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Abstract We investigated phasic and tonic stretch rey muscle spindle afferents. Thus, the hypothesis that
flexes in human jaw-opener muscles, which have fewce#ntral modifications in the threshold of the tonic
any, muscle spindles. Jaw-unloading reflexes were stretch reflex underlie the control of movement may be
corded for both opener and closer muscles. Surfagglied to the jaw system.

electromyographic EMG) activity was obtained from

left and right digastric and superficial masseter mukey words Jaw movement - EMG - Stretch reflex -

cles, and jaw orientation and torques were record®dliscle spindle - Human

Unloading of jaw-opener muscles elicited a short-laten-

cy decrease irEMG activity (averaging 20 ms) fol-
lowed by a short-duration silent period in these muschatroduction

and sometimes a short burst of activity in their antago-

nists. Similar behavior in response to unloading w&soprioception probably plays a fundamental role in kin-
observed for spindle-rich jaw-closer muscles, althougbthesia, in the organization of spatial frames of refer-
the latency of the silent period was statistically shortence for movement production and in the position- and
than that observed for jaw-opener muscles (averagiwejocity-dependent regulation of muscle activity essen-
13 ms). Control studies suggest that the jaw-opener tial for the stability of posture and movement (Feldman
flex was not due to inputs from either cutaneous or mnd Levin 1995). It is usually assumed that this regula-
riodontal mechanoreceptors. In the unloading responiem (termed the stretch reflex) is produced mainly by
of the jaw openers, the tonic level BMG activity ob- muscle spindle afferents under the control of fusimotor
served after transition to the new jaw orientation wamervation (Matthews 1981). Muscle spindles are found
monotonically related to the residual torque and oriein- most skeletal muscles, but there are notable excep-
tation. This is consistent with the idea that the tonfions. In humans, this includes a number of orofacial
stretch reflex might mediate the change in muscle actiuscles, in particular, the lip muscle orbicularis oris and
vation. In addition, the values of the static net joitlhe jaw protruder lateral pterygoid, where, in each case,
torque and jaw orientation after the dynamic phase fefv muscle spindles have been reported. Similarly, the
unloading were related by a monotonic function resemdmber of muscle spindles in the jaw-opener anterior di-
bling the invariant characteristic recorded in humayastric are few in comparison with the jaw-closer mus-
limb joints. The torque-angle characteristics associateds (Lennartsson 1979; see Rowlerson 1990 for review).
with different initial jaw orientations were similar in The stretch reflex plays a significant role in the regu-
shape but spatially shifted, consistent with the idea thation of activity of jaw-closer muscles (see Hannam and
voluntary changes in jaw orientation might be assocideMillan 1994; Lund et al. 1983; Luschei and Goldberg
ed with a change in a single parameter, which might b@81; Smith 1992 for reviews). However, even though an
identified as the threshold of the tonic stretch reflex.Uhloading and tonic stretch response and tonic vibration
is suggested that functionally significant phasic amdflexes have been observed in jaw-opener muscles
tonic stretch reflexes might not be mediated exclusivdilannam et al. 1968; Hellsing 1977; Lamarre and Lund
D.J. Ostry []) - P.L. Gribble 1975; Neilson et al. 1979), it has been suggested that the
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ally significant stretch reflexes can be observed. To testh trial, the initial load was either partially or completely re-

i i i i iaW- ed to one of four (and in one case five) different final levels.
this hypothesis, we investigated jaw-opener reflexes gp- each final level, 15 trials were recorded. The smallest final

W
Ing bOth stretch and unI_oadlng procegjures. The rOIeI d was the torque necessary to just support the torque motor
the tonic stretch reflex in the regulation of electromyandie against gravity. The timing and the magnitude of the un-
ographic EMG) activity in jaw-opener muscles was adeading were varied randomly. Subjects were instructed to resist
sessed by examining the torque-angle and static torcﬁéé-UPward load by maintaining the initial jaw orientation as di-

f PR ; cted by the experimenter and to not correct for the movement of
EMG relationships in the unloading procedure. the jaw that resulted from the unloading (“do not intervene”). The

final torque was maintained for approximately 0.5 s, after which
the residual load was removed, allowing the subject to relax. Four
Materials and methods subjects were tested for jaw-opener unloading (subfgicend$4
were authors of this report). A small number of trials in which a
inuous drift was observed in the final orientation following
ading were excluded from analysis.
"For unloading of jaw-closer muscles, a load opposing jaw clos-
ing was applied via a dental appliance attached to the torque motor
handle. Complete unloading from a single initial jaw angle was
tested and ten trials were recorded. Data were obtained for three
subjects for jaw-closer unloading.

