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Excranp

Computer-based assessment of habitual mastication

F. Mongini, M.D., D.D.S., Ph.D.,* G. Tempia-Valenta, D.D.S.,** and G. Benvegnu, D.D.S.**

Turin University, School of Dentistry, Torino, ltaly

Ma.ndibular movements during chewing have been
examined by several authors.'** The various means used
included cineradiography,”* photoelectric devices or
light-emitting diodes,” ' record of variations induced in a
magnetic field,”” implanted radionucleotides,'” and oth-
ers. Other authors have analyzed electromyographic
(EMG) activity of the masticatory muscles during chew-
ing and in conjunction with the recording of mandibular
movements.'>'*

Examination of a chewing sequence should include
the study of single cycles in space, versus time, and of
mean masticatory movement; to assess the mean can be
difficult because of the variability of the chewing cycles.
Numerical analysis should provide data on displacement
and EMG values at a sufficient number of levels of jaw
separation both for opening and for closing movements.
Furthermore, if several chewing cycles are computed to
assess a mean chewing movement, cycles toward opposite
sides tend to abate reciprocally. Therefore statistical
studies usually have been performed on unilateral volun-
tary masticatory movements and in other studies single
cycles of habitual mastication were described with little
or no attempt to draw statistical data.

For these reasons we developed and tested a system for
the analysis of mandibular movements and EMG activ-

—————

Supported by grants of C.N.R. (Italian Research National Council)
and of the Department of Education.

*Director, Center for Gnathology and Pathophysiology of the Masti-
catory Function.

**Resident, Center for Gnathology and Pathophysiology of the
Masticatory Function.
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ity during habitual mastication.'” We applied this system
to a group of normal individuals for the study of
masticatory function in a condition of health.

MATERIAL AND METHODS

Six men and six women 14 to 44 years of age were
selected. They had complete Class I dental arches, no
malocclusion, no history of dysfunction, and no objective
signs at inspection, palpation, and auscultation of the
temporomandibular joint (TM J). After a brief explana-
tion of the purposes of the study they were asked to sit in
a wooden chair as comfortably as possible with the head
leaning against a support in an upright position. After
insertion of the electrodes and movement recording
system they were given a predetermined amount of crisp
bread (30 mm long and 12 mm wide sticks) and were
asked to place it on the tongue and bring the teeth into
the maximum intercuspation position (ICP). At a given
signal from the computer the subject started to chew
normally. Data were recorded for 15 seconds (i.e., almost
the duration of one masticatory sequence). Three tests
were performed for each individual.

Electromyography

Bipolar surface electromyography was performed
with Ag/AgCl disk electrodes applied bilaterally on the
masseter and anterior parts of the temporal muscles.
They were placed 15 mm apart along the direction of the
muscles fibers by using anatomic landmarks. The
ground electrodes were placed on the ears. Skin imped-
ance was reduced by alcohol scrub and the electrodes
were secured with adhesive strips and filled with paste

MAY 1986 VOLUMES55 NUMBER 5




COMPUTER-BASED ASSESSMENT OF MASTICATION

Fig. 1. A, Subject 2 and B, five sequences recorded on frontal plane with XY chart
recorder. Note that despite variability of movements their distribution is rather balanced

and symmetrical.

Table I. Mean displacement values on frontal plane for all subjects

Clockwise Counterclockwise
Opening movements Closing movements Opening movements Closing movements

