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The Effects of Maximum Centric Clenching on
the Velocity of Mandibular Movement.

Ching-Zong Wu
ABSTRACT

Muscle fatigue has been studied fairly extensively by using EMG and
power spectral analysis. However, its influence on the velocity of jaw movement
is unclear. The purpose of this study is to determine the influence of maximal
centric clenching on the velocity of mandibular movement. Eighteen dental stu-
dents (12 males, 6 females, ages ranged from 21 yrs to 26 yrs) were observed
by using Myotronic Kinesiograph K-6 model for the measurement of jaw motion
velocity before and immediately after two minutes maximal centric clenching
(MVC) (Christensen 1986). Each subject was instructed to open and close as
wide and fast as possible. Ten continuous open-close strokes were recorded
and processed for evaluating the folowing parameters (1) the maximal opening
and closing velocity, (2) the average opening and closing velocity and (3) the
maximal velocity of terminal tooth contact. Mean velocity of ten movement
strokes was used for comparing the result by pair t-test. Analysis of data in-
dicated that neither the maximal opening and closing velocity nor the average
opening and closing velocity was changed (P> 0.05). The maximal terminal
velocity before tooth contact was not changed either (P> 0.05). In conclusion,
under the condition of this study the effect of two minutes maximal centric
clenching on the alteration of mandibular movement velocity is not influential.

Key words: Centric clenching, Mandibular movement velocity.

‘ Neuromuscular fatigue has been defined as
| reduction in the capacity of neuromuscular
tem to generate force or to perform work®.

his decreased efficiency can result from cen-
Al or peripheral reasons but usually involves
ome failure of the contractile elements and an

impairment of the energy supply®. Intraoral
force tranducers and electromyographic (EMG)
evaluations of the integrated muscle activity
have been used in many studies to measure the
contractile properties of the muscle in mas-

ticatory system®*®,
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Examination of muscle fatigue usually
involves a quantitative comparison between
muscle force output and EMG activity. The level
of the surface EMG is thought to be a reflection
of the number of muscle fiber recruited and
their mean firing frequency. When fatigue
occurs,this relationship is altered by either elec-
trical failure or contractile failure'”. Electrical
failure, or failure of the impulse-propagation
mechanism, is present where a parallel decline
in both EMG activity and force output occur. Con-
tractile failure or failure of the muscle intrinsic
contractile elements, is present when the force
declines, but the EMG is unchanged or increases
relative to force output®®.

There is still some confusion regarding the
characteristics of jaw muscle fatigue. Christen-
sen repeatedly measured the endurance of the
jaw -elevating muscles and assumed that sub-
jects stopped clenching because muscle fatigue
developed™®. Several others have demonsrtrat-
ed a shift of the mean power spectrum to a
lower level freguency in these muscle during a
sustained contration'®?®. Regardless of the
debate of the actural mechanism of this spectral
shift, most researchers have suggested that the
spectral shift is evidence of neuromuscular
fatigue®".

Unfortunately, little information is available
regarding the application of velocity change as a
parameter for measuring the effect of muscle
fatigue. Chewing velocity varies with the consis-
tence of the food stuff and varies from person to
person™®. In general, it was found that it ranged
from 50 mm to 200 mm per second in a group of
normal subjects ®. The purpose of this study is
to elucidate (a) the individual variation of the
open-close motion velocity. (b) the influence of

maximal centric clenching of the alteration of
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mandibular movement velocity.

MATERIALS & METHODS

Subjects: ‘

Eighteen dental students with mean age of
twenty-two years old (range from 21 yrs -26 yrs)
participated this study. The subjects consisted of ,
twelve males and six females. Subjects were
randomly selected from the dental students at |
Taipei Medical College. All subjects were in good
physical health, free from any acute dental dis- !
eases and any orafacial pain during the past six
months. Each subject was given a comprehen- '.
sive oral examination, which included an evalua- ‘
tion of the sign and symptom of the cranioman-
dibular disorders. The consent form was signed
after we explained delinerately the possible dis-
comfort caused by the exercise of maximal

centric clenching.

Apparatuses:

Myotronic (Myotronic,Seattle, WA. USA) K-6
Diagnostic system was used for recording the
mandibular movement velocity. Model EM-2
(Myotronic,Seattle, WA,USA)  Electromyography
was also applied for monitoring the EMG activ-

ities of masticatory muscle.

PROCEDURES

Subjects seated upright in dental chair with-
out head rest i,e, natural head position, and
were given a verbal instruction to perform the
experiment.

The labial surface of the mandibular inci-
sors and gingiva were dried with cotton gauzeé
and the magnet sensor was sticked horizontally
onto the teeth with Urehesive (Squibb Co Ltd)
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irding to the instruction of the operating
Hanual®®.Great care had been taken to make
L re that the magnet did not interfere with the

losing movement of lower dentition.The magnet
v‘, placed on the lingual surface of the man-
dibular incisor alternatively in case of a deep
" orbite subject. The sensor array was aligned
:“‘- the system was set ready for recording the
ective parameters according to the guide of
3 erating manual.

