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Recent clinical impressions have suggested that tongue-thrust swallowing may often occur in 
patients with internal derangement of the temporomandibular joint(s) and may represent an 
unconscious effort to avoid temporomandibular joint (TMJ) dysfunction by minimizing noxious stimuli 
from the joints. The purpose of this study, therefore, was to determine the swallowing patterns in 
human subjects with and without TMJ dysfunction. The swallowing patterns of 25 adult orthodontic 
patients already known to have TMJ dysfunction and 25 adult control subjects without such 
dysfunction were examined with the aid of kinesiographic and electromyographic recordings taken 
while the subjects were sipping water. Analysis of the data revealed that 19 patients with TMJ 
dysfunction used a tongue-thrust open-jaw swallowing pattern, while only nine control subjects used 
such a swallowing pattern. Furthermore, six of the patients with TMJ dysfunction had an anterior 
open bite, while none of the control subjects had an anterior open bite. The results suggest that 
patients with aberrant swallowing patterns should be examined for temporomandibular joint 
dysfunction. (AM J ORTHOD DENTOFAC ORTHOP 1990;98:507-11.) 

In the past, clinicians have assumed that 
open bites are related to a tongue-thrust swallowing 
pattern. This assumption seems to have been based on 
suggestions by Rogers' and Straub,' and later by Gar-
liner.' These investigators, however, presented no sta-
tistical documentation for their conclusions. Later, 
Proffit' concluded that resting tongue pressures have 
a much higher statistical correlation with incisor pro-
trusion and arch widths than do tongue pressures during 
swallowing and speaking. He showed that up to 80% 
of children with tongue thrust and anterior open bite at 
the age of 8 years show improvement without therapy 
by the age of 12 years. 5  Proffit suggested that airway 
space is usually relatively small early in life and that 
this situation encourages an anterior tongue position, 
which is modified by involution of lymphoid tissue and 
mandibular growth during puberty. These changes al-
low more space for the tongue within the oral cavity. 
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In a more recent longitudinal investigation, Andriano-
polous and Hanson' indicated that some children who 
swallow normally at the age of 4 years, and later at the 
age of 8 years, may become tongue thrusters by the 
age of 18. 7  

It is generally accepted that infants and children 
normally use a swallowing pattern in which the tongue 
is interposed between the alveolar ridges and the lips." 
This placement seems to reflect the pattern established 
in breast and bottle feeding." °'" Later, most persons 
adopt a swallowing pattern in which the tip of the tongue 
is placed in the rugae area and a pressure of roughly 
100 gm per cm' is exerted upward and backward." 
During swallowing, their posterior teeth are in contact, 
and their facial muscles are relaxed. The normal adult 
person repeats this normal swallowing pattern between 
1,200 and 3,000 times each day. The typical person 
swallows about nine times a minute during a meal. 
During the remaining waking hours, he or she swallows 
approximately twice a minute and, while sleeping, 
about once a minute." 

In some persons, an infantile pattern of swallowing 
seems to persist into later life. This infantile habit has 
also been known as tongue-thrust swallowing, abnor-
mal, reverse, perverted, atypical, deviant, or visceral 
swallowing. In aberrant swallowing, the muscles of 
mastication are not used to bring the jaws and teeth 
tightly together. Instead, strong lip activity produces 
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extreme tension in the circumoral musculature. The tip 
of the tongue is placed, pushed through or pushed 
against the anterior teeth, where it exerts a pressure of 
roughly 500 gm/ cm2.'2  Meanwhile, there is an absence 
of anterior temporalis muscle contraction, and the other 
masticatory muscles are engaged in asynchronous ac-
tivity. 

More recent investigations by Melsen et al. ,' who 
examined 824 Italian children between 13 and 14 years 
of age, show that the persons who swallow with tooth 
contact have the best prognosis for a normal develop-
ment of occlusion and that tongue-thrust swallowing is 
more detrimental than teeth-apart swallowing to occlu-
sal development. 

In a study of 20 normal-occlusion patients without 
dysfunction, Gibbs" found that the mandible closed to 
the intercuspal position in nearly all the swallows. Dur-
ing swallowing, the jaw remained closed an average of 
63$ msec, considerably longer than the 194 msec oc-
clusal phase during chewing. He also found that the 
forces during swallowing averaged 66.5 pounds, which 
was substantially higher than the 58.7 pounds during 
the occlusal phase of chewing. During swallowing, high 
force occurred an average of 522 of the total 683 msec 
at the intercuspal position. 

