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Introduction 
It has been over 50 years since the first reference to ear 

symptoms and their relationship to temporomandibular joint 
dysfunction appeared in the literature (1). The usual otalgic 
complaints associated with TMJ dysfunction include ear 
pain, fullness in the ear, vertigo, and dizziness. These otalgic 
symptoms have been related to bite discrepancies when 
observed in the absence of defined pathosis (2). 

In recent years, interest and research in internal 
derangements of the joint have produced new information 
about the physiology of condyle-disk relationships (3-13). 
These derangements may be defined as anterior and medial 
displacements of the disk relative to the mandibular condyle 
and may include perforations of diskal or peridiskal tissues. 
Most often, a non-surgical attempt at reduction is tried first 
and is successful 90 percent of the time (14). This technique 
is implemented by utilizing jaw repositioning appliances 
made to the position where the reduction occurs (15). If this 
procedure fails, arthrography is performed and usually is 
followed by arthroplasty (16). The purpose of this study is 
to present 25 clinical cases in which vertigo and associated 
ear symptoms were present along with disk displacement. 
All the symptoms underwent remission upon jaw reposition-
ing. Hypotheses regarding the anatomic and physiologic 
etiology of otalgic symptoms and their relationship to inter-
nal derangements of the temporomandibular joint also are 
formulated. 

Materials and Methods 
Twenty-five cases including six males and 19 females were 

selected for this study. The average age of the patients was 
40.4 years with a range from 9 to 68 years. All patients 
presented with the complaint of pain in or around the tern-
poromandibular joints, along with symptoms of internal 
derangements such as clicking or crepitus (13) and concomi-
tant vertigo. All but one complained of headaches. The chief 
complaint of 11 patients was vertigo. Fourteen had a chief 
complaint of headaches. Sixteen could recall no history of 
trauma, and nine gave a history of accidents. All of the pa-
tients had been examined and/or treated previously by a 
physician without the remission of headache or other symp-
toms. All patients also had been examined by a physician 
to exclude an otalgic etiology. Complete records were made 
on the patients. 

Treatment was begun with acrylic appliances which re-
quire anterior repositioning of the mandible in order to close 
comfortably. These appliances are referred to as anterior 
repositioning splints (ARS). The patients wore a lower ap-
pliance during- the day and an upper appliance at night. The 
upper appliance was made with an inclined ramp in the in-
cisor area which required the -lower anterior teeth to slide  

forward and upward to occlude against the splint. The lower 
splint was constructed with deep occlusal indentations for 
the maxillary teeth to fit into at the same forward position. 
The anterior position was selected at the point where reduc-
tion of the dislocated disk occurred. This was determined 
by the clicking noise as the patient opened. The click in-
dicated the point at which the condyle slips onto the disk 
(8). Using the lower splint during the day enabled the pa-
tients to speak and eat more efficiently. 

The patients were seen at appointments two weeks apart 
for reassessment and ultrasound therapy. All patients were 
treated with anterior repositioning splints for at least three 
months. Then they were placed on a superior repositioning 
splint to allow the mandible to seat in the glenoid fossae. 
If the symptoms recurred, the subjects were given a choice 
of returning to anterior repositioning splint therapy in-
definitely or of accepting arthrography and possible 
arthroplasty. 

Results 
It was observed that the pretreatment symptoms lasted 

an average of 2.9 years with a range of six months to 10 years 
(Table 1). Treatment time averaged 4.5 months to the remis-
sion of symptoms with a range of one to 10 months. The 
follow-up time averaged 1.5 years with a range of three 
months to six years. All 25 subjects noted that the symp-
toms of vertigo returned if they removed their repositioning 
appliances for any length of time during the first two or three 
weeks of treatment. However, these symptoms underwent 
remission when the appliances were reinserted. In six of the 
subjects, the symptoms returned when the anterior reposi-
tioning appliances were replaced with superior reposition-
ing appliances after they had worn the ARS for at least three 
months. These six patients were given the option of an ar-
throgram and possible arthroplasty or indefinite anterior 
repositioning splint therapy. Two of the six accepted ar-
throplasty while the other four decided to continue ARS 
therapy indefinitely. The vertigo and pain symptoms under-
went remission in all six when the patients returned to the 
ARS. The two surgical patients were placed on ARS therapy 
while waiting for hospitalization. 