Level N M N M P N M N M o
0 182 —0.13 = 0.69 195 0.03 = 0.70 : 175 —0.20 = 0.63 189 -0.31 = 0.70 —
1 232 -0.07 = 1.08 245 0.79 + 0.85 St 248 -0.09 = 1.07 249 -0.79 + 1.07 s
2 268 —0.07 = 1.69 272 139 £ 1.20 i 296 -0.14 + 1.62 298 -1.34 + 151 oL b
3 272 -0.18 = 2.11 274 1.95 + 1.51 it 303 —-0.21 £+ 2.00 303 -2.04 + 178 S
+ 274 —0.16 = 2.38 274 249 + 1.65 i 305 —0.22 + 2.26 305 -2.51 +1.94 i
5 274 -0.12 + 2.56 274 3.04 £ 1.86 s 306 -0.25 + 2.43 306 -2.94 + 2.14 N
6 274 -0.06 + 2.73 275 3.48 + 2.08 s 306 —0.28 + 2.59 306 =3.29 = 235 2
7 274 0.03 + 2.85 275 399 + 2.29 3t 306 -0.32 + 2,66 306 =3.73 + 2.49 5 7)
8 274 0.10 + 2.96 274 4,38 + 2.46 g 306 -0.33 = 2.77 306 -4.06 + 2.62 i
9 273 0.34 + 3.14 273 491 + 2.57 A 306 —0.35 *+ 2.89 306 -4.43 + 2.83 o
10 272 0.37 £ 3.13 272 5.13 = 2.66 A 306 —0.38 + 2.95 306 —4.70 + 2,94 R
11 273 0.58 = 3.22 272 529 + 277 il 305 —0.41 + 3.04 306 -4.83 = 3.12 Eilies
12 271 0.69 = 3.23 271 5.39 + 283 i 304 —0.42 + 3.06 304 —493 + 3.21 e
13 269 0.96 = 3.27 271 543 + 292 S 303 -0.50 = 3.15 303 -4.96 + 3.30 Sy
14 259 1.00 + 3.38 261 5.51 + 2.92 T 301 —0.52 + 3.20 301 —4.84 + 3.39 ey
15 256 1.33 £ 3.52 258 5.32 = 3.00 o 290 —-0.62 + 3.31 295 —4.67 + 349 e
16 240 137 + 343 243 5.03 + 2.97 s 275 —0.50 + 3.23 279 -4.40 + 3.57 oy
17 225 1.44 + 3.35 224 461 £ 294 e 250 —0.32 + 3.09 256 —4.05 = 361 i
18 190 1.60 £ 3.25 190 430 + 2.80 by 217 —0.32 + 3.30 220 -3.69 + 3.75 L
19 133 135 + 3.23 139 4.06 + 2.85 g 171 —0.50 = 3.37 174 -3.42 + 3.60 s
20 83 1.63 + 3.08 77 372+ 2,99 o g 120 -0.39 + 3.25 107 =291 + 343 Eoludd
A - A -

Level = level of jaw separation in mm; N = number of times displacement occurred; M = mean displacement in mm + SD (positive values = right;
negative values = left); A = statistical analysis of mean difference between displacement values at any given level and next of opening movements

compared 1o that of closing movement; * = p <.05; *** = p < .001.

(Redux paste, Hewlett-Packard, Waltham, Mass.).
The signals were bandwidth-limited (=3 dB down at
100 and 1000 Hz) and amplified with an EMG ampli-
fier having an input impedance greater than 1000
MOhms.
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Jaw movement

Chewing movements were recorded with a Sirognato-
graph (Siemens Inc., Erlangen, Germany), which
records variations of a magnetic field induced by a
magnet cemented at the lower central incisors. Details of
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-Flf. 2. Subject 2. Chewing movements versus time during a masticatory sequence. X
(blue)

= sagittal displacement; Y (green) = frontal displacement; Z (red) = vertical dis-
p!amment Note that in first four clasing strokes, points of stoppage on vertical axis are
approximately at same level. Zero line is reached after two more vertically extended

cycles (5 and 6). Other more extended cycles occur with a certain rhythmicity,

Fig. 3. Subject 2. First five cycles of masticatory sequence recorded with plotter on
frontal plane. Blue lines = opening; red lines = closing. Cycles 1 to 4 stop at almost same
level vertically but at different locations of frontal plane. These cycles are all counter-
clockwise. Cycle 5 is more extended and shows a reverse pattern; it precedes a change of
mastication side (Fig. 4).

Fig. 4. Sub}gct 2. Cycles 6 to 14. Moat cycles are now clockwise and end in or close to
ICP. Cycle 6 is well extended vertically.

Fig. 5. Subject 5. Cycles 1 to 6 show a nepetltwe pattern with opening mostly parallel

and close to midsagittal plane and closing concave and on opposite side. Movements are

counterclockwise and stop at levels within 1 mm of each other on vertical axis.

the recording system have been described in previous Data processing

works.'”? The sensor carrying the headframe was Jaw movements were graphically recorded on the
ecntemd according to the magnet and oriented to the frontal and sagittal planes with an XY chart recorder
Frankfort horizontal plane. (Easterline Angus, Indianapolis, Ind.). Signals from the
640 . MAY 1986 VOLUMES55 NUMBER §
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Fig. 7. Subject 5. Cycles 14 to 18 are alternating between left and right masticatory sides.
Opening and closing of same cycle are on same masticatory side.