The experimental procedures used in these studies have beerf
proved by the ethics committees of the Department of Psycholo
McGill University, and the Rehabilitation Institute of Montreal.

Procedure

Jaw motion, torque and tiEMG activity of jaw-opener and -clos-
er muscles were recorded during opener and closer unloading tri-
als, which involved sudden decreases in external torque. Movement and torque recording

On trials involving jaw-opener unloading, torques were applied
by positioning the handle of a torque motor (Mavilor Motors; Mo, grientation and torque were recorded for 1 s at 1000 Hz. In
2000) below the chin at the anterior end of the mandible (see Fig.experiments, the head position was stabilized by using a cus-
1). On each trial, the subject assumed a specified initial jaw origfiA,_molded dental impression (Mizzy, N.J., USA), which was at-
tation while resisting a constant net torque (the torque createdfwhe to a bite-bar and in turn firmiy fastened to the torque mo-
the motor minus the gravitational torque of the handle) that qB; frame. A separate, padded head rest was used to further re-
posed jaw opening. The initial jaw orientation was established Yict head motion. The position of the handle of the torque motor
asking the subject to raise or lower the jaw until a graphical digaq recorded throughout the trial and was used to calculate the
play of the jaw orientation, which was out of view of the subjeqt,y grientation angle with respect to the position of the condyle
reached a designated zone on a computer monitor. An abruptQeser at occlusion. The coordinates of the condyle center were
crease in load (10 ms duration) caused the jaw to move downwaithined by palpation to locate the condyle center and then by
to assume a new orientation, at which the jaw-opening torque Bglsasyring the horizontal and vertical distances from that point to
anced the final upward load. . known reference location (point of contact of the torque motor

The jaw-opener unloading trials were repeated using two dfanle). Jaw muscle torque was calculated from the torque mea-
ferent initial jaw angles and the same initial load (see Fig. 4). Qfeq by strain gauges on the shaft of the torque motor and by
taking into account the moment arm between the center of rota-
tion of the jaw and the point of contact of the jaw with the torque

’ " head rest motor handle.

Muscle-activity recording

torque
motor
frame

Jaw muscle activity patterns were recorded bilaterally from super-
ficial masseter and anterior belly of the digastric using bipolar sur-
face electrodes (two 1-mm silver bars separated by 10 mm; Neuro-
muscular Research Center). Both anterior digastric and masseter
could be readily located by palpation. The electrodes were posi-
tioned over the belly of each muscle and oriented to maximize the
magnitude of the signal during test maneuvers such as repetitive
jaw opening and closing and isometric contractiBMG signals

were sampled at 1000 Hz, band-pass filtered between 30 and 400
Hz, rectified, and averaged off-line.

jaw

orientation
osition at . .

! P . Data scoring and analysis

/ ~. occlusion
stabilizing / \ . . .
block for / \ current Unloading reflex latencies were scored as the interval between the

Lstudy i onset of the unloading — obtained from the torque record — and the

control study / jaw position first visible decrease in tHeMG level as judged by visual inspec-

) EXTERNAL tion of the data on a trial-by-trial basis. The final torque and jaw
torque LOAD orientation were scored when jaw position stabilized following un-
motor loading. Mean values (and standard errors) for final torque, jaw
handle orientation, and reflex latency were calculated for each experimen-

tal condition and each subject separately (based on 10-15 observa-
Fig. 1 Schematic diagram showing experimental subject duritigns per condition). Statistical tests for differences in reflex laten-
jaw-opener unloading. The head is stabilized during unloading &y between conditions were carried out for each subject using
als using a dental impression of the maxillary t=eth tests.
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Control studies put rather than to changes in muscle length. In the third procedure,
motion of the jaw was eliminated by having subjects cocontract
A number of control studies assessed the extent to which aspepgner and closer muscles while applying force to a custom-mold-
of the experimental setup might have contributed to the reflex eé vinyl bite-bar placed between the teeth. Upward loads compa-
fects that we report below. We examined the possible involvemeakle in magnitude with those used during experimental trials were
of cutaneous afferents, which might have been activated as a reguplied below the chin. The head was restrained as above. The ra-
of the external load to the skin beneath the chin. We also explofieal was similar to that of the second control condition. Jaw
the possible role of periodontal mechanoreceptors, due to the msscleEMG activity was recorded in response to changes in cuta-
of a dental appliance to stabilize the head. neous load.

