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I t is generally believed that pathological 
 destruction of the articular tissues occurs 

whenever articular remodeling does not 
maintain a balance between its structure and 
the function demanded upon it.' If the me-
chanical forces are within the physiologic 
tolerance of the articular structures, cellular 
repair will keep up with destruction to protect 
the joint from deformation. This chapter 
presents some salient biologic concepts in 
an attempt to explain the effect of occlusion 
on function-dysfunction of the temporoman-
dibular joint. In the context of such an at-
tempt, reviewing some principles from ortho-
pedic medicine seems in order. In his 
textbook of orthopedic medicine, Cyrax 2  
comments on the following axioms: 

1 . In orthopedic disorders, the muscle 
spasm is secondary and is the result, not 
the cause, of pain. 

2. Muscles are not in constant spasm about 
an arthritic joint. When the joint is at rest in 
a neutral position, spasm is absent. 

3. When the capsule of a joint is stretched to 
a certain limit, involuntary spasm of the 
muscles that oppose that movement is 
elicited. 

4. Osteophytosis is the result, not the cause 
of disc lesions, and it is the lesions that 
cause all the intermittent pain. 

An important concept to consider is that of 
pressures within the TMJ. Current research  

indicates the TMJ to be load bearing with 
function. Studies3-5  have found the jaw joint 
to receive pressure during chewing in Ma-
caca mulatta and Macaca fascicularis mon-
keys. The researchers deduced TMJ loading 
from strain gauges cemented in the condylar 
neck. More recently Boyd et alb implanted 
piezoelectric foil transducers over the antero-
superior surface of the condyle in two Ma-
caca arctoides monkeys. Their results also 
showed the TMJ to be load bearing. The 
greatest force of 39 lb was measured during 
feisty vocal aggression, and forces as high 
as 34 lb were measured during chewing. This 
occurs as a monkey strikes its teeth together. 
Forces were greater on the working side by 
average ratios of 1.4 to 2.6. 

There is also the question of the effect of 
pressures within the jaw joint upon the integ-
rity of the tissues present. With respect to 
other body joints, several researchers' - ' 
have found that the single most important 
factor known today is increased mechanical 
loading with regard to osteoarthritis or local-
ized degenerative remodeling. Radin et alb 
have stated that a great deal of force may be 
produced within a joint by muscle contrac-
tion. Carlsson et al'° agree concerning the 
TMJ. Based on their studies, they comment 
that longstanding increased compressive 
forces in the TMJ lead to thinning of the disc, 
cell necrosis, intercellular matrix degrada-
tion, and eventual perforation. 
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Since Ahlgren" showed that integrated 
electromyography (EMG) is directly propor-
tional to the force of biting and it has been 
established that the TMJ does receive in-
creased pressure with function, EMG of the 
jaw muscles seems a proficient method with 
which to assess the comparative amounts 
and the duration of forces produced with jaw 
function. 

Moller et all 2  studied 37 patients with func-
tional disorders of chewing apparatus in 
terms of orofacial pain and tenderness of the 
muscles and TMJs before and after treatment 
with splints and equilibration to a retruded 
position with equal posterior contact, and 
either canine guidance or group function. He 
compared them to 43 controls without symp-
toms. Parameters assessed were onset and 
cessation of EMG activity of temporal and 
masseter muscles during chewing and the 
time course of the period of strong activity. 
Additional measurements were average level 
of the mean voltage during the opening phase 
(ie, intermediary activity between strokes, 
and the total duration between strokes). Eigh-
teen patients had unambiguous improve-
ment, 10 had ambiguous improvement, and 9 
did not improve. Statistically significant 
changes in the improved group showed a 
reduction of the length in time of contraction. 
In addition, the masseter muscle showed in-
creased force of contraction. The difference 
between the patients before treatment and 
controls was highly significant with no differ-
ence of the improved patients and controls 
after therapy. The unimproved group did not 
change before or after treatment. Moller et al 
state that the natural variation of occlusal 
stability is correlated to elevator muscle coor-
dination during mastication, increasing stabil-
ity being associated with contractions of en-
hanced relative strength and shorter relative 
duration. Furthermore, they conclude that the 
studies of Hannam et 0' and Ingervall and 

Carlsson" show the same results. The pa-
rameter of relative contraction times (ie, the 
duration of activity in percent of the total dura-
tion of the chewing cycle) is considered by 
these authors as an excellent measure of 
occlusal stability. If occlusion is stabilized, the 
supplementary guidance needed by the mus-
cles or "hyperactivity" is automatically re-
duced. The guidance is then directed by the 
anatomy of the joints and the teeth in coordi-
nation with the former. This results in relative 
shorter contraction times and, consequently, 
less load on the muscles. 