Fig. 8. Subject 5. Chewing movements versus time. Distribution of different envelopes
of motion along in this subject lead to a typical rhythm,

characterized by

masticatory sequence
three main patterns. Note also that at beginning of mastication, velocity

is higher during opening than during closing.

Fig. 9. 6. In middle of
between and right. Here

Sirognathograph recorder were sampled by the software
every 20 msec at a rate of 50 Hz and EMG signals were
sampled every 0.625 msec at a rate of 1.6 KHz.
Software provided the following data at 21 different
degrees of jaw opening and closing from 0 to 20 mm: (1)
number of times the movement occurred, (2) mean
displacement on the frontal and sagittal planes, (3)
velocity on the XYZ axis and actual velocity, and (4)
mean EMG activity from the masseter and anterior
temporal muscles. The mean values for each parameter
were computed from values contained in each 1 mm area
of vertical displacement. Additional information in-
cluded (1) mean point of maximal opening and mean
point of closing, (2) mean duration of opening, closing,

THE JOURNAL OF PROSTHETIC DENTISTRY

u:mnpuqddﬂﬂihqthm
midsagittal plane in first half of movement and

side converge toward
run mainly vertical.

and of the occlusal phase, and (3) the number of times
the 0 level was reached. All data were computed
separately for clockwise and counterclockwise chewing
cycles with the selection made according to the direction
of the closing movement. Numeric data were obtained
through the printer while plotter tracings of mean
movement, EMG activity, and velocity in space (frontal
and sagittal planes) were also made. Mean EMG
activity values versus time were also obtained. Finally,
the mandibular displacement during single cycles in the
last masticatory test could be graphically reproduced in
space and versus time (displacement along the XYZ
axis). The first two cydes of each chewing sequence
were not included in the computation of mean data.



MONGINI, TEMPIA-VALENTA, AND BENVEGNU

=]

i s GCNE s e Y S i A TN WAL ST LG v, S LR, T LT

Fb
.

— = 1mm,7puV, 15mm/sec

[=1mm
Fig. 10. Subject 6. Mean clockwise movements, velocity, and EMG activity during
closing. Cycle pattern shown in Fig. 9 influences mean closing movement typically.

Note that at point where closing is approaching midsagittal plane there is a sudden
decrease of velocity and EMG activity (arrow).
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Fig. 11. Mean opening (O) and closing (C) for whole group on frontal (left) and sagittal
(right) planes. A = clockwise cycles; B = counter-clockwise cycles; horizontal lines = SD.
On frontal plane different pattern between opening and closing is evident. On sagittal
plane mean opening is slightly ahead of mean closing.
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Fig. 12. Superimposition of mean clockwise movements, velocity, and EMG activity for
whole group. O = opening; C = closing; V =velocity; M = EMG masseter activity;
T = EMG temporal activity. Movements are recorded on frontal plane. V, M, and T lines
on right refer to opening; those on left refer to closing. Movement and velocity during
closing are somewhat parallel whereas velocity and EMG activity diverge in second half

of closing.
: ST L - lo Lo
0 _{, 26 ]u"w lu.?: SEC, IU ILl 2 0,57 0.70 SEC,
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Fig. 13. EMG activity versus time for whole group. Black line = temporal muscle; grey
line = masseter muscle. Mean duration of opening, opening plus closing, and full cycle

is also given. A = clockwise cycles; B = counterclockwise cycles; L = left muscles;
R = right muscles.
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Table II. Mean velocity values (in mm/sec) for all subjects

