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Öfi Method 
l 
' Hooked—wire electrodes were used to record EMG from masseter, 

temporalis, and medial pterygoid in four normal adults. Jaw move— 

, ment was transduced with a strain gauge technique. Each subject 

produced three to six repetitions of  11 isolated syllables, seven ‘ 

syllables in a carrier phrase, trains of syllables at various 

ratesIr and the rainbow passage. The limitations on the length of 

this paper preclude adequate description of  experimental methods; 

however, a full report o f  this research will be ready for publica- 

13 tion soon. ‘ 
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„ Results and Discussion 

Figure 1 shows a typical example of  EMG activity during the 

first sentence o f  the rainbow passage. Medial pterygoid was the 

most active muscle, not only in this example, but for all four 

'E subjects in almost all speech tasks. This example is typical as 

5" medial pterygoid tends to be: 1) moderately active throughout 

the utterance, 2) most active in relation to jaw closing, and 

3 )  reduced during jaw Opening. In Figure l masseter and tempo- 

ralis were slightly active, but in many instances they were quiet 

throughout the speech sample. When masseter and temporalis _ 

were a c t i v e , _ i t  tended to be during jaw-closing movements o f  
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large displacement or velocity. 

Even though one might hope medial pterygoid activity would 

increase when the jaw moves further or faster,  this is not neces- 

sarily the case due to the nonlinear relations between EMG and 

muscle force (Bigland and Lippold, 1 9 5 4 ) ,  and the difficulty in 

relating jaw-closing forces to parameters o f  jaw movement. As 

illustrated for isolated VCs by one subject in Figure 2 ,  medial 
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pterygoid EMG did not increase as a function of displacement. In 

fact,  for the four subjects half the correlations between peak 

medial pterygoid EMG and displacement (0.15, —0.25, —0.37‚ and 

-0.17) and peak velocity ( 0 . 5 3 ,  0 . 2 3 ,  — 0 . 3 2 ,  
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and 0 .14)  were nega- 

tive. I f  one assumes that more muscle force 
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is required to in- 

crease jaw—closing displacement or velocity, then either this is 

not reflected in our EMG measurements or is produced by muscles 

other than medial pterygoid. Figure 2 also shows that for iso- 

lated VCs temporalis became more active for larger displacements 

(r  = 0 . 6 6 ) .  Three of  the four subjects tended to increase 
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. .- . Figure 2 .  Scatterplot o f  peak 

° . . .  .: EMG and jaw—closing displacement 
„ „ . „_  . :  ‚ ° ,  , for isolated VCS by subject 4.  

° " ' The dashed line is a linear 

° °  ° _. regression through the tempo- 
„ -  :'§r%”’" ralis points. Masseter was 

° ‚li-”352? zero for all syllables. 
r—fi—w—fi—w—‘l 

temporalis activity for larger (or faster) jaw-closing movements. 

The other subject tended to use masseter rather than temporalis. 

A notable aspect of  Figure 2 is the spread in EMG values for 

movements with similar displacements. Variability is especially 

evident in repeated syllables with matched displacement and 

velocity. For example, the subject in Figure 2 repeated [ p æ ]  

24 times in rapid succession. Closing displacement was consis- 

tent as one standard deviation was only 16% o f  the average dis— 

placement. One standard deviation of  peak velocity was only 14% 

o f  average. Mean medial pterygoid activity was 1.05 mv; however, 

it showed a standard deviation of 43%. Masseter averaged 2.15 mv 

with a standard deviation of 81%. This i s  surprising as masseter 

was quiet throughout the isolated syllables for this subject even 

though the repeated syllables were well within the range of dis- 

placements and velocities for isolated syllables. Variability was 

evident for most situations, but occasionally subjects were con- 

sistent. For example, on the left o f  Figure 3 one standard 

deviation of peak medial pterygoid EMG is only 10% of the mean. 

In summary, medial pterygoid is consistently more active 

than masseter and temporalis. However, within this general dis- 

tinction there appears to be a large amount o f  utterance-to- 

utterance variability in the way these muscles are employed. 
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Experiment Two 

Introduction 

A number of papers have illustrated the abilities of  the 

speech motor control system to compensate for mechanical modifica— 

tions in movement o f  the jaw (Folkins and Abbs, 1975;  Lindblom, 

Lubker, and Gay, in p ress) .  Both Lindblom et  al. and Perkell 

(1979) suggest that speech motor systems produce appropriate ges- 

tures in spite of  perturbing factors by employing central stimula— 

tion strategies. For example, when one speaks with a bite block, 

a central movement plan adjusts the roles of  many articulators 

for the lack of  jaw movement. As the jaw is fixed with the bite 

block one might also expect the central movement plan to eliminate 

”unnecessary" jaw-closing muscle activity. The purpose of  this 

experiment was to record EMG from the jaw-closing muscles with a 

bite block in place and see if there is a reorganization of  

muscle activity. 

Method 

This experiment was carried out in the same experimental ses— 

sions, with the same electrode placements as experiment one. 

After producing the speech sample with the jaw free to move, the 

sample was repeated with the jaw fixed with a bite block. Bite 

blocks providing both 5 mm and 15 mm of interincisor distance 

were employed. 

Results and Discussion 

With both sizes of bite blocks there were consistent bursts 

of EMG activity which related closely to the temporal patterns of 

EMG found in each muscle during the jaw free condition. This is 

illustrated in Figure 3 for medial pterygoid as [ p æ ]  was repeated 

at a fast rate. 

As the mandible is not moving, it is not clear why the 

Phasic jaw muscle activity persists with the bite block. A com— 

Plete central reorganization would be expected to remove unneces- 

sary muscle activity. As an alternative, i t  may be that the 

PhaSic jaw muscle activity is involved in the organization of 

other articulatory movements occurring with the bite blocks. 

That i s ,  peripheral motor control mechanisms (including brainstem 

reflexes; McClean, Folkins, and Larson, in press) may be important 

. .
.

.
 .. _

_
_

.
.

_
_

.
.

.
_

.
_

.
.

.
.

.
.

.
_

.
_

.
.

.
.

.
.

.
.

.
_

.
.

.
.

.
.

.
 

.
.

.
.

 
.

.
.

.
.

.
—

 
.,
 

.. _ 
_ 

.. 
- _ 



342 SYMPOSIUM No. 6 

JA“ NORMAL JAW HXED 

“”39. 

AUDIO 200 
H muc 

JAW 

DISPLACEMENT I 

__ __ 5mm 

MEDIAL 

PTERYGO' D 

W m  I… 
Figure 3 .  Rectified and smoothed (20  msec TC) EMG 
for [ p æ ]  repeated at a fast rate by subject 1. 

components in the processes which accomplish appropriate speech 

movements with and without mechanical interferences. 
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