. The photo | scheme of the K-6 system was
first to trace the trajectory of the jaw
f,n-close motion sagittally and horizontally
", ing opening and closing the mouth. The sub-
was instructed to open and close the mouth
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wide as possible. This was used for the

i sline data to check whether he or she would
n wide enough at the same magnitude during
' subsequent experiment sessions (fig ).

i The photo 2 scheme of the K-6 system was
sed subsequently for recording the jaw move-

i‘ t velocity both in vertical and horizontal
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; | Single open-close motion pattern before
E - MVC in saggital and frontal plane (photo |
: scheme of K-6 system) A: anterior P: pos-
terior R: right L: left

plane.The subject was instructed to perform ten
continuous open-close jaw motion as fast and
wide as possible. Later the subject was asked to
make the maximum centric clench (Maximum
voluntary tooth clenching -MVC) in the position
of maximum intercuspation of the teeth for
|20seconds®'?. They were instructed to clench
as hard as they could,which was verified in the
preliminary test". During their clenching exer-
cise, they were asked to point out the area or
site where pain or discomfort appeared first
around the head and neck area, and it was mea-
sured by Visual Analogue Scale’*'®. The time of
pain latency was also recorded by Casio sport
watch in microseconds"®. When the time was
running out (120 seconds) they were asked to
stop clenching and repeated the ten consecutive
open-close jaw motion as fast and wide as pos-
sible. The photo 2 scheme would analysing
open-close motion into five categories:(I) maxi-
mum opening velocity,(ll) average opening veloc-
ify,(lll) maximum closing velocity, (IV) average
closing velocity and (V) maximum velocity of ter-

minal tooth contact®.

Data Analysis

All the kinesiographic tracking data were
stored in disc, and the data were processed by
Macintosh personal computer in the program of
Excell and Statview. The mean of ten consecu-
tive open-close motion velocity of each category
was used for comparison before and immediate-
ly after MVC by pair t-test.

RESULTS
There existed a variation of the maximum

mandibular open-close movement velocity,
which ranged from 120 mm/sec to 443.8 mm/
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Table |. Open-Close motion velocity (mm/sec) before MVC

Mean S.D. Minimum Maximum Range

Opmax 290.80 84.39 120.00 443.80 323.80

‘ Opave 131.74 32.38 58.88 192.03 133.05
} Clomax 344.80 86.18 184.80 493.60 308.80
i Cloave 162.79 39.90 81.01 216.17 135.16

Trermin. 101.51 50.65 17.60 179.20 161.60

Table 2. The velocity difference between opening phase and closing phase

Opening phase Closing Phase P value
Mean Mean
S. D. S. D.
Maximum Velocity 290.80 344.80 0.0388 *
(mm/sec) 83.39 86.18
Average Velocity 131.74 162.97 0.0001 *
(mm/sec) 32.38 39.90

* P<0.05

Table 3. Sex difference of open-colse motion velocity (mm/sec)

Male Female Scheffe-F-Test Pvalue
Opmax 320.12 232.18 5.49 0.0323 *
Opave 143.29 108.62 5.91 0.0272 *
Clomax 365.12 304.18 2.13 0.1635
Cloave 178.86 131.21 8.08 0.0118%
Terminal 123.07 58.37 9.97 0.006 1

“1‘ * P<0.05

Table 4. Open-close velocity (mm/sec) after 2 min of MVC

Mean S.D. Minimum Maximum Range
Opmax 260.17 87.03 103.20 400.00 296.80
Opave 121.64 37.38 43.99 180.89 136.90
Clomax 316.32 119.59 128.20 578.90 450.70
Cloave 159.96 52.59 61.33 291.95 230.62
Termin. I 88.58 24.00 404.00 380.00
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~ Table 5. Mean velocity change before and after 2 minutes of MVC.

1 Base Data 2 min. after MVC Pvalue
A (mm/sec) (mm/sec)
! Mean S.D. Mean S.D.
\“opmax 290.80 84.39 260.17 87.03 0.1079 *
j L’opave 131.74 32.38 121.64 37.38 0.1628 *
~ clomax 344.80 86.18 316.32 119.59 0.2543 *
~ cloave 162.79 39.90 159.96 52.95 0.7409 *
 terminal 101.51 50.65 LT 88.58 0.5921 *
- %P>0.05
#ec in the opening phase and from 184.5 mm/ - o
sec to 493.6 mm/sec in the closing phase (table - O afierMcv
) This data was similar to that of Bates” who 250
ated that the chewing velocity was among 20 4
Q mm/sec to 200mm/sec. In general, we noted 10
‘ at the opening phase velocity was slower “1
n-that of the closing phase (table 2 ). There ,:
opmax opave clomax cloave terminal

existed the velocity difference between gender
ble 3) i.e. that velocity of the male subjects
faster than that of the female ones.
. In table 4 we could find the distribution of
ndibular open-close motion velocity after two
‘utes of maximum centric clenching. There
_re no significant difference among the mea-
'led parameters such as in the maximal open-
velocity and in the average opening velocity
r two minutes of MVC, nor were any differ-
ce in the maximum closing velocity average
0sing velocity and the maximal velocity of ter-
nal tooth contact(table 5, fig. 2).
_In figure 3 we noted the unstable initial first
or four open-close motion velocity after
' minutes of maximum voluntary clenching. It
uld become more stable after the fourth
n-close motion(fig 3). The overall velocity
ern were not changed after two minutes of
C. (fig 4, fig.5).