Clockwise
Opening movements Closing movements
LEV N SZ sY SX ST N S7Z SY SX ST
0 182 7.1 95 52 13.0 195 58 94 39 11.7
1 232 242 206 87 330 245 249 208 109 343
2 268 44.7 29.1 13.3 549 272 416 271 17.3 52.6
3 272 543 29.1 245 92,5 274 67.2 35.0 26.2 80.2
4 274 103.8 26.6 339 112.4 274 759 394 248 89.0
5 274 1229 24.0 43.0 132.4 274 86.0 440 26.1 100.0
6 274 1259 22.1 46.4 136.0 275 87.9 432 25.7 101.3
7 274 130.4 21.4 50.2 141.4 275 94.5 41.8 28.4 107.2
B 274 130.0 20.7 499 140.8 274 103.6 417 31.6 116.1
9 273 131.4 20.5 484 141.5 273 114.7 35.1 36.9 1255
10 272 1339 218 47 4 1437 272 1195 331 392 130.0
11 27 129.1 21.1 47.5 139.3 272 119.5 295 415 1299
12 271 1254 2.1 485 1363 271 1175 297 422 128.4
13 269 1179 228 486 1295 271 116.2 30.2 419 127.2
14 259 118.3 231 454 1299 261 119.0 325 425 130.5
15 256 109.1 229 449 120.2 258 106.5 373 393 1195
16 240 103.5 233 442 115.0 243 100.9 399 394 1154
17 225 93.1 236 41.6 104.7 224 823 44.0 35.3 99.7
18 190 86.2 223 40.0 97.6 190 #9.4 41.1 31.2 86.5
19 133 82.2 23.2 37:3 93.2 139 71,1 43.3 29.3 88.3
20 A3 68.9 24.0 35.2 81.0 77 46.2 41.1 27.2 67.5
SZ, SY, SX = velocity along th = coordinates; 8T = actual velocity; other symbols as in Table .

Table III. Mean dura
coordinates at end of
reached

1 of opening and closi
ning and closing, anc

nean pause, mean displacement along three
1ber of times 0 level on Z (vertical) axis was

Clockwis

= 274) Counterclockwise (N = 306)

Opening movements

Closing movements

Opening movements Closing movements

Duration (sec) 0.250
Pause at end of movement (sec) 0.013
Displacement at end of movement
(mm)
X -6.13 £ 267
¥ 252 £ 319
Z -19.09 + 353

Number of times at 0 level on
vertical axis

154 (56.2%)

0.292 0.251 0.310
0.156 0.012 0.131
-0.15 + 0.55 -6.39 + 244 -0.16 = 0.57
0.06 = 0.68 -1.60 = 3.17 -037 £ 075
—047 £ 0.65 —19.33 + 3.14 -0.63 = 0.85

143 (46.7%)

Values for all subjects.

RESULTS
Single cycles

As already mentioned, single cycles of the last test
were examined through the XY chart recorder and the
plotter tracings, versus time and in space on the frontal
and sagittal planes (Figs. 1 to 9).

Despite the individual and interindividual cycle dif-
ferences some similar characteristics were observed.
Cycles at the beginning of mastication were, in most
subjects, well extended on the vertical plane (>20 mm).
In the subsequent cycles, vertical displacement decreased

644

slightly, but usually no time-related decrement could be
observed. Indeed, vertical displacement showed some
degree of rhythmicity in most subjects with one more
extended movement occurring at certain times (Fig. 2).
There was a great variability in the number of strokes
needed to reach ICP, with a minimum of two and a
maximum of 13 (mean 7.75 + 2.94 SD). Again, no
gradual, time-related approach to ICP was evident.
Instead, most subjects at the beginning of the chewing
sequence stopped during several closing strokes at points
that were close to each other on the Z axis (at 2 to 4 mm

