

located on the crossbridges of the myosin. The calcium ions 
also bind to the tropomyosin-troponin complex and permit 
it to split from the actin or thin filament, leaving a free recep-
tor site of actin to react with the crossbridge from myosin. 
With this reaction, the thick myosin and thin actin filaments 
become attached to one another. As this process continues, 
the filaments slide past each other. Hence, the sarcomere 
becomes shortened maximally with each action potential. 

When the action potential ends, the calcium ions are 
transported back into the sarcoplasmic reticulum for 
storage. This is accomplished by a transport protein called 
calsequestrin and involves an expenditure of some ATP. 
With the removal of calcium ions from the sarcoplasm, the 
enzymatic activity of myosin stops. The ADP is resynthesiz-
ed into ATP, which again binds to the myosin crossbridges. 
The tropomyosin-troponin complex is reattached to the ac-
tin filament, and subsequently, the actin and myosin 
separate, allowing the sarcomere to return to its resting 
length. This interaction of actin and myosin cannot occur 
if the sarcomeres are lengthened at rest so that no overlap 
of actin and myosin remains. 13  

The energy for replenishing ATP is derived from the 
breakdown of glucose. When sufficient oxygen is available, 
this reaction is aerobic. If oxygen is in short supply, it 
becomes an anaerobic process which utilizes creatine, which 
is produced in the liver. Creatine can accept a high energy 
phosphate from ATP to become creatine phosphate. Thus, 
ATP + creatine = creatine phosphate + ADP. The 
anaerobic method is very inefficient. 1 2  

Pathophysiology of Muscle Contracture 
Travell and Simons 13  have defined a myofascial trigger 

point as a hyperirritable locus within a taut band of skeletal 
muscle. Trigger points can be classified as active or latent. 
An active trigger point causes the patient pain. A latent trig-
ger point is clinically silent but may cause restriction of 
movement and weakness in the affected muscle. 

Travell and Simons 13  claim the use of the term spasm is 
understandable since the muscle feels taut and spastic due 
to the presence of palpable bands. However, it is incorrect 
since motor unit activity, which is an essential component 

Figure 2. 

of muscle spasm, is often absent. Contracture (contraction 
without action potentials) of the muscle fibers in the band 
makes the fibers feel hardened and tense compared to sur-
rounding fibers. If the trauma activating the trigger point 
damaged the sarcoplasmic reticulum and spilled its calcium, 
the sarcomeres exposed to it for an extended period would 
sustain contraction as long as the supply of ATP lasted. If 
ATP and calcium were present, this contraction would per-
sist despite the absence of action potentials. The uncon-
trolled activity of this portion of the muscle would cause 
equally uncontrolled metabolism. The sustained contractile 
force, in turn, could produce tension and hardness of the 
fibers comprising the palpable band. The stimulus for reflex 
vasoconstriction of the region would be the need to control 
the runaway local metabolism. 

This metabolism will terminate and the contractile force 
will stop if the muscle is stretched. The sarcomeres then 
are elongated enough to separate the myosin heads from 
the reaction portion of the actin filaments. This could help 
explain why stretching is so consistently helpful when deal-
ing with myofascial trigger points. 

Hyperirritability may be accounted for if afferent nerve 
endings have been sensitized. Substances that could act as 
sensitizing agents include serotonin, histamine, kinins, and 
prostaglandins. These substances would be the result of the 
runaway metabolism. The sustained contraction could col-
lapse the venules in the area since they contain no muscle 
in their walls. The result would be the accumulation of the 
byproducts of metabolism. 

The perception of pain can originate exogenously by stim-
ulation of sensory end organs or of free nerve endings. Pain 
may arise endogenously as central pain, or it may be dis-
placed (referred pain). Sensory input from one location may 
be misinterpreted by the cortex as pain arising elsewhere. 
The pain signal on its way from muscle to the cortex is trans-
formed at least four times on four levels. 13  Modulation of 
the signal (adjustment of its strength up or down) can occur: 

1. At the receptor that converts the stimulus into nerve 
impulses. 

2. At the spinal cord level. 
3. In the network of relay stations between the spinal cord 
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and the sensory cortex (the thalamus). 
4. In the sensory cortex itself. 
At the level of the spinal cord, the dorsal horn acts like 

a computer that processes the incoming sensory signals, 
rearranging them on to the next higher level. Melzack's 14  
gate control theory helps explain this modulation. At the 
subcortical level, a number of substances associated with 
the action of morphine strongly modulate pain. These 
substances are endorphins and enkephalins. At the cortical 
level, pain is interpreted as sudden or sustained, and 
avoidance of the pain is attempted. When it cannot be avoid-
ed, the patient is confronted with chronic pain. The suffer-
ing associated with pain is influenced enormously at the cor-
tical level by the meaning ascribed to it. 

