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Introduction 
In 1934, Niswonger was the first to refer to a repetitive 

mandibular rest position (1). Since then, proponents of an 
inviolate resting posture of the mandible have generated 
numerous research efforts and clinical observations (2-10). 
However, other authors have reported that interocclusal 
vertical dimension is highly variable (11-13). When the 
mandible closes from rest position to maximum intercuspa-
tion, it must do so in a manner that is not noxious to the 
mechano-receptor response in the periodontal ligament. 
Hence, the existence of a sensori-motor feedback mechanism 
has been confirmed (14, 15). This mechanism forms an 
engram within the central nervous system which allows the 
mandible to close without interference from the cusps of the 
teeth. Swerdlow (16) has reported that the phonetic method 
for determining clinical rest position is reliable. Most often, 
this method involves having the patient repeat the word 
"Mississippi" and then allowing the jaw to rest with the lips 
lightly touching. 

Figure 1. The muscle spindle is attached to the connective 
tissue around the striated muscle fiber. The 
nuclear bag contains the sensory apparatus, 
which is stimulated by stretching the striated 
muscle. This sends an impulse to the CNS 
(mesencephalic nucleus) which has a connection 
with the motor nucleus of cranial nerve V Follow-
ing a slight pause (silent period), the muscle is 
stimulated to contract by motor impulses sent out 
from the motor nucleus of V The reticular forma-
tion can influence the tension of the nuclear bag 
by causing the embryonic muscle fibers of the 
spindle to contract more. Therefore, it takes less 
stretch of the striated muscle to cause the nuclear 
bag to be stimulated, which explains stress and 
emotional factors in muscle tension. 

Because teeth must be present to incorporate this reflex 
mechanism from the periodontal ligament, another feedback 
system must be available when an edentulous state exists. 
Moyers (8) studied neonates and demonstrated postural 
reflexes electromyographically within the masticatory 
musculature. It is well known that a postural position also 
exists in the edentulous adult. In a review of neuromuscular 
mechanisms involved with mandibular function, Mohl (17) 
described the reflex pathways that govern this response. The 
elevator muscles of mastication contain muscle spindles 
which are stretch receptors. These spindles are excitatory 
to the neurons in the trigeminal nucleus that supply the 
muscles of mastication and, dictate their resting length 
(Figure 1). This myotactic reflex also is under the influence 
of the reticular formation in the hypothalamus (emotional 
stress) through descending central connections to the 
trigeminal nucleus which synapse there with the motor 
efferent supply to the muscle tissue of the spindle itself. In 
this manner, tension may be placed on the spindle which 
allows it to be more susceptible to stretching of the muscle 
of mastication. In a situation of emotional stress, it would 
take less stretch of the muscle of mastication to elicit a 
myotactic reflex, which causes the skeletal muscle to con-
tract or shorten. Hypothetically, the resting posture of the 
mandible then would be closer to the maxilla under stressful 
conditions. The purpose of this study was to compare the 
resting posture of the mandible determined clinically and 
with transcutaneous nerve stimulation (TENS) in the 
presence and absence of stress. 

Figure 2. A subject with the sensor array of the kinesio-
graph in place tracking mandibular position while 
the Myomonitor is pulsing. At the same time, the 
subject is under the stress of achieving success 
with the video game "Frogger." 
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Methods and Materials 
Twelve adult subjects were selected for this study. They 

included nine females and three males ranging in age from 
21 to 45 years. All the subjects had a full complement of 
natural teeth. A mandibular kinesiograph (MKG) (Model 
K5AR, Myotronics Research, Inc., Seattle, WA) was used in 
this investigation. The MKG electronically records mandibu-
lar incisor-point movements in three dimensions by tracking 
a magnetic field emanating from a 2.8-gm magnet attached 
to the gingival tissue labial to the mandibular central incisors. 