Discussion 
Anatomically and functionally, the ear is divided into the 

external, middle, and internal ear. The external ear consists 
of the pinna or ear cartilage and external ear canal. The mid-
dle ear begins with the tympanic membrane, to which is at-
tached a chain of three ossicles supported by ligaments and 
joints. They are suspended in such a way that sound vibra-
tions picked up the by the membrane are conveyed through 
the middle ear to the internal ear. The inner ear is compos- 
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ed of the cochlea, shaped like a snail's shell, and the 
labyrinth, which has three semi-circular canals. These in-
ner ear structures are filled with perilymph fluid. Suspend-
ed in the fluid is the membranous labyrinth, which general-
ly assumes the shape of the bony labyrinth. Inside this mem-
brane is another fluid called endolymph. The nerve struc-
tures that receive sound, motion, and positional stimuli are 
supported in the endolymph-filled structures. 

The oval window is the connection between the middle 
ear and the inner ear. Sound vibrations are transferred by 
movements of the stapes on the window. The Eustachian 
tube connects the middle ear with the pharynx. The muscles 
of the Eustachian tube are closely associated with those of 
the pharynx, palate, and styloid process. The mucous mem-
brane of the tube, like that of the palate and pharynx, is sub-
ject to swelling and functional changes, which may account 
for sensations of fullness and obstruction from fluid collec-
ting in the middle ear. These factors may be influenced in 
association with temporomandibular joint dysfunction and 
muscle tensions. 

Embryologically, the structures of the ear begin to develop 
toward the end of the third week. The inner ear first appears 
in the form of a pair of thickened placodes in the superficial 
ectoderm at the level of the more posterior part of the brain. 
These primordial cell clusters soon sink below the surface 
to form the auditory vesicles and cease to be prominent ex-
ternally. Shortly thereafter, the beginnings of the external 
ears can be discerned not far from the site of the original 
invagination of the internal ear primordium and in close 
association with the hyomandibular cleft, or first pharyngeal 
pouch, from which the Eustachian tube and middle ear 
chamber are to be formed. During this period, Meckel's car-
tilage acts as the strut supporting the mesenchymal tissues 
of the mandible. The proximal portion of this cartilage ar-
ticulates in the area of the future middle ear, and at about 
six weeks the bone begins to form lateral to Meckel's car-
tilage in the area of the future mental foramen. At this same 
time, the temporomandibular joint begins its development 
from the glenoid blastema of the temporal area and the con-
dylar blastema lateral to Meckel's cartilage. As development 
continues into the 10th week, the condylar cartilage is in-
corporated by the membrane bone formation of the mandi-
ble. The proximal portion of Meckel's cartilage becomes the 
malleus and incus of the middle ear and the medial portion 
of the TMJ capsule. The connective tissue which passes 
through the squamo-tympanic fissure bridges the gap bet-
ween the joint structures and the malleus and becomes the 
anterior malleal ligament, also a derivative of Meckel's 
cartilage. 

The chief artery of the labyrinth is the internal auditory, 
a branch of the basal artery. It enters through the internal 
auditory foramen and divides into vestibular and cochlear 
divisions. The vestibular is concerned with balance; the 
cochlear with hearing. The stylomastoid artery also supplies 
some minute twigs to the area. It originates as a branch of 
the posterior auricular artery and passes with the facial nerve 
through the stylomastoid foramen into the tympanic cavity. 
In the facial canal, it gives rise to mastoid branches as well 
as a branch to the stapedius muscle and tendon. It also gives 
off the posterior tympanic artery, which follows the chorda  

tympani nerve and gives branches to the posterior part of 
the tympanic membrane which anastomose with the anterior 
tympanic artery, a branch of the internal maxillary. It then 
ramifies on the promontory, giving branches to the stapes. 
Of further interest are the many foramina in the posterior 
surface of the bone of the glenoid fossa, through which blood 
vessels pass (17) and which seem to communicate with the 
middle ear cavity. 