MAY 1986
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Counterclockwise

Opening movements

Closing movements

N SZ SY SX ST N SZ SY SX ST
175 7.6 9.8 5.5 13.5 189 57 9.0 47 11.6
248 24.4 20.6 8.1 329 249 21.2 19.8 9.0 30.3
296 427 28.0 13.9 53.0 298 36.2 24.0 15.1 46.0
303 85.9 28.3 28.1 94.7 303 55.1 26.3 19.8 64.2
305 102.9 26.4 34.2 111.6 305 64.3 29.5 22.6 74.3
306 118.8 22.8 42,7 128.3 306 73.9 34.0 25.5 85.2
306 127.1 21.2 46.6 137.0 306 79.8 36.0 25.0 91.0
306 132.2 20.6 50.1 142.8 306 85.5 36.8 26.3 96.7
306 130.6 20.0 50.8 141.6 306 89.9 344 27.8 100.2
306 131.2 19.8 51.1 142.1 306 103.5 31.9 30.9 112.6
306 133.9 18.6 50.1 1442 306 109.4 29.8 33.6 118.3
305 131.3 18.7 48.8 141.4 306 111.4 28.0 375 120.8
304 1254 18.0 49.0 135.9 304 111.1 29.1 38.9 121.2
303 119.1 17.7 48.1 129.7 303 112.6 30.1 40.8 123.5
301 115.1 17.9 455 125.1 301 111.8 321 41.7 123.6
290 109.5 17.6 448 119.6 295 102.5 347 41.6 115.9
275 101.7 17.4 433 111.9 279 98.5 39.6 41.1 113.8
250 95.4 18.0 40.5 105.2 256 83.2 447 37.7 101.7
217 85.5 19.6 38.8 95.9 220 749 45.8 347 94.4
171 75.5 224 32.6 85.3 174 65.2 48.5 29.9 86.6
120 68.7 26.7 29.0 79.2 107 423 49.4 27.6 70.7

from ICP), but could be variably located on the X and Y
axes (Figs. 2 to 6).

The pause between one closing and opening increased
gradually and was maximum when ICP was reached
(Figs. 2 and 8). The pause between opening and closing
within the same cycle was much shorter and practically
nonexistant in some subjects.

The envelopes of motions shown by the different
cycles could be grouped according to their characteristics
(Figs. 4 10 9). A frequent pattern, as viewed on the
frontal plane, demonstrated almost symmetric concave
opening and closing movements running on opposite
sides to each other (Fig. 4). Another pattern had an
opening movement slightly curved and mostly on the
same side with respect to the frontal plane and close to it
while the closing stroke was markedly concave and
located on the opposite side (Fig. 5). A third type showed
both movements running close together on the same side
or in the middle of the frontal plane (Fig. 7). A droplike
pattern was also present in some subjects with a closing
movement converging toward the midsagittal plane well
before the point of stoppage. The latter was reached with
an almost vertical movement (Fig. 9). The conversion of
the movement (from curved to vertical) was concomitant
with a decrease of velocity (Fig. 10). Finally, some cycles
had a partially or totally reverse movement on one side
with respect to midsagittal plane (with opening external
to closing) that sometimes preceded a change in side of
mastication (Fig. 3).

On the sagittal plane, cycles were more repetitive and

THE JOURNAL OF PROSTHETIC DENTISTRY

mostly downward and backward. Closing strokes could
be partly or totally located ahead of opening movements
but, as mastication proceeded, they were tendentially
located more posteriorly.

Although not every individual showed all of the
movement patterns described, in all subjects several
patterns could be identified. Their distribution was
obviously not at random but showed a certain rhythmic-
ity with similar chewing movements grouped together
and alternating on both masticatory sides (Figs. 2 and 8).
As mentioned, particular movement patterns (such as
reverse envelope of motion) often preceded a change of
sides within the sequence (Fig. 3). At given intervals one
cycle would be more extended, especially on the vertical
axis (Figs. 2 and 8).

Depending on the distribution of the different groups
of movements in the masticatory sequence, an individual
rhythm of mastication could often be recognized in the
single subjects (Fig. 8). Nevertheless, the total envelope
of motion, as seen on the XY chart recorder, showed a
somewhat symmetrical distribution in all subjects
(Fig. 1).

Velocity was higher during opening than during
closing movements. This difference was well marked at
the beginning of the chewing sequence and tended to
decrease gradually and disappear as mastication pro-
ceeded (Figs. 2 and 8). During closure, a decrease in
velocity was related to the contact with the bolus and the
crushing activity at the beginning of the sequence. In
other movements, a decrease in velocity was due to other
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Table I'V. Mean EMG activity (in gV) for all subjects
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Clockwise