The sensor array was supported on the skull by a modified 
pair of eyeglass frames worn by the patient. It electronical-
ly tracked the magnet attached to the incisors. The magnet 
was attached to the gingival tissue using stomahesive 
(Convatec-Squibb Co., Princeton, NJ). The incisal position 
was visualized and recorded on an oscilloscope cathode ray 
tube for accurate measurement. TENS was applied to the 
preauricular area over the sigmoid notch of the mandible 
using a Myomonitor (Model J-3, Myotronics Research, Inc., 
Seattle, WA). This instrument induced masticatory muscle 
contractions at 1.5 - second intervals (40 per minute) by 
means of surface electrodes. A minimum period of one hour 
was utilized for continuous pulsation of each subject in this 
study in order to insure adequate muscle relaxation. Stress 
induction was provided using a video computer system 
(AtariTRW Electronics, Taiwan) and the video game "Frog-
ger" (Parker Brothers, Beverley, MA). This system provid-
ed progressive levels of difficulty to achieve success (Figure 
2). 

Subjects were not informed of the purpose of the investiga-
tion. Throughout the procedure, each subject was seated in 
a straight-back chair and looked straight ahead with 
Frankfort horizontal parallel with the floor. Clinical rest posi-
tion was first determined by having the subject repeat the 
word "Mississippi," and allowing the mandible to rest with 
the teeth apart and the lips barely touching. This position 
was recorded by the MKG and visualized on the oscilloscope 
while a permanent recording was made with a polaroid 
camera customized for that purpose (Myotronics Research, 
Inc.) Maximum intercuspation or the IP position also was 
recorded as a stable reference point. 

TENS then was applied using the Myomonitor for at least 
one hour, after which time the Myomonitor was discontinued 
and rest position and IP again were recorded. The 
Myomonitor was restarted, and with the subject in the same 
postural position, the stress test was begun by having the 
individual play "Frogger." Each subject was allowed to 
become familiar with the game, and when satisfied, each was 
told to begin competing with the Myomonitor still pulsating. 

The first level of the game was played for approximately .  

10 minutes and rest position was recorded. The second level 
then was utilized for another 10 minutes and a final rest posi-
tion was recorded. All subjects were encouraged to do their 
very best in competitive scoring. 

Therefore, rest positions were measured, and each vertical 
dimension was measured in relation to the IP position. 
Statistically, a one-way analysis of variance with repeated 
measures was utilized. 

Results 
The mean vertical dimension of the clinical 'rest position 

at Time #1 was 2.12 mm with a standard deviation of 0.90 
and a range from 0.5 mm to 3 mm. The average vertical 
dimension of clinical rest position following TENS stimula-
tion with the Myomonitor (Time #2) was 4.45 mm with a 
standard deviation of 1.43 and a range from 2.5 mm to 7 mm. 
The rest position vertical dimension following the first level 
of "Frogger" (Time #3) was 2.33 mm with a standard devia-
tion of 1.17 and a range from 1 mm to 5 mm. Following the 
second level of "Frogger" (Time #4), the vertical dimension 
of rest position was 1.04 mm with a standard deviation of 
0.68 and from 0 mm to 2 mm: All the pairings were signifi-
cantly different at the 0.05 level except for pairs #1 and #3. 
The Bonferroni adjustment was performed to insure against 
inflation of Type 1 error. The raw data are presented in 
Table 1. 

TABLE 1 

Vertical Dimension of Myomonitor Rest Position 

Patients 

Time 1 	Time 2 	Time 3 	Time 4 
Prepulsation Post-pulsation Pulsation Pulsation 

with level with level 
#1 stress #2 stress 

1 1 mm 3 mm 1 mm 0 mm 
2 3mm 5 mm 3 mm 1 mm 
3 3mm 7 mm 2.5 mm 1 mm 
4 2mm 3 mm 1 mm 0.5 mm 
5 3mm 5 mm 3 mm 0 mm 
6 2mm 4 mm 3 mm 2 mm 
7 2mm 5 mm 2 mm 1 mm 
8 0.5 mm 2.5 mm 1mm 1mm 
9 1 mm 3 mm 1.5 mm 1 mm 