From their examinations with the gnathic replicator, 
Lundeen and Gibbs' have concluded that the most con-
sistent difference between chewing movements of sub-
jects with normal occlusion and those with malocclu-
sion is that the subjects with good occlusion pause for 
a longer time at the intercuspal position. The effects of 
malocclusion on chewing are evident in the smoothness 
and timing of movements. Persons with poor occlusion 
have more irregular, self-crossing movements and do 
not return to the intercuspal position as frequently as 
do persons with good occlusion. 

It has long been the observation of the senior 
author (E.W.) that many patients with temporomandib-
ular disorders also swallow with aberrant mandibular 
patterns—often with their teeth apart and the tongue 
between. Frequently, some degree of open-bite mal-
occlusion is also evident in these patients. It has also 
been an observation that after TMD treatment, when 
the patient is no longer feeling discomfort and if the 
open-bite occlusion is treated, it remains more stably 
closed so long as the discomfort does not return. Hence, 
it is postulated that noxious stimuli during mandibular 
function may cause a person to place the tongue be-
tween the teeth to provide jaw stability without exces-
sive loading, which could result in pain. 

The purpose of this study, therefore, was to examine 
the swat/Owing postures of adult human subjects with 
and without TMJ dysfunction and to determine whether  

there is a tendency for patients with dysfunction to 
position the tongue between the teeth during the final 
stages of swallowing and also to examine both the mo-
tion of the lower jaw and the contact of the teeth during 
these maneuvers. It was hoped that elucidation of aber-
rant mechanisms involved in swallowing would facil-
itate the diagnosis, control, and treatment of this com-
plication in patients with TMJ dysfunction. 

SUBJECTS AND METHODS 

Twenty-five subjects (21 female and 4 male) ranging 
in age from 15 to 44 years (mean age, 29.6 years) were 
selected for study. All the subjects came as new patients 
with the complaint of moderate-to-severe TMJ discom-
fort. Diagnoses were made on the basis of patient his-
tories, stethoscopic auscultation with the simultaneous 
palpation of the joints, palpation of the muscles of mas-
tication, and range-of-motion measurements. Radio-
graphic examinations of temporomandibular joints also 
were made. Clinical and radiographic examination re-
vealed that all 25 subjects had internal derangements 
of the temporomandibular joint. In most instances, the 
specific diagnosis was dislocation of the disk, based on 
joint noise with jaw movement. Six of the subjects also 
had a definite anterior dental open bite. Twenty-five 
subjects (20 female and 5 male) served as nonexperi-
mental controls. They ranged in age from 19 to 57 
years, with a mean age of 29.8 years. They were se-
lected because they had either a Class I occlusion or 
an end-to-end canine relationship. None of the subjects 
had TMJ-related signs or symptoms, and none had re-
ceived previous orthodontic or dentofacial orthopedic 
therapy. None of these subjects had anterior open 
bite. 

All of the experimental and control subjects were 
examined with an electromyograph (EM2) and a K5AS-
773 mandibular kinesiograph (MKG) interfaced with an 
Apple Ile computer (Myo-Tronics, Seattle, Wash.). The 
kinesiograph consists of a sensory array mechanism 
attached to the subject's head by means of a spectacle-
frame system. These sensory arrays monitor the move-
ment of a magnet attached by adhesive material to the 
gingival tissues in the labial area around the lower in-
cisors. Mandibular movement alters the magnetic field 
in three dimensions of space and is detected by the 
stable sensor array. This information is transmitted to 
a special software program of the Apple lie computer. 
As a result, static and dynamic depictions of the move-
ment of the mandible are displayed on a grid on the 
computer screen. Hard copy of this display is then avail-
able. The grid system is composed of 1 mm x 1 mm 
squares. The maximum intercuspation position may be 
displayed as a reference, and any mandibular movement 
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from that reference position may be observed and mea-
sured with respect to three planes of space. 

The placement of sensors and electrodes, the align-
ment and calibration of the instruments, and the rec-
ording and display of data all followed the manufac-
turer's protocol. Patients were instructed to take a 
mouthful of water and to hold their jaws at rest position. 
They were then instructed to swallow the water and, 
after swallowing, to close to maximum intercuspation. 
They were allowed to practice this procedure once be-
fore recording began, and then the experimental se-
quence was completed. None of the subjects was told 
the purpose of recording the jaw position during swal-
lowing. Mandibular movements were monitored in 
three planes of space during swallowing on command 
and during final closure to maximal intercuspation. 
Electromyographic activity of the masseter and tem-
poralis muscles was measured when both were at rest, 
during ,the swallow, and at maximum intercuspation. 
Data on the anterior temporalis and superficial masseter 
muscles helped confirm the timing and location of the 
swallow, and also helped establish whether the closing 
muscles contracted significantly during the swallow. 