Opening movements Closing movements
Level N M M LT RT N LM RM LT RT
0 182 5.4 59 6.2 6.4 195 272 280 33.7 30.1
1 232 4.6 47 5.2 59 245 39.0 40.2 462 43.6
2 268 5.0 49 5.0 57 272 45.9 46.6 545 51.6
3 272 49 50 5.2 5.9 274 48.6 50.1 59.0 55.2
4 274 48 49 5.1 58 274 494 49.2 56.6 55.0
5 274 46 4.8 5.0 5.8 274 47.6 47.6 56.1 54.4
<] 274 4.6 48 il 5.7 275 458 44.5 52.2 51.6
73 274 4.9 5.0 5.3 5.8 275 41.7 40.8 47.9 47 B
8 274 4.9 4.9 5.3 g 274 39.6 39.2 47.2 454
9 273 4.7 47 5.2 5.8 73 395 40.2 46.5 45.1
10 272 47 4.7 5.2 T4 272 389 38.4 459 43.8
11 273 49 4.9 5.6 6.1 272 377 36.2 4.6 42.6
12 271 418 50 59 6.2 271 373 345 43.6 40.0
13 269 5.1 53 6.2 6.1 271 36.2 329 42.5 379
14 259 52 57 Ve 6.6 261 36.9 33.2 428 36.3
15 256 5.2 6.0 8.2 Vi | 258 35.7 31.2 404 334
16 240 56 6.3 79 73 243 35.7 294 41.0 337
17 225 6.1 7.2 88 79 224 335 26.3 38.7 32.1
i8 190 64 7.0 93 83 190 295 244 353 289
19 133 72 6.5 8.9 79 139 30.0 243 35.5 276
20 83 92 7.6 97 83 77 285 21.1 323 26.0
LM = left masseter muscle; RM = right masseter muscle; LT = left temporal muscle; RT = right temporal muscle. Other symbols as in Table L

factors such as a change in direction during the move-
ment (Figs. 9 and 10),

A preferred side of mastication (i.e., with cycles on one
side at least 30% more frequent than cycles on the other
side) was found in five subjects. However, in only two of
them were cycles on one side 40% more frequent than on
the other side and none of them showed unilateral
mastication.

There was a great intersubject variability in the
amount of times level 0 was reached during the mastica-
tory sequence. In the entire group, values were 154 /274
(56%) for the clockwise cycles and 143/306 (47%) for
the counterclockwise cycles.

Mean chewing movements

Statistically significant differences could be assessed
between mean opening and closing movements both
individually and in the whole group (Table I and Fig.
11). Mean openings ran prevalently close and parallel to
the midsagittal plane and could be located on the same
side as the closing stroke or partly on the opposite side.
The closing stroke was curved with maximum displace-
ment in the middle third of the movement. Here the
movement was markedly variable (high SD values)
whereas it became more repetitive when it approached
ICP. On the sagittal plane, movements were more
repetitive and posterior displacement increased gradual-
ly as the degree of jaw opening increased. Mean opening
was usually slightly ahead of closing movement and an
anterior component (i.e., more anterior than ICP) was
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rarely present and was limited to the initial phase of
opening. In individuals with a preferred side of mastica-
tion the patterns described were more evident on that
side. Individual characteristics of mean movements were
often an obvious consequence of the distribution of the
different patterns previously described for the single
cycles within the masticatory sequence. Despite interin-
dividual variations, data for the whole group confirmed
the presence of some patterns that characterize normal
mastication in man, as already observed in previous
work (Fig. 11).*

Mean velocity values showed a typical distribution
(Table II and Fig. 12). During opening a marked
acceleration was present at the beginning whereas max-
imum values were reached in the middle third of the
movement and were followed by gradual deceleration.
During closing, maximum values were rapidly reached
in the first half of the movement and a gradual decrease
was present in the second half. The distribution of
different cycle patterns in the whole masticatory
sequence could influence the mean data characteristical-
ly (Figs. 9 and 10).

Velocity variations affected especially the vertical
component of the movement. Velocity data on the Z axis
showed a pattern that was almost superimposable on
those of total velocity whereas data of velocity on the X
and Y axis were distributed more linearly (Table II).
Duration of mean opening was significantly shorter than
of mean closing (Table IIT). Other parameters concern-
ing the mean movement are reported in Table IIL

MAY 1986
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Counterclockwise
Opening movements Closing movements