To assess the role of cutaneous afferents, three variants on thdhe possibility that the jaw-opener unloading reflex was attrib-
jaw-unloading procedure were tested. The first was basically ideitable to periodontal mechanoreceptors was also assessed. This
tical to the principal study — the head was restrained but the ja@s accomplished by repeating the jaw-opener unloading proce-
was free to move. Loads comparable with those used in origidare without the dental appliance, using only the padded head rest
test conditions were applied below the chin by means of the torgungl velcro straps to stabilize the position of the head.
motor handle. The second and third procedures prevented jaw mo-
tion, but in different ways. In the second procedure, jaw opening
was restricted by using padded blocks placed between the clavicle
and the inferior border of the mandible. As in the original expeResults
ment, subjects applied a net jaw opening torque while upward-di-

rected loads where applied below the chin with the torque mOF%IIOWing sudden unloading of the openers, the jaw

handle. Muscle activity in jaw-opener and -closer muscles was fe- : : - -
corded in response to sudden removal of the torque motor lodiPVed downward to a new orientation, which stabilized

Since jaw motion was limited, changes in jBMG activity fol- Within 100-200 ms. The maximum displacement of the

lowing unloading might be attributed to changes in cutaneous jaw was in the range of 3—-4°. The activity level in the

Fig. 2 MeanEMG and torque a 200 1 30 2
during jaw-opener unloading. 9:
Means for large-amplitudes(, - 20
S2 and small-amplitude un- T 100
loading 83 S4 are shown. ) 10
EMG levels are in arbitrary o 0 o
units. (Note that the torque
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120 gression function was fit to the individual observations.
The Pearson product-moment correlation coefficient
between the toniEMG level and static torque was 0.89,
0.83, and 0.74 for subjects S1, S3, and S4, respectively

S1 (P<0.001, in all cases). For subject S2, the relationship
between toniEMG level and final torque level was not
statistically reliable.

Subjects were instructed not to intervene voluntarily
(e.g., Asatryan and Feldman 1965; Levin et al. 1992; see
Latash 1993 for review). Since the unloading was rapid
(less than 10 ms) and the magnitude and the timing of
the unloading were unpredictable, there was little chance
of voluntary intervention during unloading. Moreover, an
examination of jaw orientation records following unload-
ing suggests that, in most trials, subjects did not modify

S3 the final position following unloading despite its differ-
ence from the initial position (several degrees). The max-
imum change in jaw orientation over the final 500 ms of
each trial was in the range of 0.3-0.5° for different sub-
jects.

The relationship between static joint torque and final

0 jaw orientation is shown in Fig. 4 for jaw-opener unload-
ing trials. The filled circles give the initial combinations
of jaw orientation and torque; each of the open circles
showns mean static torque-angle combinations following
the dynamic phase of unloading. (It should be noted that
torque levels following unloading are fixed by the exper-

sS4 imental procedure, while joint angles are free to vary).
Static joint torque was thus a monotonic function of jaw
orientation, similar to that observed in the arm. An expo-
nential function was used to fit the data. The curves for
the two different initial jaw orientations were similar in
shape but had different intercepts.

05 -1 -15 —2 -25 Mean torque an&MG activity during jaw-closer un-

loading are shown in Fig. 5. The jaw-closer unloading is
FINAL TORQUE (Nm) associated with an abrupt decreaseEMG activity in
Fig. 3 Final levels of tonicEMG activity following jaw-opener the closer muscles and a somewhat later stretch response

unloading. TonicEMG activity in anterior belly of the digastric is IN the jaw openers. The mean latency of the silent period

shown to increase progressively with the static torque level opptisthe jaw closers was: S1 13+1 ms; S2 161 ms; S3 9+1

ing jaw opening. (Jaw-closing torques are positive in all figi:res)ms. For subjects S1 and S3, the mean latency of the si-
lent period in jaw closers was shorter that observed in
jaw openers H<0.01 for both subjects). The latency of

jaw-opener muscles likewise decreased abruptly and was silent period for jaw openers and closers did not dif-

followed by a short-duration silent-period and then byfer significantly for subject S2. (Note that subject S4 was

period of tonic activity (Fig. 2). The silent period rangeiiot tested in this condition).