From the kinesiographic recordings, it was possible 
to determine whether swallowing occurred with the 
teeth in contact or with the teeth apart. The time of the 
swallow was defined as the period of gross maximum 
electromyographic activity of the temporalis and mas-
seter muscles. This activity was correlated by means 
of the computer with the position of the lower incisors, 
on the grid mechanism in reference to the maximum 
intercuspation position. Clinical observation of the pa-
tient was also used to verify the time of the swallow: 
A single point in the dynamic process of swallowing 
was sometimes impossible to identify because the po-
sition of the mandible tended to vary during active 
swallowing. Therefore, an average point—the mid-
point of the lines on the grid during the swallow—was 
used to represent the mandibular position for each pa-
tient at the time of the swallow. The position of this 
point was then measured in tenths of a millimeter, ver-
tically and laterally, with reference to the position of 
the magnet depicting the mandibular position at max-
imum intercuspation (Fig. 3). This information was 
recorded for each of the subjects in the groups with 
TMJ disorder and in the control group. In addition, 
either the subjects or their study casts were examined 
to determine the presence or absence of anterior dental 
open bite. Subjecting the assembled data to x 2  analysis, 
it was then possible to test the associations between 
open or closed swallow and TMJ or normal occlusion 
and between 'open or closed swallow and open or closed 
anterior bite. 

RESULTS 

Six of the 25 subjects with temporomandibular dys-
function used a swallowing pattern in which the teeth 
were in contact. The remaining 19 subjects with tern-
poromandibular dysfunction used a swallowing pattern 
in which the teeth were apart. This open-bite swallow 
ranged from 0.7 to 4 3 mm opening from maximum 
intercuspation. The mean mouth opening of the ex-
perimental subjects at the time of the swallow was 2.6 
mm. In the control group, 16 subjects swallowed with 
the teeth in contact, and only 9 swallowed with the 
teeth apart. Among the 9 control subjects who swal-
lowed with the teeth apart, the mean opening was 2.6 
mm, and the range was 0.8 to 4.1 mm. The difference 
between the 25 experimental subjects and the 25 control 
subjects, with respect to swallowing pattern, was found 
by x2  analysis to be highly significant statistically 
(x2  = 8.12; p < 0.005). 

Of the 25 experimental subjects, 20 had mounted 
models from which the presence of anterior open bite 
could be determined by inspection, i.e., more than a 
millimeter open. Anterior open bite was defined as that 
in which the jaw was open more than a millimeter. Six 
of these 20 patients with TM dysfunction also had 
anterior open bite. None of the 25 control subjects 
had anterior open bite. Again, x 2  analysis revealed 
that this difference was statistically significant (x 2  = 
8.63; p < 0.005; with Yates' correction, x 2  = 6.25, 
p < 0.025). 

Our analysis of all the accessible subjects revealed 
6 subjects with open swallow and open bite, 18 sub-
jects with open swallow and closed bite, 0 subjects 
with closed swallow and open bite, and 20 subjects 
with closed swallow and closed bite. x2  analysis 
showed that these differences were statistically signif-
icant (x2  — 5.80, p < 0.025; with Yates' correction 
x2 = 3.86, p < 0.05). Thus, open swallow was sig-
nificantly associated with open bite and closed swallow 
with closed bite. 

Vertical opening or closure and lateral displacement 
or no displacement during swallowing was also re-
corded for all the subjects. The examination revealed 
9 subjects with open swallow and no lateral displace-
ment, 19 subjects with open swallow and lateral dis-
placement, 20 subjects with closed swallow and no 
lateral displacement, and 2 subjects with closed swal-
low and lateral displacement. x 2  analysis showed that 
these differences were highly significant statistically 
(x2  = 17.47, p < 0.000; with Yates' correction, x 2  = 
15.14, p < 0.000). This finding indicates that a teeth-
apart swallow is highly associated with lateral deviation 
of the mandible. 