What Is Myofascial Pain? 
Travell and Simons1 3  have described the following symp-

toms associated with myofascial pain: 
1. Myofascial pain is referred from trigger points in 

specific patterns characteristic of each muscle. The spon-
taneous pain'rarely is located at the trigger point responsi-
ble for it. The referred pain usually is dull and aching, while 
digital pressure on the trigger point usually increases the 
intensity. 

2. Trigger points are activated directly by acute overload, 
overwork fatigue, direct trauma, and chilling. Trigger points 
may develop in muscles subject to excessive repetitive sus-
tained contractions (overload fatigue). 

3. Trigger points are activated indirectly by other trig-
ger points, visceral disease, arthritic joints, and emotional 
distress. Secondary trigger points are likely to develop in 
adjacent or synergistic muscles that are chronically over-
loaded by protective spasms. The spasms are maintained 
to reduce strain on the first muscle that is hypersensitive. 

4. Active myofascial trigger points vary in irritability from 
hour to hour and from day to day. 

5. Trigger point irritability may increase from a latent to 
an active level by many factors. Latent trigger-point activa-
tion depends on the degree of muscle conditioning. The 
greater the exercise tolerance of the muscle, the lower the 
susceptibility of its trigger points to activation. Latent trig-
ger points can be activated by leaving a muscle in its 
shortened position for a period of time, by chilling the mus-
cle, and by the onset of or recovery from a viral illness. Sud-
den, unaccustomed shortening of a muscle that harbors a 
latent trigger point ago may activate it. 

6. The signs and symptoms of myofascial trigger-point ac-
tivity long outlast the precipitating event. When injured, 
most tissues heal, but muscles "learn" to avoid pain. 

7. Phenomena other than pain often are caused by trig-
ger points. These include such autonomic concomitants in 
the reference zone as localized vasoconstriction, sweating, 
lacrimation, and pilomotor activity. Proprioceptive distur-
bances caused by trigger points include imbalance, diz-
ziness, tinnitus, and distorted perception. Motoneurons ser-
ving muscles within the pain reference zone act as if their 
stimulation threshold is reduced. 

8. Myofascial trigger points cause stiffness and weakness 
of the involved muscle. 

Findings on Examination 
1. Passive or active stretching of the affected muscle in-

creases pain. A protective spasm of the muscle may occur 
which increases tension and greatly increases pain. 

2. The stretch range of the muscle is restricted. 
3. The pain is increased when the affected muscle is 

strongly contracted against fixed resistance. 
4. The maximum contractile force is weakened. 
5. Deep tenderness and dysesthesia commonly are refer-

red by active trigger points to the zone of referred pain. 
6. Disturbances of non-sensory function sometimes are in-

duced in the pain reference zone. These include increased 
vasomotor activity (pallor during stimulation of the trigger 
point and rebound hyperemia following its inactivation), 
lacrimation, and pilomotor activation (gooseflesh). Elec-
tromyographic activity also increases in muscle motor units 
within the pain reference zone. 

7. Muscles in the immediate vicinity of a trigger point feel 
tense to palpation. These are called palpable bands. 

8. The trigger point is found in a palpable band as a sharp-
ly circumscribed spot of exquisite tenderness. 

9. Digital pressure applied to the active trigger point usual-
ly elicits a "jump sign," i.e., the patient flinches. 

10. Snapping palpation of the trigger point frequently 
evokes a local twitch response of the muscle. 

11. Moderate sustained pressure on an irritable trigger 
point causes or intensifies pain in the reference zone of that 
trigger point. 