in duration from an average of about 40-65 ms acrossThe unloading response in jaw-closer muscles was

subjects. The mean latencySE of the unloading re- sometimes accompanied by a short burst of activity in

sponse (the time between the onset of the unloading #mr antagonists, the jaw openers (see Fig. 5). The mean

the first visible decrease in tHeMG level) was similar latency of the jaw-opener stretch response — S1 303 ms,

for all subjects: S1 22+1 ms; S2 19+1 ms, S3 19+1 n®2 35+3 ms; S3 46+2 ms — was significantly greater than

S4 21+1 ms. the latency of the unloading response (latency of the si-

The final tonicEMG level in jaw-opener muscles fol-lent period) in the same muscleB<Q.01 for all sub-

lowing unloading was found to vary as a function of thects).

final torque opposing the jaw-opening movement (Fig.

3). The tonicEMG values were obtained by taking the

mean rectifiedEMG level over a 400-ms period after the

jaw position stabilized following unloading. A linear re-
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Fig. 4 Mean torque-jaw angle
functions for jaw-opener un-
loading from two different ini-
tial gape angleilled circles
show initial combinations of
jaw orientation and torque.
Open circlesshow mean
torque-angle combinations fol-
lowing unloading. The torque-
angle functions for jaw-opener
unloading are almost parallel
and differ primarily in terms of
their intercepts
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Fig. 5 Mean EMG and torque records during jaw-closer unload-
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801 due to inhibition arising due to the mechanoreceptors of
ST the maxillary teeth.
60 The stimulation of cutaneous afferents is known to re-
sult in short-latency changes to jaw-opeB®G activity
a  aof]| fh ‘ (see Dubner et al. 1978 for review). Thus, a second con-
2 T B LT | ‘ trol study tested for the possibility that inputs from cuta-
20 ‘ ‘ neous afferents, activated as a result of contact of the
chin with the torque motor handle, might have given rise
0 . : . . }  to the jaw opener unloading response. The basic jaw-
0 100 200 300 400 500 gpener unloading procedure was repeated, but motion of
150+ the jaw and hence shortening of the jaw-opener muscles
S4  was prevented. Under these conditions, afferent contribu-
tions from cutaneous inputs to jaw-opener muscles could
100F I | be dissociated from activity in jaw-opener muscles aris-
a i 1 ing from the motion of the jaw.
< ‘ Figure 7 shows the mean activity level in the jaw-
50 ‘ opener muscles both for trials in which the jaw was free
to move following unloading and for trials in which
movement was restrained by padded blocks. In both

o 100 200 300 200 so0 cases, a short-duration silent period was observed fol-
lowing unloading; however, the latency of the response
differed in the two conditions. When the jaw was free to
-2.5¢ move, mean latencies of 202 ms and 23+1 ms were ob-
ol tained for S1 and S4. These latencies were not statistical-
ly different from those for the same subjects in the initial
experiment. When the jaw was restrained following un-
-1t loading, significantly longer mean latencies of unloading
responses (35t5 ms and 47+3 ms) were obtained

TORQUE (Nm)
|

0e (P<0.01 for both subjects).
% 100 200 300 400 500 By comparing toniEMG activity before and after un-
loading, the influence of cutaneous inputs on the level of
TIME (ms) tonic activity in jaw-opener muscles could be assessed.