N LM RM LT RT N LM RM LT RT
175 54 4.1 6.0 6.3 189 25.0 19.9 26.7 25.0
248 4.5 4.2 5.0 5.2 249 36.7 28.9 42.1 35.4
296 4.2 3.7 4.3 5.0 298 42.4 34.7 47.4 40.3
303 4.4 3.6 4.5 4.9 303 49.8 40.2 58.3 499
305 43 3.6 4.7 5.0 305 52,5 41.5 62.2 54.2
306 4.1 3.6 4.6 4.9 306 51.9 41.7 60.2 52.2
306 42 35 4.6 5.1 306 49.3 39.7 59.1 51.0
306 4.2 37 47 5.1 306 46.7 374 55.8 47.5
306 42 3.7 4.7 5.0 306 45.2 33.6 51.8 43.1
306 4.3 3.5 4.8 5.0 306 43.8 33.2 50.1 42.0
306 43 3.6 5.2 5.1 306 41.9 323 48.8 41.4
305 4.3 3.7 5.3 5.1 306 399 30.6 449 40.2
304 4.5 3.9 5.6 5.4 304 393 29.8 44.6 39.9
303 4.7 4.0 5.9 5.7 303 37.9 29.2 425 38.5
301 49 42 6.4 5.8 301 36.7 28.7 40.6 37.0
290 5.0 4.6 6.9 6.1 295 34.8 28.3 39.0 36.1
275 5.2 49 7.1 6.4 279 34.2 28.2 38.0 36.7
250 5.8 5.1 7.8 7.1 256 33.9 28.4 37.4 36.7
217 6.2 5.2 7.9 7.2 220 34.0 27.8 35.2 36.2
171 7.5 6.2 9.6 8.9 174 33.2 27.1 33.4 35.1
120 7.8 5.3 9.2 8.1 107 317 229 29.2 27.7

During closing, data concerning velocity and mandibular
movements were distributed similarly (Fig. 12).

Electromyography

During opening, the masseter and the temporal mus-
cles obviously showed a low mean EMG activity. A
slight increment could be observed for both in the final
stage of opening (Table IV and Figs. 12 and 13). At
closing, a spurt was often observed at the first level in
which the data were computed (20 mm). This was partly
an artifact because this level was a mean in which higher
levels of jaw opening were also computed. As the closing
movement proceeded, EMG masseter and temporal
muscle values increased gradually to a peak of 3 to 4 mm
from ICP. After that they gradually decreased; some
consistent EMG activity was still present at the begin-
ning of the pause between closing and the next opening
and decreased to minimum values at the end of it (Table
IV and Figs. 12 and 13). Individual differences involved
the steepness and regularity of the incremental phase
and the characteristics of the phase of decrement. The
decremental phase showed a typical pattern in several
subjects. After a sudden drop, the EMG value decreased
more slowly or even increased again to a second peak
that was followed by final decrement in both muscles
(Fig. 14).

Examination of the plotter tracings of single cycles
made clear that the point of sudden drop of mean EMG
activity between the two peaks corresponded to the
points of stoppages close to each other along the Z axis
respectively reached by several subjects at the beginning
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of the chewing sequence (Figs. 2 and 3). The decrease of
EMG activity to minimal values at these points
accounted for the drop that was observed in the mean
values for all cycles. This pattern might be observed in
only one mean chewing movement (clockwise or counter-
clockwise) or in both, depending on the side of mastica-
tion of the cycles involved. Subjects reaching ICP at the
beginning of the sequence did not show this pattern.
Data distribution for masseter and temporal muscles was
quite similar; although some subjects showed higher
peak values on the side of mastication this did not
significantly influence the data for the whole group.
However, the increment of EMG activity during closure
was steeper on the masticatory side in most subjects.
(Fig. 13).

Comparison of EMG activity with velocity during
closing showed a different pattern in the first half of the
movement as opposed to the second half. In the first
phase the two factors ran grossly parallel. In the second
phase, however, they showed a typical dichotomy with
velocity decreasing gradually well before the peak EMG
activity was reached. At this point velocity values were
already relatively low (40% less than maximum velocity
in the whole group) (Fig. 12 and Tables II and V).

DISCUSSION

Mastication is considered a rhythmic event with
timing that is generated in the reticular substance of the
brain stem and can be modified by inputs from the
central and peripheral nervous system.?’? In the study
of oral motor behavior and its influencing mechanisms,
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Fig. 14. Subject 2. Superimposition of mean counter-
clockwise movements and EMG activity. Note sudden
decrease of mean EMG activity during closure at 3 mm
from ICP resulting from initial pattern of chewing
sequence (Figs. 2 and 3).

the assessment of habitual mastication is important
because unilateral mastication involves a cortical input
that might modify some of the parameters examined. For
similar reasons we chose a common type of bolus that
had to be swallowed after the chewing sequence was
completed.