The relative contraction time seems to in-
fluence blood flow through the muscles also. 
Reduced blood flow in chronically painful 
muscles 15  suggests a lasting ischemic mech-
anism. During static contraction, blood flow 
through temporal and masseter muscles is 
arrested at 30% of maximal voluntary con-
traction and in some individuals at even lower 
levels.i 6 " Since the maximal mean voltage 
during mastication is 45% to 57% of maxi-
mum in normal patients and 61% to 75% of 
maximum in pain patients, 18  the level of total 
arrested blood flow is greatly exceeded dur-
ing chewing in both groups. Moller et al' 8  
have shown blood flow during mastication to 
be linearly related to the relative strength of 
contraction; it therefore must take place in 
the pauses between strokes. These pauses 
are not entirely available for blood flow be-
cause they include the opening movement 
during which circulation through the eleva-
tors may be impaired due to stretch' 2  near 
maximal separation of the jaws. 

In Moller's study,' 2  a consistent result of 
treatment was reduction of contraction times, 
most pronounced in masseter muscles. 
These results imply that pauses during open-
ing are shorter in patients than in controls 
and that these pauses increase in patients 
who respond favorably to treatment. They 
suggest that reduced pauses due to occlusal  
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instability play a role in a circulatory mecha-
nism of pain and that stabilizing the occlusion 
by occlusal adjustment increases the pauses 
and facilitates blood flow. 

Stohler et alts studied 12 patients with pain-
ful jaw TMJ disorders and 12 controls while 
chewing. They showed that pain degrades 
the smoothness of the basic open-close 
rhythm. Discontinuous patterns were signifi-
cantly associated with painful function, and 
the researchers concluded that frequent re-
shaping and repositioning of the bolus is 
needed to prevent unfavorable loading of the 
affected tissues, thus giving rise to the irreg-
ular jaw movement. They also confirmed 
Moller's findings of significantly increased 
times of contraction. 

Background discharges occur more fre-
quently and at higher rates in fine afferent 
nerves from the joint after experimentally in-
duced inflammation in the knee. 2° Handwrit-
ing is profoundly altered by artificially in-
duced pain in handwriting muscles, 2 ' and 
irregularly shaped chewing cycles have been 
observed in the presence of TMJ pain. 2223  
Increased tonic activity as a result of pain has 
been produced24  experimentally and identi-
fied with EMG in limb muscles. In painful TMJ 
disorders, antagonistic co-contraction of the 
jaw elevators is found in the intermediate or 
even the early phase of empty, open-close 
cycles. 25  

Hence, it becomes clear that joints are 
meant to receive pressure for proper func-
tion, but based upon orthopedics, excessive 
and prolonged pressure may result in os-
teoarthrosis. It also is clear that unstable 
occlusions can create more relative muscle 
function which, in turn, causes more pro-
longed pressure to the TMJs with a relative 
decrease in blood flow to the muscles. 
Therefore, it seems prudent for the clinician 
to first treat the cause of the patient's chief 
complaint and then achieve a stable occlu-
sion (when necessary) in order to have the 
best chance of preventing relapse. 

The cause of TMD patients' chief 
complaint/treatment approaches 

The question then arses: what is the cause 
of the chief complaint? Is it the unstable 
occlusion? Is it internal derangement within 
the joint? Is it psychogenic influence? Or is it 
a combination of these factors? 