There are various intimate nerve relationships and reflex 
connections between the autonomic nervous system and the 
ear. The tympanic plexus makes connections from the 
glossopharyngeal nerve, the sympathetic plexus around the 
carotid artery, and the petrosal nerves. The chorda tympani 
crosses through the middle ear carrying taste fibers from 
the anterior two thirds of the tongue as well as secretory 
fibers to the submandibular and sublingual glands. It 
traverses the medial side of the tympanic membrane between 
the long process of the incus and the neck of the malleus, 
and leaves the cavity via the petrotympanic fissure. The 
stapedius muscle is supplied by a branch from the facial 
nerve. The tensor tympani muscle is innervated by the motor 
division of the fifth cranial nerve, like the muscles of 
mastication. 

Hypothesis One: Headache and Ear Pain 
When the disk is displaced, the mandibular condyle may 

articulate on peridiskal tissues containing blood vessels and 
nerves. Not only may noxious stimuli result from such in-
ternal derangement but also muscles in close proximity to 
the joint begin to contract, protecting the structures from 
excessive movement. This may include muscles of mastica-
tion as well as other muscles of the head and neck. Routine 
electromyographic examination usually reveals these 
muscles to be contracting at a continuous low-grade state, 
indicating certain motor units to be firing rather than the 
entire muscle. This type of contraction interrupts blood flow 
to the area and stasis results (18). Metabolic byproducts may 
not be removed, and irritation to free nerve endings occurs. 
Hence, myofascial pain results (19). This type of aberrant 
activity has been demonstrated in the lateral pterygoid mus-
cle prior to splint therapy and returns to normal after treat-
ment of the dysfunction (20). Travell (19) has pointed out 
that hyperactivity of the lateral pterygoid may refer to the 
eye since its origin is from the lateral surface of the lateral 
pterygoid plate which is immediately retro-orbital. Further-
more, Isberg and Widmalm (21) have demonstrated that ex-
cessive activity from the temporalis muscle in the presence 
of disk displacements subsides with reduction. 

Emotional factors may complicate the situation, particular-
ly when the patient has excessive cyclic jaw movements such 
as bruxing or clenching. These efforts continually load the 
joints with heavy forces which can result in a breakdown in 
the integrity of the intracapsular tissues. , 

The tensor tympani and tensor veli palatini develop from 
the first branchial arch embryologically—as do all muscles 
of mastication — and, therefore, are innervated by the fifth 
cranial nerve. Salomon and Starr (22) have demonstrated 
electromyographically in humans that tensor tympani activi-
ty could be elicited with reflex periorbital muscle contrac-
tion and other facial movements such as grimacing and smil- 
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ing. Profound activity also occurred with swallowing and 
talking. Furthermore, the stapedius muscle was active dur-
ing jaw movements and vocalization. Such movement-asso-
ciated middle ear activity is apparently non-acoustic in 
nature since it persists in experimentally deafened animals 
in whom all acoustic middle ear muscle responses have been 
lost (23). 

Myrhaug observed contractions of the tensor tympani 
directly under the operating microscope as patients clench-
ed and grinned (24). He stated that contraction of that mus-
cle caused the shaft of the hammer to be pulled inward and 
foreshortened. He claims that clenching in the presence of 
"bite anomalies" may cause the light reflex to be distorted 
or lost and that the strain to which the membrane is sub-
jected reduces its blood supply. This can lead to the mem-
brane becoming permanently thin, transparent, and atrophic. 

Myrhaug also states that compression of the chain of ossicles 
may lead to contusion of the chorda tympani nerve in its 
course between the malleus and the incus. This may explain 
the frequent complaint of unilateral glossodynia, or burning 
sensation, and sometimes a metallic taste. The author has 
observed that these symptoms sometimes undergo remis-
sion with jaw repositioning. According to Paff (25), the ac-
tion of the tensor tympani and stapedius muscles is to 
regulate the range of movement of the tympanic membrane 
and ossicles which occur when sound vibrations strike the 
membrane. It is said to work in the following way: Contrac-
tion of the tensor tenses the tympanic membrane and pulls 
it medially; contraction of the stapedius tilts the footplate 
of the stapes laterally. These forces oppose each other, and 
in doing so, impart a rigidity to the conducting mechanism 
which dampens the vibrations that are delivered to the recep- 

No. Age Sex Time 
months 

Rx 
Time 

TABLE 1 

Click 

1. 38 F 12 3 5 
2. 54 M 24 8 4 
3. 36 M 24 7 5 
4. 49 M 96 3 5 
5. 42 M 48 8 5 
6. 39 M 2.5 5 5 
7. 31 F 24 10 5 
8. 48 F 6 5 4 
9. 56 F 36 1 5 