Laboratory Findings 
1. Routine laboratory tests show no abnormalities at-

tributable to trigger points. The erythrocyte sedimentation 
rate, SMA 6 and 12, blood count, and serum muscle en-
zymes are all normal. 

2. Electromyographic examination of involved muscles at 
rest reveals no diagnostic abnormality. Tense muscle fibers 
associated with myofascial trigger points show no resting 
EMG activity. 

3. Spontaneous motor unit activity in a muscle with trig-
ger points can develop secondarily. This activity may oc-
cur when the muscle lies within the pain reference zone of 
a trigger point in another muscle. A muscle also may develop 
protective spasm to relieve tension caused by trigger points 
in an adjacent (parallel) muscle of the same myotatic unit. 
A muscle that contains active trigger points often shows 
EMG activity "at rest" when it is stretched to or beyond 
the point of pain. 

Perpetuating Factors 
In many patients, passage of time often fails to bring about 

recovery from myofascial pain. Recovery depends on iden-
tification and elimination of perpetuating factors. These in-
clude the tasks which cause excessive stress and strain on 
particular motor units within specific muscles. 

Response to Local Therapy 
Many different techniques can be used to inactivate trig-

ger points. In the stretch and spray procedure, passive 
stretch is the essential component. Correct vapocoolant 
spray technique facilitates stretching the muscle to its full 
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length. Excessive spraying that cools the muscle tends to 
aggravate rather than inactivate trigger points. A second 
method is ischemic compression, which involves firm digital 
pressure applied to the trigger point, deep stroking, and 
vibratory massage. These usually cause blanching (is-
chemia) with hypoxia, followed by reactive hyperemia. 
Afrother technique is puncture with a needle. This may be 
dry needling, by saline injection, or with a local anesthetic. 
The use of vasoconstrictors may cause muscle necrosis. 
Finally, sustained application of ultrasound at low intensi-
ty tends to inactivate trigger points. The heat effect of ultra-
sound reaches deep into muscular tissue and may have some 
additional non-thermal effects due to agitation of the 
molecules by high frequency sound waves. 

Clinical Characteristics of Local Treatment 
1. Frequently, the response to specific myofascial trigger 

point therapy (stretch and spray or muscle injection) is im-
mediate disappearance of spot tenderness, referred pain, 
local twitch response, and release of restricted motion. 

2. Hot packs applied following therapy usually increase 
the range of motion. 

3. Relief is more likely to be lasting when the patient 
moves all the muscles through several cycles of their full 
range at the end of a therapy session. 

Common Misconceptions" 
1. That pain from myofascial trigger points is solely 

psychogenic in origin. 
2. That trigger points are self-limiting and will cure 

themselves. 
3. That myofascial pain is not severe and need not be 

taken seriously. 
4. That relief of pain by treatment for trigger points rules 

out serious visceral disease. 
Treatment modalities by those following psychophysio-

logic concepts classically have included: 
1. Communication with the patient to explain the effects 

of stress. 
2. Enlisting the cooperation of the patient in self-

treatment. Relaxation and biofeedback techniques are utiliz-
ed along with hot packs and restriction of jaw movements. 

3. Elimination of local irritating factors. Infections and ma-
jor occlusal discrepancies are included in this approach. 
Reversible procedures are emphasized. 

4. Control of pain. Pharmacological agents are utilized 
when necessary. 

5. Reduction of muscle activity. This may include some 
type of intraoral appliance. 

6. Obtaining psychological evaluation and counseling. 

Conclusion 
From this review of the literature, it seems probable that 

the symptoms of temporomandibular joint dysfunction are 
a combination of internal derangement and myofascial pain. 
Internal derangements are the result of micro- or macro-
trauma. Microtrauma is a result of stressing the joint struc-
tures from mandibular accommodation to the maxilla in 
order for the teeth to occlude during function or parafunc-
tion (bruxism). 

Macrotrauma may be defined as injury subsequent to 
blows incurred from falls, automobile accidents, etc. 
Myofascial pain seems to be the result of injury to a specific 
area of a muscle or a joint with subsequent pain in the mus-
cle or referral of pain from the muscle or joint to another 
muscle. Again, current research suggests that the causative 
factor is the physical insult, which may occur from exter-
nal sources such as a blow or from the stress of overwork. 
Certainly, in the case of temporomandibular joint dysfunc-
tion, the latter is most involved. 