For the first 12 years of my clinical practice, 
I treated TMD patients with the philosophy 

that deflective malocclusion, in the presence 
of psychogenic influence, was the causative 
factor of muscle hyperactivity and subse-
quent pain. This approach facilitated the use 
of a stabilizing splint (superior repositioning 
of the condyles in the fossae) with anterior 
guidance. Clicking within the joint at that time 
was considered to be incoordination of the 
two heads of the lateral pterygoid muscle. 
The asynchronous activity was said to pull 
the disc anterior to the condyle during func-
tion, which created the click. Limitation of jaw 
movements was thought to be the effect of 
muscle spasm in most cases. Success with 
treatment was good, but many adjustments 
were required as the mandible repositioned 
into the fossa. The treatment was tedious 
and many patients remained in discomfort 
(although usually less) over variable periods 
of time, and much more physical therapy was 
required. EMG studies were undertaken to 
determine which muscles were functioning 
with different jaw movements and with differ-
ent occlusal schemes. 28 . 27  

Wilkes28  and Farrar29  rekindled the concept 
of internal derangements as a cause of TMD, 
but these authors offered no controlled sci-
entific studies as evidence to the efficacy of 
the hypothesis. In 1982, Westesson 3° pub-
lished his thesis on double contrast arthrog-
raphy with internal derangements of the 
TMJ. This was the first well-documented pa-
per to indicate such a condition could exist 
and describe the pathophysiology of the dis-
order. Isberg-Holm and Westesson 3 ' used 
fresh autopsy material to investigate the 

The cause of TMD patients' chief complaint/treatment approaches 
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mechanism of clicking in the TMJ. They used 
simultaneous high-sPeed cineradiography 
and sound recording to study the images 
directly associated with the click. They con-
cluded that in clicking joints, the condyle slips 
under the posterior band of the disc in the 
opening-closing movements and the sound 
occurs as the condyle impacts against the 
temporal articular surface. lsberg et a1 32  de-
scribed an arthrokinetic reflex in the muscles 
of mastication associated with disc displace-
ments. Continuous muscle activity was pro-
voked by disc displacements and ceased 
when the disc position was normalized on 
mouth opening, only to occur again every 
time the disc became displaced on mouth 
closure. These findings were in line with 
those previously published on limb joints that 
indicated that joint derangements are a 
cause of muscle hyperactivity. Enlighten-
ment also occurred with the studies that re-
vealed that the superior head of the lateral 
pterygoid muscle inserts primarily into the 
condyle and not the disc, indicating that disc 
displacements are probably not the result of 
muscle incoordination.33-38  

Recent research39  indicates excessive jaw 
movements with swallowing in TMD patients 
as compared to normal controls. It was also 
found that patients in the TMD group swal-
lowed with the teeth significantly further apart 
than did the controls, who tended to make 
tooth contact at the time of the swallow. 
These results tend to correlate with 
Stohler's 19  concept of the bolus being re-
shaped and repositioned to prevent unfavor-
able pressures that may affect the tissues by 
eliciting noxious stimuli. Lowe 48-42  has shown 
that bipolar noxious stimulation of the small 
sensory branches of the auriculotemporal 
nerve that supply the TMJ elicits a reproduc-
ible reflex in the ipsilateral genioglossus 
muscle and results in tongue protrusion. Fur-
thermore, Lowe and Johnston43  compared 
human subjects with open bite and subjects 
with normal occlusiOn,and demonstrated that  

the activity of the genioglossus muscle in-
creased in both groups. The open bite indi-
viduals showed significantly more sensitivity 
with less opening rotation. That is, the tongue 
protruded much sooner and with less open-
ing rotation of the mandible. Broton and 
Bessie" found that sodium chloride, potas-
sium chloride, and histamine placed in the 
TMJs of cats induced a marked and sus-
tained increase in EMG activity in jaw mus-
cles, including the genioglossus. They con-
clude that noxious stimulation of the TMJ 
may induce this sustained activation through 
reflex connections with motor nucleus V 
brainstem neurons. These results empha-
size the possible role of occlusion in modulat-
ing V and XII nucleus activity. Hence, noxious 
stimuli caused by internal derangements of 
the jaw joint and mechanoreceptors in the 
periodontal ligament would seem to cause a 
forward or lateral posturing of the tongue 
between the teeth and an opening rotation of 
the mandible as well as hyperactivity in other 
muscles of mastication. 