As an auxiliary finding, 15 patients with TMJ dys- 
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function had a mean lateral displacement from the in-
tercuspal position of 0.6 mm, with a range from 0.2 to 
1.4 mm. Ten experimental subjects did not have lateral 
deviation of the mandible. Only six control subjects 
showed lateral deviation; the mean deviation was 
0.4 mm, and the range was from 0.2 to 0.8 mm. Lateral 
displacement during the swallow was significantly more 
frequent in patients with temporomandibular dysfunc-
tion than in the control subjects (x 2  = 6.65; p < 0.01). 
EMG activity was not subjected to statistical evaluation. 

DISCUSSION 

The findings of this initial study confirm the clinical 
impression that patients with TMJ dysfunction tend to 
swallow with their teeth apart and with excessive ver-
tical and lateral mandibular movements. These patients, 
in turn, tend to have anterior dental open bites. It is 
generally recognized that the genioglossus muscle 
causes the tongue to protrude, that the hyoglossus re-
tracts and depresses the borders of the tongue, and that 
the styloglossus retracts and elevates the tongue." The 
hypoglossus, or twelfth cranial nerve conveys the ef-
ferent nerve supply to these muscles. Lowe'" has in-
vestigated the relationship between temporomandibular 
dysfunction and the posture of the tongue between the 
teeth and has documented specific excitatory and in-
hibitory influences on the protrusive and retrusive mo-
toneurons in the hypoglossal nucleus of the cat. Bipolar 
stimulation of the small branches of the auriculotem-
poral nerve that supply the temporomandibular joint 
elicits a reproducible reflex in the ipsilateral genio-
glossus muscle and results in protrusion of the tongue. 
Tooth pulp stimulation evokes a reflex response in the 
twelfth cranial nerve,' and tapping the cuspid excites 
the protrusive motoneurons of the genioglossus.' Fur-
thermore, Lowe' compared human subjects with open 
bite and subjects with normal occlusion and showed 
that the activity of the genioglossus muscle increased 
as the mandible rotated open in all subjects of both 
groups. The subjects with open bite showed signifi-
cantly more sensitivity with less opening rotation. That 
is, the tongue protruded much sooner, and with less 
mandibular opening, to lie between the anterior teeth. 
These results emphasize the possible role of occlusion 
in modulating nucleus activity in the twelfth cranial 
nerve. Hence, noxious stimuli caused by mechanore-
ceptors in the periodontal ligament and by internal de-
rangements in the temporomandibular joint would seem 
to cause a posturing of the tongue between the teeth 
and an open rotation of the mandible. This posture may 
act as a protective mechanism, since occluding the teeth 
might tend to load both the teeth and the joints and thus 
cause pain. Thus, holding the tongue between the an-
terior teeth with a light continuous pressure could be  

associated with open bite in patients with TMJ dys-
function. The complex etiology of TMJ disorders 
should be kept in mind. It may be that aberrant swal-
lowing is a result, rather than a cause, of internal de-
rangements. 

The present clinical study seems to support the work 
of Lowe, since patients with TMJ dysfunction had a 
teeth-apart swallow significantly different from the 
swallow of the control subjects with no symptoms of 
TMJ dysfunction. Anterior open bite was also statis-
tically more significant in the experimental group. A 
teeth-apart swallow or dental open bite in an adolescent 
or adult should indicate the need for a careful exami-
nation of the patient for evidence of internal derange-
ment of the joints or sensitivity of the teeth in occlusion. 
Studies have shown that conservative anterior reposi-
tioning splint therapy can be of benefit in these cases." 
If the splint treatment does not satisfy the symptoms, 
a surgical approach may be beneficial. When the joint 
symptoms have been alleviated and the mandible is in 
a seated position within the glenoid fossa, the practi-
tioner can assess the subjects occlusion and determine 
whether treatment is required. In view of the results of 
Lowe's work and the findings of this study, it seems 
prudent to treat the source of the noxious stimuli before 
attempting to close the open bite. With such sequenc-
ing, the relapse of an open bite might be avoided or 
attenuated. 

CONCLUSION 

Kinesiographic tracings and electromyographic re-
cordings from 25 subjects with TMJ dysfunction and 
25 subjects without dysfunction revealed a significant 
tendency toward swallowing with the teeth apart among 
those with TMJ dysfunction. In addition, a significant 
number of these subjects had anterior open bite and an 
apparent habit of holding the tongue between the teeth. 
Patients with TMJ dysfunction apparently revert to a 
teeth-apart swallow and contraction of the genioglossus 
muscles that cause the tongue to protrude in an effort 
to prevent noxious stimuli. 
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