Fig. 2  Histogram of the mean velocity difference
before and immediately after 2 min. of
MVC.

PATIENT NAME-ZEN YUO YANG
DISK FILE NAME ->ZYYA2V2

VEL/FRONT 06/24/93
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Fig. 3 Unstable initial three or fourth open-close
motion velocity after 2 min. of MVC. (Photo
2 shceme of k-6 system) C: closing plase O:
opening phase R: right L:left
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Fig. 4  ten consecutive open-close motion velocity
pattern before 2 min of MVC.
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Fig. 5  Ten consecutive open-close motion veloc-
ity pattern after 2 min. of MVC.

DISCUSSION

Static contractile activity is divided into
three tempory phases: (a) The fatigue threshold,
(b) the pain threshold and (c) the pain
tolerance™®. The onset of fatigue seemed to

depend on how long the contraction last, i.e.
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time factor., and possibly also on how high a
force level i.e. tension factor for contractile
were exercised"®. Potentiation might have aug-
mentated the contractile activity of the fatigue
muscle.®?.

It was reported earlier that at maximum
voluntary contractile strength (MVC), maintained
isometric contraction of health human man-
dibular elevator muscle might cause complete
exhaustion and intolerable pain in the contracile
muscle. The isometric endurance time is about 2
minutes®” and the muscle fatigue appeared
about 30 seconds of isometric contraction® In
this experiment, two minutes of maximum volun-
tary clenching was adopted and the subject were
asked to make maximum effort to clench their
teeth as could as possible and this was con-
firmed in the study"®'®?®, |20-seconds of maxi-
mum vloluntary contraction did make the most of
the subject feel discomfort or pain in temporal
area''®,

Power spectrum analysis has confirmed
that the rate of frequency shift to lower fre-
quency might be a valuable parameter to
quantify the masseter muscles which were sus-
ceptible to fatigue®®.

Different posture have been acclaimed to
have the effect on the muscle tonicity i. e. the
different rest position will influence the
electromyographic activity of masticatory
muscle®?*. In our preliminary study there was
no difference of open-close velocity change: at
supine or at upright position with or without
head supported?. In this study we asked the
subject to seated upright without head rest as it
was used in the pilot study

In this study, we find a tendency that an
unstable open-close motion velocity and kinesio-

graphic change during the initial first 3 motion




_ster 120 seconds of MVC (fig.3). Similar phe-
] ena had been found that an unstable initial
velocity in the kinesiographic tracing during the
: swing strokes®®. Under the condition of this
: dy we used the mean velocity of the first ten
~onsecutive open-close motion instead of the
. dividual one for later comparison.

In this study we could not find any discern-

B
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change of mandibular movement velocity
‘er two minutes of centric clenching. There
.ists three possible reasons: as Asmussen
ted that psychologic influence of willpower on
; cortical motor commands®”. Although we
7 » used the EMG for monitoring the maximum
tractlon effort of the subject, there could
st the influence of willpower on the contrac-
h. The behavior of the subject and their per-
otion to pain were two limiting factors to ab-
¢ ain the subject from continuing exerting their
' ching force.
1',.Another possible reason is that the pain
aused by centric clenching will forbide the sub-
ct from making maximum effort to clenching
ir teeth. Pain has been described as a major
ing factor in health subjects®®***”. As Rod-
ard explained this contration induced pain stat-
y it is well-accepted that excessive muscle
' rk can be painful, probably from the accumu-
of a toxic metabolite during muscle
antraction®”. In fact, Moller®® has shown that
tramuscular blood flow during a sustained con-
‘ ion does not increase as expected, and he
eculated that relative ischemia obstruction of
pply vessles. The third reason is that man-
.- ar movement was goverened by pattern
erator®®. It will not be affected by two min-
s of MVC.
: Although the velocity change was not signif-
nt after two minutes of MVC, we did find an

The effects of Maximum Centric Clenching on the Velocity of Mandibular Movement.

interesting fact that the standard deviation of
each measured parameter both in opening
phase and closing phase were increased to a
significant level(table 5). It mean that there
existed a greater velocity change after two min-
utes of centric clenching expecially in the first
three open-close phases (fig 3), this phenome-
non might be the result of mandibular movement
adap*ation. Similar result was found in the study
of Dr. Shiau.?®. Further study is needed to ver-
ify this veiwpoint.

Mandibular velocity pattern was not chan-
ged after two minutes of MCV (see fig 4,5).It
might also indicated that the mandibular move-
ment pattern is goverened by pattern

generator®?

CONCLUSION

|. There existed a great variation of man-
dibular open-close motion velocity among the
test subjects.

2. Two minutes of maximum centric clench-
ing will not change the mandibular movement

velocity.
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