Hence, I began to change my concept of 
the cause of TMD. Focus became centered 
on internal derangements—disc displace-
ments, perforations, and adhesions—as the 
cause of the patient's chief complaints of pain 
and/or limited jaw function. Based on pre-
vious orthopedic studies, the cause of the 
internal derangements may be assumed to 
be prolonged or excessive pressures within 
the joints due to macro- or microtrauma as 
occurs in long bone joints. The role of unsta-
ble occlusions with concomitant prolonged 
muscle contraction times, resulting in subse-
quent joint pressures, fits well in the category 
of microtrauma as is documented by the 
aforementioned EMG studies. Emotional, 
psychogenic influences fit well here also, 
with clenching and bruxism resulting in ex-
cessive muscle hyperactivity and joint pres-
sures. Macrotrauma may be considered the 
result of major insults to the joint and muscle 
tissues, with the continued exacerbations to 
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the injured tissues by the need for normal 
mastication. Individual variation in adapt-
ability to injury and different levels of per-
ceived pain threshold may be the reason 
many people with malocclusion, and those 
exposed to macrotrauma, do not display 
symptoms of TMD. 

Nevertheless, I am daily confronted by the 
patient whose chief complaint is pain and/or 
limited jaw function and insists on treatment. 
The concept of internal derangement as the 
immediate cause has been adapted for the 
last 13 years of my practice. The diagnosis is 
made through the history, presence of past or 
present joint noises, clinical examination of 
simultaneous joint auscultation and palpa-
tion, pain elicited by palpation, and observa-
tion and measurement of jaw movements. 
The therapy has been an attempt to best 
reduce the internal derangements with jaw 
repositioning splints to allow natural regener-
ation and repair of the injured joint tissues." 
Pilot studies indicate less muscle activity with 
the mandible in such a position compared to 
the maximum intercuspal position or with a 
centric relation splint. Hence, there is less 
joint pressure:" The reduced position is re-
tained for a minimum of 3 months and then 
the mandible is allowed to return to its seated 
position. If the patient is in more pain with the 
attempted repositioning, or if symptoms re-
turn when the jaw returns to the seated rela-
tionship, surgical intervention is an alterna-
tive. This has proven a more direct and less 
troublesome approach for me and my pa-
tients than any other to date." The concept of 
occlusal stability is implemented at this point. 
The purpose is to insure, as best possible, 
more normal function, and to prevent relapse 
by allowing the joints to receive pressure 
from function in their centered and muscle-
braced position and reducing pressure to the 
joints with eccentric movements, as is dem-
onstrated with EMG.27  A least invasive treat-
ment approach has always been, and is cur-
rently applied. Minimum postsplint therapy is  

used, which may be instituted in the following 
sequence: 

1. No further treatment if the occlusion is 
reasonably stable. 

2. Equilibration to the seated mandibular po-
sition, bilateral posterior stability, and sep-
aration of the posterior teeth eccentrically 
by some anterior teeth. If a seated posi-
tion is not incorporated, deflective poste-
rior tooth contact will occur when hard or 
sticky foods are chewed or during brux-
ing." These deflective contacts excite 
motor activity from the muscles of masti-
cation, which then tend to place excessive 
pressure in the joints with the mandibular 
condyles-discs in eccentric positions. 27  
More recently, Korioth and Hannam" 
have demonstrated on natural teeth that 
changes in the angle of resultant tooth 
force (simulating facet angulation) greatly 
influenced condylar forces. As the occlu-
sal loads moved toward the balancing 
side, greater and more laterally oriented 
forces were produced on the balancing 
condyle. In their study, unilateral clench-
ing on the canine produced the least con-
dylar and bite forces. They conclude that 
this offers a possible explanation for the 
greater incidence of pathology commonly 
reported in the central and lateral aspects 
of the TMJ articulating surfaces. 

3. Orthodontics or restorative dentistry or a 
combination. 

4. Orthodontics and orthognathic surgery. 

It is clear that unstable occlusion results in 
hyperactivity of the jaw muscles as demon-
strated with EMG" 12 19  sequentially. The in-
creased length of contraction times sustains 
pressure and movement within the jaw joint, 
which can provoke wear and tear of those 
tissues, resulting in internal derangement, 
which is one component of TMD. This docu-
mentation, supplemented by 25 years of clin-
ical practice in which the majority of TMD 
patients are satisfied for many years without 
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major cyclic return of symptoms when 
treated to these concepts, seem to be con-
vincing evidence of the association of unsta-
ble occlusion to TMD. 
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