There are only two ways for muscular overwork to oc-
cur. The first is mandibular accommodation to the maxilla 
during function, and the second is overwork through 
parafunctional activity. Dopamine, a central nervous system 
neurotransmitter, has been implicated with oral dyskinesias 
or parafunction. Sunden-Kuronen's 15  investigation with 
rats suggests that oral dyskinesias are caused by hyperfunc-
tion of the central dopaminergic system in the basal ganglia. 
She found that increased central dopamine release in critical 
motor relay areas caused increased oral dyskinesias. The 
increased jaw movements caused increased peripheral sen-
sory stimulation through the periodontal membrane which, 
in turn, increased the central dopamine release. Individual 
variation in the central dopamine function could be the 
reason why some people with unsatisfactory occlusions do 
not suffer from dyskinesias, while others with acceptable 
occlusions have severe symptoms. Psychic stress and ag-
gression have been suggested as important etiological fac-
tors in oral dyskinesias. However, psychic stress and ag-
gression also have been implicated in hyperfunction of the 
central dopaminergic system. Thus, they may represent con-
comitant psychic disturbance rather than separate factors 
involved in the etiology of parafunction. 

With careful diagnosis, it has been shown that most in-
dividuals presenting with a chief complaint of temporoman-
dibular joint pain and dysfunction have some degree of in-
ternal derangement present. 1- 6  In most cases, myofascial 
pain also was diagnosed. The question of which came first 
then must be addressed. It already has been demonstrated 
that internal derangements may precipitate myofascial 
pain. 17  It also has been shown that excessive muscle activi-
ty may result in myofascial pain. 18-20  Since loading of the 
intracapsular structures has been indicated as a cause of in-
ternal derangements, it may be hypothesized that excessive 
muscle activity may result in such a disorder. Hence, either 
may be the primary etiology. A careful history is most im-
portant in determining the answer to this question. 

Treatment should be directed at alleviating discomfort and 
encouraging healing. In the presence of internal 
derangements, it has been demonstrated that a high suc-
cess rate may be achieved by reducing disk displacements 
as the initial therapy. 16  If a most conservative approach 
fails, an excellent success rate may be displayed 
surgically. 21  These treatments should be followed by at-
tempts to alleviate excessive muscle function and joint 
loading eccentrically. 22, 23 When the patient presents with 
myofascial pain and absence of internal derangement, ex-
cessive muscle function should be controlled by establishing 
occlusal schemes when necessary. 22, 23 

When a patient presents with dysfunction as a chief corn- 
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plaint, it is assumed that a proper diagnosis will rule out 
major pathosis. In the presence of joint noises such as 
muffled click, obvious click, or crepitus, the patient should 
be placed in a mandibular position that eliminates or 
minimizes.noise upon opening or lateral movements. This 
should be accomplished even if myofascial symptoms also 
are present. The myofascial component should be regard-
ed as caused by disk displacement. In the presence of 
crepitus, the objective is to position the condyle away from 
any potential perforation in order to allow synovial fluid to 
reach the edges of the perforated tissue and, thus, to pro-
mote maximum healing. 

When all symptoms are in remission (usually a minimum 
of three months), the patient should be placed on a superior 
repositioning splint to allow mandibular stabilization 
superiorly in the fossa. Reassessment of the occlusion then 
should be made to minimize the chance of relapse. 

If pain persists for two to three weeks following immediate 
anterior repositioning splint therapy, an arthrogram and 
possible intracapsular surgery should be offered to the pa-
tient. Pain should not be allowed to persist indefinitely 
without proper diagnosis. 

If dislocation recurs with pain and/or limitation of move-
ment after placing the patient on the superior repositioning 
splint following the anterior repositioning splint, the alter-
natives are an arthrogram and surgery or a return to in-
definite anterior repositioning splint therapy. 

If the patient presents with myofascial symptoms and no 
evidence of joint noises after careful stethoscopic ausculta-
tion, the approach should be dietary counseling with superior 
repositioning splint therapy, physical therapy along with 
bioelectrical stimulation, ultrasound, stretching exercises, 
psychological counseling, and biofeedback. Reassessment 
of the occlusion may be made following mandibular 
stabilization. 
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