Tonic EMG levels were obtained by taking the mean rec-
Fig. 6 MeanEMG and torque during jaw-opener unloading trialsified EMG level 200 ms prior to unloading and over a
in which head position was stabilized without the use of a denélcond 200-ms period after the unloading was complete.
applianceEMG levels are in arbitrary unit&BD anterior digastri: Figure 8 shows that mean torMG levels before and
after unloading differed depending on whether the jaw
was free to move or restrained. When the jaw was free to
Control studies move, tonicEMG levels decreased significantly follow-
ing unloading P<0.01 for both subjects). When the jaw
It has been shown previously that short-latency inhiliras restrained with the blockEMG levels prior to and
tion of jaw-opener muscles might arise as a consequefatlwing unloading did not differ statistically for either
of loads applied to the periodontal mechanoreceptorssabject.
the maxillary teeth (Matthews 1975). As a control for The meanEMG activity is shown in Fig. 9 for the
this possibility — that forces applied to the dental apptiondition in which the subject cocontracted jaw-opener
ance during the sudden unloading might have given régad -closer muscles while holding a vinyl bite-bar be-
to the reflex actions observed here — we repeated tiiveen the teeth. As in other conditions, there was a step-
jaw-opener unloading procedure for S1 and S4 withdie decrease in the torque applied beneath the chin. In
the dental appliance. The resulting pattern of activity this case, we observed a short-latency silent period in
the jaw-opener muscles was similar to that observedniasseter activity (19+1 ms and 25+2 ms for S1 and S4,
the trials recorded using the dental appliance (Fig. fspectively) with no corresponding decrease in the ac-
The mean latency of the unloading response in thesdy level of jaw-opener muscles. As in the other cuta-
control trials was 21+3 ms and 17+2 ms for S1 and S¥ous control test, no differences in toBEMG levels
respectively. The difference in latency between the tfalowing unloading were obtained in the bite-bar condi-
conditions, that is, jaw-opener unloading with and witlion (see Fig. 8).
out the maxillary dental appliance, was not statistically
significant for either subject, suggesting that the unload-
ing response observed in the jaw-opener muscles was not
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Fig. 7 MeanEMG level and S1 S4

torque during jaw-opener un-
loading trials in which the jaw
was either free to move or re-
strained using supporting
blocks between the clavicle and
the mandibleEMG levels are

in arbitrary unitsABD anterior
digastric:
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Fig. 8 Tonic EMG level in anterior digastric prior to and follow-
ing unloading in control trials involving free jaw movement, r
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Discussion

In the present paper, tonic and phasic reflexes were ob-
served in jaw-opener muscles using both stretch and un-
loading procedures. The unloading responses observed
in the jaw-opener muscles were characterized by short-
latency decreases in operteviG activity at intervals av-
eraging about 20 ms following unloading. This latency is
comparable with that reported for anterior digastric un-
loading (about 27 ms; Lamarre and Lund 1975).

The static joint torque following unloading was a
monotonic function of the final jaw orientation. In addi-
tion, the tonicEMG levels in jaw openers following the
achievement of final jaw position varied directly with fi-
nal torque. Taken together, these findings are consistent
with previous empirical and modeling studies of human
arm movement that demonstrate the dependenE&I&
level on joint angle. The present results are thus consis-
tent with the idea that the tonic stretch reflex may play a
functionally significant role in the regulation of jaw-
openerEMG activity.

The torque-angle characteristics obtained during jaw-
opener unloading were comparable in shape with those
reported previously for unloading responses about the el-
bow and wrist (Asatyran and Feldman 1965). Character-
istics that were initiated from different initial jaw orien-
tations were similar in shape but were shifted spatially.

strained movement, and unloading while subjects cocontrac?tgae transition from one initial jaw orientation to the oth-

jaw-opener and -closer muscles against a bite-bar between &helS, therefore, presumably a voluntary action. These

teeth (1 SE is shownlEMG levels are in arbitrary uni:s

findings are in agreement with the hypothesis that volun-
tary changes in jaw orientation might be associated with
changes to a single parameterresembling the thresh-