10. . 	42 F 12 6 5 
11. 41 F 24 5 5 
12. 36 F 24 6 5 
13. 29 F 48 5 4 
14. 49 F 36 2 5 
15. 33 F 24 3 4 
16. 26 F 72 2 5 
17. 9 F 6 2 5 
18. 63 F 18 4 5 
19. 68 M 120 4 5 
20. 36 F 48 2 5 
21. 24 F 36 4 5 
22. 30 F 48 4 5 
23. 35 F 36 5 5 
24. 40 F 48 4 5 
25. 41 F 24 5 5 

CC Relapse Trauma Follow-up 
months 

H No Yes 12 
V Yes Yes 24 
H No Yes 24 
H No No 18 
H No Yes 24 
H No No 24 
V Yes No 72 
H No No 6 
V Yes Yes 8 
H No Yes 24 
II No No 36 
V No No 6 
V Yes No 6 
H No No 18 
V No No 3 
H No No 2 
V No No 6 
II No No 12 
H No Yes 36 
V No No 2 
H Yes No 18 
V Yes Yes 24 
H No Yes 36 
V No No 36 
V No Yes 24 

Legend: Click response was graded on a scale of 1 to 5 with 5 representing complete remission. Headache was present 
in all subjectSbnd.was the chief complaint in subjects marked with an "H". Vertigo was the chief complaint in subjects 
designated with a "V". Age was measured in years. All other time periods were expressed in months. 
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tors of the cochlea. The result of this condition is referred 
to as functional diminution of hearing. This may explain 
some of the hearing changes that patients experience upon 
correction of joint disorders. Hypercontraction of the ten-
sor veli palatini may follow as a consequence of fullness in 
the ear, which usually is a secondary complaint. 

Tinnitus, or ringing in the ears, may be due to hypercon-
traction of the stapedius muscle. Watanabe (26) associated 
the activity of facial muscles with that of the stapedius and 
a resulting tinnitus. With severance of the stapedial tendon, 
there was immediate cessation of the ringing. Lusk and 
Babin describe a case in which tensor tympani and masseter 
muscle synkinesis occurred (27). In this condition, involun-
tary movement of one muscle occurs simultaneously with 
reflex or voluntary movement of another (28). The patient 
presented with trigeminal neuralgia and was treated by 
radiofrequency destruction of the gasserian ganglion. He 
later complained of vibrating and roaring in the ear of the 
operated side when eating. Audiologic examination with an 
impedance audiometer revealed an acoustic reflex in the af-
fected ear when the patient bit down, and EMG examina-
tion confirmed that the masseter contracted on closing and 
opening. Synkinesis apparently occurred as a result of the 
radiofrequency destruction of the motor nerve and subse-
quent random axon regeneration with crossovers. 

Hypothesis Two: Vertigo 
Two possible etiologic factors may be responsible for ver-

tigo (here used interchangeably with dizziness). The first 
might be a decrease in blood supply to the middle and inner 
ears caused by a sympathomimetic reflex which causes 
vascular constriction. The temporomandibular joint and 
structures of the ear both receive their sympathetic supply 
from the carotid plexus. Noxious pain stimuli to the 
peridiskal tissues could result in constriction of the internal 
auditory and posterior auricular arteries. Another possibili-
ty is pressure on the foramina communicating with the 
glenoid fossa through which the plexus of vessels com-
municates with the middle ear cavity. This pressure could 
cause a decrease in blood flow. 

The second possible explanation was suggested by 
Myrhaug (24). He pointed out that sudden and severe 
movements of the footplate of the stapes induced by spastic 
contraction of the stapedius muscle initiates waves within 
the perilymph on the walls of the labyrinth. As a result, the 
patient perceives dizziness. 

Conclusion 
Twenty-five patients complaining of headache, jaw click-

ing, and dizziness were treated for anterior dislocation of the 
temporomandibular joint disk following examination by a 
physician to exclude otalgic etiology. All symptoms were 
alleviated by reduction of the dislocation using mandibular 
repositioning. Hypotheses regarding the anatomic and 
physiologic interrelationships between the temporoman-
dibular joint and structures of the ear and the etiology of 
otalgic symptoms were presented. 
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