The data obtained in this study confirm the rhythmic-
ity of mastication and the importance of peripheral
input. As mentioned, most subjects exhibited points of
stoppage close in the first chewing cycles to each other on
the Z axis. This finding is not only the result of sheer
mechanical factors (bolus resistance) because otherwise
the points of stoppage would gradually approximate
ICP at any given chewing cycle. This pattern is
observed, for instance, when a subject chews a hard gum
unilaterally.”

Stoppage occurred repetitively on the Z axis so that
the consequent decrement of EMG activity at that level
characteristically influenced the mean EMG pattern of
the whole sequence at the same level. This factor might
be viewed as a means of collecting sensory information
for the CNS by testing the characteristics of the bolus at
a given vertical level, but at different locations of the
frontal and sagittal planes and according to different
directions of approach. Similarly, the periodic occur-
rence of more extended or reverse chewing cycles might
be involved with the reinforcement of sensory input or
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the change of the masticatory side. The mechanical
factor seems to be of secondary importance in the
variability of single cycles. Indeed, similar envelopes of
motion could be observed at different stages of the
chewing sequence.

It seems reasonable to assume that any given cycle
accomplishes various tasks, such as positioning of the
bolus, collection and reinforcement of sensory informa-
tion, crushing the bolus, and change of the masticatory
side. However, depending on the envelope of motion,
different cycles might be more specifically oriented
toward the performance of one or a few of these tasks.
Thus, ample and repetitive movements with prevalently
curved closing strokes are probably most effective in
crushing the bolus and are present in groups, alternating
with other envelopes of motions. Globally seen, the
distribution of movements is rather symmetrical and well
balanced in the whole region of function (Fig. 1).

The comparison of velocity data with those from
mandibular displacement and EMG activity during
closing of the jaw allows some further considerations. As
mentioned, there seems to be a direct correlation between
velocity and movement pattern. Maximum velocity cor-
responds or is close to the point of maximum lateral
displacement, after which values decrease gradually as
the mandible approaches the midsagittal plane. During
the latter phase, EMG values increase bilaterally. The
peak value corresponds to lower velocity values and to a
mean mandibular position of approximately 3 to 4 mm
from ICP on the vertical axis and close to the midsagittal
plane (2 mm mean lateral displacement in the whole
group) (Fig. 12). This seems to indicate the tendency to
change gradually from a prevalently isotonic to a preva-
lently isometric type of muscle contraction, in correlation
with the forces applied to crush the bolus and with the
necessity of performing more refined movements in a
position close to intercuspation. Indeed, here single
movements were more repetitive (i.e., they had lower
standard deviation values) (Table I).

SUMMARY AND CONCLUSIONS

A computer-based system to assess mandibular move-
ments and EMG masseter and temporal muscle activity
during habitual mastication was applied to 12 healthy
subjects and the chewing performance was tested with a
standardized bolus of crisp bread. A Siemens Sirognato-
graph instrument was used to record mandibular move-
ments while EMG signals were recorded with surface
silver-silver electrodes. Software provided data of single
chewing cycles in space and versus time, of mean
mandibular displacement during opening and closing,
mean velocity, and EMG activity. Clockwise and coun-
terclockwise cycles were computed separately. The data
obtained allow the following conclusions:

1. Habitual mastication is a rhythmic event with
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different envelopes of motion that alternate characteristi-
cally in each subject.

2. Each chewing cycle accomplishes several tasks but,
depending on its envelope, is probably more oriented to a
specific performance.

3. A mean chewing cycle can be constructed for each
individual. Its pattern depends on the distribution of
different envelopes of motion that alternate during the
masticatory sequence.

4. During closure, a prevalently isotonic and a prev-
alently isometric phase of muscle contraction can be
distinguished.

5. Mean movement and EMG data for the whole
group are not distributed at random, but according to a
typical pattern.

6. The system seems to be finalized to a well-balanced
function and distribution of loads.
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