old of the stretch reflex — in the present case, the thresh-
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Fig. 9 MeanEMG levels and S1 S4
torque during jaw-opener un- BITE-BAR
loading while a subject held a
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old corresponds to the jaw orientation at which tonion of the silent period. It should also be noted that cuta-
EMG activity and force development is initiated (seeeous inputs to jaw-opener motoneurons cannot account
Figs. 3, 4). Thus, th& model of motor control, initially for the changes in tonic level of activity in the openers
formulated for limb skeletal muscles, may be applied when the jaw is free to move, since toERIG levels re-
jaw muscles as well (Laboissiére et al. 1996). mained unchanged in trials in which unloading resulted
It has been demonstrated previously that low-thresh-the removal of the cutaneous input alone.
old, nonnociceptive afferent inputs other than those aris-The observation of tonic and phasic stretch responses
ing in jaw-opener muscles might contribute to jaw-opeim the jaw openers implies that proprioceptive inputs to
er reflexes (see Dubner et al. 1978; Lund 1990; Luschedtoneurons play an important role in regulating the ac-
and Goldberg 1981; Matthews 1975; Sessle 1981 for tigity of these muscles, even though they contain few
views). This includes inputs originating in the periodomauscle spindles. These inputs might arise from a num-
tal ligament, oral mucosa, temporomandibular joint, faer of sources. Spindle afferents in jaw-opener muscles
cial skin, and muscle afferents. The results of our contmight be sufficient in number to provide the observed
studies suggest that at least some of these factors —patterns of responses (Lennartsson 1979). However,
puts to jaw-opener motoneurons from mechanoreceptoonispindle afferents such as free nerve endings in the
in the periodontal ligament and from cutaneous receptopener muscles might contribute as well (Alvarado-
in the skin beneth the chin — can be ruled out as contriMellart et al. 1975). Our data provide some support for
tors to the unloading responses reported in the pregéig possibility. In spindle-rich masseter muscles, the la-
study. tencies of unloading reflexes were shorter (averaging 13
For example, the presence of an unloading respons®) than latencies in jaw-opener muscles (mean value
in the jaw openers in the absence of any load to the m28-ms). The difference is consistent with the possibility
illary teeth suggests that the periodontal mechanorectat unloading responses in jaw openers might have
tors are unlikely to be the source of the observed reflexen mediated by smaller diameter afferent fibers and/or
action. The pattern of the cutaneous reflexes that wpmysynaptic connections to motoneurons. Tendon organ
evoked is likewise inconsistent with the pattern observafferents could likewise play a role. Tendon organs are
during jaw-opener unloading. In particular, when paddedesent in reasonable numbers at least in jaw-closer
blocks were used to restrain jaw movements, the latemeyscles (Lund et al. 1978). However, they have yet to
of the unloading response in jaw-opener muscles dueb&identified in jaw openers. It addition, afferents from
cutaneous inputs was significantly longer than the lataamporomandibular joint receptors and from closer mus-
cy obtained when the jaw was free to move. Hence, cutkes to jaw-opener motoneurons might possibly contrib-
neous inputs are not likely to be involved in the initiatiame to the reflex effects observed in the present study.
of the silent period which may be observed when the jale latter possibility is perhaps less likely, as there is no
is free. Cutaneous inputs to jaw-opener motoneuranddence of reciprocal inhibition — no la inhibitory inter-
might, nevertheless, play a role in determining the dureeuron — between closer or opener muscles that might
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mediate this effect (see Luschei and Goldberg 1981 jaw reflex pathways. This, however, does not rule out the
summary). applicability of theA model to jaw muscles, since the
The present findings might seem inconsistent withodel takes into account both direct and indirect control
studies that suggest that proprioception plays a minimgbuts to motoneurons.
role in the control of orofacial motion. For example, A number of possible sources of experimental error
Goodwin and Luschei (1974) have shown that feshould be taken into consideration. First, using surface
changes occur in jaw movement pattern€BIG activi- EMG electrodes we could not separately investigate the
ty during mastication in monkeys following the eliminareflex reactions of other jaw openers such as the mylohy-
tion of proprioceptive input from muscle spindle affemid and geniohyoid. Thus, although the recording elec-
ents (also see Dellow and Lund 1971). However, the tedde was oriented to measure activity in the digastric,
sults of such experiments might not be appropriate and even though the fibers of the mylohyoid and anterior
support the suggestion of a limited role for propriocegigastric lie in roughly orthogonal directions, contribu-
tion in the intact system if one takes into account the itiens from other jaw-opener muscles cannot be com-
mediate and long-term consequences of deafferentatiglefely ruled out. Second, the study has not examined
such as changes in neuronal excitability, sprouting, aseparately the reflex contribution to the orientation of the
synaptic plasticity (Goldberger and Murray 1978; Hellgaw as opposed to its horizontal position (see Sessle
ren and Kellerth 1989; Kaas 1991). Thus, deafferentatib®31 for a summary of work on horizontal jaw reflexes).
experiments might be inappropriate studies from whidHnis information is relevant, since, at least in the case of
to draw conclusions regarding the role of muscle or skinman jaw motions in speech, the jaw orientation angle
afferents in intact systems. The observation of a silemtd the jaw position appear to be separately controlled
period in response to unloading in jaw as well as in af@stry and Munhall 1994).
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