10 2mm 6 mm 5 mm 1 mm 
11 3mm 4 mm 2 mm 2 mm 
12 3mm 6 mm 3 mm 2 mm 

Discussion 
It is interesting to note the effect of stress on muscle 

length. It may be observed from this study that clinical rest 
position diff rs significantly from the TENS-induced rest  
positio . his same p nomenon has been observed by other 
authors (18-20). In some manner, the stimulation of electrical 
impulse affects tension on the nuclear bag of the muscle spin-
dle. One could hypothesize that motor impulses emanating 
from the trigeminal nucleus to the muscle of the spindle are 
diminished (Figure 1). This would release tension on the 
nuclear bag which, in turn, would allow the effect of gravity 
to stretch the elevator muscles more withOut initiating a 
reflex response from the spindles. However, when degrees 
of stress are induced, the effect of the reticular formation 
becomes clinically apparent. The descending connections 
between the reticular formation and the mothr nucleus„ap-
parently are utilized to send impulses which synapse in the 
latter, sending motor impulses to the muscle fibers of the 
spindle which contract and / impart tension to the nuclear bag. 
This stimulation seems to vary directly with the degree of 
stress to which the individual is subjected, as was 
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demonstrated by this study. When the threshold stimulus 
of the nuclear bag occurs, the impulse afferently returns to 
the mesencephalic nucleus in the pons. From there, inter-
nuclear connections to the motor or trigeminal nucleus ot-
cur, and finally, the third neuron connection results with a 
motor impulse to the elevator muscle, causing it to shorten 
in ,order to relieve tension on the nuclear bag. Hence, the 
freeway space decreased as the mandible was raised closer 
to the maxilla. At the first level of the Frogger game, the 
freeway space returned to a position not significantly dif-
ferent from the prepulsation position, even though the 
Myomonitor still was being utilized. When stress was in-
creased by the second level of the Frogger game, the rest 
position closed even more to be significantly different from 
both the pre- and post-pulsation positions. At this level, two 
of the 12 subjects had tooth contact, while a third displayed 
only 0.5 mm of freeway space. 

The exact mechanism by which the Myomonitor affects 
the resting posture of the muscles is not known. One may 
hypothesize three mechanisms. The first might be a negating 
effect on the muscle spindle, inhibiting impulses from 
causing the muscle of the spindle from contracting and, 
therefore, taking tension off the nuclear bag. This might 
occur at either the mesencephalic or motor nuclei. 

Secondly, TENS units in some way allow increased pro-
duction of endorphins and enkephalins - the body's own 
opiate type substances. This might decrease the effect of the 
reticular formation in the hypothalamus. Therefore, fewer 
impulses would be discharged via the descending tracts to 
the trigeminal nucleus and subsequently, fewer motor im-
pulses to the muscle of the spindle, which would relieve ten-
sion on the nuclear bag. 

A third hypothesis might be that the repetitive stimulus 
of the Myomonitor causes direct contraction of the skeletal 
muscle, thus causing it to relax. Dixon et al (21) reported 
that repetitive electrical stimulation of skeletal muscle at a 
rate less than 100 times per minute reduced the accumula-
tion of noxious byproducts and improved the physiologic 
state of the muscle. There have been conflicting reports in 
the literature regarding the method by which the Myomon-
itor actually causes the muscle to contract. One report sug-
gests that the muscle contracts by direct muscle depolariza-
tion rather than by neural stimulation at the motor end plate 
(22). Therefore, such a contraction would be non-physiologic. 

The antithesis to this view was presented by Jankelson 
in a subsequent paper (23). 

In an attempt to resolve this conflict, two patients under-
going orthognathic surgery were treated with the 
Myomonitor prior to being intubated for general anesthesia. 
At the time of intubation, they were given succinylcholine 
as a muscle paralyzer. Succinylcholine acts by competing 
with acetylcholine at the myo-neural end plate, and therefore, 
no neurally stimulated muscle contraction can occur. The 
only way a muscle can contract under such conditions is by 
direct depolarization of the muscle itself. With the Myomoni-
tor evoking electrical impulses, there was no muscle contrac-
tion in either instance (24). This information would support 
the conclusion that the Myomonitor stimulus is transmitted 
neurally. ' 

Conclusion 
1. In the adult, stress affects the resting posture of the 

mandible even while the Myomonitor is being used. 
2. Under mild stress, the Myomonitor rest position is 

reduced so that it is not significantly different from clinical 
rest position. 

3. Under greater stress, the Myomonitor rest position is 
reduced further so that it is significantly less than the clinical 
rest position. 

4. In the adult, care should be exercised when utilizing 
the Myomonitor rest position to establish the vertical dimen-
sion of occlusion. Individuals reacting to stress may tend to 
re-establish vertical dimensions closer to clinical rest. 
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